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* Observations

— Early windstorm

— Approach of the fire

— Videos from the neighborhood

— Observations from the neighborhood
— Radar imagery

* Timelines for Evacuation and Warning
* Review of fire spread modes in Superior and Louisville

* Discussion
— Wind-enhanced fire?
— Urban firestorm?
— Fire-enhanced windstorm?

*  Recommendations
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National Weather Service Grid Point Forecast for Superior

Point Forecast: 2 Miles W Louisville CO
39 96N 105.18W (Elev. 5597 it)
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Observations: Early Windstorm

*  Windstorm began rather abruptly around 8 AM

* Featured dramatic changes in wind direction at times for the first 1.5 h
— Around 8:45 AM, a very strong wind out of the South blew the tumbleweeds northward for maybe 30 seconds
— About a minute or two later, a strong wind out of the north was blowing the opposite directions
— | remarked to my family that the rotor was likely overhead
* The early portion of the windstorm was rather typical, in which the strongest winds were well to the west of
us

*  Run-of-the-mill winds of 55-65 mph through ~10 AM

resitiGiutOadd footer

LABORATORY

NCAR |




National Oceanic and Atmospheric Admin.

@ National Weather Service | \earier & nazaros oataviewer 10:00 AM i Feedback

o P e e r: , =~ . TR =
© & o untarin-Parks J/’& 2 0//_.'r d : B\ i — - 4
3 & S [ - - Dillon-Rd - ™ R
z o . ‘ 3431 e B *
SOL‘A‘{h & \  Tawn s.zﬂuperior Thee WestAdmar | : Ebarl
Bouider 7 ; 9 pﬁy s_ \ East \ P
7 > ntlium
Pk < o = | liun
+ ¢ 2 & ' : N L Py :
BOULDER MOUNTAIN. N&)\ ? of \ b%o L (CHPatRQE
=— Walker Ranch V_‘Q\\\ ¥ Purple %y =
7 % - @a
e Park 44 25‘%‘]4‘) Tape Dr f=t
%
5 ot e
Cre )
\\\g}o‘ | & £ \ BOULDER
Z Il N e i e
4 A . > = J = ) BROOMFIELD
7% r N £
3s+ % ! et 2] 10
R EQ|'dO'I‘€Id0 Commuhnity i
Springs =
- o &) grod Coalton Trl & 1 oot Goalton Rd
e
EHorado i, Rock Cf i
- Canyon & =
D State Park o \
5 2 Coalton A0 Blv®
Eidorado Mountain N Tailhead | ' !
Y = f
= Interiog, \
BOULDER 3 oy S — o< Rocky Mauntain "L ‘
_________________ Ty " = =g T s
Scar Tof JEFFERSCON Rocky Flats N JEFFERSU ’-\;E‘f” 7
Mouhtain =y gy Wildlife Refuge o x
Scag Top Eldorade Mouniain creek 5636 ft :
Mountain Eldorado ?\?Ck Rocky Mountain
Canyon b Walnut Meatropalitan
State s Creek Airport
Park it L43g20 ~ -
Prsane o 3 BROOMFIXL
! Westmoor 5 24 ( } Vi =
C Technology _ 12 =N
\Na'm" Creek Park WG, '
Crescent Mountain ® o. & :
3 Dept of =
E oy pyorTe A
= Energy Rocky Wi108th Ave
Flats Site )
AR o ' — L) L
P 2 “ 6315 f
Feak + > @ p T
Standle
! & Lake High Clko
} : : Roc ky School] Wallacs
| c }Al Flats Nat'l
| a3 Nikdlife
Refuge ~ W 100th Ave
. ROCKY FLATS ‘ 34 35
Biug Mountain
0 aig DY Cre Y~ S ) Yo -
umt .28 ° S asp £ Standley Lake e ¥
A 38.23 8 36 cande @ ""fw/ (77} il 73 (e ol
3 105 atway~ry = 7 i
o < Standley Lake '-g‘
! ST A 3 L7758 _'7': z Regional Park =
\ Gk Chy =4 x
: 3 285 b TS B, E
; § 53 P &
— ) - //r- >
— b
34 r W B6th .':'t(-'\‘y,
- Rélston Buttés \ - == \-—42.28
94923 : -105.2504 " S (I e Sayy s\ 116
it S LAt GWheh 1= Wi el i

aflet | Powered by Esri | UCB CAD/GIS Office. City of Boulder, City of Wegtminster. vaﬁ of Supen'o; Bou‘!-der County. County and City of Denver, Jefiferson County, CO. Bureau of Land Management. Esri. HERE, Garmin, INCREMENT P USGS. METI/NASA NGA EPA USDA



10:07 AM




National Weather Service

National Oceanic and Atmospheric Admin.

WEATHER & HAZARDS DATA VIEWER

Max gusts as of 10:45 AM

X Feedback

Frederick

E-gﬁm 4

2

7 k
| . @ Vit #
? P e 1 ¥ o~ e 5 . o
: B Jamestown Ludlow m
* o ' 271
& >
olx QA Niwot Ent
+ j;? A= ¥ Gline :
z South 5“1 iy
i g Duck O = Mineral-Rd 52 — —
/"2 ’Lmi. 4@ “\kand cye® X :
< ¢ Warn e\
g . 3 { =
4 Q | % A
{ — - A
‘ \\e 9 Erie
} 2 &
( JKraft
@ Betasso
Prassme 0
§ = N
— 7 Kiwe)
| , % 6 s i
! f creet T AT 3
. Tabermash ~ Cariboy e |
T\ / Ranch Nor,!h Bouy '3‘31?“" r;f’m
5 : @ g est-Pky,, & 1
< W W
({-\ﬁ / \\' \ m'ul’vlllt‘ @B : ,/'/v\°“ %4
@B \‘ - Nederland Boulder \ Wy
t I S A !
) 2 ) 5 Mountain Park ¢
Fras ¢ Walker % sl ; =
N N — ” -
.\\,\ (] ' Ranch : (&% - \(\,}/ w
| o MET B L0 F - AT SSRGS N e - AL i ’ ! e
\\ o . Edomdd % Coalton A | BRO""
\Winter Park 4 odaf Gresk ; Canyon maibead ) SET]  Broomfield “
i o | Stata A e
L AR e P S outh : L N G A e ey i i B e —‘;r\r plpritiglenniely)
\ 2 ) Dept | h °
BN ; m vla of Energy e o 17 @3
\ { § . @ Rocky Flats »——__ 47
N YAk - Site :
] \ ak s y “ Roc ky Flats Nat'|
,.,  Wigs mess , : Wikdife Refuge. 1 Thornton
|
‘ ‘\ ' W Standley ._ak“ Westmlnster
‘}' G W Gokden | 105 Regional F‘wrk
SiLp Gate Canyon Lo *TStody Are
73 )'] I>\~" B State Park g = § g e I oo 100 @
1/ i 3 ; ‘
) - \ w 4g| i 0
v, / ort
quez q { - > . C/eé, % Whites \ \ %
- =) le N\~ C 1 . . -
aak f ) A g B Ie% > F\.:mth
amess o P P I =) Paf \
< f \ o ! - o \
o S Central City _ Arvada,
~ \ " ¢ ] i Douglas m
5 419 X e | Moufitain North Table
= ? Study Mauntain
e '1 i 4 o L LKea “ Park =
! e \ Mount b Q% o
NSl Empire - Galbraith. ©
=i t Fark | “Golden o
Centannial L *d ¥
Coné’ Park e Camp %3 =
PR Winds % Gearge
LR o~ Sadde .o We st
Jréek CanyonPark Fark /)"4,
Genasee - ~on ""15[ 5
Frederic
2 -
12849 - 10534653 ayden i

E-160th-Ave




11:02 AM




Anjan Sabkota (YouTube, Fc
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CO-109
Hwy-93 and CO-72
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Max gusts as of 11:27 AM
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@ Xcel Energy*

Power Outage Map @ 11:33 AM
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Observations: Approach of the Fire
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Rob Kelly (YouTube)




Approach of the Fire

esearcnamrucanons | V1d€0 credit: Makia Minich
NCAR | 538588 https://www.youtube.com/watch?v=-dT9D5zrBbs&t=1s&ab_channel=UnknownOverland



https://www.youtube.com/watch?v=-dT9D5zrBbs&t=1s&ab_channel=UnknownOverland

Photo/video sequence by Elena Familetto

11:55 AM
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Video by Elena Familetto
12:04 PM
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Video by Elena Familetto
12:05 PM
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Video by Elena Familetto
12:07 PM
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Photo by Elena Familetto
12:10 PM

NCAR RESEARCH APPLICATIONS
LABORATORY



Observations of the Fire Arrival

* My instrumentation:

— Dauvis Instruments Vantage Pro2

« Anemometer on a tripod mast 7 ft above the roof
crest at a height of 33 ft above the ground

* Integrated sensor suite in the backyard at 5-6 ft
— WeatherFlow (predecessor to Tempest)
 Anemometer co-located with Vantage Pro2

« Temperature sensor on front-porch railing in
radiation shield

* My neighbor’s instrumentation:
— Consumer-grade station (Ambient?)

— Mounted at about 6’ on the top of a fence in back
corner of yard

— Winds likely sheltered by proximity to the top of
the fence
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Sea Level Pressure - AIR (1080) Front Porch with radiation shield
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Sea Level Pressure - AIR (1080) Front Porch with radiation shield

12/30/2021 11:10 AM
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Temperature - AIR (1080) Front Porch with radiation shield -

12/30/202112:00 PM
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Observations from the Neighbor’s Station (KCOLOUIS54)

December 30, 2021
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Summary
December 30, 2021

Temperature
Dew Point
Humidity

Precipitation

Wind Speed
Wind Gust
Wind Direction

Pressure
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High
46.6 °F
19.4 °F
66 %

0.00 in
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30.2 mph
43.4 mph
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Low
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Photo by Brian Giles
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Weather

Last Report of my Tempest
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A pause for some dynamical interpretation

« Streamwise vorticity generated by the updraft bending up the horizontal axis roll
vorticity downstream of the plume?

« Or something else related to structure of the windstorm?
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Doppler on Wheels (DOW) Observations
Thanks to Karen Kosiba (CSWR)

From later in the event
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View of Smoke Plume from Louisville

Video by Lisa Young’s husband @ 12:18 PM
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Progression of fire into Louisville
Photo by Lisa Young Grass fire @ 1:58 PM | _A 2:17 PM?
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The Aftermath
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Fire Investigation on January 13
Insurance Institute for Business & Home Safety (IBHS)

A national team of experts was assembled to examine the modes of fire spread and

impact on structures. The team included representatives from IBHS, Boulder County’s

Firewise Program, several university professors and post-docs, and at least one
representative from the reinsurance industry.
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Role of Grass - Oct 20, 2021

Mature, thick grasses
Only mowed within ~6 ft of fences

Residents not allowed to mow grasses in
open space behind their properties

Photos by Lisa Young
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Review of Fire Spread Modes

®* Onceinthe WUI, fire spread through a mixture of discontinuous fuels and via ember showers
* Normally, burning grass produces embers that are not large enough to catch a house on fire

°* When the grass fire got to Sagamore, there were some tumbleweeds which had accumulated against the dual fences
between the open space and the abandoned railroad right-of-way. One resident describes these catching fire and
getting lofted in the wind as "firebombs". These larger weeds likely led to the embers that caught the houses on fire,
whether through the attic, decks, or from igniting vegetation near the house

— Once one house went, all adjacent houses were practically guaranteed to be lost due to the 10' spacing
between houses and lack of effective firefighting in Sagamore that day (due to high winds, low water pressure)
* houses can catch fire from radiant heat of a house burning even 25 feet away

— Due to the proximity of houses and very flammable exterior materials, there was little hope to save the
neighborhood

®* Sagamore burning down in 100+ mph winds lead to a huge ember shower which likely traveled for thousands of feet,
igniting structures in Original Town, Coal Creek Crossing, and the Elements Hotel.

®* Embers from these new burning locations may have sparked the grass fires which raced up through the open space in
Louisville to Coal Creek Ranch and St. Andrews Lane, etc. Any larger weeds likely contributed to local embers which
caught people's decks on fire, etc. But long-distance embers also likely contributed to catching homes on fire

®* More burning houses in Louisville contributed to more large embers, and so on

® Fire spread via grass stopped near Monarch High School where the grasses were trimmed very short

°* Insome areas, homes burned down hours after the grass fire went through due to spot fires (e.g., in Rock Creek and
some parts of Louisville). Wooden fences played a role in propagating these spot fires to houses in some cases
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The Chisholm firestorm: observed microstructure,
precipitation and lightning activity of a pyro-
cumulonimbus

D. Rosenfeld’, M. Fromm?, J. Trentmann?, G. Luderer*”, M. O. Andreae?, and R. Servranckx®
TInstitute of Earth Sciences, The Hebrew University of Jerusalem, Israel

2Naval Research laboratory, Washington, D.C. 20375, USA

ZInstitute for Atmospheric Physics, University of Mainz, Germany

4Max Planck Institute for Chemistry, Mainz, Germany

SCanadian Meteorological Centre, Meteorological Service of Canada, Montreal, Canada

“now at: Umweltbundesamt, Dessau, Germany

Abstract. A fire storm that occurred on 28 May 2001 and devastated the town of Chisholm, ~150 km north of Edmonton, Alberta,
induced a violent fire-invigorated cumulonimbus cloud. This pyro-cumulenimbus (pyro-Cb) had overshooting tops of 2.5-3 km
above the tropepause, and injected massive amounts of smoke into the lower stratosphere. Fortunately, this event occurred
under good coverage of radar, rain gauge, lightning and satellite measurements, which allowed in-depth documentation of the
event, and gave us an opportunity to study the cloud top morphology and microstructure, precipitation and cloud electrification of
the pyro-Cb.

The combination of heat and smoke created a cloud with extremely small drops, which ascended rapidly in violent updrafts. There
appeared to be little freezing up to the homogeneous freezing isotherm level of ~38°C. A cloud with such small and short-lived
highly supercooled drops is incapable of producing precipitation except for few large graupel and hail, which produced the
observed radar echoes and charged the cloud with positive lightning. The small cloud drops froze homogeneously to equally small
ice particles, for which there is no mechanism to aggregate into precipitation particles, and which hence remain in the anvil. The
lack of significant precipitation implies that only a small fraction of the smoke is scavenged, so that most of it is exhausted through
the anvil to the upper troposphere and lower stratosphere.
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Firestorm Definition

« A firestorm is a conflagration which attains such intensity that it creates and sustains
its own wind system. It is most commonly a natural phenomenon, created during
some of the largest bushfires and wildfires. Although the term has been used to
describe certain large fires, the phenomenon's determining characteristic is a fire with
its own storm-force winds from every point of the compass towards the storm's
center, where the air is heated and then ascends.

1. American National Fire Protection Association 2005, p. 68.

2. Alexander Mckee's Dresden 1945: The Devil's Tinderbox

3.2~ "Problems of Fire in Nuclear Warfare (1961)" (PDF). Dtic.mil. Archived from the original (PDF) on 18 February 2013.
Retrieved 11 May 2016. A fire storm is characterized by strong to gale force winds blowing toward the fire everywhere
around the fire perimeter and results from the rising column of hot gases over an intense, mass fire drawing in the cool
air from the periphery. These winds blow the fire brands into the burning area and tend to cool the unignited fuel outside
so that ignition by radiated heat is more difficult, thus limiting fire spread.
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https://en.wikipedia.org/wiki/Firestorm#CITEREFAmerican_National_Fire_Protection_Association2005
https://en.wikipedia.org/wiki/Firestorm#cite_ref-2
https://en.wikipedia.org/wiki/Firestorm#cite_ref-3
https://web.archive.org/web/20130218040912/http:/www.dtic.mil/cgi-bin/GetTRDoc?AD=AD673703&Location=U2&doc=GetTRDoc.pdf
http://www.dtic.mil/cgi-bin/GetTRDoc?AD=AD673703&Location=U2&doc=GetTRDoc.pdf

Discussion: Urban Firestorms

Firestorm

* Past notable urban firestorms
— Great Kanto Earthquake of 1923 Allle d Alrp ower and
* A fire whirl went through the central

district the Destruction of

* 38,000 people incinerated

o Half q million structures burned Potential firestorms [ edit]
° 1.5 million made homeless

—  World War |l Portions of the following fires are often described as firestorms

* Dresden « Great Fire of Rome (64 AD)
* Hamburg e Great Fire of London (1666)
* Tokyo « Great Chicago Fire (1871)
* Likely required conditions: « Peshtigo Fire (1871)
— High fuel loads « San Francisco earthquake (1906)
— Multiple fire sources « Great Kantd earthquake (1923)
« Tillamook Burn (1933-1951)
* Additional contributing conditions: » Second Great Fire of London (1940)
— Surface winds not too strong? * Ash Wednesday bushfires (1983)
— Strong low-level jet » Yellowstone fires (1988)
— Helps if fuels can be mobilized by « Canbemra bushfires (2003)
extreme winds e Okanagan Mountain Park Fire (2003)

e Black Saturday bushfires (2009)
« Fort McMurray wildfire (2018)

¢ Predrogao Grande wildfire (2017)
e Carr Fire (2018)

Marshall De Bruhl
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https://commons.wikimedia.org/wiki/File:Firestorm_thermal_column.svg
https://commons.wikimedia.org/wiki/File:Thermal_column.svg
https://commons.wikimedia.org/w/index.php?title=User:Dake&action=edit&redlink=1
https://commons.wikimedia.org/wiki/User:RicHard-59

A Fire-enhanced windstorm?

* Modification of stability by the heat release from the fire

NCAR RESEARCH APPLICATIONS
LABORATORY




» na‘ & ;
g = s . 1
" . Erie
4
- L]
3 ' e b s n
Lafayette 2
. " 7 wildfire Risk
n/—.—/ - '-vmm
= " o | Low |
B o ‘ Moderate
o® | | Hon

"l el S Vel +r"_,s

o ; 0 1 2mi| e
g Broomfield {

5l

 a™p 4 :ZNgrt'Fglenn

NCAR RESEARCH APPLICATIONS
LABORATORY



Potential Fire Intensity
CSU Wildfire Risk Public Viewer
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Recommendations for more Fire-Wise Communities

* Require that all new construction in Louisville and Superior include fire-resistant elements
— fire-resistant siding and roofs
— non-flammable materials for decks
— soffit-screens and other ember-resistant vents
— flashing between gutters and house
— 5 feet of space with all non-combustible materials and landscaping around each house

*  Work on retrofitting existing houses as feasible
— When siding is replaced, upgrade to fire-resistant siding
— When a new roof is required, install ember-resistant vents
— Give incentives for homeowners to "harden" their houses to fire.

* Keep open space and park grasses trimmed to very short levels during the windstorm season
* Replace all wooden fences with fences made from non-combustible materials

*  Homeowners should maintain their properties in a fire-safe condition during the dry months
— rake leaves
— make sure leaves don't accumulate on roofs and gutters
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Update since this talk was given

In March 2022, the National Institute for Standards and Technology (NIST) and Insurance
Institute for Business and Home Safety (IBHS) released a report, entitled: “WUI
Structure/Parcel/Community Fire Hazard Mitigation Methodology”

 Article about the report: https://www.nist.gov/news-events/news/2022/03/nist-offers-
first-kind-guidance-holistic-home-and-community-wildfire

* Link to the report:
https://nvipubs.nist.gov/nistpubs/TechnicalNotes/NIST.TN.2205.pdf

Take home messages:

« It’s important not to skip any of the 40 aspects of wildfire resistance (a million embers
hitting your house is going to find the one vulnerability).

* Resilience needs to include both structure-based mitigation and community-wide
preparation.



https://www.nist.gov/news-events/news/2022/03/nist-offers-first-kind-guidance-holistic-home-and-community-wildfire
https://nvlpubs.nist.gov/nistpubs/TechnicalNotes/NIST.TN.2205.pdf

