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𝑍= 𝜆↑4 /𝜋↑5 |𝐾|↑2  𝜂	



𝑍= 𝜆↑4 /𝜋↑5 |𝐾|↑2  𝜂	Reflectivity	Factor:	
“What	we	see”	
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𝑍= 𝜆↑4 /𝜋↑5 |𝐾|↑2  𝜂	

Radar	Wavelength:	
Typically	5	or	10cm	
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𝑍= 𝜆↑4 /𝜋↑5 |𝐾|↑2  𝜂	

Complex	Dielectric	Factor	
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The Camp Fire: Preliminary Results 

•  Base	map:	Landsat	pass	
•  Radar-derived	isochrones	
•  Every	5	minutes	

Work	being	led	by	Neil	Lareau	(UNR)	
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Peace	et	al.	2017	
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The	Carr	Fire:	

Lareau,	N.	P.,	Nauslar,	N.	J.,	&	Abatzoglou,	J.	T.	(2018).	The	
Carr	fire	vortex:	A	case	of	pyrotornadogenesis?	
Geophysical	Research	Letters,45,13,107–13,115.		
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 581 

Figure 4. Echo-top heights obtained from radar observations. Hourly values are shown from 582 

1800 LT on Black Saturday to 0200 LT the following day, representing the highest echo-top 583 

recorded during the 1-hour period starting from the time shown. Coastlines, latitude and 584 

longitude are shown.  585 
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 586 

Figure 5. Temporal evolution of the lightning and fire activity. Lightning activity (blue '+' 587 

symbols) and active fire observations from satellite overpasses (red regions) are shown during 588 

the hours of 1500 LT and 2300 LT on 7 February 2009 as well as 0200 LT on 8 February 2009. 589 

Data are presented in hourly intervals from 1500 LT on 7 February 2009 to 0200 LT on 8 590 

February 2009 in panels a) to l), respectively, representing all observations within one-hour 591 

periods starting from the specified times. The hour is listed at the top of each panel, followed in 592 
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Convective Outflows 



greater evaporation and stronger downdrafts (Wakimoto
1985). As will be seen, precipitating clouds developed over
the region by midafternoon on 26 June with much of the
precipitation evaporating before reaching the ground, an
ideal situation for strong downdrafts.

b. Satellite imagery

A sequence of two GOES-13 water vapor images
24 h apart in the late afternoon on 25 and 26 June
(0102 UTC on 26 and 27 June, respectively) is shown in
Fig. 10. A plume of moisture extended northward
along the Arizona–New Mexico border into eastern
Utah–western Colorado on 25 June (Fig. 10a), and then
into central Colorado on 26 June (Fig. 10b). The 6.5-mm
water vapor channel has maximum weighting in the
300–500-hPa layer, so the axes of theGOESwater vapor
plumes do not coincide exactly (are displaced east-
ward in this case) with the positions of the moist
tongues (Figs. 6c,d). The lines of storms that de-
veloped over central Utah at 0102 UTC 26 June were
linkedmost closely to the axis of the precipitable water

maximum (Fig. 6c). Twenty-four hours later (Fig. 10b)
the convection shifted to central Colorado, where it was
tightly aligned along the rather narrowupper-tropospheric
water vapor plume. The eastward shift of the axis of
upper-levelmoisture is consistent with the increased PW
above 600 hPa at 0000 UTC 27 June (Fig. 9).

5. Mesoanalysis of convective systems on 26 June

The convective system that eventually impacted the
Waldo Canyon fire first formed over the San Juan
Mountains in southwestern Colorado at midday on 26
June (Fig. 11). As this sequence of visible images
shows, the convective complex (indicated by a circle at
2030 UTC) grew in size over a 6-h period and moved
northeastward, passing to the northwest of Colorado
Springs. As will be seen, even though the storm did not
pass directly overColoradoSprings, the downdraft outflow
from it had a major impact on the evolution of the fire.
As the convective system over the San Juan Moun-

tains grew in size and moved northeastward, it produced

FIG. 12. Winds (m s21: one full barb 5 5m s21, one-half barb 5 2.5m s21), temperature and dewpoint (8C), and
mosaic base radar reflectivity for the periods (a) 2100, (b) 2200, (c) 2300UTC26 Jun, and (d) 0000UTC27 Jun 2012.
Two gust front (GF1 andGF2) positions (dashed lines) are located based on high-time-resolution data from surface
stations and radar reflectivity and velocity data from Denver (FTG) and Pueblo (PUX) radars (red circles). See
Fig. 4 for locations of stations. Red arrow points toWaldo Canyon fire and blue arrows indicate direction of surface
flow. Locations of meteogram sites (APA, RAM, COS, and PUB) in Fig. 13 are indicated in 2100 UTC panel.
Smoke plume is reflectivity maximum to the northeast of the fire location in (b) and (c), which shifts to more
easterly direction at 0000 UTC in (d). Terrain interval is 200m.
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The	Waldo	Canyon	Fire:	
Johnson	et	al.	(2014)	
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Quick-deploy 
PAWS 

Portable dual-pol,  
X-band Doppler radar 

Fire Certified Personel 

Timelapsing 
Cameras 

Aerological Sounding 
(weather balloon) System 

Mobile Radar Observations 



Reflectivity and Doppler Velocity 
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Dual Pol 
dBZH	

RhoHV	

Zdr	

LCL	
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Spotting: Mt Bolton Bushfire Findings 

Mt	Bolton	Bushfire	

15:59	14:23	

14:22	
Days	later…	
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Fig. 3. Change in area and plume volume for fire–radar pairs (a) Aberfeldy (IDR68), (b) Beechworth (IDR68), (c) Beechworth

(IDR49), (d) Bunyip Ridge (IDR02), (e) Grampians (IDR14), (f) Kilmore (IDR02), (g ) Tostaree (IDR68), (h ) White Timber Spur

(IDR68). Volumes are calculated filtering out returns below 10 dBZ and calculating the sum of returns within a 60-km radius of the

fire location. Points represent fire observations.
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(IDR49), (d) Bunyip Ridge (IDR02), (e) Grampians (IDR14), (f) Kilmore (IDR02), (g ) Tostaree (IDR68), (h ) White Timber Spur

(IDR68). Volumes are calculated filtering out returns below 10 dBZ and calculating the sum of returns within a 60-km radius of the

fire location. Points represent fire observations.
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Duff	et	al.	(2018)	
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Clements et al.  RaDFIRE BAMS  55 

 1061 

 1062 

 1063 

Figure 12.  WCR observations from a UWKA flight leg at 7.3 km MSL spanning 30 1064 

August 001500-001820 UTC and tracking from southwest to northeast (Fig. 2).  Data 1065 

from both the upward and downward antennas are combined in this rendering.  Panel (a) 1066 

Wyoming	King	Air	
Aircraft	Mounted	W-band	Radar	
Clements	et	al.	(2018)	
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 1039 

 1040 

 1041 

 1042 

Figure 10.  (a) Topographic map of domain where the UWKA sampled the Pioneer Fire.  1043 

Gray scale for topography shown at right.  Boundary of the Pioneer Fire as of 30 August 1044 

0616 UTC is indicated by the red line.  Green and blue lines represent the location of 1045 

UWKA flight legs on 29 August between 224340 and 224640 UTC and on 30 August 1046 

between 001500 and 001820 UTC, respectively.  The positions and view angles of 1047 

photographs taken from the UWKA at 2238 UTC (b) and 2358 UTC (c) on 29 August are 1048 

indicated.  1049 
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