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B FOREWORD

& "Preliminary Report on Maximum Possible Precipitatien, Los Angeles

irea, Californis" was issued by the Hydrometeorological Section, in
. cooperation with the Corps of HEngineers, on December 30, 1944, Since

frftheﬁ; further consultations with the Los Angeles District Engineer Office

. have disclosed the need for certain revisions, among them a specific
~differentiation between the estimates of the meximum general and the
maximum local storms for the region. The Revised Report now issued

supersedes the Freliminary Report. It conbains not only the revisions

‘»réquested‘but also the pertinent results of recent evolutionary changes

in hydrometeorological technique.




Major Los Angelos Storms

le Tho dominating influencos on tho woathor of tho cntirce West Coast

arc the scmipormanont prossure conbors over the occan which dovelop from
the geonoral cireculation of tho atmosphorce. Tho mecan positions of theseo
scmipcrmoncnt Low= and high-=prossurc contors arc at about 55°N and 35°N,
respectivolys Following tho annual march of tho solar altitudo, thosc
pressurc systoms arc forthost south in tho winter and farthest north

in the summors Tho low=pressuro systom is usually roforred to as the
Moutien Low and tho higheprossurc systom as the Pacific High of the
Vorth Foclific QOcocune A full discussion of the scasonnl variction in
strongth, oxbtent, position, and gonoral chgr&ctoristias of thosc somie=
~ormenent contors of action is givem in chapber II, Dynomic Climatelogy,
of Hydromctcorological Roport Noe 3, "Maximum Possible Procipitation

svor tho Sacramonto Basin of Californic,”

H
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2o The roiny socason, or scason during vhich major storms occur

cver southern California, is Novombor through Aprile The southward dise
placcmont of both somipormancnt conters of acticn during bthis poriéd,
tegobthor with o similar displaceomont of thoe polar frout ond the mooan storm
trnck, brings southern Colifornia undor the influonco of oyclonic systems
roving inland from tho Pacifice Storms which produco appreocicble rain
cayvhore along the Pacific Const of tho Uhiﬁod Stotoes moy be divided inbo
wynes, but all typos will have somc important foaturcs in common, oxcopt

tho docadoent tropical storms which infrequently movo far cnough north

wo affect southern Colifornine. Basieally, tho loeation, intonsity, moisturc

charge, and moveront of tho conters of low prossure arc tho factors which

neke any storm a flood-producing storm for o particular scotion of tho

L
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Pocific Cﬁasﬁ rogione Chaptor V of tho Secramento Roport doscribos fully

the major featurcs of flood-producing storms for tho Sacramento Basin and

thosc arc applicable also to floodwproducing storms over southorn Californice
3» Ton of tho major storms of rocord over southern California have

boen subjeetod to a eritical analysis to dotorminc whoﬁhor or not thoro

wns eny similarity in the general featuroes of the stormss Tho woothor

map concurrent with the poriod of grootost preocipitation has beon usod

28 tho prinary bosis for corparisone In goeneral, all storms which produce

appreciable anocunts of precipiation ovor this aron have similar charac-

toristicse Cyclonic systoms which rosult in gradiont winds from tho

southwest quadrant over southorn Cnlifornia producc procipitation, and

intensity of procipitotion varics dircetly with wind veloeity and dowpoint

tub inverscly with distanco of the cyclonic syston from tho aréa, Tho

ir mosses involvcd diffor only slightly in thoir cssontial charactoristicse

Ovor lorge arcas tho offoet of fronbal activity on depth of preecipitation

is unimportont oxcopt thot the passage of o well-dofined cold or occluded

{ront onds any appreociablo ccouwmlation of avoroge dopthe Over smell

arons, however, the froatol passage moy éontfibuto a marked incroasc in

Cupth booause of the heavior local procipitation ocourring along the

“trough line with its intonsifying offect on convergoncce

4+ Ninc of the storms analyzcd cecourred with, or following, the
southward push of 2 cold pelar air mass iﬁto the Mississippl ond Missourd
Vailoyse In most casos tho storm dovelopod off the Wost Coast whon tho
cold nir had sproad westword over the Rocky Mountains into the Great

Basin and tho northwost stntose Associotoed with the largo mass of cold alr

ovor tho continent was o widesproad highepressurc arca which in covery caso



vobondod northwostword into Alaska and tho polar reogions In oach storn
o highost prossuroc cxccoded 1025 nmillibars; during tho storms of
fobruary 1927, Docomber 1933-January 1934, and Decorbor 1921, and the
wro January 1916 storms; it oxcocdod 1040 millibarse Tho tomporaturcs
in the polar air wore gonorally well bolow the avorago minirmm tonpore
aturos for tho scason of tho yoar, ranging from about 10°F as the polar
nir spread southward inte thoe Dakotoas in tho April 1926 storm, to tome-
poraturos bolow =20°F in soveral of the midwintor stormse On tho basis
of prossurc poattorns, the nine storms montioncd cbove con bo dividod
into two gonorel classose In class 1, a low=prossure arco cxbonded
froa California wostwoard or northwostward beyond the Alcubtian Islands
ad included two or moro soparate and welledoveloped contorss In class
2y o loarge arca of low prossurc was conborod off tho West Coast, boundod
on the cast ond wost by oxtonsive high-prossurc systoms which were cone-
- nceeted on the north by a high-prossuro ridges The high prossurc on tho
west wos usually centerod ovor the Gulf of Alaska and cxbonded far southe
ward, doop into the nmiddlo latitudese

5; The storms of Jonuary 20—2%, 1943, Fobruary 2?—M¢rch 4, 1938,
Duecuber 30, 1933 - January 1, 1934, Fcebruary 13-16, 1927, .pril 4«9,
1926, and Fc¢bruary 17-22, 1914, arc class 1 storms. Preeipitation in
thoss storms occurred in two pericds associoted with the passage of two
cyelovic systems which nmoved in over tho cocast in cleoso successicn from a
wostorly dircetion, but curved toward tho southcast as they movoed inland.
™o cocond cyelonic systen was usually the moro intensc and produced tho
poovicr rainfalls The first systom moved inland and occluded apgainst the

nigh mountains boforc any appreciable amount of the cold poler continontal



zir had spilled wostword inte tho northorn constal regions Thorfirst
systom thus sct up tho circulabtion for injocting large amcunts of polar
air into the developing sccondary system which followod, providing the
onergy for thoe moro intonsc socond dovolopmenta

6+ Storms in class 2 arco thosc of Decombor 18«27, 1921, Jonuory
14=19, 1916, and Jonuary 24-29, 1916e. Tho pressure distribution ovor tho
United Statos during those storms rosultoed in a rolatively slow translation
of the systoms casbworde In the first sbtages the low=prossurc arca usually
dovelopod off tho coast of British Columbia, moved séuth or southescuthoast~
word, passed inland ovor Oregon or northern California, and then noved in
n more castward dircetions As in class 1, o socondory storm followod.
Hovrover, it was the first stornm which causcd tho oold air on tho ocast and
north to push southward over tho northwost statos. Thus, tho sccond storn
moved in o path farthog to the south along the polar front and inland over
conbral Cxlifornine 48 in class 1 storms, morc cold alr was drawm inbo
the sceond, oand usually morc intonse, systom than into the first. Tho
henvior rainfall.was again associatod with the sccond disturboncos

7« Tho tonth storm, thot of Fobruary 13-15, 1937, was associated
wita o wave which doveloped Fobruﬁry‘11 on o Pacific front ot about longi-
tuto 145°W ond latitudo 30°N. 4s this wove disturboance movod toward tho
cortral Californic coast on the 13th, o strong southeastenorthwest prossure
gradiont woas ostablishod over southorn California, causing strong scuthwest
wirdse The storm procipitation, of rolativoly short duration and high
inténsity, oceurrced ovor socuthern Colifornia during the night of the
13th-14th and was associated with tho movemont of this disturbanco inland
over the arcas The only similarity botweon the genoral pressure distribue
tion of this storm and that of the obther nine major storms is that a strong

s~ruthoast-northwost prossurc gradiont was cstablishod ovor southern Coalifornice



Thoe Maxinun Pessible Storn

8o 4s stated proviously, rosults from a detailod analysis of all
the storms show that the mn jor roinfall cccurs with a combination of high
wind and high dewpointse Thercfore, in any atbompt to roproducc mass
curves of rainfall over this arca, wind and dowpeint nust bo comsidered
tho primary controlling factors, the dowpoint being o noasurc of the
rrecipitable watof, o8 cxplafﬁcd in Hydronocteorological Report Noe 3e

9¢ Tho ste nost pressurc gradicnts of rccerd bobtween San Francisco
and Lcs ingoles, ond tho hl“hbsﬁ winds of rccord mt San Dicgo and Los
inpolos, wore obscrved in the storns of January 24-29, 1916, and Januory
2024, 1943+ Upper=cir cbscrvations wore availcble for only tho latter
2 The two storms and during this poriod the tomperatures at the 3~ and
S-kilometor lovols ovor the northwest states ogualed, or wpﬁroaeheu, tho
inina of rocords Simultancously, the tonperaturcs at those lovels over

ar Diopo wore within 5 to 10°C of the moxime of rocori. Sinco scawlovel
pressurc gradionts cduring this storm worc the stoepost of record and the
Semmeraturce gradients aloft undoubtedly approached the maximum of rocord,
thoro 1s 1itdle roason to beliove that theso pradicnts con bo oxeccdod by
any epproeieblo cmounts Very coxtrome condltions would be roquired to
~rciuce wind novenont as nwuch as 10% in coxcoss of that obscrved in the
Jemaory 1943 storm.

10« 4 theoreotical nothod of detormining the maxinun possiblo procipi-
totion over an aren in o glven time was doveloped in chapbors I ond IT bf
'Sg&romctcorological Roport Hos 2, "Mﬁximum Possiblchrooipitation ovor
the Ohio River Basin above Pittsburgh, Ponnsylvanin, " and in chepter VI
of the Sceramento Report. Also, reforonco was madc to this mothod in a

rocont papor, "in Approach to Quanbitativo Forocasting of Precipitation,



Part II = Formulas for Quantitotive Rainfall Forocasting " by As Ko Shownltore
The lattor papor domonstrates that rainfall formulas arc nost readily derived
by meons of o storope oquation in vhich tho inflow ninus the oubtflow of
molsture oquals storago or amount precipitatod. For tﬁo computation thoe
following assunptions arc nado:

1+ The rain occcurs ovor a finite rcotangular arca XY, with X
nornal bo both inflow and outflow, and Y parallel to inflow
and outflove (

2« There is no net convergones of air upon the arce, cxcépt for
the %utor vapor procipiboated, which amounts to no'more than
ome or two porcont of the mass of air involvode

3« Thoro arc mo horizontal velocity pradionts within the vortical
plancs normal to inflow or oubflows

4+ The dopths of inflow and outflow cun cach bo defined os o
pressure difforones constont along Xe

¢ The air throughout is saturated and has a pscudo-ndiabatic
lapse rato.

11. In a steady sbtate, inflow noss transport and outflowr nass
trensport will be cqual oxeept for the nepligible loss of wabor voapor by
woceipitotion, or

ViMy = Vol
1 252
vhero subseripts 1 and 2 rofor to infiww and outflow, respeebivoly, and V
and M Lo veloelby and nass, rogpoctivolye The moss In groms por unit columm
of cm2 cross=scetbion is |
n= Ao/

: s s cq s , -2 . s s
sinec A is in millibars, which arc dyncs onn s Neglocting varictions

w3

in g (acccleoration of gravity)

m= 1,02 A p

nsn



s the peorcontopo of the mass of air thoat

Tete

“ho specific humidity q (em/t
,,;f,fé«

L wnbor vapor, so that mass of vwater vaper por unit columm is

: : z
. : r, = ﬁ g dn = 1,02 /Q q dp

, A0
or, approxinatoly, 102 G AP

. s 2 L
Since o proam of liquid wator por em cross=scction has o depth of one en,
the dopth of precipitablo wator in om in a unit column is also

fenmvorted to inchoes this depth becomes

Wy = e¢ QAP

chart (fipuro 3), whoro W, is o function of the dowpoint at

n the % W

s
1000 mb, tho computations have boon nudo for values of & p small cnough
0 olininato all but noglipgible orrors.
12, The transport of wobor vapor by ooch unit colurm is thus
&V Thp
ond thoe total number of unit colurms crossing a gilven line normel to V is

75  The storage cquation of water vapor thus bocorwos

N

k= (1)

L BN <o S sy

o

e

-

h is limonsionally corrcet if it is romerboroed thatdp has boen pro=
vicusly eonverted to units of nass (prams)e R is thus the avorage dopth
of preeipitation, in inches por hour, ovor XYe Furthormore, Sinco Mlvl =
M V, and thoreforo
1024937, = 1,02 4 PoVy

7 e

Vo T4P1Vy

4Pz

ond sinco & TAD =
&

the storape oquation can bo nore simply writton
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T (= ap W)

R =
Y

Srevious tests have indicated that it is usually not neﬁessary to welght
the wind speed with elevation in terms of moisture contente

13+ Tiguro 1 is a schomatic illustration 6f one type of flow fule
filliﬁg tho basic assumptions, a casc of downwind doeclerations Tho flow
~f olr is porallel to the planos AEFB ond DHGCe  Inflow and outflow arc
normal to the plancs ADHE and BCGF. The differonce botwcon dopths of
1aflow and outfloﬁ'is roprosontative of a hypothotieal situation vhoro,
bocause of imternal convergeneo, tho horizontal veloeity on tﬁc outflow
giac 1s oqual to ono~half the inflow velocity. It follows that the amount
o' moisturc procipitobed over the aroa ABCD in unit time is cqual to tho
moisture inflow minus the molsturc oubtflow in tho somo timoc. Actually
the alr is also beoing lifted above the surface BEFGH, &ﬁd’& compicto
cr.loulation would have to inelude onc for the layor cbove EFGH up to tho
1Qvol of no 1ifte The computation for cach loyor can bo made by mcans of
npguabion Ze

14« In the casc of the Leos Angeles aren, the crographic barricrs
Jotormino bo a great oxtent the gonoral distributioﬁ of tho highést
cacunts of rainfalls In tho ton ujoze cbopw tﬁg?w e g varieliory in
ho location of tho highost conbors of roinfoll, but there was littloe
vrriotion in tho location of tho 10,000~squaro—mi1? arcn over which tho
maximum.pfccipitation occurrcds This foct domenstrotos that the orographic
fontures arc the major controlling f&étors for procigitating the moisturo
cnd detormining its distributﬁon QVOT arcie Hawovor,bthcro is ono imp&rﬁant
orcopbion: intonsc local rainfall associatod with the convergent procosses

2

nf tho eyclonic system itself can and doos cceur over any arca irrcspective



? bopographys In the Los Angeles wreo this rainfoll usually has o
rolabively short duretion (loss than 12 hours); for longor poricds tho
lorgost cmounts of proeciplitotion cecur ovor the windward slopes or ridges,
vhoero procipibotion conbinucs cos long as molst alr flows in ony dircction
thet will foree it up slopoe

i

15+ Since the orogroaphic borricrs in tho Los sngoles aron arc the
mein conbrolling featuros for the production end distribution of roin-
fol1l, any roinfoell couwation will hove tf toke into eonsidoration: (1) the
dircction of {low rolative to tho barriocrs, (2) the hoight to which the
air columm is 1ifbed, and (3) tho mmount of vertieal uhrinkzag, or dowmn-
wiird necoloration, which tekes ploco in the air as it is forcod vo
slopo ovor the barricrse In order to apply cquetion 2 to tuc compubtation
52 moxinum possible procipitation, it is first nccossory to dotormine
ssohods for ovaluating the varinblo é and then to tost thom by application
su sevorel stborms which havo cecurrod over tho arcae If tho computod
wnsults mateh the obscrved xﬁiuvo, tho variebles con thcn bo increascd

. ]

to their physical upper limits and introducced inte cguution 2 in order
to conpute the maxinum possible precipitatione

164 Tho problon of ovoluching the varicblos in oquabion 2 is cone
wlizotod by the orographic barriors. In the Los fngolos aroa, thoir avornge
aolght ebove 1000 mb in torms of pressuro differonce is 200 mbe Figurc 2
1% o schomotic illustrotion of tho barrior offcet on inflow cnd outflow

5s It shows tho orograrhic 1ift rosulbing in vortical convorgenco

cenpensatod by an incronsc in veloelty of tho alr over the crost
il tho b%rrlor. This reverses the ordor in figurce 1, producing o groator

dopth of Inflow leyor (Ap °1) than outflow layor (/A pz). T cddition to

ovaluating the dopth of inflow and oubtflow layers 1t 1g nccossary o



doternine tho preeipitable water cénﬁonﬁ (Wé) of tho air, tho vclbcity of
tho elr (V) into tho ercs, end tho distanco (Y) which the air travels in
procipitating its moisturcs

17, in developing moxinum possiblo roinstorms over varioﬁs arcas of
the Unitoed States the Hydromotoorological Soction has found it nocossary
to dotormine tho noxinum moisturc charge possiblo for o colunn of air and
to comparo this valuce to those cctunlly obscrved in storms which h&vé
nroduccd najor floodse. Examination of upporeair soundings in thosc situations
covealed thot the air was near saturation from the surface to high clovations
cnd the lapsoc rate of tom@ordturo was approximately psoudo~adiobatic throughe
out the colum. Dufing p¢riods of oxcossive rainfall, thoroforc, it is
roasonable to assumo that tho preeipitablo wator in o colunn of air can
oc relatod to the surfaco dowpoints A family of curvos was devcloped
‘figure 3), éiving tho ocunulative dopths of procipitoblo water fron o
pressure of 1000 nd $o any hoight, whoro tho i valués arc givonaas functioﬁs
of the surfacc dowpolnte Howover, bocausc of tho inbogral part playod by
he mountain barriors in tho rolationship betweon the preeipitoble water
contained in the inflow columns ond the procipitablo wabtor contained in
“ho oubflow colwms, an oxemination of this factor was ncccssorys

18, In order to doterminc tho cffoct of the mountain barricrs on
ko wind flow across the arca, veloeity profilos wore plotted for simul=-
HAnoous piloﬁ-balioon ascensions over Burbank (olovafioh 25 fte), ond
Sondborg (olovation 4517 fte). Thilo Bubank is not on the coast, it
w08 tho ohly stotion availa%lo which could beo used as roasonably ropro-
sontotive of the cgastal arcos  An cxaninotion of these wind- profiles
showod thot tho velocity over Somdborg averngod approximatoly'lO%ygroator

whon ovor Burbank ond that ncar 20,000 foot the valocitios Wors aboutr
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wirale This indieates thot the inercasc in vdlscity béc&usc of vortical
sonvergonee of tho air os it moves over tho barrior is largoely damped
vt at about 20,000 focte This is also an indieation of the hoight which
ctn bo usod for tho inflow laycr cf cir vhich will be lifted bocauso of
the topography of the rogione In othor words, any air obove this iovol
would rocoivo no apprecicblo orographic 1ift and could thorefoero bgﬁdisro‘
gardod.‘ Tho average prossurc abt 20,000 foot is 460 mp, assuning o péoudo-
adlohotic lopse rato and surfaco tomporaturce and prossurc of 55°F and 1000
nh respeetivelys On this basis tho avorage thickneoss of the inflow layer
(ﬁ pl) will be approxinatoly 540 nb. In tho Los Ingeles arca, tho average
height of the mountain barricrs takon normal to o southwost wind, is |
aprroxinately 6200 foct and the prossurc ot this lovel, using tho same
orcunonts as above, is apﬁroxim&toly 800 mbs The averago prossurce differenco
Lotweonvtho top and the botton of the outflow layor ([}pz) obove tho
turrior is thoroforo 340 nb,

19+ Tho noxt stop was tho ovaluation of Wbl and sz for uso in
the rainfoll computation formula, Since both 4 pp and 4§p2 woro kopt
constont alopg X ond 4 Py (540 mb) oxtendod from tho 1000<mb lovel to tho
480-mb lovol, W

P1

~ 7 thoe Wé valuo at tho intoerscetion of tho 460enb linc with tho ecurve

could be obtoined dircetly from figurce 3 by reoading

© rorrcscnbing the scloctod deﬁ@qint roducod to 1000 mba Howovor,A;pz
1340 1) oxtonded only fron the 800-rb lovol to tho 460-mb lovol, so
thot ng, for any particular 1000-mb dowpoint, was obtained by subtracting

fron tho Wbl for that dowpoint, thoe Wb value bolow the 800-nb lince

sl ln



20+ Tho problém of dotermiming the total rovenont of cir ccross the
Los impelos arce was diffieult beeauso for corly yoors nc u;pof—wind obe
scrvobions wiro ovailable, and coven in labtoer yoors nonc could be mode
Auring rain poriodse Tho only cther nethods for getting o measurce of
tho flow nros (1) using o wind rocord for an olovated station which would
ave oopood approxiuation of the ccrrcet valuos, os was dono in Hydro-
serboorolerieal Roport Noe 3, (2) corrccting o centinucus wind rocoerd for

o rurvosorbabtive firsteordor Yorthor Burcau stetion in the arco so that

ropresent tho avernpe veloeity of o colwm of air 20,000 fuot
nigh, ond (3) usc of tho écostruphic or grodiont winds obtoined by drawing
crousure maps for froquent intorvals fron original barosrarh rocords.

Zie Sincc no concistont rolotionship could bo found bobwoen the
rurfoco wind volocity at o firstnordur Jecther ?urcau stotion cnd uppor=-
eir velocity records wede ot noorby airpert stations, tho sccond nothod

droppeds Thoe roucining possible wucasurcs of alr novement acoross the

wur. woros the reostrophic or tho prodiont wind, end the Mbe filson wing
rocord, this boing an clevatod stoation from which rood results mirht o

cxpoctods  In ordor bo dotormine thoe best neasurce of wind to be usod in

o ogquation, as well oag bo wneasure the rolatienshin of dovpoint and

wbohe inbonsity of reinfoll, correlation cocfficlents and roprossicon

~ohionsg wore obtelned

for thosce clonmonts for the ten storrms sclcctode

Looedlition to thoe above measurecs of wind novenont, it wns docided also
4

to tost tho Los Angoléé wind rcecord for possiblc usc as an indox, sincc

tnls would facilitoto compubabions and reduce the nocessary ancunt of

wirke The corrolations ¢biained were tested for sirnificance by using

stoandard statistical significonce tablose. The rogression cguations were

tostod by on analysis of varianco and by uso of standard sbotistieal

“12-



sirnificonco toblose The tosts of tho corrolation cocfficicents showed
shat the relations bobwoon the proeipitation intonsity and the dowpoint,
and betwoon preeipitation intonsity and oithor the goostrophic or tho
cradiont wind, wors highly significonts Howoveor, tho analysis of varianéo
of thoe rogrossion of dowpoint, goqstrophic Wind,‘gradicnt wind, Los
inpoles wind, oand Mt TAlson wind, on the intonsity, showod that tho
combination of dowpoint and goostrophic wind was nost significant and
accownted for C.S to 0e9 of the variation in rainfeoll intensity, tho
sthor neasures of wind scecunting for tho roneindore Tho goostrophic
wind was thorofore sclootod os thoe bost noasurc of total wind moveronts
22¢ In order to cvaluwato the reproscntotivencss of tho goostrophic
“rinl 285 a neasurc of tho average voloclity of the total 20,000-foot column,
tho variation of prossuro proadicnt and density with hoight nust be
considorcds From tho btenpoeraturcs ond proséuros ocbeorvoed ot the surfoco,
“he pressure pradiont et 10,000 foot con bo computed by wcans of figurce 4.
Tho assunption basic o the usc of tho chart is that of psoudo=ndinbatic
lapsc rato, o valid assurption in nojor stornse In the figurc, linc 4B
reprosonts o differcnce of 1°F por 10-mb prossurc difforcnce at tho
surfacc, going from a cormbination of higher tonporaturo and prossuro te
o combinetion of lowor bompeoraturo and pressurce  This was o typical
coniition in all storms prior to frontal passages ovor tho arcae
The 10,000-foot change in pressure pradicnt bobwoon two hypothetical

ctation € and D on such o lino followss
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Surface Pressure Surface Temperature 10,000~t,

pressure
gbation D 1010 mb '55%p 595 b
~ A 3 o e ) G ~ -
Station C 290 mb ‘ 53 °p 580 mb
N 0 =
Difference 20 mb 2R 15 mb

2%. The ratio of pressure gfa@ienﬁ at 10,000 feet to that at the
surface is, thus, 15/@@, iies, the 10,000-fo0t pressure gradient is 75%
of the surface gradients The values used and computed are consisbtent
with those observed in actual sborms. The most inteanse rainfall occurred
in all cases before the passage of the major cold front, and in the warm
air preceding the front the temperature differsnces were small, usuvally
of the order of 0° to 50?. The average distribubion of pressure and
temperature was one of low tempsrature and pressure to the north and high
temperature and pressure to the south, Pressure differences across the
region varied from o few millibérs to 27.4 mb, the latter being the averago
difference botween San Francisco and Log Angeles for a three~hour period

on January 21, 1943,
G

24, The gzeostrophic wind may be expressed as V = ?? where V is
the geostrophic wind velocity, & the pressure gradient, £ the parameter
duz to the earth's rotation - constant for any latitude - and g the denzity
of the air. The ratio of the velocity at 10,000 feet to the velocity at

he surface becomes

o

V. p
J'O., = 2 oa C—lo
* s ¢ 100 (3)

where the subscripts rofer to the levels. In the range of temperabures,
o . m . o

45 to 657F, with swface pressure of 1010 mb and ths assumption of a

pssudo~adiabatic lapse rate of temperature, the ratioc of the density at

tho surface to that at 10,000 foet is approximatcly 12/9. Since the cveragc
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“‘f[ \to,se&‘level,ﬁadé:iffinadvisablc td‘doterminé the goostrophic wind from

7k7:r&tlo of tho pressvre gradlent at 10 000 feeﬁ to the pressuro gradlenb at

““tho surface, as shown Larllcr, is 75/300, substltutlon in pquatlon 3 glves

V10 212 . 15 =
v, 9 100

Thus, the éverage condition»in m&jof storms is one which gives a geostrophia 
wind velocity constont with height to l0,000 feeﬁ. fhis is vefified by

- the availabioyBOOO; andyld,OOO-foot charts, which show the isobaric cur-
vatufe during major storms docreoasing with height ot éuch qkrate thatzthe
igobors becpmo almostrstraight at 10,000 feet, and the wind at\that lovel.
approximaﬁely equal to the geostfophio‘wind speed indiCated by the seaflevél :

isobars.

25. Using the same basic assumption of psoudo~ad1abatlc lapsc rate

from 10,000 to 20,000 foet at stations ¢ and D, figure 4, it can be shown

that tho volocity is opproximately constant with height in that‘layer.

' ?igu&é 5 showéythe~variq§ion of wind velooity with height fhroﬁghout the

| 20,000~foot depth in percent of the geostrophic wind measuredAat‘seé ievol. ‘
The variafion of velocity with height in the lower 16,006 feef %ds assumod_ 

to be linear and the correction used for obtaining gradient wind was

Vgrad; - 0.8 vgéos,

This is an average correction based on a study of all the majof stormé;
where isobdrio curvatﬁre varibd from approximatély'3OO'milesAto 1000 milos
and the measureﬁ geostrophic Velocitieé frém 20 mph to 91,mpﬁé By avgragiﬁg; 
the &olociﬁy §f the whole oolumn\up to 20,QOO feet in figufe 5,,aﬁ averége |
| of 95% of tho geostrophic value mensured ot sea level is oﬁtdinﬁd. The :
gaosﬁféphiqfwind vsloéity’is thus deﬁonstraté& to 5@ a good measure of ﬁhq
’required velécity.k L

264 Errors inherent in the reductioﬁ of high-level-station'pressure o




igobars df&wﬁ for sea-level pressurese To eliminate aérmuéh error aé §os~
~ sible, the sea-level prossures used were restricted to stations with ele-
vations not more than 1200 feet above sca levels The pressures at stations
above 1200 feet were reduced to their average level, all stations whose
elovations cxcoodcd the average level by,mofe than 1000 feet being climin-
ateds In drawipg the isobgrs the sea=lecvel pressurcs werc rigorously
followed along the coast but the fixed-level pressures were used to deter-
mine ﬁhé curvature and dirccetion of the iscbars extonding castward from
Californin., Isobars of average pressurc for the period 0800 to 0900 PST
of February 28, 10938, are shovm in figure 6. Pressurss at the slevated
stotions are underlined and the arrows indicote the curvature and

dircction of the isobars over Nevada ond eastern Californiae. In sach

&

nse the wind dircotion was token as parallel to the avorage(direction of
the isobars over the 10,000~squarc-mile arca of maximum rainfall and the
wind velocity was computed from the pressure gradient measured normal’to
this dircetion across the oxtreme limits of the 10,000-square-mile arca.
Waps similgr to figurce 6 were drawvm for every three~hour period during
each storm analyzed,
27. 1In order to evaluate Y, the distance tbo air travels in

’prooipitating its moisture over the area, the 10,000~square%mile area
over which the maximum average rainfall occurred was dolineated for edch
storms This area was in approximately the some 1oc&ti0n’for each of the
storms, giving evidenec of the importance of the orographic barrier in
releasing and determining the general distribubion of the major portion
of the roinfall,y In ordei to simplify computations o réctangle with a
/10,000~squar@~mile arca was adjusted to fit best the average pattern fér

all storms delineated by the moximum rainfall over 10,000 squere miles.
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Figure 6 shows the roctangle and its relation to the isohyet encompassing
the 10,000 square miles of moaximum average rainfall for the February-March
1938 storme The base of this rectangle is normal to & wind direction of
211°, In order to comply with the original hypothesis of maintaining
the flow of air parallel to the sides and normal to the base, in which
case Y is always equal to 60 miles, it is nececssory to obtain a measure of
the Wi;d component normal to the base of the rectangle., As will be seon
later, it was more conveﬁient to take the value of Y parallel to the wind
direction between the base and the top of the rectanglc., This is the
mothematical equivalent of taking the component of the wind normal to the
basc of the rectangle; Thus the distoance Y bocomes a function of the wind
dircction and can be determined trigdnometricaliy. When the wind direction
is 2800, Y is cqual to 167 miles, which is the length of the rectangle of
best fits The valuec of Y is kept constant for all dircctions between
280 and 292,5° sinée in no case would the air ﬁove over & grea&er‘average
‘distance than the length of the rectangle in precipitating its moisturc.
28. Obviously, the topography of the region is effective in pro-
ducing precipitation only when the wind is blowing up slope, any down=-
slope motion being rain-inhibiting rather then rain-producing. Also to
be congidered is the fact that air coming into the southern California
region from o direction other than between south-southenst (15?.50) and
wost-northwest (292.5°), clockwiso, is either flowing down slope or is
considerably drier than air coming in from those directions. Examination
of 2ll storms showed that when the wind was from any direction outside this
SSE-WHW rangce no approcisble rain occurred and thercofore all winds outside
this range could be disregarded, coxcept in cascs wherc a front or marked

trough extending in a west-to~cast direction moved southward over Californic.
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During these conditions appreciable rain could ococur in the air preceding
the front or trough passage even though the isobars indicated movement
of air from =& direcﬁion slightly north of west-northwest.

29+  When marked frontal systems move into the area attended by a
wind shift to northwest, rainfall occurs only over the portion of the
10,000~square-mile aren in advance of the front. ’It is therefore
naoeséary to multlply the right side of equation 2 by the pércéﬁt of
erea in advance of the mean 3~hour position of the front to obtain the
average rainfall over 10,000 square miles for the 3whour periods

| 30s During some synoptic situations a wedge of high pressure extends

inté the area, producing winds from the SSE-WNW directions, up=slope over .
part of the ares and down-slope over the romaiﬁéer;‘ During these periods
the pereont of the area experiencing upeslope winds was determincd and
the same weighting procedurec followed as abéve.

31, Up to this point the following decisions have been made for
evaluating the rain~producing factors:

l. For cach 3~hour period, the geosfrophiO'wind ag measured
from isobars carefully drawn from the S-hour average
pressures will be used‘fcr Vys the inflow vclocitys

2e O py ond A p, will be kept constant at 640 mb and
340 mb respectively.

3 Wél ané'wpz for any particular dewpoint will be deter=-
mincd from figure 3 since 4ap; ond Ap, arc known.

4« The value of Y is a function of the wind dircction.

32. However, preliminary computations for sevoral storms revealed
that prior to the beginning of excessive precipitation, and botween ex-

tended periods of precipitation when drier air moves into the arca temporarily,
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the assum?tion of saturabtion throughout the inflow and outflow layers does
not holde An examination of the Los Angeles storms disclosed that in no
case did any appreciable procipitation occur when the dewpoints were lower
than 40°F, and that the columm of air could not be assumed te be saturated
throughout its vertical extent until the surface dewpoint reached 65°F.

It was necessary then to obbtain some relationshlp between the amount of

moistﬁre that would be precipitated in a‘lifting process from a saturated
ceivma of air with a given surface dewpoint, and that which would occur
vihen thevcolumn was not completely saturated. An analysis of this factor
during observed rains shcﬁe& thet the relationship shown in figure 7 was
& good approximation and could be used for dewpoints within the range of

40 o G5°F. Equation 2 then becomes

N ; 1V " APy W)
‘ | ) paye 2
R = f(TD) i L ‘2
, ¥ é
and rearranging, LQ wj - :f
ii £(Tp) (M) = aP1 .
t N — Do/ ; :
R=Vyp | 4 PR a | (@)
L Y

vhere f(TD) can be numerlcally @valuateaAfrom figure 7e

33.‘ Bcfére equation 4 was used for computing the maximum possible
reinfall by increasing the variables to theorebtical upper limits, its
validity was testod in five of the najor storms by inserting the observed
or computed values of wind, dewpoint, etce into the equatione To facilitabe
the computations it was possible Lo oxpress most of equation 4 in graphic

uaique for any

%orm, since 4pq was 4 consbant, f(TD), W,, and T,
. [ —— . Z1 T 2
ADp
porticular dewpoint, and ¥ o function of the wind directione Figure 8

1
shows the graph in final form; the abscissa is ¥ in torms of wind
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diveotion, and the ordinate is

; 4Py ¥R .
34e The value obtained from figure 8§, Rainfall Computation Chart,

is in inches per hour per unit wind volocity (mph) so that multiplying
by the throew-hourly geostrophic wind movement dbﬁained frqm the threow
hourly pressure maps yields the average depth of rainfall over 10,000
square miles for that period, When rainfall was not cccurring over the
-nbire ares, this value vwas mulbiplied by the approniate parcentﬁge.

35« The validity of equation 4 was demonstrated by applying it to
storms chosen for their marked varistion in rainfall inﬁcnsityiand
durations The January 1943 storm is the maximum storm of record over
sho ares and the highest winds of record occurred in this storm and in
the January 1916 storme Furthermore, the storms of Januery 1916,
February 1937, and Pebruary=Merch 1938 were selected because the extreme
irvegularity of their mass curves of rainfall would provide a rigorous
tost of the method of mass«durve reproduction, The storm of December

C1933=Jonvary 1934 was included since ibs mass~curve choaracteristiocs wers
similar to the January 1943 storm, oven though the rainfall duration and
inﬁensityfwére‘appreoiably less than in the 1943 storme

364 A synthetic construction of the mass curves for these storms
was made and the results are shovn in figwe % The romarkable agreoment
of the mass curves thooretically compuﬁed for the fivo étormsvwith the
mass curves of avefage observed rainfall for tho samc storms demonsirates
the validity of the cquetion. Tables 1 to 5 show fhe valuos of dewpoint,
wind, reinfell, and other factors obtained f;om actual records and maps,

and the 3~hourly average depths computed from equation 4.

- 20 -



37 Computations of correlation coefficients bebween the computed
and observed amounbts for 6 hours, 12 hours, ond tobtal-storm durations

.

were made for all five storms to verify theso rolationshipse The
coofficlents were 0,92 for 6 hours, 0496 for 12 hours, and 0¢99 for

tobal storine

Compubtation of the Maximum Possible Storm

AR #0385 A e 1T W W e A RN

38, With the rolationships among the raine-producing factors sstablished
and vor 1?10& quentitatbively as outlined above, cvaluation of these factors
werough time was necessary in 0rder to compute the meximum possiblc storms
“ince the complete arrangement of ¢lemenbs comprising a major mebeorological
event cannot be raticnally synthesigzed, it was necessary to base the moximun

Prutible storm on a known arrang emmn“ of tho elementses The base from

the naximm possible storm was developed was the storm of Jonuary

1943, vhich not only produced the highest wind and greatest rainfall of
vesord, bub also outranked all others vwhon theoretical rainfell woas come
ruted by increasing its winds and dewpoints to their physical upper limitse
2 1.0% increase of wind movemont over the 1943 storm value was incorporated
into the computationse A greator inerense in wind speed could not bo
justified by either direct or indirect acrological reckonings (see paragraph

»

©)e Tho dewpoints possiblo in the maximum storm were dotermined from

enveloping ﬂaxlmum dowpoint~duration curves, figure 10, for the coasbal
region of southorn Californie and the dewpolnt-duration curve of the
January 1943 storme Since, during o storm situation, high dewpoints do
not persist for so long o period as indicated by the maximum curves, the
enveloping deta were given o rate of decrease approximating the rate .
observed in the 18943 storme )
394 Briofly, the steps taken werc as follows:

1, Maximun dowpoints wore tabulabed for durations of

w 2] -



9 Lo bu nouress
2e Thres~hour wind mcvememts‘during the 1943 storm were
increased by 10% and tabulated.
3e These dewpoints and wind movements were grouped and
arranged in the same chronologic order in which their
relative mognitudes had beon observed in-lgés. In
other words, the maximun 3=hour dewpoint and wind
movemont wore placed in the same position in the storm
sequonco as tho highest observed 3~hour dowpoint and
wind moveront .
44 - The mean 3e~hour windedireoction sequence experienced in
tho 194é sborm was maintained in the synthetic storme
5« Threeehour voluos of precipitation were obtained by
using the roinfallecomputation chart, figure 8
"hese values are prescrbed in table 6.
40e In general, tho rainfall of.the mximun genocral storm, as
w1y as the roinfall in thoe obsorved goneral sborms, can bo classified
~s stable orographic precipitatione This conclusion can be drawm beo=
couse the basie hypothesis of a stable air mass flowing over a mountain
barricr has satisfactorily accounted for the average depths over 10,000
square miles in tho major storms. quover, since the average depths
sver smaller aroas have beon greater, it is apparont that the semo
hypothesis canmot be extonded, without modification, to the rainfall
compubation for smaller arcas, Localized convergence, ceused both by
the storm dynamics and by tho tor:ain, is added to tho genereal orographic
effeot, incroasing the local precipitation ratese For the purpose of

better defining these local intensifications, and on tho advico of Dre
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Je Bjerknes during his stay at this office, the computation for smaller
areas was atbemplted.

41, DBecause it was the maximumetype storm aund because of the
greater mmbor of gapss operating in it, the January 1943 storm was
selocted as “he wash shormes Recbangles were fitted to five mreas of
maximum rainfall ranging from 200 to BO0O square miles on the ftotal
isohyetel mep. The averapge height of the outflow barriers was found
Tor each area for cach mean G-hour wind direction obscerved. Six-hour
sgahyotbal méps wore drawn for the entire Los Angeles area and all
conputations were mads for 6«-hour pericdse Because of the variation in
barrier helght with wind direction and the fact that the Y used for
10,000 squarc miles wos no longer applicable, it was not possible to
vag figure 8 in solving cquation 4, A separate evaluation was made for
cach aren during the sbtorm period by using 6~hour wind movements, mean
dewvpoints, and mean wind directions from table 6 and the appropriabe
T{TB} from figure 7. By using the mean 6-hour dewpoints, /) Ps and
%@2 could be obtained from figure 3 since they woro'aniquo for cach given
outflow barrier and wind directione Since ,:p; was held constant
2% 540 mb, Wél varied only with the dewpolute However, thgre was no
sntisfactory way to determine the value of Y, the distance, parallel to
e wind flow, over which the precipitation fallse Several complete
computations were made, evaluating ¥ differently in each series, as for
example, the distance from the comst to the barrvier or the distance
Ffrom the coast to the leeward limit of the area of appreciable precipis-
bations Consistent agrecmont betwoon tho computed and the observed precipi-

vation w8 not: obbninod, .ad nond of the methods of obtiining Y seemed

to be substentially superior to any others.
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42, Another series of computations was carried out after a rough
separation of orographic from convergence procipitatione Thoorotically,
it was only the orographis rainfall which could be computed fram'oquation
4 since tho air fiow implicd vas similar to thot used for the 10,000~
squarc~nilc arca fseo flgure 2)e By inspcction of the 6~hour isohyetal
maps of the roin’all cvor whe coastal regions farthest removed from the
mountaiﬁs, an amount was debermined which was called the "base rainfall,
or the rainfall during tho 6~hour poriod which could be assumod .to bo dus
o eonvergsnec within the air mass ltself and independont of the lift of
Tt mountain barriers. This "base rainfall" was subtracted from the ob=-
sorﬁod velucse A new compubation was mado with Y moasured as tho meoan
dist.ance from tho "base rainfall" isohyet in the coastal region to the
sems ischyot in the leeo of the mountainse To obtain comparable "observed"

walace thie "base reinfall" was subtracted from the values actually obe
gserveds  The rosults again wore not sufficiently satisfactory to be used

ro tho basis of an upward extrapolation of the observed paramctoers to

Lhelr maximum possible valuos,

43, Various modifioatiahs of the above computation procedures wers
tosted, including assuwaptions of air flow difforent from that shown in
figure 2 No single Ilow modecl was sufficimntly sansitivo‘to the obscrvable
factors %o produce incremonts of precipitation approximating those observed
throughout the storm periods Rather, the use of sovoral flow modols or
o vorying model was indicatede A scorch was mado for some characteristic
of the storm, cege, tho distance of tho Low center from the Los Angolos
aron, with which a systomatic and consistont transition from one type of
flow to another could be synchrCnizod. No such phonomenon showed a

corrolation with the observed rainfall great enough to be usod success-

fully.
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é@. The failure of the computaiion ﬁothods tested to reproduce the

small=aroa rainfall must be charged to a combination of factors. The

uso of the some inflows-wind veloocity for small areas as for 10,000
-squaro miles was probably arrénaous but the obscrvations availeble did

not permit a more detalled distribubtion across thoe arcas It is also
possible that the dowpoints used, representative for tho 10,000~-squarcw
milo aroa, night need reoxamination, although it is bolieved that any
such\error could not be of mojor importances Gmission of guantitativo
cnloulations of localized comvergence offects is a recognized deficigncy;
that problem cammot be sabisfuctorily solved until adequate three~dimenw
sional moteorological observabions aré available during stvorm poriodse
45, Since the dircetb applicatien of equation 4\t0 aroas loss than

10,000 square miles proved unsuccessful, an ompirically wodifiod mothod

ys finally adopﬁcd.V Tnstead of adjusting rainfall valucs roproduced

by thooretical means, tho observed rainfall values wore adjusted = thoso
ébservod reinfall va;ues cenbelining in themsolves o measure of the locals
ized convergence and conveotive effcets othoerwise unevalusteds Bsscentially
tho method is tho somo as that used for the 10,000-square~mile compubabion.
Tt cliso involves an ineroase of the observod moisture and wind velues of
the Jonuary 1943 sterm to the moximum possibloes Mean mass curves for
%h@ maximnmﬁpoin%, 25, 50, 100, 250, 500, 1000, 2500, and 5000~squaresw
mile areas wors drown and the obsorved dowpoint-duration curve was
plottod by moan 6-hour incroments. Using the observed mean 6whour wind
dircetions, the mean 6«hour wvalues of Wy,, wore tabulat@d. A corrosponding
tabulation of Wy p2 using the maximum possible dewpoinbs; wns mados The
ratios of the maximum Wy, values to the observed values worc cgmyué%d

ns percontages and then multiplied by 110% to allow for the increased
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nd movoment in the maximun storie By epplying thoso increases to the
observed Behour precipitation inercomonts over the various arcas, the
moximm 1ass curvoes wore cobtained and the resulting dopbhmarca daba
plotted and cnvoloped in figuro 1lle Thoe valucs for the l=hour and
3~hour durations werc obtained by utilizing the moxinum l-hour and
S=hour dota in o similar mannor.

46, While figure 11 gives the depth-crea data for thoe moxinum
general sbtorm, 1% is rccognizod that for small ecrcas and short duratioms,
these values can be ard, in fact, have boen exceodede This colls for
the detormination of the moximum "local” storm which can oceur over tho
Log Angeles arcas It is corbain that the maximum loecal rainfall will
bo exporienced within a falrly goneral storm situstion, bubt not during

the meximum gernersl storme Saliont meteorological feabures of the latter

ot

of a1l is the foact thalt the

221

storm precludo such an evenbe HMost cbvion

3

exbrome wind velocities of the moaximuwn stoem will nob poermit the convective
activity to great helghts which is cpparontly ncecssary for maximum local
roinfalle The January 1943 storm illustrated this poinb, since no thundere

shorn actbivity wos reporbod until the mojor portion of the precipitation

WS OVEI e

Moxirmun Loecal Storms

47+ Tho typse of storm whioch pfoducas the highest rainfall inbensities
for short durations cover small arens is the thundersbtorme The thundersbtormts
characteristic cumulonimbus cloud illustrates the type of flcw'ossentially
responsible for its formabtiorn = convergent radial inflow at the bottom
end divergent radial outflow at the tope Other typos of flow such as

tromslation - of gresbor magnitude and botbor obsorved - are often suporw

imposed on the basiec flowe The air ascends at vertical voloelities depondont
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on i magnitude and depth of radial inflow and on the internal properties
of tho alr mess robhor than on eyclenic activity or topography, although
the labber often provide the initial impulses to thundorstorm formatione
Aveileble analyses of roinfall indicate that, except for oxbtromely short
therefore nogligible durations, the same maximum vertical velocities
{(and rosulting raindrop concentrabtions) can oceur anywhers in the United
Statese The possible volume of rainfall produced in the maximum cose
thus becomes a function of the nwwisture content of the alr mess processeds
48, In oarlier reports of the Hydromsteorological Scetion, particularly
Hose 2 and 3 for the Chio River Basin sbove Pitbsburgh and for the Sacromonto
Basin, respectively, a rudlale-inflow model of the type discussed was usod
for the computation of the effective precipitable wator Wn as a function
of dewpolnt at 1000 mbe Furthor investigations have discloscd wo aknosses
in thet medel = most important being (1) a violation of continuity of
mass flow and (2) a variation of cell height (ond therofore also o varie
ation of dopth of convergent layer) incomsistent with observations of
cumuloninbus heightse Yo corrcet thoso wesknoessos o soriss of mode
all Gontainiﬁg the following featuros, heve boen scbtbudieds
(1) Continuity of mass flow, by allowing squal mass (equal
vertical pressure difforences) in éon rorgent and divergoent layers
or by correcting any inequelity by adjustmont of outflow velocity
by the ratio of inflow A p to outflow A pe |
(2) Variation of total cell heigh% lincerly with surface
vapor prossure (o function of dewpoint ab constant pressuro}/from
300 mh at a 1000=mb dowpoint of 50°F to 100 mb at a 1000=mb dewpoint
of 78 OFO
Tho depth of the convergont layer was varied irvm onc third to two thirds

of the pressure height of tho total cells the divergent layor from one

e
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shird to one half of the samc height; and the middle layer from one
third of the height to zeros. Iach of thesc models produced a differont
value of W for a speeific dewpoint but the percentage variation of Wy
with dewpoint in all models was very nearly the same as the veriation of
r
1
P

This fact allows for a moisturc adjustment of thunderstorm rainfall without

with dewpoint, W, being computed from 1000 mb to tho top of the celle

reference to the particular flow modol or to a specific value of Wpe Even
the rainfall resulting from & group of thunderstorms rather than one can
be dealt with in the samo fashione Since in ﬁze neximun thunderstorm
situation it is assumed that the maximun dynemics have boen achieved, the
ratio of maximum possible thunderstorm=rainfall intensities over two
regions at the samo elevation is cqual bo the retio of thelr maximum
possible ¥ values, dofined aboves

494 Tho upper limits of thunderstorm fainfall are reasonably well
defined by an envelopment of moximum rainfall observed ir the United States
over small areas and for short durationse The dgwpoints in these storms
equal or approach the maximum possible and the dynanmic ivbonsitics may
also be assumed to be the maximume To estimate the limiting thundor storme=
rainfall rates over specifip regions it is thus nccessary only to compare
the possible surface dowpoints and to multiply the enveloping rates by
the ratic of the corresponding ¥ tse The noximum local~=storm depth-area
valucs were derived in this fashion and arce given in figurc 12 For the
enveloping values the one=hour dowpoint is 78°F (comsidered tc bo the
moximum possible in a rain situation anywhore in the United Stabes) and
for the Los Angeles arca the maxinum ?ossibl@ dowpoint is 67°Fs The
porcenbage of the onc~hour cnveloping rate possible over the Los Angeles
arca is, on this basls, 58e For obther durations, the corresponding varie

avions of the dowpolints with time wore considercds
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50. The iocal-storm.values of fipure 12 are for the scason November
through April. They oxceod the maximum goneral-storm valuss only for
durations under 12 hours and the areas indicated in the figurc. For the
smallest arcas and shortest durations they thomselves may be exceeded
by the local storm occurring in the swamcr beccuse of the higher dewpoints
thet cen occur in that semsone The rainfall of August 12, 1891, at Coampo

o case in point. This occurred at a dewpoint of 72°F, which is also

[
«

the ammual maximum pdssible in thé rogions Aﬁjusting the onvoloping Ue Se
values downward to this dewpoint gives a voluc of 8¢5 inches in onc hour
over one square mile, a good agrooment with the observed point value cf
11.5 inches in 80 minutos ot Campos However, the metcorological situation
peculiar to the ¥ost Coast in tho swmer limits the effectiveness of the
roinfall proocsse. Although not sccurately definable in a quantitative
way, it is the opirion of the Hy&rommtsofologioal Section that the suﬁmer
thunderstorm in the Los fngeles ares, whose meaximum ono~hour value over
one square mile is given above, will rapidly taper down so that for an
arca. of B0 square miles and a duration of two hours it will no nore than
cqual the corresponding wintorwstorm loeal rainfall valucse For larger

arens and longer durations, the winter local storm will produce greatoer
depths.

5le The localesborm values of figure 12 are for cccurrcncoes at sea
levele. There is no orographic intensification of the linmiting thundoerstorm
rate, but there is an orogrephic depleting effocts The higher the level
t which thoe storm oceurs, the loss the total Wé that can be processed
and tho less tho roinfalle 4 study of all the radial-inflow models prow=

viously described also showed that in all cases tho depleting effect,

s

orpresgad as a porcentage, approximately egqualed the ratio of the W?



¢ upubed from the barrier clevabion to the top of the coll to the W, computed
from 1000 mb to the top of tho colle Tho perconbages of the limiting rainfall
~rte at sea lovel that are possible at higher oleovations, for 1000-mb

Acwpoints around 67°F are glven belows:

dlevation (fbe) 500 1000 1500 2000 2500 3000 4000 5000 6000 7000 8000

% 95 91 &7 83 79 75 68 61 54 48 43

Ll
Thoso percontegos are applicable to all arcas and durations of the loeal

storme

Distribution of Maximum Possible Rainfall

52. Because of its critical nobure for small basins with short conm=
Lenvrabion btimes, some indication of the time breckdown of meximum local
~ainfall for durations less thankono hour is necossarye Thoe only availeblce
daba for‘such durations is from poinberainfall obscrvations. Thoe Hydro-
rwbeorological Section has in process a compilation of the maximum recorded
inSensities at firsteordor Woather Burcau stations for 5, 10, 15, 30 and
50 ninuvtess A study of these volucs shows o significant variastion of the
vercentage depbh-duration éurves with change of the one=hour amount, such
that tho percentage of the one-hour amount that can foll in tho shorter
roriod decrossss with increasce of the one-how amounte The magnitude of
tho deercasc also decreases with increase of the one~houwr amount, so that
a limiting porcontage dopth-duraﬁiog curve applicablo bo maximum possidble
intensities can be relisbly estimotede This has beeﬁ donce and the por-
cuntegos appliod {(with some smoothing) to the maximum depths for one -
squoarc miles They cannot be cpplied without modification to largor arocas.
;n analysis of percentage dopthedwration data for periods gresbor than
one hour indieates o variation of the relationship such that the partial-
durction percentage depths decrease with incrensing aron. fn oxtrapolation

oi' this indieated variation with aren has been ticd in with the percontage



¢.pth<duration values for one squarc mile to give the 15=-minute curves of
figuro 12 up to 25§ square miles.

53« The possible geogrophical locotion of the maximum local storm
and also the geographical distribution of the rainfall within the meximum
general storm cannet be fully defined from the data available at this
times A, distribution based on the mean seasonal isohyetal pattern is
scrviceable but only within limits, since the pattern is the summation
of a variety of storm occurrences, most of which are far from the
moximum possiblece The mean seascnal patborn is influonced mors by frequency
of occurrence than by magnitude of occurrence while the maximum possible
hos, naburally, an oxbtremely low froquencye.

54, For the geogreophical distribubion within the maximum general
storm, tho Hydromsteorological Scotion suggests that the best guide/is
tho distribution within the Janvery 1943 storme This storm is closest
to the moximum genoral storm and hos, in fact, served as the basis for
its compubatione Not only are wind speeds and dewpoints the highest
recorded in such storms; the wind dircctions - a determining factor
influeneing the distribution -~ are the most criticale

55, For example, to detormine the maximum averago depth in the
moximm general sborm over a project l00-squarc-mile area, the January
1943 stofm is used as the basic pattern of intensity éistribution in
the following way: The ratio of tho 100-square-mile dépth in figure 11
to the maximum 100=~squarc-mile depth in tho January 1943 storm is computeds
The Jonuary 1943 depth over the projoct area is then multiplied by the
computed ratio and the result is the meximum average depth over the

project aresa in tho maximum possible general storme

- 3] -



56+ Tho maximum local storm is a differont probleme It is not as
&011 controlled by topography as the gonoral storm, slthough topography
plays an equally importont pert in influencing frequency cf local-storm
ccourrence. The general storm, for instence, is the feature of the middle
or the rainy season - Ducomber and January = while tho local storm char-
actorizes the beginning and ending of tho seasons The significance of
this is borne out by a statistical study not yet completed by the Hydro-
netoorological Section which shows that the correlation between elevation
and mean monthly rainfoll is highest in Joxnuary and lowest in November
and ::.I)I'i 1a

57« Tho high wind velocities of the maximum gencral storm prevent
chie extréme convective eoffccts nccessary for the maximum local sborm and
sproad the resulting rainfall over laorger arcass The maximum local svorm
L¢ nore likely to occur with low wind veloeities, if the convergenco
offucts are prosonts Lven on tho coastal plain, this fact neans that the

neunl stabilizing offocts of the low ocean temperaturcs nsed net be present

s

1w omall areas and for the short durations of the maximun local sborme
ihe conclusion, therefore, is thot the maximum local storm con ccowr
arywhore in the Los fmgeles area cnd thabt its rainfall is reduced rather
%hﬁn ineroascd by olevatione The table of parsgraph 51 pives the proper
rorcontage adjustments to be usod et various clovationse For basins
cxbending over a range of elevabious, the meen elevation should be used
in cnbering this tablee

584 The arcal distribution of inbernsitics within ﬁhe maximum local
“term cormot be dofined accuratolye For that reason, it -is suggested that

ihe wost coritical hydrologic distribution be usede The only restriction



«1 any isohyetal pattern so constructed is that the average depth over the

subwareas encompassed by specific isohysts, or between specific isohyets,

should not exceed the depths of figuwre 12 after theso depths are reduced

to the mecan elevation of the sub-areas concerncd,



Table 1
Rainfall Computations

Storm of January 24-28, 1916

. Wind Dew # * Accumulated R
Date Period Direction Point Wra % Vgeos AR Computed Observed
1/24 12~15 239 51 00250 30 50 .037 .

15-18 234 52 ,00292 35 56 L0587 .09 0.1

18-21 2564 53 .00258 60 59 .091 '

21~24 256 53 00250 60 63 +094 .28 0-1
1/25 00-03 257 52 .00220 75 83 .137

03-08 264 52 L00191 75 72 .103 .52 0.4

06-09 280 52 00113 75 107 L091 -

09~12 280 53 .00127 50 132 .084 .69 066

12-15 281 53 .00127 45 155 +089

15-18 300 53 L00127 60 194 »148 93 . 0.7

18-21 300 52 00113 680 216 2146 -

21-24 301 51 .00103 80 196 .121 1,20 0,9
1,/26 00-03 305 . 50 00091 45 175 LO72

03-06 298 49 L00078 30 174 .041 1.31 140

06~09 300+ - - - - .000

09-12 300+ - - - - .000 1.31 1,0

12-15 300+ - - - - 000

15~18 300+ - - - - .000 1,31 1.0

18-21 276 50 .00106 100 52 .055

21-24 234 51 L00257 100 86 221 1.59 1.3
1/27 00-03 222 52 L00311 100 122 .380

03-06 225 53 L00342 100 128 .428 2440 24

06-09 237 55 L00390 100 151 590 ;

09-12 230 56 00440 100 188 .827 3481 3.8

12~15 260 56 .00306 100 2869 .824

15-18 267 56 .00260 100 250 «650 5,29 4.8

18-21 280 54 L00139 70 274 267

21-24 292 51 00103 30 287 .082 5464 5.2
L 728 00=~03 3004 - - - - .000

03-06 3004 - - - - £000 5e64 5,5

* Percent of area south of front or trough line or percent of area
experiencing upslope winds based on igobaric pattern.

£ry) OﬁPl h %%g,vaz)

V\{LA -4 Y

7=

taken from figure 8, Rainfall Computation Chart.



Table 2
Rainfall Computations

Storm of December 30, 1933-Janvary 1, 1934

Wind Dew # * ‘ Accumulated R

Date Period Direction Point Wou % vgeos AR Cogputed Observed
32/@0 12«15 230 56 00441 90 53 e ll

'15-18 238 54 00352 90 47 149 36 0.3

18-21 235 56  L00389 100 6o 252

21l-24 235 55 00389 100 61 237 +85 0.8
12/31 00-03 223 bb 00417 100 70 282

03-06 215 56 .00465 100 84 081 1.52 1.0

06-09 192 55 «00404 100 .08 - 436

08«12 192 b6 .00440 100 115 +00b 2446 1.6

12-15 206 56 00464 100 147 681

15-18 214 08 00426 100 138 D78 3.72 3.3

1821 215 56 .00465 100 164 » 763

21i=24 236 56 00423 100 139 588 5.07 4,4
1/l 00~03 220 56 L00461 100 101 L4656

03=-06 218 56 00463 100 88 407 5,84 5.4

06-09 249 56 .00368 100 87 +320 ,

09~12 240 57 +00439 100 81 #5565 6.62 6.2

12-15 241 58 00485 100 67 #3512

15-18 187 55 00414 50 4e « 101 7403 8.4

18-21 183 55 00378 15 22 ,012

2l=24 18 - - - - Q00 7604 6.5

*  Percent of area south of front or trough line or percent of
area experiencing upslope winds based on isobaric pattern.

T ) (W_. - 520 7w__)
il 2
v P35

# Vg =
Y ’ 03

taken from figure 8, Rainfall Computation Chart



Date

2/13

©/14

Table 3
Rainfall Computations

Storm of February 13-14, 1937

Wind Dew A

* Accumulated R
Period Direction Point Wy % Vgeos # R Computed Observed
06=08 153 48 00100 100 84 «084
08=12 165 52 L00218 100 96 «208 .29 0.2
12=~15 175 52 200256 100 20 0230
16~18 195 53 «00340 100 94 «320 +84 0s7
18«21 222 b3 + 00347 100 110 2382
21l=24 216 53 »00352 100 145 «510 173 1.9
00«03 219 53 00348 100 136 474
03~06 242 52 200271 100 126 o342 2..55 3.0

*

Pereent of area south of front or trough line or percent of area
experiencing upslope winds based on isobaric pattern.

£ ) W =~540 W )
D Pl EEo PR

LA Y

taken from figure 8, Rainfall Computation Chart.



‘Teble 4
Rainfall Computations

Storm of February 27-March 3, 1938

Wind Dew # * Accumulated R
Date Period Direction Point WA % Vgeos AR Computed Observed

000 0 -

2/27 12-15 137 - - - - -

15-18 170 57 .00378 100 64 242 24 0.3

18-21 182 57 .00436 100 75 +328

21~24 199 58 +00525 100 58 304 .87 0.7
2/28 00~03 200 58 .00527 100 38 200

03~06 200 58 00527 100 45 237 1.31 1,0

06-09 209 58 .00536 100 59 .316

09~12 216 59 00566 80 82 372 2,00 1.4

12-15 232 59 .00532 60 98 313

15-18 221 59 00558 65 112 JA07 2,72 1.9

18-21 234 58 .00495 100 98 485 .

21-24 235 58 .004981 100 75 .368 3,57 3.4
3/1 0003 235 56 .00427 100 45 .192

03-06 243 55 .00365 70 46 .118  3.88 3¢

06=09 245 56 .00388 50 60 .118

09=12 - 248 57 00402 75 42 127 4412 3,8

12-15 243 57 .00426 60 55 141

15~18 276 56 .00197 60 63 074 4434 358

1821 248 55 .00342 35 96 .115

21l~24 254 56 00341 50 120 204 4.86 4,0
3/2 00=~03 244 56 .00392 100 124 486

03-06 224 57 00492 100 126 820 5,76 5.2

06-09 220 80 .00591 100 138 8186

09-12 224 60 ,00683 100 146 o851 7,43 741

12-15 232 60 .00558 100 128 $715

15-18 238 58 00478 100 148 .698 8,84 9.2

18-21 253 57 .00374 100 117 o438 e

21-24 270 54 .00200 100 102 204 9.49 9,8
5/3 00-03 269 54 00206 100 99 »204

03~06 274 54 ,00176 100 95 «167  9.86 1042

06-09 274 53 .00160 100 101 +162

09-12 277 50 00102 100 104 .106 10,12 10,6

* Percent of area south of front or trough line or percent of area
experiencing upslope winds based on isobaric patterne.

R

o W )

(T W _ =5
(D)<P1 P2

3

|

B
o

# w o=
LA

Y

taken from figure 8, Rainfall Computation Chart.



Table 5
Reinfsall Computations

Storm of January 21«23, 1943

Wind ~  Dew # * Accumulated R

Date Period  Direction Point Woa % Veoos AR Computed Observec
1/21 00~03 255 42 .00028 50 102,014 v

03=06 253 44 . 00062 50 , 137  .042 T .06 0.1

06-09 245 46 .,00111 - 60 142,094

09-12 240 48 .00164 55 160 .144 429 0.5

12-15 245 52 L00262 75 176 .346

15-18 243 53 .00298 100 203,805 1424 142

18-21 245 55 .00375 100 202 .758

21-24 250 57 . 00390 100 191 .745 2.75 . 2.5
5/22 00-03 255 57 L00364 100 . 165  L.6801

03-06 240 57 00440 100 125 550 3¢90 4,0

06-09 235 57 00464 100 160,743

09-12 230 57 00476 100 160 L7862 5440 5ol

12~15 230 57 004786 100 180  .858

15-18 215 58 400535 100 215 14150 7okl 6.9

18«21 235 58 + 00491 100 272 14336 ,

21-24 238 58 . 00478 100 221 1,088 9481 9,0
1/23 00-03 240 57 «00440 100 167 735

03-06 245 56 .00388 100 139 539 11,08 - 10.4

0609 260 55 .00286 100 144 412 ~

09-12 262 56 .00293 100 149 .437 11,93 11,2

12-15 265 55 .00253 100 119 302

15-18 290 54 .00138 100 107 148 12438 11,7

18-21 300 - - - - +000

21-24 305 - - - - .000 12,38 11.8

* Percent of area south of front or trough line or percent of
area experiencing upslope winds based on isobaric pattern.

£(3y) Oy - 320 W)
340

# oW o=
i LA Y

teken from figure 8, Rainfall Computation Chart



Teble 6

Rainfall Computations

Maximum Possible Storm

(Based on the chronological pattern of dewpoint and wind
velocity in the Jenuary 1943 storm, dewpoints increased
to maxinmum in accordance with the Enveloping Maximim
Dewpoint=Duration Curve, wind speeds increased 10%, other
factors kept constaont,)

Period Direction Point

bt bt
D b

ool
e

i

16
18
17
18
19
20
21
22

- ‘
O W ~3 o5 O DD

255
253
245
240
245
243
245
250
256
240
23b
230
230
216
235
238
240
245
260
262
265
290

Dew

49.8
51.7

TB3.5

54.6
5548
56.8
58.0
58,7
59,2
5945
59.9
60.5
60,9
62.4
65.8
61.5
59.0
58.5
5844
58.2
58,1
57.6

H
i

e
-

LA

00175
00226
. 00300
00360
.00380
.00418
00446
00452
.00411
00509
00543
.00574
. 00590
.00663
00636
00573
.00498
.00458
. 00360
. 00342
00316
00186

Percent of area south of froumt
area experilencing upslope winds based on isobaric pattern.

£(Tp)
w =

(Wpy «~ 540 Wipy)
540

®

S
o

50

50

80

55

75
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

‘\;l'
g2eos

112
151
156
176

194

223
222
210
182
138
176
176
198
236
299
243
184
153
158
164
131
118

AR

.10
17
o328
«30
<00
« 23
.29
.91
« 75
.70
+ 86
1.01
1.17
1.56
1.90
1.39
.51
.70
.57
«50
41
$22

Accumulated
R

"e 10
27
b5

« 50

© 1445
2458
3437
4428
5.03
5,73
6. 68
7.69
8,86
10.42
12.52
153.71
14.62
15,32
15,89
16.45
16,86
17.08

or trough line or percent of

LA

taken from figﬁre 8, Rainfall Computation Chart.



U. 5. Depariment of Gommerce Weather Bureagu Hydrometeorelogical Section

COMPARATIVE INFLOW AND OUTFLOW VELOCITIES
FIGURE | = VERTICAL STRETCHING DUE TO DECELERATION

FIGURE 2 - FLOW OVER AN IDEALIZED BARRIER

FILE 45001



U. 5. DEPARTMENT QF COMMERCE WEATHER BUREAU HYDROMETEOROGLOGICAL SECTION

(MILLIBARS)

PRESSURE

PRESSURE (MILLIBARS)

DEPTHS OF PRECIPITABLE WATER IN A COLUMN OF
AIR OF GIVEN HEIGHT ABOVE 1000 MILLIBARS

Assuming Saturation with a Pseudo-Adiabatic lapse
Rate for the Indicated Surface Temperatures
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U. 5. Department of Gommerce Westher Bureou Hydrometeorological Section

COMPUTATION CHART FOR 10000~FOOT PRESSURES
(ASSUMING PSEUDO~ADIABATIC LAPSE RATE)
10000-FOOT PRESSURES (MB)
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U. S5, DEPARTMENT OF COMMERCE WEATHER BUREAU HYDROMETEOROLOGICAL SECTION

VARIATION OF VELOGITY WITH HEIGHT FROM
SEA-LEVEL TO 20000 FEET DURING TYPICAL
STORM GCONDITIONS OVER SOUTHERN GCALIFORNIA
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U. 5. DEPARTMENT OF COMMERCE

WEATHER BUREAU HYDROMETEOROLOGICAL SEGTION

!
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U. 8. DEPARTMENT OF COMMERCE WEATHER BUREAU HYDROMETEOROLOGICAL SECTION

RELATION OF REDUCED DEW POINT

A
TO PERGENTAGE OF (ngmg%é Wp, )
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U.S. DEPARTMENT OF COMMERGCE WEATHER BUREAU HYDROMETEOROGLOGICAL SECTION

RAINFALL COMPUTATION CHART
FOR THE LOS ANGELES AREA

Maximum Average Rainfoll Over 10000 Square Miles as a
Function of Wind Direction and Reduced Dew Point
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U. 5. DEPARTMENT OF COMMERCE
WEATHER BUREAU
HYDROMETEOROLOGICAL SECTION

MASS CURVES OF
MAXIMUM AVERAGE RAINFALL
OVER 10000 SQUARE MILES

BY STORM PERIODS OVER
SOUTHERN CALIFORNIA

LEGEND
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FIGURE © FILE 44124
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U. S. DEPARTMENT OF COMMERGE

68

WEATHER BUREAU

HYDROMETEOROLOGICAL SECTION

ENVELOPING MAXIMUM SEWPG%NTQQUR'A?éﬁN GURVES

FOR THE COASTAL REGION OF SO. CALIFORNIA
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U. S Deportment of Commerce Weather Buregu Hydrometeorological Section

DEPTH-AREA CURVES

MAXIMUM POSSIBLE GENERAL STORM
LOS ANGELES AREA
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DEPTH-AREA GCURVES MAXIMUM POSSIBLE
LOCAL STORM LOS ANGELES AREA
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