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Il\"TROWCTION 

Since flow is evidenced in the lithosphere and hydro­
sphere, it sean s reaooneble to expect that similar inform.a ti on 
could be gained from the troposphere. Knowledge of air fl ow 
e,ained from observations of motions or results of motions in 
the r. ir while moving in that medium would be · of materiel aid 
to the pilot or aerial navigator. Clouds being ~rhaps the 
easiest thing to see in the troposphere , it· was upon this basis 
that observations of tbe motions of clouds and the resulting 
shapes wns begun in Hawaii in 1932. 

Being located in the Trade \'iind belt of the Ncr thern 
Hemisphere, t he prev ailing dnd in t t e Hawaiian Islands is from 
the northeast. The Koolcu f1',ountains form a great barrl er along 
the northeastern side of the l sland of Oahu. The Trade 1.":i:00s 
blowing against them keeps bem almost continuously cloud cov­
ered, these clouds usually di ssi pa ting over the ro uthw estern 
slopes. Similar clouds form over the ilaianae N.ountaina on the 
southwestern side of the island. From the United 3tates Army 
Air Corps station at L~e Field on Ford's Island in Pearl :Har­
bor, it is possible to look in all directions with relation to 
the Trade Winds and their associated clouds formed by the Kooleu 
and Waianae :i":ountsins. Nature h8as thus provi dad a laboratory 
in which cl.ouds may be observed almost continuously in relation 
to t :n eir direction of motion si nee the wind direction at cloud 
levels is almost constantly known. 

Approximately two years of ground and airplane observa­
tion at this station led to the conclusion that it was possible 
to determine wind direction from cloud shapes and their orien­
tation. This conclusion was presented to a recognized authority 
on air navigc1tion but it was refuted with t he argument that 
since the clouds are formed within the wind end have essenti ally 
the same specific gravity as the surrounding air, they t /erefore 
move with the wind, and hence no determination of wind direction 
could be made by observinf their form or orientation. • 

Observations were continued at Crissy Field. rreaidio 
of San Francisco, during 1934 and 1935. Conditions at San Fran­
cisco \vere very different frcm those in Hawaii, especially in 
regard to tho constancy of wiEd direction. Correlation of wind 

•direction and cloud forrns mu2t be made ori ginally on the basis 
of knowing the wind direction at cloud levels and this became a 
constant problem. even with all of t he a·vai l eb le aids. Cloud 
types ,vere much more varied in distri butt on ~:n d number than in 
Hawaii ·with the result that much progre~s ,ve s ::-:adeo Certain 

r/.ETECR0L0GY 
C. I. T. 



ideas had been clearly evolved by this time and 8 most encourar,­
ing feature was that a pilot could be taught in a few minutes 
to estimate wind direction vli th a fair degree of accuracy by 
only using cloud shapes and their orientation. 

During fliehts made from rt arch J:t'ield, Bi verside, Calif­
ornia, in 1935 end 1936, while a student te1.-ing the t,:eteorologi­
cal course at the California Institute of Technology, end having 
additional information. concerning atmospheric processes_ it was 
poss!. ble to rooke more detdled observations of the motions, or­
ientation and shapes of clouds es well as the motions within 
clouds. 

Airplane observation of motions within clouds is not 
entirely satisfactwry, in that the relative motion between an 
airplane and clouds cannot be less than the stalling speed of 
the airplane. These motions could be ctbserved from mountain 
stations but these observotions would be considerably limited 
as to the tirnes when they could be made and the an; le of view, 
as well as being influenced by the effect of the mountains. 
The ideal place to observe motions within clouds \1ould be from 
the basket of a free balloon. I.:.oving pictures lfiade from such 
a vantage point would accurately record cloud motior:s so that 
t :ney could be studied by others as well es the photogra:pber or 
observer. Still pictures or motion pictures made from an air­
plane would be a step in the ri ght direction. 

In FART II, ground study of the synoptic si too tions de­
scribed is combined with observations mode during Di rplene 
flights over the Los .Allfeles Be sin and immediate vicinity. The 
n irplane used was o single seater, so it was necessary to re­
cord t he observstions :t'rom memory after the completion of a 
flight. It would have been much more desirable to record the 
observations at the time that they were mode. 1~e use of eir­
:plane flights in connection with the ground study of synoptic 
situations affords the opportunity to see and e:xperience con­
ditions and processes thet possibly would escape detection frcm 
the use of tools that the meteoroloi;-:ist normally has at hand. 

Grateful acknowledgment is ~ode to Dr. Irving F. Krick 
of the r-'.eteorological Department at the C8lifornia Institute of 
Technology for his helpful advice and criticism. 

Don Zo Zimmerman 

PASADENA CALIFORNIA 

:rune 3 9 1936 
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PART I 

DE'I'Ii:RMINATION OF WIND DIRECTION FRW: CLOUD FOR-tlS 

The vand varies with heieht both in velocity end dir­
ection. This forms en infinite number of shearing planes in 
the flying regions of the atmosphere and ttiese in turn cause 
a force which changes in magnitude and dire_ction with ele­
vation to act upon all particles forming the atrrosphere. This 
variation in rr~gnitude and direction is so small thet it often 
escapes obserYetion, however, it is frequently evidenced in 
the clouds since the clouds make t10rne of the forces acting in 
the aimosphere visible. Visible gradients in the character of 
an.d forces acting upon any fluid reveal the motions within that 
fluido Here we ere concerned chiefly with the vertical cl!enge 
in the map;ni tude of t re e force acting upon air and cloud :par­
ticles since e 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 noes not reach 1 ts geostrophic value below 2n elevation of 
about three-hundred meters and one must need only read the re­
cord of 2 few pilot balloon runs to see that wind velocity usu­
ally increeses with elevation above this level. Observational 
data show that nonnolly there 1s an increase of wind velocity 
with altitude up to the tropopause. In other words, there is 
normally e vertical velocity e;radient in the atr:iosphere vh ich 
is directed down in the troposphere. The inevitable result of 
such a vertical velocity gradient is that any property of the 
atmo~ere uniform in a given volume and disaimilor in intensity 
fromthe surroundinB air will be streamed out in the direction 
of the wind with the upper portion of an original cubical unit 
being ahead of the lower part. ~xcluding verticel motions which 
&re of probably small values at cirrus levels• there is at once 
an explanation or the long slender streamers of cirrus clouds 
with these streamers running parallel to the wind d:irection. 
As the vertical velocity gradient is up, above the tropopause, 
t 1:e .lower leyers of any clouds in the stratosphere arenrobably 
2head of the upper but the determination of h ind direction re­
mains uncbengedo 

The intro~~etion of vertic2l velocities such as is re-
qui red for t he forc.mtion of cumulus ·clouds requires consideretion 
of tte resultant velocity that is produced by the interaction of 
the verticf.l velocity nnd the horizontal velocity and its ver­
tical gredient o CUmulus type clouds from their inception to their 
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decay are probably ti~e best a nd most useful indicators of the 
v1 ind direction. Their c onvections wUs t be occompenied by con­
pensat.ing down currerlt s to :pre serve con t inuity~ In cnlrn air, 
the f ,, lling cuITents would be expected to be distributed uniform­
ly around the up currentf;. but t his condition is rarely refllized 
in nature. T'ne vertical currents associoted with convections ore 
superimposed upon a field cf translation in which there is aver­
tical velocity gradient. The combination of the3e motions f:i:an 
the ground to the top of an average cumulus clo1 ,d :r:,roduces r.ml ti­
tudinous vortices, the majority cf which have bori zontel axes 
:perpendicu,h, r to t he direction of transletion . The diemeter of 
these vortices is appe rently inversely IJroport iona l to t!1e steep­
ness of the lepse rete, the rate of convection, the VJind velocity 
and the verticel velocity gradient. 'T'hes 0 f " ctors very throue;h­
out a convection coltu'ln ,11th the result the t the diameters of the 
vortices in 6 ~,ing le column ere no t uniforr!. ·.: ithin e single 
cloud T!1l'my differe r:t sized vortices rnay be seen. The diameter 
is also wp:"iarently inversely proportion.s l to the rate of rote­
tiGn of tl1e vortex or vort.icity. T::.e vorticity is low in stable 
a ir or b.ear t l1e ba s e of tin inversion, usually o:f the order of 
half e minute for ha 1f a revolution. Ei'ost i'lhirlin,rr, vortices 
hc.:ving dierneters of epproxi ,!E tely :,ix feet h r ve b e8n observed . 
to mo.ke a complete revolution in five seconds. 

'l'hat t :1e vortices exi s t below t :te conde nsation level 
was clearly shown by observations made of thick haze in \,hich 
the vortices were p l a inly vi s ible while the upward extension of 
the convection column v:as fonui r1g e _cumulus cloud severel hun­
dred feet above t h e lowest visible haze vortices. On tlie sur­
face of r:n active cumul us cloud,the vortices may be readily 
seen a l though it is r:,uch easier to see them if t:1ey a re outli~ed 
against the skyo There they appear c1 s an upward risi.ng portio,n 
of the main cloud mass. the upward extens lor, cradually turnine 
over and thinninf out to point in the direct ion t:rnt the wind 
is blowing and then turning downriard to usually di ssi. "'6 te com­
pletely, leaving o curl of cloud bent to the lee. fl lar.c;e curl 
of t r1 is ty}:B reminds one of r, bull reedy to r~alce fl strike with 
its horns v t ~n ob j ect on the Ground. Often the vorticsl cloud 
mess mrjk es a complete revolution lceving Dn alr!ost perfect circle 
of cloud particles throuv,h t !,e center of ,,hich t he sky may oe 
seen. The rule::i that r,.ny be derived from these observations 
are as follOVJs: l} The direction o1' motion at thA top of a 
cloud vortex is usually the r reveiling wi nd direction; 2) Curled 
portions of a cloud usually thin out 'J nd point in the direction 
of the :prevailing windo 

The nature of orifin cf the vortices precludes the possi­
bili'ty that ell of them in on averar e sized cumulus cloucJ. will 
whirl 11i t h t t1eir e:xes r er-pendicu h r to the true Hind. In a 
cloud undergoing strong co nvE?ctive activity e f ew of t hem ma~• 
be rototinr;, in the c1 1rection o:pr, o~,ite t o that :normally obs cr vedo 
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Of more t han a thousand vortices observed, less \h~n ten were 
rotating in o reverse manner. It wes only pos sible to observe 
t '.: e mc,tions after they r ec ched the surface of the cloud ond 
t he indi vid1.w l vortice s are no t dist bctly seen until they be~.­
co:me sor·,ewhat detached from the r-~e1n cloud body so t he motions 
1 nside e cloud are not e:xoct l y kno '.m bu t it 1 s l ikely thet mo­
tion agai nst thew1rid is at e maximum there. s one notion of 
this nature is r.eoessel"IJ to give a cumulus cloud its cauliflovier 
e:prearence and strong convections hE- ve been seen to emerge at 
t he surfsce of r cloud ,.ith cloud perticle , m1.1 sh ro0n:irL, in [ 11 
directions. Reverse vortices would be expected to -persist on 
the windward :c: ide of ~ cloud, yet in t his f s vored locatiun, 
numerous curls obeying the rule were observed v····ile r e1.nirse 
curls were rare. 

When the verticc l velocity f:!'Ddient is upward er ,~hen 
the wind reverses wi t,."J. cl ti tude, the vortices rotate in fj re­
verse manner wi th respect to t Le lo~er wind. This is rea dily 
seen ;.hen cumulus clouds f"o rm at the top of i sea breeze or by 
noting ho r; the freyed portio ns a t t !ie top of an edvecti ve ocean 
foe; ber,d back tov.erd t he ocean. 

The net effect of t he vortic;d activity &nd t be vertical 
velocity grodient beside producing i ndividual vortices is t o 
e1ve t he entire cloud a swept over 1:,pr., eerance with the action 
coming fr om t \~e windwa rd si de . 'l'he VJ).ndward edge sirmt s ur , 
and downwi r.d o:r1 cl i s smoo th i n outli ne , ·,- 11 ile t he lee side usu­
c-lly hss an uneven forwE, r d slant with the ,.1 p11er par tion enneer­
inc sorr, ewhvt freyed due to the exposed r: ction of t he vortices .. 
This action at th e forwa r d edr e i :3 cppcre ·,tly whot r: :reverte 
cumulus type clout'.!s from streami rw ont under the infl. um. ce of · 
the vertical Vf'l oc1 ty 8redien t. ~ 1e do wnward motion of tht"• 
curls on t 11e forward side of a cio·J.d ':'. c t ~ i ., et' ediabatic hee:it-
inc ondmixing of the colder cloud particles with t he drier sur­
roundinc oir to dissipate the projected porti on of t he cloud 
considerably ah:i>ve t he condenootion level. 

Decaying cumulus type clouds: are e xposed only to the 
action of t :::ie verti cd velo c1 ty gr ~Jdier:t so they ere stretched 
out unt 11 they c1prear to leen forward I:' 1 th the upper fo r-!!e rd 
edges being frayed out by being ;dxed with the surroundi ng 1:, ir .. 
'.'/hen viewed cross wi nd , this effect r r oduces ne ny pc: r ellel for­
ward til ti ri~; ~.::urfecer; i n 1:: hori ~ont ;;: l cloud layer. Often the 
vertical velocity gra dient ia not sufficient t o make tl ,i s ef­
fect pronounced and then it may be necessarl to <-•et t ,rn effect 
from a survey 0 1' t be entire sk:i ra ther :e:-wn from an 1ndi v.i dual 
cloud or s ma ll 13roup of' clouds . 

It is doubtf'ul if the moti ons ui tl-:in s clo,i<l n-,ay be seen 
from c:, modern alrplt1ne·r·10 -,rL:,c E.J t cru i sing speed, so then the 
effocts of tha curls must . b e ev,"c-lueted r stlv,r than the moti ons 
within them. In pronounced L1::lte:r.ce ,:1 it is poe sible to aee 
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their effect for distances of t h e order of thirty miles on a 
clear day~ The ac t ion of e. vortex a s ,tell 2s it n resul t ma y 
be disti nctly observed from t ll e ground. 

Accurate results .:i re difficult to obtain from stretus 
clou dso CC'he absence ar convections "l'li th t h em and their stab­
ility g ives t hem a uniform smooth " JJr eara nce especially v·hen 
v i ewed from any;;::h ere except above t hem. From above, it is 
posai ble to detect small viisps which are beLt forward by the 
action of t he vertical velocity gradient. The stability often 
lends to the development of waves ond rolls which have their 
long axes perpendicular to the v.i ndo 'l'he development of Helm­
holtz \'lBVes in thin stratus deck s may create long parallel 
cloud bands with clear spaces inbetween where t he weve h c:-s a 
downward component c:1 nd the adiabatic heating end ri"ixi ng with 
wanner air di asol ves the cloud Elong the trough of the wave . 

.At times, e quick glance at a cloud ,may give an accur­
ate determination of wind· direction ,;hile at others c study of 
an entire cloud studded sky ,iill be necessary before on accur• 
3te decision can be madeo Clou ds look q_ ui te different .. :hen 
looking down or up wind OJ mpared to cross wind ez! d it is the 
cross vii n d view t; l:iat gives t he most infornation. Care should 
be taken to evoic1 opticol illusions, and it is cveraces that 
give best re ::ml ts. 

CCNCLU3IONS 

lo The atmosphere exhibits its motions chiefly t hrough 
the clouds. 

2. Atmospheric mov~ments of wind direction may be de• 
termined from: 

a. • Motions within clouds 

b.. Cloud forms 

c. Cloud or ien ta ti on 

3. Cirrus clouds s tr1 Il[; out in t he direction of the 
prevail i ng ·::ind., 

4. ·;,ind direction may best be C: etermined fr orc. cumulus 
t ype clouds. 

5o Vortice B norn18 lly exist in t l:e fr ee cir :t: ro m the 
t u.rfe ce of tb e earth to h t rs h levei s . 
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60 Cloud vortices usually have their axes perpendicular 
to the windo 

7. Cloud vortices e:p'!)arently c.evelop i n number and size 
directly and i n veraely proporti ana l to the ,,1 nd velocity, the 
vertical velocity ,:::re3. islit 9 t'.1,3 lc.ip se r a te, end the rate of' con­
vection respecti vely o 

80 Cloud vortices EJre best seen ,'. he n outlined a Ecinst 

9. The direction of motion at tlle tc;p of' 1:. cloud vortex 
is usually the -prevo111n[1' wind direction . 

10. Curled portions of e cloud u sually thin out end noint 
in t h e direction of the rrevEi i~ing 1·: ind. 

11. ;;n upward vertic t1 l velocity grndicnt or wind reversal 
\, i th altitude will produce vortice :;; rote tin[~ opposite to the us­
u.el sense with r espect to t t e lo ~e r ~ ind . 

12. Cunrulus clouds often present many parallel forward 
tilting surfaces in e horizontal cloud decx. 

13. The v: i n dRerd. end lee edi:;es of cu_rrrulus clouds usu3lly 
slant upward ~n~ e.o's:nw1nd. 

14. Cumulus cloud.s usually have a swe:pt over np:!')earance. 

15. The upper lee edge of e cumulu s type cloud is usu­
ally the most frayed portion of the cloud. 

l6o C,loud curl s mf.y be seen from airplenes mov:iinf: at 
cruising speed.. 

17. Large cloud c1..J.rls r.1ay be sem for about ~·orty miles 
on e clee r de yo 

1$. 'T."ne study of cloud vortices should be un c.ertaken from 
free bolloon. s ,, 1th the aid of cameras. 

19. Stratus clouds ~j.. ve the le as t inf'orrm. tion es to wind 
direction. 

20. T'ne crests and trough s of ~Ielrnholtz weves ere usually 
. perpendiculr:r to the ·,•du:5. direction. 

21. S1""t,1J wisps of cloud point1nr:: c:owm;i r:d r.t:y be seen 
from Gbove stratus decks. 

22. Clouds look differer,tly i.'!o8n " . .i ew a.d cross-,iilid, up­
wind, or dowr r i ndo 
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230 The crosswi nd view is best for the determination 
of wi ::1c. direction from c louo.n . 

24. 'I'he oc servetior: of one cloud may qu ickly e i ve tlle 
corr6Ct r esult, ho,- ever, averages from c number of clouds usu­
a11, give the best r · sul t s . 

25. .A void opt1c ol illusions. 
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l.>ART II· 

NOTES ON WEATHER IN THE LOS A;:•JGELES BASIN 

wrm: SPICI.AL REFERENCE 'i'O TOP0GRJ.J>IITC EFFECTS 

For the purposes of this Daper, the Los Angeles Basin is 
defined as the area bounded by the Pacific Ocean end the higher 
mountains to the north, northeast, east, and southet;st of Los 
Angeles, California. This region is noted for its rriild ,\inter 
climate; one of the contributing factors to wh:ich is t '' e sur­
rounding mountainso 

l)lrlng the •Hinter, a limb of the Facific anticyclone fr'e­
quently moves in over Oregon and ;!!ashington, breaks from the f;ac­
ific high forming a new center which moves to the Great Basin 
where it stagnates or remains semi-pennanent~ This moven:ent brings 
comparatively fresh }olar Pacific (Pp) air into the Great Besin in 
the lower levels while tro pica.l oir is moved northward over the 
area in the higher levels. The stagnation, v1hich Dro K.rick ht.s 
explained 1o be the result of tropopause waves caused by tbe cen­
tering of deep cyclones in the Gulf of Alaska, produces an air 
mass differing in r~any essentials from the other air masses fre­
quenting the v·estern United States, and he has chosen the name 
''Polar !Jasin" (Pb) to s:ll.gnify this type of 81To 

Subsidence in the Great Basin anticyclone increases the 
potential temperature of the eir rrass ar,d further dries out a 
fresh mart time air that already had a :;.ow water content, espec­
ially in the upper levelso The subsideJ1ce produces a strong in­
version which holds the new end cold po:Ler air to the l·ower levels 
even to the extent thot the lower layers cannot flow over the 
mountains thet surround the Great Basin. Being at an iiver&fre ele­
vation of four to five thousend feet, the Great Basin with its 
surrounding mountains forms a great saucer which holds the en­
closed air and causes the subsiding air from nbove to srill c.n"lay 
over the mountains to the surI'Qunding ares!:',. Tne avera,c.~e eleva­
tion of tlm mountains in the direction of the Los Angeles Jasin 
is well over six thousand feet, hence when this already warmed 
~md dry upper t,ir f'rom the Greet Basin descends adiabaticelly to 
the velleys of Celiforni&, which ere only slightly above sea le·rnl, 
the adiabatic heating Bnd further dryinf~ is considerableo ,:,sSUJ ,1-

ing an adiabatic lapse rate of' ten degrees Centigrade per kilon:eter, 
descent of five thousand feet would heat the Gir about fifteen de­
grees Centigrade or twenty seven degrees Fahrenheit. Consequently, 
when sir is flowing out of' the Great Ba:sin, lower rurrounding nreas 
such as the Los Angeles Basin, e~ erience a vJBrming l<'oehn e:fJfect 
and tern.:pcratures aremarkedly higher than in the rource ree:ion, due 
entirely to the effects of t ~ e inversion, adiabatic heatinf, 2nd 
subsidence rather than t.he smell difference in latitude or the' 
condition of the surfeceo 
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folfl"t' Basin eir that flows into t :;1e Los Angeles Ba sin 
has relbtive humidities of the order of twenty 1;o thirty per 
cent Dnd in extreme cases as lovJ as five per cent. Tanpera­
tures frequently reach es hi c.:h a s 85 deerees Fahrenheit aur inz. 
the coldest Winter months. 'l'his very dry, clear air is c, lmost 
vh olly transparent to terrestial radiation which allows rapid 
cooling at night and hence the diurnal temperature variations 
are large, usually being bet \i; een 30 and 40 degrees Fehrenhei t. 
The a~,ys arc warm, the ni ghts are cool, the eir is dry and. the 
sky is cloudless except possibly for very high cloud :c:; . 

The high mountuins to the north of the ~os Angek s 
Basin ceuse l)p air brauF"ht down directly from the nat'th to be 
adia betic&lly heated on descent to the Br,sin floor, thereby 
roising minimum temperatures to such en exteut thet .frost is 
infrequent o .Air ti ,at comes into tl:J.e Basin from the Paci fie 
Oceen hes usu8lly hed a long trajectory over that body of water 
end has been heated sufficiently by contact ,;i th tbe ocean to 
keep minimum temperatures relatively high for the Sinter months. 
On an evera~e of less than once c year, when e stronr cyclone 
centered in the northwest cEuses fresh ~oler Continente l (Fe) 
air to be swept out over the oce!:)n from British Columbia, and 
rr.:pidly brouc;ht down to the Los Angeles ares, do temperatures 
fall much below freezing end t he r ossi bili ty of snow at V e lley • 
stations do es exist. 

TF..E SANTA ANA 

A strol\g builc.ing up of the Great Essin anticyclone suf­
ficiently increases the velocity of t h e stable air flowing out of 
the Basin to cause strong rlinds to develop in tte lo-zy, , ,arrow 
rriountain 2Jesses leadi ng out of the orea. £~apid rwver::ent through 
Cajon Fasa, ecross the Los .Angeles Basin, near or over the town 
of Santa Ana and on to the Pacific Ocean has long been known as 
a "Santa Anan.; Rapid movements throu0 h CG.jon Fass often cb not 
reach Santa Ana and tllese hflve been locally colled "Fontenas" 
after the nc me of the town at the mouth of Ccjon Pess. The "Senta 
.Ana" is a special type of "Fontana", and develops only ,:·hen east 
•:, in 6.s through 3e.n Gorg0nio Iass are 'sufficient to deflect the 
course of' r, "Fontane" to the s outhwest. Cajon Fass is oriented 
roughly Nmi-SSE 1.'Jith a low promontor,J turning t he southern ex­
tremity to the southeast, ,md transmits most reedily e f'lov: of 
air from the northec.1st becouse of the cistri bution of ~he moun­
tains on the Mojave Desert side of t :,e pass. '3m Gor~onio Fass 
is oriented E-W, so t l. at in order to e:et rr1aximum flow across 
Santa Ana, the prev::;iling wind ''iUst be from the northeast :: ince 
the flow through San Gor.'?.oni_o Pass acts not so rrruch &s tl,e main 
::.,ource of sir but r;.,ore as a deflecting force. 

The phenomenon of s imultaneously stron,z flow through 
these pLsses, which are ,,lmo ,,t at ri re'.ht oncles toeach other, re­
quires ~ combination of factors which probably expl6ins t ~e rel 8-
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t1vely short duration of a tiSante Ana", which is us,mlly from atout 
nine to tV7enty hours. vJhile a '1Fontan£.",. elthough usually also of 
short dur:i.ltion, r-:ny blow for several consecutive dvys vii th vsrying 
force. The first requirement is an ori f.; inelly stron g anticyclone 
over the Great Basin or a similar ant icyclone coF,b ined with a cy­
clone over .Ari z.ona to give the necessary pressure gr'-1dient, other­
wise the r: ir from the interior will never reach the ground in the 
Los Angeles Bas in. Secondly, e:xceutionelly stronf flow from the 
i nterior :tequires strengthenin!T of the system, and~ in t ':ie third 
place,. t here must be movement. This move.rr.ent does not re,:n1ir e 0 
m.ovement of the center or centers , which may or nay not u: cur, but 
does require [; rr:over11ent of a -portion of the system, or, in other 
words, 1;., movement of certein isobars t hat will give a steep pres­
sure gr1.1dient northeast of the 13asin c orr:bined wi. th the proper ar­
ienta tio.u of these isobars to produce strong northeast v;irrls. In 
the lower levels, the energy behind t h is movement and build up, in 
this system of stable eir, is stored up as potentil:!l energy by the 
mountbi. ns that surround the Los .Angeles on the north, northeast, 
and east, and is released in t he form of kinetic energy as the air 
flows through the low mountein passes. Since: the necessery strength 
or ere r gy is attained by a cotnbination of r.-,overnent e. nd build up of 
pressure gradient at the edge of the Los Angeles Basin, it follows 
that this combinc:.tion in its proper relativns should last for a 
limited period and be accomrv nied by a veering of the associated 
winds. 

A wedge from the Pacific t,nt icy clone he d entered the 
Dni ted Stet es through Cree on and ;·1ashington ane;_ hf}d, by the riiom­
ing of Jonuary 21, 1936, separated from the parent h i ?h ond devel -
oped e new center .over southeestern 0rer;on which had built up rap­
idly to a press1re of 30.5 inches (See map for Jen. 21, 1936) and 
was still strenE!hening es shown by ell of the t endmcies within 
the forty irobar being positive. Good positive t~ndencies over 
a large 6ree to the east, southeast, and south of the center with 
negative tendencies in Cregon and :;ashinr,-ton indic!)tea 8n expan­
sion of the system as well as a southeastward movemento 'rhese in­
dications were verified by the morning of January 220 (See map 
for Jan. 22, 1936) o The high had expended greatly and the thirty 
isoba'r had mw ed. f'i ve hundred miles to the southeast but the cen­
ter had only moved two hundred miles east while increasing to 
about 30068 inches. Although the pressure at the center did not 
rise a p;reat dea l, the expansion of t he systan indicated conad­
erable strengthening $lone the 1ead.L;g edges. ,, deq) cyclonic 
system near .Dutch Harbor, .H8ska, _probaoly helps e:J\.-plain the 
build up andmovement of t he center in accordance with the tropo­
pause wave, theory. 

Aerograph records from r--:orth Island, ~~an Diego, were 
avr,Ua tle for January 20 enci. January 25, 1936, but not for the 
intebv,;ming date :-; o ,; con1perison 01' these soundings, given be­
low, indicates the changes in t he structure of the air mass 
during t --at period as the system persisted until after Janunry 26. 
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San Dier.;o is abo ut one hundred miles from t h e Los Angeles Basin 
but the same e ir n1a ss covered all of 3out h ern California ~etween 
t he above dates. 

kbbreviations: BLEV-elevstion in meters, S-surface, 
l'RES.S-pressure in millibars, T'.i£r, .. P-tem per e ture in dPgrees Cent1-
grade 9 RH-r elative humi t3i ty in per cent, 9 E -'3qui valent -poten­
tic l temr eratures in degree s ;\bsolute, \\ -specific humidi ty in 
grams per kilogram, LIFT-lift in r·: eters req uired for seturationo 

0600 Facific Standard Time Nortt l9land, S6n Die go, 
.1.a nuory 20, 1936. 

BL.EV PRESS TJJMP RH 8E ~v LIFT CLOUDS AIR MA$ 

s 1016 7 79 
480 962 15 53 

1.210 882 12 40 
1670 834 10 40 
2070 794 7 38 
2950 ?14 4 29 
3920 634 -1 33 
4450 594 -s 36 
4660 578 -6 36 
5040 550 -9 40 

0600 -Facific Standard Time 

ELEV PRESS fflff RH 

s 1013 8 86 
540 952 16 38 

1020 900 16 23 
1930 808 11 10 
3400 6'16 2 12 
4090 620 -3 11 
4630 580 -7 10 
5090 548 -9 10 
5360 528 -11 10 

293 5.0 400 Light haze Pp 
308 5.8 1200 
308 4.0 1600 
309 3.8 1500 
308 208 1700 
312 2o2 1800 
31? 1.9 1'700 
316 1.5 1400 
318 1.6 1400 
319 lo5 1200 

0.2 cirro-stratus 
NW 

Table l 

North Island, Sm Dirego, 
7anuary 25, 1936. 

9E w LIFT CLOUDS .AIR 1-'1M£ 

296 5.9 200 
308 4.8 1700 
307 2.8 2600 
306 loO 3600 
310 o.s 3000 
310 0.5 3000 
312 0.5 2900 
316 Oo5 2700 
316 Oo5 2500 

Oo4 cirrus Vi 
Oo2 cirro-s tratu.s 

Table 2 VI 

The stability, inversion, drop 1n relative humidities, lom water 
content, 1.md t he very hi gh lifts required f or sa turation are the 
outstaru i ne; reatures. In 'T'n l: le 2 , the i nfluence of t .i e sea breeze 
in the lower level s is nll, inly mar ked . 
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.Early in the morning of J"anuary 21, the winds through 
Cajon 1-'ass \'1ere from the north end es the _ devel.opr.,ent progressed, 
they moved toward_s the easto This was ac.corr:panied by e shifting 
during the dey of the rnbin flow from ov~r Riverside end the hills 
to the west of Riverside, to i:iest of these hills so t hat by mid­
afternoon, tltey were n1d1ng in the deflection of the rum n fl. ow to 
a position over ·;;1neville end the nrea imrnediBtely , to its west. 
At the same tiJ?:e, t!1e flow through San Gorr:onio rass was increas­
iw; tmd aiding in the westward deflection of the Cajon current. 
The eir from the eest flo·t",ed down the '3an Bernardino Valley t o 
deflect and confine the main current as it er.1er1erl from Cajon 
:Pass wh_ile farther south it- flowed across the I'errl s Valley t.o 
llelp deflect the Cujon flov.• vrnst uf Coro no nnd A:rl. ington. 'I'he 
Si;:nta A:ie mountains aided in this by li:T,1 Ung its southr1erd move­
ment. Thus, nn orir;inelly south to southwest,9ard movin~ currel_lt 
from Cnjon }-ass was confined mid deflected tow ardz the west dur­
ing its entire pBssege across the Los Angeles Bnsin. Its o'i'ln in­
ertie limited northward spreadinr: from the central line of flow, 
aided in part by the air spilling over t '< e Sierra fiadre 1.:ount0 ins 

·which did not reach the grouno u~til it reached~ line running 
ee st-west through Pomona . . 

'l'lle winds et I·/arc :1 lncld were light northerly up to atout 
1: 00 J..1 . i'j ., when thP-y became NE 18 miles -per hour showing that +.he 
San Gorronio current did not reach the ground flt thFi t 2toti6n un­
til that time o A ba Hoon run roa de at 11: 00 .4 o M o, sh<m ed 11 r,..ht 
northerly winds up to eight thousand feet where they became r-m 
32 m0 p.h., then diminished to N\'l 12 m.p.h., at helve thousond 
feet m th six tenths of t~.e -9ky covered by ci.rro-strRtus movir.g 
from t he west. At 3:30 F . S,1 ., the last report on that date, the 
wind was rm 16 m.phho 

The air flowed ou~ of CeijOn l'nss in the form of a trou.gn 
coverinf, en oreo approximctely two miles wide as it. left the ·0ess. 
The width of tile flow et the ~round enlerged to z bout ei~ht miles 
as it moved southwestwa rd across the i3asin to the Santa Ana J: oun­
tains ~here it wos constricted GRein by the cenyon of the Santa -
Ana River which run::: almost east-west with its eostem end e 11 ttln 
north of the western one. In accordance with Bernoulli's Theorem, 
'the flow was accelerated throur,h the passes oo thot 1 t debouched 
on t he coestel area ,d th ribove nori:1al velo(li ties. The trough like 
shape of tt.e flo w frcm Cajon Pass wes veri ried by lre etin.,-; the 
zones . of turbulence along t:i.c flow bound.ar Leso The high veloc­
ities picked up dust and sand making t lie s treer:lines pki:r.ly vi si­
ble from en airplane. Groves and other ve,;etaticn near 1''ontano 
prevented tile pi eking up of dust in that a:rea but farther out in 
the valley, near ·Jineville and beyond, the path of the 11 S6nta Ana" 
was plainly visi ble because cf the dust streamo On d.a ys when 
there ere normal winds in the Be sin, the path of the "Sent e Ana", 
when vie1,ed from the air, is shown by stririe: s of smr:11 sand dunes 
and t ::-~e flow lines that h1:. ve been L ,J;rinted on the terrtin. 

1'!:.1!.---rnORO LOGY 
C. I. 'r. 
11 



North of the east-west line throueh Pomona 2nd east of 
Los Angele s , the wird. s outside t he mein flow pa th and to the west 
of it were liir.ht from the west Lnd so'Jthwest due to t l2e back-set 
eddy effect of the ::;ierra kadre r..:ountains to the north. Numerous 
small whirlwinds thot were rotating onticyclonically helped to de­
fine the western boundary of the main current. These marked the 
contact between the li 13ht southwest Bnd tbe strong northeast winds. 
ii inds at Sandberg were northeast tllrouphout the d0y ~nd attained 
a maximum velocity of 33 m.p.h., at 11::30 .A.Ii: . 3eports from 
Saur,:us showed that the wind was calm at ?: 41 A.!v' ., and had become 
northeast by 11:41 A.Ii! ., with a velocity cf 12 m.p.h. ·Tre _veloc­
ity inc roused to ?2 m.p.h., during the efternoon, then dropped to 
8 m.p.h., at 5:41 F . LI ., when the wind chanr;ed to northo . Li'ght 
southerly winds were maintainec· at Burbenk t.hrow~hout the day 
until 5:41 P.}i ., v1 hen they became north 3 m.peho · A balloon run 
Dt that station at 2:00 }1 .!,·~ ., gave the following data; 

ELEV (feet) DIHEC'i'ION V]L.OCI'rY (m..p.h.) 

?00 SSE 10 
2000 SE 6 
4000 NNE 26 
6000 ENE 20 
8000 NE 18 

10000 N 15 
12000 NW 16 
14000 }l"W 13 
21100 w .2 

Above run m 0.2 cirrus " 

Table 3 

This run as v:ell as the !!arch Field record shows that the flow of 
air causing the "E3ent~ Jma" w&s con.f ined to the lower levels, which, 
combined with a lack of an intense pressure gredieht, may explain 
why this "Santa Ana" wtis not of destructive force ns rr,any have been. 

The flows through Lewhall Pass ·and Lint Canyon cane dov-1n 
across Los l1no;0les, es shown by smoke from the city, and aided in 
confining tl:..e Cajon current es i t w .erged from the Santo J\ne Foun­
tains. 'l'he sea breeze from the' direction of ':.;enta t1onica added 
its bi_t in confining the flow_ frcm -the northern side. 'l'he high 
ground to the south of :3enta i-.ne r,e.tpec kee:r the flov; ~enr the 
ocean from sprea ci in{Y. to the south. Togethe ,' i th t he shiftiri.g of 
the source ,;inds, t he flow across the coe s t ii ne of t:.ce "Sants !me" 
shifted northward from betv:een ;: ;ewport i ~ach Gr:.d Runti!1€ton Beach 
to between !-.untin,:-- ton Eeach a::;.d i..ong l:3 e,;c:i . 

In vhe vertical direction, t he stability of Ue sir pre­
vented lerge verticf.'1 ccrn;:oner,t s so t he t the top of the dust cloud , 
was at a bout six thousand feet v,hen it reached the ocean. Dust in 
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conditionally unstable air over the J.:ojave Desert was once obser­
ved to reach sn altitude of fifteen thousa nd feet in about four· 
hours. 

It seems as thour,h aLrn.c;Et all contributi ng a e:encies viere 
working to confine e nd thereby speed up the ,.Santa Anatt es it moved 
across th e Los .An~eles Basin, c,ri d it is believed t hat t h is is the 
reason why high velocities µ:i rsist rm far 1:1 ,my from Ca jon :rass t, s 

. San Pedro o The dust continued as far s0 11thwes~ es Cate line Island 
and perhaps beyondo 

•Fontanasn often do not have sufficient streng th to dis­
place the air ~lready in the Los Angeles Besino The following 
is D description of such e.n instance. On t:arch 10, 1936, old 
Polar rac ific air !'lad been sta p:nsti ~ir: in the ile sin for 8 weeko 
3everal weak cold fronts had ·p ~; sse~ the area in this time but 
none of them had sufficient energy to get to the . surfece in the 
Be.sin area and displace the stagnant air. The poss;iru?, cold fronts 
approached the Basin from the interior, each folloi;,ed by e weak 
anticyclone,and hence t he a ir behi ,, d them wes weno.ed by subsid­
ence and adiabatic heating so thFi t they did not rer.i.ove t h e old 
air but left a cold layer apr,roximetely one t housand feet thicko 
The North Island sounding geve the following date : 

0840 Pacific Standard Time l:,iorth ls.land, 3an Diego, 
March 10, 19360 

ELI!.'V f'RESS T:E:t~ RH 8E w LIFT CLOUDS .1\ IR 

s 1014 13 84 306 7.8 300 heavy haze 
340 973 8 99 302 6.7 0 0-210 l-'p 
820 921 15 40 309 4.6 1700 0.4 stratus 

1040 897 14 46 312 5.3 ~00 210-340 
1260 873 16 36 314 4.7 1800 
1860 813 11 3'0 311 3.1 2000 
2720 733 5 34 313 2.7 1700 
3650 653 -3 37 310 1.7 1500 
4740 569 -9 29 314 1.0 1700 
5300 529 -14 28 314 Oo7 1600 

Table 4 

The soundine shDi': s a marked inversion ot about e t:iousand feet 
above which t here was an isothenn&l l !;ycr exten:; in~ up to 1:1bout 
six thousond feet. These conditions m,re mede vi 21 ble by :, low 
t~1ick haze below the one thousand foot 1 evel that cut vi si bil-
i ties to t wo to tl;.ree miles in the thicker per tions. 'I'he i so-
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therm.al layer was cheracte rized by less t hick _haze a bove whi ch a 
thin ha ze extended to about fifteen thou se nd feet. 

During t h e morning, b cold front from t h e interior, ( See 
mop f or U.erch 10, 1936) sanewhet stronger tha n t he ones wentio n ed 
previously, crossed t h e Los .Angele s Ba sin and it wa s possible to 
s ee its effect which was ma.> t strikir,r, inth e lower levels neHr 
Fontan a . After t ~e frontol p ossac e, winds blowi ng throur,h C~j on 
Pass reached ground velocities f:I S hi[ h 83 forty miles per houro 
The force o f this wind wa s suffici ent to e;~t 8\7 2 ;/ t he h.:lzy, s t er­
nant oir c t th9 mouth of t :1e pn s s 3 0 t hat by 11:00 Aol!: ., u c lear 
f en sb a ped a r ea ext endi ng f ift e e:in miles 01.1 t i nto t i; e Los /1.r.p: el e s 
Basin from the mouth of t h e pass had been formed. The contact 
between the fresh, clear eir behind t l1e fro~t end the 6ld, sta P::­
nant, hazy air was sherply outlinedo 1\ s t h e dey progressed,. the 
f Bn .sh3ped a rea on t he ground rema ined 1; lrno st c onstant in si ze 
until about 3:00 P.r,,., 'iJ hen it bewan to dimini sh. In three dim­
ensions, t he contact area was sin ilc.,r in s hape to e shallow bov, 1 
with t he northern edge 1;1issing. 

The clear air was ~di aba ticelly heated by its descent 
from the i::oja ve Desert so thot by t he ti me it reached the Bost n 
floor, it was warrner than t he surround i ng hazy nir. -:; hen it s 
velocity decreased sufficieutly aft er leavi ng the pas s , it ·was 
forced on up over the older oir ~nd proceeded on in a southerly 
direction. 'l'hi s vertica l component combined v; i th increasing 
di urncl heating caused e strengt hening of the sea breeze flowing 
in from the northwest at March Field. By late afternoon, the 
increa se of t h e sea breeze nnd t h e decrease of velocities through 
t h e pass s llowed the clear aren to be deRtroyed nnd winds 2 t Fon­
tana changed to ro ut hwest fifteen miles per hour. 

That t he fro nt came from the interior was evidenced by 
the sequence of events to t he west. 1~t 11 :30 .A.M., t he he zy f~ ir 
in I/int Canyon end t h e Sau gus Velley ha d not been ro mple tel y 
cleared, cl thoue;h the c elm Bir a t Sau/!Us had changed to NE 6 m.p .h., 
et 9:41 A.M., 1:; ith a dew point drop from 47 to 35 degrees F'ohren­
heit. At 2:41 P.1,~ ., the t,aur:=:11s wind was E 18 m.p.h., but it be­
came ca l m by 4:41 P.M., and with e wind shift to the north, then 
t o s ou t herly, t he dew point rose fro ma low of' 28 to 41 degrees by 
6:30 F .M. However, t he reci s tance to displeca:ner,t offered by the 
stagnnnt ~ir, aided by t he sen breeze, wa s so strong t ha t the 
:passa r,e of t he front cause d no visible change in t t"c ha z i ness of 
the air in the Sen Ferna ndo Valley. 

The Sierra u:adre Mountai ns became clear above four thou­
s and f'eet early in t he morni I1€: , but la t er i n the driy v:hen convect­
io::1s behind the front incre~ sed, the : e dium ha ze re-est&bli she d it­
self up to the six thousand f oot l evel. 

There were no clouds, ~ith notab l e exc ep tion~ , s sscciated 
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with the passage of •the :front alth◊1.lf"h this seme front haq caused 
considereble r r, in in t he state of ) er.J:J.inf"tono It had taken t :1 is 
front just two da ys to reach southern California from off the • 
co nst of '.iashingto no 'J.11·1e cloud exceptions were in the rtcini ty 
of t he three peaks, Svn lrntonio, Sen Gor,0:onio, era San Jacinto, 
1:ll of which are eprro:r.irfl8tely ten thousand feet high. 1,bout 
one thousand feet above ond one ~1°lf mile south of each of these 
reaks, ti srrnll fla ttenec. cumulus cloud remcined constantly in the 
same position durin,'!, most of the day. Close observatfon of one 
of these clouds showed that it wa15 continually building on its 
windwerd edge and di ssiphti ng on the lee side, hence the con­
stant position in the face of u twenty to thirty mile wind. 
These clouds clearly show thDt there is~ vertical component up­
ward exter:.ding Dome distance up end beyond a mountain peak in air 
no~ing over it with a velocity of twenty to thirty miles ~n houro 

AN OCCLUJDED COLD FRONT TYPE PASSJ.GE 

The synoptic situation on !v'.orch 23, 1936, (See roop for 
:r.-;erch 23, 1936) consisted of a large anti cyclone over the east­
ern Pacific 0cean ond north1!iestern Cerni da with a broad, shallow, 
re-entr::i nt trough extending along t he western cce st of Canada 
und down through the northwestern part of the United States. 
The cycl. onic curl of the upper winds in the western states ac­
corr~1,e nied by sr,1all drops in pressure i r1dicoted that a cyclonic 
area was developin1:; . B71 the morning of Larch 24, {See map for 
March 24, 1936) the cyclone was \~ell develo:ped with two waves, 

one of which had passed O'ler Southern Califo:rn.ia while the 
other \VH S in Northern California end southern Oregon, e.nr had 
alreacy started to occludeo The air behind the cold fror t of 
the second weve wasfresh Poler Continental that had recently 
cor,e out of' British Colmnbia and was approaching a fresh Polar 
Pacific type by its one day possa(',e over the ocean. The air in 
advance of this front was Poler Pacific that llsd been over the 
viater tv10 dnys enri. was be?inning to move inlend from the· south­
west in Southern Californio. 

'i'he dynamic and convective components of this wave vwre 
additive so that it quickly moved down the coast of California. 
Since the velocitioa behind the cold front considera~ly exceeded 
the warm front velocity, the wa ve was rapidly occluding. 'Phe re­
sulting deepeninf~ of the system c,•used prcsaure drops in South­
ern Celifornia with an Bttencinc increase in the onshore cor:.pon­
ent in that .1rel::l o .As the wave proe;resser1, the surface v;inds be­
cm;1e noutherly vd ththe ur)pe r winds veeringo 

The morning sounding flrom San Di ego ( Te ble 5} shov. ed two 
kilometers of potentially uns table oir just abov~ the surface 
with another kilor·leter t Lat wan in equilibrium, end itence would 
offer no resistance to lift, above the un ::;teble layer. The aver­
age lapse rat·e of equivalent poten.ticil temperature for t he looer 
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tvo kilometers TIOS 5.5 degrees Centigrade per kilorr,etero 'T'he 
i:rpecific hun:i dity wes 6 gr nms ::;er kilogrem for t he first kilo­
meter, about 4 gr ~rns per kilogrr,m for' t 11e second kilomet eil, and 
2o5 grems ·per kilo~rnm f or the third kilometero 'J'hc aver~r,e 
lift r e1uired to s u turete t h e lower two 'dlor:ie ters vms a"bout 
t \\O hundred r-eters. The ice crystal level was at about one 
thousand meter s in the Los Angeles Basin. 

0600 Pacific Standard Time North Island, SanDiego, 
f.'nrch 24, 1936. 

:rr.:~v PRESS TIJ\'!F RH 8E w LIFT CLOUDS liIR Y:A SS 

s 1014 11 79 301 605 300 
400 968 11 77 305 6.6 400 
880 912 6 91 303 5.8 200 0.2 stratus Pp 

1280 869 2 200 no-1-010 85 300 4oB 
2010 793 -3 94 299 306 100 Oo5 strkto-cUmulue 
2380 ?56 -2 70 Z03 3.0 600 1680-1990 
3100 690 -6 49 303 1.8 1000 
3600 648 . -8 35 303 lol 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 25 312 006 1700 

0.1 cirrus SW 
o.5 cirro-stratus 

Table 5 

Under these conditions, relatively la<J topographic features would 
furnish sufficient lift to a~r flowinr, over them to produce show­
arso The temperature l 8pse rete in t he first kilometer was almost 
that of the dry adie be tic, s o, with the scattered clouds thot ex­
i s ted in the rwrninc', diurnal heatin{j was sufficient to cause con­
vections which materially aided in the formation of showers. The 
air over the cc ean was so unstable th a t showers formed there dur­
ing the ni ih t and early morninr;. Topog raphic lift, convective 
acti. vi ty, and co nver'.wnce due to the 1.:: p-:-iroa ching cold front and 
t!:le shape of t ne Los Angele s Basin · combined t o produce showers 
eight hours before the occlu ded front arrived. ,~ s early ns 6:30 
I, . i-1 ., there weric, occasi onel sprinkles et Son Diego and by 8:30 
11 . H ., spr i 1lklf;Sh0d occurred at Laguna and showers were developing 
in the Santa Ana Mountains. 

The Department of Commerc e teletype reports for the p.:: r-

SW 

1od from 7:41 1. oM. to 7:41 F.!{. karch 10, 1936, are r eproduced be­
low for statior:s in r:nd in t::c i rr.mediate vicinity of the Los An­
geles Basin to show the reported, hourly sequence of events. 
Abbreviations: LU-Lacuna, w1.::.z-r~~erch Field, GX-Glendale , BU-Burbank, 
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SO-Saugus, T'r:'.F- Yi nes Field, l B-Sil ndberg , l"--''S-Pacific Stahdard Time, 
E-estirrB ted, minus si p,ri-thin or li ght, plus s ign-thick or heavy, 
circle - clear, circle with cross - overcast, circle vii. th two 
vertical lines - broken clouds, circle with one verticle line -
scattered clouds , F - fog, Sp - ~rinklinr~ , R - r a in, S - inow, 
ceilings a r e given in hundreds of' feet, visibility in miles, 
temperature a nd dew point in degrees Fahrenheit, wind direct1 on 
by arrows, vi ind velocity in miles pe r hour, :pressure in hundredths 
of inches, tendency in hundredths of ,m inch, slcy cover in tenths, 
S T - stra tus, CU - cumulus, S TCU - stra to-cumulus, NB - nimbus, 
cloud movement by erroyrn, AST - a lto-stratuo, end GF :- ground fogo 
Of t r. o cloud l ay ers reported, the n r s t is t he upper. I:·!o ceiling 
report indicates unlimited ceiling . 1''ae hei ght of lower scattered 
or broken clouds is g iven ofter t he clou d s·ymbolo The sequence 
of a report is: lo Station; 2. Ceilinr ; 3. Sky ronditi. on; 
4. Ilefrht of lower clouds; 5. Vistbi1ity; 6. Precipitati on; 
7. Temperature; 8. Dew point; 9. ,iind direction; 10 Willi vel­
ocity; 11. rressure; 12. Te ndency; 13. Sky cover; 14. Type 
of clouds; 15. rnrection of rnoven,e1:. t of clouds; 16. Hemarks. 
The se reports are s rouped so thet t h e first group r- i ves the sta­
tion, t he second group gives the ceilinr, sky condition, hei r;ht 
of lower clouds, vi si bili ty a nd precipitation, the t hird g roup 
co ntai ns the ter111e r a ture nnd devi point, th e f m1rth group g ives 
wind direction iJ nd velocity, the fifth rroup gives 1)ressure 9 the 
sixth gr oup is :!, iven t t1ree-hourly ,m d cont a i ns t he tende ncyt sky 
cover, t ype 01' clouds, end t :1eir direction of move ment . The in­
fi nity sL;rr joins items of t he seco nd ond third fsroups and is c.ilso · 
used to indicate a fra ction wh en t he visibility is less then one 
mile. ':'L-:-; e i s ;?-;i ven usin,:; t he t wen t y-t'ou r ho:1r S:,S tem. J,etters 
after t he t endency i11dicate 1:lS, follows: · B is steady up then level, 
R is unsteeJy down, 'l' is up then stea dy do"f.Tn. ';.'he wr-1 ter' s remarks 
are e nclo sed by infi nity s i ~ns. 

At ?:00 A.r<' ., strata-cumulus clouds were genera lly scat­
teri3d ov er t h e b~sin. By 8:30 i1 . t ·., the sky was half o;rercast 
,: ith e soli d bank cf str.e to-curnulu s cloud s a lone: t he flanks of 
the mountai ns bordering t h e a rea to the north, n.ort heest on3. east. 
By 9:30 A.?: .• , rprinkles occurred e t !'-,8rch Field wd.th nunerous t;how­
ers vi s ibly cipproaching from t he :J□nto i'.na 1;ount&ins. ~3howers nere 
bee;inning along the ed~es of t he mountains borderinc~ the Ekls in. At 
10:JO i , . r.; ., t he bese of the s trato-curo.ulus (; lauds ¥JB S twenty-five 
hundred feet above 11':arch li ield. t lie skywas ei [".,ht tentns overcast 1 

a nd muny of t he clouds extended up t o ei :~h t t 'uou san d i'eet. 3howers 
we re occurri ng u n Cerncath c1 ll of the cloud s t hB t ' l1c1 d ii t hicknes s 
greater tha n ebou t four thou sand fe et. 'l'he relt, ti ve : tt:.rd di ty of t he 
f irst kilor:-ie ter of Bir 1311 e rci t::ed about ei ::hty per cent 80 t hat evap­
oration prever; ted considerabl e r e in f i, lling f rom t he snmll er clou ds 
from reac hine the ground. 3ix t Lou cand fee t above t he t op s of the 
stra to-cuwulus clouds was r, deck of ~lto-cumu ll .. s h c.v i ng 3 th ickness 
of ubou t cme t ~1ousar{a f eet. 'L'hi s 1r:yer 1Jro!rn 1: nd ,: i seppeared east 
of ?-.':arch Field wher~n s to tte west, it became irr.r c ; , i_ ;,gly oolid to 
entirely solid covering the sl0J a t t he cce s to 'l'hese clouds hsd some-
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07411~ 
LU -~25L25 50/44 +-3 000 RAL~Lm OFFSHORE 
PM? 040 47 ,t4 991 /CLEAR SK:i/ 
Wi'IZ E45-~ 10 44/ 40 it'l 994 / :IORTH V'JL:D/ 
GX ©30/10 50/40 f4 995 
BU Q/10 47/39 "-5 994 HAZE SE VISIBILITY 6 
SG ~/©15/10 45/37 fl2 98~ /~no LAYERS 8F CLOUDS/ 
ZB Ol/5GF+ 30/30 f 16 981 DRIFTING GR0u;:m FOG 

0~1m . 
LU E2 50 25 5 J./ 43 '>&3 001 FEW S PRIHKLES LAST HOUR 
GX ©/©30/20 56/37 "'3 996 /T'!lO CLOUD LAYERS/ 
ID/fZ E45~ 15 46/ 40 t•3 994 CLEARI.NG FEW LOWER CLOUDS 
BU G/©30/15 51/38 "-7 995 • • 
SG ~:/©25/35 47/36 f"'ll 991 
ZB OF-1/5 32/32 f22 97,9 CLEAR JVER AiiTEL0?E VALLEY CLOUDS 
TOPPL~G TEH.ACHAPIS I ICE CRYSTAL LEVEL/ 

094lf-S 
LU G):30/30 52/43 "'5 001 /GOOD VISIBILITY/ 
Vli.vfl E40®15 49/34 +4 993 /PRESSURE FALLLJG 

0

DESPITE DIURNAL RISE/ 
GX E350/020 56/37 t 9 996 / CL0UDDrESS INCREASING RAPIDLY 
BU E350/020 50/37 :t1'8 994 
SG E250/@30 48/36 t"'-14 989 /CEILING LOWERING/ 
ZB El©5S- 31/31 t~ ld 982 /FIRST REPORTED PRECIPITATION IN MTS/ 

104 lFS /T.l:IREE HOURLY REPORTS/ 
LU E18'i915SP 54/ 43 'il5 000 lW:·m l0STCO'RAD~ING OFFSHORE 
WMZ. E40©12SP 47/ 41 -+4 993 lB lOSTCUX➔ /WIND BACKING/ 
GX E35/<B/ceo 56/37 tlO 995 1- ·3AST/U 7STC'(Pf 
BU E800XD30/20 50/ 40 t"'-10 993 1 T 9AS'14,,, lSTCUt 
PM81 E20~5 56 -" 8. 9 91. /UPPER CLOUDS CONTIWJOUS V/EST TO FROHT/ 
SG E20©6R-47/39 fl\9 987 4-/VISIBILITY ONE FIFTH FORMER VALL1E/ 
ZB OF+OS- 31/31 t-"21 980 2R 

1141m 
LU E30©/Gl:25 57/48 f6 999 OCCASIONAL LIGHT SHOWER /SOUTH wnm/ 
VlMZ E35©12S1? 49/39 ,,__8 990 /SI{OV/ERS BECOML-i"G GE.NERAI/ 
GX E35020R- 575/ 47 t1'5 3 J3 /PRESSURE FALLilm/ 
BU E700XD/30/12R- 49/40 "10 991 /CEILING LOVJERilJG/ 
SG El2<B4R- 44/ 40 ,,,9 985 /MEUI'IDTul CEILTIW AND VISIBU,ITY/ 
ZB OF+os ... 31/31 t19 976 /BAROMETER FALLIJ G RA.PID~Y/ 

1241PS 
LU E30©15/ lOR- 54/43 -" 9 9~G DARK OVERCAST SEAWARD 
I OBSERVER SEES FROlJT Al.- ?ROACHL-JG/ 

WMZ E25©6R-F- 46/ 40 ~ 13 987 /VISIBILITY L0Y!ER L~ S.HO''IERS/ 
GX E25©10R- 48/4 t) ;r5 992 /VIS~BILITY CUT L1 .HALF/ 
BU E4~0/ dR- 47 / 42 t"'5 990 /CEILliJG L0'rlERING RAPIDLY/ 
SG El204R- 44/41 t9 983 PASS OBSCURED · /PRESSURE FALLLW/ 
ZB OF+OS- 30/30 tl4 977 
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134 l PS 
LU ElCXD(!1'7R- 49/ 47 -+-9 994 /VfL;D SHIFTING FRONTAL ZONE/ 
BU Ei50©10 49/46 t4 986 SHOVIBRY CONDITIONS LARGE BREAK SV"/ 

/FROlJT CLOSE OBSERVER SEES ERE.AI( BEHIND FRONT/ • 
.PMF l<XF>20R 50 >T24 984 /wnrn SHIFTING Arm PICKD\fG UP/ 
GX E30<IXD20/20R- 51/47 ~3 990 
V:!MZ E2E06R- 45/ 43 t7 984 
SG El5GlOSP 48/ 45 "-7 977 BAROMETER DROPPIHG VISIBILITY SE 

TO S 5 DUE TO FOG CEILTIW RAGGED 
ZB OF+l/5S- 31/31 f)I' 11 975 • 

1441PS 
LU E20(B(J)l0/12SP 50/44 ➔'>id 991 RADJING OFFSHORE /FRONT HAS 

PASSED/ • 
GX E30(l.CD20/15 54/46 "15G- 904 /GUSTY wnm BEHIND PRONT 

BAROMETER DROPPED RAPIDLY/ • 
BU El50(i;20 53/ 43 ➔ 19 9d3 FEW LARGE BREAKS • /FRO.;. iT PASSED/ 
SG E200 10SP 50/45 ➔9 975 PASS OPEN CEILL-m RAGGED A:m 

CHA~JGEABLE /FROHT HAS PASSED BAROl;IETER STILL FALLING/ 
ZB OF+l./5S- 30/30 1'11 972 GRAUPEL TYPE SiWW 

154 lPS 
LU E30®30 52/ 46 ~11 989 CEILIIJG RAGGED 
WMZ El2©3R-F- 41/41 ➔8 980 /LOW VISIBILITY FRONTAL ZONE/ 
GX E30®15R- 51/ 45 ➔~lclG- 983 /STROHGER GUSTY WINDS BEHIND FRONT/ 
BU E20file0 49/44 ➔ 17 982 ICLEARL;G/ · 
SG E20®/®15 45/40 "11 974 VISIBILITY N 34 HEVIBALL PASS OPEN 
ZB E50®D0/10 32/32 tJ120 970 

164 lPS 
LU E358''2 5 53/ 43 -+-'lll2 989 4- 6STCU+ . 
DMF 040 53 >T32 979 LOW CLOUDS ALL HORIZOUS /\T.JLJD STILL STROHGER 
\%1Z. ElO(l]17 45/43 ➔21 979 lOS 8STC1J-~ /FRO:NT HAS PASSED/ 
BU 25®30 51/39 ➔ 17 981 4S 7C1J+JI /1't1LJI1VfJ11 PRESSURE/ 
SG <D/CD15/'.30 47/39 1'19 973 4- ALL MOUlJTALJS CLOUD CAPPED 

CLOUDL::rESS CHA~:GEABLE DARK ~ra TO N /SHOYrERS BEHIND FRONT/ 
Z.B El0©15 34/30 ;, 11 972 2R lOSTCU+ SJ'.JO't7Dm N TO W • 

1741PS 
LU ©35/30 52/40 ~11 989 
VtMZ, E20G/ G:8 4 6/41 -+24 97 8 
GX E35G.15 52/3G 'ill5G- 983 
BU ~30/30 4 9/37 ~~12 981 
SG <D20/30 45/36 ;,20 975 CL0DDUlESS CrIAHGEABLE SH0VJER NE 
Z.B ElOC'.30 30/25 ➔~lf: 97? /FJ.OhT IIA3 PASSED/ MINIMUM PRESSURE/ 
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wh1:1 t the epIJec1r0nce of e l to stratus but t ,eir elevation was insuf­
ficient f or t hi s typeo They were whet i s often CHlled ,,false 
cirrus" and .-.ere tLe hi .:::h clouds known to exi nt in edvance of the 
idealized cold fronto '!"!~re wes enough vcrticcl motion within this 
leyer to produce srr;ell vortices and the wj_ sy:,s on top o_f the deck 
all pointed in the direction of the prevailing '.~ind. 

i~t 11:00 ,\al,\ ., rain wa s contini10us et Beaumont and Benning. 
The ceiling in SQ n Gorgonio l)ass had dropped tv ei? bt hundred feet, 
this being due in a large part to tLe higher elevation of the ground 
there t hen et Larch Field. "rl:ie r uin trea stopped halfway through 
the pass. Ee?Ond in the Coachella 'Jelley, the sky was cleer, no 
clouds persisting beyond just east of the crest of the mountalna 
t:11;. t bound the vt.lley on the vie st 2~d no:-thwest. '['he sbsence of 
clouds in t.he Cef; chella and lmperiel Valleys end nort heast of the 
Jon Bernardino !:ountains indic5tec thnt. the rdn in the Los An-
geles Besin was chiefly orographicel du ring the morning and esrly 
afternoon. 

There was a marked increase in wind velocity over the 
mountains f'orr:. int~ the northeest rim of the Ba sin. The countour 
o.f.' tt:e .Bf!sin is such t:ist wi nds from the south a nd southwest are 
converged towards the northeast end fre ,1uently doubled or tripled 
in velocity !jS they pass out of the arer>. The resulting greater 
volW:ie of eir flowi ng over t he '3en Bernardino t ounteins would 
c,➔1.1~e t he precipi tetion to be exceptionally heavy there in si tuo-
ti ons sirr.ilcir to t he one being described, were it not for the Santa 
1i.ne Eount s iris to the southwest. These r,1ountP-i ns average about 
three t housend, five hundred feet in elevaticn end cause a large 
w:nount of precipita tion to fall t here that otherwise would fall 
on tt;e San Bernardino Mountainso T!.! e convergence cnused six inches 
oi' snow to f Dll on the '3en Bernardino tr" ountains, while four inches 
of snow was fellinc on t:1e freely exposed Sierra Madre 7.'ounteina 
to the westo 

The stronc velocities over the rougl c:ountry on the nor th­
ee stern slopes of the 3en 3ernarcJ ino N:ountai ns crested sufficient 
turbulence to rrake flyin g uncomfortableo In many places, t-l crab 
of t hirty-five degrees was re;uired to mc.ke e given track, end in 
·others t he uown co~nponcnt was about t v.•o thousand feet f:i ff.inute. 
Such down components do not extend down to the surface~ but the 
downv1ard rr:omentum ;i ven to an a irplene by such a current mi ght 
force an airph:ne to the ground because of the momentum established 
in t he plane itself. 

There were lower scattered cumulus clouds .over the i'.'Ojeve 
Desert to the e8st, becomin~ overcast to t ~e west with nn upper 
deck of "felse-cirrus,,, t he eas tern edge of which e:xtmded in a 
north- ,, outh direction throup.;h Vlctorville at r1oon. .:io r e in was 
vi si \;le at t l1E. t tin:e over t he desert, but a h lincUnp, snowstorm was 
in pro i:;ress in Cojon PBss where the ceiling rf',ccin-ed at t ,;o thou­
sc:'ld, five hundred feet. Velocities t'."Lr ough t he 'f6SS were not as 
hil".h As they were over t he mountains to the eest,. yet they were 
sufficient to cause severe turbulence,.. e ,:r,eci 2lly on the desert 

l.IETT.Y [( 0L0GY 
c~ I. rr. 
~-~:o 



side where the terrain is qui tc rour:! h ,md the outflow occurred. 
'l'urbulence due to topography 8lone is rurely found on the vi ind­
ward i=1ide of a mountain or ridge. 'lhe rre in turbulent zore l:ie s 
to t h e lee, st[1rts below the. tup of t:1e ridge, t,nd slopes down­
ward rougi1ly parallel to the surface. 'I'he turbulence is r,;reatly 
increosed ,if the ridge :ms o rough or uneven surface on top [Jnd 
on the lee slope. 

Dy noon, the eastern portion of the Basin vws overcast 
with intermittent ro in falling uver the entire orea. This show- • 
ery condition continued until the apprm, ch of the frontel zone. 
The occluded cold f'ron t reeched the western edge of the area 
a'oout 1:30 r.: ... , and continued to move eastward at about forty­
five miles per hour. Surface winds i mmediately in cdvonce of the 
front increbsed from a bout ten to hventy miles per hour and with 
tbe passace of the front, shifted from oouth and southv1est to 
west ahd nort !:l'iest. Hea'ly rain preceded t ;ie front in a I18rrow 
band. ,\ thunderstorm of about three minutes dU'.' ation ·d th 1::ccom­
panyin8 moderate hail ~nd }:e.ovy rain occurred at H1sadene at 3:10 
f .I-.':. The pre-frontbl precipi tbtion chfln(!,ed type et Cntario where 
lir:llt snow occurred while 1., little farther wuth and eest at V✓ ine­

ville, it was a two-minute heavy roin. 

Ceilinr,'. s dropped to ahou t fifteen hum red feet on the 
aPJiroach of the flront v,here they rernair.e d for on hour until after 
the frontal passage when the sky become broker., ceilinr,s lifted 
and only scattered clouds remeined by late afternoon. Cei li:n,,<cs 
over the 'rehachapis were zero n:ost of t h e doy up to 3:00 P.M., 
when they rose considere·oly. Viaibili ties were cut in half dur­
ing the pessage o!' tb.e frontal zone enc. becar:.e only one quarter 
mile in the heavy pre-front&l r 8in. Surface wim s mrintai m d 
their increo sed frontal velocity for several hours after the 
front br,d gone by. Visibilities incre.ssed ofter the passage to 
higher values th en ht:d existed eerly in the rJ.ornir),?,. The ei r 
both in front of and behirad tl:e front was ffi fresh thtit it was 
unusually clear. r:o e:p'f)reci2 ble hnze developed in the Dasi n for 
t wo day s after t h e frontal pi<; sac e. ri'a ::. peratures were &:reetly 
chE::nc ed by the frontel ref, ~;1:ige. ':.'hey dropped a 1i t tle ~ t coastal 
stations but et Burbank they actually rose, due probably to adic­
betic heating coused by the lov. :sountc1ins t o the west ct' t hat 
station when the wincl shifted from i,outh to we st no1·t t.v.est. rres­
sures dropred repidly on t h. e LJ;prc;ech of the front but did not 
rise sharply after the pass~ r' due to the diurnr,l varw tion and 
a general deepeninf of the . :,0 le systan. J:. inimum were pressures 
at sea level stations tv;o to three hours ofter the rassaee of the 
vdnd shift whereas et =:b ndberr- , n four thousand, 111 ve hundred 
foot station, t ;1 e wind shi f t au.: r~; inimum pressure occurred 1:irr:­
ultaneouslyo The front rL ssed Sandberg abo~t t \ ree ~~d ~ half 
hours ~fter it passed sea level st£,tions on the sarr.e meridi tm, 
i r,dicatir r: thl. t tLe front ~Jss retsrded sorrewhe t by the Coe st 
RDnge Xounteins to t ,1e west. :~ tudy of the ,1ind dat£1 in conr:ect­
ion ·; ith chs rJassa (!,e of' this encl other fronts i r dicates tb.st 
?Dndberg ,:::i ves P.,ore r cr r esE:. ntbti ve drta tl1~n eny other station 
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in the Les .Angeles Basin or its immedie te vict ni ty. 
be su;:;,:;ested , "Watch Sandberg for front 8l p l: sse ,., es in 
C.:Jlif'orni D. ,. 

1, rule might 
:::outhern 

The front a l zone when viewed from the rear s howed a r.1c=irk­
ed north nnd s outh line of nimbus e r: d cumulo-nimbus clouds. Tl:e re 
were large breaks immediately to t he west with clearirl~ in the 
distonce. ~,hew ers a t valley statio r: ~ rerdsted for only about 
half 1:in hour after the frontal possaf.se. The precipitation at the 
bcise of the Sierre Ladre Yountains was about t,,ice that nt coastal 
stations. 

CONCLUSIONS 

lo Topography plays en irr,porten t role in tlie weather and 
climate of the Los Angeles E~sin. 

2. The high surrounding rr:ounte.ins meteri elly a id the e:x­
i stence of the mild Vtinter cliEate. 

3. Strenr.;thenir..g e.nd '.novement of t h e Great Basin anti­
cyclone r~ lone, or combined with .sir.,1Je. r action of a cyclone over 
Lri;wna, vihich CEus es ~ steep pressure p;radie:c.t end strong north­
east wi nds et t he northeastern edge of t be Los Angele s Ba sin, are 
esser1tiel to the· format i on of ,] "Santn Ln0". 

a. The northerly flow through Cajon I1a ss j_ s confi:ied 
a nd deflected to the west bj,• B si!r.ul taneous flow 
throug h ~an Gorgoriio rass. 

b. .Al l elements s eem to combine in c onf'i ning and 
thereby rnvintnininc t he veloc ity of the 1::ain 
current DS it flows across the :3£ sin. 

4. To ~eplace stacna nt ~ir in the becin, e front ap­
proachinr~ frcrn inl.:;z1 d mus t na ve consi derE> ble .s treng th or precede 
potentially colder nir. 

5o A cyclonic ~,y stcm that brir.ig s fresh I'olc r Conti nental 
s ir out of central, wester n l':orth J:.mericc. , r 8pidly tran.:p orts it 
over · the Pae:i :t'-ic Ocean, end bri ng s 1 t i nto the Los .Angel es ·Basin 
frctn t he west i s t :i.e only agency t hf, t will produce snow at low 
Basin sta tions. 

60 lrnnuel precipit~tion is l :,:rgely orogr£,phica lo 

7. In the &:n Be:rnardino E:. ree , conv ergent flow ceu sed 
by tlte rnountuir;:s increases :precipitc, tion which i s s oF.eWhcit l imited 
by t · e :screeninf effect of the Senta Ana J. ounte i ns. 
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So ,a th south ond southwest winds in the Basin, veloc­
ities over t he northee st rir., Ei.1ow D 1r,0rk ed i ncret;se. 

9. The cir ,stream over e mountain or ridg e separates 
to the l e e .v i th un up1wrd eor:-: ponent extend i np .<.:,on:e ch st a nce above 
en d beyond tt10 cre st, this dis tan ce va ryin~ ~ith tte velocity. The 
dov;n con,ponent follows t he contour v; i th eddies and tu rbul ence in the 
sepa retion z one. i .. aximum turbulence lies t c the lee in e zone slop­
i nr; down pori, llel to the surface. 

10. Flyinf; al ti tu des sbould 'be k ept (:l bove a cert:dn r-.ini­
rnum i r. stro ng down drafts. 

11. Ca, tral flo 1•1 throu;:: h smooth -p0sse2 is slightly dis­
turbedo Turbulence re :::,:.lts from irre,--ul3r flow caused by promon­
t ories or ct: nyons , i s r.;ore -pronounced to t:-w lee , ~nd is d irectly 
pro~o r t i on~ l t o t be Tu ind velocity. 

12. 3B~dberg s i ves the r:,ost representi.:iti ve ~1 i nd dGta in 
or near the Besin. 

l3o He i 1:f:::ll at tl":e base or the 0:: ierr2 : odre :.:ountnins 
should be ato u t t\~ice thet at coastal stations. 

l4o Fronts l pa ssa ;-;e s are rcrcl.y r.,urted in ell of their 
essentiels in the Los AnG.eles Bcssin. 
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