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This study started as a search for California rain records with 100 years of daily rain 
data. Seventy six records were found which were nearly complete. They covered the entire 
State and the years 1898 to 1997. The rain records for this study are listed in Table I .  A 
further object of this study is to evaluate long term trends in flood producing riinfalls and 
the forces that influence them. Still another objective of this study is to celebrite 100 years 
of Climatological Data which publish the efforts of a vast corps of volunteer weather 
observers; and the National Weather Service who administer it. 

The earliest rain record for California were from Monterey during the late 1840's. 
The oldest continuos rain records are from San Diego, San Francisco and Sacramento with 
rain data since about 1850. The State's weather record archive was lost in the San Francisco 
fire of April 1906. Fortunately regular publication of daily weather records started in 1897 
with the monthly publication Climatological Data. The seventy six records of this study 
contain some estimates of missing values. These were for less than about two percent of the 
tot l  time; including the May to September portion of the ICWi-97 waier year. 

An index of flood producing rainfalls was developed using the maximum rainfall for 
one day, 1 0  and 30 consecutive days as well as the total yearly rain for the October to 
September water year. Each of these are described below: 

The average maximum daily rainfall at the 76 rain records is 2.26 inches. The 100 
year trend is at the rite of plus .06 inches per century. Before 1947 there were 4 years when 
the yearly maximum was above 3 inches, since 1948 five years exceeded have 3 inches 
(Figure 1). 

The average maximum rainfall for 10 consecutive days at the 76 rain records was 
. 5.71 inches. The 100 year trend is at the rate of plus .17 inches per century. Before 1947 

there was 1 year above 8 inches, since 1948 6 years exceeded 8 inches (Figure 2). 

The average maximum rainfall for 30 consecutive days at the 76 riin records was 
8.79 inches. The 100 year trend is at the rate of plus .41 inches per century. Before 1937 
there were 7 years when the yearly average was above 12 inches, since then 9 years have 
exceeded 12 inches (Figure 3). 

The average water year total rainfall at the 76 rain records was 23.09 inches. The 
trend for the 100 years is plus 1.76 inches per century, Before 1947 there was one year 
when the yearly rainfall was above 34 inches, since 1948 there have been 5 years where it 
has exceeded 34 inches. (Figure 4). 

Trends in rainfall for the State over the last 100 years have been for increased rain in 
the more recent 50 years. This is true when looking at the maximum m e  day, the maximum 
1 0  days, the maximum 30 consecutive days or the trend in total annual rain. 

The trend graph of the total water year rainfall was decomposed into individual 
records. There were 24 stations out of the 76 which had a negative trend for the 100 years of 
this study. These stations are clustered in San Diego and Orange Counties, along the Sierras 
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and in general in the coastal areas. (Figure 5). In general the Coastal regions show a 
decreasi1.1g rain trend and the Central Valiey region from Fresno north shows a definite 
increase in annual total rain. The high degree of inter-station coherence in the trends from 
adjacent stations suggests real climatic trends are being monitored, rather than the noisy 
signals of poor records. 

There is no one agency in California responsible for archiving all of the State's 
weather records. There are dozens of agencies keeping rain records in California for their 
own use and to their own standards. This means that there is little uniformity in equipment 
or observation time or record keeping. 

Keeping a can and a ruler to measure rain and regularly recording observations 
makes each weather observer the world's leading expert on how much rain occurred at that 
location. Sharing these observations is a valued public service. Our State's water plan is 
anchored largely in the records of thousands of volunteer rainfall observers. Observers have 
been quite generous over the years in sharing their records. We are grateful for their 
generosity. 

Now we have new tools for rain measurement. Historic continuity in rain 
measurement is being challenged. Those of us interested in climate change will be watching 
with care to see how well the new records compare with the old. 

Precipitation measurement at its best is only an index of the actual rainfall. 
Koshmieder reported on aerodynamic errors in rainfall measurement. His research was 
published in the Monthly Weather Review of January 1934. Koshmieder found a 50% 
under catch in rain gages in a 26  mph wind. Koshmieder's correction was applied to the rain 
record at Stonemead, located 11 miles South East of Sacramento. It was found to be under 
measuring by 13 percent. 

My involvement in weather records started on November 18,1950. That was the 
day I reported to work for the US Weather Bureau at the Sacramento Post Office building. A 
monumentally large storm was raging in the Southern Sierra on that day. The resultant 
flooding washed out a section of the Yosemite Highway. Twenty two stations reported more 
than a quarter of the years average annual rain fall on that day. This experience sparked my 
interest in the study of large storms and later led me to a realization of the importance of 
compiling old rain records. 

My (meaning the California Department of Water Resources) rain record archives 
consists mainly of tabulations of annual extreme values of over 3400 records with more than 
1 lO,(MM) station years of record. There are depth durdtion frequency tabulations with each 
data set. The data sets consist generally of annual series extremes for 1 ,2 ,3 ,4 ,5 ,6 ,8 ,  10, 
15,20,30 and 60 consecutive days and the annual total. Some stations have short duration 
data for 5, 10, 15,30 minutes and 1,2,3,6,  12 and 24 hours as well as the annual total. 
Some stations have both series and are therefore counted twice in my files. 

It has been a goal to compile all available NWS records for each station and bridge 
the gap between the post 1948 digitized records and the older hand written records. Several 
county agencies have helped in this project; there is room for more volunteers. 

All 3400 of the rainfall data sets with depth duration frequency tabulations are in 
Excel 5 spread sheets. They tit comfortably on a lo() mb ZIP drive disk in a Macintosh 
format. They are public domain records. They are available to cooperidtors on a data 
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exchange basis, as I am interested in expanding the data base to continue the study in 
historic rain storms. 

The procedures used to calculate return periods was intended to produce uniform 
results by various workers rather than to produce the most bullet proof statistical analysis. 
My sins were dainly converting all the individual rain record statistics to deminsionless 
coefficients and averaging those coefficients over "regions of climatologic homogeneity". 
The depth duration frequency tabulations are then based on regional averages of the 
coefficients of variation, skew and kurtosis rather than the sample values calculated from 
short records. A skew - kurtosis map was used to select Pearson's type I11 distribution to 
model rainfall extremes, based on the methods of Elderton from his book "Frequency 
Curves and Correlation". I have received a great amount of help in this work from Paul Wu, 
of the Contra Costa County Flood Control District and others. 

I have compiled a list of over 650 daily rainfalls in California with 10 inches or more 
of rain in one day. The earliest one was at Pilarcitos in San Mateo County on December 17, 
187 1. The latest one was at Wilder Ridge in Humboldt County on January 2, 1997. The San 
Gabrial Mountains north of Los Angels is the region of California with the most of the 
State's 10 inch per day rainfalls. The 10 inch per day rainfalls usually occur on the 
windward slopes of the orographic bamers; up wind from the Pacific Ocean (Figure 6). By 
contrast there 272 stations reporting "once in a thousand year rainfalls" from about 60 
different storms. These 1000 year storms are fairly randomly distributed through out the 
State (Figure 7). A "1000 year storm" in this study refers to one that is calculated to be 
about 5 standard deviations above the mean. 

The direction of my current studies in historic rain is to evaluate long term trends and 
to compile storm studies consisting mainly of maps of lines of equal return period of historic 
storms. The general criteria for a storm study is that there is a station with a rainfall with a 
return peritxt of 1oOU years or that several stations reported the greatest ever rainfalls. 

About 60 storms have been have been studied so far Q'able 2). The biggest storm in 
terms of lives lost was the March 2, 1938 storm in Los Angeles County. This was near 
Piisadend where 87 people lost their lives. This storm produced some of the largest flood 
peaks ever reported in Southern California. 

The biggest storm in tenns of dollar loss was the New Years storm of 1997; with 
fled related losses of over $1.9 billion. For human misery this storm also excelled. Over 
I00,oOO people were driven from their homes before it was over. Brewer reported in his 
"Up and Down California" that a quarter of the State's assessed evaluation was lost in the 
flood of 1862. We have little data on the 1862 storm (Table 2). 

The biggest storm sequence in tenns of the most stations reporting the highest ever 
rainfall was water-year 1983. Five hundred and ten stations reported the highest ever water- 
year total rtinfall. Two hundred and sixty eight stations reported over 200% of the average 
yearly rain. These stations were located in all regions of the State. 

The biggest storm in terms of the number of stations reporting 10 inch per day 
rainfalls as well as the wettest one day occurred on January 23,1943 in Los Angeles 
County. This was the day when Hoegees and 6 other stations reported over 20 inches of 
rain in one day. 
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Rainfall has increased but rainfall variability in California has increased 
spectacularly in the last 50 years, as measured by a 10 year running average of the 
coefficient of variation (CV)(Figure 8). (Note: the coefficient of variation is the ratio 
standard deviation / mean.) The CV has increased from about .25 before 1950 to about .35 
for the last 20 years, based on the 100 year rain index. The big question is---Was this 
increase in rainfall caused by a more humid climate or was it inadvertent weather 
modification due to increased atmospheric particulates from our coastal cities'! Perhaps it 
reflects the increased particulates which serve as condensation nuclei from the increased 
number of volcanoes in recent times? 

Increased rainfall due to climate variation is a flood threat to people living in low 
areas along rivers. Folsom Dam as I recall was intended to offer protection against a I00 
year flood when it built in the early 1950's. The level of flood protection offered by Folsom 
Dam has eroded due to the wetter climate of the last 50 years, since only the records of the 
dryer previous 50 years were available during the planning for Folsom Dam. 

An index of flood producing rainfalls for the American River Basin was developed 
to compare the present and the previous 50 year periods. It consists of averaging the rainfall 
from the annual extremes of six stations. These are Lake Spaulding, Soda Springs, Auburn, 
Colfax, Folsom and Placerville. 

A 100 year, ten day rainfall was 17.8 1 inches based on the 1897 to 1947 period. It 
has increased to 22.53 inches in the most recent 50 years, as shown on below; 

Return Period 1 Day 3 Day 10 Day 15 Day 30 Day Year 
in Years 

1898 to 1947 100 5.10 10.28 17.81 21.46 28.67 70.46 

There has been a sharp increase in sea surface temperature (SST) of West Coast 
shore stations (Figure 9), and in the Northeast Pacific Ocean in the last 50 years (Figure 
1 I). This has been accompanied by a parallel increase in the occurrence of tropical cyclones 
in the region in the same time frame (Figure 10). The number of 1000 year rainfalls that 
occurred in the State has parallel the increase in the CV of the annual total rainfall (Figure 8). 

My speculation is that the increase in coastal SST is be a part of a global pattern 
which includes a west to east flow of a cold plume of water over the entire North Pacific 
Ocean centered at about latitude 40"N. This started in the Western North Pacific Ocean, with 
increased cold water upwelling which for the last 50 years has been moving toward our 
coast (Figure 11). The trend of SST at 40"N and 145"E is average rate of minus 6.7"F per 
century, where as at our West Coast shore side SST measurement sites it is heating at the 
rate of plus 4.9"F. per century (Figure 9). A westerly current would cause the high sea 
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levels on the West Coast of North America which could suppress cold water upwelling off 
our shore. That could account for the warmer SST as well as warmer air temperatures in our 
Coastal Regions during the last 50 years. The long term tide level records could be a source 
for further verification; but tectonic forces at the tide gage sites have complicated this issue. 

The return period for a 100 year rainfall event on the American River for the 1897 to 
1947 period compared with one for 1948 to 1997 suggest that the 100 year event for 1897 
to 1947 has now been reduced to a 15 to 25 year event. This is why the flood control system 
was severely taxed in February 1986 to be followed so closely by new near record flows of 
the lW event. The "100 year level of flood protection" on the Lower American River was 
apparently intended for dryer times. 

The 1997 New Years Day Storm was one where Western North America was visited 
by a strong flow of warm tropical air. The resultant storm dumped over ten inches of rdin on 
top of a snow pack. In the Northern Sierra Nevada the heaviest rainfalls extended from Lake 
Tahoe north to the Feather R v e r  Basin. 

The return periods associated with rainfalls of the 1997 New Years Day storm were 
not spectacular; but some of the stream flows were. The Cosumnes River at Michigan Bar 
had a peak flow of over 90,000 cfs This was twice the old record. The water surface 
elevation at Lake Tahoe was at the highest levels since 1917. The higkest ever stream flows 
were reported from many stations. 

The 1997 New Years Day Storm was apparently a snowmelt flood similar to those 
of December 1937, November 1950 and February 1963. 

Ray Linsley who once served as a flood forecaster at Sacramento before he became 
professor of hydrology at Stanford University was right, back in the 1960's when he said, 
"THE BIGGEST ONE IS YET TO COME". ' 



Table 1 

Station Index for Rainfall Trend Study 
Stations with 100 Years of Daily b i n  Record -- about 2% estimated record. 

I DA ( ~ o n g /   at( ~ e v (  Average Yearly I Avg htax 30 Days 1 Avg hlax 10 Days I Avg h4a.i Day I 
880 -121.728 37.W 60 12.2  4.91 3.27 138  
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Berkeley 
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Elsinore 
Escoildido 
Eureka 
Folsom 
Forest Lake 
Fort Ross 
1:rt.sno 
Gilroy 
Cilendora 
Grass Valley 
I lealdsburg 
Hemet Res 
King City 
Laguniws 
l ake  Spaulding 
Lemon Cove 
Livermore 
Lodi 
Los Angeles 
luwer Crystal 
hla-ysville 
hlrrced 
hlodesto 
hll lfunilton 
hit Shasti, City 
Napa 
Nccdles 
Nevada (:it). 
Newhiill 
Newman 
Orland 
Parker 6 Nl 
Paso Koblev 
I'ilarcitt~s 
I'laceniilr 
Quincy 
Red Bluff 
K W J s  
Reno 
Riverside 
Sacmen to  
S d i w  
Sul Andreas 
Sar, Bemadno  
Sao Diego 



Table 1 

Station Index for Rainfall Trend Study 
Stations with 100 Years of Daily Rain Record -- about 2% estimated record. 

San Jacinto 
Sao l o w  
Sanca Barbara 
SaIlb CNL 
Soda Springs 
Sonora 
Sbckton 
Sweetwater 
Tejoo Rch 
l'urlock 

l'ustin 
IlWah 
Upper Crystal 
Vacatille 
Willows 

Average -120.-KK, 37.011 1122 23.W 8.79 5.71 2.26 
hfax -114.217 41528 6885 68.10 23.21 1422 5.09 
hlrn -124.167 32.693 12 4.55 1.99 1.53 0.85 
Coef of V;uiation 0.57 052 0.3 0.42 
Ount 76 76 76 76 76 76 76 

I 
I 
1 Station Location 



TaMe 2 

Summary of 1000 Year Rainfalls in California 
S u m  Livcs Damage Counties Number of Sations ~rponingl .  M;Lximum Rain Swtion 
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Average Maximum One Day Rain 1898 to 1997 based on 76  Stations 
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Average Rain for Maximum 30 Days 1898 to 1997 based on 76 Stations 
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Figure 4 

Average Rain for California 1898 to 1997 at 76 Stations 
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Figure 5 

100 Year Rainfall Trend in California 
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California's Ten Inch+ per Day Rainfalls 
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Location of Stations with 1000 Year Rainfalls in California 
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See Table 1 for more details. 
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Cali fomia Rainfall Variability and Sever Storm Frequency Compared 
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Figure 9 

Trends in Sea Surface Temperature in the Nonh Pacific Ocean at 40" N. 
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Numbers of NE Pacific Tropical Cyclones and Sea Surface Temperature 

Year 



Trends in North Pacific Sea Surface Temperature from 1 947 to 1 995 
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Temperature trend at 160 - 5" grid points in the Pacific Ocean between 20 and 55"N. 
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