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CHAPTER I 

INTRODUCTION 

k>cal weather conditions are recognized as having a very 

important influence on the inception and behavior of wild fires. 

In particular, strong surface winds, low humidities, and low 

vertical stability favor the rapid development of a minor blaze 

into a full-blown conflagration. On five or ten occasions each 

year such winds and humidities are experienced in the greater 

Los Angeles area, defined here as the coastal plains and valleys 

oceanward of the Scr. Gabriel, San Bernardino and San Jacinto 

mountains of southern California. Frequently they fan a small 

flame into a thousand acre brush fire. Sometimes they create 

monsters such as the 1961 Bel Air conflagration that consume 

hundreds of homes. But these weather conditions, without which 

the conflagration can neither develop nor survive, are not 

uniformly distributed over the coastal plains and valleys. This 

is especially true of the wind which reaches peak values in some 

areas, downwind of passes, for instance, and is brought to a 

near standstill in other places in the lee of the mountains. 

These strong dry wind situations in southern California have come 

to be known as "Santa Anas", in honor of the Santa Ana Canyon 

which for generations has been recognized as one of the gaps 

through which the dry desert winds rush in their dash to the sea. 
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This study concerns itself with the distribution of the 

surface winds over the densely populated coastal plains and 

valleys of the greater Los Angeles area during the fire weather, 

"Santa Ana", situations. This area is particularly favored as 

the locale for a fire wind investigation not only by virtue of 

the meteorology of the area but also because an 'unusually dense 

network of surface wind stations exists here. ‘This network was 

installed by the Los Angeles County Air Pollution Control District 

for the purpose of measuring the movement of polluted air across 

the Los Angeles basin during smog situations. In this research 

project we use it to investigate quite another type of weather 

situation,, one in which, incidentally, high winde prevent the accu¬ 

mulation of man-made air pollution but often introduce in its place 

dust and blowing sand and sometimes even the smoke and ash from 

wild fires. 

The purpose of the study is to provide descriptions of the 

local winds during "Santa Anas" that will be useful to those 

responsible for the prevention and control of conflagrations. Of 

course, it will be more useful, to officials in the Loo Angeles 

Í 
area than to those elsewhere. However, it is hoped that some 

general information concerning the effect of terrain on strong 

surface winds will emerge and thus will find wider application. 

■ 

The investigation was carried out in two phases, the first 

in which several selected fire weather "Santa Ana" cases were 

examined in all possible detail, and the second in which all 

I 
I 

* 
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"Santa Ana” days ia the period 1956 to 1962, 149 days in all, were 

lumped together and examined statistically to provide the mean 

picture. The case studies were a necessary prelude to the statis¬ 

tical work because, among other things, they provided the criteria 

required for the selection of the Santa Ana days for which the 

means were determined. In the interest of clarity of presentation, 

however, the results will be presented in the opposite order. 

First the general picture, provided by the statistical investiga¬ 

tion, will be described. Hie major features of the flow pattern 

and its variations with the time of day will be evident* Hien 

this over-simplified picture of the flow will be augmented by a 

selection of actual patterns from the case studies. These will 

suggest the range and nature of the deviations of the actual 

situations about the mean picture* 



CHAPTER II 

TOPOGRAPHY 

A necessary preliminary to the consideration of the rela¬ 

tively complex flow that occurs over the Los Angeles area during 

strong north .and northeasterly winds Is a general 'understanding 

of the terrain that the air encounters in its transit across the 

area, from desert to ocean. See figure 1. First the air 

encounters a chain of three relatively high mountain ranges 

standing shoulder to shoulder to form the northern and eastern 

perimeter of the area. These are the San Gabriels to the north, 

the San .Bernardinos to the northeast and the San, Jacinto moun¬ 

tains to the east. All three have peaks reaching above 10,000 ft. 

Next the air comes to a secondary arc or mountains, much lower 

and approximately parallel to the first. This arc stands midway 

between the high mountains and the coast« It consists of the 

Santa Monica mountains, the Puente Hills, the Chino Hills, and 

the Santa Ana mountains. 

Having identified the major obstacles to the Santa Ana 

winds let us now call attention to the major gaps through which 

the air is funneled at accelerated speeds» Through the high 

mountains, moving from the west to the east, there is the Soledad 

Canyon - Weldon Canyon area that empties into the San Fernando 

Valley and the Cajon and San Gorgonio Passes that empty into the 
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Ri ver aide - San Bernar'dino Valley. Gaps in the lower secondary arc 

of mountains are not as well defined nor have as conspicuous an 

influence on the flow with the possible exception of the narrow 

canyon whose name these strong northeasterly winds bear, Santa Ana 

Canyon, in the southeastern corner of the area. 



CHAPTER III 

MEAN WIND PATTERNS 

The purpose of this phase of the research, as mentioned 

above, is to discover the average behavior of the Santa Ana wind 

situations. As one might expect, the examination of individual 

wind patterns indicated that each occurrence of the warm dry 

northeasterlies was an .individual 'unto itself,» No carbon copies 

of situations were found» Each Santa Ana had its own unique 

features, a certain orientation of the jets downwind of the passes, 

its own, often complex and rapidly changing, pattern in the wake 

of the San Gabriels. But if the fingerprints varied from case to 

case, the same could not be said for the number of fingers. Each 

had the same basic anatomy. This common anatomy is expressed in 

this chapter in terms of preferred wind directions and average 

wind speeds. A discussion of the unique features, distinguishing 

one case from another, will be presented in the next chapter of 

this report. 

Before an average could be struck or a preferred direction 

determined, a body of Santa Ana cases on which to operate had to 

be selected, and before this, a definition of a Santa Ana decided 

upon. As it turned out, the definition developed as the list of 

candidates was sifted and resifted and was hardly firm before the 

list of 149 days was itself finalized. The details of the process 

of choosing these 1,49 Santa Ana days from 7 years of hourly wind 



recordß (1956-62) for over 100 different observing stations are 

given in a report by David Baumhefner entitled, "An Objective 

liethod for Selecting a Set of Foehn or 'Santa Ana* Days in the 

Loe Angeles Basin’’,, Here we will offer a brief sumary of the 

procedure. 

To avoid the completely unrealistic task of constructing 

streamline charts for all ¿557 days of the ? year period, a list 

of likely "Santa Ana credentials" based upon readily available 

synoptic weather records was developed. As finally constituted 

this list included: (a) a J mb or greater increase in msl 

pressure from Santa Monica to Palmdale in the desert to the north 

east, (b) a 15°F or greater decrease in temperature from Santa 

Monica to Palmdale, (c) wind speeds from a northerly direction of 

10 mph or greater in the San Fernando Valley and of 30 mph or 

greater in the Riverside - San Bernardino Valley, and (d) relative 

humidities of 30% or less in the Los Angeles area. 

Situations claiming more than one or two of these criteria 

were subjected to a checking procedure involving the examination 

of: (a) the vertical wind profile, (b) the configuration of the 

isobars on the surface weather map, (c) the sky condition, and 

(d) the streamline pattern over the entire basin for I300 PST. 

Fortunately almost all of the days selected for having the requi¬ 

site "credentials" also passed the test, and the task of construct¬ 

ing an undue number of streamline maps was avoided. 



In the last analysis, then.» the acceptance of a day as a 

Santa Ana day was contingent upon the existence of a recognizable 

foehn flow in the basin. The choice of the I3OO PST streamline 

naP as the check wan not arbitrary. Preliminary case studies 

had revealed a marked diurnal oscillation in pattern. Daytime 

thermal effects opposing the northeasterly flow are found to be 

sufficiently strong to cause a reversal of the flow in the wake 

of the San Gabriel mountains, frequently all the way from the 

mountains to the sea. In the event that this reversal also 

occurred immediately downwind of any of the major passes at 

1300 PST, when the thermal effects are near peak strength, the 

day was rejected as having an insufficiently strong northeasterly 

current. 

The hourly wind speeds and directions for the 149 selected 

days were processed by IBM 7090 to provide mean wind speeds and 

percent frequency distributions of wind direction for each station 

in the area. We now turn to a discussion of the resultant 

statistics. 

Figure 2 is a streamline map drawn for the most frequently 

observed wind at each station in the .area. Entered on the map 

also are the mean speeds for the preferred direction at these 

stations. Data representing all hours, day and night, are lumped 

together to provide the pattern shown. It is a fairly simple flow 

pattern: (a) strong northerly flow, 10 to 23 mph around the western 





end of the San Gabriel mountains and across the western half of 

the San Fernando Valley then over the Santa Monica mountains to 

the sea, (b) strong northeasterly flow, 10 to 30 mph, from Cajon 

Pass at the eastern end of the San Gabriel mountains across the 

Riverside - San Bernardino Valley, through the Santa Ana Canyon 

and across the coastal plain to the sea, and (c) a considerably 

weaker flow in between these two strong currents originating on 

the southern slopes of the San Gabriels and moving generally 

toward the sea. The most conspicuous deviation from th*s north 

to south flow is the narrow area just inland of the western 

beaches where on-shore (westerly) winds occur» 

The influence of the San Gabriel mountains as an obstacle 

to the flow is apparent. They cast a wind shadow of diminished 

winds that stretches all the way to the southern beaches, and 

they produce strong narrow streams at each flank that converge 

somewhat downwind, acting as lateral boundaries for the wind 

shadow. The lesser mountains and hills interior to the basin 

also produce their own effects. There is a divergence of the 

streamlines upwind of the Santa Monicas accompanied by an, appro¬ 

priate convergence in their lee. And, on the other hand, there 

is an equally appropriate convergence of streamlines upwind and 

divergence downwind of the passes such as the Whittier Narrows 

and the Santa Ana Canyon, 

So the mean field, although smoothing out many features 

of the real, wind patterns, retains the basic dynamic effects of 
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obstacles on fluid flow. But the dry northeaeterlies are subject 

to other effects also associated with the terrain, namely the 

differential heating and cooling of valley vs, slope, land vs. 

sea. The disturbances to the foehn flow introduced by these 

thermal forces can be discerned by classifying the data according 

to time of day and then forming mean speeds and frequencies of 

occurrence of wind directions for each hour of the day. This was 

done. The results of the computations are represented in figures 

3 through 11 consisting of a series of streamline maps spaced 

2 hours apart in time from before sunrise Í0500 PST) to after 

sunset (2100 PST), 

The most striking feature on these maps is the complete 

reversal of wind direction in the wind shadow of the San Gabriel 

mountains during the mid-day hours, 1100 through 1500 PST. After 

1500 PST the reverse fl0lv systematically erodes, disappearing 

completely by 2100 PST. At all other hours only winds with 

northerly components occur in the basin. 

The air flow in the area of reversal develops in much the 

same .pattern as does the typical sea breeze on non-foehn days in 

the Los Angeles basin, particularly as regards the direction of 

flow. The speeds involved, however, are reduced by a factor of 

two or three, fhe flow starts as southwesterly across the western 

beaches, turns as the day progresses to a westerly. It bifurcates 

where it encounters the San Gabriel mountains, one branch proceed¬ 

ing to the northwest up into the eastern end of the San Fernando 
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'/alley, the other turning toward the east through the San Gabriel 

Volley. All these features it shares with the typical (non-foehn) 

sea breeze in this area. Here the similarity stops, however. 

Whereas the normal sea breeze continues up tlirough the passes at 

each end of the San Gabriels, being augmented by the differential 

heating of desert interior and coastal plain, the weak, sea breeze 

in the wind shadow of the San Gabriels terminates short of the 

passes in the face of the strong northerly flow there. 

Another striking dissimilarity between this reverse flow 

and the normal, sea breeze is the absence of any on-shore flow 

across the southern beaches. The northeasterly current through 

the Santa Ana Canyon is sufficiently strong here to overcome the 

opposing daytime thermal effects. And a final characteristic 

that sets it apart from the normal., sea breeze is its rather short 

duration time, the normal sea breeze flow starting several hours 

earlier and, lasting several hours longer than does its Santa Ana 

counterpart. 

So, the wind shadow of the San Gabriels, protected as it 

is from the full strength of the dry northeasterlies, is fertile 

ground for the usual, thermal, circulations that follow diurnal 

heating and cooling patterns. Since these effects are suffi¬ 

ciently robust to reverse the circulation in the shadow, one 

might expect that they would appear at least as a. daytime diminu¬ 

tion of the speed of the northerly currents through the passes as 

well, A diurnal change is unmistakable in the data, but it is 
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180° out of phaoe with that expectation. The strong northerly 

flow gets measurably stronger during the daylight hours, even in 

the coastal plain downwind of the Santa Ana Canyon¿ 

This suggests that there is another, and more 'potent, 

thermal effect acting in the region of the stronger northerlies, 

an effect that opposes and overcomes the differential surface 

heating effects. A likely candidate is daytime thermal convection 

that enhances the downward turbulent transfer of northerly momentum 

from the wind maximum aloft. A transfer of equivalent strength is 

not effected in the wind shadow presumably because the winds aloft, 

like those at the surface, are much weaker there and provide only 

a meager supply of northerly momentum aloft,, 

Accepting the fact that the hourly mean streamline maps 

reveal an unmistakable diurnal oscillation in the surface flow 

pattern during Sania Ana situations, one that features a surpris- 

ingly distinct land-sea breeze regime, it is important that we 

realize that these maps do not correspond to any one real situa¬ 

tion. They are fiction representing only a super position of 

I.49 actual cases# One doesn't know how often a sea. breeze 

actually invades the wind shadow. One knows only that it appears 

more frequently than do the northerlies between the hours of 1,1,00 

and I.9OO PST» Hie statistics, however, can be presented in such 

a way that some impression of the nature of the variability about 

the most frequently observed conditions can be gained. This is 

done in figures 13, 15, 17, 19, 21, 23, 25, 2?, and 29 where the 
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par cent frequency of occurrence of wind direction for each of the 

16 pointe of the compass are expressed graphically as a closed 

curve around, each station* The distance of the curve from the 

station in a given direction is proportional to the percent 

frequency with which the wind was observed to be blowing in that 

direction* Each scale division corresponds to 2% relative 

frequency* So a circle with the station located at its center 

would represent wind direction equally distributed from all 16 

points of the compass* An ellipse with the station location near 

one end would indicate that the wind blew from each of the 16 

directions at one time or another but most frequently blew in the 

direction in which the ellipse pointed* Of course, the curves 

seldom describe anything' as regular1 as a circle or an, ellipse but 

typically resemble amoebas in outline* 

The "amoeba'' maps are constructed for the same times as 

the mean, streamline maps, 0500 PST to 2100 PST at 2 hour intervals. 

In general, they allow that the major features of the flow pattern 

are surprisingly similar from one Santa Ana day to the next* 

Perhaps most impressive is the almost universal existence of the 

sea breeze on all afternoon maps* The amoebas indicate that the 

northern es are virtually non-exist ant at stations in the central 

basin between the hours of 1300 and, 1700 PST on every one of the 

149 days! So the fiction of the mean maps comes closer to the 

truth than we thought, at least 'in this regard* lhe daytime sea 



breeze or reverse flow must be accepted as the companion of almost 

all Santa Anas. 

But, on the other hand, the amoebae reveal that the ai eal 

extent of the sea breeze does vary a great deal from one case to 

the next as does its time of onset and cessation. The map for 

1100 PST, figure 19, dramatizes the effect of different times of 

onset on the wind direction distributions for stations in the 

wind shadow. The amoebae show that at 1100 PST it is almost 

equally likely that the flow be from the land or from the sea. 

Actually the sea to land direction v/ins by a narrow margin at 

almost every station, thus the convincing looking sea breeze on 

the 1100 PSï mean streamline map, figure 6. But how misleading! 

Hiere's obviously a pretty good probability that at 1100 PST on 

a given Santa Ana day, northerly winds will be blowing at any 

given station in the wind shadow. 

Hie amoebas also reveal the nomadic nature of the bound¬ 

aries of the wind shadow. Note the marked double structure of 

the direction distribution at the stations south of the Santa 

Ana Canyon for times 1100 through 1700 PST. These stations almost 

split their time evenly between the off-shore and on-shore flow 

during sea breeze hours presumably as a result of the shifting 

back and forth of the eastern boundary of the wind shadow. A 

similar effect can be seen in the eastern San Fernando Valley, 

the locale of the wind shadow's western boundary. 



The amoebae» however, say nothing about wind speeds, only 

wind directions. Figures 12, 14, 16, 13, 20, 22, 24, 26, and 28, 

the transluscent over1 ays of the amoeba maps, make up for this 

deficiency by presenting the mean wind speed for each of the 16 

directions for each station* Shafts radiate from each station in 

as many directions as were represented in the observations. Hie 

lengths of these shafts are proportional to the meíui wind speed 

(2 mph for each scale division on the amoeba maps), for air moving 

in the direction toward which the shaft points (away from the 

station). These mean speeds can be misleading, particularly at 

those stations and at those times when the wind is predominantly 

from one sector. The mean speeds for winds in the predominant 

direction may represent the average of 100 observations while the 

mean for a wind in the opposite direction may represent only one 

or two observations. So, for the prevailing directions the mean 

speeds are quite trustworthy but for the infrequently observed 

directions they may be misleading. 

The most conspicuous feature of these maps is the previously 

mentioned tendency for stronger winds during the daylight hours. 

Iliey also indicate that most stations in the wind shadow do occa¬ 

sionally get a gust from the north or northeast, even in the mid¬ 

afternoon, and when they do it is usually a stronger wind than 

average. The most asymmetrical distribution of wind speeds around 

the compass occur downwind of the major passes. This effect shows 
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even as ^ar downwind as the Palos Verdes peninsula where the 

occasional strong easterly occurs. Cajon Pass' jet is extended 

that far. 

The combination of the amoeba maps and these mean speed 

overlays provide an easy reference for answers to questions about 

probable wind directions and mean speeds for all parts of the 

basin and all times of the day. They summarize the statistics 

for surface air motion during Santa Ana conditions. But they 

de.ine no real wind situation. All these features of the flow 

pattern that we have discussed are simplified approximations to 

the real flow. To discover the patterns that the real flow takes 

as the air moves across the basin we must .analyze individual, (not 

mean) data, hour by hour, day by day. And in the next chapter we 

do this; thereby setting the stage for the comparison of the 

composite picture of the Santa Ana developed in this chapter with 

the real facts of surface flow as they occur in the greater 

Los Angeles area. 



FIQ. 12. 

(overlay) 

fig. 13. ^ 
(under lay) 

Mean wind speed as a function of direction for 

O5OO PST. 2 raph per scale division. Direction 

of flow given by direction of shaft from center 

outward. 

Percent frequency of wind direction for O30O PST. 

2% per scale division. 
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FIG. 14, 

(overlay) 

FIG. 15. 
(underlay) 

Mean wind speed as a function of direction for 

0700 PST. 2 mph per scale division. Direction 

of flow given by direction of shaft fron center 

outward. 

Percent frequency of wind direction for 0700 PST. 

2% per scale division. 
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FIG. 16. 

(overlay ) 

FIG. 17. 

(underlay ) 

ilean wind speed as a function of direction for 

O9OO PST. 2 nph per scale division. Direction 

of flow given by direction of shaft from center 

outrard. 

Percent frequency of wind direction for OQOG PST. 

2,i per scale division. 
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FIG. l8. Me&n wind speed as a function of direction for 

(overlay) 1100 pST> 2 mph per scale division. Direction 

of flow given by direction of shaft from center 

outward. 

FIG. 19. Percent frequency of wind direction for 1100 PST. 

(underlay) 2<- per ecale division. 
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FIQ, 20. 
(overlay) 

FIG. 21. 

(underlay) 

Mean wind speed as a function of direction for 

I3OO PST. 2 mph per scale division. Direction 

of flow given by direction of shaft from center 

outward. 

Percent frequency of wind direction for 13OO PST. 

2% per scale division. 
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Fla» 22» 
(overlay) 

FIG» 23. 

(underlay) 

Mean wind speed as a function of direction for 

15OO PST. 2 mph per scale division. Direction 

of flow given by direction of shaft fro® center 

outward. 

Percent frequency of wand direction for '1500 PST, 

2% per scale division. 
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FIG. 24. 

(overlay ) 

FIG. 25. 
(underlay) 

Mean wind speed as a function of direction for 

1700 PST. 2 mpfa per scale division. Direction 

of flow given by direction of shaft from center 

outward. 

Percent frequency of wind direction for 1?00 PST. 

2% per scale division. 
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FIG. 26. 

(overlay ) 

FIG. 27. 

(underlay) 

Mean wind speed as a function of direction for 

1900 PST. 2 mph per scale division. Direction 

of flow given by direction of shaft from center 

outward. 

Percent frequency of wind direction for 1900 PST. 

2% per scale division. 
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FIG. 28. 
(overlay) 

FIG. 29. 
(underlay) 

Mean rind speed as a function of direction for 

2100 PST. 2 raph per scale division. Direction 

of flow given by direction of shaft from center 

outward. 

Percent frequency of wind direction for 2100 PST. 

2$ per scale division. 
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CHAPTER IV 

INDIVIDUAL CASE STUDIES 

In the previous chapter we have developed a relatively simple 

conception of the Santa Ana surface flow across the greater Los 

Angeles area. We recognize that by invoking a statistical treat¬ 

ment of a large number of foehn occurrence® we have smoothed out 

and lost many of the details and much that is transelent in the 

flow pattern. The purpose of this chapter is to discover some of 

these details by examining three separate Santa Ana situations: 

Feb, 1 and 2, 1956, Nov. 21 and 22, 1957, and Nov. 4, 5, 6, and 7, 

I96I. The last of these was the occasion of the notorious Bel-Air 

fire that destroyed so many homes on the south slopes of the Santa 

Monica mountains. 

Streamline maps are constructed for each hour of the eight 

days comprising the three cases. Although more than 2C0 maps were 

constructed, only 12 will be reproduced here as typical examples 

of actual, flow patterns. A detailed description of the analysis, 

including the complete file of maps, is described in an interim 

report by Roger A, Helvey entitled, "Some Analysis of Surface Air 

Flow in the Los Angeles Basin". 

A quick glance at the 12 selected maps, figures ¿O through 

35 and .38 through 43, reveal that the large-scale features of the 

flow described by the statistical analysis are evident on almost 
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every map» To be sure,, some embroidery is added and the general 

configuration is sometimes deformed, but these added effects fail 

to camouflage those familiar features of the mean pattern, the 

wind shadow and its two companions, the strong currents on its 

flanks. 

The first six of these maps, figures 30 through 35, are 

selected as examples of the completely off-shore type of flow, 

typical of the night-time and cooler daytime hours, when the wind 

shadow shows only reduced speeds but no organized reverse flow. 

Figure 30 shows a shadow filled with a number of separate 

swirls and eddies. It is an early evening map, 1900 PST. It is 

possible that some remnants of the sea breeze may be contributing 

to the mild chaos, but the predominant flow is from the mountains 

toward the sea. The next vhart, also a 1900 PST map, on the other 

hand, allows a much more ordered wind shadow comprised almost 

exclusively of northeast winds sweeping from the San Gabriels all 

the way down to the western beaches. Only a small area west of 

downtown Los Angeles is in a reversed flow. As in the previous 

case we might have here a last remnant of the sea breeze. In this 

case winds on both flanks of the San Gabriels are unusually strong 

exceeding 50 mph and having a strong easterly component. The 

stream of strong winds from the Cajon Pass extends all the way to 

the Palos Verdes peninsula where 22 mph winds are reported. 

Figure 32, a late evening map, 2300 PST, shows another fairly 

strong Santa Ana case, and it reveals yet another kind of pattern 

r
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v/í thin the wake of the San Gabriels. 'Hie strong current through 

Cajon Pans has its maximum extension, loops completely around the 

basin on the south and confronts the San, Fernando northerlies head-on 

along the south side of the Santa Monicas. The wind shadow behind 

the San Gabriels is basically a weak northerly but with several 

separate eddies contained within it. 

As an example of" an early morning map, we move now to a 

0500 PST case, figure 33* Here is an example in which the two 

strong currents bracketing the San Gabriel mountains are of almost 

identical strength. 'The wind shadow, though basically consisting 

of weak northerlies, contains one large eddy which covers the area 

all the way from downtown Los Angeles to the Palos Verdes peninsula. 

The next illustration shows one of the simplest of the flow 

patterns observed, figure 3^* it portrays the flow at the time of 

sunrise, O7OO PST. The wind shadow is a well-ordered flow from 

the San Gabriel mountains to the sea with no eddying motion in 

evidence* The flow diverges upwind of the Palos Verles peninsula, 

one stream moving across the western beaches the other across the 

southern. The jets around the flanks of the San Gabriel are well 

developed and curve in behind the mountains to narrow down the 

wind shadow at mid-basin to provide it with a shape best described 

as "hour-glass". 

Figure 35» the last of this series of maps exemplifying 

cases where the wind shadow is participating in the off-shore flow, 
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is notable because it, unlike any of the other 5 maps, has strong 

winds coming down off the lee slopes of the San Gabriels as well 

as around its eastern and western extremities. Thus the wind shadow 

appears as. an area completely detached from the San Gabriel moun¬ 

tains. The line of separation between the northerlies over the 

ridges and the weak winds in the shadow usual.ly does not appear on. 

our maps. Presumably it occurs somewhere between the ridge line 

and the base of the mountains, an area where no data exists to 

betray its existence. 

This line of separation probably has a marked diurnal oscil¬ 

lation as well as variations from one Santa Ana case to the next. 

This case represents one extreme where the strong northeasterlies 

scour out the entire lee face of the mountains including the first 

five or ten miles of adjacent flat terrain. Figure 36 is a sche¬ 

matic sketch of postulated flow patterns in a vertical cross- 

section normal to the mountains, patterns that have different 

points of separation between strong northerlies and the wind 

shadow. The lack of data in this area is particularly unfortunate 

since an understanding of the behavior of this line of separation, 

between extremely hazardous ridge winds and the lees dangerous 

winds in the lee shadow would be of great significance to fire 

fighters. The experiences of fire fighters on these slopes as 

well as of residents of the area indicate the strong winds fre¬ 

quently invade the slopes. These cases studied here seem to indi¬ 

cate, however, that it is unusual for them to cover the entire 

L. 
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slope and proceed out onto the valley floor. 

It is not easy to leave this rather elegant surface stream¬ 

line pattern of 1000 PST, Nov. 21, 1057» without inferring something 

about the vertical, component of the flow, particularly in the wind 

shadow. If we move from southeast to northwest along a line just on 

shore we first encounter a line of convergence at the southeast 

boundary of the wind shadow,then a line of divergence exactly in the 

center of the lee shadow, and finally another convergence line at 

its northwest boundary. This implies rising air at the boundaries 

and sinking air in the middle, the sort of pattern that a vortex 

pair with horizontal, axes stretching out downwind of the *an Gabriels 

would provide. The schematic sketch in figure 37 attempts a visual¬ 

ization of such a 3-dimensional wind pattern. 

The consideration of these six actual cases has demonstrated 

that the weak northerly flow in the wind shadow during the night¬ 

time and early morning hours can take on a variety of patterns, some 

simple, some complex» Very few of them would be confused with 

ordinary drainage winds that occur on most non-foehn clear nights. 

The normal nocturnal drainage winds are much weaker and much more 

under the influence of the terrain within the basin. 

We now turn to a consideration of 6 case studies involving 

the reverse flow in the wind shadow, figures 38 through 43. This 

reverse flow also takes on many forms, these bearing varying degrees 

of resemblance to the conventional daytime sea breeze. The first 

map, figure 38, a noon situation, really classifies as a transition 
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FIG. 36. Schematic of possible flow over the San Gabriels 
in a vertical cross-section. 
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FIG. 37* Vortex pair with horizontal axes parallel to 
general flow. 
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map. The reverse flow is just beginning, appears at only on* 

station along the western beaches. Actually this map is for the 

same day as the last map discussed, the one with the strong winds 

all the way down the lee slopes of the San, Gabriels and with the 

vortex pair stretching off downwind. In the two hour interval 

between the maps the wind shadow is practically elimina,ted as the 

strong flow around each end of the mountains converges to meet 

in mid-basin. Perhaps the small pocket of weak winds xn the 

downtown area is the last remnant of the previous wind shadow. 

This map represents the closest approach to the complete absence 

of a wind, shadow that was encountered. 

Two hours later on the same day, figure 59-» a corridor of 

reverse flow, ten miles wide, has developed; one which extends 

all the way from the western beaches to the foothills back of 

downtown Los Angeles, an, interesting demonstration of the rate at 

which the flow pattern can change in the lee of" the mountains. 

The next three maps, figures 40, 41, and 42, complete the 

spectrum of reverse flow corridor sizes and configurations. 

Figure 40 illustrates a case where an unusually extensive jet 

around the west end of the San Gabriels teams up with the usual, 

jet extending from Cajon Pass to the southern beaches to confine 

the reverse flow to a narrow corridor, only 10 miles wide, having 

a rather unusual orientation, south to north from southern beaches 

to mountain slopes 
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Figure kl shows a somewhat wider area of return flow, 15 to 

20 miles across, that has the usual southwest-northeast orientation 

and stops just short of the San Gabriels where it encounters the 

strong northerlies that in. this case have proceeded all the way 

down, the slopes and half the way across the San Gabriel Valley. 

This very dangerous fire weather situation represents the conditions 

just 17 hours before the onset of the Bel-Air fire. 

Figure 42 was chosen as the pattern with the most extensive 

return flow. Except for its termination short of the Cajon Pass 

and the northern part of the San Fernando Valley, it has the appear - 

anee of the standard, non-foehn, sea breeze map. 'The characteristic 

convergence line inland of Pad,os Verdes,; the southeasterly flow from 

downtown Los Angeles up into the mouth of San Fernando Valley, the 

westerly current from the San Gabriel Valley into the Riverside - 

San Bernardino Valley - all these features are hallmarks of the 

typical summer sea breeze. Only the lower wind speeds in the basin, 

together with the northerly currents through the passes, set it 

apart. 

TO complete the gallery of individual flow patterns another 

map with interesting implications concerning the vertical, component 

of the flow is presented. Figure 4,3 shows another very expansive 

wind shadow, a noon-time sea breeze that covers most of the basin* 

It is the lines of convergence and, divergence parallel to the moun¬ 

tains that betray the existence of vertical motions organized along 

the same lines. They suggest a long vortex, its axis horizontal, 
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parallel to and in the lee of the mountains. The inset in figure 43 

shows a sketch of a vertical cross-section normal to the sea breeze 

just inland of the western beaches and extending northwest across 

the Santa Monica mountains. Such, a section intersects first a line 

of convergence, then one of divergence, and finally another line of 

convergence atop the Santa Monica mountains. The existence of this 

vertex in the lee of the mountains is, of course;, inferred, but, 

if real, serves to isolate the lee slopes of the mountains from the 

strong northerlies, thus providing, at this moment at least, a 

reduction in the fire hazard. 
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chapter V 

CONCLUSIONS 

The results presented have spelled out the striking influence 

that terrain features exert on the surface wind field, mountains as 

obstacles, passes as preferred channels and accelerators of flow, 

and plains and slopes as the instigators of diurnal thermal circu¬ 

lations. One would have expected the data to reveal, all of these 

effects, but the surprise that the maps provided was the magnitude 

of the effects, in particular the size and character of the wind 

shadow cast by the San Gabriel mountains, an area of about 1000 sq 

mi so effectively sheltered from the characteristically vigorous 

Santa Ana winds that it has its own daytime sea breeze every day, 

almost without exception. Whether it should be called a sea 

breeze can be argued. For a fire fighter who would like to think, 

of the sea breeze as bringing 'in cool humid air from the ocean, it 

is no sea breezel Humidities are observed, to be only slightly 

higher and the temperature slightly lower in this returning foehn 

air than it is in the newly arrived air from the northeast. But 

the fire fighter can take some comfort in the fact that the winds 

are light in the wind shadow. Also he may be able to capitalize 

on the l80° wind shifts that can be depended upon around mid-day 

and again near sunset in the wind shadow. 

Aside from a knowledge of these changea of flow pattern with 
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ti«« of day. h* also nay find useful tl’e delineRtion of tlic areas 

of strong wind. Tlie ’.*o un dar y se ¿aU'ai mg tie strung winds through 

the passes from the .»«eût «,11*00 m the isa oí tne mouataxns is ■ 'ell 

defined in certain ai«ae„ /01 ex«.»nnie, the wv «1 u han remando 

Valley i» scoured out by the gusty dry norther1 fee ena north- 

easterlies day and night whixw the eastern end if thr valley fema 

only the diurnal, ebo and flow of the much wovika. vvmde in the 

•liado w of the San Gt.bTiel# A s *.r b., in lory ,. a located at the 

eastern end of the San ííebri®*^ f-oine iir > e a .jci-st c i 1 on tana : 

Bui if the boundaries of the strong wmd arena on the flanks 

of the mountains are well defined their locan op upwind and down¬ 

wind of the 'rind Abadcw are uncertain at rrs11 - i>.±y caaionaliy 

did thee* fecundarles occur within the dat* ^twr.rko '>1 the south 

it was at see and :*n the nerti it wan tp on tilt; »ropes of the 

■euutainiic In neither place were there cbser'r.og tUUama, Not 

being inter »atea in fire* •'»" sea v/e c-ar. iergiva tie lapnt in 

data cteerage there aot so the that ,.unces:/'tbed 

the place where the strong wir.df ocar tne ridge? ihiu. iv separate 

f;re« the slopes and ride out o«er the wmd ôboi”* 

Peritap« thia Hack of surface wind informal,,10r u ,. these 

•autn-facxng alO'jHta of the San Ciabrieli- 1® the ®hst serious 

deficiency in thia study. ana the one most dererving of' rectiiica- 

tion. But running a clone eecond would oe tne lack of upper air 

data« Although fires burn at the am lac# in :*ci'>,cd&ucp with surface 
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winds, to a large extent the surface flow feeds on the momentum 

of the upper flow and in some instances is overpowered by descend¬ 

ing upper currents. The fancied vortices with horizontal axes 

hypothesized in the previous chapter, if true, are good examples 

of the intimate bond "between upper and lower flow patterns. After 

all, it is really one current, one with depth as well as width, 

capable of moving in the vertical as well as the horizontal. One 

may hope, with some justification, we believe, that the three- 

dimensional description of this Santa Ana flow will lend simpli¬ 

city, rather than complexity, to the overall picture by providing 

'understandable upper level links between the apparently disparate 

flows at, the surface. 
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