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ABSTRACT

introduction: Structure fires, although infrequent, require significant resources 
and personnel to effectively complete critical tasks in a short time frame to achieve 
positive outcomes. While it is important to dispatch the appropriate number of 
resources rapidly, there is a risk to over-allocate responding resources both to the 
public and to the responders by responding with lights and siren. A standardized 
emergency fire dispatch (EFD) protocol-based system is important to quickly 
identify working structures fires so appropriate resources are allocated in an 
effective manner—and safety risks to responders and callers are mitigated.
objectives: The objective of this study was to compare on-scene outcomes 
(working vs. inactive structure fires) for ECHO (highest) vs. non-ECHO (lowest) 
dispatch priority levels to determine if the ECHO-level is a better predictor of a 
working structure fire than the non-ECHO priority levels.
Methods: The retrospective descriptive study analyzed de-identified structure 
fire dispatch cases recorded as ECHO and non-ECHO level calls handled at five 
emergency communications centers in North America from April 1, 2017 to March 
31, 2018, using the Fire Priority Dispatch System™ (FPDS®) version 6.1 Structure Fire 
Protocol (Priority Dispatch Corp. ™, Salt Lake City, Utah, USA). A working structure 
fire was defined as any call where responders took at least 10 minutes without 
cancellation of units (from first unit arrival) and where the time on task was at least 
30 minutes. The primary outcome measure was the number of working structure 
fires. STATA Software release 16.0 ©2019 (StataCorp LLC, College Station, TX, USA) 
was used for data analysis. Descriptive statistics were used to assess the ability of 
the ECHO priority level codes to predict working fires. Significance of inter-group 
differences were evaluated at the 0.05 level of significance cut-off.
results: A total 2,816 EFD calls were handled during the study period, of which 659 
were excluded for lack of records on a response unit’s arrival on scene, time on task, 
or call handling using the FPDS®. Of the remaining 2,157 cases, 350 (16.2%) were 
classified as working structure fires. Overall, 325 (15.1%) of all the cases were coded 
under the ECHO-level. Overall, the ECHO-level was twice more likely to predict a 
working structure fire than non-ECHO priority levels (28.6% and 14.0%, respectively).
Conclusions: The study findings showed the ECHO-level coding for structure fires 
was a significant predictor of a working structure fire compared to the non-ECHO 
level structure fire codes. Future research should focus on specific characteristics 
of working structure fires that can be relayed to 9-1-1 that may allow further 
refinement of the ECHO coding.
keywords: Structure Fire, Fire Priority Dispatch System, Fire Extinguishing 
Systems, Wildfires, Fire Loss, Call Incident Types.

INTRODUCTION

Concerns about structure fires in the United States (U.S.) date back several 
decades and remain a great concern for citizens and the nation’s fire departments. 
Understanding the distribution of call types and priority levels can inform fire 
service planning, operational decisions, resource allocation, and the purchase of 
new apparatus.1 Structure fires, although infrequent, require significant resources 
and personnel to effectively complete critical tasks in a short time frame to 
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achieve positive outcomes, such as loss prevention, safety 
of responders, safety of citizens, etc. While it is important to 
dispatch appropriate number of resources rapidly, there is a 
risk to over-allocate responding resources both to the public 
and the responders by responding with lights and siren (L&S).

In the U.S., residential fires continue to account for most 
civilian casualties. Nationally, fire departments respond 
to a fire every 20 seconds and to a structure fire every 61 
seconds.2 A residential structure fire is reported in the United 
States every 85 seconds.3 According to a 2005 National Fire 
Protection Association (NFPA) study, residential structure 
fires accounted for only 25% of fires nationwide, yet had a 
disproportionate share of losses: 83% of fire deaths, 77% 
of fire injuries, and 64% of direct dollar losses2 In 2017, U.S. 
fire departments responded to approximately 1.3 million 
fire-related emergency calls, resulting in 3,400 civilian fire 
fatalities, 14,670 civilian fire injuries and an estimated $23 
billion in direct property loss. During the same year (2017), 
fires accounted for 4% of the 34.7 million total calls.4

Because of the high potential for casualties and property 
damage, rapid dispatcher recognition and notification of fire 
responder crews is widely accepted as an important element 
of structure fire response.  According to a study by Dornseif 
et al.,5 after address and phone number verification, fire 
responders are dispatched to scene of a structure fire within 
a median time of 49 seconds using the Fire Priority Dispatch 
System (FPDS®)(Priority Dispatch Corp. ™, Salt Lake City, Utah, 
USA).  The NFPA dispatch standard states 90% of all structure 
fire calls are to be dispatched within 64 seconds.6

While fire prevention strategies have improved,2,4,7,8 fire 
department responses to structure fires remains problematic. 
Responding to a structure fire begins with the dispatching of 
resources. Structure fires require significant resources and 
personnel to effectively complete critical tasks to save life 
and property. These tasks must be accomplished in a short 
time frame to achieve positive outcomes. Currently, little 
is known about the distribution of call types and assigned 
priority levels. Knowledge of these factors is imperative for 
department planning, operational decision-making, resources 
allocation, and equipment acquisition.1 Specifically, the risks 
associated with resource allocation are severe.

Fire dynamics can provide a fire officer or a firefighter with 
means to understand how a fire will grow and spread within 
a structure and how best to control that growth.9  Balancing 
limited resource while responding to fire emergencies and 
justifying daily operations is of utmost importance—therefore, the 
overall goal is to improve resource allocation for combating fires.10 
Emergency responders usually respond L&S to a structure fire. 
L&S responses have significant risks such as Emergency Vehicle 
Collisions (EVCs), injuries or fatalities to ambulance crew, patients 
or other citizens, and the high monetary losses associated with 
EVCs.11-13 Therefore, judicious use of L&S definitely has significant 
implications for transport safety.14 Limiting the use of L&S will not 
only mitigate these risks but also save time.15

Given these risks and costs, it is important to use a 
standardized dispatch protocol-based system. One such 
system assigns three emergency dispatch priority levels for 

structure fires within the FPDS® (version 6.1 ©2000-2014). 
These three priority levels from highest to lowest priority 
are ECHO, DELTA, and CHARLIE, respectively. This system is 
used to quickly identify working structures fires so that the 
appropriate resources are allocated in an effective manner and 
safety risks to responders and citizens are mitigated.

One common difficulty faced by call-takers (and 
subsequently by the responders) is illustrated by a caller 
reporting they smell smoke from an unknown location. When 
a caller describes the emergency initially with a reasonable 
equivalent of “I see flames or smoke in a structure” the 
FPDS® assigns an ECHO priority for immediate dispatch at 
Case Entry. Conversely when callers do not clearly identify 
a structure fire when initially asked to state the emergency 
further interrogation is necessary to determine if the smell 
is outside or inside a structure to properly prioritize and 
classify the call. This additional interrogation takes a bit more 
time and ultimately leads to a DELTA or CHARLIE priority 
being assigned in the FPDS when it is determined a structure 
fire response is warranted. Currently, it is unclear if these 
response levels, namely ECHO, effectively predict a working 
structure fire.

OBJECTIVES

The objective of this study was to compare on-scene 
outcomes (working vs. inactive structure fires) for ECHO vs. 
non-ECHO (DELTA and CHARLIE) dispatch priority levels to 
determine if the ECHO-level is a better predictor of a working 
structure fire than the non-ECHO priority levels.

METHODS

design and Setting
This was a retrospective descriptive study. The study 

analyzed de-identified structure fire dispatch cases recorded 
as ECHO and non-ECHO level calls handled at five emergency 
communications centers in North America: Williamson County 
Emergency Communications, Texas; Columbia/Boone County 
Joint Communications, Missouri; Cy-Fair FD, California; 
Guilford Metro 9-1-1, North Carolina; and Sussex County 
Emergency Operation Center, Delaware. Although two of 
these agencies (Williamson County and Sussex County) were 
not Accredited Centers of Excellence (by the International 
Academies of Emergency Dispatch®, Salt Lake City, Utah, 
USA), they operated at an acceptably high level of compliance 
to the fire protocols.

inclusion Criteria
For the purposes of this study, a working structure fire 

was defined as an incident when no responding units were 
canceled within 10 minutes of the first unit’s arrival and time 
on task was at least 30 minutes.

The de-identified data analyzed included calls handled 
from April 1, 2017 to March 31, 2018, using the FPDS® version 
6.1 Structure Fire Protocol (Protocol 69). Two electronic data 
sources, comprising various data elements, were used: ProQA® 
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(for demographic and dispatch datapoints), and 
computer-aided dispatch [CAD] for call nature/
problem, service dates, elapsed times, service type 
(Fire, Emergency Medical Service, Law enforcement), 
and the number of assigned, dispatched, cancelled, 
arrived on scene, or cleared response units.

outcome Measures
The primary outcome measure was the number 

of working structure fires as defined in this study 
and the ability of ECHO-level coding in identifying 
a working structure fire.

data analysis
STATA Software release 16.0 

©2019 (StataCorp LLC, College 
Station, TX, USA) was used for 
data analysis. Data was grouped 
into ECHO and non-ECHO (DELTA 
and CHARLIE) priority level calls. 
Descriptive statistics such as 
frequencies were generated for the 
ECHO and non-ECHO priority level 
call types. Using a 2 x 2 contingency 
table, the study assessed the 
association between ECHO/non-
ECHO calls and working fires (yes/
no). The study also assessed the 
percentage of working structure fires 
that had been triaged under the ECHO-level (i.e., sensitivity) and 
the percentage of inactive  structure fires that had been triaged 
under the non-ECHO priority levels (i.e., specificity).

The proportion of all ECHO-level fires that were eventually 
defined as working structure fires (i.e., positive predictive 
value) and the proportion of non-ECHO priority level fires (i.e., 
negative predictive value) were assessed. Inferential statistics 
such as odds ratio (OR) and p-values were used to assess 
and quantify the significance of inter-group 
differences, at a 0.05 level of significance 
cut-off. An OR was defined as the odds that a 
working structure fire outcome would occur 
given a call was triaged as an ECHO-level 
call, compared to the odds of the outcome 
occurring in a non-ECHO priority level call.

RESULTS

A total 2,816 EFD calls were handled during the 
study period. Of these cases, 659 (23.4%) were 
excluded for various reasons: no response unit arrived on scene, 
no time on task was recorded, call was handled only in CAD. Of the 
final 2,157 cases, 350 (16.2%) were classified as working structure 
fires and 325 (15.1%) were triaged as ECHO structure fire calls (Fig. 
1).

28.6% of ECHO-level structure fires met the study criteria 
for a working structure fire, compared to only 14.0% for the 
non-ECHO-level structure fire calls (Fig. 2).

Overall, the ECHO-level was a significantly better predictor 
(p<0.001) of a working structure fire than non-ECHO priority levels 
(Odds Ratio [95%CI]: 2.5 [1.8, 3.3]), with a sensitivity of about 27.0% 
(Table 1).  Also, 86.2% (specificity) of all the inactive structure fires 
(per study definition) had been correctly triaged under the non-
ECHO (DELTA and CHARLIE) levels.  The overall accuracy (i.e., the 
sum of true positives [93 cases] and true negatives [1,575 cases] 
divided by the total [2,157 cases]) was 77.3%.

DISCUSSION

The study results showed the ECHO-level significantly 
predicts a working structure fire. Since the vast majority (86%) 
of the non-ECHO structure fire cases dispatched resulted in 
no actual working structure fire found by responders, over-
response is a clear concern for those calls. This creates a real 
danger, especially to the motoring public, and proves to be 

figure 1.  Distribution of call volume categorized by structure fire 
outcomes and dispatch priority levels

figure 2.  Distribution of fire outcomes categorized by dispatch priority level

Dispatch 
Priority 
Level

All cases
(N=2,157)

Working Structure Fire: n(%*) OR (95%CI) p

No
(n=1,827)

Yes
(N=350)

ECHO 325 232 (71.4, 12.7) 93 (28.6, 26.6) 2.5 (1.8, 3.3) <0.001

Non-ECHO 1,832 1,575 (86.0, 86.2) 257 (14.0, 73.4)

*Row and column percentages, respectively. CI, Confidence Interval

table 1. Predictive ability of the dispatch priority levels
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an inefficient utilization of finite emergency resources. It is 
also important to note that the rate for non-working structure 
fires found with ECHO calls is only 15% lower than that of 
non-ECHO calls. It demonstrates that the non-active fires 
dispatched with ECHO priority receive over-response, which 
merits consideration.

As demonstrated by the study findings, 9-1-1 service 
gathers information that is critical to fire department response 
decisions. In the FPDS®, call-takers can only select the ECHO 
Response Level from Case Entry. The significantly high 
percentage of non-ECHO Level calls which never resulted 
in a working structure fire (negative predictive value)—as 
observed in this paper—suggests the need for gathering more 
information to inform accurate response decision-making. 
Viewed from the outside the role of 9-1-1 in sending the fire 
department to a burning building is simple. The truth though 
is not simply “tell the fire department the address.” It is usually 
a much more complicated process to ensure the correct 
rescuers and apparatus arrive at the correct location prepared 
to safely handle the emergency. Many factors come into play 
in these cases including verifying the location, identifying 
hazards, determining injuries, and deciding which specific 
units should respond. 9-1-1 telecommunicators who ignore 
the complexity of fire response and view their role as simply 
dispatching the fire department to an address often find they 
are unappreciated, much to their disappointment.

Because fire departments across the country face a 
steadily growing number of calls for service often with no 
additional resources to offset the rising demand. They must 
plan responses to various emergencies and determine how 
best to rebalance resources when area apparatus and staffing 
are suddenly depleted. Reported structure fires are a great 
example of calls requiring many resources often requiring 
station move ups and mutual aid requests. Interestingly, as 
confirmed in this study, most of the 9-1-1 calls reporting a 
structure fire do not result in a working structure fire when the 
fire department arrives.

Limitations
Retrospective studies have their limitations. In this study 

it was infeasible to determine causal relationships among 
measures such dispatch priority levels and outcomes (working 
structure fires), except demonstrating only associations. No 
potential confounding temporal relationships were assessed. 
Also, the study was based on data collected from only five 
agencies in North America—hence the study findings may not 
be explicitly generalizable to other settings.

CONCLUSIONS

The study findings in this study demonstrated the ECHO-
level coding for structure fires predicted a working structure 
fire (by our definition) twice as often as the non-ECHO level 
structure fire codes. Since the number of ECHO-level cases 
is a relatively small percentage of the total structure fire calls 
reported to 9-1-1, fire departments can use these findings to 
better utilize response resources by setting a pre-determined, 

discrete response assignment for both ECHO and non-ECHO 
cases. Future research should focus on specific characteristics 
of working structure fires that can be relayed to 9-1-1 that may 
allow further refinement of the ECHO coding.
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