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FOREWORD 

TriData, a division of System Planning Corporation (SPC), is based in Arlington, 

Virginia. SPC is a defense and national security contractor specializing in high-level systems 

engineering and national security. TriData specializes in public safety research and consulting. 

Over the past 30 years, TriData has completed over 200 fire and EMS studies for 

communities of all sizes. In addition, TriData has undertaken research on a wide range of public 

safety issues for the U.S. Fire Administration (USFA), Department of Homeland Security 

(DHS), other Federal and state agencies, and the private sector. TriData also conducts 

international research on emergency response topics and has conducted extensive research on 

effective fire prevention strategies in worldwide. 
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I. INTRODUCTION 

Arlington County is one of the most densely populated communities in the United States. 

Its population increased from 187,000 in 2000 to 210,000 in 2010. In addition to its resident 

population, 207,000 people commute into the county each day to work at one of the many 

government and private office complexes.  

Available land for new construction is limited, though redevelopment of older properties 

is occurring, especially in older neighborhoods and along major thoroughfares like Columbia 

Pike. High-density commercial and residential development is focused around metro stations in 

the Rosslyn-Ballston corridor and the Jefferson Davis Highway corridor which includes 

Pentagon City and Crystal City.
1
 

The Arlington County Fire Department (ACFD) has the responsibility to provide fire, 

EMS, and special response capabilities. Deployed to 10 fire stations, the ACFD is an all-career 

organization with 319 employees, “committed to eliminating threats to the lives, safety and 

property of the Arlington community, through a combination of education, prevention and 

effective response to fire, medical and environmental emergencies”.
2
 Deployed to the 10 stations 

are 9 engines, 3 ladder trucks, 7 advanced life support (ALS) medic transport units, and 2 rescue 

units.  

In 2011, ACFD responded to just over 27,000 calls for assistance, 60 percent (15,977) of 

which were for medical service. ACFD personnel are highly trained for events that could occur 

at any number of the high profile government facilities. Included is the Pentagon, which on a 

typical workday has as many as 32,000 workers. Surprisingly, there are only about 300 calls at 

the Pentagon annually. The relatively low number of Pentagon calls to ACFD is because the 

Pentagon has its own medical clinic and special operations units, and most patients are treated at 

its infirmary. It is only when a patient requires transport to a medical facility that the ACFD is 

typically called. Many of the Pentagon military personnel are trained to extinguish minor fires, 

though the ACFD responds to all fire calls at the Pentagon and it is the agency responsible for 

fire suppression at the facility. ACFD distinguished itself forever in its fire and rescue operations 

at the Pentagon on 9/11. 

The ACFD enjoys a Class 2 rating by the Insurance Services Office (ISO), a national 

consortium responsible for evaluating municipal fire protection. It is only one of three 

jurisdictions in Virginia to have a Class 2 rating. The fire department’s mission statement is to 

                                                
1
 http://www.arlingtonva.us/departments/ManagementAndFinance/budget/file74973.pdf 

2
 http://www.arlingtonva.us/Departments/Fire/edu/about/FireEduAboutAbout.aspx 

http://www.arlingtonva.us/departments/ManagementAndFinance/budget/file74973.pdf
http://www.arlingtonva.us/Departments/Fire/edu/about/FireEduAboutAbout.aspx
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“serve the community with compassion, integrity, and commitment through prevention, 

education, and a professional response to all hazards”. 
3
  

A hallmark for Arlington County is the excellent transportation system provided by 

Metro. In terms of ACFD response, Metro is a benefit to Arlington County because there are 

fewer cars on the road to delay emergency vehicles. On the downside, Metro is a special 

hazardous environment when fires or accidents occur. 

 Roadways like I-66 and I-395 have created some dead-end streets in residential 

neighborhoods. This can result in longer response times because emergency vehicles must take 

alternate routes. Despite its high population density, traffic, and some dead-end streets, response 

times are excellent.  

Scope of Project 

Using data provided by the ACFD, the scope of work for this project was to analyze the 

expected population growth and demand for emergency medical and fire services. The project 

also entailed an analysis of fire station locations to determine whether the current set of stations 

is located effectively to serve the county in relation to its expected growth in population and 

demand. The fire department also wanted to compare the findings and recommendations of a 

previous fire station location study conducted in 1999.  

Study Process  

The process used for this project combined multiple research techniques including 

interviews, collecting and reviewing background information, and analyzing computer-aided 

dispatch (CAD) and incident data.  

Following an initial site visit and interviews with ACFD staff, we analyzed the incident 

data and conducted a series of tasks related to the assessment of population growth, station 

locations and response times, and provided the results to the fire department’s project 

coordinator.  

We also visited each of the county’s 10 fire stations to become familiar with their 

particular locations relative to nearby traffic patterns and community attributes (rural, suburban, 

urban, commercial, residential, etc.). The initial analysis of incident and CAD data revealed that 

the data provided was incorrect, mostly because of records management issues, and a series of 

follow-up phone calls, e-mails, and on-site meetings were necessary to resolve the issues. 

                                                
3
 Ibid. 
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We also met with county planning officials to understand the expected growth and 

development patterns in future years. Upon completion of the draft report we met again with fire 

department officials to present the findings and key recommendations.  

Organization of the Report 

The report findings and recommendations are addressed in the following chapters: 

Chapter II, Summary of Previous ACFD Deployment Studies, provides a summary of 

the 1999 study conducted by Gordon Routley. This chapter also includes a review of the Routley 

Study conducted by TriData in 2000 to validate the Routley Study recommendations.  

Chapter III, Population Growth, Risk, and Demand Analysis, discusses the pressures 

on the fire protection system, including an analysis of future population changes and a projection 

of demand. These factors are important in evaluating future viability of the system and 

identifying resource needs related to future demand for fire and medical services.  

Chapter IV, Fire Station Locations, Response Time, and Reliability Analyses, 

discusses the current and proposed location of fire stations, and the county’s fire and EMS 

response units. The specific recommendations for moving and/or the consolidation of fire 

stations are presented in Chapter IV.  

Chapter V, Review of ACFD Facilities, presents information on the current age and 

general condition of ACFD facilities and the summary of changes to their locations.  

Appendix A, Total Incident Forecasting Method, describes the process used in 

estimating future service demand.  

Appendix B, Performance Measurement, discusses the process to evaluate response 

time standards recommended by the National Fire Protection Association and their application 

for community planning.  

Appendix C, Evaluating Unit Workloads, discusses the factors affecting unit 

workloads and the process for measuring unit/hour utilization.  

Appendix D, Unit Availability vs. Performance Analysis, explains the method of 

analyzing the he percentage of incidents where the closest unit was available to handle the call 

where performance is defined as the percentage of incidents where the travel time for the 

particular incident was responded to within the desired response time.
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II. SUMMARY OF PREVIOUS ACFD DEPLOYMENT STUDIES 

To assess the expected growth of the county and evaluate the location of its fire stations, 

the ACFD previously contracted the services of two consultants: J. Gordon Routley and TriData. 

For this study we reviewed the reports of these studies, which we summarize.  

Gordon Routley (1999)  

This study evaluated the fire station locations using a four-minute travel time parameter. 

The study noted that the county’s population of 187,000 increased to 265,000 during weekdays. 

Then as now, Arlington County covered 25.8 square miles. The ACFD operated 19 response 

vehicles during 1999; 14 fire suppression units and five Advanced Life Support (ALS) transport 

units.  

The objective of the Routley study was only to “determine where fire stations should be 

located to meet response time objectives from the closest and next closest stations to each part of 

Arlington. It was assumed that stations could accommodate the various units needed to serve the 

particular area”.
4
 To determine coverage a travel-time goal of three minutes for the first arriving 

fire unit and five minutes for the second arriving fire unit was used.  

A three-minute travel time goal is one minute less than the nationally accepted travel time 

goal of four minutes established by the National Fire Protection Association. The shorter time is 

reasonable for Arlington County, especially along the Ballston-Rosslyn corridor where the 

majority of high-rise buildings are located.  

Significant findings and the key recommendations of this fire station study conducted in 

1999 were:  

 Overall coverage of the county from 10 fire stations is “generally good”. 

 Using the four-minute goal, response times in the county were met 80 percent of the 

time; however on a few of the stations could meet a three-minute travel-time goal. 

 Significant overlap of station coverage exists in central Arlington County where three 

or four stations can meet the four-minute response time goal. 

 Response time goals are not being achieved in north Arlington County and either 

Station 3 or Station 8 should be moved to improve response times. 

 One station could be eliminated from the Ballston-Rosslyn area. 

 A new station is needed in the Crystal City area. 

                                                
4
 Arlington County Fire Station Location Analysis, J. Gordon Routley, 1999. 
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 The Fairlington Station (7) covered a very small area with low demand; four other 

stations could serve the Fairlington area equally well. 

Major changes recommended by the study were that Stations 3, 7, 8, and 10 should be 

“relocated, consolidated, replaced, or closed”, depending on the option chosen by the county. 

Station 4 could also be eliminated (or moved) because its area can be covered by four other 

stations.  

A particularly noteworthy statement in the report was that “the concentrated population 

areas in Arlington are (also) prime potential targets for terrorist activities with many high profile 

tenants and government agencies occupying the buildings.”
5
 Notably, the Pentagon was attacked 

just two years later in 2001, is the largest and most densely populated building in Arlington 

County.  

TriData Review of Routley Study (2000)  

This study was undertaken to review the findings of the fire station location analysis 

performed for Arlington County by J. Gordon Routley. The study reviewed the assumptions, 

methodology, findings, and recommendations, and compared Routley’s findings using a 

Geographic Information System (GIS) analysis, instead of the Flame methodology used by 

Routley.  

The response time goal of three minutes for the first arriving fire unit was reasonable, as 

a target. Using 1999 incident data, TriData’s GIS analysis determined the following:  

 Two main areas or “pockets” of the county lack adequate three-minute coverage; the 

very northernmost point and the southwest border of the county.  

 To cover the northernmost area requires a new station north of either Station 3 

(Cherrydale Volunteer Fire Department) or County Fire Station 8. 

 The engine company located at Station 3 could be relocated without diminishing 

service. 

 Potential fire station sites are very limited because most land is already developed. 

The study did identify a county-owned site at North Glebe Road and Williamsburg 

Boulevard as a possible good location for a new fire station. 

 Coverage in southwest Arlington County can be improved by relocating Station 4 to a 

county-owned site at Columbia Pike and Arlington Mill Road. 

                                                
5
 Ibid. p. 7.  
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 The location of Station 4 is excellent for second-due coverage, but the resources at 

Station 4 are better utilized if located elsewhere. 

 TriData concurred with Routley’s assertion that Station 7 is ‘underutilized’ as about 

half of its calls are into Fairfax County and Alexandria; it suggested that Station 7 be 

moved closer to Crystal City to address an expected increase in call volume near 

Crystal City. 

TriData’s study determined that the number of calls responded to using the three-minute 

travel time goal could be improved with the following changes:  

 Move Station 3 to North Glebe Road 

 Move Station 4 to Columbia Pike 

 Move Station 7 to South Glebe Road  

Since 1999, Station 3 has been moved but only slightly north of its former location at 

3900 Lee Highway. No other station location changes have been made. However, several fire 

stations have been renovated since the completion of the previous studies in 1999 and 2000. 

Study Comparisons  

From the results of this study we generally agreed with the finding of Routley that 

Stations 3 and 8 are too close and north Arlington County could have better coverage if one were 

moved. Because Station 3 is new, moving Station 8 seemed the best choice. The recommended 

location for it was Rock Spring Road and North Glebe Road.  

As to eliminating or moving Station 4, the TriData study disagreed with the previous 

study. Station 4 and nearby Stations 2 and 10 are in excellent locations relative to the highest 

demand and most densely populated areas of the county along the Ballston-Rosslyn corridor. 

Combined, the units assigned to Stations 2, 4, and 10, respond to over 15,900 calls, thus it is 

important to consider the availability of these units so as to keep response times near the 

preferred goal. The ACFD is considering a public-private arrangement such that Station 4 could 

remain at (or near) its present location by being incorporated into the plans for a privately 

financed high-rise. This is a good approach—one that has been successful in Alexandria.  

On the recommendation to move or eliminate Station 7 as the other studies suggested, 

this study also recommends eliminating Station 7, but also and then moving Station 9. Station 7 

is not situated in a good location and most of its effective coverage area is in Fairfax County, not 

Arlington. It is also in a quiet residential area with low demand in Arlington County and much 

higher in Fairfax County.  
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The station location changes recommended by the Routley study resulted in a total 

recommended complement of 10 fire stations throughout Arlington County. For the short term 

this study also recommends 10 stations, with an 11
th
 station added as development occurs near 

West Columbia Pike.  
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III. POPULATION GROWTH, RISK, AND DEMAND ANALYSIS 

This chapter provides a review of factors that affect demand for emergency services. 

Specifically, we review population growth, fire risk and trends in the demand for emergency 

services per capita. Where possible, we conducted this analysis at a neighborhood or planning 

area level. The assessments conducted in this chapter are critical to the determination of the 

number and placement of resources (discussed in Chapter IV).  

Planning Areas 

It is good practice for fire departments to consider risk and demand at a neighborhood or 

planning area level because of the variation across them. In deciding how to subdivide Arlington, 

we considered using historical neighborhoods, but there were too many of them for developing a 

meaningful and understandable analysis. The general land-use plan (GLUP) was also considered, 

but these areas were set up more as zoning classifications than distinct areas. Finally, we 

considered using Arlington’s development corridors (Rosslyn-Ballston, Jefferson Davis, and 

Columbia Pike), but these did not cover the entire county. Ultimately, we chose to supplement 

the development corridors with our own division of the non-corridor areas as shown in Figure 1. 

Throughout this report, we refer to the area divisions shown in Figure 1 as “planning areas”. 
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Figure 1: Planning Areas 

 

Countywide Population Growth and Development 

Arlington County has experienced periods of rapid population growth, particularly after 

World War II, as seen in Figure 2. Between 1940 and 1970, the population more than tripled. 

Following a brief population decline in the 1970s, the population continued to grow and steady 

growth is expected to continue through 2040. The current population is 207,627 and the county 

projects that it will increase to 252,000 by 2040.  
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Figure 2: Actual (solid) and Projected (dashed) Population 

 

Figure 3 shows the current population density. Most portions of the county are considered 

metropolitan with more than 3,000 people per square mile. Exceptions are the eastern portions of 

the county that contain the Pentagon and Reagan National Airport. The residential areas in the 

northern part of the county, especially along the Potomac River, are considered urban with 2,000 

to 3,000 people per square mile.  

Population is a predominant driver of demand for emergency service. The areas with the 

highest population density, shown in red, can expect to have the highest amount of emergency 

service demand. The areas of particularly high population density are the Rosslyn-Ballston 

Corridor, the Pentagon City/Crystal City area, and large portions of Columbia Pike. 
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Figure 3: Population Density with Identified Growth and Development Areas  

 

Understanding expected population growth is an important component in planning for 

future provision of emergency service. In discussions with the Arlington County planning 

department, it was determined that there are several growths areas/corridors that could see 

significant growth over the next 30 years. Table 1 shows their projected change in housing, 

population, and employment for each of these growth areas through 2040.  

Figure 4 graphically shows this expected population change. 
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Table 1: Forecasts for Growth Areas 
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Figure 4: Forecasted Population Change, 2010-2040 
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Although the population and employment projections for the development corridors 

indicate significant growth, it is not certain how much of this growth will actually occur. Much 

of the projected development is dependent on the economic climate. Also, there is a difference 

between actual development underway and plans on paper. The redevelopment of Crystal City 

and expansion of light rail along Columbia Pike were both discussed in the 1999 Routley station 

location study, but have yet to occur. Much of the development plan is dependent on grants, 

approval from government agencies, and private developers. While it is beneficial to understand 

what development might occur, we tried to focus more on development that is guaranteed to 

occur over the next 5 to 10 years (based on approved and underway projects).  

Rosslyn and Pentagon City are the areas in which significant growth is expected over the 

next decade. These two development areas are shown with a green cross in Figure 3. The rest of 

the Rosslyn-Ballston corridor will also see continued growth, but not the same rate as Rosslyn. 

Crystal City has been re-zoned allowing for taller buildings, thereby making the area attractive to 

redevelopers, but the number of redevelopment plans being submitted have been limited. Growth 

in Crystal City will be heavily dependent on the economic climate. Outside of the identified 

development corridors, Arlington County is mostly residential and little change is expected in the 

residential areas. Knowledge of Arlington’s ongoing and projected development is taken into 

account when evaluating fire station locations in the next chapter. 

Demand Analysis 

Demand is defined as the number of calls for assistance to the fire department for 

emergency and non-emergency services. In this section, we review trends in demand for the 

different incident types, and compare emergency service demand by planning area, with maps 

showing fire and EMS hotspots.  

Trends by Incident Type – EMS calls are responsible for the highest proportion of 

demand and have remained fairly consistent over the last three years. False alarms and motor 

vehicle accidents also remained steady. Although they account for a significantly smaller portion 

of total demand, service calls and hazardous condition calls saw a substantial increase; service 

calls increased by 43 percent and hazardous condition calls increased by 67 percent.  

Figure 5 shows the incident type trends from 2009 to 2011. 
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Figure 5: Incident Type Trends, 2009-2011 
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Demand by Planning Area – Figure 6 shows emergency incidents by incident type and 

planning area. EMS incidents are responsible for the majority of emergency service demand in 

most of the planning areas. Columbia Pike, Area 3 and Area 4 had the largest number of calls, 

but are also some of the largest planning areas in terms of square mileage. Clarendon, Virginia 

Square and Area 1 had the least number of calls.  

Figure 6: Emergency Incidents by Incident Type and Planning Area, 2011 
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Geospatial Mapping of Fire and EMS Demand – Another and perhaps a better way of 

looking at demand is to map out fire and EMS incident densities using GIS software, which 

allows for pinpointing of high-demand areas (“hotspots”). Figure 7 and Figure 8 show fire and 

EMS incident densities per square mile respectively. 

Figure 7: Fire Incident Density 
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The fire incident density map includes all incidents classified as a fire within the NFIRS 

database. This includes structure fires, vehicle fires, and outside fires. This map shows that fire 

demand generally follows the population density map shown earlier in Figure 3. Most of the high 

density fire demand areas are located in the Rosslyn-Ballston corridor, the Pentagon City-Crystal 

City area, and parts of Columbia Pike. There are also some smaller hotspots around Station 8 and 

in Area 6.  

EMS incident density shows a similar hotspot pattern to that of fire density, but with 

additional hotspots located at the intersection of West Broad Street and North Washington Street 

near Station 6, the intersection of North Quincy Street and Lee Highway near Station 3, and 

Wilson Boulevard near North Kensington Street in Area 4. It appears that EMS demand is more 

spread out than fire incidents. Both EMS and fire calls tend to be driven by population—the old 

saying that the three leading causes of fire are men, women, and children generally holds true for 

all incident type densities. Although there are some differences in fire and EMS incident 

densities, both generally follow the residential population density shown earlier in Figure 3. 

EMS incident densities are shown in Figure 8. 
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Figure 8: EMS Incident Density 
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Demand Projection – Using a statistical software package, a multi-linear regression 

procedure was used to investigate how both time
6
 and population growth affect the total number 

of incidents to which the fire department responds. A best-fit multi-linear model was used to 

predict future demand. 

Over the past three years, the total number of incidents has increased eight percent (from 

25,967 to 28,033) and it is projected that this trend will continue. Our projection shows that by 

2020, Arlington County can expect to have approximately 31,840 emergency incidents if there 

are no new major changes to the character of the county or the population. 

Figure 9 shows the actual emergency incident totals from 2009 to 2011 (solid blue line), 

and the total emergency incident projections going forward (dashed blue line).  

Figure 9: Total Emergency Incident Projections, 2009-2020 

 

Appendix A provides more information on the prediction methodology used for the 

analysis. 

                                                
6
 Time reflects changes in inclination to use EMS and factors other than population. 
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Fire Risk Analysis 

Although fires are only a small portion of total emergency services demand, fire 

suppression activities require more personnel to mitigate than most other emergencies. The fire 

risk assessment in this section evaluates the overall trend in fires, the probability of fires in 

different planning areas, and the consequence and likely severity of fires in different planning 

areas. All of these factors are considered for each planning area’s overall fire protection 

requirements.  

Jurisdiction-wide Fire Losses – One of the best indicators of fire risk is historical fire 

loss data. Table 2 shows total fires, dollar loss (defined as both property and contents), injuries, 

and deaths over the last three years. The data includes structure fires, vehicle fires, and outside 

fires. On average, Arlington County has about 400 fires and one fire death per year. Annual 

dollar loss is about $5 million.  

Table 2: Total Fire Loss (2009-2011) 

 

Table 3 compares Arlington County’s fire loss data to regional and national averages. 

Arlington County had less than half the number of fires than the national and regional averages. 

Similarly, per capita fire loss was about 40 percent below the national and regional averages. 

Civilian injuries and deaths were also below national and regional averages. Although it appears 

that Arlington County has significantly low fire loss, fire loss data can be easily skewed. A single 

exceptional incident or under- or over-reporting of deaths, injuries, or property loss can have a 

huge impact on these comparisons. Also, different jurisdictions may collect data in slightly 

different ways, making comparison imperfect. Nevertheless, it is of interest to make the 

comparison and ask questions about differences found.  

Table 3: Per Capita Fire Loss and Comparison Statistics, 2009-2011 
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Fire Risk by Planning Districts – Fire risk is the product of fire probability and fire 

consequence. High risk can result from either a large number of small fires, or a small number of 

large fires. Table 4 provides both probability and consequence statistics for each planning area 

for the period 2009 to 2011. Probability is reflected in the total number of significant structure 

fires, defined as the number of fires that spread beyond their object of origin (e.g. cooking fires 

that did not extend beyond the pot or stove are excluded from this analysis).  

The table shows both the total number of fires and the number of fires per square mile. 

Consequences are compared for each planning area by looking at property loss in dollars, 

contents loss in dollars, civilian fire deaths, and the number of fires that spread beyond the room 

of origin (indicating a more serious structure fire). 

We normalized the consequence statistics by land area to make them more comparable 

between planning areas. Finally, each of the normalized statistics was color-coded to visually 

show high and low values. If the normalized value fell in the lower 25 percent of incidents or 

losses, it was color-coded green. If the normalized value fell into the higher 25 percent of 

incidents or losses, it was color-coded red. The remaining values were left uncolored. Using this 

technique, it is usually fairly easy to determine which planning areas have higher fire risks 

(higher probability and/or consequence of fire) and which planning areas have lower fire risks 

(lower probability and/or consequence of fire). 

Table 4 shows that Rosslyn, Ballston, and Pentagon City had the highest number of 

significant fires per square mile. Virginia Square, Area 1, Area 3, and Area 5 had the lowest 

number of fires per square mile. Property and contents loss per square mile were highest in 

Rosslyn, Area 2, Area 3, and Area 4.  

Because we had some concerns with the quality of the provided NFIRS data (and thus the 

quality of the fire loss data), we chose to use only the fires per square mile statistic to judge 

overall fire risk. We considered all areas with greater than eight fires per square mile to be high 

risk regardless of the associated fire loss data. Using this method, we found Rosslyn, Clarendon, 

Ballston, Columbia Pike, Pentagon City, and Crystal City to have the highest fire risk. Figure 10 

highlights these high fire risk areas in orange. 

Table 4: Fire Risk Classification by Planning Area, 2009-2011 
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Figure 10: High Fire Risk Areas 
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IV. FIRE STATION LOCATIONS, RESPONSE TIME, 
AND RELIABILITY ANALYSES  

For this part of the study, we reviewed current station and unit performance with respect 

to the emergency service needs of the various planning areas. To do this, we analyzed response 

time performance (both county-wide and by planning areas), current unit workloads, and the 

tradeoff between unit availability and response time performance. We also conducted a station 

coverage and overlap analysis using GIS software. Finally, based on all of these inputs we make 

some station location change recommendations. 

Response Time Analysis 

Response time is the most common performance measures used by the fire service 

because it is understood by citizens, easy to compute, and useful in the evaluation of end results. 

Rapid response is also an aspect of service quality that citizens care about. There have been a 

few attempts to measure the incremental value of a minute faster response time for fires and 

EMS calls, but there is no definitive study of the incremental benefit. Faster is better, but it is 

unclear how much better in terms of dollars or lives saved. In place of true measures of fire 

rescue service outcome, response time is often used as a proxy measure.  

Most fire departments use the NFPA 1710 standard as a goal, not as a prescriptive 

requirement. Few departments currently meet or exceed NFPA 1710, especially with respect to 

travel time (which is the hardest to improve). In this response time analysis, we show average 

times, 80
th
 percentile times as well as the 90

th
 percentile times which are used in the NFPA 

standard. Average response times have been increasingly less used by the emergency service 

industry because small numbers of very short or long response times (or data errors) can distort 

the results. Average also can mask a “dumbbell distribution” in which some very good response 

time areas are averaged in with some very poor response time areas to produce a good average 

overall. We show average response times because people typically understand them better than 

percentile/threshold times, but fire departments should not gauge performance strictly on 

averages.  

The public is interested in how fast a system responds to most calls, which is better 

reflected in percentile/threshold times than average times. More and more departments are 

adopting the 90
th

 percentile for reporting response times (mostly due to NFPA 1710’s use of this 

measure). However, meeting the 90
th
 percentile goal is not always the most efficient means for 

delivering emergency services. A 90
th
 percentile response time of x minutes means that 90 

percent of the time emergency crews arrive in less than x minutes. A system designed for 90 

percent compliance allows only 10 percent of calls to have response times that exceed the target 

goal time.  
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Although it is certainly possible to design a system with 90 percent compliance for all 

areas of a jurisdiction, it is may not be a cost-effective strategy. Urban areas close to several fire 

stations should have high compliance, but it does not always make sense to dictate such high 

compliance for more suburban areas (NFPA 1710 even acknowledges that it would not make 

sense to apply 1710 goal times to rural areas).  

Although NFPA 1710 recommends 90 percent compliance for their goal times, a better 

approach, we believe, is to use the 80
th
 percentile instead. There are several reasons for this. 

First, we subdivide our analysis into incident types and geographic areas (which most 

departments do not do). To have 90 percentile compliance in each of these subdivided areas 

would result in higher than 90 percent compliance county-wide. Second, departments that do not 

have rigorous data quality controls will typically have more calls recorded with incorrectly long 

response times than incorrectly short response times.  

Because 90 percent compliance is very difficult to achieve, we use 80 percent compliance 

to account for some erroneous data. Finally, almost no departments achieve 90 percent 

compliance with NFPA 1710. Achieving NFPA 1710 with 90 percent compliance is a great goal, 

but, in our professional judgment, 80 percent compliance is more appropriate. In fact, the CPSE 

Standards of Cover Manual uses 80
th
 percentile as suggested performance criterion. Ultimately, 

the best way of determining appropriate performance measurement metrics is for the county and 

fire department officials to set those metrics for each individual planning area, based on the 

demand and losses incurred.  

To reduce loss and be efficient a best practice is to place resources close to where they 

can do the most good—not treat every area the same (as traditional fire deployment practices 

dictate).  

Recommendation 1: Establish performance metrics based on planning area needs. A 

template for implementing such metrics is provided in Appendix B. 

Our analysis of response times included only incidents dispatched as an emergency (we 

eliminated service calls from the response time analysis). Further, the analysis included only 

frontline pumping and aerial apparatus for fire incidents and only units capable of first-response 

for EMS calls. These criteria were applied to keep the analysis in line with the NFPA 1710 

standard specifications. 

For all time segments, we analyzed one year’s worth of data. We eliminated those time 

segments that were more than three standard deviations from the mean (outliers). Three times the 

standard deviation was used because, if travel times had a normal probability distribution, 99.7 

percent of incidents are expected to fall within three standard deviations. Anything more than 

three standard deviations is likely to be an error in the data or a highly unusual situation. Each 

response time segment is analyzed both by the hour of the day and incident type.  
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Call Processing or Alarm Handling Time – According to NFPA 1710, the Alarm 

Handling Time is the “time interval from the receipt of the alarm at the primary public safety 

answering point (PSAP) until the beginning of the transmittal of the response information via 

voice or electronic means to emergency response facilities (ERFs) or the emergency response 

units (ERUs) in the field.”  

NFPA 1710 (4.1.2.3.3) specifies that “the fire department shall establish a performance 

objective of having an alarm processing time of not more than 60 seconds for at least 90 percent 

of the alarms and not more than 90 seconds for at least 99 percent of the alarms, as specified by 

NFPA 1221.”  

Figure 11 and Table 5 shows the call processing times by time of day and incident type. 

The 90
th
 percentile call processing time for fire and special operations incidents was 2:36 (two 

minutes, 36 seconds). EMS incidents had a 90
th
 percentile call processing time of 2:27. Call 

processing times are nearly one and a half minutes over the standard. The red line shows that 

even when there are peaks in the number of incidents (meaning the dispatch center is required to 

take more 911 calls), there does not appear to be an associated delay in call-processing time. 

There is no pattern in call processing time based on time of day. 

Currently, call processing times are way too long and should be addressed. It is 

financially prudent to address long call processing times because dispatch center technology and 

staffing is much less expensive than adding additional units and stations to reduce total response 

time.  

Figure 11: Call Processing Time by Hour of the Day, 2011 
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Table 5: Call Processing Time by Incident Type, 2011 

 

Turnout (or Reaction) Time – NFPA 1710 defines turnout time as “the time interval that 

begins when the emergency response facilities (ERFs) and emergency response units (ERUs) 

notification process begins by either an audible alarm or visual annunciation or both, and ends at the 

beginning point of travel time.” The standard specifies an “80 second turnout time for fire and special 

operations response and [a] 60 second turnout time for EMS response.” 

Figure 12 and Table 6 show the turnout times by time of day and incident type. For fire 

and special operation responses, the 80
th
 percentile turnout time of 1:37 is 17 seconds above the 

standard. For EMS responses, the 80
th
 percentile turnout time of 1:38 is 38 seconds over the 

standard. Because EMS turnouts do not require the donning of turnout gear, they should be faster 

than fire turnouts. Slower EMS turnout times reflect a potential issue that should be reviewed 

and offers an easy opportunity to reduce overall response times. 

Figure 12 shows that turnout times are 30-60 seconds faster between 7:00 AM and 8:00 

PM than during the overnight hours. Improving overnight turnout times would help bring down 

overall turnout times. 

Figure 12: Turnout Time by Hour of the Day, 2011 
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Table 6: Turnout Time by Incident Type, 2011 

 

Travel Time by Hour of the Day and Incident Type – Travel time is the time interval 

that begins when a unit is en route to the emergency incident and ends when the unit arrives at 

the scene. Travel times are a function of geography, road conditions, traffic/congestion, and the 

number of and location of fire stations with respect to the location of actual calls. NFPA 1710 

recommends “240 seconds or less travel time for the arrival of the first arriving engine company 

at a fire suppression incident” and “240 seconds or less travel time for the arrival of a unit with 

first responder with automatic external defibrillator (AED) or higher level capability at an 

emergency medical incident.” 

Figure 13 shows travel time for the first arriving unit by hour of the day, and Table 7 

shows the travel time for the first arriving unit by incident type. At the 80th percentile level, 

travel time for all emergency incidents was 4:16, which is just slightly above the NFPA travel 

time recommendation of 240 seconds (four-minute travel times were 4:10 for EMS incidents and 

5:01 for fire and special operations at the 80
th
 percentile). (This is very good for cities we have 

studied.) Although countywide travel times are slower than the NFPA standard, few fire 

departments actually meet the travel time component of the 1710 standard. It is more important 

to look at whether travel times for different areas of the county match up with the earlier-

discussed planning area risk levels. 

Travel time for the first arriving unit is fairly consistent throughout the day; it does not 

appear that traffic variations have much effect on travel times.  

Unlike call-processing time and turnout time, which can be addressed on a county-wide 

basis, travel time is better addressed area-by-area. The next section of this response time analysis 

includes a breakdown of total response times and travel times by planning area. 
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Figure 13: Travel Time (First Arriving Unit) by Hour of the Day, 2011 

 

 

Table 7: Travel Time (First Arriving Unit) by Incident Type, 2011 

 

Total Response Time – Total response or reflex time is the most important time segment 

because it combines all the previously analyzed time segments and is the measure by which the 

public evaluates the effectiveness of fire and EMS service. The NFPA defines total response 

time to include three phases: “(1) Phase One – Alarm Handling Time, (2) Phase Two – Turnout 

Time and Travel Time, and (3) Phase Three – Initiating Action/Intervention Time.” Although 

NFPA 1710 does not explicitly provide a time objective for total response time, we added 

together the call-processing time objective (1:00 for all call types), the turnout time objective 

(1:00 for EMS incidents and 1:20 for fire and special operations incidents) and the first-arriving 

unit travel time objective (4:00 for all call types). By adding up the individual NFPA 1710 time 

segment objectives, one can conclude that the total response time should preferably be less than 

6:00 for EMS incidents and less than 6:20 for fire and special operations incidents. 

Figure 14 shows the total response time for the first arriving unit by hour of the day, and 

Table 8 shows the total response time for the first-arriving unit by incident type. The 80
th
 

percentile total response time for EMS incidents was 7:07, which is about one minute longer than 

the recommended 6:00 minute response time. Fire and special operations incidents had an 80
th

 

percentile response time of 7:50, which is about one and a half minutes longer than the 

recommended 6:20 minute response time. While most fire departments are not meeting the 
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NFPA 1710 response time standard, most are within 1 to 1.5 minutes of the time; Arlington’s 

response times fall into this range. It should be noted, however, that slow call processing times 

and, to a lesser extent, slow turnout times are preventing Arlington County from having faster 

total response times and perhaps exceeding the NFPA 1710 standards. 

Figure 14: Total Response Time (First Arriving Unit) by Hour of the Day, 2011 

 

 

Table 8: Total Response Time (First Arriving Unit) by Incident Type, 2011 

 

Table 9 shows the 80
th

 percentile response times by planning area, both as measure of fire 

department response time (FD Reflex) and total response time (Total Reflex). Total response 

times for the planning areas range from a low of 5:49 for Pentagon City and a high of 10:32 for 

Area 1. The average for all planning areas is 7:22, with most planning areas having a total 

response time in the 6 to 7 minute range. 
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Table 9: 80th Percentile Response Time by Planning Area, 2011 

 

Workload Analysis 

We analyzed the call types and workload for each ACFD unit. Unit workloads can affect 

response time performance because as units become busier, they are unavailable more of the 

time to respond to the calls where they would be first-due.  

Generally, units in high demand areas with closely spaced stations can get away with 

higher workloads because other stations can adequately cover their first due areas. More 

suburban and rural areas, where fire station coverage areas do not overlap as much, are more 

susceptible to response time issues, especially when workloads become heavy during portions of 

the day.  

ACFD units have a moderate to high workload. Units with moderate workload (1,000-

1,999 responses per year) include all the truck and tower units, heavy rescue units, and Engines 

103, 107, and 108. All other units have high workload (2,000-2,999 responses per year) and 

Medic 102 has very high workload (3,000-3,999 responses per year). As Arlington County’s 

population increases demand, especially for EMS, will also increase.  

Table 10 and Figure 15 below shows the number of calls for ACFD units in 2011 and the 

actual time spent on calls (unit hours), by type of call and unit (ambulances, engines, 

trucks/tower, and rescues). Table 11 through Table 14 breaks the analysis down for each unit 

type. 
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Table 10: Responses by Station and Unit, 2011 
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Figure 15: Workload (Unit Hours) by Unit and Incident Type (2011) 
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The data shows that in 2011, ambulances spent an average of 6.2 hours each day 

responding to 6.5 incidents. Medic 102 had the most responses (3,027) and Medic 110 had the 

least responses (2,000). The average time spent on each medical call was just under one hour 

(.96), with the average unit hours per day for medic units at 6.2 hours. Medic 102 has the highest 

workload at 7.6 hours per day.  

Going forward, a question for the ACFD is when additional capacity would be needed in 

a given station to handle the higher call volumes that occur during busy periods of the day. (This 

analysis was beyond the requested scope of this project.)  

Table 11: Medic Unit Workloads, 2011 

 

Engines averaged 1.7 unit hours responding calls each day to 5.8 incidents. Engine 105 

had the most responses (2,772) and Engine 107 had the least responses (1,422). The average unit 

hours per day actually on calls for engines are 1.7 hours, meaning the average engine is still 

available for 22 hours of the day. As with the medic units, the availability of engines can be very 

misleading because the majority of calls occur during the same period each day.  

Table 12: Engine Workloads, 2011 

 

ACFD ladder trucks and the tower unit averaged 1.3 hours responding to 4 incidents per 

day in 2011. Tower 104 had the most responses (1,885) and Truck 106 had the least (1,089).  

When looking at unit hours instead of responses, these stats are exactly reversed—Truck 

106 was the busiest (574 unit hours) and Tower 104 was the least busy (425 unit hours). 

Although typically the number of responses is somewhat correlated with unit hours, this is an 

example for why it is important to look at workload both in terms of unit hours, not necessarily 
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runs. We were unable to determine why Truck 106 had a considerably higher workload than 

Trucks 104, which had the highest number of calls. We believe it is because the majority of calls 

for Tower 104 were for automatic alarms—calls of which usually only take a few minutes to 

handle.  

Table 13: Truck and Tower Workloads by Unit, 2011 

 

The two rescues averaged 1.1 hours responding to 4 incidents. In terms of unit hours of 

workload, the two rescues were Arlington County’s least busy units. To address the increased 

workload on ACFD medic units, ACFD might consider having its rescue company’s cross-staff 

one or two medic units as the additional capacity is certainly available.  

Table 14: Heavy Rescue Workloads by Unit, 2011 

 

Unit Availability vs. Performance  

The Center for Public Safety Excellence (CPSE) “performance vs. unit availability” 

analysis is based on the premise that there is a tradeoff between unit availability and response 

times. This is a powerful analysis method for determining how well the current deployment 

scheme is working, considering possible changes, and monitoring system performance over time. 

Appendix D provides a detailed explanation of this type of analysis along with some examples.  

Caveat: The percentage of time that the first due unit was available in the following analysis 

may be incorrect because that the data is not being collected in such a way to conduct the 

analysis properly. When ACFD units switch out for training and other activities, they do not 

necessarily switch out unit numbers. As a result, a unit temporarily located at the first due station 

for handling a call would be analyzed as an “incorrect” unit. This is not atypical for jurisdictions 

that do not regularly perform this type of analysis. We recommend that Arlington County adjust 

its data collected so that this type of analysis is more accurate in the future. 

North Arlington County Unit Availability vs. Performance Analysis – The analysis of 

North Arlington County includes Stations 3, 6, and 8. All of these stations have a moderate 

tradeoff between unit availability and travel time performance. Even when a unit is always 

available, none of the stations are able to meet the performance objective (240 second travel time 

with 80 percent compliance). Station 3 is the closest to meeting the objective, falling just under 
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80 percent compliance (with 100 percent unit availability). The other stations fall significantly 

under the performance goal, possibly indicating station location problems. 

Figure 16 and Table 15 show the tradeoff between unit availability and travel time 

performance for these first-due areas.  

Figure 16: Unit Availability vs. Performance Analysis, North Arlington 

 

 

Table 15: Unit Availability vs. Performance Analysis, North Arlington 

 

Rosslyn-Ballston Corridor Unit Availability vs. Performance Analysis – North 

Arlington County includes Stations 2, 4, and 6. Stations 2 and 4 have a moderate tradeoff 

between unit availability and travel time performance. Station 10 has a particularly strong 

tradeoff, which makes sense because it only has nearby second-due stations to the east. All of 

these stations are able to meet the performance objective (240 second travel time with 80 percent 

compliance) when units are available. Station 10 could still meet the performance objective even 

with 18 percent unit unavailability; Station 4 could meet it with 25 percent unit unavailability. 

Station 4 can take on such high unit unavailability because Stations 1, 2, 3, and 10 all provide 

excellent second-due coverage. Of concern is that Station 2 can only meet the performance 

objective when a unit is always available. 
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Figure 17 and Table 16 show the tradeoff between unit availability and travel time 

performance for these first-due areas. 

Figure 17: Unit Availability vs. Performance Analysis, Rosslyn-Ballston Corridor 

 

 

Table 16: Unit Availability vs. Performance Analysis, Rosslyn-Ballston Corridor 

 

South Arlington County Unit Availability vs. Performance Analysis – The analysis of 

South Arlington County includes Stations 1, 5, 7, and 9. Stations 1, 7, and 9 have a moderate 

tradeoff between unit availability and travel time performance. Station 5 has a particularly strong 

tradeoff, which makes sense because it is somewhat isolated. The nearest second-due station 

(Alexandria Station 209) is 2.5 miles south and 8 minutes away. When a unit is always available, 

Stations 5, 7, and 9 are able to meet the performance objective. Stations 5 and 9 quickly fall 

below the performance objective with any level of unit unavailability. Only Station 7 is able to 

achieve the performance goal with some unit unavailability. Station 1 is not able to meet the 

performance objective at all, and it is likely that certain parts of Station 1’s first-due area cannot 

be reached within four minutes travel time.  
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Note: When looking at this analysis, it is the first-due area (the area covered by the fire station) 

that may be having problem, not necessarily the fire station itself. Station 1 is a good example of 

this. Station 1 is currently in a good location (see next section), but it covers a particularly large 

first-due area because of its distance from other fire stations. A performance deficiency in this 

first-due area may be better addressed by relocating other stations or changing first-due areas 

rather than moving Station 1 itself.  

Figure 18 and Table 17 show the tradeoff between unit availability and travel time 

performance for these first-due areas. 

Figure 18: Unit Availability vs. Performance Analysis, South Arlington 

 

 

Table 17: Unit Availability vs. Performance Analysis, South Arlington 
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GIS Coverage Analysis 

This section presents an analysis of the coverage that is provided by the current station 

locations. This analysis was put together using Geographic Information System (GIS) software. 

Figure 19 shows the current location of all the Arlington County fire stations, as well as the 

theoretical travel time from each of the stations. Areas in dark green can theoretically be reached 

in four minutes, and areas in light green can be reached in six minutes. Other than the large 

coverage gap in North Arlington, the current locations of fire stations provide generally good 

coverage. 

Figure 19: Current Fire Station Locations 
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Total response times (call processing + turnout time + travel) to the northern Arlington 

residential neighborhoods of Gulf Branch, Bellevue Forest, Rivercrest, Old Glebe, and Chain 

Bridge Forest often exceed 8 minutes. The Glencarlyn Park area also exceeds a 6-minute travel-

time, primarily because of the road network.  

While not practical or expected that all areas be covered by less than four-minute travel 

times, it is important to consider whether our earlier identified high-demand and high-risk areas 

(Figure 7 and Figure 8) are well covered. With the exception of the eastern and western portions 

of Columbia Pike and the Area 6 hotspot (located in the Long Branch Creek neighborhood), all 

of the earlier identified high-risk planning areas and high-demand hotspots can be reached within 

a four-minute travel time. 

Northern Virginia fire departments operate using a boundary-less system, meaning that 

the closest unit is dispatched regardless of jurisdiction. As a result, the location of County fire 

stations can also impact coverage outside of the County because of the automatic aid agreements. 

Figure 20 shows the theoretical travel time from Arlington stations and nearby mutual aid fire 

stations. 
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Figure 20: Four- and Six-Minute Travel Time Analysis 

 

Another consideration is faster travel times to the areas with high-rise buildings to allow 

additional time to reach the upper floors. These areas include the Rosslyn-Ballston corridor and 

the Pentagon City-Crystal City area. The previous Routley station location study suggested 

possibly merging Station 10 (Rosslyn) and Station 4 (Clarendon) to a new location in 

Courthouse. This change would result in longer response times to Rosslyn, which has the highest 

buildings, is undergoing significant redevelopment, and we consider a high-risk and high-

demand area. It is important that Station 10 remain in Rosslyn to maintain the excellent coverage 

that this planning area requires. As Figure 20 shows, Stations 2, 4, 5, and 10 can reach the areas 

where most of the county’s high-rise structures are located within a three-minute travel time. 



Arlington County, VA  FINAL REPORT 
Population Growth, Risk Assessment, and Fire Station Location Study 

TriData Division, 44 December 2012 
System Planning Corporation 

Station Coverage Overlap 

In addition to good travel-time coverage for first due units, some coverage overlap is 

required to maintain good response times in areas where the demand is high like the Rosslyn-

Ballston corridor. High demand areas are more likely to have concurrent emergencies and 

require the proximity of several units and/or stations.  

The current station layout provides satisfactory overlap along the Rosslyn-Ballston 

corridor, but no overlap in the Pentagon City-Crystal City area. Both of these areas have high 

enough demand to have overlapping first due areas to maintain response times. Currently, the 

Rosslyn-Ballston corridor has good coverage from at least three stations in most parts of the 

corridor (and at least two stations in all parts of the corridor). Crystal City has some multi-station 

coverage from Arlington County Station 5 and Alexandria Station 209, but Pentagon City only 

has coverage from Station 5. Pentagon City is a high-demand, high-risk area that is currently 

undergoing significant development. Not having any overlapping coverage here is less than 

ideal. 

There are some areas of the county that have coverage overlap but do not require it. The 

southwest portion of the county covered by Stations 7 and 9 has coverage from three-plus 

stations even though demand and risks were determined to be low. Figure 21 shows the coverage 

of multiple stations for Arlington County within five minutes. 
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Figure 21: Current Station Overlap 

 

Recommended Station Location Changes 

The theoretical drive time map (Figure 20) showed good county-wide coverage (except 

the northern residential area) and the coverage overlap map (Figure 21) showed good 5-minute 

response time overlaps in those areas with the highest demand (except Pentagon City). The goal 

for this station location analysis was to consider whether relocating some stations might improve 

deployment performance or efficiency. Although we worked through many station relocation 

alternatives, we found the following three changes would most effectively address the identified 

coverage and overlap issues: 
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 Move Station 8 north 

 Close Station 7 

 Build a new station near the intersection of Columbia Pike and Washington Blvd. 

Move Station 8 North – The Routley study identified the same north county coverage 

problem found in the current analysis and suggested several different Station 3 and Station 8 

location combinations to address the issue. Since the time of that study, Station 3 has been rebuilt 

close to its previous location as was Station 6 in Falls Church. Thus both stations cannot be 

moved.  

The best solution now remaining is to relocate Station 8 to improve coverage in the north 

county. Three locations for Station 8 were considered in this study: (1) the intersection of 

Williamsburg Road and North Glebe Road, (2) the intersection of Rock Spring Road and North 

Glebe Road, and (3) Old Dominion Drive and 26th Street. 

All these locations would provide good coverage to the currently uncovered northern 

county, but also potentially add additional demand for Station 2 by increasing the Station 2 first-

due area. To minimize the potential increase in workload for Station 2, it makes sense to keep 

Station 8 as close as possible to Station 2 while still improving coverage to the north. Also, 

keeping Station 8 in as central a location as possible, keeps units better positioned to respond to 

other areas of the county. The Old Dominion Drive and 26th Street intersection is the most 

central and provides the best location for a new Station 8. This area is also the only one where 

there might be available land for a new fire station. 

Figure 22 shows the location and coverage changes that would result from moving 

Station 8 to the intersection of Old Dominion Drive and 26th Street. 
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Figure 22: Station 8 at the Intersection of Old Dominion Drive and 26th Street 

 

 

Recommendation 2: Relocate Station 8 to a site near the intersection of Old Dominion 

Drive and 26th Street. 

Close Station 7 – The previous Routley study recommended either eliminating Station 7 

or moving it to South George Mason Drive for improved coverage of the western Columbia Pike 

area. The report noted that Station 9 has an approximately four-minute travel time to Fairlington 

where Station 7 is currently located. The report also noted that three additional mutual aid fire 

stations (Alexandria 203, Alexandria 206, and Fairfax 410) could reach Fairlington in about the 

same time as Station 9. Our study found that the Fairlington area has an exceptionally high 
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amount of coverage overlap for an area that has low risk and low demand. We concur with the 

Routley recommendation to close Station 7. 

Recommendation 3: Close Station 7 

The Routley study also considered moving Station 7 to South George Mason Drive near 

Wakefield High School. It made the case that the location could provide better coverage for the 

western side of Columbia Pike where some new development was underway. Although this 

solution would provide better coverage for Columbia Pike (a hotspot for both fire and EMS 

demand and a high-fire risk area), the station would still be located too close to Station 9. 

Essentially this solution would just create another situation where two stations are too close 

together (albeit serving a higher risk and higher demand area). 

To provide an overall better strategic fire station layout, we looked at moving Station 9 to 

the intersection of South Walter Reed Drive and South Four Mile Run Drive (Figure 23) in 

conjunction with creating a new station on the eastern side of Columbia Pike (next section).  
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Figure 23: Close Station 7 and Slightly Move Station 9 

 

This Station 9 move would improve coverage for the west end of Columbia Pike, but has 

some practicality problems. The move would only be very minor (.4 miles and 2-minutes away 

from the current location) and would put the new station at the bottom of a hill, slightly slow 

response times from the new location. There are some better ways of improving service to the 

western Columbia Pike area, which are discussed in our 11 Station Layout section. At this point, 

it makes sense to keep Station 9 in its current location. 

Build a New East Columbia Pike Station – The 1999 Routley station location study 

noted that, although Station 5 is in an excellent location to cover most of the Pentagon City-

Crystal City area, it is also the only station that can reach this area within the desired response 
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time. Second-due coverage for most of Pentagon City and Crystal City comes from stations that 

are well over the 5-minute time, largely because of the limited access under I-395. The report 

stated that, because of planned development expanding south into the former railroad yards, 

workload would increase and the fire department would need to either expand Station 5 to 

accommodate more units or to add a second fire station in southern Crystal City. 

Since the 1999 report, Alexandria has added a Potomac Yards fire station and Crystal 

City has not redeveloped as much as expected. As a result, it is our opinion that a second station 

for south Crystal City is no longer required. However, the Pentagon City-Crystal City area is a 

rapidly developing, high-risk area and second-due coverage to the area is still poor, again 

because of the limited access under I-395. Another station in Pentagon City or Crystal City does 

not make sense however, because the two stations would be too close together to see the benefits. 

If the options were to build a second station in Pentagon City-Crystal City or add units to Station 

5, adding a unit to Station 5 is better.  

Workload for Station 5, which covers this area, is already high and will likely increase as 

several large Pentagon City developments are completed. If the planned large-scale 

redevelopment in Crystal City also occurs, as planning officials expect, future workloads will 

increase. As was shown in the response time/unit availability analysis earlier, workloads of the 

first and second-due stations can affect response times. This clearly is the case for the Crystal 

City-Pentagon and a new station would improve the situation—at the same time improve 

coverage on Columbia Pike.  

Four connector roads with access under I-395 were analyzed using GIS for their potential 

to improve second-due coverage, at the same time improving coverage on Columbia Pike. South 

Glebe Road, Army Navy Country Club Access Road, Washington Boulevard, and Joyce Street 

are the four access routes. Of these, only the Washington Boulevard underpass provided a 

practical connection to the Crystal City-Pentagon planning area. It was determined that a station 

near the South Glebe Road underpass could not provide enough coverage to Pentagon City and 

the Army Navy Country Club Access Road is not practical because responses would go through 

a parking lot. And a fire station near the Joyce Street underpass is not a good location because 

the station would be in the middle of the Pentagon complex.  

The best solution is near the intersection of Columbia Pike and Washington Boulevard, 

the added benefit being that the location also improves coverage to the high-demand hotspot on 

the east side of the high-risk area of Columbia Pike. The area is also scheduled for additional 

development.  

Instead of simply adding units to Station 5 to maintain high unit availability as workload 

increases, it would be strategically better to have a well-placed, second-due station that could 

occasionally handle Pentagon City / Crystal City calls. A new station near the intersection of 

Washington Boulevard and Columbia Pike will provide better strategic coverage for Southern 



Arlington County, VA  FINAL REPORT 
Population Growth, Risk Assessment, and Fire Station Location Study 

TriData Division, 51 December 2012 
System Planning Corporation 

Arlington County and ensure that the fire department is prepared to handle increased emergency 

service demand in Pentagon City and Crystal City. 

The addition of a new station near Washington Boulevard and Columbia Pike is depicted 

in Figure 24. 

Figure 24: New Columbia Pike and Washington Blvd Station 

 

 

Recommendation 4: Construct a new fire station near the intersection of Washington 

Boulevard and Columbia Pike. 
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GIS Map of Station Location Changes 

The proposed changes improve coverage, yet maintain the current number of fire stations 

in Arlington County (10). The plan also maintains the excellent three-minute travel time for the 

Ballston-Rosslyn corridor where demand is the highest. Figure 25 shows the entire set of station 

locations to include: (1) moving Station 8 north, (2) closing Station 7, and (3) building a new 

east Columbia Pike station. Also depicted is the theoretical four and six-minute coverage. 

Figure 25: Proposed Near-Term 10 Station Layout 
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Figure 26 shows the 5-minute coverage overlaps. The figure shows a significant increase 

in coverage overlap for Pentagon City and Crystal City (which needs more redundancy and more 

units to arrive in a short time) and a slight decrease in overlap for the Station 3 and Station 7 

areas (which both currently have more redundancy than necessary). 

Figure 26: Proposed Near-Term Station Overlap 
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Long-Term 11 Station Layout 

While the 10 Station layout proposed in the previous section provides a good near-term 

plan, a longer-term plan is also needed to provide better coverage for the developing western 

Columbia Pike and Crystal City areas. 

The long-term plan should include adding an new (11
th
) station on West Columbia Pike 

and move Station 9 to the intersection of Glebe Road and I-395. Many different station location 

options were considered and this location appears to be the best. The Glebe Road and I-395 

intersection was the only location found that provides good coverage for the current Station 9 

area and the Crystal City area. The proposed 11 Station layout would provide excellent coverage 

for the developing high-demand areas (west Columbia Pike and Crystal City), limit overlap in 

the areas that do not need redundancy, and provide additional second-due coverage to the high-

risk, high-demand Pentagon City area.  

The changes reflected in the long-term plan are shown in Figure 27. 
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Figure 27: Proposed Long-Term 11 Station Layout 
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V. REVIEW OF ACFD FACILITIES  

In addition to its location, the age and condition of a fire station should also be 

considered when deciding whether a particular facility should be relocated, merged with another 

facility, or even eliminated. In this section we summarize the attributes of the County’s 10 fire 

stations.  

The purpose of this section is to provide background on each station and its expected 

service life, not to provide a detailed facility assessment. Detailed facility condition assessments 

for the ACFD’s 10 stations were completed in 2008-09, by EMG Corporation.
7
 Pictures of the 

ACFD stations are provided from the Fire Department’s website.
8
  

Fire Station 1  

Fire Station 1 has one engine, one ALS medic transport unit and the Fire Department’s 

primary hazmat response vehicle (HM101). Constructed in 1991, Station 1 is a drive-through 

facility with three apparatus bays. 

Figure 28: Arlington County Fire Station 1, 500 S. Glebe Road 

 

Station 1 sits on the northern edge of the Columbia Pike planning area and is in a good 

location relative to the surroundings Stations 2, 4, 5, and 9. It is also in a good location relative to 

the current and future demand along Columbia Pike. With routine maintenance, Station 1 could 

well serve the county for another 30 years, or more. It should be left as is.  

                                                
7
 Where necessary, information from the Fire Station Facility Condition Assessments conducted by EMG 

Corporation is included in this section.  
8
 http://www.arlingtonva.us/Departments/Fire/find/FireFindStation01.aspx 

 

http://www.arlingtonva.us/Departments/Fire/find/FireFindStation01.aspx
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Fire Station 2 

Constructed in 1976, Station 2 is located on the western edge of the Ballston planning 

area. Units located at Station 2 include one engine and one ALS medic transport unit. Station 2 

was renovated in 2001.  

Figure 29: Arlington County Fire Station 2, 4805 Wilson Boulevard 

 

Station 2 is well located to serve the Ballston and Virginia Square planning areas as well 

as the areas west of Ballston (Area 4).
9
 The station has three apparatus bays and is in very good 

condition because of its renovation. Station 2 has excellent access to George Mason Drive and 

Glebe Road, as well as I-66. It is also well situated relative to the demand along the Ballston-to-

Rosslyn corridor. It should be left as is.  

Fire Station 3  

Station 3 is the newest fire station, built in 2011 with over 14,000 square feet of space. 

Four apparatus bays accommodate one engine and a shift battalion chief. The new facility 

replaced the former Cherrydale Volunteer Fire Company station that operated from 1919 to 

2011.  

                                                
9
 As a matter of openness, we note that SPC/TriData is located at Virginia Square and is protected by this station. 
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Figure 30: Arlington County Fire Station 3, 4100 Old Dominion Drive 

 

Fire Station 3 should serve the citizens of Arlington County for many years to come. 

Though currently only housing one engine and battalion chief, there is ample space to add more 

units (and personnel) as demand increases. The location of Station 3 is excellent to cover the 

Cherrydale community but has considerable overlap of coverage with Station 8 at 4845 Lee 

Highway. Station 3 also provides excellent second-due coverage for Stations 2, 4, and 10 along 

the Fairfax Drive-Wilson Boulevard corridor, which is the area of highest demand.  

Fire Station 4  

Station 4 has one ladder truck, one rescue company and an ALS medic transport unit. 

Station 4 is the only ACFD station without an engine. The station was previously the ACFD 

headquarters. Constructed in 1963 and renovated in 1997, it is the county’s most strategically 

located fire station with easy access to the major routes of Clarendon, Wilson, and Arlington 

Boulevards, as well as Fairfax Drive.  
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Figure 31: Arlington County Fire Station 4, 3121 10th Street 

 

No changes are recommended for the location of Station 4.  

Fire Station 5  

Constructed in 2005 but not occupied until 2008, Station 5 has an engine, ladder truck, 

and ALS medic. 

Figure 32: Arlington County Fire Station 5, 1750 South Hayes Street 

 

Station 5 is the closest station to the high demand area around the Pentagon and Crystal 

City. It is also the one of the closest fire stations to Reagan Airport. No changes in location are 

recommended for Station 5.  
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Fire Station 6  

Constructed in 2000, Station 6 is co-operated by Arlington County and the City of Falls 

Church. One engine, ladder, and an ALS medic transport operate from this five-bay station, 

which is located in Falls Church.  

Figure 33: Arlington County Fire Station 6, 6950 Little Falls Road 

 

Under the city-county contract arrangement, Falls Church bills the city for half of the 

staffing and all of the maintenance costs for the apparatus each quarter. Strategically, Station 6 is 

in a good location and no changes are recommended.  

Fire Station 7  

A one-bay station renovated in 1983, one engine operates from this facility.  

Figure 34: Arlington County Fire Station 7, 311 South Abingdon Street 
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Station 7 is located in a residential community that has narrow streets and limited access. 

It does not provide as wide coverage area as do other fire stations in the County. Well- 

maintained and in excellent condition, Station 7 is considered a ‘neighborhood treasure’ to 

residents of the community. The Routley study also recommended the elimination of Station 7, 

or its relocation to South George Mason Drive near Wakefield High School. This study found 

that Stations 7 and 9 could be merged to a location near the intersection of South Walter Reed 

Drive and South Four Mile Run Drive.  

Fire Station 8  

Constructed in 1963, one engine and one medic units are located at Station 8. The area 

near Stations 8, 2, and 3 were determined to have a high number of fire incidents. However, 

there is considerable overlap in coverage between Stations 3 and 8, which are not really 

necessary given the overall demand. Though it is one of the older fire stations, Station 8 is still in 

generally good repair, according to a Facility Condition Assessment. 
10

  

Figure 35: Arlington County Fire Station 8, 4845 Lee Highway 

 

This study recommends that Station 8 be relocated to north Arlington to reduce response 

times there. Two locations for Station 8 were considered: the intersection of Williamsburg Road 

and North Glebe Road and (2) the intersection of Rock Spring Road and North Glebe Road. 

Rock Spring Road was determined the better location for Station 8, if it were relocated.  

 

                                                
10

 Conducted by EMG Corporation in 2008-09.  
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Fire Station 9  

Constructed in 1956 and renovated in 2000, Station 9 is located in south Arlington at 

1900 South Walter Reed Drive. One engine, one ALS medic and one rescue unit are located at 

Station 9.  

Figure 36: Arlington County Fire Station 9, 1900 South Walter Reed Drive 

 

This study found that Station 9 provides generally good coverage and it can reach the 

area around Station 7 within the recommended response travel-time parameter of four minutes. 

This study recommends that Stations 7 and 9 be merged. With the merger a new facility is 

recommended along east Columbia Pike.  

Fire Station 10  

Located at 1559 Wilson Boulevard along the Ballston-Rosslyn corridor, one engine, one 

ALS medic unit, and one technical rescue trailer are located at Station 10. It is also one of the 

older stations in Arlington County, constructed in 1960.  
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Figure 37: Arlington County Fire Station 10, 1559 Wilson Boulevard  

 

The majority of the area covered by Station 10 has a drive-time within three minutes, 

which is appropriate given the high-rise density in the area. Because the facility is older (52 

years), it will probably need to be replaced or significantly upgraded at some point in the not-to-

distant future. No changes are recommended for the location of Station 10.  
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APPENDIX A: TOTAL INCIDENT FORECASTING METHOD 

In statistics, linear regression is an approach to modeling the relationship between a 

dependent variable y and one or more independent variables denoted xi. For our incident type 

trending, we are using year (x1) and population (x2) to predict incident type totals (y). We realize 

that time and population are not the only factors determining emergency services demand, so the 

model is not perfect for predicting the number of incidents. Linear regression is useful in that it 

shows trends, and trends are valuable for planning purposes.  

For any model, it is necessary to say how statistically accurate it is, or what the 

confidence is in the estimates. For example, if we predict that there will be 1,000 emergency 

incidents ten years from now, we also have to state the confidence limits of that prediction. The 

confidence interval is a statistical plus/minus calculation. To continue with our example, we 

might say there will be 1,000 emergency incidents, plus or minus 100, with 95 percent likelihood 

it will be in that range.. This gives the reader both a prediction and a range within which we are 

fairly certain (95 percent certain ) that the eventual number of incidents will fall. 

The confidence intervals are the result of a statistical calculation that analyzes how 

accurately our prediction model represents the actual data. A good model will have a small plus-

minus confidence interval. This often happens when the historical trend stays fairly steady from 

year to year; as a result, a multi-linear regression is able to make fairly accurate predictions for 

total incidents for at least several years into the future. The further into the future, the wider the 

confidence limits become. 

Large confidence intervals occur when there are large incidence fluctuations from year to 

year that are inconsistent and cannot be accurately modeled with any of the independent 

variables (time and population). For instance, if the annual number of incidents fluctuates up 30 

percent one year and down 30 percent the next, and then up 40 percent and down 5, the model 

cannot accurately predict the exact number of incidents for a given year. In that case, there would 

be a large confidence interval that essentially says we predict y, but the number could be much 

higher or much lower. 
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APPENDIX B: PERFORMANCE MEASUREMENT 

Many fire departments measure their deployment performance based entirely on the 

NFPA 1710 standard. The problem with using this standard “carte-blanche” is that it assumes all 

areas need equal fire protection. Even if it were possible to provide truly equal fire protection, 

the reality is that urban, downtown areas have different fire protection needs than a more rural 

area. A sparsely populated and sparely structured area of the city, for instance, does not need 

three ladder trucks within an 8-minute reach; some urban, downtown areas do. 

The NFPA 1710 standard is oriented towards achieving a 6-minute total response time, a 

time at which fires are likely to expand rapidly (flashover), and defibrillated cardiac arrest 

patients have a markedly lower chance of survival. NFPA 1710 does not actually specify a total 

response time standard. Instead, it provides time and reliability standards for each of the time 

segments that comprise total response time (call-processing, turnout, and travel). For example, 

the standard specifies that for fires and special operations incidents, the first-arriving unit will 

have a travel time (time from the unit leaving the station to arrival at the emergency incident) of 

four-minutes 90 percent of the time. In this case, four minutes s is the time standard, and 90 

percent is the reliability standard. Although the NFPA 1710 standard is an excellent goal to work 

towards, few fire departments are able to completely meet the standard. 

The standard is based on what is ideal and not necessarily what is realistic. For instance, 

to achieve a six-minute total response time, the original version of the standard specified a call-

processing time of one minute, a turnout time of one minute, and a travel time of four minutes. It 

was subsequently realized that one-minute was not enough time for firefighters to get to their 

unit, don full turnout gear and leave the station. As a result, the 2010 version of the NFPA 1710 

standard was revised to allow 80 seconds of turnout time for fire and special operations 

incidents.  

Just as the standard itself was revised to reflect reality, it makes sense to consider whether 

the standard makes sense for all parts of the jurisdiction in its current form. Take for instance a 

rural, sparsely populated area. It may not be reasonable to expect a four-minute travel time for 90 

percent of incidents. The jurisdiction might consider specifying a 5-minute travel time for 70 

percent of incidents to account for the area’s rural character. 

Appropriate performance levels should be based on the characteristics of individual 

planning areas. Response time and reliability goals should match a particular area’s risk 

characteristics, not just conform to a one-size-fits-all standard. For this to occur, fire departments 

need to consider that a data-driven approach can be a better approach for risk management than 

merely applying standards across the board, in our opinion. The UK after having been a model 

for standards of cover has completely dropped them nationally, in favor of locally made risk 
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tradeoffs. Heavier investment in prevention might be considered vs. increasing suppression. We 

should try to develop the data on which to make such judgments.  

Assessing Deployment Performance 

Deployment decisions concerning fire station and apparatus locations should be an 

ongoing process based on periodic performance measurement. Because jurisdictional needs do 

change, the deployment change recommendations made in this study should be considered as a 

step in a continuing process. Going forward, the fire department needs to be regularly conducting 

neighborhood-level performance measurement for the process to be effective.  

Police departments are decades ahead of most fire departments when it comes to 

analyzing data to drive operations. Most city and county police departments have several 

technical crime analysts who specialize in data analysis and mapping. Many fire departments 

should consider hiring a dedicated data analyst and begin to incorporate performance 

measurement into a regular (perhaps quarterly) review of deployment. The fire department 

culture, which is based on meeting standards, should reconsider its emphasis on static 

deployment (where unit locations and first-due areas rarely change) to one of dynamic 

deployment based on data-driven performance goals.  

An excellent resource on how to measure performance and adapt deployment is the Center 

for Public Safety Excellence’s (CPSE) Developing Standards of Cover Manual. One of the most 

advanced, but effective techniques used by the manual is to measure the trade-off between unit 

availability (percentage of incidents where the correct (first due) unit handled the call) and 

response time performance (percentage of incidents below the response time goal).  

Generally speaking, as the first-in correct unit for a particular area becomes less available 

(due to other calls, training, etc.), performance in that area decreases because units from other 

stations have to travel further to handle the call. How much of an impact reliability has on 

performance is largely dependent on how far away the nearest fire stations are. This type of 

analysis can be used to determine if a station needs an additional unit or might benefit from a 

first-due area adjustment. Fire departments should familiarize themselves with this performance 

measurement methodology and consider its use to gauge station and unit location performance. 

Reporting Deployment Performance 

After taking the time to establish deployment goals for each neighborhood or planning 

district and learning some of the more advanced CPSE analysis methodologies, the last step is to 

establish regular reporting mechanisms. We recommend that fire departments consider 

producing the following to types of reports: 

 Monthly Deployment Performance Report – This report should be distributed 

department-wide each month. Such a report serves several important functions. First, 
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it provides information and data feedback to those entering incident data; getting a 

detailed report that shows workload by units and response time performance can 

provide firefighters the ability to gauge and challenge themselves to better 

performance (e.g. one engine crew that has had the slowest turnout time in the past 

few months makes it their goal to be in the top three engine companies for turnout 

time in the next reporting period). Also, putting out a monthly report provides an 

excellent error checking mechanism, as firefighters will be the first to notice and 

announce any problematic performance statistics. Finally, having somebody try and 

pull together some statistics with Excel for an annual report is asking for problems 

because you cannot truly be familiar with data only looked at once a year. Putting 

together monthly reports helps to ensure that the fire department is on top of its data 

collection and performance measurement. 

 Quarterly Report – While the monthly report can be fairly short and limited to some 

simple workload and response time results, we recommend a more in-depth quarterly 

report. The report should set up so that department leaders can review deployment 

performance of the entire system and each individual planning district. The report 

should be set up to note performance changes/trends in specific planning areas so that 

fire department officials are in a good position to recommend near- and long-term 

deployment modifications. We strongly recommend that this annual performance 

measurement report reflects most of the analysis types found in the CPSE Standards 

of Cover Manual. 
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APPENDIX C: EVALUATING UNIT WORKLOADS 

The location of fire stations is only one factor in determining whether response-time 

goals will be achieved. The ‘busyness’ factor or workload is also important since units that are 

extremely busy may not be available for the next call, thus necessitating the response from a 

station further away. EMS workload is typically described as Unit Hour Utilization (UHU), 

which is discussed later in this section.  

Through CAD systems, fire departments are able to keep detailed records about service 

times; these data are useful in determining the availability of a specific unit or station. Again, the 

concept of workload is not merely a count of how many calls to which a unit was dispatched. 

One unit can have fewer responses than another but remains on the scene longer on average (e.g. 

more working incidents, or a more distant hospital for EMS patients), and so has a greater 

workload. Evaluating workload is important when looking at the overlaps in coverage to an area 

that may be required to achieve the response time goals adopted by the county/department and is 

part of the CFAI self-assessment process. An analysis of workload also can indicate whether a 

new station should be built or new apparatus purchased—or if current stations should be closed 

or units moved. 

A fire/EMS system must incorporate the necessary redundancies based on whether 

adjacent stations or units are likely to be available for emergency response. Below are general 

guidelines developed by TriData to show the level of redundancy (overlap) necessary to achieve 

response-time goals. These were developed based on many fire department studies we have 

undertaken.  

1. Very Low Workload (<500 responses/yr.) – Simultaneous calls are infrequent and 

unit availability usually is assured. Stations/units can be spaced at the maximum 

distance possible to achieve stated travel time objectives established by the 

community.  

2. Low Workload (500–999 responses/yr.) – Few calls will overlap and unit 

availability usually is assured. Stations/units can be spaced at the maximum distance 

possible to achieve stated travel time objectives established by the community.  

3. Moderate Workload (1,000–1,999 responses/yr.) – Some overlap of calls will 

occur, usually at peak demand periods; however, stations/units are usually available. 

Stations/units must be located with marginal overlap to achieve stated travel time 

objectives established by the community.  

4. High Workload (2,000–2,999 responses/yr.) – Additional overlap of calls will likely 

occur; however, stations/units will probably be available for emergency response. 

Stations/units must be located with significant overlap to achieve stated travel time 
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objectives established by the community. This footprint usually achieves the best 

results in terms of cost efficiency and effectiveness of service delivery. (Overlap can 

be achieved with additional stations or additional units in existing stations.) 

5. Very High Workload (3,000–3,999 responses/yr.) – Overlapping calls occur daily, 

usually during peak demand periods, and working incidents are frequent. The closest 

station/unit may not be available, thus requiring the response of adjacent 

stations/units. Stations/units must be located with the significant overlap to achieve 

stated travel time objectives established by the community. (Overlap can be achieved 

with additional stations or additional units in existing stations.) 

6. Extremely High Workload (>4,000 responses/yr.) – Overlapping calls may occur 

hourly, regardless of the time of day. The closest station/unit is likely to be 

unavailable thus requiring the response of adjacent stations/units. Frequent transfers 

or move-ups are required for the delivery system to meet demand. Stations/units must 

be located with redundancy (back-up units) to achieve stated travel time objectives 

established by the community. This footprint is usually found in very densely 

populated urban areas and is especially evident in EMS services located in urban 

areas with very high demand. (Overlap can be achieved with additional stations or 

additional units in existing stations.) 

The 3,000–3,900 response level (very high workload) is the point at which units are often 

considered “busy” and their availability should be evaluated. This is a rough rule of thumb, not a 

fixed standard. At this point, response times often begin getting longer because of simultaneous 

call occurring in the same area.
11

 As units become busier, the chances for overlap or 

simultaneous alarms increase, and second-due units begin to answer more calls. This causes a 

domino effect where unit B is dispatched to a call in unit A’s area because unit A is already 

engaged, causing unit B to be unavailable for the next call in its own area. Unit C must then 

respond to unit B or unit A’s area, and so forth. 

Again, the 3,000-response threshold is just a rule of thumb. How much time a unit is 

unavailable due to being involved with another incident is better assessment of the impact of 

workloads on availability and response times. This is the second factor in workload, known as 

unit hour utilization (UHU). 

                                                
11

 A “first-due” ‘area is a certain geographic area of the overall fire department response jurisdiction assigned to a 

particular fire station.  
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Unit Hour Utilization  

UHU is a calculation that estimates the amount of time a unit is occupied on emergency 

calls as a percentage of the total amount of hours a unit is staffed and available for response (a 

unit staffed full-time is available 8,760 hours per year). In other words, UHU measures the 

percentage of on-duty time consumed by emergency service field activities. A high UHU means 

lower availability for calls. Poor availability negatively impacts response times. 

The specific formula used to calculate the UHU for each unit is: 

UHU= 
(number of calls) x (average call duration in hours) 

8,760 (total hours in a year) 

UHU measures the percent of a unit’s time in service that is spent running calls. 

However, there is other productive time not accounted for, such as for training, maintenance 

public education, and other preparedness-related functions. When units are not engaged in 

emergency response, it does not mean they are not working. 

UHU is used more in relation to EMS units than fire suppression units; although, 

evaluation of UHUs is useful to different extents for both functions. 

While there is consensus within the industry on the importance of utilization rates and 

how to measure them, the interpretation of how indicative utilization rates are of overall system 

efficiency is debatable. Most believe that a UHU between 35 and 45 percent for EMS is good for 

economic efficiency. (This is more common with private ambulance providers.) If a UHU is 

greater than 45 percent, units often are not available and response times suffer. If a UHU is 

below 35 percent, units may not be well utilized, but response times may be high too often. 

Many communities choose to aim for a UHU in the 15 to 25 percent range to balance 

productivity of a unity with good response times. If a unit has a UHU of 40 percent, it will not be 

available for the next call 40 percent of the time. This is, of course, an average over the course of 

the day. 

In order to develop an effective resource deployment plan, units must be available to 

respond to incidents most of the time. No amount of resource placement planning will improve 

system-wide response times if the responding units are not available. 
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APPENDIX D: UNIT AVAILABILTIY VS. RESPONSE TIME PERFORMANCE 

The premise of the Center for Public Safety Excellence (CPSE) “unit availability vs. 

performance” assessment method is that for each station’s area, there is a tradeoff between unit 

availability and performance. Unit availability is defined as the percentage of incidents where the 

closest unit was available to handle the call and did so. Performance is defined as the percentage 

of incidents where the travel time for the particular incident was responded to within the desired 

response time. Using this performance analysis method, we can look at the performance 

differences that occur when a correct units versus an incorrect units responds to a call. 

Figure 38 shows an example of unit availability vs. performance graph. The red dot 

plotted in the figure represents the actual performance and correct-unit availability percentage for 

all calls in a station’s first-due area. In this case, it appears that a correct unit responded slightly 

less than 80 percent of the time and about 85 percent of the incidents had response times the fell 

below the performance goal. The station performance in this example is above the goal. Had the 

red dot fallen below the dotted black goal line, it would indicate that the station is currently not 

meeting its performance goal.  

Figure 38: Example of Response Time Performance 

 

In addition to showing whether performance is being achieved, the performance graph 

can also show workload sensitivity or fire station location problems. In the example figure, the 

red line has a red dot and two black squares. The dot represents the actual unit availability and 

performance and the squares represent theoretical data points. The square at 100 percent unit 

availability is calculating by looking only at those incidents where a unit from the correct station 

Unit Availability

P
e

rf
o

rm
a
n

c
e

 R
e

lia
b

ili
ty

100% 80% 60% 40% 20% 0%

0%

20%

40%

60%

80%

100%

actual performance & unit reliability

derived performance @ specified unit reliability



Arlington County, VA  FINAL REPORT 
Population Growth, Risk Assessment, and Fire Station Location Study 

TriData Division, 72 December 2012 
System Planning Corporation 

responded. The square at zero percent unit availability is calculating by looking only at those 

incidents where a unit from a fire station other than the first-due station responded (because the 

first-due unit was busy). The red line is then interpolated between these three data points to give 

the unit availability vs. performance line. 

The slope of the line assesses workload sensitivity. A nearly horizontal line indicates that 

unit availability has little impact on performance, meaning that the area in question has low 

workload sensitivity. First-due areas with low workload sensitivity typically have either multiple 

first-due units or several nearby fire stations that can cover calls if the first-due units are 

unavailable. A line that slopes strongly downwards indicates that performance is heavily 

dependent on unit availability. These areas are very workload sensitive because second-due units 

are generally unable to achieve travel time goals when the first-due unit is unavailable. 

The location of the line at 100 percent unit availability assesses fire station location 

problems. If this part of the line is under the 80 percent performance threshold, it means that, 

even when the correct unit responds, travel time goals are not being met 20 percent of the time. 

This means that the station is not well located to reach all parts of its first-due area. This problem 

can be fixed by relocating the current station, building a new station, or (perhaps the best 

solution) re-evaluating first-due boundaries to make sure that the most appropriate station is 

responding. 

 


