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Very Rare Events!!

« Storm developed near the Denver airport and
produced severe weather over a 3.5 hour period and
over 140 miles (well beyond Laramie,WY)

« Large, Long -Track Tornado on Colorado Front
Range

« Damaging tornado in Laramie Mts. (elev. 7500-8700 ft)
In dense fog and temperatures from 43 to 47F

e Laramie hit by F1 tornado

« Baseball sized hail at 8400 ft on the Laramie Range

« Thundersnow in Laramie Range 5 hours after the
tornado moved across the same area (3 to 6”
accumulations)
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Windsor, CO Wedge Tornado

Ted Ullmann
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The Meridional Upper Pattern with
Laramie Range Tornadoes

April 23 1960
June 15 1965

May 22 2008



May 22 2008 12 UTC *’
500mb



mj:’.
May 22 2008 00 UT
o oo 5
& % &

“e



Yio 36
35 9863 -
IQ&:.
5
Sgﬁl\g 4:
7 06
BO—
ngli
38
56
15
047
992 |
iTH
319
34
114 il
34
38 o0 61 018
33 M0~
L
fy:'
40 | g9
32’?3 859
4
12

73 889

May 22 2008 09 UTC g

65 869 3 70 863
3 28

& om n

e



75 892
24




Visible Satellite Loop

+
DELHI




Pueblo

168~ 1 5] = iElllE?a EB =]

FMOEWE T ZET

+
GZROVER:

) S THEF
o] FIZ LA
—
.
FEUSTILC
+PDLIIIIF"E +
- FARE MMM .
EKEQThH
+PINGEEE +
LD FARE - ERIGGSDOALE -
HE
. FA
EATOM
+ + +
DRAEE WIND=0R EnRHESWILLE
-+
GCREELEY
+
LY0ONS -
+ FLATTEYILLE . +
LONGHOMNT FORET
WIGGIMNS HARGE
+
+ EBE¥UN THuoson +
FROSFECT
EOULDER MEl i FY
= + +
ERIGHTEH HOY T

+

L5

=--|:|HFIE|_:F-=I -
-

+
COLDEM




n L ] ‘
oy = e B I (- |
N - R ————
B 122 £ 7 5Tn ¢
1,25 kna 8 _ ”

+
01 EE4BT HEREFORD
Lz

+
GRDUE&

+
WESTFLAINE

+
+ FADORONI
KEQTA

i
3365_1 +_,_,—c§.‘
ERIGESDALE

gghﬂ'ﬂ— +STERLING

+
FLEMING

+
+
BARNESVILLE ATWOOD

+
MERIMNO




.—-'l.!‘\
[ )

+
HEREFORD

-

-
+
GRDU%
-

-

+
WESTFLAIMS

+
R . FAORQNT
¥, ~KEOTA TLIFE

.
ERIGGSDALE™

+
+
EUCKIMGH STERLING

4

¥ ry

'}FLQGLER +s=:|=rn|=r?1.é?,\ +



2

HEREFDRD

+
MIDWAY v

3B _9@1
" zaise '
- ] ¢
1
]
1
[ IS
-
1
iy " 4
. ELER
1
"l
1
L
alTON

+
THURMAMN




a0 T |

+
HEREFORD

1730 UTC=-

N P
ce KEOTH
IE4ES + L
. i ERIGESOALE -,
HEW * 5¥are
PALNEE
54 B ¥ RATHER PASS 5L
+
aTWlED

+
MERINO




_ ;
—.I RN

+
HEREFORD

+
WESTFLAINS

.
ERIGGSOALE
56 .

+
STE
W e o2

+
ATWOOD

+
MERINO

1%

+
MIDWAY
g7 o007 897

@01
=11 E%HRDN

*
‘.



AU "l.llll.ll..l....k
o ﬁ@——

HEREFORD

+
CREOVER
-

.
WESTPLAINS
o
Su ==
ygLo— —wy, =0 o

=) +
FADRONI

u1<§E

53 *eelecsnaLe +
a7 + FLEMING

54”‘“? STERLING

4

+
ATWOOD

+
MER IO

+ +
FLAGLER SEIBERT

-7 METAR. Thu 18:00Z 22-May-08
15 min +Local Data Pllot Thu 18: 307 2Z2-Mav—0R




Why Did the Storm Weaken
In Larimer County?

The storm suddenly moved into much cooler air (55F)
while the elevation changed little. So the potential
temperature dropped sharply.



Distribution of CAPE

Surface based CAPE values were calculated from
surface observations, raobs (18 UTC Denver sounding)
and model soundings.
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Greeley, CO Sounding at 18 UTC from AWIPS
and RAOB

« The 18 UTC Denver sounding was very useful at mid
and high levels

« However, the low to mid-level jet (dry intrusion) was
just east of Denver and not sampled very well

« The Denver sounding was modified at low levels
using the 18 UTC Greeley surface observation



Greeley, CO sounding at 18 UTC (from RAOB)
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Greeley, CO Hodograph at 18 UTC (from RAOB

FT (1000)
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Harriman, WY sounding at 19 UTC
Method and Data Used

» “Mesowest” hourly temperature observations at
Harriman, WY and Lynch, WY

* Hourly temperatures from cooperative observer
2 miles southwest of Harriman

 Widespread dense fog from Harriman to Vedauwoo
Indicates that temperatures were about the same as
the dewpoints.

« The mid to high-level temperatures were determined
from the RUC and Denver 18 UTC sounding.



Harriman, WY sounding at 19 UTC
“Mesowest” T/TD Data Used

19 UTC 'iﬁlexf{ft'} ;Pres.( mb) jSI..-P(’_mb_) T{F) ;Td(F) ;-I\JR(g.."kg’) .‘Jtheta(F)- ‘trheta—e(K) |
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Theta-E vs Elevation at 19 UTC

« Relatively high potential temperature was a large
contributor to Theta-e at Harriman!!
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Harriman, WY sounding at 19 UTC
“Mesowest” Wind Data Used

WYDOT station | | | 19

Lynety(Thgf tornadgat 19 09021226 09020g31 (03019g32 (08020526 (08034535 (06023544 (0704444 0802344 (090820

UTC)

EBuford (7N of tornado at

19 UTC) 0?017020 106023g26 0502932 |07025g36 0503342

03045g45 (08036g50 07045245 0?011g23




Harriman, WY soundlng at 19 UTC (from RAOB)
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CAPE and Freezing Level near Vedauwoo

* There was a slow decrease in surface based CAPE as
the storm moved toward Vedauwoo and beyond.

south of Vedauwoo (8200 ft)
measured atemperature of 44.5 at 19 UTC.

* Despite the temperature being 3.5F cooler, the theta-e
was only slightly lower than at Harriman (333.3K vs
331.8K) since the elevation was 700 ft higher.

 The surface based CAPE was about 600 j/kg with a
very low freezing level of 3700 ft.



Vertical Wind Shear & SRH
for Harriman

Platteville ,CO profiler was missing after 16 UTC

Medicine Bow profiler was too far west

WSR-88D Cheyenne VAD Wind Profile

WSR-88D Base Velocity

 “Mesowest” surface observations
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Vertical Wind Shear and SRH for Vartous Wind
Directions at Harriman at 19 UTC
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Harriman, WY Hodograph for 19 UTC with Storm
Motion 146 at 42 kts and SFC Wind 070 at 35 kts

Storm—-Motion: 146742 kts 200 — FT (x1000)
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* Relatively high potential temperature was a larger

January 24 1964 Montgomery, AL

VS

May 22 2008 Harriman, WY

contributor to Theta-e at Harriman

* Relatively high mixing ratio was a larger contributor
to Theta-e at Montgomery

Elevation (ft)

Pres.(mb)

SFC (F)

SBCAPE
kg

MR (g'kg)

Theta ( F)

Theta-e (K)

01-24-1964

Montgomery

22

1000

68/66

738

13.9

68

3317

05-22-2008

Harriman

7450

754

4747

776

9.2

90

3333




January 24 1964 Montgomery, AL

May 22 2008 Harriman, WY

Montgomery  January 25 1964 02
modified using surface
observations at MGM

Precipitable Water=1.44 in

K-lndex= 31

Toltals Index= 48

Sweal Index= 161

Diy Micraburst Polt= 2: Gusts < 30 kts
Freezing Level= 11381 ft ASL
Wel-bulb Zero Hgt= 10953 it ASL

- Parcel Data -

Initial Parcel Pressure= 1000 mb
Initial Parcel T/Td= 68./66 F

Initial Parcel T/Td= 2013 C
Convective Temp= 69 F

Lifted Index= -2.25

CCL= 943 it ASLA986 mb

LCL=912 it ASLA8E mb

LFC= 948 it ASLA86 mb

LFC2= 1708 it ASLA5%0 mb

Max Hailsize= 5.23 em/2.06 in

Max Vertical Velocity= 33 m/s
Equilibrium Level= 39788 it ASL 200 mb
Approximate Clond Top= 46424 ft ASL
Positive Energy Above LFC= 738 J'ky
Hegative Energy Below LFC= -2 Jikyg

VS

18-

F15

Fi@




Harriman, WY Surface Observation at 19 UTC
T/TD = 47F/A7F

Harriman, WY 754 mb
A4T7FIATF




Harriman, WY Theta-E at 19 UTC
T/TD = 47F/47F

theta-e = 333K

Harriman, WY
47FI47F




1000mb Location Theta-E at 19 UTC
T/ITD =6/7/F/67F

" theta-e = 333K

Location at 1000mb
67FI6TF




Conclusions

« Perhaps the highest elevation tornado to cause
significant property damage occurred on May 22 2008 ?

 CAPE distribution was important for longevity of storm.

 Surface boundaries were crucilal for the Colorado
tornado.

« LCL/LFC heights were low in Colorado and near the
ground in Wyoming.

« Baseball sized hail occurred at 8400 ft on the Laramie
Range with only 600-700 j/kg CAPE. Extreme shear
and 3700 ft freezing level likely compensated for the
marginal surface based CAPE.






