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based framework.

e Ingredients can take several forms but the most common are:

1. Low humidity

2. Low fuel moisture
3. High winds

4. Warm temperatures

(optional)







Fire requires heat to
raise fuels to their
ignition temperature.
Cooling fuels can
suppress a fire.

Fire needs oxygen to
burn, removing oxygen
can extinguish a fire

Fire needs something to burn!
If there is no fuel (sticks, leaves, buildings), there can be no fire.
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A\ =X/ \ =/ - Warms eatrlier in the morning
<Q> <©> - Cools earlier in the evening.
» Y A » v A
West Slope:
West Slope Fast Slope - Warms later in the morning

- Cools later in the evening.




South Slope

ou ope:
- Receives more sunlight throughout the year*
- Leads to drier fuels than other slopes

/\ North Slope:

- Receives less sunlight
North Slope throughout the year*
- Leads to more moist fuels than
other slopes

*In the northern hemisphere!



Local Winds

Upslope/Upvalley

Upvalley Wind - uoae o the valley saits. resest sosete

’\

UpSIOpe Wind .Fom\s in the moming with strong solar

at madimum heating. _

Early to Mid-

Late Morning and

Morning- 3 to 8 mph

Afternoon-10 to 15 mph



Downslope/Downvalley

. T ransinons fom the weaker
Downvalley Wind - 4nsiope wind ofen bymidnight
Strongest on cloudless nights

Late Afternoon and Late Evening and
Evening- 2 to 5 mph Overnight- 5 to 10 mph
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In the U.S. the picture Is from.
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The Geographic Face of the Nation — Elevation
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<0 25 inch dsameter

02510 1inch diameter

110 3 inches diameter

3 to 8 inches diameter

Fine flashy fuels that respond quickly to weather
changes. Computed from observation ime
temperature, humidity, and cloudiness
Computed from observation ime temperature,
humidity, and cloudiness. Can aiso be an
observed value, from a standard set of fuel sticks
that are weighed as part of the fire weather
observation

Computed from 24-hour average conditions
composed of day length, hours of rain, and daily
temperature/humidity ranges

Computed from a 7-day average conditions
composed of day length, hours of rain, and daily
temperaturehumidity ranges

Spring — Grass Calibration

GRASS Is1
I51< 2.0
(Spring) m M m

FFMC < 86.0

.'ll to !13
FFMC 92.0+ &
FWIi < 36.0

FFMC 92,0+ &
FWI 36.0+




Fossberg Index
Haines index
Spread Component (SC)

FFMC (Fine Fuel Moisture Code)
HDWI (Hot Dry Windy Index)

As with severe parameters, use with
caution! Composites can lead you
astray!

CAUTION

#
4
’




En ergy Release Com ponent (E RC) is a calculated output of the National Fire Danger Rating System (NFDRS).
The ERC is a number related to the available energy (BTU) per unit area (square foot) within the flaming front at the head of a fire.

"the spread component is numerically equal to the theoretical ideal rate of spread expressed in feet

per-minute.

Burning Index (BI) is a number used by the National Oceanic and Atmospheric Administration (NOAA) to describe the potential amount of effort
needed to contain a single fire in a particular fuel type within a rating area. The National Fire Danger Rating System (NFDRS) uses a modified
version of Bryam's equation for flame Ienth based on the Spread Component (SC) and the available energ — to calculate flame length from

hich the Burning Index is computed.[t

BI =4, F - 3[(5(1) {25{330])]



https://en.wikipedia.org/wiki/National_Oceanic_and_Atmospheric_Administration
https://en.wikipedia.org/wiki/National_Fire_Danger_Rating_System
https://en.wikipedia.org/wiki/Burning_Index
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table 1 : CALCULATION of the HAINES INDEX

LEVEL | STABILITY TERM STABILITY | MOISTURE TERM MOISTURE
SCORE SCORE
LOW 950hPa Temperature 850hPa Temperature
- 850hPa Temperature - 850hPa Dewpoint
=< 3 degrees C =< 5 degrees C
4to7 degrees C
=> § degrees C

6109 degrees C
=> |0 degrees C

700hPa Temperature
- 500hPa Temperature
w< |7 degrees C

18to 21 degrees C

=> 22 degrees C

700nPa Temperature
- 700hPa Dewpoint
=< |4 degrees C
15to 20 degrees C
=> 21 degrees C

1

2

3
850hPa Temperature 850hPa Temperature
- 700hPa Temperature - 850hPa Dewpoint
=< 5 degrees C =< 5 degrees C
6 10 10 degrees C 610 12 degrees C
w> || degrees C => |3 degrees C




Max Daily HDW, 1981-2010 CFSR Climatology
44,5°N, 88.0'W

Jun il Aug Sep  Oct Now
Month
Max Daily HOW

GEFS Analysis and Forecast & 1981.2010 CFSR Cimatology
445N BBO'W




Forecast Fire Danger Class: 2B6-APR-21

This uses a system of equations with
variables that include weather inputs,
| : topography, and fuel types to determine
g o B I - ~ | the fire danger category.

i

(i, Bdet." Interp.d

Easy-to-interpret categories allow for
easier communication of fire risk.



The Fine Fuel Moisture Code (FFMC)
represents fuel moisture of forest litter fuels
under the shade of a forest canopy.

It is intended to represent moisture conditions
for shaded litter fuels, the equivalent of 16-hour
timelag. It ranges from 0-101. Subtracting the

FFMC value from 100 can provide an estimate

moisture content.

8

= No FM1000 Values

Most accurate when FFMC values are roughl =550 7 8 2
above 80. =333

-l




ACC db’ you want isites

\l O OIA ClallE \/

: Council (NIFC)

e Planning levels
determine the threat on
a scale of 1 to 5.

GEOGRAPHIC AREA PREPAREDINESS LEVELS




The “Big Picture”
Start with a broad overview of the
synoptic weather conditions. Know

; the climo. Find your major features.
Do a quick fuels assessment. Look for
favorable fuel areas. Get rid of any
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‘: * ProdebAaty of widfre & 100 pires withn 25 mies
l'&c\ﬂl Fue Program Acatysn P Occurrence

% 5% 10% 15% 20% 25% 30% 0% so%
Probability

https://youtu.be/Zr5-H6{9f7A



https://youtu.be/Zr5-H6j9f7A

Critical Fire
Weather Patterns
of the
United States

Reference: National Weather Service's (NWS) Fire Weather
Forecasters Course Presented at Boise March 30 - Apal 2, 1999,

Doclamer: This docament wax soaosesd into o WORD docsment and comvertod so a POF
Sormar. Care wan sakon 00 envwry comwriion war accanate bt errors may bave insrodveed by
e OCR process




Critical Fire
Weather Patterns
of the
United States

Reference: Natsonal Weather Service's (NWS) Fire Weather
Forecasters Course Presented at Boise March 30 - Apal 2, 1999,

Doclamer: This docament wax soaosesd into o WORD docsment and comvertod so a POF
Sormat. Care wan talion 10 onvwry comversion war accarate bt errors may bave insrodveed by
e OCR process
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country.

Why?
o Variety of fuels
o Variety of land use

These differences

are driven by:
o Terrain
o Precip distributions




mb troughs with strong

ﬂ low and mid-level flow.
a0 T Dryline acts as eastward
| ‘* ~ '\.\ boundary.
£ Most common during the
“pre and post greenup ”
— =T periods of late winter/
C N\ early spring and early to
it o mid fall.
Western US drought
; composite dates: usually a significant
2006 25 reb 2008 redictor.
e e P

6 Apr 2006 9 Apr 2009
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Southem Plains thdfzre Outbreak
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S. Plains wildfire outbreak regimes are

often S. Plains severe weather outbreak
regimes!

h'. s
’ .
. .

composite dates:

27 Dec 2005 15 Apr 2006
1 Jan 2006 25 Feb 2008
12 Jan 2006 14 Mar 2008
12 Mar 2006 4 Apr 2009
6 Apr 2006 9 Apr 2009
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e Relative Humidity values may be
higher than you would expect (30-
40%)

e Winds may be lighter than
normally expected (15-20 mph)
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Dry Cold Front Fire Direction Changes
March 6-7, 2017 S. Plains Wildfire Outbreak



https://www.youtube.com/watch?v=h11A0zbCrM0&t=1s

Chinook Wind Profile

_/ mountain

wave
Westerly Flow Aloft

cold and
stable
air mass

H

Baker : steep cross-mountain
pressure gradient

Grand Jct.
Windward slope

warm, dry
and unstable
air mass

Denver
Leeside slope

Chinook Wind

Steep pressure
gradient (or large
horizontal difference
in air pressure)
between a pressure
maxima or high
pressure (H) in
western Colorado
and a pressure
minima or low
pressure (L) in
northeast Colorado
is necessary for the
formation of strong
and gusty Chinook
winds on and near
the east face of the
Front Range. Strong
westerly flow aloft
will further
strengthen this
downslope wind.

Common through Colorado
Wyoming and Montana.
Weaker during the summer
when flow retreats
northward but early/ late

Season Events (Aug-Oct &
May-June) can drive very
strong wildfire events.
Winds may exceed 150 mph
through terrain gaps and at
ridge top level.
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Santa Ana winds

Surface high "
pressure

y N

)
Pacific Ocean \ |
CALIE NS ——————————
A Strong
Los Angeles ¢ northeast
‘winds

Lower pressure
L off the coast

MEXICO
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Critical Winds

Foehn Winds

Santa Ana Winds

= Originates in the high deserts
of southern Califomia.

» steep pressure gradient
exists between high pressure
in the Great Basin and low
pressure off the coast of
southemn California.

* Downslope off shore flow
develops.

= Can create critical fire
weather situations in
southern California.

Mot and Very Dry

Wind Svstems



Critical Winds

Santa Ana Wind Storm

Romero Wildfire Los Padres NF Oct-10-71

Santa Ana Wind Storm ,
* Romero fire October 10, 7 ﬂ\_ ’°

1971 | TEMPERATURE

* Note the sudden | Santa Anna Wind Storm
temperature rise and RH | |
T IRELATIVE

drop when the Santa Ana [T, | [edeertp bl ol

winds develop T T N——

1290 ™MW 1= s 22 2 sb-an wm s [+ 81 me

Wind Svstems



What creates
dangerous winds

The Diablo winds that were forecast
for Northern California usually come
in the fall, but their behavior is hard
to predict because mountains,
valleys and even cloud formations
can alter their speed and directon.

©@ The excessive O Squeezing through

wind can cause canyons and gaps of
power lines to the coastal mountain
topple and ranges, wind speed is
spark, setting dynamically increased

fires. toover 40 mph.

Sovurces: National Weather Service; NOAA

© High pressure builds
over the Great Basin.
Winds flow in a

clockwise direction

© Jet stream adds
to downward push
of strong winds

©® Hot anddry ¢
offshore winds :

Santa
© Winds come into © High-pressure wind cascades over the Sierra
contact with warm mountains. The air is compressed, increasing
Central Valley air, temperature and reducing humidity.
increasing its
temperature. *\‘.\G

John Blanchard /7 The Chronicle



Sundowner winds

Surface high
pressure
-
£ om0,
Pacific Ocean T Strong | ] Sourhamsie | e Special case of
\_J? W northerly winds BRI Santa Ana winds
. "
CoR RS CALIF. with an offshore low

e Small but very

Ut impactful area with

L s
ME’ S _ high population
W2



153,000 Acres
- 18,000 Buildings Destroyed

85 Fatalities $16.5 Billion

. el
h?«;; 4

3 Chico I

. -'.-- o'-" : “- ‘-“ :. -
B Light Valley RSSSSISE Sts



03 am

®
~
o
N
® 5
e
0
4



http://www.youtube.com/watch?v=dyfJYOZgiyA
https://www.youtube.com/watch?v=dyfJYOZgiyA

Palisades & Eaton Fires
January 2025

29 Fatalities .
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~18.000 Structures damaged or destroyed



Palisades & Eaton Fires
January 2025

29 Fatalities o

%

~18.000 Structures damaged or destroyed
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Pyro Cumulus

wWww brandoantiza com



http://www.youtube.com/watch?v=Jd45_wuGy2A
http://www.youtube.com/watch?v=Gf-70PMyciE

relatively short lived periods of high winds and instability
that can produce extreme fire behavior.

In the southeastern US, drought is frequently associated
with the La Nifia state of the southern oscillation pattern
or a blocking ridge aloft near the Atlantic coast. Often
critical weather patterns follow the frontal passage that
brings extremely dry air due to a strong westerly or
northwesterly flow. Look for strong winds that
accompany the flow. Beware of advancing tropical
storms as well as sea breeze boundaries across Florida.




N - . variable
Polar Jet Stream

blocking
high pressure

.-

Wintectime La Niba patiern



e Lightning ignitions account for a
significant fraction of wildfires.

e Climate change suggests dry
thunder/lightning ignition outbreaks
may increase.

v,

Lightning Ignition Efficiency: 22-Mar-21

LEGEND

H e Hos
B s<on [ wee

O s O UttavAgBamen

@ 1s20n

WFAS-MAPS Graphics National Interagency Fire Center  Boise,ID




e Mid Level moisture
advection results in
destabilization. PW values of
0.5 to 0.75 inches most
common

Low CAPE and low shear
(storms move slowly)
Mixed storm modes most

[ Pab Watch Type

NONE

frequent
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Critical Winds

Thunderstorm Winds
Gust Front

* Leading edge of the
downdraft

O minute

* Boundary between two
dissimilar air masses,
similar to a cold front

1 minute

* Most of the time,
marked by a wind shift,

decrease in temperature
Unit ™ i ] -

Z minutes

Wind Svstems
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Critical Winds

Thunderstorm Winds

Outflow Winds
Thunderstorm

* Outflow wind strongest Outflow Winds
in the direction the
storm is moving

* Outflow wind weakest
in the opposite direction
the storm is moving

Wind Svstems



CAUGHT IN THE CANYON

1. 9:30 am: After hiking up from the subdivision of Glen llah, the Hotshots begin
digging lines and clearing brush to contain the fire, which at this point had burned

150 acres. 2. Until 3 pm a wind from the southwest pushed the flames north, Ignlted by dry Ilghtnlng

3. The wind shifts direction and begins blowing from the northeast, propelling

s ks s e N WSk 1 s A it & Pty Erratic behavior on June
The Hotshots leave the fireline and head east. They drop Into the canyon toward

{56 Sulots of o6 pinck: & hadf ke i, ool (ol Vit of e hlizs 4 e e 30th due to outflow winds

accelerates, 5, Fire reaches the eastern end of the canyon, trapping the firefighters




SPC Fire Products e Y Weather Outlooks

Storm Prediction Center Mesoscale Assistant/Fire Weather Forecaster Ariel Cohen describes the
SPC fire weather forecast process for a meteorology class at the University of Oklahoma. You

F | re Weat h er Out| 00 kS can view the YouTube video: hitps:/fyoutu.be/XydAdUalUynU,
Current Fire Weather Outlooks (Product Info)

The Fire Weather Outlooks are intended to delineate areas of the Current Dg) ;2;0 Weether
continental U.S. where pre-existing fuel conditions, combined with forecast G
weather conditions during the next 8 days, will result in a significant threat 531?:66 ;017710%52920812002

. " g . . . alld: -
for the ignition and/or spread of wildfires. This product is designed for use . Forecast Risk of Fire Weather: ETilIEEIRIER
in the NWS, as well as other federal, state, and local government C‘v‘;‘fa fr' iggg T e
agencies.

° O R
Each outlook consists of a categorical forecast that graphically depicts fire Current Dga‘!] : Fl;e Weather
weather risk areas across the continental United States, along with a text : o
. . . . ter:
narrative. Through various labels and colors on the graphic, the five types Issued: 0707292
of Fire Weather Outlook risk areas are: \r’:'r':éaoygﬂsz&o;::oﬁamen Elevated
Note: Critical Fire Weather Criteria document in MS-

r PDF.
(orange) - Elevated risk from wind and relative gl i

humidity g - —
o . . . . Day 3-8 Fire Weather Outlooks (Product Info)
CRITICAL (red) - Critical risk from wind and relative humidity e 8 Py ey Ouliook
EXTREME (magenta) - Extremely Critical risk from wind and

relative humidity Forecaster: SQUITIERI
. Issued: 062159Z
ISODRYT (brown) - Elevated risk from dry thunderstorms Yy Valid: 08/12002-14/12002

SCTDRYT (red) - Critical risk from dry thunderstorms

@



September 2nd 2020 Montana fire outbreak

ke —
" [ Jhaesy

SPC DAY 1 FIRE WX OUTLODK : . N ’\i >
ISSUED: 06452 09/02/2020 ~—

VALID: 12002 Wed 09002 - 12002 Thu 0903
FORECASTER: LYONS — " — . .
NOAANWS Storm Prediction Center, Norman, Oklahoma levatedCritical Extreme S0 DryT Scattered DryT

Fire Weather Outlook Legend:




HREF MN[500 mb Z] (dam)
500 mb wind (kts), ensemble mean

O,

Run: Wed 2020-09-02 12:00 UTC
Valid: Wed 2020-09-02 21:00 UTC




HREF MN[MSLP] (mb) MN[10 m Vh] (kt) Run: Wed 2020-09-02 12:00 UTC
2 m AGL Temperature (F), ensemble mean Valid: Wed 2020-09-02 18:00 UTC
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HREF MN[10 m Vh] (mph) Run: Wed 2020-09-02 12:00 UTC
10 m AGL gust (mph), ensemble mean Valid: wed 2020-09-02 21:00 UTC
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HREF Run: Wed 2020-09-02 12:00 UTC
Fosberg index, ensemble mean vValid: wed 2020-09-02 22:00 UTC

'S/ NOAANWSStorm Prediction Center C ]
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HREF Sounding at KMLS Init: 2020-09-02 1200 UTC  Valid: 2020-09-02 2000 UTC
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Fuels are one of the most important but difficult aspects of forecasting.

Forecasting should follow a similar flow to severe weather.

o Big Picture
m Narrow your focus
e Thedetails

e Fire weather regimes vary widely across the CONUS.
e Fire weather is one of the most difficult and poorly understood aspects
of severe weather forecasting.
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