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Introduction The mission of the fire service is to protect life, property, and natural 
resources from fire and other emergencies. With increasing demands, the  
fire service must utilize the best tools, techniques, and training methods to 
meet public expectations. Risk management, preparedness, and mitigation 
have taken on new importance with challenges facing fire departments 
today. One emerging tool that is helping the fire service optimize 
emergency services delivery is geographic information system (GIS) 
technology.  
 
GIS supports planning, preparedness, mitigation, response, and incident management. 
GIS extends the capability of maps—intelligent, interactive maps—with access to all 
types of information, analysis, and data. When a fire occurs, any delay of responding fire 
companies can make the difference between the rescue of occupants versus serious injury 
or death. The critical time between fire containment and flashover can be measured in 
seconds. From the moment an emergency call is received through the deployment of 
tactical resources, GIS helps reduce critical time and increases efficiency. GIS 
technology brings additional power to the fire personnel whereby hazards are evaluated, 
service demands are analyzed, and resources deployed. This white paper will examine 
how GIS technology is helping the fire service meet the needs of the community more 
efficiently than ever.  
 

What Is GIS? GIS is a technology that integrates geographic features with tabular data to assess and 
better understand real-world problems. What is now GIS began around 1960 with the  
discovery that maps could be programmed using simple code and stored in a computer, 
allowing for future modification when necessary. This was a tremendous change from the 
era of cartography when maps had to be painstakingly created by hand; even small 
changes required the creation of a new map. The earliest version of a GIS was known as 
computer cartography and involved simple line work to represent land features. Unlike a 
flat paper map, a GIS-generated map can present many layers of different information 
that provide a unique way of thinking about a geographic space. By linking maps to 
databases, GIS enables users to visualize, manipulate, analyze, and display spatial data 
(figure 1). Some GIS map layers that fire departments use include 
 

 Streets 
 Parcels 
 Fire hydrants 
 Utility networks 
 Topography 
 Lakes and rivers 
 Commercial and government buildings 
 Fire station locations 
 Police station locations 
 Hospital locations 
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 School locations 
 Satellite or aerial imagery 
 Historical incident or emergency call locations 
 Fire districts 
 Public occupancies 

 
Figure 1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
GIS provides data and information through map layers. 

 
Map layers can be selected and displayed (overlaid). These layers are linked to data 
tables that contain detailed information about the geographic features being displayed. 
The most powerful aspect of GIS is its comprehensive analysis capabilities. GIS analyzes 
and displays patterns, relationships, and trends through the geographic data layers to help 
users understand how the world works, make the best choice from among options, or 
develop plans through what-if scenarios.  
 

GIS Analysis  
 

Incident Analysis GIS can perform complex incident analysis to display trends, illustrate patterns, and 
identify areas of high call volume. A GIS display of historical incidents (represented by  
points or icons on the map where they occurred) includes attribute information for each 
incident. Attribute information (descriptive data about a map feature) contained in the 
underlying database can include 
 

 Incident type 
 Incident cause 
 Date of incident 
 Time of incident report 
 Units that responded 
 Unit arrival times 

 
Incidents can be queried based on incident type, cause, time, units assigned, or other 
variables contained in the attribute data. GIS searches the data tables, gathers the data that 

Fire Districts and Station 
Locations 

Streets and Highways 

Aerial Imagery

Elevations and Topography 
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matches the spatial request, and displays it on the map. Incident trend analysis can be 
done quickly, displayed logically, and understood easily. For example, a GIS user could 
request to see arson fires that occurred between the hours of 1:00 a.m. and 5:00 a.m. on 
Saturdays in fire districts 1 and 2. GIS will interrogate the records database and place 
points on the map that match the request. These types of analyses provide decision 
support for issues related to fire prevention, staffing requirements, and apparatus 
placement/deployment. 
 

Figure 2 

 
GIS can analyze and display incidents based on a variety of user-defined criteria (time, location, cause, geographic area, etc.). 

 
Travel Time 

Modeling 
Utilizing a fire station layer and a street layer, response time analysis can be performed. 
A street layer is often represented in GIS as a series of lines that intersect on the map, 
creating a GIS street network. Each street line segment between intersections contains  
attribute information such as road type, distance, and travel speeds (miles or kilometers 
per hour). This allows users to identify a station location, specify a travel time, and run a 
network analysis. The result will be displayed by an irregular polygon around the station 
that illustrates where the fire apparatus could travel in any direction for the specified 
time. This type of analysis can be performed on a single station or simultaneously on all 
stations to analyze gaps in coverage, establish run orders, and more. 
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Figure 3 
 

 
GIS can analyze and display travel times from a station based on the information contained in the 
Street centerline file. 

 
Fire Station 

Location Planning  
The primary responsibility of a fire department is the delivery of fire and rescue services. 
The delivery of these services normally originates from fire stations located throughout 
the area to be protected. To provide effective service, crews must respond in a minimum  
amount of time after the incident has been reported and with sufficient resources to 
initiate fire, rescue, or emergency medical activities. Fire station location planning must 
take into account a number of variables including 
 

 The importance of time in responding to fire and medical emergencies 
 Flashover 
 Fire department total reflex time sequence 
 Emergency medical services 

 
The Importance  

of Time 
Time is the critical element when an emergency is reported. Fire growth can expand at a 
rate of many times its volume per minute. Time is the critical factor for the rescue of 
occupants and the application of extinguishing agents to minimize loss.  

 
The time segment between fire ignition and the start of fire suppression has a direct 
relationship to fire loss. The delivery of emergency medical services is also time critical. 
Survival rates for some types of medical emergencies are dependent on rapid intervention 
by trained emergency medical personnel. In most cases, the sooner trained fire or 
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emergency medical rescue personnel arrive, the greater the chance for survival and 
conservation of property.  
 

Flashover Regardless of the speed of growth or length of burn time, all fires go through the same 
stages of growth. One particular stage emerges as very significant because it marks a  
critical change in conditions. It is called flashover. Measuring the time to flashover is a 
function of time and temperature. Fire growth occurs exponentially; that is, fire doubles 
itself every second of free burn that is allowed. This can be plotted on what is known as 
the time and temperature curve (figure 4). 

 
Figure 4 

 

 
This diagram illustrates fire growth over time and the sequence of events that may occur from ignition to suppression. Depending on 
the size of the room, contents of the room, and available oxygen, flashover can occur in less than 2 or more than 10 minutes. Flashover 
occurs most frequently between 4 and 10 minutes. 

 
There are a number of factors that determine when flashover may occur. These include 
the type of fuel, the arrangement of the fuels in the room, room size, and so on. Because 
these factors vary, the exact time to flashover cannot be predicted. Flashover can 
typically occur from less than 4 to beyond 10 minutes after free burning starts. A post-
flashover fire burns hotter and moves faster, compounding the search and rescue 
problems in the remainder of the structure at the same time that more firefighters are 
needed for fire attack.  
There are a number of critical time frames that the fire department can manage, as well as 
some it cannot, that impact success. The time from ignition to discovery to reporting of a 
fire is indirectly manageable. This time period can be managed through requiring the use 
of automatic detection and/or suppression systems and automatic reporting to the public 
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safety answering point (PSAP). In a perfect world, all structures would be equipped with 
automatic detection and/or suppression systems. One factor that has helped to manage 
this segment of time is the increasing use of automatic smoke detectors in residential 
occupancies. What is lacking, however, is the automatic reporting to the public safety 
answering point. 
 

Fire Department 
Total Reflex Time 

Sequence 

There are five steps in the fire department total reflex time sequence. Each of the five 
steps, after receipt of alarm, is defined below:  
 
1. Dispatch time: Amount of time that it takes to receive and process an emergency 

call. This includes (1) receiving the call, (2) determining what the emergency is,  
(3) verifying where the emergency is located, (4) determining what resources are 
required to handle the call, and (5) notifying the units that are to respond. 

 
2. Turnout time: The time from when units acknowledge notification of the emergency 

to the beginning point of response time. 
 
3. Response time: The time that begins when units are en route to the emergency 

incident and ends when units arrive on the scene. 
 
4. Access time: Amount of time required for the crew to move from where the 

apparatus stops to where the emergency exists. This can include moving to the 
interior or upper stories of a large building and dealing with any barriers in the 
access to that area. 

 
5. Setup time: The amount of time required for fire department units to set up, connect 

hose lines, position ladders, and so on, and prepare to extinguish the fire. 
 
Dispatch time is the period required to receive the alarm and dispatch appropriate units. 
Dispatch time is manageable by the way that alarms are received and the way that 
dispatch systems and activities are handled. Enhanced 9-1-1 (E911) and computer-aided 
dispatch (CAD) systems can minimize the time required to receive and process alarms.  
 
Turnout time may be managed to some degree by improving the method of 
communications between the dispatch center and the fire station so the time required to 
handle the alarm information is reduced.   
 
Response time is one of the most manageable segments of time in the entire sequence. 
This is the amount of time that it takes for a piece of fire apparatus or an ambulance to 
travel from a fire station to an incident scene (wheel start to wheel stop). Travel time can 
be managed by selecting strategic fire station locations based on the amount of time that 
it takes to travel from the fire station along the most efficient travel route to the incident 
scene.  
 
Access time can be managed through a good prefire planning process that familiarizes the 
firefighters with access points, automatic system controls, annunciator panel locations, 
and travel routes through the building. The use of key boxes can facilitate getting doors 
unlocked, and in addition, working with security forces at larger facilities can facilitate 
access, thus reducing access time.  
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Setup time includes disembarking the fire apparatus, pulling and placing hose lines, 
charging hose lines, donning self-contained breathing apparatus, making entry into the 
building, and applying water. The opportunity for saving time during setup is minimal, 
even for trained personnel. 
 

Emergency Medical 
Services  

The delivery of emergency medical services (EMS) by first responders is also time 
critical for many types of injuries and events. If a person has a heart attack and 
cardiopulmonary resuscitation (CPR) is started within four minutes, the victim's chances  
of leaving the hospital alive are almost four times greater than if the victim did not 
receive CPR until after four minutes. Figure 5 shows the survival rate for heart attack 
victims when CPR is available.  
 

Figure 5 
 

CPR begun in
4 minutes or less

Survival
rate

Survival
rate

CPR begun more
than 4 minutes  
after arrest
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Survival Rate of Heart Attack Victims When CPR Is Available 
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Figure 6 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Outcome for Heart Attack Victims Based on  
When CPR Is Provided 

 
For both fire and medical emergencies, the basis for the placement of fire stations should 
be the amount of time that it takes to deliver adequate emergency resources to the point 
of demand from each fire station or combination of fire stations. 
 

Reducing Response 
Times 

 

The most effective way to improve outcomes for both fire and medical emergency 
response is to reduce response time. By understanding the objectives of each step in the 
response sequence, a fire department can measure its current performance against these  
objectives. That information provides the necessary framework for assessing the cost of 
reducing response time during any of these steps. The rest of this section will describe 
how GIS can be used to apply a rational decision-making process for reducing overall 
emergency response time.  
 
Essentially, each community must decide their desired response and travel times. There 
are a number of factors that influence the selection of a specific response/travel time. All 
applicable factors must be considered when making a decision on a specific response/ 
travel time for a community. Factors that should be considered include 
 

 What types of services are delivered by the fire department? Does the department 
deliver both fire and emergency medical services or fire service only? The delivery 
of emergency medical services is an important factor in selecting a response/travel 
time because of the need to provide initial service as rapidly as possible. 

 
 What is a reasonable travel time for the community? The selection of a response/ 

travel time must be practical. A short response/travel time will enable a department 
to deliver services within a short period of time but will require more stations. Is 
there prescription for travel times based on the type of risk, hazard, or demand?  
Certain hazards or occupancy types may require a faster response time. Response 
time standards for the community may have to reflect a variation based on these 
types of considerations. The time(s) selected must provide a balance between service 
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expectations and the financial ability of the community to provide the necessary 
stations and resources. 

 
 What is the size of the area being served and the type and amount of resources that 

are available? The community must consider the size of the area being served and 
the type and amount of available resources. Large rural regions normally have longer 
response/travel times and fewer resources than urban or suburban areas. For 
example, a countywide fire response and emergency medical service that is operated 
by volunteer personnel will most likely have longer response/travel times than an 
urban or suburban area that is staffed by full-time career personnel. The 
demographics of the area being served and traffic patterns during peak periods, as 
well as past fire and EMS activity, must be considered. 

 
 What level of risk is the community willing to accept? When a community selects a 

longer travel time, it is willing to accept a larger level of risk. Accepting a larger 
level of risk may be based on past experience; for example, areas that take longer to 
reach may be known to have a significantly lower number of incidents.  

 
The selection of a response/travel time for a community should be made after all factors 
are examined. In many cases, this decision should be made after the analysis has started 
and the decision makers are allowed to review the results of the analysis.  
 
There are several ways that a community can establish a response/travel time standard. 
Some of these are (1) the use of historical fire and EMS response data, (2) demand for 
service, (3) the level of care that the community wants to provide, and (4) the level of 
care that the community is able to afford. In some cases, the analysis will assist in 
establishing the standard after a number of scenarios are examined. 
 

National Standards There are three National Fire Protection Association (NFPA) standards that contain time 
requirements that influence the delivery of fire and emergency medical services. These  
are NFPA 1221, Standard for the Installation, Maintenance, and Use of Emergency 
Services Communications Systems; NFPA 1710, Standard for the Organization and 
Deployment of Fire Suppression Operations, Emergency Medical Operations, and 
Special Operations to the Public by Career Fire Departments; and NFPA 1720, Standard 
for the Organization and Deployment of Fire Suppression Operations, Emergency 
Medical Operations, and Special Operations to the Public by Volunteer Fire Departments. 
 
NFPA 1710 contains time objectives that shall be established by career fire departments 
as follows: 
 

 Turnout time: One minute (60 seconds) for turnout time 
 

 Fire response time: Four minutes (240 seconds) or less for the arrival of the first 
arriving engine company at a fire suppression incident and/or eight minutes  
(480 seconds) or less for the deployment of a full first alarm assignment at a fire 
suppression incident 

 
 First responder or higher emergency medical response time: Four minutes  

(240 seconds) or less for the arrival of a unit with first responder or higher-level 
capability at an emergency medical incident 



 
 
GIS for Fire Station Locations and Response Protocols 
 

 
 J-9587 

 
 

 
 

 

January 2007 10 

 Advanced life support response time: Eight minutes (480 seconds) or less for the 
arrival of an advanced life support unit at an emergency medical incident, where the 
service is provided by the fire department 

 
The standard states that the fire department shall establish a performance objective of not 
less than 90 percent for the achievement of each response time objective. NFPA 1710 
does contain a time objective for dispatch time by requiring that "All communications 
facilities, equipment, staffing, and operating procedures shall comply with NFPA 1221." 
 
For the purposes of NFPA 1710, the following definitions apply: 
 

 Dispatch time: The point of receipt of the emergency alarm at the public safety 
answering point to the point where sufficient information is known to the dispatcher 
and applicable units are notified of the emergency 

 
 Turnout time: The time that begins when units acknowledge notification of the 

emergency to the beginning point of response time 
 

 Response time: The time that begins when units are en route to the emergency 
incident and ends when units arrive at the scene 

 
NFPA 1720 contains a time objective for dispatch time by requiring that "All 
communications facilities, equipment, staffing, and operating procedures shall comply 
with NFPA 1221, Standard for the Installation, Maintenance, and Use of Emergency 
Services Communications Systems." NFPA 1720 contains no time requirements for 
turnout and response times. 
 
NFPA 1221 requires that 95 percent of alarms shall be answered within 15 seconds, 
99 percent of alarms shall be answered in 40 seconds, and the dispatch of the emergency 
response agency shall be completed within 60 seconds 95 percent of the time. The time 
lines for dispatching shown in figures 7 and 8 are taken from NFPA 1221: 
 

 After the receipt of a call for assistance, the fire department will respond with the 
first unit to that location within three minutes. 

 
 After receipt of a call for assistance, the fire department will respond with a unit to 

that location, within four minutes, to 90 percent of area served. 
 

 After receipt of a call for a medical emergency, the fire department will respond with 
an engine company to that location within four minutes and an ambulance within six 
minutes. 

 
Standards of 

Response Coverage 
Other guidelines for the deployment of emergency resources is the Commission on Fire 
Accreditation International's standards of response coverage. The standards of response 
coverage process has nine parts: 

 
1. Existing deployment—Assessing the department's current deployment configuration 

and capability. Included in the assessment is a review of the historical decision-
making process of the agency. Is there a reason stations are in their present 
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locations? What equipment has been purchased and why? Can these past decisions 
be changed? 

 
2. Community outcome expectations—What are the current community expectations 

for fire protection and emergency service delivery? Included in this outcome is a 
review of response anticipated for the variety of fire risks in the community; man-
made and natural disasters; and EMS, heavy rescue, hazardous materials, aircraft and 
airport, and water and shipboard incidents. 

 
3. Community risk assessment—What assets within the community are at risk? For 

example, structure fire risk might be assessed using fire and life safety factors such 
as fire flow and code compliance for life safety to determine a risk classification. 
Risk classes might include low, moderate, and maximum risk. Many communities 
may conclude a majority of areas identified as moderate or typical risks are 
composed of dwelling units. In addition, different responses may be provided to 
urban, suburban, rural, or remote areas as defined using census terminology. 

 
4. Distribution study—Where are locations of first-due resources? 
 
5. Concentration study—Where are the concentrations of incidents and the adequacy of 

the first alarm assignment or effective response force? 
 
6. Historical reliability—Is there a multiple-call frequency issue such as call stacking 

simultaneous calls within a specific area or areas? 
 
7. Historical response effectiveness studies—What percentage of compliance does the 

existing system deliver based on current performance goals? 
 
8. Prevention and mitigation—Are there tactics that can be initiated to strategically 

impact the outcome of events that do occur? The United Kingdom released The 
National Plan in 2004, which replaced earlier standards of coverage documents. The 
new report found that without prevention and mitigation, impacting the level of 
safety for responders and the public would reach a plateau. Using analysis of risk and 
looking at what strategic actions can be taken may not only prevent the incident from 
occurring but may also minimize the severity when and if the incident ever occurs. 

 
9. Overall evaluation—Propose standards of response coverage statements by risk type. 

For example, "In 90 percent of all incidents, the first-due unit shall arrive within  
4 minutes' travel or 6 minutes' total reflex time. The first-due unit shall be capable of 
advancing the first line for fire control or starting rescue or providing basic life 
support for medical incidents. In a moderate risk area, an initial effective response 
force shall arrive within 8 minutes' travel or 10 minutes' total reflex time, 90 percent 
of the time, and be able to provide 1,500 gallons per minute for firefighting, or be 
able to handle a five-patient emergency medical incident." 

 
Risks versus 

Response Time 
Standards 

Some communities may elect to adopt several response time standards for various levels 
of risk in the community, or they may adopt one single response time standard for all 
risks. Here, a risk refers to a location where a response may be made and the 
characteristics (e.g., fire potential, occupant exposure) at that location. Providing several  
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response/travel times based on the level of risk means that some areas will be reached in 
a shorter period of time than other areas. A single response time standard for the 
community or area served will provide approximately the same level of initial response to 
all areas of the community. Some of the risks that may be considered for various 
response/travel times follow: 
 

 Sprinklered versus nonsprinklered: The fully sprinklered property theoretically is at 
less risk than the nonsprinklered property. The community may elect to place fire 
stations closer to the nonsprinklered property because of the ability of sprinklers to 
automatically put water on a fire. 

 
 Commercial versus residential: The community must decide, in this case, where the 

greater risk is located. Is there a greater risk with the commercial property? At what 
time of day is the risk greater? Is the risk greater in residential occupancies at night? 

 
 Multifamily versus single-family residential: Is the risk greater in multifamily 

residential areas than in single-family residential areas? Fire station location should 
be influenced by population factors. 

 
The risk questions should address 
 

 High life hazard (i.e., loss potential) or high dollar value 
 High incident rate areas versus low incident rate areas 
 High rate of incidents that require a high level of resources versus low rate 

 
The community that chooses to provide various levels of service to different areas, based 
on the level of risk, will require a much more complex fire station location study.  
 
It should be noted that most of the information provided addresses career fire 
departments with stations staffed around the clock. For call and volunteer fire 
departments, turnout time typically will be greater. This is significant and must be 
considered in overall response time. 
 



 
 
 GIS for Fire Station Locations and Response Protocols 
 

 
J-9587 

 
 

 
 

 

ESRI White Paper 13 

Figure 7 
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Figure 8 
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Determining Fire 
Station Locations 

The first step in determining where a fire station should be located is the adoption of a 
response time standard or standards for the community based on the items discussed 
previously.  
 
Once the response time standard has been developed, it should be divided into specific 
time intervals for each of the components that make up total reflex time: dispatch time, 
turnout time, travel time, access time, and setup time.  
 
For most incidents, the dispatch time and turnout time can be established by using 
historical data. Setup time depends on the type and complexity of the incident. A single-
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family dwelling fire will generally require less time than a major fire in a high-rise 
building or an industrial complex. A thorough analysis will examine setup times and 
incident frequencies for several types of incidents. For larger incidents, the standard may 
be stated in terms of response time for the last of several units required for the total 
operation. Relevant times by type of incident can be established through training and/or 
historical experience.  
 
Response time—minus the cumulative time for dispatch, turnout, access, and setup—
yields the allotment for travel time. Once the response time standard has been established 
and a travel time standard selected, the process of determining or planning fire station 
locations can begin. Even though response time and travel time standards are selected 
prior to the beginning of the study, this does not mean that other times cannot be 
examined and used in the analysis. The final response/travel time may be selected after a 
number of scenarios are examined.  
 

Using GIS for Fire 
Station Placement 

With the advent of modern software and computer technology, the selection of fire 
station locations can best be determined with a greater degree of accuracy using GIS. 
Unlike previous methods that employed grid and concentric circle analysis, GIS  
simulates the real road network of the area being analyzed. A high degree of accuracy is 
ensured by using actual travel distances, vehicle speeds, time delays for roadway 
conditions (e.g., congestion, turning radius, weather, hills), accounting for one-way or 
unusable roadways, and implementing user-defined risk factors. 
 
Additional data that may be used to ensure accuracy are historical response and travel 
times. This can be data taken from the computer-aided dispatch data or recorded 
manually. Data may include response/travel time, turnout time, time of day, and day of 
the week. All of this data can be analyzed to determine if there are specific traffic 
patterns that affect response times. If so, the basemap can be adjusted to reflect alternate 
response routes or apparatus. In some instances, an alternate fire company may arrive 
quicker due to heavy traffic during peak travel hours. 
 
The results of GIS computer studies are a series of color maps of the street/roadway 
network that are easy to comprehend. These maps can show a variety of information, 
such as the street segments that can be reached from all stations for a specified target 
travel time, the overlap between stations, the response area for each station, and other 
information, depending on the capability of the software program being used. 
 
GIS analysis can effectively illustrate problem areas as well as proposed solutions. GIS 
can show various data for simulated responses to specific locations including apparatus 
and personnel on a time-arrival sequence, multiple alarms, and travel time to each street 
segment in the system. This will provide accurate information for critical decision 
making by an incident commander including the ability to predict the time needed to 
assign resources for various emergency operations. 
 
The response area for each fire station, based on the travel time specified, can be 
calculated and displayed. Each station's response area can be shown as different colors on 
the map.  
 
GIS analysis produces color maps that show the overlap between stations for a specified 
travel time. The color maps show the areas where there are two or more stations whose 
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first-due response areas overlap, with the overlap colors different from the station 
response area colors. 
 
These maps can be used to determine multiple-company response to an area or to show 
where stations are placed ineffectively. Areas that receive no coverage or deficient 
coverage are also displayed. 
 
The response from mutual-aid stations can also be analyzed as part of the overall study to 
show the arrival of additional resources. This is particularly useful to show the response 
of special apparatus and teams such as hazardous materials teams, advanced rescue 
teams, or other special teams. Given limited resources, a whole region can be analyzed 
using the entire resources of the region. 
 
Alternative and future station locations can be examined through the use of what-if 
scenarios, using various fire station locations and travel times. The information from 
these programs can be integrated with the data from local and regional planning groups to 
show where new stations and/or roadways may be needed to best serve existing and 
growing communities. 
 
A comprehensive GIS-based fire station location study can be the central component for 
a master plan for fire station locations. This plan can show both the efficiencies and 
deficiencies of current fire station coverage for a specified travel time and provide a 
model for future fire station coverage using the specified or other travel time standards. 
 
Figures 9 through 17 illustrate a number of maps from a GIS analysis that assess existing 
station locations and alternative station locations and additions.  
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Figure 9 
 

 
This is a map generated by GIS illustrating a four-minute response time analysis from station 2. 

 
Figure 10 

 

 
This is a map generated by GIS illustrating a four-minute response time analysis from stations 1, 2, 3, 4,  
and 5. 
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Figure 11 
 

 
This is a map generated by GIS illustrating a four-minute response time analysis from stations 1, 2, 3P  
(proposed relocation), 4, 5, and 6P (proposed new station) and new coverage gained with proposed new  
station and station relocation.  
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Figure 12 
 

 
This is a map generated by GIS illustrating a four-minute, six-minute, and eight-minute response time  
analysis from station 2. 

 
Figure 13 

 

 
This map, generated by GIS, illustrates an eight-minute response time analysis from stations 1, 2, 3, 4, and 5.  
Shading indicates the number of apparatus that can be on scene in each area within eight minutes. 
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Figure 14 
 

 
This map, generated by GIS, illustrates an eight-minute response time analysis from stations 1, 2, 3P  
(station 3 relocated), 4, 5, and proposed new station 6. Shading illustrates the number of additional  
apparatus that can be on scene in each area within eight minutes with proposed station changes.  

 



 
 
GIS for Fire Station Locations and Response Protocols 
 

 
 J-9587 

 
 

 
 

 

January 2007 20 

Figure 15 
 

 
This is a map generated by GIS illustrating fire response zones based on an eight-minute response time  
analysis from proposed stations. 

 
Figure 16 

 

 
This is a map generated by GIS illustrating fire, rescue, and EMS incidents between February and 
November. 
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Figure 17 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

This is a map generated by GIS illustrating a fire, rescue, and EMS incident density between February  
and November. 
 

Resource Allocation Once the locations for fire stations have been selected, the program can be used to 
allocate resources to most efficiently cover the identified risks. A comprehensive GIS- 
based fire station location analysis provides the foundation for effective resource 
allocation that is critical to fire department and community master planning.  
 
The colored maps and data are very useful when making presentations to citizens and 
elected officials. The computer programs take complex response scenarios, which may 
include many interrelated factors, and greatly simplifies them by producing color map 
images. Most of the maps and data are easily understood and provide factual data on the 
response of emergency equipment to specific locations. 
 
All fire department planning that involves the allocation of resources requires a fire 
station location study. A proper study will show how the effective deployment of 
resources, through proper station locations, can improve emergency service to the 
community while minimizing both capital and recurring costs. 
 

Selecting Fire Station 
Sites 

Once a location for a fire station has been determined, there may still be multiple choices 
for the precise site. One of the general items that should be considered when selecting a 
site should be the terrain and the susceptibility to flooding or other conditions due to  
weather. GIS can provide very detailed information regarding terrain features and 
optimum site location. GIS can analyze and display soil types, earthquake faults, 
elevations and slope, flood-prone locations, and other features important to station 
location placement. 
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The size of the structure, the number of personnel assigned, and the provision of a 
training area will dictate the size of the site that is required. 
 
Another important consideration is the relationship to the adjacent streets and highways. 
An analysis of traffic patterns in the surrounding area will aid in determining whether the 
site is suitable for a fire station. The station must be located so that responding apparatus 
can enter streets and highways as safely as possible and return to the station without 
disrupting traffic and placing personnel at risk. It may be more desirable to locate a 
station on a side street rather than on a heavily traveled street. 
 
Traffic pattern requirements for a specific site will differ for volunteer and career 
personnel. The major reason is that volunteers must respond to the station before 
responding to an emergency. Therefore, the site must allow easy access for volunteers 
that respond to the station to answer calls. There may be situations where apparatus is 
leaving the station and, at the same time, volunteers are still arriving. This is more 
complex than an all-career station, where all personnel are at the station and respond 
immediately to a call. 
 
A primary responsibility of fire departments is to deliver fire and rescue services. Fire 
can grow at a rate many times its volume per minute; time, therefore, becomes a critical 
element when crews respond to an emergency. The timely delivery of services depends to 
a great extent on the location of the fire stations. Thus, when planning where fire stations 
should be located, the community needs to develop its response time standards. These 
standards are based on an analysis of the types of services to be delivered, what a 
reasonable travel time is, the size of the area to be serviced, the resources available, and 
the level of acceptable risk. Once the response time standards have been established, GIS 
can be used to determine fire station placement with a greater degree of accuracy.  
 

GIS Response 
Protocols 

GIS technology is being deployed in a number of other emergency response areas to 
increase efficiency and reduce time and provide higher-quality decision support 
information and data. This includes dispatch, mobile operations, and emergency 
management. 
 

Computer-Aided 
Dispatch 

Dispatchers have an important responsibility to process emergency calls and send the 
appropriate public safety resources to the emergency location based on the type and 
urgency of the incident. GIS is an important component of the dispatch system. Dispatch  
or CAD systems typically contain a file called the Master Street Address Guide (MSAG). 
This file contains street address information and service areas for the jurisdiction that the 
dispatch center services. As emergency calls are received, they may be accompanied with 
address information from the telephone company's emergency phone record database. 
This address is entered or electronically transferred to the CAD system, which compares 
it to MSAG. When the address is matched, the specific service area is also identified with 
the specific units that should be dispatched to the emergency. If the telephone company 
does not provide a digital address with the call, dispatchers must obtain it from the caller 
and type it into the system. Many computer-aided dispatch systems have begun to 
integrate GIS technology. GIS takes the address and automatically geocodes the incident 
and displays it on a map.  
 
There are several benefits of having the incident displayed on a GIS map. New calls 
reporting the emergency may have different addresses but are reporting the same incident 
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that was previously recorded. The GIS map display will illustrate that even though it is a 
different address, it is in the same proximity as the original call. Other benefits include 
 

 Global positioning system (GPS)—Many public safety agencies are equipping 
response units with GPS devices. This provides the dispatcher (and perhaps other 
appropriate public safety managers) with the ability to see locations of units through 
a GIS display and track them to the incident when dispatched. This is important 
during heavy call volume or for mobile vehicles such as police units and emergency 
medical units. This provides dispatchers with a virtual or near real-time view of 
incident locations and emergency response units to activate an appropriate dispatch 
based on emergency unit availability. 

 
 Routing—GIS can quickly analyze and display a route from a station or GPS 

location to the emergency call. This route (depending on the sophistication of the 
street file) may be the shortest path (distance) or the quickest path (depending on 
time of day and traffic patterns). This information can be displayed to the dispatcher 
and on a mobile computer screen in the response vehicle. Vehicles equipped with 
mobile computers and GIS can also benefit by providing first responders with access 
to preplans, hazardous material locations, photographs, and other location-based 
documents linked to actual specific locations through the GIS map display. 

 
 Move up and cover—During periods of high volume and simultaneous calls or a 

complex emergency, GIS can display areas of high risk that are left substantially 
uncovered. GIS can provide recommendations for reallocating available resources 
for better response coverage. 

 
 Emergency wireless calls—Wireless technology and cellular telephone technology 

have added to the necessity of GIS. Wireless phone-reported emergencies are not 
associated with an address, and the caller may not know his or her address or street 
location. GPS-enabled cell phones can provide latitude and longitude coordinates 
during an emergency call. Other technologies are available that triangulate the call 
location between cell towers or measure strength of signal to provide approximate 
location information. These coordinates are relatively meaningless to a dispatcher, 
but GIS can quickly process and display a latitude/longitude or other coordinate 
location. This enables the dispatcher to see the incident location or general area and 
the closest or quickest response units on the GIS display. 

 
 Records management system—Dispatch systems often have a database to capture, 

store, and archive incidents. This database may be called a records management 
system or a CAD records system. The records stored in this database concerning 
emergency calls usually contain location information. GIS can link to and geocode 
(place a point on the map) the location that represents this event. These events can be 
analyzed and assessed by any field in the records database (time, incident type, etc.). 
GIS provides a powerful capability to see, understand, and assess a department's 
volume of business, developing trends, and response performance. The investment 
and information within a records management system can be leveraged for additional 
purposes when geospatially enabled. 

 
Mobile Operations As wireless broadband networks expand, GIS support for tactical operations becomes 

more powerful. Mobile PCs, computer tablets, and handheld devices with GPS and  
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wireless advances allow first responders to send and receive geographic information and 
incident updates. As fire and emergency medical services expand, the importance of GIS 
is becoming widely recognized. First responders must get to the emergency, size up the 
emergency, and deploy. The first responder's mission is to save lives and protect property 
and natural resources. GIS information support to the first responder mission can include 
 

 Incident location 
 Quickest route 
 Hydrant locations 
 Preplans 
 Photographs 
 Floor plans 
 Hazardous material locations 
 Utility control panels 
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Figure 18 
 

 
 

          
GIS mobile applications can provide the tactical map interface to information and data important to first responders. Information such  
as preplans, floor plans, and other documents are linked to building facility addresses and are easily displayed by clicking or touching  
the map. 

 
The incident commander requires additional information to perform the command 
mission. Depending on the complexity and size of the incident, the information and data 
requirements may include 
 

 What exposures or other facilities are threatened by this incident? 
 

 Where should incoming units be positioned and assigned? 
 

 If a staging area or an incident command post is required, where are parking lots, 
schools, churches, malls, or other suitable facilities located? 
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 If helicopter evacuation of victims is required, where are suitable landing sites? 
 

 If medical triage or decontamination is required, where can it be implemented? 
 

 If hazardous materials are involved or a chemical plume is being generated, what 
direction is it traveling, who does it threaten, and what actions are required to protect 
and evacuate the public? 

 
 If an explosion is possible, who needs to be evacuated and where is an immediate 

evacuation facility? 
 
All these decisions require maps and a variety of information from different sources. 
Having access to GIS data, imagery, school locations, parking lots, adjacent exposures, 
and hydrant locations provides an accurate picture of the event and supports critical 
command decisions. 
 
Much of the information first responders require has already been collected but resides in 
a variety of formats and numerous of locations. GIS can integrate the information and 
provide it graphically to first responders through maps. GIS provides intelligent maps and 
allows the user to acquire other critical information. GIS can model explosions, plumes, 
and other potential emergencies. Instead of guessing or estimating evacuation 
requirements, transportation network problems, and other infrastructure threats, GIS will 
provide a more accurate prediction of the event and display the potential consequences. 
 

Emergency 
Management 

During an emergency or crisis, maps play a critical role in response, search and rescue, 
mitigating further damage, and understanding the extent of the impacts. GIS is an 
appropriate platform for organizing the extensive amount of spatial data both generated  
and utilized during an emergency. A properly designed and implemented GIS will allow 
managers and responders to access critical location data in a timely manner so that lives 
and property can be protected and restored. Fire departments are the front line of defense 
for emergencies of all types. Large-scale emergencies range from natural disasters 
(earthquakes, floods, hurricanes, ice storms, etc.) to industrial or technological 
emergencies (train car derailments, petroleum fires, hazardous material spills, etc.) to 
terrorist attacks. Large-scale emergencies often involve multiple casualties, critical 
infrastructure damage, and evacuations and can last for several days or months. 
Managing large-scale emergencies is complex and can involve search and rescue 
operations; displaced citizens; loss of utility services; and coordination among many 
departments, agencies, levels of government, and the private sector. One of the most 
complex challenges of emergency management is determining where damage is most 
extensive, where lives are most threatened, and where to assign limited emergency 
response personnel and equipment. During a major search operation for a lost or overdue 
hiker, GIS can accurately determine which sectors have been searched adequately and 
which sectors need to be revisited. 
 
GIS provides a primary capability to organize, display, and analyze information for sound 
decision making. Integrating GIS data layers and imagery of the affected area(s) provides 
incident commanders with a comprehensive view of the emergency. GIS provides the 
primary capability to create a "common operating picture" for the incident. Emergencies 
are very dynamic and, as circumstances change, GIS can reflect these changes. GIS can 
incorporate temporal information (weather, hazardous material locations, and emergency 
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personnel locations) and model how an emergency might continue to evolve or what type 
of damage may be expected. These models could include 
 

 Chemical plume dispersion 
 Blast models 
 Hurricane tracks and effects 
 Flood damage 
 Earthquake damage 
 Wildfire spread 

 
Figure 19 

 

 
GIS can provide models that illustrate how an emergency event (plume, explosion, etc.) may impact the area in which it occurs. In addition, GIS will 
analyze and display population effects, road closure requirements, best evacuation routes, potential shelters, and facilities out of the danger area that 
may support incident management. 

 
Models provide incident commanders with a relative understanding of where evacuations 
may be necessary, potential damage to critical infrastructure, transportation network 
disruption, and so forth. Maps can be printed with the appropriate symbology to illustrate 
work assignments and incident facilities (incident command post helispots, staging areas, 
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hot zones, etc.) and quickly dispersed to emergency personnel as part of the incident 
action plan. Areas with catastrophic damage are often confusing and disorienting to 
emergency personnel. GIS provides a view of the area before the damage occurred, 
underground infrastructure, control points, potential hazardous material locations, and 
other information to support emergency response actions. 
 

Summary The fire service mission is to assist the public in the protection of life and property by 
minimizing the impact of fire, medical emergencies, and potential disasters or events that  
affect communities and the environment. Defending communities from natural or man-
made emergencies through planning, preparedness, incident response, public education, 
and code enforcement is best accomplished through accurate information sharing. GIS is 
one of the most effective tools to analyze, define, clarify, and visualize community 
issues/problems to deliver emergency services to all.  
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NFPA Codes, 
Standards, and 
Recommended 

Practices 

Reference to the following NFPA codes, standards, and recommended practices will 
provide further information on planning fire station locations discussed in this white 
paper. (See the latest version of The NFPA Catalog for availability of current editions of 
the following documents.) 

 
NFPA 1221, Standard for the Installation, Maintenance, and Use of Emergency Services 
Communications Systems 
 
NFPA 1710, Standard for the Organization and Deployment of Fire Suppression 
Operations, Emergency Medical Operations, and Special Operations to the Public by 
Career Fire Departments 
 
NFPA 1720, Standard for the Organization and Deployment of Fire Suppression 
Operations, Emergency Medical Operations, and Special Operations to the Public by 
Volunteer Fire Departments 
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