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·. TROPICAL CYCLONE EFFECTS ON CALIFORNIA 

Arnold Court 
Professor of Climatology 

California State University 
Northridge, California 

ABSTRACT. ·Each decade, about one-hundred fifty cyclones 
form off the southwest coast of Mexico or regenerate 
there from Caribbean storms that have crossed Central 
America; about half of them become full hurricanes. 
Five or six cyclones per decade actually reach Califor­
nia or Arizona, either as weak circulations or most 
commonly as masses of warm, moist, unstable air which 
cause heavy rains in August and September. 

Although such storms were recognized and charted by 
Redfield in 1855, their existence was denied officially 
until after 1920, when increased ship traffic west of 
Mexico provided many detailed reports. Tracks of 40 
tropical cyclones affecting California and Arizona 
since 1904, identified through comparison of various 
official publications, are given, together with 
summaries of damage from rain, wind, and waves. 



I. INTRODUCTION 

Tropical cylcones have a much larger effect on the climate of the south­
western United States than is realized by many people, including some meteo­
rologists and climatologists. The growing awareness of the consequences to 
southwestern United States, especially California, of storms from the south 
will be traced in this discussion, with accounts of more than thirty tropical 
cyclones that have affected southern California from 1906 to 1978. · · 

A century ago any suggestion that tropical cyclones could affect California's 
climate would have been ridiculed. Then, and for several decades thereafter, 
the official position of the U. S. Weather Bureau was that: 

"The occurrence of tropical storms is confined to the summer 
and autumn months of the respective hemispheres and to the 
western parts of the severa 1 oceans". (Hydrographic Office, 
1910. ) 

Likewise, an authoritative Weather Bureau bulletin on West Indian Hurricanes 
(Fassig, 1913) did not include the northeast Pacific among the five world 
regions where such storms occur. 

This official denial of the existence of tropical cyclones in the eastern 
north Pacific ignored the pioneering work of William C. Redfield (1789-1857) 
who had extended his studies of the rotary character of storms to "establish 
the prevalence of violent cyclones upon the southwestern coast of North America 
in all seasons of the year" by plotting the tracks of five tropical cyclones 
from June to October 1850 and one in each of the th~ee following years (Redfield, 
1854). In analYzing the typhoons encountered by Commodore M. C. Perry's expe­
dition to Japan, 1852-53, Redfield (1856, 1857) added four more tropical cyclones 
to his map of such storms from Africa to China (Figure 1). Later copies of this 
map of "Gales and Hurricanes" dropped the first word and hence suggested winter 
hurricanes on the Oregon coast. Also active in cataloging tropical storms off 
Mexico's west coast was the Oeutscthe Seewarte (1897) which listed 45 storms, 
1832-1892. 

A tropical cyclone was suggested by Abbe (1895) as the probab1e cause of 
unusual waves in November 1895 at the tide gage at Sausalito, across the Golden 
Gate from San Francisco. He drew on Redfield's work to report that: 

" ... between the Sandwich Islands the coast of Mexico. hurricanes 
of considerable violence occasionally occur... The number of 
incipient cyclones, typhoons or hurricanes is apparently quite 
large and uniformly distributed in a zone across the breadth of 
the Pacific between N. 5° and 15°, but the proportion of those 
that die out before becoming important hurricanes appears to 
increase as we approach the Mexican coast". 
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11 Probably the earliest records of Mexican west-coast hurricanes are those to be 
inferred from the non-arrival of the annual Manila Galleon, and from the fragmen­
tary reports of 'tempestades' to be found 11 in various mission and military reports 
and letters during the three.centuries of Spanish rule~ Ives (1949) wrote. One 
such account indicates that by 1730 11 hurricane behavior was known, and at least 
partly understood 11

• 

Mexican west coast residents spoke of the chubasco, a heavy coastal squall 
usually associated with a violent thunderstorm which in turn may have resulted 
from a passing tropical cyclone. They called the most violent coastal storms: 

11 El Cordonazo de San Francisco--the Lash of St. Francis--due to a 
popular conception that they most often occur at the time of the 
feast of St. Francis on October 4th ... The term is generally 
used for the southeastern and southwesterly winds along the 
coast associated with a tropical cyclone a short distance at 
sea 11

• (Kalstrom, 1952, p.99.) 

In southern California and adjacent Baja California and Arizona, a Sonora· 
storm was a period of a day to a week in late summer or early autumn with wide­
spread showers and thunderstorms in air from the Sea of Cortez or possibly the 
west coast of Baja California (Blake, 1923). 

Despite widespread local recognition of the effects of tropical cyclones in 
the eastern north Pacific and documentation of such storms by Redfield (1854, 
1857), a quarter-century later Greely (1888), Chief of the Signal Corps, in 
his popular book discussed "violent low-area storms 11 of our tropical areas not 
including the northeast Pacific. Davis (1894, pp. 191-192) did not include the 
northeast Pacific as one of the ''five regions in which tropical cyclones appear· 
with characteristic regularity" but mentioned: 

"Certain cyclones that have been traced for a relatively· 
shor:t distance along a northwest course ... west of Central 
America ... ". 

His successor textbook (Milham, 1911, 1925 p. 274) accepted the Weather Bureau 
dictum: "The tropical cyclones always occur on the west side of an ocean". He 
did not mention those west of Mexico. 

II. OBSERVATIONS 

Development of a tropica.l cyclone, the general term for a rotating storm in 
the tropics, occurs in three stages: tropical depression, with (1-minute 
average) winds up to 33 knots; tropical storm, with winds from 34 to 63 knots; 
and hurricane (in the Atlantic and eastern Pacific Oceans), typhoon (western 
Pacific), or just cyclone (south Pacific and Indian Oceans) with winds of 64 
knots and more up to perhaps 200 knots (Neumann et al. 1978). In effect, the 
divisions are at 38 mph = 17 m/s and 73 mph = 32 m/s. Formerly, slightly 
different definitions were used internationally: 36 kn = 40 mph = 18 m/s and 
64 kn = 74 mph = 32 m/s. 

Tropical cyclones form over wanT! water 8 degrees or more from the equator-­
far enough poleward for the Coriolis effect to impart rotation. They have warm 
cores without appreciable variations in temperature or moisture content in any 
portion; in contrast, extratropjcal cyclones have cold cores and involve density 
contrasts between warm and cool air. 
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Approximate tracks of about 60 tropical storms, eastern Pacific Ocean. 1840-1922. 
(From Visher, Mon. Wea. Rev. 50:296-297, June 1922.) 



Tropical cyclones derive their energy from the release of latent heat of 
condensation, while extratropical cyclones are driven primarily by release of 
potential energy.of thermal differences. Since 1972, .hybrid subtropical cyclones 
have been recogn1zed. They have cold cores but no fronts or density differences; 
some may become tropical cyclones. 

Few, if any, eastern Pacific cyclones retain their intensity and thence their 
devastating winds north of the 30th parallel. Instead, they are noted for and 
identified by the extensive rains that precede and accompany the dying center. 
A decade ago Harris (1969) found that one fourth of the annual rainfall of the 
Colorado desert of southeastern California was derived from tropical cyclones. 
In many cases, all that remained was a flow of warm, moist air enough to bring 
extensive rains to the deserts and especially the surrounding mountains. 

Before 1970, the Gulf of Mexico was generally assumed to be the ultimate source 
of the summer showers east of the Sierra Nevada and the coastal ranges of southern 
California. But some students had ddubts, and Hales (1972, 1974), Brenner (1973), 
and Hansen (1975) demonstrated that most summer moisture traveled northward up 
the Sea of Cortez (Gulf of Ca 1 i forni a), rather than surmounting the conti nenta 1 
divide in which the ldwest pass is more than 1 km above sea level. Hales ~poke 
of 11 Surges 11 of moist air up the Sea of Cortez, consequences of either tropical 
cyclones· or easterly waves. A more descriptive and possibly more appropriate 
name for these moisture pulses, of 'several days 1 duration, might be 11 El Respire 
de Cortez 11 the exhalation (breath) of Cortez. 

III. RECOGNITION 

Changing patterns of maritime commerce and technological advances caused 
tropical cyclones of the eastern north Pac1fic to be reported with increasing 
frequency. The number of ships in Baja California waters increased a hundred­
fold after annexation of California to the United States and discovery of gold 
there, both in 1848. Opening of the Panama Canal in 1914 brought shipping much 
closer to the coast·than the former routes from Cape Horn to California and the 
Orient. 

One such trip encountered a storm 11 0f moderate violence 11 which had 11 prevailed 
on September 4-5, 1915, about 500 miles south of the most southerly point of 
Lower California 11

, Kimball (1915) ·said in the first published report (since 
Redfield 1 s) of such storms. These, he said, were too .infrequent 11 to warrant 
tracing on the Pilot Charts 11

, although 11 in recent times a few diSturbances ... 
have had their inception somewhat to the east of the Hawaiian Islands 11 and 
11 future observations may show that a storm track crosses the Pacific from 
Mexico to Japan 11

• More cyclones were reported and by 1923 a further reprinting 
of the 11 Cycl ani c Storms 11 account on the backs of Pilat Charts had been revised 
to read: · 

11 
••• the occurrence of Tropical Cyclones is confined, for the 
most part, to the western pdrtion of the several oceans ... 
Small but nevertheless violent cyclones occur in the 
eastern part of the North Pacific Ocean, off the toast of 
Me xi co and Centra 1 America 11

• 

During the 1920s, vital information on the tropical cyclones of the eastern 
north Pacific Ocean resulted from increased ship reports (thanks to expanded 
radio services), larger surface weather networks in the United States and 
Mexico, and especially the labors of two diligent investigators: Stephen 
Sargeant Visher (1887-1967), professor of geography at the University of 
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Figure 3. Cyclone tracks off west coast of Mexico, 1895-1927. 
Pacific pilot chart, September 1928.) 

(From Hurd, North 



Indiana 1919-1958, and Willis Edwin Hurd (1875-1963?), marine climatologist 
in the Weather Bureau 1910-1944. 

As a Fellow of the Bernice Bishop Museum of Honolulu (1921-22) and with 
assistance from his university, Visher covered the Pacific Ocean to collect 
data and to confer with forecasters for several weeks each in ~onolulu. Tokyo 
and Kobe, Shanghai, Manila, Brisbane and Melbourpe. Auckland and Wellington, 
and Suva. His resulting monograph (Visher, 1925) and shorter papers (Visher, 
1922, 1923, 1930) began to reveal the true extent of tropical storms in the 
Pacific and Indian Oceans (Figure 2). 

Hurd•s description of a few east Pacific tropical cyclones in an article on 
the back of a Pilot Chart in 1913 was ~evised and expanded on later charts in 
1923, 1926, and 1927, revised in 1928 (Figure 3) and republished almost annually, 
with updating, until a third edition appeared in 1936 and was reprinted repeatedly 
until 1948. For nearly two decades Hurd prepared the summary of north Pacific 
weather each month for the Monthly Weather Review and wrote special articles 
(Hurd, 1929a, 1929b). Significant papers also came from the official-in-charge 
of.. the San .. Di ega J.Jeathe.r Bur:eau Office, Dean Blake 0 923, J 933, 1935, 1937). 

Until 1920, few weather observations were available from the wesi coast of 
Mexico and especially from Baja California. Thereafter the Mexican weather net­
work expanded, and Vazquez Schiaffino (1927), Regional Director at Mazatlan, 
could compile annual maps, 1921-1925, of tropical cyclones affecting Mexico. 
But they don•t always agree with representations of the same cyclones on monthly 
maps in the Monthly Weather Revie~ or the maps presented in Hurd•s frequent revi­
sions or in the official catalog of Atlantic cyclones (Neumann et al. 1978). 

Vazquez Schiaffino•s annual maps end in 1925. Serra (1971) included those 
tracks, and subsequent ones, in monthly maps of ••Hurricanes and Tropical Storms 
of the West Coast of Mexico 11

• Both Vazquez Schiaffino (1927) and Serra (1971), 
as well as Lucio (1930), were concerned primarily with landfall storms, those 
that struck the Mex.ican. coast and passed inland, even crossing the entire country. 
They made little effort to follow the storms northward into the United States or 
west of California. 

Monthly accounts by Hurd and his successors, in the Monthly Weather Review, of 
Pacific tropical storms were replaced, after 1956, by reports in the Mariners 
Weather Log and annual summaries there and in Climatological Data, National Summary. 
Some of these were also reprinted on the backs of Pilot Charts, until printing 
consolidation, issuing three monthly maps together, eliminated most such material 
from them after 1976. 

Among. American authors only Blake (1933, 1935) and Eidemiller (1978) diligently 
followed cyclones onto land;·the latter found that about 30% of an tropical 
cyclones came within 800 km of San Diego--close enough for their upper-troposphe­
ric outflow to fling moisture against the southern California mountains and cause 
late summer and early autumn rains. The other students and tabulators, including 
forecast offices in Honolulu and San Francisco, stopped tracking cyclones when 
winds dropped below 35 knots or when they reached land and were no longer menaces 
to shipping. To remedy this bias in its catalog of eastern north Pacific tropical 
cyclones, 1949-1976, the National Hurricane Center recently extended onto land the 
tracks of all landfall cyclones (Baum and Rasch, 1975; Neumann and Leftwich, 1977). 
Of these.323 cyclones, 64 (20%) were found·to have reached the coast and one or 
more 12-ho~r positions could be added to the catalog primarily as rainstorms 
rather than circular windstorm~. 
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IV. IDENTIFICATION 

Tropical cyclones affecting California and Arizona have been identified through 
comparison of differing official publications of the Weather Bureau (since 1971 
separated into the National Weather Service and the Environmental Data Service, 
both of NOAA). For the first two decades of this century, the primary sources 
were Daily Synoptic Series Historical Weather Maps compiled during World War II 
for the 40-year period from July 1899 to June 1939. Effects of cyclones found 
on these maps were sought in Climatological Data and in the Monthly Weather Review. 

At least three tropical cyclones have been traced from Mexican waters into 
California and thence completely across the country in 1910, 1918, and 1921. 
Since then, increasing knowledge and observational detail have shown no comparable 
long tracks. 

·The first tropical cyclone to be positively identified as entering California 
began south of Acapulco on August 11, 1906, traveled just offshore and up the 
Sea of Cortez to the Colorado River valley on the 18th (Figure 4). 

11 Phenomenally heavy rains occurred in portions of Southern California ... 
At Needles the total for the month was 5.66 inches, or more tha~ double 
the total annual. average. 11 (McAdie, 1906.) 

Indio had 1 .07, Mecca 2.00, Cuyamaca 3.00, Campo 2.12, Imperial 1.92, Nellie 1.39, 
and Warner Springs 1.72; San Diego had only 0.10, Los Angeles 0.03. In Arizona~ 
Yuma reported 1.69, Signal 2.58, Fort Mohave 2.70, and Mohawk 3.05. Two months 
later another cyclone began farther south on October 2, 1906, went west of Baja 
California and reached Ensenada on October 10, 1906, before dissipating, with 
little effect in California. 

The first tropical cyclone known to have reached the San Joaquin valley began 
far south of Cabo San Lucas on September 8, 1910, went north-northwest ~early 
1,000 km offshore and was last apparent on surface weather maps on the 15th·about 
300 km south of Point Conception. Three days later an extratropical cyclone 
appeared around Lake Tahoe, moved north then southwest through Nevada, then east­
ward to the Great Lakes and Newfoundland. More than 4 inches of rain fell in 
Ventura and Santa Barbara counties 14-16 September: Santa Barbara had 2.50 inches; 
The central San Joaquin valley received about 1 inch in mid-September, damaging 
drying raisins. At Fresno, three ·previous Septembers (1890, 1898, and 1904) had 
received more than an inch, but not until 1976 was this amount again equaled. 
Heavy rains in the headwaters of the Yuba and Feather Rivers ·caused them to rise. 

11 Rain from a disturbance of the Sonora type occurred from the 8th to the l0th 11 

of August 1908, the Monthly Weather Review repor~ed (36:233). Thunderstorms were; 
reported August 2-6 in the high Sierra and the Colorado River valley. No such 
storm appears on the Review•s cyclone track maps nor on the Northern Hemispheric 
maps nor is mentioned by either Visher or Hurd. On October 1, 1911, a cyclone 
formed 600 km south of Tehuantapec, went northwest and then north to cross south­
ern Baja California and up the Sea of Cortez: It brought widespread rains to 
southeastern California, southwestern Arizona, parts of Nevada and Utah, and even 
flash floods in the San Juan basin of Colorado . 

. The cyclone that Kimball (1917) reported began 300 km south of Acapulco on 
August 23, 1915 (Figure.5), went west of Baja California and dissipated southwest 
of San Diego, where La Jolla received 0.90 inches of rain, Julian 1.73, and 
Riverside 1.01 in 90 minutes. Almost the same track was followed a year later by 
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a cyclone which formed off Acapulco on September 14, 1918. Two days later it 
devastated La Paz and nearby communities, but 11 extended very little northeast 
or west of La Paz 11 (Tingley, 1918). However, 36 hours later a low-pressure 
area formed near Yuma and traveled northeast across the country to Newfoundland 
without causing much rain--Arivaca, northwest of Nogales, report~d .1.50 inches 
on the 18th but no more than 0.10 was reported elsewhere in southwest Arizona 
and none in southern California. 

In September 1920 another cyclone penetrated as far as southern Baja California 
bringing widespread rains to southeastern California, southwestern Arizona, 
Nevada, and Utah. The following year (August 15, 1921} a cyclone formed south 
of El Salvador and crossed Baja California to the Sea of Cortez. The cyclone 
died· on the 19th, sending heavy rains into southeast California (Needles 2.10 
inches) and Arizona (Ashdale Ranger Station 6.25 inches). Phoenix had 3 
inches, flooding the capital (Figure 6). 

The third transcontinental tropical cyclone was on the Isthmus of Tehuantepec 
on September 22, 1921. Vazquez Schiaffino (1927) shows it as originating near 
Swan Island in the Caribbean on the 19th, but the official U. S. atlas of Atlan­
tic tropical cyclones (Neumann et al. 1978) has no storm in that region on those 
dates. The storm ttaveled west, then northw~st along the coast of Baja Califor­
nia, moving inland over Ensenada. The storm then turned eastward to Flagstaff 
and moved across the central United States as an extratropical cyclone, crossing 
near Detroit, down the St. Lawrence River, across Newfoundland, and across the 
Atlantic Ocean almost to Ireland. 

11 At many stations in southern California and Arizona it produced 
the greatest rainfall ever recorded in September, and, since its 
arrival was wholly unexpected, caused much damage to crops and 
drying fruit. 11 (Blake, 1935.) 

Nellie, northeast of San Diego, received 4.15 inches of rain in 24 hours. 
Beaumont, California, had 3.45 inches and Yuma 3.63 (more than the annual 
average). For the next seven years, no tropical cyclones appear to have gone 
past Punta Eugenia or Guaymas at 29°N (Allen;·· 1925). Only four went even that 
far--in September 1924, Octob~r 1926, and twice in September 1927 (Figure 7) . 

. V. FLOODS 

Another tropical cyclone which traveled over much of the United States from 
Mexico 1 s west coast, but did not pass throug~ California, originated due south 
of Cabo San Lucas on October 3, 1930. The storm went northeast across Mexico 
and then northward up the Mississippi Valley, eventually reaching Greenland 
(Figure 8). The year before, a cyclone which originated off Guatemala on 
September 10, 1929, skil~ted the coast all the way to southern California. At 
San Diego a rare heat wave (max lll°F at El Cajon, September 16, 1921) ended 

,with light rain (Blake, 1929) as the moist air from the storm moved into 
southern California and as far as the Central Valley-- 11 the first cyclone of 
the Mexican west coast during the 20-year period 1910-1929 ... to have pursued 
a course thus northward into California 11 (Hurd, 1929b). One had done so in 
1906 and another would do so in 1935. 

In 1932, two storms formed in the Gulf of Tehuantepec a month apart. Both 
storms went up the Sea of Cortez,drenching Arizona twice in one summer. The 
first storm formed on August 25, 1932. It skirted the coast and went inland 
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around Culiacan,bringing heavy rains to southwestern New Mexico, August 27-29, 
1932. Destructive rains in the Tehachapi mountains of southern California 
resulted from the second tropical cyclone which began south of Tehuantepec on 
September 25, 1932. This cyclone remained 100 to 200 km offshore (just grazing 
Cabo Corrientes) ~ntil it reached the head of the Sea of Cortez on the 29th and 
dissipated in the southwestern deserts (Figure 7). On the last three days of 
September in Arizona, Truxton had 2.27 inches, Fort Mojave 2.32, and Payson 
1.50 inches. In California, Tehachapi had 4.38 inches in 19 hours, but Los 
Angeles had only 0.14 and Santa Barbara 0.11 (Sprague, 1932). 

After a short-lived cyclone had traveled from west of Acapulco to northwest 
of La Paz August 5-9, 1935, a major hurricane formed slowly in the Gulf of 
Tehuantepec after August 17, 1935 .. The hurricane went inland behind Acapulco 
and traveled through the coastal waters all the way to the Channel Islands, 
where it filled on August 26, 1935 (Figure 9). One stream of moist air went 
northward to give Oxnard .43 inches, Ojai .32, Ventura .21, Santa Barbara .27, 
Betteravia .40, Santa Maria .25, and San Luis Obispo .71 inches during the 
period August 25-28~ Another moist current reached across the Los Angeles basin 
and rose up the west flanks of the San Gorgonio mountains. San Bernardfno•had 
1.28, Redlands 1.39, Mill Creek 2.37, and Seven Oaks 1.49 inches. 11 Californja's 
statewide precipitation was over three times the norma 1 amount and the greatest 
of record for August ..... general rains occurred from the 23rd to 28th as a 
result of the northwesterly movement of a tropical air mass over California.~~ 
(Sprague, 1935.) 

The next year, two cyclones traveled the Sea of Cortez. One, which formed 
far south of Mexico on August 4, 1936, passed over La Paz two days later and 
dissipated south of Yuma. 

11 The air mass went much farther as unstable air aloft, and 
caused thunderstorms over the plateau and even over the 
norther~ Rocky Mountains, for several days thereafter . 
. .. Even ~fter the vortex was no longer discernible at 
the surface, the remainin·g unstable air mass was carried 
northward almost to the Canadian border. 11 (Blake, 1937.) 

While the storm was losing identity near Yuma on Saturday, August 8, 1936, 
the circulation around it brought 11 probably the most uncomfortable day of the 
summer in the Los Angeles area 11 (Ward, 1936). Maximum temperatures were 93°F 
downtown and 100°F in North Hollywood (with dew point of 66°F), although there 
were occasional sprinkles from variable clouds moving in from the southeast. 
Shortly after 6 p.m., 11 a peculiar arch of smoke and dust 11 brought a little rain, 
then clearing and drier air. The 5-minute average wind bf 25 mph w~s 4 mph 
stronger than ever previously recorded in July or August 1n Los Angeles. 

11 Several places had the greatest August rainfall of record 11 in the California· 
deserts and southern mountains, including 2.39 inches in 24 hours at Seven Oaks. 
On the California-Nevada border, Bridgeport, California, had 1.71 inches and 
nearby Shields Grove 1 .45, while across in Nevada at Caliente 1.05 inches fell, 
with 1.40 at Cedar City, Utah. 11 0n the 8th. a wind and rain storm struck the 
central and southeastern parts of 11 Arizona. 11 Rail road tracks were washed out 
near Tucson; highways were blocked, railway, bus and airline schedules were 
disrupted; roofs were swept away and trees uprooted at Phoenix. 11 (C.T.T., 1936.) 

A month later on September 8, 1936, another tropical cyclone formed in the 
same region south of Acapulco. The storm went farther west before recurving to 
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cross Baja California, the Sea of Cortez, and the Sonora Desert, dissipating 
in southeast Arizona, where Bisbee received 3.08 inches in two days. Several 
places in southwestern New Me xi co had more than an i-nch: Datil l. 97, Fort 
Bayard 1.28, Augustine 1.20, Hood Ranger Station 1.10, Horse Springs 1.34, 
Luna Ranger Station 1.41, and Quemade 1.15 inches. 

VI. FOUR IN A MONTH 

In 1937 and 1938 no tropical cyclones came north of 25°N, but the year 1939 
more than remedied the deficiency--four tropical cyclones affected southern 
California in a single month., the fourth and last causing extensive floodiQg 
in the Los Angeles basin (Figure 10). The first went almost straight north to 
Yuma where 4.45 inches of rain fell in three days September 4-6, 1939. 
11 Unprecedented heavy rains in the western half 11 of Arizona during September 4-6 
and September 11-13, 1939, led to new monthly records at 17 stations. According 
to the Arizona Climatological Data, 24-hour records were broken at seven places 
on September 4th, 5th,. or 6th. In California, rains on September 4-7 exceeded 
5 inches at Iron Mountain, Needles, and Hayfield ~eservbir and totaled 6.43 
inches at Brawley. 

Meanwhile, two more.tropical cyclones had formed 1,000 miles apart off 
central America on September 5, 1939. They followed similar paths, dying in 
central and southern Baja California a week later, sending more moist air 
northward to the Colorado desert in mid-month. A few days later on September 
15, 1939, the fourth cyclone formed off northern Panama and intensified 
rapidly to hurricane status. The lowest pressure of 970.9 mb (28.67 inches 
of mercury) came on September 22, some 400 km (300 miles) west-southwest of 
Cabo San Lucas. Slowly recurving, the storm passed Guadalupe Island early on 
Sunday (24th) and entered the Los Angeles basin that afternoon. 

Since Tuesday, while this cyclone was still growing south-southwest of 
Acapulco, thunderstorms brought light rain to various parts of the basin·(per­
haps with moisture from the previous cyclone that had dissipated south of 
Ensenada more than a week before). On Saturday, the thermometer at the Los 
Angeles Federal Building reached 101°F before light rain at 4:40 p.m. coo~ed 
things off. Clouds thickened and lowered on Sunday, holding the maxi~um 
temperature to 81 °F. · As the center of the dying storm neared Cata 1 ina, winds 
increased in the afternoon, gusting to 50 mph from the southeast at 7 p.m. 
Rain began at 5 p.m. and increased in intensity during the night, becoming . 
heavy between land 8 a;m. Monday. Rain stopped from 10:15 a.m. until 5.:35 p.m., 
then resumed until 1:15 a.m. Tuesday. Total rainfall September 24-26, 1939, at 
Los Angeles was 5.62 inches with Long Beach reporting 4.51, Claremont 4.89, 
Santa Ana River 4.41, and Squirrel Inn 9.01 inches. Mr. Wilson reported 9.02 
inches on Sunday with a 3-day total of 11.60 inches. At sea, 45 lives were lost 
in this storm. Damage to small boats; shore structures, power and telephone 
lines exceeded 1.5 million dollars. Half a million dollars damage to crops by 
strong winds and 11 unprecedented September rains 11 was done (Sprague, 1939). 

On Saturday, September 24, 1939, an intense thunderstorm at Indio dropped 6.45 
inches in 6 hours (5 to 11 a.m., PST) with 1.75 inches falling in 45 minutes. 
Indio•had received 2.03 inches during September 4-8 from the first tropical 
cyclone which went up the Colorado River. Because the heavier rain fell two 
days before that in the Los Angeles basin, Pyke (1975) feels it developed in 
moist air moving northward from the Sea of Cortez a week earlier. The moisture 

-16-



I ....... 
'-1 
I 

• 1.. 10a ~- t'IC' 10 ~{t . _ r,n .. 
.. 'i· IX 1;>!. ' •' ' . • \ \ "C0 ,; Tl '_..), r[:' ) 

. -:-- 1.!~~ , t': .. :- -~r-.! ; \ ~ : ~·1-~ ~ .. ~ ~ i -~ 1i.1-- \..-~. )J: l {\\ 
/ ~-..._.:--., .. , \.. J· > ... · "'··-_,.: , .... ~\ • ""- to.Green?an~T\1 .. ___ ..--· • ,i \ . l-J,,,.·~i .-?\ 

,. "L - ., , . • f ' ~. 1 
'· ·a >c.~~ l. ' I ., ., 1 .' · ~ ·· . . """-~rt.; , 

/ \3#·._, ·j-/··rt~U · .. .- ·. •·--j I \) ~.:. ·r-· ~------~, · : .'.. · .("· ·rJ";:r~J \ I }( .. ___ .... --- ·-~__.....J.--1!"-- I") I ' • { } '\,./I ( \ 
i :;·· ,.?(:-:-.:~"- .. -,.':- .. ----··7'-"'•·:_.,:.: __ ;.. .. ~':.. \ rl'~,..-, . \ ". ~' ·, _j~' / l._ .... I ·L... --- . I . - -;1-... ~ • ... , • • • r 

I L ~_-_,,. :_< (- --------~~-r--L\·.· \ )..r; ..... ,t ~.~.A·-.._rrr--1 -.::~\ -- --...... ~ J:'\·1\·-. -~ \ ... 
I ' > . 'l J ...... '' J ' \ . \: '·F. .' 0''"-...j': ~/.)· ',· . , { • / ·~ r --..-.• I- -- • )· • .- - ·._ I lfl . . \r: - ·· ... 
/:{-/ . 

1

~c
1

?;. ·/ · .. . : . ; ~~ \~ I ..... r. -· ~ _,.:o~ \~·,·\. ' 
. . ' 1 1\. ,.. 1. . 1 1 r· \ •.• \ · \· ~ f• /.·-.- ·, • ~ -· ,' ·-. ?i-... , ....._..._ _____ j..- "tl '·.J --·J .... /· . ' - ·- · ~ · • _r;;A' / ....-c : .·- 1 · \ 

!- -' --'· ~ • • '\ • ' ~ ·,- · ·1 - · · ~ • i I ;, · --....~ ,' )--- ·· - - ~~ ) i ,;_- - - - - -~ . ;A -.,....-' ·. .:----:- -:,~, \ 
I, . ---Lro , ......... ...__ ' j. _. _ \ I. '- ,--.\;· '\ ·: • ·\ 1 • . r ··· ·, - .•. -:.o·, , ~~~~ . · i_T'\· I llo• ·•--1. ~. •' ' \'' ,__ \ / ~ r~ ... , .:atr·. ~ ~~-- ::: ___ -· · ·~ '' "·r"-·· i ·-~~ 

I ........ ~ ..... :-· I '. I '/ :.._,--·1 ( ---.-- - '·-. __ . ~-~·-1._ { I •. ';\ . ~ '\ 
I ., .. , ', 1 , •. ·j L 1 - o 7 ', ;_. • '. - c-- ¥""}

1 I I • \ "" 1 / I -----·~......_....... ,.r--..... )\ I . ·:..,.- :.~..: :· ~- ·, ':i;, ;• ....... '. r·~.:)-- -:----~--~-,-~-- ~---'t_--~: ____ ._·\ -t"'; . .i .~ .• ·. :v\· 
• . ··~ ......... "•. \...· ·-"- I ) { ~--_; t•-··, " ..... .J . . ,----i • .. ',.--(:-·-.,..... \ 

•·l--.. i ·- ~........... ..; I ....... --; : . . . ' ·. ' '' .: - I• .(. ~ • ; \ .\ •. . \ , ... • . , . r . .. . \ ._ , , , I \ 

/ ·--~·~ .. ~·¥ ... >~·--:"'I <: . ----· . .-----:~ .... ,'· :~ .. ~J~··~··l\ . 
1
/ .. 1:::;:.--- 18~~}0 ~-~i:: -~ ; . /'~ -\ ; JLJ; ... \ \ .. -/ \' 

... _- --1!:- ~ • ..,._ .: -. \ • ' : ~ :· --- ~-- -. \ \ 
' 029 --~----_/~ ,_y· ~ I '·J. \ I : ............. ' .. \;) .. \.'1 /"?f.-. J/ : '·6 ,/ f I -~ ·. --«'··k_ ·~ 

· / 11q ""'· "'~\ . :. 1 J \ . ·.\ r; ) -~ · \ 
II i '_, \ .,.~ i '-. :· .. ,", • ,' '.\ .. __ . . -G - ',;,... . -

I -- --; .. _ -. "',,~29~, :t8 '·. $ .. _:--.,·.: {; .. • -·r'--'~~;~ J ,.0- ' \ ' .. 
;><·I i ' . ·------- ·n-~r~ ~ 5-': ,;'.... . ..... :· v' ___ .. --- - --- -- 0~~Y\ ~-'~--~ - r'·-~--

7 1 •·16>< ,. ,. '-••---c·--1· ~-·----· .[_.;-·_., · · '---'-., .- c~·-----. .. ! f ••. • .. • M•a.u.,_- .J \ - :;1"--.l- l 1 l 
i 12i! = 04 PST 4 . '·,:··~·.- -'.:;·. -•. ·; . . \ . (....- ~\I 
i OX 00"7 = 16 PST-----. 15 28•·;·rl27~·;·:-~ ·:--:/:·. c:::-.:: {_.,...<-._: ~ - \ ~D . . \ 
. z;;;. -:11 ~jj ~ ~ • '~ \·.~ -- • : -~· 

I • ?t ~" . 1 ~--::-;-:- o •f·f' 70"1 _,~,.. ~-:l-=~~·~n- 1~,'":"•• 1 _"1 , ,n .. J 3 Oct 1930 ''Q, •• : '·26 . ..--: : :-· ;-_:_. .. _ .., . ··- . ·':-
6 

~--, ,;;... • .;,.. • .:." ·\ .~. • •• ·oo ••• ~." .• .-.,. ,., "~• .. ~: . 

I 14 .. -f. 400
1"'\"'\. i - ~--.-- '-: . _,', . 'J.::::_ ~ ,- · \ 

I ~'·•c:Ndco -·. -I ~""). \ 

I 27 .fo • 12 ~ ~-,_ - ~ .. .,..,.---- .'") ; 0 -
I 13 

•• 11'·"· •• ~ ·.I ,.: . . - / j 1 1/~l'\:r· 
/ 25 Aug 193212;:-o;;:::;;:.-o1o',s~p 

11~~9 ( \ (, ·: 1.'·· 
- 1929-1932 25 Sep 1932 "'; 4. \_ ~~- { 'I, ... ' 

- L-- \,__'<,>,_ ~ ,-,..'b.-/ '7"-" ') . ' l \ 

~--- ---- -- - \ ~r7~~-i--·-~ 
1t(l 1rto:· ~.- --- r..: 

l1f 

I 
'" 

I(; I__ 

Figure 8. Tropical Cyclone Tracks, 1929-1932 



was then deflected westward into the Coachella valley by the circulation around 
the offshore storm. A month 1 ater, October 25, 1939, "the 1 owest barometer 
reading on record in connection with a tropical cyclone occurring in southeast­
ern north Pacific tropical waters"--27.45 inch= 929:-6 mb (corrected after baro­
meter calibration at the San Francisco Weather Bureau Office)--was made-on the 
U.S. vessel Nevadan at 20°N, 116°-21 ~'west of Manzanillo (Hurd, 1940). This 
is 60 mb higher than the world record low pressure at sea level of 870 mb attri­
but~d to Supertyphoon Tip on October 11, 1979, near 15°N, 139°E (about 350 miles 
west of Saipan) when the storm was 2,100 miles in diameter with 160-knot winds 
(DeAngelis, 1979; Mar. Wea. Log 24: 254, 276. 1980). 

VII. POSTWAR 

For a quarter century thereafter, no tropical cyclone actually reached southe · 
Ca 1 i forni a, although a score came as far as Cabo San Lucas and a few made it ha 
way up Baja California. Three almost reached the head of the Sea of Cortez or 
Sonora desett to the east (Sept. 16-22, 1941; Sept. 24-28, 1946; July 12-17, 19• 

.• and contributed. some clouds and showers to southern California (Figure 11). 

One had an unusual history. Atlantic Hurricane Charlie of 1951 formed 1200 
km east of Barbado~ on August 12, 1951, and traveled almost due west to Yucatan. 
As it was dissipating in central Mexico on the 23rd, a new cyclone formed off 
Cabo Corrientes and moved northwestward. It passed far south and west of Cabo 
San Lucas, then recurved to cross the coast near San Quintin, breaking up in 
the Sierra San Pedro Martir. 

Charlie • s moisture had "caused torrenti a 1 downpours .over Me xi co during· th.e 
last ten days of August; flooding there caused over 400 deaths•• (Oliver, 1951 ), 
Moisture from the Pacific storm was added to this and "rains spread across 

·Arizona ... northea·stward from the southwest border" (Carr, 1951). In four days 
(August 26~29, 1951), Yuma had 1.13 inches, Prescott 2.58, Phoenix 3.80, Payson. 
7.77, Flagstaff 3.00, and Winslow 1,30 inches. Meanwhile Tucson, 11 to one side 
of the main flow", had only 0.62 inch on the 29th. In California: 

"Heavy rains on the 28th ended a four-month dry period in San 
Diego county. The total of 0.85 inch of precipitation for 
San Diego in August was exceeded only three times since 
records began in 1850: 1.36 inches in 1853, 1.95 inches in 

1873, and 0.87 inches in 1939 ... The monthly total precipitation 
at Los Angeles, 0.15 inch, was the greatest of record for 
August ... Light to heavy thunderstorms during the last week 
brought light to heavy rains to the Imperial and Coachella 
valleys. Many roads were washed out in Imperial county." 
(Englebrecht, 1951.) 

In both 1957 and 1958, tropical cyclones reached the vicinity of Guadalupe 
Island, and others went into the Sonora Desert to bring October rains to south­
western Arizona (1957) and southwestern New Mexico (1958) (Figure 12). A cyclone 
which began August 9, 1957, far south of Cabo San Lucas was no longer an orga­
nized storm after passing Guadalupe on the 15th but sent its moisture northeast­
ward: 

"On the 19th, an intense thunderstorm with locally heavy rain 
and high winds caused damage over a wide area from southern 
portions of Imperial .valley northward to the Riverside 
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Figure 9. Tropical Cyclone Tracks, 1935-1936. 



County line. Winds downed telephone and power lines and 
damaged television antennas. Many dips on Highways 99 
and 111 were full of water, and highway traffic was dis­
rupted in many places. Highway 111 was partially closed 
when mud several feet t~ick drifted across the route. .At 
least one highway accident was attributed to the storm 
that occurred east of Holtville injuring seven people. 
Heaviest reported rain, 0.62 inches, fell east of Calexico. 11 

(Bergerson, 1957.) 

Likewise, a day after the second storm broke up around Guaymas on October 5, 
1957, half-inch rains were common in southeast Arizona. The heaviest rainfall 
was 1.10 inches at Rucker Canyon. A flash-flood north of Benson destroyed 
mining equipment (Kangieser, 1957). The western cyclone of 1958 brought little 
rain to California, and the eastern one brought only scattered rains to New 
Me~ico. The following year a hurricane, which began in the Gulf of,Tehuantepec 
on Sept!=mber 4, 1951, spent most of its energy in the open sea doing little 
damage as it passed east of La Paz, crossed Baja California, and went up the 
west side to dissipate around Ensenada on the ll th. · 

Names have been given to Atlantic tropical cyclones for almost 30 years but 
only for 20 years ;in the eastern Pacific. In 1950 serial numbers that had 
been given annually (1949-I, 1949-II, 1949-III, etc.) were replaced by letters 
of the phonetic alphabet (1950-Able, 1950-Baker, 1950-Charlie, etc.). Two 
years later,when the alphabet was changed to an international flavor (Alpha, 
Bravo, Coco, etc.), selected names were given in alphabetical order. All were 
feminine; chauvinistic reasons ranged from unpredictability to 11 they 1 re not 
himicaneS 11

• Strident protests from advocates of feminine liberation led to 
alternating male and female names, starting in 1978 (Table 1). 

Because not enough names beginning with Q, U, X, Y, or Z are available, 
each year 1 S list has only 21 names, enough for the eastern Pacific but not. for 
the central and western Pacific. There cyclones are named from .g set of 84 
names (four alphabets) without a break. At the end of the fourth set, the 

. first one is used again except for names of especially famous hurricanes which 
are retired for te~ years. 

Assigning names serially in each ocean sometimes causes confusion,as when a 
storm crosses central America. In 1961, Caribbean Hurricane Hattie crossed 
Guatemala to become Pacific Storm Simone and then crossed Tehuantepec to be 
renamed Inga (Figure 13). This double reincarnation (Randerson, 1963) is not 
recognized by the official atlas of north Atlantic tropical cyclones (Neumann 
et al. 1978) which shows Hattie and Inga unconnected and no Simone. The atlas 
does indicate two metamorphoses a decade later--Caribbean Irene (Sept. 1'1-20", 
1971) into Pacific Olivia (Sept. 20-30), and Atlantic Fifi (Sept. 14-22, 1974) 
into Pacific Orlene (Sept. 22-24). 

Irene crossed over Managua, Nicaragua, on September 20, 1971, to become Olivia 
and die 10 days later in southcentral Baja California. Born on Africa 1

S west 
coast on September 7, Irene had reached the Antilles in a week. Still a tropical 
depression, she crossed over Curacao on the 16th. In the southwest Caribbean, 
she became a.hurricane. She then lost strength in crossing Nicaragua and as · 
Olivia became 11 the first known Atlantic hurricane to cross into the Pacific with 
almost immediate regeneration into a tropical storm 11

• (DeAngelis, 1972.) 
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TABLE I 

NAMES OF TROPICAL STORMS AND HURRICANES IN THE EASTERN PACIFIC OCEAN 
1978 - 1983 

1978 

All etta 
Bud 
Carlotta 
Daniel 
Emilia 
Fico 
Gilma 

Hector 
Iva 
John 
Kristy 
Lane 
Miriam 
Norman 

Olivia 
Paul 
Rosa 
Sergio 
Tara 
Vicente 

1979 

Andres 
Blanca 
Carlos 
Dolores 
Enrique 
Fe fa 
Guillermo 

Hilda 
Ignacio 
Jimena 
Kevin 
Linda 
Marty 
Nora 

Olaf 
Pauline 
Rick · 
Sandra 
Terry 
Vivian 

1980 

Agatha 
Blas 
Celia 
Darby 
Estelle 
Frank 
Georgette 

Howard 
Isis 
Javier 
Kay 
Lester 
Madeline 
Newton 

Orlene · 
Paine 
Roslyn 
Seymour 
Tina 
Vi rgi 1 

TABLE 2 

1981 

Adrian 
Beatriz 
Calvin 
Dora 
Eugene 
Fernanda 
Greg 

Hi 1 ary 
Irwin 
Java 
Knut 
Lidia 
Max 
Norma 

Otis 
Pi 1 ar 
Ramon 
Selma 
Todd 
Veronica 

1982 

Aletta 
Bud 
Carlotta 
Daniel 
Emili a 
Fabio 
Gilma 

Hector 
Iva 
John 
Kristy 
Lane 
Miriam 
Norman 

Olivia 
Paul 
Rosa 
Sergio 
Tara 
Vicente 

ANNUAL NUMBERS OF TROPICAL CYCLONES AND HURRICANES IN THE EASTERN 
NORTH PACIFIC FOR VARIOUS PERIODS 

Years 

1910-1940 
1947-1951 
1947-1.961 
1949-1966 
1961-1968 
1958-1969 
1966-1972 
1965-1974 
1954-1963 
1964-1976 
1965-1977 
1966-1979 

Cyclone 

5.7 
6.0 
7.5 
8.9 

15.4 
11.2 

15.3 
15.7 
9.4 

18.2 
14.5 
14.4 

Hurricane. 

2.2 
2.4 
3.2 
3.7 

3.8 
4.0 
6.7 
6.6 
5.4 
9.9 
6.8 
7.4 
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Author 

Hurd (1941 et seq.) 
Ka1strom (1952) 
Rosenda 1 ( 1962) 
DeAngelis (1967) 
Harris (1969) 
Rosenthal (1972, p.10.6) 
Baum (1973) 
Renard and Bowman (1976) 
Eidemiller (1978) 
Eidemiller (1978) 
DeAngelis (1979) 
Gunther (1980) 
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VIII. ARIZONA DOWNPOURS 

Diana devastated La Paz on August 19, 1960, and bot-h Orla (September 6-11, 
1961) and Claudia (September 20-24, 1962) died off Punta Eugenia, sending mois­
ture northward without spectacular effects. Katherine went ashore near Ensenada 
on September 18, 1963, and southern California suffered slight damage from rain, 
wind, and surf. 

11 Bakersfield experienced the wettest September since 1903 ... 
Precipitation at Burbank has been exceeded in September 
only in 1939; 5 days of rain this year are the greatest 
number ever recorded in September. San Diego and Los 
Angeles City reported the second wettest September of 
record; Los Angeles airport the third wettest. 11 (Elford, 
1963.) . 

Part of this was from a storm two weeks earlier, apparently not connected with 
any tropical storm. 11 0n the 4th and 5th the desert area of southern California 
received· damage from highway flooding, downed trees, and utility lines 11

, and 
the San Joaquin valley reported damage to raisins. 11 Southern and central Cali­
fornia received similar damage on the 12th and 13th 11

, when the only distur­
bances--Irah and Jennifer--were far south and southwest of Cabo San Lucas. 

In 1964 Sylvia and Tillie (August 23-24 and September 29, respectively) 
reached no farther than the waters west of southern Baja California, as did 
Claudia (August 5-10, 1965) and Emily (August 29 to September 4, 1965), and a 
year later Helga (September 9-15, 1966) did the same. Finally, on August 29, 
1967, Katrina formed off Acapulco, moved northeastward across Baja California 
north of La Paz, and went up the Sea of Cortez and the Col ora do River (Figure 
13). She dumped two inches of rain on Yuma in three days. Later that year, 
Lily (September 5-11, 1967) wandered far west of Baja California before dis~i­
pating, and Olivia (October 5-14) crossed the peninsula twice before expiring 
in Scammons Lagoon. 

In 1968, two cyclones passed near La Paz, crossed the Sea of Cortez, and 
headed due north across Sonora toward Nogales. Hyacinth (August 16-20 )' brought 
more than an inch of rain to a score of southeast Arizona communities with 2.16 
inches near Elgin and 1.60 at Coronado National Montiment, just to the e~st. 
Meanwhile, southwest Arizona was dry. Two months later, Pauline .(October 26-30) 
brought rains of half-an-inch or more to the southwest--not the southeast. 
Bouse (near Parker) reported 1.90 inches while in California, Iron Mountain had 
1.73 and Mt. Jacinto 1.02 inches. 

The next year Glenda formed off Manzanillo on September 7, 1969. She passed 
west of Cabo San Lucas on the lOth and turned westward along the 26th parallel. 
A 11 Surge 11 of her moist air traveled up the Sea of Cortez to drench central 
Arizona; A new 1-hour rainfall record for the state was set with 3.52 inches 
in a thunderstorm at Tempe on September 14, 1969. Two days later 11 another storm 
set several short-period reco~ds at the Phoenix Sky Harbor Airport, dropping 
1.00 inch of rain in a 10-minute period 11 (Hales, 1972). A month earlier, a 
similar 11 Surge 11 from Emi1y (August 22-24, 1969) sent moist air northward 
decreasing temperatures and raising dew points at Yuma, Blythe, Needles, and Las 
Vegas without producing rain. 

In 1970, tropical storm Norma, located off Baja California 600 miles south of 
Arizona, 11 helped create the southerly winds and unstable air that fed 
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extraordinary amounts of moisture into the middle-latitude-type storm directly 
responsible for ... the Arizona flood disaster of September 4-6 (22 deaths, over 
a million dollars damage) .... Norma ... dissipated completely on the 5th while 
approaching the Baja California peninsula near 27°N, ll3°W" (Denney, 1971). 
Details of the widespread rains are given by Hales (1970) and of the damage by 
Zimmerman et al. (1970). The storms set "a new all-time record for 24-hour 
precipitation" of 11.40 inches from 10 p.m. to 10 p.m., September 4-5, 1970, at 
the Workman Creek No. 1 recording gage (6970 ft. = 2124 m) in the Sierra Ancha 
mountains of east-central Arizona (Kangieser, 1970). This amount has become 
the "general storm PMP" (probable maximum precipitation) for the southwestern 
United States (Riedel and Schreiner, 1980). 

In 1972, for the first time since 1939, the remnants of a tropical cyclone 
reached southern California. Another Hyacinth began 300 miles south of the 
Tehuantepec isthmus on August 27, 1972, traveled west-northwest for a week, 
recurved at 125°W, and on September 6 "went inland between San DiegCJ and Los 
Angeles ... with only 20-knot winds" (Baum, 1973). The storm brought one-inch 
rains to some desert stations (Beaumont 1.52, Parker 1.05, and Benton 1.08 
inches). Earlier, Fernanda (August 19 to September 1) and Gwen·-(August 21-23) 
had both caused 20-foot breakers on southern California beaches (Rosenthal. 
1973), but no rains. 

IX. THRICE IN A ROW 

For two years, 1973 through 1974, no tropical cyclones came close enough to 
bring southern California either rain or waves. Then three successive summers 
saw one storm each. Kathleen began on September 6, 1976, some 300 mi '1 es south­
west of Acapulco and moved northwest to west. of Socorro Island (Figure 15). She 
passed "180 miles west of the tip of Baja California, ... crossed the western tip 
of Point Eugenia Peninsula (and) moved onshore 140 miles south of Ensenada ... 
Kathleen continued northward over the Sierra San Pedro and Juarez mountains, 
entering southern California near Calexico at 1800 11

• Winds near Yuma r~~ched 
77 mph. 

"Racing across the southern California desert, Kathleen began 
to weaken. The storm moved northward through Death Valley 
and into western Nevada, 140 miles southeast of Reno, by 0600 
on the 11th. The center was difficult to locate after 060Q; 
however, gusty winds and rain continued to spread northward 
into eastern Oregon, Idaho, Montana, Utah, and Wyoming. 

"The first rain to appear over the southern California desert 
areas began early on the 9th. By evening, moderate rain was 
reported at Imperial. By the morning of the lOth, the rain 
had spread to western Arizona, southwest Utah, southern 
Nevada, and as far north as Fresno and Bishop. Imperial 
reported a surface pressure of 997.3 mb at 1800. Yuma 
reported the highest wind--66 kn. As the storm continued 
northward through Death Valley and into western Nevada, it 
was absorbed into a low-pressure system moving inland from 
the southern California coast. This low-pressure system 
brought additional rain inland over the coastal and interior 
valleys of central California. 
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11 Kathleen left 10.78 inches of rain on Mt. Wilson, just 
north of Los Angeles; 14.5 inches on San Gorgonio Mountain, 
northwest of Palm Springs, and 10.13 inches on Mt. Laguna, 
east of San Diego. Lake Arrowhead, east of Los Angeles, 
reported a storm total of 8.71 inches. The.civic center 
in downtown Los Angeles reported 1.98 inches to bring the 
season•s total to 2.3 inches compared to a normal of .06 
inches for the date. 

11 In the desert, Imperial reported a storm total of 2.22 inches, 
Yucca Valley 3.36 inches, and Palm Desert, which normally 
receives only 2 inches per year, received 3.57 inches. 
Hardest hit by the storm was the desert town of Ocotillo, 
about 25 miles west of El Centro near the California-Mexico 
border. A wall of water moving down Myer Canyon destroyed 
the Myer Creek Bridge on Interstate Highway 8 causing a gap 
700 ft. wide and 10 ft. deep through the highway. The wall 
of water, estimated to be one-half mile wide and 4 to 6 ft. 
high, destroyed 70 percent of the homes in Ocoti 11 o an·d 
severely damaged another 20 percent. Three deaths were 
reported and at least 100 people were evacuated. 

11 Flood waters rushing into the Salton Sea raised its level 6 
to 8 inches. Several seaside communities were flooded and at 
least 75 people were evacuated from Salton City. The New 
River, flowing from Brawley to the Salton Sea, overflowed its 
banks when silt carried by the river backed up at its mouth. 
The river, normally 20 ft. wide, swelled to more than one­
fourth mile. Flood waters moving through the Carrizo Gorge, 
northeast of Jacumba, destroyed·three bridges and several 
miles of track of the San Diego-Arizona Eastern Railway. 

11Agricultural losses in the Imperial Valley exceeded $60 
million. Sand, silt, and mud carried by flood water~ 
changed the topography and ruined much of the farmland and 
destroyed most of the elaborate irrigation systems necessary 
for desert farming. In the San Joaquin Valley of central 
California, most of the raisin crop was destroyed along with 
late varieties of fruit and nuts; the loss was estimated in 
excess of $100 million. 

11 In summary, Kathleen, the first tropical cyclone to hit 
southern California in 37 years, left five dead in the United 
States: three in Ocotillo, one in San Bernardino County, and 
one in Yuma. At least 175 people were evacuated from flooded 
areas, and losses were estimated in excess of $160 million. 11 

(Gunther, 1977.) 

Ten days later Los Angeles was visited by the remnants of a real typhoon. 
Joan formed between Wake Island and Guam on September 19, 1976, moved northward 
and became a typhoon for a day, then 11 turned north-northeastward and became 
extratropical on the 24th••, still carrying 40-knot winds. After moving eastward 
for two days along the 47th parallel, ex-Joan 11 turned southeastward late on the 
26th and moved off the coast of California, finally going ashore near San Diego 
late on the 29th 11 without bringing any rain or wind. (Smooth Log, 1977.) 
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Doreen began 100 miles west of Acapulco on August 11, 1977, and grew while 
drifting slowly westward to become a tropical storm on the 13th. Moving north­
northwest, she became a hurricane on the afternoon of the 14th and passe·d 30 
miles west of Cabo San Lucas at l300Z on the 15th. 11 Turning more to the north­
west and increasing its speed to 18 kn, Doreen drifted onshore briefly near San 
Carlos on the west coast of southern Baja... The hurricane was downgraded to a 
tropical storm near 26.4°N, 113.2°W. Drifting onshore again, Doreen moved 
across the tip of the Point Eugenia Peninsula 11 and an hour later 11Was again 
offshore moving northwestward over the Bay of Sebastian Vizcaino 11 with winds of 
only 35 kn. By the 17th 11Wi nds had decreased to 30 kn and Doreen was down­
graded to a tropical depression ... l30 miles south of San Diego 11

• At 0000 on 
August 18 the center was 25 miles NNW of San Clemente Island. 11 Remnants of 
Doreen then drifted slowly northeastward across southern California. 11 

11 While Doreen was off the central Mexican coast, still south of 
Baja California, another disturbance was developing near 15° 
N, ll9°W. This latter disturbance began to drift eastward 
into the cyclonic flow associated with Doreen. Ships within 
300 mi 1 es of this new di s·turbance reported ·moderate "td heavy 
rain. As Doreen moved northward along the Baja California 
coast, this moisture was carried northward around Doreen and 
into southern California. This moist tropical air began to 
enhance shower and thundershower activity over the southern 
California desert areas on the 15th. Flash flood watches and 
warnings, already in effect for heavy thundershowers over the 
Colorado River Valley and eastern desert areas, were extended 
with heavy rain warnings to most of southern California by, 
the 16th. 

11 Rain moving northward with Doreen reached San Diego early on 
August 16,' spreading northward to the Los Angeles basin and 
Mojave Desert by afternoon and Owens Valley and southern San 
Joaquin Vallay by evening. On the coast rain spread as far· 
north as Santa Barbara by early the next morning. Rain con­
tinued over southern California through late evening on the 
17th, and a few lingering showers remained in the Los Angeles 
area until late the following morning. An average of 2 to 4 
inches of rain fell over the low-lying areas of southern 
California during the 3-day period, and as much as 7.5 inches 
in the higher mountains. A total of 2.13 inches of rain fell 
at San Diego airport, 3.78 inches at Calexico, 3.87 inches at 
Imperial, 2.47 inches at Los Angeles airport, 3.14 inches at 
Santa Monica, 2.61 inches at Mt. Wilson near Los Angeles, and 
7.45 inches at Mt. San Jacinto west of Palm Springs. Unusually 
heavy rain fell at Mitchell Caverns 60 miles west of Needles, 
where 6·inches was reported on the 17th. 

11 No deaths in the United States were directly attributed to 
Doreen, but five deaths were in~irectly attributed to the 
heavy rains and flooding. Damage was extensive, particularly 
to agricultural interests in the Imperial and San Diego coun­
ties. Losses are estimated in excess of $25 million. Flood 
waters destroyed 325 homes and businesses in the southern 
desert areas, and several people were evacuated from low-lying 
areas. 
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11 The small desert town of Ocotillo was flooded again as 
it had been during hurricane Kathleen in September 1976. 
Buses sent to evacuate people from Ocotilto returned 
empty, however, when the townspeople declined to leave 
their small community. Interstate Highway 8 at Myers 
Creek, west of Ocotillo, was washed out again as it had 
been during Kathleen. Although floodwaters were less 
than with Kathleen, boulders the size of small cars were 
observed moving down Interstate Highway 15 between Los 
Angeles and Las Vegas, and floodwaters carried away two 
of the four 1 anes. 11 (Gunther 1 978a, b. ) 

Next year, the third tropical cyclone penetration into southern California 
occurred when Hurricane Norman, which had formed August 31, 1978, south of 
Acapulco, abruptly turned right 700 km west of Point Eugenia. The storm 
weakened rapidly as it passed Guadalupe Island and barely reached Los Angeles 
as an organized cyclone. 11 0espite this, Norman 1 S rain shield spread to northern 
California and most of the northwest corner of the nation. The rain was light 
but widespread. Almost a·n inch fell at Strevell, Idaho. 11 ('Gunther, l979a.) 
In the San Joaquin valley, 95 percent of the; drying raisins were spoiled for a 
loss of 300 million dollars. Norman was followed by Olivia (September 20-23, 
1978), Paul (September 23-26, 1978), Rosa (October 2-7), and Sergio (October 
18-20), with none moving very far north. 

After receiving the watery remnants of three tropical cyclones in three 
successive years, southern California had none in 1979. What subsequent years 
will bring cannot be forecast, except by extrapolating the past. 

X. CONCLUSIONS 

Tropical cyclones are shown, by the present survey of the past 80 years, to 
be a constant threat to snuthern California in late summer and early autumn. 
The first such storm to be documented brought rains to the Colorado desert in 
1906, and a previously unknown storm was found to have drenched central Califor­
nia in 1910. Many others probably occurred during that decade, and earlier, but 
available reports from the ocean southwest of California and from northwest 
Mexico are not adequate to identify them~ 

For example, an offshore tropical storm probably was at least a contributing 
factor to the unusually heavy rains, exceeding four inches ih the Sierra Nevada 
and the mountains of Santa Barbara county on September 22-26, 1904 (Figure 16). 
But the only information about the storm is that 11 a disturbance of moderate 
energy moved southward along the. coast to California, causing general rain 
throughout the [North Pacific] district ... 11 (Wollaber, 1904.) 11A well-defined 
storm covered the [South Pacific] district from the 22nd to the 25th causing 
rain and numerous thunderstorms throughout California and Nevada. The rain was 
abnormally heavy in northern California 11

, where San Francisco received 5.07 
inches, almost five times the previous September record, and streets and base­
ments were fl coded, Wi 11 son ( 1904) said. 11 Thunderstorms were more severe and . 
frequent than usual in all parts of the state 11

, McAdie (1904) added. 11 Heavy 
snow fell in the high Sierra. Grapes, beans, grain in sacks, and unprotected 
hay were quite seriously damaged by rain. 11 The rainfall pattern, heavy in the 
mountains (Yosemite 7.09 inches) and Santa Cruz county (Boulder Creek 9.10, 
Laurel 8.13 inches) and especially Santa Barbara county (Pine Crest 10.95, 
Santa Barbara 7.15, Santa Maria 4.61) is suggestive of onshore tropical flow. 
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But ship reports are too fragmentary to show any offshore storm during the preced­
ing week, although a meandering low-pressure center is indicated on the Northern 
Hemisphere maps from August 23 to September 6, a thousand miles south of Santa 
Barbara. 

At irregular intervals, remnants of tropical storms drift into the state, from 
either the Sea of Cortez or the Pacific side of Baja California, bringing heavy 
rains which can cause flash floQds and widespread destruction. However, these 
storms and especially those that don't come near enough to cause major damage are 
also a blessing. They import tropical moisture to bring welcome rains to the 
deserts, mountains, and even the coastal plains. 

Although such storms were charted by Redfield 130 years ago, their very existence 
was denied by official sources until around 1920. By then increased radio reports 
from ships sailing just off the Mexican west coa~t, en route from the newly opened 
Panama Canal to California and points north and west, left no doubt that the· 
eastern north Pacific ocean had hurricanes as severe as those of the Atlantic or 
western Pacific. 

In the past 30 years, more detailed reporting by military and merchant-ships 
and aircraft reconnaissance flights along with increasing frequency and precision 
of satellite information have provided a dramatic increase in the number of.tropi­
cal cyclones reported in the eastern north Pacific. After three decades of study­
ing these storms, Hurd (1941) estimated their average annual number as 5'.7 of which 
2.2 were hurricanes. A succession of surveys (Table 2) from 1947 onward found 
larger and larger numbers so that the average number now is around 15, of which 
perhaps 7 are hurricanes. Now the eastern north Pacific is called the ''second 
most active tropical storm area in the world" (Frank, 1978), rather than a region 
in which none occurred as maintained 60 years earlier. (Figure 17.) 

According to Frank (1978), Director of the National Hurricane Center in Miami, 
three-fourths of these storms regenerate from circulations that formed initially 
on the African coast and crossed the Atlantic, Caribbean, and Central America. 
Earlier, Fendell (1974, p.7) estimated that "half the disturbances over the 
tropical North Atlantic can be" traced to "the mountainous east African bulge". 
In turn, he said, half of these "can then be traced across Central America to , 
the eastern Pacific. Actually 75% of eastern Pacific storms originate east o1" 
Central America". The region of most rapid development--or redevelopment--of 
tropical cyclones (Figure 18) is about 500 km due south of Acapulco (Clark,· 1978). 

In the past 75 years, at least 35 tropical cyclones have either entered 
southern California or supplied vast quantities of moist air to cause heavy rains 
there. This account leads to a crude estimate of an almost even chance that 
southern California, in any given year, will be in some way significantly affected 
by a tropical cyclone. 

XI. ACKNOWLEDGMENTS 

This study originated under Contract NA-79-WD-C-00006 between the National 
Weather Service and Geoscientific Systems and Consulting, Incorporated. of 
Playa del Rey, California. After contract completion at the end of 1979, the 
research was continued during a sabbatical leave. Assisting in the early stages 
of the contract were Paul Davis, Tom Lee, Gary Neumann, and Linda Meskimen. 

-34-



I 
lA> 
Ul 

I 

.. 
~-

217£ ....,-- au- .r a.JU""" k11"" ...._,... IDU"" Dr ar · t~M.r I4T ur mr a.r ~ 4TW \T ~ 
IO"H,-= · ' ",·, a~,,.. ·....... ';:a;::s;:s }7 I -tJz;rv "'<Zr:;;r.o/?77~ 'f?ZX n' ' ' ' vJJP2Mi 

40" l.mAob,.A, .. ~ R I 
40" 

~-~~ E40" 
........ 

11:1' ~SSSSSS~"'SSSSS»' I "l>};;~e!6$$SSN .x r 
j > ._1:o_ • zo• -... .->' - - :$]6\~~ ,q: ~- " 

>. ... '6S~~S'S'SSSsSSS~Ss:l '21:1' 

:.:; ~· I 
Eq 

- .J: zo• 

40" I I -, - ~~.VI ·------------------------------~~~------------------------_,40" 

Figure 17. Observed frequency of cyclone origins, 20 years. {From Gray and Frank, 
NAVENFPREDRSCHFAC TR 78-01, June 1978.) 

• 



XII. REFERENCES 

Abbe, Cleveland, 1895: Storm Wave at Sausalito. Man·: Wea. Rev., 
23:424-426. 

Allen, Charles, C., 1925: Additional Note on Tropical Cyclone of October 22-25, 
1925, Off West Coast of Mexico. Mon. Wea. Rev., 35:505-506. 

Baum, Robert A., 1973: Eastern North Pacific Hurricane Season of 1972. 
Mon. Wea. Rev., 101:339-349. 

Baum, R. A., and G. E. Rasch, 1975: Digitized Eastern Pacific Tropical Cyclone 
Tracks. NOAA Tech. Memo. NWS WR-101, 189 pp. 

Bergerson, Maurice P., 1957: Thunderstorm Activity, August 1957. Climatological 
Data, California_, 61:244. 

Bl~ke, Dean, 1923: Sonora Storms. Mon. Wea. Rev., 51:585-588. 

Blake, Dean, 1929: A Tropical Cyclone in Southern California. Mon. _Wea: __ Rev~, 
57:459-460. 

Blake, Dean, 1933: Storm Types and Resultant Precipitation in the San Diego Area. 
Mon. Wea. Rev., 61:223-225. 

Blake, Dean, 1935: Mexican West Coast Cyclones. Mon. Wea. Rev., 63:344-348. 

Blake, Dean, 1937a: Note on the Hurricane of August 5-8, 1936, in Mexican West 
Coast Waters. Mon. Wea .. Rev., 65:59. 

Blake, Dean, 1937b: Movement and Effects of an Unstable Tropical Air Mass Aloft 
Over the F~r West, August 7-13, 1936. Bull. Amer. Meteorol. Soc., 36:329-339. 

Brenner, Ira S., 1974: A Surge of MaritimP. Tropical Air--Gulf of California to the 
Southwestern United States. Mqn. W~a. Rev., 102:375-389. 

Carr, J. A., 1951: The Rains over Arizona, August 26~29, 1951. Mon. Wea. Rev., 
79:163-167. 

Clark, Dane, 1978: Rapidly Developing Eastern North Pacific Tropical Cyclones. 
Mar. Wea. Log, 22:325-237. 

Davis, William Morris, 1894: Elementary Meteorology. Boston, Ginn, xii + 355 pp. 

DeAngelis, Richard M., 1967: North Pacific Hurricanes: Timid or Treacherous? 
Mar. Wea. Log, 11:193-200. 

DeAngelis, Richard M., 1972: North Atlantic Tropical Cyclones, 1971. Mar. Wea. 
· Log, 1 6:9-20. 

DeAngelis, Dick, 1979: Hurricane Alley. Mar. Wea. Log, 23-395. 

Denney, William J., 1971: Eastern North Pacific Tropical Cyclones. Mar. Wea . 
.!:.Q.g_, 15:67-73. 

Deutsche Seewarte, 1897: Segelhandbuch fUr den Stillen Ozean. H~mburg. (From 
Visher, 1924.) 

-36-

' ' 

' . 
. ·' 



...... 

J •. : 

·. 

·. 

I 
130° 125"W 1?.0~ IIS~w 

·-~--·· --20" _I .. ·---l·--
---+---=·~~f---=•;___l-- i s• :. -· -~ I • • • • • • • • 
---+----+-----'-+- IQO 

---- -.----·· - s~ N +---r------+---+-----+---+----+-
0 H:~pi•l d••\'l'lupint! f·vdou•·~ 

e Nonl"~lfJhl·dt•\'t'lnpinl!, t•yc•lonf•O.: I 

Fig~re 18. Hurricane development regions, eastern north 
Pacific, 1973-1976. (From Clark, Mariners 
Weather Log, 22:325-327, 1978.) 

-37-



Eidemil1er, Donald I., 1978: The Frequency of Tropical Cyclones in the South­
western United States and Northwestern Mexico. Arizona State Climatologist 
(Tempe, AZ) Climatological Public~tions, Scientific Paper No. 1, 1978~ vii ~ 
41 pp. 

Elford, C. Robert, 1963: Special Weather Summary. Climatological Data, Californ 
67:286. 

E(nglebrecht), H. H., 1951: Weather Summary (AUGUST). C1imatological Data, 
. California, 55:280. 

Fassig, Oliver L., 1913: Hurricanes of the West Indies. ~SWB BJ:!.lL_ X, 1913, 
28 pp + 25 plates. 

Fendell, Francis E., 1974: Tropical Cyclones. Advances in Geophysics· 17:1-100 

Frank, Neil L., 1977: Tropical Systems, a Ten Year Summary. Proc. 11th Tech. 
Conf. on Hurricanes and Tropical Meteorology, American Meteorol. Soc., 
Miami Beach, Florida, Dec. 1977, pp. 455-458. 

Gray, W. W., and W. M. Frank, 1978: New Results of Tropical Cyclone Research 
from Observational Analysis. Naval Environmental Prediction Research Facili 
(Monterey, California), Tech. Rpt., 78-01, 105 pp. 

Greely, A. W., 1888: American Weather. New York, Dodd Mead, xii + 286 pp. 

Gunther, E. B., 1977: Eastern North Pacific Tropical Cyclones of 1976. Mon. Wea 
Rev., 105:508-522. 

Gunther, Emil B., 1978a: Smooth Log, North Pacific .. Mar. Wea. Log, 22:36-37. 

Gunther, Emil B., 1978b: Eastern North Pacific Tropical Cyclones, 1977. Mar. We~ 
12.9_, 22:157-166. 

Gunther, Emil B., 1979a: Smooth Log, North Pacific. ··Mar. Wea. Log, 23:37. 

Gunther, Emil B., l979b: Eastern North Pacific Tropical Cyclones, 1978. Mar. Wea. 
h_Qg_, 23:152-165. 

Gunther, Emil B., 1980: Eastern North Pacific Tropical Cylcones-of 1979. Mar. Wea. 
12.9_, 108:631-641. 

Hales, John E., Jr., 1970: Special Weather Summary, Meteorological Aspects. 
Climatological Data, Arizona, 74:161. 

Hales, John E., Jr., 1972: Surges of Maritime Tropical Air Northward over the Gu 
of Ca 1 i forni a. Man. We a. Rev. , 1 00: 298-306'. 

Hales, John E., Jr., 1974: Southwestern United States Summer Monsoon Source--Gul· 
of Mexico or Pacific Ocean? J. Appl. Meteor., 13:331-342. 

Hansen, E. Marshall, 1975: Moisture Source for Three Extreme Local Rainfalls in 
the Southern Intermountain Region. NOAA Tech. Memo. NWS HYDRO 26, v +57 pp 

·Harris, Michael Ford, 1969: Effects of Tropical Cyclones upon Southern Californir· 
M.A. Thesis (Geography-Climatology), California State University Northridge, 
1969. v + 89 pp. (Reprinted 1973 by Calif. Dept. Water Resources.) 

-38-

.,, 



'-· 

Hurd, Willis E., 1929a: Tropical Cyclones of the North Pacific Ocean. Mon. Wea. 
Rev., 57:43-49. 

Hurd, Willis E., 1929b: The Mexican West Coast Hurricane of September 10-18, 
1929. Mon. Wea. Rev., 57:397-398. 

Hurd, Willis Edwin, 1940: Additional Note on the Mexican West Coast Cyclone of 
October 23-25, 1931. Mon. Wea. Rev., 68:29-30. 

Hurd, Willis E., 1941, 1943, 1944, 1948: Tropical Cyclones of the Eastern North 
Pacific Ocean. U. S. Hydrographic Office, Pilot Chart of the North Pacific 
Ocean (also other oceans). 

Hydrographic Office, 1910: Cyclonic Storms. Reprint of Hydrographic Information 
No. 13, Washington, U.S.H.O., 16 pp. 

Ives, Ronald L., 1949: Hurricanes on the West Coast of Mexico. Proc. 7th Pacific 
Science Cong. Auckland-Christchurch 1949, 3:21-31. 

Kalstrom, G. W., 1952: El Cordonazo--The Lash of St. Francis. Weatherwise, 5:99-
103, 110. 

Kangieser, Paul C., 1957: Storms, October 1957. Climatological Data, Arizona, 
61 : 1 70. 

Kangieser, Paul C., 1970: New Precipitation Records Established. Climatological 
Data, Arizona, 74:161-162. 

Kimball, James H., 1915: A Pacific Hurricane of September 1915. Mon. Wea. Rev., 
43:486. 

Lucio, Rafael, 1930: Algunos Ciclones tropicales cruzan la altiplanicie Mexicana. 
Revista de Meteorologia y Aerologia, 1:114-128. 

McAdie, Alexander, 1904: Climate and Crop Service, California. Mon. Wea. Rev., 
32:403. 

McAdie, A. G., 1906: California Section. Climatological Data, 10:87. 

Milham, W. I., 1911, 1925: Meteorology. New York, Macmillan, svi + 549 + L pp. 

Neumann, Charles J., George W. Cry, Eduardo L. Case, and Brian R. Jarvinen, 1978: 
Tropical Cyclones of the North Atlantic Ocean, 1871-1977. National Climatic 
Center, Asheville, North Carolina, iv + 170 pp. 

Neumann, Charles J,, and Preston W. Leftwich, 1977: Statistical Guidance for the 
Prediction of Eastern North Pacific Tropical Cyclone Motion - Part 1 + Part 
2. NOAA Tech. Memo. WR 124 and 125, 31 pp., 15 pp. 

Oliver, V. J., 1951: The Weather and Circulation of August 1941. Mon. Wea. Rev. 
79:160-162. 

Pyke, Charles B., 1975: The Indio, California, Thunderstorm of 24 September 1939. 
Preci itation Anal sis for H drolo ic Modelin (Proc. Nat. Symposium, AGU 
Davis, California, 26-28 June 1975 pp. 143-152. 

-39-



Randerson, Darryl, 1963: Hurricane Hattie, Alias Simone, Alias Inga. Weatherwise, 
16:166-)68, 174. 

Redfield, W. C., 1854: On the First Hurricane of September 1853, in the Atlantic; 
with a Chart; and Notices of Other Storms. Amer. J. Science and Arts, 2nd 
series, 18:1-18,180-190. 

Redfield, W, c., 1856: Observations in Relation to Cyclones of the Western Pacific. 
Narrative of the Expedition of an American Squadron to the China Seas and 
Japan, pp. 337-359 of Vol. 2. Washington, 33rd Congress, 2nd Session, House 
of Representatives Ex. Doc. 97. 

Redfield, W. C., 1857: On the Cyclones or Typhoons of the North Pacific Ocean; 
with a Chart Showing Their Courses of Progress~on. Am. J. Science and Arts, 
2nd Series, 24:21-38. 

Renard, R. J.,and W. N. Bowman, 1976: The Climatology and Forecasting of Eastern 
North Pacific Ocean Trop.ical Cyclones. Naval ,Environmental Rq:diction Research 
Facility (Monterey, California) Tech. Paper 7-76, 79 pp. 

Riedel, John T., and Louis C. Schreiner; 1980: Comparison of Generalized Estimates 
of Probable Maximum Precipitation with Greatest Observed Rainfalls. NOAA 
Tech. Rpt. NWS 25, v + 66 pp. 

Rosendal, Hans E., 1962: Eastern North Pacific Tropical Cyclones, 1947-1961. 
Mar. Wea. Log, 6:195-201. (Condensed as Mexican West Coast Tropical Cyclones, 
Weatherwise, 16:226-229.) 

Rosenthal, Jay, 1972: Point Mugu Forecasters Handbook: Pacific Missile Range, 
Tech. Pub. 72-1 v + 426 pp . 

. Rosenthal, Jay, 197.3: ~jcture of .the Month: Late S.ummer Hazqrc:Js to Coastal Southern 
California. Mon. Wea. Rev., 101:376-377. 

Serra C., Sergio, 1971: Hurricanes and Tropical Storms off the West Coast of 
Mexico. Mon. Wea. Rev., 99:302-308. 

Smooth Log, 1977: North Pacific Weather. Mar. Wea. Log, 21:109. 103-111. 

Sprague, Malcolm, 1932: Destructive Rains in the Tehachapi Mountains, Kern County, 
California. Climatological Data, California, 19:80. 

S(prague), M(alcolm), 1935: General Summary (August). Climatological Data, 
California~ 39:59. 

S(prague), M(alcolm), 1939: General Summary. Climatological Data, California, 
43:65. 

T., C. T., 1936: General Summary. Climatological Data, Arizona,. 40:33. 

Tingley, F. G., 1918: Tropical Cyclone of September 14-17, 1918, in the Pacific 
Ocean just West of Mexico. Mon. Wea. Rev., 46:568-570. 

Tubbs, Anthony M., 1972: Summer Thunderstorms over Southern Caiifornia. Mon. 
Wea. Rev., 100:177-807. 

-40-

-,. 



'·. 

Vazquez Schiaffino, Pablo, 1926: Trayectorias de ciclones tropicales que 
influenciaron el tiempo en la Republica Mexicana durante los anos de 1921 
a 1925, inclusive. -Atlas Climatolosico de .Ja Republica Mexicana-: Periodo 
de 1921 a 1925, Tacubaya, D. F., Mex1co, Servicio Meteorologico Mexicano, 
69 charts. 

Visher, Stephen Sargent, 1922: Tropical Cyclones in the Northeast Pacific, 
Between Hawaii and Mexico. Mon. Wea. Rev., 50:295-297. 

Visher, StephenS., 1923a: Tropical Cyclones in the Central and Eastern North 
Pacific. Bull. Amer. Meteorol. Soc., 5:131. 

Visher, Stephen Sargent, 1923b: Some Effects of the Tropical Cyclones of the 
Pacific. Annals, Assoc. of Amer. Geog., 13:218. 

Visher, Stephen Sargent, 1925: Tropical Cyclones of the Pacific. Honolulu, 
Bernice P. Bishop Museum, 163 pp. 

Visher, StephenS., 1930: Frequencies of Tropical Cyclones, Especially Those 
of Minor Importance. Mon. Wea. Rev., 58:62-64. 

Willson, G. H., 1904: South Pacific Forecast District. Mon. ~Jea. Rev., 
32:402. 

Wollaber, A. G., 1904: North Pacific Forecast District. Mon. Wea. Rev., 
32:402. 

Zimmerman, A. I., Lloyd H. Magar, Harry L. Elser, and Woodrow W. Dickey, 1971: 
Arizona Floods of September 5 and 6, 1970. NOAA Natural Disaster Survey 
Rpt., 70-2. 

-41-



: ~-

• .. 

NOAA Technical Memoranda NWSWR: (Continued) 

102 
103 

104 

105 
106 
107 
108 
110 
ll2 
113 

ll4 
ll6 
ll7 

ll8 
ll9 

121 

122 
124 

125 

127 

128 
129 
130 
131 
132 

133 
134 
135 

136 
137 

138 

139 
140 
141 
142 

143 

144 
145 

146 
i47 
148 
149 

150 

151 
152 
153 
154 

155 
156 
157 

;.::d 

A Set of Rules for Forecasting Temperatures in Napa and Sonoma Counties. ''esley L. Tuft. October 1975. (PB-246-902/ASI 
Application of the National Weather Service Flash-Flood Proqram in the Western Reqion. Gerald Williams. January 1976. 
(PB-253-053/AS) . · 
Objective Aids for Forecasting ~inimum Temoeratures at Reno, Nevada. During the Su11111er f-lonths. Christopher D. Hill, 
January 1976. (PB-252-866/AS) . 
Forecasting the Mono Hind. Charles P. Ruscha, Jr., February 1976. (PB-254-650) 
Use of MOS Forecast Parameters in Temperature Forecasting. John C. Plankinton, Jr .• March 1976. (PB-254-649) 
Map Types as Aids in Using MOS Pops in Western United States. Ira S. Brenner, August 1976. (PB-259-5~4) 
Other Kinds of Wind Shear. Christopher D. Hill, August 1976. (PB-260-437/AS) 
Cool Inflow as a Weakening Influence on Eastern Pacific Trooical Cyclones. William J. Denney, November 1976. (PB-264-655/AS) 
The MAN/MOS Program. Alexander E. ''acOonald, February 1977. (PB-265-941/AS) 
Winter Season Minimum Temperature Formula for Bakersfield, California, Using ~ultiple Regression .• ~ichael J. Oard, 
February 1977. (PB-273-694/AS) 
Tropical Cyclone Kathleen. James R. Fors, February 1977. (PB-273-676/AS) 
A Study of Wind Gusts on Lake Mead. Bradley Colman, AprJl 1977. (PB-268-Il47) 
The Relative Frequency of Cumulonimbus Clouds at the Nevada Test Site as a Function of K-value. R.F. f)uirinn, April 1977. 
(PB-272-831) 
Moisture Distribution Modification by Upward Vertical Motion. Ira S. Brenner, April 1977. (PB-268-740) 
Relative Frequency of Occurrence of Warm Season Echo Activity as a Function of Stability Indices Computed from the Yucca 
Flat, Nevada, Rawinsonde. Darryl Randerson, June 1977. (PB-271-290/AS) 
Climatological Prediction of Cumulonimbus Clouds in the Vicinity of the Yucca Flat Weather Station. R.F. Quiring, 
June 1977. (PB-271-704/AS) 
A f.lethod for Transforming Temperature Distribution to Normality. MorrisS. Webb, Jr., June 1977. (PB-271-742/AS) 
Statistical Guidance for Prediction of Eastern North Pacific Tropical Cyclone Motion- Part I. Charles J. Neumann and 
Preston W. Leftwich, August 1977. (PB-272-661) 
Statistical Guidance on the Prediction of Eastern North Pacific Tropical Cyclone Motion - Part II. Preston I·J. Leftwich 
and Charles J. Neumann, August 1977. {PB-272-155/AS) 
Development of a Probability Equation for Winter-Type ?reci pi tat ion Patterns in r.r-eat Falls, Montana. Kenneth B. 
Mielke, February 1978. (PB-281-387/AS) 
Hand Calculator Program to Comoute Parcel Thermal Dynamics. Dan Gud<]el, Aoril 1Q78. (PB-283-080/AS) 
Fire Whirls. David W. Goens, May 1978. (PB-283-866/AS) 
Flash-Flood Procedure. Ralph C. Hatch and Gerald 14illiams, f-lay 1978. (PB-286-014/.~S) 
Automated Fire-lo{eather Forecasts, Mark A. Mollner and David E. Olsen, September 1978. (PB-289-916/AS) 
Estimates of the Effects of Terrain Blocking on the Los Angeles WSR-74C weather Radar. R.G. Pappas. R.Y. Lee, and 
B.W. Finke, October 1978. (P8289767/AS) 
Spectral Techniques in Ocean !o{ave Forecasting. John A. ,lannuzzi, October 1978. (PB291317/AS) 
Solar Radiation. John A. Jannuzzi, November 1978. (PB29ll95/AS) 
Application of a Spectrum Analyzer in Forecasting Ocean Swell in Southern California Coastal Waters. Lawrence P. 
Kierulff, January 1979. (P8292716/AS) 
Basic Hydrologic Principles. Thomas L. Dietrich, January 1979. (PB292247/AS) 
LFM 24-Hour Prediction of Eastern Pacific Cyclones Refined by Satellite Imaqes. John R. Zirmterman and Charles P. 
Ruscha, Jr., January 1979. (PB294324/AS) . 
A Simple Analysis/Diagnosis System for Real Time Evaluation of Vertical Motion. Scott Heflick and James R. Fors, 
February 1979. (PB294216/AS) 
Aids for Forecasting Minimum Temperature in the Wenatchee Frost District. Robert S. Robinson, April 1.979. (PB298339/AS) 
Influence of Cloudiness on Sunmertime Temperatures in the Eastern washington Fire Weather District. James Holcomb, 
Comoarison of LFM and MFM Precipitation liuidance for Nevada During Doreen. Christopher Hill, Aoril 19i9. (PB298613/~S) 
The Usefulness of Data from .'lountaintop Fire Lookout Stations in Determining Atmospheric Stability. Jonathan !1. Corey, 
April 1979. (PB298899/AS) 
The Depth of the Marine Layer at San Diego as Related to Subsequent Cool Season Precipitation Episodes in Arizona. 
Ira S. Brenner, May 1979. (PB298817/AS) 
Arizona Cool Season Climatological Surface Wind and Pressure Gradient Study. Ira S. Brenner, May 1979. (PB298900/AS) 
On the Use of Solar Radiation and Temperature t·1odels to Estimate the Snap Bean Maturity Date in the liillamette Valley. 
Earl M. Bates, Auqust 1979. (PB8016097l) 
The BART Experiment. Morris S. Webb, October 1979. (PB80155ll2) 
Occurrence and Distribution of Flash Floods in the Western Region. Thomas L. Dietrich, December 1979. (PB80160344) 
A Real-Time Radar Interface for AFOS. Mark Mathewson, January 1980. (PB80157605) 
Misinterpretations of Precipitation Probability Forecasts. Allan H. r~urphy, Sarah Lichtenstein, Baruch Fischhoff, and 
Robert L. Winkler, February 1980. (P880174576) 
Annual Data and Verification Tabulation - Eastern and Central North Pacific Tropical Storms and Hurricanes 1979. Emil 
B. Gunther and Staff, EPHC, Aoril 1980. (P880220486) 
NMC Model Performance in the Northeast Pacific. James E. Overland, PMEL-ERL, April 1980. 
Climate of Salt Lake City, Utah. Wilbur E. Figgins, June 1980. (PB80225493) 
~.n Automatic Lightning Detection System in Northern California. James A. Rea and Chris E. Fontana, June 1980.(PB80225592) 
Regression Equation for the Peak Wind Gust 6 to 12 Hours in Advance at r.reat Falls During Strong Downslope Wind Storms. 
Michael J. Card, July 1980. (PB8ll08367) 
A Raininess Index for the Arizona Monsoon, John H. TenHarkel, July 1980. (PB8ll06494) ;(PB8ll02501) 
The Effects of Terrain Distribution on SU1111!er Thunderstorm Activity at Reno, Nevada. Christooher Dean Hill, July 1980. 
An Operational Evaluation of the Scofield/Cliver Technique for Estimatinq Precioitation Rates from Satellite Imagery. 
Richard Ochoa, August 1980. · · 

P j_. -r-r. • ~ ····" ~D; ,_.: h··' (h. ( ;.J, C ''" /.> ,,- I:;. \· . .., 
;-~,!,.i..r•CJ."'-"1,~ 1;· .. ~,-r .... ~... -



NOAA SCIENTIFIC AND TECHNICAL PUBLICATIONS 

The National Oceanic and Atmo~rh<•rir· Adminf\'frarioll was established as purt of the Department of 
. C'ommen:c nn Octohcr 3. 1970. Th~: 111is,inn rcspon~ihiliri..:~ 111 :--10:\A arc to a''l:'' th~: ~nciocconomic impact 
of natural and technoiogi~al changes in the cn\'irnnm~.:nt and to monitor and prcuict the state of the solid Earth. 
the oceans and their living resources. the atmo~phcre. and th~: 'pace environment of the Earth. 

The major components of NOAA regularly prmluc..: \·ariou' types of 'cicntific and technical in forma­
tion in the following kinds of publications: 

PROFESSIONAL P-\PERS- Important definitive 
re~carch results. major tcchniyucs. and special inves­
tigations. 

C'ONTR.-\C'T AND GRA:"H REPORTS- Reports 
prepared hy contractors or grantees umkr :":OAA 
sponsorship. 

A TL.-\S- Presentation of analyzed darn generally 
in the form of maps showing distribution of rainfall. 
chemical and physical cnnditions of oc~.:anc; and at­
mosphere. Jistrihution of fishes and m:trinc mam­
mals. ionospheric conditions. etc. 

TFC'HNIC.-\L SER\ ICE Pl'AUC'AT!ONS- Re­
port" containing data. oh,crvat inns. instructions. etc. 
A partial listing includes data serials: prediction and 
outlook periodicals: technic::~! manuals. tr::~ining pn­
perc;. planning reports. and information serials: and 
misc.:ilaneous technical puhlications. 

TECHNICAL REPORTS- Journal quaUty with 
cxtcnc;ive details. mathematical developments, or data 
listings. 

TEC"HN1C' AL MEMORANDUMS- Reports of 
preliminary. partial. or negative research or technol­
ogy results. interim instructions. and the like. 

lnlormation on availability ol NOAA publications can be obtained from: 

ENVIRONMENTAL SCIENCE INFORMATION CENTER (D822) 
ENVIRONMENTAL DATA AND INFORMATION SERVICE 

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 
U.S. DEPARTMENT OF COMMERCE 

6009 Executive Boulevard 
Rockville, MD 20852 

., 

.. 


