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ABSTRACT

A composite approach is used to investigate the evolution and

distribution o1' severe weather vvents for 39 cases of spring season

Colorado cyclogenesis. The study also examined the incidence of

severe weather during a "jet streak" subsample of 15 cases, based

on the presence of ;, -300 mb wind maximum over the New Mexico-Texas

area on the Jiy of eyc'lopvenesiui, and a co(im l(ment .3b';am[' , of the

cyclogenetic: cases not included in the jet streak subsample.

Composites were constructd of the normali 7ed frequency of (1)

tornadoes, (U) high winds, (3) large hail, (4) funnel clouds and

(5) total sevire weather vvents for the total sample of 39 cases

and the two !ubsamples for three 24 hour intervals with the first

interval coinciding with the day of eyologenesiS.

The distribution and frequency of severe weather for the three

iys was consistent with the mean synoptic features as the composite

cyclone developed and moved away from its lee side development site

in the suuthern ho'kies. The area where severe weather occurred

-ign if1(-aLly tro.idet ,( afnd riovo d northea;tward on thf, two days

following cyclogenesis. for (ach of the throe samples, the maximum

frequency of total severe storm events was highest on the day after

cyclogcnesi s.

Th- r lat ioriship between the upper-troposphric wind max imum

and the frequency of total severe storm ,vents was eximined for the

jet streak :;ubsimple. The greatest Ancioence of' severe weather

I|

i -- ,. ::::. = - . . .- "-T , ,L . - .- - . .- ,, . • , ,. L . .- . .• .. -- t



occurred ahead of and to the right of the exit region of the

propagating 'OCI mb jet btrvak. The presence of the composite 300 mb

wind m;ximum in the jet streak subsample clearly enhanced the

frequency ol' -;everv w,_ather (om ired to the composites of the total

sample of 19 cases and the complement subsample.
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At this also my heart trembles, And leaps from

I ts pl ace
Listen closely to the thunder of' His voice,

And the rumbling that goes out from His mouth.

Under the whole heaven lie lets it loose,
And His lightning to the ends of the earth.

After it, a voice roars; lHe thunders with His
majestic voice;

And lie does not restrain the ti ghtnings when
iirs voice is heard.

i;o, t.hund,,rs with His voi'' woridrow.-i]y,

ii t ig gr''.t. tiii 11',2 wii 'I W, ' ,wilii . , )mpr( erld.

For to the snow lie :;ays, 'Fall on tihe earth,'
And to the nhower of rain arid the rain,
'he strong.'

He se;31l the hand of' every man, That all men may
know Hi s work.

Then the bea:;t go, into its l iir, And remains
it its den.

Out, )t' the charnber comes the storm, And out of'
the :;ceattering winds the coli.

From the breath of God ice is made, And the
expanse of' the waters is frozen.

Ai:;o with moisture lie loads the thick cloud,
Ht, dlisperses the cloud of iis iiglhtning.

And it charics ,direction, turning ;around by His

That it, may du whattever lie comniids it on the

face of the inhjbited earth.
Witi.hr 'or orreetiori, or, for, ii.- world,

Or for loving kinidnes:s, lie caus;,S it to happen.

Job <7:1-1 (NASV)
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ABISTR ACT

A composite approach is userd to investigate tile evolution and

distribution of' severe weather events for 39 cases of' spring season

Colorado cyclogenesis5. The study also examined the incidence of

severe weather during a "~jvt streak" subsample of 15 cases, based

on thle presence of' ;, _ 0 nb wind maximum over the New Mexico-Texas

area on the (Jay of cy,. oj.esi s * and a cornpl (rent jiAb.;ampl t of the

cyclogenetic cases not included in the jet streak subsample.

Composites were constructed of' the normal ized frequency of ( 1)

tornadoes, ( ') high winds, (3) large hail, (i4) Funnel clouds and

(5) total severe wezther ovenits for th-e total sample of' 39 cases

and thc two subsamples for three 2'4 hour intervals with thle first

interval coinciding with th, dJay of cyclogenesis..

The distribution ain: frequency of' stevere weather for the three

days was consistent with the meani synoptic features as the composite

cyclone developed and moved oway from its lee side development site

in the nouthern hoe ki es. 'Ile area whiere severe weathec occurred

signi ticjint.ly b ro~idened arid m'ovcd nor t hoa~. wrd on) thi two u;iy5

following cyc lok,tene.s s. For trch of the throe samples, the maximum

frequency of ,otal severe storm events was highest on the day after

cyclogflesi 5.

The relIationiship between the upper-tropospheric wind max imum

and the freque~ncy of totail severe ,*torm events was exi.mined for thle

jet streak subsaimple. TIhe greatest incidience of' severe weather



v

occurred ahtijd of' and to tht- right of the e:Xit region of the

propagating -100 mb jet ,streak. The presunce of' the composite 300 rrb

wind ma;ximum in the jet streak subsample clearly e-nhanced the

f'requency ot' Lcevere we ather c ompired to the composites of' the total

sample of'- cases aind the complement subscmple.



1. Introduction

Sevcre local weather annually threatens the lives ;nd roperty

of ni 1l ions of people in the United ,State_. Ltatistics compiled by

NfAhA,'s Natioral Climatic Data Center ( 1(.? ) Aow that between 1953

and 1983 severe wether caused ;in avcrcq.e iiinnual loss of more than

5 billion uol Ilrs in property d.,r e arid rore i han 1I0,C storm-related

fatalities. ihe majority of property I o:;s and ft ,l i tit, s oc(ur

dur n, tht. spring month-; when :severi, storm.is arc, both more frequent

an] more violent. Annually 'A% of the tornadoes occur during the

spring seas;n (April-June); however beciJus, of th ! greater violence,

72 of' the annual tornado-related dtath.:; occur during these months.

The vast majority of tIundferstormt; that produc, severt ether in the

U]rite: !t., : occurs over the central portion of the country between

the Rocky an(i Appalacian V1ouuntain.,. Ii particular, Court (197/4)

found tornaooe:: ind Ilarg, haiil () 19 mri in diameter) occur most

frequently it central Oklahoma and Kansas (Figs. 1 and 2). Although

improved radar and satellite dajta provide useful meteorological

tools to mritor the de-velopment of' severe storris and aid in their

prediction, the meteorologist must continue to learn more about the

re :chanai r! Which lead to the occurreri-e '4f severe weather. Thi s

ircrfese it vnowI edge should lead to the d(velopment of more accurate

an, tim( Ly pril i tion; :,f Lhest, Iestructive e s.orm:l .

The grnat iajority of s. in). 5'asofl thunders'.,)rm:; thot produce

:e;evert, we3t er in the centraI United '!at(-., develop in regions where



e~longatedi cver northwestern lowA . This more diffuse pattern is Ci

retj i t o C tht, compyoi t i ri of t ho var i oil- t r ;wk 3 an] speecd of' movemeicnt

of the J3) cyclones as they moved from their lee side development

sites in the southern Rockie-s.

The iCC ind 850 mb composite wind fi-elds at 120C0 GVMT for the

thiree days of interest are shown in Figs. 14, 1) and 6. On day C a

' C0 rb comi~o31 t e jet streak is located over central Arizona ahead

of zi trough in the compsite streamline pattern. At t.50 mb a wind

maximumn jvcr ri rth central Texas is embedded in ;,southwesterly flow

of air ove th ~ utliern Greiit P1 airis . B~y day C Lit .100 mb wind

maximun Lajs propajrated eastward anid intersil ieu to 40 nt/s. The

81,(, mt 6inri max imim LS;A1so strt ngtv;-riv(i anid moved into central

ORKI A ..,MnI . R.-'O~( m) compo;1 " jt 2 trviak contijriues, f., ?:ovi eastiard

6.ith I itfi. hi-,,e lin tnt'n i ty antr i:; irrtrdover northern Iexas

on Jay C+e:. *wle;!t. oaK) rb, the winr imaximum now -ver ,outheist

Ka,-n:;as w-; , ,nedt ;:,A become broiader. Cor!%pared to day C+1 at 12 00

;M'I th' I)' MD 110 hew r veered atlluwiriv, for a :;harp d(crea.se in

the ,lirc' laore , iinu t~ in ti,- -xit rc(;iorl uf the

it-tt r v- -f r fr V[ j j(.' y -(rjr di. at.rit nt.ion for day C

ol i zu I relalerw of ~ t%)t no ioe. * hr , ; i nd.a , I arre hil

or n * I I I or :,ini c in, u.b: ;mrtpt ri :ho n

Figs. T nd :-J In 'r~ n~sn~ the max imun frequencies
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4. t.:;u It!?

4. 1 Mean ',ynoptic Features

before Lxamining the normalized frequency and distribution of'

severe weather events for the D sample arid the JS and JL' subsamples

for day C, day C+1 and day G'2, the mean synoptic features for the D

sample as determined by Achtor and Horn will be briefly examined.-

The composit- gradlents arid magnitudes of the mean features are

wcaker than t.hoe of' an indiv(dua] ey lone . Aehtor and Horn previ-

ously ompaired the, 'eani fteat.ures; of' the I) :saniple and the JS

subsample ;,nd found that Lt. eomposite synoptic features of both

:; fmp1 e'; w.re (juit( :; i rila r; Ho cver, in the' ,:; S ubsamp] v the

Rradjents and magnituJes of these fe;itures arf, generally sharper

und stronger.

Figs. o . b and ,: snow the mean sea level pressure distrihit Ion

;,t. 1C .M for days C, C+1 cind C+2, respectively. As a result of

<<mpoitl.,' relatively weak low presnure center is located over

#,astern New I',exico on day C prior to the detection of initial cyclo-

ge ne sis. During the next J'4 hours, c-yclogenesis occurs and the

c rmposIte ]ew deepon:n'; as it move:; into western Kansas. On day C+2

#. - -t,' i j, c , ,:;: t,:t r w -;,ken ,ej and be,-e motn.

or , " purl..se of reemp,,ri on, the viJljd times of the results
ot th, Acwor /iorn and Frshment/ Lorn stulivs were converted to the
n.rerviK :~tu~( f Li- , Litie!y (i.., day C of' this; study corresponds

to the ,-.!r-(), f1rori I'( M G of (Jay C-1 to 1 l MT ,. i' of (lay C used in
tit- t oir 1 o ,,tilif



calculated totals were normalized and averaged to construct maps of

the frcquency of' severe weathier events for day C, C+1 and C+? for the

three samples. Since the area contained within th, 1' latitude-

1ongitude box varies with latitude, the totals were normalized to the

area of a grid box (OM75 km-) at the midpoint latitude (37.5" N) of

the d;,ta set. These totals were further normalized by dividing by

the number uf cyclogenetic cases in each of the three samples. To

assist in data analysis, the normalized totals were then smoothed

using a 2 latitude-longitude overlapping boxes averaging technique

(Kelly et al., 19'18), which produc:es values at each I' latitude-

longitude int.orsc .tion. Phap--s wtre then oonstructe'd for daiy C, C+1

and c+2 for tie dwevloping s:,mplc, (D) (A 39 cas,.,, the jet streak

:lubsamp o,, (J. )t 15 c',:e' ,nhi the cou p, 11, 'W a. (JS' ) of ;,U

( 'a ; . As i r,.;u f t he xtr,.:!;,,l; ir tI' m gT) I iJv, of' th,

normal iz'eJ f re,.,.'nry of :;,vere wcat;ter ev ots for #-act sample, ttie

maps were anilyzed using a g(ometric sequence te-hniquf ( - X I0-

events per c,!.so ol the sarripl1, per 9775 km ,where n is > 0).
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to dct-,rmirt. with tic h ov 11,)1 e :ynopti: dat;, which cyc lone was

rt'sponible for- 11 (w devtlopmnt. of t:ch sorevere we;jther event, the

events occurring on thte ov(rlappirng days were considered to be

associated with both cyclones (e.g. an event occurring on day C+2 for

one cyclone and day C for another was corsidered as occurring on the

appropriate d(,ys for both cyclones). The overlapping occurred on

only 12% of the possible (lays for the sample of 39 developing cases

and, thus, :;hould not sinificantly affect the results of this study.

No ovorlapping, occurred in the jet streak subsample, but overlapping,

did occur or, Il% of' the possitle days in the complement subsample of

214 caSes. (,eugraphic dizstributions of severe wether events were

constructed for Jay C, C+l and C+2 for the sample uf '9 developing

.-ases a3 'J thfi subsrnmj]t, of 1" J,.I ,t.rea.k c; S:;. Thiz5 w,s done by

tabulting the tot.al tito)j(r of th, foilowinj severe wetherr events

in I' latituot-longitude ooxts: (1) tornado genesis events, (2)

tornado evwnt:; (includes g#n'.si.s events plus tornadoes that moved

irto the grid box), ( -) nigh w'nd f-v, its, (I1) ]l.arge- hail evets,

(,) t'unn.1 (AlouJ -ensis events, (6) Funnel cloud events (includes

genesis ev,.nts plus funnel clouds tL,,t tiovt-, into the grid box) and

(7) total st-vere storm tvtrts (summition of items (,), ( J), (4i) arid

(6)). These tabl e:; are contajined in th Appdices.

. bat, N,.rmu lizing mid Averaging

In ordor to o( s rv. ar I (mp.rf, tte ',,r ihu' d str iLutiorl of

s 'V r, weitier ,ve.nt:* to i f lor, - log.,t .1., t I. j 'v louS. y



were eR triioted trom the appropriate ,Lorrit Data publiitions for the

period beeinni nj A 1i0U GMT day C anril end ing at 1 159 G~MT day C+2.

The study included any nevere weather (vent over the continental

United States east of' 107" W longitude. These items were catalogued

by: (1) date and time (converted from local to GMT) of' initial

occurrence, i2) type of' event(s) (e.g., thunderstorm with gusts to

30 in/s and 25 mm hail) and (3) area or path, initial to final

location, of' coverage (e.g ., tornado mioved fromi 8 miles southwest

of' Levenworth , Kirisas to We ston , Misnouri). Ainee not all reports

of Lsevert! Iocil winid., contained a mieaisured wind gust, a Beaufort

WIn ridsaIC e hd :,LIA) )t t.i e Iy a ppliled to the reported damage (e .g.

broken tree Iiirnhs or i arpie uproctAed tree:;) to determine if the

r irum wi rd' rust wi:,-, &reaiter than or C:qur I to 2 (. m/!3. No attempt

was made to tlt.te roint I tit hiil size for K,) I (larnage to crop reports

which gave ns information on the time of occurrence car the size of'

nail . The geugriqjh ic -overage or path of' the events was assigned to

apjropr i tte 1 la~titude-lonigitudu grid boxe-s with specijal a;ttentionl

g iv en to t!.e ienesi s Find final I oczit ion of tornawdoes and funnel

clouuis. The entire s;ever( weather data sample was encoded into an

AH)LE 11 riic-ro.'ur'puter , which wajs uscd to ,;ort ;,rj.i Parti tioni the data

set in to tiev jay Ofoccurrtencc ( C, C+ 1I ari~' Th -L rtort elapsed

time be~t wr' n the ,;vt.l o men.. oft some- of' the c'ye I ones f-on t;jir red in the

(d,Ia setr:;i tedJ in a few ,I;:where th, I? nour period of irtserezst

uver iapped tLetw-cn two cyc 1cm (t pg . day (-, for oret cy lonre corn c-

6porih d (Iwi t1 ti ay C I or -riothor :,I . rce. 1t WI... 'net Avys o wb
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Table 1. Listing of the dates of initial detection of cyclogenesis
of the D sample and the JS and JS'subsamples used in this study.

No. DATE D Js JS'

1 01 April 1964 X X
2 12 April 1964 X X
3 19 April 1964 X X
4 24 April 1964 X X
5 25 April 1964 X X
6 07 May 1964 X X
7 05 April 1965 X X

8 07 April 1965 x x
9 09 April 1965 X X
10 04 May 1965 X X
11 07 May 1965 X X
12 14 May 1965 X X
13 11 May 1966 X x
14 04 April 1967 X X
15 07 April 1967 X X
16 13 April 1967 X X
17 16 April 1967 X X
18 21 April 1967 X X
19 23 April 1967 X X
20 25 April 1967 X X
21 30 April 1967 X X
22 05 May 1967 X x
23 10 May 1967 X X
24 03 April 1968 X X
25 07 April 1968 X x
26 13 April 1968 X X
27 20 April 1968 X X
28 23 April 1968 X x
29 06 May 1968 X X
30 14 May 1968 X x
31 17 April 1969 X X
32 07 May 1969 X X
33 12 April 1970 X X
34 18 April 1970 X X
35 28 April 1970 X X
36 29 April 1970 X X
37 04 May 1971 X X
38 18 May 1971 X X
39 23 May 1971 X X



3. Frocedures

3. 1 General

The severe local weather events used in this research were

extracted from the monthly Storm Data publication to construct maps

of the frequency of these events for day C, C+1 and C+2 of the 39

developing cyclone cases described earlier. The gathering of' the

date proved to be a monumental taik sinco- over 36( severe weather

events were identified. As previously mentioned, a severe weather

event was defined as the o:currence of a Lornado, funnel cloud or

severe thunderstorm accompanied by large hail (> 19 mm in diameter)

and/or damaging wind gusts (> 2 rn/s). The data were divided

according t th day ()' occurren(e (C, C+ and C+2), and then a

tabulatiorn was made of the number of events occurring in a 1'

latitude-longitude box for the sample of 9 developing cases and a

subsample of' 11.) jet streak cases. The totals were first normalized

by area and by the number of (Jays per sample and then numerically

smoothed. Maps of these normalized frequencies were then constructed

and analyzed for each of the samples being studied.

3. Data Gathe-ring

tlsinv tl.. dte.i of ilnit ji dut,(etir. ,ft 'y..logen( sis ('abl, 1)

and ti u ,(.l ,rit.ion f" a nev,,re w,.,,Lhier event, thf. se-v,.re V,,ather datd



distinct wind maxima on the occurrence of' severe weather evcnt ;.

Taking into consideration Ilovanec ind Horn's definition of cyclo-

genesis and the diurnal distribution of severe weather occurrences.

the severe weather data used in this research was partitioned into

three 2~4 hiour intervals beginning at 1200 GMT the day of' initial

cyclogenesis and ending at 1159 GMT three days later. These 2~4

hour intervals will hencef'orth be referrc-d to as day C, C+1 and

C+2. ITIhe severe weather data used f'or this research was extracted

from the National Climatic Center's monthly 'storm Data publication.

llhi, trimenci A Lrc diftfer!', fromr Lhit un;ed in the stud ivni by

Achtor/ horni ,rd frarstimertitorr. T[hey ex am ned in formation for 0000
and 1 ( MT on the day of' cyelo~iricsi~i, r ef'erred to as day C. and
on the prec cdi riw (day C-1) aind t'1 lowinig (djoy C+ 1) days. Thus in
this stul y, da, y C ('orrv.:4onln~ to the per iod f'rom 1 20C GMT of' day C-1
to 111 £(4 Ol of ;ay C u.med in th-Ku earl jer -t udi es.



developing composite contained a disorganized 00 mb wind pattern.

Beeau:e Hlovan.c and [Horn selected their .;;,tople on the basis of'

Colorado cyclogenesis arnd not on whether a jet streak was present,

Achtor and Horn subjectively chose a subsample of 15 cases from the

39 developing cases when a jet streak was located over the h~ew

Mexico-Texas area on the day of cyclogenesis. This jet streak

subsample enhanced the features found in the developing sample.

Marshment and horn found the distribution an' evolution of moisture

associated with cyclone development was consistent with: (1) the

m.,vement of the mean surface cyclone and (2) the area_ of relatively

low stability indices which developed in th,. exit region and right

front quadr;at of the propagati ing W( C mb jet streak. They also

j"L ted i,t. I ! tranrisport o" m)oJ;ltur' at Iqw Ieve]:; Frore the( l f of

Mexico into the duvelopirig storm was erhi rced by the presence of a

propagating upper-Lropospheric wind maximum and a low-level southerly

jet, which wcs renl .ted to thy. lower branch of the transverse

circulation in the exit region of the upper-tropompheric jet streak

(Ucce lini, 1980).

This study examines the 19 developing cases from the original

Hovanec and Horn sample to observe the distribution of severe

weather events throughout, the cyclogenetic process for: (1) the

total sample ()) of 19 developing case:; (2) a subsample (JS) using

the 15 jet streak eases chosen by A'htor/horn and (-) a nubstmpl e

J'P) of 2 vyulugnetli ca:s not inn'lwdd in the let streak

subsmple. The data set was :;ubdividel to show the t'|Iect of

" . . - . .I. :? ; .i .. ." .: i .. " .:



The- cit i sample used in th is re seair.'h or igina ted in a study by

Fiovanec a3nd Horn (197"5), who exvimined stiatic stabil ity and j 00 mb

Wind field:; ssu lied i ColWor;ido ey 'rneis hey Jofined

2ycilogenesi s as3 the location ind time of' .ee-urrtflce of' a Closed

. r6 isobar (24 rib ittervalI) on the soj l evel pre--sire chart provJJed it

D r-sinto ' r- it 1 it. ' iira and I)2 1-a ;1 -)ei f 'I] et, L of

spririb7,'sc (April-Maiy) -ye I)geriesis: 1tar Ltie yea-r.,;t 1 - 51 Tie

s ufc ii5v o tiet-r!,iinl' e l og en,':. wero for lit) MT fo)r

the 1Q4 -',.'l-a and 1 2"Th ' !,(r timh -i 1 ia Tie Da l y

i p~i i it) (,llw ft i <2 1 ' h r:b' Mci r Is1

or'rar 'r * iry w-r' )ii y ivoli I cob t for '4 hour- inteI.,rvaSI (vii I

it~~~~~~~~~~~- 12c ii lvaicadFor lassi tie'] the -:y~ogenoti,,a:'

i s oi ther ievelopir2, , i f they iriinta ined aI losedl i sobar for T)

r, O nuri-ievelopinV ig f' they did tiiot Aoit)r and Horn C 1985)

-d II arshment arid Hamn ( 190) expanded upon Hovanec and Horn's work

* fly usin nvo-ntionAi r-il il)sorio iiC fritu or (MOO3 i ajri-f 10)

;ifor tile ia)Y rcln; to thej lJay f,- jOWl r1 i'O"e of' eycl-

to, -: t o con .3, r u p tt'ee t'lfl 'f t, o 9 devuliping

* ~ ~ ~ i,id : riwi- .eo it, c ;'; aid .a v/'. !h- lipp-lr- Ci mb)

I r- I-n- w.ni r'n-~1 "1 ili fi I'l i'll I - 0 siy

i~. ': , 'ii a t oil , 'Ie a4- hn: 1 t w' f te a
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~ This research uses a com~posite approach to examinc- the occur-

rence of' severe weather events during April and May for the period

19614-1971 I'or the dlays of' Colorado cyclogcnesis chosen by flovanec

and Horn and later studied by Acbtor ano Iforn (IYPI)) and Marshment

and Horn (198r-. The study ilso exa mines the incidence of severe

weather dur-ing j "jet streaik" subsamiple: c-l 15 ryelogenetic cases,

b sub jecti vel y cf'.seri by Achtor and H'j)rn o~asted on the presence of' a

300 mb jet streak over the New Mexicc-Texas area on thc- day oif cyclo-

genesig, and : omnpIt-ritit ;uhn;mrpll of' t he 1'4 eases niot Incl ii., in

*the jct, streafk :ubsample T hi.; resf9ir-cli f'ocusv on the ' vol uticr)

of :7cvere wthtter events throughout the cy(.loger)etie. process and the

distribution of these events in relation to dynamic forcing rech-

-in isms.gilii~.i rtr.et ;w by 01, Nationa~l

Z( vvre ''A.,rm Forecast Ceniter ;ind the United Stiite.s Air Force Air

Weather L5ervice_ ( 19814). a severe weather event was def'ined as the

the occurrence of' ii tornado, f'unnel cloud or severe thunderstorm

accompanied with; large hail (>) 1() im or > /i4 inch in diame-ter)

anid/or, dam;,tiiit, wind gusts (> 1'6 m/.,; or >)(.1U knots)



convective instability exists aind where there is considerable

vertical wind sheilr betwt,.n the low-levl1 and upper-troposperic air

fiow. 1het;e region:; develop in respon:;e to the rapid northward ficw

of 1ower-tropospherie wirm, io -t air 1rc'(i. tie Gulf of !.',...xico and

the cool, dry iir flow i,.-so i;te1 wit, trong wester]y winds in the

middle trojospherc (Faiwbuc;i n i tin 1,.r, 1 (, . 1 k,,4), Thit -,ource of

ithe cry mid-Ir,,po;,h ric" ... r 0-. u , ,d wi' 1 -')nvf tivt.y unstable

environments ov,'r tt.ie i,.t i:,l; may Kt. Ltire result (A' w.-arm, dry

sur ace iir r(,iii tb. h ,Ig ,x 
" phighti, flowinp rr)rt.,,a:tward into

the cl.ntr'll irilt.ed 6L!,tt':; r t (.verr ices rt.li,tlvely cooler, rnoist

air from the Gull" of Mexico (Carl:;on ,nn Ludluni, 196h). The capning

inversion, c~t:racteris:-tl of' onvectiv.,ly trustable environments, can

al ;o re,7ul t from ri i-tropo.spheric 3ubside-nce associated with the

sinking brinch of the indirect transverse circulation in the exit

Sregion of a propagatirng :.)0 mb jet streak (Uccellini and Johnson,

1979). In an environment where convectivt instability exists, suffi-

cient lifting to penetrate the capping inversion can result in the

development of deep convection and the formaition of severe thunder-

storms, that art often accompanied by larwe hail, damaging winds and

tornadoes. Twj positively correlated meteorological factors, which

help create convectively unstable environmt-nt and thus favor the

* high f requercy of sev(r, weather over the central Uni ted States,

are cpring :,'asnr" (April--M,-ay) Color;ied cyclogenesis and up.,er'-

tropo: ph!,,r c i, t t r, , k:; . h )v,inec a ,"nd horo that signi f-

*1 ieant. Ca t,loric yrl ().tri: i nn ri y OCCu':; ;ii an upper lev(el wind

rim,X iium propqf, .tet; i rito th t t ,,I the outLherri Hockies.

0
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TT-

Fig. 1. Mean annual tornado incidence per 26,000 km2,

1955-1967 (from Court, 1974)l.

2 00 km' j 1955196 (fro Cor,17)
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of' the various severe wezither" events are highier and cover a larger

geogrz4'hic 0 r'ea in the J 2Lubsarriple, which was based on cyc lo-

genetic cvents when a .OC vib jt t streak was located in the New

M.xico-Texas arci on the diay of eyclogtnesi s, than in the ) 3arnplt

This teaturc is ;i1so evidtent in Figs. 9 , and b, which show the

frequency )I total severe storms (summation of the incidence of

tornadoes, nigh winds, large hail iind funnel clouds) for the D

sample and the JS subsample. The maximum frequency of total severe

storms for Loth samples: is locatfed over wst. central (klahoma, but

it- m;agnitude i:; .7'/ lot the J,, nubsample and only .'()1 for the [)

s:impl2. "l e arhe r ncI o:,,d hby th, .- ' J frequency i soJi eth 1s "l so

greater in the JS subsample than in the D sample. Thus, the presence

of a composite '( rnb jet strej:k contined to a limited geographical

area in the J5 subsamirple (learly enhan,.'s the frequetncy and coverage

of severe ,eather compared with the composite of the 39 developing

cyclones.

'In, hi ,t frc'quenc'y of tot.,A sever,, :torm events (Fig. 9a) ovwr

the southern Qr.,t Plains igrees with the findings of' the moisture

study by ,,,rshm.tnt and Horn CT1.,b) The vest mljority of severe

storr. .vents f,)r the i) S;AMJ4li oe 'Keurred in thc warm, moist sector of

the meln :. a Itv, I lo-w ; ressur,' .renter -,s it moved northeastward

r.to r nt;t , r Ir,. . (.,miir 'i -.ori i th Mar :;hment ajnI rlicr, . resuI t."

tif .wt , . w':;tenn edge u th. .'(i frequency isui th ov r

* ''.t 1n 1 2 y' c'ohi'Ii(. wi th th- qq):2rf ill

I II . i ' tI 4 , x I:;. 1 on !;y I roil w,-'terrl 'if Xis, 110O
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western Kansas between the surface and 850 mb and (2) the moist

static stability decreased during the day in the area enclosed by

the .09 frequency isopleth. They suggested that the combination of

moisture advection below 800 mb and the relatively dry air above this

moist layer created a convectively unstable environment favorable

for the occurrence of severe weather. The results obtained here

support their statement.

Fig. 10 shows the 24 hour change in the lifted index, calculated

by arshment and Horn, between 1200 GMT day C and 1200 GMT day C+1

superimposed over the frequency of total severe storms greater than

.09 for the D sample for day C. The incidence of severe local

weather on day C is greatest along the western half of the region

undergoing destabilization during the day. Note that the maximum

frequency of total severe storms occurs in the vicinity of the

strongest horizontal gradient of stability change over west central

Oklahoma.

The relationship between the dynamic forcing mechanisms and the

frequency of severe weather can be seen in Figs. 11 a and b, which

show the 300 and 850 mb isotachs and streamlines at 1200 GMT and 0000

GMT superimposed over the frequency of total severe storms greater

than .09 for the JS subsample. During this twelve hour period, the

composite 300 mb jet streak intensified as it propagated eastward;

and the 850 mb wind maximum moved to the north. Note that the 850 mb

streamlines become more southerly resulting in an increase in the

850-300 mb directional wind shear over the southern Great Plains.
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The greatest incidence of severe weather occurs ahead of and to the

right of the exit region of the propagating 300 mb wind maximum.

This agrees with the concept of dynamic destabilization proposed

by Johnson and Sechrist (1970) and Uccellini and Johnson (1979).

4.3 The observed severe weather frequency and distribution for

day C+1

The normalized frequency of the total severe storms on day (+1

for sample V and the JS and JS' subsamples is shown in Figs. 12 a,

b and c. The frequencies in the JS1 subsample are noticeably weaker

and more diffuse than those found in the JS sample. Compared to

day C, there has been a major nortiieastward expansion of the area

enclosed by the .09 frequency isopleth in the D and JS samples. This

movement is consistent with the movement of the composite surface low

from western Kansas to northwestern Iowa in the D sample. As was

found on Jay C, the area enclosed by frequencies greater than .27

is larger in the JS subsample than in the D sample. The maximum

frequency of total severe storms has increased for all three samples

o% .r ti~e AEy C values. The highest frequency for both the D and JS

sampl(s is located near Kansas City, Missouri and is again greater

in the JS subsample (.868) than in the D sample (.511). The maximum

frequency of total severe storms for the JS' subsample is .515 and

is located over western Okidhoma. The more southwesterly location

of the highest incidence of total severe storms in the JS' subsample
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may be a result of two cases where a high incidence of severe weather

occurred when there was an overlap between day C for one cyclone and

and day C+1 for another cyclone within this sample. Some of the

meteorological conditions at the beginning (1200 GMT) of day C+1

which helped to create a more favorable environment for the higher

incidence of severe local weather compared with day C are: (1)

stronger wind maxima at 300 and 850 mb, (2) a more intense mean

surface low pressure center, (3) a broader and more northward

extension of available low level moisture and (4) a weaker and more

concentrated area of moist static stability. Maps of the frequencies

of tornadoes, high winds, large hail and funnel clouds for the D

sample and the JS subsample are contained in the Appendices and show

a more diffuse pattern than those for day C. This is probably due

to the divergence of the various storm tracks as the cyclones moved

away from their sites of cyclogenesis.

Despite the various storm tracks, there is again an excellent

relationship Detween the area of maximum incidence of severe weather

and the location of the propagating 300 mb jet streak. Figs. 13 a

and U show the 300 mb isotachs and streamlines at 1200 GMT and 0000

GMT superimposed over the frequency of total severe storms greater

than .09 for the JS subsample. Note that the 300 mb jet streak

maintains its intensity but uecomes elongated by 0000 GMT. As in

the previous day, the greatest incidence of severe weather occurs

ahead of and to the right of the exit region of the propagating 300

mb wind maximum.
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300 and E~0 mb, (2) a more intense mean mean surface low pressure

center, (3) a mnore northward ex tension and a sharp)er- horizontal

gradient of available low level moisture and (4I) a wEaker and more-

concentrated area of' moist static stability.



development site. On the day of cyclogenesis the severe weather

events for all three samples were generally confined to a compact

area extending from central Texas into Kansas. The area where severe

weather occurred significantly broadened and moved northeastward on

the two days following cyclogenesis. The distinct broadening of this

area is probably a result of the various cyclone tracks and speed of

movement of the cyclones contained in the D sample and the JS and JS'

subsamples.

The relationship between the dynamic upper-tropospheric forcing

mechanisms and the frequency of severe weather was examined for the

JS subsample. For all three days the greatest incidence of severe

weather occurred ahead of and to the right of the exit region of the

propagating 300 mb wind maximum. The presence of the composite 300

mb jet streak, initially confined to a limited geographical area, in

the JS subsample clearly enhanced the frequency of severe weather

compared to the composites of the D sample and the JS' subsample.

The JS subsample had the highest incidence of severe weather on each

of the three days of the study.

The maximum frequency of total severe storms for the D sample

and the JS and JS' subsamples was highest on day C+1 and lowest on

day C+2. This was consistent with the results of the moisture study

by Marshment and Horn and the study of upper and lower-troposheric

wind fields by Achtor and Horn. Some meteorological conditions which

favored the higher incidence of severe weather on day C+1 compared

with the other samples are: (1) stronger composite wind maxima at



5. Conclusions

The great majority of spring season thunderstoI,": that produce

severe weather in the central United States are assoc.aied with

Colorado cyclogenesis. This study was based on 39 developing cases

(those which formed and persisted for at least 72 hours) of spring

season Colorado cyclone events chosen by Hovanec and Horn (1975)

and later studied by Achtor and Horn (1985) and Marshment and horn

(1985). The research used a composite approach to investigate the

evolution of severe weather events throughout the cyclogenetic

process and the distribution of these events in relation to dynamic

forcing mechanisms. The study also examined the incidence of severe

weather during a subsample of 15 "jet streak" cases, selected from

the 39 developing cases by Achtor and korn, and a complt:nent sub-

sample of the Z4 cases not contained in the jet streak subsample.

To avoid diurnal variations the data set was partitioned into three

,J4 hour intervals with the first one beginning At 12C0 GM1 on the

d.,y of ':ioptcrsi. Compositc:; were prep:ircd for the normalized

frequency ot" ( , tornadoes, (2) high winds, ( l large hail, (4)

furnel clouds and (5) total severe storms (surimaition Cf items (1)

to (4)) for the 39 day developing sample and the two subsamples for

day C, C 1 and C-2.

The distribution of severe weather for the three days or the

st ud wjs .cunsistent with the movement of the rean synoptic features

in th, comosite cyclone developed and rov(J away fror, its lee side

.- l .-.'-' .. . . -i. .. .. . ..;. . , ..- ,-, -- ,u - ,,



of the occurrence of severe weather in the JS' subsample is the

widely divergent storm tracks contained in this period of the study.

The reduced frequency of severe weather on day C+2 is consistent

with the results of Achtor/horn and Marshment/Horn. Their findings

indicated a more southwesterly and weaker flow at low-levels which in

the composite reduced the advection of moisture from the Gulf of

K:,xico. This resulted in an increase in moist static stability over

the Mississippi and Ohio valleys. Of the three days of thisi stuJy.

Achtor and h1orn found that day C 2 had the weakest 850-300 mu

D directional wind shear in the exit region of the comosite 300 mb

jet streak.

-
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Fig. 15. Hean isotachs (m/s) and streirn11nes in the core of
the 300 rnb wind maximum on day C+2 at 1200 GMT s uperimposed

0 over the normalized and smoothed frequency (10--) of total
severe storms for the J.S subsample.
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4.4 The observed severe weather frequency and distribution for

day C+2

Figs. 14 a, b and c show the incidence of total severe storms

for day C+2 for sample D and the JS and JS' subsamples. Compared

to day C+1, there has been a noticeable decrease in the frequency of

severe local weather. For all three samples during the period of

this study, day C+2 has the lowest maximum frequency of total severe

storms. The JS subsample again has a higher maximum frequency of

total severe storms than the D or JS samples. The relationship

between the incidence of severe weather for the JS subsample and

the upper-tropospheric jet streak is shown in Fig. 15. The maximum

frequency for the JS sample, located over Indiana, occurs in the

right front quadrant of the composite 300 mb jet streak at 1200 GMT.

A comparison between Figs. 14 b and c shows that frequencies greater

than .09 generally occur to the east of the Mississippi River in the

JS subsample and to the west of the Mississippi River in the JS'

subsample. Recall that on day C+1 (Figs. 12 b and c) there was a

noticeable difference in location of the maximum frequency of total

severe storms between the JS and JS' subsamples. The more westerly

location of the area of severe weather in the JS' subsample on day

C+2 may again be a result of overlapping. There were two cases in

the J;' subsample where a high incidence of severe weather occurred

when there was an overlap between day C41 for one cyclone and day

C+2 for anothr. Another explanation for the more westerly location

6



4.4 The observed severe weather frequency ard distribution for

day C+2

Figs. 14 a, b and c show the incidence of total severe storms

for day C+2 for sample D and the JS and JS' subsamples. Compared

to day C+1, there has been a noticeable decrease in the frequency of

severe local weather. For all three samples during the period of

this study, day C+2 has the lowest maximum frequency of total severe

storms. The JS subsample again has a higher maximum frequency of

total severe storms than the D or JS samples. The relationship

between the ineidence of severe weather for the JS subsample and

the upper-tropospheric jet streak is shown in Fig. 15. The maximum

frequency for the JS sample, located over indiana, occurs in the

right front quadrant of the composite 300 nib jet streak at 1200 GMT.

A comparison between Figs. 14 b and c shows that frequencies greater

than .09 gcrieraily occur to the east of the Mississippi River in tne

JS subsample anid to the west of the Mississippi River in the JS'

subs-mple. Recall that on day C+1 (Figs. 12 b and c) there was a

noticeable difference in locition of the maximum frequency of total

severe storms between the JS and JS' subsamples. The more westerly

location of the area of severe weather in the J3' qubsz;mple on day

C+2 may again oe a result of overlapping. There were two cases in

40
the J00' subsample where a high incidence of severe weather occurred

when there was an overlap between day C 1 for one cyclone and day

C+2 for another. Another explanation for the more westerly location
0

0
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Table Ai~3. The LotaI number of f'unnel cloud genesis events per 1
1atitude-]ongtuJe grid bex on day C for t he JS3 ubsampl e.
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Taible Aiiq. The total nutvjer ox severe torim events per " latitude-

longitude <rid box -W day C for th JS ubs, mple.
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Appendix 1'. totl Severe Veathur rvents .or Iayh C41
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Table P. '
7

1L total nt:mber nf tornado events per 1 ° latitude-
longitude grid box cri 1 a;i 04- for the I zample.

S-. -. : - . -.. . . . 5. : . . ' > . " . : - - ,



52

103m lOOm 09W. 090W 08 W . 00W 073W
49N+ + 0 + + + + + + 0+ - + + 0 + - + + + +

4 +0+ 0 0+ 0 +0 +0+ 0 0+ 0 +0 +0+ 0 0+ 0 +0 +0+ 0 0+ 0 +0 +0+ 0 0+ 0 +0+ 0 + 0 0 0 0 0047N + - ++ + 4 + + + 0 + 0 4 0 0 + 0 + + + 0 + + 4 + + + + + 0

+0+0 0 + 0 0 0+0 0 +0 +0 +0 +0 0 +0 +0 +0 +0 0 +0 +0 + 0 0 +0 +0 +0 40 0 +0 +0 +0 +O"

47M+ 0O+ 0 O+ 0+ O + 0+ 0 + 2+ + + 0 1+ + + 2 . + + "O+ O + + 0 . + O+ O+ O+

4 +0 + 0 0 0 0 0 0 +I++0 0 0 + 0 0 +0 + 0 0 0 0 + 0 0 + 0 0 0 + 0 O

UPN 0 + 0 + 0+ 0+ 0+ 0- + 2+ 0+ I+ 0 3+ 12+ 5+ 0+ - + I+ 0+ 2+ 1- + 0+ 0+ 0+ 0 0+ 0+ 0+ 0+

00000000000000000000000000000
41N+ 4 + + + - + + + + + + + + + + + - + + + + + + + + -

44N+ + + + 0 + + + + + + + + + + + + + - + + + + + + + + -

ON+ 0+ - +++ + + + + + 4 + -+ + I + I + 4 + -

0000000000 1212 3 2 3 0 14 40000000000000000000102210 1832 123000000000

36N+ 4 + + + + 4 + + 0 +4 + 2 + + 4 +I + 0 0 + + - + + 0 + 0

40N+ + + + + + + + + + + + + + + + + - + + + + + + + + -

4No0000001 00123262 000000100 )0000000

34N+ + + + + + + + 0 1 + 2 + + + + + + I + + - + + + + 0 + 0 -

00 010 0 0 2 0 0 22052 1 1 2 0 0 0 0 1 1 1 300 00 00 08Ne . . - . . . . . . . . . . . . . . . . . . . . . . . . . #-

IO+00000030001233124200001 %000000000

J2N+ + + + + I + - + + + + 3+ + + + 2 + + + + - 4 + + + + 4 + + -

00001020000302110000030000000

30N+ + 0 + - + + + 0 + + + + + + + +

0 C 0 0 c A 1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

28N+ 0 - + 0 + 4 + 4+ + 0 + - + 4 - 4 + + 0 + 4 + + -

C0000106000201231101000010000000

3N+ + 0- 4 0 + 0 + + 0 + + + 0 4 0 0 0 0 + + 0 0+

2N+ 0+ - + + 4 + + + + + + + 0 + + + + + - 0 + + + 0 + + 04 -

0 00001406002032 1100002010000000
32N+ + + + + - + + + - + + + - + + * + + 4 + + - + + 4 + -

0000000120100000)000100000000000

31N+ c + + 4 + + + + 4 - + + + 0 + 0 + + + - + + + + - + + + 4 -

000O 0 0000 011101000000001 0000000000
4 + - + 4 4 + - 4 + 4 + 4 4 + - 4 4 4 4 - 4 4 4

3+0000001000000000100000000000000000

2IW. i - 4 T +- 4 I 4 + 4 + + a 4 4 - 4 4 e v e 4 + p I'
0t0i 0 00 0 01 0 10 0 0 0 0 0 0)0T0 0 00 0 0 0 0 0 0l0e0 0 00ZBN * + O+ + + - 4 4 4 4 - 4 4 4 + - 4 4 4 - 4 + + 4 - + 4 4

26+000 0 0 00000000000000000000000000-
)B+0000000000000000000000000000000

2 + 4 - + + 4 - 4 + + + - + + + + - + + + - + 4 + 4 - 4 4 + + -

1,ibJ.c 22. The tote 1 II, rnbr of tornado> rnes is events per 10

Lit t~dr:-;,p !r f ud hId box ,'n ,2av (A 1 ft; the f. sa(,pV.:
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Appendix C. Total Severe Weather Events For lay C+2
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34000 0 0C C 0 2 0 0 0 1 2 10 11 21 0
34 + + t . . . . . . .44 ++ 4 4 . . 4 4 . .- .

3:N+ 0 + 0 0 0 0 1 0 2 0 1 0 0 + 1 0 + 0 +2 + 1 0 0 0 0 - 0 0 0

0 0 0 0 U 3 0 3 1 0 2 2 2 0 ') 1 0 1 0 0 1 0 0 00 3 0 0
4N+ - + + 4 + + + + t 4 + - + + . . . . . . .

0 0 0 0 + 0 + 0, , 2 ) 1 0+ 1 1 0- 1 2 1 0 0 2 0 0 0 + 0 0 + +0 0

L5N+ +, + + + + , . . . + + + + + + + + +' +
2 +0+0 0 + 0 + G 0 + + I + 0 0 + 0 + 0 + 0 + 0 + 0 + 0 ,, 0 4' 0 + I 00

N 0 0 0 0 0 0 0 0 0 2 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
20+ 0 + 0 0 + - + + 0 + 0 + + + 0+ 0+ 0 0 0+ +

4-4444-4444 44-4 444-4 4 4+44

1 4 -€ 4 4 4 4 - - 4 4 4 4- +4 4 € 0 -

£ +4 4 - 4 4 4 4 4 4 4 - 4 4 4 4 - 4 4 4 + + + 4 4

25+0 +0 0 +0 +0 +0 +0 0 +0 +2 0 +0 0 +0 + G 0 +0 + 0 +0 + 0 0 +0 +0 +0 +0 0 +0 0 +0 +0

Table C1. T"he total number cC tornado events per 1' latitude-
longitude grid box on day C+2 for the D sample.
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Table Bl4. The total number of severe storm events per 1 " latitude-
longitude grid box on day C+1 for the JS subsample.
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Table L1i Th e total number of funnel cloud genesis events per 1'
1atitude--4ongitu-,P grid box on day C.1 for the JS subhsample.
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Table H:2. The total number of funn)el cloud events per 1" latitude-
1or.itude grid box on day C+1 lor- the JS subsample.
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Table HII. 'The total number of large hail C> 19ram) events per 1'
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Appendix D. Normalized JS' Total Severe Storm Events For Day C

9(

; /- '

IQ4I/) §

f /'L. -' f

JS' TOTAL SEVERE STORMS DAY C

Fig. DI. Normalized and smoothed frequency (10- ') of' total severe
storms for the JS' subsample on day C.
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