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 Recorded and time-stamped “en route” notifications from emergency response units. 

Most of the ideal candidate departments directly managed all their alarm processing from answering 

the initial call for emergency aid through en route notification by ERUs.  In order to include more 

participants that split alarm handling between separate PSAPs and Communication Centers, eight 

additional departments using separate PSAPs and Communications Centers were invited to provide 

comparison data.  These departments typically had less accurate documentation methods for en route 

times but were otherwise good sources for comparative data.  

 

3.4 Final Participants 

 

Of the 20 departments invited to participate in the main phase of the study, 14 departments returned 

data from at least one of the requested areas (Historical Response Data, Baseline Turnout Exercise, and 

Station Information) in time to be included in the study analyses.  These departments were 

geographically diverse (Figure 1. Geographic Distribution of Final Participants) and adequately 

represented departments of varied size (Error! Reference source not found.).  The final list of 

departments served a range of populations ranging from 23,000 to 2.5 million (median, 221,000) and 

operated from 1 to 84 career stations (median 14).  

 

This sample provided ample data to examine four of the six factors targeted for study: 

 Fire Versus EMS Response 

 Daytime Versus Nighttime Response 

 Firefighter Crew Proficiency in Baseline Turnout Exercise 

 Potential Effects of Station Layout on Turnout Response 

There was insufficient data to reasonably compare the other two of the originally targeted factors: 

 Combined PSAP/Communications Center Versus Separate Locations/Agencies 

• None of the participant departments utilizing separate agencies for PSAPs and 

Communications Centers (i.e., those transferring a call from an initial PSAP Emergency 

Call Taker to a separate agency Communications Center Dispatcher), were able to 

provide time documentation from the PSAP, making a complete assessment of alarm 

handling impossible. 

 Voice-Only Dispatch Versus Dispatch to Printer or MDT. 

 Most departments in the final sample utilized apparatus mounted MDTs as well as voice 

dispatch.  There was insufficient representation of departments utilizing voice-only dispatching 

to make a valid comparison. 
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Figure 1. Geographic Distribution of F
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Figure 2. IAFC Department Class 
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4 Data Collection 

 

4.1 Historical Response Data 

 

Participant departments were asked to provide historical response records of emergency incidents 

categorized as Fire, EMS, or Other.  (See Appendix, Request for Historical Dat)  The determination of 

what type of call constituted an “emergency response” was left the participant department consistent 

with the definition in NFPA 1710
8
. Specifically, departments were asked to provide computer data files 

that included the following: 

 Only data from responses designated as emergency priority. 

 Responses identified as Fire, EMS, or Other types of emergency. 

 Time of call receipt (critical:  begins the alarm handling time interval). 

 Time of call transfer from PSAP to Communications Center (if applicable, delimits alarm transfer 

time interval). 

 Time of dispatch “Pre-Alert” (if applicable and available). 

 Time of dispatch (critical:  ends the alarm handling time and begins the turnout time interval). 

 Identification of “First Due” apparatus assigned. 

 Time of “First Due” apparatus acknowledgement (if available). 

 Time of “First Due” apparatus en route (critical:  ends the turnout time interval). 

 NFIRS incident number for the response (if available). 

 

Twenty departments were asked to supply historical response records of emergency incidents 

categorized as Fire, EMS, or Other.  Data was submitted by the departments using a variety of media, 

including email, CD, and thumbdrive, in .xls or .csv formatted data.   

Half of the participating departments provided a total of 533,376 response records for analysis.  These 

responses represented one year of emergency responses from each of these departments. (Table 1 

Summary of Data Collected).   

Four of the 20 participating departments were ultimately unable to provide response records within the 

time available.  

 

 

                                                           

8
 NFPA 1710-2010: 

3.3.41.1 Emergency Operations. Activities of the fire department relating to rescue, fire suppression, 

emergency medical care, and special operations, including response to the scene of the incident and all 

functions performed at the scene. [1500, 2007] (NFPA 1710 2009) 



 Quantitative Evaluation of Fire and EMS Mobilization Times 

 

16  

 

Participating 

Department  

(Population Served) 

Response 

Records 

Collected
1
  

Station 

Data 

Collected
2
  

Turnout 

Exercises 

Collected
3
   

Emergency 

Call Intake 

PSAP
4
  

Alarm 

Handling 

Method
5
  

EMS 

Transport
6
  

Bainbridge Island, WA 

(23,000)  
   1 2 

   

Cary, NC 

(135,000)  
1 9 

   

Chesapeake, VA 

(221,000)  
57,552 15 10 Police Dept Transfer Yes 

Fairfax County, VA 

(1.1 million)  
56,219 

37 

(of 50) 
3 Fire Dept  Direct Yes 

Flagstaff, AZ 

(65,000)  
9,898 

6 

(of 7) 
6 Police Dept Direct No 

Fort Worth, TX 

(270,000)  
86,299 

20 

(of 41)  
Police Dept Transfer No 

Green Bay, WI 

(104,000)  
   7 14 

   

Lexington, KY 

(261,000)  
34,811 

16 

(of 22) 
2 Local PSAP  Transfer Yes 

Lincoln, NE 

(250,000)  
13,903 

2 

(of 14) 
9 Local PSAP Direct Yes 

Orange County, FL 

(856,000)  
78,506 

29 

(of 41) 
30 Fire Dept Direct Yes 

Southington, CT 

(43,000)  
   1 4   

  

Thornton, CO 

(118,000)  
8,105 5 16 Fire Dept Transfer Yes 

Toronto, ON 

(2.5 million) 
183,247 82 12 Police Dept Transfer No 

Woodland, CA 

(53,000)  
4,835 3 8 

Regional 

PSAP  
Direct No 

14 533,376 225 125 

3 FD, 4 PD, 

3 (non-

FD/PD) 

PSAPs  

5 Direct 

5 Transfer 

6 Yes 

4 No 

Table Notes: 

1 Number of raw electronic response records submitted by participating department 

2 Number of Station Information Sheets (one per station) submitted by participating department 

3 Number of Baseline Turnout Exercise trials submitted by participating department 

4 Primary agency responsible for receiving 9-1-1 calls for participating department (Fire, Police, non-FD/PD PSAP agency)  

5 PSAP agency dispatches fire calls directly or transfers call to separate agency Communications Center 

6 Participating department provided EMS transport (ambulance) services (Yes or No) 

Table 1 Summary of Data Collected
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4.2 Baseline Turnout Exercise 

 

Participating departments were provided with instructions to layout and conduct a standardized 

Baseline Turnout Exercise.  They were provided with a stopwatch to accurately measure the Baseline 

Turnout Exercises along with standard data collection sheets to record the results.  Finally, they were 

provided with a prepaid mailer to return the data collection sheets.  (See appendices, Turn Out Exercise 

Instructions and Station Layout / Turnout Exercise Forms) 

The Baseline Turnout Exercise consists of two parts: 

 Part 1:  Alarm Response Walking Speed.  This is a timed exercise where fire crews in station 

uniforms walk over a measured course at the pace they’d typically use when moving to their 

fire/EMS apparatus during turnout. 

 

1. The crew moves “quickly and with purpose;” no jogging or running; “As you would 

normally respond to an emergency call in your station.” 

2. The crew starts on “ready, set, go” command. 

3. The crew proceeds to the front end of the bay; crosses over the measured line return; 

returns and crosses over the starting line to finish. 

4. Using a stopwatch, record times for the first and last crew member over the finish 

line. (If the entire crew crosses the line too closely to reliably time both first and last, 

record the first time only.) 

 

 Part 2: Scramble, Don, & Mount.  A timed exercise where fire crews in station uniforms simulate 

a complete turnout in a standardized layout from notification of the alarm, to donning PPE, to 

mounting the apparatus, to physically leaving the station. 

 

1. Starting configuration 

· “Le Mans Start” -- Crew starts shoulder to shoulder in a line facing away from the 

apparatus at the back of the bay 

· Crew is dressed in regular station wear 

· PPE is stowed at each crew member’s riding position3 

· Apparatus is parked with its front 5’ from the line of the door sill 

· MPO & Officer’s windows are open 

· Apparatus is otherwise as it would normally be stowed in station 

2. On command (“Go!”, no countdown preparation) 

· Timer must be positioned to observe “wheels rolling” safely before MPO can 

release brakes! 

3. Special Tasks 

· Officer retrieves “Run Sheet” from simulated printer 

· MPO opens bay door (manually or with remote) 

4. Crew moves promptly to gear; all crew members don core gear at minimum (See 

footnote 3) 

· Bunker pants 
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· Boots 

· Flame retardant hood (if normally worn) 

· Bunker coat 

· Helmet (or headset if that is standard practice) 

5. Crew mounts apparatus 

· MPO may start engine at any time 

6. Crew will not don SCBA per consensus of technical advisors 

7. Crew fastens seatbelts 

· Seatbelt compliance confirmed by apparatus officer 

· MPO shall not release brakes until compliance confirmed 

8. MPO pulls straight forward promptly (Maximum Speed 10 mph) 

· Brakes released; wheels start (Split 1) 

· Front Bumper crosses doorway sill marked by traffic cones (Split 2) 

· MPO must stop before reaching curb line marked by traffic cones
4

 

 
3

 EMS crews may omit PPE as per local SOP. Fire suppression crews must don full PPE including 

either a helmet or radio headset. 
4

 Where the proximity of public sidewalks and streets limits the distance the apparatus can 

continue out of the bay, appropriate modifications should be made. Please note any such 

modifications on the data collection sheet. 

 

Twenty departments were asked to conduct and record as many Baseline Turnout Exercises as 

reasonably possible within the allotted timeframe for data collection. 

Thirteen departments provided a total of 125 turnout exercise trials for analysis, representing data from 

over 300 career firefighters in the Alarm Response Walking Speed exercise and over 100 career fire and 

EMS crews of from two  to four members in the Scramble, Don, & Mount response exercise (Table 1 

Summary of Data Collected).  All data were submitted via postal mail or scanned and returned by email. 

 

4.3 Station Information 

 

Participating departments were asked to provide information on each of their ERFs on the station 

information sheets developed for this study. The information collected included each station’s 

identification; address; a characterization of the station’s population served as urban, suburban, or 

rural; and an inventory of apparatus based at that station.  (See Appendix, Station Layout / Turnout 

Exercise Forms) 

Instructions were also provided to measure and record key travel distances within each fire station.  

Participants were instructed to measure from the apparatus driver’s door to the day room, training 

room, dining/kitchen area, fitness room, and most remote bunk in the sleeping area.  A prepaid mailer 

was included to return the Station Information Sheets. 

 

What is the average typical travel distance from each listed area in the fire station to the driver’s 

door of each type of first-due apparatus? If there is more than one first-due suppression 

apparatus or EMS unit, list the average distance by type. Distances should reflect a typical path of 
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travel for emergency personnel responding from each area. A surveyor’s wheel would be ideal 

for this measurement. Please make your best estimate. 

  

Twenty departments were asked to complete a Station Information Sheet about all of their ERFs or as 

many as reasonably possible within the allotted timeframe for data collection. Fourteen departments 

provided layout and foot travel data for a total of 225 fire stations, which well exceeded the study target 

of at least 100 stations (Table 1 Summary of Data Collected).  These data include a wide variety of 

station layouts and designs ranging from historical stations, traditional urban stations, modern suburban 

stations, temporary stations, and at least one dual purpose suburban / crash fire rescue airport station.   

  



 Quantitative Evaluation of Fire and EMS Mobilization Times 

 

20  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(This page left intentionally blank) 

 

  



 Quantitative Evaluation of Fire and EMS Mobilization Times 

 

21  

 

5 Data Analysis 

 

5.1 Data Preparation 

 

Raw data files submitted by each participant department were imported into an Excel® (Microsoft 

Corporation 2006) workbook file and converted into a standardized record format combining data from 

the initial screening survey, participant questionnaire, and historical response data into a single 

spreadsheet.  Basic calculations and categorizations were performed and added to the spreadsheet in 

separate columns: 

 Each response was categorized as Day (0600 – 1800), Evening (1800 – 0000), or Night (0000 – 

0600) based on the recorded alarm time. 

 Each response was categorized as Fire, EMS, or Other based on the classification submitted.  

Some participants provided detailed NFIRS or similarly detailed response classifications, which 

were systematically reclassified into the corresponding broad Fire, EMS, or Other category. 

 Alarm handling times, turnout times, and mobilization times were calculated and recorded in 

whole seconds for each response record from the alarm, dispatch, and en route times provided. 

 Where responding apparatus identifications were provided and cross referenced data were 

available from the Station Information Sheets, ERUs in each response record were:  

o Categorized as Engine, Truck, Rescue, Ambulance, or Other. 

o Matched with their station of origin and matching station layout data. 

Data supplied on Baseline Turnout Exercise and Station Information Sheets were entered into each 

department’s Excel   file.   Individual department summaries were calculated for the Baseline Turnout 

Exercise and added to the combined data spreadsheet for each department.  Station Layout data from 

the Station Information Sheets was arranged as a lookup table to match up each apparatus from the 

historical response records with its normally assigned station and associated station layout 

measurements, if available.  Turnout Exercise data from all reporting departments were combined in a 

separate Excel workbook for aggregate analysis. 

The combined data spreadsheet from each workbook file were exported as a text file in comma 

separated value (.csv) format for import into SAS. 

 

5.2 SAS Procedures 

 

The Excel-generated text files containing each department’s standard format data were imported into 

SAS® (SAS Institute Inc. 2003) via a text file (.csv).  Key study data for analysis – department 

identification, call type, time of day, alarm handling time, turnout time, and mobilization time – were 

extracted by Query and stored as individual SAS data files for each participating department.  Data from 
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departments matched by alarm handling method (Direct or Transfer) and response documentation 

methods was combined into master data sets for statistical analysis
9
. 

“Combined Set A” (n = 153,463)
10

 was created by combining data from departments collecting response 

data with similar methodologies during the mobilization process from receipt of call, to dispatch of 

emergency response units, to designation of en route status.  These departments were matched based 

on the following criteria
11

: 

 All the departments represented managed combined PSAP and Communication Centers as 

single agencies providing documentary continuity from alarm time to en route time. 

 Alarm time was timestamped and recorded electronically at the time the call was answered. 

 Dispatch time was timestamped and recorded electronically at the time dispatch was initiated 

for all but one department that timestamped as dispatch was completed. 

 En route time was timestamped and recorded electronically at the time responding units 

manually signaled en route from apparatus mounted MDTs. 

This set contains response data from four departments with a combined population served of 2,259,000 

(median 553,000) from 108 stations.  97% of the response records in this set are from IAFC Class 5 fire 

departments. 

“Combined Set B” (n = 370,014) was created by combining departments with PSAPs that transferred 

calls for aid to separate Communication Centers for dispatching.  These departments were matched 

based on the following criteria: 

 All the departments represented utilize separate and distinct PSAPs and Communication 

Centers.  PSAPs handle calls from alarm time to alarm transfer and Communications Center 

handle calls from transfer time through en route time.  None of the participating departments in 

this group was able to provide alarm times from their PSAPs; thus we were unable to calculate 

alarm handling times from this group. 

 Dispatch time was timestamped and recorded electronically at the time of dispatch for all 

departments in this data set. 

 En route time was timestamped and recorded electronically at the time responding units 

manually signaled en route from apparatus mounted MDTs for some departments and recorded 

manually based on radio transmissions from responding units for others.  This difference limited 

aggregation of response data for analysis in this group. 

                                                           

9
 The data analysis for portions of this paper was generated using SAS/STAT software, Version 9, of the SAS System 

for Windows. Copyright © 2003 SAS Institute Inc. SAS and all other SAS Institute Inc. product or service names are 

registered trademarks or trademarks of SAS Institute Inc., Cary, NC, USA. 
10

 One department with qualifying call-handling and time-documenting methodology was omitted from this data 

set due to issues with corrupted data formatting in the raw data file supplied by the department.  It may be 

possible to recover this data for future analyses, but it was not practical within the time constraints of this study. 
11

 It was not known at the time of data collection but, upon inquiry during the analysis phase, it was determined 

that all of the departments whose data was used in “Combined Set A” also report that they regularly review alarm 

handling and turnout times against NFPA or similar benchmarks as performance goals.  
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This set contains response data from five departments with a combined population served of 3,370,000 

(median 265,500) from 160 stations.  Ninety-eight percent of the response records in this set are from 

IAFC Class 5 fire departments. 

“Combined Set X” (n = 523,477) was created by merging Combined Sets A and B.   This data set was used 

for some very preliminary turnout time analysis but was discarded due to the variability of time 

documentation methods among departments and the inability to follow whole responses through both 

alarm handling and turnout. 

Tabular data shown for Fire Versus EMS and Daytime Versus Nighttime analyses was produced from SAS 

using PROC UNIVARIATE and PROC FREQ. 

Bar graphs, CDF plots, and distribution plots shown for Fire Versus EMS and Daytime Versus Nighttime 

analyses were produced in Excel based on data generated in SAS using PROC FREQ.  Continuous CDF and 

distribution plots were drawn from five-econd interval data points with plot lines interpolated by Excel 

using the “smoothed lines” option.  Bar graphs were generated from data binned as indicated on the 

graphs. 

CDF plots shown for the Baseline Turnout Exercise were produced in Excel and were drawn from five-

second interval data points with plot lines interpolated by Excel using the “smoothed lines” option. 

 

5.3 Quality Analysis 

 

In order to eliminate idiosyncratic artifacts from the study data set, responses where either the alarm 

handling time or turnout time were recorded as less than or equal to zero were eliminated from 

statistical analyses.   It was the consensus of the investigators and project technical panel that such calls 

represent unusual circumstances that are not representative of normal response times. 

 All analyses shown in this document have been conducted with responses where both alarm 

handling time, ���, and turnout time,  ��, are greater than zero. 

 ��� > 0 �	
 �� > 0 

In an attempt to identify and remove large values suspected of being artifacts, analyses were conducted 

initially on both raw data and data filtered.  There were reservations among members of the project 

technical panel about systematically omitting large values, and comparison of the raw versus filtered 

analyses did not show significant differences in overall results.   Based on those early results, it was 

decided that no responses would be omitted based on large values of either alarm handling time or 

turnout time.  This is discussed in more detail in the Appendix section titled, Raw Versus Filtered Data. 
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5.4 Assumptions and Limitations 

 

The data collected by this study is representative only of the sample collected, namely,  a small group of 

geographically diverse career fire departments serving populations ranging in size from 23,000 to 2.5 

million.   Although the original 457 departments invited to participate in this study represented a 

statistically robust randomized sample of U.S. departments, the final sample represents only a fraction 

of that original sample profile. Ultimately, selection of the final sample was strongly influenced by the 

departments’ willingness to commit time and resources to the study and the availability of useable 

historical response records.   

Historical Response Records 

The quality of the data provided in these records is limited to the accuracy and reliability of the data 

recorded by the participating departments and provided to the study authors. 

 The documentary timestamps that create the endpoints for observed alarm handling time, 

alarm time and dispatch time, were computer generated in the participant sample, “Combined 

Set A,” and, as such, are assumed to be reasonably reliable and valid representations of actual 

alarm handling times. 

 

 There is a greater degree of uncertainty affecting the reliability and validity of the en route time 

timestamps on which observed turnout time is based.  This uncertainty is due to both human 

and technical factors involved in transmitting the en route signal.   

 

Firefighters/fire officers have commonly reported signaling en route via the MDT several 

seconds before the apparatus is actually in motion
12

 and there is also some concern about 

transmission delays introduced by complicated communications systems in recording MDT 

generated timestamps
13

.   This is a known limitation of the available data but has been assumed 

to be a reasonable approximation when averaged over a substantial number of responses. 

 

 The data sets used in Sections 6.1 Fire Versus EMS Response; and 6.2 Daytime Versus 

Nighttime Response, are based on “Combined Set A” and, as such, are strongly representative of 

IAFC Class 5 fire departments.  All of our findings share the limitations of the data collection 

sample; thus extrapolation of the data to predict mobilization times beyond the sample for 

smaller fire departments or for volunteer departments may not be valid. 

                                                           

12
During informal interviews, one engine officer mentioned that his driver typically would reach over to the MDT 

and signal “en route” while the officer was donning his PPE.  Others indicated that they would signal “en route” as 

soon as they were seated.  Such early reports seem especially common in departments where turnout times are 

regularly reviewed against benchmark standards.   
13

 One study found that the transmission processing delay introduced in an 800MHz communications system 

delayed recording an MDT-generated en route signal by an average of two seconds with some delays ranging as 

high as seven seconds (Office of Strategic Planning and Information Systems of the Greensboro (NC) Fire 

Department; Guilford Metro 911 Emergency Communications Center 2007). 



 Quantitative Evaluation of Fire and EMS Mobilization Times 

 

25  

 

Baseline Turnout Exercise 

It is assumed that the exercise design represents a typical set of turnout tasks that can be reasonably 

assumed to apply to any fire department response. 

All participants were provided with written instructions and a stop watch in order to maintain a 

reasonably uniform standard for the timed exercise across participating departments.  Participants 

conducting the drills generally understood and followed the directions as intended, and reasonable care 

was taken to record accurate times. 

Station Information 

Participants providing station information, particularly with regard to measuring travel distances, 

understood and followed the directions as intended and took reasonable care to record accurate 

information.  

 

5.5 Data Sets Applied to Study Questions 

 

As presented in 2.1   Time-to-Task Completion, there are six primary mobilization time questions 

addressed in this study: 

I. In a representative group of career or mostly career fire departments, what is the time actually 

spent completing alarm handling?  

II.  How does actual recorded alarm handling data compare to the NFPA 1221 standard 

benchmarks? 

III. In a representative group of career or mostly career fire departments, what is the actual time 

typically required for turnout?   

IV. How does the actual recorded turnout time data compare to the NFPA 1710 standard 

benchmarks for turnout time? 

V. In a representative group of career or mostly career fire departments, what is the actual time 

typically required for mobilization?   

VI. How does the actual recorded turnout time data compare to an implied hypothetical NFPA 

standard benchmark for mobilization time? 

In addition to addressing those questions, this study set out to examine specific factors influencing 

mobilization time: 

 Fire Versus EMS Response 

 Daytime Versus Nighttime Response 

 Firefighter Crew Proficiency in Baseline Turnout Exercise 

 Effects of Station Layout on Turnout Response  
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After a careful review of the data collected, the authors elected to address all six questions in pairs; 

looking at question pairs I & II,  III & IV, and V & VI (as above) for fire and EMS separately.  This method 

was intended to provide insight into the six main study questions and identify any differences in the 

type of call factor, namely, Fire Versus EMS Response.  

 

5.5.1 Fire Versus EMS Response 

 

This analysis was drawn from the Historical Response Data contained in the “Combined Set A” data set, 

which provided the best group of homogenous call-handling and time-documentation styles.  This data 

set also contained complete response documentation from the time calls for aid were answered until 

ERUs were declared en route. (see 5.2 SAS Procedures)  This data set contained 22,564 fire responses 

and 115,206 EMS responses for analysis. 

The same data set was used to examine the six questions with respect to the time of day factor, i.e.,   

Daytime Versus Nighttime Response 

 

5.5.2 Daytime Versus Nighttime Response 

 

To address this factor, the “Combined Set A” data set was separated into time-of-day categories based 

on the time the call was received.  For purposes of this study, “Daytime” was defined as 0600 to 1800 

hours, accounting for 58% of all responses, and “Nighttime” was defined as 0000 to 0600 hours,  

accounting for 15% of all responses.  Calls between the hours of 1800 and 0000 were analyzed but 

omitted from reporting for clarity.  It was assumed that the daytime and nighttime groupings best 

represented the opposite ends of the spectrum when response personnel would be at their highest 

versus lowest daily levels of operational readiness.  The distinction between fire and EMS calls was 

retained for this analysis.  The data set provided 13,463 daytime and 2,681 nighttime fire responses and 

66,202 daytime and 17,442 nighttime EMS responses. 

 

5.5.3 Firefighter Crew Proficiency in Baseline Turnout Exercise 

 

A separate data set was created for the data collected for the ideal time-to-task factor, namely, 

Firefighter Crew Proficiency in Baseline Turnout Exercise.  This part of the study establishes a lower limit 

for Turnout Times based on simulating the component tasks common to turnout under ideal, controlled 

conditions.  The data contained information from Baseline Turnout Exercise trials submitted by 13 

departments. Overall, the data represented a total of 109 trials involving 327 career firefighters.  
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5.5.4 Effects of Station Layout on Turnout Response 

The final data set contained layout information from the Station Information Sheets for the travel time 

within the ERF factor, i.e., Effects of Station Layout on Turnout Response.  This part of the study 

establishes a basis for characterizing a “typical” firehouse in terms of foot-travel distances from 

common areas in the station to the ERU during an emergency turnout.  Fourteen fire departments 

provided station layout data for a total of 225 fire stations. 

 

 

 

  

Department Size as a Factor in Alarm Handling Time and Turnout Time 

The response data available for this study was limited primarily to IAFC Class 5 fire departments; 

fire departments serving a population of 200,000 or more.  This limits the direct extrapolation of 

these results to smaller departments. 

Alarm handling is very much a “department-level” task. Based on five participating departments 

with similar call taking, dispatch, and documentation methods, we found a strong negative 

correlation between population served and median alarm handling time (r = -0.78) which suggests 

that larger departments typically process alarms more efficiently than smaller ones.  One possible 

explanation for this observation is that very large departments by virtue of their size and 

economies of scale may tend more toward custom technology for improved automation of alarm 

handling.  This is an area for future study. 

Unlike alarm handling, turnout is more of a “personnel-level” task. Based on the same group of 

departments, we found a weak negative correlation between population served and median 

turnout time (r = -0.22) which suggests that larger departments turnout only slightly faster than 

smaller ones.  A stronger indicator was the correlation between the average number of responses 

per station and turnout time (r = 0.32) which could suggest that rehearsal rather than budget is a 

factor in faster turnout times.   
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6 Primary Findings 

 

6.1 Fire Versus EMS Response 

 

The most fundamental comparison made was between fire responses and EMS responses.  We looked 

at  

• Alarm handling time, a function of emergency dispatchers in the PSAP/Communication Center 

addressed by the NFPA 1221 standard. 

• Turnout time, a function of fire and EMS crews within the ERF addressed by the NFPA 1710 

standard.   

• We bridged the two and looked at mobilization time overall to assess just how quickly the fire 

service, represented by our participant sample, actually “puts the rubber to the road” when the 

call for emergency aid is received. 

Alarm Handling Time 

 

 

Figure 3. Alarm Handling / Fire & EMS (combined) 
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As stated previously, alarm handling time represents the elapsed time from the time a call for assistance 

is received at a PSAP, or “Alarm Time” (i.e., Call intake; when a 9-1-1 phone call is answered, when an 

automatic alarm is acknowledged, etc.), until appropriate ERUs are dispatched, or “Dispatch Time.”  

 

The findings of this study have been compared to the current NFPA 1221 standard, which sets two 

benchmark times with specific compliance criteria for Alarm handling: 

 90% of all emergency calls must be processed within 60 seconds or less. 

 99% of all emergency calls must be processed within 90 seconds or less. 

Benchmarks and Criteria 

Both NFPA 1221 and NFPA 1710 use similar metrics to establish Call Processing Times and 

Turnout Times.  The first part of the metric is the benchmark: a specified length of elapsed time. 

The second is the criteria: the percentage of responses within a sampling period that must occur 

at or below the benchmark time to achieve compliance with the standard. 

For instance, part of the standard for Call Processing requires that 90% of all responses 

(criterion) must be processed within 60 seconds (benchmark).  Compliance with the standard 

can be measured in two ways: 

1. Benchmark Compliance:  What actual percentage of responses occurred at or below the 

benchmark time? 

2. Criteria Compliance:  How many seconds were actually required before the required 

percentge of responses occurred? 

Tables throughout this document show the relevant NFPA benchmarks and criteria compared 

with the corresponding compliances recorded in the data. 

Example:  Widget Production Table 
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benchmark.  Only 90% of the responses were processed in 90 seconds or less, the second NFPA 1221 

benchmark, as opposed to the 99% in 90 seconds or less required by that standard.  

 

Fire Calls 

n = 22,564 

NFPA 1221 

Benchmark 

Criteria 

Observed 

Compliance 

Median 

Mean 

Max 

Alarm Handling 

60 seconds 

90 % 

 

90 seconds 

99% 

79% 

92 seconds 

 

90% 

315 seconds 

29 

56 

3946 

Table 2. Alarm Handling Time / Fire
14
 

 

Regarding the time required to reach the criteria level required by the standard, it took 92 seconds to 

process 90% of all fire response calls and 315 seconds – over 5 minutes – to process 99% of all fire calls. 

The maximum processing time for fire response was a matter of concern at well over an hour – clearly 

well beyond a typically acceptable processing time for an emergency call but nonetheless not 

inconceivable in a group of over 22,000 responses.  The last 1% of all responses analyzed ranged from 

over 315 to 3,946 seconds to process; 99% of the responses required only 8% of the observed range of 

values.  It is likely that the processing times recorded in this extreme upper range represent grossly 

atypical responses, documentation errors, routine calls erroneously categorized as emergent, or some 

other form of data artifact.  Several methods for filtering out these extreme outliers were considered 

but rejected as moot, since it was determined that they had very little statistical impact on the overall 

analysis.  (see Appendix, Raw Versus Filtered Data) 

  

                                                           

14
 The confusing appearance of 90% at both 90 and 92 seconds is an artifact of rounding.  At 90 seconds, 89.72% of 

all calls have been processed.  It takes 92 seconds to reach 90.15% of all calls processed. 
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EMS  
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The Cumulative Distribution Function (CDF) 

CDFs in this document illustrate graphically the distribution of response data for alarm handling, 

turnout, and mobilization times.  Starting at the lower left corner at 0% and 0 seconds, a plot line 

representing the cumulative percentage of observed responses completed, shown on the vertical 

axis, is plotted against time elapsed to complete that percentage of responses, shown on the 

horizontal axis.   The line rises quickly through the median average, 50% of observed responses, and 

eventually passes through the various benchmark criteria that may be noted on the graph.  The line 

“flattens out” quickly after the majority of responses have been completed and trails off in a long 

“tail” to the right as the last outliers are completed. 

Using the above CDF plot of a normal distribution with a median value of 90 seconds, for example, 

the percentage of trials completed in 120 seconds or less can be determined.  Starting at 120 seconds 

on the elapsed time x-axis, a vertical line would be drawn upward until it intersects the CDF plot.  

From there, a horizontal line is drawn to the left.  The value at the point where that line intersects 

the cumulative percentage y-axis shows the percentage of trials completed in 120 seconds or less.  In 

our example, for an elapsed time of 120 seconds, about 85% of the trials are completed in 120 

seconds or less.  

Conversely, to answer the question of how long it would take to complete a certain percentage of 

calls, a similar process is followed in reverse.  For example, in order to determine the time it would 

take to complete 90% of all trials, one would start of the y-axis at the 90% mark.  A horizontal line 

would be drawn from this point to the right until the line intersects with the CDF plot.  From this 

point of intersection, a vertical line is drawn down to the x-axis.  The elapsed time read off the x-axis 

at this point is the answer.  For our example, to process 90% of the calls, requires a call processing 

time of about 130 seconds. 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0 30 60 90 120 150 180

C
u

m
u

la
ti

v
e

 P
e

rc
e

n
ta

g
e

Elapsed Seconds

CDF Plot of a Normal Distribution

CDF Plot Line



 Quantitative Evaluation of Fire and EMS Mobilization Times 

 

36  

 

The previous edition of NFPA 1221 required a more stringent 95% compliance time at the 60 second 

benchmark.  With an 81% observed compliance rate at 60 seconds, 95% compliance would not be 

reached until ~106 seconds (Figure 7).   From the graph it can be seen that the cumulative distribution 

function crosses the 90% mark very near to its upper inflection point.  This is the point where the 

function begins to flatten faster than it rises.  This point is arguably a more significant feature of the 

distribution to observe in terms of benchmark compliance than the 95% mark. 

Combining both fire and EMS alarm handling times into a single cumulative distribution function graph 

illustrates the sharp difference between the previous 95% compliance criterion and present 90% 

criterion.  By the time the function achieves 90% at around 83 seconds, it has reached its inflection point 

and is beginning to flatten more quickly than it rises.   Beyond the 95% mark the graph is flattening very 

quickly, which explains the lengthy time to compliance at the 99% criterion. 

 

 

Figure 7. CDF Fire & EMS (combined) Alarm Handling Time 
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Turnout Time 

 

 

Figure 8. Turnout / Fire & EMS 

 

Turnout Time represents the elapsed time from the moment a call is dispatched, or “Dispatch Time” 

(i.e., when the call processer/dispatcher initiates an alert message to the assigned ERU.), until the 

assigned ERU(s) is physically en route, or “En route Time.”  The current NFPA 1710 standard sets 

separate benchmark times for fire and EMS responses with the same compliance criteria for Turnout: 

 90% of all emergency responses to fire calls must turnout within 80 seconds or less. 

 90% of all emergency responses to EMS calls must turnout within 60 seconds or less. 

Alarm handling is primarily a data-gathering operation, while turnout can be characterized primarily as a 

set of physical tasks.  The typical tasks common to all turnouts from the ERF can reasonably be 
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 Travel within the ERF to the ERU 

 Donning PPE 

 Mounting the ERU and securing seatbelts 

 Opening ERF bay doors 

 Starting the ERU 

 Signaling “en route” 

For turnouts that originate outside of the ERF, when an ERU is already “on the air,” the task list is 

considerably shorter: 

 Notification of the alarm 

 Gathering critical response information 

 Signaling “en route” 

The data contains turnout times for responses both from the ERU and “on the air” starts.  The small 

peak in the response distributions shared by fire and EMS, about 15 seconds, is presumed to be 

representative of “on the air responses,” while the much larger peaks represent normal responses from 

the ERU. 

The NFPA 1710 standard makes a significant distinction between fire and EMS turnout time based on 

the slightly different tasks required as part of the turnout process.  A response to a typical fire 

emergency requires donning structural firefighting PPE prior to mounting the ERU, whereas a response 

to a typical EMS call does not necessitate such extensive PPE
15

.  Benchmarks for fire responses must 

accommodate additional turnout time to ensure that firefighters can safely don PPE before mounting 

the ERU. This permits seatbelts to be worn while en route in the interest of firefighter safety. 

  

                                                           

15
“…This is believed to be due to the fact that dressing in structural firefighting protective clothing prior to 

boarding the fire apparatus takes more time.... Because fire fighters do not need to dress in structural firefighting 

protective clothing for EMS responses, the extra 20 seconds of turnout time was not felt to be necessary for these 

responses.” (NFPA 1710 ROC 2009, 1710-5) 
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Looking at the time required to reach the compliance criteria set by the standard, it is noted that it took 

109 seconds to account for 90% of turnouts to EMS call responses – over one and two-thirds times the 

time allotted by the standard benchmark. 

 

EMS Calls 

n = 115,206 

NFPA 1710 

Benchmark 

Criteria 

Observed 

Compliance 

Median 

Mean 

Max 

Turnout 
60 seconds 

90 % 

54% 

109 seconds 

58 

63 

3112 
Table 5. Turnout Time / EMS 

 

The maximum reported turnout time for EMS response was nearly 52 minutes.  As was observed with 

fire call response turnout, it was determined that the outliers, representing 1% of the data and 96% of 

the range of reported values, had very little statistical impact on the overall analysis. 

Discussion Points 

In the overall turnout time analysis, we found the recorded fire and EMS responses were generally 

consistent with the benchmarks set for each in the NFPA 1710 standard.  The recorded fire response 

turnouts required, on average, 12 seconds longer than EMS response turnouts with 54-60% of all 

recorded responses recording turnout times at or below the appropriate standard benchmark.  Turnout 

times for both fire and EMS responses required 43-49 seconds beyond the standard benchmarks to 

reach the 90% criterion.  This result suggests that the standard may be underestimating the time it takes 

to complete the baseline turnout tasks common to both fire and EMS responses in establishing the 

benchmark.  Section 6.3 Firefighter Crew Proficiency in Baseline Turnout Exercise, examines the ideal 

baseline time-to-task measurement for fire call responses.  

The previous edition of NFPA 1710 did not set a separate benchmark for fire and EMS responses.  In that 

version, all responses shared a common 60-second benchmark.  Less than 40% of the recorded fire call 

responses showed turnout times of 60 seconds or less (Figure 12. CDF Fire & EMS Turnout Time).   From 

the graph it can be seen that the cumulative distribution function crosses the 60 second mark early in its 

rise.  This is well below its upper inflection point.  An arguably more significant point to observe in terms 

of fire response turnout benchmark compliance may be the apparent inflection point around 120 

seconds, which corresponds closely with the 90% mark. 

Likewise, in terms of EMS response turnout, benchmark compliance suggested in Figure 12 may be at 

the apparent inflection point at 110 seconds, corresponding closely with the 90% mark. 
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Figure 11. Comparative Percent of Fir

 

Figure 12. CDF Fire & EMS Turnout 
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Mobilization Time 

 

Figure 13. Mobilization / Fire & EMS 

 

Mobilization time brings together the complete process of receiving the call for aid at “Alarm Time;” 

determining and assigning appropriate ERUs at “Dispatch Time;”and getting those ERUs on the road to 

the scene of the emergency at “En route Time.”  Combining performance criteria in NFPA 1221 and 

NFPA 1710 standards yields implicit fire and EMS benchmark times with a common performance 

criterion: 

 81% of all emergency responses to fire calls must turnout within 140 seconds or less. 

 81% of all emergency responses to EMS calls must turnout within 120 seconds or less. 

As we have seen, the compliance rates for alarm handling time and turnout time were not observed in 

practice to be as high as their respective standards required.  However, the combined rates have the 

advantage of a lower standard that is implied by the statistical combination of the performance criteria 
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Figure 14. Percent of Fire Mobilization
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Looking at how much time was actually needed to achieve the performance criteria required by the 

standard, it is noted that it took 141 seconds to reach the 81% criterion for reported fire call responses – 

21 seconds longer than the time allotted by the implied benchmark. 

 

EMS Calls 

n = 115,206 

Implicit 

Benchmark 

Criteria 

Observed 

Compliance 

Median 

Mean 

Max 

Mobilization 
120 seconds 

81 % 

70% 

141 seconds 

96 

107 

3615 
Table 7 Mobilization Time / EMS 

 

The maximum reported mobilization time for EMS response ranged to just over one hour.  As seen 

previously with fire responses, this is the result of extreme outliers in both alarm handling and turnout 

times.  Although the effects of these outliers continue to show themselves in the uppermost cumulative 

percentages, they remain statistically insignificant overall. 

 

Discussion Points 

With respect to a hypothetical 90% criterion equivalent to that imposed on alarm handling time and 

turnout time, an additional 30+ seconds would be required beyond the current benchmarks for both Fire 

(187 seconds required) and EMS (167 seconds required).   Cumulative distribution functions for both fire 

and EMS mobilization show similar curves for fire and EMS (Figure 17), with fire responses showing a 

longer “tail.”  This may indicate a more common pairing of both longer than average alarm handling 

times and longer than average turnout times.  
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Figure 16. Comparative Percent of Fir
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6.2 Daytime Versus Nighttime Response 

 

Data for responses were divided into Daytime (responses for which the alarm was received between 

0600 and 1800 hours) and Nighttime (responses for which the alarm was received between 0000 and 

0600 hours) and analyzed for compliance with the NFPA standards.    

Alarm Handling Time 

 

 

Figure 18. Alarm Handling / Fire & EMS / Day & /ight over Time 

 

NFPA 1221 makes no distinction between daytime and nighttime alarm handling time, and the 

benchmarks used are the same as those compared previously in Table 2. Alarm Handling Time / Fire and 

Table 3. Alarm Handling Time / EMS.  Those two benchmarks and compliance for alarm handling criteria 

are: 

 90% of all emergency calls must be processed within 60 seconds or less. 

 99% of all emergency calls must be processed within 90 seconds or less. 
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