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Michael s. Weiland 
National Weather Ser:vice ·Forecast Office 

Cheyenne, Wyaning 

ABSl'RACI'. Heavy snowfall in the rortbolest :r;art of Wyoning 
is a significant occ:urrence to tm area. A cl:inatology of 
heavy !l1lCM events for rortbwest Wyoning is given. Results 
i.Ixticate tllat tm orientaticn of tm fl= aloft to the 
rrcuntains is very :inp::lrtant. In heavy srr:M situations 
winds at or above 700 ni:> blCM perpendicular to the li'Oilil­
tains at speeds of 30 knots or greater. Tatp:ratures 
typically range fran -6 to -sc at 700 ni:> and -26 to -28C 
at 500 ni:>. Saturated vertical ascent due to mographic 
lift was also noted in rrost cases. 

1. Introduction 

Snowfall in rortboiest Wyaning is often the rrost significant weather event 
during the year. For this paper, nortbwest Wyaning is defined as the 
Absaroka, Wixrl River, Teton and Salt M:mntain ranges as well as Yell=stane 
National Park. This area is roughly represented by public forecast· zones 1, 
7, and 9 in Wyaning. The srr:Mfall in this part of tm state can occur alrrost 
anytirre of the year; ·with heavy snowfall possible fran September through M:l.y. 

Heavy snowfall can be both hazardous and beneficial to the people of 
Wyaning. In addition, it poses as one of tm rrost difficult weather events to 
forecast in the state. Heavy_ srr:Mfall is defined as sn=fall greater than ten 
inches fran a :r;articular storm. This is sanewhat different than the Central 
Region's heavy snowfall definition of six inches in 12 lDurs or eight inches 
in 24 hours. In this paper a descripticn of tm factors producing heavy 
snowfall in rortboiest Wyoning will be given as well as the cl:inatology and 
possible forecast solutions for these events. 

2. Topography 

The topography of rortbolest Wyoning can best be described as IIOililtairous, 
with sare high plateaus. Tre elevations range fran 6,000 feet in tm plateaus 
to over 13,000 feet in the higher notintains. This terrain rises sharply and 
effectively acts as a barrier to tm general westerly flCM of wixrls in the 
upper atrrosphere. The li'Oililtain ranges each are oriented differently, adding 
to tie forecast pn:blan (see Fig. 1) • The Absaroka M:mntains are oriented 
generally fran rorth to south, with Dead Indian Peak the highest elevaticn at 
12,268 feet. A :r;art of this range extexrls fran nortbolest to southeast to east 
of Dubois, Wyoning. 



Fig. 1. Topographic map of Wyaning. Regions above 7, 000 feet 
are shaded. 
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(J The Wind River range exterrls fran rortiMest to sootheast and the highest 
p:ak is Bermett Peak at 13,804 feet. The tallest nam.tains are in the 
nortblest half of this chain. This range is also =re continoous than the 
Absaroka ~tains. 

The Teton nountain range exterrls fran north to sooth, starting fran near 
southern Yellowstone Park reaching to Alpine Junction, Wyaning. The highest 
p:ak in this range is Gran:i Teton p:ak at 13,7 66 feet. Finally, to the sooth 
of the Teton range is the Salt range. This range extends fran north to south 
to just sootheast of Afton, Wyaning. The highest p:aks in this range are just 
over 10,000 feet. Yellowstone N:l.tional Park, located in the northwest comer 
of the state, is lCM"er in elevation, ranging fran 6,000 to 10,000 feet and is 
surrrurrled by higher nam.tains to the north, east and south. 

3. CJ.irta talogy 

Seasonal SllCIWfall in the nortlMest p:trt of Wyaning is arrong the highest 
in the state. Average seasonal sna.rfall ranges fran 100 to 200 inches in the 
area (see Fig. 2) • As would be expected, the higher arrounts fall in the 
nam.tain areas. While nuch of the sna.r falls in January, the Wind River and 
p:trt of the Absaroka ranges experien:::e a naxim.1m srx:wfall in April. This is 
due to large topogra!irlc differences across regions which create strang 
orographic affects in the predcminant westerly flCM' in the winter IIDnths. 

The differences in the nonth of rrax:innm snCM'fall is also due, in part, to 
differen:::es in orientation of the rrean flCM' aloft. For ·Decenber to February, 
the nean fla.r aloft is fran the west to northwest, affecting the north to 
sooth oriented ranges. In the late winter through early spring, the rrean flCM" 
aloft becares Jrore fran the soutlMest, affecting the northwest to southeast 
=tain ranges. It is also interesting to note that the large arrounts of 
sna.rfall in the nortlMest to southeast oriented ranges. This may be due, in 
p:~.rt, to the increased IIDisture available in the wamer sootlMest fla.r aloft 
in the spring (see Fig. 3) • 

A heavy srx:w event in nortlMest Wyaning typically lasts fran two to four 
days, with a node:r:ate to heavy sna.rfall occurring fran tiire to tiire. It 
app:ars that during any given season, four to ten of these significant events 
will occur. Sna.rfall of a lighter variety is very camon and occurs alllDst 
daily in that p:~.rt of the state. 

The clirtate of nortlMest Wyaning can be classified as either Alpine or 
Tundra. This clillate has very cold and wet winters and cool sumers. In 
nortlMest Wyaning, nearly 40 percent o:J; the annual precipitation falls fran 
Decenber through Febnary (see Fig. 5). 

4. Methcdology 

This p:tper looks at widespread, significant snCM'falls of greater than 10 
inches in northwest Wyaning fran fall of 1986 through early spring of 1987. 
Snaolfall information was cbtained fran reports received at WSFO ChEey"enne, 
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Fig. 4. General climate classifications. 
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CXXlpe:tative station reports and SOOTEL (Snow TelaretJ:y system)1 sites (Fig. 
6). There were four significant events during the 1986-1987 season. Weather 
data to examine these cases were cbtained fran wsro Cheyenne and the National 
Cli.natic Data Center (N:DC) in AshE!ITille. The dates include: NovarU:ler 5 and 
6, 1986; Janm:r:y 1 and 2, 1987: Janm:r:y 4, 5, and 6, 1987; and Janm:r:y 24, 25, 
and 26, 1987. 

5. Case Studies 

Four heavy siJaoT cases were examined and data were analyzed at the 300, 
500, and 700 millil::ar (nb) lE!ITels. RAOB soundings and sate other data such as 
surface charts, precipitable water, and lifted index charts were also studied. 
For each case study the appropriate 300, 500, and 700 nb charts will be 
provided. 

A. libv"e:tber S-6, 1986 

SIJaoTfall cnrounts and p:1ttems are slxlwn in Fig. 7. Heavy SIJaoTfall 
of 10 inches or !lOre fell in Yellowstcne Park, the Absaroka IlC\IIltain range, 
including that portion of the range which exten:is fran the nort!Mest to the 
southeast; the Wind River range and parts of the Salt range. The largest 
sncwfall cnrount reported was 20 inches at Slyvan Lake in the Absaroka range. 

The synoptic sitmtion for this case can be seen in Figs. 8, 9, and 10 
which are for OOZ on N:Jv"arU:ler 6. A 500 nb trough was dE!ITeloping 01er the 
Pacific Nort!Mest at 12Z on Novariber 5 (not shc:lwn). By OOZ on NovarU:ler 6 it 
exter:ded fran California to srut!Mest M:>ntana. A 300 nb 90 .kt jet was 
positioned fran Ore~ to southwest North Dakota at OOZ on NcvarU:ler 6 and by 
12Z on libv"e:tber 6 a 70 kt jet was fran Utah to North Dakota. Nort!Mest flow 
aloft dE!ITeloped behind the trough. Height falls at 500 nb for OOZ on 
libv"arU::er 6 were fran -6 to -14 dm 01er the area. 

Cold air advection and backing flow cx:c=ed aloft r:Ner nort!Mest Wyaning 
during this period. Tallpe:retures at 500 nb went fran -20C at OOZ on 
NcvarU::er 6 to -23C to -26C at 12Z on Novanber 6. Strong 700 nb cold air 
advection also m:wed 01er the area on the 5th and 6th with tempe:retures 
ranging fran arrun:i -scat OOZ on NcvarU::er 6 to -6C to -9C at 12Z on 
libv"enber 6. There was strong l:e.roclinicity 01er northwest Wyaning. 

M:>isture at 700 nb increased through the period with the det~ points -3C 
to -9C by 12Z on libv"e:tber 6. M:>isture at 500 nb increased drarcatically as 
well. The nain precipitation cane in the sout!Mest flow aloft as shc:lwn by the 
snowfall chart. 

1 SIDl'EL can be defined as an autanatic sncw depth and SIJaoTfall cbserving 
station set up in IlC\IIltain locations where snao~fall is a critical 
element. These stations are ope:reted by the u.s. Soil and Conservation 
Service and report to satellite once a day. 
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SNOTEL SITES 

STATION ELEVATION ------- ---------
Tagwotee Pass 9580 
Spring Creek Divide 912100 
Two Ocean Plateau 9160 
Gras Ventre Summit 8750 
Willow Creek 8450 
Phillips Bench 82121121 
Lewis Lake Divide 7850 
Cottonwood Creek 761110 
Salt River Summit 7700 
Grasay Lake 726~ 
Base C.amp 7030 
Coulter Creek 7020 
Parl(ers Peak 9400 
Be,artooth L•ke 9275 
Sylvan Lake 8420 
Canyon 7940 
Dinwoody 10160 
Hobbs Park 1011110 
Christina Lake 9980 
Little Warm 9620 
South Pass 9fi140 
Burroughs Creek 8750 
Townsend Creek 870IZI 
St, Lawrance 8960 
Irish Rock 9600 
Blackwater 978111 

\0 Kirwin 9:ssra 
Evening Star 9200 
Owl Creek 8975 
Marquette Creek 8760 
Trout Creek 8490 
Younts Peak 8350 
Elkhart Pilrk GS 9400 
Big Sandy Opening 91118121 
Blind Bull Summit 86:50 
Triple Peaks 8:irll0 
Loomis Park 8240 
East Rim Divide 793rll 
Kendall RS 774rll 
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300 nb Chart for OOZ, N;:Jvarber 6, 1986. Heights in decaireters 
(solid lines) , win:l speeds in knots (dashed lines) , win:l l:::ams in 
knots. 
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Fig. 9. 500 riD Chart for OOZ, Nollari:>er 6, 1986. Heights in decalreters 
(solid lines), tenpeJ:atures in degrees Celcius (dashed lines), wirrl 

barl:>s in knots. SOlid circle indicates tenpeJ:ature dew I;Oint spread 
less than five degrees. 
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Fig. 10. 700 mb Chart for OOZ, :tbvanber 6, 1986. Heights in decameters 
(solid lines), tatp3ratures in degrees Celcius (dashed lines), wind 

bal:bs in koots. Solid circle indicates tatp3rature dew J;Oint spread 
less than five degrees. 
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B. Jam.ary 1-2, 1987 

Snc:Jwfall am:runts were 10 inches or 110re in the Teton ani Salt 
=tain ranges, with very little in the northwest to southeast oriented 
ranges. The largest am::li.IIlt reported was 14 inches at Triple Peaks ani Grassy 
Lake (see Fig. 11). 

In this case, please refer to Figs. 12, 13, and 14. At 300 nb a 90 kt 
jet was positioned over eastem Oreg::m at 12Z on January 1. By OOZ an 
January 2, the jet had l!CJVed into sruthrlest Ida:to ani northrlest Nevada with 
diffluent flaoT over southrlest Wyaning. A slxlrt wave trough was situated along 
the West Coast. At 12Z on Janua:cy 2, the 300 nb short wave deepened ani 
extended fran westem North Dak>ta to eastem Utah. A 110 kt jet was naoT into 
sruthrlest Utah ani a 90 kt jet into central Ida:to. 

The nean 500 nb trough for 12Z, January 1, was off the Pacific Northrlest 
coast. Seven to 11 dm height falls were occurring in IXll:i:bqest u.s. ani 
southrlest Canada. There was high 110isture with 500 nb. By OOZ the slxlrt wave 
trough was off the West Coast, ani eight to 13 dm height 500 nb falls were 
E!ll'ident in the Pacific Narthrlest. The height falls l!CJVed over southrlest 
Wyaning, northem Utah ani northem Colorado by 12Z, January 2. MJst of the 
110isture at this tine was over Utah ani Cblorado. Strang cold air advection 
puphed into the region with northrlest flaoT at 25 kts behind the trough. 

At 700 nb, a strong westerly fl0o1 of 30 kts existed over northrlest 
Wyaning which increased the cold air advection at 12Z on January 2. A Pacific 
cold front l!CJVed through northrlest Wyaning between 03Z ani 06Z on January 2. 

Tanperatures at 500 nb on OOZ January 2 were -20C, with -25C at 12Z on 
January 2. Tanperatures at 700 nb were fran -4C to -Be at OOZ January 2 ani 
a:roun:i -7C at 12Z January 2. The dew point at 700 nb was -Be to -12C at 12Z 
on January 2. 

c. January 4-6, 1987 

Snc:Jwfall am:runts of 10 inches or 110re occurred over the Win:i River 
range, Salt range, ani the Tetons. The greatest sn0o1fall reported was 24 
inches at Da:tWin Ranch. This SIJaol fell during three days fran the 4th through 
the 6th (see Fig. 15) • 

Please refer to Figs. 16, 17, 18, 19 ani 20 for 'l.I{:Per air data an OOZ 
January 5. In this case, a deep trough was over the West Chast at OOZ January 
5 with st:ro~ sruthrlest flaoT aloft over Wyaning through January 6. At 300 nb, 
a 110 kt jet extended fran southem California to central Utah. 

Tanperatures at 500 nb ranged fran -22C to -26C, while tanperatures at 
700 nb were fran -5C to -9C. Precipitable '!later values were over 100 o;ercent 
of noznal to the sruthrlest of the region, with lifted in:iices fran four to 
seven. Even with the southrlest flaoT aloft over the region, there was slight 
cold air advection occurring during the SnaoTfall o;eriod. Colder surface 
tarp3ratures worked into the area on January 6. 
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Fig. 12. 
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Fig. 13. 

() 

500 !W Chart for OOZ, Januny 2, 1987. Heights in decameters (solid 
lines) , tarperatures in degrees Celci1,1s (dashed lines) , win:i baJ:bs 
in knots. Solid circle indicates temperature dew p:Jint spread less 
than five degrees. 
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Fig. 14. 700 mb Chart for OOZ, Januacy 2, 19ln. Heights in decaneters (solid 
lines), te:rperatures in degrees Celcius (dashed lines), win:l ba.ms 
in knots. Solid circle in:licates te:rperature dew p:>int spread less 
tban five degzees. 

18 



0 

• 
i~ 
l 

IJ 

(J 

.J 
1 

19 

. 
1.0 
I .... 



' 
Fig. 16. 300 mb Chart for OOZ, January 5, 1:987 Q Heights in deca!reters (solid 

lines), win:i speeds in knots (dashed lines), win:i baibs in knots. 
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Fig. 18. 700 niJ Chart for OOZ, Januacy 5, 1987. Heights in decaneters (solid 
lines) , tatpe:tatures in degrees Celcius (dashed lines) , wiixi bal:bs 
in knots. Solid ci=le indicates tarQ;le:tature dew J;Oint spread less 
than five degrees. 
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D. Jama:ry 24-27, 1987 

Snaoifall am:JI.IIits of greater than eight inches were ooserved CNer 

110st of the area with the greater ancunts in the Salt range, =them Wind 
River range and the northem Tetons. The greatest am:runt reported was 26 
inches at Triple Peaks in the Salt range (see Fig. 21) • 

Refer to Figs. 22, 23 and 24 for analysis of the upper air data for 12Z 
Janta:ry 25. At 300 nb, diffluent flew was indicated aver northwest Wyaning 
with a 90 kt jet CNer Salt I.ake City. At 500 nb at OOZ, a 40 kt westerly wind 
was CNer the area and heights were rising. A 500 nb ridge was extending fran 
northem Utah with weak cold air advection into nortbN'est Wyaning. At 700 nb 
westerly flew daninated the region. By 12Z on Janua:ry 25 a 130 kt, 300 nb jet 
was CNer nortbN'est Wyaning and a weak ridge was located along the West Coast. 
The flew aloft was fran the west-northwest CNer Wyaning. At 500 nb the flew 
was 40 to 70 kts, while at 700 nb it was 40 to 50 kts. 

A surface Pacific cold f:ront m:JV'ed through nortbN'est Wyaning between 03Z 
and 06Z on Janua:ry 25. The air nass stabilized fran OOZ to 12Z on Janta:ry 25, 
and temperatures cooled at 700 nb and wann at 500 nb. 

Tanperatures at 500 nb at OOZ were between -22C and -25C and at 12Z 
between -25C to -26C. At 700 nb, the tarperatures were fran -sc to -7C at OOZ 
and at 12Z were fran -6C to -9C. The dew points were fran -3C to -7C at 700 
nb at OOZ and -10C to -18C at 12Z. The tarp:rature-dew point spread was less 
than 10C. 

E. Case Studies Slmra:ry 

These case studies that have been discussed have several siroilari­
ties. In 110st of the heavy snew events in nortbN'est Wyaning were pro:iuced by 
a c:c:xOOination of a 110ist westerly flew orographic lift, and supporting dynamic 
lift pro:iuced by eynoptic features. Please refer back to the um;er air charts 
for this discussion. 

As was rrentioned earlier, direction and speed of the flew aloft is ve:ry 
inportant. If this flew is IIOist to at least 500 nb and saturated ascent is 
occurring then clouds and precipitation will fonn. For Wyaning, if the flew 
aboiTe 750 nb is fran 230 to 250 CNer the Wind River range and the nortbN'est to 
srutheast put of the Absaroka range it will be pe:tperrlicular and pro:iu::e 
strong o:rograJ;iti.c lift. If the flew abCNe 750 nb is fran 250 to 300, then the 
north to sruth oriented ranges will be the greatest affected. 

The st:ronger the :t:x:mx3a:ry layer wind perpendicular to the namtain range, 
the greater the orographic lift effect will be in pro:iucing precipitation. 
lrl::Mever, 110isture needs to be widespread aver the region to pro:iuce 
considerable sl:lO'lfall. Precipitable water data slxlws an average of .3 to .s 
inches of water upstream of nortbN'est Wyaning. It appears that at 700 mb and 
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300 mb Chart for 12Z, January 25, 1987. Heights in deca!reters 
(solid lines), wird spee:3s in knots (dashed lines), wird l:a.rl<s in 
knots. 
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Fig. 23. 
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Fig; 24. 700 mb Cllart for 12Z, January 25, 1987. Heights in decameters 
(solid lines), tarperatures in degrees Celcius (dashed lines) , wind 

barlls in knots. Solid circle indicates tanperature deW point spread 
less than five degrees. 
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500 :nb the teq:e:rature ani dew point spread is in the 0 to 5C range. For two 
of the stems, FRH data slx:Med CNer 90 percent relative humidity through:mt 
the air mass. 

MaximJm vertical velocity in orographic lifting is at the IIOUiltain top 
levels. This is arcum 650 :nb in northwest Wyaning. M:>st of the significant 
siD/fall in northwest Wyaning is due to orographics, but with dynamics aloft 
involved as well. Auer (1) slxMed that at 700 :nb t~:ratures need to be 
between -5 to -8C ani at 500 :nb -25 to -28C in a dynamic SIJOY"fall situation. 
This would appear to rrake the favorable tet{;e:ratures at 700 :nb -8 to -10C ani 
at 500 :nb fran -28 to -30C. The exanples fran the 1986-1987 season shcMed us 
that the dynamic teq:e:ratures sean to fit fairly well. It is illportant to 
remenber that this favorable teq:e:rature IIUlSt be in an area of saturated 
vertical ascent. So at the teq:e:ratures nentioned the air nust be satu:rated. 

Fran the case studies, it appeared that the onset of heavy silO'Ifall in 
northwest Wyaning started when proper bamda:cy layer flow ani correct teq:e:ra­
tures aloft were coincident over the region. The heavier SilO'Ifall enied with 
trough passage or an en:i to the- satu:ration of the air mass. 

In suma:cy, the things that appear to be needed to produce heavy SilO'Ifall 
in northwest Wyaning are: 

(1) 700 :nb tempe:rature -6 to -8c 

(2) 500 :nb teq:e:rature -26 to -29C 

(3) 30 kt or greater Wim. flow above 700 :nb ani pe:rperrlicular to 
range 

(4) T-Td less than 10C 

(5) Saturated ascent due to 300 :nb jet or short wave trough. 

Snowfall ano.mts fran the stonns are rrore difficult to detennine. The 
lor:ger the mentioned con:!itions effect the region, the heavier the SilO'/. 
Forecasters can estiJiate prd:lable heavy snow occurrences by considering wirrl, 
tempe:ratures aloft, ani available IIOisture. 

FRH chta for Pocatello, I<hlx> fran the Janua:cy 1-4, 1987 stonn ani the 
Janua:cy 24-27, 1987 stonn have been chtained fran the LFM ani the :tn-1 ani 
canpn"ed to actual snowfall. The :tn-1 ani LFM with both st= had relative 
humidity CNer 90 percent and both shcMed mall am::runts of precipitation. 
Actual precipitation fran Pocatello on Janua:cy 4-7, 1987 was .19 with 2.5 
inches of SilO'/, while on Janua:cy 24-27 .04 precipitation fell with .4 inches 
of snow. Pocatello is at_ an elevation of 4,464 feet. 

For the first stonn the LFM shcMed about .25 to .35 precipitation with 
the :tn-1 having .2 to .3. For the secorrl stonn, the LFM had between .1 ani .2 
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an:i the ~ had between .15 an:i .4 (both were fairly close) • With this pre­
cipitation forecast consistent for both stco:ms and both IICdels a fair co=ela­
tion can be obtained for northtlest Wyaning. Pocatello received .4 inches on 
January 24-Z7, 1987, with am:runts in the north to south oriented ranges fran 8 
to 12 inches above 8,000 feet. On the January 4-7 stonn, a southwesterly 
starnt, the Wind River range picked up fran 8 to 24 inches. The IICdels fore­
cast precipitation at Pocatello better in the southwest track stonn. On 
January 4-6, 1987 Pocatello had 2.5 inches of Sl'l0'1 and this works out to an 
average of 3 .2 to six tines the Pocatello sn01fall forecast. The annual 
sna,.;fall at Pocatello is 43 inches and this works rut to the northwest Wyaning 
IIO.liltains receiving narntally 4.6 ti.Jres as nuch sn01 as Pocatello. 

In stmra.ry, by analyzing the synoptic features aroun:l northwest Wyaning 
with prrticular attention to the temperatures aloft an:i the wind direction an:i 
s:~;eed, a better forecast of snaN'fall for northwest Wyaning can be IIB.de. ~ 
l:D:~;e for this paper was to sh:lw the pattems an:i clillB.tology of heavy snOifall 
in the nort:hwest part of Wyaning an:i to sh:lw that it is significant. Close 
attention sh:Juld be rrade to the area in the winter. This snOifall affects 
water resrurces, travelers and fire possibilities for the upccming season. 
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