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ABSTRACT
ROBERT CARR BOYD JR. Local public sector allocation of scarce esnesgservice
assets: an evaluation of the fire service. (Under the direction of DR. GAYSERL)

The methodology utilized by public sector managers to allocate scarce resource
determines the level, efficiency, and effectiveness of service delivEngse decisions
are influenced by a myriad of factors, not the least of which is the ideatogdiatribute
services in a fair and equitable manner. This ideal becomes problematicaés
outcomes are important to public decision-makers, because the level of needefor thes
resources is not spread equally across local jurisdictions. Therefore, wheragdods
services are located or distributed equally to all “customers,” many do nvereceugh
assistance and others receive more than they prefer. This causes meféiciece
delivery that fails to maximize potential positive outcomes with the availabited
resources. This is particularly true with the geographic distributioneo$érvice
resources across most communities in this country.

This research effort attempts to model the demographic characteristidsvba
emergency service demand and workload across local jurisdictions. Spgcifiatd
about demographic characteristics was collected at the Census block group level and
compared to emergency response data collected by the Charlotte Fireri2epaihe
findings from this effort are promising, as the bivariate correlation antiviarigte
regression analyses indicate that economic and structural factors comatidodal
communities can be used to confidently predict demand and workload on local public
safety systems. Measuring these characteristics at the block groupdewéted the

opportunity to isolate homogenous groups within the population that have risk



v
characteristics associated with more or less demand for these seiese findings
provide a solid base to support the development of an alternative model for locating these
critical emergency resources according to demand and workload to bettéheneetds

of individual communities.
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CHAPTER 1: INTRODUCTION

Local public sector emergency services are critical to the qualiy of
experienced in every community across the country. Each community, no itsatize
has some type of police and fire protection. As the size of the community incteases
distribution of these services becomes more complex. The ideals of the publi@asector
to deliver services equitably and fairly to constituents; however, scaredtesra real
paradox for public safety managers, who must contend with it while also providing
effective services. The generally accepted methodology to locaterfireesassets is
based on response time benchmarks. Utilizing a response time benchmark to guide
locational decisions spreads resources evenly across a defined jurisdictdnmeleis
the ideal criteria set forth above for the public sector to deliver goods (léirghnert,
1999). Unfortunately, treating all parts of a population the same disenfranchises those
with more need, places people at greater risk, and increases inequaliste Tf@w if
any emergency service organizations have explored the factors that draeddiem
these resources to guide locational decisions that might improve serviceydeliie
following research effort will analyze demographic population charatitsrand
emergency service demand to build an alternative model to better infornodecisi

regarding allocation of these scarce emergency resources.



1.1 Background

The redistribution of resources in the form of public services is a primargydanc
of local governments. Public goods and services contribute to the functionality and
quality of life found within local communities by filling the service gaps\atant by
the private sector. All levels of government utilize tax authority to raigenue and then
distribute the funds in the form of goods and services. In general, the goods arasservic
provided by government are those that the market fails to supply or under supplies.
Delivering services associated with public safety is a primary respitysabiall levels
of government, but it is the local level that has the most visible and direct impact i
protecting citizens (Mikesell, 1999). Police, fire, and emergency medivateseare
most closely associated with local public safety. The location of publiy sefstts
within a community is critical to the level of service effectiveness andesfty that can
be achieved. Local bureaucrats and elected officials charged with locasegtaece
resources are challenged to maximize outputs and minimize communitglatgdrto
emergency events.

When citizens access the emergency 911 system in most communitiesethey ar
essentially playing an emergency resource lottery, where the oda®wimg a timely
response may not be in their favor. Most local emergency systems in the Uniésd Sta
do not prioritize responses based on incident severity or locate limited emergency
resources based on demand. Instead, emergency resources respond based on a “first
come, first serve” algorithm. These limited resources are ofterbditstd evenly
throughout communities to minimize response times (Barr & Caputo, 2003; Blackstone,

Buck, & Hakim, 2005; Swersey & Ignall, 1991). In theory, this system for locatidg
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responding to emergencies does not advantage or disadvantage any one person within a
community. Unfortunately, the reality of these systems is much differaraybe this
allocation strategy creates a lottery like system in which respondgrermeay not be
available to respond in an expedient manner to an emergency situation. The gsal of thi
project is to develop an alternative model to guide allocation decisions for locating
limited emergency resources throughout the local community environment. This model
will be based on locating resources in a manner that increases the probabidity that
emergency resource is available to respond in a timely fashion to citidféaring life
threatening events. This requires evaluating demographic and emergguarseedata
to predict demand and incident severity for emergency services at the neighborhbod leve
(Gyimah-Brempong, 1989).

Local government bureaucrats and elected officials are under constantetess
provide more services with fewer resources. The public perceives goverasne
operating inefficiently and often ineffectively (Citrin, 1974; Wood & Waterni94).
Whether this is true or not, the ways in which government redistributes limitadces
to meet policy initiatives is often controversial. The private market has@edcting
mechanisms, “the invisible hand,” that encourages effective and efficientepsaetor
operations (Walsh, 1998). Similar market forces do not exist in the public sectgnto rei
in waste and ineffective methods. Government, by and large, provides servithe that
market will not provide on its own. Because of this, most government services are
monopolies, which does not discourage or penalize the delivery of inefficient, and at
times ineffective, services (Bergstrom, 1979; Savas, 2000). The public can hold electe

officials accountable through the electoral process, but most local affseiale two or
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four year terms. This diminishes the opportunity for voters to gain instarfiicgtain at
the voting booth. Even when elected officials are voted out of office for presiding over
and enabling inefficient services, the bureaucrats within the governmetiigmmore
often than not remain static (Bergstrom, 1979; Wood, 1998). Therefore, more efficient
and effective service delivery depends on the decision making processes and values of
bureaucrats and elected officials. Whether or not these decision-makiegga®and
values align with the social norms within a community is often a source of debate.
Public safety is a significant part of the service package delivereddly loc
governments. Fire, police, and emergency medical services contribute to thespublic’
perception of overall safety. Police agencies focus singularly on law emient
activities, which separates them from organizations that provide fire pootedthe
modern fire service is no longer focused on the singular mission of extinguiskmg fir
The mission of most fire departments is multi-dimensional and includes responding to
fires, emergency medical incidents, hazardous materials emergenciessarel r
situations. As more types of emergency services are delivered to lotwalucdties by
the fire service, the efficient allocation of scarce resources bec@rasaqunt to
effective service delivery (Granito, 2003).
The fire service has long been a second tier industry among fedeeglastht
local government. It garners little political or public attention but is anraltegrt of
every community in the United States. Most residents believe they will nevktheee
fire department, making it easy to overlook this industry. Oversight andclesetar the
fire service is minimal, which leaves the industry as a whole unaccountabl&ifeviag

its core missions (Donahue, 2004b; Swersey & Ignall, 1991). Politicians give little



attention to the fire service because problems within fire departmentsacaséla
politician political capital. Improvements in building construction and privege fi
suppression systems over the past three decades have contributed to redwated,fire r
but researchers have not found valid evidence to link these drops to changes in fire
service operations. An evaluation of the fire service conducted by the Federal
Emergency Management Agency (FEMA) in 1973 reported the depleted state of this
industry in a document titled “America Burning,” but many of the problems meadtione
the report, such as insufficient emergency resources, still plague todaesrfiice.

The continued depletion of this industry is further supported by the National mstitut
Standards and Technology (2008), which reported in 2005 that direct monetary fire losses
exceeded $10 billion annually with indirect losses estimated at more than $a@. billi
These numbers often exceed the total monetary losses attributed to alldiaastairs
combined each year, which contextualizes the impact of fire losses acrossrthg in
context.

Traditionally, public sector managers have claimed that to deliver effective
emergency services, a large number of capital assets carefutddosoughout a
jurisdiction were required. In addition to having sufficient assets, deliveffiectiee
emergency services requires that the proper emergency resource, vihmegteer i
ambulance, fire truck, or police officer, arrives at an incident fast enoughvenptbe
escalation of an emergency event (Granito, 2003; Rider, 1979). Community problems
public safety services are expected to resolve can be time sensitive. Fetisiiive
situation is one that continues to worsen every minute that goes by withoutaefinit

action to mitigate the event. The location of emergency resources withmnaunity,
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no matter the community size, impacts service delivery and incident outcorats, (W
2003). Small or rural communities usually operate public safety servicasafcentral
location. Often times the location is something that cannot be changed, but in larger
urban and suburban communities emergency resource location decisions are more fluid
(Hirsch, 1959).

The location of fire station facilities is often fixed; however, urban admandsts
are frequently forced by economic and/or structural factors to evaluateeaddor new
stations, the need to shut down existing stations, and/or the need to relocate emergency
assets to other stations to maintain sufficient coverage. Unlike other locahigpever
services, the basic mission of a public safety organization is to progeghtifproperty.
Fire, police, and emergency medical agencies that do not maximize thied lim
resources will struggle to meet this critical mission (Rider, 1979).

When allocating fire, emergency medical, or police services it is negdégsar
permit some level of inefficiency to account for uncertainty (Smith, Gregndla
Mariani, 2008). Emergency situations that tax available public safety respsuct as
disaster events, do not occur often enough to justify maintaining a large number of
reserve resources at a constant state of readiness to manage thesechats.

However, local jurisdictions still must find a balance between having enoughaesdoor
meet moments of exceptional demand, with respect to average demand forrthess. se
On any given day, call volume for fire, police, and emergency medical sgcan spike,
and without some reserve resources to manage such situations, a public s&fetyssyst

quickly rendered ineffective (Felder & Brinkmann, 2002; Watts, 2003).
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Many communities lack the resources to provide sufficient emergency setivice
meet even average call volume demand. This issue plagues the fire servicesesnd rai
the question of how these agencies can better locate resources to maxwigee ser
delivery. Simply distributing these scarce resources throughout a commuhibytvit
regard for risk factors associated with demand is detrimental to sel®lizery. Local
emergency service agencies often struggle to determine the number ofggsourc
necessary to manage average demand or to even allocate available résdbetes
greatest good. It does not take a catastrophic event for emergency SEuESS to
overwhelm the available public safety resources. Extreme weatheticosdcivil
unrest, holiday celebrations, and other large public gatherings can becatabyst ¢or
increased demand on these systems. In addition, emergency systems ofienaxpe
unexplained periods of increased requests for assistance over a short duraticgsthat st
the system’s resources, jeopardizing timely responses to timehsepsints. These
situations are impossible to predict with certainty, making them difficultato foir when
allocating emergency resources (Coulter, 1979). However, emergency seanmgens
who allocate these scarce resources more effectively ensure their ageadetter
prepared to respond when demand does increase unexpectedly.
1.2 Problem Statement: Distribution of Scarce Resources

All local communities struggle to allocate scarce emergency assetsanreer
that maintains an acceptable level of efficiency while also providingtetezervice
delivery. Two extreme models exist for allocating emergency resowitie the first
maximizing efficiency and the second maximizing effectiveness. As@&gcosbmists

argue, it is rarely smart to maximize anything, which is evident when cormgpghese
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two allocation models (Heyne, 1997). The most efficient and least effective tnode
disburse these scarce assets utilizes one centrally located fagaiiityvhich all
emergency resources respond. This is extremely efficient beamisere kept low by
maintaining only one facility. However, the effectiveness of this deploymategy
decreases steadily as the size of a community increases, becausesrgsmangrow. In
contrast, the least efficient but most effective strategy is to plaoe stdtion on every
street corner. Low response times would improve emergency incident outtomis
costs associated with such a strategy would be exorbitant. Because emsrgenmes
are scarce, it is necessary to find middle ground between efficiency artd/effess
based on citizen preferences and budget constraints (McAllister, 1976).

Evaluating emergency service effectiveness is challenging becaugdiifi@rent
performance measures are used throughout this industry, including averageerespons
time, monetary losses, cost per response, and number of injuries and deaths. These
measures can prove problematic to improving service delivery, as it is umaleaalid
and reliable they are for assessing service delivery effectv¢Aasmons, 2001;
Kopczynski & Lombardo, 1999; Rivenbark, Ammons, & Roenigk, 2007). In addition,
such measures provide an incentive to public sector managers to maximize these
indicators for service delivery to make the agency appear more effechiah is often
detrimental to more important issues related to service outcomes (Lipsky, F280)
example, decreasing response times throughout a community may add exoobitant c
with minimal benefits to protecting life and property. However, the reducpdires
time becomes the focus, so the principals (elected officials and public)eb#leeservice

is better, when that is likely not the case. Developing a valid strategyoto rat



emergency service assets is a real challenge because of thedyabtical and

structual environments that influence these decision making processes (Heyne, 1997).
The expanded emergency services mission requires public safety agencies to

prepare for and respond to many different types of emergency situations, which

complicates the process of finding valid measures to assess serweeydefficiency

and effectiveness. It is no longer acceptable to evaluate fire deptatsoéely based on

fire rates and fire losses occurring in a community, because a depgstability to

lower fire rates and reduce damage is now impacted by the other servicegrdvire

resources responding to medical emergencies or hazardous materialéeiasis

available to respond to simultaneous fire incidents. The number of fire events most

departments respond to annually is on the decline, while the demand for emergency

medical assistance, hazardous materials incidents, and rescue respmtseasing

(Brudney & Duncombe, 1992). As a fire department expands its service delivery

platform, its resources are more thinly spread throughout a community (Donahue,

2000b). This places more emphasis on the location of emergency service assets.

Increasing demand for emergency services essentially reduces ther miraailable

assets, which raises the chance of citizens being adversely affecter] metlical, or

other emergency situations. For example:

It is a Sunday evening on the eastside of a large city, where the
population is predominately lower income. The fire stations in this general
area, as in the rest of the city, are spaced geographically to minimize
response times. Fire and emergency services in this particular part of the

city experience increased service demand over other areas, which reduces
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emergency resource capacity to those living and working in this part of the
community. On this night, three of the fire companies assigned to the
eastside are on medical emergencies in their respective response zones.
One of these units, ladder 223, has responded to a medical emergency in a
nursing facility located on the outer edge of its response zone. Soon after
clearing from this incident, the ladder is dispatched with four other fire
apparatus to check a report of smoke in a neighborhood. This
neighborhood is located in the primary response zone of one of the fire units
that is currently tied up on a medical situation. Ladder 223 and the other
responding fire apparatus have an extended response time to the incident.
On arrival, Ladder 223 finds a two-story residential structure with the
attached garage and one side of the house heavily involved in fire.
Fortunately, the incident is mitigated with significant property loss, but no
loss of life. However, while the fire and emergency medical resources in
this part of the city were responding to numerous incidents, stations in other
parts of the city that do not experience similar demand were sitting idle.

The decision-making process for locating emergency resources in most
communities is guided by response time benchmarks. If followed, these benchmarks
place an emergency unit or station within a certain distance of every pacbnfmunity.
This equal distribution of resources is viewed as the most fair and effectivechte
protect a jurisdiction (Ammons, 2001). Other measures to evaluate perfornthace e
do not exist or are not widely used by the fire service. The industry has failed lmpdeve
reliable and valid measures that correlate with saving lives and propettigéosgrvice
delivery models. For example, t®@mmission on Fire Accreditatiateveloped a self-
evaluation mechanism for fire departments to measure service deliveryanguts

outputs. This is a popular mechanism used to evaluate the quality and effectiveness of
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fire department resources but, similar to fire standards published by thenicesur
Services Organization (ISO) and National Fire Protection AdministratiRAY it fails
to contend with local budget constraints and the numerous service deliverynpdatfor
provided by these departments to mitigate a myriad of emergency eventsd(Qa03).

In accordance with the Insurance Services Organization (ISO) and N&iiena
Protection Administration (NFPA), fire service managers and locédidaemakers
allocate emergency resources based on geographical constraints tichif8wersey &
Ignall, 1991). The singular focus on response times often ignores risk factorg prese
community that correlate to emergency service demand. In other words, where in a
community, based on building characteristics and population characteristicsaisddem
for emergency services going to be greatest? Assuming community risktehatias
correlate with demand for emergency services, public leaders may be azdabéting
their limited emergency resources more effectively to enhance sdeligery. The
Department of Homeland Security recognized the value of asses&iagdisiow
allocates resources to local communities based on their risk of sufferimgrasie event.
This has proven to be a more effective and efficient method to distribute grant money
(Willis, Morral, Kelly, & Medby, 2005). Communities identified to be at greatd for
suffering a terrorist attack receive the bulk of resources. Although notprdobl
method to distribute resources, it does offer the federal government a tool tyidedtif
rank communities according to need. Many decision-makers in communities deemed low
risk have complained that the distribution of funds is not fair; however, it is more

equitable as risk from terrorist events is effectively normalized acormesmunities.



12

Allocating local emergency resources based on community risk chastctelnias
garnered little attention from decision-makers, who continue to subscribe to
geographically driven methods based on response time criteria (Cubbin, LeClere, &
Smith, 2000b). This method calls for distributing limited resources in a manner that
reduces response times to every part of a defined geographical area terthpassible.
On the surface, this allocation strategy appears ideal because it does not, to the
uninformed observer, favor any particular area within a community. Howevembpcat
emergency resources equally throughout a community based on response time
benchmarks disenfranchises high demand areas while “over-protecting”rieamnde
areas. In addition, once units begin responding to emergency incidents, gapEé ser
are created across a jurisdiction (Blackstone et al., 2005).

Therefore, guiding locational decisions by predicting demand based on
demographic characteristics is likely to be a more productive allocatadagtr because
more resources would be targeted to higher demand areas to improve servicg deliver
outcomes (Gyimah-Brempong, 1989). Allocating emergency resourceslengimad,
especially when accounting for budget, political, and social constraints within a
community. However, considering variables associated with increased easbgtrisk
in different areas of a community could provide decision-makers with vatidhation
to help drive locational decisions to improve service delivery.

Evaluating community risk as it relates to the services provided by many fir
departments is complicated by the high level of uncertainty synonymous witbtjprgdi
demand for emergency services. No sure method exists to determine wimneret five,

hazardous material leak, or medical emergency will occur or what itsitodg will be.
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However, it is likely community demographic and structural variablessaected with
an increased or decreased probability of such events occurring (Cubbin et al, 2000b). For
example, a section of a city with a dense population of lower income persons living in
wood framed apartment buildings is more likely to sustain a fire event than adsusine
district consisting of concrete structures. Wood buildings are at grisktéor fire than
concrete buildings and lower income persons tend to invest less in private fictipnote
system, such as smoke detectors or alarm systems. However, the likelihood of a f
event occurring and the timing of such an event remain highly uncertain. Still, it is
possible to calculate risk with factors of uncertainty as a method to peitier
emergency resource allocation (Gamache, 2003).
1.3 Purpose of Research

Emergency service resources are scarce, which makes it problemdbtcaceal
these assets equally across a community and expect all citizensve sedicient
service delivery. A strategy to allocate these resources thatofadsognize this reality
will inevitably disenfranchise a greater part of the population (Heyne, 1997) nénadje
those who reside closer to fire stations and other emergency facildiad\santaged over
those who live farther away. Similarly, locational decisions for parks and schools
disadvantage some citizens based on the travel time required to the pubtic facili
(McAllister, 1976). Fire stations are spaced throughout most urban environments to
minimize emergency apparatus response times, which is the time from wéiéfoa c
assistance is received to the time when a unit arrives at the location ofcigeray
incident (Swersey & Ignall, 1991). Citizens do not bring their emergeh@tisins to a

public safety facility, emergency workers must respond to the incident location.
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Distance to the emergency scene has long been the measure for malsegvioe
locational decisions in an effort to minimize response times (Achabal, 1978; Kiyehner
1999). These decisions are predicated on the notion that the faster emergemsyepers
and equipment arrive on scene, the greater the opportunity to protect life and property
(Meislin, Conn, Conroy, & Tibbits, 1999; Watts, 2003). The fact that demand for fire
and emergency services differs depending on the social and structuralesistiesin
the urban environment is often ignored (Lerner, Nichol, Spaite, Garrison, & Maio, 2007).
It is arguably less equitable to spread emergency resources equaliyhibut a city in an
effort to minimize response times to all areas within a jurisdiction becansand is not
equally distributed. Predicting demand could afford decision makers thg tblbicate
resources closer to those who have more need and could benefit more often frooh reduce
response times. However, the current model ignores population characterifeiay i
of equal distribution.

The number of emergency resources in most communities is often insufficient to

keep pace with demand, a problem that is exacerbated each time a service is added t
fire department’s response platform (Granito, 2003). For example, fire mepdstthat
add emergency medical response to their service delivery platform wilhsectiee
workload demand on the existing resources. If more resources are not addetthe mee
new demand, the community is placed at increased risk. More responses per unit will
subsequently reduce each unit’'s availability to respond to additional callsvimesbat
may occur in its response area. Fire incidents are on the decline so publictadtonsi
are searching for ways to justify the cost of maintaining these resourbeshas

increased the pressure on the fire service to respond to other types of emergency
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situations, such as emergency medical incidents, hazardous materiakrelesse
events, and a myriad of other incident types (Donahue, 2004a). This increases the
measured outputs of fire departments, which helps to justify existing inputs.

These service delivery changes have not been accompanied by innovative
methods to better allocate emergency assets. For example, most urban fireedgpar
respond in the same manner to all calls for service without considering whetger the
specialized limited emergency resources will make a differenitee outcome of the
incident. Many decision-makers and the public in general are under thesmoprthat
any time a call to the 911 system is made a true life-threatening emogrgguiring a
rapid response by emergency personnel exists. In fact, this is far fromttheA study
by Blackstone et al. (2005) found that in 2000, 96% of the fire alarms responded to by the
Philadelphia Fire Department were false, meaning there was no fireeogesmy found
when emergency personnel arrived. This statistic represents a trend tiayaytleast,
should inspire change in how resources are allocated.

The costs of responding to false alarms or other non-emergent incidents are
incalculable. Direct costs associated with an emergency response inckmienpé fuel
for the apparatus, equipment, training, maintenance, and wear and tear on equipment,
which are essentially wasted when emergency resources respond to noar¢enagts.
The opportunity cost and economic cost associated with these responses can be
detrimental to a community (Blackstone et al., 2005). This issue was highlighted i
Pinellas County, Florida, a community where three fire and medical appaeaponded
to all emergency medical calls regardless of severity. The countyiathatior for

Pinellas estimated that millions of dollars could be saved each year bydithi
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response to non-urgent medical incidents to one unit. The Director of the County’s EMS
and Fire administration described the emergency resource allocatiegystia “crazy.”

He also said, “It's risking people’s lives. It's wasting people’s money.ndts
necessary” (Van Sant, April 28, 2008). A declining local economy and strained budget
were catalysts for the Pinellas county decision-makers to idehisfyssue.
Unfortunately, many local communities have failed to recognize such inatfieseand
continue to arbitrarily allocate their limited emergency resourcémutiregard to risk.

Requests for emergency services vary widely in number and severity bxals
communities. In general, as the severity of an incident increases, itdeoune time-
sensitive and more resources are required to mitigate the situation. As thesPinel
County example shows, most urban fire departments do not triage or alter response
protocols based on incident severity. Instead, the worst is always assumed until
definitively proven otherwise after emergency personnel arrive on scene. This
methodology leads to ineffective and inefficient service delivery, becauseato loc
community has the resources to affect such a response strategy. For gwdnaiple
happens when a fire apparatus that is located strategically to protectfiedpeci
geographic area is dispatched to a patient with a minor laceration to the hand@cKhe t
because the fire service treats all customers the same, speeds out théhdagintsvand
sirens operating to meet response time criteria generated by outsidizatigas to this
non-emergent event. This places more people at risk than can benefit from the rapid
response and potentially disenfranchises others who have more urgent needs.

When units respond with urgency to incidents using emergency warning devices,

the capital asset is at greater risk of being damaged, not to mention the human
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investments on the truck and the general public which are placed at increasedhisk by
unnecessary emergency response. Each year more than 25% of line of duty deaths
among firefighters are attributed to motor vehicle collisions that occur vésgonding
to or returning from emergency scenes. A study conducted by Solomon and King (1995)
in 1990 found that the 11,325 motor vehicle collisions in the United States involving fire
apparatus caused more than 1,300 firefighter injuries. 80% of these incidentedccurr
while the fire apparatus was responding emergency traffic to an incidestldar from
accident data and research that emergency responders are most at eisgspbihding
emergency traffic to incidents (Colwell, Pons, Blanchet, & Mangino 1999; Ho &
Linquest 2001). What makes this situation a travesty is that only a small pera#ntage
calls for assistance are truly emergent, where the outcome can be irdlbgribe
minute or so saved by responding with lights and siren (Ho & Linquest 2001). The
increased danger and potential costs associated with fire apparatus responding in
emergency mode raises the issue of diminishing returns.

Few situations are positively impacted by a time sensitive emergespynse.
The outcome of the vast majority of requests for emergency assistanoetvad altered
by arriving a few minutes sooner (Felder & Brinkmann, 2002). At the same time, a
minute can be the difference in the outcome of certain situations. Few emergency
agencies recognize this distinction. Instead, they continue to deploy resevecty
throughout communities without regard for demand or incident severity. Consensus
standards and insurance industry recommendations for response time benchmarks and
emergency service locational priorities do not account for risk factors aeutili

probability analysis to predict the likelihood of emergency events. Instead, madlers
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attempt to provide these life-saving programs equally across geogrageiasl The
service delivery strategy is the same for the entire community papulgét within a
population many different risk factors are present that affect emergemnigesdemand
(Southwick & Butler, 1985). The unwillingness to tailor deployment and response
strategies to specific groups within the overall society generatexieetly and can
delay the arrival of resources to time-sensitive events.

Another cost factor often overlooked is the marginal cost associated with reducing
an agency’s average response time. Each second the response time isddecadase
service system that allocates resources equally throughout a geogegptmcinflicts a
large cost on the taxpayer, because many additional emergency resourdes phastd
into service for this marginal benefit. It is beneficial to lower responsstimcertain
types of emergency incidents (Coleman, 2007). However, a deployment model that does
not prioritize responses based on call severity cannot improve response tifees to li
threatening incidents without also improving response times to non-emergent events
which is inefficient. This requires an enormous commitment of resources, edsse
will dramatically exceed benefits. It is more efficient to respond to thwelyife-
threatening emergencies with urgency, because it reduces margisamsnproves
the benefit-cost service delivery ratio.

Unfortunately, public sector decision-makers fail to grasp the inefficiency
associated with directing programs to reduce risk and save lives toward large
heterogeneous groups (Walsh, 1998). One size does not fit all, and failing to
acknowledge this places emergency service decision-makers betweeovidrbipl

“rock and a hard place” when determining how to allocate limited resources.
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Government officials want to treat every life the same, but each person’sdikelof
requiring time-sensitive assistance from a local emergency seageesy is different
(Rhoads, 1999). Individual characteristics influence risk levels for being invaiaed i
fire or car wreck, suffering a heart attack, or any of a myriad ofganesituations based
on personal habits and lifestyles. At the same time, providing certain groups within a
society more services than other groups creates an unpalatable situationtfor mos
politicians and public sector leaders who do not want the public to think they favor one
group within the community over others (Feiock, 1986). Therefore, policy initiatiges ar
developed to treat all members of a society the same, which is problematisetibe
delivery level. This strategy fails to match demand with available res®@iHammitt &
Treich, 2007).

This situation is exacerbated when public sector decision-makers fail to

recognize the difference between a statistical life and an idghlifie, which impedes
their willingness to customize resource allocation strategies based difféhieg group
characteristics that drive demand across local communities. Treatiydivas an
identified life leads to the belief that no amount of resources should be spared to save a
life, ignoring the opportunity cost associated with programs that subscribe tbeis |
The resources are simply not available to treat every individual the samesddua
disenfranchises others in the society. Local emergency service ageiiaeyev have
the resources to save everyone (Jenni & Leowenstein, 1997; Viscusi, 1993). Yet, most
public sector leaders want to pretend that government programs can savédev&ior |
example, during a congressional hearing, “Congressman David Obey (D-$tased,

‘Quite frankly, I believe that when you're dealing in questions related to hurean lif
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economic costs are irrelevant” (Rhoads, 1999, 18). The unwillingness to evaluate
opportunity cost, marginality, and distinguish between statistical and idéraifives
when developing policy is far more harmful than taking a more utilitarian approach.

The goal of any emergency service allocation model should be to save the most
lives possible with the available resources. Allocating public goods and seovgzeset
every identifiable life disenfranchises society as a whole. Prograrasddiges must be
evaluated based on statistics, where the actual persons saved are notigeumtifia
after they have been rescued. This is a difficult concept for most, which explains w
programs to reduce risk are, for the most part, inefficient and ineffectivelj\\i£198).
Public sector leaders also fear the possibility of the “false negativeh allocating
scarce resources based on statistical trends, because there is ansgttescor factor
with these calculations. Even if an allocation strategy correctly psadmtient severity
95% of the time, it is the 5% error that will draw the public’s ire. This issuelgsto
Munger’s (2000) assessment of the policy process, which rightly points out that “...good
decisions can turn out bad and bad decisions can turn out good.” Statistical analysis
provides a means to make intelligent allocation decisions; however, the influence of
politics on these decisions plays an important role that will be addressed bsstarch.

1.4 Overview of Research Study

It is theorized that demographic and structural characteristics fourgsdacal
communities are associated with demand for emergency services. Téetafor
research study will analyze hypothesized relationships between numeracarsasomyl
demographic variables at the block group level and dependent demand variables to better

inform resource allocation decisions for these scarce emergency resdeireesting
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emergency service demand is complicated and fraught with pitfalls thatreaten the
validity of findings, because the emergency service environment is extrdymealgnic
and, in many ways, unpredictable. For example, it is one thing to associate dencographi
characteristics with overall demand, but isolating these relationships toraaly ti
sensitive situations presents numerous challenges. The majority okeaaefd 1
requests are for situations that are not time sensitive, but predictingtiteeen
filtering them out is problematic. However, the development of a model to pretict, w
a high level of certainty, the general location and severity of emergendgmtsibased
on demographic characteristics could substantially improve service delivasgd Bn
these criteria, emergency units would no longer be blindly allocated to equalize
distribution across a community but could target high demand/risk areas toigttie
likelihood of positive incident outcomes.

Such a model would facilitate better, more predictable service deliverysaa
community. To accomplish this, block group level demographic data will be collected
and compared to emergency service demand measures found in the city of Charlotte,
N.C. The block group characteristics that most strongly predict demand and incident
severity can then be associated with unit availability. The goal is to produce a
alternative resource allocation model guided by demand and incident severéythath
response time benchmarks.

To perform this analysis, the city of Charlotte, North Carolina will sesvbea
research area. Response data collected for fire, EMS, hazardous matedakscue
incidents by the Charlotte Fire Department during fiscal year 2006 is theedat@his

emergency response data will be combined with Census block group information
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collected in 2006 through ti&harlotte Neighborhood Quality of Life Survaayd U.S.
Census Bureawhich assembled demographic information about each of the 331 block
groups within the city. The available data will be used to model the existingemeg
services environment and allocation decisions based on demographic risk clséicscteri
As cities like Charlotte continue to grow both in land mass and population, there is more
pressure placed on decision-makers to carefully evaluate where bestaterelasting
resources or locate new emergency service facilities to maxinmaeeseutcomes. A
detailed analysis of the emergency environment and its relationship to emergency
resource allocation under budgetary constraints is critical to such decisioeg dré
going to be effective in meeting the mission of these public safety agenci

Modeling emergency service demand based on demographic and structural risk
characteristics could significantly alter how resources are lodateaighout urban and
suburban environments. It is also possible that the analysis will provide scadigtific
driven findings to support the continued use of existing models for deploying limited
emergency resources. Regardless, the information will be valuable to potiic se
decision-makers to either justify existing locational strategiesmpa@t a change in
deployment methodology.

These potential changes include new methods to deploy limited emergency
resources and improve public finance decisions. A more efficient method to deploy
resources with the same or better outcomes could decrease budget lineetng up
funds for other community needs. Again, the purpose of the emergency services is to
first prevent loss of life and then to reduce property damage, so a deploym@afystr

that either reduces cost without negatively impacting loss of life and prapeshe that
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maintains existing funding levels but leads to fewer losses can be consideeed mor
efficient and effective. Budgetary constraints must be factored into agrgenty
resource allocation model, because each local community has a different funding
capacity. A one size fits all model, as espoused by ISO and NFPA, is ndicréalis
most local communities (Granito, 2003). Therefore, a new deployment model based on
risk characteristics and probability has the potential to enhance emergency se
outputs based on existing structural and economic conditions.

Assessing the decision making processes used to allocate emergency sesource
and the exogenous factors that influence these issues will provide additiortatl imsig
the factors that enable or prevent public services from operating etiicieick
effectively. A myriad of outcome measures have been established to detdmnine t
effectiveness of emergency services at the local level, but it is undietner these
measures translate into the optimal provision of these services. The obviousfsade-of
efficient and effective service delivery must be balanced with the owestilire of a
community. The fire service provides an ideal opportunity to research how lotationa
decisions impact service delivery for public safety organizations.
1.5 Summary

Providing effective and efficient public safety services is a priorityrfost local
government decision-makers. A large percentage of the tax dollars colletttedcatal
level are devoted to emergency services to limit risk of injury, death, and tyrimssr
associated with unexpected events (Coe, 1983). Budgetary constraints, soci@iaesprior
exogenous institutions, and the political environment dictate the service level and

location of these critical services within a community. No community dardahe
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resources necessary to be risk free, so the limited emergency resbatrees tivailable
must be located and deployed methodically to maximize risk reduction. However,
current allocation models ignore demographic and structural characsesis$ociated
with demand, instead focusing locational decisions on response time benchmarks
(Ammons, 2001).

The intent of this dissertation is to evaluate the allocation model supported by the
NFPA and ISO to locate fire and emergency medical resources within unmamuoities
and whether these decisions match characteristics associated with raskozartt for
emergency services. Response time benchmarks and resource capacigddspous
NFPA and ISO do not consider the substantial differences in economic and social
capacity found across local communities (Granito, 2003). Few, if any, communitees ha
the resource capacity to fund and support the infrastructure required to meet NFPA and
ISO standards for emergency service delivery. Instead, communitiesizealimust
grapple with where to locate limited emergency resources to provide the feosvef
and efficient service outcomes possible. A model that accounts for emergency servi
demand and risk characteristics to guide the allocation of limited emeng=myces
could significantly improve service delivery outcomes, saving many lives amdrging

unnecessary property losses.



CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

Decision-makers often struggle to determine where to locate publitiéacil
because so many variables are at play that affect these decisions. Rilibkgsfauch
as libraries, parks, water and waste treatment plants, maintenanitesapiblice and
fire stations, landfills, and jails to name a few, are essential to a fumgfioommunity.
The type of facility often determines whether or not citizens wantatdaocnear their
homes. The “not in my back yard” problem is just one issue public decision-makers
contend with when constructing new facilities. Citizens and neighborhood groups often
lobby to receive parks or libraries, but few want the waste water gagptant. The
public facility locational literature is full of these examples, but alsdsd&ith how
location decisions affect service delivery.

There are costs and benefits associated with where public facilgiescated.
For example, a fire station may reduce the risk of fire in an area but intheasase
pollution. Fire stations are best described as “site-preferred &gilitvhich are public
facilities that provide greater benefits the closer one is located taditig/f(Austin,
1974). Citizens must balance their preferences for public safety servibebevi
potential cost when supporting or protesting such facilities. Emergenayiits are
often time-sensitive, so as one’s distance from these facilities iedieapotential

benefits decrease. Citizens may not want a fire station in their neighborhoodthowit wi
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such a facility citizens assume more risk for fire and other emergencyosisug-elder
& Brinkmann, 2002). However, there is more to consider when locating emergency
service facilities than just response times, such as demand and ability tw {Feesé
services. In the case of emergency services, demand and socioeconomicstatus te
have an inverse relationship, meaning lower income areas have higher demane for thes
services (Gramache, 2003; Southwick & Butler, 1985). This challenges locabdecis
makers to balance locational decisions between those with the ability to pdypsad t
who have more demand for the services. To further complicate these issues, most
communities operate fire stations that were built many decades ago andazmuted
to address current societal needs. Locating these facilities to erfsgtvefand
efficient service delivery is extremely complex (Boyle & Jacobs, 1988)s is made
more difficult by the organizational structure, traditions, and culture that peavade
industry that has been in existence since the colonial period (Granito, 2003; Middleton,
1992).
2.2 Fire Service History

The fire service is unique to other public safety organizations because the
majority of fire departments are staffed by volunteers. In fact, 70% of tineat=d
30,635 fire departments across the United States are volunteer organizations, where
firefighters receive no monetary pay for their services. Volunteerisrbéd®en a
significant part of the fire service’s tradition since its inception. Thaamee industry
provided the primary initiative for the first organized fire departments toqtriosured
liabilities. The Colonial period marked a time when Britain was expengrei

significant increase in industrialization, which spurned intense demand for the goods
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produced in the colonies. The mercantile system ensured that British intergstéled
the colonial economy. Insurance companies soon recognized the colonists contmbution t
the British economy, encouraging many of them to relocate to the colonies (Mdigdlet
1992). Although fire protection was limited to bucket brigades and the sheer will of
volunteers to extinguish fires, it was better than nothing (Calderone, 1997; Klinoff, 1997;
Jacobs, 1995). During these times, fire brigades often fought to prevent entire towns
from burning (Golway, 2002).

Organizations often resist change, but the fire service has historesiyed
change better than most. For example, the earliest fire brigadesdaerardly against
trading in their buckets for hand-drawn pumpers to transport water to fires.e Asifip
technology improved, these same fire companies fought against using horse grawn fi
pumpers and then combustion engine pumpers for firefighting in favor of the beloved
hand drawn pumpers (Middleton, 1992). This culture continues to resist change, which
has hampered progress toward developing a more effective and efficengeecy
service delivery platform. The mission of the modern fire service is vegyetiff from
that of just two decades ago, when fire suppression was the main priority for most
departments and the only service provided by others. Now, fire departments must invest
in fire prevention programs, respond to emergency medical and rescuesguand
manage hazardous material incidents in addition to extinguishing fires. Much of the
changing mission stems from declining local budget funds and a need to maximize output
from limited public resources to maintain service delivery standards (Dariz004a).

A more proactive effort to prevent fire events is one significant change ilomiss

many fire departments continue to resist (Granito, 2003). The need for fiemtioa
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was demonstrated in the 1973 FEMA publication, “America Burning” as a means to
reduce the number of fire events, injuries related to fire, and fire fedalifiee idea of
fire prevention was a complete shift in philosophy for fire service masiagére fire
service from its inception was tasked with extinguishing, not preventing, fir@s. Fe
industries would work to effectively put themselves out of business, which would
essentially be the result of successful fire prevention efforts. Infif@cprevention has
become so successful that fire departments across the country have had to add other
capabilities to their service delivery platforms to justify their budgelesd additional
services include responding to emergency medical incidents, hazardous nmeltasss,
and technical rescue situations, which were not part of the fire service justiadades
ago.
2.3 Evolution of the Fire Service

The evolution of the fire service has been and continues to be slow. Although the

culture of this industry is changing, the fire service still shuns technology and othe
advances in favor of antiquated service delivery methods. One reason for this ialthe loc
connection to the fire service. Fire departments are local entities and to theslectd r
the local economic, geographic, and social environment (Duncombe, 1992). The authors
of “America Burning” noted that the responsibility for fire protection are/@ntion
should continue to rest in local jurisdictions and not the federal government. The report
limits federal involvement in fire protection to providing monetary resourcesab loc
jurisdictions, collecting and researching fire data, and assistingasicdii®cal governing

bodies with educational and training resources. Many of these requests have been
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fulfilled in recent decades, including the establishment of the United Fiages
Administration and the National Fire Academy (Coe, 1983).

The “America Burning Report” established a goal during the 1970’s to reldeice t
fire rate across the country by 5% annually. In hindsight, this was an agggsaivieat
ignored the organizational attributes of the fire service, which were ictilhsresistant
to change. In addition, some argue that more federal involvement, especiallpiaghe
of rating the level of fire protection in each community would improve fire servi
delivery techniques. This has been resisted by the insurance industry and other private
organizations that have a financial stake in maintaining the existing psaictiaating
and delivering fire protection (Coe, 1983). This entropy found in the fire service and
resistance from organizations that benefit from fire protection beinghdoltective
good have prevented significant progress in reducing the destructive resultSrottiie
United States.

A second report titled “America Burning, Revisited” was published in 1987 to
evaluate the progress made in reducing the national fire rate sinaesthegort. It also
promoted a new strategy to combat the fire problem. This report indicated the fire
service had improved its efforts to combat the fire problem during the previoyesatesn
The number of fires, injuries caused by fire, and fire deaths had fallen. Attlooutye
surface the data was encouraging, the exact cause of these declaiasdamclear and
no guidelines for how to continue the progress were provided. Itis even more difficult
attribute the declines to the fire service, because of the many potentiahexsdactors.
For example, a myriad of fire codes and standards were passed during e tstioigy

period. Also, technological advancements in communications, building materials, and
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other factors far removed from the changes made by the fire serviceclkehbuted to
the decline. Despite all of the possible contributing factors, the one sthiadtivas
remained constant for decades is the monetary losses attributed to fire (Ahazres,
& Heeschen, 2003).

Fire rates vary from place-to-place within the United States dependingrate|i
socioeconomic status of residents, and other demographics (Coulter, 1979). Annual fire
losses in the United States often exceed losses suffered from hurricanes, syrnadoe
earthquakes, and other natural disasters combined. Fire departments respond to more
than two million fire incidents each year. Fire causes over ten billion sigli@roperty
loss and thousands of deaths (FEMA, 2000). The authors of “America Burning,
Reuvisited” (1987) recognized that the fire service was going through trtevwdry”
change as the demand for emergency services shifted towards new frentibras
emergency medicine and hazardous materials response (p. 12). This change in
organizational mission can be associated with the declining number of fire evieats. F
service managers continue to search for ways to justify the exorbitanotosispower,
equipment, and infrastructure. Although not mentioned in most government reports, the
insurance industry remains a significant lobby and proponent for increasedrocal fi
protection resources (Coe, 1973).

The “American Burning, Revisited” report showed a small reduction in losses
from fire across the United States. A renewed push for fire codes anati@ts, fire
prevention, and additional fire fighting resources followed this report. In gerrerdire
service is much different organizationally today than it was in the 1980’s. Mm®st fir

departments, even those in rural America, provide suppression, prevention, and
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emergency medical services (Granito, 2003). However, monetary propeety ficss
fire, even when controlling for inflation, remain comparable to losses in the 1970’s
(Ahrens et al., 2003). Much of the reason monetary fire losses have been consistent for
so long can be attributed to increasing population density and rising property values
across the country. While responding to and combating these fire events, more than 100
firefighters die in the line of duty each year (Washburn, LeBlanc, & Fahy, 19913
fatality rate has remained relatively constant for decades. Mornetargrty losses and
firefighter deaths are just two examples of the fire service’s ihatwlfind new and
innovative methods to deliver emergency services.

Outside agencies, such as the National Fire Protection Association (IdR&A)
the Occupational Safety and Health Administration (OSHA), have for depathished
consensus fire protection standards and laws to improve community and firefighter
safety. Standards published by the NFPA, for example, provide guidelines foruminim
staffing on fire apparatus, response time benchmarks, equipment, and the resources
required to meet an adequate level of fire protection for all types of comesunBtate
and federal OSHA agencies provide additional laws and codes intended to improve the
health and safety of firefighters and other rescue professionals whidenpi@g their
duties. However, implementing many of these rules and regulations is eytremel
resource intensive, which has hampered their impact in the vast majority of cdrasuni
across the country.

The fire service continues to push the same issues that it has for the past two
decades with only minimal effect on fire losses. Aggressive efforts to edtegpublic

and provide fire suppression services have proven inadequate to significantlyilewer f
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losses. The organizational structure of the fire service may carry saheeldame
because of its resistance to change. In addition, the opportunity cost of feetiprohas
proven to be a formidable barricade to improved fire protection. Citizens in most local
communities continue to want the public sector to provide more services, which often
requires funds to be diverted from emergency services to pay for these s&itiaes (
1974). Ignorance of the fire problem may be a cause, but the public is willing, nalgene
to spend for additional police protection and other forms of public safety. Even the
smallest communities have paid law enforcement officers or rely on tlesluariff's
department. This is not the situation for fire protection, as most small and rural
communities depend on volunteers to provide these crucial services (Coleman, 2007).

Suburban and urban communities generally have the tax base to fund paid or
combination staffed fire departments (Brudney & Duncombe, 1992). However, most fire
protection agencies argue the resources allocated to the fire seeweeedully
inadequate to lower the losses associated with fire (Duncombe, 1992). These agencies
attempt to lay firefighter deaths, property losses, and the countlessnamjliges and
fatalities associated with fire at the feet of politicians not willmfund the resources
necessary to provide adequate fire protection to decrease these stdtisicinclear at
what point the marginal costs of fire protection resources begin to far outweigh any
marginal benefits. Obviously, more emergency resources are desired icyspidily
officials, but the opportunity cost of adding more resources in most communities is
usually too high to make the necessary additions. This places more emphasis on

maximizing the existing limited emergency resources to improve publitysafe
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Fire departments tend to attract less attention from the public, because most
citizens do not have regular contact with them or the need for their services. IHoweve
paid fire departments command the second largest budget, behind police protection, in
most urban communities. Because these agencies are often overlooked, fgermana
and administrators are able to act with impunity in developing organizationakpoli
(Slack, 1989; Santoro, 1995). The fire service is a monopoly, which further empowers
administrators in their policy positions. There are no alternatives if youe laous
business catches on fire, so the fire service has no competition (Caporasmd; Le
1992; Romer & Rosenthal, 1979; Savas, 2000).

The fire service, similar to many government agencies, continues to blame
inadequate funding for the inability to combat the fire problem. Much of the argument
for increased funding has fallen on deaf ears at all levels of government. t¢o moat
much “saber rattling” representatives of the fire service did throughounthef ¢he 28
century, funding levels in most areas only seemed to decrease and new fuedimg str
were non-existent (Duncombe, 1992). Fire departments continue to resist change, as the
overall number of fires decrease, while the demand for other emergevicese
increases. A byproduct of the increasing population density in most communities is
increasing demand for the non-traditional services fire departmentishamrepeoviding
now or are being pressured to provide (Felder & Brinkmann, 2002). These services
include responding to medical emergencies, providing technical rescue (i.e. vehicle
extrication, confined space rescue, urban search and rescue, and rope rescue), and
managing hazardous materials incidents. Urban administrators view mosteof the

services as natural fits for fire personnel to provide, believing fire thepats are set up
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well to provide these additional services because of their organizatiorailistrand
availability.

With the available manpower and locational advantages that fire protection
services have over other public safety entities, it is easy to understand wity publi
administrators continue to look to these agencies to take on additional emergency
response tasks. The additional services do help justify the high costs of fitipnote
during a time when the number of fires is declining. However, as departments delive
more services they become less effective, because built in capacite fevdnts does
not account for the additional responses that come with providing more emergency
services (Donahue, 2004b). Local officials who do not add fire and emergency resource
or adjust allocation decision methods to meet the changing mission of the fioe servi
place their respective communities at increased risk.

Fire departments provide a myriad of emergency services to most comminnities
the United States. These departments have become critical components @rgeneyn
management and the public health systems, not to mention their contributions to the
homeland security and environmental protection goals of this country. The firgeservi
carries a large and diverse service delivery burden that is dependent on tlomslacidi
resources provided at the local level. This is especially true in the urban eresitpnm
where demand for emergency services provided by local fire departments cotdinue
rise. Despite the integral part the fire service plays in the local puldity saEna,
minimal attention has been devoted to developing ways to deliver these services more

efficiently and effectively (Duncombe, 1992). Although many organizations contnue t
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develop standards and make recommendations to improve this industry, few consider the
local economic and political constraints that affect service deliveiiz(T®67).

2.4 Exogenous Influences: ISO and NFPA

The National Fire Protection Association (NFPA) and the insurance industy hav
strong influence over fire protection services in this country. The NFPA develops
consensus standards for the fire service. Local fire departmentgacteeikto comply
with these standards, which do not carry the authority of a law but are admissible in a
court of law if not complied with. This places fire administrators into a diffosition
because even partial compliance with NFPA standards can be very castiyoiy-
compliance creates liability that also has potential costs. It is nohthte industry
does not want to comply with these standards, but the resources are simply abteavail
at the local level to be 100% compliant. Budget constraints and other practical
limitations often determine a department’s level of compliance with NE&#Alards.

NFPA standards are developed by persons associated with the industry, and
often do not reflect what is prudent and reasonable for local communities based on
financial capacity. In fact, no fire department is 100% compliant with NFRAlstds,
because local communities simply do not need or even desire the level of fir¢igmotec
mandated by this organization. For example, NFPA 1710 mandates minimum staffing of
four firefighters on each fire apparatus. Personnel costs account foverehalf the
budgeted dollars for most fire departments. It is debatable whether fdighfiees is the
optimal staffing level for fire apparatus, because the emergency envitbisnse
dynamic (Granito, 2003). The standard also fails to account for the increasmoh miss

most fire departments are undertaking, as fire units are responding to nuicalraed
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rescue emergencies than fire events. Medical emergencies and mgesisiestions are
less manpower intensive than fire suppression operations. Improvements in fire
prevention and building construction have further reduced the number and severdy of fir
events (Brudney & Buncombe, 1992). Therefore, locating fire and emergency resource
based on ISO and NFPA benchmarks or complying with these staffing standgrds m
lead to enormous service delivery inefficiencies for many local comimsinit

The insurance industry is the other major exogenous influence on fire protection
resource allocation. The Insurance Services Organization (ISO) rankBrioca
protection capabilities for the insurance industry. This organization is beholden to t
insurance industry, which provides support and utilizes the rankings to determine the
insurance rate each community is assessed. Local communities reck3e rating
between 1 and 10, with 10 being the lowest and 1 indicating the highest level of fire
protection. The exact methodology and guidelines used to rate communities is not
available to the public, making it difficult to assess the validity of these rasking
general, the ratings evaluate the water supply capabilities andetlsefuices provided
by local communities. Rural communities that do not have fixed water suppliesyand rel
on volunteer firefighters receive ISO ratings between 8 and 10. ISQg&tatween 1
and 3 are usually only granted to urban jurisdictions that provide paid fire protaution a
have fire hydrants within 1000 feet of every structure. 1SO provides an incgntive
political leaders to fund fire protection to lower ratings, because a loWerai$hg
correlates to lower insurance rates. However, it is often far more expempna/ide
the additional fire protection resources necessary to lower ISO ratimgs ih&o just

pay the higher insurance rates (Coe, 1983; Granito, 2003).
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In addition, a number of fire incidents in recent history indicate that ISO sating
may not be associated with fire related losses or the level of fire pootpobvided by a
local jurisdiction (Coe, 1983). This became evident during the summer of 2007 when
nine city of Charleston, South Carolina firefighters were killed fightifigean a
furniture store. The City of Charleston is one of only a few cities in thee@atiimtry
that has an ISO rating of 1. The fact that nine firefighters perished inghs fiiagic but
not the sole reason to question the validity of ISO ratings. It was the myaditeof
factors contributing to the deaths that is at issue, which included inadequatesupals,
outdated equipment, training deficiencies, poor tactics, and an inept command staff.
These factors are all criteria ISO is assumed to evaluate when ratngnaunity.

The changing mission of the fire service adds to the complexity of locating
emergency resources. Urban fire departments must balance the btyadlhbcarce
emergency assets with the increasing demand for these resouraesegkelng more
emergency medical incidents, hazardous materials emergencieg, egsats, and fire
emergencies. Statistically, calls for emergency medical aatthe most common
types of incidents departments manage (Brudney & Duncombe, 1992). However, the
allocation of fire/emergency medical resources is more often than not based andS
NFPA criteria, which are focused on fire events. This leads to inefficieotinee
allocation decisions, because effectively mitigating a medical situatjoires far fewer
resources than managing a fire incident (Donahue, 2004b). Therefore, locational and
response criteria that does not account for the different types of incidentgpfrgnaents

respond to decreases the efficiency and effectiveness of these services
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2.5 Response Time Benchmarks

Fire stations are located in most communities to minimize response timesyo e
part of an urban or suburban environment (Swersey & Ignall, 1991). However, equally
spacing these stations to uniformly lower response times ignores demanceadhitol
high demand stations and low demand stations because of the variability in social and
structural characteristics found across response areas. For exacoiyl&yith forty fire
stations will have some fire apparatus that respond to a few hundred calls pehijear
other apparatus respond to thousands of emergency incidents over the same time period.
This disparity results from the equal dispersion of resources without regatehiand.

Aside from the over use of some emergency resources and under utilization of le¢hers, t
main issue with this strategy remains the potential for coverage proldamgsrespond
to emergency events (Cubbin, LeClere, & Smith, 2000Db).

This locational dilemma is addressed by McAllister (1976), who argues public
facilities should be located based on demand, so that services consumed can be
maximized to improve efficiency. Based on this concept, emergency resduraésse
located so that each unit responds to roughly the same number of incidents each year.
Fire protection assets are not nonrivalrous, so when a resource is activedyimgjitamn
emergency situation it is unavailable to respond to additional emergencgteefque
assistance. This means high demand jurisdictions are more vulnerable to agits bei
unavailable when scarce emergency assets are dispersed evenlll Aftgh demand
areas within a community are more likely to experience simultaneougemagrcalls,
which can create large gaps in coverage (Blackstone et al., 2005). Response hames wit

urban environments where demand for emergency services is high are disadvantage
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when emergency resources are spread evenly throughout an entire city.nmeaghutit
in a high demand area responds to an emergency coverage gaps occur, which lead to
longer response times to any additional incidents that occur while the ypumars
occupied (Blackstone et al., 2005; Peters & Hall, 1999). NFPA standards and ISO
evaluation criteria do not consider demand for emergency services under conditions of
limited resources when determining optimal fire protection and emergeadigal
coverage.

Urban administrators conscious of potential legal and insurance issues try to
disperse resources evenly, so theoretically each citizen can be reatthedwmaximum
response time (Rider, 1979). According to ISO and NFPA response time ctiteria
primary fire and/or emergency medical resource should arrive on scene within f
minutes of the emergency call ninety percent of the time (Bryan & Pa@®; Ruehnert,
1999). This does not account for the specific type of incident or whether a four minute
response versus a more extended time will make a difference in the fidahinci
outcome. Many departments have implemented an alternative response time benchmark
that is more reasonable. For example, the city of Charlotte Fire Depadete a lower
response time benchmark to all incidents within the city. It strives tb edbemergency
situations within 6 minutes of receiving a call for assistance 80% of tke timfiscal
year 2008 the department reported reaching 77.33% of incidents within 6 minutes, which
demonstrates the difficulty in meeting NFPA response time critéuldy(Involved,

2008, August). Itis unclear whether a four or six minute response time benchmark
significantly influences the measured outcomes of the fire service, soubnasary fire

losses, fire fatalities, or injuries. The reality is that few local comtiegrinave the
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capability to fund enough resources to reach ninety-percent of all emergeingnts
within four minutes, which explains why most communities rely on less stringent
benchmarks to evaluate service delivery. This makes it difficult to compapeatttwmes
of different fire service communities (Rider, 1979).

Response time benchmarks drive the decision-making criteria for locating
emergency resources in most local communities. However, evaluatingestye
service effectiveness based on an average response time ignores tweasigaifd often
overlooked factors: the impact of outlier response times and the fact that mafjority
emergency requests for assistance are not time sensitive events, anapiyresponse
unnecessary (Meislin et al., 1999). It is well known by emergency respondersgehut oft
overlooked by decision-makers, that only a small percentage of emergencptmeicke
truly time-sensitive (Blackstone et al., 2005). For example, a five minute \&etens
minute response time will not change the medical outcome of a person sufferingdrom t
flu or a headache. Much inefficiency occurs when fire units do not alter tepanse to
911 calls for assistance based on severity, because non-emergent eventsoce oy t
resources and emergency events too few. Worst case scenario, units are tied up on non-
emergent events and there are no units available to respond to emergent events.
Emergency medical systems across the country are the only public saéetizatigns
seriously addressing this problem. Many high performance emergency nsedieds
now devote substantial resources to triaging requests for assistance vérig ard
threat to life of each request for assistance determines which incidenterac
emergency response and which ones do not. Triaging emergency incidents based on

severity facilitates more efficient emergency service deliveth scarce resources.
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Emergency medical service agencies triage calls for service based oty seve
guide ambulance allocation decisions, which improves service delivertivedffeass and
efficiency. By prioritizing each incident, a unit responding to a lower pyiargdical
call can be diverted to a higher priority call if that unit is the closedgll@aunit. This
strategy for assigning units to emergency medical calls permitsdgjdiscies to limit
built-in resource capacity without sacrificing service outcomes. HFewdencies have
subscribed to allocating resources in this manner. One reason is that firendafsart
with few exceptions, are public sector organizations. These agencies doeratge
profits or have to fear going out of business for poor performance, which diminishes the
incentive to expend human capital to improve efficiency (Morrill & Symons, 1977). This
is not the case with most high performance EMS agencies, which rely on $eesa@nd
profits to provide the service. These agencies must prioritize calls toeopersd
efficiently within the guidelines specified by their local jurisdictionsarkét forces enter
into the process, which provides an incentive to find more efficient methods to deliver
effective services.

Increasing fire and emergency resource “capacity” is theimaditsolution to
meeting increased demand (Granito, 2003). However, adding emergency resources i
costly and difficult to justify (Teitz, 1967). Public goods are provided based on the
public’s willingness to fund such services. Individuals allocate resources based on t
utility they expect in return (Pratt & Zeckhauser, 1996). Most citizeneugethey will
never need the fire department, so why pay more for a service that they do notexpect
use or benefit from? This makes it difficult to justify additional revenue foethes

emergency services. Rider (1979), in a study of fire department resouteesyimed
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that “capacity” must be ten or more times greater than necessaryttavasge demand
for emergency services. The study compared the number of fire apparatusrehat
committed to incidents and the number available to respond to additional emergency
events during times of average demand across fire departments. Ridsitinegieint
that it is unclear how much fire asset “capacity” a community requiregnbatrease in
available resources can equate to a decrease in response times depending o how thes
assets are distributed. Many local communities do not have the revenue to purchase
and/or sustain this significant number of additional resources. Instead, publis lasde
left to locate limited fire and emergency resources to meet the demand found in
individual communities based on the funding constraints. This requires innovative
methods that do not necessarily follow prescribed norms to gain efficiency and
effectiveness in the public safety arena. 1SO and NFPA benchmarksaisticland
many times do not reflect the economic reality found in communities. Government
officials do allocate resources for public safety, but they must balaneedéeisions
with the provision of other services the public demands.

2.6 Public Sector and Local Government Environment

There is tension between the different levels of government over which are bes
suited to provide the different public goods and services demanded by the electoeate. Th
characteristics of some public goods are more conducive to provision by one level of
government over another, such as the federal level providing the military. However,
based on the ideals of federalism public goods and services should be provided by the
lowest feasible level of government (Tullock, Seldon, & Brady, 2002). Often thraes t

level of government that should provide a particular service is not clear making it
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susceptible to the changing political environment. A polycentric system of gometrnm
where each local jurisdiction provides a different market basket of public goods and
services is supported by the public choice literature. This situation provides a pseudo-
competitive market environment between jurisdictions, which gives people options when
making locational decisions (Ostrom, Tiebout, & Warren, 1961). Local decision makers
are much more likely to receive service delivery feedback from the people thantthose a
the state and federal level (Niskanen, 1975).

The public sector is inherently handicapped in allocating resources efficient
effectively, and equitably because information about citizen willingnepsyt@r service
delivery preferences is not freely exchanged. Public decision makers arkefifte
gauge service delivery preferences of the electorate through the ballot bjxitdvian
voting rules provide incentive for elected officials to support policy initiativasthe
median voter prefers (Sylves, 2004). Theoretically, it is the preferendess mietdian
voter that influence how limited resources are allocated in the public sectoevelpw
this overlooks the influence of the bureaucracy, which tends to have the expert
knowledge and incentive to grow government.

Based on the Niskanen model, public bureaucrats gain prestige and power by
maximizing budget allotments to increase salaries and resources (Rosen, ZfjseB
of the principle-agent relationship between the political and bureaucraistotiec
makers, the preferences of the median voter are often minimized. In Eankin
(1975) found that public budgets often exceed the preferences of the median voter. These
excesses are rarely acknowledged by legislators and local elefitedsoivho resist

their oversight obligations, because monitoring a bureaucracy or an execatich s
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itself a public good. Monitoring the bureaucracy is not only costly for politictarshe
benefits are spread throughout the entire electorate and not just to the constittieacy o
politician conducting the oversight activities. Therefore, the rational afitattempts
to free-ride on others who may be willing to provide some oversight of the burgaucrac
As with any public good, this situation encourages little to no oversight as those who are
rational prefer to free-ride, which permits the bureaucracy to allocaterces based on
their preferences. These preferences often do not parallel the dediregleictorate or
median voter.

The incentive to grow government is a reason local leaders have failed to find
new emergency resource deployment strategies to improve serviceydelitgizing
existing resources more efficiently is not the generally accepted solutiarstguoblic
sector problems. Instead, emergency service decision-makers use deliviery issues
caused by increased demand to plead or justify a need for additional resourees, rath
than finding new ways to use existing resources. For example, when locatatese
increase, often times the police chief utilizes a “knee jerk” reactionrgnésfor more
police officers, instead of first attempting to redeploy existing ressurcmore
innovative ways to combat the issue. However, as Niskanen explains, ther is littl
incentive to find more efficient methods to deliver public services, which is aréas
service leaders have shunned new deployment models in favor of simply arguing for
more resources to meet new and increasing demand.

2.7 Economic and Information Issues in the Public Sector
Specifically, government must provide those goods and services that are

inherently public, which means nonrivalrous and nonexclusive. The private market will
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either under provide or fail to provide public goods because of these charasteristi
(Munger, 2000). The concept of nonrivalry means that one person’s enjoyment of a good
does not detract from another person’s simultaneous enjoyment of the same good.
Nonexclusion describes the inability to prevent the consumption of a good or service.
National defense is a pure public good, which necessitates its provision by tla feder
government. Every person who resides in this country and even many beyond the
borders receive the benefits of the United States military regardistgus or position
in society. There is no way to prevent the consumption of this good. In addition, the
benefits are shared equally by all because consumption by one individual does not reduce
or impact consumption by another (Williams, 1966).

Although few pure public goods exist, governments provide a myriad of goods
and services that are collective in nature. These goods share many of thiesiacac
of public goods, but are not completely nonexcludable or nonrivalrous (Olson, 1982;
Savas, 2000; Weimer & Vining, 2005; Williams, 1966). Emergency services aon@ist
example of a good provided by government that has many characteristidectiveol
goods. The private sector is hesitant to provide these types of servicesyfiachah
reasons. Not only is exclusion costly, but these services generate mawe positi
externalities that are difficult, if not impossible, for private firms tormaéze. In effect,
positive externalities can be equivocated to lost profits, which is not a situation that
appeals to most private sector firms. Therefore, these services are teestosbe
provided by lower levels of government because of the externality and collgatide
problem (Tullock et al., 2002). Each local community has its own emergency service

needs, which could not be met if these services were provided by the state d¢r federa
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level. At the local level, decision-makers can customize emergencgesetgimatch the
dynamic needs and budget constraints found in their community. This permits the
delivery of more effective and efficient services.

Another reason the private market will not provide collective goods is the
inability to accurately ascertain consumer willingness-to-pay. ®ixdesion is not
possible, consumers have an incentive to overstate their preferences foivedieads
(Buchanan & Tullock, 1965). Information about consumer preferences is asyoimetri
the public market. Individual consumers may know how much of a service they prefer
but are unlikely to accurately reveal those preferences. This brings u® bhek
problems of centralized government, which facilitates and even encourageadifrge-r
The country was founded on the concept of a strong national government, but the
concepts of federalism ideally permit the provision of public goods and services by
different levels of government. However, economic and social instability tere of
catalysts to centralizing power and service delivery at the natiomhl(EBmith et al.,
2008).

Centralized decision-making processes tend to decrease the efficiémeyhah
public goods and services are allocated (Tullock et al., 2002). Again, the mechanisms to
transmit accurate and timely information between consumers and producerpublibe
sector become less effective as the level of government providing theesanoges
from local to state to federal. The decision processes move farther awathé
individuals receiving the good as service delivery shifts from the local tedeed
level. At the federal level services are paid for by and provided to a massner of

people who have a wide variance in preferences. Rational people will limatipetron
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in collective actions involving large groups because participation is so coslhitylé to
no benefit (Olson, 2001). Optimally, federal government decision-makebdigstae
amount of service to provide based on median voter preferences; however, seriace leve
will always exceed or fall short of the majority’s desires, which idizieht. The
inability to provide an efficient level of services has much to do with the hetemgene
national population. As service delivery is moved down to the state or local level,
consumers of collective goods become less heterogeneous. Therefore, lbcal leve
decision-makers, despite asymmetric information, can theoretidialbate resources
more efficiently. Quite simply, if the median voter preferences aidisdtat the local
level fewer persons with alternative preferences are dissatisfienh(Q882; Tiebout,
1956).

Most people accept the inefficiency and ineffectiveness associated with public
goods and services, which to an extent will always be the case when government
provision is necessitated (Chilton, Jones-Lee, Kiraly, Metcalf, & Pang, 200&) more
centralized decision-making becomes, the less responsive and efficient thraesitc
Government decision-makers simply do not have the information or incentives to make
efficient and effective resource allocation decisions, which Leeson (2xf)y
demonstrates in his analysis of the Federal Emergency Management AdJ&iitifiA)
response to the Hurricane Katrina disaster that afflicted the gulf ¢atest ;1 2005.
FEMA knew a category five hurricane striking the New Orleans area wowd ha
catastrophic consequences. This threat was taken seriously enough by Hrd i Ardar
before Hurricane Katrina struck the federal government held a mocksxeatied

“Hurricane Pam.” This exercise simulated a category five hurricakangtthe New
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Orleans area (Cooper & Block, 2006). Based on this exercise and other preparations
prior to the storm, FEMA claimed it was well prepared to respond to a disaster in the
days leading up to the Katrina landfall (Sobel & Leeson, 2006). Unlike disasters that
strike unexpectantly, hurricanes often provide emergency response agysiesnd
even weeks to prepare. Statistically driven weather models are also useticionptie a
high degree of certainty the place a hurricane will make landfall maysyidadvance.

Despite the advanced notice, FEMA failed to follow their pre-deploymesstdis
plans developed during the Hurricane Pam exercise. Not long after the huioicane
winds subsided on the gulf coast news organizations began broadcasting photos of the
devastation. These news agencies had pre-deployed ahead of the storm and utilized
satellite feeds to broadcast information despite the massive power and coationnic
outages. Meanwhile, FEMA was nowhere to be found. Why with all the preparation,
was the primary federal agency for managing such an event not on the ground providing
aid, while news organizations and other private sector services were giresigiyng
assistance? Leeson (2007) answers this question by comparing the FEMA r&sponse
this disaster to that of Wal-Mart. He explores the information and incentiveeprsbl
that differentiate the private from the public sector.

Centralized decision making in the public sector does not permit the free
exchange of information across the bureaucracy. Communicating resource neéés and t
urgency with which those resources are needed to decision-makers is almosthl@pos
The private sector, in this case Wal-Matrt, is able to decentralize denisiking
processes and utilize the voluntary exchange of information facilitated pyiviage

market to guide allocation decisions that are more efficient and effed¢tiee days and
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weeks following the Katrina landfall Wal-Mart provided relief supplies to tihoseed,
while FEMA continued to gather resources and evaluate where to send them. This
situation is germane to the fire service, because the organizationalrgtrofcmost fire
departments is decentralized with fire stations placed in different padstof e
community. This permits scarce emergency resources to be located in irldivichea
communities where groups are more homogenous. Therefore, just as Wal-Maritstoc
stores with different products based on local consumer preferences, tieeviice sould,
and at times does, allocate resources based on the demand experienced withi each fir
station’s coverage area. When decision-making processes are pushed down to lower
levels of government, information flows more freely and is often more timely than w
gathered by a central entity. This was the crux of the problem FEMA dé#alvinen
responding to gulf coast resident’s needs following the Katrina landfall.

FEMA gathered information for days before deciding how to allocate its
resources, which in many cases were plentiful but in the wrong locations. Tioy age
failed to utilize resources to their highest level of output. For example, FEMAGGD
trained rescuers sitting in an Atlanta, Georgia hotel ready for depltaymatgle people
remained stranded under collapsed homes and on roof tops in the disaster zone. Yet,
these individuals were held for days to attend redundant training and then weredleploye
away from the most impacted areas to simply raise the FEMA flag in a f@aintef
improve public relations. Although the information feedback mechanisms in the public
sector are problematic, the news video alone should have provided FEMA the motivation
to commit medical and rescue resources to the hardest hit areas, whicldidne me

exposed. The media outlets are private firms that enjoy a free exchanfygroftion
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and must satisfy viewers to remain viable. Unlike FEMA, these news outteteéna
incentive to pre-deploy their assets to the most impacted areas to engairiee
market share (Burton, 2008; Cooper & Block, 2006).

Aside from the information problem, the public sector also has an incentive
problem when allocating resources. The public bureaucrat does not have a profit motive
to allocate limited public resources efficiently. This is not the case iprivege sector
where a firm that fails to adapt to market conditions, such as changes in consumer
preferences, will be forced out of business. The government does not have to worry
about going out of business if it fails to effectively or efficiently aleaesources.
Government, in general, does not earn revenue to fund public goods and services,
because it has monopolistic powers and the authority to take money out of the private
sector via the tax system (Bergstrom, 1979: Savas, 2000). The example Leeson (2007)
gives describes Wal-Mart's response to the disaster, which was quick anidefféte
explains the profit motive in the private sector provides incentive to deceatraliz
decision-making, which facilitates the exchange of information to enstoarces are
allocated efficiently to maximize profits. In addition, private firms anmecerned about
their corporate image, because a positive image translates into profital-ManN's
case, it was able to pre-deploy the resources it predicted would be in highaatide
its stores located in and near the disaster zone. Generators and other equipenent we
moved to ensure stores could open and serve the populations. Whether Wal-Mart
assisted in the disaster situation by giving away needed resources inas@n@r selling
them in others, the profits for the company as a whole increased because of the demand

for goods and the goodwill engendered through the effort.
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Leeson (2007) explains the differences between the FEMA and Wal-Mart
response to this disaster as an issue of information and incentives. The prikate mar
provides for the free exchange of information so that decision-making can be
decentralized. Profits provide the motivation to ensure that effective anémffici
allocations are made. The public sector is hampered by a lack of information and
incentives. In fact, the public market provides an incentive structure thatieewa
incrementalism and painfully slow response to citizen needs, especially usaktedi
circumstances. Monetary profits are the incentive for private market fo be
proactive in their efforts to meet consumer demand. This was evident during aitad-M
response, and the response of the media who were transmitting video from the disaste
zone even while the storm raged. Private sector firms that are reactilesaviinarket
share to proactive firms that are more organized and willing to take risks.s Hoisthe
case for the public sector.

The incentive structure in the public sector promotes a reactive strateganaige
citizen demand and preferences for services. Leeson (2007) attributes tlre redate
of political and bureaucratic leaders to fear of committing “type-one vguseiwo
policy errors” (16). He describes the type-one error as occurring when maders are
not cautious enough when making policy decisions. Policy makers are susceptible to
committing type-one errors when promoting proactive policy solutions to solve problems
When government acts proactively, actions are more observable to the pubttessgar
of the outcome. A type-one error occurs when political leaders take proatiovethat
does not produce public benefits but instead appears to increase cost or lead to loss of

life. In the hurricane scenario, proactive government officials might hamdatex
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evacuations many days prior to landfall, organized mass transportatiarcess@and
pre-deployed emergency personnel and equipment. However, these actions would have
made the public officials susceptible to committing a type-one policy leacthe
hurricane taken a different track or diminished its intensity. The cla@r,es@cuation
order, if later deemed unnecessary, would have generated far morenctitiais the
same order, proven effective, would generate praise. Therefore, the incentiwgestruc
the public sector is paradoxical to the proactive policy initiatives found in theeprivat
sector (Sobel & Leeson, 2006).

Instead, government officials committed what turned out to be numerous type-two
policy errors before and after Katrina made land fall. The most serious efd&eisions
was waiting to evacuate residents in the New Orleans area until land$atlentain,
which did not leave enough time to empty the city. Public officials were too cautious in
mandating evacuations because they feared moving people out of the city too garly onl
to have the hurricane change course (Cooper & Block, 2006). This would have made the
evacuations unnecessary, so they risked committing a type-two policy Agor.
hindsight would prove, the decision to hold off on the evacuations was a significant
factor in the human catastrophe that occurred in New Orleans and along othef {harts
gulf coast following the storm. However, the public sector incentive structure
encouraged the reactive evacuation policies because the political cost of cogriype-
two errors is less than the cost associated with being proactive and cammitgpe-one
policy error (Leeson, 2007; Sobel & Leeson, 2006).

The Katrina example demonstrates the distinct differences between mablic a

private sector resource allocation mechanisms. Much of this is attributed to the
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centralized decision-making processes used by the public sector, whiclstctirgra
decentralized philosophy in the private sector. Wal-Mart shifted the appeopriat
resources to its stores located in the gulf region, while its other storetmscatross the
country continued to receive normal supply shipments. In fact, high demand resources
located in stores not near the disaster zone were relocated to stores in thedmpact
region. FEMA was unable to make similar resource deployment decisions, whtoh le
an ineffective response to the disaster. In many ways, local fire deparanent
organized like Wal-Matrt, in that most of these agencies provide services fromoaigme
locations spread throughout a jurisdiction. Each one of these service delivéipn®a
located in a somewhat demographically homogenous area, meaning service dativery
be customized to meet demand. This is no different than how Wal-Mart shifted its
resources to high demand stores to ensure effective and efficient operatieriegidal
method to resolve this issue is for all levels of government simply to decaatrali
operations; however, the structure of public markets makes this somewhat unrealist
because of information and incentive problems (Leeson, 2007; Sobel & Leeson, 2006).

As public finance economists recognize, government is a necessary component
for any society to prosper. However, it collects most of its revenue to operatiné&om
private sector through coercive mechanisms, such as taxes. There ar& inhere
inefficiencies associated with public sector services because ofdiianszosts, equity
considerations, political influence, and asymmetric information that are na\asent
in the private sector. Therefore, it is preferred to have the private sectmepas many
services as possible, so the public treasure is used to its greatest cafyhetyprivate

funds are taken to provide public resources, decision makers struggle to utilizdatse dol
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efficiently to deliver effective services. The government simply does netdeeliable
means to determine customer willingness-to-pay for goods and servicds hahmpers
resource allocation decisions. Therefore, citizens often receive too meoyfew
services based on their preferences, which is not efficient. When private secsor fi
overproduce it drives the market price down or creates inefficiencies thait dietna
profits. In these situations, it is the company or shareholders who have voluntarily
invested in the private firm who are harmed. A private sector firm that contmues t
overproduce will eventually lose shareholders or profits to the point of being forced out
of business. This is not the situation in the public sector, where agencies can over
produce without fear of retribution. In many ways, when local emergencgeease
allocated evenly rather than based on demand, unaccounted for inefficiencieantae
that disenfranchise tax payers.

2.8 Local Government and the Fire Service

A centralized model of public service delivery has proven problematic in many
ways; however, economic and social conditions tend to determine whether public
services are delivered with a decentralized or centralized focus (Soless®h, 2006).
The military is probably the purest of the public goods and provides services to the enti
country and beyond making its provision by the federal level beyond debate. Fire
protection, on the other hand, is the responsibility of local level jurisdictions&Dye
MacManus, 2007). Fire protection, in general, is a decentralized service beaclse
local community has its own needs and risk factors. The provision of these semstes m
be customized to efficiently and effectively protect a jurisdiction. The psafaty

needs of one jurisdiction are often very different from those found in other jurisdictions
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(Coulter, 1979). Because these services are decentralized, a great deahoé viaria
service delivery exists between fire protection jurisdictions.

The private sector has proven unwilling to provide public safety services,
especially fire, for public consumption. As a public sector service fire depagtme
generate positive externalities. For example, a rapid response with adeguat
suppression resources to a house fire prevents fire from spreading to oittaresr
These positive externalities would be difficult for a private firm to capéain for profit,
reducing the incentive to provide sufficient services to protect a community.
Government has a role to play in the private market, one of which is to limitvesgati
externalities. These occur when persons outside of a voluntary private sebtorgxc
are impacted negatively by the transaction, such as residents living dammsfra
paper plant that dumps hazardous materials into the water. The public sectosts alm
exclusive provision of fire protection and other emergency services in manyimags |
potential negative externalities that may result from private seatws supplying these
services.

The provision of fire protection is an optimum service to analyze in exploring the
challenges democratically organized governments experience wbestial) scarce
resources. ltis the ultimate local collective service, because theustbtederal levels
have ignored the fire service for the most part. Recently, federal andrsiate have
been made available to help fund local emergency services, but on the whole it is the
local government that provides these public safety services (Schneider, 1998 Unl
crime rates, deaths and injuries associated with fire garner littlecpbatiention. The

fire service is, for the most part, viewed positively by the electoratenvilither
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diminishes its relevance in the political spectrum. Fire departments ¢faersecond
largest budget item in most local governments. Police protection is the onlyedbatic
consistently supersedes fire protection in the budget (Coe, 1983). Providing public safety
services is a significant funding challenge for most local jurisdictionghwplaces
greater importance on how scarce emergency assets are distributetsiopndeakers.

The FEMA response to Hurricane Katrina, compared to that of Wal-Matrt,
illustrates the issues associated with centralized decision-makialjdoating limited
resources. The fire service provides an opportunity to study the potential advaftages
decentralization at the local level. The federal government has takemaal wifyr
responsibilities away from state and local governments or is, at the a&styileposing
influence over them following the September 2001 terrorism events. The ewvamtpres
threat of terrorism, two active war fronts, and a declining economy have provided a
favorable environment for the federal level to take a more dominant role in thg polic
arena. This effort has even trickled down to the fire service, which hasomadit been
a purely local level service. For example, the Homeland Security Act of 20@fatea
that local and state governments train and equip fire personnel to respond to terrorist
events (Dye & MacManus, 2007). The fire service is the primary entity tHahamage
a natural or manmade catastrophic event, and the federal government has asiketyrel
few actions to impede how local officials allocate their limited emergessurces. |If
anything, more federal dollars have been provided for public safety through @ wiyria
grants since 2001 (Posner, 2006). These grants have provided needed resources to many
local communities to increase fire, rescue, and emergency medicalsdssetsand

beyond what the local tax capacity permits. This has afforded some éscgtiater
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flexibility in deploying emergency resources, because federalsgnane provided many
areas with more assets to use when responding to emergency incidents.

The decentralized nature of the fire service should permit local publicatecisi
makers to capture the demand for fire, rescue, and emergency medical skatiaes
particular to each individual community. This permits service delivery to be dastibm
to the electorate and dictated by the community characteristics asdogitit fire and
other emergency situations. Local officials are closer to their comgstaad better able
to gauge preferences for public services. In addition, citizens are monecichviol
government at the local level. Rational voters are more active at the icdddéeause
their voices have more influence and will receive more of the benefitsttti@a @ther
levels of government (Olson, 1982). Decentralization also provides intergoverhmenta
competition as each local jurisdiction works to provide a market basket of goods and
services that attract residents and businesses to their community (Rosen, &00@t, Ti
1956). The other benefit of localization and decentralization of services is libhedabi
neighboring jurisdictions to evaluate and then copy or avoid service provision methods.
In many ways each community acts as a “laboratory” (Rosen, 2002; Smith2&0s).

2.9 Locating Emergency Resources: Risk Aversion

The fire service industry is in many ways self regulated, which leadg tman
describe this industry as “200 years of tradition unimpeded by progr&iscating
local emergency resources based on risk has garnered little attention freimndeci
makers, who continue to subscribe to geographically driven methods to minimiageave
response times by emergency responders to incident locations (Swersegl &11¢91).

It is unclear what the most effective and efficient method to allocate ateltdese
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resources is, while accounting for budget and social constraints within a comtounity
reduce risk. However, evaluating community risk with deference to the level of
uncertainty that surrounds emergency incidents could provide decision-matkevsad
information to help drive these locational decisions to improve efficiency and
effectiveness.

Locational decisions determine where emergency resources are placadawithi
community and can mean the difference between life and death for a citizemd$Sec
can matter when responding to certain types of emergency events. For exaingle
can double in size every minute it is left unattended (Shpilberg, 1977). In addition, for
every minute a victim suffering cardiac arrest does not receive Cardiopuimona
Resuscitation (CPR) and other emergency care, the chance of survival ekebref8%.

In other words, someone suffering cardiac arrest has a 0% survivalaate does not

arrive in the first 10 minutes of the medical crisis (Nichol, Steill, Laisp&ham,

DeMaio, & Wells, 1999). Although fire protection resources are spread throughout most
urban communities, it is unclear whether the dispersion methodology used to logate the
resources is the most effective and efficient method to save lives and properkg Unl
pure public goods, the use of fire protection is not nonrivalrous at the individual level,
because once firefighters and equipment are committed to an emergenchesent t
resources are no longer available to other citizens who may have an em¢vgemegr

& Vining, 2005). Because of this, spacing fire stations and emergency resegreally
throughout a community is arguably an inefficient and ineffective meansxionima

public safety. All emergency requests are not the same, so allocatingesseqgually is

problematic and does not account for true demand of these services.
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Most people are risk averse when making decisions. However, government is
often more risk averse than its citizens, especially when formulatinggsoto decrease
overall societal risk. It is impossible to create a risk-free environment)dstt
politicians campaign on issues that would lead many to believe government daatelim
all risks, especially the risk of death. Political decision-makers havetinee¢o
overstate risks, because it provides the opportunity to gain support for programs and
initiatives that appear to reduce risk. However, risk is often determined bydunalivi
actions and characteristics, which explains why government programediatd¢arge
heterogeneous groups tend to be ineffective (Rhoads, 1999; Tullock et. al., 2002).
Public sector programs to reduce societal risk, such as emergencyssemace
inherently inefficient. These programs provide a service level thatabéyiialls well
short of some and exceeds the preferences of others in a demographically diverse
community. Efficiency is only gained by separating large heterogeneous gntups i
smaller more homogenous groups, which is challenging for the federal snd sta
governments. At the local level, persons tend to self-select into homogenous groups
based on where they choose to reside. Because of this, communities becomedgment
into neighborhoods that provide local decision-makers the opportunity to customize
programs intended to reduce societal risk (Oakerson, 1999). In particular, tigemrcye
services are set up well to take advantage of this fragmentation, becaugeneyme
response assets are often located at the neighborhood level. The more homogenous a
target population is the more effective and efficient a risk reducing prognaimec
(Walsh, 1998). Unfortunately, public sector leaders have, in most cases, failed to take

full advantage of these relatively homogenous groups that naturally forraryn e
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community to improve the efficiency and effectiveness of local programs tcereduc
societal risk.

This is the situation with policies to allocate fire and other emergency cesour
throughout individual communities. Local government decision-makers attempt to
spread these limited resources to minimize response times to every pashoharaty.
This is a conservative strategy that prevents the commission of a “type-ayeepiadr.”
The victims of this policy are difficult if not impossible to identify, which isfened by
decision makers (Leeson, 2007). This subscribes to the maximin rule, which supports
allocating resources evenly across a community so that even the individuahsnaal
risk have equal opportunity to benefit from the services. This is an overly cautious
strategy to deploy scarce emergency assets, because risk feetoos spread evenly
across communities (Friedman, 2002; Rosen, 2002). With any public policy initiative
there will be winners and losers. This strategy to deploy emergenty iasse
representative of distributive policies at the federal level that are hosstycassociated
with “pork barrel” spending. The hallmark of a distributive policy is that the winners
know who they are and losers have no idea who they are. Persons who are “saved” or
who directly benefit from emergency services know who they are; howevedjfiigalt
for the person who is disenfranchised by this system to recognize that tHpglane
losers.” This situation provides further incentive to maintain the status quo for
distributing scarce emergency assets, rather than searching for a ficeeetehethod
that may improve overall social welfare.

A more utilitarian approach to formulating risk reducing programs could be more

effective and efficient, especially with regard to the allocation of gemery resources.
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This approach would locate limited resources with the goal of doing the most good for
the most people. For example, resources could be located according to neighborhood
characteristics, which more closely capture individual risk factorsefR@902; Tullock
et al., 2002; Walsh, 1998). This is an approach not popular with most public leaders,
because it requires a more proactive policy, opening the possibility for ciomgnait
type-one policy error. Such a location strategy would require using demograghic a
emergency response data to predict demand for these services. Emergencgsesour
could then be concentrated in the highest demand areas. This situation would make the
winners and losers more evident, because scarce resources would be located
disproportionately throughout a community based on risk levels.

The incentive to proactively allocate these resources is not pronounced, because
chance emergency events occurring in areas with reduced resources wildtiatig
criticism. This strategy is prone to type-one policy errors, as victiensare
identifiable (Leeson, 2007). The potential benefits of the deployment strailegg w
ignored, despite the likely increase in general welfare resulting fnaatidig resources
towards those most at risk. A more utilitarian deployment strategy fagenwy
resources focusing on characteristics associated with risk for fire @sidah
emergencies would also reduce opportunity cost, or the cost forgone by providing too
many risk reduction services to those without the need (Walsh, 1998).

The reality of government provided emergency services is that basing lotationa
decisions at the individual level is impractical and costly. The population becases le
heterogeneous as you move from the national to the state and then to the loc#likvel.

easier to allocate resources more effectively and efficiently to homogenouatpmysul
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Most local communities are considered highly heterogeneous, especiyitaan
environments. However, neighborhoods within urban locales tend to be highly
homogeneous because people want to live near others who are like them. For example,
persons with similar incomes tend to cluster together in neighborhoods. Evaluating risk
at the neighborhood level could prove to be a powerful tool to allocate fire and
emergency service resources (Cohen, Gorr, & Olligschlaeger, 2007).

Most urban and suburban communities provide paid fire protection and work to
meet ISO and NFPA standards, which dictate that a fire station is |l@etgdso many
square miles to minimize response times. These standards ignore the riskhcker
found between neighborhoods, and lead to some having too many resources and others
not having enough for adequate protection. A more effective deployment straidgd)y c
be developed by evaluating neighborhood risk characteristics associatedenaitndfir
other emergency events to locate these resources. In many ways, thesisk
discounting or making decisions based on probability analysis about neighborhood
characteristics prior to an emergency event occurring (Munger, 2000).

A more efficient and effective deployment strategy is possible if ressare
allocated based on neighborhood level risk factors. These factors could be used to
determine which areas have the greatest need and avoid the issues ofreffidmEncy
associated with allocating finite risk reducing resources to large hetexogs groups.

Walsh (1998) provides a good example that typifies the value of evaluating risk on an
individual basis explaining that, “Statistics for automobile fatalitieg yiald a lifetime
risk of 1 per 100 persons dying in a car accident — but this doesn’t mean that a particular

person’s chances of dying in a car accident is 0.01” (134). A communitgptaieyf or
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injury rate is meaningless to the allocation of fire protection resourcessuwyae are
following the maximin rule, because one neighborhood alone could generate all of the
fire fatalities experienced by the jurisdiction. Allocating fixeslogrces based on
neighborhood risk characteristics and then allocating response criteria based on
individual risk characteristics is in many ways the Pareto optimal sojuiecause no
one would be better off if resources could be moved to certain areas without harming
others. Yes, groups or neighborhoods in a jurisdiction will not have a fire resource as
close as other jurisdictions using this model. However, resources would be lobated w
they will provide the greatest net social benefit, which will result in retipoaperty
damage and loss of life from fire and other emergency events (Cubbin et al., 2000b;
Rosen, 2002).

The insurance industry uses a similar strategy to price discrimigaitesahigh
risk customers to ensure an efficient level of risk spreading resourcesndlisey
monitors insurance claims and purchasing patterns and the characteristaisidfial
consumers. A description of the characteristics most associated with eucesas
decreased insurance claims is then developed to assess risk (Walsh, 1998). Theinsuranc
industry then charges persons with the characteristics associated Wwéhdiagm rates
more than those with characteristics associated with minimal claimsreWasds those
who are low risk and should not be saddled with paying for those who are at increased
risk. This also reduces the moral hazard effect, because those with incigdapag r
more. The idea put forth in this research for allocating emergency reséoltows this

same philosophy, which is to allocate scarce assets based on risk to avoid deadweight
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losses that result when trying to evaluate collective risk for largedgeteeous groups
(Tullock et al., 2002).

2.10 Statistical versus Identifiable Lives

Information to allocate emergency resources more efficiently ande¢dec
number of statistical lives lost is not freely exchanged in the public sectoveudr,
individual and structural characteristics are often associated witlagsade@isk
throughout local communities. Data on these characteristics could be colletted a
utilized to better allocate scarce emergency resources. Knowing thlaboioods are
relatively homogeneous based on demographic and economic characteristics, it is
possible to better allocate fire and medical resources to areas witrea fogéntial for
time-sensitive emergency events. For example, medical emergerakiesp the vast
majority of fire service responses. Persons suffering cardiac arreseoe s@uma have
the most time-sensitive medical emergencies. A study performed in Gfocagl that
African-Americans are at significantly higher risk of sufferingnpa¢ure cardiac arrest.
Personal traits such as age, initial cardiac rhythm, and potential foiretalyon of
CPR by a bystander are associated with survival rates. The study fauthérthat
response times to all races in the Chicago area for non-traumatic Garestovere
comparable and overall mortality rates exceeded 97% regardless (Bea&er, Han,
Meyer, Wright, Rhodes, Smith, & Barrett, 1993). This information is valuable to more
effectively distribute medical resources throughout a community. Mortatiyg for
cardiac arrest were almost 100% to begin with in Chicago (this is not thencassti

communities), so any change in deployment strategy would likely result anlimes
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saved. Relocating resources to neighborhoods where individuals with increased risk
factors reside improves overall social welfare (Southwick & Butler, 19&8&sugi, 1993).

Unfortunately, it is not likely that public decision-makers will recognizetibize
economic and research mechanisms to allocate limited emergency resoungprove
social welfare. This would require proactive policy initiatives, which mosigubl
decision makers attempt to avoid. Locating scarce emergency resourcksrbase
predictive research or probability analysis would expose public leaders toittiogm
type-one policy errors, which they have proven unwilling to do (Leeson, 2007). The
status quo emergency service deployment strategy ignores true risketistres and
attempts to distribute resources equally throughout communities. Thisadtiaee
solution to protecting society, which is preferred by policy entrepreneurs. HoQwase
ignores an important concept that Munger (2000) develops for evaluating policy
decisions, which points out that “good decisions can turn out bad and bad decisions can
turn out good.” Equal distribution of emergency resources renders consumption on a first
come, first service basis, which may be fair but is not efficient or efee(flackstone et
al., 2005). Those disenfranchised by this system are difficult if not impossible to
identify, which explains the incentive to maintain the status quo. Utilizing piredic
methods to better allocate resources based on characteristics assathatatteased
risk would make for better decisions. However, as Leeson (2007) pointed out, the cost of
a mistake is greater for public decision-makers implementing proactiny putiatives,

which decreases the likelihood such policies will be implemented.
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2.11 Summary

In the end, it does not matter which level of government provides the service,
there is going to be inefficiency and ineffectiveness, because govensmsenply not
organized to gather and distribute information and then respond appropriately to that
information. Public finance economists recognize the influence political dateeson
budgets and resource allocation decisions. Issues of equity and fairness must be
considered in the public arena. It is the responsibility of the political lrtalgauge
social preferences that go beyond economically efficient allocatie@sofirces (Rosen,
2002). Neoclassical economists are more concerned with economic efficien@vand h
an eye toward Pareto optimal allocation. The concept of marginalism is &lsal twi
evaluating allocation decisions in the public sector according to the necalladsad.
This is a powerful concept, but in some ways ignores the political influence geat
every public decision (Levy, 1995; Sobel & Leeson, 2006). The public sector simply
does not have the information and incentive mechanisms to permit the effective
decentralization of services, which is present in the private sector. Publicaes
allocation is based on imperfect information, an incentive structure counter-pvedocti
efficiency, issues of equity, and the influence of interest groups, makirgtibnal to
even conceive of an economically efficient and effective public sectottkBoe
Chamblee-Wright, Gordon, Ikeda, Leeson, & Sobel, 2007). However, recognizing all of
the limitations to resource allocation provides valuable insight into improving thallover

social welfare of the public.



CHAPTER 3: DATA & METHODS

3.1 Introduction
The city of Charlotte serves as the research area for this analysicdllatted
by the Charlotte Fire Department, information from a neighborhood qualitig of li
survey, and Census data at the block group level are used to test the stated sypothese
Demographic and structural characteristics vary across the city db@&amaking it
similar to other local communities. Much of this variation is captured in the individual
block groups that divide the city into homogenous areas. These geographical units
closely reflect the neighborhood divisions throughout the city, which is optimal for
assessing societal risk characteristics that influence emergawaesdemand
(lwashyna, Christakis, & Becker, 1999; Ostrom, 2000). The plethora of data available
for this study provides an opportunity to thoroughly investigate neighborhood sutial a
economic characteristics that are related to demand for local erogiggices.
Scientifically driven research into the fire service is limited. Akjsian of the
literature reveals that few academic or other research bodies hagrizecothe overall
importance of this industry from a public policy standpoint. Much of the national data
and information about this industry is limited, making it difficult for academincs
stakeholders to perform systematic research into the public policy isstieengdo the
fire service (Swersey & Ignall, 1991). Exogenous organizations, such as the NFPA and

ISO, compile fire department emergency response statistics, but tois dat available
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to the general public. For a substantial fee, the NFPA will release senserfvice data
and reports; however, the flow of information needed to conduct scientific research and
draw conclusions that can be inferred beyond a sample is not readily availal®&4n 1
Congress passed the Federal Fire Prevention and Control Act to helpt&aoidre
research and evaluation of the fire service industry (Ahrens, 2008). The legigiags
authority to the United States Fire Administration to collect fire incidetat flam local
fire departments across the nation through the National Fire Incident Magaige
System (NFIRS).

NFIRS is the most comprehensive national database for information about the
emergency services provided by fire departments across the country. lHoweve
participation is voluntary, which has proven an impediment to the submission of accurate
and complete data. Recent Homeland Security initiatives have provided federallsoffic
new ways to incentivize participation in NFIRS. For example, fire depagnantno
longer apply for federal fire grants without the submission of incident datalRS\NF
Fire departments not willing to participate in NFIRS are not eligible tqpeterfor these
federal grants. These provisions have significantly increased the numlver of f
departments that are consistently submitting information to NFIRS. Unfatynatwo
year lag in the public release of data is standard, because NFIRS relaeh @tate to
submit its departments’ incident data. State officials must collect andheatata before
submitting it to the national database, which slows the dissemination processgAhr
Stewart, & Cooke, 2003).

The most recent data available through NFIRS is from 2005 and includes

information on more than eight million emergency incidents. This database cerntinue
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be plagued by incomplete and inaccurate information about emergency incidents. The
lack of standardization and strict guidelines for collecting data mean indivicual
departments often use their own measurement criteria for variables aodefasure that
the information submitted is accurate (Swersey & Ignall, 1991). In addition, the
completeness of information relevant to conducting research into the fire ssmate
collected through NFIRS, such as response time measures to the nearest settend. |
case of response times, this is a problem because seconds can and do matter when
evaluating emergency service issues and outcomes. Currently, NFIRS rouimas &l
the nearest minute, which can significantly change the outcome of an analysik;, Fina
fire departments are local entities, making it challenging to coll¢attdat is comparable
from one department to the next.

Local fire departments must collect information that is relevant to their
stakeholders, and this data, at times, differs from that collected by NFI&Rit®the
numerous challenges to NFIRS data, it remains the most comprehensive natiosed data
available to the public (Ahrens, 2008). Unfortunately, the data challenges tebocia
with NFIRS render it inadequate as a reliable comprehensive source ofahtoriior
this research effort. Because of this, data for this analysis was deowethformation
collected by the Charlotte Fire Department for emergency incidents eyiibogood
level demographic data collected through the Charlotte Neighborhood Qualifg of L
Study 2006 and U.S. Census at the block group level.

3.2 Description of Research Area
The city of Charlotte, North Carolina serves as the study area. Chaxrlatte

growing city with a population that exceeds 650,000, making it tﬁéazgest city in the
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United States. Incorporated in 1768, favorable annexation laws in North Carolina have
facilitated land area growth that now spans more than 280 square miles. The city sits
within Mecklenburg County, which is located in the piedmont region of the state and
borders South Carolina. It is the second largest banking center in the country behind
New York City, is served by an international airport, and is home to more than 250
Fortune 1000 companies, making it a hub for domestic and international business. Other
unique features include two major interstate highways, a comprehensive regssa
transit system, numerous post-secondary academic institutions, profegswtsal s
complexes for football and basketball, and two nuclear power plants located just outside
the city limits to its south and north. These characteristics and othersimsafe t
dynamic environment that presents many challenges to the local public seetgeecy
service departments.

The Charlotte Fire Department is the primary first responder agenthe city.
It provides trained personnel, equipment, and other resources required ttenaitiga
emergency incidents (fire, rescue, EMS, hazardous materials) occuittirg tive city
limits. The department responds to more than 80,000 emergency events annually from
37 different fire station locations that are dispersed throughout the city. Etoh sta
staffed twenty-four hours a day every day of the year by trained firefgghT he
department maintains more than 54 front line fire units, each staffed by fdigtiiers,
to respond to emergency events. The front line units consist of 38 engine companies, 14
ladder companies, 5 airport crash units, and 2 rescue companies. The department also
maintains 3 hazardous material units, 6 brush fire units, 5 water tankers, and 2 urban

search and rescue trucks to respond to specialty type incidents. When needed, these
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specialty units are staffed by on-duty firefighters who are assigrfeakt-line units.
Charlotte continues to grow through annexation and economic development efforts,
which places substantial demands on these emergency service resources.

Throughout the history of the department, fire stations have been strategically
located across the city based on geographic requirements. This allocatenydteates
fixed facilities and units primarily based on fire apparatus response timienbarks. In
modern times, the department has used a six minute response time as its benchmark
measure. Therefore, the goal is that every part of the city can heddagca fire
apparatus within six minutes of receiving a request for assistance. Thisfie@ive
strategy for deploying resources as long as all emergency unitsadedke in their
respective fire stations when a call for service is received, because hisd&enario
response times are predictable with a high level of accuracy. Unfortumatedyy,
emergency service systems receive multiple calls for servicenaé ameaning units are
more often not located in their respective fire stations to receive callsrioces
compromising the response time benchmark deployment strategy (Perrin, 1998). The
fire department further exacerbates this situation by not using a pri@jgtdn system
to triage calls for service. Units frequently respond to non-urgent situatioals whi
compromises availability for emergent situations. This is a common straegy us
throughout the fire service industry for deploying and responding to emergerasnitsci
to reduce overall societal risk; however, it ignores the fact that groupggbbaghoods
within a community have different levels of risks and need for these servioasn{iH &

Treich, 2007).
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The emergency service environment in Charlotte is dynamic with struahdal
social characteristics varying throughout this community. Like mosti@épartments
across the country, the Charlotte Fire Department responds to a wide ghriety
emergency incident situations that require many different spetiatiza Because
emergency response and incident data is abundant and diverse, there is algreat dea
opportunity for mistakes when collecting such information. This has proven particularl
problematic with NFIRS and other national emergency service databaseandytil
response and incident data from Charlotte makes for more valid findings, sirecesther
more opportunity to research and correct data errors. This would not be the cagg if usin
data from NFIRS, because it would be impossible to contact each fire department
associated with a discrepancy or missing value. Instead, the Charlottardata c
checked for accuracy and any problems found can be resolved by contactogrtteeof
the information.

Fire service response data collected by the Charlotte Fire Depdarimd data
from a neighborhood quality of life study and the Census will be used to test the
hypotheses, listed in chapter 4, to develop an alternate model for locating emergency
resources. The goal of the new model is to account for the myriad of emergemnmssser
provided by urban and suburban fire departments and their impact on service delivery.
To date, the Charlotte Fire Department allocates its emergencyaesauia way that
focuses on the individual, meaning it attempts to provide equal service delivery ooitputs t
every person residing within the city. This method fails to separate individual fr
societal risks, which leads to service inefficiency and ineffectiveagsbfn et al.,

2000b). The situation is exacerbated by the increasing demand on limited emergency
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service resources in Charlotte and other communities across the country. Tigs mea
fewer resources are available to respond to more urgent requests fanassisecause
units are more frequently committed to non-emergent incidents. Finding antelterna
method to deploy these resources to maintain or reduce current societalelsbésed
on the available limited emergency resources is necessary to manage dgana&d (
Caputo, 2003). ldentifying factors that correlate with increased or degm@asand for
emergency services provides an opportunity to more effectively guide wherate
these resources to better address demand.

3.3 Charlotte Neighborhood/Block Group Data Sources

In 1997, the Charlotte City Council commissioned a neighborhood study to
measure quality of life, at which time seventy-three inner city neighborhoasl aeze
identified. These areas were aligned with U.S. Census block groups to the extent
possible. The study area was expanded in 2000 to include an additional 100
neighborhood statistical areas (NSA) that encompassed all of the incedparaas and
the city’s sphere of influence areas. In 2002, 2004, and 2006, a more consistent
methodology was implemented to perform the Neighborhood Quality of Life Stadies
facilitate better comparisons between neighborhoods. These studies wplketed iy
the Metropolitan Studies Group at the University of North Carolina at Charlotte.

The 2006 Neighborhood Quality of Life Study and Census block group
information provides data on more than twenty demographic variables about the city.
The variables measure population demographics, crime statistics, economiioosndi
and structural appearance of the neighborhoods to assess quality of life. Maisg of the

neighborhood characteristics have been linked to demand for emergency services in
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previous studies and government reports. However, reports and other reseahsh into t
subject do not attempt to combine these characteristics with fire responee tiat
evaluate the impact on the entire service delivery platform that is provideddiyurban
departments.

A potential issue to overcome with the Neighborhood Quality of Life Study for

this analysis is the focus on permanent residents. Data is sparse faf éneagty with
few residents, such as the business district uptown. The uptown area is predominately
high-rise office buildings and other non-residential structures; however, @megrg
service demand is high in this jurisdiction because of daily population densitssasre
the vagrant population, and other unique factors. Fortunately, the business district is
small in land area. Two fire stations are located uptown, each with an endilaslder
company assigned, that have the business district within their primaonsesp
jurisdiction. Each of these two stations also have residential areas incluted in t
primary response jurisdictions, which are included in the neighborhood study. The
Charlotte Neighborhood Quality of Life Study does not include information about the
business district, because in 2006 there were few if any residential stsuntthies finite
area of the city. This situation does create a potential for bias becauset§irdou
respond to a significant number of incidents in these areas. Without demographic data it
is not possible to confidently assess relationships that might be assoctatdubese
responses. It is likely the sample will contain so few responses into the budistast
that any bias will be limited. However, to further limit the effect of thght®rhood
deficiencies, individual census block groups were substituted for the NSA'’s. Instead of

173 NSA areas, the block groups effectively divide the city into 331 areas, providing for
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more precision and fewer information gaps. Because the NSA divisions were derived
from the census block groups, the demographic information is similar and provides
additional variables to include in the analysis.

Eleven variables from the Census Block Group data for the Charlotte area are
used for this analysis to inform a new fire service resource allocation motiese T
variables were selected because of their hypothesized associationgersyeservice
demand based on theory, experience, and previous literature (Gamache, 2003; Cubbin,
LeClere, & Smith, 2000a). The following variables were selected: POPUDIATI
HOUSE UNITS, HOUSE INCOME, CODE, APPEARANCE, HOMEOWNER, FOOD
STAMP, YOUTH, AGED, HS GRAD, and BUILD AGE. Below each variable is
defined and the method for measuring each is explained.

POPULATION is often associated with demand for emergency services.
Typically, population is positively associated with the number of emerganigents, so
block group areas with more people are expected to have more demand for eynergenc
services than block groups with fewer people. The variable is defined as timeitoler
of persons residing in a block group and is measured at the ratio level.

HOUSE UNITS is associated with the level of fire risk in each block grag ar
Roughly 80% of civilian deaths and injuries nationally result from fires ocgumi
residential structures each year. In 2006 direct dollar losses fromntesifiees
approached $7 billion. More than 2,600 people died and 13,000 injuries resulted from
these residential fires (U.S. Fire Academy, 2006). The volume of residéntcliees is

likely associated with the chance of fire within a block group, which impacts dewand f
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emergency services. The variable is defined as the number of residemtialres
located in each block group and is measured at the ratio level.

HOUSE INCOME is a measure of wealth. Poverty is associated witrasexl
risk for fire according to national data trends (Gamache, 2003). The variablméexdef
as the median household income in dollars for each block group and is a ratio level
measure.

CODE violations are expected to be associated with increased demand for
emergency services, because dilapidated buildings are more prone to fire. Code
inspectors circulate daily throughout the city surveying residential ancheccial
structures. These inspectors also respond to complaints and inspection requests.
Structures not deemed structurally stable, with broken windows or other hazards, can be
cited for code violations. Inspectors have the authority to condemn and demolish
structures that are in extreme disrepair or pose a substantiated dangeyubliihh This
variable also represents the economic conditions found in each block group. The variable
is defined as the percent of residential units within a block group that have beenrcited f
building code violations.

APPEARANCE violations represent how well the structures in each block group
are maintained. Poorly maintained structures are more susceptible ®ldo&. group
areas with more appearance violations are likely to be associated witsgttidemand
for emergency services. The variable is an indexed interval number describing the
condition of properties found in each block group. This variable represents the
percentage of appearance code violations for each block group. Higher scores are

awarded to block groups with structures in better condition and lower scoresmeprese
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block groups with residential areas in a more dilapidated physical condition. Appeara
violations can include high grass, vehicles parked on lawns, and obvious structural issues

HOMEOWNER is likely correlated with demand for emergency services, and
also serves as a measure of economic status for the block group. The v@adabhesd
as the percent of owner-occupied residences in each block group measured at the ratio
level. This is a measure of an area’s structural condition because ownpiedcc
dwellings tend to be in less disrepair than renter-occupied structures.

FOOD STAMP is a measure of economic status. As reported irofhieal Fire
Report Series 2008)e poor are at greater risk of being impacted by fire than other
economic groups. The variable is defined as the percentage of persons resadahork
group who are receiving food stamps. This is a ratio level measure asbogihte
poverty.

YOUTH are almost twice as likely as the average person to sustain gnanjur
die from fire. The variable is defined as the percentage of persons 18 yeaosiiagery
residing in each block group and is an interval level measure.

AGED is associated with increased risk for fire and medical emesggendnich
influences demand. The variable is defined as the percentage of persons 65 and older
residing in each block group and is an interval level measure. The measuremoidgat
a higher or lower percentage across neighborhoods.

HS GRAD is a measure of the percentage of persons 25 years and older residing
in each block group that have either graduated high school or earned a graduate

equivalent degree (GED).
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BUILD AGE is a measure of the average age of the structures located waithin e
block group. This variable is included because older structures are more prone to fire
Building codes have improved progressively with time, so older structures tend to have
fewer fire protection systems such as sprinklers and monitored alarnmdditiorg there
IS more opportunity to be in disrepair as the building ages. Although older buildings tend
to have fewer fire protection systems, newer construction also has many prdtaems t
create fire hazards. For example, laminated wood beams and truss systenuly
used today in all types of construction permit rapid fire spread and collapse, wwihitsh li
the opportunity to extinguish fires in these buildings.

Below is a table (Table 1) providing summary statistics for each of therele
variables for the randomly selected sample of block groups and for the entirdtipapula
of block groups for comparison.

Table 1: Independent Variable Univariate Statistics

Explanatory Variable Summary Statistics

Sample (n=118) Population (n=331)
Variable Mean Std. Dev. M ean Std. Dev.
POPULATION 2506.95 2261.97 2260.67 1898.07
HOUSE UNITS 1073.09 909.15 971.92 785.65
HOUSE INCOME 52877.47 27500.58 56478.59 35367.96
CODE 0.0962 0.02 0.0114 0.0442
APPEARANCE 0.2 0.1972 0.1849 0.1842
HOMEOWNER 0.527 0.2492 0.5528 0.2466
FOOD STAMP 0.1099 0.1111 0.1086 0.109
YOUTH 0.2478 0.0704 0.2512 0.07
AGED 0.0963 0.0509 0.1031 0.594
HS GRAD 0.8188 0.1495 0.8228 0.1501

BUILD AGE 34.39 15.74 34.32 15.28
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Charlotte is a diverse and dynamic city, ensuring variability athes331 block
group areas. The clearly defined boundaries of each area permit comparsdatavit
acquired from the Charlotte Fire Department to facilitate this relsedfort. The eleven
block group level independent variables were chosen based on their hypothesized
relationship to emergency service demand. These relationships weszldesim
previous research, such as that performed by FEMA (2008, February)Topital Fire
Report Serigswhich describes fire risk characteristics from 2004. FEMA used NFIRS
data to compile demographic factors associated with increased rislefto firoduce
this report. Many of the variables, such as AGED, YOUTH, MEDIAN INCOME, and
FOOD STAMPS, were included for this analysis to test the stated hypotistse s
Chapter 4.
3.4 Charlotte Fire Data

Emergency incident and response information collected during fisca2@@ér
by the Charlotte Fire Department is the other data source for thisianalysarlotte Fire
is the key city business unit charged with responding to and mitigating all &ci¢ah
hazardous materials, and rescue emergencies that occur within theitsty liotal tax
dollars are the primary funding source for the department, which has an annu@hgpera
budget that exceeds $80 million. The department also receives money from the feder
government through Homeland Security grants. These grants help to fundgpedis
and services, such as a regional hazardous materials team and urban seastuand re
units. Incident data from FY2006 matches the time period when data for the
Neighborhood Quality of Life Study and census block group information was collected,

which is important to ensure valid findings. The data set developed for this analysi
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contains information on 84,023 emergency incidents that occurred within the cigy limit
between July 1, 2005 and June 30, 2006. The Charlotte Fire Department maintains
information on each emergency incident to which it responds. This data includes the
nature of the emergency, date and time, unit(s) that responded, time unit(s) were
dispatched, time each unit responded, time each unit arrived at the incident, time each
unit completed the assignment, location of the incident, and where units responded from
to each incident. This information is stored by the department for legal and
documentation purposes. The dependent variables to test the hypotheses are derived
from this data set.

During FY2006 the department responded from 37 fire stations located
throughout the city with 54 front-line fire apparatus. Front-line apparatus inehgiee,
ladder, and rescue companies. These companies are staffed by firefigbtdysfour
hours a day. Engine 37 began operation during this fiscal year, responding from a
temporary station located in close proximity to the permanent site for theatew s
which is located in the southern part of the city. Each of the 37 fire stationslbast at
one engine company and 17 of the stations also have a ladder company, rescue company,
or airport crash unit assigned. In addition, the department operates two urban search and
rescue trucks out of Station 11, two hazardous materials units out of Station 13, a
regional hazardous materials unit out of Station 32, five brush trucks, and five tamkers fo
specialty type emergency incidehts:or this analysis, front line units are the only units

included, since they are the ones staffed full-time by firefighters and inaeapability

! Description of specialty type apparatus: See AfpeA.
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to initiate action to mitigate emergency incidents. These units aneeec@npanies,

ladder companies, and rescue companies.

Engine CompanyApparatus that carries thousands of feet of hose, a pump,
and water to extinguish fires. Each Charlotte engine company has a minimum
1500 gallon per minute (gpm) pump with the three companies assigned to the
high-rise district having 2000 gpm capacity. These trucks carry a minimum of
500 gallons of water with companies assigned to out-lying stations having 750
gallon water tanks. A myriad of hose sizes are also carried that include 1 %
inch diameter attack lines with 180 gpm capacity, 2 ¥z inch diameter attack
lines capable of 300 gpm, and 5 inch supply lines used to connect the truck’s
pump to the fire hydrant for water. All engine companies in the city are
staffed with four firefighters except Engine #9 which is staffed by five
firefighters.

Ladder CompanyApparatus that carries hose, a pump, water, a full
complement of ground ladders, vehicle extrication equipment, and an aerial
ladder. The fourteen ladder companies in Charlotte all carry 370 gallons of
water, a 2000 gpm pump, a small complement of hose, three hydraulic
powered vehicle extrication tools, multiple ground ladders of lengths 16’, 28’,
& 40’, and a 105’ aerial ladder. Four firefighters staff these trucks, whech ar
used for fire suppression and technical rescue.

Rescue CompanyApparatus that carries technical rescue equipment for
vehicle extrication, high angle, confined space, structural collapse, trench
collapse, water emergencies, and dive rescue. The two rescue companies in

Charlotte are each staffed with five firefighters.

The 37 stations are separated into seven battalions, which are administragnatohess.

A battalion chief is assigned to each battalion and supervises four to sixtfoasstal he

Charlotte Fire Department operations section consists of more than 1,000 uniformed

firefighters who are assigned to one of three shifts. Each shift works 24 hourseat a tim
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The number and type of fire apparatus that respond to an incident is determined
by the nature of the emergency. Medical emergencies account for roughbf @166
fire department’'s emergency responses. Each front line apparatuteis syaf
firefighters certified as emergency medical technicians (EMT) edmoprovide basic life
support medical care. This level of care includes the ability to defibn&tents in
cardiac arrest, administer oxygen, manually ventilate patients, bandage wounts, spl
fractures, and provide cardiopulmonary resuscitation (CPR). A single fireatyspar
(engine, ladder, or rescue) responds to all medical emergencies withityth&ha fire
department does not provide medical transport services. Patient transport is prgvided b
a third service agency, Mecklenburg EMS Agency (MEDIC), within the city DNIE
operates the ambulance service and provides advanced life support medicabchre. E
ambulance is staffed by at least one person certified at the paramedwHewen
perform all basic and advanced life support procedures. Paramedics are chpable
starting intravenous fluids, administering cardiac medications, performing
electrocardiograms, and intubation. The fire department provides first regsonse
to medical emergencies because there are significantly more faeafypthan
ambulances within the city and are usually in a position to reach incidentsast¢he
MEDIC units. Response statistics for the fire department to medical encezg are
included in the data set but do not include information about emergency medical services
provided by MEDIC.

In addition to medical incidents, only a single fire resource responds toevehicl
fires, residential fire alarms, motor vehicle accidents without entrapenshbther

service calls that can be managed by one company. The department dsspeatitipde
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fire resources to fire, rescue, and hazardous material incidents. A myrespohse
criteria are used by the fire department to match the risk potential of @&cbftyicident
with a complement of resources. A low risk incident is one that is unlikely to expand and
can be handled by one or two fire companies. As the risk level increases, so do the
number of resources assigned. For example, a report of a residentialstfivetwill
trigger a response of three engine companies, a ladder company, and a battélidh chie
the first unit on scene confirms that the residential structure is on fire, dioaaldi
engine company and a rescue company are also dispatched to the incident.e Blhe typ
structure and number of persons that may be impacted by an emergency incident also
figure into the risk level assessment. Structures deemed high risk by thengepa
include schools, businesses, industrial sites, and high-rise buildings. The igga@aise
to high risk structures is four engine companies, two ladder companies, one rescue
company, and two battalion chiefs. Additional resources can always be dispatched to an
incident at the discretion of the fire officers on the scene. The CharlateeBponse
data include the number of responding resources to each incident, which impacts
allocation decisions. This dataset includes 84,023 incidents, which accounts for 131,907
unit responses. More than one unit responded to almost 20% of the incidents during
FY2006, explaining the disparity between the number of incidents and the number of unit
responses.

The response data variables will be linked to the block group explanatory

demographic variables for the analysis. The variables include DEMAND,
DEMANDFIRE, DEMANDEMS, DEMANDRESCUE, DEMANDHAZMAT,

DEMANDALARMS, DEMANDCANCEL, DEMANDMISC, DEMANDSTRUCTURE,
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DEMANDOTHER, DEMANDNMYV, DEMANDMV, TOTALTIME, and
ONSCENETIME. These dependent variables are described and defined below.

DEMAND is a ratio level measurement calculated for each block group to norm
the variable. For the sample population of block groups (N=118), the mean number of
incidents per block group was 488. The range of incidents per block group included a
minimum of 7 and a maximum of 2819. The measure for demand was normed by
calculating the total number of emergency incidents in each block group per 100
residents [DEMAND = # incidents/(population/100)].

The variable for DEMAND is generated by a myriad of incident types, and each
one has the potential to be associated with different demographic chatiasteris
Therefore, in addition to evaluating the relationship to overall demand, it is also
important to separate the different types of incidents. Incident typeedaroken down
into four or five broad categories (fire, medical, rescue, hazmat, other); howekaee
chosen to separate demand into seven categories and then further divide fire aad medic
incidents into subcategories to capture more precision for the analysis. Each of the
incident categories are measured at the ratio level and have been normed blased on t
population found in each block group. Just as the DEMAND variable was normed, each
of the incident type variables is calculated to represent the number of incideb®® per
persons in the population. In particular, it is important to separate out the types of
incidents because some are more emergent than others. For example, eeswilll fi
become a big fire if left unchecked. Unfortunately, the available data does nakeprovi
enough information to measure severity for all incident types, which is why the

ONSCENETIME and TOTALTIME variables are included.
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DEMANDFIRE represents the number of incidents occurring in each block group
that involved an actual fire. This variable does not represent the severity oé tlomlfyr
that there was an active fire. Therefore, it includes vehicle fires, steuakes, grass
fires, rubbish fires, aircraft fires, and any other incident type where ¢isenpre of a fire
was recorded in each block group. DEMANDFIRE was then broken down into two
subcategories to separate fires involving structures and other types ofSpecifically,
DEMANDSTRUCTURE represents all fires that involved a structure, whighpsrtant
not only for potential monetary losses but also potential threat to life. Struictcitete
high rises, office buildings, school buildings, residential buildings, storadigdac
mobile homes, and outbuildings. Again, this variable does not represent incident
severity, only the potential for a severe incident. DEMANDOTHER sim@gsures all
other fires that do not involve a structure, which includes motor vehicle fires, esh f
forest fire, and rubbish fires.

DEMANDEMS represents the number of emergency medical incidents iogcurr
in each block group. Emergency medical incidents account for well over halfalhe
for service. These incidents include all medical emergencies, trauma eaiesgenotor
vehicle accidents, and other incidents that required the fire department to proglidal me
care to a complainant. DEMANDEMS was then separated into two subcategames. F
departments, including the Charlotte Fire Department, respond to many diffgrenof
medical incidents, which vary greatly in severity. The purpose for sgpana¢dical
incidents into those not involving a motor vehicle (DEMANDNMYV) and those involving
a motor vehicle (DEMANDMV) was to better isolate and evaluate the affect

demographic variables on demand. In general, the majority of emergencaimedi
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incidents involving a motor vehicle occur on roadways, highways, and interstates.
Although these transportation corridors pass through block groups, it is likely the
relationship between motor vehicle accidents and the demographic charestares
spurious. Medical emergencies not involving a motor vehicle are more likely to occur in
or around where people reside or work, which is better represented by the block group
demographic measures. Therefore, DEMANDEMS is separated into two additional
variables: DEMANDNMYV and DEMANDMV.

DEMANDRESCUE represents the number of incidents where a person was
trapped or pinned by an object requiring the fire department to remove them from the
situation. These incidents include motor vehicle accidents where a victim ispeatiay
the wreckage, industrial accidents, trench incidents, and any other situh&osn fiwe
service personnel had to extricate a victim using specialized equipment anédag@wl
Overall, rescue situations were the least likely type of incident.

DEMANDHAZMAT measures the number of incidents where a hazardous
material is involved. The most common of these incidents are cut natural gas line
which leads to an active gas leak posing a fire and chemical hazard. In addytiteaka
or spill of a chemical or other hazard (gasoline, diesel, milk, oil, etc.) requneniye
department to mitigate the incident is included in this measure.

DEMANDALARMS measures the number of fire alarms occurring in eactkbloc
group. This measure does not include an alarm that ends up being an actual fire event,
which is relatively uncommon. Alarm activations that prove to be non-events are a
problem all fire departments must manage. This measure essentiafyresethe

number of responses to non-events based on alarm activations for fire or carbon
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monoxide situations. The ability to limit or eliminate responses to these nots-eoald
significantly free up resources for more emergent events.

DEMANDCANCEL measures the number of times a unit(s) is dispatched to an
emergency event and either cancelled prior to arrival or is unable to find itheninc
Units are cancelled for a variety of reasons, some of which include a rgzideiding
the correct pass code to turn off a fire alarm or a medical patient changmnki about
needing assistance. This measure also includes false calls for.s€ftee times,
persons driving down the road will use their cell phones to report an incident, such as
smoke in the area which turns out to be from a chimney and not a fire event. These types
of incidents are costly for the fire department.

DEMANDMISC is the final demand category and includes all incident typés tha
cannot be categorized with the other demand variables. These incidents include animal
rescues (yes, getting cats out of trees), illegal burning, overcrowaiyg))dcked in a
vehicle or house, standbys, and citizen complaints. Miscellaneous incidents tend to be
non-emergent events, but generate demand for the fire department and thegpeote im
resource allocation.

In addition to the measures of emergency service demand, the time units spent on
scene and managing incidents was also calculated from the response dafaal8peci
two measures were calculated based on response time information. The first,
TOTALTIME represents the time from when a unit is dispatched to the time the unit
becomes available after each emergency incident [TOTALTIME = Aviail-

Dispatch]. This is an important measure because each time a unit is dispatched i

unavailable to respond to an additional incident. Therefore, this measure not only
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captures response and on scene time, it also captures those incidents when units are
cancelled after dispatch. TOTALTIME used in the analysis represertstdhéme units
spent on incidents in each block group divided by the number of incidents to find an
average.

The second time measure, ONSCENETIME, represents the amount of time units
spent on scene mitigating incidents. This is measured from the time a unit arrives on
scene to the time when the unit becomes available again. This measure is iggzbthes
to be representative of incident severity. As with total time, ONSCENEM/ds
calculated for each incident occurring in a block group and then divided by the total
number of incidents to find an average [ONSCENETIME = Available — Arrivall]. A
incidents where a unit did not arrive on scene, such as when cancelled after dispatch,
were coded as missing, to avoid skewing the data.

Univariate summary statistics for each of the fourteen dependent variables
calculated from the Charlotte Fire Department response data are listedrbéhe table
(Table 2). The mean and standard deviation values were calculated for theipopdlat
block groups and the randomly selected sample of block groups for each variable, which
provides an opportunity to evaluate the validity of the sample.

Table 2: Dependent Variable Univariate Statistics

Dependent Variable Summary Statistjpsr 100 population)

Sample (n=118) Population (n=331)
Variable Mean Std. Dev. Mean  Std. Dev.
DEMAND 17.05 30.67 15.81 22.09
DEMANDFIRE 0.7968 0.9381 0.814 0.7933
DEMANDSTRUCTURE 0.4008 0.4374 0.4077 0.3778
DEMANDOTHER 0.3958 0.5267 0.4062 0.4717

DEMANDEMS 10.89 20 9.906 14.33
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Table 2: Continued
Dependent Variable Summary Statistjpsr 100 population)

Sample (n=118) Population (n=331)
Variable Mean Std. Dev. M ean Std. Dev.
DEMANDNMV 9.897 18.48 8.86 13.05
DEMANDMV 0.9415 0.5267 1.009 1.787
DEMANDRESCUE 0.0767 0.3889 0.0544 0.2541
DEMANDHAZMAT 0.4404 1.79 0.3525 1.11
DEMANDALARMS 1.858 5.508 1.72 3.686
DEMANDCANCEL 1.561 3.107 1.493 2471
DEMANDMISC 1.429 1.542 1.47 1.531
TOTALTIME 0:15:41 0:02:12 0:15:44 0:02:27
ONSCENETIME 0:04:58 0:01:08 0:05:01 0:01:11

3.5 Combining the Data: GIS Layers

The 37 fire stations are strategically placed to minimize responsettraash
part of the city. However, the individual fire unit responding to each incident is the unit
of analysis, not the station. This provides more variation and more accurately describe
the impact of locational decisions. Again, seventeen of the fire stations house two front
line fire units, meaning the neighborhoods protected by these seventeen stations have
more resources assigned. The block group data and the Charlotte Fire resgoase da
linked using a geographical information system (GIS) program for eadatyency
incident.

ARCVIEW is the GIS program utilized to associate the block group and response
data. The geocodes for each incident were pasted into a mapping program tf ttie Ci
Charlotte containing the geolocations and borders of the 331 block group areas.
Geocodes are simply X and Y map coordinates, which permit each emergenaytitccide
be associated with the specific block group in which it occurred. Numerous GIS layer

are used to associate the data sets. These include:
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e Layer I City of Charlotte boundary with road system and neighborhood
boundaries.

e Layer 2 Neighborhood demographic variables, such as population, race,
appearance, economics, etc.

e Layer 3 Fire response district boundaries for each apparatus and station/apparatus
location. Seventeen of these districts will have multiple emergency resource
assigned.

e Layer 4 The FY2006 dataset includes the geocodes for each incident. Therefore,
the sample of incidents can be located on the GIS map to associate it with a
neighborhood and response area.

GIS provides a means to describe station locations and boundaries visually; however, the
main purpose is to find relationships between the block group variables and the response
variables. Each incident (n=84,023) is linked to the block group (n=331) where it
occurred. Demographic and response information are then linked to create thdatatual
set for the analysis.

The combined emergency response and block group data were converted into an
Excel spreadsheet document to calculate TOTALTIME and ONSCENET IMa&bles.
This information was then pasted into the Statistical Package for the Soieiates
(SPSS). The SPSS program permits more detailed statistical aohlyssdata.
Specifically, multiple regression, correlations, and probability analysie performed to
find relationships between variables important to formulating an allocatetegjrto
improve service delivery.
3.6 Data Sampling Strategy

Each of the dependent and independent variables used in this analysis are

measured at the block group level. The demographic independent variables whre clea
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calculated for each of the block groups in the city of Charlotte. The dependehlegria
were calculated from the response data which included 84,023 cases using GI§, EXCE
and SPSS to generate block group level measures. A random sample strategy was the
used to select 33% of the cases from the population of block groups (N=331). Each case
represents a block group within the city limits where the fire departmemnésd to
incidents during fiscal year 2006. Numerous factors influence demand fayesrogr
services, such as the season, day of the week, and hour of the day. The U.S. Fire
Administration reportThe Seasonal Nature of Fir€¥005, January) indicates a
relationship between time of year and fire rates. In particular, moreus&rdices are
reported during the winter months, while an increase in other types of firesderwtsit
during the spring and summer months. In addition, the report indicates a measurable
increase in fire incidents during holidays, such as Christmas, Fourth of July,
Thanksgiving, and Halloween. Another emergency service analysis condudched by
U.S. Fire Administrationi-ire Department Overall Run Profil@007, December)
supports the seasonal effects on fire rates, while also showing no cleanséiat
between medical emergency incident rates and seasonal changes. The dathadbes i
a relationship between time of day and emergency service demand. Natiistadsta
demonstrate that the number of emergency incidents increases begioaimg @500 in
the morning through 1800 in the evening before a slow decline begins for the remainder
of the night time hours.

The size of the sample was selected to account for the variability betases,
while also attempting to maximize accuracy. Variability betweeesctis many of the

variables is relatively high, because block groups represent fairly seadl drat are
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relatively homogenous across a large geographical area. The City of CHarotte
Department responds to 300 or more emergency situations each day across the 331 block
group areas. Clearly, some areas experience much higher demand than oighers. |
expected that selecting 33% of the block groups will provide a representatipke sa
model demand and demographic variables. The SPSS program was used to generate the
random sample. The program randomly selected the 118 cases from the ovesell data
(n=331). This sample will permit a high level of precision, which is important when
making decisions about the allocation of limited emergency resources.

3.7 Summary

The data described above will be used to test the hypotheses listed in Chapter 4.
The block group level demographic data is optimal for this analysis because of the
homogenous characteristics of those residing in these areas (Ostrom, 2000)ul This w
result in a high level of certainty to when predicting emergency servicamdeamd other
response variables for each area to guide resource allocation decisions. Aldugh e
emergency incident is different, urban fire departments across the caentgné&onted
with the same locational issues as those present in Charlotte. How do you find the
optimal locations for limited emergency resources to maximize outcorhes) are
measured by lives and property saved? This chapter outlined the data sourcesgddescribe
the variables, defined the measures, and explained the sampling strategly beatised

to complete this analysis.



CHAPTER 4: HYPOTHESES

4.1 Research Focus

The tax base capacity of most local governments is insufficient to fund the
emergency resources necessary to manage increasing demand, winileedisg
arbitrary service delivery benchmarks. National fire department incigsistists
demonstrate this increasing demand, which show a 5.2% rise in call volume in 2006
compared to 2005. The number of medical emergencies responded to rose 4.8% while
departments responded to 2.5% more fire events. On average, one of the 30,635 fire
departments in the United States responded to a fire emergency every nieeteels s
during 2006. The direct dollar loss from fire exceeded $11 billion, which was the largest
dollar loss measured during the previous ten years with the exception of 2003.
Managing limited emergency resources in the presence of increasiagdiehallenges
local decision-makers to find new ways to do more with less. Communities often
struggle to balance the number of emergency resources necessary tmraainta
acceptable level of community safety with public preferences for thewngt other
services desired at the local level (Donahue, 2004a; Kuehnert, 1999).

Providing emergency services is resource intensive, but so are most other local
public sector services. The opportunity cost of providing emergency services can be
high, especially when balancing the delivery of other important services.sitlmtion is

compounded by the persistent rising cost of energy and other cost factors. Raegxam
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fire apparatus are powered by diesel engines that get only six miles &dltime g hese
mileage calculations decrease under emergency driving conditions, becausss\ahicl
accelerated and decelerated rapidly. The City of Baltimore, for exarapéntly
adjusted its emergency response policies to reduce fuel consumption. The city now
triages incidents based on severity to determine how many units should be dispatched in
an effort to reduce the number of emergency responses (Anderson, 2008). Local
decision makers must adjust emergency resource deployment strategieschef
limited available funding capacity to add or support their existing emergengges.

This research effort will focus on developing an alternative model for fiveceer
resource deployment and response to emergency events to improve efficiency.

The model is based on probability and risk analysis within the urban environment
to evaluate fire service delivery needs. Geographic, structural, andcsormodc
community variables associated with changes in emergency service demaand (fi
suppression, rescue, hazardous materials, and emergency medical situatieniegui
model algorithm. The allocation model currently used by most communities oalie
response time benchmarks as the predominant criteria for locating enoyergsources
within a defined geographical area. The National Fire Protection AisaqiFPA)
standard 1710 provides an objective for paid fire protection services to place a fire
apparatus and personnel on an emergency incident within four minutes of receiving a
request for assistance 90 percent of the time. Allocating emergencycessbased on
the NFPA'’s response time criteria or a different response time criégpugres limited

resources to be dispersed equally throughout a community (Ammons, 2001).
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A problem with this model is that it discounts the influence of community risk
factors on emergency service demand. Different areas within a juriscegpenience
varying degrees of risk for fire or other emergency events based orapleog social,
and structural characteristics (Gyimah-Brempong, 1989; Hallstrom,rB@abb, &
Johnson, 1993). Because of this, emergency incidents are not distributed evenly across
geographic areas, which is problematic when using response time benchmadcate all
emergency resources (Hammitt & Treich, 2007; Ostrom, Parks, & Whitaker, 193). A
alternative model must include factors associated with demand for emergencgsto
guide resource allocation decisions to improve service delivery metrics.

Population density statistics are frequently used by emergency sgecisen
makers to justify the need for additional resources. Previous research hdiedenti
correlations between population density and demand for emergency services, but
population density alone is only one factor associated with call volume. Thiscstatis
provides minimal information to guide public decision-makers in allocating enrgen
resources efficiently and effectively (Felder & Brinkmann, 2002). For instamc
inner-city neighborhood revitalization effort may spawn new high-densigemstial
living opportunities. These new residential structures are likely to displaee income
persons who were living in older, dilapidated structures. Middle and upper income
persons will occupy the new apartment and condominium buildings, which increase
population density. What impact does such a situation have on the emergency services?

Based on population density measures, the emergency resources allocated to the
inner-city neighborhoods would be maintained or increased. However, a decrease in

demand for emergency services is likely to occur in this situation for a nainber
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reasons. First, fire codes continue to evolve for new construction, requiringiraore f
stops, sprinkler systems, automated alarm notification devices, and the use of non-
combustible construction materials. New buildings are less susceptible fwaigrfire
events, because even when a fire occurs it is usually contained in the argen @nor
the emergency services respond prior to the fire intensifying. Second, thengper
middle class occupants are demographically at lower risk for fire andaaeelikely to
have healthcare options, which reduce their dependence on emergency resoaes fo
emergent ilinesses. Instead, an increase in emergency service dembadgpected
where the individuals displaced from the inner-city relocated even if they moead t
area with lower population density. Lower income persons tend to be less educated and
live in older structures that often do not meet fire codes. This places thesatat gisk
for fire makes them and more prone to request medical services for non-emergent
illnesses (Cubbin et al., 2000a). This example shows that risk level or the probability of
needing the local emergency services is dependent on individual habits, which population
density statistics do not capture (Walsh, 1998).

The challenge associated with any emergency resource allocation model i
distributing scarce resources to their highest net present value. Communits¢$arge
sums of public funds to provide emergency services to protect life and property. True
emergency events are time sensitive, So any time a resource is Uleailaut of
position to respond to an incident there is a reduction in service delivery effectiveness
and efficiency. For example, if a fire apparatus and personnel are responding to an
incident where mitigation is not time sensitive, the resource is not avditatanage a

life threatening emergency that may occur simultaneously elsewAesinilar situation
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occurs when too many resources are located in low demand areas or too few ede locat
in high demand areas. The large percentage of emergency responses larfassaral
incidents not involving a threat to life or property is a significant challengggency
service decision makers must solve (Blackstone et al., 2005). When emergeroey servi
agencies respond with equal speed and urgency to non-emergency events as they do to
emergency events, an undue burden is placed on limited resources. This also requires
significant built in capacity to ensure emergency resources will be labeaiita
emergency events that do threaten life and/or property (Peters &1Bi@4).

An alternative emergency resource allocation model based on chatasteris
associated with demand and incident severity could have far reaching impSdat
local emergency service delivery and public finance. The goal of a new rmaadel i
provide a template for policymakers to allocate emergency resourcesfficiently and
effectively based on the community characteristics that drive demand aasbactated
with time-sensitive emergency events. Predicting the future is tifeuncertainty, but
based on the “law of large numbers” it is reasonable to expect that a model can be
devised to estimate the probability of routine emergency events with a gjlofe
certainty. This will provide better information to guide resource allocation desisi
across the tens of thousands of local jurisdictions that provide fire and emergency
medical services (Pindyck & Rubinfield, 2001; Walsh, 1998). A deployment strategy
that is one size fits all is not realistic if a community expects tefeeand efficient
emergency services, especially when considering the different econuhsoaal
constraints found in every community. Allocating resources based on an alternative

model that accounts for individual community risk characteristics and prdipabili
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assessment for emergency events will provide a mechanism to delives¢hases
more effectively and efficiently, which will reduce opportunity costs.
4.2 Response Time Benchmarks

The goal of any emergency resource deployment strategy is to redlasstbé
life and property associated with fire, hazardous materials, rescue, an@dlnegdits
that afflict citizens. This requires emergency resources to beladeaalad positioned to
arrive in time to mitigate an incident and limit loss of life and/or propergspBnse time
is the critical measure used throughout the emergency services industry to evaluate
service delivery. The commonly accepted definition of a response timetisiehom
when a request for assistance is received by emergency dispabchersitne when the
first resource arrives at the incident address. Arbitrary response tintarisekes were
developed by NFPA based on time-sensitive events, such as average time to flashover
and maximum time following cardiac arrest for successful resuscitétigrhfert, 1999).
“Flashover is the stage of a fire at which all surfaces and objects in a r@sadare
heated to their ignition temperature and flames develop on all contents and combustibl
surfaces at once” (Brannigan & Corbett, 2008, 82). NFPA 1710 recommends response
times that do not exceed four minutes to 90% of incidents for fire departments syaffed b
paid personnel (Barr & Caputo, 2003). Most urban and suburban communities, to the
extent possible, locate emergency resources to minimize response tithasg@asa
within a jurisdiction. Exogenous factors and hesitancy on the part of public decision
makers to use response data to predict future demand makes this deployment strateg

resource intensive if response time benchmarks are going to be met. Deploying
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emergency resources in this manner decreases the efficiencyestiveffess of service
delivery (Cubbin et al., 2000b).

Many emergency response issues are created when decision makgrstattem
locate resources based on response time benchmarks. Demand is not evenly spread
across a jurisdiction, so locating emergency resources to meet a respensetdria to
all areas of a jurisdiction is problematic. This is especially true whetiple emergency
requests are received simultaneously in the same response area (Peiby489H). In
this situation, the emergency resource assigned to an incident is no longdlataila
respond to other emergencies within its area, which can leave large coverageifaps unt
the assigned unit has completed the response. No matter the size, all |ahatipnis
will experience this situation, which occurs more frequently in urban communhig®
call volume is higher. This strategy also does not spread workload evenly among the
emergency resources. Equipment and personnel in low demand areas are under used
while equivalent resources in high demand areas are over used, requiring more
maintenance and premature replacement. In addition, as the workload on a resource
increases, the jurisdiction it protects becomes more vulnerable. The more hotiis a uni
tied up on incidents, the fewer hours it is available to respond to additional incidents.
This means that units from neighboring coverage areas will respond nurerftly into
high demand areas, creating additional coverage problems.

Few if any local government jurisdictions have the resources to megesitrin
response time benchmarks for every emergency incident, because as demasedsncre
the gaps in service also increase, making the community more vulnerable. Thwapnly

to avoid this situation is to better allocate scarce resources based on thdipratbabi
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events that may cause loss of life and/or property occurring. However, trgeame
services industry continues to subscribe to existing response time deployodetd that
require significant built in capacity to meet response time benchmarks. allfi®of
account for the economic reality of most local government’s work, whichlysioss
not permit the acquisition of adequate resources to meet these benchmarks while
maintaining the capacity to respond to simultaneous emergency events.

4.3 Managing Limited Emergency Resources

The realities of limited resources require that policymakers makelaisd
decisions to maximize service delivery output. This is a difficult transitiondiside
making for government officials who are programmed to espouse reactive and not
proactive policies (Burton, 2008). Reactive policy decisions prevent what Leeson (2007)
describes as “type one policy errors.” Instead, reactive policies sphbjac officials to
committing “type two errors,” which are more politically palatable. Curdeployment
strategies are reactive, providing the appearance of equality foizdheit This strategy
IS subject to “type two policy errors,” which occur when emergency resouesta
available or are out of position to respond to time-sensitive emergency events. The
strategy effectively deploys resources on a first come, first serige(Béesckstone et al.,
2005).

This method for distributing resources prevents citizens or even politidartea
from monitoring effectiveness and efficiency. Asymmetric informatiokesat difficult
for those outside of the fire service to recognize that a problem is credtad by
deployment strategy, which produces a potential moral hazard situation. iljpcat

resources on a first come, first serve basis gives the impression ofyedualit in fact
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creates a hidden action from the “customers” who are harmed by such policies. For
example, if two neighbors dial 911 thirty seconds apart, the first calleresglve the
closest unit regardless of the severity of the event. A unit from another dresspond
to the call received thirty seconds later, which will increase the resporese The
failure to triage these incidents could easily harm the second callehihsstuation is
more serious. The asymmetric information problem prevents the citizen fromnignowi
when he/she is harmed. In such case, a moral hazard situation has resultedtfvecause
citizen is unknowingly harmed by the actions of the decision-makers (Brehme$,Gat
1999). The inability to identify the inefficiencies and other problems with this
deployment model provide incentive to policy makers to continue with the status quo.

This also demonstrates how the established policy for locating resources is
compromised when multiple incidents occur simultaneously in an area. Without
considerable emergency unit redundancy built into the system, time-sensirgeany
incidents are more likely to receive delayed responses. When such an arrswatit
the existing deployment model, the victims are often impossible to identify.mEkiss
it difficult for citizens to hold anyone accountable. As in the situation above,dbedse
caller does not know whether her emergency or her neighbor’s was mowd. cfihe
also is unlikely to know whether there was a longer than necessary response time.
Because of this, the fire department can turn a blind eye to situations where the
deployment strategy may have harmed rather than aided a citizen. Theyibabili
identify victims of a reactive policy provides an incentive to maintain ttiesstpio for

locating local emergency resources.
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Despite this finding, a more efficient and effective deployment methodolagy is
critical issue for the emergency services moving into the future. Emgrgendces are
expected to reduce risk of loss from fire, rescue, hazardous materials, dindlme
emergencies to society, although it is neither reasonable nor possible ta@iail risk
(Rhoads, 1998). Evaluating community risk through probability assessments provides a
valuable tool to better maximize the deployment of available resourceslyCiea
potential benefit of allocating emergency resources based on probabgisgments has
not been realized. However, decision-makers committed to public safehawalto
find alternative methods to allocate emergency resources becausgeatlstation
models are too resource intensive. A deployment model based on probability is subject
to error, but it is likely that this error is less than that experienced wittntwallocation
models.
4.4 Research Objectives
Many research questions must be posed to begin the analysis. This multi part

exercise will evaluate demographic characteristics associatedhigiter or lower
probability for emergency service responses into neighborhood jurisdictions. This
exercise will also evaluate characteristics associated with thebydiybidat emergency
resources are available to respond and the likelihood of calls for serviceitreng t
sensitive emergency events. A non time-sensitive event can be defined asoa $itat
results in no action by the fire service to mitigate the incident. A timstsen
emergency event is one that requires action by the fire service to résobituation.
Many public sector leaders contend that it is not possible to determine the safvanity

emergency until trained personnel arrive on scene, at which time it is too #tertthe
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response (Blackstone et al., 2005). This may or may not be true, but many high-
performance emergency medical systems utilize fluid deploymetegitra to locate
ambulances in geographical areas based on the likelihood of an emergency event
occurring. These systems rely on historical response and incident data ¢o theedi
location of future calls. This is more complicated for fire departmentaulse the
service delivery platform is so broad. Unlike EMS agencies, fire departmests
predict fire, hazardous material, rescue, and medical events. Rather thating edk
at the individual level, this evaluation will focus at the neighborhood level.
Neighborhoods tend to be homogenous (Ostrom, 2000). Therefore, associating
neighborhood risk characteristics with resource availability may providiesinadive
measure to guide allocation decisions.

Research to evaluate government performance and public administration
processes to measure service inputs and outcomes are numerous (Donahue, 2004a).
Government leaders have utilized performance measures for manyoyears the
public trust and to provide more efficient services. Although measures oéedfycior
some public services provide valuable information, most performance measures used to
evaluate fire, rescue, and emergency medical services are not sutbaietermine
effectiveness. These performance measures are what Swiss and(30@bsiabel
process measures and are not true outcome measures. Process measures provide
information about how hard an organization is working, such as the average number of
incidents a fire department responds to or average response times. Prasegesne
provide valuable information but do not indicate much about the organizational outputs

or outcomes that are synonymous with assessing efficiency or effexss/e
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Response time is a measure of “process.” NFPA 1710 sets the standard for paid
fire departments to arrive at fire and other emergency events at 4 nonlgss to 90%
of calls. The four minute benchmark for fire incidents is based on average time to
flashover. Humans, whether firefighters or civilians, cannot survive a flashegause
temperatures often exceed 1000 degrees farenheight. Few if any fire dafmahave
the resources to consistently meet this response time benchmark. Many faaiocs be
the fire service’s control affect the time from fire ignition to arreémergency
personnel and should be included in any deployment strategy. For example, higher
income residents usually invest in monitored fire protection systems tkat fliets soon
after ignition and notify the fire department to respond. Investment in private fir
protection, such as smoke detectors and sprinkler systems, is not common in lower
socioeconomic communities. Those unable to afford private fire protection syséems ar
at greater risk, because notification of a fire event is dependent on a humass witne
(Donahue, 2004b, Pratt & Zeckhauser, 1996).
In a world with unlimited resources, the response time benchmarks outlined in

NFPA 1710 are ideal. A department meeting such criterion would essentiallgigrovi
citizens within a community a 90% chance of receiving assistance within foutesi
every time they called 911. However, this scenario is not practical for tloeityhaf
communities providing emergency services because the inordinate number ofegsourc
required to meet this standard are simply not available. In addition, this benchnsark doe
not address the issue of emergency requests that are not time-sensitive amegiaineot
a rapid response, but still tie up valuable resources (Blackstone et al., 2005). A more

meaningful evaluation of fire service performance is how often resources arriie on a



105
emergency incident in time to prevent loss of life and property. This measufeidtdi
to assess, but gets to the matter of efficiency. It is not efficientréoapparatus to arrive
on the scene of a false alarm or minor medical situation within three minutes whil
having a seven minute response time to a house fire. An efficient emergencgsservi
department gets resources to time-sensitive emergency events with umgemayloss
of life and property, while handling less urgent requests in a manner that maintains
maximum resource capacity for more critical incidents. Evaluating thetyesean
incident prior to an emergency resource arriving on the scene is claieingt clear
indicators of severity are often present to help triage responses.

The goal of this research is to provide a model for improving fire service
performance that is result oriented, not process oriented. Responding to non-emergency
events in record time places more persons at risk than it benefits, wastddesal
resources, and has huge opportunity costs. Improving service delivery effiarehcy a
effectiveness depends on separating emergency events, where respermgeltresource
management are critical to preventing the loss of life or property from nergency
events (Perrin, 1998). In addition, emergency service demand should influence where
resources are located within a community. Response time is an importantdactor
consider, but should not be the dominant factor when locating resources. A more
effective and efficient deployment strategy locates resourcesas af a community
where demand and the likelihood of time-sensitive emergency events are tist. highe
This research focuses on neighborhood and emergency response variables in conjunction
with probability analysis to construct an alternative model for emergesowyice

allocation.
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4.5 Factors Influencing Fire Service Resource Deployment

Pre-hospital emergency medical service organizations are far aheadid the
service in developing resource deployment strategies. Much of this is out oftyecess
because insurance guidelines and other industry standards do not mandate a minimum
number of emergency medical resources to lower insurance rates. Tdarndfan
emergency medical agencies have had to find more efficient methods &deafioarce
resources that can effectively meet their stated mission. The singtedbthese
agencies provides the opportunity to utilize response information to evaluate future
demand (Peters & Hall, 1999). Not only do many of these high performance agencies
use response data to predict demand, but they also use key indicators to evaluate the
seriousness of each call for service. Under this deployment model, a medicdhatent
is rated a low priority will trigger a non-emergency dispatch for tepaeding
ambulance. If a higher priority medical incident is received while a upionets to a
non-emergency event the unit can be diverted to the more serious call. Again, e sing|
focus on medical emergencies makes it easier for these agencies tbgmedghigoritize
responses.

The fire service as an organization is very different from a single focus
emergency medical services agency. Pre-hospital emergerag earelatively new
service. It was only three or four decades ago that funeral home servicesgrovide
antiquated pre-hospital emergency care. These services would respond and glaise pati
in the unit and, depending on the injuries, either take the individual to the funeral home or
to the hospital. Clearly, this was a conflict of interest, since the funeralesemade

more money if the patient went to the funeral home. In the past few decades, pré-hospita



107
care has become highly developed. Emergency medical systems throughout ttye count
provide advanced medical care on emergency scenes and also transport injurgd and si
patients (Bledsoe, Porter, & Shade, 1997). Many high performance systeoyseitadt
in the urban environment are labeled as third service systems. These systedes pr
response and transport services, but are usually assisted by the local fireel@paro
save money, most of these agencies work out of a central facility and defilalaace
units throughout the response area based on the potential for a medical emergency. F
example, ambulances are assigned to street corners in areas likely teneepan
emergency medical incident, rather than being assigned to a permatientfatility.

Fluid deployment strategies save on facility costs and permit the movemienitexd |
emergency resources to meet changing demand.

This is not the case with the fire service, which has been in existence in one form
or another since the colonial period. Fire stations in most cities have been imoperati
for decades and will not be moved no matter the service demands. Not only are there
historical constraints, but it is costly to build and/or relocate fire stationsiever, the
emergency resources housed in these stations are subject to relocationogEneex
influences on the fire service place significant constraints on how resowrdesaied
throughout a community, which makes it difficult to simply relocate assetsexample,
the Insurance Services Organization (ISO) evaluates communitiesnsig@ince rates
based on local fire protection capabilities. These factors encourage potitical a
bureaucratic decision-makers to locate emergency resources ithaaysay not be the

most effective or efficient but will meet ISO criteria to lowenirace rates (Coe, 1983).
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The modern urban fire service provides a dynamic service delivery platform.
These agencies respond to fire, rescue, emergency medical, hazardoussiraatdria
other emergency incidents, which places a premium on allocation decisions hazeaxi
resource capabilities. The dynamic service platform provided by mosgefia@atments
challenges the efficacy and practicality of the existing emergeéegypyment model,
which ignores the expanded mission of the fire service. Emergency resoeroes ar
allocated based on any scientifically driven methodology, which generatisra type
situation for consumers. Essentially, as more citizens call 911 for servichathees of
the next request receiving a timely response diminish because there areetmweres
available. This situation is exacerbated by the allocation strategydy the fire
service industry, which ignores the reality of limited resources and demaitsldesets.

Current allocation strategies attempt to distribute emergency units sgpaveoy
a community can be reached by an emergency resource within a defined period of time
For example, decision-makers may draw concentric circles around eagh ktedition
on a map to show the land area an emergency resource from its stationsitantheac
six minutes. As a community grows, infrastructure is added, traffic coogé@screases,
and land area is annexed, gaps develop between the concentric response éisne circl
which indicates apparatus under the best circumstances cannot meet the €x minut
benchmark. This strategy leads to wide variance in workload for apparatus and personnel
because demand is not spread equally throughout a jurisdiction. Emergeneyuspipar
high demand areas may respond to six or seven times more incidents than unitsdocated i

low demand areas. This deployment strategy also places more value cstieadtisie
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in those areas with lower population density, since there are more emergenoges
per person (Felder & Brinkmann, 2002).

Distributing resources equally is politically appealing, but when multiple
emergency incidents occur simultaneously in an area coverage gaps leaddedd
response times. Many of these potential incidents will not require a timéwsensi
response, but most departments fail to triage incidents based on severity. Instead,
departments respond with the same resource complement and urgency to dB feques
assistance. Responding to all incidents in the same way, without defer¢ineaature
of the event, ties up valuable resources that might be needed to mitigate noale crit
situations. Community, socioeconomic and structural characteristicsaaisdogith
emergency services demand vary not only between communities but within communities
challenging the true efficacy of a static emergency services depihi\gtrategy.
4.6 Hypotheses for Emergency Service Demand

Emergency service demand is a product of structural and social chariasterist
found across communities, which makes it difficult to predict with a high level of
certainty. The characteristics that raise or lower one’s risk foriexgeng a fire or other
type of emergency are not necessarily the same as those assoclatatesilikelihood
of calling for assistance from the emergency services. Risk for firesvarross
neighborhoods in most communities. Neighborhood jurisdictions are populated by
people with similar demographic characteristics and risk factors. BorpEe,
neighborhoods where much of the population is lower income likely cannot afford private
fire protection equipment, such as smoke detectors or sprinkler systems or simply do not

have the resources to perform routine maintenance on their places of residenese In th
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situations, more dilapidated residential structures are at gre&téorrfge than
neighborhoods with newer residential structures that have monitored fire motecti
systems. Therefore, it is assumed demand will be higher in neighborhoods veith low
median household income, because factors likely to contribute to the ignition ofra fire a
more prevalent (Walsh, 1998).

Other neighborhood characteristics are also likely associated with deonand f
emergency services but may not be considered risks for emergency evgots. hibuse
catches on fire your education or income level do not matter; you will reagsastance
from the local emergency services. However, what if you break youdasmalop a
headache or flu like symptoms, find water in your basement following a rain, $taven
a smoke detector with a dead battery, or lock keys in your car? Will yohe&tidal
emergency services for assistance? Education and income levels, d@loathen
factors are likely associated with neighborhood demand for emergency serivise
certainly true that lower income and less educated populations are at ge&dia fire
and other types of emergencies, but these groups are also more likely to request
assistance from local emergency service agencies for problems thatestiegraphic
groups would manage differently. In many ways, risk characteriseag@ted to
causation of emergency events, while other factors are simply correlgttezhvergency
events. Regardless, neighborhood characteristics associated with indsdaked r
emergency events or with increased likelihood of requesting assistancthé
emergency services contribute to overall demand (Boyle & Jacobs, 1982).

Structural variables, such as building age and appearance, are likely to be

associated with an increased or decreased risk of fire. Older structurbssmddt
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maintained are at increased risk for fire because wiring is often aefasid private fire
protection systems are either not present or in disrepair. Building cdimstriechniques
also contribute to fire risk, because certain construction methods are more cotalucive
fire spread while others are better at compartmentalizing fire (Ryami& Corbett,

2008). The renter versus homeowner variable is associated with property maintenance
Rental properties are more likely neglected placing them at increakddirrfire.

Economic risk variables are neighborhood per capita household income and
percent of persons receiving food stamps. These factors are associated\iothatls
emergency events. Lower income neighborhoods are at greater risk fodfimeedical
emergencies because most structures have inadequate private feegmretiestems and
residents often do not have healthcare options. Finally, social risk variables include
neighborhood population, education levels, and percent elderly/youth. Populations that
are less educated tend to be associated with higher demand on local emergeresy ser
than other socioeconomic groups. In addition, the young and old are more prone to
medical emergencies and careless acts that increase the chareeddrits. Much
variability in emergency service demand exists across the typical @mvaonnment.

The opportunity to explore relationships between demand and neighborhood
characteristics has not been considered as a guide for emergency refmatera

decisions. The number of persons in an area certainly is associated with demand to some
extent, but it is likely that stronger correlations to demand exist based on ¢l spe
characteristics found within a population.

Assuming that demand for emergency services is not completely random, it is

logical that characteristics found within individual homogenous neighborhood areas
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within every community are associated with call volume variability. Hstabf an
association between call volume (DEMAND) and the community risk varialdesified
guides the first research question and subsequent hypotheses. |Is ensrgacey
demand (call volume) at the neighborhood level related to the structural, economic, and
social characteristics?

Community Risk Hypotheses

Hia (Structural Environment): The more dilapidated buildings become as they age
or are neglected within a block group jurisdiction, the more demand emergenceservi
will experience. There are a myriad of reasons that unmaintained structdir@ses that
have aged are at greater risk for fire, and may also serve as an indicatedicting
demand for other types of emergency services. Building codes and construction are ke
factors to the prevention and/or containment of fire. Over the past few decades, building
codes directed at limiting fire risk have become a focus. These codes inclcide stri
requirements for electrical wiring, fire stops, and alarm systemsef@rconstruction;
however, few if any codes are retroactive to buildings constructed prior todbéeing
implemented. This means older structures are more susceptible to firecasprdimd.
For example, balloon frame construction was the technigue used almost exclusively to
construct wood buildings over two stories until the mid-1900s. This type of construction
does not have fire stops between floors and permits fire to travel freely hetate
studs from the basement to the attic, which poses a significant challenge to fir
containment (Brannigan & Corbett, 2008). Fire stops and other construction methods are

now required to help contain the spread of fire, but older neighborhoods within a
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community are more likely to have buildings that are more susceptible to fireeand f
spread.

In addition to building construction techniques and codes, structures that are not
maintained tend to be at greater risk for fire. This includes not performingeouti
maintenance, such as allowing grass or bushes to grow up on the side of a building. It
also includes having clutter that may impede movement in and around a structure. Again,
appearance or code violations may be systemic of economic limitations, bugaris c
that unmaintained structures are at greater risk for fire. Thereforajcuie expect
areas within a community that are not well maintained and have more dilapidated
buildings to place more demand on emergency resources allocated to thase areas

H.a (Economic Environment): Block group jurisdictions within a community that
are economically depressed will place more demand on local emergency resources
Economic conditions for each block group are measured using average household
income, percentage of homeowners, and percentage of persons eligible for fqusd stam
Persons with fewer economic resources are more likely to rely on goverrengces, in
particular the emergency services, than persons with more resources and options
Economic condition is likely to contribute to risk for fire and medical emergsndtor
example, those with more wealth will likely invest in private fire protectichesys.

This may include smoke detectors, fire extinguishers, or even a sprinklen syRégsons
with more wealth are also likely to have more health care options, making them less
likely to utilize the emergency services for routine medical situationk,asia headache
or the flu. Again, as income decreases individuals have fewer options for obtaining

health care or other services, making them more reliant on publicly provided service
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Hsa (Age Environment): The age of persons residing within a block group
jurisdiction is associated with emergency service demand. Specifaadhs dominated
by the old (over 65) and the young (under 18) are more likely to utilize the eragrge
services. The aged are at greater risk for fire and medical emegjashealth and
carelessness become contributing factors to risk for medical and fives evidhe young
tend to be more careless and take more risks that make them susceptible abanddic
fire events, as well. Therefore, jurisdictions with higher percentages oldloe young
are likely associated with more demand on emergency services than arezesteldivy
more middle aged persons.

Hsa (Educational Environment): The level of education of the persons residing
within a block group is inversely associated with demand on emergency services Risk i
an individually based characteristic, as personal habits and actions aredi@ipant
factors that raise or lower a person’s likelihood of experiencing a fire ocatedient
(Walsh, 1998). As education levels within a community increase the demand on
emergency services should decline, because persons are likely more dnétaone fire
safety and health issues, avoiding the need to utilize emergency servisessdtlikely
that education is correlated with economic condition; however, the measure for@ducati
utilized is the percent of persons 25 years and older, who have graduated from high
school or earned a graduate equivalent degree.

Predicting emergency service demand based on neighborhood risk factors
provides the foundation for developing an alternative allocation model. The second
phase is to find relationships between the neighborhood characteristics arietlitheol

of a time-sensitive emergency event. Again, a time-sensitive emergesitlyis defined
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as an incident requiring a rapid response by emergency service resounmgshionian
injury, loss of life, or property damage. The outcome of most emergencgeservi
responses will not be altered by arriving a few minutes sooner; however, atlelay
seconds can negatively affect the outcome of some incidents (Lerner, Maisp&Gar
Spaite, & Nichol, 2006). Maximizing efficiency and effectiveness requires
differentiating between time-sensitive emergency events and non timgveesgents.
Non time-sensitive events are those where the outcome will not change wtt a ra
response.

Emergency incidents often fit into four broad categories: fire, rescuegenugr
medical and hazardous materials. For the most part, any incident involving unedntroll
fire or hazardous materials is a time-sensitive emergency evententg@quiring
special rescue operations, such as vehicle extrication, to free trapped aretitimse-
sensitive emergency events because most victims have suffered traumanalldgp@tip
of incidents falls into the emergency medical category. Time-sengitigegency
medical events include cardiac arrests, myocardial infarctions, chokimaglyrgemic
attacks, anaphylaxis, and significant traumatic injuries. The list is lahgiration
dependent, making these events difficult to accurately delineate without indiedela
data.

It would be optimal to evaluate individual level data for each incident to
determine the severity and its relationship to neighborhood charactehstigsyer, the
available data does not contain the information necessary to perform such ars analysi
with a high level of confidence. An alternative to predicting incident sevsritging

incident data to evaluate on scene time as it compares to neighborhood chicacteris
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On scene time is defined as the total time from when a unit arrives at@deninic when
the unit departs that incident. In general, more severe incidents require longem®n sc
times because these incidents take longer to mitigate. The longer units apedred
incidents the more opportunity for additional incidents to occur simultaneously, which
requires units from outside of the area to respond. The number of hours per day the
unit(s) assigned to a neighborhood are not available is associated with risk.
Neighborhoods deemed more at risk based on demographic characteristicgeaienc
demand on emergency resources, therefore reducing availability. Predicsogne
time based on neighborhood characteristics is the basis for the second reseéiarh ques
and hypotheses. Is on scene time associated with neighborhood structural, economic,
and/or social characteristics?
4.7 Hypotheses for On Scene Time
On Scene Hypotheses

Hig (Structural Environment): Emergency resources will spend more time on
scene in block group jurisdictions with more dilapidated and older structures. The time
emergency resources and personnel remain working at an incident istagsetlathe
severity of the situation. Regardless of the situation found when responderstagive,
severity that determines the time required to successfully mitigateidemt. Therefore,
areas with characteristics associated with increased fire riskegylire longer on scene
times than other areas. Clearly, fire events are the most time consooid®&mnt type, so
one would expect resources assigned to these areas will spend more time on sogne duri

ayear.
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H.gs (Economic Environment): The economic circumstances found within each
block group area are associated with the time emergency resources gpgatthg
incidents. Lower income populations are more likely to utilize the emergengges,
but one would also expect these populations to experience more severe emergency
events. For example, the inability to purchase smoke alarms or monitoredrfire ala
systems means fires will burn longer before emergency resources anersedto the
event, making it more difficult to contain these incidents. Health care is amshern
areas with fewer economic resources, because much of the population will lack
preventative medical care. This means medical situations are likely to lbe s®re
often in these areas, requiring more time to resolve by emergency personnel.

Hsg (Aged Environment): Older and younger populations will be associated with
more severe emergency events, which means emergency personnel will spetichenor
on scene in these areas mitigating situations. These age groupsraateatrigk for
being involved with a fire event, which is arguably the most time-sensitiveraad ti
consuming type of event for emergency personnel to manage. In addition, these age
groups are also associated with more severe medical emergencies, atidygaire
longer on scene times. Therefore, it is expected that these groups aafidmeated with
emergency service on scene time.

H,s (Educational Environment): Educational levels across block groups are
inversely associated with on scene time of emergency responders. ltatedxpat
areas with persons of less education will experience more severe ergergems than

areas populated by more educated persons. Therefore, emergency persospehdiill
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more time on scene throughout a year managing incidents in areas whermeds calt
as prevalent.

The goal of any emergency service resource allocation model is to lodate uni
throughout a jurisdiction to maximize availability. Availability of the unigssigned to
a neighborhood is an important measure because this determines the likelihood a
department can respond in a rapid fashion to a time-sensitive emergency event if
necessary. In many ways, this concept of availability can be associtiquaying the
lottery. As more demand is placed on emergency resources or these reseurces a
occupied more often, the probability of a resource being available whepea cigeds
assistance decreases. Similarly, one’s probability of winning the lotteryades with
more players which creates less incentive to participate. Most urban conesidoitot
have the tax base or will to shift revenue from other services to add emergenoygee
capacity that is sufficient to manage changing demand. The only solution wscetall
existing resources more effectively and efficiently.

To this point, the research questions and testable hypotheses were formulated to
build an alternative emergency resource deployment model. A new model to deploy
scarce emergency assets is based on neighborhood characteristiesegisaat
emergency service demand and risk assessments. The problem public dedision-ma
continue to grapple with on a regular basis is how to allocate these resawaceamnner
that minimizes community risk. Exploring characteristics associatéedive probability
of one neighborhood experiencing an increased or decreased chance of emergdscy e
over another begins to lay a foundation for developing a new model to guide more

effective and efficient deployment of these finite resources.
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The risk assessment for each block group in the city of Charlotte details the
relationship between emergency assets and demand for those assets ® mitigat
emergency events. The research maps out this relationship created hgtithg ex
deployment strategy, which attempts to evenly distribute resources throughout a
community with the primary goal to meet response time benchmarks. Becausel dema
is not also evenly distributed throughout communities, such a strategy can lead to
coverage gaps in service that have the potential to detract from serwesydeli
Recognizing that fire stations are not easily moved, the research focukesptacement
of emergency apparatus. It is reasonable that apparatus and personnel can, in most
circumstances, move to address changing demand and risk charactegsticates with
emergency incidents. Therefore, modeling the characteristicsassowith demand for
emergency services and the time limited resources are unavailable prave
guidance for more effectively locating emergency resources throughootraumnity to
improve service delivery.

One can assume that block group areas with characteristics associated wit
demand and longer on scene times may require additional emergency assetsasver ar
with less demand and shorter average on scene times. It is also possibles¢haidhe
calculations could be paradoxical in some block groups, where overall demand may be
high but the number of time-sensitive incidents is low. How such information is
evaluated is really a value judgment, which is a reason each community provides a
different level of emergency services. What this research adds to the figflokmation
that could better inform decision-makers about how to locate scarce emeagsets

under conditions of uncertainty.
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A new fire service deployment model could have a significant impact on local,
state, and federal public policy decisions. The ability to predict with a highdevel
confidence future emergency service demand, incident locations, and threatrid life a
property of emergency events will significantly impact issues relatpdlilic finance
and emergency service outcomes. This is accomplished by allocating limeegleacy
resources to their highest net present value based on community risk clsdiesteri
associated with emergency service demand across block group areas.
4.8 Summary

The demographic and structural characteristics found in local commungties ar
constantly changing, which poses many challenges for emergency skEwigien
makers. The popular model used to guide locational decisions for allocating scarce
emergency resources in most jurisdictions is not adaptable to a dygranmieznment,
because it is based on response time benchmarks and not service demand. This leads to
fire stations being evenly dispersed geographically throughout each juoisdst that
under ideal conditions each citizen can be reached by a resource within a defined
maximum response time. While resources are distributed evenly using this model
demand for these services is not. The goal of this research is to develop a s&iaf cri
to guide the development of an alternative model based on demand for local emergency
services at the neighborhood level.

To perform this analysis, emergency response data collected by thettettarke
Department and block group demographic information will be compared to test tde state
hypotheses. The block groups, which closely reflect the local neighborhood divisions,

provide a relatively homogenous demographic resident profile and clearlyddefine
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geographic boundaries for the study. It is theorized that variance in stractdra
demographic variables common to all neighborhoods will be associated with increased o
decreased demand for emergency services. Identifying these relgsowghprovide
the foundation for this research effort to develop an alternative model for ml¢pcat
scarce emergency resources based on the premise that neighborhoods €locanigéen |
characteristics found in these neighborhoods are associated with emergeicey se
demand, decision-makers can be more proactive in locating criticalcesonithe
future. Therefore, as communities evolve, local emergency resourcbs t@cated in
areas with characteristics consistent with increased demand to miniskize

Identifying variables associated with emergency service demand andnen sc
time provide an opportunity to infer the likelihood that emergency resourcsi@)ed to
each neighborhood will be available when requested. To date, these scarce resources
respond on a first-come-first-serve basis without regard for the seveatyintident.

This leads to inefficiency because resources are not used to their highmsseat

value. Based on this system, residents in neighborhoods with a low probability that an
emergency resource will be available when requested are at giggtespecially when

the situation is time-sensitive. Residents in neighborhoods with higher probability
measures are at lower risk. Therefore, performing probability asdbysiesource
availability could provide information to shift resources in an effort to more evenly
disperse risk across a community. Keeping up with changing demand through such a
model would permit proactive decision-making for locating resources, which could

improve the efficiency and effectiveness of service delivery.



CHAPTER 5: EMPIRICAL FINDINGS FOR DEMAND

5.1 Introduction

The empirical findings derived from bivariate correlation and multivalestst
squares analysis used to predict emergency service demand aresgrastns chapter.
It is expected that the information gained from this analysis will contrtbutee overall
goal of developing a valid model for allocating limited emergency sereisources to
maximize service delivery within local communities. The first part ofefigt requires
modeling demand for emergency service resources at the Census block group level
Again, block groups were chosen as the level of measurement because theidiee ser
allocates emergency resources to defined geographical areasasiinmunities. Block
group divisions are characterized as being relatively homogenous based on the
characteristics of those residing in these areas, which is optimal fortevalua
relationships between demographic measures and emergency service demabidckThe
group areas also tend to parallel naturally forming neighborhood boundaries jshieh
situation in Charlotte. For this analysis, block groups serve as proxies for neighborhood
divisions. Empirical findings are derived from regression models that include
explanatory demographic measures theorized to drive emergency sienviaed. The
information gained through this analysis challenges the efficacy of thexcaroglel to

allocate emergency resources, which is guided by response time berehmark
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The dominant factor influencing how emergency resource allocation de@sens
made in the city of Charlotte, as in the majority of communities across the gasintry
response time. Local public sector decision-makers often blindly allocate scar
resources in an effort to lower response times to the community as a whole. However
demand for these resources is not equally distributed, which raises questions about the
overall efficacy of basing allocation decisions on response times. As with ad publ
sector decisions, more equitable distribution of goods and services often cohnges at t
expense of efficiency (Felder & Brinkmann, 2002). Identifying incidentseasawithin
a community that are more likely to require a rapid response to limit the |bfesanfd
property is challenging, because, in general, emergency service syseatsléy fire
departments, are experiencing increased demand for service. Increassddsamand is
rarely accompanied by additional resources, so finding methods to allocétel limi
resources more effectively is important to avoid service delivery problems.

This research focuses on allocating resources based on a more utilitarian
methodology, which is to distribute resources to provide the greatest good for thstgreate
number of citizens in a local area. This requires making hard decisions thatgmag re
leaving some parts of a community more exposed, as resources are movea@ tigker t
demand areas to reduce overall risk. To date, locational decisions for ergergenc
resources are not based on scientifically driven analysis. Many of thegositcomes
of this system occur by chance, rather than by informed decision-makiragt,In f
Koehler & Wrightson (1987) argue that public services associated with propert
conservation are located in greater quantities in areas that produce thexmo&tnaes.

This raises the question of whether public resources should be allocated based on need or
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ability-to-pay. In most communities, this paradox produces much of the politicaédeba
about resource allocation regardless of the service, as politicians atieappetse those
who pay the majority of the taxes while also delivering services to thosemresd.
Inevitably, persons with fewer resources or who lack the ability to purcksserces are
more likely to need the goods and services provided by the public sector (Boyle &
Jacobs, 1982). Unlike other public sector services, the distribution of emergencyg servi
resources can make the difference between life and death, which often tnmethnag
to do with socioeconomic status. The findings from this research provide somewvaefini
relationships between demographic characteristics and demand for emeegencges,
while also demonstrating the dynamic nature of the emergency environmenakiest m
prediction fraught with pitfalls.

5.2 Descriptive Information and Data

Many of the pitfalls associated with predicting demand in the emergency
environment stem from variability across block group jurisdictions. In pantj¢cbhka
presence of outliers is a constant challenge to accurately modelieginignment.
Every community, no matter its size, will have isolated pockets of high demand for
emergency services. These high demand areas skew the data, and musiih deal
perform meaningful analysis. Simply eliminating outliers, which is suggesteshin,
is not an option in this situation because the outlier measures are not only valid but
common to all local communities. This makes it necessary to include thesoutlibe
analysis. A brief evaluation of the univariate statistics for the explignand dependent
variables across block groups demonstrates the dynamic and varied environment that

emergency service organizations must consider when allocating resources
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Although the variation is large among the explanatory variables across block
groups, the distribution for each of the measures proved to be normal. The variation is a
positive for evaluating meaningful linear relationships between the depedent
independent variables. The population measures were used to norm the dependent
variables across block groups to make the information more comparable acrossythe stud
area, since the variation in population was large. However, the remainingarpja
variable measures were included in the regression models as presented in Talele 3. T
main data issues related to skew and outliers were found with the dependent variables
used to measure emergency service demand. The raw measurements ddtlezse

variables are also presented in Table 3.

Table 3: Summary Statistics
Sample Block Group Data

FY2006 Mean Std Dev Min M ax
N=118 Charlotte, N.C.

Explanatory Variables

Population 2,506.95 2,261.97 271 14,386
Residential Units 1,073.09 909.15 156 5,371
% persons >65 years old 0.0963 0.0509 0.0190 0.2347
% persons <18 years old 0.2478 0.0704 0.0224 0.4354
% Appearance Violations 0.1999 0.1972 0.0000 1.0320
% Code Violations 0.0096 0.0199 0.0000 0.1806
Average Building Age 34.39 15.74 6.00 63.00
% eligible for Food Stamps 0.1099 0.1111 0.0000 0.6635
% Owners 0.5270 0.2492 0.0000 0.9581
Household Income 52,877.47 27,500.58 9,999 176,852
% High School Graduates 0.8188 0.1495 0.3784 1.0000
Dependent Variables

Incidents per block group 282.16 331.47 7 2,819
Fire incidents 14.90 12.79 0 77
Structure Fires 7.63 6.71 0 42
Other Type Fires 7.26 6.86 0 35

EMS incidents 174.83 206.54 2 1,690
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Table 3: Continued
Sample Block Group Data

FY2006 Mean Std Dev Min Max
N=118 Charlotte, N.C.

EMS w/o motor vehicle 157.42 185.81 2 1,511
EMS w/ motor vehicle 16.79 25.25 0 168
Rescue incidents 1.14 6.32 0 68
Haz-Mat incidents 6.36 14.07 0 146
Alarm incidents 31.77 50.74 0 424
Incident Cancelations 25.89 36.84 0 305
Miscellaneous incidents 27.26 27.00 0 230
Alarm incidents 31.77 50.74 0 424
Incident Cancelations 25.89 36.84 0 305
Miscellaneous incidents 27.26 27.00 0 230

The skewed data measurements for the dependent variables were expedted Hase
nature of the emergency service environment and the fact that a block groupheasmnot
fewer than zero emergency incidents. A positive skew is common when théfleds’a
effect with data, which is the case when measuring emergency sgewieand. The
frequency statistics for each demand variable and histograms reveat dloor” effect
for these measures. This is also easy to see when reviewing the sunatstrgssin
Table 1. A disproportionate number of the measures across block groups are bunched up
at the “floor.” Rather than the data being evenly distributed across the range of
measures for each block group, a majority of the block groups experience low demand
for each of the incident situations.

A second issue that further skews the data is outlier values, which are poesent f
each of the demand variables, making the skew problematic for conducting linear

regression analysis. For example, four of the block groups experienced more than 100

2“Floor” is the lowest possible measurement vahreafvariable. In the case of demand, the lowest
value is 0.
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incidents per 100 persons (DEMAND), while the other 114 block groups sampled
experienced fewer than 40 incidents per 100 persons. This issue is not isolated to overall
demand. Itis also a concern with the demand measures for FIRE, STRUCTURE,
OTHER, EMS, EMSNMV, EMSMV, RESCUE, HAZMAT, ALARMS, CANCEL, and
MISC. To perform multivariate regression and analyze bivariate cooredathese
variables were transformed to normalize the data. This action limits shiev@skew to
avoid biasing the estimators, which can increase the chance of commftipg &or I
error.”

The natural logarithm, rather than a higher power logarithm, was selected t
transform the data. This normalized the data while also maintaining the intéghty
sample. Again, the outlier measures for demand are legitimate, so ayghessing
their effect on the analysis could also lead to inaccurate findings. Prioctdatialg the
natural log for the demand variables, a constant was added to the data to cgnvert an
measures less than 1, because a log cannot be calculated for such low values.
Specifically, 1 was added to each data point in the sample, allowing all netsbee
transformed using the natural log. The transformation reduced the skew in daeh of
demand variables to an acceptable level. In addition, this improved the linearity found
between the dependent and independent variables, which was evaluated using scatter
plots. After correcting the skew, bivariate correlations were calcuibs®veen each of
the dependent and independent variables. These findings are displayed in Table 4.

The above bivariate correlations reveal some interesting and unexpected
relationships. Based on the hypotheses, the most unexpected findings involve the lack of

correlation between demand and persons over 65 years of age. This group is often found
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to be at higher risk for fire events than other age groups, not including those under the
age of 5 (Gamache, 2003). It is likely that measurement problems contributed to this
issue, as it is unclear how or to what extent assisted living facilities, ateqgbrevalent
in the sample community, were included. The data only reveal a lack of variatiss acr
the block groups, which might explain the insignificant findings between the elderly a
demand for emergency services. The findings for the relationships betweeuitige
and demand is also unexpected, because all are neghtiedrypothesized relationships
were positive, as the young are often more prone to medical and fire relatee ecres.
Although the correlations are relatively weak between the young and demaimdetise

relationship is curious. This unexpected finding may have resulted because stheemea

is too broad, focusing on those under 18 years of age rather than on the very young

(Gamache, 2003).

Table 4: Demand Correlations

Bivariate Correlations

n=118 >65y/0 <18y/o Food Owner Appear Code Build Income Educate
Demand 0.066 -.292° 349 -324 0.114 0.08 .334  -230 -333°
Demand  0.114 -238" 558" -556  .412° 265 574  -498" -547"
Fire 0.103 -0.169 572" -4917 3137 223" 499" -4577 -525°
Structure  0.135 -206 .590° -.465 346 284" 479" -439°  -482"
Other 0.066 -0.155 478" -425" 2000 0.084 424" -374° -467°
EMS 0.092 -216 605 -577 4547 303 597 -530° -590"
EMSNMV 0.094 -213° 618 -561" 459" 3127 600 -528" -593"
EMSMV  0.043 -218 2797 -509 223 0049 .323° -319° -338"
Rescue 0.178 -376" 0.122 -0.173 -0.041 -0.044 0.088 -0.064 -0.091
HazMat  0.014 -188 227 -358° 0.145 0.137 357 -291" -420"
Alarms 0.152 -281" .185 -318° 0.073 -0.011 .232° -0.140 -215
Cancel 0.045 -239" 461" -478" 286  0.140 446 -4527 -462°
Misc 209 -368" 4437 -4147 2327  0.138 464" -368°  -843"

Standard L og

*Significant @ .05 level

**Significant @ .01 level



129

Economic condition measured by the wealth variables is the predominant factor
associated with demand for emergency services based on the bivariateicostelBhis
is expected, as those with less purchasing power tend to rely more heavily on public
services (Lipsky, 1980). Clearly, EDUCATION, INCOME, OWNER, and FCO®
strongly correlated with most of the demand variables. These findings deneastrat
distinct inverse pattern between income and demand. Block groups with a higher
percentage of persons eligible for food stamps are more likely to use trgeaoyer
services. In particular, these groups are highly correlated with emgngenlical
incidents that do not involve a motor vehicle and structure fires. The act of raguesti
assistance for a medical condition does not necessarily indicate the presehwe of
time-sensitive emergency. In fact, block groups with more persons eligitfiood
stamps are also highly correlated with cancellations and falsewhit$h support the
possibility that persons with less wealth have a lower threshold for reggassistance
from emergency services. The high positive correlation with cancellasi@hsol
consistent with the medical emergency response criteria in the city dotiaThe
Charlotte Fire Department responds to medical incidents with the Mecklenb8g EM
Agency (MEDIC). MEDIC dispatchers have the ability to screen calladsistance to
determine severity. When an incident is deemed “non-emergent” or the MEDIC
ambulance arrives on scene first to a “non-emergent” situation, the responding fire
apparatus is cancelled. Therefore, the high correlation to medical eciesggoes not
indicate severity, only demand or lack thereof.

This is not necessarily the case with fire incidents, and more spégi§italkcture

fires. Block groups with increased number of persons eligible for food staeme
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highly correlated to structure fires, which is an important finding. Again, thesteuc
fire variable was calculated for each block group to measure the number didires
involved structures. The potential for death, injury, and property loss increases when a
fire occurs in a structure, making these time sensitive emergency evelfisesAho
matter how small, will grow if left unchecked. Therefore, this positive @irosl is not
only statistically significant but also significant to finding an altemeamethodology to
allocate scarce emergency resources to reduce loss of life and progerse fihdings
are further supported by the inverse relationship found between income and education
and the dependent variables for demand. As income or factors associated With wea
increase, demand for emergency services tends to decline. In particulaweatihy
areas are less likely to have structure fires or request medisahass. There is also an
inverse relationship between cancellations and wealth. This is important, biécause
indicates, to a certain extent, that persons residing in these areas have d&ragheld
for calling 911, meaning they are less likely to call for non-emergemattisins.

The structural characteristics, which include building age, appearancéewis)at
and code violations, correlate in expected ways with the FIRE, STUCTURE, and
OTHER demand variables. In particular, the variables for fire and ovenadirdkare
strongly correlated with building age, appearance violations, and code violatioms@asAs
hypothesized, structures that are not maintained or fall into disrepair a¥esusceptible
to fire events (Duncombe, 1992). In many ways, these correlations also support the
wealth effect, because lower income persons are less likely to haveaheesso
maintain and upgrade their places of residence. In addition, block groups with higher

percentages of renters compared to owners are positively correlatedeteehts. This is
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pertinent because it coincides with the structural characteristics fitdihguildings not
maintained are associated with more fires, which is often the case frpeagerties.
Obviously, it is not just the age or condition of the building, but the people who reside or
work in these structures that increase the risk of fire or other emergesryg ev
(Duncombe, 1992).

Although the bivariate correlations lack controls, the findings do indicate
important patterns between many of the independent and dependent variables. One can
certainly infer from these calculations the importance of wealth and enlugdten
evaluating demand for emergency services. A final correlation to point out is that
between education and miscellaneous incidents. This is relevant becausesttbepict
lower threshold for utilizing the emergency services by those who aredesated. In
general, miscellaneous events are not emergencies. These situations imvoile a
rescues, water problems, replacing batteries in smoke detectorbam cawnoxide
detectors, and other conditions that, more often than not, could be resolved without the
fire department. It is evident that certain demographic characteasti@ssociated with
increased reliance on the emergency services to solve emergent andenganém
situations. Although the demand variables do not indicate severity, one can infer the
relative nature and time-sensitivity based on the different demand models, svhich i
important for organizing an alternate way to allocate emergency seegicarces.

5.3 Multivariate Regression Analysis

A quick look at the correlations between the independent and dependent variables

demonstrates some clear relationships. However, these relationships do nof@ontrol

the other interceding variables. A multivariate regression was perfornesdltate the
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association between each of the dependent demand variables and the explanatory
variables. The scatter plots revealed linear relationships between theegiabever,
multicollinearity proved to be a problem when including all of the independent variables
in the regressions. Tolerance and variance inflation factor (VIF) saomsstently
indicated collinearity problems with the education variable. According teshihd
Shevlin (2001), VIF scores near or above 4 indicate an actionable collinearity problem
This issue was further supported by the bivariate correlations, which indicateda s
relationship between the variables EDUCATION, OWNER, and INCOME. Thabla
for FOOD STAMPS was also strongly correlated to these economic medsuweser,
its relationship is in the opposite direction. When included separately in thesiegres
models the VIF and tolerance scores are raised, but do not meet the cnitbesd
actionable.

To correct this problem, principal components analysis (PCA) was used to
combine the highly correlated variables. A factor score was saved aaldesari
combining EDUCATION, OWNER, and INCOME. The new factor score serves as an
explanatory variable and is labeled WEALTH, which resolved the collingasiye. The
variable for FOOD STAMPS remains in each of the models and was not included in the
factor for WEALTH in order to maintain as much precision in predicting demaisd as
possible. The factor for WEALTH and the FOOD STAMP variable are paraalyxic
associated with the demand variables, which would not be detectable if all fouresariabl

were included in the principal components analysis.
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The standardized regression coefficients (Beta scores) for thestmeltiple
regression models are listed in Table 5. The WEALTH factor is includedinoéazhe
models, replacing the variables OWNER, INCOME, and EDUCATION.

Table 5: Demand Beta Coefficients
Multivariate Regression Beta

Scores

n=118 AdjR?> >65y/0 <18ylo Appear Code Build Food Wealth
Demand 0.528 -0.013 -0.295" 0.036 -0.044 0.248" 0.240° -0.343"
Fire 0.442 0.011 -0205 -0.091 -0.058 0211° 0.364 -0.301"
Structure  0.447 0.029 -0.268" -0.02 0.039 0.128 0431 -0.193
Other 0.347 -0.038 -0.170 -0.17T -0.176° 0254 0.3217 -0.311
EMS 0581 -0.03 -0.293° 0.054 -0.024 0247 0277 -0332"

EMSNMV 0586 -0.033 -0.293° 0.056 -0.012 0.249" 0.308" -0.297"
EMSMV 0.250 -0.021 -0.250° 0.017 -0.167 0.113 -0.027-0.492""

Rescue 0.142 0.019 -0395 -0.105 -0.037 -0.064 0.154 -0.182
HazMat 0.217 -0.116 -0.234" -0.152 -0.02 0255 -0.076 -0.425"
Alarm 0.132 0.044 -0.262° -0.063 -0.124 0.088  0.053 -0.304"
Cancel 0.391 -0.095 -0.313° -0.05 -0.116 0210 0216 -0.369"
Misc 0.410 -0.003 -0.393° -0.058 -0.062 0223 0.313° -0.194

+ Significant @ .10level  * Significant @ .05 level ** Significant @ .01 level

The adjusted R-square values are indicative of the ability to predict demand for
emergency services using demographic explanatory variables dwgsspulation.

These variables, and in particular the economic and structural measurds, @xjoéat

deal of the variance for many of the demand measures. The models that stand out are
overall demand, fire demand, structure fire demand, EMS demand, and EMS demand for
medical situations not related to a motor vehicle. These models have strongldgjuste
squared values, providing substantial information to better inform emergenimeser
locational decisions. In addition, the models for miscellaneous demand and cancelled or

false calls proved relatively strong.
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A quick scan of the regression findings indicates explanatory variables megasuri
economic status are the most important to predicting demand for emergemogsser
The beta coefficients for the models predicting DEMAND, FIRE, EMS, and GANC
are strongest for <18 years old, WEALTH and FOOD. In addition, the beta magnitude
for FOOD is high concerning medical emergencies not involving a motor vehicle,
structure fires, and other types of fires. This indicates that as socioecatatus within
a block group rises, one can expect a decrease in the number of requests dorcassist
from the emergency services. However, a decline in economic status appesaesao ha
stronger positive relationship with demand for these services.

The explanatory variables measuring structural condition, with the excepbt
BUILD AGE, in each block group did not contribute a great deal to the models predicting
demand. BUILD AGE was significant for overall DEMAND, FIRE, and EM&uilding
age was hypothesized to be an important factor for predicting fires, egptmae
occurring in structures; however, the age of buildings proved insignificainé imodel
for structure fires. The findings for BUILD AGE are somewhat canfigc BUILD
AGE was significant for predicting overall fire demand, but not fosfaecurring in
structures. Charlotte is a relatively new city that has experiengeshtideal of
development over the past decade. One would expect older structures to be more
susceptible to fire because of decay and systems that do not meet code (Duncombe,
1992). However, many of the techniques used in construction today are also very
susceptible to fire. The development of lightweight trusses, for example, hag made
more economical to build apartments and other residential structures in ecdlyomica

depressed areas. Lightweight truss construction is vulnerable to remgriead, but it is
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likely the characteristics of the individuals who occupy these stegthat make them
more susceptible to fire (Schaffer, 1988). This is supported by the betaieatsfior
WEALTH and FOOD associated with structure fire incidents, which are mttwential
for assessing risk. Building age and code violations were significant fticfing other
types of fires, which is consistent with the literature.

Based on the findings for age, the hypotheses for these variables and their rela
to demand must be rejected. Surprisingly, no significant relationships were found
between the demand variables and the elderly. The lack of variation across blgak gr
likely contributed to these findings. It is unclear whether the variablesemsethe
actual breakdown of the population, because it is possible that nursing faardiesher
assisted living communities were not counted or are dispersed in areas with a low
percentage of elderly persons. Regardless, one would have expected a kyatistica
significant relationship between demand and the elderly. On the other end of the age
spectrum, the variable for the young proved to be inversely associated with daeh of
demand variables except OTHER. Again, the significant relationships oreeetty
hypothesized, but not the direction of the relationship. One would expect that as the
percentage of young increases within a block demand for the emergencgseamuld
also increase. Much of the literature argues that the very young (agé®stes3 are at
increased risk for medical and fire events over other age groups; however, khe bloc
group data used for this analysis was not detailed enough to isolate this age group
(Gamache, 2003). Regardless, the relationship between percent under 18 and demand

across block groups is inverse, which is opposite of the hypothesized relationship.
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The model for predicting ALARMS was weak with an adjusted R-square value of
.132. WEALTH was inversely associated with demand for alarm incidents and proved
to be the only significant variable of consequence. One can infer that atieasone
wealth are less likely to summon emergency services for alarms thatphioy@on-
events. This is further strengthened by the relationship between WEALTH and
CANCEL, as more affluent areas are associated with fewer cathmedl and false calls.
This is balanced by the positive relationship between FOOD and CANCEL indieatin
greater propensity for false or non-emergent events in areas that arecomoenically
depressed. Finally, FOOD is positively related to demand for miscellaimemdents.
This is expected, as the nature of most incidents coded “miscellaneous” are mgartme
events that often could have been resolved by the complainant. This further supports
Boyle and Jacobs’ (1982) findings that economically depressed areas use puicks se
more frequently.
5.4 Problems with the Dataset: Mapping Residuals
The Census block group demographic data creates some issues when predicting

emergency service demand. An issue that must be considered is that much of the
information is derived from permanent residents. Therefore, during daylight hours muc
locational information changes, as residents travel to work, school or other loc&tions.
addition, there are some areas that have relatively few residential haogsiguch as
the uptown area, airport, and highly commercial areas. To evaluate the impastof the
areas on the findings, residuals for three of the demand models were mapped. Block

groups where the standardized residuals for each model were more than or less than t



137
standard deviations from the mean were highlighted on the maps located in the appendix
to visually depict these phenomena.

Insignificant regression findings for the >65 year old variable in eacleof th
demand models was a catalyst for mapping the residuals. This population group was
clearly identified in the fire service literature as being at muchtgreisk of injury and
death from fire and other emergency situations. Therefore, residuals foultiheariate
model for overall DEMAND, a bivariate model with the >65 year old variable and
FIREDEMAND, and a bivariate model with the >65 year old variable and overall
DEMAND were mapped. For each of the three models, DEMAND was under pdedicte
based on the independent variables for block groups in the uptown and airport areas.
This was expected because neither area has a high level of residentiates; which
reduces the amount of valid demographic data for the analysis. However, theaaicport
uptown areas generate a large number of emergency incidents that fitendapa
personnel respond to. Although these areas include few residents, each areacgeri
a large influx in population daily as people flow into these areas for work ot.trave
These non-permanent persons that flow in and out of these areas are captured by the
DEMAND variables, but not by the explanatory demographic variables collectibe by
Census.

There were also areas where overall DEMAND was over predicted badesl on t
explanatory variables. Each of the models to predict overall DEMAND had two block
groups that fell two standard deviations or more below the mean. These areas were

located on the periphery of the city, where population density is low. In fact, the vast

% See Appendix G, H, & | for residual maps of eaemdnd model.
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majority of the identified block group areas lie outside of the city limits. Kewé¢hese
block groups were included in the analysis because part of each block groupndivethi
city limits and at least one emergency incident occurred within that areamBination
of low population density, low call volume, and the likely differences in population
between day and night time hours are likely the reasons DEMAND was over gdedict
for these areas.

The residual maps help to validate the research findings for demand, as only a
very few block groups proved to be outliers. These potential demographic anomalies
were identified in Chapter 3, especially the potential impact of the airport fyreper
uptown areas. However, each area includes some residential units, mdkinguit to
justify not including them in the original population of block groups from which the
sample was drawn. However, it is evident that highly commercialized areas asd other
where residential population is low do not reflect the vast majority of the Gbaalet,
which explains some of the unexpected findings from this analysis.

5.5 Fire Demand Model Discussion

It is evident that economic status is a strong predictor of demand for emergenc
services. More importantly, the characteristics of the population and not jgst ethud
the population should be considered when allocating scarce resources to maximize
service delivery. The above findings are not overwhelming but do provide a plethora of
information to help develop a new methodology to locate emergency resources. The
politically desired method for distributing public sector goods and service®imnstof
maximize equality. This means that in the perfect world everyone rgsidan

community has the same chance that an emergency resource in theitldrea wi
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available when requested. Equal access and service delivery is the foundattoobon
finite emergency resources are allocated in most communities. Thieudistr of these
resources is most often based on an arbitrary response time benchmark. €l istra
effective as long as only one emergency incident occurs at a time witlspcase
jurisdiction. Under such conditions, response time and service delivery aragikedic
However, the emergency environment is dynamic, meaning that system®iclynm
experience high demand periods where many emergency incidents occur simulfaneous
Once units begin to respond, availability and response time to additional incidents
becomes random and unpredictable (Peters & Hall, 1999).

Although emergency resources may be distributed equally throughout a
community, demand for these services is not equal. Therefore, equal distribution wil
inevitably disenfranchise high demand areas within a community. The above findings
demonstrate that not only is demand not equally distributed throughout communities, but
certain demographic characteristics are predictive of demand. Greatén and
education in a particular area within a community correlates to lowendeioa
emergency services. The opposite is also true, as poverty inundates an ackecatasl i
by food stamp eligibility, demand increases, especially for medicalr@nehvents.

Based on this information, one might propose to simply relocate some emergency
resources from economically stable areas to more impoverished areas to pronede
effective service delivery.

Unfortunately, it is not as simple as just shifting resources based on demand
characteristics found across a community. Increased demand does not ngcessaril

indicate increased risk of death or property loss. This was made clear in an@vaiuat
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emergency service responses by Blackstone et al. (2005), which found théyméjori
alarms received by police and fire departments prove to be non-events that waste
valuable resources. The same explanatory variables in this analysiotieat pr
predictive of fire and medical demand were also predictive of cancellatitsescédls,
and miscellaneous incidents. Not only do areas with higher rates of povertythélize
emergency services for more fire and medical situations, theysarenake likely to use
these services for more frivolous reasons, such as replacing a battery in alsteota.
Again, the threshold for calling 911 seems to be very different based on one’s economic
status. The question is how to separate out the likelihood of emergent incidents from
those that are not emergent. Although the data available for this analysisasnmpb¢te
enough to confidently make such assessments, one can infer from the above findings
relevant information on this subject.

Evaluating the demand for fire responses provides an initial assessmentaf risk f
life and property loss based on demographic characteristics. It is hardédfitea
incidents, especially those involving a structure because a fire evenbmiihe to
worsen if not attended to. Itis clear that lower income areas are much kebrédi
have a fire event than higher income areas, but the overall number of fires witbily the
only accounts for roughly 6% of the call volume the fire department respondslko. Sti
fire does pose great risk to property and life. Therefore, it warrants attennopdlicy
makers in the public safety sector. It is also important to balance the etestd for
the poor being more susceptible to fire events. A fire is, for the most part, a low
probability/high consequence event. In many ways, an individual can reduce theschanc

of fire, especially in the home, by purchasing private fire protection goodeeaickes
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(Jones-Lee, 1974). For example, investing in smoke detectors or monitored alarm
systems can substantially reduce the risk of a catastrophic fire event.

Fire protection systems purchased in the private sector are effectimasbdbey
continuously monitor environmental conditions. When a fire does occur, these systems
alert the fire department to a fire condition during the incipient stage or beginmirgf pa
the fire event, which provides an opportunity for rapid extinguishment with minimal
property loss or risk to life. In addition, occupants are alerted to the fire befia®tite
opportunity to spread, providing ample time for self-evacuation. Early reangbitia
fire condition is critical to reducing the risk of death and property loss. Betaese are
low probability events, those with limited resources are not likely to purchase fir
protection goods and services from the private sector in lieu of other necébiotte%
Laury, 2002). Instead, these groups are more likely to rely heavily on the pdibc t®
reduce their risk of property and life loss from fire, which is born out in the wtalist
findings compiled for this research.

Those with more resources and expendable income are more likely to invest in
private fire protection systems. Not only do they have the means to invest in these
products, but in many cases they have more to lose which provides additional incentive.
Although those with more resources must still rely on the fire servicerg ddes occur,
the chances of death or injury are greatly reduced for these groups. Base@ on thes
findings, it is reasonable, if reducing risk to life from fire is the priorgyaltocate
emergency resources in greater numbers to areas that are ecoyafejmassed.

Concentrating emergency resources in areas where people are morendglrenservice
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should reduce losses from fire events, without disproportionately increasingkthe
life in more economically stable areas.
5.6 Medical Demand Model Discussion

In addition to fire emergencies, public safety organizations must algh wei
medical emergency demand when allocating resources. For this analgsisntdels
were derived to evaluate demand for emergency medical services. ifaged using
the explanatory variables to predict overall demand for medical servicesnddon
medical emergencies not involving a motor vehicle, and medical emergencies ineolving
motor vehicle. The model for medical emergencies involving a motor vehicle was weak,
which was expected based on the demographic characteristics. Although grentigis
are more at risk for being involved in a motor vehicle accident, such findings in this
analysis are likely to be more spurious than predictive. The demographinarpja
variables did account for a significant proportion of the variance for overaltatedi
demand and demand for medical assistance not involving a motor vehicle. These
findings must be balanced by the high rate of incidents that prove to be non-emergent
events, which is much more likely for medical situations (Felder & Brinkmann, 2002).
Again, the decision to request assistance from the emergency servicasdividoal
decision. The threshold for when to call and when not to call varies widely across a
population, so sorting emergent and non-emergent medical incidents is challenging

The analysis does support the prevailing belief espoused in the literature that
economically depressed areas are correlated with greater desnameldical services.
More educated and economically stable populations clearly generatieteaad for

these services. The real question, which cannot be confidently answered through this
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research effort, is which demographic variables correlate to mediad¢msithat are
emergent. Time sensitive medical emergencies include heart attatletjasituations,
cardiac arrest, major trauma, and any other situation that poses an imninedatttotan
individual's quality of life. For the most part, the majority of medical ee®cges prove
to be non-events or at least situations where a quick response by emergency iworker
not necessary to prevent harm (Felder & Brinkmann, 2002). Based on the findings that
more wealth and education are inversely correlated with miscellaneoudsanciés,
one can infer that groups with these characteristics are alsdkkdggdi request
assistance for non-emergent medical conditions. The challenge is siftingthinewgata
to determine if this is the case. Clearly, economic condition determines ike&fsobd
for requesting assistance for a medical condition, but this does not indicatervtihethe
conditions are more often true emergencies. It is quite possible that ecdhyostedde
and unstable areas experience the same chance or volume of time-senditaé me
emergencies, it is just in the more economically challenged areas tleaatéenore non-
emergent requests for service. In such a situation, resources must bealiféatently
to maximize patient outcomes.

5.7 Summary

The analysis demonstrates that the economic condition of an area is the
predominant demographic characteristic associated with overall demancdefgeacy
service resources. Such a finding is not unexpected, as much of the literature on public
sector resource allocation indicates that those with fewer res@recesre dependent
on public services (Lipsky, 1980). Although the findings are not particularly earth

shattering, they do contribute to better understanding and substantiating the
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socioeconomic factors that drive demand on local government emergency sesyices.
breaking down the incidents into eleven categories, it was possible to furthées tbel
demographic characteristics associated with different types of emegrgeents. Each of
the demand models was significant; however, only the models for FIRE, STRUCTURE,
EMS, EMSNMV, CANCEL, and MISC proved to have adjusted R-squares at or above
.400. The other demand models were relatively weak, which may be a symptom of
insufficient data for those types of incidents. Regardless, one would expect the mode
for FIRE, EMS, CANCEL, and MISC to be the strongest, because factors that iefluenc
demand associated with these types of situations are driven by individual condition.

One’s risk for fire or a medical emergency is predominately detednipe
individual characteristics with minimal effect from environmental conditiorss is
demonstrated by the weak correlations found between building age and fire evients. It
plausible that much of the correlation between building age and emergency service
demand is spurious. This relationship is more a factor of the characteristios@fittho
occupy and are charged with maintaining these structures than the strthetorsslves.
True, the age of a building may be a contributing factor to a fire event or fatse aut
it is not likely that the age of a building influences the demand for emergencyamedic
incidents or miscellaneous events. Finally, building age was not significantrmothed
to predict structure fire demand, which is where one would most expect to find a
significant relationship if structural characteristics are relipbdglictors of demand.

Therefore, the explanatory variables for economic condition are ctbaripost
influential for predicting emergency service demand. It is evident thantleegency

service environment is dynamic. The location of emergency incidents isinwag's



145
random, making them difficult to predict with a high level of accuracy. The umtgrta
about where the next fire or cardiac arrest will occur is an important faflteencing
the continued effort of public safety decision-makers to spread scarce essequally
throughout local communities. This speaks to the reactive nature of the puldic sect
The information gained through this analysis likely falls short of the thrésaquired to
convince policy makers to allocate emergency resources more proactilever, it
provides a starting point to discover whether demographic characteristihsgssincome
or education, can be used to locate emergency resources to save more lives and reduce
property damage over the current allocation model.

In many ways, this analysis further supports the random nature of emergency
events. However, it also reveals the importance of income and education fangeduc
risk for fire events. This lends support to the idea of placing more emphasis an publi
education to encourage the use of private fire protection goods and services\d Bama
the emergency services is clearly not completely random; however, predsctraught
with pitfalls as the lowest risk area in a community could still experieegaatrophic
emergency event. A more directed effort at higher risk areas in a comrwumtrease
the use of private fire protection systems could reduce the workload on emergency
services, permitting more availability and better service delivery. rRlega, public
managers have the capability to improve service delivery and outcomesbgiring

the different demand characteristics found within and across local communities



CHAPTER 6: EMPIRICAL FINDINGS FOR TIME

6.1 Introduction

The empirical findings derived from bivariate correlation and multivalestst
squares regression analysis used to predict the time emergency units spegidgnana
incidents is presented in this chapter. Two time models are formulatedstrevéiluates
the average total time units spend on emergency incidents for each block group and the
second evaluates the average time units spend on emergency scenes mitigdéintpinci
The theory behind the analysis is that the time units spend managing incidents is
important to allocation decisions, because these are rivalrous services. Witasse
have rivalrous consumption, one person’s enjoyment of the service prevents another
person’s simultaneous enjoyment of that service, which is not consistent with a t
public good (Weimer & Vining, 2005). This is important because while emergency units
are responding to and managing incidents, no matter the severity, they arailabteato
manage additional emergency situations. Therefore, areas where demographic
characteristics are associated with units spending more time respandimdjihanaging
incidents will experience a greater likelihood for simultaneous emergdnayji@ns to
occur. When simultaneous incidents occur within the same response area, a unit or units
from outside of the area must respond. This situation leads to prolonged response times,

which may compromise the ability to prevent unnecessary loss of life or property.
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Because most fire departments, including the Charlotte Fire Department, tdageot
calls by severity, unit availability is important.

Emergency service systems, with few exceptions, assign incidents arcarfies
first serve basis. This creates a lottery like situation for the publicrseagiomer,”
which is based on nothing more than luck. Response time to incidents is predictable
when units are stationary in their assigned locations. If one assumes thedrgarey
system will never manage more than one incident at a time, equally distrilagmgaes
throughout a community based on a set response time criteria is logicatisTigition
means the response time to every part of the community is predictable. Under such
circumstances, everyone residing in the community could have a set expeittatiif
assistance from the emergency services is requested, a unit wilsawave within a
specified time period. Therefore, depending on the length of that response tidesntses
within the community could more effectively manage risk associated wathmfiedical,
and other emergency incidents. However, this is not the case which preveias<ivil
from formulating a set expectation that a unit assigned to their area will itebée/to
respond when requested. As with a lottery, as the numbers or participantsartheca
chances of winning decrease. The more time units spend unavailable managing
incidents within each block group area, the greater the probability that uniioivide
available to respond when requested. Therefore, it is theorized that areasnitisere
spend more time responding to and managing incidents will be at greater riskeohguff
losses. If demographic characteristics can then be used to predict TOWELaRd ON
SCENE time, resources can be more effectively distributed to improve thiedoetkthat

a unit will be available in each area when assistance is requested.
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It is likely that the model for TOTAL time will not only capture unit workload,
but also incident severity. Areas that experience more demand will havehahgpénd
more time responding to and managing incidents. In addition, TOTAL time sallri
areas where incidents are more severe and take longer for emergency pé&vsonne
resolve. The advantage of modeling total time is that every type of incideptiged,
including situations where responding units are cancelled prior to arriving ocethe s
The information gathered through this model can then be compared to the information
derived from the model predicting ON SCENE time.

The second model attempts to predict the time units spend on emergency scenes
mitigating incidents. In many ways, it is theorized that time is a rougly fooxncident
severity. Again, the available data is not sufficient to thoroughly and confidessiess
incident severity across the wide spectrum of incident types. However, one ¢dhaiosi
more severe and complicated emergency situations will take longer fayesrogr
responders to mitigate. For example, responders will spend more time exiimgais
building fire than extinguishing a dumpster fire. It is expected that idehti@eelations
between ON SCENE time and the demographic explanatory variables will begin to
isolate characteristics associated with more severe incident typesis irhaccordance
with the idea that DEMAND does not necessarily equate with incident sewenith is
the measure emergency service allocation should be based on to maximize autcomes
Comparing these findings with those derived from the models to predict DEMAND will
further inform the development of an alternative model for locating scaresgency

service resources in local communities.
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6.2 Summary Time Statistics

Univariate statistics for the time measures do reveal the compresses afat
these measures. This is especially true for ON SCENE time when eayergedical
incidents are isolated. It is important to remember that the times aegesealculated
for each block group, which further depresses the variation in the summastycstati
presented. Each of the variable measures was normally distributed and did net requir
any transformation for the regression analysis.

Table 6: Time Univariate Statistics
Summary Statistics for Time Variables

n=118 M ean Std Dev Min M ax

Block Group Total Time 0:15:28 0:02:11 0:10:42 0:21:41
Block Group On Scene Time 0:04:53 0:01:08 0:02:53 0:09:03
Scene Timefor Fires 0:05:20 0:02:20 0:00:00 0:15:16
Scene Timefor EMS 0:04:19 0:01:03 0:01:44 0:06:52

6.3 Descriptive Information for the Time Variables

Bivariate correlation calculations were performed to evaluate therelaip
between the explanatory variables and dependent variables. In addition to tteddo s
dependent variables (TOTAL TIME & ONSCENE TIME), on scene time for eaclk bloc
group was also calculated separately for fire and medical incidents. dddigenal
variables were included to isolate the predominant type of emergency incrdants i
effort to evaluate any potential associations with the explanatory variableese
correlations are presented in Table 7.

The bivariate correlations, in many ways, provide more information for
understanding the pattern of demand for emergency services associated with

demographic characteristics. Although many of the relationships are expswmne are
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conflicting. In general, time spent responding to and managing emergencyisdsde
longer for block groups that have more wealth and affluence. This finding is chdllenge
by the strong significant relationship between ONSCENE and OWNER, APP&AR
CODE, which is inverse. This seems to indicate that block groups with a higher
percentage of owner occupied residential structures compared to renter occupied
structures are associated with shorter on scene times, which is alsw tisak with
more appearance and code violations. One would expect that more dilapidated and
neglected structures would be associated with increased on scene time, beclause

structures are more susceptible to fire spread.

Table 7: Time Bivariate Correlations

Bivariate Correlations for Time
n=118 >65y/o0 <18y/o Appear Code Build Food Own Income Educate

* % *%

TOTAL 0.028 -0.021 -436" -0.179 -425" -533° 331" .489 394
SCENE -0.073 0.162 -427° -272° -493° -367 -457 426 423"
FIRE -0.112 0.118 -0.168 -0.014-262" -0.111 0.021 0.072 0.162

* %

EMS -0.091 0.126 -.348° -182 -370° -368 376  .462** 385
*Significant @ .05 level **Significant @ .01 level
The OWNER variable is highly correlated with INCOME and EDUCAT|ON

which are descriptive of wealth. However, in this case, it appears that bbagsgrith
more renters, which are often associated with lower socioeconomics, ted tellonger

on scene times for emergency incidents. Although not consistent with the other wealth
indicators, this finding is logical. Most rental properties are multi-fgmileaning that

they are usually larger structures than those used for single familparcy. Fires in
apartment buildings can be large, requiring many fire resourcesinguwsh. In

addition, those residing in these structures tend to be at increased risk for sugh event
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However, based on the other time models, one might expect the block groups with more
OWNERS to be associated with longer on scene times.

It is also curious, on the surface, that the significant associations behgeen t
structural characteristics (APPEAR, CODE, BUILDAGE) and dependeisbles are
negative. As buildings age they are thought to be more susceptible to fire eNectts,
was supported by the FIRE DEMAND model (Duncombe, 1992). However, based on the
above correlations, as structures age, become more dilapidated, and fail to meet code the
time responders spend responding to and managing emergency situations declines.
These findings are likely linked to the socioeconomic condition of the persons ogcupyin
these buildings, and do not reflect on the buildings themselves.

If time is assumed to be a proxy for incident severity, the correlatiomfjadire
quite relevant to formulating an alternative method to guide emergencyaesour
allocation decisions. The correlation findings, when compared to the demand models,
support the theory that longer on scene time is an indicator of incident severity. |
particular, as indicators of wealth and economic stability for block group ianpesve,
the time responders spend managing incidents increases. The demand modtdd indica
that as economic circumstances rise within block groups, the demand for emergency
services declines. These findings support the belief that although there is aa inver
relationship between DEMAND and WEALTH, incidents in these areas are likbky
more severe. This further supports the higher threshold persons with more wealth and
education have when determining whether to engage the emergency services for
assistance and further underscores the challenges to most effdotatdyscarce public

safety resources.
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6.4 Multivariate Regression Findings

Four time models are presented to predict total time units spend responding to and
managing incidents, time units spend on scene mitigating emergency situanens
units spend managing just medical calls for assistance, and time units spegghigna
fire calls using the demographic explanatory variables. The model to prediatrits
spend on scene managing fire incidents indicates a significant invetganstig
between BUILD and ON SCENE time, which is consistent with the findings from the
other time models. However, the model itself for FIRE ON SCENE time is not
significant (0.130), decreasing its value to the overall research effontefédree much of
the analysis discounts this model and focuses on the other three.

As with the DEMAND models, a factor for WEALTH that combines the
explanatory variables OWNER, INCOME, & EDUCATION is used in each model to
avoid multicollinearity issues. Unlike with the demand models, each of the dependent
time variables calculated proved to be normal and did not require transformation. The
beta statistics for each model are presented in Table 8.

Although the models are not particularly strong for predicting time, eachdpsovi
some valuable information to the overall research effort. The adjusted Resgyakres
are significant at the .05 level for all models except FIRE ON SCENEthEdirst
model, the average total time for each incident occurring in the sample block groups was
calculated. This served as the dependent variable, which was regressedtagainst
explanatory demographic characteristics found in each block group. The strongest
association was measured between the TOTAL TIME variable and the BI8@MPS

variable. FOOD STAMPS serve as a proxy for economic status and are nggativel
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associated with TOTAL TIME. This finding is expected based on the DEMAND
models, which indicated a strong positive relationship with overall demand and
cancellations. Again, the TOTAL TIME variable includes cancelled incidents.
Therefore, as the number of cancelled incidents rises in a block group, the TONEL T
measure will decrease because of the influx of incidents with short time peltiods
appears, based on this model, that block groups with declining economic conditions are
associated with more requests for assistance from the emergencgsdut the time

per incident is shorter than that experienced in more economically stable areas

Table 8: Beta Coefficients for Time

Multivariate Regression Beta Findings
N=118 AdjR®> >65y/o >18y/o Appear Code Build Food Wealth

Total
Time
On
Scene 0.330 -0.001 0.209° -0.187 -0.009 -0.220° 0.031 0.318"

Time
EMS
On 0.238 -0.111 0.135 -0.147 0.067 -0.053 -0.046.390"
Scene
FIRE
On 0.037 -0.011 0.080 -0.135 0.1160.256° -0.020 -0.064
Scene
+Significant @ .10level  *Significant @ .05 level **Significant @ .01 level

0.316 0.039 0.043 -0.174 0.142 -0.195 -0.357" 0.073

The second model isolates the time units spend on scene managing incidents.
Therefore, incidents where units were cancelled prior to arrival forewéareason are
not included, because these situations skew the data biasing the estimataisonBhase
model, three of the explanatory variables proved significant. The positiviemstap
between the variable for less than 18 years of age and on scene time is conigisteat w

literature, if time spent on scene is indeed a proxy for incident severityn, Alga young
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are thought to be at greater risk for fire and medical emergenciasldition, the
WEALTH factor is positively associated with ON SCENE, further supporhiadelief
that units spend more time managing incidents in more economically stalsl@ftiea
city. One can surmise that the association with longer ON SCENE tinefecdive of
more affluent persons being less likely to use the emergency servicesdimuisi or
non-emergent situations. The model also corroborates the information found in the
bivariate correlation calculations that BUILD AGE is inversely asgediwith ON
SCENE time. This is likely more a reflection of the persons occupying ttrastuges,
because one would expect that as buildings age there is a higher propensgy for fir
events.

The final model isolates the time units spend on scene for medical situations in
the sampled block groups. As with the overall ON SCENE variable, time spent on
medical incidents is significantly related to the WEALTH factor. Mofliaft block
groups are associated with longer ON SCENE times. This is not a deffmtireg of
severity but does begin to support such a theory. An issue with ON SCENE time for
medical emergencies is the compressed nature of the measurements.nipbe,esizen
for the most severe medical emergency units should not spend more than 10 to 15
minutes at the scene, which is different than a fire event. In addition, the Viceser
unit's ON SCENE time is affected by exogenous factors beyond its control, stieh as
arrival of the MEDIC ambulance. It is possible that this association betweend
wealth is related to ambulance response time, which can inflate the ON SO&eEN®& t
fire units if the ambulance has a longer response to the scene. Under suchamcesns

the fire unit ON SCENE time is artificially inflated while the unititsdor the
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ambulance to arrive. Taking this into consideration, the model provides information to
support a more thorough investigation into the possibility that more affluent persons a
likely to request assistance from the emergency services more oftendegensitive
situations.

6.5 Data Problems and Caveats

Modeling time for emergency units based on demographic characteristicd prove
to be a challenge, because whether aggregating TOTAL TIME or ON SCENE ti
numerous exogenous factors influence the measures. TOTAL TIME is not as
problematic to measure as ON SCENE time, because the factors aflf€diidd. TIME
still render the unit not available to respond to additional emergency situations. The
purpose of calculating this measure was to capture not only every type of incident, but
also travel time to these incidents. Averaging the total time for all assigned to an
incident is somewhat problematic, because outlier times can skew the reedduse
situation occurs, for example, when multiple units are dispatched to a fire exast tha
extinguished quickly by firefighters or by an installed sprinkler systeimder such
conditions, all but one or two units will be released from the incident, while the
remaining unit(s) is likely to remain on location for an extended period removieg wat
or waiting on a responsible party for the building to arrive and assume control.

Such situations will inflate TOTAL TIME. In the end, TOTAL TIME is a ¢atc
all measure for the average amount of time units are not available to resmahelrt
incidents. This is an important measure for evaluating unit availabilitgsabtock
group areas based on demographic variables. Areas with inflated TOTAL TIME ma

indicate an increased chance the unit assigned will not be available to respond to an
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additional incident. In such a situation, a simultaneous incident will require @ unit(s
from outside the area to respond, lengthening the response time which could be a
problem if the incident is time-sensitive. Therefore, areas with low unit TOMME
should be at less risk based on unit availability.

The more problematic issues revolve around the ON SCENE time measures,
which have the potential to be influenced by a myriad of external factors. The main
factor, especially related to medical incidents, is the time it takesNMEDIC
ambulance to arrive. MEDIC uses a fluid deployment system to locate its unés. T
system measures historical call volume statistics for differeetpieniods of each day to
locate its limited emergency resources. Therefore, ambulances are ofeen m
concentrated in high demand areas. This creates an interesting relationsbgnkibe
fire resources, which are distributed in greater numbers more equasdhe city than
are MEDIC units. It is possible that the inverse association between ONES(G&E
and WEALTH is more a reflection of the ambulance deployment methodology than
incident severity. This would occur if MEDIC, recognizing lower demand in wealthi
areas, shifted its resources to favor higher demand areas within the @tgfofé, when
a medical incident occurs, no matter severity, in more affluent areas the aceisudae
more likely to have longer response times. Under such conditions, the fire umit mig
have an inflated ON SCENE time not related to the type incident, because of the
additional time spent waiting on the ambulance to arrive. Although this cannot be
confirmed through the existing data set, it is plausible and deserves fumiseteration.

Another issue with ON SCENE time for medical situations is that the nesasur

become compressed, limiting variability. Based on medical standards of c&se, uni
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should not remain on scene for much longer than 10 to 15 minutes for the most severe
situations. In fact, units may spend more time on non-emergent events because there i
no medical reason to rush the patient to a hospital. Not having access to the aettal pati
care data reports makes it somewhat precarious to infer allocation debes@ason
these models, because of the many threats to validity.

6.6 Discussion

The three models formulated to predict time emergency resourcesgaged
responding to and managing incidents with the demographic explanatory variables at the
block group level provided mixed results. Once again, the economic indicators proved to
be important for predicting unit workload. Units responding to incidents within ardas tha
have more wealth will spend more time managing incidents. The causal effétse
findings are less clear, because there are certain threats to vaaditghnot be
controlled. Each of these threats has been described and requires further researeh t
thoroughly assess the true relationship between these variables. Howevdg teeda
provide initial findings that are consistent with the hypothesized relationships. F
example, one would expect units to spend more time on scene at incidents occurring in
areas with more affluence based on the literature and DEMAND models. Although
DEMAND declines as WEALTH increases, it appears that the incidents m afforent
areas are more severe or at least require more time to be resolvedltvegr income
areas. This is further substantiated by the high number of cancellationssenchfts
received in lower socioeconomic areas of the city, which indicate a loshtiidefor

requesting assistance from the local emergency services.
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The wealth effect is important to predicting DEMAND and workload for
emergency resources, but building age and the young were also signifitanQN
SCENE time model. Building age was expected to influence ON SCENE tiamiras,
because of the documented increased fire risk older buildings pose. However, this
relationship was not supported by the analysis, which indicated that older buildings a
associated with less ON SCENE time. This finding is likely spurious, mfegemore
by the risk factors associated with those who reside in older buildings thanlthedsui
themselves. Another curious finding, only because the DEMAND models indicated a
relationship contrary to that hypothesized, is the positive association witbuthg.y
Areas with higher percentage of persons under the age of 18 were associated with longe
ON SCENE times, which were expected because this age group is perceived to be at
increased risk for fire or medical situations.
6.7 Summary

The information derived from these models provides more of a foundation to
build on than conclusive evidence on which to base a new deployment model. The major
problem is the threats to validity associated with the time variablespdsssble that
each of the variables are valid measures; however, more detailed reviendata must
be undertaken before claiming with a high level of certainty that the informatiatidl.
The most significant threat is to the ON SCENE time measures which laencéd by
the response time of the MEDIC ambulance unit, among other factors. In payticis
IS most problematic when trying to use time as a proxy for assessinginssderity.
MEDIC utilizes fluid deployment strategies, which involve predicting demaretbars

historical response data. Therefore, it is possible that fire apparatu€ EINESime for
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EMS incidents is a reflection of MEDIC’s deployment model, which changdseblyaur
as trends in demand shift. This compromises the ON SCENE measure as a proxy for
severity. However, these measures are valid for assessing TOTALnih@NaSCENE
time if evaluating the likelihood of unit availability across block group aréasler such
circumstances, the ON SCENE time reflects the true emergency semvicenment fire
units respond within. For example, if the positive relationship between WEALTH and
ON SCENE is caused by the deployment strategy utilized by MEDIC, whattatds
fewer resources to lower demand areas, then such information is valid to cor@der w
allocating fire service resources. In many ways the actual reasomgfe extended ON
SCENE time measurements in wealthier block groups is irrelevant, if thiedex time is
predictable. This still permits deployment decisions to be adjusted for such @asditi
which impact unit availability.

When a fire unit is ON SCENE caring for a critical patient, extinguisaifig,
or waiting for an ambulance, the unit is not available to respond to other incidents. The
challenges to validity for using time as a measure of incident sevexitypm
problematic, but the information does provide important insight into factors associated
with extended or shortened time periods units spend responding to and managing
incidents based on demographic characteristics. This is important infomrfati
making allocation decisions, because the more time units spend unavailable thiskmore r
their response area assumes. When combined with the information derived from the
DEMAND models, this information is logical and telling about the emergeneicse
environment. In short, the same demographic characteristics related tDEMAND

are also related to shorter ON SCENE and TOTAL time units are unavailabsptmd
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across block group areas. Regardless of severity, this indicates thiaglecaergency
units based on DEMAND or TIME is problematic, since these two measures work
against each other. Average time calculations also conceal some of theofi¢hails
response information. For example, a high demand area could sustain more critical
events than a low demand area, but the larger number of incidents when averaged
together diminishes the impact on the analysis of the longer duration incidents.

In the end, more detailed incident level information needs to be collected to
substantiate many of the findings related to these three models. Itiietgleasy to
infer from the findings some information that is useful to developing an altexnati
methodology for allocating scarce emergency resources. However, the block gebup le
data on its own does not provide the detail necessary to confidently extrapolate each of
the findings into the practical application of locating resources. The threatgdityval
have been noted and do cause one to pause when analyzing this information. However,
the data does reveal some interesting correlations that provide a solid fonrfidati
further study not only to substantiate the existing information, but also to have more
confidence in the findings. The practical application of this information depends on

ensuring a high level of confidence in the models.



CHAPTER 7: CONCLUSION

7.1 Introduction

This analysis produced numerous usable models to predict emergency service
demand based on demographic population characteristics measured at the block group
level. The city of Charlotte served as the study area, where data on the block group
characteristics and emergency service response information was daitectsnduct the
research for this dissertation. A combination of bivariate correlations atigariate
linear regression was used to measure the relationships between the emesprser
data and explanatory variables to build coherent models of demand and unit workload
across the block group areas. These models demonstrated that the economic condition of
persons residing in these homogenous areas were strong predictors oheynsegace
demand and workload. This information lays the groundwork to formulate an alternative
model to locate emergency service resources more systematically lacads
jurisdictions to maximize service delivery outcomes.

The distribution of scarce resources challenges public sector ageralids\atls
of government. These agencies are often castigated as being inefficieraféardive,
yet they are constrained by the ideals of the public sector to deliver sarvecéair and
equitable manner. These predominantly political constraints can be problemertic
locating emergency service resources, because demand for theses semvatequally

distributed across local communities. This dissertation has put forth and testerya the
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that population demographic characteristics drive demand for emergenceseBic
modeling these relationships, public sector decision-makers should be able to better
locate these resources to enhance service delivery. Current resacagaoal|
methodology often demands that decision-makers distribute emergency sengce uni
equally throughout local communities without regard to demand for these services. Thi
leads to an unequal distribution of workload on the emergency service personnel. It also
disenfranchises certain sectors within a community by delivering mofieesassets to
low demand areas, while high demand areas receive inadequate resources t@provide
comparable level of protection. Using this even-distribution strategy to &llocat
emergency service resources ignores the drivers of demand for thesessevkich
arguably are demographic characteristics associated with wealth aadi@dlevels
found within these areas. This research attempts to substantiate thagkiptidetween
demographic variables found at the neighborhood level (block group) and demand for
emergency services to help guide the development of an alternative modelddHesat
finite resources to maximize outcomes.

In addition to exploring resource demand drivers, an effort is also made to model
the relationship between demographic characteristics found in the population and the
time emergency units spend responding to and managing calls for serviceticliigrar
two models were formulated. The first tested the relationship betweergdgrhic
characteristics and the total time units spent managing emergency incifletaktime
captures the time from when a unit is dispatched to the time the unit is available to
respond to another incident. This measure includes calls in which the unit wasechncell

prior to arrival on scene, and all other responses for each block group. A second model
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utilizes on scene time as the dependent variable. The time units spend on scene across
block groups does not include cancellations, because for cancelled incidents the
responding units never arrive on scene to record a valid time for the measurdoréhere
only those incidents where a unit actually arrives were included in the mddess
measure is theorized as a proxy for incident severity and workload acrosschgrolup
areas. Time is an important factor to the emergency services becauseptmrsian
rivalrous, meaning that when simultaneous emergency situations occur in the same
response area a unit from another area must respond. This is problematic because the
response times are extended and the area where the unit responds from is without
protection for the duration of the incident.

7.2 Problems with the Current Locational Methodology

The findings derived from this research challenge the established model for
locating emergency resources used by local decision-makers d&assintry. The
current locational model is problematic for two particular reasons: 1. Emgrgenc
resources are scarce and 2. Emergency service agencies are subjaegiogna
simultaneous incidents. The fact that resources are limited means that publandec
makers must make hard choices about how to distribute these resources, which is
influenced by a myriad of factors and interests. The fire service, amomgatie
sector agencies, is famous for complaining that service delivery is itndfbecause of
inadequate resources. The lack of ingenuity and pressure from exogenousinterest
paralyze the creation of alternative methods to better allocate theseessofigain, the
number one factor is response times, which are directly related to the numbaiaifia

resources a community can harness. Clearly, the more units spread out in a community
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the lower the response times. Exogenous groups, such as the National FireoRrotect
Administration (NFPA) or Insurance Services Organization (ISO), @iaraficant
pressure on fire service administrators to locate units in a way that seggpense times
to all areas of a defined jurisdiction (Granito, 2003).

Response time benchmarks espoused by the NFPA and ISO are partially derived
from efforts to limit loss of life and property resulting from low probap#iinergency
events, which include structure fires and cardiac arrests (Shpilberg, 1977). alte go
arrive on scene within four minutes of the dispatch is to contain fires before flash ove
and improve the chance of reviving victims suffering cardiac arteStese and other
situations emergency service personnel manage are time-sensitive eaartsg the
faster that units arrive on scene the better chance to prevent the lossund Ifeperty
(Kuehnert, 1999). However, the majority of incidents that emergency service pdrsonn
respond to are not time-sensitive situations where the outcome will be affgcenib
four minute response time. As is substantiated in the literature, certain dpimogr
characteristics are linked to increased risk for being afflictedtigeasensitive
emergency situation. In addition, persons with fewer economic resourgesorel
heavily on emergency services than those who are more economically stabéel@am
2003; Lipsky, 1980). Recognizing that emergency service resources are liatited
attempting to distribute them evenly has the effect of disenfranchigag aith more

people and areas that have demographic characteristics consigtantvaased risk. In

* Flash over is defined as the stage of a fire athvall surfaces and objects in a room or arezaated to
their ignition temperature and flames develop de@htents and combustible surfaces at once (Bgamni
& Corbett, 2008). The probability of a person sufig cardiac arrest (heart stops beating) to sarvi
declines by about 10% for every minute care isgnovided (cardiopulmonary resuscitation). Therefor
after 10 minutes in cardiac arrest without caresgn statistically has zero chance of survivachof
these events is extremely time sensitive.
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effect, public decision-makers who espouse distributing these resourcesm@aealg
higher value on statistical lives of those residing in lower risk and lowertgansas of
a community (Felder & Brinkmann, 2002).

The service delivery limitations of scarce resources are furtheerseded by the
opportunity for simultaneous emergency incidents to occur in the same resganse ar
This creates numerous challenges for emergency service units, but in paitticular
nullifies the benefits of using response time as the primary benchmark fondpcati
resources evenly across a community. As Peters and Hall (1999) note, once units begin
to respond to calls for service, response time becomes a random variable. &htrefor
logic behind the current deployment model to place an emergency resouroeawithi
certain response time of every person in a community becomes ineffectiveausBec
areas with higher demand and more severe incidents will overwhelm theealssig
emergency resources, all additional calls for service will resukteanded response
times. This is a reason that time units spend responding to and managing incidents wa
calculated for each block group and compared to demographic characteristics.
Presumably, block groups with characteristics associated with units that spentine
responding to and mitigating incidents will be at greater risk based on the current
locational strategy, because the more time a unit assigned to an area iiabieae
greater likelihood of a simultaneous incident occurring.

7.3 Jefferson versus Hamilton Allocation Strategy

Emergency service decision-makers continue to apply a methodology thst reli

on response times to evenly distribute emergency resources despite thenmedéscand

service delivery problems with this framework. The hesitancy to be innovative and use
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data to better inform locational decisions is ignored by public sector decisakesaiior
a myriad of reasons. Much of the reason for this is the political and institutiotuaecul
of the public bureaucracy, which on the whole subscribes to a more Jeffersonian ideology
for organizing public sector service delivery (Wood & Waterman, 1994). As Sylves
(2004) points out in his paper about emergency managers, leaders who follow a
Jeffersonian system work to organize service delivery to satisfy politierests that
pervade a community. This is in contrast to organizing service deliverg base
outcomes, which is espoused by Jefferson’s counterpart Alexander Hamilton tadamil
according to Sylves (2004), argues that public services should be delivered based on
outcomes derived from empirical analysis. The idea of “Customer satsfacti
government has a ring of Jeffersonianism” (Sylves, 2004, 31). A clear princeydl-ag
relationship exists between the “customers” and emergency service mapnsjas a
relationship exists between these managers and the political repressnvaticé drives
the emphasis on equal distribution of resources among the public. Although politically
appeasing, such a strategy may not maximize potential outcomes from tbd limi
emergency service resources available.

Unfortunately, the information or data required to make more proactive locational

decisions to maximize outcomes is often not readily available (Swe&rkgmall, 1991).
As Sylves (2004) points out, the data that is collected by public sector bureausracies
often “coded,” making it extremely difficult to draw out meaningful findings tprowe
service delivery. Public sector data, such as performance measures ans, lamege
challenging for outsiders of the bureaucracy to decipher, because the numbers do not

always provide a clear picture of service delivery. This situation proved profdreti
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completing this dissertation. A great volume of data is available on the fiteesdaut it
is often basic, hard to access, difficult to interpret, and at times ingé&cuBecause of
this, it is challenging to meet the ideals of Hamilton’s theory on organizing adalior
service delivery based on outcomes. This is one reason public sector managers often
default to the Jeffersonian way of delivering public sector goods and servibess(Sy
2004).

The purpose of this research is in many ways an effort to stimulate a more
Hamiltonian methodology to locate and manage local emergency services. glimssre
empirical analysis of the data to find better ways to generate more posito@nes,
which requires proactive policies. Here again is a major stumbling block tgicbahe
current method for allocating emergency resources. As Leeson (2007) deschilses
analysis of the government’s response to Hurricane Katrina, public seat@lethave
an incentive to be reactive and overly cautious when formulating policy to avoid
committing “type | policy errors.” These are errors that resb#ma proactive policy
falls short of its goal or does not provide the intended benefits. These policyaeerors
problematic for politicians because proactive policies are overt, whictstarincontrast
to reactive policy initiatives. Reactive policies are subject to “typellty errors,” but
these errors are less costly to political actors because responsbititich failures is
more diffuse. This makes it difficult to hold specific policy makers accountalite
current locational model is reactive and generates endless “typerH.érHowever, it is
difficult to identify those who are most harmed by such a policy because when an
emergency unit does not arrive in a timely manner, the “customer” does not have the

information to understand the reasons behind the delayed response or whether the delay
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increased loss. This information asymmetry creates a moral hazarmbsjtudtich
benefits the agent (fire department) who is not held accountable for the misapimmopriat
of resources (Friedman, 2002). This provides an incentive to policy makers to maintai
the status quo for locating scarce emergency resources.

Allocating emergency resources based on demand for these services would
require proactive policy initiatives derived from statistical analystatd. Such actions
would draw the attention of the public, especially as emergency resourcesnovee
from one location to another to satisfy demand. One can imagine the citizens’ concern
when they are accustomed to seeing two fire apparatus in their aredifg stad then
one day they notice there is only one. The perception would be of decreased protection,
which would not become a significant problem until a high profile incident occurred
resulting in loss of life and property. At this point, the political pressure couddrigec
intense, as residents blame the loss on the public sector decision-maker’s ¢ pmanty
to shift an emergency resource from their area to a higher demand area.

When decision-makers implement proactive policy initiatives it is efmi¢ne
public and other principals to identify victims if failures occur, which inciepsétical
scrutiny (Leeson, 2007). It does not matter whether the proactive policy leddo mor
effective and efficient locational decisions that reduced overall losedrd property,
because the costs, no matter how big or small, are more visible, while anysbemedin
unclear and hidden to the average observer. This is not the case with policy initiatives
that encourage equal distribution of scarce emergency resources, whiehctkein
nature, as it is almost impossible with such policies for the public or even the @agents

identify victims when failures occur. Therefore, there may be many cubtew
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benefits associated with a reactive policy, but the inability to cleanhifgdehese costs
make reactive policies appealing to government officials who fear publitrgc

The incentive structure in the public sector favors reactive policies and a
commitment to more Jeffersonian ways of managing service delivery. Teslas
public managers from being innovative when locating emergency service resources
(Sylves, 2004). In addition, the emergency service environment is highly dynamsc. Thi
makes it difficult to predict demand with enough confidence to overcome the incentive t
be reactive, which became evident in performing this analysis. There are simply
incalculable influences on demand, only a very few of which can be measuredorf\n ef
was made to identify some factors that drive demand for emergency samacesffort
to build a model for locating these scarce resources more effectively througtiveroac
policy initiatives.
7.4 Review of Empirical Findings and Analysis

The empirical findings from this research support the ability to develop an
alternate means to locate resources to improve service delivery basecdhbficsdata
analysis. Although this analysis just scratched the surface of such anteédndings
provide a foundation to build upon. The analysis was based at the Census block group
level, because these groups most closely reflect the naturally formetorbighd areas
in most communities. The block groups, like neighborhoods, are demographically
homogenous, providing valid measures for assessing emergency service demand
(Ostrom, 2000). In addition, emergency resources are often located throughout
communities in a manner that permits the response areas for fire servide ooitelate

with the block group boundaries. For the most part, the unit or units located in each fire
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station have a primary response area that usually includes three to five blockrgasip
When conducting this analysis all information was calculated for each block gnoup, a
not based on unit response areas.

A myriad of theoretical models to predict emergency service demand were
formulated based on the explanatory demographic characteristics. Muléiveast
squares regression was used to evaluate the capability of the models togpnediency
service demand at the block group level. The explanatory variables can be placed into
three categories: economic, structural, and social. Specifically, the ecaneasures
were household income, percent of persons receiving food stamps, percent owners versus
renters, and percent of persons 25 and older completing high school. Structural measures
included average building age, percent of appearance violations, and percent of code
violations. In addition, the variables for percent of persons over 65 years of age and
percent of persons under 18 years of age were included as explanatory sadibds/a
Because of some collinearity issues with the economic variables, afast@alculated
to combine INCOME, OWNER, and EDUCATION. All explanatory variables were
included in each analysis to predict demand.

A majority of the hypothesized relationships between the dependent and
independent variables were substantiated by the analyses. The economic variables
proved most important in each of the demand models. FOOD and WEALTH were
significant at the 0.05 level in the models for overall demand, fire demand, EM&dlema
and cancellations. These findings substantiated the hypotheses stated én & Hagit
economic status is inversely associated with demand for emergency serucks. S

findings were expected because as wealth increases so does one’s ghilith&se fire
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and medical goods from the private sector to lower risk. For example, more wealthy
persons are likely to invest in fire prevention and detection products, such as smoke
detectors or monitored alarm systems to reduce fire risk. In addition, titbseave
resources and education clearly have a higher threshold for requestiranassigthis
can be inferred from the correlation with reduced demand and is further subsddoyia
the inverse relationship with cancellations and miscellaneous calls. &rappat in
wealthier and more educated areas citizens are less likely te titidizmergency
services for non-emergent events, which is consistent with the literaatthdse with
less wealth rely more heavily on the public sector (Lipsky, 1980).

The structural characteristics did not provide much predictive power based on the
model statistics. The age of buildings across block group areas was weadigtedrio
demand, but not to the extent that was hypothesized. The percentage of appearance and
code violations across block group areas proved not to be significant in most of the
models. These findings were somewhat puzzling, but point to the idea that individual
characteristics are more influential in determining risk of fire andicakevents, than
structural characteristics in and of themselves. Older buildings may beraeeto fire
because of construction techniques, antiquated wiring, and/or insufficientdfieeton
systems. However, building age is certainly less influential on emergendiges
demand than the persons who occupy the buildings, which appear to be captured best by
the economic measures.

The remaining explanatory variables measured differences in population age.
These variables included the percentage of persons over sixty-five yeeargldess than

eighteen years old found in each block group area. Both variables were hypdthesize
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be positively associated with demand, because these age groups have beadittentifi
be at increased risk for fire and medical events. The percentage of peodxiyvive
years old was not significant in any of the demand models, and all of the bivariate
correlations were extremely weak. The variable for percentage of youhgse under
eighteen years of age was significant at the 0.05 level in each of the demand models;
however, the relationship was opposite of that hypothesized. To better understand these
relationships with the social variables more data needs to be collectedndtaar
whether, for example, measuring youth between 0 and 18 is too large of a range, and
whether the findings are spurious or legitimate. While the information sasvees
catalyst to perform more analysis, it is not a proxy for action.

On the surface, the demand models indicate that economic status of persons in a
community is a strong predictor of emergency service demand. Clearly, thoseweho ha
more are less likely to use the emergency services; however, these findilitje tel
about incident severity, which is a critical component for developing an diterna
method for locating scarce resources. Demand is just one factor, because theohumbe
incidents in an area fails to completely demonstrate true need for theseserv
Therefore, the time units spend in each block group responding to and managing
incidents was calculated as a proxy for unit workload and incident severity. Bheh of
models to test the stated hypotheses for TOTAL TIME and ON SCENE time on thei
own proved inconclusive. Again, the economic variables were the most predictive in
each of the models, indicating that socioeconomic status is associated withkloaevor
placed on the assigned emergency units across block groups. In particular, WEALTH

was positively associated with ON SCENE time, while FOOD STAMPS drove
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insignificant in this model. In addition, BUILD AGE was inversely assediatith ON
SCENE time. In the model to predict TOTAL TIME, FOOD STAMPS had a sigmific
(0.05 level) inverse relationship with TOTAL TIME. Although many factors thregie
validity of findings from these models when evaluated independent of other infammat
they are quite informative when compared to the information derived from theedema
models.

In short, the demand models indicate that distressed economic areashdilize t
emergency services more frequently than more wealthy areas. As ecstatonsc
declines within block groups, the demand for fire and medical emergenciesloisgs
with demand for miscellaneous or non-emergent assistance and the number céatancell
incidents increase. This is combined with the findings that more wealthyaaeeas
inversely associated with cancellations and miscellaneous incidents. Babkéexl on t
information, one might suggest simply locating more emergency resoniossincome
areas because they appear to be more likely to have fire and medical lese e tmore
wealthy areas. However, the associations established between econamsiarsiathe
propensity to call for non-emergent (MISC) situations or the likelihood of a cashcelle
false call raise other questions about locating resources. Economic stgimbtyrs to be
associated with lower demand, but when assistance is requested in these adas the
suggests a higher probability that the incident will be time-sensitivéiodgh not
conclusive, it is reasonable to infer that more wealthy areas have a muattiighleold
for requesting assistance from the emergency services than doseiesae. This is

further substantiated by the TOTAL TIME and ON SCENE models which, at the very



174
least, indicate that emergency units on average spend more time in the mdrg wealt
neighborhoods responding to and managing incidents.

The time models, when compared to the demand models, paint a clearer picture of
the relationship between demographic characteristics and need for rayesgervice
assistance. Areas with more wealth are less likely to call forassestbut when they do
units will spend more time mitigating the incident situation. One can infebdisad on
this comparison, calls for services in more economically stable neighborlenod® tbe
more severe, since overall they require more time to mitigate. This isrfurthe
substantiated by the opposite situation in the lower income block groups, where time
units spend responding to and managing incidents is inversely associated with economi
conditions. Based on the demand models, persons residing in economically distressed
block groups have a higher propensity for calling 911 for situations that are minor i
nature and do not require much time for emergency service personnel to mitigate. The
significant positive relationship between lower economic conditions and caiocella
and miscellaneous incidents also indicates that persons in these areas user&ssdi
when deciding whether to call for assistance. Some of this lack of discretion is
explained by limited alternatives. A person who does not have healthcare coverage or
cannot get a landlord to respond to a broken water pipe is left with few options but to
request assistance from the emergency services. Although this raises daesmndrd
not time-sensitive incidents, and could be treated differently to better aellesaturces
toward those areas where potential loss of life and property are more likety dva

demographic characteristics.
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In many ways the findings presented in this research are conflictingjadiypiec
developing an alternative methodology for locating emergency reso@cethe one
hand, it is evident that certain demographic characteristics are assoaiatenore or
less demand for these services. However, the same characteristicsted soith
decreased demand appear to be associated with a higher likelihood of tirtieesensi
incidents, while those characteristics associated with higher demaridaaliaked to
more non-emergent situations. Yet these findings are descriptive of thgeamer
environment and quite informative for evaluating where to locate emergesmyrces to
better maximize outcomes. This is best exemplified in a qualitative thoughineepe
which applies the information derived from this analysis to the actual emergemnige
environment.
7.5 Economic Outlier Block Group Comparison

Two outlier block groups were identified based on economic conditions to
evaluate the types and numbers of emergency incidents. To identify these blgazk gr
the high and the low measures for each of the four economic variables were used:
OWNER, INCOME, FOOD STAMPS, and EDUCATION. Although no block group
contained the high or low extreme for all four variables, two block groups did stand out
based on the numbers. The two block groups selected were linked to the neighborhood
area each sits within to provide more contexts for the discussion. At the low end, the
Southside Park/York Road neighborhoods located in the west side of the city had the
lowest household income, lowest high school graduation levels, less than 5% of the
population own their homes, building age far exceeded the mean across the civpdand f

stamp eligibility was well above the mean city average making this ahe afiost
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distressed areas based on economic conditions in the city of Charlotte. On thadther e
of the wealth spectrum, the Foxcroft neighborhood, located on the south side of the city,
had the highest household income levels, over 95% are high school graduates, 80% are
homeowners, and no one is receiving food stamps. A table of these findings is provided
below.

Table 9: Demographic Information for Outlier Areas
Comparison of Demographic Information for Outlier Areas

Mean Values Southside/Y ork Foxcr oft
Road
Food Stamps 0.1099 0.3493 0.0000
Owner 0.5270 0.0565 0.7902
Income $52,877 $9,999 $176,852
Education 0.8187 0.3784 0.9501
Build Age 32.50 years 46 years 32 years

These two outlier neighborhoods depict the gap between economic conditions that exist
within the city of Charlotte, which puts into perspective the challenges assbwigh
allocating public goods and services. The demand for emergency services araf type
incidents that occurred in each of these neighborhoods is almost as striking. & table
incident types is provided below.

The difference in demand associated with economic condition is clearly
demonstrated in Table 10. What is not clear is the severity of incidents andhtbkeir ti
sensitive nature. The ability to relate this information to the demographablesi
would make it more evident where resources should be located to maximize incident
outcomes. What is evident though is the availability of units that could be gained in each

of the areas if responses were based on incident severity. For example,hadretther
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not responded or responded but remained available to the miscellaneous situations and

alarms in the Southside/York neighborhood area, the overall workload or demand on

these units would fall by almost 100 incidents. Such a change in response staikhy

certainly mean that units would be available more time during a day, which vesuld r

in a lower probability that a time-sensitive emergency would receiviagedkeresponse.

It should also be noted that response time to the Foxcroft neighborhood is shorter than

that to the Southside/York neighborhood. This likely indicates that simultaneous

incidents are occurring in the Southside/York area, requiring units from o#aer tar

respond more often.

Table 10: Response Data for Outlier Areas

Comparison of Response Data for Outlier areas

Southside/Y ork Road Foxcr oft
Total Incidents 575 43
Incidents per 100 persons 40.41 6.99
Total Firelncidents 31 (5%) 1(2.3%)
Fires per 100 persons 2.18 0.16
Structure Fires 13 0
Other Fires 18 1
Total EMSIncidents 369 (64%) 20 (46.5%)
EMS per 100 persons 25.93 3.25
EM S w/o motor vehicle 325 16
EMSw/ motor vehicle 43 4
Total Alarms 50 (8.7%) 13 (30.2%)
Total Cancelations 68 (11.8% 3 (7%)
Total Miscellaneous 40 (7%) 6 (14%)

Average TOTAL TIME
Average SCENE TIME
Average Response Time

18 minutes, 12 seconds
12 minutes, 2 seconds
4 minutes, 56 seconds

17 minutes, 41 seconds
13 minutes, 13 seconds
4 minutes, 29 seconds
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7.6 Locating Resources Based on the Findings: A Practical Application

The city of Charlotte continues to grow in population and area as people move
from other locations and the city annexes unincorporated land. Since 2005 the Charlotte
Fire Department has built three new fire stations and is considering twam&{@9.
Recently, in December of 2008, a station with one engine company was placed into
service at the intersection of Pineville-Matthews Road and Providence R deietim
area) in the south side of the city. Concurrently, the city was also considéetigewto
build a station on the east side near the intersection of North Sharon Amity aral Cent
Avenue (Eastland Mall area). This situation provides another opportunity to use the
findings from this analysis to quantitatively evaluate these locationalidesibased on
demographic characteristics and potential future demand for servicesv iBeldable of
the demographic characteristics for each of these areas. As with masafions across
Charlotte, the primary response area consists of about five block group areas. Therefore
the five block group areas closest to the subject fire station locations \‘emteddor the
following comparison. The demographic measures were averaged across #neds/e
for each station location..

Table 11: Station Location Comparison Information

Demographic Comparison for Station Location Areas
Mean Values Eastland Area  Arboretum Area

(n=331)
Food Stamps 0.1099 0.1499 0.0111
Owner 0.5528 0.3397 0.6277
Income $56,478 $41,024 $77,733
Education 0.8228 0.8264 0.965
Build Age 34.3 33.4 20.4

® Station #39, which is located at the Arboretums ywaced into service December 2008. The Eastland
block group area does not have a fire station.
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The demographic data presented in Table 11 indicates the stronger economic conditions
in the Arboretum area of the city versus those found in the Eastland area. Bdseskon t
numbers and the findings in the analysis, it is expected that demand for emergency
services in the Eastland area will exceed that in the Arboretum area. Bdugati
comparable across these two areas, but there is a large differencenod®@OME,
OWNER, and FOOD STAMPS indicating more risk for fire and medical emeegeimci
the Eastland area. This becomes even more evident when evaluating the number and
types of incidents that occurred in each of these areas during FY2006, whiclemgites
in Table 12.

Table 12: Station Comparison with Response Information
Comparison of Response Data for Station Location

Areas

Eastland Area Arboretum Area
Total Incidents 530 122
Incidents per 100 persons 16.42 5.67
Total Firelncidents 23.4 6.4
Fires per 100 persons 0.72 0.3
Structure Fires 14.8 2
Other Fires 806 4.4
Total EMSIncidents 356 63
EMS per 100 persons 11.06 3.2
EM Sw/o motor vehicle 326.8 61.4
EM Sw/ motor vehicle 28 7.4
Total Alarms 33.8 16.6
Total Cancelations 65.4 104
Total Miscellaneous 44.2 15.6
Total Fire Losses ($) $59,504 $17,020

Average TOTAL TIME 18 minutes, 51 seconds 18 minutes, 18 seconds
Average SCENE TIME 11 minutes, 52 seconds 12 minutes, 24 seconds
Average Response Time 5 minutes, 52 seconds 5 minutes, 38 seconds
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Based on the demographic and response information, the findings from this
research would support placing an emergency services station in the Easidtaodes
the Arboretum area. The demand differences are stark, but again it is not ctdar whi
area is more at risk for time-sensitive fire and medical emergenciesevdn the time
variables calculated for each block group are telling, especially f@miol®enakers who
are very concerned with reducing response times. The Eastland area block gksup buc
the trend between time and demographic characteristics that have beerhestabliksis
dissertation. In this situation, TOTAL TIME and response times to incidertis in t
Eastland area exceed those in the Arboretum area. Not using time as a piocigént
severity, these findings do likely indicate that there is an increased gitybatbi
simultaneous incidents occurring in the Eastland area, placing additional worklde on t
assigned units.

The surrounding stations to the Eastland area are the busiest by call volume in the
city. The demand for emergency service resources in the Arboretum aveaisent
with the demographic characteristics tested for this dissertation @gsbwiith decreased
demand. The fire stations surrounding the Arboretum area, as opposed to the Eastland
area, experience some of the lowest workload based on call volume. Although it is not
possible to evaluate incident severity or the potential for time-sensitimésaaesach of
these areas with the available data, one can infer that a time-sensitivendte
Arboretum area would be more likely to receive a timely response than a siioigdion
in the Eastland area based on unit workload and proximity. The other finding of
significance between these two areas is the average monetary logsatedtto fire.

The Eastland area experienced three and a half times more monetanghoget
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Arboretum area. Based on this practical application of the demographictehatas,
economically depressed neighborhoods have more need for emergency resources than
economically stable areas.
7.7 Future Research Possibilities

The goal at the outset of this dissertation was to predict emergency service
demand and workload with enough confidence to use the findings to formulate a new
model for locating emergency resources. It is safe to acknowledge tinaotineation
derived from the analysis falls well short of this goal. However, the findirgs ar
applicable to guiding resource location decisions with some caveats, which is lyopeful
demonstrated through the practical application examples. This alone makes#nelre
relevant, and hopefully contributes to the field of study. It also should stimulate fut
research efforts to develop more confident models for predicting demand and incident
severity based on demographic characteristics.

Monetary loss statistics across block group areas must also be measured to
evaluate whether such losses are associated with certain demograpaatesistics.
During FY2006, monetary losses attributed to fire exceeded $16.5 million in the city of
Charlotte. Modeling these losses could provide further information to guide emmgrge
service resource location decisions to maximize outcomes. Regardlessaofidaneas
that experience increased monetary losses need additional resourcesswénat have
a lower probability of suffering losses. Clearly, monetary losses are nmlthiosses
that occur from fire and other emergency incidents. People are injurecedrdalth year
from these events, and these statistics must also be included in any effatdidférent

methods to locate emergency services. How such measures correlate to demand i
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unclear, but it is likely that the demographic characteristics found thratiire
population are predictive of these losses.

Losses associated with fire and other emergency situations are important to
evaluate in conjunction with probability analysis to estimate the chanceesténsitive
events and unit availability across block areas. Such analysis requires itevéedata
to assess incident severity, so that the probability findings derived have lavetof
confidence associated with them. Formulating an alternative model fontpcati
emergency resources requires an understanding of the true risk factorefeensitive
fire and medical events. Although the emergency services environment is highly
dynamic, it is likely that models can be developed to locate resources that oseuall
risk to local communities from fire and medical situations that are far eff@etive than
the current distribution model. Political and public sector incentives work agaenst t
implementation of such an effort, but to date, little attention has been paid by\ioe se
leaders to innovate and formulate a new method to better utilize limited reso8uuss
a situation may become a necessity in the future, as demand continues to rise and public
sector economic conditions further limit the number of resources available ta pinetec
public.

7.8 Conclusion to the Conclusion

The purpose of this dissertation was to challenge the established reactive
locational models that pervade the fire service industry. Fire servaberéeeontinue to
spend inordinate amounts of time fighting for additional resources and then congplaini
when those resources are not granted. The industry has become so reliant oesésour

meet response time benchmarks that when the resources are not availablereftec
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declines. The reality is that the fire service industry has minimal @dldapital,
because most citizens do not believe they will ever need the emergencysselvice
addition, these services are human intensive, making them prime targets whemdunds a
reduced to balance budgets. It is true that in the public sector demand wiluppist
(Wood & Waterman, 1994), which is a reason the public sector is not capable of
operating completely efficiently. However, responsible public sectoetsathould be in
a perpetual search for new ways to distribute limited resources to mebaotzomes,
especially when the outcomes are measured based on number of lives saved and property
conserved.

If nothing else, this research provides evidence that it is possible to utilize
empirical analysis to evaluate data to guide the development of moreveflecational
models. It is unclear whether the findings in this research are conclusnesgoint that
they can be confidently used to alter emergency service resource afloddowever,
the practical application of these findings is apparent in the analysis @fytloé
Charlotte’s decision to build a new fire station in the Arboretum area. It isarrtble
exact reasons why the Arboretum location was chosen over the Eastland locatioa, but
analysis substantiates the value of the findings from this research. ArconpH the
economic conditions across these two areas appears to indicate that one area is
economically stable and the other is not. This situation is further substantiated when
evaluating the types of incidents in each area, number of incidents, and aveesge {i
Information to predict monetary losses and probability of time-sensitivegemaes
based on the demographic characteristics further justify locating agemgrservice

resource in one area over the other. In the end, the fire station was constrtheted a
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Arboretum location which, if nothing else, does lend credence to the belief thiat publ
sector decision-makers are not conducting scientifically driven eralpamalyses when
determining where to locate scarce resources.

This is not an effort to be critical of the practical allocation decisions matteb
city of Charlotte, but it does demonstrate the potential value of this research.
Demographic characteristics across block groups are predictive of dethémese
indicators are ignored when locating scarce emergency resourcesg sietiwery and
outcomes will suffer. It is unclear what the future holds for the emergensgese but
the most likely scenario is that demand will continue to increase while |soalroes
decline. Public sector decision-makers can remain resistant to chamgerace the
available information in order to allocate these resources to more\effggirevent the

loss of life and property.
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APPENDIX A: SPECIAL APPARATUS

BRUSH TRUCK (5)

Modified % ton standard 4-wheel drive pick-up truck units. These units have a
mounted water pump and 250 gallon water tank. A booster reel with nozzle is also
included to extinguish brush fires. In addition, these units carry rakes, shovels, and a
chain-saw to assist with clearing and extinguishing brush fires. The 4-gvhexfeature
allows the trucks to be driven into more remote areas that cannot be reached lvg standa

fire apparatus.

TANKER TRUCK (5)

These apparatus are similar to the engine company design used by tb&e harl
Fire Department. The main difference with the tanker apparatus is thatades 1000
gallons of water and 300 gallons of foam concentrate. The tankers not only provide
water when hydrants are not readily available, but are also an irpegralf the aircraft

crash rescue platform.

HAZARDOUS MATERIAL TRUCK (3)

These units are similar to the rescue apparatus, except they carry eguipm
manage hazardous material releases. These apparatus carry refertenizds and
computers to identify chemicals, and the equipment to mitigate, and then decorgaminat
rescuers who may have come into contact with the hazardous material. These units

respond to gas leaks and other hazardous conditions across the region.



195
URBAN SEARCH & RESCUE TRUCK (2)

Two tractor drawn trailers are stored at Fire Station #11, which contatha of
equipment for performing trench rescue and USAR operations. Each truck coatains r
materials for shoring up building and trench collapses, including saws, hydriaoies
and tools, search cameras, listening equipment, and other assets to affiedanresc
collapse situations. Each time these units are dispatched, they respond vatlea res

company.
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APPENDIX B: FIRE STATION LOCATIONS

Fire Stations and Districts
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APPENDIX C: NORTHEAST BLOCK GROUPS

Northeast Charlotte
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APPENDIX D: NORTHWEST BLOCK GROUPS

Northwest Charlotte
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APPENDIX E: SOUTHEAST BLOCK GROUPS

Southeast Charlotte
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APPENDIX F: SOUTHWEST BLOCK GROUPS

Southwest Charlotte
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APPENDIX G: MAPPED RESIDUALS FOR OVERALL DEMAND

N Legend
w%_/{‘l%E Blockgroups
‘1’ :| >2 standard deviations
s

- Within 2 standard deviations of mean

ML Ll Imiles M <2 standard deviations

0 15 3 6 = Highway
[ ] county Boundary

Sample Block Groups (n=118)
Standardized residuals mapped for multivariate regression model

(all demographic variables = independent & DEMAND = dependent)
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APENDIX H: MAPPED RESIDUALS FOR BIVARIATE DEMAND

Legend

g [ |>2 standard deviations
- Within 2 standard deviations of mean

Miles - <2 standard deviations

0 125 25 5 = Highway
[ ] county Boundary

Sample Block Groups (n=118)
Standardized residuals mapped for bivariate regression model
(>65 year old = independent variable & DEMAND = dependent variable)
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APENDIX I: MAPPED RESIDUALS for BIVARIATE FIREDEMAND

W <5f‘y$> . Legend
'<\’\'\ Blockgroups
S

- Within 2 standard deviations of mean

L L 1Miles B <2 standard deviations

0 125 25 5 = Highway
D County Boundary

Sample Block Groups (n=118)
Standardized residuals mapped for bivariate regression model
(>65 year old = independent variable & FIREDEMAND = dependent variable)



