Fire Behaviour Tools

Veronica Clifford
Scion Rural Fire Research

www.scionresearch.com/fire

Overview

Latest tools for fire behaviour prediction:

1. Manual for Predicting Fire Behaviour
2. NZ Fire Behaviour Toolkit

3. Photoguide to NZ fuels

4. Prometheus

5. Satellite Imagery for grassland curing

Here’s your chance to have a say....
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Next generation biomaterials
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A Manual for predicting fire behaviour

* Intended for predicting fire
behaviour in NZ fuel types

S

« A well explained easy to use guide

A MANUAL FOR
PREDICTING FIRE BEHAVIOUR
IN NEW ZEALAND FUELS

» Consists of sections related to fuel
and fire behaviour characteristics

* Durable binder, A5 sized and bright
orange

« Purchase at Scion $45 + postage

Manual consists of tables

SECTION E. Equilibrium Rate of Spread (ROS) and Equilibrium Rate of Spread (ROS) on flat terrain -
Fire Intensity Class on flat terrain Mature Pine Plantations
‘Care should be taken when selecting the most appropriate fuel type for Rate of Spread (ROS) Mature Pine Plantations, ages 11-20 and 204

i This should be fuelthat i il to fire spread. For example, 181 B0
in an immature pine stand with a dominant scrub understorey, the scrub fuel type is likely to © 20 30 40 50 6 70 80 9 W0 N0 120
provide more accurate estimates of fire behaviour Tata of Spraad (mfh)

Madels for estimating the equilibrium or steady-state rate of fire spread on flat ground (usually
of the head fire) currently exist for the following New Zealand fuel types:

Ungrazed pasture
Tussock Grasslands

falso Immature Pine, age 1-4, 1= rotation
and Immature Pine, age 5101

FUEL TYPE DESCRIPTION PAGE
Mature Pine Plantations, age 20+ B2 9
{alsa Immature Pine, age 1120] o
Pine Logging Slash E3 o
falso Immature Pine, age 1-4, 2% rotation] i
Indigenous Forests E4 :f
Beech and Podocarp/Broadieat Forest -
Cut (or Matted-Down) Grass E5 201
Grazed pasture
Crop stubbie 248
o
Natural (Standing) Grass €5 —
0
50
75
250

Scrublands E6
Gorse and Manuka/Kanuka Scrub.

[also Heathiands/Wetlands}

Hardwood Shrubs

In addition to equilibrium rate of spread (ROS), the following tables (and subsequent sections)
also indicate fikely fire intensity based on the appropriate available fuel load information for
each fuel type. These intensity estimates have been colour-coded using the following classes:

EEEDGOBEE Bxgs nan

:

INTENSITY CLASS
Equilibrium rate of spread (snd indicative fire intensity classes) for surface firas only. based on

S Canadian FBP System Fuel Type C-6, Conifer Plantation.
10500 W The Pine Plantation model has been developed for use in mature radiata pine stands of age 20+
5002000 KW/m years. Howaver, it can also be used to derive the rate of spread component for immature pine
of age -20. it could alse be used with some caution for mature stands of other conifer
2000-4000 Ki/m spacies {e.g., other pines or Douglas-fir).
+4000 KWfm Rule of thumb: A5 a general indication, crowning is likely to oceur in a mature pina stand pruned

to & monce the fire intensity exceeds 4000 kw/m. Broader guidance on the likelinood of crown fire
initiation can be obtained in Section H (see page H-)
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Future ahead

* Version 2
— AFL & ROS tables updated for scrub and grass

— Those who have V1 manuals will be sent new
pages to replace

— Available soon in new year

* Discussion

— This is not a replacement of the green handbook
although the tables in here could be updated also!

— Before V2 is printed, what would you like to see
included or changed?

+ Designed for quick and
easy calculations

* Currently used on a
desktop or laptop

» Future use on handheld
devices e

nnnnnnnnnnnnnnnn

*This is available for download (free of charge)
www.scionresearch.com/fire




Calculator function
- Quick what if scenario

& NZ Fire Behaviour Calculator - [Untitled]

File  Tools  Reference
— Inputs
\wiind Speed [km/h) =

BuildUp Index [BLI]

Slope [deg)

Elapsed Time [min]

Slope Caonection Factar

Initial Spread Distance [m] I 1]

Fine Fuel Moisture Code I ES.D;I

Initial Spread Index [151]

[ e

Fuel Type I Fine 11-20 s >
Live Crawn Base Ht [m] I 4

r— Primary Outputs
Fiate of Spread [ROS]

#ailable Fuel Load 22.1 ttha
3625 KW/ m

328 m/h

Head Fire Intenszity

Flame Length 34 m
Type of Fire C

‘Wind Speed @ 10m (kph)

Calculate [F5) |

=lolx|

—Secondary Qutputs —————————
Head Spiead Distance IW m
Back Spread Distance I—D m
Total Spread Distance lﬂ m
Back Rate of Spread I—D mth
[ 7 kwin
m ha
T @m
Perimeter Grawth Rate m m’h
Length/Breadth Ratio W

Back Fire Intensity
Fire Area

Ferimeter Length

Worksheet function
- Detailed predictions, compare best & worst case

»

| P - iogging stash

2E
7
25850
83
s

1426
220
7900
2
034
24757
19180
2000
20

& NZ Fire Behaviour Worksheet Fire Behaviour Prediction Worksheet NZ Fire Behaviour Toolkit
File  Edit  Tools  Reference Fire Name Wairarspa Forest Fire Prepared by Stuart Anderson
Date: [ 1/ma/zmn = Time: [12:30 pm. = FirzNa oare 12822002 1200
} Pradiction Start Time (hhomm) 12:00 p.m. 0Z:00 p.m.
INPUTS Pradiction Finish Time (hh:mm) 02:00 p.m. 03:00 p.m.
Prediction Start Time [hb:mm] 01:00 p.m 03:00 p.m. Dry Bulo Temo (°C) a0 a2
Prediction Frish Time (humim) 0200 pm, 0400 pm. o . .
Diy Bulh Temp [°C) 23 23 Wind Dischon (deg) 315 215
= Fine Fus Moistre Cods o %
Rslative Humidity (%] 50 50 Initis Spreas Incex [151] IE) ar
‘wind Sipeed [kméh) 150 200 Sulkp Index (U1 @ a0
Siope (deg) 10 15
wind Direction [deq) 45 45 Slope Cormection Factor 16 21
Fine Fuel Moisture Code 879 9.0 It Spread Disance () o 255
- Etapsea e (min) 120 w0
Initial S pread Indes [151] 67 iEy FueiType Pie trzoyrs  Fine mature 200
BuildUp Index [BLII] 50 50 Live Crown Base Height (m} 25 4
Slope (deg) 150 T Degree of Curing (%)
Fuel Hesght (m})
Slope Correction Factor 21 23 Cover (%)
Initial 5 pread Distance [m) o 0 PRIMARY OUTPUTS
Rate of Spread (m/h) 1323 3562
Elapsed Time (min] 60 60 Available Fuel Load (tha) 2 2
T Fine 1120 yis ﬂ Becch j Head Fire Intensity (KWim) 15983 36301
Flame Length (m} &7 o7
Liwe Crown Base Height [m) 4 Type of Fire c <
Degree of Curing [%) SECONDARY OUTPUTS,
Head Spread Distance (m) 2646 3562
Fuel Height ] Baok Spread Distance (m) 39 3
Cover (%) Total Spread Distance (m) 2605 s
Back Rate of Spread (m/h) 20 3
Calculte [F5) w SaekFre ity i) 2 n
Fire Area (ha) 2861 T989
PRIMARY OUTPUTS : 1 Parimater Length () 6520 12480
Pedmeter Growth Rats (i) 2280 T8
LengtnBreactn Rato 20 a3

Southerly change -
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Future ahead

» Version 2
— Updated with new ROS and AFL models

— Printer error fixed (currently only those with adobe
writers can make pdf’s)

— Available soon in new year

+ Discussion
— what is missing/what do you want included, such as:
* Resource productivity function
» FWI forecast 3 days ahead function

* Basic calculator as an application on smart
phones/hand held devices

» Select the most appropriate
fire behaviour models

» Use with fire behaviour
toolkit and manual

* Available as a stand alone
book and an insert

* Available soon in new year

20/01/2011



Immature Pine, age 11-20 years

Description

immaiure pine aged 11 fo 20 years is represented by aress of immalure pine planiations with a closed
canopy. Tree heights are in the order of 10— 20 m, depending on the stand age, stocking and site productivity.
Tras crowns overiap, and whils thers may still be scrub understarey present, this will genarally reduce over
fime due to shading by the canopy. By the age of 20 years, scrub fuels may have disappeared aftogether.

The forestry regime being managed for wil also defermine stand characteristics and therefore resulting fuel
foads and fire behaviour. For example, framing grade timber stands wil feature heavier and later thinning,
with Iadder fuels being present for longer than in similar aged board regime stands. Similarly, unmanaged
pulpwood stands will have more ladder fuels, and a greater likelihood of crown fire occurrence:

The primary carier of surface fire is the pine litter layer with some slash residue. High levels of understorey
‘siash from pruning and thinning acfivitiss may decompose siowly, contributing 1o a build up of near-surface
fuels. The presence of serul fuels in these stands can act as ladder fuels, enabling torehing or crowning to
take place. Crown fires can initiate with ladder fuels and be supported by a closed canopy under moderately
windy conditiens.

15 year old pine stand. Canopy not fully closed, presence of scr
Location: Botte Lake Forast

e i .
Clase up of 15 year old pine stand forest floor
Location: Bote Lake Forest

|
\abtation forests  (27) Plantation forests

Fire Behavior

Fuel loads and rate of spread models for immature pine aged 11 to 20 years are based on modifications of
models for other coniferous forests derived from expert opinion. The rate of spread model assumes that pine
fitter and other surface fusis are ths primary camiers of firs.

Available fuel loads (Figure 7a) are calculated from the Immature Pine age 11-20 model using the Buildup
Index (BUI) (page D-3 of the Field Manual). Fuel loads are moderate compared to other pine models and can
reach upto 26 Una.

Rats offirs spread (Figurs 7b) is usually calculated from the Mature pine plantations model using the Initial
Spread Index (IS1) and Buidup index (BUI) (page E-2 of the Field Manual). A scrub rate of spread mode! can
be used if scrub fuels are present and is the primary camier of fire. Relatively low rates of spread are usually
pradictsd, and reach 1940 nvh (1.9 k).

. =
16 year old pine stand. Canopy not fully closed, presence of scrub and slash residue on forest floor.
Location: Bottie Lake Forest

A spreading fire requires a relatively higher IS than most other forest models due to the effect of the closed
canopy on reduting the wind speed acting.on a surfase firs beneath the canopy. Moderats to extreme firs
intensifies are possible, especially with the occurrence of torching and crowning where ladder fuels are

present.
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Figure 7 {a) Available fuel Ioads for immature pine 11-20 years (blue line]: (b) Rates of spread for various values of
the Buildup Index (BUIL-

Landscape view of pine stand
Location: Gowan Lea Forest, Whiteclifts, Canterbury. Photo courtesy of Selwyn Plantation Board.

Pranaion ;mm Pration oress
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Future ahead

* Version 1

— Available soon, released with V2 of Manual and
toolkit in early new year

+ Discussion
— what is missing/what do you want included, such as:
* Make this into a poster guide
* Pine plantations look too clean — try North Island
* Include a NZ grass curing guide similar to CFA

 Other fuel types included i.e. rose hip, coastal
grasses

» Project funded and supported by DOC
* Canadian tool Prometheus modified

» Software that simulates growth of fires across
landscape

* |t has been validated

* It can be used for:
— Pre-planning
— Operationally
— Post-fire assessment
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Example
- validation fire. simulated historical fire well

+[FBP. Fuel: Scenariod - Inv AWS] Project: Awraua projecti.fgm

“ AwarudFire O\
27th October 2005

ff | Harbour
Scale 1:20,000 @ A3.
e dt

S and
[

Example
when it doesn't get it right
— value of reliable/right weather info

+ [FBP Fuel: Scenario2 - Inv EWS] Project: Awraua project1.fam




Example
pre-planning — likelihood of ignition on Codfish

- using ‘Normal’ to Extreme weather, and various ignition
points = wildfire failed to take on island

File Landscape Model Scenario Simulstion Window Help

DedibRSaafd-B @I N

4 [FBP Fuek: 2 Previous Spring] Project: Codfish2.fgm [= @[5z ] [ & (FeP Fuek Summer weekend] Project: Codfisha... [ = || @ || 5% | % [Component View] Project: Codfish2.fgm [S=]=]
£ FBP Fuel Types
{5 FBP Fud Type Patches

05 10 15 20 25 30 35 40 45 50 55 60  km

B Landscape Giids
[ Weather Grids
B8 Weather Patches
B} Geographic Data
A coast |
A Contours M
A Tracks ]
A Wix_Points (Points) [n]
A lanitions
AR Hut (4497, 4.385) (km) (Feb 27, 2010 1210) L
A Hut Polygon (Polygon) (Feb 27, 201012:10) u
482 1gnition 4 (Multi-point line) (Feb 27, 2010 14:00) ]
8 Large sland Fire (Polygon) (Feb 27, 201013:00) [ ]
48 Weather Stations
B Invercargill Aero (-46.419000°, 163.329000°)
-8 Tuatapere (-46.129000°, 167.674000°)
£ Extreme RSPRFD (Feb 27, 2010 - Feb 28, 2010) [Van Wagner]
£ RSPRFD (Feb 27, 2010 - Feb 28, 2010) [Van Wagner]
A Scenarios
8 1 Previous Summer (Dec 1, 2009 0800 - Feb 28, 2010 18:00)
A 2 Previous Spring (Sept 1, 2009 08:00 - Nov 30, 2009 18:00)
44 3 Previous Autumn (Mar 1, 2010 08:0 - May 31, 2010 18:00)
14 Summer weekend (Feb 27, 20101200 - Feb 28, 201012:00)
484 Ignition 4 (Multi-point ling) ( Feb 27, 201014:00) L]
£ RSPRFD [Tuatapere] (Feb 27, 2010 - Feb 28, 2010) [Van Wagner]

Vi ¥

Slide provided by A. Buddle from SRFA

Example
Operationally - SRFA Rural Fire training exercise 2010
at Blackmount Forest

Fie_Londscope_Moddl Scenario Symultion Window _Help

DB BREa0s-BsT@MIR

€8 (75 Fuck CHANGEL] Projct Blsckmeuntfgm

* Verdict:

— Able to run ‘real time’ in
operational scenario

— Faster than green or
orange manual
* Main issues
— Documentation

— Preparation of some data
ahead of fire season

&
B
]
5
B
]
]
o
5

Slide provided by A. Buddle from SRFA P A
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Examples

16hrs Without suppression

- Post fire investigation — values saved vs cost of suppression

10 20 30 40 50 &0 70 80 90 100 110 120 130 140 150 180 Xm
oW y ;

N

. ‘

o o

L ~1 : ' = F%K

With suppression

Future ahead

managers
planners (e.g. WTA)

necessary

Discussion

+ Software available to trained operators
* Aimed at technical experts, not operational fire

— GIS/Mapping, FBO/Situation in IMTs, and fire strategic
— Computing and GIS skills, fire behaviour understanding

« Summary report available in new year
* NZ user guide available in new year

— Current Prometheus users could share with
others how they’re using it.

20/01/2011

10



Grassland curing assessment

» aim to develop better methods to assess current
and predicted levels of curing in grasslands

 grass “curing” refers to seasonal die-off of annual
and perennial grasses

 key input into fire behaviour models and fire
danger rating systems

Visual assessment

« often inaccurate — subjective, difficult &
infrequent

+ tendency to underestimate
* Need for a NZ grass curing guide?

NZ data 1994-2003

Undereélimafté’ Lo

Destructive

A Overestimate

Visual

20/01/2011
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NZ pilot trial using Satellite images

» Conducted end of 2009/10 summer
— Rank four maps provided by Aust BoM
— To determine best product for NZ

» Repeat the same process but for entire
season (September 2010 — April 2011)
— Rank two maps (B & C)
— To determine best product

22-29 September 2010 . vorming

aisk
“mEn_Jn Y

- i
0 50795030100 fio Auckland 5258 Central NI

Waikato &
Taranaki ..« %"

@ Greater Wellington

¥ Marlborough

Grossland curing percentage
fiow zooiora 2 Pree= T O [
2010-09-22 10 2010-09-29 O 51 70 80 90100 Mo ap
Product B Curing (%)
4 et from Bumhhe O and Burecu of ooy
e rom VASVESIG WODDEAT data

20/01/2011
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Northland

30 Sept — 7 October 2010
BT [

0 50 70 80 30100 Mo Auckland

Curing {%} dota 1 Central |

Waikato
Taranaki_ ooy % Eastern NI

Nelson,, - S Wanganui/Manawatu

Otago/Southland

Wi

Grassland c:rmg percentage —‘...—‘ D M a p B

New Zealan
2010-09-3¢ 10 2010-10-07 O &1 70 80 90100 MNe
Product B Curing {%) data
cxputmental data rom s GG and sursw o Hatsoroigy

Friugad from g/ESIRD WEDORAL daa

8-15 October 2010 ‘*\;@ﬁgonmam
“mmn . K

0 50 70 80 90100 Me
Curing (%) dota

West
Coast

Canterbury

.. Otago/Southland

Grasslond curing percentage —‘...—‘ D M B

New Zealand
2010-10-08 10 2010-10-15 0 51 70 80 90100 Mo
Product B Curing {%) data

Expartmental data from Bushfie CFC and Bursau of Hatsorokay
Praducad from hAsh/CSIRD WODUBA! dota




16-23 October 2010
TN [

0 50 70 80 30100 Mo Auckland *¥

Curing {%}

data
Waikato

Taranaki

Grassland c:rmg percentage —‘...—‘ D M a p B

New Zealam
2010-10-16 10 2010-10-23 0 &1 70 80 90100 Mo
Product B Curing {%) data
cxputmental data rom s GG and sursw o Hatsoroigy

Friugad from g/ESIRD WEDORAL daa

0 5070 809
Curing {%)

24-31 October 2010
TN [

0100 Mo Auckland ¥
data

Waikato 2% , 4
Taranaki Q8 .:Eastern NI

AT &9 Wanganui/Manawatu

Canterbury

Otago/Southland

e Zomerg 2 Pereertoee T O [ M ap B

2010—10-24 1o 2010-10-31 0 53 70 80 90100 No

Product B Curing {%) data
Expurmantal dta rom Bushrs CAC and Barsc of atesrleay
b rom YSVESRG Db S

20/01/2011
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Northland

1-8 November 2010 N
B TE O “%f
Auckland

0 50 70 80 90100 Mo

Curing {%) derter v’Centra>I N|

*

Waikato g
Taranaki

- Otago/Southland

Grasslond curing percentage —‘...—‘ D M B

New Zealond

2010-11-01 10 2010-11-08 O 51 70 80 90100 Mo
Product B Curing {%) data
cxputmental data rom s GG and sursw o Hatsoroigy

Friugad from g/ESIRD WEDORAL daa

9-16 November 2010 *\%onmam
CmEn . . J’# »

0 50 70 80 90100 Mo

Curing (%) derter ‘ Qentral NI

Waikato
Taranaki

Eastern NI

Nelson

Grasslond curing percentage —‘...—‘ D M B

New Zealond

2010-11-09 10 2010-11-16 0 51 70 80 90100 Mo
Product B Curing {%) data
Expurmantal dta rom Bushrs CAC and Barsc of atesrleay

b rom YSVESRG Db S

20/01/2011
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17-24 November 2010
TN [

0 50 70 80 30100 Mo Auckland‘
Curing {%} durtes

. Northland

Waikato ;
Taranaki_ S d M ' Eastern NI

Nelson X Wanganui/Manawatu

reater Wellington

Marlborough

Canterbury

Over time, there is no change

Otago/SouthIand for the North Island.

3 Marlborough and Otago/
‘ Southland appear to be curing
G;owss\t;r’;dm:urmg percentage —‘...—‘ D
20102—11‘—1'17 1o 2010-11-24 0 50 70 80 90100 No Map B
Product B Curing (%) dato

Exparlmental dato Trom Bushre GFC and Burecu af Hetsorokay
Praducad from hAsh/CSIRD WODUBA! dota

30 Sept — 7 October 2010 “... Northiand
NI T [

i
0 50 70 80 30100 Mo Auckland
Curing {%) dato

Waikato

Taranaki i Eastern NI

Nelson_.-

Wanganui/Manawatu
Greater Wellington

West Marlborough

Canterbury

Otago/Southland
S
Grassland curing percentage
fiow zooiora 2 P2 T O [
2010-09-30 to 2010-10-07 0 53 70 80 90100 No ap
Product © Curing {%) data

Expartmental data from Bushfie CFC and Bursau of Hatsorokay
Praducad from hAsh/CSIRD WODUBA! dota

20/01/2011
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8-15 October 2010 o Northiand
BT TE O

0 50 70 80 30100 Mo Auckland
Curing {%} durtes

. Central NI

Waikato :

Taranaki Eastern NI

Nelson - Wanganui/Manawatu

Canterbury

Otago/Southland

2010-10-08 10 2010-10-15 0 &1 70 80 90100 MNe
Preduct C Curing {%) data

Exparlmental dato Trom Bushre GFC and Burecu af Hetsorokay
Praducad from hAsh/CSIRD WODUBA! dota

R Zomeng 2 Pereertoee T O [ M ap C

16-23 October 2010
TN [

0 50 70 80 90100 No Auckland" &
Curing (%) dota Central NI

&

Otago/Southland

Grassland curing percentage
o ninhri it I

2010-10-16 10 2010-10-23 0 51 70 80 90100 Mo ap
Product © Curing {%) data

Expurtmantal dta rom Bushrs CAC and Barsc of atesrleay

Praducad from hAsh/CSIRD WODUBA! dota

20/01/2011
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Northland

24-31 October 2010
TN [ o

0 50 70 80 90100 Mo

Curing {%} dota CentraItNI

7

Waikato S
; Eastern NI

5 Wanganui/Manawatu

“Greater Wellington

Marlborough

Canterbury

Otago/Southland

Grossland curing percentage

e zoniora 2 P2 ] O [

2010-10-24 10 2010-10-31 0 &1 70 80 90100 MNe ap
Preduct C Curing {%) data

cxputmental data rom Gsmrirs GG and sursu o Hatsoroigy

Friugad from g/ESIRD WEDORAL daa

1-8 November 2010
TN [ .

0 50 70 80 90100 Mo
Curing (%) dota
Waikato

Taranaki

Nelson -

West Marlborough

A o
Canterbury
‘ Otago/Southland

How Foirg 2 Pereertoas T O [

2010-11-01 1o 2010-11-08 0 53 70 80 90100 No ap

Product © Curing {%) data

o

R e

20/01/2011
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9-16 November 2010 h
B T [

0 50 70 80 30100 Mo Auckland
Curing {%} durtes

Northland

Waikato ;
Taranaki _

Otago/Southland

Grasslund curing percentage _

New Zeclond T T O

2010-11-08 10 2010-11-16 0 51 70 80 90100 MNe ap
Preduct C Curing {%) data

Exparlmental dato Trom Bushre GFC and Burecu af Hetsorokay
Praducad from hAsh/CSIRD WODUBA! dota

17-24 November 2010 "+ Northiand
B [

X
0 50 70 80 30100 Mo Auckland
Curing {%) dato

T

- %ﬂ Central NI

Waikato ;
Taranaki

W;:z Central NI and Canterbury

2y
“Otago/Southland appeared to be well cured
L on 7-8 Nov and has
greened up on 17-24 Nov
G;owss\t;r’;dm:urmg percentage —‘...—‘ D
g0102711‘71d7 10 2010-11-24 0 53 70 80 90100 No Map C
Product © Curing {%) data

Expartmental data from Bushfie CFC and Bursau of Hatsorokay
Praducad from hAsh/CSIRD WODUBA! dota

20/01/2011
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Future ahead

» Continuing with full season trial

« Explore implementation options (provider, coord.
agency)

— Web based instead of email alerts

Discussion:
» More enduser feedback please!
— Paul Baker and Mike Grant in the lead

« Limitations: clouds, non-grassland cover,
resolution 500m)

Summary

Latest tools for fire behaviour prediction:

Manual for Predicting Fire Behaviour
NZ Fire Behaviour Toolkit
Photoguide to NZ fuels

Prometheus

Satellite Imagery for grassland curing

o wnN =

Tools training workshops & IFB refreshers
- Nelson & Alexandra
- Christchurch x2

20/01/2011
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