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Record high rainfalls have occurred in California several times in the memory of 
most California residents. This study compares large storms which have occurred since 1862, by 
mapping lines of equal return period of rainfalls where the return period exceeds 1,000 years. A 
few other notable storms are also described. The largest storms in terms of return period were 
found to cover only limited portions of the State. 

The big questions for this study are; What is a once in a thousand year storm? What were 
the biggest rainfalls of record? Is there any evidence of climatic variation which is effecting the 
occurrence of flood producing rainfalls? 

A 1,000 year rainfall is in general the mean annual maximum rainfall plus about 5 standard 
deviations as will be shown The maximum daily rainfall recorded in California o c c b  on 
January 21, 1943 at Hoegees located Northwest of Mount Wilson in the San Gabrial Mountains. 
The long term trends in rainfall extremes were found, as well as trends in total yearly rainfall. 

INTRODUCTION 

The maximum daily rainfall in California for each day of the year is shown on Figure 1. 
The maximum daily rainfall for each month at each of the 13 water sheds shown of Map 1 is listed 
on Table 7. Long term trends in average annual rainfall is shown on Figure 2 for the state as a 
whole and on Figure 5 for selected individual stations. The long term trend in maximum daily 
rainfalls for each year is shown on Figure 3 for the state as a whole and on Figure 6 for selected 
individual records. The long term trend in maximum daily rainfalls for each year is intended to 
model the trend in flood producing rainfalls. 

There are 45 occurrences of rainfalls in excess of 15 inches per day for California stations 
listed on Table 4. Most of these occuned during in the storm of January 22, 1943 in the San 
Gabrial Mountains of Los Angeles County. The locations of 525 daily rainfalls in excess of 10 
inches are plotted on Map 4. These heavy rainfalls are located on the Western slopes of the Coast 
Ranges and the Sierra Nevada-Cascade Mountains. These 10 inch per day rainfalls are clearly the 
result of orographic lifting of humid marine air masses. 

The locations of the stations reporting the greatest return period at 1,000 year storms are 
plotted on Map 3 and listed on Table 5. The earliest date of documented 1,000 year stoms for 
California was the 28.25 inches, which was measured between December 23, 1861 and January 
21, 1862 at San Francisco. The dates and locations of all stations reporting 1,000 year storms is 
listed on Table 6. Table 5 is a sub set of Table 6 showing only the station with the greatest return 
period during each storm. 

Twelve of 1 000 year storms had only one station reporting a 1,000 year event It is 
desimble to have verification of extreme events from' adjacent measuring stations. Frequently the 
extreme events are localized so that no heavy rainfall is reported at adjacent stations. 

A feature of the distribution of 1,000 year storms (Map 3) is that they are randomly spaced 
in the valley areas as well as on the westerly slopes The San Joaquin Valley storm of February 
10, 1978 illustrates this point. This storm was centered in the Buena Vista Lake region, a place 
that is normally the driest in the San Joaquin Valley. Blackwells Comers receives an annual 
average rainfall of 5 inches a year. Blackwells Corners received 70 percent of its average annual 
rainfall on February 10, 1978, with an associated return period of about 28,000 years. Storms 
with extreme return periods are not necessarily the result of orographic lifting. 



Lines of equal return period are plotted on Maps 5 through 25. The 1,000 year storms are 
plotted in solid circles, the 100 to 1,000 year storms are plotted as open circles and the 10 to 100 
year storms are plotted as crosses. Additional information on the 1,000 year storms is given on 
Table 6. 

Estimates of rainfall depth for given durations and return periods are used to determine the 
size of aimost every structure built in our civilization. The total antecedent rainfall is frequently the 
guiding concept in design storms. Runoff volumes can approach rainfall rates near the end of 
large storms, when the ground approaches saturation, making the long duration rainfall rates a 
valuable tool in planning *age facilities. 

The return period is a term that means - average time in years between occurrences of 
storms of a given magnitude. A serious study of these questions should be based more than the 
93,000 station years of observations that are represented here. This study is therefore a summary 
of the progress to date (May 1994) and an accounting for the procedures that have been used. 

OBJECTIVES 

This report started as collection of data used for the study if the spillway adequacy of 
dams. It expanded with the help of the Soil Conservation Service into a study of drainage design 
for a broad range of hydraulic structures, and with the help of CALTRANS into culvert design for 
streets and roadways. Many county agencies continue to contribute their data with a view to 
building a comprehensives of sets of data and concepts on which to plan local water and drainage 
projects. 

Sharing historic data on rainfall is an important objective of this report. Attorneys and 
those who need to know the relative significance of historic rainfall events have supported these 
studies. Their needs are one of the objects of this study. The large files of basic data described in 
this study, need to be made available to every one. The data files correspond to thousands of 
printed pages Finding a way to make them available is an objective of these studies. 

This progress report is a on a cooperative activity, where the active parhcipation of 
interested parties is invited to develop a comprehensive data base and to find better ways of 
organization, analyzing and publishing extreme rainfall data 

Assumptions 

There are many ways to analyze rain m r d s  There is not a lot difference between those 
methods commonly used. A regional approach to analyzing rain m o d s  is used here in order to 
reduce the variation due to short rain records. 

The most important part of a regional rainfall analysis is to make a good estimate of the 
regional values of the coeficient of variation used to develop an estimate of the design standard 
deviation. The design rainfalls for a regional study are far more sensitive to the design value of 
the standard deviation than the choice of frequency distribution or choice of partial or annual 
series. Next in the oder of importance seems to be a good understanding of the geographic 
variation in the skewness of e x m e  rainfalls. 

The reason that it is possible to draw maps of lines of equal return periods is that the 
rainfall records of this study were reduced to dimensionless coefficients. Those coefficients have 
been averaged over climatically similar regions to reduce variation due to small sample size. 
These averaged coefficients are used to reconstruct the rainfall depth duration frequency tables on 

. which these maps are based. 

The first of the simplifying assumptions of this study is to use an annual series. The 
annual series refers to the series of the largest rainfalls of each year as opposed to the analysis of 
the largest rainfalls of record. This greatly simplifies file maintenance since one new value is 
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added to the data base each year, so it is not necessary to maintain an active file of the entire record 
at each station. The rainfall depth duration frequency tables on which this work is based are being 
continually up dated, and it is expedient to keep it simple. 

Another important simplifying concepts is a use of the " generalized formula for hydrologic 
frequency analysis" as suggested by Chow(1)(22). This is shown here as equations 1 or 2. 

This is a study of the non-recording rain gage records, using annual extreme rainfalls for 1, 
2,3, 4, 5, 6, 8, 10, 15, 20,30, 60 consecutive days and the annual rainfall total. Some analysts 
prefer to have al l  computations based on a common base period. It has not been determined that a 
reduction in total record volume to achieve a uniform study period is worth the record loss by 
eliminating data from outside of-the base period. 

In prior studies (3) it was determined that the Pearson's Type III distribution was 
appropriate for the analysis of rainfall extremes. This was based on a relationship between the 
coefficients of skew and kurtosis, following the procedures of Karl Pearson as described by 
Elderton(14). 

The selection of fixed return periods used in this analysis is based on the values of 
Pearson's Type 111 distribution supplied by Bill Sammons of the USDA Soil Conservation 
Service(2). A value for a 500 year return period was added in-order to have a value close what 
the US Army, Corps of Engineers refer to as the "standard project flood". 

There is plenty of room for improving rainfall analysis. The complete annual series data 
sets of those station used here are maintained for easy updating; as well as for the data users who 
may wish to develop appropriate procedures or select a diffe~nt frequency distribution. 

Prior Studies 

Many of the precipitation analysis used here were published in Department of Resources 
Bulletin 195, Rainfall Analvsis for Drainape Design, Volume II (3). The three volumes of 
Bulletin 195 are: Volume I: "Short-Duration Precipitation Frequency Data." Volume 11: "Long- 
Duration mipitation Frequency Data " Volume 111: "Intensity-Duration-Frequency Curves. " 
This was updated in 1981 (14). 

The annual variations in rainfd frequencies were examined in an October 1980 DWFt 
report, Maximum Daily Precipitation by Months.(4) That report contains an extensive microfiche 
file of extreme daily raMall by months and an associated frequency analysis. These are still 
available from Matt Winstion at the Department of Water Resources. His phone number is 916 
653 8398. 

The original data of this study consisted of once a day daily rainfall measurements. 
Rainfall in this study is a vertical measure of precipitation accumulating on a horizontal surface, 
consisting of drizzle from fog, melted snow or hail as well as liquid rain. The locations of the 
rainfall records of this study are plotted on Map 2. 

The data for this study includes the records from Climatological Data for California 
(23)(29), as well as from the California Department of Water Resources and many other agencies 
such as power companies and flood control districts; who in turn rely largely on volunteer weather 
observexs. The National Weather Senrice records from Climatological Data are fairly complete for 
the period 1949 to date, but much of the older record still needs to be added to the data base. 

There may be better methods to measure rain now than the historic daily manual method, 
but the managers of automated data systems do not universally share the urgency of record 
archiving. Many users of automated data collection networks keep the records only as long as they 
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are needed for flood forecasting. A uniform procedure for collection, publication and archiving 
this data, these studies is needed. This would provide design data in remote areas currently devoid 
of rain records. 

In the course of a study it has been necessary to make a judgments about the quality of 
some data. In general the observer is considered right. Three times when this writer has reserved 
judgment are noted. One of those times was with the record for La Porte, where the observer 
reported 12 inches of precipitation on May 18, 191 1 (23). This was not reflected in his record of 
snow depth which increased only one inch. I think that the observer did not understand the 
decimal system and ml ly  had 0.12 inches. If he really had 12 inches, I think it would have been 
warmer storm event and would have washed away his 18 inches of accumulated snowfall on the 
ground. 

Twelve inches of rain in one day in May is quite important to some decision makers. 
This refers to the one who must decide on the use of flash boards in spillways in late spring time 
in California. If the 12 inch per day report is correct; flash board use may be an unsafe pmctice in 
California during the mpnth of May. If the 8.25 reported for Kennett on May 9, 1915 is the 
highest ever rain for California in May is correct @'able 7); then flash boards might be a less 
unsafe practice. 

Another historic weather report which needs reviewing is the 11.5 inches in 80 minutes 
reported for C a m p  on August 12, 1891. This storm was described in the Monthly Weather 
Review at the time. The foundation was washed from under the gage which was found to be 
leaning at a sharp angle from the vertical during the storm. The gage was washed away 
completely by the time the storm ended. The record of this gage may not be an accurate indication 
of the actual rainfall. If the gage was tipped into the storm it could have been a gross over 
measurement If the gage were tipped away from the wind it would have been a gross under 
measure. This was no doubt a very large rainfall, what ever it's depth. 

The published (23) value of 7.29 inches at Mqsville on December 25,1983 appears to 
be five inches too high. The nearby record at Y uba City was 2.3 1 inches for this day. Many 
other stations reported about 2 to 3 inches on this date. The Beale AFB record needs to be 
checked. If Beale had less than 3 inches on December 25, 1983 then the assumption that a 2.29 
was miss read as a 7.29 is probably correct. The concept that the obsemer is always right needs 
to be tempered with reason. 

Limitations of Rain Gages 

Users of the rain gage records are cautioned about the inherent and unavoidable 
shortcomings of records from rain gages. Rodda (3 states that "Rain gauges, as usually installed, 
regularly under register the quantity of rain. . . all rainfall . . . measurements are necessarily 
relative and they are at best precise rather than accurate." 

Studies by Kurtyka of the Illinois State Water Survey (6) indicate that the Weather Service 
recording gages register 2.5 to 6 percent less precipitation than do their non-recurring gages. 
According to Jones (7) and Renard and 0s- (8) recording precipitation gages genedly under 
measure because of instrumentation limitations and aerodynamic problems; therefore, the extreme 
rainfall from recording min gage charts is generally underestimated. 

Wind causes rain gages to under register. The aerodynamic effects of the interception of 
wind-driven rain by rain gages have been under study for many years. In 1B4, Koschmieder (9) 
reported that wind blowing at 24 miles per hour on an unprotected gage will reduce the catch to 
only 50 percent of that which would be caught by a gage exposed with the opening flush with the 
ground. 

Snow and wind are frequently the cause of interruptions in rainfall records. About 10 
percent of the recoding rain gages reported by the National Weather Service in its monthly - 



publication Hourly Preci~itation Data (10) show loss of record in midwinter, whereas only about 2 
percent show a mid-summer loss. Furthermore, gage observers may often be unaware of a loss of 
record due to gages overcapping with snow or other factors associated with freezing tempemtures. 

ANALYSIS OF DATA 

An example of the rainfall depth duration frequency tables that are basic to this study are 
shown here as Table 8; which is a rainfall study for Arcade-Greiner. This consists of four parts, at 
the top is data on the station location and origin of the record. The next group are the annual 
extreme values for each year of record. The next group are the statistical parameters describe the 
previous data set. The last group consists of the estimates of the rainfalls for various return 
periods from 2 to 10,000 years for storm durations of 1 to 60 consecutive days and the water-year 
total. 

fteeional Smoothing 

The emrs due to a small numbers of years of record, at one time, resulted a wide range in 
calculated design storms. This range was due to the effects of large outliers in the data sets as well 
as short climatic fluctuations. The smoothing procedure of this study is intended to incorporate the 
outliers in the data and to develop consistent design stom estimates that could be duplicated by 
many workers. 

The regional analysis of the rainfall consists of expressing the minfall in a series of 
dimensionless parameters and averaging those parameters in regions of climatic similarity. This is 
done in order to select a frequency distribution and regional design values of the coefficients of 
skew and variation. 

There are 13 regions used for averaging the coefficients of variation (CV), skewness (g) 
and kurtosis weE those used at DWR (3). These 13 regions of California are listed on Tables 2 
and 3. The 13 regions are shown on Map 1. A project for future refinement of these studies is to 
develop contour maps of skew and variation in order to over come the problem of discontinuity at 
the boundary between the mountains and the deserts. The region on the eastern slopes of the 
Cascades, the Sierras and the Coast Ranges are truly the "problem climates" of the state and 
probably need a denser rain gage network. 

The design values of the coefficients of variation and skew were averages weighted by the 
length of record These regional averages will need to be updated as a future project The values 
used on tables 2 and 3 were developed at the California Department of Water Resources in 1981 
(14). 

Frequencv distribution 

Several frequency distributions were examined in previous studies (references 3 , l l  and 
12). The Pearson Type I11 distribution was selected as the appropriate one for extreme rainfall 
based on the skew - kurtosis map described by Wu (1 1) and Elderton (13). 

The frequency factom (K) of the Peason Type 111 distribution as used here are from 
Harter (2). They are shown in Table 1. As an example of the significance of skewness in 
hydrologic frequency analyses, a thousand-year stom is defined as the mean plus 3.67 standard 
deviations with a skewness of 0.4, and the mean plus 5.91 standard deviations with a skewness of 
2.0. The frequency factor (K) is the only part of equation (1) containing a reference to frequency 
of occurrence. 



The general equation for hydrologic frequency analysis (from Chow's Handbook of 
A ~ ~ l i e d  Hydrologv (1) p. 8-23 is: 

- 
Pji = Pi + K. J S. 1 (1 ....................................................... 

Where: j refers to return period in years, and i refers to 
specific storm duration in minutes, hours, or days. 

Pji = precipitation in inches for return period j and duration i. 
- 
Pi = average maximum annual stom for duration i. 

Kj = frequency factor (in standard deviations in excess of the mean) for a return 
period of j years (see Table 1). 

sj = standard deviation of maximum annual rain for duration i. 
When both sides of equation (1) are divided by si the equation takes the following form: 

CV = s 1 = coefficient of variation. 

Statistical Estimators 

The estimators used in rainfall analyses are the mean, the standard deviation, s; the 
coefficient of Skew, g; and the coefficient of kurtosis, k. The equations of these estimators are: 

Where: 
P = annual extreme rainfall 
n = number y m  of data 

The computations of the design rainfalls from the data matrix is quite simple. The design 
rainfall is the product of the average stom times one plus the product of the regional coefficient of 
variation (equation 2) and the appropriate frequency factor all multiplied by the appropriate fixed 
interval correction. The Fixed Interval Correction (FIC) shown on Table 8 refers to the ratio of the 
average maximum rainfall from fixed interval observations compared to the actual maximum 
values, as described by Weise (32). 

HISTORIC 1,000 YEAR STORMS FOR CALIFORNIA 

This study is about 38 storm events where the return period exceeded 1,000 years. The 
same storm event has been measured by many rain gages in most cases. Table 6 lists 246 events 
where 1,000 year rainfalls have been measured at specific stations. The locations and dates of the 
station with the highest return period for each of lhe 38 events are plotted on Map 4. A 1,000 year 
rainfall for California can be defined as one that is of a magnitude of about 5 standard deviations 
above the mean event. The actual number of standard deviations is related to the skewness of the 
region where the station is located. Frequency factors for various values of coefficients of 



skewness and return periods are listed on Table 1. The skewness for each of the 13 hydrographic 
regions for California (shown on Map 1) is listed on Table 3. 

This study is based on 93,000 station years of daily rainfall observations from 2770 rain 
gages. This translates to 33 million daily observations, so it should not come as a surprise that the 
largest rainfall event reported here is 9.7 standard deviations above the mean and has a return 
period of 360,000 years. This was at San Andreas Lake station in San Mateo County about 10 
miles South of San Francisco. This was 27.16 inches in Three days. It occurred on December 
18-20, 1871. The Pilaricitos ans San Francisco stations also had large rainfalls on these days. 
Here is a brief description of selected 1,000 year storms of California. 

Storm of January 5-19, 1993 

An energetic series of storms swept through Southern California during January 5 to 19, 
19!B associated with high wind and tornadoes. These storms left a rainfall pattern in the South 
Coastal Mountains similar the of the storms of January 14 to 28, 1916 and February 13 to 17, 
1927. Rainfall depths of over 30 inches occurred at Palomar Mountain and stations as far North as 
Lake Arrowhead in the San Bernardino Mountains. 

The largest return period for a station during this stonn was for Campo, located East of 
San Diego. Campo received 18.27 inches of rain. This was less than the 19.66 inches which 
Camp received in the 1916 storm; but the return period was still 2800 years. 

Extensive flooding occurred in Southern California during this period. Ten lives were lost 
due to flooding according to Storm Data (25) for January 1993. The greatest 15 day rainfall totals 
of record occurred during this storm at 40 stations. Lines of equal return period for the ten day 
storm are shown on Map 5. 

Storm of Jannary 17, 1988 

A very intense storm passed thmugh California on the January 17, 1988 associated with 
high winds and surf. Several deaths occurred when people became snow bound in the mountains 
of Southern California A 7 foot tide combined with a 15 to 20 foot surf caused an estimated $50 
million damage to Coastal Southern California according to the National Weather Service (25). 
Tornadoes were =ported in Orange County. 

There was rain reported state wide on this day but only a few stations reported 4 inches of 
rain in 24 hours. Turlock reported 1.10 inches and Modesto 1.69 inches for the seventeenth. 
Newman's 92 year average annual rain is 10.27 inches. Newman reported 4.10 inches of rain on 
January 17, 1988. The 4.10 inches at Newman is 6.67 standard deviations above the mean 
extreme annual stonn. This represents a return period of about 20,000 years. It appears that a 
local thunder storm was embedded in the larger statewide storm that hit Newman on this day. 

Storm of February 11 through 20, 1986 

A series of wam tropical storms resulted on a good soaking generally of the higher 
elevations of Central California in mid February of 1986. Hundreds of stations reported the 
highest ever rainfalls for 10 consecutive days. Half of the average annual rain fell in the 10 days 
between the 1 1 and 20 of February in 1986 over a large portion of the Central and Northern Sierra 
Nevada At Mono Lake 95% of their annual average rainfall occurred in 10 days. At Bucks Lake 
in the Feather Basin 49.44 inches occumd, which is 71% of their average annual rainfall. 
Widespread drenching rains in central California led to extensive flooding and mud slides. 

. Flooding resulted in 13 deaths, 50,000 evacuations'and over $400 million in property damage 

In the Siem Nevada the stonn effected mainly the area from Yosemite on the South to the 
Feather River Basin in the North. The stations of the Sierra Nevada receiving 1,000 year rainfalls 
ranged in a band from Clarks Peak North of Sierra Valley in the Feather River Basin to Calaveras 
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Big Trees in the Cosumnes River Basin in the South. Four Trees, near Bucks Lake, had 17.6 
inches on February 17, 1986; which was the highest 24 hour rainfall ever recorded in the Central 
Valley. 

Extensive flooding occurred in the Napa and the adjacent Russian Rivers. Calistoga ,in 
the Napa River Basin, had 29.61 inches in 10 days representing a return period of 2,600 years. 
The previous 10 day high rain at Calistoga was 20.00 inches in 1906. The rainfalls on the Russian 
River during this storm were heaviest on the Southern end of the watershed. There was extensive 
flooding at Gurneville where one newspaper reported that the town had just drowned. The return 
period for the 10 day storm at Ukiah in the North end of the Russian River was 3 1 years where as 
at Graton it was 170 years. 

There were ten reports of over ten inches of rain on the seventeenth. Most of these were in 
the Y uba, Bear and American basins, but 2 were near the Napa River Basin and one on the Smith 
River in the Northwest comer of the state. 

The Atlas Road min gage on the North slope of Atlas Peak reported 41.08 inches of rainfall 
in 10 days. This was 7.4 standard deviation above the mean, or 113% of the mean annual rainfall 
. There was a lot of flooding down stream from Atlas Peak area. Some of the streams draining 
the East side of Atlas Peak appeared to have had a debris flow as the stream beds were stripped of 
vegetation and the stream beds were lined with large boulders after the flood. Interstate Highway 
80 was flooded down stream at Codilia Junction as a result of this event. Lines of equal return 
period for the ten day stom are shown on Map 6. 

The Wet Year of 1983 

New record high total annual rainfalls were reported statewide in California during the 
water year from October 1, 1982 to September, 1983. California received a long sequence of 
storms which left poorly drained areas soaked for many months. This soaking resulted in 
unusually extensive flooding in areas like the Colusa Basin. In all regions the high rainfall totals 
were associated with quite noticeable increased numbers of rainy days; rather than by with large 
individual minfalls. 

It had been 93 years since California had as much rain as in 1983. The last year with 
rainfalls as high was 1890. This was based on a comparison of 75 records which were continuous 
since 1883. One hundred eleven years of annual rainfall averages in California are plotted on 
Figure 2. One of the factors which make the 1983 yea. even more unusual was that 1982 was also 
one of the wettest years of record. Fifty eight of the 1400 stations studied here repo~ted 100 
inches or more for water-year 1982-83. At most of these stations this was the wettest year ever. 

Nineteen eighty three was the year of the highest ever rainfall at Sacramento, with 
measurements since 1850. Sacramento had % days with rainfall in 1983. Normally Sacramento 
has 58 days per year with rainfall. 

The highest rainfalls for the 1983 water year ranged from 188.50 inches at Musalatt on the 
South Fork of the Smith River in the Northwest corner of California; to 173.37 at Mining Ridge in 
Monterey County. This is 1.8 times the average annual rain for Musalatt but less than the state 
record of 257.90 inches at Camp Six also in the Smith River Drainage in the 1981-82 water year. 

Forty five stations reported yearly rainfall totals in excess of the calculated once-in-a- 
thousand year amounts during 1 B .  These were distributed from the Mamath River Basin in the 
North to the Borrego Desert in the South. Half of the state's land a m  had rainfalls in excess of 
the once-in-a-hundred year rainfall during water year 1583. The lines of equal return period for 
the 1983 rainfalls are shown on Map 7. 



Storm of January 4, 1982 

Death and devastation visited the San Francisco Bay area on January 4, 1982. The San 
Francisco Airport recorded 30% of their mean annual rainfall during this storm. Berkeley had 
6.98 inches of rainfall on January 4, 1982, exceeding the previous record for one day of 4.75 
inches which was recorded in 1904. 

The Ben Lomond Landfill rain gage had 15.20 inches of rainfall. This was the largest 24 
hour *all ever recorded in the Central Coastal part of California. These heavy rains saturated 
the soil. A land slide followed in Love Creek about 200 yards to the northwest of the Ben 
Lomond Landfill rain gage. . 

This was a large storm in terms of rainfall depth. Seventeen stations in Marin and Santa 
Cruz Counties reported ten inches in one day. Ten inches per day occur every. 10 to 15 years at 
places like Ben Lomond and about every 25 years at Kentfield. 

This was not one of the largest storms of California when expressed in terms of return 
period. It is important because it occurred in heavily populated areas. Twenty people were killed 
in landslides following the soaking rains. Ten rainfall stations reported return periods of 500 years 
or more. There was about 1,100 square miles in the area exceeding the oncein-a-hundred year 
rainfall event, as shown on Map 8. 

Storm of December 3, 1980 

There were few indicators of the big storm that occurred at Fergerson Ranch located about 
20 miles northwest of Red Bluff in Tehama County on December 3, 1980. The detailed hourly 
rainfall distribution was published in Hourly Mipitation Data (10) but few other stations 
recorded an exceptional rainfall. 

The USGS stream flow records for Antelope, Elder and Thomes creeks did respond with a 
sharp rise in flow. The Shasta Dam rain gage caught 8.48 inches and the Whiskeytown gage 
caught 9.89 inches. The return periods at Shasta Dam and Whiskeytown were both less than 50 
years. The Fergerson Ranch gage caught 12.00 inches, which was 8.72 standard deviations above 
the mean for a return period of about 500,000 years. 

This stonn was probably similar is geographical distribution to the Newton storm of 
September 18, 1959, where 10.6 inches occurred in 5 hours. Newton is located between Redding 
and Shasta Dam. This storm was described by Weaver (19). This was an very sever storm 
covering a small area. 

Storm of February 14 to 21, 1980 

Disastrous and record breaking rainfalls in the South Coastal Basin in 1980 resulted in the 
highest ever rainfall totals over a broad area Seven Counties were declared disaster areas. 
Eighteen storm related deaths occurred along with $270 million in property damage. Garza (32) 
reported over 1500 homes damaged or destroyed. One hundred and eleven stations reported the 
highest ever rainfalls for 8 consecutive days. 

The highest rainfall depth of this study was 3 1.84 inches at Raywood Flats located in 
Riverside County. The return period of the rainfall at Raywood Flats for February 14 to 21, 1980 
was 115 years. The highest return period for this storm study was at Sage in Riverside County, 
with 4.84 standard deviations over the mean 8 day storm, which resulted in a 800 year return 
'period. 



Record high eight day rainfalls for 8 consecutive days occurred at 133 stations. Return 
periods in excess of 100 years were reported at 70 stations. This storm was described by Gana 
and Peterson (33). Lines of equal return period are shown as Map 9. 

Storm of February 10, 1978 

A vigorous winter cyclonic storm with wide spread flooding an mud slides developed on 
the windward slopes of the South Coastal Basin on February 10, 1978. This storm was still quite 
robust as it moved northeasterly into the comparatively dry San Joaquin Valley. 

The heaviest rainfall depth of this storm was at Matilija Canyon in Ventura County to the 
South West of Buena Vista Lake Basin where 13.3 1 inches was reported. Seven stations reported 
over 10 inches of rainfall on this day. Matilija Canyon is a wet place relative to Buena Lake basin. It 
receives seven times as much rain is an average year or about 35  inches per year. A rainfall of 13.31 
inches in one day at Matilija Canyon has a return period of less than 30 years. There were 18 deaths 
reported with this storm and $120 million in storm related damage. 

The storm of February 10, 1978, based on return period, was centered in the Buena Vista 
Lake region of Kern County. Blackwells Comer received 3.90 inches on February 10, 1978 
which was 74 % of the mean annual precipitation in one day. This was 7.41 standard deviations 
above the mean maximum day, with an associated return period of 28,000 years. The averages 
rainfall in the region of 1,000 year rainfalls was only 3.48 inches. Seventy six stations of this 
study experienced the highest ever daily rainfalls on this day. Sixteen stations reported return 
periods in excess of 1,000 years and 32 stations reported return periods in excess of 100 years. 

There is a strong resemblance between this storm and the tropical storm which came on 
store near Santa Cruz in September 1918. Both storms vigorously entered the rain shadow areas to 
the northeast resulting in a deluge in normally dry areas. 

One of the side effects of the February 10, 1974 storm was the grandest display of wild 
flowers ever seen in this region of the San Joaquin Valley as a result of the through soaking of the 
ground at an optimum time of the year. This storm was described by Garza and Peterson (33). 
Lines of equal return period are shown as Map 10. 

Winter Storms of 1969 

The winter of 1%9 was very wet in Southem California and the ~o'uthem Sierra Nevada. 
That region experienced some of the severest flooding since 1938. Property damage was 
extensive in the South Coastal Counties. Forty counties were declared disaster areas. Forty one 
deaths were a direct attributed to the storm. 

By April 1 a great snow pack had accumulated in the Southern Siena. Over 200 % of 
average water content was in the snow pack The Tulare Lake bed, where 100,000 acres are 
cultivated, had 89,000 acres of cropland flooded in order to store the melting snow. 

Over 200 rainfall stations mainly in Southern California reported the highest ever recorded 
for 60 consecutive days. Mount Baldy Notch reported 88.50 inches of rainfall in 60 days from 
January 13 to March 13, 1969. Mount Baldy Notch is located at 7,735 feet in the San Gabriel 
Mountains near the Lus Angeles-San Bemadino County line. Stations reporting extremely high 
rainfalls for the 60 days ranged from Cottonwood Creek at 10,600 feet in the Southern Sierra to 
Death Valley at 194 feet below sea level. Thirteen stations  ported W a l l  totals in excess of the 
calculated once-in-a-thousand year storm depths The stations reporting 1,000 year storm from the 
South Coast Basin were at higher elevations. The valley floor poxtion of the San Joaquin Valley 
also had heavy rainfalls with high return periods. 

The winter of 1969 had the second largest daily rainfall for the State when 24.92 inches of 
rain fell at Lytle Creek Power'House located at an elevation of 2,225 feet in the San Gabriel 
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Mountains northwest of San Bemadino. Thirty stations reported rainfalls in excess of 10 inches 
per day during the big storm of Januq 25, 1969. The same region received heavy rainfall a 
month later when Juncal Dam in Santa Barbara County received 16.3 1 inches on February 25, 
1969. The largest return periods of this study were associated with sixty day rainfall totals Lines 
of equal return period are shown as Map 1 1. 

Storm of December 2-7, 1966 

The Upper Kern River and Owens Valley region received a very large storm during 
December 3 to 7, 1966. The heaviest rain was in a narrow band that ranged from Southern 
California Edison Company's Kern River Intake W3 in the South to the White Mountains over a 
hundred miles to the Northeast. 

Nineteen stations reported 10 inches or more on December 6, 1966. These stations were 
located mainly in Tulare and San Bernardino Counties. The record high one day rain for the 
Central Valley was the 17.0 inches at Hockett Meadows on December 6, 1966. This was 
exceeded by the 17.4 inches at Four Trees in the Feather River Basin on February 17, 1986. 

Historic records of both peak flow and 3-day storm-runoff volume in the Kern, Tule, and 
Kaweah Rivers were exceeded by the floods of December 1%6 according to Dean (20). Forty 
two rainfall stations reported the highest ever 5 day rainfalls for this storm. Eleven stations 
reported 1,000 year rainfalls. The highest rainfall was reported at Johnsondale with a five day 
total of 30.45 inches. Lines of equal return period are shown as Map 12. 

The Second Christmas Storm of December 19 through 24, 1964 

The six days from December 19 through 24, 1%4 were the wettest ever recorded at 78 
Northern California Stations. The North Coast had the worst flooding ever experienced in that 
region. Every major stream in this North Coast had produced new high values of extreme peak 
flows. Thirty-four counties in California were declared disaster areas. 

This storm had three major centers of activity as can be seen on Map 13. These are the Eel 
River, the Upper Klamath and the Y uba River in the Central Siem Nevada. 

The highest 6 day rainfall reported for the Eel Basin was 3 1.71 inches at Branscomb. 
Fourteen of seventeen station in the Eel River Basin reported the highest ever rainfalls during this 
storm. A telephone pole stands at the former town site of Weott along the Eel River with a sign 
near the top to remind people of the depth of the water during the December 1%4 flood. 

The highest return periods for the storm were in the Klamath River Basin where Gazelle 
reported 8.09 inches. This was 7.78 standard deviations above the mean. The associated return 
period is over 300,000 years. These very high numbers were also reflected in the records of 
nearby stations of Y reka, Mt. Heborn and Callahan. 

Thirty five stations reported daily rainfalls of 10 inches or more on December 22, 1%4. , ,  
These stations were located in the North Coast streams as well as the Central Sierra Nevada The 
highest reported rainfall in one day was 15 inches at Ettersberg in Humboldt County. 

The highest ever rainfalls occurred in the Yuba and Bear River Basins, where Lake 
Spaulding received 32.60 inches of rain in 6 days. Six stations in the Y uba watershed reported 
over 10 inches of rain on December 22, 1%4. 

The stream flow on the Y uba River at Marysville peaked at 180,000 cubic feet per second 
(cfs), causing the second Christmas time flood in a decade. The December 1955 peak on the 
Yuba River at Marysville was 140,000 cfs. 



Storm of January 30 to February 1, 1963 

The three day storm of January 30 to February 1, 1%3 resulted in a drought breaking 
flood. This ended one of the worst mid winter droughts of record in Centml California Record 
numbers of mid winter foggy days were recorded at Sacramento. This storm resulted in the 
heaviest ever three day rainfalls at 45 stations. These extreme rainfalls were generally at high 
elevation stations in the Southern Sierra The heaviest rainfalls were centered South of Yosemite. 
Florence Lake received 64% of it's mean annual precipitation in this three day storm, which 
represented a return period of 33,000 years. Other Sierra stations with a 1,000+ year return period 
were South Enhance Yosemite National Park and Tollhouse. 

The snow line associated with this stom was generally over 8000 feet and at time as high 
as 11,000 feet. Snow melt was a major factor in the flooding associated with this storm. Many 
streams reported record high flows during this storm, according to Young and Harris (30). 

The storm of January 30 to February 1, 1963 resulted in extensive flooding at Reno, 
Marysville and Napa The return periods if the rainfall in the American Basin ranged from 10 to 
80 years in the north to 200 years at Twin Lakes in the South Fork of the American River Basin. 

The highest one day rainfalls were at Big Bend Ranger Station and Cheny Valley Dam 
which both received over ten inches on February 1, 1963. The highest storm totals were at 
Wishon Dan with 23.25 inches and at South Entrance of Yosemite with 22.99 inches. 

Nine stations in Santa Clara Valley reported the greatest ever 3 day rainfalls during this 
storm sequence. Lake Kithidge and Seven Mile Reservoir both reported rainfalls in excess of the 
1,000 year event. Several Santa Clara Valley stations reported 20 inches of precipitation in three 
this three day storm. Lines of equal return period are shown as Map 14. 

Colnmbns Day Storm of October 11 through 13, 1962 

The Columbus Day Stonn of October 11 through 13, 1%2 will be remembered for the 
high winds as well as for the record breaking rains. Millions of trees were blown down all along 
the Coastal areas from Washington State (24) to Central California In California heavy rainfalls 
covered a wide band extending from Oakland to Alturas. 

Lake Spaulding had 23.05 inches of rain in 3 days, the highest three day rainfall of their 
93 year record. Marymille received 9.26 inches in three days. This storm did not spare the low 
elevation locations. Two Hundred and fourteen stations reported the highest ever rainfalls for 
three consecutive days. Seventeen stations reported rainfalls in excess of 20 inches in three days. 
The heaviest amount for the three days was 25.78 inches reported at Forbestown in the Feather 
River Basin. 

Twenty three stations reported over 10 inches of rain on October 12, 1%2. Ben Lomond 
North of Santa Cruz reported the highest one day total with 14.10 inches. This storm came at the 
end of the normal summer drought when the ground was dry, or flooding would have been much 
worse. 

Thirty stations received half of their annual average rainfall in this storm. Twenty Five 
stations reported rainfalls in excess of the 1,000 year return period. The highest return period was 
for Upper San Leandro Filters where 13.14 inches corresponded to a 6,800 year return period. 
This was similar to the return periods at several other stations in Alameda and Con- Costa 
Counties. Lines of equal return period are shown as Map 15. 

Storm of April 3, 1958 

A series of storms off the coast with an associated series of fast moving fronts swept over 
California during mate march and early April 1958. the San Joaquin Valley experienced several 
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small tornadoes. Thunder storms were wide spread. One of the biggest occurred at Woodward 
Dam located 7 miles north west of Oakdale, in Stanislaus County. On April 3, 1958 Woodward 
Dam received 5.72 inches of rain. This is 45 percent of it's average annual rainfall. The return 
period approached 300,000 years, as this was 8.55 standard deviations above the average 
maximum daily Wall. 

This was a very localized storm as only two other stations  ported the record high one day 
rain on this day. These were Hogan Dam and Drytown. 

The Christmas Storm of December 17 through 27, 1955 

During December 17 to 27, 1955 a warm storm melted accumulated snow fall up to an 
elevation of 10,000 feet The highest return periods associated with this storm were for eight day 
rainfall totals. This storm was heaviest in the Central Sierra, the Feather, Yuba, Bear, American, 
Consumnes, and Calaveras Rivers; as well as the Russian and Napa Rivers, and the streams of 
the South Bay A m .  

The higher elevations of both the Coastal Mountains and the Siema were effected by h s  
storm sequence. Twenty stations reported storm intensities in excess of the once-in-a-thousand 
year events, during December 1956. The Santa Clara Valley was the hardest hit in terms of big 
and rare rainfall events. 

This was a high elevation storm in the Central Valley. Over half the stations reporting a 
once-in-a-hundred year storm were located at an elevation over 1,000 feet. The highest for the 
Sierra stations was 36.57 inches at Strawberry Valley in the Y uba River Drainage. In the Santa 
Clara Valley the maximum was 42.27 inches at Lake McKenzie, located south-west of San Jose. 
The maximum eight consecutive days of rainfall of 49.20 inches was reported at Honeydew in the 
Mattole River Drainage. 

Nineteen stations reported daily rainfall in excess of 10 inches in one day during the 1955 
storm. These were located in the Upper Sacramento, Feather, San Joaquin Rivers and in the 
Clear Lake area The heaviest BI hour rainfall recorded was on the twentieth when 15.34 inches 
fell at Lakeshore in Shasta County in the Upper Sacramento River Basin. This was the heaviest 
24 hour rain event ever reported for the Central Valley up to this time. This storm did not produce 
heavy, short, bursts of rain; but rather it continued all week with few breaks. It saturated the 
soil. It filled the surface reservoirs. It resulted in extensive flooding. Lines of equal return 
period are shown as Map 16. 

Storm of November 18, 1950 

A typical high elevation storm passed through Centd California on November 18, 1950. 
The rainfall distribution in this storm is quite similar to the January 30 to February 1%3 storm 
(compare maps 14 and 17). The gmtest daily total rain for this storm was 13.16 inches at Giant 
Forest in Tulare County at an elevation of 6412 feet Highest ever daily rainfalls were reported at 
30 stations. 

Nine stations reported 1,000 year rainfalls. Seven of them were in the Stanislaus, M e 4  
and San Joaquin Rivers. State Highway 140 into Yosemite was washed out near El Portal. 
Extensive flooding was reported by Paulson et al(3 I), mainly on the lower San Joaquin River. 
Twenty stations received 25 percent of the average annual rainfall on this day. 

The station reporting the highest return period was Calaveras Dam in Alameda County. 
Calaveras Dam received 7.17 inches in one day, which was 33 percent of ifs annual average 
rainfall. The return period for Calaveras Dam was 23,000 years. Lines of equal return period are 
shown as Map 17. 



Storm of January 22 & 23, 1943 

The largest daily rainfall ever recorded in California was 26.12 inches which was on 
January 23, 1943. This occurred at Hoegees near Mt. Wilson in the San Gabriel Mountains 
north of Los Angeles. Twenty-six inches was %% of the mean annual rainfall for Hoegees. This 
is an area which normally gets 18% of its annual rainfall in the wettest day of the year. 

Hoegees had over 10 inch per day rainfalls on 8 other occasions. 26.12 inches at Hoegees 
has a return period of less than 1,000 years. Fifty eight stations included in this study reported 
one day rainfalls of over ten inches of rainfall on January 22, 1943. These were located in Los 
Angeles County with some in San Bemardino County. 

The highest return periods over the region covered by the storm were associated with two 
day storm totals. The extremely high rainfall of January 23 is limited to a relatively small area near 
Mt. Wilson. There was an area of 11,000 square miles ranging from Santa Barbara County to 
Riverside County which received a soaking from this storm which was in excess of a once-in-a- 
hundred year event. Lines of equal return period are shown as Map 18. 

Storm of September 24, 1939 

One of the most interesting stoms in California occurred on September 24, 1939, at Indio 
in the Salton Sea drainage area This storm was studied by Pyke (15) who found that twice the 
mean annual rainfall (of 3.43 inches) occurred in six hours. 

The meteorological aspects of this storm and many important California storms were 
studied by Weaver (19). Weaver indicated that this was a tropical storm. The low pressure area 
came ashore near San Pedro. There was a over a $1.5 million in damage in the area where it came 
onshore. A strong surge of warm moist air crossed over the mountains where the out standing 
rains occurred in the rain shadow zone in the low desert. 

Pyke reports that this was a thunder storm. It is typical of hurricanes to infuse a region 
with warm moist air in which thunder storms are generated The Indio thunder storm could be 
compared with the Red Bluff thunder storm of September 14, 1918, which also followed a surge 
of marine air after a humcane. A large rainfall also occurred at Imperial located 70 miles South 
East of Indio, which received 4.08 inches of rain. This much rain at Imperial has a =turn period 
of 2200 years. 

The rain at Indio represented 8.8 standard deviations which in this region represents a 
return period of about 55,000 years. The flood resulting from this storm caused only a slight rise 
in the Salton Sea. 

Storm of September 5 & 6, 1939 

Brawley 2 SW received 6.33 inches of rain on September 5 and 6, 1939. The average 
annual rainfall at Brawley is 2.63 inches based on a 6 year record. This yo day event was 2.4 
times the average annual rainfall for Brawley. It has a return period of about 16,000 years. 
Several other desert stations reported the highest ever two day rainfall totals during this period. 
The Metropolitan Water District's pumping plants at Iron Mountain and Hayfield Pump both 
reported 1,000 year rainfall events. 

Storm of March 2, 1938 

The storm of March 2, 1B8 produced some of the largest stream flows ever recorded in 
Southern California This occwed over in a broad range of streams. These were mainly in Los 
Angeles and San Bernardino Counties. This storm did not produce a 1,000 year daily rainfall. It 
did result in l/3 to 112 of the average annual rainfall in one day. The highest return period was 540 
years at Riverside North. 
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More than 10 inches in one day was reported from 16 stations on March 2, 1938. This 
storm occurred in a region where very large rainfalls are common. A 15 inch per day rainfall at 
@ids Camp, in the San Gabrial Mountains, has a return period of less than 25 years. 

A study of the floods of this storm published by Harold C. Troxell, WSP W 1 6 )  
indicated that 87 lives were lost and $78 million in damages occurred in this flood. WSP 844 also 
contains a interesting descriptive history of flooding in Southern California starting in 1780. 

An example of this stoms effects on streamflow is Arroyo Seco near Pasadena (USGS# 
11098000). It has a continuous record of streamflow since 1915. There are no water diversions 
or storage above the gaging station. The highest recorded gage height was 9.42 feet on March 2, 
1938. This translated to a flow rate of 8,620 cubic feet per second. The size of the watershed is 
only the 16 square miles. A high intensity short duration rainfall must have been imbedded in the 
daily rainfalls totais to cause such a high flow. Lines of equal return period are shown as Map 19. 

Storm of December 10 and 11, 1937 

The storm December 10 and 1 1, 1937 was a high elevation event located in the North East 
comer of the State. Twenty one stations reported the highest ever two day rainfall at this time. 
The high intensity part of this storm was centered in a zone between Inskip Inn in Eastern Butte 
County to Alturas. Alturas had 5.08 inches of rain which represented a 22,000 year return 
period. 

Five stations reported over ten inches of rain on December 11, 1937. Cobb in Lake 
County received the largest amount with 13.65 inches on the eleventh. The largest storm total 
was at Hobergs with 20.50 inches in 2 days. Lines of equal return period are shown as Map 20. 

Storm of December 31, 1933 and January 1, 1934 

The New Years flood of 1934 caused of mopping up after some of the highest ever 
rainfalls on the South slope of the San Gabrial Mountains. The heavy part of the storm extended 
fmm Malibu in the West to Covina in the East. The heaviest rains based on standard deviation 
above the mean was at Anza Foothill Ranch where 16.33 inches of rain had a 1200 year return 
period. 

An enormous debris flow followed the heavy rainfall in La Canada Valley north west of 
Pasadena. This was disastrous to those living down stream. The debris flow was made worse 
because a forest fire in November 1933 which had completely denuded much of the watershed of 
its vegetative cover just before the miny season. The fire was in the watershed of Verdugo Creek a 
tributary of the Las Angeles River up stream from Glendale. The area with the most damage was 
up stream fmm Montrose. The new years flood of 1934 took the lives of more than 40 people and 
caused $5 million in property damage according to Troxell and Peterson (21). 

There were reports of 10 inch per day rainfalls at 16 stations. Fourteen stations reported 
the heaviest two day rainfall of record. Hoegees was the wettest with 14.81 inches. Lines of 
equal return period are shown as Map 2 1. 

Storm of September 28 to October 1, 1932 

The Techachapi storm of September 28 to October 1, 1932 caused a million dollars in 
damages and cost 15 people their lives. The storms effects were described by Malcolm Sprage in 
Climatological Data (23) for October 1932, " Destruction was great near Woodford where a service 
station was washed away and two freight engines and six box cars dropped into a gully formed 
when the approach to the railroad bridge at that place was destroyed. One of the engines was so 
deeply buried under silt and rocks that it was not found until five days later. Railway was 
interrupted for 14 days and highway traffic for 2 days." Further details of this disaster were 
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described in Thnx Barrels of Steam by James E Boynton. Reports of this storm are long on 
details of the effects and short on quantitative details of the rainfalls. 

This stom was associated with a tropical disturbance of the West coast of Mexico. The 
storm traveled up the Gulf of California into the lower desert without much resistance only to 
break up in the Techachapi Mountains of Southern California. Techachapi 7.1 1 had inches of rain 
in 4 days from September 28 to October 1, 1932. This was a 200 to 500 year stom at 
Techachapi. Apparently the rains exceeded this in the surrounding mountains. 

Storm of February 13-17, 1927 

Eleven years after the mother of all storms happened in San Diego in 1916, the same ~ g i o n  
again had its reservoirs suddenly filled. This time by a four day storm that dumped 25.38 inches 
at Henshaw Dam. This was a 5000 year storm at Henshaw. The Henshaw weather station 
reported 14.48 inches on February 16, 1927. 

Thirty one stations reported the heaviest four day rainfall of record during this storm. Five 
stations had 1,000 year rainfalls. The station with the most rain was Raywood Flats in Riverside 
County which had 26.60 inches. Lines of equal return period are shown on Map 22. 

Storm of December 18-22, 1921 

The storm of December 1921 produced the largest rains ever records at a four locations. 
Werner Springs in San Diego County was the location of the rain total with the highest return 
period of 500 years. Opids Camp north of Mt. Wilson in Los Angeles County received the 
heaviest one day rainfail with 14.89 inches on December 19, 1921. 

Storm of September 12-14, 1918 

The storm of September 12 to 14, 1918 was centered at Antioch in Contra Costa County 
where 6.59 inches were recorded in 3 days. It had a return period of 2200 years. The next 
highest return period was at San Jose, where 6.35 inches resulted in a 380 year return period. 
Seventeen stations had the highest ever 3 day rainfalls during this storm. The highest storm total 
rainfall was at Red Bluff where they had 7.12 inches. Ten stations reported rains with return 
periods in excess of 100 years. 

Weaver (19) reports that this was the only Mexican West Coast hurricane known to come 
inland as far north as Central California. The storm system apparently moved on shore near Santa 
Cruz and then moved north to the Red Bluff area before dissipating. Typically these storms bring 
a surge of warm tropical air which frequently trigger thunder storms. 

This storm is similar to the event of February 10, 1978 in that a stmng cyclonic system 
came onshore into a normally dryer area and drooped a very heavy amount of rain where heavy 
rains are not usually expected. Lines of equal return period are shown on Map 23. 

Storm of January 14-28, 1916 

The rains of the last half of January 1916 were devastating to parts of San Diego County. 
Lower Otay Dam was washed away and Sweetwater Dam was rendered useless as a result of 
having an abutment washed away. 

Sweetwater Dam is a land mark case of short term thinking that at one time plagued early 
: day dam designers According to Schuyler (17) the'original Sweetwater Dam was built in 1888 
'with a waste way capacity of 1800 second feet --" which was well in excess of the maximum flood 
discharge as indicated by high water marks, although a subsequent flood exceeded this capacity a 
little more than ten times." On January 17 & 18, 1895 the Sweetwater Dam was filled to 



overflowing. The resulting 18,150 second feet sent 1.5 feet of water over the dam. Not a stone of 
masonry was disturbed to the satisfaction of the dams owners. 

It was during repairs to the Sweetwater Dam from the 1895 storm, the dam height was 
raised 5.5 feet and the spillway capacity was increased to 5,500 second-feet. This was adequate 
until 1916 when a peak flow of 45,500 second-feet occurred according to the chief engineer of the 
Sweetwater Water Company as reported by McGashan (18). The 1916 storm sent 3.5 feet over 
the top of the dam and eroded quite deeply around the north end of the main masonry structure. 
As of 1991 Sweetwater Dam has a capacity to safely pass 66,800 cubic feet per second, according 
to the California Division of Safety of Dams. 

The mother of all storms visited San Diego County in January 1916, apparently invited by 
Charles Mallory Hatfield, a rainmaker. Mr. Hatfield began experimenting with rain making in 
1903. His methods were proprietary and he died in 1958 without revealing them. He met with the 
San Diego City Council in December 1915 and agreed to fill Morena ~servoir  within one year for 
a fee of $10,000. Morena Reservoir was full by the nineteenth of January and rain making 
operations ceased; but the rains would not. The city council reportedly denied payment; saying 
that Mr. Hatfield would have to accept responsibility for $4.5 million damages, if he receive 
payment. Two dams were destroyed and 22 lives were lost, mostly down stream from Lower 
Otay Dam which was completely washed away. 

Descasio received over 27.79 inches of rain during January 14 to 28, 1916. This 
represents a return period of about 6,400 years. Twenty five stations had record high rains during 
this storm. There were 8 reports of 10 inch per day minfalls on January 17, 1916, the largest of 
them being at Squirrel Inn in San Bernardino County. Lines of equal return period are shown as 
Map 24. 

Storm of January 9 to 14, 1911 

The storm of January 9 to 1 1, 191 1 extended in a Southwest to Northeast line between Los 
Gatos and Galt. The heaviest rainfall recorded was 17.34 inches at Los Gatos with a return period 
of 800 years. Thirteen stations reported the highest ever six day rainfalls during this storm. 

Storm of January 1 to 20, 1909 

The storm sequence of January 1 to 20, 1909 extended in a southwest to northeast 
dinxtion from Fort Ross on the coast to Greenville in the Feather River Basin. Nine stations 
reported the highest ever 20 day rainfall totals. They ranged from Graton in the Russian River 
Basin to LaPorte in the Feather River Basin. LaPorte had 57.41 inches in 20 days which was 5.38 
standard deviations above the mean representing a return period of 12,000 years. Lines of equal 
return period are shown as Map 25. 

Storm of December 11, 1906 

The storm of December 11, 1906 was apparently centered at Forest Lake located along the 
famous 17 mile drive in Pacific Grove near Monterey . Nine stations reported highest ever 
rainfalls in a narrow band extending from the southwest to northeast direction from Monterey to 
Ione in the Sierra Nevada foothills. 

Forest Lake had 6.07 inches which was 6.38 standard deviations above the mean for a 
retum period of 9,000 years. Lines of equal return period are shown as Map 26. 

Water years 1890 and 1941 

There were three very wet years out of the last one hundred and eleven. They we= 1983, 
1941 and 1890. These wet years were shown on plotted on Figure 2. The 1983 water year was 
unique in that the zone of heavy rainfalls extended the full length of the State. In 1890 this was not 
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the case. The heavy rainfalls were confined to the north half of the state, as shown on Map 27. In 
1941 by contrast the heavy rainfalls were confined to the valley floor part of the Sacramento Valley 
and the Coastal region of Southern California as seen on Map 28. 

CLIMATIC VARIATION 

Climatic variation or fluctuation as studied here refers to two data sets. The first is a 
tabulation of the average annual rainfall at 75 stations with data for the years 1888 to 1993 as 
summarized on figure 2. The second is a tabulation of average maximum daily precipitation at 94 
stations for the period 1898 to 199 as summarized on Figures 3. 

The average annual rainfall at the 75 stations for the 11 1 years is 23.15 inches, which is 
comparable to the average of 200 million acre feet of precipitation for the state as used other 
studies. The annual rainfall values shown on Figure 2 is used to model for the State's precipitation 
variability. The out standing features of Figure 2 are the three high years of 1890, 1940 and 1983 
as well as the two low years of 1924 and 1977. 

The variability in the annual total rainfall was measured using the coeficient of variation 
(CV). The CV is the ratio of the standard deviation over the average. The CV was calculated for a 
running ten year period fmm 1883 to 1993. A long tern increase in the variation in annual rainfall 
for California is quite real and is shown on Figure 4. The relative variation in water year total 
rainfall has been greater in the last decade than at any other time in the last 1 1 1 years. 

The average of the annual maximum minfalls for 94 stations was used as an index if 
variation in flood producing rainfalls as seen on Figure 3. Some of these records were not 
complete. A few of the stations had as much as 5% estimated annual maximum rainfall.The 
regional variability in rainfall trends was also studied Figure 5 is a plot of the 100 year rainfall 
trend at individual stations. Figure 6 is a plot of the regional variation in the annual maximum daily 
rainfall at 120 locations for the period 1904 to 1989.There is a definite long term drying trend in 
Coastal Southern California and the Central Coastal Area This is shown on Figure 5 for the 
average annual rainfall trend and on Figure 6 for the trend in the average maximum daily rainfall. 

There is a definite increase in total yearly rainfall in the interior stations for the 100 years. 
The trend at % stations with 100 years of rainfall record is shown on Figure 5. It was necessary 
to normalize the individual records to see the pattern of dryer coast and wetter interior as shown on 
Figure 5. The units of Figure 5 are standard deviations fmm the mean rather than in inches. 

The cause of the incneased rainfall in interior California can probably be amibuted to long 
term climatic variation or fluctuation, or perhaps it could be due to inadvertent weather 
modification caused by an increase atmospheric Wculates discharged into the air by man's 
activities in down wind areas. The records of the maximum daily rainfalls were averaged by 5 
climatic divisions for California as used in Climatological Data (23). There are 7 climatic 
divisions; but the Northeast Interior and the South East Desert was not studied for climatic 
variability due to lack of records. 

North Coast 

The maximum daily rains for each year on the North Coast are plotted on Figure 7 along 
with a linear trend line and a 9 year running average. This graph was based in 11 records with 
data for the % years from 1898 to 1993. There is no important long tern trend in average 
maximum daily rainfall. The 9 year running average of the maximum daily rainfall in the north 
Coast show peak values in 1904 and in 1982 which is not unlike similar graphs for mean annual 
temperature data. 

. 'The years of highest average daily rainfall in the North Coast were 1904, 19 14 and 
1982. The great stom of 1%4 (see Map 13) was not expressed in this figure, indicating that the 
maximum one day rain is not a good indicator of flooding from a storm that lasted eight days. The 
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big rainfall of January 4, 1982 as shown on Map 8 effected mainly the Marin County end of the 
North Coast region. 

Sacramento Valley 

There are East-West differences in the trends in maximum daily rainfall in the Sacmento 
Valley, as shown on Figure 6. There was a slight increase in long tern rainfall trend in the 
maximum daily rainfalls of the Sacramento Valley as a whole as shown on Figure 8. The rain 
records of the Siem Nevada have a definite increase in maximum daily rainfall during the 40 years 
ending in 1993. This trend was based on the average of 23 rainfall records. 

The big one day storm of.the Sacramento Valley was the Columbus day storm of 1%2 (see 
Map 15). There were two large rainfalls in water-year 1963; many of the high elevation stations of 
the American aver Basin had the highest ever rainfalls during the January 30 to February 1, 1963 
storm. There were more storms which produced larger individual rainfalls, like the 17.60 inches 
at Four Trees on February 17, 1986, but these storms covered a relatively small area compared 
with the Columbus Day Stom of 1%2. The largest rainfall ever in the CenW Valley was the 
17.6 inches at Four Tms  in the Feather Rver Basin on February 17, 1986. The greatest daily 
rainfall for Colusa and Chico was on January 3, 1916. 

Central Coast 

The long term rainfall trend for the Central Coast area for the last % years is definitely 
downward, based on a 19 record average for 1898 to 1993. This is downward for the Central 
Coast as shown on Figure 9 is also a feature of the South Coastal area as is shown on Figures 6 
and 11. The years with high average maximum daily rainfalls were in water years 191 1, 1956, 
1%3 and 1982. The record storm of 191 1 occurred on January 13 in the San Jose area New 
record high rain totals were measured in late December 1955, resulting in the Christmas time flood 
in the Santa Clara Valley. The next big event was the Columbus Day storm of 1%2 in which 
millions of trees were up rooted by high winds on the Pacific Coast of the US. The January 4, 
1982 storm brought the heaviest rains ever North of Santa Cruz resulting in the Love Creek land 
slide where many people lost their live. 

San Joaquin Valley 

There are East-West differences in the trends in maximum daily rainfall in the San Joaquin 
Valley, as shown on Figures 5 and 6, but no important long term trend in heavy rainfalls shown 
on Figure 10. The one features of Figure 10 is that there are no large rainfalls since the Columbus 
Day Storm of 1%2. The outstanding stom of this series for the San Joaquin Valley was on 
December 23, 1955 (Map IS), when Florence Lake located at 7300 feet in the southern Sierra had 
a record of 5.27 inches of rain. This was a high elevation stom, an out standing low elevation 
storm in the San Joaquin Valley was the February 10, 1978 event The other years of big rainfalls 
of the San Joaquin Valley are 1938, 1951 (see Map 17) and 1963. 

Sooth Coast 

The % year trend in maximum daily rainfall in the South Coast is downward. This 
indicates that the biggest rainfalls occurred in the early part of the recod. There were no well 
defined local differences in long term trend. The declining trend in the maximum rainfalls of the 
South Coast Anxi is shown on Figure 11. The earlier storms like 1916, 1938 and 1943 were 
larger as indexed here by 23 stations; but the big storms of 1969 1980 and 1993 had a greater 
population of people to be effected by high waters.The largest daily rainfall ever recorded in 
California of 26.23 inches occurred on January 23, 1943 at Hoegees in the San Gabrial 
Mountains (see Map 18). Three other notably large storms occurred in 1916, 1938, and 1969 as 
shown on Maps 23, 19 and 11. 
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