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Fire Behavior Research

Our focus is developing
robust physical models
that forecast models
can interface with.
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Fundamental Research

Lab and field experiments




Model Development

Surface, crown, post-frontal combustion
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Model Development

Heat transfer, links to fire effects

Heat Transfer from a
Spreading Surface Fire

Heat to tree
crowns causing
crown scorch
and

transition to
crown fire

Heat to trees
causing cambium damage
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Ignition of heavy fuels

Preheat /)//l
fine fuels

* ¢ that burn after the
for fire spread fire front passes

Ignition of Heat to the soil

organic causing root damage

ground fuel and nutrient change

>

Heat to people
Firefighter and
prescribed fire
crew safety



System Development

% Rothermel Fire Spread Model (1972)
+ NFDRS (1972, 1978, 1988)

% Behave & Behave Plus

¥ FARSITE

% FireFamily Plus

¥ Wildland Fire Assessment System

% FlamMap






NFDRS Philosophy

% Science/Physics Based (as opposed to statistical)
% Considers only initiating fires

% Considers containment not extinguishment

% Ratings are to be interpretable and meaningful

% Relates containment job to flame length

% Ratings are relative

¥ Time and location of weather observations reflect
'‘worst case'



Development History

#Pre 1964 - Regional Systems

%1964
%1972
%1978
¢ 1988

1s National Build Up Index
Use of Rothermel Model
Update to 1972

Southeast Update (KBDT)



NFDRS Basic Structure

Site and Weather Observations

Inputs

Live and dead fuel moistures
Intermediate Calculated Values

Indices and Components

Outputs




Station Locations as Catalogued in WIMS:

¢ BAWSE NFDRS Statiom
s Mamal NFDRS Statiom
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20 Fuel Models

¥ Grass
¥ Brush
¥ Trees

¥ Slash

% Slightly different for both 78 & 88
systems



Operational Systems

¥ ASCADS - Delivers RAWS Data
¥ WIMS - Process NFDRS

¥ NIFMID - Stores WX & Fire
*KCFAST - Access WX & Fire

Y FIREFAMILY - Fire WX Climate



E)WIMS - Mozilla Firefox =18 x|

File Edit ‘Yew Go Bookmatks Tools Help ° W
G- § % NG Hz] = O ||_| hiktp: fiF amweh, nwcg govwims sp def aulk, it j 0 Go |@,

HWFF\S:DVEMEW E R1 Regional Cffice .. || R10Regional Cfice. ., |_| Rz Rn_égionafofﬁc'a... @ R3 Regional Cffice .. L R4 Regianal Office .., |Q Gung!é'Search:ch... E RS Redgional Cffice .. L Ré Regianal Office .., »
D‘WIMS | u Hotspot | L H'otsp'o't' ‘ |_| WFAS : Overview | |_| {Untitlzd) | %

Ver 113 FastPath |ESTA Go | Weather Information Management System Show Navigation Tree

A
--------------- Display/Edit Default NFDRS Parameters ------=----=---
Station ID: 241513 Effective Date: IES-May—DS FindNFDR | Station Info |  NFDRParam | Extra Data Channels
78 & 88 100-hr: |1? Measured Woody FM: | ‘ Fuel Stick Date:| M/&
NFDRS 1000-hr: |22 Woody Measured Date: | Stick Age (Da\_.fsl]: N7A
88 the=10hr: KBDE| |4 e | Herb: |
NFDRS Season Code: |1 j S e S_hruh:-l
D p ** 78 NFDRS Only ™ 88 S G C Staffing ldx Breakpoints
e r H Greenup $ l r l Herb | Woody | X- | Low High
l i D § Herb Date Date b p 8 i FM M 100 Sl Dc SI% | val §1% Yal
| 176 =] | (G| | [15-Ap-05 5apr05 || EI[3ElI[PEI[2zl] o2 |5 e | |ecZ | [ o |55 | for |62
O [7c =l | G2 | [15-Ap-05 sapr05 || El|[2E[PE|[2=] 2 |5 2 (| |ecEH | |5 o |6 | fer ||
O] [7c =l |Gzl | [15-Ap-05 154pr05 || Bl |[eEl|[aE|[2El| fis7 |5 e (| |ecE# | |5 E [16 o7 |1
LIl B[ E] AN || ) O O O O 5 O O
g

[iome:



E)WIMS - Mozilla Firefox =18 x|

File Edit ‘Yew Go Bookmatks Tools Help ° W
G- § % NG Hz] = O ||_| hiktp: fiF amweh, nwcg govwims sp def aulk, it j 0 Go |@,

HWFF\S:DVEMEW E R1 Regional Cffice .. || R10Regional Cfice. ., |_| Rz Rn_égionafofﬁc'a... @ R3 Regional Cffice .. L R4 Regianal Office .., |Q Gung!é'Search:ch... E RS Redgional Cffice .. L Ré Regianal Office .., »
D‘WIMS | u Hotspot | L H'otsp'o't' ‘ |_| WFAS : Overview | |_| {Untitlzd) | %

Ver 113 FastPath |DOBS Go | Weather Information Management System Show Navigation Tree

| »

8 Display Observations DOBS Back to Menu
stationID: [ or [SiG|[MSLA | Type:[0 ¥ Date: [e3hav-is Time:[  Find | Reset| Print| | Expor |
Station Obs Ob | O Dry M | HC Wind 10 Temp | RH% Y |FHC
D Date Tm | T W | Tmp | FH L | Bsk | Dir | SP | Ht | Max | Min | Max | Min | Dur | Amt L | Rsk
_@ 21206 | 23-May-05 13 o 2 &0 | 36 1 ] 321 | 10 &1 42 fi A 1 0.0 1 ]
| ® 2.41.21.3 | 23-&;3*{-05 13. 0 2 &1 3 1 ] 17 b &1 38 98 3 | ] o 1]
B 241302 23-May-0h 13 0 2 &1 4 1 ] 227 ] &1 3J/ 100 | M 2 0,08 1 ]
241308 23-May-05 13 o 2 hh 40 1 0 334 B hh 3|00 | 40 1 0.0 1 1]
B 241507 23-May-05 13 0 2 4 39 . 1 0 304 b h4 3/ 100 | 39 2 0,03 1 1]
B 241508 23-May-05 13 o 2 hh i 3] 293 7k Al i 98 27 2 0.0z 1 1]
241513 | 23-May-05 13 0 2 &1 39 1 ] 54 4 &1 3 ‘ 100 | 39 4 01 1 ]
B 241519 23-May-0h 13 o 2 7 ol 1 ] 263 3 41 27 ‘ 96 64 h 0.12 1 1]

[iome:



NFDRS Detailed Structure

Dptional pathway

Site 1300 LST 24-Hour Carryover Fuel
Description Observation Observations Moistures (FM
:;'9' ""c‘:"" Relative Humidity = __| Precipitation Max/Min RH : 100-Hour
le:::el ‘la'_v: ™ Temperature Amount . 1
4 State Weathe : )
= | Climate Class ortne ' AU oLl O
c __( Maximum Periodic
—_— - Precipitation
Latitude Wind Speed Temperature TSl Measurements
Averag
Mnu; Fuel Stick e
Moisture Greenness Factor
Precipitation
l 88) :
KBDI v
v 1000-hr FM ~--P Live FM
(88) =
v
m:“ﬁtt Contribution of dead FMtoSC _ —
Load
Contribution of dead FM to ERC
=t
g_ Ignition | Spread e pl  Burning Index | g Energy Release
= Component Component BI Component
> ﬁl




Intermediate Calculated Values

Inputs

/ \
@ hr F> 1000-hr D
IW ‘
Contribution of dead FM to ERC

—— e

Outputs




Dead Fuels

Dead Fuels are those fuels whose moisture
content is determined by external
environmental factors.







TIMELAG

The length of time it takes a fuel
particle to lose (or gain) 63% of the
difference between its moisture
content and the equilibrium moisture
content in a constant environment.



Timelag Concept
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Drying Curve

Fuel moisture changes
2/3 of difference between
\, curr ent MC & EMC in 1 timelag

Timelag Periods




The Fuel Moisture Chase




NFDRS Timelag Classes

1 in. (0.6 cm) dia. 1 hour TL FM
# -1in. (2.5 cm) dia. 10 hour TL FM
1-3in. (6.7 cm) dia. 100 hour TL FM

3 -8in. (20 cm) dia. 1000 hour TL FM






Stages of Plant Development

& Dormancy or frozen - Plant parts are
assumed dead.

& Green-up or the growing season - Moisture
content rises to its highest.

& Transition - Plant processes start shutting
down and growth slows.

& Cured - Normal plant functions have shut
down and not growth is occurring
(herbaceous plants only).



Seasonal Pattern of Plant Development
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50

Season Average Fuel Moistures for Four Dead and Two Live Fuel
Moisture Classes for a Western Montana Station, 1975-2003
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Dead FM, Percent

Daily Fuel Moistures for Four Dead and Two Live Fuel Moisture Classes
for a Western Montana Station, 2000
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NFDRS Outputs

‘ Inputs

'

Intermediate Calculated Values

— | DN

‘Spread Componentl—-l Burning Index H Energy Release Component

Lightning-Caused \
Fire Occurrence Index [\
‘Ignition Component|< Fire Load Index
Human-Caused |/
Fire Occurrence Index

Staffing Levels and Adjective Classes




Spread Component (SC)

® A rating related to potential 24-hr worst
case head fire forward rate of spread.

@ Fire initiating in area with SC = 15 would
spread at about half the rate of fires in
area with SC of 30.



SC Characteristics

@ Surface area weighting gives fine fuel
moisture most influence

@ Sensitive to fuel model parameters
(grass and shrub models more reactive
than timber and slash)

# Very sensitive to wind (harder to predict
and highly variable)



Ignition Component (IC)

& A rating of the probability (O to 100%)
that a firebrand will cause a fire requiring
suppression action

® Ideal example: at an IC of 60, if you
dropped 100 matches, 60 would cause fires
that resulted in reported suppression
action, and 40 would not



Energy Release Component (ERC)

@ Related to total energy released per unit
area within flaming fire front

& Relates to the amount of available fuel
(fuel dryness and load)

@ About 25 BTUs per unit value of ERC



ERC Characteristics

® Good characterization of fire season
for fuel models with large dead fuels.

® Lower variability because not influenced
by wind and slope

® Good predictability



Burning Index (BI)

@ An estimate of the potential difficulty
of fire containment as it relates to
flame length at the head of the fire

@ A scaled index to predicted flame length
-- BI + 10 estimates flame length



BT Characteristics

® Very high sensitivity to fuel model

® Low to moderate memory depending
on fuel model

® Moderate variability

® Lower predictability (because of
wind)

® Good characterization of fire season
in models with live or a heavy dead
component



KBDI

KBDI is a number representing the net
effect of evapotranspiration and
precipitation in producing cumulative
moisture deficiency in deep duff and
upper (8 inches, 20 cm) soil layers.



Summary for Indices and Components

Characteristic |SC IC ERC Bl 1000-hr | KBDI
Sensitivity to High Mod High High None None
fuel model
Memory Low Low Mod/High | Low High High
Variability High High Low Mod Low Low
Predictability Low Low High Low High High
Fire season Low Low High Mod/ High | Highin | Mod/
indicator West High
Driver Wind, SC, moisture - | SC, T/RH/ Max T,
1-hr, [1-hr |allsizes | ERC Rain dur/ | Rain
Live Lat./FM
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What do the numbers mean ?

“a system that integrates the effects
of existing and expected states of
selected fire danger factors into one
or more qualitative or numeric indices
or components that reflect an area's
protection needs.”



What do the numbers mean ?

“...the FLI is the culminating index of the NFDRS. It is
designed to combine the projections of fire occurrence and
behavior into a single number that can be related to the
total fire control job.

Because fire managers have not agreed on a common
denominator for measuring the total job, the equation for
calculating the FLI has been developed intuitively. The
task of attaching meaning to the FLI has been left to the
users. They will have to determine the relationship
between the FLI and whatever measure of total fire
control effort they choose.”

The FLI has become “optional” because of input
requirements.



Application:
Staffing Levels and Adjective Classes

@ Historically developed based on NFDRS
output and unit experience without
inclusion of fire occurrence data

2 Based on Cumulative Distributions
# Management and budget driven

% Best used within a Fire Danger Rating
Area



Fire Danger Rating Area:

A geographic
zohe where
fire danger

IS assumed
uniform due to

- fuels
- weather
* topography

This FDRA is dominated by an expanse of longleaf pines (fuel
model C) in NWS climatic zone 14 on a rolling landscape.



Fire Danger Continuum

The range of possible outputs

for a fire danger index or component,
given a set of NFDRS parameters
and weather input.



Examples of Continuum Ranges

Burning Index based on 10+ years weather

Fuel Model G (Timber)

Percentile ¢ 50 80 97 100

Value 0 48 74 99 103

Fuel Model C (Grass)

Percentile 0 50 80 97 100

Value 0 24 36 50 52




Agency Standards

¢ 90th/97th percentile

@ Forest Service, Bureau of Indian
Affairs, Fish & Wildlife Service

2 80th/95th percentile
@ Bureau of Land Management



Staffing Index Values

Computed Class

Upper Value for Class

SI=0

(S190)/8

(S190)/4

(S190)/(3/8)

(S190)/2

(S190)/(3/4)

Sl 90

(S190 + SI 97)/2

S| 97

© 00 NO Gk~ Wb =0

More than S| 97




Staffing Class Matrix

Computed Class 0 1 2 3 4 S 6 7 8 9
# Staffing Levels Displayed Staffing Classes
3 0 1 1 1 1 1 1 4 4 5
. 0 1 1 1 1 3 3 4 4 | 5
5 0 1 1 2 2 3 3 4 4 | 5
0 1 1 2 2 | 3 | 3+ | 4 4 | 5
6
0 1 1 2 2 3- 3+ 4- 4+ 5
7
0 1 1 2- 2+ 3- 3+ 4- 4+ 5
8
0 1- 1+ 2- 2+ 3- 3+ 4- 4+ 5
9




Adjective Class Matrix

Staffing Level Adjective Fire Danger
0 0 0 0 0 0
1-1,1+ L L L M M
2-,2,2+ L M M M H
3-3,3+ M B H| H | W
4-,4,4+ M H |l W | E
5-,5,5+ H | B0  WE | E E
Ignition 0-20 | 21-45 | 46-65| 66-80 |81-100
Component (IC)




Observed Fire Danger Class: 23-MAY 05
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Fire Business Thresholds

@ Based on correlations of fire
danger climatology and fire
occurrence

@ This is where statistics come in.

@ The FLI requires statistical
parameters to tune.



Evaluation of Indexes

Methods in FireFamily Plus
# Compare to fire activity
% Threshold analysis
# Logistic regression
% Percentile analysis

# ROC analysis

240107 -Libby RS
1981 - 2000
100- 5A -10/31

Probability

| | | | |
0 10 20 30 40 a0

ERC

-Fire Day Cause = All
—&—Large Fire Day Large = 10+
—s—Mdulti Fire Day Wulti = 3+

| |
60 70

hodel: 7 G3PE3
FF+3.0 01/18/2002-16:52

# Developing methods for evaluation of spatial fire

potential indicators



NFDRS Recap

-Climatology

-Observations

‘Next day forecast

Mid and long range forecast

‘Live, Dead
*Daily, Hourly

-Climatology-based
‘Compare to extremes
‘Percentiles

Years of significance

FIRE DANGER. - Wenatchee NF

hdaximum, fwerage, and 90th Percentile

E xtreme

E nergy Releasze Component

foderate
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E xtreme

E nergy Release Component

il oderate
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NFDRS "Watch Out's”

@ Mixing Outputs From Different Fuel
Models

@ Missing Weather Observations
¢ Data Quality



Current Development Efforts




Model Development
Dead fuel moisture, 100-hour (1"-3" fuels)

FM-100, %

1996 Model vs 3-Log Avg (FM100)
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National Fuel Model Map at
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Experimental FPI--No Fire Model
Integrates Relative Greenness, Fuel Model,
and Dead Fuel Moisture at 1-km resolution

Observed Experimental Fire Potential: 23-MAY-05
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FlamMap - 10 Hour Fuel Moisture




FlamMap -- Potential flame length




Basics of the National Fire
Danger Rating System

Questions?



