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LIS!' OF FIGORES 

Page N:l. 

Figure 1. Tomado statistics by county for Wya:ning for a 33-year 3 
period. Shading indicates counties where tomadoes 
are !lOSt prevalent (fran M:l.rtiner, 1986). 

Figure 2. Annual distribution of tomadoes in Wyaning during a 3 
33-year period (fran M:l.rtiner, 1986). 

Figure 3. 850 mb Cclrq;x:Jsite (17 cases). Units in wlx:lle 7 
decameters (dm) • N:lte that all other uwer level 
charts use the sarre units. 

Figure 4. 700 oo Ca!p)site (17 cases). 7 

Figure 5. 500 mb Cclrq;x:Jsite (17 cases) • 8 

Figure 6. 300 oo Cat;;osite (17 cases). 8 

Figure 7. 850 mb Cclrq;x:Jsite for June (seven cases). 11 

Figure 8. 850 oo Cat;;osite for July (seven cases). 11 

Figure 9. 850 mb Cclrq;x:Jsite for August (seven cases) • 

Figure 10. 700 IIi> Cat;;osite for June (seven cases). 

Figure 11. 700 mb Cclrq;x:Jsite for July (seven cases). 

Figure 12. 700 IIi> Cat;;osite fo;z:- August (seven cases). 

Figure 13. 500 IIi> Cclrq;x:Jsite for June (seven cases) • 

Figure 14. 500 oo Cat;;osite for July (seven cases). 

Figure 15. 500 mb Cclrq;x:Jsite for August (seven cases). 

Figure 16. 300 IIi> Ca!p)site for June (seven cases). 

Figure 17. 300 mb Cclrq;x:Jsite for July (seven cases) • 

Figure 18. 300 IIi> Cat;;osite for August (seven cases). 
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Figure 19. Cc:lrp:)site High Plains severe thunderstonn pu:arreter 
chart. Frcntal syni:lols are conventional, surface 
iscdrosothenns (or') deooted by fine lines, scalloped 
line i.Irlicates surface dl:yline, large arrows depict 
surface flow, an:i "High" an:i "Lew" refer to surface 
pressure centers. Dash-dot line locates the 700 IIb 
thental ridge. Wini bal:bs show 500 mb winds (full 
bam signifies 5 m s-1, flag signifies 25 m s-1), 
an:i heavy dashed lines locate s:OOrt wave trough axes. 
Chain of arrows is aligned along rore of strong high 
level w:in'ls, above 500 mb. Stippling denotes region 
of expected severe thundersto:rns (frcm Doswell, 1980). 
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Figure 20. 'lbtal number of tornarloes reported by cOLmty for all 18 
17 cases. 

Figure 21. 'lbtal zrumber of tomadoes reported by COLmty for c:nly 18 
. the southolest (Sol) flow cases (seven cases) • 

Figure 22. 'lbtal zrumber of tomadoes reported by COLmty for the 19 
northolest (:!'W) flow cases (ten cases). 

Figure 23. Surface CUII[XlSite for all 17 cases. Frontal symbols 
are conventional, surface isotbe:rns denoted by dashed 
lines, iscbars indicated by solid lines (mb - 1000), 
"H" and ''L" refer to surface pressure centers, wini 
bal:bs show surface a:tti[XlSite wini for a particular 
station (standa:rd plotting convention) , and stippled 
area denotes areas of dew point tanperatures equal 
to or greater than 50or'. large arrows indicate 
suggested stream fl0111. (Figures 24 and 25 foll0111 
the sane plotting fotitat.) 
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Figure 24. Surface carposite for southolest (Sol) fl0111 cases 20 
(seven cases total). See Figure 23 for plotting fomat. 

Figure 25. Surface ccnposite for northolest (:!'W) fl0111 cases 20 
(ten cases total). See Figure 23 for plotting fomat. 

Figure 26. Carposite chart for southolest (Sol) fl0111 wind 22 
convergence. Units are 10-6 sec-1 (Eotholell, 1985). 

Figure 27. Carposite chart for southolest (Sol) flow ILOisture 
convergence. Units are g k.g-1 hr-1 x 10 (Botholell, 
1985). 
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Figure 28. Cl:Jii;osite chart for southwest (Sol') flCM p::ltential 
tarperature. Units are OF (Bothwell, 1985). 

Figure 29. 

Figure 30. 

Figure 31. 

Figure 32. 

Figure 33. 

~site chart for northwest (N-1) flCM wind 
convergence. Units are 10-6 sec-1 (Bothwell, 1985). 

~site chart for northwest (N-1) flCM I!Disture 
convergence. Units are g kg-1 hr-1 x 10 (Eot:.hwell, 
1985). 

Cl:Jii;osite chart for oortbwest (NV) flCM p::ltential 
tarperature. Units are OF (Bothwell, 1985). 

Car(losite chart illustrating the northwest (N-1) flCM 
regjire for Wyaning. Iarge arrCMS indicate surface 
stream flCM, frontal syni:lols are conventional, dashed 
line indicate surface isothenns (OF) , sti:wJ.ing 
indicates de.o1 IX>ints at the surface equal to or 
greater than 500F, "H" and "L" iniicate pressure 
centers (srrall at the surface, large at 500 mb), 
jagged line iniicates the upper level ridge axis, 
and chain of arrCMS indicate the mid- and u:wer
trop::lSpheric wini flCM. 

500mb Analysis for 1200 Gfl', June 18, 1979. 

Figure 34. Surface analysis for 2100 Gfl', M:>nday, June 18, 1979. 
Solid lines are isc:Dars (mb - 1000 for values 1000mb 
or greater, Iri:l - 900 for values less than 1000 mb). 
Frontal syrrbols are conventional. rashed lines are 
surface troughs, and "H" and "L" are surface pressure 
centers. Figure 40 uses the sane plotting fomat. 
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Figure 35. Wini convergence (1o-6 sec-1) for June 18, 1979, 2100 26 
Gfl' (Bothwell ' 19 85) • 

Figure 36. M:>isture convergence (g kg-1 hr-1 x 10) for June 18, 27 
1979' 2100 Gfl' (Bothwell, 1985). 

Figure 37. R:>tential tarperature (OF) for June 18, 1979, 2100 27 
Gfl' (Bothwell' 19 85) • 

Figure 38. Surface based lifted indices for June 18, 1979 (Berry, 27 
1981). 
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Figure 39. 500 rrb Analysis for 1200 Gfi', z.Dmay, July 16, 1979. 28 

(J Figure 40. SUrface analysis for 2100 GMI', z.Dmay, July 16, 1979. 29 
Plotting fo:mat is the same as Figure 34. 

Figure 41. Win::l. convergence (1o-6 sec-1) for July 16, 1979, 2100 31 
GMl' (13othwel1, 1985). 

Figure 42. M:>isture convergence (g kg-1 br-1 x 10) for July 16, 31 
1979, 2100 GMl' (13othwe11, 1985). 

Figure 43. l'btential tanperature (OF) for July 16, 1979, 2100 31 
GMl' (13othwell, 1985). 

Figure 44. SUrface based lifted in::l.ices for July 16, 1979 32 
(Berzy' 1981) • 

Figure 45. Skew-'!', I.Dg-P diagram for two SOUirlings taken in 32 
Fort Collins, Colorado, July 16, 1979, by the Colorado 
State University Deparbrent of At:rrospheric Science. 
The samdings were taken at 1854 GMl' (1254 KYI') and 
2220 Gfi' (1620 MDT). Full wind barl:> is 10 m/s. 
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Table 1. 

Table 2. 

Table 3. 

Table 4. 

Lisr OF TABLFS 

Tomado cx:currences in Wyaning for June, July, and 
August 1979. Seventeen cases were used representing 
a total of 38 tomadoes (41 tornadoes were actually 
reported during the 1979 severe weather seascn in 
Wyaning) • Fach case is also identified as being 
either a soo.thrrest (S'i') or northrrest (N'I) flCM 
situation (Storm r:a.ta, 1979). 
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Average pra:'lcminant win:i direction as a function of 
hour of day and IICirlth at Cheyenne (fran M:l.rtiner, 
1979). 

Directional and speed vertical win:i shears. Units are 
wh:>le degrees for directional shear and wl:x:>le kn:>ts 
for speed she:rr. Shear was canputed by subtracting 
the actual 850 oo win:i vector fran the 500 oo win:i 
vector. B:>sitive (negative) numbers nean the direction 
of the win:i velocity vector veers (backs) with its 
magnitude incresing (decresing) with incresing 
elevation. The data are displayed for the northwest 
flCM/southN'est flCM cases (N'I/5'1') .• 

Vorticity advection (VA) and texpereture advection 
(TA) are listed for the 700 oo/500 oo pressure surfaces 
for each of the 17 cases used in this study. 
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SYIDPI'IC-SCALE REGIMES IDS!' CDIDUCIVE 'ID 'IDRNAOOES JN 
EASl'ERN WYCMING- A LINK BE'lWEEN THE NJRI'HERN HEMISHlERIC 

SCALE CIRClllATION AND CDNIJECI'IVE-SCALE DYNAMICS 

William T. Parker ani Edward K. Berry 
National Weather Service Forecast Office 

Cheyenne, Wycming 

Abstract. During 1979, 41 tornadoes were reported in 
Wyaning, well above the nine J;:er year average. As a result, 
1979 was used to help understand the. causes of the synoptic 
scale envirornrent tbat resulted in so nany tornadoes 011er 
Wyaning Cluring t:hc!.t year. Seventeen cases were extracted 
fran the sumer (June, July; and August) ani carposite rraps 
for the surface and selected =nstant pressure surfaces 
'(850, 700, 500, ani 300 nb) were constructed. 

A contrast is rrade between northwest (N'l) and southwest 
(SW) flCMS d:>served during the sumer of 1979. Twenty-six 
of the 38 tornadoes reported in Wyaning during the sunmer 
occurred in a N'l fla-~ regime. A fairly J;:ersistent and 
anaralously strong middle and upper tropospheric full
latitude ridge in the height field became established west 
of easte:m Wyaning for the to:mado days of July and August. 
Thus, the :1-brthe:m Hanispheric scale circulation was 
believed to be :inportant for the large nurrer of Wycming 
to:madoes during the surner of 1979. 

'lWo . "super carposites• are resolved fran the data: one 
favoring Doswell's (1980) SW fla-~ regime, ani the other 
favoring a N'1 fla-~ regime. The N'1 fla-~ regilre 'laS 

characterized by an environnent with I!Oist upslope easterly 
wirns ani significant directional lao~er tropospheric 
vertical wind shear (wind velocity vector veering nearly goo 
with increasing elevation) 011er easte:m Wyaning. 
1\dditionally, there was wann advectiqn., cyclonic vorticity 
advection, ani frontogeilesis. 

The principle of the "forecast funnel • tecl:mique of 
focusing first cin the :1-brthe:m Hanispheric scale dynamics 
and then steeping down to the araller scales of !lOtion is 
highlighted in this work. The N'l fla-~ regime was believed 
to be :inportant to the unusually high number .. of Wyaning 
to:maCbes during the sumer of 1979, dem:mstiating a link 
between the :1-brthe:m Hanispheric scale circulation and 
convective scale dynamics. 



1. Introduction 

~g tornadoes, for the rrost J;art., tend to be generally weak but can, an 
cx::casion, beeare quite strong ani cause extensive danage as oc:cun:-ed with the 

,Cheyenne-tOrnado of July 16, 1979 (Parker and Hickey, 1980). Prior to that, the 
rrost destructive tornado reported in Wyaning cx::cu=ed at Midwest, Wycming, in 
1928 (BeEbe, 1978) • While iational stUdies slX7tl that tornadoes, especially the 
rrore destructive ones, are rare in Wyaning carpared with the Midwest and Plains 
states, the :inportance of tornadoes in Wyaning sh.?u1d_ no_!:, "be overlooked 
<M:utine:t, 1986). This lack of frequent destrUction has pranpted !lBilY people to 

da-mplay the significance of tornadoes in Wyairlng - a response which is far 
fran valid. 

Figure 1 illustrates the distribution of reported tornadoes in Wyanillg by 
coonty. M::>st striking is the fact that certain sections of the state, nrurely 
the eastern coonties, are significantly rrore prone to tornado cx::cu=ence. This 
result is due prinarily to the protective barrier afforded by the laramie Range 
which acts to retal:d westwa:z:d incursions of rroisture into other portions of the 
state. 

When viEMed ch:ro:oologically, slX7tln in Figure 2, the historical record of 
tornadoes reported in Wyaning fran 1950 to 1982 by year is also revealing. 
While an up>'aid trend in tornado reports is readily apparent (a result which is 
due in J;art. to better reporting, i.xrproved CCIIm.lllicatians, and a gr<:Ming popula
tion), one year stands oot as being highly significant - 1979. 

During this one ye;.r, 41 tornadoes were reported which is well above the 
nine per year average (38 occu=ed during the surmer; i.e., June, July and 
August) (Stonn Data, 1979). In fact, this result suggested that during 1979 a 
syrnptic scale envi:rorment unusually favorable for the developrent of tornadoes 
was created. This was especially true along the eastern counties. 

This study is an attenpt to identify the conditions that cx::cu=ed during 
1979. Seventeen cases, slX7tln in Table 1, were extracted fran the rronths of 
June, July and August 1979, ani carp:>site naps were constructed of the surface 
and for selected constant pressure surfaces (850, 700, 500, and 300 Itb). In 
addition, varioos severe weather :r;arameters based an ccmposite data were E*li!I"" 

ined to further aid in this analysis. In esserx::e, the attempt was to use the 
1979 severe weather season in Wyaning to develop a rrore precise rrodel of the 
tornadic environrent. 

A previous study using canposite naps was dane by Doswell (1980) to identi
fy High Plains severe weather events (tornadoes ani severe thunderstonns 
together) • This study expands an Doswell's earlier effort by focusing Cllly an 
tornado cx::cu=ences in Wyr:mi.ng. The--~ of this \'o'Ork is to gain a better 
~tanding of the ei'l'Tironrrent rrost coniucive to tomcidoes .. in'Wyaning, ani to 
ha'Ve these results help eJ<pmd operational forecasting capabilities~--
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TORNADOES REPORTED IN WYOMING 
BY COUNTY (1950-1982) 

STATE OVERALL: 
N • 277 (•~/1000mi1 ) 
D • 3 
I • 85 
f. 3 

1:!21 • > 3 TORNADOES/1000 mil 
0 • < 3 TORNADOES/1000 ml1 

N•O 

N•B 
0•0 
I • 0 
f• I 

N • 14 
0•0 
I • 8 
f. 2 

N • TOTAL NUMBER OF TORNADOES REPORTED 
D • DEATHS 
I • INJURIES 
F • FUJITA SCALE INDEX OF MOST DESTRUCTIVE STORM 

(0 • LIGHT DAMAGE, 5 • INCREDIBI.E DAMAGE) 

DATA PROVIDED BY: NATIONAL SEVERE STORMS FORCAST CENTER 

Figure 1. Tomado statistics by c01mty for Wyaning for a 33-year pericd. 
Shading indicates c01mties where tomadoes are !lOSt prevalent (fran Martiner, 
1986). 

15 • ! z 

a 
. TORNADOES REPORTED 

40 IN WYOMING 
1950-1982 

(IY YUill 

Figure 2. Arurual distribution of tornadoes in Wyaning during a 33-year pericd 
(fran Martirer, 1986). 
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TABLE 1. 

lornado occurrences in Wyoming for June, July and August, 1979. 
Seventeen cases were used representing a total of 38 tornadoes. 
(41 tornadoes were actually reported during the 1979 severe 
weather season in Wyoming.) Each case is also identified as 
being either a southwest (SW) or northwest (NW) flow situation. 
(Storm Data: 1979) 

JUNE 1979 JULY 1979 

·Date I of Tornadoes Flow Date I of Tornadoes 

14 1 sw 4 1 
15 1 sw 115 2 
16 1 sw 22 1 
18 3 sw 26 4 

·26 1 NW 27 5 
27 2 NW 28 a 
28 4 NW 30 2 

13 18 

AUGUST 1979 

Date I "of Tornadoes Flow 

1 1 NW 

Flow 

sw 
NW 
sw 
NW 
NW 
NW 
NW 

14 4 sw Other months not considered: 
28 2 NW May 1 tornado 

Sept. 2 tornadoes 
7 

4 

~~ 



() 2. Discussion 

A. Hanispheric OveJ:View 

The sumer of 1979 was in sane aspects an 1.musual period for rnmy 
areas of the continental United states. During J1.me a ridge intensified over 
Alaska with flow across the continental United States rather flat ani wave 
lengths generally sl:x:lrt. An inportant feature which ~d prove significant 
later in the sumer was a trough in easteiil canada deepening soutboiard r:Ner the 
Great Lakes. In addition, stronger than namal ridges prevailed over the Ro::ky 
M:runtains. Consequently, higher than nonral tarperatures resulted in J=e 
a=ss the northe:m half of the eotmtry ani extended into portions of the south
west where the 700 ni:J flew was southr;esterly. M:>st significant, J::a.Tever, was 
the occurrence of several strong ani persistent cold air outbreaks which led to 
lower than namal tarperatures across much of the rarainder of the counti:Y -- a 
fact that ~d persist througl:x:lut 1!1lch of the sumer (Taubensee, 1979). 

July was characterized by the progression of a high-latitude ridge fran 
Alaska to nort:hr;est canada. In fact, by mid-mJnth a strong full-latitude ridge 
exter:rled northr;estwa:rd fran the Great Basin to the Beaufort Sea north of Alaska. 
M=an 700mb height changes fran the first half to the second half of July indi
cated a +113 rreter anaraly centered just to the west of Puget Sourrl in the east 
Pacific with a -173 rreter anaraly r:Ner northe:m Hudson Bay. The result was 
record low tarv;>eratures CNer much of the northeastern quadrant of the continen
tal United states, ani above nama1 tarperatures for the northern Great Plains 
ani Alaska. In fact, by mid-July tarperatures were below nornal in the middle 
thi:rd of the United States due in r:art to northwesterly flow bringing cool 
canadian air into the north central states. Similarly, a building 700 ni:J ridge 
r:Ner the west caused extremely high temperatures in the northwest, ani the cnset 
of the southr;est sumer rainY seascn was about two weeks later than nornal 
(Wagner, 1979). 

By August, the trough in eastern canada and the rrean ridge CNer Alaska were 
of exceptional strength and were resulting in najor temperatures anaralies. 
Below nonral rrean tarperatures continued to persist CNer much of the country· 
east of the Cbntinental Divide with rrean temperatures well above namal for 1!1lch 
of the west ani exteniing nort:hr;a:rd under the strong Alaskan ridge. Only in -the 
last week in August did the ci:rculation r:attern, which daninated 1!1lch of the 
sumer, begin to de-amplify na:r:king an errl to a rather anaralous sumer 
(Dickson, 1979). 

In total, the strong ani persistent full latitude ridge CNer the westeiil 
portions of the continent produced significant changes in the weather for 1979 
CNer rnmy areas of the continental United States, and one area in r:articular, 
eastern Wyaning, was strongly influenced by these large scale activities •. 

B. Constant Pres=e Caiq;x:>sites 

In this study a contrast is nade between NN ani SN flow situations. 
Specifically, a N'1 (SW) flow event is when the direction of the middle ani upper 
tropospheric velocity field is directed fran north.olest to. scutheast (scuthwest 
to northeast) r:Ner easte:m Wyaning. The distinction is nade because the results 
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described later in this pa.J;er suggest that tornado fornation during the 1979 
severe weather seasm in Wyaning can be separated into two rejor groups: one (\ 
groop favoring the severe weather catpesite described by Doswell, an:i the other ', _ _/ 
representing a similar, yet inherently different set of corrlitions. In effect, 
the inportance of m flow was revealed in 1979 as Wyaning was daninated by this 
flow pa.tten1 aloft during the latter portions of the severe weather seascn - a 
result suggesting that Northern Hanis:P;leric-scale forcing was prii!B.rily 
responsible for the 1.musually high occurrence of tomadoes in Wyaning. 

FJgures 3 through 6 illustJ:ate the catpesite constant pressure analyses for 
<ill 17 tornado cases during the sumer of 1979. These charts include .the 8SO, 
700, 500, an:i 300 00 CatpOSites an:i canbine both the N'l and S/l flao: C§I.Ses. 
These canposites were cbtained by averaging gridded height data· of the constant 
pressure surfaces. The gridded data was obtained by I!B.nually inte:rpolating the 
objective analyses of the constant pressure surfaces onto grid points for all 17 
tornado cases. The grid spacing used was so latitude by so longitude. 

The 8SO nb catpesite in Figure 3 indicates lC~Er heights southwest of 
Wyaning with the highest heights to the west and east. The !lOst significant 
feature of this cCIIposite was the presence of a southeasterly gradient wirxl. .over 
easten1 Wyaning (keeping in mind that the 8SO nb level is below the surface for 
this area). This result inplied that upslope flow was a danillate factor in the 
canposite an:i was a reflection of clii!B.tology (Table 2). The effect of upslope 
flow in this region is that the surface wirxl.s are forced to nove up the lee 
slopes of the Rocky ~tains - a significant factor for thun'!erstozm develop
rrent in eastern Wyaning. 

At 700 nb, Figure 4, the ccmposite representation placed a trough at . (J 
roughly 12SO west longitude an:i a low amplitude ridge fran near 1100 west 
extending north-northeast into the Central Plains. The obvicus feature at this 
level was the wirrls over easten1 Wyaning were fran the west an:i scuthwest which 
is suggestive of strong directional vertical wirxl. shear in the low levels 
(Johns, 1982 an:i 1984). The significance of this result was the contribution 

rede to creating a tornadic enviroment (MaddaK, 1976; Weisrran an:i Klenp, 1986; 
Klenp and WilhelnBon, 1978; Rotunno an:i Klenp, 1982 an:i 198S). · 

In the middle troposphere a ridge, stronger than indicated in clii!B.tology 
(Crutcher an:i ~sexve, 1977), was ap{Rrent at the SOO nb level fran lOS to 1100 

west, an:i troughing was indicated off the West Cbast. catprring the SOO nb 
level to 8SO Jib level, it is inportant to note that the upper-level ridge was 
above the 8S 0 Jib trough. 

Figure 6 illustJ:ated the distr:ibution of the canposite height at 300 !lb. 
It was similar to the SOO rl:> level. 

To further illustrate the regnitude of both the speed and directional 
vertical wirxl. shear, the actual 8SO nb wirxl. vector was subtJ:acted fran the SOO 
nb wind vector for selected locations. These results are displayed in Table 3. 
M:lst inportant was the result that twice as I!Uch directional and =e speed 
vertical win:i shear was cbserved in m flow situations than SOl flow. 
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Figure 3. 850 ni:> a:inposite (17 cases). Units in whole decaneters (dm). llbte 
tbat all other upper level charts use the same units. 

Figure 4. 700 mb a:inposite (17 cases) • 
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Figure 5. 500 IIi> Cclrp:)site (17 cases) • 

Figure 6. 300 rob Cclrp:)site (17 cases). 
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Table 2. Average predominant wind direction as a function of hour of day 
and month at Cheyenne.· (from Martiner: 1986) 

Table 3. Directional and speed vertical wind shears. Units are 
whole degrees for directional shear and whole knots for speed 
shear. Shear was computed by subtracting the actual 850 Mij wind 
vector fro~ the.SOO MB wind vector. Positive (negative) numbers 
~~an the1d~~ect~on of the wind velocity vector veers {backs) with 
~ s magn tu e increasing {decreasing) with increasing elevation 
The data are displayed for the northwest flow/southwest flow· • 
cases (NW/SW). 

t.OCATION 

RAPID CITY, SO 

NORTH PLATTE, NE 

GRAND JUNCTION, CO 

DENVER, CO 

LANDER, WY 

CHEYENNE, WY 

CASPER, WY 

DIRECTIONJ\I, SHEAR 
(Degrees) 

NW/ SW 

53/ ~ 

90/ 136 

AVERAGE FOR ALL 7 SITES 

111/ 82 

82/ 12 

36/ -s 
136/ 32 

110/ ~2 

88/ ~~ 

9 

' 

SPEEP SHEAR 
(Knots) 

NW/ SW 

18/ 15 

12/ -~ 

12/ 2~ 

12/ 7 

28/ 13 

18/ 10 

20/ 9 

17/ ll 



As a group, the CCIIPOSite charts of the 17 cases and Table 3 represented a 
vertical structure of the atnoSJ;tlere over Wyaning which had sore significant 
features believed to be illpartant for a tornadic enviroment along the front 
range: 

(1) The velocity vect= veered and strengthened with increasing 
height suggesting \'S.:r:m air advection (Holton, 1979) and 1001 level 
directional vertical wirrl shear. 

(2) Upslope fl001 was a daninate surface feature in eastern 
Wyan:ing. 

C. EW/Ntl Constant Pressure Cal\POSite cases 

Of the 17 severe weather cases c:t:osen in this study, ten of these 
cases were classified as Nil fl001 events and seven were EW fl001 (sd:>jectively 
<Etennined by the aut:t:ors) •. !1;:-.,i§l~al~ irtgortallt_$:0 no!e !:hat June was repre
sented prinarily by EW fl001 events; whereas July and August were daninated by Nil 
fl001 events (Table 1) • 

Figures 7 through 18 represent CCIIPOSite upper air charts for each rrcnth. 
Corq:aring the June ccuposites to July and August, dlvioos differences errerged. 
In June, for exanple, for the 700 nil level and above, a trough along 1200 west 
longitude and a ridge near 1000 west was present. For July and August, l:x:Mever, 
the shift of the ridge was west>o.ard and the a.Ilq)litude had increased. 

At the 850 mb level in June, the l001est heights were over oortheast Utah 
and a trough in the height field was situated along 1100 west longitude. It is ) 
illpartant to note that while there was a ridge in the height field positioned ',_../ 
over the Plains states for all three rrcnths, by July and August a cyclonic 
circulation (closed 1001) developed in the Rockies thus· enhancing the southeast-
erly gradient fl001 over eastern Wyaning. 

In effect, by reviewing the CCIIPOSite charts for all 17 cases and for each 
IIOllth irrlividually, a conceptual rrcdel of the atrrcs!;ilere using basic principles 
of atrrcs!;ileric dynamics and quasi -geostJ:q;hic themy could be developed to 
relate the :t:orizontal and vertical structure of the synoptic-scale regime which 
was so illpartant to tornado develop:nent in Wyaning in 1979 (Holton, 1979~ Palnen 
and Newton, 1948) • During June, with EW fl001 a daninate factor (even t:t:ough the 
latter P=tion of June was shifting to Nil flOOI) , the trough in the Rockies at 
850mb was a result of dynamic forcing (a process explained largely in terms of 
vorticity and tarperature advection) • -The closed 1001 which developed over 
n=theast Utah in July and August, l:x:Mever, was caused at least in p:rrt through 
diabatic heating- a result of the positioning of the middle and upper tropo
s!;ileric ridge. 

In carparing the CCIIPOSite charts developed in this study to Doswell's 
firrlings, sore interesting camcnalities and differences resulted. In Figure 
19, DoEMell irrlicated that upper level EW fl001 was a fact= in severe weather 
developrent f= the interi!CAliltain region. Similarly, the 500 nil catPOsite for 
June 1979 (Figure 13) irrlicated this result. · HcMever, for July and August 1979, 
Nf1 f1001 was present. 
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Figure 7. 850 ni:> Cclrp:Jsite for June (seven cases) • 

Figure 8. 850 nib Q:xrg;Josite for July (seven cases) • 
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Figure 9. 850 nib ctmposite for August (seven cases) • 

Figure 10. 700 nib Cotlp:)site for June (seven cases). 
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Figure 11. 700 mb Canposite for July (seven cases) • 

Figure 12. 700 mb ctlnposite for August (seven cases). 
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Figure 13. 500 mb Ctlnposite for Jtme (seven cases). 
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Figure 14. 500 mb Ctlnposite for July (seven cases). 
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Figure 15. 500 rob O:mposite for August (seven cases) • 

Figure 16. 300 rob Cl:mposite for June (seven cases) • 

_) 
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Figure 17. 300 mb Cl:lrq;x:lsite for July (seven cases) • 

Figure 18. 300 mb Cl:lrq;x:lsite for August (seven cases) • 

. 
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Figure 19. Conposite High Plains severe thllnderstonn p;.rarreter chart. Frcntal 
symbols are conventional, surface isodrosothenns (oF) deooted by fine lines, 
scalloped line irrlicates surface fuyline, large arrows depict surface flew, and 
"High" and "Lew" refer to surface pressure centers. Dash-<Jot line lccates the 
700 nb thenral ridge. Win:l. bubs shew 500 mb wirils (full bub signifies 5 m 
s-1, flag signifies 25 m s-1), and heavy dashed lines lccate short wave trough 
axes. Chain of arrcws is aligned along core of strong high level win:l.s, above 
500 mb. StipPling deootes region of E!l{peCted severe t:huirlerstonns (fran 
Doswell, 1980). 

Figures 20 through 22 slx:M the distribution of reported tornadoes by county 
for the 17 cases used in this study. It was interesting to rote that of the 38 
tornadoes reported in the eastem p;.rt of the state, 26 (68 percent) cc=red in 
N-1" flew sitmtions. 

D. Surface Canposites 

Along with the troposi;heric constant pressure ccmposites, surface 
CCIIPOSites for 1979 were developed. Figures 23 through 25 shew the analyses for 
all cases, the f!fl and N-1" flow situations, respectively. 

When all of the cases in 1979 were cari::>ined (Figure 23), the CCIIPOsite sur
. face chart irrlicated the presence of a "significant" stationazy front along the 
Laramie Range nortlnoaro into central Wyaning. Easterly upslope flew was also 
present OITer eastem Wyaning, and the "'rean" position of the front represented 
an inpartant bamdazy because of the sep;.ration of noist air to the east fran 
drier air to the west. Significant win:l. and noisture convergerx:e were also 
evident. The results were generally ccnsistent with Doswell's firrlings in 
Figure 19, except that the surface win:l. gradient was enhanced by the presence of 
high pressure in the Dakotas and lew pressure in western Colorado. 
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Figure 20. 'Ibtal number of tomadoes reported by county for all 17 cases. 
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Figure 21. 'Ibtal IIlllliJer of to:rnadoes reported by c01mty for cnly the soutboiest _) 
(SW) flaY' cases (seven cases) • . 

18 



0 

() 

) 

• BIG HOR~~RIOAN CA!.IPBEI.I. CROOK YEI.I.OWSTONE" PARK 
NATIONAl. 
PARK ' 1 

) 
~JOHNSON 

6 
TETON ~"""''" 2 WESTON 

RINGS 

---'1 ......., 

1- fREMONT NATRONA CONVERSE NIOBRARA -. 

1 4 1 
. SUBI.ETTE 

1 I 
CARBON AI.BANY GOSHEN 

. I 
I.INCOLN SWEETWATER PI.ATTE 4 

__.J 

UINTA ....- I.ARAJ..IIE 

7 
Figure 22. Total number of tomadoes reportecfby county for the rorthwest (N'l') 
flGI' cases (ten cases). 
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Figure 23. Surface carposite 
for all 17 cases. Frontal 
symbols are conventional, 
surface isothenns denoted by 
dashed lines, isobars in:l.i
cated by solid lines (mb -
1000), "H" and "L" refer to 
surface pressure centers, win:l. 
baibs shew surface composite 
win:l. for a J;art.icular station 
(standard plotting conven
tion) , an:l. stippled area 
denotes areas of dew point 
tanperatures EqUal to or 
greater than SOC];'. targe 
arrows in:l.icate suggested 
stream flG~. (Figures 24 and 
25 follow the same plotting 
fo:rnat.) 
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Figure 24. SUrface a:::flilOSite for soutlwest (S'J) 
fla-~ cases (seven cases total). See Figure 23 
for piotting format. 
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Figure 25. SUrface a:::flilOSite for nortlwest (Ni) 
flCM cases (ten cases total). See Figure 23 for 
piotting format. 
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Figure 24 slx:Ms the canposite surface chart for only the SN flow cases. 
Like the surface catpJsite constructed using all 17 cases, the SN flO\' surface. 
canposi te slxlwed sare similarity to Doswell 1 s representation in Figure 19. 
H=ever, in Figure 25, the surface carposite chart. using only N'l flO\' cases, 
sane significant departures fran Doswell 1 s canposi te resulted. The :POsition of 
the surface 10\1' in sout.hwestern Colorado was farther west an:i deeper; an:i the 
:POsition of the high orer ex:trare northeast Wyaning was farther west an:i IOC>re 
intense. 'lbe results w:re not· really surprising, given the distribution of 
height in the middle an:i upper tro);lOsJ;here. With a middle an:i upper trop:r 
sJ;heric ridge over the western an:i central Rcx::kies, quasi-geostroJ;hically, 
subsiden:::e an:i therefore surface high pressure would be expected orer the 
Plains. Furthe:rnore, 10\1' pressure in southwestern Colorado would be expected to 
intensify due to radiational wanning. Thus what resulted was IOC>ist easterly to 
southeasterly upslope flO\' over eastern Wyaning. 

The nagnitude of selected surface derived quantities for SN an:i N'l' flow is 
illust.J:ated in Figures 26 through 31, an:i were obtained fran the carposite d:lta. 
M::>isture an:i surface COilll~e, as well as the surface PJtential taiQ;>erature, 
using B::lthwell 1 s "severe SilO" program (1980), are presented. The results i.ndi
cate:i that significant values of these quantities were aligne:i with the station
ary frcnt (an:i the laramie Range) , as would be expected. (IDTE: The surface 
coilllergerx::e results were :POsitioned farther west as a result of data resolution 
in the program.) A significant feature fran these analyses was the increased 
nagnitude of surface wind COilllergerx::e in the east portions of the state during 
N'l' flO\' sitmtians. Aiditionally, the surface :POtential tenp!rature analysis 
revealed a stronger gradient parallel to the front. Fran canparison of the N'l' 
an:i SN flO\' surface catpJsites, it appeared that the surface gradients of the 
selected derived quantities were greater in a N'l' flow regina. 

E. Building an Overall Carposite 

Clearly, two canposites appeared to be resolved fran the data. These 
were the Doswell carposite (Figure 19), which was =sistent with the SN flO\' 
situation, an:i a N'l' flow canposite (Figure 32) that had been developed fran this 
study for the tomado days during the smurer of 1979 when there was N'l' middle 
an:i upper tro);lOsJ;heric flow. 

One najor differerx:e between these two canposites was that the N'l' flO\' 
chart, Figure 32, shcwe:i the :POSition of the surface cyclone to the southwest of 
Wyaning an:i the :POSition of the surface anticyclone closer to northeast Wyaning 
with :POSSibly greater nagnitude. Aiditionally, the p:lsition of the 500 rrb ridge 
was considerably farther west - a result of the circulation of the westerlies 
ara.m:'i the entire Northern Hemisj;here for the Sl.'llliler of 1979. Recalling Figure 
19, Doswell slxlwed the surface cyclone orer ex:trare southwest Kansas and the 
surface anticyclone in northern Minnesota, considerably farther east than for 
the N'l' flow canposi te. 

The N'l' flO\' situation for the Sl.1llller of 1979 was believe:i to he significant 
because of the :POsitioning of the full-latitude middle- an:i upper-tropospheric 
ridge along 1150 west with its greatest axrplitude in its northern portion and 
the strongest westerlies north of Wyaning (Taubensee, Wagner, and Dickson, 
1979). This resulted in the location ofa. "thermal 10\1'" in scutmestern 
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Figure 26. O::mposite chart for south
west {SW) flO'I' win:l convergence. Units 
are 10-6 sec-1 (Bot1Mel1, 1985). 

Figure 28. ct:mposite c1lart for south
west (SW) flO'I' potential .tanpe:r:ature. 
Units are OF (Bot1Mel1, 1985). 
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Figure 27. O::mposite chart for south
west (SW) f10'1' I!Oisture convergence. 
Units are g kg-1 hr-1 x 10 (Bot1Mel1, 
1985). 

Figure 29. O::mposite chart for oorth
west (NW) f10'1' win:i convergence. Units 
are 10-6 sec-1 (Bot1Me11, 1985). 
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Figure 30. Cb:rg;x:lsite chart for north
west (:tW) flow rroisture cornrergence. 
Units are g kg-1 br-1 x 10 (Eotb.rell, 
1985). 
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Figure 31. Cb:rg;x:lsite chart for north
west (NW) flow potential tanperature. 
Units are OF (Bothwell, 1985). 

Figure 32. Car!:OSite chart illustrating 
the northwest (NW) flow regine for 
Wyaning. J:arge arrows indicate surface 
stream flow, frontal symbols are conven
tional, dashed line indicate surface 
isothenns (OJ;') , sti:g>ling indicates dew 
points at the surface equal to or 
greater than 500F, "H" and "L" irrlicate 
pressure centers (snall at the surface, 
large at 500 mb) , jagged line indicates 
the upper level ridge axis, and chain of 
arrows indicate the mid- and upper
tropospheric wirrl flow. 



Colorado and a surface high to the northeast of Wyaning. Hen::::e, an envirorment 
favorable for the developrent of torna<bes was created -- a regirre characterized 
by a canbination of upslope surface winds, wann surface advection, frontogenesis ,:] 
(sb:lwn below), and cyclonic vorticity advection downstream fran an;y soort wave 
trough in the middle- and upper-troJ;OsJ;heric m flow -- results which were 
similar to the findings by Johns for northwest flow situations over the Plains 
(Johns, 1982 and 1984). MJreo.rer, directional vertical wind sher (Table 3) 
along with surface wirrl ani noisture convergence were also present. 

F. Case Studies 

Two cases were eKtracted fran 1979 to illustrate the 1M and m flow 
characteristics: June 18 ani July 16, respectively. These cases were included 
to further !lake distin::::tions between these two types of regines. 

1. Case One 

On June 18, 1979, a large middle- and upper-troJ;OsJ;heric closed 
cyclonic circulation was located over eastern Nevada, placing Wyaning under a 
srutherly to sruthwesterly middle- ani upper-troJ;OsJ;heric flow (Figure 33). The 
surface analysis at 2100 <Ml', Figure 34, for that day was similar to !Xlswell' s 
canposite (Figure 19). The lowest surface pressures were over northern Colorado 
with cyclogenesis occ=ing along the stationary frc:nt. The "severe Sl\0" 
analyses, Figures 35 through 37, showed surface noisture and wind co:rnrergei:x:e 
which was significant. l!dditionally, the J;Otential t~rature analysis indi
cated a stroQ;J gradient over eastern Wyaning. A neasure of static stability 
(Berry, 1981) was ccnputed fran the surface observations ani is displayed in 
Figure 38. The results confinred the presen::::e of a strong horizontal gradient () 
of static stability a=ss the frc:nt and that the tropos!;here was unstable. On \ _ __,-
this day, three tornadoes oc=red in Carq;:bell County, believed to be of light 
to m::xlerate intensity, just north of the 70-unit region on the surface velocity 
co:rnrergen::::e chart sl:x:JWn in Figure 35. 

2. case "IW:> 

July 16, 1979, was significant in Wyaning since the nost danaging 
tornado on record for the state hit ~e. The F-scale rating was 3 (Parker 
ani Hickey, 1980). On that day, west to northN'est flow 'l-aS evident in the 
middle- and upper-tropospheric regions over the state. In fact, Figure 39 indi
cated that the axis of the long wave ridge at 500 Jib was west of Wyaning. 
l!dditionally, a short wave trough fran about north-central M::lntana to extreme 
northN'est Wyaning was aroedded in the large-scale upper-level flow suggesting 
the J;Ossibility of cyclonic vorticity advection increasing with height (to prove 
this requires CCII1?Utation, which is planned in a continuation of this study). 

At the surface, Figure 40, the 2100 <Ml' analysis carp:1red well to !Xlswell' s 
canposite, except that the lowest surface pressures were farther northN'est over 
nortbeastern Colorado. MJst of eastern Wyaning had surface winds predaninantly 
fran the east, and the iscbars irrlicated that the direction of the surface 
gradient wirrl was fran the east-southeast. 
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Figure 34. Surface analysis 
for 2100 GMl', M::lrDay, June 18, 
1979. Solid lines are iscbars 
(mb - 1000 for values 1000 IIi> 
or greater, IIi> - 900 for values ~ 

·'"~ less than 1000 mb). Frcntal \_j 
synbols are conventional. 
Dashed lines are surface 
troughs, ani "H" ani "L" are 
surface pressure centers. 
Figure 40 uses the sane plot-
ting fonrat. 
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Figure 35. Win:l. convergence (1o-6 sec-1) 
for June 18, 1979, 2100 GMl' (Bothwell, 
1985). 
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Figure 37. Potential temperature ('7) 
for June 18, 1979, 2100 GMI' (Both~ll, 
1985). 

Figure 38. Surface based lifted 
indices for June 18, 1979 (Berry, 
1981). 



Figure 39. 500 mb Analysis for 1200 GMI', M:>roay, July 16, 1979. 
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Figure 40. Surface analysis for 2100 GMT, Mbnday, 
July 16, 1979. Plotting foznat is tile sane as Figure 
34. 
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The "severe Sl!D" analyses, Figures 41 through 43, similarly sb:M a strong 
potential t~rature gradient with its vector pointing southwest. The roisture /· .. \ . . 
aOO. velocity convergence IIBXina were in g::x:xl. agreerent with the surface .. _) 
analysis. Figure 44 shows the distribution of static stability for 2100 Gfi', 
July 16, 1979. Even tiDugh instability \'aS present, its gradient was not as 
strong as for the 1M flew case. Finally, Figure 45 illustrates two soundings 
fran Fort Collins, Colorado, for July 16, 1979. 

In addition, a calculation of fmntogenesis, utilizing Petterssen's two
di!rensional frontogenetical function, produced significant values of 12 x 10-10 
deg. nr1 s-1 (Petterssen, 1956) -- clearly indicating that rising rotion was 
occurring over southeast Wyaning. 

Table 4. Vorticity advection {VAl and temperature advection (TAl 
are listed for the 700 MB/ 500 MB pressure surfaces for each of 
the 17 cases used in this study. 

6/26 
6/27 
6/28 
7/16 
7/26 
7/27 
7/28 
7/30 
8/1 
8/28 

C • Cyclonic vorticity advection 
A = Anticyclonic vorticity advection 
COLD • Cold temperature advection 
WARM • Warm temperature advection 
N • indicates advection was too week to determine 
SW • Southwest flow 
NW • Northwest flow 
M • MISSING 

II.Qll D. l'A 

700 MB/500 MB 700 MB/500 MB 

NW C/A WARM/WARM 
NW C/ll. WARM/COLD 
NW N/C N/N 
NW C/C WARM/COLD 
NW A/A N/N 
NW A/A WARM/COLD 
NW N/A WARM/N 
NW N/C NICOLO 
NW N/A WARM/WARM 
NW N/C N/N 

-------------------------------------------------------------
6/1~ sw C/C NICOLO 
6/15 sw CiJ>l WARM/N 
6/16 sw C/C NICOLO 
6/18 sw CIM COLDIM 
71~ sw N/C N/COLD 
7/22 sw C/C COLO/N 
8/14 sw N/A N/N 

To help Sl.IIIIB.rize the differerces between the 1M and N'1 flew scenarios, 
Table 4 was constructed. In the table, the nature of the vorticity and terp;!ra
ture advection for each of the 17 caseE; is shown. These quantities were deter
mina:i cbservationally. Taking into consideration the differences in the sample 
sizes of the 1M am. m flew cases, it \'aS inportant to :oote that there was a 
greater percentage of 1M flew cases with cyclonic vorticity advection at both 
700 and 500 mb than for m flew. In addition, 60 percent of the N-1" flew cases 
bad 700 mb w:mn advection, whereas only one of the 1M flew cases (14 percent) 
had w:mn advection at 700 ni:l. Recalling Figure 25, the surface canposite for m 
flew indicated upslope flew was at the surface over easte:m Wyaning. Thus, 
cbservationally, the forcing for u:r;::ward vertical rotion for 1M flew was 
apx:e.rently in the middle- aOO. upper-t:J:cpospbere, whereas in N-1" flew the forcing 
for rising rotion \'aS confina:l I!B.inly to the lewer tropo~ere. Furthemore, as 
slnm in Table 3, there was twice as ruch directional-.vertical.win:i shear form 
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Figure 41. Win:i convergence (1o-6 sec-1) for 
July 16,. 1979, 2100 Gfi' (Bothwell, 1985). 

Fig~,~re 42. M:Jisture convergence (g kg-1 
hr-1 x 10) for July 16, 1979, 2100 GMT 
(Bothwell, 19 85) • 

Figure 43. Potential tanperature (OF) for July 
16, 1979, 2100 Gfi' (Bothwell, 1985). 
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Figure 44. Surface l:e.sed 
lifted indices for July 16, 
1979 (Berry, 1981). 

Figure 45. Skew-T, I.og--P diagram for two 
soon:lings taken in Fort Cbllins, Cblorado, 
July 16, 1979, by the Cblo:r:ado State University 
Depart:nent of Atm:>spheric Science. The 
souroings were taken at 1854 Gfi' (1254 MIJI') ani 
2220 Gfi' (1620 MIJI'). Full wim bart> is 10 m/s. 
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f10o1 situations than for sw. Hence, the Nil f10o1 scenario of the sumer of 1979 
seared to suggest that a synoptic scale envi:ronnent, favorable for the develop
rrent of tomad:>es, was created; an:1 this Nil flOoT synoptic-scale regine was 
appirently a dira::t result of the circulation of the westerlies aroun:i the 
Northern Hemis:r;Xlere for the sumrer of 1979. 

3 • Con::::l usion 

The CCIIPJSite charts for the surface an:1 selected constant pressure sur
faces have de:rcnsb:ated that an enviroment favorable for the developrent of 
tOJ:nadoes 01rer Wyaning can result fran either SN or Nil flOW'. M:lrec:J17er, the 
farnation of this envi:roment is linked to the circulation of the Northern 
Hanis];heric-scale westerlies. In essen::::e, the principle of the "forecast 
funnel" technique of focusing first on the large-scale an:1 then stepping dam to 
the synoptic- an:1 rresoscale has been highlighted in this study (Snellrran, 1982). 
The positioning of the middle- an:1 upper-tropos:r;:Oeric ridge over the western an:1 
central Rockies during July an:1 August of 1979 was believed to be a najor con
tributing factor to prcducing the ananalrus nunber of tornadoes over eastern 
Wyaning. 

Far too often forecasters are con::::erned (and rightly sol with the rreso
scale an:1 synoptic-scale events, which can be ove:r:whelming on critical days. 
But the link to the large-scale, as is evident in this analysis, can be critical 
to setting the stage in Wyaning for extended severe ~ther events. 

EXtensions of this study are planned which will (1) quantify the advections 
of vorticity an:1 ta!plrature discussed in this paper, an:1 (2), quantify the 
forcing fran the Northern Hanis];heric-scale dynamics to developing a severe 
~ther envi:roment over Wyaning. The autb::>rs believe this nay be particularly 
significant in this state due to the orographic uniqueness an:1 clinatological 
propensity toward creating a severe ~ther enviroment. 
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