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June of 1990 will long be remembered as one of the hottest 83204 E-Mail: dgoens@pih.nose- gov

monthsin Arizonahigory. Thetemperatureroseto 122 F
(50C) in Phoenix and to 106 F (4 1 C) in Payson on June 26.
These temperatures established anew daily record at

Phoenix's Sky Harbor Airport, and equaed the June record perssted. These conditions combined to produce critically
temperature in Payson. Along with the record hedt, an high fire danger throughout Arizona, and epedidly inthe
extended period of drought Mogollon Rim country and the Tonto Nationdl Forest north of

Payson, AZ (Figure 1).

Thetopography of the Mogallon Rim provides afavorable
forcing mechaniam, which contributes to the devel opment of
thundersorms when the convective environment isfavorable
Around midday on June 25, 1990 isolated thunderstorms
began forming dong the Mogallon Rim, and a gpproximatdy

. 1230 MST lightning parked awildand fire. Thefirewas
Arlzona reported to the U. S. Forest Service in Payson about 1315
MST. Resourceswere marshded and aninitid atack force
mohilized. By noon on the next day (June 26) over 550 fire
fighters were engaged in battling the blaze that had grown to
about 2000 ac (800 ha). A convection column, aided by
thermd energy and moisture from the combustion, began
forming over thefire by lale morning (1000 MST). This
column continued to grow for the next four hours and became

o afully mature thunderstorm by 1400 MST.
Payson Asthe thunderstorm began to decay, a strong downburst
occurred. Windswere channeled by the topography, causng
'Globe dramatic down and across dopefire goread. Theragpid fire
spreed entrapped deven firefighters tragicaly six of them
peished. Thefire continued to oread actively for another
three days, and wasfindly controlled at 24,000 ac (920 ha) by
duly 14.

Thefactorsof dry fuds, complex topography, and srong
winds contributed directly to the entrapment and fatdities.
Thesefactors are common to other fatdity firesinduding the
1949 Mann Gulch Fre (Rothermd, 1993), the 1953
Rattlesnake FHre (Krumni, 1954), the 1976 Battlement Fire
(USDI, 1976), the 1991 Tunne-Oekland Hills Fire (Goens,
1992), and the
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Fgure 1: The Dude Frewasonthe
Tonto NF (shaded), near the Mogollon
Rim north of Payson, AZ
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Figure 2: Dude Fire Point of ignition and approximate perimeter location at 1300 and 1500
MST on June 26. The entrapment site in Walk Moore Canyon is noted.

2.0 ENVIRONMENTAL FACTORS
1994 South Canyon Fire (USDI/USDA, 1994).

The authorswere members of the arigind interagency 2.1 Topoaraphy
invedtigation team, and participated in collecting fuds,
weether, and fire behavior deta, whichisinduded in the Thefirels paint of igrition (POI) was on asteep southwes-
Off'c'd_'r_‘“dt?} F%‘J_SD’?’ 19r§0)- Our ppee=in facing dope a approximetely 6400 ft (1950 ir) dlevation (see
T e Mést;"e(“tfmdm‘ﬁ paribil 'tFor g]'g Figure ). Thisisanear mid-sope position with the crest of
et bl pose the Magallon Rim 0.6 mile (1 k) northeest and 1000 ft (330
' in) higher. Bdow the POIl the dopeis more gradud, falling

off to about 5600



ft (1700 m) in 2 miles (3.2 km) to the south. Inthisareathe
rim is oriented in a northwest- outheest direction with the
terrain decressing in devation in agenerd southwest direction
fromtherim edge. The entrgpment Stein Wak Moore
Canyon was gpproximatdy 2.5 miles (4 km) south of the
origin a about 5560 ft (1695 m) devation. Thisisasouth
oriented drainege with Sdes doping to 5800 ft (1770 m) on
the west and 5900 ft (1800 m) on the eedt.

2.2 Fud

Fudsin thefire areawere primarily ponderosapine with
an undergory of mixed oak, manzanita, needle and ledf litter,
and scattered large (grester than 6 inch [15 cm| diameter) dead
logs Much of the understory brush was heavily draped with
dead, very dry pineneedles. Fud moisture samplestakenin
theareaon June 26 indicate live fud moigurein the
manzanitaand oak was very low (76%). Nationd Fire Danger
Rating Sysem (Deeming and others, 1977) derived fud
moisture was 3% for fine dead fud, and 8% for the larger dead
fuds Low fud moidure levdsindicate ahigh potertid for
fireignition and spread (Rothermd, 1983). Thesefactors
compounded the fire hazard and potentid. Fud loadsdong
thejegp trall in the battom of Wak Moore Canyon were
reaivey low. Prior to the entrgpment crewswere dearing
brush in that areato creste amore defensible line to anchor
burnout and control operations.

2.3 Weather

2.3.1 Precursor Condiitions

June 1990 was hot and dry across dl of Arizonaand the
desart. Southwest. Below normd precipitation had been
observed for the previous six-month period, and June
precipitation was only 40% of normd a Payson. Generd
drought conditions had persisted for three years and late June
crop moigture indices for the area reflected the perd stence of
"Severdy Dry" conditions.

2.3.2 Synoptic Stuation

Arizonawas under agrong ridge of high pressure. The
axis of the 50kpa high pressure was located from the southern
New Mexico-Arizona boarder northward through Colorado
and Wyoming. Centra height values were above 5%4dm. At
the surface, athermally

induced trough of low pressure wasin-place over western
Arizona Soundings from Window (60 miles[100 k]
northeest of thefire site) a 1200 GMT on June 25 and June 26
were dmilar (Fgure 3) and indicated adassic "inverted V'
profilewhich is rdated to dry microburst thunderstorm
environments (Weisman and Klemp, 1986).

2.3.3 MESO/Microscde Stuation
Complex mountain topography provides adassc focusng

mechanism for convective devd opment (Banta, 1987).
Arizonds Mogallon Rim isa pefect exarple of thiswith
thermal and mechanicd dynamics producing well defined
up-dopewinds during the day under full solar hegting. With
an abbreviated layer of moidture, as exhibited by the Window
sounding (Smiler to Fgure 3), the stage was st for isolated
thundergorms with downburgt potentid. Cumulus douds
began devdoping over the Rim neer the head of Dude Creek
during the late morning on June 25 and lightning parked the
firea about 1230 MST. Outflow winds from the storm spreed
thefireto about 300 ac (120 ha) in 3 hours. During the night,
active burning continued with moderate down dopewind. By
sunrise on June 26 the fire was estimated to be 2000 ac (800
ha).

On the morning June 26, the weether pattern had changed
little, either synopticaly or onthe mesoscde
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Fgure 3: Radiosonde soundings from Window, AZ a 1200
GMT on June 26, 1990 exhibiting adassc inverted V"
profile



The main difference was that an active fire was now
producing additiond thermd energy and moiture from the
combusgtion process Again, the Window sounding (Figure 3)
indicated a dry-downburg environment. Thundersorms
begen forming over the Mogallon Rim and the White
Mountains (about 50 miles [85 km] eadt of thefire areg)
around 1000 MST. The convection column over thefire
began to grow sgnificantly about thistime, and fire crews
around the fire noted indrafts into the column from dl sectors
of thefire

The convedtive cdl's growth over the firewas ill
continuing around 1300 MST, however fire personnd did
report afew srinkles of light rain around thistime.
Additiond energy was added to the cdl around 1400 MST &s
awesk convective outflow boundary from adecaying
thunderstorm complex to the southeest resched thefire area
Agrid obsavations a thistime a0 reported the convection
column hed "iced out”, indicating odl maturity and the
potentid for imminent decay. Hre crewsin and neer Walk
Moore Canyon noted the indraft winds had ceesed and a
complete absence of wind with a"frightening cdm” noted
around 1400 MST. Thecdl then collgpsed dramaticdly,
producing a downburg with winds estimated from 40-60 mi/h
(18-27 mps) by crews on the ground neer the entrgoment ste.
The grong winds lagted only 5 to 10 minutes, then decressed
by about 50% and perssted for another 30 minutes.

Downburgt winds normelly fan out inadrcular direction
from the center of a gaionary convective odl inflet terrain
(Fujita, 1985). Thisfiregoread indl directions (Figure 2)
however, mapping of the actud fire growth indicates
predominate spreed to the south as the downburs winds were

channded by the topogrgphy.
3.0 FIRE BEHAVIOR

For this paper, the fire behavior waas cdculated using the
BEHAVE fire behavior prediction sysem (Andrews 1986)
and crown fire nomograms (Rothermd 1991). BEHAVE was
used to cdculate the rate of goread (ROS) and flamelength
(FL) of thefire spreading through the surface fuds (litter and
brush), and the crown fire nomograms were used to cdculate
the behavior of the crown fire Soreading through the pine
overdory. Cdculationswere run for the period just before the
downburg winds, during the downburst

event and for two hours following the observed pesk winds.
Modd results dosdly agree with the observed fire behavior.
Cdculating fire behavior after the fact based on estimated,
time-averaged wind speedsis, however, very different from
meaking redl-time predictions based on projected wind speeds

The surface fud was characterized as 80% needle litter
(fud modd 9) and 20% undergtory brush (fud modd 6)
(Anderson, 1982). Deed fudls were asigned moisure
contents ranging from 2 to 4 percent. Prior to the downbur,
midflame wind gpeed was assumed tobe 0- 4 mph (0- 1.8
mps). The cdculated ROS ranged from 1 to 9 chains per hour
(20 to 180 mvhr) with FL lessthen 4 ft (1.3 m) with occasond
flamesinthebrush to 7 ft (24 m). The cdculationsindicate
the firewould be within the limits of contral by hend force,
whichwasin fact the case. The cdculated fire behavior for the
urfacefire given the conditions prior to onset of the
downburgt winds is shown on the fire characteridtics chart
(Andrews and Rothermd, 1982) in Figure 4a

In cdeulaing crown fire behavior during and just
fallowing the downburg, the 20 ft (6 m) wind speed was
asumed to be 40 mph (18 raps) for ahdf hour followed by 15
mph (6.7 mps) for another 2 hours. Using the "savere
drought”" crown fire nomogram and 40 mph (18 mps) wind
speed, the average ROS s cdculated to be 3 mph (5 kimvh)
with aflamelength of

FHgure 4a FHre behavior cdculated from modds displayed on
fire characteridtics chart - the surface fire before the downburst
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FHgure 4b: Fre behavior cdculated from nodd s displayed on
fire cheracteridtics chart - crown fire driven by the downburst
winds

170ft. (52 m). For 15 mph (6.7 mps), the average ROSis 0.7
mph (1.2 kevhr) with 60 ft (18 m) FL. Thoseresutsare
shown on the fire characteridtics chart in Figure 4b dong with
the cdculated range and maximum expected ROS. The
cdculated aurface fire behavior isdso shown on this chart for
comparison and to emphadize the dramatic change in fire
behavior thet occurs with srong winds. Spreed distances
usng the calculated average rates of spread compare dosdy
with the observed fire Soreed distances

4.0 SUMMARY

The behavior of the Dude Fre from itsinitiation on June 25
through its rgpid spread on June 26 was not unusua
considering fud and weether conditions: The high probability
of summer thunderdormsin the complex tarain of the
western United Statesiswdl undersood, evenin fairly dry
amospheric regimes. The Haines Index (Haines, 1988; Werth
and Ochoa, 1993) for both days indicate the extreme potentia
for rgpid-fire growth and spread, and atmospheric profiles
indicated the potentid for dry microburds. Fire Weether
Forecadts for the area advertised some potentid for
thundersorm activity both days. Predicting the exact location
of thunderstorm formetion is beyond the state of the science,
however topographicaly, favored locations are usudly essy to

identify. Once thefire sarted and had oreed to nearly 2000
ac (800 ha), it was reasoneble to expect awdl-deve oped
convection column due to the favorable amospheric dynamics
and the edditiond impetus of thefire

Forecadting downburgt windsis highly complicated, even
more 0 in complex terrain. Complex terrain tends to channd
thewind, often blocking or enhancing gpeed and direction
(Whiteman, 1990). Because downburst winds tend to be cool
and dense, the enhancement and channding down dope that
occurred in this cage was not unusud.  The occurrence of the
short duration gust front, followed by 20 to 30 minutes of
sudained strong wind, is again within the relm of ressonable
experience.

The extended period of high temperatures and dry wegether
preceding the fire hed preconditioned fuds. Livefudshed
low moigture content and fine deed fuedls were tinder dry.
Drought conditions exacerbeted the Stuation, with large deed
fuels 0 dry thet they became amgjor contributing factor to the
firdsintengty. The downburst winds caused thefireto
change from afire backing through the undergtory to afire
thet goread rgpidly through the overdtory.

This paper was undertaken: to further document the
conditionsthat led to the entrgpment and fatdities on the Dude
Fre Hopefully, it can dso be used to heighten the avareness
of the common denomingtors of tragedy fires (NWCG, 1996).
It may a0 be used as a case Sudy by those who are working
to provide methods for better prediction of downburstson
fires
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