PRECTPITATION IN A 550 SQUARE MILE AREA
OF BOUTHERN TLLINOIS

STANLEY A, CHANGMON, TR
Tilimada Hiale Mator Barcop, Debme

Hipee Chefaber 1957 the Tlinois
Btale Water Borvey has operated
aochemse raingme nebwerk in soubhern
Minais, ona of four networks within
the state, to obfuin acewrate and de-
tailar preecipitation date for use in
WAler resomrces Testerch PrOETiLTS,
This soulbern setwork. ealled the
Lattle Baypt Bolngrage Network, peo-
vidzs 0 presipitation sampling arvea
of 350 squuce miles o owhich there
ia cne oage in el 11 square miles.

Trecipitation desa from this denae-
I¥ gaged network have provided in-
“srmation pertinent to three inder-
related types of stndr n Bouthern
Minads. Fov climatelogies]l studies
comserming  bhe long lerm averares
anid extremes of westher, informa.
tion was oblaiped on the spatial
variability of monhly, szazenal, and
AnnE. precipitution,

Frmwledgsz of goneral meteorolegd
cal inlerest eoneernivg the plosieal
wimesplers was abtained gleo,
trenlarly dissa an Lime ol precipita-
tion Tormetion, loeslion o presipila-
tiom imitietion, wnd douretion of pre.
sipitation pericds,  OF primary in-
terest to the Water Burvey was Lhe
hrdrometenroloxieal mbarrial v i
rectly  applisabile to enginescing
|'|r'|'-|'|ln'r|-15-: o owater ressirees, @i
parcicalarly  the  infarmalicn  on
elracteristios of exepsgively heavy
rinstorens i sonsharn THnods.

Helacted findings for these vpes
af atwecies feom Che network precipi-
Pabiome dala For flee TR5AC1HE2 puarion]
mre presentisl. Althongh o five-year
peried miay nst be adequate te pro-
vide w representotive measure of
aamne of the precipitotion chemeters-
tics dissussed, it ean provide vsetal
approximations, and this study gives
i mesnee o whiat a five-vear samyple
of precipitaiion oan yield,

NETWOoRK AREA [E=CRIFTICN

The distribotion of he 49 network
raingages is partrayed in Figore 1
Every «ffove was made 1o plase the
raingares in oA slriet geomesric pat-
fern wilh a distanee of 3.2 miles
hetwean sages,  Oreal atbention was
riven to (he seleetion of sites with
coguvnlent exposures,  The netwerk
comtaina 25 standerd #-ineh weish-
mg-bncke: recording rrinragies,
whizh are servieed by a trained tech-
nieinn, and 24 standerd S-ineh non-
pecording  (etics) raingages which
are serviesd by voluntesr observers,
The peeording  and  nonrecording
raingages generally were aloernated
for slatistical puor poscss,

The netwark lies in the Mt Vermen
Hill Country Physiceraphic Section
CLieighton ot al 1545, and the cen-
ter of the nefwork is loeabed wlout
a0 miles sowtheast of 5t Louiy {1,
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Fapves 1—The Little Exrpt Radogege Nolwork o Soulbesrn 30innds showing
4% gages wilbin o snoure RTRA oF 530 panare miles. Pusitions and types of raingngns,
alevaliiy conlour lines, anc nrhan communities of Lhe area cre denated,

L1, The topography of the land i
vepcrlly fler with a few low hilly
und ridees located in the esstern
and nErthera pacis of e metwark,
The total relief s &5 Ffeet, and cle-
viticns vange Lroon 3 feer (ML
in the wastarn part o BOD faet in
the sontheastern oorner, Mast of the
aren encloged by the petworle honwod-
uey is 4 part of the dreainages basin
af the iz Muddy Hover,

The network i loceted in the ppne
fer af the soathern Illineis  caal
mining a= which s refereed to as
Litrle Egypl | Price, 19:'_’6:. A study
if the Tawd use o the network arew
revaaled that 53 perecnt of the sor-
face zrec 3 ecropland, 13 pereent
woodlend, I3 percent pastnre laod,
A prromt weste land, 4 pereent nrhan
arveas, and 3 perenl 1 Dwoodies of
'Pn'-'!t{‘"l'.

Axabyrieal beETHODS

The bsaie analvaes ware amed
upen data fer distivel peciods ol
presipitation aecnrrence i U net-
work, These perimds of precipiis-
tan ware delineated from & sobjen-
tive definition. Any pevied of pre
cipication in the netwoark which was
s-:"g,:-ﬁﬁ:l.t":'l_ in Lime from other A -
cipitation by more than a six hone
span of time withont precipitntion
wid identifiedd ®s a precipitation
perEal,  Back a separation s belevad
b be adeguate for scparating most
precipitution oeeulTerncss associated
with difersnl ar separale meleorn-
loricn]l cenditions, TFor simplicity.
all smeh preeipitation peviods were
Tabelend s “slonms"" and are =m0 pe-
fevred to hereafier o s cepoct.
Chbrwdsrasly,  mome than wne slocm
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FIorEE ?—lsnhyeral peitern based ap oelwork averege onnunl poceipiladan
values (in imches) dnring 19581962 iudicates the great a-enl vacintion deleclalde
framn dense Belwork date.  Note thot nverages Tive-veaf parrem raversps the nortk
Lesanth lnerease seen tn the loogderm mesn presipitadon pattern.

would end did eseur in o single eal-
endar day, snd meny slorms con-
toined twe or more Churete” of
hsavy pain separated by short inter-
vaning periods of cithae lower pain-
full rutzs or no rain,

For enech storm, an ]E,u';l;.'n'.-lia]. map
af the retwark woas prepersd and the
megn amount of presipitation over
the netwark was ealeulated by aver-
aging: all papged amonats 1o wdd-
ticr, Lhe Averagy duration of the
storm ot any peiol in the petwosk
was caleulated, and 1he fime and
lacation of the beginning and endino
of the glorm and the precipitatisn
typr were Fised

CTIMATOLGGT0AL: FIMDIsas

Arwuad Preetpiluiion, TFigure 2
abows the average annual presioits-
tion pattern in the network ) the an.
nnal mean for the five-yesr period
wigs 4208 Ineles. Tho greatest aver-
uge nnnual poinlt value wasg 4679
icehes gt mune: O, and the lowest valoe
was $L10 mehes af rage B Thns,
a spaticl variption of more than 6
irehes, or 12 percent, aecutraed Apres
a  frve-mile  distanes.  Changnon
{1062 noied similar short-distanse
vurigtions in aversge annuel pre-
cipitation walues for ten-yesr peri-
s o dense raingage nefworks in
central THincis,  In pewersl, pore-



164 Teaesieliviws Tt
cipitation wus feast o the southern
part and sredtest in the norchern
and =astern parts.

Alao shown in Misure 2 is 8 small-
siale nset map of the nebwork ares
wliel porirave 15 paliern of s
cipitation for the area based on long.
term annual oonnals of the T 8
Weatther Boreeu (1056%.  The oz
prttern s o senth-to-corth devrensa
whica 5 the reviemse of the 195455
sverwrd patiern.  Comnpurison of the
pattern on this inset muap with the
155562 putterr furnishes some meas.
urp of the preat smeurt of arzeal
VaRIEDinn in averdge annual amounts
waicl: are detected by a dens: net-
work of raingeges.

Fenr Weathar Borean stations in
the immadiste viciwity of the net
wark bad lengterm normal vahies
amld the departnres of the 1955862
annvial averaes anwouis Fromn Uhese
portmals are shown 0 pecerdhesis
fer thsse fone stations (Fog. 2% The
Thak wreerages it k-
Cledr il enten ware 2 0 3 ineches
in eveess af theie lomFsarm narmals,
wherens thiee at Marviom ane Car.
hoeneale were near norma.. The pre
cipitation doring the 193842 periad
it the artwerk aver gan he =lassifled
ag mear te alighely above werrial.

Comparison of the fiverear aver
age annnal valnes shown oo Fignes
2 with wirfaoe clevadion TP 10
revealer a lack of enemelation, s
I'l':-III'Ii:ll'i:"\-i':'III e b @ pseErn
whothir we nol loraiions in the nel-
work with higher elevation: experi
ciecdd Trighiel precipitetion anounts.
Hueh & velationsbip has been Poand
in the Fhawres Hill avee keated
snitly of the nebwark (Hoboeels ol al,
ifl'ulfl-:l T]I.r' Tll.u-h'”:l.li.": m]u‘l'i-:-m-]l:.'l I:r
]\rl‘t.il.'hi‘l'll.:jlil'.l .IIIII PII."‘-".-CI‘l'iI:lI1 R b JI1I-
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TABLE L—sversge fnppa]l FPrscipila
ftlon Volnos for Piityfoct Intervals of
Elevation in the Littie Egpypt Meowetk

ANETAES
Fllavatian i
intainval, rivinlall
et Ahava Numibsr af Py psar
ATSI. 1o L imiarsal
Bal-400 14 43,11
P10 18 +8.97
151Nk 11 18191
S01-HAD i 44910
E BHIEL % | [

vestivated by osortiae the 1958-G2
vl ot all 49 vaingages aseording
ta the vaingage elevations. s shaw
i Tahle I, thera wea oo diseernible
ralatiouslip aince the vainesages lo
cated in the two highest 50 faot sle
vaticn intervals produesd selativels
Iow pverags arnual valaes, and the
hurfresl inlerval  wvalue same T
vitingsagres Doslenl G Uees o oediladle ple
ration. Tange.

The velatiorzhip af the scemmee
anrual precipitation pettern with
nther data whick might sxplain the
ilsbribitien was  iasthar  vvestl-
seteel. A w0l was mads of the
|'.1||||'|_:-|'r el Limed ezl l—.li‘.'l,"_":'lm" -
cervid Lhie masiionm amannt af pre-
siptbatien an s stavin, These datd
Al ] wery Ttle eoseelation with
e amarnl of  sresgnlatim. B
ingtunase, e 10 (a1 peegiead
thit oregtsse wamber o sinrin-max
ronl woee ks, wotonl of S0, aml vl
pape I Ladd & relativelr low average
annnal valoo, A similar anvorse Te-
laticnahip oseversd at goge A& which
B Pl peaoan] wrsatecl pamber of
sbirznanaine valoes, 300 bt o low
anaial [.lnu:i.-.:-fhl'.il:-n vial e,
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Frovnx d.—EBsanonul aml selecbd menibly lgehyetz]l potierns for the Little
Bgrpl Network bassl on averaps preciplation vadues o inches] for Ehe sLadr

pecied,
pailbermy.

The number of times sach reccrd
i rainpege received 3 30-minute to
Qd.honr rainfall wvalne egual to or
it ezeesm of the twoyvear Srequency
vahie was alsa eompanad with aver
age annnal presipitation al fhe 24

The greator wormer wonther varlcbllicy &= clcasly porcroyed o those

vecarding raingages, The areal pat-
ternn of these axessive rainfall oo-
anrrences igsheowa in Figaes 100 and
i5 11 ise ] e fll"_}' iriler Hj'ﬂil‘\-:‘l-
mesben ralagieal Fiodings, page 153, 4
eorrelation eoefficient of --[0.656 was
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ohiained for the wverage anamsl
pooynls and the totnd sumber of
pxgepsive rainstorms. This coeffiviert
indicated that the atorme with ex-
apegive rainfull wvalues, which oe-
ewrred primacily in the warm sea-
e EN P:q'u]m'n-?d whool 40 '|'IEI"3'!"!J1t- of
ke areal varistion Found in the sves-
g annil precipitation in the net-
worh,

Seazeme! Precipilefion,  Mups of
the avermee seasonal previpitution Far
the 1M65-62 perind are presenbed in
Figure 3. ¥or each spasen o small
isel wmap bos been inelndad fo shinw
the wmean sensmmal peecipdtation pat-
tern hased on long-term rormals for
gt ions in the natwoerk area,

The winler =sason precipifation
pattern (1. fa’ hes s volativelr dal
gpradient with o repersl inerease
fram 1Fe worthwest (o the senthesst
which is similur ta the long-term
menin presipitation  pattern. The
magraitnide of the fve¥ear average
values b= alpo ppproximotely eguiva-
lemt te thoze haged om longterm
meuns for the ares.  The spring pat-
tern { Fig. 3hi has esensideralily more
areal variaticns than does the win-
ter paliern..  The average spring
enlmes vorned Toom 8 lowr of 115
inches ot zmre A 2 high of 148
inehes wt sape J. oa S3-ineh 4l
forenee, Mozt of the network had
five-voear average values eguiel o oe
crcater  than  the leng-term  ancan
wulnes Inedicated for aprin,

The precipitalion pattern of the
gammer svason [Fig, 321 hos oreptar
prenl variabilicy than that of the
pther theee sesons,  Preeipitation in
gamamer wies grealast in the nrth-
western parls where gage 3 luxd an
grermps of 135 inehes,  Troeeipiia-
tion was least in the spuwthwest where

Teawapefiony Ty

Aecademy of Soepee

mame I had 116 inshes, making =
maxipmm iMeremce of veavly 4.0
juchea,  The lew wverages in the
gonthwest sire in dlimeet conbrast with
the lomg-term pattern.  The entire
raingrage netwerk had averaary sum-
mer valnes i exesss of the lomg-term
mesn values,

The foll aconsnn palieri L -
also  exhibited  eonsidarable  areal
variaaility within the netwmk.  As
in the saummer seasen, the hizhest
averpEes sernsred in Hhe northern
prictd which again s in direcl seo-
teast to the pattern hisel oo lang
peem meata.  The Ha-inel averages
for 1053-G% were the ooly near
normal valnes o the nebwoerk, and
al orher fell values in the melwork
wrre helaw Lhe |.l:'u|g_': 12 m TARANE,

Thuz, in relaticn tnthe magnitids
af precipitatien, the fiveyesr pra-
eisitation values for the spring and
HImTmer EeasonE wiere gerdaler 1han
lopg-leens mean valnes, Thase
I‘I:II' 1.'|'j-|j|1_'j_' A3 20T TWETT TVWEAT I'II'II'IFIJI].
pnd these in tha fall season weres
enerally below normel.  The wine
ter  oresipitation  pattern Tor the
1953-R2 pecdod was guaite similar G
the lang-term mean pattern far win-
ter,  Mrwever, (e fivevear precip-
tation pettarns For the spring, sum-
mer, and £all seazons exhibited con-
giderahly maore areal varianility heo
did the leng-term mean pattorns fer
theee sansins,

Manitaty Preegpalotion,  The pre-
eipitation patterns Cor Cwe months
are shown o Figure 3 6o illusirete
the presl 1.-.:ri.a|1]'|'.'=.}' 113 menthly pat-
torne hasod on fva waar sverdpes.
Cansiderable peinl-te-point vavistion
is shown 30 €he July pattern (g,
Aoy whieh hae a mazimom differcnoe
of nearly iwo inches between wmgres
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Tanii: 3, Presipitation Qondilieos in Litlls Hesypt Dningage Kediwork.
| winter | Bpriog | Suconer|  Fell Annnzl
Averags number of daya wiil [ |
prescipilaliog in uelwark, . 00, 3% =1 | H k1] 100
Averase noinber of stocome with
nelwork mean rainlall af
[FRGE OF B0, i cauiccii waana 23 L1 all o] 14di
035 doch or e, .. L Lo 11 1 14 4 49
060 joeh ormmeee. L. oL o o) [ A T [ )
L0 jfeh oFodre, ... .. o.... = H| | I 11
Avoraee nombor of ptorme with
thunderstorms ... ... .. ... I 18 R0 1% =]
TN e i 1- g I 1 4
cxezcedve mintnll values _.. .. 1- 4 8 3 1l
Averzrre duraticn ot & poinl,
leeurs, for
-1 B30 ] ] R P | 115 4.4 2.0 ] TR
mharms with nalwork marna
of (LD [neh ar more. .o ... 183 1.4 T8 14.4 148
Percrent of £xtnl 2ims with toin. ... 12 11 i T H]

Voand 5 which are six milea aparvr.
The Jarnary averaps pattern (Fig.
At} exhibit= mueh less areal variabil:
tv of presipitation, bt meslsvate
variations in short distanees  are
sliown I the area near gage K.
Frogmenceiss af Eleriea, Dy il
ftwdp, oad Aseeeipied Wenlfoer Coe-
ditives.  Among the slimateleriezl
data derived from the uetwoerk pre-
cipitation recerds wers varions net
work Trequencies For calendar davs
with provipitetion. For sterms with
varying neowork moen preeipitabion
amwnnts, amd foz difforent weathar
cpanl Loy assomintead with <he storms.
Avermges Tar much of this data are
sprnmarized in Takbls 2, Tn sremieral,
thers wara fewsr atorms than davs
with precipitation  baesanse  some
storm periods overlapped icte twa
or three deys. Howsver, inthe =um-
mer seuaon there were more gtorms
tian alays with rein because wany
shmmer slorms were short and  oe-

cagiagrally twe ocoireed on he same
calendar day.

Desing the 1953862 parial a rafpl
ol TOF slorms pomwresd, which iz o
avarare aof 140 per wear.  Siorms
ceprered most Jragnently i the sam-
mer and least Trequent/y in winter,
Wearly 5D percanr of the tolal slorms
in winter and in spring el coet-
wirke mean precipibation wvaloes of
.25 meh or more, but onfy 85 peu-
cent of the total storms in summce
and  full were of this 1|'|;|,_-1.'11§T|,1-'_!|_‘:,
Muny storme in anmraar sod fall had
friw o reinfall walnes, but asine
nt ther produssd wadevasly Ioege
amonnts at & few rainsaces within
the metwork,

In each season the everase nom-
ber 0t shorms whieh |_'|1'\-_||;|_|,||:-.|_1:_ mean
netwerk vaues of 05 neh ar more
wias ahout W pereent af the nucher
af L83 aneh or pranler storms, Thuos,
the 0.G-ineh or graater storms repre-
ganted ahout 25 pereend of the tata
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winter and spring storms bt only
15 percant of the total pumbes af
aumruer snd fall sterms, Tatemesting-
lv, there was very little seasonal dif-
ference in the wsverage number of
atarmsA which prodaced 1.0-mek ar
cpepter network mean vahaes,

Bewrly S0 peresent ol Che average
annual aumber of storms in the Li-

Trimswpdions TTletomyg

Academy of Sclener

tle Egypt Metwork were wasociuted
with thunderstorms.  Thunderstorms
oornrred with 70 peppent of a.l sum-
mer storms and with 12 percent of
th: wintar storms.  On the averagre,
ning storms per rear poodueed hail
within the network snd most of
these oesureed in the spring. Al-
most 18 porecot of all sprie soerms
wore associntod with hail,
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METEMROLOGICAL PLNpIRGS

Some findings derived from thi
data eollected v the Little Esypt
[ainizagre Welwark were morse direci-
Iy relatesd to metearsiogy than to
climetology  or  hrdramatesroloes,
Thess findings coneerned chanasieriss
ting of the storm periods amd the Lime
audd apace variationg in the ineidence
af precipitation.

Hlorne Pedterss. Certaln types of
network  asnhgetal palisrg, i ve-
gurd o shape, configonralion, and
quantity of precipitalion, wen: Foand
ta be T-n'\'plr_-nl_ in rErtaln seEEnnE
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and 1o opcur repeatedly, Tach zea.
son had ane or more typiesl potterns
of precipitation, which wre illus-
trated in Pigure 4. As expeeded,
tha moat prevalent winfer storm pat-
terms (Fig. 4a and 4b) had flas
gradients with po great variations
in wmounts with distanes,  Usnelly
these patterns were orisnted so that
ihe heavier storm precipitntion oe
cmrred in the sonthern pacts of the
netwerk,  Heavy snow storms fro-
gquendly produced @ swalh-like pat
tern illoptrated 5% the storm map
for Pebroses T-H, 1961 (Fiz. el

=

RAHFALL 1N MCHES
s am-om
- oo ois
- ae-a3

L BT T o TG -l OST

FInERR .

B - am-os
| P

Mnna of the honrly rofnfnll seqnenes omd dolnl reinfiell Sor the

stapen of Augwazi 21, 193K, illustrating several charccieriatios of & typicol summer

storm In che TREWETE RTea.
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which produssd znew varying from
2 inches in the norihern parts to
mors than T inehes in the center of
the swalh.

Aty pienl spring storm patiern as
sieialed with Lght peesipilation is
shown in Figoree 4d. Figure 4e por-
try: another typienl spring siorm
isabiyelal patiern which is eheras-
ferized by Sread swatle of modorate
to hewvy precipitation wlich are on-
veloped by Light to moderately heavye
rreeeipHtation.

Miznre 40 slwws ane ol three fre-
fueant summer starm pactErns, Thie
pattern is oflen mualti-callular, hut
the surrounding er intervening arops
have hitle or ne measarable rain,
Anathes I:_]-'].l]l.'u] suacier 2lori pi-
tern Bs paused by oa single vain oell
wWAlRA moves aeross the neowork trom
the sonriwest lewvine a narrow swath
of Dight o wederate raicfall (Fig,
151, and a thisd (Fig 400 is -
aeterizad by ome or mers caolatad
small eellz af lighl rainfull.

A pattern Trequently found in fall
sesen st of hegvy precipitation
i shown in Pigare 4i, This partica-
lar puttern = somewlat similar 1o
the multi-cellular spring storm par-
fern [Piz. 4el, exeepi 1hat il has
narrower swaths of heevy preciptio-
thon guppesting the passige of small
rainshdwers thrmngh sn neea of con-
tinucus rain.

Hequenes mape in Figove b shaw
the rairfall patizrns for sach haur
during 1he etorm of Aasesk 21, 1068
The total seorme vainfall wap (Fig.
k) has an isahyets]l patrern which
iz reprezentative of one of the trpi-
cal summeer storm pattevns {FPig, 4100
Ap Lemely wainfall analvsis pevealad
that this storm was composed of a

Avwlemy af Seienee

series 0l M) sepavate cells which
vither developed in 1he network or
moved artoes Phe nebwarls,

The sequenee of hourly meps for
Figure 3 &5 o good illnaivation of
the eanrneteristics of sememer rin-
showers and  thondershowers  thas
vonstitute 4 rypiral summer storm
in the nerwerk area. The cells which
oerrreld  Belorr 12 M wepe  aiie
mass swhiowers, wheregs those in the
afternnon were wsseeinted with a el
froni passage,  Cursery examinasion
rey i s Hlal sarnie |_||_:§_r|_: crlls (OB,
IT, umed 0 pradused pan over arvas
ranging from IR o 300 sguare
miles. Eeowaver, many of tie smaller
cella CAL BT, and T1 produeed rain
wiar arees ol unly 5 e B E(uAre
miles. Troring the ten-honr period
of this storm the 10 rain eells as
suined g wide varicty of sizes, shapas,
spevids and divections of movement,
and vainlall boiensiliss, This oepe
al slorm analysis wug mle for othar
sinrimer sterms, and resuliE showed
Tlatr iy sk spmmer storms were
a rompisite of lour or mome rain
ol s,

KXelwork Tnslintzan af Moz, Twn
analyses of the initiation of storms
in the natwork werve made wiilizing
the 19G65-62 data from the 24
aosling raingames. One dealt with
i arEal warialions m Phe meEmtians,
and the other coneerned temparal
variations,

Thia Por storms starting in the
wantrs] part of the netweri ohiainad
from che 140 interipe mamas, ware oam-
pared with records of stern-staris
ot the 12 gmures aa the network Jer-
imeter, v zaeh a separation, initia-
ticm darn for develnpead precimitation
svatems which moved nro the net-

I'p-
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= MUMOCA O THLCS 3TORAM3 4 NUWDER OF TMCE STORWI

A HUMBET OF TIMES STOMWS L FERCENT OF SUMMER STORMSE WHICH
INITIATED DURING FALL INITIATER BETWEEN O%30 AND 500 CET
Fisitiie B, Plupse abiogw ing e swonnval sl ssasones] disbeibilions of &laiea Tnithe-

riona in network, Nols fhe hizlh percentase of storms movise Inte the arsn from
weaterly dirackioms.



17

work cowld he compared with data
for precipitation devalsping within
the vunloes uf Che celwork.

Annual aml weermmal areal varia-
tipns in the inttiation of storms are
displayed in Pignre 6. Most major
p'ru:.{"ipitn:r.'inn symtrmsa in [lincis hnve
boom shewn #0 mov: From wrﬂ'l'r_-r]]r
directions, nnd n preponderinee of
moremants are From oither tha amath-
vt or northwest (Changnon and
Hinff, 18961°% . Tha srenl distribntinn
ghinwn for gll grormas in the 19520
period [ Fir. Ga) reveals the creat
frequener of storm inttiations re-
corded &t the three northwestern-
mast and cthree sentawesternmost
raingames.  The number of initia-
tiona at these aix gages acconnced
for 50 perrent of the total stermes
in the network. Initiations wers
least frequent in the 225-square-mile
cantral area (see boandary indisated
aon Fig, fd03, where the iniliations fo-
taled 172 or 24 pereenn n? the total
storma. This tatal represents an an-
maal average of 34 loealizeal devel og-
mants in the ceniral arss.

Sepsenul veriacion: in the wpreal
diztribmzien of initistions are shewn
in Firnre G-, The patterns for
winter snd sprive iodicate o prin-
cipal maxime of irvitiaticns in the
goathert and seothwessern parts of
the noetwaerie.  Apporently rnin-pre-
ducing systems o these fan seasons
i sonthern Tlineis moved] moest Fre-
quently frow ke southsoutlweesd.
The momker of glarm initalions in
the intarior nf the nstwark was very
amall in both of ilese sEazons,

T the summer season alse OFig,
G}, mast of the indtiations wars in
the marthwsat and smithwest soraers
of the natwork, Uonsiderabls waria-
tiom oxists in summer befwean tha

Travegetionz Illnois deedemy af Selence

numbar of initintivne wt nesrby rain-
e B revealed by the puattorn
alcag the western petwork awdary,
Cipe-1hied of the 249 sumoser siovms
inibiates] at the 10 ioterior gapes
[Tig. BidY, bt less than 20 percent
of the fotnd starms 10 ths ather theore
aresons starked Frogueney
patiern within this nberior revesls
a marked londepsy Cor oecurmences
in the oertbern, western, aod south-
westeern parts [pages T, G oamad 177,
Tn thas freparear period analyvast, n
totul of 85 swmmer storms, an wn-
el nverpee of 17, developed with-
in the 225-=quere-mile arew,

Figure Gz shows the pottern of
inttiations for the fall scwsen with
a principal meximam in the nerth-
western porner of the aetwork and
a geecndary maximum in the south-
weat aarner.  In the fzll ane sum-
mer precipitation-producing systems
in  smthern  1lincis  apparently
mived feom the nortawest more fre-
guently than frem the southwest
wineh reverses the tendeney for the
winha anil spring aesome,

The dinrnel variations in the ngm-
ber of initiations by season s For
all 702 storms are shown in Pignare
T. Winter storm inifintions in the
vetwork were 1mast fregnent between
% and 4 AN with a sccondary moxi-
witiim from & ta 0 PAL e s.'|:|1'i.n:_1
senser el distribution lees foue
penls in the Beequencies witl Licile
agresmert with the winter diztribu
ticin.

The spamiee  soasdin
tribution of initistions has o pro-
mevande]  maEimom aoonrringe  be
1wapn 12 and 3 PM.  As indicated
previonaly, many of the 172 arerms
which initizced within the network
interior area occuarred in the snm-

thiere,

ilinrnal T
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Frimm&r
the fotal oarly nombsr of storm initia-
tiome in sach #essan aed for the fArc
yaar petiol. The valoes ahown for apzh

7.—THnrnal graphs showiag

e arg two-honr moving totols,  Meds
wark plorine elacled moel [Pegnantiy 1n
early afterncom, least frequently near
el nighil

mer, Pram 3 AN e 2 PM the for-
mut:on: of fLorms i this interiar
arcopmiel]l for more (hao 5 prerceEnk
af ull the neswork storm isitialions
for the summer, and therelore Targe.
Iy acecunt for ihe coidoday peak
found in the sammer hanrly  fre-
WUEnEies |'1:'1!.|_'. 'r'_':. Fuormations
thase honrs  snsrrst that mase of
these storms were loealized air mass
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showers that often depend om mid-
dey heating for their development.
Chiang (1962] s shown that in
GUIMTET Tenths Wiom, moist bropi-
val nir mdaeses ars pregent more than
a0 pereent ol the time it sutherno
Lilineis. The areal signifleanee of
storm developments i the mid.day
Iionre is further resveglead by 1B dus-
pereentila  pattern or Firmre  GE
which iz hased on the number of
gloem initiations in the six-hour per-
ol ending ac 3 L. Tee Eall diurnel
thissl et Licen [Fi.:'. 1 i semewhat
gimilne to the winter disteibolion
with maxima oeeurring in the ewrly
mrning and early evening,

The dinrnal distebutien of initig
tinme for all T02 storms in the fve-
vear period of reeord, alao in Fig-
wer T, shows the maxinmm anmber
Betwreen 2 and 3 PM oand the mini
wem Lbetween 11 PM oand 12 AR
Also shewn in Lhis lgere 5 the odi-
w*nal digtriburiom of mitistion: for
all storms withm the netwoerk in-
terior, which sran revenls the strong
preferenee for development of these
wlpenay o e lecoes belweens 9 AM
and & AL

Maraiion of Btarme, Faor sach of
the T storms fhat oeeareed in the
network during 195862, an averape
dorrstivn of precipitadko al any le-
cation within the netwoari was oh-
tained by averaring the precipitsation
dorarien valnss for all the resording
raingages which had messnrasle pre-
vipiaticn. The avevage point dora-
tion wvalaes ealowlated from sl the
staring in each season end year are
ligeed in Table & Phe mean durs-
tion of astorms in the winter wiss
more than foor times sa zeont os
the mean duration of stormes in sonm-
MR
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Frinpe oo Ihgrnal grapbz: ehowibog
the bonvly Ireguencies ol procipdtatian
aoEmTTenG: o Lke nelwork in each seo-
win,  The nembor of inedonocs of pro
cipitation per boir are expressed zs o
pereee L ol Che lolal boewrs ol preciplla-
Ciom i3 wach psgson.  Precipitation wos
nifest Traguant beiwean 12 apd 5 PAL
fo punineer, bul bBetween 4 and 10 alb.
in sther 2eapona.

The average numaer of calendar
daye willh messemabls presipilalion
i tle melwork is 150 per yewr (To-
Ble 23, ar 40 pereent of the total
days, aml longderm recerds reveal
that at & pains it the nelwark ares
the average munber of days with
treaauratls min = 115 {Anoang,
19471, which i 32 pereent ol the
total days in & year. However, the

Arvadeiey af Fpience

pverage annnsl aomber of lwnars
with measnrahle presipitation at any
point within the network is 769 hours
which s abent ¥ percent of the total
honrs o ypenr.

ThHurnal warintiong in the freguer.
vy o hours with peecipitation are
shawn in Fignre 8. In the winter,
apring, dnd full precipitation was
ot frogment belwsen 4 and 10
AM - in summer iF wns mnst fre-
guent from 12 4o H M, It win-
ter, snmer, and fall the hoars when
precipitacion was lepst frequent were
hetweon 100 PM and 128 AM, whersss
in apring presipitation was lease fre-
cquent betwern 12 and 2 PO

Hyrroapreozoroaical Fremxra

Of primary  hrdemmetearalngizl
interest im the the data from Lhe
Little FEeypl Ralngage Network
Wit sharrs 'I‘-'.'Iil'.'l :|'r'ru"l1:|r-"|:| I1EH"E.'_|,'
precipitution thromehout or on small
pirty of the network.  Storms whickh
met one of twa requoirementa per
talaing by rainfall intensity  were
selestel For analrsis. The stirms
selected were (10 these with o net-
work mesn precipitetion of 03 ineh
e oamare, or (2] these which pro-
fused raintall amountz cqual 1o or
in excess of the amounts expected
ba oocnr At & point onee every twe
vears.  Choracterstios  of  storms
wilhh nelworle  mean  precipitition
vilnes of (B3 inch or ranter Were
sglected For ope snalvsis  beeanse
these storms produced nearly 70 per-
venl ol the tolal precipitstiom for
the mnetwark, Infarmation  ahout
5 T L pmrlm—?ngr_ exraavive weinfall
vilues i3 nsed in the desizn of hydrao-
1-:|,|Iir slruetores,
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Sfarme widh Netaork Hoanz of
O.b-Inek or Heve. Io tae 1958-62
pariad, 136 of the 702 storma had a
pelwork mean presipitation vulne of
5 imch or grester. . The average
snusl nomber of snel modesately
heavy storms wes 275 highesl nam-
bar in one yoar was 33 a0 1958 and
lowest nomber wis 21 in 1908, These
moderalely heasy storms represont
only 1% pereent of the toral storms
in the period ; however, they were
responsible for G8 percent of the
netwerk’s total precipitation, and
thus were selestimd for detailed stady.

In Table 2, cerlpin seasonal and
unnanl statistivs of these haavier
precipiation pericds are presenbsd.
The greatest number of these slorns
acureed in the spring which hes an
aversgee of nearly 10 saeh stormos
per vear s The fewask stoTms cacurred
i Fall swhieh hasz an average of five
per wear.  Averaging the network
miean precipttatinn values for 1liese
storms for cach semson showed che
higkest values {1.29 inchies] in =nn-
mer ard zhe lowest (081 inceh) in
Q.

Te !l s=asane emespl winter most
af thess hesvier rainstorms ware as-
spenbed with thondershowers which
aveasional’y ware mizad with rain-
showers. In the winler segecn mare
af thesy storme were wilh rain-Fain.
showers, or with e mized with
snoaw,  than  with  Phondeshowers,
Pknly one of the winler st pecigds
was A anew atpem, bt three of the
45 spring stormos were solely snow
stirmes,

The: wmber ol nmls of |'|I"|’:|-:i|'|i-
datiom, or sndden changes in presipi-
tatinn rate, dnring the 136 heavior
storms was determined on noscazonal

1

and anmaal bazia, For all 136 stermes,
a Lotal of twa tavass per storm was
mist Trequent, Onoa seasanal basis,
tyeer arsts prr SLOETH Wers st Tre
LI in suymmer nnd Foll, wherons
rfe bt was mest commoen in spring
and thres hnrste were chararcteristic
of the winter storms.

Initiation data for these stormes of
(b3 inck ar greater were compssred
willi Hese Lor 1he (olal 702 storms.
T mpped feagueney of initiations
of the eavier ruin |;||,'rE|'|a:=:||‘-'. had a Tat-
term grererslly stmalar Lo that Tor sl
atorms [Fir fa ), Thess heavier net-
work storms froguently were precipi-
tution svslems that mmeved into the
nrfwork  mathers than ﬁ}rafmn that
develeps] withic 1he network area.
Haowwpver, cned bied of all tha heavier
rhinstorme in sammer formed within
the netwark. which is the same ~atio
aobtained tor all networs swmmer
siorms.

The timee of mitintion of the heov-
ier gtorme was aso investieased and
corpparead with the data tor wll net-
wirk storms (Fiz. 700 The 0.5 inah
il greater storms initiater]  most
frogquently between 2 aml 4 AM and
between B oand 2 PM, whersas 1le
mejor initistien peak Toroall TE2
elorme wae between 1 and 3 T'A.
The dinrnal disritutions of intin-
tions of the hesvier storms in the
winter and sprine Sawsins were simni-
lar 1o fhose gbtained Faro all the
storms (Fig. 71, In the “all the
heavier stormms inifigtied mest fre-
gquently between 8 gnd 9 I'M in con-
traat to the pesk am indtistione for
all alorns between & and 6 AM, In
anmmar wast of thase heave stornis
initiated herween T oand B PM.



150 Trovsrefiors Ilmes deadewmy of Sclenen
Tabuk J—Two-Year Frenueney Amennts for Sonthern Jifnois and Nomber of
Nelwork Btorme which Produeed Twoo ¥ oor or Oreatar Frequency
Amnanis for Yarying Iradinme
Numher of storms with on
Amounts to be igaat, one TagaEe Amount egual
Truration eyquindied or to ur greater than two-¥err valas
exgeedad ar :
leasl cooe syery Animual
{wear years, inchea Winter | Bnring | Sommere Full Anrnga
30 min 1.1 1 | ik 11 ] 11
1 hr 1.4 1 | i = R ]
4 hre 1.7 i B 17T ] -
4 hrs 1.9 il L 14 4 5
i hrae 22 1 i 1 ] fi
12 hrs 2.4 ] 3 11 i 4
id4 hry 1z ] B 1 % q
AVarsge = 1- - 4 2 -

The average point duraton of the
. 50neh ar greater slommns wes 1384
homes ccmpored witn 3.0 hnoorz for
all sterma (Tahle 21, This tendeney
ta have duaratione in exeess of the
average duration Eor all stormue alsa
e '-'-H.”I"EI i.l:l ﬂi'lll]l. |rf ”‘Ii."! I'lmr HEHEIILS,

Alarme with yenr FPregwcicy
Amownts,  All storms with vne or
more guged wmounts egqusl oo in
exees of the wmounts eswected o
acer ot oa ]'_|i.'|':l'1'l,'. i Baomthera [i-
noks af least ones in 8 two-ress peri-
o for any one of seven durationa
hetwesnn 0 minntes and 24 hours
ware zeleeted for snalvsia, Doring
the 15562 period, 70 gorms, or al-
sl 10 peepent af Lhe 1c1al num
her, prodiaced o twogear frecueney
ampnet for ane or more of the seven
poc=ible durations.  Table 2 shows
the eeaeopal andd anmaal avesaes
mimiher of starms wirth twa-year ex-
ressive rainfall values.

Hnff and Neill {18500 have iden.
tificd the two-rear lreguency
amonbts expected in Henthers T1i-
nois far each of the seven duraticns,
and these gre listed in Table 3, The

number of netwirk storms which pro-
duced two-year freguency ammiits
i# alan listed, Oaly 15 of the 7

stoerres had 24-hoor amennts sgoal-
dimg oor exersding the twaovenr value
of 3.2 inehes for this duration, Haw-
pyver, BT oal The T slosmos had A
minnte samonnts of 1.7 inches or
more. Aa shown in Table 3. the net-
work annnal averages diminislk with
inereasing dnration,

Trate 1n Table 8 idieaie that aueee
than 30 pereent of he storms with
E:G.E:.'s:;ii'r'm |'uir|f:ﬂ| Armar ks cl-&l'tll'r{'lf
in swmmer whieh nas an averaoe of
eight, suen storms per year. Oy
two storms with two-year f-egaenoy
amonnts aserersd in winter.

Toxaunples ol Tonr slorms whicl
produesd sxeessive rainfall amonnis
are shown In Figare Y. The mast
gevere short durstion  rainstorm in
the metwork during the TH5E-E2 peri-
o] seenrrsd during the night of Au-
gust [R-IT, 1958 (Falt and Chang-
mern, 10615 . Each nelwork ratngaane
-jFig. Bad had ammounts inoexoese of
the two-pear  vesnrrane:  inlervigd
valne for all durations from 50 min-
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a TOTAL STRM RAMFLLL , UGLST iB-17, 058
| 15 Hioums]

b TOTIL RAINFALL FOR 4 STORME 1N MAY 3-0

|56 {96 HCOURE]

1

1 TITAL EHTOAM RENFALL. JAMUARY 21-E2 162
|22 HOURE]

Friuze 8—Iechvetal patterns of

molected storms which

d TOTAL STORM ANMFALL, JULY 15 61 [28HOURS

produced  sEcerAive

point raintall amoants in the network doriag the 10681062 peciod. Total raimtall
InroEghant the netwark o Lee Awpusl 1617, 1968 scormn exceeded The onee in
Tirear Fernreence inferenl for o 1bour period,

wtes to 24 hoaes, Four intense rain-
stormns oeenreed inoa Goer-dey peried
during fl.fﬂ:r 11, and the Fesultings
fonr-day total srecipltalior pattern
i prezentsd in Figure b, Each of
chee four slorms  comprigEing  this
peried hod valaes o emoesm of cor-
‘atn iwogear Preguencies.  ioure

O chepiels e sobivetal pattern £ar
o winker storm which pradnesl s
howr mwmounls in eweesm of the two-
wear frequensy valaes For this dum-
EixHrL

TTwing the network mean preeigi-
tation walunes for these 70 storms,
an averams value of 102 inshes wag



o MUMBER GF STURMS |HAT PRODUCED 2-
YEMM ON GREATER RECLRRERCE INTERWAL
WALLES FOR ANY DURATEON FeoW 30-

WINLTEE TO 24 HOURS EeSH-£2

R oF TMES EACH GA&8E REZGhoCD
MIMUTE AMCLANT > 0= YEAR

& oF In'_ ______
r
|
F
-
|
|
|
+
]
)
[
|
£ KLMADER OF TIMEE EACH GAEE HECORSED d NUMBER O HEB. E&AlH dAGE B n
A E=HDUZT ARCLWT & F-YEAR RECLMTEMIC & B4 H-ﬂ.lﬂ ARDUNT E 2- 'r:ar:lm-l.tﬁ!:ﬁ
INTERWAL VALLE (2.Z.) IMTERMAL WALLE (%2 n)
Furee T—xXumber of times thot two-year or greatar recureence inlerval rain-
rell values accpsead o each recorddng ralegees io LVie peisorh dorciog (he sludy

merlad are 2liown for pelected durntiars.

computed.  However, many ol Lhe
T sterms produced Hetle o ma pree-
cipitntion in large parts of the el
wiork area,  Consequently, 26 of the
T mevere stovins hoad network mwean
vilnes lower than 05 dach, and 106
of these huad netwarks wicen valies

bpwpr than 0d inch. s an exampls,
the storm on culy 11, 1361 [Fiz.
by, bl esepssive values for the
durations Trom 20 minates throash
e ]H:lun-i, Bt the melwoark mean
reinlall wae vuly 25 joel.

Thuves a:ll.al_t'ﬁ-.-i-: of the area dis-
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tribation of two-pear  freguencoy
avornts within the metwors wers
perlozmad.  For each duavetion the
point freguenciea of two-venr
amcunt: were computed pnd aresl
varistions of the point freguensies
within the nelwark were compare:d.
MWext, the point and netwark (arveal
fregguenecies of axzessive amounts far
varli duration weps compared  te
measinre the point-areal relaticnship
nf  exeessive  rainfall  oceurrences
Tiast, the reelacionship between the
nepnrrenes of Fregquency values ot
differen mambers of network meoes
during a siorm Was aseartaine.
The number af sterms that pro-
daced tworear or grester Trequency
amount: for any durstion From 30
mminutes to 24 howse at each rain.
pama im portrayed in Figure 1.
Crensliderable arcel varmlion oz ap-
parent with the hirhest numisrs of
exeeanive storme recorded at the rein-
cages in the northwestern and east-
arn aress where the aversme annnal
precipitaring was foand 10 be greac-
et (Fiz, 27 Exeeasive srorms were
lensi fregqoenl al raiccages o the

185

aputhacn parts where the avernge
anannal precipilation was leas:,

In Figure 10k the number of two
yoar oF greater fecoueney amounls
for Bippingte prrlu'-eis-'. ropnrded at
panh of the 94 recording rainguges
i depioted, 1f 4 norme) numbar hnd
acairrad ar 8 point, dwn oor threes
suach events wonld be expectad dor-
ing & fivewesr pericil.  Huowever,
many recnsnee hod more han fwiee
the expectad number, prd soome wajres
(1 owmdl B hwd Feur to five Gimes as
many wE could be expeeted, The twno-
yenr ar grenter freguemey amonnts
revorded wo epch roineags forosix
heur pertods (73 106 and Tor 24
henr periods (Foc 1007 show less
arenl wvariation than oscoreed with
the d0-minute mmoants, and  mosk
raingages recurdad the statisticallr
cexpected  Tomher of execesive B4
Iecur amonnts

Ty abtain a messare of the rela-
tionship between froguencies of ox-
cosgive anroumts at oo paint snd the
netwoerk or wrenl froguencies of ex-
cessive pmeunts, un wrenl-print com-
povizon was made Do oeack dieation

Tovne 4. —Arss] and Podnt BainTall Fregaencsy Valies Eonal te or Girealer
Than Two-¥ear Hecurrance Vahszs, 1958-62.

Wi her nf raaes (o7 Zivan e

10 min T hr | 4 hra 4 hra i hm 11 hr= ! 94 hra
|

Moedian number |

PO EOED. .. o [ H g 4 [ 2 1
FMoximum osmher

ab apy gage. .. .| 12 Ln i B ] fi LD
Minimus nnmher

Ik Aoy EdEe. . .. 2 | £ 4 k] 1 B
Malwark wotal. ... iT 41 | 2B 5 -1 18 1z
Averazs rellu,

notwork sinede

{peiol) gage.. .. bE in | 5 L hd .l 50
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Tauee: b—PFormmnt of Time thot Excposive Amounts Oesarred ot
D Tepeiit Ninbers of Oopen Thiring Htorma,

AveREe Dercent oF the Ums= that
spoolfied numbers of gogen oxpericnoecd

Iwo-vear or greator amaents
Iratian of 4 or | 3 or i or l 1% or
SXCRARITR TQTE T e Endre mTe
LT ] et mLEas ong o EQpca
0 main i L] 0 B
1 br 43 &l 55 17T
i hre L] T [} 5
i b BG Th h 2
f b az TE T2 i
12 hrs ] i3] b3 an
14 hre 4k (ke ad i

for the twooyear feegoencies [(Tas
ble 4%, A mean watio for all dora.
lions of 6.7 was abtained for the
ferquensy of areal to point erenr
reaees,  This indicates that, on the
average, 1here  were nearly  seven
lines  o%  many  exeessive  raanfall
fmmounls chserved i tha Gisll-sgquare-
il network aren us were ehserved
ut ooy point in that area. The aver-
were ratios for the sevan durations
diiffered, and the ratios desressad
with imereasing daration. Fieessive
rainfall amouwnts for A0-minule @l
onc-hons periods aesurrsd nioe lines
moers Fregquently in the 5530-sqnare-
il avea thon ot g point within the
HF ieaH I8

MTha neenl  axtent of  exceszive
amnumts r]'_'lFiTtﬁ stormg  with  dwin
veur ar peeater frsmsner smmints
wes elso investirated.  Using the 12
raingmgres letterad A throoeh ' (e,
13, which are cvenly  dispersed
lhn:-uﬁ']lmll, the 1l|_':1'|.-.--:|r'|-iI thie relation-
ﬁllip‘r hetwaen the ceeyrrenee af px-
magive Amcunts of precipitaiion ab
diferent muinber: of raingages was

nsasiral] Por individual storms, The
niimher af h&iltp;ﬂm'ﬁ r-_ﬁ;:|_1r|_'|_i|,|,5l__r| ox-
Eesxive  #mannls sach time one of
these 12 salect=] raingages had an
pxeessive ammimnt was recorded for
each of the seven storm durations.
The long-duration excessive
ampiints, 12 to 24 hours, [Table &)
Frequently wer: vither relutively lo-
alized or relutively widsspread. This
i revepled b the relacively high
parcentares nnder twi-ar-more gages
and moder twelve-or-mors pages, aol
by the rolatively low percenlages for
thiceor-mere  gages  and  [our-oe-
more gegcd, The exeessive slorms
with domtions of lwo o six howrs
had ralativelr high percentames for
the threcovamere paras and foue-oe-
e npes catamaries, bat the arveal
extent of exponmive amonmits wag ess
then that for the storms with longer
duations.  The luw peoreontages for
the Alnimle and one-hour perisds
for the Fﬁlll'-F:‘.'lF:’-l,! aml !wl:.]rl,'-g.u;_r'n
catemaries  revenl that sweh short
duration exeeszive minfall percinds
werg  congiderably  more  localized




depihern ilinots Precipitobion TBh
Taze b—Percenlage nf zll Excossfve Amoudls Oecarrrp An Starms with
varring Durations and Amounds Bquwsel s oo Greeter than
Tweo-Yaar Freguency Volues.
Mercent of total stooms Ine ssch
CUPALION ooearring with excageive
amoante for Indicobed duradions
Tatal mummlssre
f ArarmnE
Dimticn i matwark Fleuin 1-hr E-ur JEhr 4
A% mian BT a2 44 1 1°
1 lur 4 Y 57 £ al
B hre 25 52 Hi i ] 43
3 hrs 6 al I SR al
& hre T v g 81 T 36
12 hrs 1= T4 1 [ - 43
24 hrs 15 ™ | T T I |
than thos wilh longer Curarions. produce  other  langer-duretion  ex-

Abmost 30 pereant of tha 700 e
eessive storme first produeed rainfall
ar 1he ten raingares in the network
intaror,  lcitiations al gapges A, 13,
B.oand M (Fig, 17 aweounted for 46
prereent of the V0 dnitie-ieus, Moo
M M) pereart of all 71 exeaszive
storms initiacs] between 12 and 9
PM. The theae-heur period with the
arealesl nnmber at exeessive sain-
slosm imitiations was 12 1a 3 DA in
orntrast with 19 re 3 AN for the
stocms prslacing networlk means of
(LF inch or mare. The averare point
durstion of rainfell for che T slorms
was 63 hones,

The frequensy with whicl excos-
sive pmeund: Por diferent duralions
peetrred during the same Sto0THs Wwis
imvesbigated, and  the resulie aro
shown in Table 6 MMors than 72
percert of all storms with 125our
und 24-honr |‘rf|||,z|3r||_-.__'9r valunez alan
had twe-rear ar greater freguesnay
valaes for all the sherter duralions.
Howevsr, many of the sterms with
Ieminmte Trequensy valoes did ot

cesgive amonnts Por instancs, only
IO peereent of the storms with 10-
mingte gmounts wers assneiated with
M howr execssive values, A 3-min-
nie vl was associaled most fre-
quantly with & omehonr sxcezzive
valne: a threer value asenrred
et frequently with o snehaore
valne; awd a 2d-hour valee oserred
mare frequently with o 12-henr value
i with on cxzesaive valne for any
other duvatinn. The nereentamaz in
Tuble & for the 30-mimite corationg
ura mneh lower (han these obtained
for a LIlsguare-rmile rainEEEe 118l
worle I eembral Vlineis (Hal and
Chengnon, 196407,

SNWMALT

Five wvaare of data Fram o networek
of 49 ruingages within a 5i0-square-
mile grew of seuthsrn Minoks, wfter
earelul ynalysis, have provided hich-
Irr n=eful and eoie new presipitation
statistizs.  The findings heve heen
sarkel]  ard  studied  aeeording 1o



184 Prowseetions Tl
climatological,  weteerslogieal,  and
hxdrameteorolosieal applieations.

1. The wverage annual precipt-
tation puttern for the 1865852 perid
pevesled eonsiderabie areul vorigisen
with o reasioe difevenes of six
racher hebwesn  wmnounl: 4T TAM-
gages separated by oenly a fve-mole
of Psla s,

2, The distrizabien of the averase
annual precipilation dnring 1NGE-GE
£3ed nast ke ate wall with voridtions
im tae surtaes elevation. bat the pet-
terr did wppeae 1o be somewha eor
related with areal dizieibntion el she
mimmbes ol execasive shorl Taration
mainfall amonnts.

A The aversge seps0aal pescini-
tutizn patterns for all bul the winter
segsom Bad much greater aeeal vack-
ohility than did the lomg-term enecon
spasonal preeipitation pattzros for
the nerwark greas.

4 The gverage annual nomber of
srorrs within e nelwork was 1L

4. The average nnnael aomb=ar of
foyrs with precipitation at any point
witnin the metwork was 770 which iz
mane peresnd of the year

B, Mescly 50 pereent of all net
wnrls wlosms  wers  amocinnel
rhunderstarms.

7. Wine Iypes of precipitaton
putters for storms were Povml to re
enr Fregpuoently . and many eommaer
stormns were enmpased of a seres of
foe or mare small rain eells,

£, More than 79 perecnt of all
shurmes e Ll petworl weve prodneed
by mysteans movipg into the aren
From the soillsvest, west, or aveth-
Witk

O Mtorms  nitmated  weeost fre-
juently in the rarly aflerncon end
lamet F1'|=.'!1|n'1+'|;.' A mirdwighit.

'-".'il]l

Avademy af Hetene

1. In a 820-agquoreanile ores an
averuee af 17 siorms develapod loeal-
I¥ in sununer, principally betwesn
0 AM anid 3 PAL and on the wverage
34 sterms developad within this area
darine on entive year.

11, All metwaork storms had  an
aversme point Jduration of 56 hours
ihe svermez wis 114 honea for win-
ter atorme and 24 heors for sammer
=Sloren-,

12, In all sessensg exeapl sammar,
prio pitation accurred st T
guently during the hours between 4
anil B0 AM ; precipitacion wis mosr
trequent between 12 and 5 P31 in
EILIIEY,

1% Shimeteen peteent of all storms
had metwark wean values of 55 meh
o more, wod (hese storms yieldal 68
pereent of the tolal nerwark cainfull,

14, Bevenly sloroms pl'n_'n:'l_uu_'cn:'l [
casmive painfall amowaie for dora-
Lo of 20 minates threngh 24 honts,
aril maet oeenried docing 1he sam-
T =Pasoh.

15, Ta zeneral, the nombse of ox-
pessive amonnts for durations ol G
hours and  lese wae mwweh  grestor
than vaperind sratistieallr,

16, The network experiemnead
rearly seven 1imes as many £lerms
with excessive rainfalls ws dul 5 giv-
e |:|l:|i| Lowitkin the netwarle

17. Excessive munlall of =hort
durstion normally did ool extend
eveer a large portion of the network.

13, DMosr exesssive anomms of
Tonger duration (12 and 24 hoars)
covered lorgz portions of the net-
wark and they also were [regquently
aeeaniated with exeegsive vaintalls
Trae wll shorter darations.
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