The Art and Science of Firefighting
CAMA May 2014

An Interdisciplinary Approach

Presented by
Chief Len Garis
Surrey Fire Department
&

Adjunct Professor




A . / 7 '
ol Arctic Ocean ;«m Greenland ~ | ¥
N *’, 5 . (DENMARK) < 0 500 1000km
T ¥ ) AL \' lr-) J ‘-.{ ‘-' ey \ } . .

a M ‘,“ - r 1’_, " » ;’ f T 1 .
R Y 1 1 e el _,5 y “*m g 0 500 1000 mi
LR  Beaufort ~ *‘ W=} Baffin “'g,

7y ) ,' , O . ‘.n_-__.- e ‘, )

f UNITED STATES
% (Maska)

\RUSSIA, £ 4\ ICELAND

o LD 5 ™" Labrador
Whnehorse - el e N abrador Sea

Ve . v\ 2 )
' \ : "(9 ‘) 2 ¥ ¥ -
Hudson * {_ £

& ; u\" o~ .l".‘ 58y 3 ae .
gt Churchill ¢ f1indy, :
North .. e S f,St. John's
,Edmonton

Pacific
Ocean V

Y it North
Calgary 4 Winnipeg { “agl |
of Atlantic

s ontréal Ocean

Superior /"

[ uNnITED STATES || )




Surrey BC

e 12th largest City in
Canada

* Fastest growing
City in Canada

e 17 Fire Halls

e 317.4 km?
coverage

502,000 residents

SURREY FIRE HALLS e QYgﬁ!ISURREY




Beginning with the End in Mind

Fire Service - Key Issues Identified:

* There is no apparent fact-base view of trends,
issues or best practices in Fire Services

* No gquantitative risk-evaluation model exists




Beginning with the End in Mind

Canadian residential home fires can be reduced in half, by simply be making sure there is a
working smoke alarm in homes, evidence elsewhere indicates we can do better. Seniors
most at risk ,32% of the deaths in BC, In the UK smoke alarms are working 88% of the time.

Fires and Crimes are predictable , they occupy the same place and effect the same people.
Construction material type has no influence on death / injury or fire spread.

NFPA — response times can they be more or less?

Facing the Future — the UK experience.

NFPA Total Cost of Fire .

Business tools that make good predictions.




Serious Business




Every Day Heroes ... Right ?




What Drives US ?

Public Expectations
City Manger Expectations
Council Expectations

Employee Expectations / Union

Insurance (IAO) Expectations




Problems that Drive Fire Services Expressed
by the Following:

 Consolidation Issues * Accreditation / Standards

* Budget Cuts e Standards- NFPA 1710

e Station Location / UK standards of Cover
Relocation / Closure  Optimize After Budget Cuts

* Apparatus Deployment * Disaster Response Solutions

* Live move ups  Staffing Strengths / Weakness

* Staff / Management Cuts * Pros/ Cons Automatic aid

* Dispatch Optimization e Reform

 Mutual Aid Interoperability

Because We Have Aiways Done It This Way !




Home Safe:

Why we did what we did, how it worked, and
what we’re doing next




Where did Home Safe come from?

e 2008: McCormick (UFV) completed a 20-year
independent review of fires in Surrey

e Key findings:
— Where fires were occurring and their causes.

— Smoke Alarms were present more often.
— Smoke Alarms were not functioning over time.

— The impact of smoke alarms on fire spread




Fires by property type (88-07)
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Smoke alarm status (88-07)

* For 2007 fires, 80.7% had a smoke alarm
* However, NOT Activated 63% of the time

* Overall proportion of 2007 fires with Functioning Smoke
Alarm - 30.0%

= Alarm Present

Alarm Functioning




The National Score Card is Very Poor...

Avg. = 36% Avg. =17% 47.8%  Avg.=22%

Enforcement?

Present & functioning Present, not activated No alarm Cannot be determined
MAB(n=8226) HWBC(n=11,096)  EON (n=28,233)

n = 47,555 fires




Research findings from elsewhere

e Smoke alarms save lives

 Firerisk is non-random
— High-risk people
— High-risk areas

— High-risk dwelling types

* Fire prevention education does make a
difference



Building on what’s worked elsewhere

* Home safety visits undertaken in the UK,
Australia, New Zealand, and some isolated

examples from the US

* Home safety visits, with a range of styles,
focusing on:
— Fire prevention education
— Smoke alarm presence and function
— Development of fire escape plans
— Focus on high-risk households/individuals




What Do We Know About Smoke Alarms? First,
They Definitely Save Lives...

Avg. 74% Greater
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rom AB, BC & Estimate 69 preventable deaths per year across Canada
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Finding new hlgh rlsk Iocatlons |

Identify high-risk areas — top
10% for the following:
* High proportion of elderly
citizens (over 64 yrs)
* High proportion of young
children (under 6 yrs)
e Disadvantaged
— Unemployed
— Single-parent families
* High residential mobility

e Combined with hot-spots
for recent fire incidents

HOME SAFE - KEY MAP
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Moving forward

We visited 40,000 dwellings identified as high-
risk in the city.

We continue to monitor the heath of these
areas through our records management
system.

This is one of our performance measures.

Because we know over time the benefits of
these 40,000 visits will lose effect.




What impact has Home Safe had?

B Smoke alarm activated @ Confined to object of origin

$80,000
50%
566,707

40%

540,000 $33,486

$20,000

: S : : : Pre-intervention Post-intervention
Pre-intervention (07/08) Post-intervention (09/10) (07/08) (09/10)
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Fitting this into the Bigger Picture?
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Also Fewer Fire-Related Deaths/Injuries
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Overall results of evaluation

* Fewer fires than expected without Home Safe
 When fires did occur

— More fires confined to object of origin
— More smoke alarms activated
— Lower S damage

e Estimated savings of 13 house fires and
S1.3Million dollars in damages



Fewer Fires
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Our Nearest Neighbors Have Not Observed an
Equivalent Decline in Residential Fires

Metro Fire Incident Reporting
Total excl Outdoor Fires

A

Metro 2007-2012 15.7%

Surrey 2007-2012 -20.7%

Number of Fires

=8 Surrey
—8— Metro (minus Surrey)
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This has Predictability...

Fire is Just Like Crime...

Residential Structure Fires (2006) B&Es (2006)
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Predictability...
Fire / Crime share similar time

Hour of Day ay of Week Month of Year

o

Residential Structural Fires
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Fig. 6. Temporal patterns of fires and burglaries.




Not Just Talking About Smoke Alarms

* US Fire Administration research (2008)

— Fire sprinklers alone — chances of dying in a fire
decrease by 69% (compared to no sprinklers)

— Smoke alarms alone — chances decrease by 63%
(compared to no alarm)

— Sprinklers AND smoke alarms — chances decrease
by 82%

* Fire risk is non-random




Does Construction Type make a difference ?

* Looking at (n=11,875)

Frequency of fires , deaths and injuries by general construction type

Extent of fire spread by general construction type

Frequencies of fires, sprinkler protection, smoke alarm activation and
injury rate general construction type

Extent of fire spread by general construction type and protection
type




Does Construction Type make a difference ?




Does Construction Type make a difference ?

=% fires combustible =% fires protected combustible % fires heavy timber

- % fires non-combustible - exposed % fires non-combustible protected

1. Confined to object of 2. Confined to partof 3. Confined toroomof 4. Confined to floor 5. Confined to building 6. Extended beyond 7. Confined to roof/attic
origin room/area of origin origin level of origin of origin property of origin space




Does Construction Type make a difference ?

Sprinkler AND Smoke alarm protected fires

General construction type #fires Opfires #injured Injuryrate #death Deathrate

Combustible construction - open wood joist
Protected combustible construction - wood protected by plaster/gyproc

Heavy timber construction

Non-combustible construction - exposed steel

Protected non-combustible construction - protected steel or concrete

Grand Total 100.0%

34



Some of the Drivers are Standards

* NFPA Response Times
* Prescription 6 minutes

e Equivalency = Evidence ???




Standards of Cover
Australia Fire Engineers

STANDARD OF FIRE COVER
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Standards of Cover
Australia Fire Engineers

T a 8 9
~ Response Time (minutes)



Surrey Experience 1000 Fires
(1988 — 2001)

Response Time Impact on Fire Growth

Response Impact

—

3Min 4Min 5Min 6Min 7Min 8Min 9Min 10Min 11 Min

Time Period

—e— Object —=— Part/Room Room Floor —— Building —s— Beyond




United Kingdom Reforms Fire Services
2002 Sir Edward Bain

Shift stations based on demand on social
economic probabilities and call occurrences

Staff stations Deployment to calls change
Fire Services Act — Changes

Regulatory Reform — Fire Safety Order

Smoke Alarm Ownership




Population Demographics

United Kingdom — 62.74 Million
United States - 313.9 Million

Germany - 81.8 Million
Canada - 34.48 Million

Australia — 22.32 Million




Facing the Future

Findings from the review of efficiencies and operations in fire and
rescue authorities in England May 2013

in Revi Fire and Rescue Regulatory Reform Smoke Alarm
Batr;og\élew Services Act 2004 (Fire Safety) Order Ownership
(IRMP) 2005 Reaches 85%
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Facing the Future

Findings from the review of efficiencies and operations in fire and
rescue authorities in England May 2013

2005-06

e Firefighters FTE FRS Expenditure




| Area  ‘FreType ¥

Budget Fires Casuaity Rate per Capita
50.00%

40.00%

— Budget
w— Fires
Casualty Rate per Capita

'

Facing the Future

Findings from the review in BC

2005
5.48%
-4.87%
-2.71%

2008

26.09%

6.20%
7.90%

2009
33.09%
14.30%

2.04%

2010
39.97%
-4.22%

-11.84%
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Facing the Future

Findings from the review in BC

BC Fire Budget (in $'000s)

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011




$100,000,000

$90,000,000

$80,000,000

$70,000,000

$60,000,000

$50,000,000

$40,000,000

$30,000,000

$20,000,000

$10,000,000

$0

@Sum of Fire Budget

sumof Cost per Cap.

Langley : District

11,046,000
104

Kelowna: City

13,069,135
107

Population Cost

2011 FIRE ANNUAL BUDGET AMOUNT &

COST PER CAPITA

Saanich: District | Nanaimo : City

13,187,938
116

s Abbotsford:
Kamloops: City 0,.S o
City

13,419,893 13,952,494 14,221,000

154 159 102

Prince George:
City

15,091,000
199

North
Vancouver:
District

Coquitlam: City | Delta: District | Richmond: City

16,484,270 19,459,672 21,468,959 28,708,861

186 152 214 145

Burnaby: City

32,883,545
143

Surrey: City

50,456,000

107

Vancouver: City

93,508,000
144




Population Firefighter Trends

Population per Firefighter
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How Much does Protection Fire Cost?




NFPA Report on Cost of Fire

Components of Estimated Core Total Cost of Fire in the U.S.A.
1980-1998, in billions of dollars

$80
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NFPA Report on Cost of Fire /

2007

Building Construction Costs for Fire Protection

Cost of Fire Departments in 2007 Dollars

in 2007 Dollars, 1980-2007

1980-2007
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The year 2001 excludes the events of September 11.




Hall ( 2012 ) / NFPA Challenges

* 156% - increase in Fire Department Costs

* 130 % - increase Building Costs for Fire
Protection

e 67 % -increase in Net Insurance Premiums
after Insured Loss Paid

e 13% - decrease in Economic loss




Challenges

* Research Evidence Based Policy
* Select Policies and Priorities that show promise
* Create Performance Measures

e Collect data

* Conduct Event Simulation / predictions with
positive outcomes




Business Tools

Deccan Modeling Software
Event Simulations of Actual Data

Move or Add Resources

Forecasts Outcomes 90% Confidence




T otal Workloads Distribution TRspFUntM Graduated Percentage Performance

TRspFUnNtM Graduated Percentage Performance
(234)
3 14310335 (17)
E2t0 143 (49)
27t B2 (110)
7Yto 27 (206) Under 50%
Oto 7 [438) No Access




Performance To-Day

Percentage of Calls Meets Target

1996 1997 1998 2001 2002 2003 2004 2005

= |nit Attk Frce Res (2P,1L) Tot Resp Time (12) = |nit Attk Frce Comm (2P, 1L75) Tot Resp Time (12)
Init Attk Res (2P,1L) Tot Travel Time (8) Init Attk Frce Comm (2P, 1L75) Tot Travel Time (8)
= First-in MedRes Total Response Time (7)




a\ AW. FRASER & ASSOCIATES
. INDUSTRIAL PSYCHOLOGISTS  MANAGEMENT CONSULTANTS

Municipal Firefighter
Competency Profiling System Started 12
Years Ago




Steps In The Process

Profile department on 16 duty clusters

Establish departmental weights for 20
competencies needed to do the job

Applicants complete a test battery

ACTIVITY SCALE

1 statement below carefully. If the statement seems to be true agres | THE

s | o foth, Wor “Hw:mh‘ ,\‘m \‘\"\ww ,‘ \‘ \ ok aad il bos
0o v MARK YOU ERS
o MECHANICAL REASONING i
DIRECTIONS
Tind tha enana far Marhanical Rancanine an tha Anacras Chane

CATTENRNTA PQVOHNT

ADJECTIVE CHECK LisT

EMPLOYEE APTITUDE SURVEY

Test 3 - Visual Pursuit

FORM A

EMPLOYEE APTITUDE SURVEY
Test 10 - Symbolic Reasoning

Test 2 - Numerical Ability o e Y : FORM A
&

FORM A
Look at the sample oroblems below. Each oroblem contains a statement and a conclusion.

A. W. Fraser & Associates 57



Municipal Firefighter
Competency Profiling System

Coordination

Construction Strength 3.7% Quickness

Interest 2.9% 3.9%

3.1%
Medical Interest

0.7%

o Cleanliness
Socializ ation 5.4%

6.8%

Getting Along
7.8%

Desire to Learn___-
8.5%

Responsibility
8.6%

Activity Level
7.9%

Dexterity

3.6% '
Visual Acuity

5.1%

Verbal Skill
4.0%

Math Skill
1.2%

Problem-Solving
5.8%

Mechanical
49%
Courage
28%
Stress Resistance

Teamwork 4.8%
8.5%




Surrey Fire Fighter Evaluation
Results

Average Number of Days Absent per Year

AWF Profile B No Profile

Profiled Not Profiled

»
>
2

(o]

-
5}
—
@

o
£
E]

=z
o
o
©
-
o
>

<

Bereaved Sick WorkSafeBC Family

Reason for Absence

Problem Character Overall
Solving i Performance




Case Study Staffing Issues

* Attendance Management

e Staffing Issues

* Management of Resources




Attendance Management / Staff Absences

FIGURE 1. SURREY ATTENDANCE MANAGEMENT RESULTS: GROUPED YEARS 2000-2012

Surrey (2000) Surrey (Avg '00-'09) Surrey (2010) Surrey (2012)

FIGURE 2. SURREY ATTENDANCE MANAGEMENT RESULTS: ALL YEARS 2000-2012

B sick EEEEWCB === e of Fire Fighters

— — -
— — —
340 , -~
-

2000 2001 2002 2003 2004 2005 2006 2007 2008




Attendance Management / Staff Absences

FIGURE 3. SURREY ATTENDANCE MANAGEMENT RESULTS, SAVINGS ALL YEARS 2000-2012
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2000 2002 2003 2004 2005 2007 2008 2009 2010 2011 2012

FIGURE 4. (A) ABSENTEES PER FIRE FIGHTER AND (B) COSTS FOR ABSENTEE HOURS, SURREY VS.

COMPARABLE SURVEY PARTICIPANTS, 2012

(a)

Surrey (2012) (n = 364) Comparable survey
participants (avg n = 407)

(b)

Surrey Absentee Costs ~ Weighted Average of
Comparable Participants -
Costs




Dynamic Staffing

Move up or Cover
Nearest Neighbour
Leap Frog

Bump and Cover

Probability



Probability

* The system employs what is known as the
Bayesian approach to probability — a simple
mathematical formula that determines the
probability of an event occurring based on
past incidences of the event.




Probability

Percentage of Risk Missing A Call




Simulate Structure Fire Sun 16:00 hrs

Current Pumper Coverage - 96% Zone Legend

| B MMOVE UP
ACCEPTABLE
GOOD

NO MOVEUP :
FEW CALLS

Station Legend

B Unit &vailable
B No Unit Svailable
No Unit Assigned

[
[

Station And Unit Info

Units ETB

I




Probability of an other event

greater than 25%

||| & | H| M|

Current Pumper Coverage: 96% With Move-Ups: 100%

Move-LUp Selections
Live MUM Recommended Move-ups Verify Unit ETB

. . Move-up Unit | ETB 4
Move-Up From To Unit Tick To =
Unit Station | Station | unavailable Evaluate }ravel 5004 '

ime SRO2 78
0___| saos 4 2 SR02 7 3

ETB




Simulate Structure Fire
Monday 02:00 hrs

Pumper |Ladder| Rescue| Recommendations Log| Sync Log | Track Log
Q||| |||

Current Pumper Coverage - 100% Zone Legend

B MOVE UP
LCCEPTABLE
GOOD

NO MOVEUP :
FEW CALLS

Station Legend

B Unit fvailable
B No Unit &vailable
No Unit &ssigned

otation And Unit Infc

u




Fire Prevention Policy

* Local Government will provide a system of
regular safety inspection

* Frequency of Inspection is influenced by :
History, NFPA , Stakeholders — More is
better

e Usually once a year, every 18 months or
once every two years




73 % Of our 12,632 Inspecatble Properties are
Compliant

FIGURE 1. FREQUENCY OF NON-COMPLIANT ITEMS PER INSPECTION FOR THE MOST RECENT
INSPECTION PER PROPERTY (N =12,632 PROPERTIES)

9,302

6 7 8 9 10 11 12 13 14 15 16

Number of non-compliant items at the property




63 % of the 157 Inspecatble Properties that had a fire
were non-compliant

FIGURE 2. RELATIVE PERCENTAGES OF NON-COMPLIANT ITEMS PER INSPECTION FOR ALL MOST
RECENT INSPECTIONS (N = 12,362 PROPERTIES) AND FOR INSPECTIONS PRIOR TO FIRES (N=157
PROPERTIES)

74% . . .
% all properties  |@% fire properties

Percentage of non-compliant items at the property




Predicting Risk

The Non-Random Nature of Fire Safety Inspection Compliance

A Platform for Predicting Fire Risk

Compliance
-—

I (3)




Predicting Risk / Low Compliance

The Non-Random Nature of Fire Safety Inspection Compliance

A Platform for Predicting Fire Risk

Compliance
-—

High (1) N = 45 properties (28.7%) (2) N = 14 properties (8.9%)
Risk
) (3) N = 65 properties (41.4%) (4) N = 33 properties (21.0%)

Low High

Low




Property Risk Assessment Rating

TABLE 1. AN EXAMPLE OF THE INSPECTABLE PROPERTY RISK ASSESSMENT RATING PROVIDED IN
APPENDIX A OF THE SERVICE DELIVERY STANDARDS OF THE MUNICIPAL RISK BASED FIRE QMP

Inspectable property risk assessment rating example Score if "'Yes’

Does the premises have an automatic sprinkler system?

Does the premises have a fire alarm system?

Does the alarm system automatically contact the emergency services?
Does the premises have on-site maintenance staff?

Is the owner/operator of the premises a government body?
Is the premises staffed 24 hours a day?

Are occupants under the care of staff 24 hours a day?

Is the staff/resident (patient) ratio at night 1:12 or better?

Is the staff/resident (patient) ratio at night 1:6 or better?
Does the premises provide self-inspections every 6 months?
Does the premises provide self-inspections every 12 months?
Are fire drills conducted every two months on average?

Was the premises built since 19747

Was the premises built since 19857

Was the premises built since 19907

Was the premises built since 19977

Is there 3m from this structure to the next on one side?

Is there 3m from this structure to the next on both sides?

Is there 3m from this structure to the one behind?

Is there one fire hydrant within 90m of this structure?

Are there two fire hydrants within 90m of this structure?

Is the premises within 5 miles of the nearest fire hall?

Does the owner/manager life on site?

Do occupants regularly sleep on the premises?

Do occupants have mobility problems?

Is this a licensed premises?

Is smoking allowed on the premises?

Were there any deficiencies noted on the last inspection report?
Is the structure(s) within 10m of treed /brush area?

Does the structure have wooded shakes/shingles for roofing/siding?
Has the structure followed FireSmart guidelines?

5
3
2
1
1
2
3
<
5
<
2
1
1
2
3
<
1
1
1
1
2
3
2




Re-thinking Approach to Fire Safety Inspections

* Marjory of Properties inspected are
Compliant

* Majority of Items inspected are Compliant

* Properties that Experience Fires Have a
greater Incidence of Non-Compliance




Finally The Future

NFPA / UK standards of cover
Performance measures are inevitable

Evidence lead decisions that can provide
better outcomes:

The inevitable path into the future for Fire
Service delivery




Transforming the Fire/Rescue Service

Solution seek a new organization that will be tasked with

Research:

*Fire

*Emergency & rescue trends
*Issues & best practices

Develop:

*Fact-base effective decision-making




THE RIGHT DECISION

Evidence-based Decision Making for Fire Service Professionals

Paul S. Maxim, Len Garis and Darryl Plecas

Questions ?
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Canadian Safety and Security
Program

Thiz project wa: supported by
the Canadian Safety and Secusty
Prognm (CSSP) [CSSP-2013
CD-1109, Eztablishing Evidence-
bazed Policy (Fize Compmuity of
Practice)] which is led by Defence
Rezearch and Development
Capadas Centre for Secunty
Selence, in partaership with Public
Safery Canada.

Partner: m the project incinde
the CSSF, the City of Suzrey
(Surzey Fire Department) and the
Univeruty of the Frazer Valley
The CSSP iz 2 fedenliy-funded
program to strengthen Camada®s
abdity to amticipate, prevent/
mitigate, prepare for, respond to,
and recorer from natun] disasters,
zemons accidents, come and
terrorism throngh the coavergence
of science and technology with
policy, operations and mtelligence.




