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. Low relative humidity (High

. Low fuel moisture/fuel

- \WWarm temneratiire< (antianal

, fire weather can be thought of in.an

based framework.

Vapor Pressure Deficit or
VPD)

abundance
High winds




Combustion Triangle Fire Behavior Triangle




o on Triangle

Fire requires heat

S L
to ralse fuelg tlﬁ i

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

i

Fire needs something to burn! |
If there is no fuel (sticks, leaves, buildings), there can b/e«th e



- Fire movement
- Plume structure
- Probability of ignition
- Rates of spread

Topography influen:
- Fire movem

# oy
NNA AT
I8 i

Fuels influence:
- Fire intensity AR
- Rates of spread ‘
- Probability of ignition
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NDFD Fire
17Z Thu Jan 29 - 12Z Fri Jan 30

- Fuel types

Fires = 1000 acres
2. 20 12Z SPC Day 1 Fire
05422 Thu jan 79

THORNTON ’
w

Wildfire Hazard Potential
BN Very Lew BN Very Wgh
Lo Not Burnabde Lands

Modersts TR Water
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Updated: 15502 Thu Jan 29 2026

MULTI-SCALE
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TRIANGLE

FIRE GROWTH
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East Slope:
- Warms earlier in the n

q@p - Cools earlier in the evenin

% West Slope: -
- West Slope East Slope - Warms m;m _7“
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ic Influence

South Slope:
- Receives more sunlight throughout the ynq:*
- Leads to drier, typically lighter fuels thaa

other slopes s 5

P South /

North Slope: ‘:Tf e
- Receives Lessé nlight.. 2
Mo throughout the y{é; :
pe Leads to more n

typically hew fu s

*In the northern hemisphere!



- Evident heavier fuels (mainly
Ponderosa Pine) on north slope
(north aspect)
- - Lighter fuels (sage/grass) on
south facing slope (south
aspect)


https://commons.wikimedia.org/wiki/File:Effects_of_aspect_on_vegetation-_SW_Idaho.JPG
https://commons.wikimedia.org/wiki/File:Effects_of_aspect_on_vegetation-_SW_Idaho.JPG
https://commons.wikimedia.org/wiki/File:Effects_of_aspect_on_vegetation-_SW_Idaho.JPG

Local Winds

Upslope/Upvalley

Upvalley Wind - yame ham the valley saits. Crostast qopes

'\

Upslope Wind - Forms in the moming wth strong solar

at madmum heating. _

Early to Mid- Late Morning and
Morning- 3 to 8 mph Afternoon-10 to 15 mph

J “,'t 7 J o Wind Svstems = b I-30-S290-EP




Winds

Downslope/Downvalley

. T ransinons fom the weaker
Downvalley Wind - 4unsiope wind ofien by midnight

Strongest on cloudless nights

Evening- 2 to 5S mph Overnight- 5 to 10 mph

Wind-Systels: == 2 " 0 . O SONS0-ERE




~ - "
- y ~ w lsr o~ .
2 CNUNKS /
— _;-‘ - P = Ded
ey N e -,
P » - - -
L A > il >~
- / / ',. 3 -~ - ”
| [ 5
1 :
i % draft
b .
B

- 'ﬁéster ignition and spread

[ - 2 _.-" =
-«-W L5
S L B










VL Depanmant of e hovmsvae
VS Gevtrge ol Sarvey

The Geographic Face of the Nation — Elevation
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VS Govtrge sl Survey

The Geographic Face of the Nation — Elevation
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— ( to It and
- isloosely defined as the time it
would take for 2/3 (67%) of the
dead fuel to respond to
atmospheric moisture.

Rvy ke gtwsk_  pl

S B! Wime g Pt dowias g n
expect its wildfire susceptibility
to change after only 1 hour of
humid weather.

100-hour

1000-hour

<0.25 inch diameter

02510 1 inch diameter

110 3 inches diameter

3 to 8 inches diameter

Fine flashy fuels that respond quickly 1o weather

changes. Computed from observation ime
temperature, humidity, and cloudiness
Computed from observation ime temperature,
humidity, and cloudiness. Can also 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
temperature/humidity ranges

Spring — Grass Calibration

GRASS
(Spring)

151<2.0

FFMC < 86.0

FFMC
86.0t091.9

FFMC 92.0+ &
FWi < 36.0

FFMC 92.0+ &
FWI 36.0+

151 151
2t05.9 6.0t0 7.9

151 8.0+




ﬁi Weather Indices

OO0l
CAUTION

Fire Danger Indices

Energy Release Component (ERC)
Burning Index (BI)

Spread Component (SC)

Ignition Component (IC)

Severe Fire Danger Index (SFDI)

DR OROR DR )

Fire Weather Indices
€ HDWI (Hot Dry Windy Index)
€ Fosberg Index
€ Large Fire Potential Index (Rolinski, et al. 2016)

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



ices: BERC <SC and:Bl

} is a calculated output of the National Fire Danger
C is a number related to the available energy (BTU) per unit
e ﬁmmﬁ within the flaming front at the head of a fire.

Spread Component (SC)- "the spread component is numerically equal to the theoretical
ideal rate of spread expressed in feet -per-minute.

Burning Index (Bl) - 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 length® based on the
Spread Component (SC) and the available energy (ERC) to calculate flame length from
which the Burning Index is computed. [

Ty

BI = j, Fy, by (59) osteron]



https://en.wikipedia.org/wiki/National_Oceanic_and_Atmospheric_Administration
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#cite_note-NOAA-1

- _ Fire Weather Indices: Fossberg FWI

a non-linear filter of

)gical data developed by

first transforming temperature and

relative humidity to equilibrium

moisture content, then transforming

the equilibrium moisture content to

combustion efficiency. The index is

approximated by F = D((Rate of

Spread) (Energy Release)) 0.46

€ Scaled to represent 0% moisture with
a 30 mph wind.

€ Values of 0-100, greater than 50 is
considered significant.

€ Most commonly used for strong wind




qeg m Hot Dry Windy Index

Max Daily HDW, 1981-2010 CFSR Climatology
44.5°N, 88.0'W

B Above 95th Perc
=1 Abow')oo-?«(mn

{amultipkcatipniofthe z | |~ i
vapor pressure deficit (VPD)
in the atmosphere. Because HDW

mﬁﬂﬂwsonéﬂ and regional e

400

w comparing HDW values from
different locations and times.

Feb Mar Apr May Jun i Ay Sep Ot Now Dec

n
Month
3 Max Daily HDW
= max WI n GEFS Analysis and Forecast & 1981.2010 CFSR Climatology
L 44.5'N. 88.0°'W

~ VPD(Tyg) =@ i Macke, Py pe cbigw v y
is difference between Saturation vapor
pressure and absolute vapor pressure. Not a
ratio like RH.




» Rating System (NFDRS)

m to Forecast Fire Danger Class: 286-APR-21

a daily estimate of wildfire risk.

This uses a system of equations with
~ topography, and fuel types to

determine the fire danger category. .;“; 8 o

¥
{lnne. Ddne.* Inimrg. } @
5 & = R T
T - 3

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




I National GACC Website Portal

Geographic Area Coordination
Centers
Alaska (AKC) &2
Eastern Area (EACC)
Great Sasin (GECC)
Northeon California (ONCC)
Northern Rockies (NRCC)
Jm:mu NWCC
ky Mogntain (RMCC
wibeen Azed (SAC
Sc';lr.l.'x\ Caldornia IDS(( |
Southrest { SWCC)

National

National interapency Fire Center (NIFC) (2

National Ceordination Center (NICC) &
Eredictive Services €

Ewels / Fire Danges

Preparedness Level
1(PLT)

Preparedness Levels

National Preparedness level: 1

Preparedness Level

2(PL2)

Preparedness Level
3(PL3)

Adaghka int

Korthern

Rodhrees

Soasthain

Preparedness Level
4(PL4)

Lasteen Anes

Great Basan

Rocky Mountain

GALE Mame

peagency Cooedination Center
Coondination Center
Coondination Center
Rockiet Coondination Center

L Inerapency Coondination Center

OMC - Diperaticra Horthem Calidornag

O5C - Oiperations Scuthem Caldomnia

Area Coordination Center

Ared Cooednation Denter

Preparedness Level
5 (PLS)

Fuels

=

Geographic Area
Coordination Centers
predictive service
specialists produce fuel
and fire forecasts for ‘
specific areas of the US '
Controlled by the
National mterage cy.

> .\'




Forecasting Workflow.
Vi g" ubDki "Rk

Start with a broad overview of

the synoptic weather conditions.
(1 ] Know the climo. Find your major
features. Do a quick fuels
assessment. Look for favorable
fuel areas. Get rid of any areas :
with QPF greater than .25 inches y
over the last 1-2 days. :

" Basic Fire W
e

Narrow your focus

Begin looking for more

focused/intense fire weather

corridors. Forecast soundings o

offer a great tool to quickly

assess stability and fire
danger. Look more closely at
the fuels. How dry are they?

The detalls -

Really dive into the areas of
potential concern. Look for terraln Sarle
features using land -use maps. Fmd L e
the fuel rich areas and assess the * .« KR
conditions overthem HREF and '

on wind/RH joint probabilities. £
Remember to only draw where fuels
can burn. Urban/wilderness % * Ak

Il



Monthly Probability of a Wildfire =1000 Acres g
August 1 - 31 (1992 - 2020)

I
https://youtu.be/Zr5-HGj9f7A



https://youtu.be/Zr5-H6j9f7A
https://youtu.be/Zr5-H6j9f7A
https://youtu.be/Zr5-H6j9f7A

W Fire Weather Regimes

F P . » " . .
: 0 See this document for an excellent dive into

) different types of fire weather patterns.
Critical Fire

Weather Patterns

0 A variety of fire weather regimes exist across the
> of the CONUS.
United States
0 Every state has some sort of fire weather pagt,f'e
or response.
! O Much of the
- | eagueso for
Forscates Cos Presetod B March 30- APl 2 1999 O Internationally: Australia, Brazil, Port jal/
T bl e Russia, Indonesia, and others are am mI“'-

the OCR process

world.



https://gacc.nifc.gov/nwcc/content/products/fwx/publications/CRITICAL_FWX_PATTERNS_US.pdf

Keep in mind the fire weather ingredients:

Critical Fire
Weather Patterns
of the
United States

1. Low humidity (High Vapor

F
. Pressure Deficit or VPD)_ j" ;

abundance
. High winds

>~ W
=
D
3
®
3
©
@
)
f%

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

INscbaimer Thix docament was scomned e a WORD docwment amd comersed o @ PDF
Care wan kakem & exuare comyrzion war acowate bat errorx sy bine bntrodkeced by
“
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RH thresholds for critical designation overlaid on a landuse map

Red Flag
Warnings have
different
thresholds for
different areas
of the country.

Why?
3 Variety of fuels

3 Variety ofland
USEF R ol

These :
differences are
driven by:

3 Terrain =

3/ Precipacianaiig
distributions - _

o LS X . -



16 1ern Piaiﬁs € Dominated by fast moving
shrub and grass fires.

So%thzm«flmmldf zre Outbreak € Occur ahead of deep 500

mb troughs with strong
low and mid-level flow.

Dryline acts as eastward
boundary. B
Most common durmg the

S

wy k guj W
periods of late Wlﬂtécf“
early spring and-ea

- ‘ \

mid fall. C R
Western US dro--

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




Southern Prai'ng Fire Outbrve»ak - March 14, 2025

i ,,’

Sustained 30-40 mph
Gust 50-70 mph

5-15% RH
M W
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B Southern Plalas" Wzldfzre Outbreak
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ire'Weather Qutlook

RTMA Wind/RH
12Z Fri Mar 14 2025 - 12Z Sat Mar 15 2025

17Z SPC Day 1 Fire
16552 Fri Mor 14

s Extreme (z 3 hours)
= Critical (= 3 hours)
. Elevated (x 3 hours)
- Max Temp = 45°F

SPC DAY 1 FIRE WX OUTLOOK

ISSUED: 06062 03142025

v VALID: 12002 F1§ 014 - 12007 Sa 0315
FORECASTER: MOORE

NOAVNWS Sxovm Prediction Cester. Norman. Oklabomsy

fire Weather Outiook Legend:
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Z2MPAT00 Surface lemp, dingaint, and prsl

€ Dry return flow is characterized by

gusty southerly winds across the
southern and central High Plains
in the absence of deep gulf
moisture. N
Usually driven by low -am
mid-level troughs cros th
Rockies. (Ao
Enhanced by lee AL
troughing/cyclogenesis, sur

Low- level thermalt‘r'uj_

contributes to Iow/FéiH (< (
-



Southwest

€ Npn N| hhsk-Angld ~yv
forecasterism also known as ridge
breakdown

€ A mid-level ridge is broken down
(partially or fully) by an advancmg
shortwave trough.

1 '/-.

3 Winds aloft may not be that stroflﬁ";-.
2 Quiescent but hot weather R\
3 Dry frontal passages "}i' N
— 500 millibar heights 3 Dry Thunderstorms and gusty @ﬁff

=== surface pressure (MSL) € Very common throughout S}J ] mer

and early fall before and aft
Monsoon. '




~ * Southeastem US.

) —

MN[10 m Vh] (mph)

10 m AGL hourly max wind (mph), ensomble mean
daasonn el e

&cT’J' T :/\-._}'\ ’ 3T AAR
VR | P ] 13

Run: Sen 2026-01-25 12:00 UTC

€ Northerly winds behind a

CLEY EECRIT WNEXTM BN IDRY B SORT

SRC 17 00 BYZX Fire (valis 26/322-27/328

— D s
. IS VIOEEEm |0 . mEE oEmEm <
Pl 4 3% 40 o0 “0 "

cold frontal passage ushers
In drier air.

Relative Humidity values
may be higher than you-

SR e 1Y
O et

would expect (30-40%

, S

” ‘

Winds may be lighter t
normally expecteO!r‘(f &

mph) 7S G .




-~ Smaller-Scale Details

H=CFA  +=WS5SL A=CFA +=WSL
®—=CFB DO-=ws ®—CFB DO-—Ws
F— = 100 milei P = 300 mile:

High

steep cross mountain
pressure gradient

MW YOUR WLATWLA

KNOW YOUR RISK.



A—CFA
@ —CFB
p—i

+—WsL
O—ws
= 200 miles

High

o

-

High

A—CFA
@ —CFB

| —

+—=WSL
O-ws
= 300 miles

€ Cold fronts producing very little rainfall but strong wind shifts. -
€ Common across the western US and southern Plains.

€ Can cause rapid fire spread/spotting.

€ South Canyon Fire (Storm King Mountain Colorado burnover 14:smoke










https://cimss.ssec.wisc.edu/satellite-blog/wp- o,
content/uploads/sites/5/2024/02/G16CONUSFireTRGB- J} ;
20240227 1506 to 0228 033l1lanim.gif . >

https://www.voutube.com/watch?v:h11AOszrMO&t:1§-


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

Lee of the Rockies

Chinook Wind Profile

_/ mountain

vave
Westerly Flow Aloft

cold and
stable
air mass

H

Baker : steep cross-mountain
pressure gradient

Grand Jet
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.

Downslope winds
Common through Colorado
Wyoming and Montana.
Weaker during the sumi

through terraiii"r"_
ridge top levek



LR DR DR DR )

cO»

Unusual time of year Dec 31-Jan downslope wind storm gusts to
115 mph supported rapid spread.

$513+ million in damages.

1k structures destroyed and 6k acres 2 fatalities.

Most damaging fire in CO history after only 12 hours.
Exacerbated by expanding Wildland Urban Interface and poor
open space management practices.
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nta Ana win
Santa Ana ds € A localized type of Foehn

F Nk wind driven by offshore
Surface high

pressure gradients.
pressie € Adiabatic dryingand
s N advective drying va. he.
H R\ | Great Basin produce - -
extremely low RH as |
Pacific Ocean 1-3% ym{ \olGrs
CALIF. L . = € Winds m&y, «ceed B A
o Strong through terrain/ and gaj
Los Angeles o northeast € Extreme fw )i or Lo
Lower pressure Wings : | devel&ps( as a ,‘ ion
L off the coast of very comb
MEXICO and extrem
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Critical Winds

Foehn Winds

Santa Ana Winds

= Originates in the high deserts
of southern Califomnia.

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

* Downslope off shore flow
develops.

= Can create critical fire
weather situations in
southern California.

NumV.yDy

Wind Svstems
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Critical Winds

Santa Ana Wind Storm

Santa Ana Wind Storm Romero Wildfire Los Padres NF Oct-10 - 71

* Romero fire October 10, 7 e - \ | =4 |
1971 =z ' TEMPERATURE ;
’ > - , + 1 -+ + - J oo*l
* Note the sudden = Santa Anna Wind Storm |
temperature rise and RH — - SR B e e
— 1 IRELATIVE | I
dlep when the Santa Ana j== HUMIDITY — %
winds develop = - e 2

0%

: - - — %
90 MMM w0 W\ 2280 22 o 20 S48 o e

Wind Svstems



What creates

© High pressure builds
dangerous winds over the Great Basin.

-Pﬁ&—.
The Diablo winds that were forecast Z}’;’;ﬁﬁ‘s‘;“c’,{:‘e&m
for Northern California usually come
in the fall, but their behavior is hard © Jet stream adds
to predict because mountains, to downward push
valleys and even cloud formations of strong winds

can alter their speed and directon.

© Hot and dry
offshore winds -

© The excessive O Squeezing through © Winds come into O High-pressure wind cascades over the Sierra
wind can cause canyons and gaps of contact with warm mountains. The air is compressed, increasing
power lines to the coastal mountain Central Valley air, temperature and reducing humidity.

topple and ranges, wind speed is increasing its

spark, setting dynamically increased temperature. *\v\G

fires. toover 40 mph.

i

Sources: National Weather Service; NOAA John Blanchard /7 The Chronicle
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Camp Fire Nov 2018
153,000 Acres
18,000 Buildings Destroyed
85 Fatalities $16.5 Billion
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http://www.youtube.com/watch?v=dyfJYOZgiyA
https://www.youtube.com/watch?v=dyfJYOZgiyA
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Palisades & Eaton Fires
January 2025
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~18.000 Structures damaaed or destroved



Palisades & Eaton Fires
January 2025

29 Fatalities R
e

~18.000 Structures damaaed or destroved .
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s are often characterized by warm temperatures, low relative humidity,
“ i~ p HptDry WikidyM
the potential energy of a material. High winds bring oxygen
creating spot fires. Literally fanning the flames.

atmospheric instability can also drive fire weather. Hot dry aﬁdd
M conditions can be just as dangerous as hot dry and windy. P
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€ Fires can create their own environment from strong buoyant updrafts collapsmg@n@in'
reforming.
€ Plumes can loft embers for mlles and create strong inflow/outflow vunds\,omil s
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Pyro Cumulus



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