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Integrating Fire Behaviour Principles when
Prescribing Fuel Treatments

C%IFJ{;FI\I,IS&A Nov. 28t Rory Colwell and Dana Hicks BCWS



Agenda T

» Follow up to June webinar “Planning & Implementing
Fuel Treatment Activities in BC”

> https://www.youtube.com/watch?v=VLuYAtcXU38

» Fire Behaviour and Specifying Treatment Targets

» Applying Fuel Management Principles to Various
Ecosystems

> Introduction to some of the available tools for Rx
development

> Questions


https://www.youtube.com/watch?v=VLuYAtcXU38

Association of BC Forest Professionals. .

. . . . RITISH
2013. Interim Guidelines — Fire and Fuel COLUMBIA
Management.

Practising in the field of fire and fuels management requires a specific education and
training in subjects such as, but not limited to: fire ecology, fire effects, fire behaviour,
fire regimes, conditions classes, fuel types, fuel moisture content, fire suppression,
prescribed burning, fire behaviour modelling, and fire weather in addition to forestry
subjects. ....Education provided at post-secondary school is insufficient and often
additional expertise is obtained thought experience fighting wildfires or working with a
competent forest professional already practising in the field....

Forest professionals play a key role in fuel management in BC - such as the
development of fuel management prescriptions. In particular, forest professionals
accredited by the Association of BC Forest Professionals (ABCFP) who possess a sound
understanding of both fire behaviour and resource management will be invaluable
in planning for, and achieving, fuel management objectives

https://member.abcfp.ca/WEB/Files/policies/Fire Fuel Management-Interim Guidelines.pdf?WebsiteKey=4b6af123-da4f-
4297579ada9e59558&=404%3bhttps%3a%2f%2fmember.abcfp.ca%3a443%2fWEB%2fabcfp%2fFiles%2fpolicies%2fFire Fuel Management-
Interim_Guidelines.pdf.



https://member.abcfp.ca/WEB/Files/policies/Fire_Fuel_Management-Interim_Guidelines.pdf?WebsiteKey=4b6af123-da4f-4a97579ada9e5955&=404;https://member.abcfp.ca:443/WEB/abcfp/Files/policies/Fire_Fuel_Management-Interim_Guidelines.pdf

Planning and Prescribing Fuel Mgmt. —
Treatments COLUMBIA

Goals for managing hazardous vegetation fuels on the landscape is to create fire
resilient ecosystems and contribute to creating fire adapted communities by:

» From a human life and safety perspective:
e Reducing fire behaviour so that it is safer and easier for fire fighters to suppress
wildfire to mitigate negative impacts to the wildland urban interface (WUI).
e Focusing on creating FireSmart communities and infrastructure located in the
WUI to reduce the structure ignitability and minimize catastrophic impacts
from wildfire events.

» From a resiliency perspective:

e Reducing fire severity so that it is likely that areas of forest will survive, soil
damage will be limited and post-fire restoration activities will be minimized.

e Restoring the natural cycle of fire-maintained grassland and dry forest
ecosystems.


http://www.firesmartcanada.ca/

BRITISH
COLUMBIA

ireSmart works!
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Tactical Fuel Treatment Planning CORITISH




Fuel Management Complexity

Cook, Philip S. and Jay O’Laughlin. 2014. Fuel Treatments in Idaho’s Forests: Effectiveness, Constraints, and Opportunities. Policy Analysis Group —

College of Natural Resources. Report No. 35.University of Idaho.
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Treatment
objective

Treatment
type size

Treatment

Fuel strata
targeted

Treatment
intensity

Treatment
spatial pattern

Slash
treatment

Treatment design factors

Climate: average
conditions

Climate: yearly [ Climatic
variation factors
Elevation Site-
Fe specific

|_— factors
Soil fertility

Soil productivity

Fuel accumulation factors

longevity

]

Treatment |
outcome

—"  factors
Fuel treatment

Treatment effect
on remaining trees

Treatment effect
on regeneration

Treatment
effectiveness

Stand- o

specific
factors

]

Species

Pre-treatment
conditions

Grazing
regime

Decomposition

Rate of biomass
rate accumulation

Rate of understory
fuel growth

Mast
years rate

Regeneration

Rate of shrub
encroachment




Thought Process on Forest Practices

Crown Fuel
Live & dead needles,
& leaves, dead limbs, lichens,

cones

Ladder Fuel
Fuel which give continuity to
climb into the crowns, usually
1-3 min height

Surface Fuel
Litter, herbs, forbs, shrubs,

€& seedlings, stumps,
downed-dead wood.

Ground Fuel
Duff, dead roots, buried
punky wood, peat.

BRITISH
COLUMBIA

Are you adding to the surface fuel
loading?

What are you doing to the vertical
fuel arrangement?

What are you doing to the horizontal
fuel arrangement?




Fuel Management Principles CORITISH

PRESCRIBES SPECIFIC AND MEASURABLE TARGETS FOR FIRE
BEHAVIOUR REDUCTION

» A fuel management prescription describes the recommended fuel
management activities with measurable fire behaviour outcomes
identified.

» For each treatment unit, specific and measurable fuel targets are
described so that post treatment outcomes can be measured.

» Prescriptions must ensure a cost effective and measurable
reduction in expected fire behaviour with the consideration and
management of other values on the landscape.

» Prescriptions need to consider the balance between potential fire
behaviour implications and resource values and meet all
legislative and non-statutory requirements.



Fuel Management Principles BRITISH
COLUMBIA

CONTAINS SITE SPECIFIC CONSIDERATIONS TIED TO (WRR)
OBJECTIVES

» Prescription considers the unique variability that exists in each
stand, including but not limited to: vertical fuel strata, horizontal
fuel continuity, extent of the surrounding fuel, fire weather
components, topography, and values at risk, and is stratified out if
required.

» Treatments are appropriate for the given Biogeoclimatic (BGC) area
(site series) and consider factors such as rate of decay for slash,
shaded fuel breaks, controlling canopy density, and retaining
suitable residual species that are resilient to the post treatment
conditions, including but not limited to fire disturbance.



Fuel Management Principles CORITISH

 The best method of reducing wildfire risk is linking
treatment units together to form continuous area of
fuel treatments into fuel breaks.

 The main objective of linking treatment units
together is landscape connectivity.

 These fuel break offers the best chance of wildfire
risk mitigation to a large flaming front of a wildfire
impact a value(s) at risk.



Fuel Management Principles &
Fire Behaviour Outcomes

BRITISH
COLUMBIA

e At a minimum, the first 100m of fuel treatments
closest to the value(s), shall focus on reducing
surface fuel loading to achieve potential surface fire
intensity levels below 2,000 (kW/m) or below critical
surface fire intensity thresholds;

* |ncrease the crown base height through a reduction
in ladder fuels to reduce potential for crown fire
Initiation

e Reduction in crown closure (BA/sph) and/ or canopy
bulk density as necessary to reduce crown fire
initiation and behaviour (e.g. spread rate, spotting).



Tools for fuel mgmt. S e

Tools for Fuel Management

In preparing to develop a treatment plan to mitigate wildfire threat near values at risk, users may find the below suite of
tools helpful in quantifying threat, developing treatment options, and prescribing a treatment plan.

ABCFP Interim Guidelines - Fire and Fuel Management

ABCFP Interim Guidelines — Fire and Fuel Management (PDF)

Wildfire Risk Reduction Planning Standard — S'mﬁldﬁre
COLUMBIA

BCWS Fuel Management Prescription Guidance 2019

Wildfire Risk Reduction Planning Standard (PDF, 354 KB)

FUEL MANAGEMENT PRESCRIPTION GUIDANCE

- - Provided by BC Wildfire Service
Fuel Management Prescription

2019 Fuel Management Prescription Guidance (PDF, 462 PurPOSE

The purpose of this document is to provide direction on fuel management compenents for stand level
prescriptions that are being prepared for a wildfire risk reduction (WRR) objective (otherwise known as
“fuel management prescriptions”) that are funded by the Forest Enhancement Society of BC (FESBC), the
Community Resiliency Investment (CRI) program or other government programs. This document assumes
that all other approaches to, and components within, the prescription meet legal requirements and
follow Association of BC Forest Professionals (ABCFP) published guidance, specifically around quality
prescription development including, but not limited to: Standards of Professional Practice: Guidelines for

Interpretation, Interim Guidelines —Fire and Fuel Management; Guidance for Professional Quality Field

2019 Fuel Management Prescription Specimen

work, and Guidance for Professional Quality Rationales and Comments.

BC Wildfire Service (BCWS) has developed a suite of tools to support fuel management activities that are

located on the BCWS Tools for Fuel Management webpage. These tools and other direct supporting
information are hyperlinked in this document.

In addition, this document is not meant to cover all aspects of fuel management and fire behaviour and
is directed towards experienced professionals working well within their scope of practice as outlined in

the 2013 the ABCFP released |nterim Guidelines — Fire and Fuel Management;
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What do these values mean?

Fire Weather System
Selected Daily Stations for 2017/07/25

Station FFMC

NELSON FORKS 89.8
NADINA 92.3
MCBRIDE 85.7
ALEXS CREEK 934
LILLOOET 950
DUNCAN 92.6




Fire Weather Index T

Fire Temperature, Temperature, Temperature,
weather relative humidity, relative humidity,
observations Wi,

Fine Fuel Duff Moisture
moisture Moizture Code Code Codde

codes (FFRAC) (D) ey

|
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Fire Weather Index T

Fire Temperature, Temperature, Temperature,
weather relative humidity, relative humidity,
observations Wi,

Fine Fuel Duff Moisture
moisture Moizture Code Code Codde

codes (FFRAC) (D) ey

Initial Spread Buildup
How fast __|

_ _ Incle: Incle:
the fire will (151 (B

Fire spread : ' AN
||
behavior ‘IY How much

indices fuel will be

Fire Weather involved
Incle:x
()




Fire Behaviour

Topography
« Flat or slopes
s Aspect

Trlangle ',
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e Fine or Heavy e Arrangement & continuity « Fuel Moisture
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Weather
« Wind
s Temperature

Y a Relative

Hurmidity

! » Precipitation




Fire Behaviour outcomes CORITISH

Wildfire Risk Reduction (WRR) Rx objectives.
What is the desired result/ effect?

Fuel treatments designed to alter fire behaviour

»Reduce:
e fire intensity
e crown fire - surface fire
e rate of spread
e spotting potential (ember production & reception)
e probability of crown fire initiation



Fire behaviour characteristics and fire suppression interpretations

associated with Fire Intensity Classes

RITISH
OLLUNMBILA

Fire Intensity i

Fire Intensity Class Frontal | Flame | Flame Type of fire and fire suppression Fire
Fire Length | Height difficulty Weather
Intensity | (m} ] Index
(KW m] [P}
Fire brands that cause an ignition to
occur are self-extinguishing (i.e. fire
fails to spread). Going fires remain

IntenSity CIaSS . 0. of the smouldering ground or

subsurface variety, provided there is
a forest floor layer of significant

< 10 lem depth and general level of dryness.

Extensive mop-up is generally
required.

10 - 500 Creeping or gentle surface fire.,

Direct manual attack at the fire's
500 2 000 X head or flanks by firefighters with
=& . hand tools and water is possible.

Constructed fireguard should hold,

2,000 - 4,000 Low vigor to moderately or high

vigorous surface fire. Hand
constructed fireguards likely to be

4,000 - 10,000 challenged. Heavy equipment

(bulldozers, pumpers, retardant
aircraft, skimmers, helicopter with
> 10,000"' bucket generally successful in

controlling fire,

Very vigorous or extremely intense
surface fire (torching comman).
Control efforts at fire's head may
fail.

Intermittent crown fire to active
crown fire development (> 10 000
KW/ m). Very difficult to contral.
Suppression action must be
restricted to fire flanks. Indirect
attack with aerial ignition (i.e.
helitorch or A.LD. dispenser) may be
effective.

* Admptad from poster “Fire Behavicur in Jack Pine Stands —as it refates to the Canadizn Forest Fire Wieather Index [FW1] System — MLE. Alesander W,
DeGroot 1988 Morthern Forestry Center, Edmonton AB
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Fire Intensity targets

For minimum of
100m closest to the

value
-
¢ <2,000 kW/m i
e < Critical surface %
intensity (CSI) ii 8
."g

approx. 1,200 kW/m -
& increasing...



Crown to surface fire transition CORITISH

Treatments (fuel breaks) with substantial edge adjacent to untreated
units are likely to suffer substantial mortality, even if fire behaviour is
reduced.



BRITISH

Crown to surface fire transition SO

approx. 25m gap -

Avg. total width 100m

(still under construction 2017)




Crown to surface fire transition BRITISH

approx. 30-35m gap

Existing opening with
Aspen & willow

Mechanical (harvesting)
& hand treatment in 2010




Logged/thinned ~ 2002

T
Wi ildfire 2017 s

VI




BRITISH

Rate of spread COLUMBIA

FFMC = 92, Wind = ~12km/h. ISl = 10, BUI =100

Fuel type — c_7". FUEI type - O'lbu.
55% cure ROS= 4.6m/minute

85% cure ROS = 23m/minute

ROS = 3.3m/minute, surface fire



Limiting spotting potential T

Fire brand/ember sources

Surface fuel load (SFL) < 7cm Adjacent debris piles (fine fuel
Avg. ~17 t/ha or 1.7kg/m? accumulations)
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BRITISH

Crown fire initiation D COLUMBIA

=
Surface Fire Intensity
Foliar Moisture Is Than (:"}
7~ Content Critical Surface Fire
Intensity
-
Crown Base 3
Height
8
Van Wagner (1977)

Don’t fall into the trap of average CBH,
crowning occurs at the weakest link



Critical Surface Intensity D O Ui

Critical Surface Fire Intensity for Initial Crown Combustion (kW/m)

Live Crown Base Height/ Fuel Stratum Gap (Meters)
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Calculating intensity from observed fire behaviour

flame flashes

prevailing wind Field approximation for SURFACE FIRES ONLY

e H
flame length z flame height

//

| = 300 (L)2

| = Intensity (kW/m)
| L = flame length (m)

fla meﬁamle (

Flame depth compact surface layer




Surface fire intensity

BRITISH
COLUMBIA

Predicting surface fire intensity using Byram’s equation

g ,‘—,, " 4(-. T R
| z e %W
‘ ; iéa T ;
2] ‘."'1 b { e
| & r S
o

o

Surface fuel load (SFL) < 7c
Avg. ~17 t/ha or 1.7kg/m?

= -~ i1
it Al A5

| = Hwr

Intensity = heat of combustion x weight of the fuel x rate of spread

| =300wr

Wildfire Intensity (I = HWR) Bryam

Wildfire Intensity
Enter

Weight of the fuel (kg/m?)
and

Rate of Spread (m/min)



Surface fire intensity

Calculated surface fire intensity = 1,350 kW/m

BRITISH
COLUMBIA

Critical Surface Fire Intensity for Initial Crown Combustion (kW/m)

Live Crown Base Height/ Fuel Stratum Gap (Meters)
2 2.5 3 3.5 4 4.5 5
__-' '
| 331 | s10 | 712 | 936 | 1180 | 1441 |

| 311 | 479 | 669 | 880 | 1108 | 1354 |
mmmmm

EEE =
-- '

Note: The standard average foliar moisture content is 95% (drought conditions). At 80% the foliar is dying and won't recover.

Wildfire Intensity (I = HWR) Bryam
To find:
Wildfire Intensity
Enter

Weight of the fuel (kg/m’)
and
Rate of Spread (m/min)




Treatment and Effect Summary

BRITISH
COLUMBIA

Principle

Reduce surface fuels

Increase height to live
crown

Decrease crown
density

Keep big trees of
resistant species

Effect

Reduces potential
flame
length

Requires longer flame
length to begin
torching

Makes tree-to-tree
crown fire less
probable

Less mortality for same
fire intensity

Advantage

Control easier; less
torching

Less torching

Reduces crown fire
potential

Generally restores
historic structure

Concerns

Surface disturbance
less with fire than
other techniques

Opens understory; may
allow surface wind to
increase

Surface wind may
increase and
surface fuels may be
drier

Less economical; may
keep trees at risk of
insect attack

Principles of fire resistance for dry forests (adapted from Agee, 2002 and Hessburg and Agee, 2003)



BRITISH

Fire Intensity targets COLUMBIA

+/- 2,000 kW/m) >

What does the post wildfire stand conditions look like?



FIRE BEHAVIOUR OUTCOMES D O Ui

Slash loading equals higher fire intensity and site damage




Applying FM principles to various BRITISH
COLUMBIA

ecosystems/ stand types

Spruce forests

Wildfire spring 2019 -
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Apply

Coastal and interior wet-belt forests
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. B
Surface Fuel Data Collection COT A

Surface fuel data collection should be consistent
with the general methodologies outlined in the
documents located under the heading
Inventorying Downed Woody Material.

Photo Guide for Quantifying Forest Stands in
British Columbia Photo Guide #501 - Forest
Stands

Photo Guide for Quantifying Forest Stands in
British Columbia Photo Guide #502 - Modified
Forest Stands

https://www2.gov.bc.ca/gov/content/safety/wildfire-status/prevention/for-industry-
commercial-operators/hazard-assessment-abatement



Tools & resources T

BC Wildfire Service Tools for Fuel Management webpage

https://www?2.gov.bc.ca/gov/content/safety/wildfire-status/prevention/vegetation-and-fuel-
management/fire-fuel-management/fuel-management

90th Percentile Fire Weather Index Conditions

Under Construction®

[*Contact Dana.Hicks@ _bic.ca for further information.)

Initial Spread Index Roses

Initial Spread Index Roses

Inventorying Downed Woody Material

Inventorying Downed Woody Material (PDF, 1 MB)
CNF Browns Transect Guide (PDF, 361 KB)

Tally Line Intersect Form (XLS, 52 KB)

Line Intersect Calculator (XLS, 234 KB)

Field Handbook for Prescribed Fire (PDF, 1 MB)

Fuel Treatment Design Wildfire Intensity Tool

Critical Surface Intensity Worksheet (XLSX, 576 MB)



https://www2.gov.bc.ca/gov/content/safety/wildfire-status/prevention/vegetation-and-fuel-management/fire-fuel-management/fuel-management

Other tools & programs S e

X  FuelCalcBC 1.1 Lo | B [t

File Report Graph Options Help

Plot & v Plot File C:\Users\dthicks\FuelCalcBC1.1\BC_Sample bed Project File C:\Users\dthicks\FuelCalcBC1.1\BC_Sample fcp

Nun Species DBH TH CBH CCQ TS TPH RP Thinne “ > Stand Measurements

I - a5 52| 42 1730 03783] 155 258 CFL CBD CBH SH TD SDI CC BA QMD SP
Fd 72| 89| 70] 840.0 | 04060 20— Bl Pre 176 0172 457 265 1731 6185 722 290 146 240
< L = 250 ' Post 150 0.172 792 265 8194 5089 598 257 200 349
Fd 170 175 13 198.0 | 05371
Fd 26| 203| 122 87.0| 03172
Fd 273| 221| 133 430 06660
Fd 46| 264| 138 620 0.3509
Fd 84| 126 95 250 | 04342
Fd 119] 166| 138 37.0| 03993
Fd 175 204| 152 250! 02457
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Example of Success
West Kelowna Estates

BRITISH
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Treatment instrumental in reducing &%
fire intensity which allowed for
control prior to wildfire spreading
to the adjacent subdivision.

P

Treated burned area = =

 Thinned, pruned and surface fuels
removed



At the end of the day ..

;publlc safety
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Weather Index (FWI) System — M.E. Alexander W.J. DeGroot 1988 Northern
Forestry Center, Edmonton AB

> https://www.frames.gov/applied-fire-behavior/cfis
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https://phys.org/news/2017-12-ember-smaller-fastest-biggest-fire-spreading.html
https://www.frames.gov/applied-fire-behavior/cfis
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Questions?
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