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STUDY ON A SIGNIFICANT PRECIPITATION EPISODE IN THE WESTERN 
UNITED STATES 

ABSTRACT 

This synoptic study for the period 22 September to 3 October 1974 involves 
a case analysis of an unforeseen major precipitation episode. This was 
associated with the merging of an inactive upper tropospheric perturbation 
that moved east-northeastward out of the subtropics and an inactive e~tra­
tropical low moving southeastward. Prior to the amalgamation of the two 
systems, only specks of high clouds were associated with each. Almost 
immediately with the merging of the two systems, rapid downward penetration 
of the upper-level extratropical system to middle levels took place, as 
evidenced on VHRR satel I ite imagery by· the development of rather organized 
middle cloudi~ess. Within 24 hours, a distinct vortex comprising alI cloud 
levels was evident on satel I ite photographs, and a wei !-developed low center 
became established in the upper troposphere near the 300-mb level. Twenty­
four hours later, a major surface storm was in existence. The major impact 
of this storm was an abrupt end to the California dry season. 

I . UPPER TROPOSPHERIC TROUGH 

Each year, during the latter portion of the warm season, a significant rain 
episode usually occurs in California. These episodes are frequently accom­
panied by organized thunderstorm activity. With increased coverage and 
accuracy of air! ine upper-wind reports (AIREPS) and satel I ite data, it 
appears that these "surprise" storms are related to impulses originating in 
the persistent subtropical mid-Pacific 300- to 200-mb trough that has been 
investigated in-depth by Sadler [4]. 

Sadler prepared, with the help of numerous AIREPS, upper-wind climatology 
maps for the central and eastern Pacific [5], His mean September flow 
pattern is given in Figure I. Note the positions of the subtropical trough 
and ridge and subequatorial ridge. This subtropical trough can be present 
from May unti I November, but is best developed and most persistent from July 
to September [2]. At times, this trough exists only as a shear I ine, with no 
apparent low centers. However, some of the time the trough is dominated by 
closed circulations. Clouds not associated with these cyclonic circulations 
are associated with the westerly flow between the near equatorial upper ridge 
and the subtropical trough [4]. However, the more intense convective cloud 
systems are generally associated with migratory closed lows [4]. 

Intensification of these closed vorticies is thought to occur under one of 
two conditions. The first is the phasing of a trough in the extratropical 
wester! ies with the subtropical vortex. When this occurs, the translational 
motion of the vortex slows and convection becomes enhanced. The second 
condition involves an areal expansion of the subtropical vortex and occurs 
as the vortex moves into the area south of the upper extratropical anticy- · 
clone, thereby reinforcing the east flow to the north ot the vortex [7] . 

. . . ---~·-··------·------~~------~~ 



Sadler [4] contends that the persistent upper tropospheric subtropical trough 
during the warm season has been identified with the development of major 
surface circulation features in the subtropical north Pacific. Surface devel­
opment depends largely upon the areal extent, !~tensity, and downward penetra­
tion depth of the upper cyclonic circulation. These surface circulations are 
considered an extension of the upper system. Penetration of the upper system 
to the surface is generally restricted to the western part of the north 
Pacific, since the colder sea-surface temperatures and the strong trade wind 
inversion in the eastern Pacific generally inhibit such surface vortex devel­
opment. The upper system generally slopes to the southeast with decreasing 
height. The low-level convergence ,and associated major cloud system are 
generally in the east sector of the surface system. The surface systems that 
develop always move in conjunction with the upper cyclone [4]. Sadler [6] 
successfully utilized sate! I ite and AIREP data to position the center of cyclo­
nic cells imbedded ,in the subtropical uppeT tropospheric trough. The result­
ing analyses eventually led to the development of a model characterizing the 
various penetration depths of the closed upper eel I (Figure 2), [4]. The 
dashed I ine depicts the vertical slope of the system. 

A key point on which this paper is based is that an upper system or vortex can 
and frequently does move east-northeastw~rd during the transition season from 
summer to winter in the Hawaiian region. If associated flow patterns are 
favorable, this system can phase with an upper tropospheric system of extra­
tropical origin. A suggestion in this direction is given in Figure I. The 
split in the flow near 40N/165W lends itself to the possibi I ity of extratro­
pical and subtropical systems phasing in the vicinity of the converging 
stream! ines between 30-35N/120-135W. In addition, the existence of the mean 
ridge shown off the Washington-Oregon coast suggests the possibi I ity of extra­
tropical systems moving over the ridge and southward along or just off the 
West Coast, as is the case in this study. Phasing would sti I I be most I ikely 
in the same general area. 

The subsequent discussion follows the evolution of one such phasing. It is 
shown how a migratory subtropical trough combines with an inactive upper 
tropospheric trough of .extratropical origin to produce a closed low and 
an ensuing major rain episode for south-central California, northwest Arizona, 
and most of Nevada and Utah. There are as many sim~larities as deviations 
between the life cycle of the cold lows described by Sadler and this migratory 
upper tropospheric trough. However, the intent here is to bring out the 
important fact· that the persistent upper tropospheric trough investigated by 
Sadler is not only a source of major weather systems during the warm season 
for the central and western Pacific, but also for the eastern Pacific and 
western United States as wei I. 

I I. CONSTRUCTION OF ANALYSES 

Three-hundred mb analyses from the National Meteorological Center (NMC) in 
Maryland were used in this study. However, the charts received were not the 
the analyses normally transmitted over facsimile circuits, but rather hand­
drawn analyses that involved the use of bogused, VTPR, AIREP, and RAOB data, 
as wei I as information obtained from sate! I ite cloud imagery. 
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Generally, the majority of available VTPR and RAOB data, along with I imited 
AIREP data, are uti I ized in preparing NMC-transmitted 300-mb analysis. 
However, the hand-drawn analyses received from NMC for this study involved 
a somewhat expanded use of AIREP and sate! lite information. Although many 
of the AIREPS were asynoptic and off-level data to standard analysis times 
and levels, they were assimilated in such a way as to be very useful, espe­
cially in no-data areas of the Pacific. The movement of cirrus clouds was 
uti I ized_to help provide good estimates of upper tropospheric wind directions 
and useful semiquantitative estimates of upper-level speeds [3]. Cirrus 
movements derived from high-quality satel I ite pictures reveal detailed upper 
tropospheric motions in areas or at times for which few or no conventional 
synoptic data are avai !able. It should be kept in mind, however, that not 
alI upper-level cyclonic circulations or troughs over the tropics or s~b­
tropics produce convection and associated cloud systems. 

Each analysis locally underwent close examination, and smal I refinements 
were made where necessary. Uti I izing continuity between these analyses 
and the NOAA-2 and NOAA-3 satellite pictures, locations, tracks, and 
characteristics of the subtropical and extratropical systems investigated 
in this study were determined. 

I I I. SYNOPTIC REVIEW 

In this study, a migratory trough that was generated in the region of the sub­
tropical upper tropospheric trough and which eventually combined with an 
inactive extratropical trough,- is followed. Figure 3 displays the locations 
of the subtropical and extratropical systems involved in this study. Posi­
tions are given at 12-hour synoptic intervals. The northern extratropical 
system is located by dots labeled by synoptic hour and date, while the 
corresponding positions of the southern subtropical trough are indicated by 
solid I lnes. The positions were determined through the combined use of NMC 
300-mb analyses and satel I ite data, and are superimposed on the 300~mb 
charts. The locations Indicated on the sate I I ite pictures were determined 
by the associated cloud imagery. It is these systems only that wi I I be 
followed. In general, the indicated synoptic positions on the 300-mb 
analyses wi I I not correspond exactly with the position which might be 
deduced from the cloud pictures due to time differential of five to eight 
hours between the charts and the photographs. 

The 300-mb analysis for 1200 GMT 22 September (Figure 4) gives an idea of 
the initial flow pattern. The corresponding NOAA-2 satellite photographs 
are also shown. Note the subtropical system was near 175°W and a smal I 
area of convection was associated with it. In contrast, there were no clouds 
associated with the extratropical system off the Oregon coast. Figure 5 
displays the locations of these two systems 12 hours later. The southern 
system moved very; I itt I e wh i I e the northern system near northwest Ca I i torn i a 
moved toward the south-southeast with a few wisps of cirrus appearing near 
the coast. At OOOOZ 23 September (Figure 6), the southern system sti I I had 
considerable activity associated with it, However, the cloudiness didn't 
appear as wei I organized as normally expected with a migratory trough. The 
northern system had apparently drifted southward to about 40N and 126W. 
Over the next 48 hours ending 1200 GMT 25 September (Figures 7- 10), it 
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continued a southward movement to 31N/132W, and in the process developed a 
good low-level circulation, as shown by lower cloudiness in sate! I ite photo­
graphs. Since this circulation was indicated by low <warm) cloudiness, it 
was not readily apparent in the infrared sate! lite pictures. The southern 
system accelerated to near 155°W during this same period and lost much of its 
active weather. The trough was coarsely defined by cirrus configurations. 

A definite slowing of both systems occurred by 0000 GMT 26 September (Figure 
I 1). Alt~ough the southern system sti I I existed as a wei !-defined trough in 
the 300-mb analysis, the dissipation of the associated cloud field made it 
barely discernible in the sate! I ite imagery. The northern system drifted due 
west to near 37N/133W. By 1200 GMT, 26 September, the cirrus associated with 
this system began to take on more of a curved band configuration, 
The southern system progressed slowly to 153W by 0000 GMT 27 September 
Figures 12- 13). Although sti I I hard to find on the sate! I ite pictures, it 
continued wei I defined in the 300-mb wind field. The northern system at this 
time continued to maintain its sharp definition in both sate! I ite imagery 
and 300-mb contour field, while beginning to turn southwestward. 

By 0000 GMT 28 September (Figures 14- 15), the northern system had completed 
a loop and was heading back toward the east. The southern system, sti I I best 
defined in the wind field at 300mb, began to accelerate northeastward. 
According to the 300-mb analysis for the period 1200 GMT 28 September through 
oopo GMT 30 September (Figures 16- 19), the two systems appeared to converge 
as they moved basically eastward. Surprisingly, there was very I ittle change 
in their associated cloud structures during this period. 

The systems became in phase near 127W about 1200 GMT 30 September (Figure 20). 
The associated NOAA-2 daytime pass as wei I as the NOAA-3 day IR VHRR photo­
graph for approximately the same time show that a remarkable increase of 
middle and high clouds took place. The sudden development of this cloudiness 
at a time coincident with the phasing leads to the hypothesis: Vigorous 
development should be looked for when extratropical and subtropical systems 
become in phase. 

By 0000 GMT I October, a wei !-developed upper t~opospheric low centered near 
33N/126W was present (Figure 21). Further organization along with very I ittle 
eastward progression continued through 1200 GMT I October (Figure 22). 
Shortly after 1800 GMT I October, there were strong indications by sate! I ite 
data (Figure 22) and RAREPS (Figure 23) that a surface squal I I ine was being 
generated along the coast of central California. An overal I eastward spread 
of this activity can be seen in surface maps and corresponding radar charts 
from 2100 GMT I October through 1935 GMT 2 October (Figure 24), The satel-
1 ite picture in Figure 25 for 2 October, displayed the cloud pattern associa­
ted with the squal I I ine. By 0000 GMT 3 October (Figures 26- 27), this 
cloud field continued to expand while moving rapidly eastward and being 
entrained into an approaching trough to the north. Figure 28 shows the 
NOAA-2 and NOAA-3 day IR pictures for 3 October as the storm's influence on 
the Western Region began to diminish. Composite radar echo charts for 12-
hour periods from 1200 GMT I October to 1200 GMT 3 October are shown in 
Figure 29. 
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IV, CONCLUSIONS 

The overal I significance of the type of occurrence described above is 
portrayed in Table I. Shown is the total precipitation for the whole month 

·of September as compared with the precipitation totals for each of the 
first three days of October. The comparisons in this case were made for 
the central coast, south coast, San Joaquin, and southeast desert drainage 
divisions of Cfrl ifornia. As can be seen, this type of development can 
bring the California dry season to an abrupt end. Of added importance is 
the fact that effects of these systems can be disastrous should they occur 
"unexpectedly" dur:ing the raisin-drying season. Certainly much more docu­
mentation is needed in this area in order to better define the characteris­
tics and possible forecasting procedures needed in hand I ing the merger of 
upper-tropospheric systems such as discussed above, Of particular interest 
would be whether the development with and following the phasing is dependent 
upon a particular geographical area or the large-scale circulation. 

NOTE: Western Region Technical Attachments 75-8 and 75-9 describe a case 
similar to the one discussed in this paper. However, rather than occurring 
during the fal I transition months, this particular phasing took place in 
spring. One of the resu Its was a mi d-~~arch snowstorm in Berke I ey, Ca I i for­
nia. 
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Figure 2. Schematic Three-Dimensional Model of Various Penetration Depths of 
200-mb Cyclone: (a) 700-mb with Easterly Wave at Surface, (b) Completely to 
Surface, (c) Typical Sate! lite-Observed Cloud Distribution Associated with (b). 
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Figure 5. 300-mb Chart for 0000 G~JJT Se:Jtember 23, 1974,. and Corresponding NOAA-2 Infrared 
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300-mb Chart for 1200 GMT September 23, 1974, and Corresponding NOAA-2 Infrared 
Sate! I ite Pictures. -12-
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Figure 7. 300-mb Chart for 0000 GMT Septem.ber 24, 1974, and Corresponding NOAA-2 Infrared 
Satellite Pictures. -13-
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Figure 8. 300-mb Chart for 1200 GMT September 24, 1974, and Corresponding NOAA-2 Infrared 
Sate II ite Pictures. -14-
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NOAA-2 IR,N0600 GMT 
September 25, 1974. 

300-mb Chart for 0000 GMT Se?tember 25, 1974, and Corresponding NOAA-2 lnf(ared 
Sate! I ite Pictures. -15-



·. 

.( 

:...- . ........ · .. . =-- "-.. . 
/ 

/ ... /···...... 7'.s-j: ./ 
..... .· ··· ......... } .... 

·-c.. (. ...-/·-.---.<a.~-
~<-- _; :/~. . . . ·· ·······-,... . I . /_ 

\. '_. he. 
___., : .., orw--

--~~ : 

.·· · . ................. ·· ... 
. ·'-~ · .. 

'SO~y --~, 

... 
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Figure II. 300-mb Chart for 0000 GMT September 26, 1974,'·and Corresponding NOAA-2 Infrared 
Satefl ite Pictures. ~17· 
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Figure 13. 

NOAA-2 I R/''0600 GMT · 
September 27, 1974. 

300-mb Chart for 0000 GMT September 27, 1974, and Corresponding NOAA-2 
Infrared Sate! I ite Pictures. _ 19_ 
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Figure 14. 300-mb Chart for 1200 GMT September 27, 197,4, and Corresponding NOAA-2 
Infrared Sate! I ite Pictures. ~zo~ 
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Figure I5. 300-mb Chart for 0000 GMT September 28, 1974, and Corresponding NOAA-,2 
Infrared Sate! I ite Picture. -21-
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300-mb Chart for 1200 GMT September 28, 1974, and Corresponding NOAA-2 
Infrared Sate! I ite Picture. -22-
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September 29, 1974. 
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300-mb Chart for 0000 GMT September 29, 1974," and Corresponding NOAA-2 
Infrared ,Satellite Picture. -23-
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300-mb Chart for 1200 GMT September 29, 1974, and Corresponding NOAA-2 
and NOAA-3 Infrared Sate! I ite Pictures . 
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300-mb Chart for 0000 GMT September 30, 1974, and Corresponding NOAA-2 
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300-mb Chart for .1200 GMT September 30, 1974, and Corresponding NOAA-2 
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300-mb Chart for 0000 GMT October I, 1974, and Corresponding NOAA-2 
Infrared Sate II ite Picture. -27-
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FIGURE 24, RADAR AND SURFACE ANALYSIS FROM 2100 GMT OCTOBER 10, 1974, - 1935 GMT OCTOBER 2, 1974. 
<SOLID LINE INDICATES LEADING EDGE OF SQUALL LINE. l -30-



w ,/ .,_ 

-. 

··,~ l 

h 
·. i 

NOAA-2 IR, ... 0600 GMT 
October 2, 1974. 

Figure 25. 300-mb Chart for 0000 GMT October 2, 1974, and Corresponding NOAA-2 
Infrared Sate! I ite Picture. -31-
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300-mb Chart for 1200 GMT October 2, 1974, and Corresponding NOAA 
Infrared Sate! lite Pictures. _32_ 
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300-mb Chart tor 0000 GMT October 3, 1974, and Corresponding NOAA 
Infrared Sate! I ite Pictures. -,33-
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Figure 28. 300-mb Chart for 1200 GMT October 3, 1974, and Corresponding NOAA 
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Table 1. Comparison of September Total Precipitation with First 3 Days of October 
for Central Coast, San Joaquin, South Coast Drainages and Southeast Desert 
Basins of California. 
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