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This study presents an analysis of the various types of thunder-
storms found in the Great Plains states which the forecaster will find
very useful in practical operations. The study was initially prepared

in December 1945 by Captain John B, Young, AC, while assigned to the
23rd Weather Squadron, and has not previously received wide distribution.

Q”X Recent research on squall lines indicates that the discussion of )
non-frontal thunderstorms in this paper presents an important original

contribution to the theory of squall-line formation.

Hg, AWS
August 1951

R TERHR A At At N

y i




[N 2

-

v

A A Sty

L ph o . st~y

piam

The purpose o

New i.exico, and the Fanhandle regions, and as a result increase
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NON-FRONTAL ¢3D CTHiR TYIE: OF THUNDERSTORE:S

A3 THIY CCCUR IN THE LEE OF THZ RCCXY 1.CUNTAINS e

I. FURFOSE

h

this study is to acquaint forecasters with the

bagic types of thunderstorms which occur in the states to the

east of the Rocky kountains, namely lansas, Nebraska, Colorado, ' 1

the forecasting accuracy associated with these storms.

II. GEN:ZRAL
Thunderstorms in this region occur mainly during the summer
season beginning in Abril and continuing through Cctober, with
a few during iarch and Hovember. Those of maximum intensity

will be found in the hotter months, July and August. On the

average, the majority of tiese thunderstorms are non-frontal

and therefore & great deal of this paper will be devoted to a S

&iscussion of the non-frontal type. This type of thunderstorm ’ 24

is unique in that it is citen unannounced to the inexperienced

forecaster. The other types of thunderstorms to be deait with : il

here are: 1) prefrontal, 2) those associated with intense 1low

pressureés, and 3) convergence. These threé kinds of storms are
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of no less importahce, but are less frequent and follow & more
widely recognized pattern of development. An attenpt has been
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made in this paper to corrélate the latest techniques,
including the analysis of the 3 kilometer theta E ¢hart, theé
standard altitude pressure charts, the upper air soundings,
advective pressuré and temperature chaﬁges from winds aloft,
and the surface syroptic charts with the forecasting of

thunderstorns,

III. NON-FRONTAL
A. The non-frontal thunderstorm is oneé which occurs without
benefit of frontal cectivity. It often happens that the con-
ditions which are responsible Tor these thunderstornms remain
static over a period of several days and cause the recurrence

of the storms until the pressuve pattern has changed sufficient-
1y both at the surface and aloft to alter the situation so that
%he thunderstorms cease. The fbllowin@ afe the conditions

which have been found to be conducive ﬁo the occurrence bf-non-

frontal thﬁnderstmrms.

1. The surface wressure pattern shows a relatively high index

. over the United 3States with oné high nressure cell centered

ovér the eastern portion of the U.3. assoclated with but not

necessarily connected with the Azores sermuda hipgh pressure,
and another over the western portion ofthe U.S. assocliated with
the Tacific high pressure cell. Just to the east of the Ton-~
tinental Sivide will be found a low pressure trod@h betveen
these two cells, which exists due to the actien of the coriolis
force upon westerlies producing cyclohic curvature of the
streamlines as the air flows down the sastern slopes of the
Rocky hountains: ?@e pressure valuegs found in this trough may
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vary diurnally as a result, of the daytime insolation effect
which is associated with convectiive activity and valley
breezes. Thereforé the lowest pressures most often will be
found on the 1930 C'T synoptic chart. On this chart there
will sometimes be Tound over westerh aansas or eastern Colorado
an intense iow pressﬁre which i8 the result of a cowbihation

of the coriolis effect, daytime insolation, and convergence
within a column of air as it moves northward across latitude
lines. This low unressure vill tend to disappear on succeeding
synoptic charts wvhen daytime insolation is lacking. The pre-
dominant circulation over the area under considemation is
southerly and generelly duite strong, associated with a steep-
pressure gradient directed to the west. The surface témﬁerature
is alvays average or above for the period under consideration
and the relative huuidity at the surfece is greater than 75%:
these facts result in the stifling heat that prompts laymen to
expect the development of thunderstorms. The high moisture
content of the air is the result of a long trajectory oi this
alr over the Gulf of ..exico. Forecas.ers often place fronts
erroneously in this low pressure tyxough and become confused
when the fronts fall to move but remain stationary from day to
day. ?his accounts for forecasts of frontal passages in ¢ommec+
tion with thunderstorms, when actually there will be Iittle
cﬂange in the synoptic chart on the following morning.
Sometimes, however, upper frontal systems migrate from the
Facific and become active at the surface ih this area, in which
ease fhe placement of the front on the synoptic chart is

justified and the thunderstorms which occur are associated with
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the ffont. To establish a correct analysis requires carefdl
gonsideration of the movements of fronteal systems aloft, over
the Rockies. A4S an example of surface conditions assoclated
with non-frontal thunderstorms, the C130 CWT synopti¢ chart of
17 July 1944 has' been chosen, as illustrated in Fig. ;. This

chart variés from the mean in that there is a weak low rressure

trough over the eastern portion of the U.S. with a weak high

pPressure centered over the Great lLakes region. It 1is typical

as regards the rest of the pertinent vressure pattern. At

the time of observation it should be noted thaﬁ there are
several thunderstorms reported over Kansas, Nevraska, and the
ranhandle region, and no frontal systems are associated with
them.

2. The upper &ir soundinags in connection with non-frontal
thunderetorms indicate a2 stable structure of the atwmosnhere
from the surface up to 3 to 4 kXilometers, a sl;éht inversion

of 200 to 20C meters and above that a cenditionally unstable
lapse rate. 3Such a sounding will be found in Fig. 2 which is
the 2330C sounding at Dodge City for 17 July 1S44. The limited
number of RACBs taken at this sbation makes necessary an inter-
nedliate comparison with other stations. Therefore the dashed
curve which is a portion of the Cklahoma City sounding is
presented. The OL sounding clearly shows the typical nigh
level inversionnwhich would have been over Dodge City at 113CC
on 18 July 1244, It should be pointed ocut that normal daytime
heating will not altef this lapse rate enough to cause a

~

thunderstorm to occur. Also, a hodograph analysis of the Dodge

. City pibal at C015C.T, Fig. 3, shows no shear from the surface

Y

R R S PP S

- B

g Feoocs

= g e iy b 008 e

e

-

g,

&

"

R




e

Py =t

to 6000 £t and cold air advection from 6000 £t to 160CO ft: A
minor deviation from the accepted theory of hodograprh analysis
here becomes evident. Analysis of temperature fields from the
surface up to 20000 ft shows that a southérly or southwesterly
current af air will raise the tempercture at a given point\withn
in this air flow in & specified period: On the other hand, a
flow of air from the west or northwest at any of tﬁese levels
will lower the temperature of that point over a &specified
period. Figs. 2A, 2B and 2C are vpresented in an effort to
prove that a hodograph analysis such as in Fig. 3 near the
Rocky i.ountcins will not verify with respect to advective tem-
perature changes. In the case under consideration, absolute
instebility will be reached in a short period while the
hodograph analysis will predict increased instapility at levels
up tol16000 ft. Fig. 4 shows a hodograph of the Dodge City
pibal taken six hours later than Fig. 3. It can be seen that
there has been no great change in the winds during this period
although thunderstorms have foriled and passed through the area,
The moisture distribution aloft, Fig. 2D, shows a maximum in
the lower levels and directly above t.ae inversion with dry air
throush the rest of the sounding. The moisture in the lower

levels will be carriec upward by convective activity and the

‘molsture already present above the inversion will form the

clouds which precede the thunderstorm as the air at that level
is cooled.

3. The Theta Z Chart for 3 kilometers, Fig. 2E, has proved
very helpful in forecasting this type of thunderstorm. Usually
there /ill be a ridge of high Theta I values locatéed over HNew
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Mexico on theé midnight sounding which will tend to be moved
eastward to the Central Plaing region by the flow pattern at
3 km. A positive check must be made to determine the fiovement
of this ridgé. Critical values have been establishéd by months
during the thunderstorm season b& correlating the occurreﬁée.of
thunderstorms at Dodge City with the actual value of Theta -
closest to the time of the thunderstorm occurrence. These
crit;cal values are as follows:

Karch, 316°

April, 3160°

kay, 3%18°

June, 326°

July, 33g° o

August, 33%

Sept., 327
4, 3y using conventional analysis methods, the forecastér
examining the situation on 17 July 1944 would find nothing to
indicate to him the probability of ti. inderstorms, and in his
forecast he will npt predict the occurrence of thunderstorms,
However, they will happen and he will usually be unable to
reconstruct a plausible explanation, The deciding factor is,
therefore, the actual density 6f ailr being advected above ana
below the inversion located above 3 kilometers. In the case
under consideration, much colder air is being t:énsported
over the Great I'lains yegion a2bove the inversion while at the
same time the alir below this inversion is becoming increasiﬁgly
warmer and more moist. Eventually, abgolute instability neéar |
the inversion level must be realized and thunderstorms of the
non-frontal type will dévelnp.

5. The cloud sequence agsociated with non-frontal thunderstorms

1s rictured in Fig. 5 and showsg an.early morning prevalence of
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altocumylus type clouds winich develop into the cestellatus

tyre by midmorning, ltend to dissipate near noon, become stratus
type and then increase, becoming altocumulus near sundown,

with ﬁhé subsequent formation of qumuidnimbus cloﬁds with bases
near 3 km. Thése cuﬁulonimbus clouds build dovwnvward as vell as
upvard in the atmosphere, lowering their bases to 40C0 to 5C00
ft as the thunderétorms increase in intensity. It is thouaght
that a2 small convective cell develops in the vicinity of the
inversion as the altocumulus type clouds aprpear and that tﬁis
cell extiends upward and downward as ensolute instavility is'
realized. The thunderstorm which develops realizes added energy
from the latent heat of condensation of the wolsture supplied
to the low pressure on itssouthern and eastern edges.

8. As a general rule, the behavior of these thunderstorms -is
ag follovs:

1. They begin active precipitation and lightning near 2000 BT,
joining into an active line squall or pseudo.oold front which
runs from northeast to southwest and moves with a gpeed of 25'
to 30 miles per hour from west to east recching an eastern
boundary. extending from Lincoln, Neb., to Clinton, Ckla, Iilots'
reports during the occurrence of this type of thunderstorm
indicate that their height is well over 25000 ft with excessive
turbulence in and around the clouds and icing in the clouds
above the freezing level which generally lies at 14000 ft.

2. Irecipitation is showery and intense for very short periods
of time with freguent heavy hail.

3. The surface winds associated with these storms are most
often guite strong with velocities ranging from 4C to 50 miles
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per hour for one to two hours with occasional gusts as high
as 90 mph. If no advance varning of  high winds is isgued, a
considerable ameunt of damage will be done to property and
aircraft, and even loss of life mey result. However, there

are cases on record which Show a vind speed of 15 mph or less

ocecurring with this type of thunderstorm. No explanation of

this has yet been found.
4, The temperature at the surface will be found to rise to its
maximum as the thunderstérm approaches the station and
immediately upon the passage of the wueudo cold front and the
beginning of precipitation, the temperature will drop as much
as 200 in an hour and then begin to rise slowly to the average
nocturnal minimum.
5. Tornadoes gulte often occur in connection with non-frontal
‘e

type thunderstorms and seem to move from southwest to norﬁheast,
causing a considerable amount of damage in their wake regardless
of‘precdﬁtions taken. Tornadoés are most likely to occur with
extremely high values of the eguivalent potential temperature
at 3 km., that is, greater than 335C°.
C, As an aid to forecasting these storms, the following situa-
tions should be carefully watchsd for:

1. Altocumdlus castellatus clouds over the station near
suprise.

2. A relatively high index situai on on the surface synoptic
chart.

3« A strong pressure gradient over the midwest. -

4, Hinds/southerly at the surface and southerly through 3 km.,
veering to westerly and on to northwesterly above that level.
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5. An inversion in the lapée rrte at 3 to 4 kmi, with an.
adliabatic lapse rate above and a cénVectivaly-st&bie-one in
the lower levels,
6., Concentration of moisture in the lower levels and
directly above the inversion, = | )
7. Theta . values at 10,000 ft eoual to or gréster than
those listed above which are critical values for each month
during the thunderstorm season.

8. DACIDING FACTCR: I.arked advection of colder air above

and warmer air below the high level invérsion.

IV, PRE~FRONTAL

A, The pre-frontal thunderstorm is one which occurs from 50

to 100 miles in advance of a surface cold front wmoving eastward

) ¥ ot el vl aa e

’:9‘ & 5 . . ) ) . . 3 5 e -
over the Great {leins states. The cold front is one whlch has

m migrated from the Facific in the form of an occlusion, becoming
active at the surface as & cold front east of the Continental
Divide. AnxaVerage of @wg'@f this type eof frent will pasg ovey

-\ the Great 1lains states per vieek during the thunderstorm seasone.

C :

For the most part these thunderstorms are similsr to mon-frontal

in that conducive conditions for non-frontal type apply to a P

large éxtent to the pre~frontzl type. The following are conditiohs i
wvhich have heen found to be associated with the occurrence of £
pre~Tfrontal thuhderstofms. [
1. The surface synoptic indicates a low pressure which may be ]
either of the'North Tacific or Golorado type, having a qdld 54
,
front extending to the south and curving slightly to the vest,
located to the east of the Continental Divides.- Tp.mhe eas@ i
g ~9u= i
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Wwill be found & high »ressure ¢éll of 1023 mm or greater, with :i
its center in the vicinity of Cape Hatteras. . To the west‘will I
be a moderate tO6 strong facific high pressure moving.eastwafd l
behind: the cold front. As @ ruls, tl low pressure becomes |
. very intense (993 to 999 mb) as it moves down the Continental j
Divide, This fall in bressure ig associated with: 1).corioiis a
effect upon westerlies producing cyqlonic‘circulation, 2)
iighter-aﬁd more moist aif being dravwn into the eastern.portipn
of the low from Sver the great plains,.which Was the effsct of
~. _ intensifying convective activity, 3) convergence within a

N
ij;) column of air as it moves northward acrdss latitude lines is

()]

xperienced in the strong southerly fiow over the Great EFlains !
toward the center of the lowi
2. The surface @eﬁperature contrast through the cold frowt is
on the average 20°F. The rel&tive humidiﬁy-ea$tsof the front
will be well above 75% while on the western side it will be
low (Qxcept in precipitation areas) averaging 30%. An example
" of pre-=frontal thunderstorm conditions is shown in Fig. 6,
> ) which is the synoptic chart of 0130 C T, 15 July 1944, This
situation~inéiqaﬁes a low presssure centered in the Vicinity of
the Hudson Bay and a very strong Iecific high pressure movihg
eastward behind the front with a'ti5ht pressure gradient.
Stations rsporting showers or thunderstorms are indicated by
the appropriate symbols.,.
3. The upper air soundings taken clesest to the time of the
occurrence of pre~frontal thundersﬂOrms are very similar to

those associated with the non-frontal @gpe and indicate a

steble structure of the atmosphere from the surface up to 3
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to 4 km., a slight inversion through 200 to 500 meters, and

a%ove that a conditionally unstable lapsé rate. The average

moisture value in the lower levels is lQ-gramé‘whiéh\is
characteristic of maritime tropical air lying east of the cold
front., The moisture content decreases rapidly nésr the inversion.

The upper alr sounding for Dodge City ih.Fig. 8, as.aSSéciatéd

with the Synobtic Situaﬁion in Fig: 6, indicates a molsture

value of 12.3 grams at the surface falling off to 2.9 grams at
550 mb and .06 at 400 mb. Again it is necessary to incorporate
a portion of the‘OL sounding twelve hours later to indicata

the marked iﬁversion aloft which would have been éxpected over
Dodge City simultageously.l It is impérﬁénm to note that the
critical temperature of this sounding would be ver& near 4060,

which is extremely high and undoubtedly would not be conducive
to the development of a thuﬁderstorm;-barriﬁg of course marked.
warm air advection bélow 550 mb and merked cold air advection
avove that level. Therefore the 1ift realized from'the;slopé
of a cold‘front would be sufficient to cause convection up to
the 650 mb 1evé1-which should form a thunderstorm along theé
cold front at the surface, Howevecr, the strong westerly and
northerly winds at the 8000 ft level and above, blowihg down-:
s¢lope over the frontal surface, as indicsted by the hodograph
in Fig. 7, will neutraligze the.liftihg.effect ané ﬂhe'typical
non~-frontal thunderstorm will éevelop 50 to 100 miles in advéance
of the front at the surface. Therefore, t"ne conditions aloft
conducive to the formation of non-frontal éhnnderstormS‘as
outlined‘abéve must mecessarily apply to this type. The vélue
of Thete T at 3 km over Dodge City at the time of the chart in

’
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agsociated with a tongue of high values of Theta I moving

- lined ufder non-~frontal thunderstorms applies here with the

Fig. 6 was 32004 and 12 hours later had risen to 33404,

éaStwafd with fhe surface cold front. Fig. 7 spéwé @he hodograph
analysis of the Dibal over Dodge.Gity for 23%0 CIT on 15 July
;944. In this cgsevtoo, it,becomés DGCessary'ﬂg deviate from
the accepted method of hodograph analysis;.siﬁce-a doﬁventionai
analysis would give warm air advection up through 200G0 £t

However, the tempcerature field is similar in struéture to that
in Figs. 24, 28 and 2C éo thatlthe stable picture present in
Fige 8 would eventually become uﬁ;tablg as long as the wind

flow above and‘below the inversion remains fairly constant,

B. The cloud sequénce ésSociated with pre-frontal thunaefstorms
is pictured in Fig« 9, wﬁich is.idealized from a general know-
ledge of actual observations. This picture illustraﬁes behavior
of pressure, temperature and winds on‘a time cross section basis
and 1s self-explanatory. The pre-frontal . thunderstorims are
generglly touohed off by late afternoon and begin to move
rapidly eastward as a squall line or pseudo cold front extending
eastward as far as a line runmding from Tulsa, Ckla., ﬁo Cmaha,.

feb. The velocity of movement of the squall line varies from

20 to 30 miles an hours

frehi o

C. As an aid to forecasting theése storms the checklist out-.

added condition of a ary cold front at thé surface east of the

Continental Bivide;
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V. CCHRVERGENCE
A. This type of thunderstorm 1s considered air mass and 1ts
main\diffqrence 1;es in‘itsscattered‘ocuurféné@ instead of
Being linkeé up in 2 line scuall., The syngptic sitUation is
rictured&in,Fig. 10, which Shoﬁs a: veak high pressuré ceﬁtered
ovef southern manitoba extendita southward to 38°N, a weak low -
pressure trough runn&mg from overn Québec southwestrard to ’
Lissoﬁri, on to the ¥anhandle region, Jjoining with a thermal low
over the wouthwestern states, and a weak high pressure over the
southeastern portion of the U.5. The stationary front carried
on this chart is in itself inactive and separatés polar from

.

tropical air.. The a%rows»on the chart indicate air flow with
the exception of the one over western Kansas pointed eastward
which represents the effect of the Rocky iountain range over
Colorado. The éir converging on Kansas and the Fanhandle
region gives risé to the following features: 1)'upslope motion
in the easterly current, 2) upslope plus :dynamic convergéncé
in the southerly flow, 3) iséntrqpic lifting of the tropical
ailr over the shallow dome of continental alr, -
B. As an example of thHe above circulation pattern, a column
of air moving from the viecinity of Cmaha westward to westérn
Kansas wil% experience in the neighborhood of 200G ft of lift
in the lower le&éls; The RAOB for\DodgelGity vhich accompanied
this éituation was convectively unstable with.a critical
temperafure of 31;5°¢_ The sounding for Omahavat thélsame
time was also convecﬁively unstai:le. .Therefore, with an easterly
cifcuiatidh, the lower p ortion of the Omaha soundiﬁg would be
lifted orographically and the resulting lapse rate over wéstern

o R
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Kansas and the ILanhandle region would be mopd uﬁsﬁable than
originally., | | .
| This-typé.of thunderstorn is generally'considered to be g
high level ﬁyhe and causes very little damaéOﬁuppn Qccﬁrrence.
The movement of the veak high pressure cell to the north st
be: forecast properly to obtain an indication of the'numbé}~of
days on which the storm'will successively pecuf. Tbe pibalk
acéompanying this situation i& analyzed in Figs 11, ‘where
géntle warm air advection is-shown up through 14000 £t, Heré
we find a slight reéémblance to non~frontal type thunderstorm
situations with actual cold air advection evident above 14000
ft. Due to the usual heavy clopd coverage over the area in
cuesﬁlon asgsociat ed with this tync of aynoptic situation, no
evidénce of ecastesrly winds ean be presented. However, the
pressure pattern at 500 £t &oes‘indica$e easterly circulation
over hansas. Isentropic:uplift.is indicated on the pibel in
Fig. 11 by southerly flow aloft over the shallbw dome of

continental polar air which is ¢cntered over southern Canadas

VI. INTESSE LOW FRESSURE
A, Thunaerstorms very often occur a500019tod with & deep
Colorado type low prcagsure as it moves across the Continental

Divide and intensifies over the .lains states. This type of

low pressure will most gederally be found conducive to thundepr-

storm activity in April and May and later during Séptsmberg As
é rule there will be a cold front running.soutnward from the
center of the low as indicated in Fig, 12, and a warm front
running castward Qith the systemlocciuding as it movés to the

,.'.l:l;,.'.
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east.‘ A very steep pfaSsure gradient around. the éeénter of the
low gives rige to cxcessive wind speeds at the surface and aloftg
The high Drcssurcs over the west and east coasts of the U.S. will

be found abovc normal in value and the Pacific hl&h pressure

pushecs eastward bcehind the Colorado low. The impdrﬁany featuréé

aloft and at the surface are a8 follows: 1) marked convergence

to very high lovéls, 2) lifting associated with frontal

surfaces, 3) active upslope conditions in the northern seetor

of the low prcssure in the lower levels, 4) moisture is injected
into the southeastecrn portfbn of this Yow »ressure by southerly

vinds covcring a long trajectory over the Gulf of Lexico.

- The unper air pressurc charts associated with the above synoptic

gituation arec characterizgd by closed low pressure centers in
juxtaposition from surface to 20,000 f£t. Due to this arrangement
there'is no mafkqd shear zonec aloft and a hodograbh aﬂélysis
will give little indication .of advcctiog. Fig. 13 represents
this situation and shows wérm air a@vectién through the entire
run. | ‘;

B. TForecasting this typc of thunderstorm is considcred
comparatively simple once the movemcnt of the surface systom
ig decided upon. However, there must be an indication of high '
moisture valucsaloft which will be sh #n-on the 3 km. Theta &
chart as valucs of four grams of greater., A point of interest
here is that‘the 10,000 ft circulation w;ll tend to draw moisture
Trom over Texas and Oklahoma around the northern side of tﬁe

low pressure, and forecasters must take into con81derat10n thls
flaw of moisture which; %f eut érf,.wzll 1essen the chaneos of"
thhnderstorm occurrencea Theta B values at 3 km will hot be

ci5-
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abnormally high but & definite tongue of high valuss will be
&ssociated with the low pressure at 10,000 ft.
Damcge causcd by thundcrstorms of this type will be mainly

duc to hailstoncs and not winds sincc the winds maintain high

velocities for pcriods of from twelve to <ightcen hours and

are net extrcmely gusty..

VII. COKCLUBICN .
Forecasters should now have a basic knowledge of the

thunderstorms which thcey will cncounter over the Great Flains

-

states and after having decidcd upon portinent synoptic situations

they will bc able to follow tho check 1list as outlined insofar

a8 possivle, arriving at defivitc donclusioris’ concerning time

1

of occurrcnce,.cxtent and irntchsity of all types of Thunderstornisi

....16'.5
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