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INTRODUCTION

Since flow is evidenced in the lithosphere and hydro-
sphere, it seems ressonable to expeet thet similar information
could be gained from the troposphere. Knowledge of eir fl ow
galaed from observations of motions or results of motions in
the sir while moving in that medium would be of materisl aid
to the pilot or aerial nevigator. Clouds being perhaps the
easiest thing to see in the troposphere, it was upon this basis
that observations of the motions of clouds and the resulting
shapes was begun in Hewaii in 1932,

Belng located in the Trade Wind belt of the Na thern
Hemisphere, the preveiling wind in the Hewaiian Islands is from
the northeast. The Kooleu lountains form a great barr er along
the northeastern side of the i:land of Oshu. The Trede Vinds
blowing eagainst them keeps t-em slmost continuously cloud cov—-
"ered, these clouds usuelly dissipating over the southwestern
slopes. Similar clouds form over the Jalanse ¥ountzins on the
southwestern side of the island. From the United 3States Army
Air Corps station at Luke Field on Ford's Island in Fearl Har-
bor, it is possible to look in all directicns with relation to
the Trade Winds and their sssociated clouds formed by the Koolau
and “aienae liountsins. Nature bas thus provi ded a laboratory
in which clouds may be observed slmost continuously in relation
to tiheir direction of motion since the wind direction at cloud
levela is almost constantly known.

Approximately two years of ground and airplane observa=
tion at this station led to the conclusion that it wes possible
to determine wind direction from cloud shepes and their orien-
tation. This conclusion was presented to a recognized authority
on air navigation but it was refuted with the argument that
since the clouds are formed withim the wind snd have essentislly
the same specific gravity as the surrounding air, they t.erefore
nove with the wind, and hence no determination of wind direetion
could be made by observinz their form or orientation,

Observetions were continued at Crissy Field, Presidio
of Sen Francisco, during 1934 and 1935. Conditions at San Fran-
cisco were very different fram those in Hawail, especisally in
regard to the constancy of wind direction. Correlation of wind
direction and cloud forms muzt be made originslly on the basis
of knowing the wind direction at cloud levels and this became a
constant mroblem, even with all of the aveilahle aids. Cloud
types were much more varied in distribution 2nd number then in
Mawaii with the result that much progress wes made. Certain

NETECROLOGY
Ce I. T



idess had been clearly evolved by this time and & most encourap=
ing feature was that a pilot could be taught in a few minutes
to estimate wind direction wi th a feir degree of sccuracy by
only using cloud shapes and their orientation.

During flights made from NMarch ¥ield, Riverside, Calif=-
ornia, in 1935 end 1936, while a student tcking the Meteorologi-
cal course at the Celifornia Institute of Technology, end having
additionel information concerning atmospheric processes, it was
possel ble to make more detuiled cbservations of the motions, or-
ientation and shapes of clouds as well as the motions within
clouds,

Airplane observation of motions within clouds is not
entirely satisfactory, in that the relstive motion between an
airplane and clouds cannot be less than the stalling speed of
the airplane. These motions could be cobserved from mountain
stetions but these observetions would be considerably limited
as to the times when they could be msde &nd the anzle of view,
as well es being influenced by the effect cf the mounteins.
The ideal place to observe motions within clouds would be from
the basket of & free balloon. Loving pictures fiade from such
a vantage point would sccurately record cloud motions so that
they could be studied by others as well @s the photograpler or
observer. Still pictures or motion pictures made from an air-
plane would be a step in the right direction.

In PART 1I, ground study of the synoptic situstions de=
scribed is combined with observations made during 2irplene
Plights over the Los Angeles Basin and immediate vicinity. The
z2irplane used was 8 single seater, so it was necesssry to re=-
cord the observations from memcry after the completion of s
flighte It would have been much more desirsble to record the
observations at the time that they were made. The use of air-
plane flights in connection with the ground study of synoptie
situations affords the opportunity to see end experience con=-
ditions and processes that possibly would escape detection from
the use of tools that the meteorclogist normally has at hand.

srateful acknowledgment is made to Dr. Irving F. Krick

of the leteorological Depertment at the Cslifornie Institute of
Technolozy for his helpful advice and criticism.

Don Z. Zimmerman

PASAVDENA CALIFORMNIA
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PART I

DETERMINATION CF WIND DIRECTION FRCGM CLOUD FORMS

The wind veries with height both in veloecity ené dir-
ection. This forms en infinite number of shearing plenes in
the flying regions of the atmosphere and these in turn cause
& force which changes in magnitude and direction with ele-
vation to act upon all particles forming the atrosphere. This
variation in magnitude and direction is so small thet it often
escapes observetion, however, it is frequently evidenced in
the clouds since the clouds make some of the forces acting in
the atmosphere visible. Visible gradients in the character of
and forces acting upon any fluid reveel the motions within that
fluid. Here we sre concerned chiefly with the verticsl change
in the magnitude of t e force acting upon air and cloud par-
ticles since & knowledge of the change in the direction of ac-
tion of this force follows.

It has long been known that due to surface friction the

wind does not reach its geostrophic velue bel ow z2n elevation of
about three-hundred meters and one must need only read the re-
cord of 2 few pilot bslloon runs to see that wind velocity usu~
ally incereeses with elevation above this level. Ohservational
dats show that normally there is an incresse of wind velocity
with altitude up to the tropopause. In other words, there is
normally e vertical velocity gradient in the atmosphere which
is directed down in the troposphere. The inevitable result of
such a verticael velocity gradient is that any property of the
aimosphere uniform in s given volume and dissimiler in intensity
fromthe surrounding eir will be streamed out in the direction
of the wind with the unper portion of =zn original cubieal unit
being ahead of the lower part. kxcluding verticzl motioms which
sre of pm bably smalil values at cirrus levels, there is at once
an explanation of the long slender stresmers of cirrus clouds
with these streamers runrning perallel to the wind direction.
As the vertical velocity gradient is up, ebove the tropopause,
the lower layers of any clouds in the stratosphere areprobably
zhead of the upper but the determination of wind direction re=-
mains unchenged,

The introduction of verticzl velocities such ss is re-
quired for the formation of cumulus clouds requiresconsiderstion
of tre resultant velocity that is produced by the interaction of
the vertical wvelocity and the horizontal velocity and its ver=-
tical gredient. Cumulus type clouds from their inception to their
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decay are probably tihe best and most useful indicators of the
wind direction. Their convections must be cccompenied by com
pensating down currents to vreserve continuity. In ecalm air,

the fzlling currents would be expected to be distributed uniform-
ly around the up currents, but this condition is rarely realized
in neture. The verticasl currents associated with convections are
superimposed upon &8 field of translation in which there is a ver—
ticel velocity gradient. The combination of these moticns from
the ground to the top of an aversge cuwmilus cloud rroduces multi-
tudinous vortices, the mejority c¢f which heve horizontal axes
perpendicular to the direction of transletion. The diemeter of
theze vortices is apparently inversely proportional to the steep~-
ness of the lepse rete, the rate of conveetion, the wind velocity
and the verticel velocity gracdient. These fictors very throush-
out a convection cclunn with the result that the diameters of the
vortices in & single column e¢re not uniforr. Jithin s single
cloud many different sized vortices mey be seen. The ¢iameter

is zlso gpnarently inversely proportionsl to the rete of rota=-
tien of the vortex or vorticity. The vorticity is low in steble
air or hear the base of an inversion, usually of the order of
half ¢ minute for half a revolution. Hast whirlins vortices
hzving diameters of epproxire tely six Teet hove been observed.

to mcke & complete revolution in five seconds.

That the vortices exist below itl:e condensation level

was clearly shéwn by observetions made of thick haze in which
the vortices were plainly visible while the upward extension of
the convection column was foming 2z curmlus cloud severzl hun=
dred feet above the lowest visible heze vortices. ©On the sur=
face of sn ective cumulus cloud,the vortices may be readily

geen although it is much easier to see them if they are outlined
eged nst the sky. There they appesar as an upward rising portion
of the msin cloud mass, the upward extension graduelly turning
over and thinning out to point in the direetion $that the wind

is blowlng and thenturning downward to usuglly disgsirate com=
pletely, leaving & curl of cloud bent to the lee. 4 large curl
of tuls tyme reminds one of & bull ready to nmake a strike with

¥s horns ot 21 object on the ground. Cften the vortiecsl cloud
mess mekes a conplete revolution leeving an almost perfect circle
of cloud particles through the center ¢f which the sky mey bde
seen. The rules that may be derived from these obzervations

are as Tollows: 1) The direction of motion at the top of a
cloud vortex is usuelly the preveiling wind direction; 2) Curled
portions of & cloud usually thin out =nd point in the dirsction
of the rrevailing wing.

The nature of oriesin of the vortices precludes the possi-
bility thst ell of them in sn averape sized cumulus cloud will
whirl with their cxes rerpendiculsr to the true wind., In a
cloud undergoing strong convective cctivity & few of them may
be rotating in the direction opposite to that normally observed.
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Cf rore than s thousend vortices observed, less thun ten were
rotating in & reverse manner. It wes only possible t¢ observe
the motions after they reached the surfasce of ths cloud and
the individusl vortices are not distinetly seen until they be=-
come sorewhat detached from the rein eloud body so the motions
inside & cloud are not exzetly kumown but it is likely thet mo=-
tion agsinst the wind is at & maximum there. Jome motion of
this nature is recessery to give & cumulus cloud its cauliflower
sprearsnce and strong conveetions heve been ssen W emerge at
the surfece of ¢ eloud with eloud perticlers mushrocmins in =11
directions. Ieverse vortices would be expected to persist on
the windward :zide of a cloud, yet in tials fsvored location,
numerous curls obeying the rule were cbserved v*ile reverse
curls were rare.

lihen the verticel velocity rsradient is upwerd cr when
the wind reverses with zltitude, the vortices rotate in & re-
verse menner with respect to tie lower wind. This is readily
seen when cumulus clouds form at the top of ¢ se&s breeze or by
noting how the freyed portions at tlhie top of an advective ocean
fog bend back toward the ocearn.

Tne net effect of the vortical setivity snd the vertical
velocity gredient beside prcducing individual vortices is to
give the entire cloud & swept over spveerance with the action
coming from the windward side. The windward edze sianis ur,
and downwind ond is swmooth in outline, vuile the lee side usu~
211y has &n uneven forward slant with the urper partion ennear=~
ing somewhast freved due to the exposed z2cetlon of the vortices,.
Tnis action at the forwsrd edge is bppareut1y‘w“at nreverts
cumilus type clouds from streamins out under the influence of
the verticel vel ocity grzdient. The downward mction of the
curls on the forwerd side of z cloud ~-rrinee sdiabstic heut-
inc endmixing of the colder cloud particles with the drier sur-
roundings sir to dissipate the projected portion of the cloud
considerably shmve the condensation level.

Decaying curmulus type cloudsrare exposed only to the
action of the verticel velocity grsdiert so they ere stretched
out until they apnesr to leepn forward with the upper forzerd
edges being fruyed cut by belns mixed with the surrcunding sir.
“hen viewed cross wind, thiz effect produces reny parellel for-
ward tilting surfsces In @ horizontel cloud layer. (ften the
vertical velocity gradient is not sufficient to sake this ef-
fect pronounced snd then 1t mzy be necessarv to ret tie effect
from a survey of the entire sky rather £hen from an Indivi dual
cloud or 3rmall sgroup of clouds.

It is doubtful if the moticons within = clond may ke seen
from & modern airplene-mevine &t erulsing spsed, so then the
effocts of ths curls must ve gvsluated rather than the motl ous
within thew. In pronounced instences, it is nossible to asee




their effect for distaences of ithe crder of thirty miles on a
clear daey. The action of 2 vortex zs well es its result may
be distinetly observed from the ground.

Accurate results zre difficult to obteain from stratus
clouds. The shsence of convections with them and their stab-
1lity gives them & uniform smooth &prearance especially vhen
_ viewed from anywhere except sbove them. From above, it is
possible to detect small wisps which are bent forward by the
action of the vertical veloeity gradient. The stability often
lends to the development of waves and rolls which heve their
long axes perpendicular to the wind. The development of Hel m=
hol%z waves in thin stretus decics may create long parellel
cloud bands with clear spsces inbetween where the wave hcs a3
downward component &nd the sdiabstic heating snd wizing with
warmer air dissolves the eloud &long the trouszh of the wave.

At times, ¢ quick glance at & cloud may zlve an eccur-
ete determination of wind direction while &t others & study of
sn entire cloud studded sky will be necessary befcre an accur=
2te decision can be made. Clouds look cquite different vhen
looking Gown or up wind cwmpared fto cross wind snd it is the
¢ross wind view tlhst gives the most information. Care cshould
be taken to gvoid opticsl illusions, and it is averages that
give best results.

CCHCLUSIONS

1. The atrosphere exhibits its motioms chiefly through
the clouds.

2. Atmospheric novements of wind directicn may be de-
termined Trom:

a. - Motions within clouds
b Cloud forms
¢. Cloud orlentation

3. Cirrus clouds strins out in the direction of the
mwevailing wind.

4, vwind direction may best bve determined Trow cumulus

5. Vortices normeslly exist in the frece cir Irom the
surfece of the earth to hizh levels.
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6. Cloud vortices usually have their axes perpendicular
to the wind,

7. Cloud vortices sprarently develop in number sud size
directly and inversely proportionsl t0 the wind velocity, the
verticel weloclisy «redisvt, the lapse rate, &nd the rate of con-
vection respectively.

8, Cloud vortices are best seen when ocutlined azecinst

9., The direction of motion &t the top of ¢« cloud vortex
is ususzlly the preveiling wind direction. '

10, Curled porticans of & ecloud usuelly thin out cnd noint
in the direction of the prevailine wind.

11. An upwerd verticsl velocity gradient or wind reversal
with sltitude will produce vortices rctsting opposlte to the us=
uel sense with resvect to the lower viné.

2. Cumulus clouds often presernt many paralliel forward
tilting surfaces in & horizontel cloud dedk.

13, The windesrd and lee edges of cumulus cleuds ususlly
glant uvpward znd domnwind,.

lJ4., Cumulus clouds usuelly have a swept over anrearance.

. 15. The upper lee edge of & cumulus type cloud is usu-
ally the most frayed portion of the cloud. '

16, Cloud curls mey be seen from airplaenes moviing at
erulsing speed.

17. Large cloud curls mey be seem for about forty niles
on & clecr GEy.

18. The study of cloud vortices shiould be undertaken from
free bzlloons with the aid of cameras.

19. Stratus clouds gl ve the leest informnticn as to wind
direction.

20. The cres$s and troughs of Tlelmholiz weves are usually
rerpendicular to the wird direetion,

21. Smzll wisps of ecloud peintipe dewnwind rey be =meen
from cbove strztus decks.

22, Clouds look differerntly when +iewdd crousswind, up=
wind, or dowrviud.
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23. The crosswind view is best for the determination
of win¢ direction from clouds.

24, 'The otservatior of one cloud may quickly give the
correCt result, however, averages from & nuwber of elouds usu~
ally give the best r-sults.

25, a4void optiesl illusions.
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PART I1°

HOTES ON WEATHER IN THE 1.0S ANGELES BASKN

WITH SPECIAL REFEQENCE TC TCPOGRAPHIC EFFECTS

For the purposes of this vaper, the Los Angeles Basin is
defined 2s the area hounded by the Pacific Ocean end the higher
mounteins to the north, northeast, esst, and southecst of Los
Angele s, California. This region is noted for its mild Yinter
clirate, one of the contributing factors to which is t e sur-
rounding mountains, -

During the Zinter, e limb of the Pacific amticyclone fre-
quently moves in over Oregon and ¥ashington, bresks from the Fac-
ific high forming a2 new center which moves to the Great Bssin
where it stagnates or remsins semi-permanent. This movement brings
comparatively fresh Folar Pacific (Pp) alr into the Great Basin in
the lower levels while topical sir is moved northward over the
area in the higher levels. The stagnation, which Dr. ¥ridk hes
explained  be the result of tropopsuse waves csused by the cen-
tering of deep eyclones in the Gulf of Aleska, produces an air
rass Aiffering in reny essentisls from the other air masses fre~-
guenting the vestern United States, and he has chosen the name
“Polar Dasin®™ (Pb) to signify this type of sair.

Subsidence in the Great Basin anticyclone increases the
potential temperature of the sir mass and further dries out a
fresh marttime sir thet slready had a l.ow water content, espec-
ially in the upper levels. The subsidence produces a strong in-
version whieh holds the new and cold po.ar air to the lower levels
‘even to the extent that the lower layers cannot flow over the
mountains thaet surround the Great Basin. Teing at sn aversge ele-
vetion of four to five thousend feet, the Grest Basin with its
surrounding mountains forms a great saucer which holds the en~-
closed air snd csuses the subsiding air from above to spill sway
over the mountzins to the surrounding sress., The averace eleva=-
tion of the mounteins in the direction of the Los Angeles RBasin
is well over six thousand feet, hénce when this already warmed
and dry upper &ir from the Greet Hasin descends adiabaticelly to
the velleys of Californis, which sre only slightly above ses level,
the edisbatic hesting end further drying is considersble. ~isswa-
ing en adiabatic lzpse raste of ten degrees Centigrade per kilometer,
descent of five thousand feet would heat the air about fifteen de=-
grees Centigrsde or twenty seven degrees Fahrenheit. Consequently,
when eir is flowing out of the Great Basin, lower surrounding areas
such ss the Los Angeles Basin, experience & warming Foehn efifect
and temperatures eremarkedly higher than in the source region, due
entirely tc the effects of t.e inversion, adisbatic heating, cond
subsidence rather than the swsll difference in latitude cr the
condition of the surfsce,
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Poler Basin eir that flows into the Los Angeles Basin
has reletive humidities of the order of twenty to thirty per
cent snd in extreme ceses &s low as five per cent. Tempers-
tures frequently reach &s hich as 85 degrees Faehrenheit during
the coldest Winter months. This very dry, clear air is clmost
wh 0lly transparent to terrestisl radiation which allows rapid
cooling at night and hence the diurnsl temperature variations
are large, usuzlly being between 30 and 40 degrees Fahrenheit.
The deys are warm, the nights are cool, the &ir is dry and the
sky is cloudless except possibly for very high clouds.

The high mountains to the north of the Los ingelk s
RBesin cause Pp sir brought down directly from the narth to bte
adiabeticslly heeted on descent to the Bssin floor, thereby
roising minimum temperstures to such sn extepnt thet frost is
infrequent. 4ir thet comes into the Besin from the Pacific
Ocear hes usually hed a long trsjectory over that body of water
and has been heated sufficiently by contaet with the ocean to
keep minimun tempe ratures reletively high for the iinter nionths.
Cn an averare of less than once = year, when & stronz cyclone
centered in the northwest czuses fresh Poler Continentel (Fe)
air to be swept out over the ocesn from British Columbis, and
rapidly broucht down to the Los Angelcs ares, do temmeratures
fall much below freezing end the rossibility of snow et velley
gtations does exist.

THE SANTA ANA

A strong bullding up of the Grest Eesin eunticyelons suf-
ficiently irmcreases the velocity of the stable sir flowing out of
the Basin to cause strong winds to develop in tre loy, rerrow
mountein nesses leadinz out of the srez. Repid movement through
Cajon Pass, a2cross the Los Anceles Basin, near or over the town
of Sants Ana and on to the Paciflic Ocesn has lons been known as
a "3ante Ana", Rapid movements throush Csjon Fass often ® not
reach Santa Ana and these heve boen locally colled "Fontenas®
after the nzme of the town et the mouth of Cejon Pess. The "Santa
4na™ is a speciel type of "Fontans®™ and develops only when east
winds through 3an Gorgonio tass &re 'sufficient to deflsect the
course of & "Fontens™ to the southwest. Cajon Tass is oriented
roughly NNW=SSE with & low promontory turning the southern ex-
tremity to the southeast, znd trensmits most resdily & flow of
eir from the northezst because of the distri bution of the moun-
tains on the MoJave esert side of the pass. 3av Gorronio Yeass
is criented B-%, so that in order to get maximum flow across
Ssnte s4nea, the prevsiling wind ~ust be from the northesst =ince
the flow through San Zorsonio Pass scts not so much &s the main
source of air but nore as & deflecting force.

The phenomenon of simultanecusly strong flow through
these pusses, which are rlmost at right angles toesch other, re-
quires = combination of factors which probably expleins the rela-
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tively short duration of & *Santas Ana®™, which is ususlly from about
nine t¢ itwenty hours, while a “Fontane", although usually also of
short duration, may blow for several consecutive doys with vesrying
force. The first rejquirement is &an originelly strong anticyclone
over the Great Basin or & similar enticyclone combined with a cy-
clone over Arizona to glve the necessary pressure gradient; other-
wise the cir from the interior will never reach the ground in the
Los Angeles Basin, Secondly, excentionelly strongz flow from the
irterior requires strengthening of the system, and, in the third
place, there rmust be nmovement. This mcvement does not rencuire a
movenient of the center or centers, which may or mey not w cur,but
does require & movenent of & portion of the system, or, in other
vords, & movement Of certein isobars that will give a steep pres-
sure gradient northesst of the DBasin combined wi th the proper or-
ientation of these isobars to produce strong northeast winds. In
the lower levels, the energy behind this movement and build up, in
this system of stable air, is stored up &s potentizl energy by the
mounteins that surround the Los Angeles on the north, northeast,
and east, and is released in the form of kinetic eunergy as the sir
flows through the low mountzin passes. Since the necesssry strength
or erergy is attained by & combination of movement and build up of
pressure gradient at the edge of the Los Angeles Besin, it follows
thet this combinstion in its proper relations should last for s
limited period and be accompsnied by & veering of the assoclated
winds.

A wedge from the Pacific «nticyclone hed entered the
tUnited Stetes through Creron &nd Washington an¢ hsd, by the morn=
ing of Jsnwary 21, 1936, separated from the parent hirh and devel -
oped a new center over socutheastern Oregon which had built up rap=-
idly to & pressire of 30,5 inches (See mep for Ten. 21, 1936) and
was still strenshening s shown by 211l of the tendencies within
the forty isobar being positive. Good positive tendenc es over
8 large area to the east,southeast, and south of the center with
negative tendencies in Cregon and #“ashinrton indicoted sn expan-
sion of the system e&s well as a southeastward movement. These in-
dicetions were verified by the morning of Jamuary 22. See map .
for Jan. 22, 1936)., The high hed expanded eresatly end the thirty
isober had noved five hundred miles to the southeast but the cen-
ter haed only moved two hundred miles easst while incressing to
about 30,58 inches. Although the pressure at the center did not
rise & great decl, the expansion of the systen indicated condd-
erable strengthening slong the leading edges. & deep cyclonic
system near butch Harbor, ilaske, probsoly helps explein the
build up sndmovement of the center in accordance with the tropo-
pause wave theorye.

serograph records from Xorth Islend, Sen Diego, were
avalla tle for Jenusry 20 eand January 25, 1936, but not for the
intebvening dates. & comperizon of these soundings, given be=~
low, indicates the changes in the structure of the air mass
during t at period as the system persisted until after January 25.
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Ssp Diego is a2bout one hundred miles from the Los Anpeles Rasin
but the same @ir mass covered 8ll of Southern Celifornia hetween
the above dates,

Abbrevistions: ELEV-elevation in meters, S-surface,
FRESS=pressure in millibars, TEkb-texmverzture in degrees Centi-
grade, RH-relative humicity in per cent, O g -squivalent poten~
tiel temyeratures in degrees ~bsolute, V-specific humidity in
grams per kilogrem, LIFT=1ift in nmeters reguired for seaturation.

0600 Pacific Standsrd Time Nortt Island, San Die go,
Jamsry 20, 1936,

¥LEV FRESS THFP RH O " LIFT CLOUDS AIR MAS
S 1016 7 79 293 5.0 400 Light haze Pp
480 . 962 15 53 308 5.8 1200
1210 882 12 40 308 4,0 1600
1670 834 10 40 309 3.8 1500
2070 794 7 38 308 2.8 1700
2950 714 4 29 312 2,2 1800
3920 634 -1 33 317 1.9 1700
4450 594 -6 36 316 1.5 1400
4660 578 -8 36 318 1.6 1400
5040 550 =9 40 319 1.5 1200
0.2 cirro-stratus
NW
Table 1
0600 -Facific Stendard Time North Island, Sen Diego,
January 25, 1936,
ELEV PRESS TEF = RH O W LIFFT CLOUIS ATR MASE
3 1012 8 86 296 5.9 200
540 952 16 38 308 4.8 1700
1020 900 16 23 307 2.8 2600
1930 808 11 10 306 1.0 3600
3400 676 2 12 210 0.8 3000
4090 620 -3 11 210 0.5 3000
4630 580 =7 10 312 0.5 2900
5090 548 -9 10 316 0.5 2700
5360 528 =11 10 316 0.5 2500
0.4 cirrus W
0.2 cirro-stratus
Teble 2 W

The stetility, inversion, drop in relative humidities, 10w water
content, and the wvery high lifts required for ssturetion are the
outstanuing restures. In Tstle 2, the influence of the sea breeze
in the lower levels is plzinly marked.
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Tarly in the morning of Jsnusry 21, the winds through
Cejon Yass were from the north end es the development pw gressed,
they moved towards the esst. This was sccompsnied by e shifting
durinz the dsy of the mzin flow from cver Riverside asnd the hills
to the west of Riverside, to west of these hills so that by mid-
afternoon, tiiey were &iding in the deflection of the maln fl ow to
& position over .ineville and the areas immedistely to its west.
A% the ssme tine, the flow through Sasn Gorronio I'ass was increas-
ine and aiding in the westward deflection of the Cajon current.
The zir from the east flowed down the an Rernardino Velley to
deflect and confine the mein current as it emersed from Cajon
Pass while farther south it flowed across the TFerrs Valley %
help deflect the Czjon flow west of Corona ond And ington. The
Santa Ane mountains aided in this by limiting its southwerd move-
ment. Thus, an originelly south to southwestward moving current
from Cajon Fess was confined and deflected towards the west dur-
ing its emtire nossege across the Los Angeles Bssin. Its own in-
ertie limited northward spreading from the centrsl line of flow,
alded in part by the air spilling over tve Sierrs ladre lountzins
‘which did not reach the ground until 1t reached s line running
east-west through Pomona. .

The winds et Farch Field were light northerly up to sbtout
1:00 P.lie, when they became NE 18 miles per hour showing that the
Sen Goreonio current did not reaeh the ground a% that =tstién un-~
£til that time. A balloon run made at 11:00 4.lM., showed light
northerly winds up to eight thousand feet where they became NE
32 MmoepPoh., then diminished to NV 12 m.p.h., 8t twelve thousand
feet wi th six tenths of the sky covered by cirro-stratus moving
from the west. 4t 3:30 7M., the last report on that date, the
wind was NE 16 m.phh,

The sir flowed out of Cajon Fass in the form of & trough
covering an area approximetely two miles wide as it left the pass.
The width of the flow at the ground enlarged to szbout ei~sht miles
as 1t moved southwestward scross the Hesin to the Zante Ana !oun-
teins where it was constricted szein by the cenyon of the Santa -
Ang River which runs almost east-west with its eostein end s little
north of the western one. 1In accordance with Bernoulli'®s Theorem,
+the flow was acecelerated throush the passes so thet 1t debouched
on the coastel ares with sbove normal velocities. The trough like
shepe of the flow from Csjon Fass wus verified by locating the
zones . of turbulence along the flow bouncarles. The high veloc~
ities picked up dust and sand makins the streamlines plairnly visi-
ble from an airplene. Groves and other vezetaticn near ¥ontena
prevented the picking up of dust in that area but farther out in
the vslley, nesr ineville snd beyond, the path of the "Ssnta Ana"
was pleinly visitle becsuse of the dust stream. On deys when
there sre normal winds in the Beein, the path of the "Sante Ans®,
when viewed from the sir, is shown by strings of smell sand dunes
and the flow lines that he ve been inprinted on the terrszin.
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North of the east-west line throusgh Pomona und east of
Los Angeles, the wirds outside the mein flow path and to the west
of it were lizht from the west ¢nd southwest due to the bhack-set
eddy effect of the Zierrs l'adre iountains to the north. Numerous
gmall whirlwinds that were rotating snticyclonically helped to de=-
fine the western boundary of the msin current. These marked the
contact between the lisht southwest and the strong northeast winds,
#inds at Sandberg were northecst throurshout the dey 2nd attsined
a maximum vel ocity of 33 m.p.h., &t 11:30 A.k. Aeports from
Saugus showed thet the wind was celm gt 7:41 A,M., and had become
northeast by 11:41 A.l., with a velocity cf 12 m.p.h. The veloc-
ity increased to 22 m.pelle, during the afternoon, then dropped to
8 mepohs, at 5:41 F.iie, when the wind changed to north. Light
southerly winds were meintained st Burbsnk throughout the day
until 5:41 I.M., when they became north 3 m.po.ho A bal loon run
st that station at 2:00 P.M., geve the following dats:

TLEV (feet) DIRECTION VELOCITY (mep.h.)
700 SSE 10
2000 SE 6
4000 NNE 26
6000 EE 20
8000 NE 18
10000 N 15
12000 NW 16
14000 W 13
21100 W 2

Above run " 0.2 eirrus
Teble 3

This run as well as the Nerch Field record shows that the flow of
air ceusing the ¥Senta Ana" wes confined to the lower levels, whieh,
combined with a lack of an intense pressure gradieht, may explain
why this "Sante Ana" wis not of destructive force as many have been.

The flows through Newhall Pass-and liint Canyon came down
across Los Angeles, es shown by stioke from the city, and sided in
confining the Cejon current ss it energed from the Senta Ans Moun-
tains. The sea breeze from the direction of Senta lionica sdded
its bit in confining the flow frcm-the northern side. The high
ground to the south of 3ante ina heipec keer the flow rear the
ocean from sprescing to the south. Togethe., 1ith the shifting of
the source winds, the flow scross the coest line of the “Sants Ana"®
shifted northward from between liewport Sesch znd Huntingcton Eeach
to between huntinsten Beach and Long Beucis

In the vertical direction, the stability oi the air pre-
vented lerge verticel components so thet the top of the dust cloud
was at abtout six thousand feet when it reached the ocesn. Dust in
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conditionally unstable air over the lojeve Desert wes once obser-
ved to resch an sltitude of fifteen thousend feet in s&bout four-
hours.

It seems ss though almcet all contributing sgencies were
working to confine &nd thereby speed up the "Sente Ana® es it moved
across the Los Angeles Bssin, #nd it is believed that this is the
reason wuy high velocities persist as far asway from Cajon Pass as
. Sen Pedro., The dust continued as far southwest ss Cataline Islsnd

end perhaps beyond. :

A "FONTALA®

®*Fontanas® often do not have sufficient strength to dis-
place the air already in tne Los Anzeles Besin. The following
is 2 descriptlon of such an instance. On iarch 10, 1936, old
Polsr racific air had been stagnatins in the “esin for s week.
Seversl wesk cold fronts had psussed the srea in this time but
none of them had sufficient enerzy to get tothe surfeee in the
Besin ares and displsce the stagnant @ir. The passirg cold fronts
approached the Bssin from the interior, each followed by & week
anticyclone;and hence the air behind them wes warmed by subsid-
ence and adizabatic heatinz so that they did not remove the old
air but left 2 cold layer apnroximetely one thousand feet thick.
The North Island sounding gave the folldwing datea:

0840 Pacifie Standard Time Horth Island, 3en Diego,
March 10, 1936,

ELEV FRESS TP RH OF W LIFT CLOUDS 4IR WASS
S 1014 15 84 3086 7.8 300 heavy haze
340 973 8 99 302 6.7 0 0-~210 ¥p
820 . 921 15 40 209 4,6 1700 0.4 stratus

1040 897 14 46 312 5.3 1300 210-340

1260 873 16 36 314 4.7 1800

1860 813 11 30 311 3.1 2000

2720 732 5 34 312 2,7 1700

3650 653 -3 37 310 1.7 1500

4740 569 -9 29 314 1.0 1700

5300 529 ~14 28 314 0.7 1600

Table 4

The soundinz shors 8 marked inversion at atout e thousand feet
above which there wes zn isothemsl lasver extensine up to about
six thousand feet. These conditions were made vizible by ¢ low
thick haze below the one thoussnd foot level that cut visibil-
ities to two to three miles in the thicker par tions. The iso=-
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thermal layer was characterized by less thick heze above which &
thin heze extended to about fifteen thousend feet.

During the morning, & cold front from the interior, (See
map for Yarch 10, 1936) samewhat stronger than the ones mentioned
previously, crossed the Los Angeles Besin and it was possible to
see its effect which was meet striking inthe lower levels near
Fontans. Arfter the frontal psssaze, winds blowing through Czjon
Fass reached ground velocities as hich ¢s forty miles per hour,
The force of this wind was sufficient to cct awzy the hazy, stag-
nant air at the mouth of the pess so that by 11:00 AK., & clear
fen shaped area extending Tifteen miles out into the los Angeles
Basin from the mouth of the pess had been formed., The contact
between the fresh, clear sir behind the front end the 614, stag-
nant, hazy &ir was sharply outlined. 4s the dsy progressed, the
fen shaped area on the ground rerained slmost constent in size
until about 3:00 P.li., when it began to diminish. In three dim=-
ensions, the contact erea wes similar in shepe to & shallow bovl
with the northern edge missing.

The clear air was sdisbaticslly heated by its descent
from the i'ojave Desert so thet by the time it reached the Badn
floor, it was wermer then the surrounding hazy sir., ihen its
velocity decreased sufficiently after leaving the pass, it wes
forced on up over the older @ir gnd rroceeded on in a southerly
-direction. This verticel component combined with incressing
diurnzl heating csused a strengthening of the sea breeze flowing
in from the northwest at March Field. By late afternoon, the
increase of the sea breeze and the decrease of velocities throush
the pass sllowed the elesr aren to be destroyed end winds &t Pon-
tane changed to s uthwest fifteen miles per hour.

That the front came from the interior was evidenced by
the sequence of events to the west., 4t 11:30 A.M., the hazy &ir
in ¥int Canyon end the Ssugus Velley had not been completely
cleared, zlthoush the czlm eir at Saugus hed changed to NE 6 mepohe,
et 9:41 8.M., with & dew point drop from 47 to 35 degrees Fshren-
neit. A4t 2:41 PJ., the Saurus wind was E 18 mepo.he., but it be-
came calm by 4:41 FP.M., snd with & wind shift to the north, then
to southerly, the dew point rose froms low of 28 to 41 degrees by
6:30 F.M. However, the resistance t0 displacemert offered by the
stagnent eir, sided by the ses breeze, wes so strong thet the
peasace of the front caused no visible change in the heziness of
the air in the Sen Fernando Valley.

The Slerrs Madre Mountains became clear above four thou-
sand feet early in the mornings, but leter in the day when convect-
ions behind the front inereszsed, the redium haze re-established it=
self up to the six thousend foot level.

here were nc clouds, with notable exceptions, osscciated
VBT CROLOGY
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with the pessage of the front althoush this seme front had caused
considerable rain in the state of Jashincton., 1t hed taken this
front just two days to reach southern Californiz from off the
coast of washington. The cloud exceptions were in the vicinity
of the three pesks, Ssen Antonio, San Gorgonio, end 3an Jacinto,
11 of which are vpproximetely ten thousand feet high. About

one thousand feet sbove and one helf mile scuth of eazch of these
peaks, & small flettened cumulus cloud remsinred constantly in the
same pesition during most of the day. Close observation of one
of these clouds showed thet it was continually building on its
windwerd edge snd dissipsting on the lee side, hence the con-
stant position in the face of & twenty to thirty mile wind.

These clouds clearly show that there is & vertical component up-
ward exterding some distance up zné beyond @ mountain peak in air
flowing over it with 2 velocity of twenty to thirty miles an hour,

AN OCCLUIED CCLD FRCNT TYPE PASSAGE

The synoptic situation on Merch 22, 1936, (See mup for
march 23, 1936) consisted of & large anticyclone over the east-
ern racific Ccean and northwestern Ceanszda with a broad;, shellow,
re-entrant trough extending slong tie western cce st of Caneda
and down through the northwestern part of the United States.

" The eyclonic curl of the upper winds in the western states ac-
compenied by small ¢rops in tressure indicated thst & cyclonie
ares was develoning. By the morning of f.arch 24, {See map for
Merch 24, 1936) the cyclone was well develoned with two waves,

one of which had passed over Southern Cslifomis while the

other was in Morthern Cslifornias and southern Oregon, en¢ had
slready started to occlude. The zir behind the cold frort of
the second weve wasfresh Foler Continentsl that had recently
come out of British Columbia and was approaching a fresh Folar
Pacific type by its one dey passsge over the oceen., The air in
advenceof this front was Polar Pecific thet hsd been over the
water two devs and was bezinning to move inlend from the south-
west in Southern California.

The dynamic and convective components of this wave were
additive so that it guickly moved down the coest of Celifornia.
Since the welocities behind the cold front considerably exceeded
the warm front velocity, the wave was rapidly occluding. The re-
sulting despeninz of the system coused pressure drops in South-
ern California with an attendins increuse in the onshore corpon-
ent in that area. 4is the wave progressed, the surface winds be=-
cane southerly withthe upper winds veering.

The morning sounding from San Diego (Tsble 5) showed two
kilometers of potentially unstable air just esbove the surface
with another kiloreter that was in equilidbrium, &nd hence would
offer no resistance to 1lift, above the unstable layer. The aver=
age lapse rate of equivalent potentisl temperature for the lower
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tw kilometers wes 5.5 degrees Centigrede per kilometer. The
specific humidity wes 6 groms ner kilogrem for the first kilo-
meter, about 4 grems per kilogram for the seeond kilometer, and
2,5 grems per kilosrsm for the third kilometer. The aversge
1ift rejuired to ssturste the lower two %iloreters was about
two hundred reters. The ice crvstal level was st about one
thousand meters in the Los Angeles Bgsin.

0600 Fecific Standsrd Time - North Island, SenDiego,
March 24, 1936,
TLEV PRESS TEME RH OF W  LIFT CLOULS AIR LASS
S 1014 .11 79 301 6.5 300
400 968 11 77 305 6.6 400
880 912 6 91 303 5.8 200 0.2 stratus Pp
1280 869 2 85 300 4,5 200 710-1010 A
2010 793 -3 94 299 3,6 100 0,5 strato-clicmulus
23280 756 -2 70 203 3.0 600 1680=1990
3100 630 -6 49 203 1.8 1000
2600 648 . =8 35 303 1.1 1500
3890 623 =9 45 307 1.4 1100
4080 608 =10 39 307 1.1 2000
4320 590 =11 44 309 1.2 1200
5220 526 =15 25 312 0.6 1700 ‘
: » 0.1 cirrus SW
0.5 cirro=stratus SW
Table 5

Under these conditions, relatively low topogrenhic features would
furnish sufficient 1ift to air flowing over them to produce show-
ers. The temperature lopse rate in the first kilometer wes almost
that of the dry adievatic, so, with the scattered clouds that ex=-
isted in the rornine, diurnal heating was sufficient to cause con~
vections which materially saided in the formetion of showers. The
air over the «¢ ean was so unstable that showers formed there dur-
inz the night &nd early morning. Topographie 1lift, convective
activity, and convergence due toc the epnroaching cold front and
the shape of the Los Angeles Basin combined to produce showers
eizht hours before the occluded front arrived. .s esrly as 6:30
Aelle, there were occasionel sprinkles et San Diego and by 8:30
Lelie, sprinkleshad occurred at Lagune and showers were developing
in the Santa Ana Mountains,

The Department of Commerce teletype reports for the per-
iod from 7:41 L.li. to 7:41 FP.X. karch 10, 1936, are reproduced be-
low for ststiors in znd in the irmmeclete vicinity of the Los An-
geles Basin to show the reported, hourly seyuence of events,.
Aboreviastions: LU=-Laguna, WizZ-Lerch rield, GX-Glendale, BU-Burbank,
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5G=-Caugus, IMF=-rines Field, 4B~-Sandberg, FS-Pacific Stehdard Time,
Hi=gstime ted, minus sigi-thin or light, plus sign=thick or heavy,
cirele - clear, circle with cross = overcast, circle vi th two
verticdl lines -~ broken clouds, circle with one verticle line =~
scattered clouds, ¥ - fog, Sp -sprinkling, R - rsin, 3 - sow,
ceilings sre given in hundreds of feet, visibility in miles,
temperature &nd dew point in degreecs Fahrenheit, wind direction

by arrows, wind wvelocity in miles per hour, pressure in hundredths
of inches, tendency in hundredths of en inch, sky cover in tenths,
3T - stratus, CU - cumulus, STCU -~ strato-cumulus, KB = nimbus,
cloud movement by arrowg, AST - alto-stratus, ¢nd GF - ground fog.
Cf two cloud layers reported, the [irst is the upper. No ceiling
report indicates unlimited ceiling. The height of lower scattered
or broken clouds is given after the cloud symbol. The sesquence
of a report is: 1., Station; 2. Ceiling; 3. Sky o nditi on;

4, Tleirht of lower clouds; 5. Visibility; 6. Frecipitation;

7. Temperature; 8. Dew peint; 9. .ind direction; 10 Wimd vel=-
ocity; 1ll. Tressure; 1l2. Tendency; 13. Sky cover; 1l4. Type

of clouds; 15. Direction of movement of clouds; 16. Remarks.
These reports are grouped so thst the first group rives the sta-
tion, the second group gives the ceiling, sky condition, height

of lower clouds, visibility snd precipitation, the third group
contains the temperature snd dew point, the fourth group gives
wind direction ¢nd velocity, the Tifth rroup gives vressure, the
sixth group is ziven three-hourly end centains the tendency, sky
cover, tvre of clouds, sud their direction of movement. The in-
Tinity sizn joins items of the secoud gnd third groups and is &lso’
used to indicate a fraction when the visibility is less than one
mile, Time is given using the twenty-four hour sw tem. lLetters
after the tendency iundicate as follows:: B is steady up then level,
R is unsteady down, T is up then steady down. ‘'he writer's remarks
are enclosed by infinity sians,.

At 7:00 AN., strato-cumulus clouds were zenersally scat-
tered over the bgsin. By 8:30 s.il., the sky was half overcast
vith ¢ solid bank of stresto-cumulus clouds slong the flanks of
the mountains bordering the ares to the north, northeest aml esst.
By 9:30 Aolie, P rinkles occurred at larch Field with numerous show-
ers visibly approsching from the Santa Ans hountsins. Showers were
beginning along the edges of the mountains borderinz the Busin. At
10:30 4A.oli., the bese of the strate-cumulus clouds wes twenty=-five
hundred feet above lMarch Field, tue skywas eight tenths overcast,
and many of the clouds extended up to elzbt tuousand Teet. Showers
were occurring underneath all of the clouds that Lad ¢ thickness
grester thsn sbout four thousand feet. The reletive humidity of the
first kilometer of sir averaged about eirshty per cent co - -that evap~
orstion prevented considerable roin falling from the smaller clouds
from reaching the ground. 35ix tlousand feet ebove the tops of the
strato-curulus clouds was & deck of slto-cumulus having & thickness
of sbout oune thousand feet. This layer broke and Jisgppeared east
of tarch Field whercas to the west, it vecsme imres-irgly solid to
entirely solid covering the sky at the ccest. These clouds hed some~
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074158 _
LU ©25.25 50/44 <3 000 RAL.LING OFWTSHORE
PMF C40 47 w4 991  /CLEAR SXY/
Wil BE45.10 44/40 1 994  /:ORTH WILiD/
GX ©30/10 50/40 *4 995
BU /10 47/39 =5 994 HAZE SB VISIBILITY 6
SG «/015/10 45/37 *12 989y  /TWO LAYERS OF CLOUDS/
ZB 01/5GF+ 30/30 *15 981 DRIFPTLIG GROUWD FOG

0841P3 ,
LU E25325 51/43 %3 001 FEW SPRINKLES LAST HOUR
eX ©/030/20 55/37 =3 996 /TWO CLOUD LAYERS/
WiMZ B45015 48/40 +5 994 CLEARING FEW LOWER CLOUDS
BU G/030/15 51/38 =7 995
S¢ @/025/35 47/%6 t=11 991
ZB 0r1/5 32/32 %22 979 CLEAR JVER ALTELOPE VALLEY CLOUDS
TOPPLNG TEHACHAPIS /ICE CRYSTAL LEVEL/

0941FS
LU ©30/30 52/43% %5 001 /GOOD VISIBILITY/
WiMZ E40015 49/34 +4 953 /PRESSURE FALLING DESPITE DIURWAL RISE/
GX E350/020 56/37 49 996 /CLOUDIUESS LICREASING RAPIDLY
BJ E350/¢20 50/37 #=8 994
SG E250/430 48/36 <14 939 /CEILING LOWERILuG/
ZB E1955- 31/31 471s 982  /PIRST REPORTED PRECIPITATION IN MTS/

1041PS /THREE HOURLY REPORTS/
LU E189153P 54/4% %5 000 JUNE 10STCU*RAINING OFFSHORE
WMz B40@12SP 47/41 -4 993 1B 10STCUX> /WIND BACKING/
GX E35/0/G20 56/37 #10 995 1- BAST/U TSTCU”
BU ES800D30/20 50/40 #x10 993 1T 9ASTs>» 1STCU4
PM? E200(25 56 #8 991. /UPPER CLOUDS CONTINUOUS WEST TO FROUT/
SCG EZ20®6R-47/39 459 987 4-/VISIBILITY ONE FIFTH FWORMER VALUE/
ZB OT+0S- 51/51 4721 980 2R

1141Ps
LU E300/425 57/48 46 999 OCCASIONAL LIGHT SHOWER /SOUTH WIxD/
WMZ EZ501252 49/39 <8 990 /SHOWERS BECOMLIG GENERALY/
GX E35020R- 53/47 4%5 303 PRESSURE FALLING/
BU E7000/30/12R- 49/40 %10 991 /CRILLIC LOWERING/
SG E12@4R- 44/40 79 985 /MIIIMUM CEILING AND VISIBILITY/
ZB OF+0S- 31/31 %19 976 /BAROMETER FALLING RAPIDLY/

124178
LU E30©15/10R- 54/4% #9 955 DARK OVERCAST SEAWARD
/OBSERVER SEES PRONT AIPROACHING/
TMZ E2505R-T- //40 71% 987  /VISIBILITY LOWER IN SHOVERS/
GX E25910R- 48/45 #5 992  /VISIBILITY CUT I HALF/
BU E450020/3R- 47/42 4%5 990 CEILLIG LOVERING RAPIDLY/
SG E12@4R- 4//41 $9 983 PASS OBSCURED  /PRESSURE PALLLIG/
ZB O0®+0S- 30/30 414 977
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13417S .
LU E109¢7R- 49/47 -9 9%4 /WIND SHIFTING FRONTAL ZOKE/
BU EI150@10 49/46 t4 986 SHOWERY CONDITIONS LARGE BREAXK SW

/TFRONT CLOSE ORSERVER SEES BREAX BEHIND FRONT/
PMP 10®20R 50 724 984 /WIND SHIFTING AND PICKING UR/
GX E300020/20R- 51/47 =3 990
WMZ B25@06R- 45/43% 47 984
SC E150108P 48/45 =7 977 BAROMETER DROPPIIG VISIBILITY SE
TO S 5 DUE TO FOG CEILILIG RAGGED
ZB 0™+1/58- 31/3%1 #+711 975

1441PS

LU anowlo/laSP 50/44 >3 991 RALIING UFFSHORE  /FRONT HAS
PASSBIY/

GX E%Om@dO/lS 54/45 A15G- 904 /GUSTY WIND BEHIND WRONT
BAROMETER DROPPED RAPIDLY/

BU E150420 53/43 =19 9u3 FEW LARGE BREAXKS = /FROLT PASSED/

S¢ E20¢10SP 50/45 -9 975 PASS OPEN CEILING RAGGED AID
CHALGEABLE /FROWT HAS FPASSED BAROMETER STILL FALLING/

ZB OF+1/5S8- 30/50 411 972 GRAUPEL TYPE Sa0W

1541P8
LU R30030 52/46 w11 949 CEILIJG RAGGED
WlZ E12@3R-P- 41/41 -8 980 /LOW VISIBILITY FRONTAL ZONE/

ax E30®15R- 51/45 »%138¢G- 983 /STROWGER GUSTY WINDS BEHIND FRONT/
BU E20020 49/44 17 982 /CLDARLIG/

SG E200/W15 45/40 711 974 VISIBILITY N 34 {EWHALL PASS OPEN

ZB ES50600/ 10 52/32 4220 970

1641PS
LU E35025 53/43 >N12 989 4- 6STCU->
DMF C40 53 732 979 LOW CLOUDS ALL HORIZONS /WL{D STILL STRONGER
Mz B10@7 45/4% »21 979 105 8STCU>  /TRONT HAS PASSED/
BU 25030 51/39 »17 981 48 7CU»A JMITMOM TRESSURE/
S¢ ©O/®15/30 47/39 #19 973 4- ALL MOUUTALIS CLOUD CAPPED
CLOUDINESS CHA.GEABLE DARX iW TO §  /SHOWERS BEHIKD FRONT/
ZB E10915 %34/30 #11 972 2R 10STCU> SHOWLIG N TO W

174178
LU ©35/30 52/40 %11 989
WMZ E20G/68 46/41 »24 978
GX EB35¢15 52/35 %15G- 983
BU ©3%0/30 49/37 »x12 981
SG¢  ©20/30 45/3%6 720 975 CLOUDLIESS CHANGEABLE SHOWER NE
ZB EB10G30 30/25 -»w12 972  /PROKT HAS PASSED/ MINIMUM PRESSURE/
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what the oppearsnce of 2lto stratus but t:elr elevation was insuf-
ficiert for this type. They were whet is often called "false
cirrus” and were iihe high clouds known to exist in sdvance of the
ideslized cold front. There was enoush verticel motion within this
leyer to produce smell vortices end the wisps on top of the deck
all pointed in the direction of the prevsiling wind,

A% 11:00 Aoble, rain was continvous &t Besumont and Benning.
The ceiling in San Gorgonio Pass had dropped to eizht hundred feet,
this being due in a large part to the higher elevation of the ground
there then &t tarch Field., The roin esres stopped halfway through
the pass. ©2eyond in the Coachella Velley, the sky was clesr, no
c¢louds persisting beyond just esst of the crest of the wountzins
taet bound the velley on the west znd northwest. The sbsence of
clouds in the Cc chella and Imperizl Velleys end northeast of the
3on Bernardino Mountains indicated thet the rein in the Los An=-
geles Besin was chiefly orogrsphicel during the morning and early
afternoon. '

There was & marked increase in wind velocity over the
mounteins forming the northeast rim of the Basin. The countour
of the Basin is such thzt winds from the south and southwest are
converged towards the northeast and frenuently doubled or tripled
in velocity as they pass out of the ares. The resulting grester
volume of #ir flowing over the 3zn Bernardino tounteins would
cause the precipitaetion to be exeeptionally heavy there in situa=-
i ons similar to the one being described, were it not for the Santa
Ane lountains to the southwest. These nountains average about
three thousend, five hundred feet in elevaticn and csuse s large
smount of precipitetion to fall there that otherwise would fall
on the San RBernardino Mountsins. The converzence c¢sused 3ix inches
or esnow to fall on the Sen Bernerdino Nouutsins, while four inches
of snow was felling on the freely exposed Sierrs Madre ounteins
to the west.

The strongs velocities over the roug! country on the nor th-
eagtern slopes of tre Sen Zernardino lountsins created suf ficient
turbulence to make [lying uncomfortable. 1In many places, & crab
of thirty-five degrees was required to meke & given track, 2nd in
‘others the dJdean component weas about tvo thousand feet & minute.
3uch down components g0 not extend down to the surface, but the
cownward momentum ziver to an airplene by such a current might
force sn @irplane to the ground because of the momenturs established
in the plsne itself. . '

There were lower scattered cumulus clouds cover the iojeve
Desert to the east, becominz overcast to the west with an upper
deck of "felse-cirrus™, the eastern edge cf which extended in a
nor th=-south direction through Victorvilie et noon. 0 rein was
visible st thet time over the desert, but e bLlinding snowstorm was
in prorress in Cojon Pass where the ceiling remeinéd at two thou=
send, five hundred feet. TVelocities through the ™8 ss were not as
nigh &g they were over the mounteins to the east, yet they were
sufficient to cause severe turbulence, esmecizlly on the desert
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side where the terrsin is guite rourh snd the outflow occurred.

Turbulence due to topography slone is rarely found on the wind=-

ward side of & mountain cor ridge. ‘the rein turbulent zore lies

to the lee, starts below the top of the ridge, tnd slopes dcwn=-

ward rouzihly psrallel to the surface. The turbulence is spreatly
increesed if the ridge has a rough or uneven surface on top and

on the lee slope.

By noon, the eastern portion of the Basin was ovarcast
with intermittent rain falling over the entire area. This show-
ery condition continued until the approsch of thie frontzl vone.
The oceluded cold front reeched the western edge of the ares
about 1:30 T .i.., and continued to move eastward at sbout forty=-
fivemiles per hour. Surface winds irmediately in advence of the
front increassed from about ten to twenty miles per hour snd with
the passage of the front, shifted from south and southwest to
west ahd nortrwest. Heavy rsin preceded tie front in & narrow
bend. A thunderstorm of about three minutes dw ation with eccom-
panying moderate hail and hesvy rein occurred at Pasadens at 3:10
F.ke The pre-frontsl precipitsetion changed type st Cntaric where
lisht snow occurred while ¢ little farther south and eest at VWine-
ville, it was & two-minute hesvy ruin.

Ceilings dropped to ahout fifteen hundred feet on the
spproach of the front where they renaired for an hour until efter
the frontsl passasge when the sky became broken, ceilings lifted
and only scsttered clouds remeined by late afterncon. Cellings
over the Tehschepis were zerc most of the day up to 3:00 P.M.,
when they rose considerebly. Visibilities were cut in half dur-
ing the pessage of the frontcl zone 3né becsme only one quarter
mile in the heavy pre-frontsl rein. Surfece winds meintained
their incressed frontel velocity for seversl hours efter the
front hed gone by. Visibilities increcsed efter the passage to
higher values ther hed existed sgrly in the morning. The air
both in front of and behird the front wés = fresh thot it wes
unusuvally clear. lio apprecisitle haze developed in the Dasin for
two devs after the frontal psssace. ‘Yarperatures were greatly
chenced by the frontel (essage. They dropped & little &t cosstal
stations but &t Burbenk they actually rose, due prohsebly to edizg=~
batic hesting csused by the lov rountalus to the west of that
station when the wind shifted from scuth to west norihwest, Ires=-
sures cropred repicly on the cpprcach of the front but did not
rise sharply after the passc:z due to the diurnel varie tion and
a general deepening of the .::wle systan. L inimum were pressures
at sea level stations two to thiree hours sfter the passage of the
wind shift wherees 2t Sendbers, & four thousand, £1ive hundred
foot station, the wind shiflt au¢ minimum pressure occurred sim-
ulteneously. The front pissed Zandberg about three end & half
hours &fter it passed ses level ststions on the same meridiosn,
indicatirs thet the front wes reterded somewhet by the Coest
Range Mounte&ins to tne west. Study of the wind dste in conrect-
ion vith the passage of this and other fronts indicates that
Jondberg sives rmore rerresentetive deta then any other station
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in the L¢s Angeles Basin or its immediste vida nity. & rule might
be suzcested, "Jetch Sandberg for frontsl passsces in  Zouthern
Culifornia.” : ‘

The frontsl zone when viewed from the rear showed 8 marke
ed north and south line of nimbus end cumulo-nimbus clouds. Tiere
were large bregks immediately to the west with cleerincs in the
distence. Chowers at vslley stations persisted for only about
half en hour after the frontel pussaze. The precipitation at the
base of the Tierres lLadre Younteins was about twice that at coastel
stations.

CONCLUSIONS

1. Topography plays en impoftwat role in the weather &nd
climate of the Los Angeles Resin.

2. The high surrounding rountains meterielly eid the ex=-
istence of the mild Winter clirate.

Z. Strengthening and movement of the Greet Basin anti-
cyclone zlone, or combined with sinilar action of a cyclone over
ALrizona, which ceuses a2 steep pressure gradient znd strong north-
east winds &t the northeasstern edge of the Los Angeles Basin, are
essential tc the formstion of & "Sants Ana”.

8, The northerly flow through Cajon Psss is confined
and deflected to the west by 2 simultaneous flow
throush Ssn Gorgonio Fass.

be All elements seem to combine in confining and
thereby maintaining the velocity of the main
current as it flows across the 2esin.

4. To replace steépnant zir in the besin, & Tront ep-
proaching from inland must nave considersble strength cr precede
potentially colder air.

9o & cyclonic system that brings fresh Poler Continental
alr out of central, western lorth simericea, rapidly transports it
over the Pacific Ocean, &nd brings it into the Los singeles Bssin
from the west is the only agency that will produce snow &t low
Basin stations.

6. Annuel precipitetion is largely orographical.

7. In the Sen Bermwrdino erec, convergent Tlow ccused
by tlie mounteins increeses precipitetion which is sorewhst limited
by t.e screening effect of the Senta “na Lountuinse.
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8. .ith south and southwest winds in the Basin, veloc-
ities over the northeest rim sgnow a marked iuncrecse.

9. The gir stream over s mountein or ridge seperates
to the lee wxith an upwsrd component extendins come distance above
end beyond the crest, this distence vsryins vith the velocity. The
dovn component follows tue contour with eddies and turbulence in the
separction zone. i@ximum turbulence lies tc the lee in 2 zone slop-
ing down psrsllel to the surfsce.

10. Flyine altitudes should be kopt above & certein rini-
mum in strong down drefts.

11, Caitral flom throurh smooth pssses is slightly dis-
turbed. Turbulence results from irresuler flow csused by promon-
tories or canvons, iz more tronounced to the lee, &nd is directly
propertionzl to the wind velocity.

12. Zendberg =ives the 1ost representative wind date in
or rear the Besin.

13, Reinfzll at the base of the Zlerrs | adre L.ounteins
should be alwut twice thet at coastal stetions.

14, TIFrontzl passames aére rarely marked in &ll of their
essentisle in the Los Angeles 3ssin. '
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