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Executive Summary 
 
In an effort to appropriately respond to emergencies and maintain adequate control of risk, the 
City of Concord has asked the Gerald G. Fox Master of Public Administration (MPA) program at 
the University of North Carolina at Charlotte to create a plan and an assessment tool for 
expanding fire services to meet growing demand. The City of Concord has seen 5.6% 
population growth since 2010 (City of Concord, n.d.-a). As part of a growing metropolitan 
region, the City of Concord can expect to see continued population growth and thus an 
increased demand for public services.  

In 2007, the Strategic Master Plan developed by the City of Concord Department of Fire and Life 
Safety (now the Concord Fire Department) forecasted the establishment of additional fire 
stations based on the City’s development projections. City Manager Brian Hiatt and Fire Chief 
Ray Allen approached the MPA program regarding updating these projections. The City’s goal is 
to determine a strategy for future fire station placement that ensures public safety and is cost-
effective. 

Students in the MPA capstone course (MPA Team) conducted a comprehensive analysis of 
previous research from comparable municipalities, standards from key organizations including 
the Insurance Service Office (ISO) and the National Fire Protection Association (NFPA), and 
data from the U.S. Census Bureau and the City of Concord. 

This analysis guided the development of a risk matrix used to identify fire districts with the 
greatest need for increased fire protection capacity. The MPA Team used data from the City of 
Concord and the U.S. Census Bureau to analyze demand for fire services and level of risk across 
nine identified variables that measure structural and environmental risks and response time 
data. The City’s Geographic Information Systems (GIS) Division provided the MPA Team with 
geographic images to aid in its analysis. The use of these maps guided the recommendations for 
future fire station placement. The combination of the risk matrix analysis and GIS analysis 
establish a dynamic set of criteria for use in identifying future fire station placement.  

The City has ten existing stations with an eleventh currently under construction. While the 
Concord Fire Department is currently providing excellent service, the MPA Team identified 
three new stations to prioritize for construction by 2023: 

 New 12th Fire Station on or near Wilshire Avenue between Rutherford Street SW and 
Spring Street SW to ease gaps in response times due to the distance and population 
growth between the response areas of Stations 1 and 4. 

 New 13th Fire Station along Davidson Highway to the east of Hanover Drive and to the 
west of Concord Parkway to ease gaps in response times between response areas of 
Stations 2 and 7. 

 New 14th Fire Station along Weddington Road to ease gaps in response times between 
response areas of Stations 3, 5 and 7. 

External factors may affect demand and risk over time, so the MPA Team has provided an 
adaptable assessment tool that the City and Fire Department can use to replicate this analysis 
in the future to project the placement of additional fire stations. 
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Introduction 
 

Background 

The Concord Fire Department is a 
professional career emergency services 
division with 191 employees, of which 
174 are assigned to ten fire stations 
located strategically throughout the City.  
The Department consists of one Chief, two 
battalions with two Deputy Chiefs, six 
Battalion Chiefs, 39 Captains, and 129 
Firefighters. In addition, the Department 
has an emergency response apparatus 
fleet consisting of nine Engine Companies, 
three Ladders, one Rescue Company, one 
Aircraft Rescue Firefighting Unit, one 
Hazardous Materials Unit, one Hazardous 
Materials Decontamination Unit, one 
Urban Search and Rescue Unit, one Brush 
Truck, one Air/Light Unit, one Mobile 
Command Unit, and one Foam Trailer.   
 
Founded in 1796 and located in the 
central piedmont area of North Carolina, 
the City of Concord is part of a rapidly 
growing metropolitan region. With a 
current population of approximately 
83,000 residents, Concord is a mid-sized 
town that has seen a steady rate of 
growth of 5.6% since 2010 (City of 
Concord, n.d.-a). The City of Concord’s 
unique characteristics include several 
major tourist attractions. The Charlotte 
Motor Speedway and Concord Mills Mall 
are all located within the City’s borders, 
drawing tens of thousands of visitors to 
the area each year. Concord is also home 
to a regional hospital and airport. These 
unique qualities combined with the City’s 
growth puts Concord at an increased risk 
for emergencies. Service expansion in 
conjunction with budgetary  
constraints place great emphasis on the 
City of Concord’s need to accurately  

 
predict growing service demand in order 
to remain responsive to community 
needs. 
 
The Insurance Service Office (ISO) 
evaluates all fire departments based on 
their ability to protect the community.  
The ISO’s public protection class (PPC) 
score is based primarily on a fire 
department’s ability to suppress fires. The 
PPC scores range between “1” (the 
highest) and “10” (the lowest). In 2013 
the ISO awarded Concord’s Fire 
Department a PPC rating of “2”, placing 
the Department among the top eight fire 
departments in the State of North 
Carolina (City of Concord, n.d.-b). This 
commendable accomplishment by the 
Department helps to decrease insurance 
rates for local businesses and residents. 
Maintaining such an impressive ISO score 
comes at a price. The City of Concord 
seeks to provide strong fire safety 
infrastructure and excellent public 
service, while maintaining cost-efficiency.  
 
In this spirit, the Concord Fire 
Department developed a plan in 2007 
that predicted when and where to 
construct new fire stations. Concord had 
eight fire stations at the time, and the plan 
suggested locations for the next 11 
stations, which were to be built by 2030 
(Concord Department of Fire and Life 
Safety, 2007). Some recommendations 
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from this plan were followed. Fire Station 
10 opened in 2011 and is temporarily 
housed on Poplar Tent Road with plans 
for a permanent structure in the future. 
Also, Fire Station 11 is currently under 
construction at 8695 Weddington 
Road and is scheduled to open in October 
of 2015. The remaining plans were put on 
hold due to the 2008 recession. The 
economy has improved steadily since that 
time, and the City’s population has 
increased by approximately 11,000 
people.  

 

Scope  

This study updates the 2007 plan taking 
into consideration the City’s current and 
expected growth patterns. City Manager 
Brian Hiatt and Fire Chief Ray Allen 
sought assistance from the Gerald G. Fox 
Master of Public Administration program 
at the University of North Carolina at 
Charlotte to identify potential locations 
for future fire stations. The Concord Fire 
Department has a history of providing 
excellent fire protection service for the 
Concord community for over 100 years. 
Chief Allen was concerned with the 
Department’s ability to maintain a 
consistently high level of public service to 
a growing city while remaining fiscally 
responsible.  

 

Deliverable 

In response to City Manager Hiatt and 
Chief Allen’s request, the UNC Charlotte 
MPA Team created an assessment tool 
based upon recent research, current best 
practices in fire safety, and a 
comprehensive analysis of the City’s 
current fire coverage. This report 
contains details of the analysis and 

provides projections for new fire stations 
based on the newly created assessment 
tool. Guidelines for using the assessment 
tool in the future are also provided.  

Literature Review   

The MPA Team conducted a thorough 
review of previous literature, industry 
standards, case studies and reports to 
help create the foundation for a 
comprehensive, multi-factor assessment 
tool that identifies key considerations for 
fire service needs and future station 
location.  The review of the literature 
identified nine factors that contribute to 
demand for fire service and influence fire 
station location planning (Johnston, 2004; 
Kilbury, 2008; Schmidt, 2003; Yang et al., 
2004).   

 

1. Response Times 
 
Response time standards are important 
when considering fire station 
development and placement (American 
Society of Planning Officials, 1957; 
Johnston, 2004; Kilbury, 2008; Stallings, 
2002; City of Watertown, 2013). Low 
response times are critical because an 
increase in response times directly 
impacts fire loss (Hard, 2006; Kilbury, 
2008).  Research suggests that an 
increase greater than 10% in response 
times indicates that current station 
capacity has been exceeded, resulting in 
the need for new fire station development 
or additional resource provisions to 
existing fire stations (Kilbury, 2008).   
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Four minutes marks a pivotal point in 
response services. Every minute CPR is 
not performed after four minutes, the 
likelihood of death increases 
exponentially (Johnston, 2004). 
Furthermore, during that same four to ten 
minute window for fire response, 
flashover occurs (Environmental Systems 
Research Institute [ESRI], 2007; Johnston, 
2004; City of Watertown, 2013). All fires 
undergo the same stages of growth 
despite size and progression. The 
flashover point indicates a critical change 
in fire conditions in which the fire 
becomes uncontrollable (ESRI, 2007; 
Schmidt, 2003).  Figure 1 indicates the 
growth and stages of a fire, including 
flashover (ESRI, 2007). 

 

Due to the critical importance of response 
times, there are nationally established 
standards and norms.  The following 
national organizations have established 
standards regarding fire station 
performance, directly impacting future 
fire station placement (ESRI, 2007; 
Johnson, 2004). 

National Fire and Protection 
Association (NFPA). The NFPA provides 
codes, recommendations and guidelines 
for general fire response standards and 
best practices to fire departments across 
the nation. These standards influence the 
timeliness and efficiency of the delivery of 
fire and emergency medical services 
(ESRI, 2007; Johnston, 2004) and directly 
relate to fire station placement (ESRI, 
2007; Kilbury, 2008). 
 
NFPA Code 1710 outlines the standards 
for the organization of fire suppression, 
emergency medical and special service 
operations specific to career fire 
departments (City of Bend, 2009; ESRI, 
2007; Hard, 2006; Stallings, 2002).  
 

 
Specifically, NFPA 1710 recommends that 
the arrival of the first engine at a fire 
incident or first response incident be four 
minutes or less (ESRI 2007; National Fire 
and Protection Association, 2015).  
 
NFPA Code 1221 indicates the standards 
for Emergency Services Communication 
Systems (ESRI, 2007, National Fire and 

Figure 1: Stages of Fire Growth 
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Protection Association, 2015).  
Specifically, NFPA 1221 requires that the 
turnout time (the time from the moment 
an emergency is acknowledged until the 
starting of a response) should be sixty 
seconds or less 95% of the time (ESRI, 
2007; Johnston, 2004; National Fire and 
Protection Association, 2015; City of 
Watertown, 2013). This standard directly 
impacts response times. Response times 
higher than the recommended standards 
signal the need for additional fire stations 
or apparatuses. 

 

2. Apparatus Unavailability  
 
When an apparatus is out on a call, it is 
unavailable to respond to new 
emergencies. Not surprisingly, the 
probability of a station having no units 
available for response increases as 
demand for its services increases. 
(Clymer, 1998).  The unavailability of an 
apparatus at one station affects response 
times for other stations because they are 
often required to send units over greater 
than normal distances when providing 
coverage to their sister station (City of 
Bend, 2009; Clymer 1998).  Apparatus 
unavailability, therefore, is a risk that 
must be considered when determining 
the need and placement of new fire 
stations and equipment (Kilbury, 2008). 
The longer the average time a station’s 
units are unavailable, the greater the risk 
posed to its service area.  
 

3. Population Density 
 
Literature identified population density 
as a key factor in leading to increased 
need for fire service (City of Bend, 2009; 
Hard, 2006; Johnston, 2004; Kilbury, 
2008; Schmidt, 2003; Stallings, 2002; 
Yang et al., 2004). The service rendered to 

a community is directly affected by the 
community’s size (Gyimah-Brempong, 
1989). Other cities across the United 
States, such as Cape Coral, FL have 
identified population growth as a leading 
factor in determining the need for 
additional fire protection services 
(Gyimah-Brempong, 1989). A higher 
population density often translates into 
longer travel times due to congestion, and 
increased call volumes (Hard, 2006; 
Kilbury, 2008; Yang et al., 2004). 
Therefore, it is important to consider this 
factor when determining the location of 
future fire stations.  
 

4. Current Demand (Calls per 
Day) 
 
The average number of calls responded to 
in a 24 hour period is another important 
factor to consider when assessing fire 
station development and placement 
(Johnson, 1999; Kilbury, 2008).  Previous 
studies show that an increased amount of 
calls can serve as a catalyst for apparatus 
unavailability (Kilbury, 2008).    
 
A high number of calls also results in a 
larger consumption of resources for fire 
stations (Kilbury, 2008).  Finally, research 
has shown that increased call volume 
contributes to longer response times for 
fire services (ESRI, 2007; Kilbury, 2008).  
As a result, careful consideration should 
be placed on the number of calls per day 
when evaluating fire service needs (ESRI, 
2007; Kilbury, 2008).   
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5. Current Demand (Calls per 
Year) 
 
Another factor identified in the literature 
as important when analyzing fire station 
development is the total number of calls a 
municipality responded to within a year 
(Kilbury, 2008). An increase in the 
number of incidents serves as an 
indicator of the probability of increased 
response times, a growing population 
density, and an increase in calls per day 
(Kilbury, 2008; Stallings, 2002).  
Additionally, an increase in the number of 
incidents can also directly impact 
apparatus unavailability (Kilbury, 2008).   
 
Studies suggest that a municipality will 
accept higher risk (higher response 
times) if they historically have low 
incident numbers (Johnson, 1999; 
Watertown Fire Department Strategic 
Plan, 2013). However, as the number of 
incidents increase, a community’s comfort 
level with response times and other 
factors may change, therefore, indicating 
the need to reevaluate fire station 
locations and development (Hard, 2006).  
Therefore, it is important to consider the 
number of incidents a community 
experiences to have a holistic analysis of 
current fire response trends and future 
fire station placement.  
 

6. Current Commercial Zones 
 
Property type and zoning should also be 
considered when planning fire station 
placement (Boyd, 2009; Clymer, 1998; 
ESRI, 2007; Johnson, 1999; Kilbury, 
2008). Commercially zoned areas are 
thought to present the highest risk of loss 
in the event of a fire because 
commercial properties tend to be 
comprised of large, well-developed 

areas that attract substantial numbers of 
people (Clymer, 1998; Knapp & Lee, 
2003). Commercially zoned areas are also 
more likely to contain more hazardous 
materials than areas used for residential 
and agricultural purposes (Knapp & Lee, 
2003).  As a result, several studies have 
identified commercial land area as an 
important factor for assessing risk and 
proposing the placement of new fire 
stations (ESRI, 2007; Hewitt, 2002; 
Kilbury, 2008).  
 

7. Commercial Growth 
 
As a city experiences commercial growth 
the aforementioned risks are exacerbated 
and demonstrate a greater need for 
increased fire services. Commercial 
growth is therefore a factor that should 
be considered when justifying the need 
for new fire stations (Kilbury, 2008).  
 

8. Single-Family Residential 
Growth 
 
Residential zones have a distinct impact 
on current and future fire service needs. 
Historically, the hazards associated with 
residential properties were classified as 
moderate risk, average sized buildings 
where fire risks were limited solely to the 
occupants of the home rather than larger 
populations (Clymer, 1998). Single-family 
residential properties fall within this 
classification. However, it is important to 
consider that although commercially 
zoned areas have been found to be more 
hazardous due to their size and larger 
populations, they differ from residential 
properties in important ways (Knapp & 
Lee, 2003). Commercial properties are 
typically equipped with sprinkler systems 
and other equipment to quickly combat 
fires, while residential properties are not 
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as equipped and require more assistance 
from fire districts. Further, single family 
residential growth signifies population 
growth, and population growth has been 
found to lead to increased calls for service 
(Kilbury, 2008). Therefore, as single-
family residential areas increase, the 
service needs for the area do as well.  
 

9. Multi-family Residential 
Growth 
 
Although multi-family residential 
properties have risks similar to single- 
family residential properties, they differ 
in structure and population size (Clymer, 
1998). The close, compact nature of these 
buildings contributes to fire spread and 
can result in a larger number of people 
being affected by an emergency incident  
(Johnson, 1999; Schmidt, 2003). 
Therefore, as multifamily residential 
areas grow, the risks associated with 
those properties do as well.  
 
Ultimately, the literature review 
identified nine factors that should be 
considered when developing a 
methodology for fire station placement.  
 

Each of these factors served as the 
foundation for the predictive assessment 
tool developed in this study. All risks do 
not have equal value; therefore, some 
factors were weighted higher than others. 
 

Other Considerations 

In addition to the risks associated with 
increased fire service needs, the literature 
has identified several location attributes 
that communities should consider when 
planning new fire stations. Traffic flow, 
land availability, road density, potential 
service routes, and stakeholder input all 
impact the efficacy of placing a fire station 
at a particular site (American Society of 
Planning Officials, 1957; Clymer, 1998; 
Deng, Li & Dou, 2005; Johnston, 2004; 
Hewitt, 2002; Schmidt, 2003; Stallings, 
2002).  

Several other factors related to a 
community’s economic environment can 
influence fire service needs. Demographic 
factors such as socioeconomic standing, 
education, homeownership, and age were 
found to have an impact on fire service 
demand (City of Bend, 2009; Boyd, 2009; 
Corcoran & Higgs, 2013; ESRI, 2007;  

Table 1: Defining the Factors 

 

Current Commercially Zoned  

Service Areas* 

Percentage (acres) of station service 

area that is not residential or 

agriculturally zoned 

 

Population Density* 

Population density of each station’s 

service area from the 2010 census  

 

Apparatus Unavailability* 

2014 total percentage of time a 

station’s apparatuses are unavailable 

in a 24 hour period 

   

Single Family Residential Growth 

Number of single family permits 

issued from 2009 to 2014 

Current Demand (Calls per Year) 

Total number of calls responded to 

per station in 2014 

Response Time Trends 

Average response time for the years 

2012 through 2014 per station 

   

Multi-Family Residential Growth 

Number of multi-family permits 

issued from 2009 to 2014 

Current Demand (Calls per Day) 

Average number of calls responded to 

in a 24 hour period per station in 

2014 

Commercial Growth 

Average number of commercial and 

industrial permits from 2012 to 2014 

 

*See Appendix B for formulas 
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Hewitt, 2002; Johnson, 1999; Kilbury, 
2008; Stallings, 2002). Empirically these 
economic factors were found to relate to 
code violations, high numbers of fires, and 
need for emergency services (Boyd, 2009; 
Clymer, 1998; ESRI, 2007; Johnson, 
1999). Due to time and data constraints, 
the MPA team was unable to include these 
factors within its analysis. However, as 
data become available, these factors can 
be incorporated into future assessments 
if deemed appropriate by the City.  

Methodology  
 
This study employed two analytical tools 
derived from a comprehensive review of 
recent research and current best 
practices in fire safety. The two analytical 
tools utilized are:  

1) Risk Matrix                                                

2) GIS Analysis 

 
They are described in a step-by-step 
analysis throughout the methodology 
section. 

Method Part 1:  Risk Matrix 

A risk matrix is an assessment tool that 
identifies risks and helps organizations 
prioritize plans of action (Kobarda, 2002).  
Such an assessment critically examines 

potential risks within the community, 
ensures appropriate resources are 
deployed to achieve desired outcomes, 
and is the first vital step toward 
emergency preparedness (Kobarda, 
2002).  
 
The risk matrix developed for this 
analysis calculates risk scores for each 
existing station. These scores were used 
to identify areas of the city most in need 
for increased fire protection services. 
 
 Step 1 
 
The matrix is composed of the nine risk 
factors identified in the literature for 
which data were available. Once again, 
these factors include: current 
commercially zoned service areas, 
residential growth (single and 
multifamily), commercial growth, 
population density, current demand (calls 
per day and the total number of 
incidents), apparatus unavailability, and 
response time trends. Table 1 provided 
definitions for the nine factors displayed 
in the risk matrix (see pg. 11). 

Step 2 
 
Data was collected for the nine risk 
factors from internal (Fire and Planning 
Departments) and External (US Census 

 

Table 2:  Actual Values for Risk Factors 

  

Response 

Time 

Trends 

Current 

Demand 

(Calls per 

year) 

Current 

Demand 

(Calls 

per day) 

Apparatus 

Unavail. 

Current 

Comm. 

Zoned 

Comm. 

Growth 

Resid. 

Growth 

(Single 

Family) 

Resid. 

Growth 

(Multi- 

Family) 

Pop. 

Density 

STATION 1 4:08 2629 7.20 15.87% 18.09% 33 30 1 2236.68 

STATION 2 5:21 1381 3.78 8.61% 37.87% 89 63 7 1619.41 

STATION 3 4:09 1552 4.25 13.34% 54.80% 33 29 0 951.89 

STATION 4 4:30 538 1.47 6.02% 30.89% 11 290 0 1025.74 

STATION 5 5:19 976 2.67 7.76% 59.00% 46 359 25 1019.73 

STATION 6 5:28 25 0.07 2.00% 72.72% 53 247 57 905.49 

STATION 7 4:37 939 2.57 12.03% 34.72% 32 198 40 1214.68 

STATION 8 5:03 712 1.95 6.78% 34.72% 12 285 0 1037.45 

STATION 9 3:36 1016 2.78 11.98% 65.94% 11 3 0 381.57 

STATION 10 5:12 295 0.81 5.26% 20.35% 10 744 0 2372.11 

 

14 
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Bureau) sources. Table 2 provides the 
actual values calculated for the risk 
factors for each existing station. 

Step 3 
 
Initially, each risk factor was put into a 
scale, ranging from 0 to 6, so that they 
could be compared to one another. A “6” 
is the highest risk score assigned to a 
station for each factor and a “0” is the 
lowest risk score. Table 3 provides the 
risk threshold scale used to assign scores 
to each station. For example, a score of 6 
points for current demand (calls for 
service) can only be obtained if a station 
has an average of 9 calls or more per day. 
In contrast, a station can have a score of 0 
if its average calls per day is below 1. 
Next, the factors of response time trends, 
current demand (calls per day), and 
apparatus unavailability were deemed as 
high priorities and weighted. In other 
words, the risk scores for these priority 
factors were multiplied by 2.  

Step 4 
 
The resulting risk scores were placed into 
the risk matrix, as illustrated by Table 4. 
The sum of each station’s scores is totaled 
to provide a total risk score. The possible 
total ranges from a high of 72 to a low of 
0. 

The higher the score, the more in-need 
the service area surrounding a station is 
for additional protection assets. There is 
no set total risk score that indicates when 
an additional asset “should be” added. 
The score merely establish which service 
areas are most at risk. 

The possibility of assumption alterations 
makes the matrix a flexible option for 
future use in this report; matrix values 
are used to identify areas of the city to 
explore more closely using GIS generated 
maps.  
 

Table 3: Risk Threshold Scale 

Risk 

Level 

Response 

Time 

Trends 

Current 

Demand 

(Calls per 

Year) 

Current 

Demand 

(Calls per 

Day) 

Apparatus 

Unavail. 

Current 

Comm. 

Zoned 

Comm. 

Growth 

Resid. 

Growth 

(Single 

Family) 

Resid. 

Growth 

(Multi- 

Family) 

Pop. 

Density 

6 <=6:00 <=2500 <=9.00 <=20.00 <=70% <=75 <=300 <=50 <=2500 

5 <=5:30 <=2000 <=7.00 <=15.00 <=60% <=60 <=250 <=40 <=2000 

4 <=5:00 <=1500 <=5.00 <=12.00 <=50% <=45 <=200 <=30 <=1500 

3 <=4:30 <=1000 <=3.00 <=8.00 <=30% <=30 <=150 <=20 <=1000 

2 <=4:00 <=500 <=2.00 <=6.00 <=25% <=25 <=50 <=10 <=500 

1 <=3:30 <=100 <=1.00 <=4.00 <=15% <=15 <=25 <=5 <=250 

0 >3:00 >100 >1.00 >4.00 >15% >15 >25 >5 >250 
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Method Part 2: GIS Analysis 
 
The second method of research analysis 
conducted for this study was the use of 
Geographic Information System (GIS) 
technology. GIS technology was identified 
as the most commonly used tool for 
evaluating fire station placement (ESRI, 
2007). The use of GIS technology allows 
for a more accurate selection of future fire 
station locations by providing layers of 
information and data, ranging from 
response times and high call volumes to 
population density and building permits, 
all of which directly relate to the variables 
used in the risk matrix. (ESRI, 2007; 
Kilbury, 2008; Stallings, 2002). Contrary 
to former methods of fire station location 
planning, GIS applies real-world metrics 
such as traffic congestion, roadway 
conditions, typical speeds of the 
apparatuses and other conditions to 
depict a more accurate picture of 
response times (ESRI, 2007). From there, 
GIS technology produces layered maps 
that display a variety of information and 
are easy to comprehend (ESRI, 2007). 

The City of Concord’s GIS division created 
four crucial maps for this study which are 
illustrated as Steps 5 to 8. (See Appendix 
A for the full versions of all GIS Maps.)  

 
Step 5 
 
The Service Area Map displayed the 
City’s fire stations, showing each station’s 
fire service area. This service area is the 
portion of the city for which that station 
will be first called for an alarm. These 
areas are divided into demand zones with 
the initial digit of the zone indicating the 
station that has primary responsibility for 
that location. This map is important 
because it presents these locations as a 
base layer for further analysis. 

  
 

 

Service Area Map 

Table 4:  Risk Matrix 

  

Response 

Time 

Trends* 

Current 
Demand 

(Calls per 

year) 

Current 

Demand 
(Calls 

per 

day)* 

Apparatus 

Unavail.* 

Current 

Comm. 

Zoned 

Comm. 

Growth 

Resid. 
Growth 

(Single 

Family) 

Resid. 
Growth 

(Multi- 

Family) 

Pop. 

Density 

Total 

Risk Rank of Risk 

STATION 1 4 6 10 10 1 3 1 0 5 40 1 

STATION 2 8 3 6 6 3 6 2 1 4 39 2 

STATION 3 4 4 6 8 4 3 1 1 2 33 5 

STATION 4 6 2 2 4 3 0 5 0 3 25 8 

STATION 5 8 2 4 4 4 4 6 3 3 38 3 

STATION 6 8 0 0 0 6 4 4 6 2 30 6 

STATION 7 6 2 4 8 3 3 3 5 3 37 4 

STATION 8 8 2 2 4 3 0 5 0 3 27 7 

STATION 9 2 3 4 6 5 0 0 0 1 21 10 

STATION 10 8 1 0 2 1 0 6 0 5 23 9 
* Variable weighted by a multiple of 2 

 



Concord Fire Station Location Analysis 

17 
 

Step 6 

The Service Call Response Time Map 
plots color-coded dots that represent calls 
for service and the time it took to respond 
to that call. For instance, the red dots 
indicate calls that took more than six 
minutes before fire services arrived. This 
map is then layered over the service area 
map (base). The dots reflecting response 
times over four minutes (red and orange) 
can be examined to find the more at-risk 
zones for each station’s service area.  

 

 

 
Step 7 
 
A 1.5-mile Geoproximity Map displayed 
each station’s road miles traveled, 
diagramed in polygon shapes. Acting as 
the second map layer to the base, the 
polygon shapes show the optimal 
maximum distance recommended 
between fire stations. So, this map shows 
“gaps” or the stations that had to travel 
further to get to other station areas. When 
the Geoproximity map is combined with 
the response time dots, it displays 
concentrated areas where response times 
did not meet performance standards, and 
whether those results were likely due to 
gaps in coverage.  

 
 

 

Step 8 

A Hotspot Map of calls for service was 
created in a grid format in which the 
darker colors signify higher call volumes. 
Hence, the more calls for service are 
shown in darker shades of red. This map 
is the third layer added to the base 
service area map. The hotspots offer 
another indicator of risk and where those 
risks are in reference to gaps in coverage 
and poor response time concentrations.  

 

 

 

Service Call Response Time Map 

Geoproximity Map 

Hotspot Map 
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Utilizing the Analysis Tools 

To effectively assess the fire department’s 
risk and determine new fire station 
placement, the following methods should 
be used: 

1) Determine the risk factors that 

coincide with current fire safety 

standards, goals, and best 

practices 

2) Collect data on those risk factors 

3) Establish risk thresholds 

4) Evaluate the data using the defined 

thresholds (Risk Matrix) 

5) Illustrate the areas of 

responsibility (station service 

areas) 

6) Plot the concentrated areas of poor 

response time 

7) Find gaps in coverage area (1.5- 

mile geoproximity is the current 

standard) 

8) Plot areas of high call volume 

(Hotspot) 

9) Determine areas where steps 4 

through 8 intersect 

Findings  
  

Risk Matrix Ranking  
 
The risk matrix ranked fire stations 
according to their total risk scores and 
identified the most prominent risk factors 
for each station (refer back to Table 5). 
Stations’ risk scores are discussed below. 
Stations are listed in order of their total 
risk scores, with the highest scoring 
stations discussed first. Please note the 
factors considered higher priorities were 
weighted by a multiple of 2 (indicated 

with an asterisk in Table 5) and therefore, 
may be larger in value.  
 
1.  Station 1: Risk Score of 40 
Station 1 had the highest risk score. This 
station’s highest risk factors included: 

 Current demand (calls per year), Risk 

Level 6 

 Current demand (calls per day), Risk 

Level 5 

 Apparatus unavailability, Risk Level 5 

 Population density, Risk Level 5 

 Response time trends, Risk Level 4 

 

 

 Station 1, 31 Church Street N.  
 

2.  Station 2: Risk Score of 39 
Station 2 had the second highest risk 
score. This station’s highest risk factors 
included: 

 Commercial growth, Risk Level 6 

 Response time trends, Risk Level 4 

 Population density, Risk Level 4 

 

 
Station 2, 42 Palaside Drive NE  
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3.  Station 5: Risk Score of 38  
Station 5’s highest risk factors included:  

 Single-family residential growth, Risk 

Level 6 

 Response time trends, Risk Level 4 

 

Station 5, 170 Pitts School Road 
 

4.  Station 7: Risk Score of 37 

Station 7’s largest risk factors consisted 
of:  

 Multi-family residential growth, Risk 

Level 5 

 Apparatus unavailability, Risk Level 4 

 

 Station 7, 250 International Drive NW  

 

5.  Station 3: Risk Score of 33  
Station 3 had the fifth highest risk score. 
This station’s highest risks included:  

 Multi-family residential growth, Risk 

Level 5 

 Apparatus unavailability, Risk Level 4 

 Current commercially zoned service area, 

Risk Level 4 

 
 

Station 3, 100 Warren C. Coleman Blvd. N.  

 

6.  Station 6: Risk Score of 30  
Although Fire District 6 ranks sixth 
according to the risk matrix, a few 
variables make this area stand out from 
the previous stations. First, District 6 has 
specialty Airport Rescue Firefighting 
equipment but does not have an engine or 
a ladder vehicle. Second, this station 
predominately serves the Concord 
Regional Airport and therefore is not 
dispatched to normal calls for service. 
Last, Station 6 is located near I-85 and 
Concord Mills Mall. Accordingly, Station 
6’s highest risk factor includes: 

 Current commercially zoned service area, 

Risk Level 6 

 

 
 
 

Station 6, Concord Regional Airport, 
9101-B Aviation Blvd.  
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7.  Station 8: Risk Score of 27 
Station 8 score ranks seventh in the 
matrix for both higher and lower than 
average risk factors. These factors consist 
of: 

 Single-family residential growth, Risk 

Level 5 

 Response time trends, Risk Level 4 

 Commercial growth, Risk Level 0 

 Multi-family residential growth, Risk 

Level 0 

 

 
 

Station 8, 1485 Old Charlotte Rd.  

 

8.  Station 4: Risk Score of 25  
Station 4 also had scores well below and 
above the average for some risk factors. 
These scores included:  
 
 Single-family residential growth, Risk 

Level 5 

 Commercial growth, Risk Level 0 

 Multi-family residential growth, Risk 

Level 0 

 

 

9.  Station 10: Risk Score of 23 
Station 10’s risk score was the second 
lowest due to the following factors: 

 Single-family residential growth, Risk 

Level 6 

 Population density, Risk Level 5 

 Current Demand (calls per year), Risk 

Level 1 

 Current Demand (calls per day), Risk 

Level 0 

 Apparatus unavailability, Risk Level 1 

 Current commercially zoned service area, 

Risk Level 1 

 Commercial growth, Risk Level 0 

 Multi-family residential growth, Risk 

Level 0 

 

 
 

 Station 10, 9880 Poplar Tent Road 

 
10.  Station 9: Risk Score of 21 
Lastly, Station 9 had the lowest risk score 
due to the following factors:  

 Current commercially zoned service area, 

Risk Level 5 

 Single-family residential growth, Risk 

Level 0 

 Population density, Risk Level 1 

 Response time trends, Risk Level 1 

 Commercial growth, Risk Level 0 

 Multi-family residential growth, Risk 

Level 0 

  

Station 4, 1165 Warren C. Coleman Blvd S. 
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Station 9, 1020 Ivey Cline Road 

 

GIS Map Assessment  
 
The matrix in this study identified 
stations 1, 2, 5, 7, and 3 (in order of risk) 
as the most at risk. The GIS analysis was 
used to geographically identify areas of 
the city most in need of additional fire 
protection services. This analysis focused 
on the use of the Service Area Map, 
Service Time Response Call Map, 
Geoproximity Map, and Incident Hotspot 
Map, resulting in the following findings.  
 

1. Districts with the highest average 
response times were located in the 
western sections of Districts 2 and 3, the 
eastern portions of Districts 5 and 7, and 
the southern parts of Districts 1 and 8.  In 
addition, District 6 showed similar results 

in the Concord Mills area. 

2. Gaps in service area coverage were 
identified between Districts 1 and 4 along 
the southwestern area of District 1. 
Another gap was apparent between 
Districts 2 and 7, particularly along the 
western portion of District 2. The third 
gap was triangular in nature among the 
areas of Districts 3, 5, and 8. Finally, the 
1.5-mile polygons also outlined a gap 
south of District 10 and west of District 6.  

 

3. The Incident Hotspot Map identified 
areas with significantly high fire service 
demands. The central to southern area of 
District 1 was a distinct zone of high call 
volume. The area along the borders of 
Districts 2 and 7 combined with those of 
District 3 and 5 also demonstrated strong 
incident frequencies. The southwestern 
part of District 6 also had noticeably high 
call volume. 

 

The GIS analysis revealed fire service 
areas with poor response times, coverage 
gaps, and large incident call volumes. 
When these results were combined with 
the risk matrix scores, the following zones 
were identified as high risk service areas:   
 

 



Concord Fire Station Location Analysis 

22 
 

 Southwest portion of Station 1 

 Far western part of Station 2 

 Central area along the border of 

Station 3 and 5 

 Southwestern section of Station 6 

 

Future Forecasting and Planning 

The City’s population growth statistics 
and the construction dates of past fire 
stations were coupled with the risk 
matrix and GIS findings to determine 
when and where to build fire stations.    
 

A ten-year population trend was 
performed to assess the average growth 
rate for Concord. This calculation showed 
that the population increased by an 
average of 1,846 persons per year.  
Historically, since 1985, the City has built 
a new fire station every 3.6 years on 
average, or when the population 
increased by an average of 6,889 
residents. These data were used to make 
the recommendations that follow.  
 
It is important to remember that although 
these values serve as a relevant indicator 
of when to build new fire stations, the 
proposed construction dates are not 
absolute and may vary based on the 
discretion of the City and the Fire 
Department. 

Recommendations and 
Solutions 
 

Current Fire Station Construction 
Station 11 
 
Upon analyzing the GIS maps and 
applying the risk matrix tool, it was 

determined that the current placement of 
Station 11 was a wise choice and has the 
potential to provide a solid return on 
investment. The GIS analysis of the 
Hotspot Map shows a vast, dark, and red 
area that signifies a higher than average 
amount of call volume which has likely 
contributed to Station 5’s moderately 
high response time trend risk score and 
Station 6’s unlikely total risk score of 30.  
 
In addition to the Hotspot Map, the 
Response Time Map also shows dozens of 
calls that are over the 6-minute threshold.  
The majority of these higher timed calls 
fall on the western border of the city, due 
to the lack of fire stations currently in 
operation on the western border.  The 
MPA team can safety assume that the 
addition of Station 11 will lower the 
response time averages in the area 
significantly due to a closer proximity of 
available first responders. 
 
This new station will theoretically allow 
for lower response times to the Concord 
Mills Mall and Lowes Motor Speedway by 
adding additional infrastructure that is 
closer to these locations.  
 
The best way to reduce expenses and risk 
is to place a station directly where the 
service need is located, which is what the 
City accomplishes by placing Station 11 at 
its current location.  
The MPA Team recommends re-creating 
and re-analyzing the GIS maps and risk 
matrix tool after the first six months of 
Station 11’s construction completion and 
deployment. The MPA Team believes that 
it is likely Station 11 will show positive 
effects for all surrounding fire districts, 
which could impact the precision of the 
remainder of the recommendations in 
this report. 
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Recommendation #1:   
Station 12 
 
Location: The MPA Team recommends 
that Fire Station 12 be placed between 
the southern region of Fire District 1 and 
the northwestern region of Fire District 4.  

 

 
Proposed Response Area #12 

 
Justification: Fire Station 12 would 
provide support to District 1, which the 
Risk Matrix and GIS Maps Assessment 
identified as the most at-risk service area. 
This location would also reduce the 
coverage gap with Station 4 and assist in 
reducing the incident volume in the heart 
of Station 1. 
 
Land Use: Wilshire Avenue, between 
Rutherford Street SW and Spring Street 
SW was identified as a great option for a 
build site. The strategic location of this 
street would position Station 12 so that it 
could effectively assist the higher risk 
area of District 3.  A new station in this 
area could also help keep the lower risk 
areas of Station 4 and Station 8 at lower 
risk levels for a longer period of time.  
 
Placement Feasibility: Very little traffic 
congestion and pedestrian traffic, as well 
as easy access to the road, make these 
land options ideal for fire station 
placement. 

 
Proposed Construction Dates: 
Construction should begin by year 2017 
based on an accelerated schedule from 
the station build average of 3.6 years. This 
schedule is recommended due to the 
three priority factors (calls per day, 
apparatus unavailability, and response 
time trends) all having a risk level of 4 or 
higher. In addition, the population density 
is at a risk level 5 which places more 
persons in need of fire services. Plus, 
Station 1 is at full capacity for 
apparatuses assigned to this location 
which denies the purchase of another unit 
for support.  
 
 

Recommendation #2:   
Station 13 
 
Location: The MPA Team recommends 
that Fire Station 13 be placed between 
the northeastern region of Fire District 7 
and the western region of Fire District 2.  
 

Proposed Response Area #13 

 

Justification: Fire Station 13 would 
provide support to District 2, the second 
most at-risk service area. It would also 
help improve the call volume and 
response time issues associated with 
Station 7, as indicated on the GIS Hotspot 
Map. In addition, this new station would 
be well placed to service the area of 
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growing commercial development at the 
Kannapolis-Concord border. 
Land Use:  The dense residential 
development along Davidson Highway 
could make finding a suitable location in 
this area difficult. However, there may be 
options off side streets along this 
corridor.    
 
Placement Feasibility: The area 
between districts 2 and 7 experiences 
heavy traffic congestion because it 
borders Interstate 85 and contains a large 
number of commercial businesses. 
However, the Davidson highway corridor 
is located slightly off the main road in a 
less congested area that could be used for 
easier apparatus deployment, making it a 
good location for Station 13. 
 
Proposed Construction Dates: 
Construction should occur between years 
2019 and 2020. This timeline fits the 
average time to build. Although the total 
risk score is high, the city has a service 
agreement with Kannapolis which allows 
their Station 4 to assist with calls in 
Concord’s Station 2 and 7 areas. Hence, 
this assistance will allow a longer delay 
for a station construction compared with 
Station 12’s proposed dates. 

 
 
Recommendation #3:   
Station 14 
 
Location: Fire Station 14 should be 
placed in the triangular gap between Fire 
Districts 3, 5, and 7, in the general area of 
land formerly occupied by a large plant. 
 
Justification: Fire Station 14 would 
provide support to higher risk Stations 3 
and 5. This station would also be available 
to assist in servicing Station 7’s incident 

hotspot areas and lowering Station 8’s 
response times, as revealed in the 
Hotspot Map and Service Call Response 
Times Map. In addition, Station 14 would 
address the increased fire demand risks 
associated with the new commercial 
businesses that expected to occupy its 
service area, based on the amount of 
commercial business permits generated 
in the area.   

Proposed Response Area #14 

 
Land Use: There are at least three 
separate land areas that the City of 
Concord could use as their location for 
Station #14. Weddington Road, U.S. 
Highway 29, and Roberta Church Road 
areas all present several land options for 
strategic placement of fire services. The 
Weddington Road and Roberta Church 
Road options would allow the station’s 
resources to be easily shared with Fire 
Districts 3 and 7. The U.S. Highway 29 
location would allow the station to share 
resources easily with Fire District 3. 
 
Placement Feasibility:  (3 Options) 
 
Option 1-The Weddington Road location 
is situated on a two-lane road with light 
traffic to allow easy road accessibility and 
improved response times.  
 
Option 2-U.S. Highway 29 is a five-lane 
road with medium traffic. It is in close 
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proximity to heavily concentrated 
commercial areas including Walmart, 
Nissan, Chick-Fila, and Planet Fitness, 
which could help diminish fire risk for the 
district.  
 
Option 3-Lastly, Roberta Church Road is 
a central location easily accessible by all 
three districts that currently surround 
this triangular gap. 

   
When considering build sites for all future 
stations, the City of Concord should take 
into account additional factors such as the 
land price, the cost of the construction 
project, the neighboring business and 
residents’ opinions, and the overall return 
on investment that a new station is likely 
to bring to each section of the city.   
 

Conclusion 

The City of Concord and the Concord Fire 
Department are to be commended for 
their joint commitment to fire safety for 
the citizens they serve. As this study 
reveals, the Concord Fire Department is 
doing an outstanding job of protecting its 
citizens. The City’s recent and projected 
economic growth call for a renewed effort 
to continue that commitment with the 
addition of three new fire stations over 
the next eight years. 

A number of factors identified in the 
literature contribute to effective fire 
coverage. Foremost is keeping response 
times as low as possible, as fast response 
times promote public safety and reduce 
risk of extensive fire damage. Improving 
efficiency in stations and reducing their 
workload also mitigates these same risks. 
Demand plays a role in fire coverage as 
well, as areas with high demand need 
more stations and equipment to serve the 
public more effectively. Additionally, 
geographic and infrastructure factors 
must be considered in order to deliver 
fire apparatuses to locations swiftly and 
efficiently. 

This study recommends placing station 
12 between the southern portion of Fire 
District 1 and the northwestern portion of 
Fire District 4; placing station 13 between 
the northwestern portion of Fire District 
7 and the western portion of Fire District 
2; and placing station 14 in the triangular 
gap between Fire Districts 3, 5, and 7. 
These new stations will support the areas 
most at risk for fire loss, reducing 
response times and providing increased 
support to growing commercial areas in 
the region. 

The MPA Team developed an assessment 
tool to predict when and where the City of 
Concord and Concord Fire Department 
needs additional fire stations within the 
next eight years. As further data is 
collected, the City and Department can 
adapt this assessment tool by adding or 
changing criteria and priorities in the risk 
matrix and GIS assessments. This study 
provides the City with a flexible model to 
make predictions of future fire station 
placement beyond the recommendations 
in this study. 
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Appendix A: GIS Maps 
  

  Service Area Map 

  Geoproximity Map 

  Incident Hotspot Map 

  Service Call and Response Time Map 
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Risk Factor Formulas 
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 Risk Factor Formulas 

 

Apparatus Unavailability: 

1) 24 hour average calls per day multiplied by the average time on  

    scene (each apparatus per station) 

2) Divide by the number of minutes in a day (1440 minutes) 

3) Add sixty minutes to the calculation of 1 and 2 (refueling, restocking,   

    and breakdown time per apparatus) 

 

Population Density: 

1) Total acreage of a fire station’s response area divided by 640 (square   

    mile conversion number) 

2) Population of the fire station’s response area divided by the square  

    mile conversion number 

 

Current Commercially Zoned Service Areas: 

1) Add all zoning acreage in a station’s response area that is non- 

    residential and non-agricultural 

2) Divide by the total acreage of the station’s response area 
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Background Statement 

The Concord Fire Department has been serving the City of Concord, North Carolina for over 100 

years.  The City of Concord is the capital of Cabarrus County and is located northeast of 

Charlotte.  Concord has a population of 79,066 individuals, covers an area of approximately 60 

square miles, and is home to numerous businesses and industries, including the Charlotte Motor 

Speedway, a hospital, and a regional airport.  The Concord Fire Department is currently divided 

into five-mile districts and consists of ten stations, with station eleven due to open in the summer 

of this year.  Concord has seen renewed economic growth since the 2008 recession, and the Fire 

Department must expand its reach to maintain pace with current population growth and safety 

needs. However, despite the City’s economic growth, budget limitations remain a reality and 

challenge the development of new fire stations.   

 

All fire departments are evaluated based on their ability to protect the community.  Concord’s 

Fire Department achieved an excellent Insurance Service Office (ISO) rating in 2013; they 

ranked among the top eight fire departments in the State of North Carolina with a public 

protection class rating of 2, the second highest score a fire department can achieve. Their current 

challenge lies in predicting where and when to construct new stations while ensuring optimal 

efficiency within existing stations, requiring a strategy that balances the demands associated with 

public safety, economic growth, and budget limitations. 

 

Concord Fire Department Chief, Ray Allen, approached the Gerald G. Fox Master of Public 

Administration department at the University of North Carolina at Charlotte to conduct a study 

aimed at developing an effective methodology and guidelines in response to their current 

challenges. A major factor in this study will include the importance of maintaining the 

Department’s ISO score.  This is crucial because this score positively affects commercial 

insurance rates for the City, and low insurance rates are appealing to new businesses which 

impacts economic development.   

 

Chief Allen, acting in his capacity as representative of the Concord Fire Department, entered into 

an agreement with the UNC Charlotte MPA student team to conduct a study that will meet the 

needs of his department.  This document outlines the process to be completed as part of the 

agreement with Chief Allen and the Concord Fire Department, including a list of tasks to be 

completed, a timetable for completion, and an outline of project deliverables.    

Contract Scope Statement 

City of Concord 

University of North Carolina  

at Charlotte 

Year 2015 
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The project deliverables will feature two main components:  (1) a map created with GIS 

technology to show the recommended locations and dates for future fire stations, and (2) a 

comprehensive final report detailing the team’s recommendations based on analyses of current 

literature, best practice, and evaluative tools. 

 

Goal 

The UNC-Charlotte MPA Team will conduct a comprehensive analysis used to provide Chief 

Ray Allen and the City of Concord with a report containing a predictive methodology to identify 

the need for new fire stations and a map of projections for the next three to five fire stations to be 

constructed, along with the rationale for each of those units. 

 

Tasks 

Outlined below are the tasks identified as necessary for the successful completion of this project.  

However, it is important to note that adjustments to the following items may be required as all 

aspects of the project may not be realized at the onset. Therefore, delivery dates and the revision 

of action items are subject to change as agreed upon between the MPA Team and client. 

 Research evidence-based best practices and successful methodologies in fire station 

districting 

 Develop a model for the client to use for new fire station development 

 Collaborate with City managers to identify growth trends, future development, and 

publically-owned land available for use 

 Identify the goals of the City of Concord’s Fire Department and Life Safety units and 

performance measures as the foundation of the project 

 Project future fire stations and construct a map that visually outlines plans 

 Review ISO guidelines and requirements to determine equipment needs 

 

Client Responsibilities 

 Communicate with, and respond to, the MPA Team as necessary  

 Deliver internal documents and data pertinent to project completion in a timely manner. 

Data sources such as the City of Concord’s fire response system, GIS data and maps, 

economic and neighborhood development plans, ISO requirements, and the City of 

Concord’s Fire Department and Life Safety strategic plan may be required for successful 

completion of the project.  
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 Establish communication between the MPA team and other departments to provide viable 

information that will contribute to the success of this project, to include the City of 

Concord’s GIS analyst and management personnel from the Planning and Neighborhood 

Development Department.  

 

Limitations 

 Limited time to complete the project based on the UNC Charlotte Spring 2015 academic 

calendar with a final completion date of April 24, 2015. 

 

Project Timetable 

The following schedule represents the estimated timetable for project task completion. The dates 

provided are subject to change based on the needs of the client and the requirements of the 

Gerald G. Fox Master of Public Administration program and project team. 

Task Date 

1. Scope of Work- Final January 30, 2015 

2. Executive Report & Presentation- Draft to Client April 6, 2015 

3. Executive Report & Presentation- Final to Client April 20, 2015 

4. Final Presentation April 24, 2015 

 

Deliverables 

The following deliverables will be available upon the successful completion of the project: 

 Scope of Work 

 GIS Map 

 Draft of Presentation and Report 

 Final Presentation and Report 

 Presentation to City Council 

 

 


