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ABSTRACT

A composite approach is used to investigate the evolution and
distribution of severe weather events 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 o 300 mb wind maximum over the New Mexico-Texas
area on the Jay of cyclopenesis, and a comploment subsample of the
cyclogencliec cases not included in the jet streak subsample.
Composites were constructed of the normalized frequency of (1)
tornadoes, (o) high winds, (3) large hail, (4) funnel clouds and
(5) total severe weather events for the total sample of 39 cases
and the two subsamples tor three 24 hour intervals with the first
interval coinciding with the day of cyclopenesis,

The distribution and frequency of severe weather for the three

1yS was consistent with the mean synoplic feastures as the composite
cyclone developed and moved «wway from its lee side development site
in the southern Kockies., The area where severe weather occurred
significantly broadencd and moved northeastward on the two dnys
tfollowing cyclogenesis. For cvach of the three samples, the maximum
frequency of total severe storm events was highest on the day after
cyclogenesis,

The relationship between Lhe upper—tropospheric wind maximum
and the frequency of total severe storm events was examined for the

jet strecak subsample, The greatest incidence of severe weather
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occurred ahead of and to the right of the exit region of the
propagating “0C mb jet streak. The presence of the composite 300 mb
wind muximum in the jet streak subsample clearly cnhanced the

frequency ot severe weather compared to the composites of the total

sample of 29 cases and the complement subsample,




Pen Z0un 2o ladis Jeeih meds b St Snath e Se-ah et e degi are )

a m  ele "

A e i,

Accession For
[ NTIS GRAXI
DTIC TAB

0
Unannounced [}
Justification.

7

e i

By
Disty;lb_ution/ ]
"kvailability ques

" lAvail and/or

Dist Special

.
LA

’
e

t,/ [ads L'._

N .
L ’

APPROVED

e 2060 e0v s 0 ev a0t e0se s S e 40 ec s e s 00 as0

Lyle H. Horn

Professor of Meterorology

f / ) I -
BATE e At I

g N . : s e m e N N . T W AT s L ~
o PR AP P LI AT Wl VLIl W U Y WP S WP W PONPREP I Gl Y - LR Wy

Ty v -1

N S, SRS . S 'A*".‘,‘;‘J



Ol o B S Saa Suan e

hd Aty R - SR aatl S _SSth aiel SEFIR LA - T

At this also my heart trembles, And leaps from
1ts place., .
Listen closely to the thunder of His voice,
And the rumbling that goes out from His mouth.
Under the whole heaven He lets it loose,
And His lightning to the ends of the earth.
After it, a volce roars; He thunders with His
ma jestic voice;
And He does not restrain the lightnings when
tiis voice is heard.
il thunders with His voice wondrously,
Doang preat things which we cannot, comprehend.
For to the snow He says, 'Fall on the earth,!
And to the snower of raln and the rain,
'Be strong.!
He seals Lhe hand of every man, That all men may
know iis work.
Then the beast poes into 1ts lair, And remains
in its den.
Out. o1 the chamber comes the storm, And out of
the scattering winds the cold.
From the breath of God ice is made, And the
expanse of the waters is frozen.
Aiso with moisture He loads the thick cloud;
He disperses the cloud of His lightning.
And 11 changes direction, turning around by His
puridance,
That 1t may do whatever He commands it on the
face of the inhabited earth.
Whethor for correction, or for ilis worid,
Ur for lovingkindness, He causes it Lo happen.

Job {7:1-12 (NASV)
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ABSTRACT

A composite approach is used to investigate the evolution and
distribution of severe weather events 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, beased
on the presence of & 200 mb wind maximum over the New Mexico-Texas
area on the day of cyclopcenesis, and a complement subsample of the
cyclogenctic cases not included in the jet streak subsample.
Composites were constructed of the normalized frequency of (1)
tornadoes, (<) high winds, (3) large hail, (4) funnel clouds and
(5) total severe weither events for the total ssmple of 39 cases
and the two subsamples tor three 24 hour intervals with the first
interval coinciding with the day of cyclogenesis.

The distribution and frequency of severe weather for the three
days was consistent with the mean synoptic features as the composite
cyclone developed and moved away from its lee side development site
in the southern hockies. The area where severe weather occurred
significantly broadenced und rmoved northeastward on the two aays
following cycloyenesis, For cach of the three samples, the maximum
frequency of total severe storm events was highest on the day after
cyclogenesis.

The retationship between Lhe upper-tropospheric wind maximum
and the frequency of total severe storm events was cxamined for the

jet streak subsample. ‘the greatest incidence of severe weather
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occurred ahead of and to the right of the exit region of the

propagating 20C mb jet streak,., The presence of the composite 300 mb

wind muximum in the jet streak subsample clearly cnhanced the

frequency of severe weather compdared to the composites of the total

sample of !9 cases and the complement subsample,

At aadl




1. Introduction

Severe local weather annually threatens the lives nnd property
of millions of people in the United States, Otatistics compiled by
NGAA's Naticral Climatic Lata Center (14€-) show that between 1957
and 1983 severe woeazther caused an acveraye annual loss of more than
S billion ¢ollurs in property danage and rore than 10C storm-related
fatalities. in¢ majority of property loss and fatalities occour
during the spring months when scevere storms are both more frequent
and more viclent. Annually €% of the tornadoes occur during the
spring season (April-June); however because of the greater violence,
7% of the annual tornado-related deaths occur during these months.,
The vast majority of thunderstorms that preduce severe weather in the
United States occurs over the central portion of the country between
the Rocky and Appalacien Mountains, in particular, Court (1G74)
found tornadoes and large hail (> 19 mm in diameter) cccur most
frequently in central Uklahoma and Kansas (Figs. 1 and 2). Although
improved radar and satellite data provide useful meteorological
teols to monitor the development of severe storms and aid in thelr
prediction, the metcornlogist must continue to learn more about the
mechanlsms whlch lead te the occurrence of severe weather, This
iricresse in wnowledge should lead to the development of more wccurate
and timely predictions of these Jdestructive stormo.,

The great majority of spirinyg season thunderstorms that produce

‘

severe weatlier 1n the central United Llates develop in regions where




elonguted cver northwestern lowa. This more diffuse pattern is ao

resuit of the compositing of the various tracks and speed of movement
of the 39 cyclones as they moved from their lee side development
sites in the southern Rockies.

The 30C and 850 mb composite wind fields at 1200 GMT for the
three days of intereslL are shown in Figs., 4, 4 and €. On day C a
300 mb composite jet streak is located over central Arizona cshead
of & trough in the composite strcamline pattern. At £50 mb & wind
maximum over north central Texas is embedded in o southwesterly flow
of air over the southern Great Plains.  dy day € the ‘00 mb wind
maximun has propapated eastward and intensitfied to 40 m/s. The
RS0 mb wind maximum has . 1so strengthtsened and moved into central
Oklaboma.  The 00 mb composite Jet streak continues to nmove eastward
with Little “hanye 1n intensity and 15 centered over northern Texas
on day C+o0 Meanworle 2t 650 mb, the winid maximum now over southeast
Fansas bios weiooned ol become broader, Compared to day C+1 at 1200
MT, the X9 mb flow has veered allowing for o sharp decrease in
the $90—-00 mh girectiona. wing shesr 1o Lhe exit replon of the

Lropayet iy CO mb el streak.

G S ctreerved Sovero s ther freguency and o distritubion for day C

The normallced trequency of tornafoes, high winds, larpge hall

ant tunnel oot for o soample ©oand tbe b Lubsample are shown in

Figs. = a-u ond o =4, o omodt o instances the maximum {requencles
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4. hesults

4,1 Mean Oynoptic Features

Before ¢xamining the nermalized frequency and distribution of
severe weather events for the D sample and the JS and JO' subsamples
for day C, day (C+1 and day C(+2, the mean synoptic features for the D
sample as determined by Achtor and Horn will be briefly examined.2
The composite yradients and magnitudes of the mean features are
woaker than those of an individual cyclone. Achtor and lHorn previ-
ously compared the mean features of the D sample and the J&
subsample &nd found that Lhe composite synoptic features of both
samples were quite gimilar; however, jn the J5 subsample the
pradients and magnitudes ot these features are gencrally sharper
und stronver.,

Figs. - a, b and ¢ show the mean sea level pressure distribution
At o0l GHT for days U, U+l and C+2, respectively., As a result of
comiositing, o relatively weak low pressure center is located over
vastern New Mexico on day C prior to the detection of initial cyclo-
genesis.  buring the next of hours, cyclogenesis occurs and the
compasite low deepens &8 it moves into western Kansas, On day C42

Lo omeors Lo Dol low pressare cesler hat oweakened and become more

“For the purpese of comparison, the valid times of the results
ot the Arhtor/tiorn and Farshment/liorn stuiiles were cohverted to the
norenclature of thls study (L.e., day U of this study corresponds
to the porsod from 1200 GMT of day C<1 to 1154 gMT of day C used in
L carioer ostudren),

 RE SPP Wl Wi SR LA WA WP Sl G P, SO AP 2P W WU R W WR W SO W P R Pt




calculated totuals were normalized and averayed to construct maps of
the frequency of severe weather events for day C, C+1 and C+2 for the
three samples. Since Lhe area contained within the 17 Jatitude-
longitude box varies with latitude, the totals were normalized to the
area of a grid box (Y775 km") at the midpoint latitude (37.5° N) of
the duta set. These totals were further normalized by dividing by
the number of cyclogenetic cases in each of the three samples. To
assist in data analysis, the normalized totals were then smoothed
using & 2" latitude-longitude overlapping boxes averaging technique
(Kelly et al., 197b), which produces valucs at each 17 latitude-
longituide i1ntersection.  Maps were then constructed for day C, C+1
and C+2 for the developing sample (D) of 3Y cases, the jet streak
subsample (Jo) ot 15 casen and Lthe compsement subsample CJ5Y) of ~u
cases. As A result of the cxtremiees 1n Lhe magnitules of the
normalized treguency of severe weather events for each sample, the
maps were analyzed using a pecnetric sequence technique (3" X 107

events per case ot the sample per 9775 km™ ,where n is > 0U).




n

to determine with the avilloable synoptic data which cyclone was
responsible for the development of cach severe weather event, the
events occurring on the overiapping days were considered Lo be
associated with both cyclones (e.g. an event occurring on day Cs42 for
one cyclone and day C for another was considered as occurring on the
appropriate deys for both cyclones). The overlapping occurred on
only 12% of the possible days for the sample of 39 developing cases
and, lhus, should not significantly affect the results of this study.
No overlapping occurred in the jet streak subsample, but overlapping
did occur on 14% of the possible duys in the complement subsample of
24 cases.  Geoyraphic distributions of severe weusther events were
constructed for day C, C+1 und CeZ for the sample of -9 developing
fases and the subsomple of 14 et streak cises. This was done by
tabulating Lhe total number of the followiny severe weather cvents

in 1” latitude-lonpgitude poxes: (1) tornado genesis events, (c)
tornado events (includes genesis events plus tornadoes that moved
into the grid vox), () tipgh wind events, (4) large hail events,

(t) funnel cloud penesls events, (6) funnel cloud events (1ncludes
genesis events plus tunnel clouds that moved into the grid tox) and
(7) total severe storm evenls (summation of i1tems (2), (3), (U) and

(6)). These tables are contained in the Appendices,

2,3 Data Normalizing and Averaging

In urder Lo obhserve and compare the peopgraphie dastribution of

Severe weather cventls du=ing Colorado cyclogencsis, Uhse jprevious.y
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were exiracted trom the appropriate Jtorm Data publications for the
period bepinning at 1200 GMT day € ani ending at 1159 GMT day C+2,
The study i1ncluded any severe weather cvent 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, (2) type of cvent(s) (e.g., thunderstorm with gusts to

30 m/s and 25 mm hail) and (3) area or path, initial to final
location, of coveragce (e.xg., tornado moved from & miles southwest

of Leavenworth, Fonsas to Weston, Missouri). OJince not all reports
of severe local winds contained o measured wind gust, a Beaufort

wind scaule was subjectively applied to the reported damage (e.g.,
broken tree limbs or large uprocted Lrees) to determine if the
maximum wind (uSt was preater than or cqusl Lo 26 m/s5. o attempt
was made Lo determine the hall size for hall damage Lo crop reports
which gave no information on the time of c¢ccurrence or the size of
nail. The gecographic coverage or path of the events was assigned to
appropriate Vo latitude-longitude grid boxes with special attention
given to tre penesis and final location of tornadoes and funnel
clouds. The entire severe weather douta sample was encoded 1nto an
APPLE 1] nmircrocomputer, which was used Lo sort and partition the data
set. into the day ot occurrence (C, C+1 and a2 . The short elapsed
time between the development of some of the cyclones contalned in the
data sel recuited in g ftew caser where the 72 nour period of interest
overiapped bLetween two cyclones (eup. day Cape for one cyclone corre-

sporvicd with day C for cnotherY . lance 31U wan nol always possible
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Table 1.

of the D sample and the JS and JS'subsamples used in this study.
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Listing of the dates of initial detection of cyclogenesis

DATE

01
12
19
24
25
07
05
07
09
ou
07
14
1"
ou
07
13
16
21
23
25
30
05
10
03
07
13
20
23
06
14
17
07
12
18
28
29
o4
18
23

April
April
April
April 1964
April 1964
May 1964
April 1965
April 1965
April 1965
May 1965
May 1965
May 1965
May 1966
April 1967
April 1967
April 1967
April 1967
April 1967
April 1967
April 1967
April 1967
May 1967
May 1967
April 1968
April 1968
April 1968
April 1968
April 1968
May 1968
May 1968
April 1969
May 1969
April 1970
April 1970
April 1970
April 1970
May 1971
May 1971
May 1971

1964
1964
1964
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2. Procedures

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
data proved to be o monumental task since over 3600 severe weather
events were identified. As previously mentioned, a severe weather
event was defined as the ozcurrence of & Lornade, funnel cloud or
severe thunderstorm accompanied by large hail (> 19 mm in diameter)
and/or damaging wind gusts (> 2€ w/s). The data were divided
according to the day of occurrence (€, C+1 and C+2), and then a
tabulation was made of the number of events occurring in a 1°
latitude=longitude box tor the sample of 39 developing cases and a
subsample of 19 jet streusk cases, The totals were first normalized
by area and by the number of days per sample and then numerically
smoothied. Maps of these normalized Irequencies were then constructed

and analyzed for each of the samples being studied.

3.¢ Datu Gathering

Usine th - dates of initial detection of ecy-logenesis (Table 1)

and toe detinition ¢ u severe weather event, the severe weather data




distinct wind maxima on the occurrence ol severe weather events.
Taking into consideration Hovanec &nd 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 24 nhour intervals beginning at 120C GMT the day of initial
cyclogenesis and ending at 1159 GMT threc¢ days later. These 24
hour intervals will henceforth be referred to as day C, C+1 and

!

C+2. The severe weattier data used for this research was extracted

from the National Climatic Center's monthly Storm Data publication,

"his nomenclature differs from that used in the studics by
Achtor/ horn and Marshment/Horn, They eximined information for 0000
and 100 UMT on the Jday of cycloygenesis, referred to as day C, and
on the preceding {(dey C=1) and tollowing (day C+1) days. Thus in
this stuly, day C corresponds to the period trom 1260 GMT of day C-:
to 1184 GMT of day € used in the earlier ctudies,
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developing composite contained a disorganized <00 mb wind pattern,
Because Hovanee and forn selected their sample on the basis of
Colorado cyclogenesls and not on whelher & jet streak was present,
l . Achtor &nd Horn subjectively chose a subsample of 1Y cuases from the
39 developing cuases when a jet streak was located over the hew
Mexico-Texas area on the day of cyclogenesis, This jet streak

subsample enhanced the features found in the developing sample.

Marshment and liorn found the distribution uni e¢volution of moisture
associated with cyclone development was consistent with: (1) the
) movement of the mean surface cyclone and (2) the areas of relatively

low stability indices which developed 1n the exit region and rignt
front quadrant of the propayating “C0 mb jet streak, They also

noted that the transporl of moisture ot Jow levels from the Gult of

Mexico into the developing storm was enhanced by the presence of a
propagating upper-tropospheric wind maeximum and & low-level southerly

l jet, which wes relited to the lower branch of the transverse
circulation in the exit region of the upper-tropospheric jet streak
(Uccellini, 1030).

) This study examines the 39 developing cases from the orlginal
Hovanec an:d Horn sample to observe the distribution of severe
weather events throughout the cyclogenetic process for: (1) the

) totaul sample (D) of 39 developing cases (2) @ subsample (JS) using

the 1% jet streask cases chosen by Achtor/born and (©) a subsample

(JS5') of 24 cyclogenetic canes not ineluted fn the jet streak

’ subsample. The data set was subdivided to show the effect of

G W WA S P LAY I . W S .




. Data Sample

The data sample used in this resedarch originated 1n a study by
Hovanec and Horn {(1975), who examined static stability and 300 mb
wind flelds associated with Colorado cyclogencsis.  They defined
cyclogenesis as the location and time of occurrence of a closed
isobar (4 nb interval) on the sea level pressure chart provided it
persisted for al least 280 hours and fouandd o total of 71 cases of
spring season (April-May) cyclogenesis for the years 1564-1971.  The
surtace maps used to determine cyclogenesis were tor GHEOO GMT for
the 1064-15hAx data and 1,00 GMT for the 19np-1971 ata,  The Daily
wWeather Map ceries ased in the evaluntbion were gvaglabide for Q0
aour tnberval o (valrd gt o a6aa GMT nd tai ST betore May 1y,
Thercatter, thney were only aveinlable for 0 hour intervals (yvalid
it 1200 Gy Hovanee and Horn classitied Lhe eytlogenetic canes
18 elther developing, if they maintained o closed isobar for 72
acurs, or non-developing, 1f they did not.  Achtor and Horn (1985)
and Marshment and Horn (198%) expanded upon Hovanes and Horn's work
Hhy using conventional radiosonde information tor 0000 SHT and 1200
GMT For the day preceding Lo the day foliowing detection of cyclo-
enesls tor 1) construct composite cyclones of the <5 developling
md S non- pevelopine cases and () Uy aplyze the npper (400 mb)

it cower Lot mbY troposphert o owind tied s and statie stabi ity

RN R BN G cfeve lapine Samprle compoSile W o near,y clabnleal
SeC e Set stk v anto L sonuthern piaansy however, the non-
I I S Y T P U U LS PR




This research uses a composSite approach to examine the occur-
rence of severe wcather events during April and May for the period
1964-1971 for the days of Colorado cyclogenesis chosen by Hovanec
and Horn and later studied by Achtor anu Horn (1¢8%) and Marshment
and Horn (198%). The study also examines the incidence of severe
weather during o "jet streak"™ subsample of 1% ryclogenetic cases,
subjectively chosen by Achtor and liurn based on the presence of g
300 mb jet streak over the New Mexicc-Texas arca on the day of cyclo-
genesis, and o complems nt subsomple of the (4 chses not inclu:cd in
the jet streak subsample. This research focuses on the (volution
0! suovere weather events throughout the cyclogenetic process and the
distribution of these events in relation to dynamic forcing mech-
anisms, Us:ng s guldeline: the criteri; esthiished by the National
Severe Otorm Forecast Lenter and the United States Air Force Air
Weather Service (1G84), a severe weather event was defined as the
the occurrence of & tornado, funnel cloud or severe thunderstorm
accompanied with large hail (> 19 mm or > 3/4 inch in diameter)

and/or damaoginy, wind gusts (> 26 m/s or > LU knots).
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convective instability exists and wherce there 18 considerable
vertical wind shear between the low=level and upper-troposperic air
fiow. These regions develop in response to the rapid northward flow
of lower-tropospheric wiarm, nolst air trom the Gulf of Moxlco and

thie cool, dry air flow asso . 1iled witn strong westerly winds in the
middle troposphere (Fawbush an: Milier, 105 <0 G4y48),  The source of
the dry mid-tropospheric Lo avinciated witn convestively unstable
environments over the Lroat bloing may be the result of warm, dry
surface air tram the hagh Mexioon platesn flowing nortteastward into
the central tntted States where it overrides relatively cooler, moist
air from the Gulf of Mexico (Carlson ana Ludlum, 166k). The capoing
inversion, ctaracteristic of cunvectively unstable environments, can
also result from mid-tropospheric subsidence associated with the
sinking brunch of the indirect transverse circulation in the exit
region of o propagating -00 mb jet streak (Uccellini and Johnson,
1979). In an environment where convective instability exists, suffi-
cient 1lifting to penetrate the capping inversion can result in the
development of deep convection and the formation of severe thunder-
storms, that arc¢ often sccompanied by larege hail, damaging winds and
tornadoes. Two positively correlated meteorological factors, which
help create convectively unstable environments and thus favor the
high trequency of severe weather over the central United States,

are spriny soasun (April-May) Colourade cyclogenesis and upper-

tropo: pheric iot streaks.  hovanee and born (16745) found that signif-

reant. Colarade cyeloyencris commenly occeurs as an upper level wind

maximum propayates tnto the lee ot the southern Kockies,
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Fig. 1. Mean annual tornado incidence per 26,000 kmz.
1955-1967 (from Court, 1974).

Fig. 2. gean annual incidence of large hail (>19mm) per
26,000 km~, 1955-1967 (from Court, 1974).
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of the various severe westher events are higher and cover a larger
geopraphical area in the Jo subsample, which was based on cyclo-
genetlic cvents when a _0C mb jel streak was located in the New
Mexico-Texas area on the dayv of cyclopgenesis, than in the D sample.
This fteature 15 also evident in Figs, 9 & and b, which show the
frequency ot total severe storms (summation of the incidence of
tornadoes, nhigh winds, large hail and funnel clouds) for the D
sample and the JS subsample. The muaximum frequency of total severe
storms for both samples is located over west central (klahoma, but
1ts magnitule 15 705 tor the Jo subsample and only 241 for the D
sample.  The area enclosed by the (27 frequency isopleth 18 also
greater in the JO subsample than in the D sample. Thus, the presence
of a composite (0 mb jet streak confined to & limited geographical
area in Lthe JS subsample cleuarly enhances the frequency and coverage
of severe weather compured with the composite of the =G developing
cyclones.

Tue hiyn frequency of tot,l severe storm events (Fig. Ga) over
the southern Lreat Flains agrees with the findings of the moisture
study by Marstument and Horn (1485). The vast mujority of severe
storim events for the D sample occurred 1n the warm, noist sector of

the meon a level low pressure center os 1t moved northeastward

into weston kosnsas.  Lomp srison with Mar chrent and horn's results
shoaW el (1, Lhie western edge ot the LY frequency isupleth over
the souttee s Gment blhons clonely cornelac. with the gpparent

corpersity ey Tine LE ot cxisted on oy Gotrom western exas anto
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Fig. 9. Normalized and smoothed frequency (1072) of total sever-
storms on day C for the (a) D sample and (b) JS subsample.
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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 Marshment 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 md
streamlines hecome more southerly resulting in an increase in the

850-300 mb directional wind shear over the southern Great Plains.
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Fig. 10. Normalized and smoothed frequency (10=7) of total severe
storms for the D sample on day C superimposed over the 24 hour
change in the lifted index from 1200 GMT, day C to 1200 GMT, day

Cel,
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Fig. 11. Meuan isotachs (m/3) and streamlines in the core areas
of the 300 mb and 8%0 mb wind maxima on day C, superimposed over

the normalized and smoothed frequency (107°) of total severe
storms for the JS subsample at (a) 1200 GMT and (b) 0000 GMT.
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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 Cs?

The normalized frequency of the totul severe storms on day C+1
for sample D and the JS and JS' subsamples is shown in Figs. 12 a,
b and ¢. The frequencies in the JS' subsample are noticeably weaker
and more diffuse than those found in the JS sample. C(ompared to
day C, there has been a major nortieastward expansion of the area
enclosed by the .09 frequency isopleth in the D and JS samples. This
movement 1s consistent with the movement of the composite surface low
from western Kansas to northwestern Iowa in the D sample. AsS was
found on day 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
ov.r the Juy C values. The highest frequency for both the D and JS
samples 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
i1s located over western Ukluhoma. The more southwesterly location

of the highest incidence of total severe storms in the JS' subsample
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may be & 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 Ce1
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 200 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 18 again an excellent
relationship petween the area of maximum incidence of severe weather
and the location of the propagating 300 mb jet streak. Figs. 13 &
and b 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 vecomes 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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Fig. '3. Mean isotachs (m/s) and streamlines 1n the core area
of the 300 mb wind maximum on day C+1, superimposed over the

normalirz~d and smoothed frequency (1«'3) of total severe storms

{or the Jo subsample at ()

1266 GMT and (b) (000 GMT.
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300 and 850 mb, (2) a more intense mean mean

surface low pressure

center, (3) a more northward extension and a sharper horizontal

gradient of available low level moisture and (U)

concentrated area of moist static stability.

a weaker and more




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

PGP S L I L L AP S W G S



5. Conclusions

The great majority of spring season thunderstormc that produce
severe weather in the central United States are associated 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
(1585). 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 i5 "jet streak" cases, selected from
the 39 developing cases Ly Achtor and Horn, and a complement sub-
sample of the /4 cases not contained in the jet streak subsample.
To avoid diurnal variations the dataz set was partitiocned into three
<4 hour intervals witlh the first one beginning at 1200 GMT on the
d.y of cyclopgenuesis. Composites were prepared for the normalized
frequency ot (i) tornadoes, (Z) high winds, () large hail, (4)
furnel clcuds and (5) total severe storms (sunmalion cf items (1)
to {(4)) for the 39 day developing sample and the two subsamples for
day C, Ce1 and Cs+2.

The distribution of severe weather for the three days of the
study wis consistent with the movement of the mean synoptic features

13 the composite cyclone developed and moved away from its lee side
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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 i3 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 Guif of
‘exico. This resulted in an increase in moist static stability over
the Mississippl and Ohio valleys, Of the three days of this study,
Achtor and horn found that day C+2 had the weakest 850-3C0 mb

directional wind shear in the exit region of the composite 300 mb

jet streak.
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Fig. 15. Mean isotachs (m/s) and streamlines in the core of
the 300 mb wind maximum on day C+2 at 1200 GMT superimposed
over the normalized and smoothed frequency (10-<) of total
severe storms for the JS subsample.
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4,4 The observed severe weather frequency and distribution for

day C+2

Figs. 14 a, b and ¢ 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+! (Figs. 12 b and c¢) there was a
noticeable difference in location of the maximum frequericy 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 J5' 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
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‘ 4,4 The observed severe weather frequency and distribut.on for
" day C+2
S
Figs. 14 a, b and ¢ show the incidence of total severe storms

b 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 zll 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 i8 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¢c shows that frequencies greater
than .09 gerierally occur to the east of the Mississippi Kiver in tne
JS subsample and to the west of the Mississippi River in the JS!
subszmple. 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' subszémple on day
C+2 may again be a result of overlapping. There were two cases in
the J3' 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
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Table E11.

latitude-longitude grid box on day L+l for the JC subsample.
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Appendix D. Normalized JS' Total Severe Storm Events For Day C
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JS TOTAL SEVERE STORMS DAY C

S —

Fig. D1. Normalized and smcothed frequency (1077) of total severe
storms for the JS'subsample on day C.
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