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APPENDIX A

ASCOT 1993 KATABATIC FLOW NIGHTS SUMMARY

This appendix contains descriptions, in short hand format, of the local and synoptic con-
ditions of each night of likely drainage winds for the August, 1993 through October 15,
1993 ASCOT observational period. Generally these consist of nearly clear sky, high pres-
sure synoptic situations. The determination of which days would be summarized was
made by evaluating synoptic conditions for the entire period and selecting those nights
that showed the best drainage characteristics. 3 of the 23 cases reviewed here are used for
case studies in this work as described in Section 3.3. Unless the mountainous region is
specifically mentioned the descriptions are referring to the conditions on the plains Jjust

east of the foothills.

A.l1 CASE 1: 5-6 AUG 93 (THUR-FRI). JULIAN DAys 217-218
Previous conditions surface: Weak summertime trough in the region previous 3 days.
Overcast to partly cloudy during the day of 5 Aug but no rain reported on the plains or
in the mountains to the west of study area.
Surface conditions from Spm-5am LST (00-12Z 6 Feb):
00Z - Partly to mostly cloudy with dewpoints around 10-12°C and temperatures from
13-24°C. Winds are 2 m s™! from the northeast. Some weak thunderstorms developed
despite high pressure to north moving south.
03Z- High pressure weak over the region, weak stationary front to west. Skies partly

cloudy, winds still northeastat 2 m s’
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06Z - 10-13°C in the region with skies evolving from partly cloudy to clear. Winds
light and variable.

09Z - Weak trough north, still high pressure in area, temperatures in the mid-50’s.
Skies are partly cloudy to clear and winds are light and variable.

12Z - Partly cloudy skies and temperatures in the around 11°C. Sea level adjusted
pressure is 1017 mb, clear and calm to the west. Winds at Denver 2 m s”! from west-

northwest.

A.2 CASE 2: 22-23 AUG 93 (SUN-MON). JULIAN DAYS 234-235
Previous conditions surface: A weak frontal passage during the day Sunday causes
temperatures to drop from the around 25°C to around 24°C and the dewpoint from the
around 9°C to around 2°C. Winds from west-northwest at 4.5 m s™! in study region.
Skies are partly to mostly cloudy.
Surface conditions from Spm-Sam LST (00-12Z 23 Aug):
00Z - Winds 4.5 m s”! from west, around 24°C and partly cloudy, pressure 1008 mb
and rising.
03Z - Clear to partly cloudy with temperatures in around 18°C, light variable winds.
Weak trough lingers to the south and east of the study area.
06Z - Trough gone. Clear skies and calm (Denver) to 2 m s™' winds of variable direc-
tion. Temperatures around 17°C.
09Z - No information available.
12Z - Clear to partly cloudy with 2 m s™! westerly winds. Lows down to around 12°C.
1014 mb.

Post case conditions: Calm weak gradient conditions continue. Mostly clear.

A.3 CASE 3: 23-24 AUG 93 (MON-TUE). JULIAN DAYS 235-236
Previous conditions surface: Warm clear day with temperatures around 27°C. Light
winds near 2 m s”! and pressure at Denver at 21Z 1008 mb.
Surface conditions from Spm-5am LST (00-12Z 24 Aug):
00Z - Light variable winds, around 27°C dewpoint around -1°C. Clear skies.

03Z - Cooling fast temperatures around 21°C with clear skies and light south-south-
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east winds at 2 ms™'. 1010 mb in Denver.

06Z - Clear, high pressure (weak) to southwest over Telluride. west-southwest winds
in study area temperatures around 18°C.

09Z - Clear, around 10-15°C, winds south-westerly and 2.0-4.5 m s\

12Z - Clear and 12-15°C. Winds light and west to southwest.

Post case conditions: Clear, temperatures reach around 32°C with around -1°C dew-

points.

A.4 CASE 4: 24-25 AUG 93 (TUE-WED). JULIAN DAYS 236-237
Previous conditions surface: Described above.
Surface conditions from Spm-5am LST (00-12Z 25 Aug):
00Z - High around 27°C, light southeast winds dewpoints around 6°C, clear.
03Z - Clear to partly cloudy, temperatures around 24°C, light southeast winds. small
surface pressure gradient.
06Z - Mostly clear, 21-25°C, light south-southeast winds.
09Z - Approaching front from northwest in central Wyoming. south-southeast winds
at 2.0-4.5 m s”! with pressure dropping to 1005 from 1008 over near 6 hours. Still
clear.
12Z - Front still north, near Cheyenne, Wyoming, winds south at 2 m s™!. Mostly clear.
Post case conditions: Weak frontal passage, temperatures reach around 30°C again.

1

Lee trough develops and winds up to 9 m s™ around trough.

A.5 CASE 5: 31 AUG - 01 SEP 93 (MON-TUE). JULIAN DAYS 243-244
Previous conditions surface: Frontal passage early Monday with a high pressure of
1020 mb strength following. Temperatures around 15°C with dewpoints in the around
-1°C.

Surface conditions from Spm-5am LST (00-12Z 01 Aug):
00Z - High pressure over study area with light variable winds. Partly to mostly cloudy.
03Z - High right over study area with clear to partly cloudy skies. Temperatures

-1

around 9°C, winds light and variable at 2 m s™!, westerly at Denver at 2 m s!. Dew-

points around -1°C.
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06Z - Clear to partly cloudy with around 9°C. high pressure slightly east of study area.
Light variable winds.

09Z - Partly cloudy to clear and 6-10°C. Mostly east component winds. Cold for
August.

12Z - 0°C in Craig, 3°C in Cheyenne, 2°C in Akron. 1025 mb high over Limon. Dew-
points in around -1°C.

Post case conditions: Partly cloudy with temperatures up to 23°C. southeast winds at
2.0-4.5 m s”! indicative of diurnal cycle. Dewpoints high around -1-7 °C. High moving

toward [owa.

A.6 CASE 6: 02-03 SEP 93 (THU-FRI). JULIAN DAYS 245-246
Previous conditions surface: Weak frontal passage Wednesday night with high pres-
sure building in behind. Partly to mostly cloudy skies with some showers overnight
Wednesday. Temperatures up to around 15°C.
Surface conditions from Spm-5am LST (00-12Z 03 Sep):
00Z - 1020 mb high right over region with temperatures in around 15°C, with near
20°C in the mountains. Dewpoints are around 7°C and skies are partly cloudy.
03Z - Clear skies, around 11°C all over with light variable winds near 2 m s™!. 1023
mb sea level pressure.
06Z - High right over area, temperatures 9-11°C, light northeast winds most places.
09Z - Clear skies, around 7°C with light variable winds. 1024 mb high. around -1°C in
mountains.
12Z - Clear skies, temperatures around 8°C on the plains, temperatures around -1°C
mountains. high has moved south to Pueblo at 1027 mb. Light south-southwest winds
<2ms.

Post case conditions: Clear with temperatures up to around 27°C with dewpoints -

7°C to -1°C. Mountains reach around 25°C. Plains winds southeast indicating upslope.

Pressure falls to near 1015 mb.

A.7 CASE 7: 03-04 SEP 93 (FRI-SAT). JULIAN DAYS 246-247

Previous conditions surface: Described above.
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Surface conditions from Spm-5am LST (00-12Z 04 Sep):

00Z - Low around 27°C dewpoints around -3°C to 0°C (very dry). Winds southeast
indicating upslope at 2 ms™!. Slight trough running north-south through Limon.

03Z - Calm to light winds on plains at 2 m s™! and variable. Around the region temper-
atures are near 20°C with a typical sea level pressure of 1017 mb. Skies are clear.
06Z - Still clear, slight trough to the west. Temperatures are near 15°C. Winds light
and variable near 2 m s

09Z - Clear, light variable winds with temperatures around 13°C, near 5°C in moun-
tains.

12Z - Still clear with light variable winds and around 11°C.

Post case conditions: Clear to partly cloudy with temperatures reaching around 27°C

with dewpoints in the around -1°C. Southeast winds and a cold front well to the north.

A.8 CASE 8: 07-08 SEP 93 (TUE-WED). JULIAN DAYS 250-251
Previous conditions surface: Weak frontal passage overnight Monday with showers
dissipating toward case night (Tuesday night). Cloudy skies most of the day, but high
pressure approaching.
Surface conditions from 5pm-5am LST (00-12Z 08 Sep):
00Z - Overcast to breaks in overcast with showers in the Denver area. Indications of a
weak trough exiting the area. Clearing skies to west. around 12°C with dewpoints in
the around 11°C. Winds are variable up 10 4.5 ms™!.
03Z - Partly to mostly cloudy plains, clear west. Temperatures around 11°C and north-
easterly winds at 2.0-4.5ms™'. A 1024 mb high resides over Limon.
06Z - Clear to partly cloudy with temperatures near 10°C. Light variable winds.
09Z - Dewpoints dropping slowly as with lows fall to just under 10°C. Laramie is 2°C
with -1°C dewpoint. Mountains in around 6°C. Light variable winds. Fog possible
with 1021 mb common.
12Z - Clear to slightly cloudy with most temperatures in around 6°C. Light variable
winds. Mountains 2°C with -1°C dewpoint.
Post case conditions: Clear, temperatures reach 22°C with around 0°C dewpoints.

Some surface pressure gradient approaching with a strong cold front in northern Mon-
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tana, northwest winds near 4.5 ms™..
A.9 CASE 9: 08-09 SEP 93 (WED-THU). JULIAN DAYs 251-252
Previous conditions surface: Described above.
Surface conditions from Spm-5am LST (00-12Z 09 Sep):
00Z - Clear to slightly cloudy with around 24°C and near -1°C dewpoints. Variable
winds up to 4.5 m s~
03Z - Clear, around 15°C and light variable winds of about 2 m s, Frontal gradient
close and actual front in soutern Montana.
06Z - Front in central Wyoming, but clear skies in study area. Light variable winds
with around 12°C and calm in the mountains (around 6°C). Pressures near 1012 mb.
12Z - Front approaching Laramie but weakened allowing variable winds upto 7ms’'.
Clear and around 12°C.
Post case conditions: Frontal passage at ~15Z but mostly clear conditions anyway.

No showers but winds become northwest atup to 7 m s°!. Temperatures around 25°C.

A.10 CASE 10: 10-11 SEP 93 (FRI-SAT). JULIAN DAYS 253-254
Previous conditions surface: Lingering stationary front along Front Range with vari-
able clouds that eventually dissipate. Temperatures up to around 21°C with dewpoints
around 7°C.
Surface conditions from 5pm-5am LST (00-12Z 11 Sep):
00Z - Clear to partly cloudy with temperatures 23-26°C and dewpoints in the around
6°C plains, around -3°C mountains. Shower in Denver, winds light and variable up to
2ms.
03Z - Trough eastern Colorado but clear to partly cloudy. Around 18°C with winds
variable up to 45m s
06Z - Around 17°C with near 8°C mountains. Clear, light generally south winds.
09Z - Mostly southwest winds on plains up to 7 m s™! and clear. Temperatures near
14°C on plains, near 5°C mountains (some calm areas). Pressures near 1010 mb.
12Z - Trough still in eastern Colorado, winds southerly and westerly at 2.0-4.5 m s

Around 12°C and mostly clear (around -1°C mountains).
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Post case conditions: Partly cloudy temperatures reach high around 27°C with west-

erly component winds up to 9 m s™! and dewpoints around -2°C.

A.11 CASE 11: 11-12 SEP 93 (SAT-SUN). JULIAN DAYS 254-255
This case night was just before the first snowstorm of the 1993-1994 cold season.
Previous conditions surface: Described above.
Surface conditions from Spm-5am LST (00-12Z 12 Sep):
00Z - Geostrophic wind component from northwest and surface winds were mostly
northwesterly (with some south component) at 2 m s~ Dewpoints around -2°C and
temperatures up to 30°C. Mountains had a westerly component at 7 m s™' with near
25°C. 1003 mb pressure.
03Z - Clear to slightly cloudy with variable winds near 2 m s™!. Temperatures down to
around 21°C.
06Z - Clear to slightly cloudy with south and southwest winds up to 4.5 ms™!. Tem-
peratures near around 18°C. Front crossing Yellowstone running northeast-southwest.
09Z -Temperatures around 18°C plains, around 8°C mountains, clear. Winds south-
southwest on plains, cross-isobaric toward Low in central South Dakota (992 mb).
Calm mountains.
12Z - Front across Central Wyoming, clear and near 14°C on plains, around 6°C
mountains. Variable southerly component winds on plains up t0 4.5 m s™'. Pressure
dropping to 998 mb, front approaching fast.
Post case conditions: Mostly clear with temperatures around 32°C by afternoon. Only
around 8°C in northern Wyoming behind two fronts. 4.5 m s™! winds primarily south

on plains.

A.12 CASE 12: 14-15 SEP 93 (TUE-WED). JULIAN DAYS 257-258
Previous conditions surface: Snowstorm on foothills and plains. 4” near Denver and
east and > 6” above 2000 m MSL 20” on Longs Peak. Snow cover could augment
drainage via additional radiational cooling. Highs up to around 15°C with northwest
winds up to 4.5 m s™'. Clear to partly cloudy during day before (Tuesday afternoon).

Surface conditions from Spm-5am LST (00-12Z 15 Sep):
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00Z - Clear to slightly cloudy, around 18°C, dewpoints around 0°C plains, around -
5°C mountains. A high pressure system resides in central Kansas at 1023 mb. Wind
light and variable.

03Z - Around 12°C, clear, wind variable up to 4.5 m s™!.

06Z - Near 10°C, around 2°C mountains. Weak broken warm front analyzed across
northeast Wyoming and Colorado. Clear. Winds variable up to 4.5 ms™!.

09Z - Around 7°C, around -2°C mountains, clear. Pressure gradient has developed
northwest-southeast near 4 mb across Colorado.

12Z - Low-around 7°C (-3°C in Gunnison), clear. Weakened pressure gradient.
Post case conditions: Clear, temperatures reach 23°C with around -4°C dewpoints.
Low tracks across northern Wyoming giving gradient across Colorado. Weak trough

crosses Colorado west-east.

A.13 CASE 13: 15-16 SEP 93 (WED-THU). JULIAN DAYS 258-259
Previous conditions surface: Described above.
Surface conditions from Spm-5am LST (00-12Z 00 Sep):
00Z - Temperatures around 25°C and clear to slightly cloudy. Dewpoints around -2°C
and winds variable up t0 4.5 ms™!. A weak trough is set up north-south along the Front
Range and a weak low is tracking into east South Dakota with a trailing cold front.
03Z - Clear, around 18°C, weak cold front approaches from central Wyoming.
06Z - Pressure still near 1010 mb. Temperatures around 12°C, Westerly wind in Den-
ver, trough analyzed north-south in east Colorado. Wind up to 2 m s™.
09Z - Front not analyzed. Clear, around 11°C and around -1°C in mountains. Slightly

cloudy.

12Z - Front analyzed through Denver with a wind shift, though still clear to slightly

cloudy. Winds now have northerly component up to 7 m s™'.

Post case conditions: Mostly cloudy, temperatures up to 20°C. Front continues south-

ward to Pueblo.

A.14 CASE 14: 18-19 SEP 93 (SUN-MON). JULIAN DAYS 261-262

Previous conditions surface: Low recently pulled through now in northeast. Mostly
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cloudy skies and generally northwest winds at up to 9 m s™. Calming rapidly as gradi-
ent moves east.

Surface conditions from Spm-5am LST (00-12Z 00 Sep):

00Z - Temperatures are around 18°C, northwest winds at up to 7 m s™!. High (1015
mb) over Grand Junction. Low around -1°C dewpoints around -6°C.

03Z - Clear to slightly cloudy. Calm to light variable winds and around 12°C.

06Z - Calm to westerly-southwest winds at up to 2 m s™!. Near 10°C.

09Z - Around 7°C, clear, variable winds up to 4.5 m s™!. High over Gunnison. Near -
1°C in mountains.

12Z - Around 7°C on plains, clear to slightly cloudy, around -2°C mountains. 1016 mb
representative. '

Post case conditions: Clear, high pressure. temperatures up to 22°C with dewpoints

around -2°C.

A.15 CASE 15: 20-21 SEP 93 (MON-TUE). JULIAN DAYS 263-264
Previous conditions surface: Described above.
Surface conditions from Spm-Sam LST (00-12Z 21 Sep):
00Z - around 24°C, easterly component winds (with slight southerly tendency) up to
4.5ms’!. Clear.
03Z - Clear to slightly cloudy, around 15°C and near 10°C mountains. Dewpoints
around 2°C, wind south-southeast up to 4.5 m s™'.
06Z - Clear, around 11°C, wind southeast at up to 4.5 m s”!. East wind mountains with
temperatures 6-10°C.
09Z - Clear, near 10°C, variable winds up to 2 m s™. Calm at Eagle and 5°C.
12Z - Weak front approaching northwest corer of Colorado and 1011 mb typical.
Around -1°C mountains, around 12°C plains and clear to slightly cloudy.
Post case conditions: A weak trough lingers as the front approaches. Partly cloudy
skies develop after clear morning with temperatures up to around 25°C. Dewpoints

still low near -4°C.
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A.16 CASE 16: 26-27 SEP 93 (SUN-MON). JULIAN DAYS 269-270
Previous conditions surface: Increasing high pressure after frontal passage Saturday.
Partly cloudy skies give way to clearing with highs in the around 15°C. Gradient
reduces.
Surface conditions from Spm-5am LST (00-12Z 27 Sep):
00Z - Weak gradient and clear skies. 1023 mb typical. around 18°C.
03Z - Clear, near 10°C. light southwest winds up to 2 m s™.
06Z - Clear, around 7°C, light variable wind.
09Z - Clear, around 9°C, winds light and variable. Near -1°C mountains.
12Z - Clear around 7°C with light variable winds.
Post case conditions: Clear, southeast winds upto4.5m s", around 25°C, dewpoint

temperatures are near -5°C.

A.17 CASE 17: 27-28 SEP 93 (MON-TUE). JULIAN DAYS 270-271
Previous conditions surface: Described above.
Surface conditions from Spm-5am LST (00-12Z 28 Sep):
00Z - Clear to slightly cloudy, temperatures near 25°C, winds with east component.
Westerly component in mountains.
03Z - Around 17°C, light variable winds upto2m s'l, clear. Near 10°C mountains
with near -7°C dewpoints.
06Z - Light variable winds (some calm), around 11°C. Front approaching from north-
east as defined by wind shift, not much weather.
09Z - Clear, around 10°C, light variable winds, around 0°C mountains.
12Z - Clear around 7°C, light winds. Weak front hangs in northeast Colorado. Temper-
atures are around -3°C in the mountains. 1019 mb typical.
Post case conditions: Partly to mostly cloudy with weak frontal passage. Tempera-

tures near 18°C.

A.18 CASE 18: 29-30 SEP 93 (WED-THU). JULIAN DAYs 272-273
Previous conditions surface: Clear to partly cloudy with weak front analyzed along

the Front Range. Around 24°C with westerly component winds upto 7ms’.
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Surface conditions from Spm-5am LST (00-12Z 30 Sep):

00Z - Stationary front still along Front Range. Winds southeast at upto 7ms ! near
24°C, 1016 mb typical.

03Z - Stationary front still along Front Range; around 15°C, southeast winds on
plains, northeast winds in mountains.

06Z - Front now near Kansas border, winds on plains now southwesterly upto 7ms™!.
Clear to partly cloudy.

09Z - Clear to slightly cloudy, around 12°C, around 0°C mountains, dewpoints plains
around -1°C. Wind southwesterly up to 4.5 m s!.

12Z - Clear, calm at Eagle. Southwest-northeast pressure gradient entering Colorado
from north, westerly component wind up to 4.5 m s™!. Near 10°C plains, around -2°C
mountains.

Post case conditions: Slightly to mostly cloudy as pressure gradient enters north Col-
orado. Weak trough associated clouds skies. Winds up to 11 m s™! from the northwest

and near 25°C.

A.19 CASE 19: 02-03 OCT 93 (SAT-SUN). JULIAN DAYS 275-276
Previous conditions surface: Weak front exiting region with around 18°C and 1020
mb typical. Slightly cloudy but clearing.
Surface conditions from Spm-5am LST (00-12Z 03 Oct):
00Z - Around 17°C, slightly cloudy to clear. southwest winds upto4.5ms'. 1023 mb
common pressure.
03Z - Clear, around 11°C plains, around 9°C mountains. Wind dying from southwest
nearing variable and light.
06Z - Around 9°C, dewpoints around -1°C, clear, light variable winds. Near 5°C
mountains, southeast winds.
09Z - Clear, around 7°C on plains with southeast winds up to 2 ms™'.
12Z - Southwest winds up to 4.5 m s"!. around 6°C plains, around 0°C mountains.
1022 mb pressure normal.

Post case conditions: Clear, around 27°C, 1016 mb or so. Winds variable upto2ms’
1
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A.20 CASE 20: 03-04 OCT 93 (SUN-MON). JULIAN DAYS 276-277
Previous conditions surface: Described above.
Surface conditions from Spm-5am LST (00-12Z 04 Oct):
00Z - Clear to slightly cloudy, around 25°C, dewpoints around -3°C. Northeast wind
up to 2 ms™'. West wind in mountains up to 4.5 m s™! with dewpoints near -7°C. 1017
mb.
03Z - Clear, around 16°C, south-southwest winds near 2 m s™!.
06Z - Clear, southeast-northeast winds up to 2 m s™'. Low-around 12°C, high around -
1°C mountains.
09Z - Clear, 1016 mb common, light variable winds, calm at Craig. Around 10°C
plains, around 0°C in mountains.
12Z - Clear, near 10°C, dewpoints near -1°C, winds light and variable.
Post case conditions: Clear, front approaching from northeast, high in around 25°C,

southeast winds light.

A.21 CASE 21: 04-05 OCT 93 (MON-TUE). JULIAN DAYS 277-278
Previous conditions surface: Described above.
Surface conditions from Spm-5am LST (00-12Z 05 Oct):
00Z - Front in northeast corner of Colorado, slight trough along Front Range, up to
26°C. south-east winds up to 4.5 m s™.. slightly cloudy to clear. Near 24°C mountains.
dewpoints at -6°C.
03Z - Front lingers northeast Colorado trough still along Front Range. Slightly cloudy
to clear, around 18°C. East component winds up to 4.5 ms™'.
06Z - Around 12°C, clear, east component winds up to 2 m s™!. Mountains near 5°C.
09Z - Around 12°C, clear, southwest winds upto 2 m s™'.
12Z - Slightly cloudy to clear, around 12°C, south component winds up to 4.5 ms™'.
Front still lingers weakly in northeast Colorado, trough still weak along Front Range.

Post case conditions: Slightly to partly cloudy, south component winds. near 30°C.

Trough along Kansas border.
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A.22 CASE 22: 05-06 OCT 93 (TUE-WED). JULIAN DAYS 278-279
Previous conditions surface: Described above.
Surface conditions from Spm-5am LST (00-12Z 06 Oct):
00Z - Slightly to partly cloudy (Denver at 50% cloud cover), near 25°C, southeast
winds upto 4.5ms’!.
03Z - Dewpoints around -3°C, around 20°C, south-east winds up to 2 ms™!. Moun-
tains near 10°C with east winds. High pressure over Cameron Pass at 1015 mb.
06Z - Clear, around 12°C, south component winds up to 2 m s™\.
09Z - Clear, near 10°C, variable winds up to 4.5 m s”!, mountains around 5°C.
12Z - Clear to partly cloudy, around 11°C, variable winds near 2 m s™!. Mountains
partly cloudy and calm near 5°C.

Post case conditions: Partly to mostly cloudy or overcast, up to around 25°C.

A.23 CASE 23: 10-11 OcT 93 (SUN-MON). JULIAN Days 283-284
Previous conditions surface: Exiting upslope, partly convective system. Clearing all
day Sunday. Around 12°C and variable cool winds, shifting to 9 m s™! northwest in the
afternoon. Dewpoints around -3°C.
Surface conditions from Spm-5am LST (00-12Z 11 Oct):
00Z - Partly to slightly cloudy, around 12°C, variable winds up to 7 m sl High pres-
sure (1022 mb) to northwesterly.
03Z - Variable winds up to 2 m s™! on plains with around 6°C. Southeast winds up to 2
m s”!, mountains around 2°C.
1019 mb common, high near Grand Junction. Clear.
06Z - Temperatures near 5°C with light variable winds up to 2 m s}, clear.
09Z - Clear and around 6°C with light variable winds. Mountains around -2°C with
very light winds.
12Z - Slightly cloudy to clear plains, around 2°C and southwest winds near 2 ms™'.
High 1023 mb southwest of Gunnison. Little statewide gradient.
Post case conditions: Clouding up, high near 10°C. Winds up to 4.5 ms™'. No frontal

passage though.
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APPENDIX B

FROUDE NUMBER CLIMATOLOGY 1966-1993

This climatology of Froude numbers for the Colorado Front Range considers flows with
a significant portion of their flow in the westerly component - those which would impact
the Front Range Canyons of concern to this dissertation as a lee-side effect. The Froude
number is discussed in Section 2.6 on page 65. Froude number was calculated using two
separate analysis methods, 1) where only the average u component was considered and 2)
where only average winds whose wind direction fell within the range 235° and 315° (the
directions bounded by true southwest and true northwest cardinal points). As described in
Section 3.4 on page 106 averages were taken over a 2000 m range (2000 m - 4000 m
MSL) corresponding to the barrier height, H, that flow over the Colorado Continental
Divide is forced to rise above. The data used for this analysis came from the twice daily
(00Z and 12Z) rawinsonde launches from Grand Junction, Colorado west of the Divide at
elevation ~1450 m MSL over the 28 year period 1966-1993. This corresponds to a possi-
ble 20454 rawinsondes for analysis under ideal circumstances plus a few hundred special
soundings. To create valid averages in the 2000 m - 4000 m MSL interval only those
soundings where there existed 2 or more points in this range for both 8 and u (or 8 and
V)were used. This eliminated 733 soundings from the u wind based Froude number (Fr,)

analysis. Considering only cases where u was positive reduced the soundings available for
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analysis to 16421. The predominance of westerly flow, within the cited range. over the
Rockies can be approximately calculated from the ratio of the positive u cases to total

cases giving ~80%! Aloft this value is undoubtedly even higher. Details are given below.

B.1 FRy; CLIMATOLOGICAL INFORMATION
Average Fr, : 0.305
Average d6/dz: 2.742 K km’!
Average U:3.396 ms™!
Total number of soundings used (including special soundings): 20470
Number of easterly component cases (no special soundings): 3726 (18.5%)
Number of westerly component cases (no special soundings): 16421(81.5%)
Number of special soundings: 323

Number of soundings not containing sufficient data for analysis: 303

Minimum positive Fr,: 1.76x10™ on 12Z MAR- 5-1993
Maximum Fr,: 30.54 on 00Z OCT- 4-1967

Fr, for westerly component: .353

Fr, for easterly component: -.099

Average Fr, at 12Z: 0.217
Average d6/dz at 12Z: 3.33 K km"'
Average U at 12Z: 2.99 ms’!

Total number of soundings used: 9963

Average Fr, at 00Z: 0.397
Average d6/dz at 00Z: 2.12 K km'!

Average U at00Z: 3.8 ms’!

Total number of soundings used: 9558
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Table 6.5: Average Fr, by month of year

Month Average Stagd:«}rd Avg. Fr, Avg. Fr, AFr,
Fry deviation 00Z only 12Z only (00Z-127)
January 0.22 0.18 0.24 0.19 0.05
February 0.25 0.21 0.28 0.22 0.06
March 0.35 0.29 041 0.29 0.12
April 0.47 0.42 0.64 0.31 033
May 0.38 0.34 0.54 0.24 030
June 0.42 0.39 0.64 0.23 031
July 0.29 0.30 0.45 0.15 0.30
August 0.27 0.27 041 0.14 0.27
September 032 0.29 0.44 0.21 0.23
October 0.26 0.24 0.33 0.20 0.13
November 0.25 0.22 0.28 0.22 0.06
December 0.21 0.18 0.22 0.20 0.02

Table 6.6: Average thermal stabililty and wind speed below barrier by month of year

Average. ; Average. — ( Averageu | Averageu | Averageu

Month | Average: = our z ) 12232 wind speed | at00Z | at 122

(K km™) (K k) (K o) (ms™) (ms™) (ms™)
January 5.11 482 5.40 4.12 437 3.87
February 3.57 3.20 3.96 3.76 401 3.54
March 2.29 1.84 2.69 4.05 4.22 3.94
April 1.74 1.08 2.36 4.03 442 3.66
May 1.65 0.96 229 341 4.08 2.78
June 1.66 0.73 2.50 3.23 3.99 2.55
July 1.77 0.75 2.71 2.03 2.75 1.37
August 1.76 0.81 2.65 2.12 2.70 1.58
September 1.95 1.08 275 3.03 3.60 2.46
October 2353 1.84 3.23 3.06 3.40 2.74
November 3.64 3.14 4.13 387 4.11 3.59
December 491 4.56 5.25 399 4.07 3.84
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Fr No. for all months using U

7400 — — 102.0
[
!
I

Number of occurances 1966- 1993
PERCENT of MAXIMUM

Froude number ranges (0.0-2.0 by 0.2)

Figure B.1 Froude number histogram based on all soundings at Grand Junction for the period
1966-1993. Only the u component was used for flow over a 2000 m barrier
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Fr No. for spring seasons using U
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Fr No. for sutumn seasons using U
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Figure B.4 As in Figure B.1 but for autumn.
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B.2FRy CLIMATOLOGICAL INFORMATION
Average Fr,: .632
Number of soundings passing selection criteria: 5591
Average Fr, at 12Z: 0.533
Average Fr, at 00Z: 0.686

Min imum Fr,: 0.043 on 00Z JAN-30-1976
Maximum Fr,: 24.760 on 00Z APR-15-1970

Table 6.7: Average Fr, by month of year

Month Average Stagdz_ud Avg. Fr, Avg. Fr, AFr,
Fr, deviation 00Z only 12Z only (00Z-122)

January 0.42 0.22 0.42 0.43 0.01
February 0.48 0.26 0.49 0.47 0.02
March 0.66 0.36 0.69 0.62 0.07
April - 0.88 0.55 1.03 0.64 0.39
May 0.76 0.39 0.85 0.57 0.28
June 0.88 0.50 1.02 0.58 0.44
July 0.76 0.39 0.82 0.55 0.27
August 0.65 0.36 0.73 0.39 0.34
September 0.68 0.33 0.72 0.58 0.14
October 0.49 0.24 0.50 0.48 0.02
November 051 0.26 0.50 0.53 -0.03
December 0.42 0.21 0.38 0.49 -0.11
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Table 6.8: Average thermal stabililty and V wind speed below barrier by month of year

% Average @ Average — | Average V | Average V | Average V

Month Average az < 0z | windspeed| at00Z at 12Z

Kl | ;‘:i_zl) ( ;‘l;izl | e sh | msh) | @msh
January 5.27 5.39 5.08 9.07 8.66 9.78
February 3.59 3.56 3.69 8.19 7.72 9.00
March 221 2.00 2.50 8.33 7.50 9.56
April 1.55 1.09 2.24 7.95 7.42 8.74
May 1.41 1.04 2.13 7.50 7.17 8.13
June 1.23 0.81 2.06 7.21 6.64 8.31
July 1.04 0.72 2.08 6.14 5.65 7.78
August 1.19 0.84 234 5.52 5.30 6.23
September 1.37 1.07 2.20 6.96 6.35 8.71
October 2.46 2.16 3.02 7.07 6.41 8.36
November 3.50 3.38 3.69 8.79 8.17 9.76
December 4.96 522 4.51 8.92 7.87 10.37
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Fr No. for all months using V
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Figu:e B.6 As in Figure B.1 but for the horizontal wind, V, for only those days where the west-
erly componen was at least half the flow (i.e. wind direction limited to the 235°-315° range.).
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Fr No. for spring seasons using V
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Figure B.7 As in Figure B.1 but for the spring season only .
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Fr No. for autumn seasons using V
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Figure B.10 As in Figure B.1 but for winter.



Gregory S. Poulos

300





