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1 Introduction
This is a brief summary of the content of a DVD “California Climate
Data” available from Jim Goodridge. Box 1917, Chico, CA 95927. It is
intended for sharing with cooperators in data collection. It consists if
precipitation, snow melt, and stream flow as depth duration frequency
tabulations and temperature and solar data as monthly averages. This
is basically a summary for 60 years 1953-2003 with DWR.
Sacramento was built on the riverbank at a placid time of the year,
where sailing ships could tie up to trees to discharge cargo. It was a
location closest to the Coloma gold fields in of 1848.
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A notable flood occurred in 1850. Any complacency about flooding
disappeared completely after the 1862 flood. People wanted to know
why there were sever floods and the droughts.

Any complacency about flooding disappeared completely after the
1862 flood. People wanted to know why there were sever floods and
the droughts.
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The Smithsonian Institution had an extensive collection of volunteer
weather observers from early in the nations history. There old
weather records are now in The National Archive in Washington DC.
Copies of the California collection started in 1849. Microfilm copies are
available in the Government Publications Section of the California
State Library.
The State Water Plan attributed to the first State Engineer, William
Hamilton Hall included the first collection of about 200 largely
volunteer rain records in a publication Physical Data and Statistics of
California published in 1886. Volunteer weather records have been
the basis of water plans ever since.
We now have stream flow measurements that lessen the need to
estimate stream flow based only on rain records but rain records have
assumed a greater role in local drainage design at ungaged culvert
and dam sites.
Volunteer weather observations were published in the Monthly Bulletin
of the California State Weather Service starting in September 1892 by
the US Weather Bureau and the State Agriculture Society. These are
in the State Library numbers are: A35M6W, V1-10,C1. This was the
origin of the monthly Climatological Data published since 1897, now
by the National Climate Data Center in Ashville NC. Is contains about
500 volunteer weather records. It is now treasured mainly for the
historic continuity it has offered
It was not realized what the extent of the total water resources of the
state were until thousands of rain volunteer records were compiled.
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Very few stations were established solely for resource monitoring. The
early compilations of volunteer weather records collected for many
uses. Major compellations included Flow in California Streams, Bulletin
5, Appendix A. It is a summary of thousands of volunteer weather
records and published in 1924 as major resources evaluation
Water Resources of California Bulletin No 1, 1951, followed this.
Bulletin No 1 contained an index of many thousands of volunteer rain
records. The complete daily rain data set was located in file cabinets
in the Public Works Building when I came to work at DWR in 1953.
My realization of the importance of volunteer rain records started the
first day I reported for work at the US Weather Bureau in Sacramento
on November 28, 1950. This was a day when the Merced River Bridge
at Yosemite washed out.
As it was my first day on the job I was assign to answering the phone
with the daily reports of volunteer observers reporting their 24 hour
rainfall totals. These were used to forecast weather and river stage at
dozens of streams.
The Hydrology Section Sacramento District of the Corps of Engineers
used the same group of volunteer’s weather observations in the
design of spillways and flood channels.
When I started at DWR in 1953 the work of the same volunteer
observers were the basis of water supply hydrology and water supply
planning for irrigation and domestic use. It was apparent that all
agencies depended on the same volunteer observers. The sharing of
rainfall records among all water agencies was quite notable for the
sprit of cooperation.
Rain records were the basis for estimating runoff in ungaged regions.
They were also used to estimate the ground water recharge from
direct rainfall and seepage from streams in the Central Valley ground
water studies. Recharge was estimated from applied rainfall and
seepage from gaged and ungaged streams. The wet acre-days of
stream channel were computed for each stream in Central Valley. The
ground water recharge was estimated by applying measured Seepage
rates. Many of the stream records were estimated from rain records.
Estimates of consumptive use of native vegetation were based on
rainfall and stream-flow. Estimating water supply availability from
rainfall records was a major part of water planning. This is true for all
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layers of government and power companies as well as agriculture
planning.
Another major use of volunteer rain records was in the calculation of
spillway size where dams were built on ungaged streams. Many
remote dams were designed based on near by very short rain records.
Design estimates for spillways varied widely. Various designers and
reviewers had a wide range of estimates of the magnitudes of 1000year storms. Spillway design floods based on short rainfall records
were common. All available volunteer rain records were used to
determine the regional estimates of the coefficients of variation and
skewness after these were determined to be geographic variables.
This led to a procedure where all workers got uniform results based
on all availably volunteer precipitation records in regions of similar
climate.
The application of volunteer rain records found extensive use in legal
work when upstream landowners were accused of causing floods. It
was generally accepted that a 1000-year rainfall event was an act of
God and not upstream landowner. Volunteer records were the main
source of these rain records. The same procedures are applied by the
Division of Safety of Dams and by Caltrans in culvert and spillway
sizing. The dimensionless values of the coefficients of variation and
skew based on the volunteer rain records were averaged so many
station-years of data could be brought to bear on an design rainfall
estimates.
The importance of five inches in one day is hard to judge without
many years of record to compare. Drought frequency would be
impossible to judge without long records. In California there are about
200 stations with over 100 years of record from 1890 to illustrate the
cyclic variations of historic rainfall patterns. Nearly all of these records
are those of volunteer observers. An example is the Capay 4 West
record shared by the Tabor family since 1890.
The amount of water use by native vegetation is estimated from the
rainfall measured on gaged mountain streams where the ground
water component is minimal.
The need for rain records is greatest at local government where
responsibility for building codes enforcement and public safety
resides. Economic decisions regarding culvert sizing on a city and
county level require far more rainfall records than the more broad
scale of major flood control activities on large watersheds. Earlier
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times most of the volunteer weather observers were coordinated at
the federal level. When the federal network was inadequate the state
started compiling additional volunteer records. The local agencies now
have far more rainfall volunteers than the state.
Automation in rain measuring with remote monitoring has now
become a rich new part of data collection. Miniature sensors can be
located in remote locations that were the dream hydrologists of 50
years ago. There is still a major role for manual rain gages in
verification and in maintaining historic continuity of the Heritage
Rainfall Records with 100 years of data.

7

Mean Annual Precipitation
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A recently compiled Mean Annual Precipitation map of California
revealed vast areas lacking the desired one gage per township. Urban
areas had quite dense networks that were very useful in the stationyear method of regional rainfall frequency studies. More records
provide more station–years for averaging the regional dimensionless
coefficients of variation and skew for more confidence in calculating
design storms.
The future of volunteer weather observation will be influenced by
CoCoRaHS it a network of volunteer weather observers Internet based
with instant recall for thousands of observations for each day.
CoCoRaHS is an acronym for the Community Collaborative Rain, Hail
and Snow Network. CoCoRaHS is a unique, non-profit, communitybased network of volunteers of all ages and backgrounds working
together to measure and map precipitation (rain, hail and snow
CoCoRaHS is used by a wide variety of organizations and individuals.
The National Weather Service, other meteorologists, hydrologists,
emergency managers, city utilities (water supply, water conservation,
storm water), insurance adjusters, USDA, engineers, mosquito
control, ranchers and farmers, outdoor & recreation interests,
teachers, students, and neighbors in the community are just some
examples of those who visit our Web site and use our data.

Rainfall Variation
This is a study of California rainfall cycles and the forcers generating
them. These cycles become apparent when examined with a nine
year running average of homogeneous hydrologic records. When
examining 100 years of rainfall record in 1950 it became apparent
that there were runs of wet and dry years beyond what was expected
is randomly distributed data sets.
Intuition suggested rainfall would reset to zero with each summer
drought. It became apparent that inter-yearly forces were influencing
annual rainfall totals. This sparked a long time quest for explanation.
This study started with searching for cyclic patterns in the historic
records.
The three oldest California Rainfall records date from 1850.The
flooding from 1850 to 1867 reminded the early settlers to start
keeping records. Water suppliers kept the best of the older records.
These were the people who were affected by inter-yearly persistence.
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They were needed to judge how to manage water delivery scheduling.
To store water or to spill is a question plaguing dam operators.

The history of flooding and drought are seen in the rain records.
Biblical legends of lean and abundant years appear in the rain
records. Six peaks and lows in 110 years of record suggest an 18.3year periodicity. This looked a lot like the 18.6 years attributed to the
precession of the Lunar Orbit. The lacks of good fit with the 18.6-year
pattern suggest other factors as well.
A surprise was when the long-term fluctuations in annual rainfall
resembled that of the San Francisco tides. The mean sea level at San
Francisco varied as the rainfall. The sea level record was de-trended
by 0.006 feet per year. This similarity was not intuitive until the
Coriolis effects were considered. Coriolis effect is where the Earth
turning under the atmosphere induces a west wind. This induced
moist southerly onshore winds that suppressed upwelling
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Most flooding generally occurs during the time of high tides. The
biggest rainfalls come with humid southerly on-shore winds. The
drought times are clearly the low tide periods. North wind times bring
cold dry air with offshore winds. Offshore winds are those inducing
cold-water upwelling in the ocean
The daily rainfall extremes also reflect the periodicity of tides. The
rainfall peaks of 1941 and 1983 are reminiscent of the peaks in PDO.
The PDO index reflects the sea surface temperature difference of The
North East and North West Pacific Ocean
The maximum rainfalls for various durations follow the tide variations.
Extreme rainfalls for one day through five consecutive days are shown
below. All reflect the same pattern as the San Francisco tide gage.
The San Francisco tide record was detrended by .006 feet per year.
This was to accommodate rising sea levels or subsiding land of the
gage site. Subsiding land surface could reflect compaction of
sediments or tectonic plate movement.
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The long-term trends in the mean annual rainfalls and the maximum daily rain follow
closely
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A des-connect between 1957 and 1971 is noted

The Pacific Decadal Oscillation index shows peaks in 1941 and 1983
That suggests that this is a factor in the long-term rainfall trends
PDO represents sea surface temperature difference between the
Northeast and the northwest Pacific Ocean and suggests the location
of upwelling of the global ocean current cycle or The Great Ocean
Conveyor.
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Above is Wall Broeker’s diagram of the flow of the Great Ocean
Conveyor belt. Up-welling occurs in the North Pacific Ocean either off
the California or off the Japanese coast but not at the same time. This
is reflected by PDO index. Upwelling responds to wind patterns and
need further study.
“The Great Ocean Conveyor” is the title of a book by Wally Broecker
(Princeton University Press 2010) where continuous world ocean wide
currents are described. Key features of the world ocean circulation are
the robust Gulf Steam and its Pacific Ocean complements a Great
North Pacific Ocean Upwelling. This influences our California’s longterm climate fluxuation patterns. It is not obvious how the two events
are connected without realizing what powers the Gulf Stream.
Reduced sea levels draw the Gulf Stream into the Arctic Ocean. The
mechanism is water shrinkage as it cools. This warm water keeps the
Scandinavia and Northern Russian ice-free in the winter. The waters
of the Gulf Stream basically flow down hill just as surface waters on
land. The Ocean land scrape is not discernable to the naked eye. The
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Gulf Stream is tropical warm and buoyant water that flows North up
the Atlantic Coast of North America and into the Artic Ocean.
The Arctic Ocean has a surface area of 5,427,000 square miles and an
average depth of 3240 feet. Assuming water inflows at a temperature
of 57°F. and outflow at a temperature of 40°F. the density difference
would be about 0.2 percent. The shrinkage is assumed to be 6.5 feet
per year over the 3.5 billion acres. Assuming minimal Bering Strait or
Baffin Bay out flow or surface water inflow from streams the inflow
would be about 31 million cubic feet per second, about 9 times the
outflow of the Amazon the worlds largest river.
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That large inflow has to be equaled by the Artic outflow. The main out
flow cascades over the Straits of Denmark between Greenland and
Iceland to the bottom of the Atlantic Ocean under the warmer more
buoyant Gulf Stream to join the Ocean Conveyor system.
A Great Upwelling must occur to retain hydrostatic balance of the
world
Oceans. This upwelling occurs largely in the North Pacific North of 20°
latitude. This Great Upwelling occurs either in the Eastern or Western
North Pacific but not both at the same time. This is shown in the sea
surface temperature (PDO) as well as barometric air pressure and tide
difference between San Francisco and Tokyo.
The temperature difference between the Northeast and the Northwest
Pacific Ocean is estimated for every five square degrees of longitude
and longitude. This is about 160 grid points. The average difference
on each side of the Latitude 180° is referred to as the Pacific Decadal
Oscillation Index. Nate Mantua at the University of Washington
calculates this monthly it is available at
http://jisao.washington.edu/pdo/PDO.latest.
“The Great Ocean Conveyor” described by Wally Broecker sidestepped the issue of shrinking Artic Ocean driving the Gulf Stream as
did Riser and Lozer in “Rethinking The Gulf Stream” published in The
February 2013 Scientific American where the Gulf Stream is said to be
wind driven. It seem more logical that the warm Gulf Stream water is
heating Scandinavia and Northern Russia in the wintertime in
response to water shrinkage in the Arctic Ocean.
The California experience is that coastal air temperatures are closely
related to sea surface temperatures. Upwelling of deep ocean coldwater controls the sea surface temperatures on the California Coast.
Prevailing wind direction controls upwelling. See world winds at nd of
this study.
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The search for a tree ring correlation with rainfall had specific requirements. This
included a needed to be a hillside location where trees were ground water fed. It needed
a location where the ground water would be depleted in dry years. The Mount Diablo
site seemed ideal.
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This is too compacted at less than 5 days so the shorter storm durations are plotted
separately on page 11.
Rain records from 215 stations with 100 years of data were analyzed. By plotting
their annual means using a nine-year running average. Prominent peaks of 9-year
running averages were noted in 1940, 1982, and 1994. The drought rhythm
followed low tide years 1928, 1948, 1964, 1977,1988 and 2005.
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The rhythm of flooding reflects rain rhythm. The floods of 1941, 1954, 1969, 1983,
and 1997 came with periods of high tides. Tropical moisture and Coriolis effect
induced high sea levels responding to southerly winds. It would appear that rainfall
cycles are associated with the prevailing wind patterns
The April 1 water content of the Sierra snow pack reflects the same rainfall rhythm
ten stations with data for the entire 1920 to 2011 were averaged.
The similar rainfall rhythm was plainly to see. No significant long-term trend exists
in Sierra snow pack with homogenous data sets. Stream flow records are made
more complex by upstream water storage and diversions
Three hundred twenty seven California stream flow-measuring stations are
relatively free of large diversions or upstream water storage. The annual acre-feet
of flow were divided by the acres of the drainage area. This was to express annual
flow in depth to be consistent with the rain records. Stream flow clearly reflects the
rhythm of the rain and snow as expected
The San Francisco tide gage has operated since 1854. It is the worlds longest
continuous running tide record in one place. The raw records indicate a possible
long-term increase in sea level. This could indicate either there is an increase in sea
level or land subsidence. Subsidence could be due to tectonic plate movement or
consolidation of sediments
The mean sea level record for San Francisco was detrended by six tenths of a foot
per century. With this detrending it follows the fluctuations in rainfall, snow and
stream-flow. The temperature records are more nebulous with the influence of land
use change. Temperature records were always intended to reflect conditions where
people live. To assume climatic indications from historic temperature records is an
act of faith.
There is a network of remote automatic weather stations (RAWS). They lack heated
buildings or pavement or night-lights in their view shed. With about thirty years of
record it appears that they may reflect the cycle pattern. A cooling trend started in
2004 based on 62 stations.
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A History of 1000-Year Rainfalls in California
Thousand-year rainstorms have occurred several times in California in the
memory of most residents. There have been so many in the short period of the
state's recorded history that casual observers question their reality. The key to
understanding their frequency is to realize that very intense storms cover very
limited areas and California is a very large region. On the average -- there should
be one - 1000 year-storm each year for each 1000 rain gages -- if the measurements
were independent events. The unreality of this example is that storm measurements
are not independent; the same storm is frequently measured in many rain gages
with highly variable results. This study was originally publishes as “Rainfall for
Drainage Design” DWR Bulletin 195 in 1976 and has been updated to 2012.
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It was found that with rainfall extremes, the coefficients of variation and skewness
were geographically distributed. This allowed averaging dimensionless coefficients to
make estimates of storm frequency from short records when using regional averages of
these coefficients rather than the sample statistics.
The one thousand year event is roughly one that is about five standards deviations
above the average based on regionally averaged coefficients of variation and skewness.
The regions used here are each one-degree quadrangle of longitude and latitude.

Thousand year rainfalls have occurred several times in California in the memory of
residents. There have been so many in the short period of the state's recorded history that casual
observers question their reality. The key to understanding their frequency is to realize that very
intense storms cover very limited areas and California is a very large region. On the average -there should be one - 1000 year storm each year for each 1000 rain gages -- if the measurements
were independent events. The unreality of this example is that storm measurements are not
independent; the same storm is frequently measured in many rain gages with highly variable
results.
In this study maps of thirty large storms are plotted at the same map scale to illustrate the
local nature of extreme storm. As an example the great storm of the San Francisco Bar area of
January 4, 1982 covered a relatively small region bur had 1000-year rainfalls at 15 stations.

A clear view of severe rainstorms is clouded by vast array of rain records.
The San Francisco earthquake and fire of 1906 blurred our view of early day
storms further, when the state’s main weather record archive was burned. Three
rain records have come down to which are fairly continuous from 1850. This study
compares records of large storms that have occurred since the first rainfall
measurements were made in 1850. A procedure is described for smoothing out
much of the randomness due to small data sets and expressing rainfall extremes as
return periods. Return periods are the calculated average number of years between
large storms. Lines of equal return period of rainfalls are mapped where they
exceed 1,000 years or where many stations report the highest ever rainfalls. Storm
maps are included in the Storm folder on the DVD.
The big questions for this study are; what is a once in a thousand-year
storm? What was the biggest rainfall of record? Is there any evidence of climatic
variation, which is affecting the occurrence of flood, producing rainfalls? What is
the effect on our lives of climatic variation?
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A 1,000-year storm is in general a mean annual storm plus about 5 standard
deviations as will be shown. The largest recorded one-day rainfall in California
was 26.12 inches. It occurred on January 22, 1943 at Hoegees located 5 miles
Northwest of Mount Wilson in the San Gabriel Mountains. There are long-term
trends in rainfall extremes, as well as trends in total yearly rainfall.
These 100-year trends are in general for dryer south coastal weather and
wetter inland weather in north California; as a result flood protection works once
thought to be adequate are rendered less adequate by the heavier rainfalls in the
interior drainage basins. Where mych of Sacramento is near sea level.

One way of visualizing the California's rainfall pattern is to consider the
return period of five inches in one day. In the more humid mountainous areas, five
inches in one day is the expected annual event every 2 years at Blue Canyon but a
1000-year event at Sacramento. In the arid portion of the State five inches in one
day is a rare event that occurs less frequent than once in a thousand years.
California has a remarkably variable rainfall. The average annual rainfall for
the State is estimated to be 23 inches per year. The range in average annual
rainfall is from a high of 148.86 at Ship Mountain in the Smith River basin in the
23

northwest to a low of 1.65 inches per year at El CentroAnother remarkable thing
about rainfall variability in California is that the variability of the most recent 50
years from 1950 to 2000 was far greater than the previous 50 years.
The maximum total rainfall for a single year in California was 256 inches.
This occurred at Camp Sixin the Smith River Basin for the 1982 water year. There
are reports (Schmidli 1981) of stations going for a whole year with no rain.
Another aspect of California's rainfall distribution that reflects on this study
is the distribution of the number of rainy days per year. The Northern part of the
state has far more rainy days per year than in a location in the South with an equal
average annual rainfall.
The basic picture of a 1000-year rainfall in California is where 20 percent of
the average annual rainfall occurs in one day in the relatively humid north-west
corner of the State. Over 120 percent of the average annual rainfall occurs in one
day in the arid Southeast corner of the State. Actually a 1000-year event for
Brookings, Oregon is 15 percent of the mean annual rainfall in one day and at
Yuma, Arizona it is 165 percent.
This study is an over-view of records of a large number of daily total rainfall
measurements in California. These records were originally compiled to study
spillway safety and culvert sizing. It required examining all available precipitation
records and evaluating the frequency of flood producing rainfalls for the areas
effecting the projects. There are holes in the rain gage network where the records
are not yet analyzed as well as regions of no gages.
This study is based on 145,000 station years of daily rainfall observations
from 4100 rain gages. This translates to 34 million daily observations, so it should
come as no surprise that the largest rainfall event reported here is 13.4 standard
deviations above the mean and has a return period of over 10 million years. This
was at Campo in San Diego County on August 12, 1891.
The Campo record is one of over 1000 records in California that have been
operated by the National Weather Service since it was founded in 1891 (Darter
1942). The National Weather Service rain-gage network was the backbone of
water and flood control planning for the state and nation. It has been operated
mainly by volunteer weather observers since the beginning. In California over 100
additional agencies keep networks of rain gages to supplement the National
Weather Service network that is too sparse for detailed planning studies.
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This study is dedicated to the volunteer weather observers who brave the
elements with remarkably regularity to develop the data on which this study, and
all water planning as well as all of our civilization's understanding of the
hydrologic cycle, are based. It is hoped that future automated rain data collection
platforms will maintain the historic continuity with this vast reservoir of
knowledge.
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 will find this study useful. Their needs are one of the objects of the study of
rainfall extremes.
A characteristic of many of the cyclonic storms of this study is the buildup
of robust weather systems on the windward ocean facing slopes, from which they
then spill over on to the "rain shadow zone" on the leeward side of the mountains.
There are many examples of large return periods in the "rain shadow" with greater
rain depths and lesser return periods on the windward slopes. An out standing
example is the February 10, 1978 storm on the Southern San Joaquin Valley; as
well as the Sierra Valley portion of the February 1986 storm. Other examples
include the Antioch storm of September 1918, the Calaveras Dam Storm of
November 18, 1950 and the Richmond Storm of January 4, 1982.
There is a common thread running through the summaries of historic storms.
That commonalty is that they can all be reduced to a set of statistics, such as the
number of stations reporting the highest ever rainfalls; or the number of stations
reporting ten inches of rain in one day; or the number of stations reporting 1000
year rainfalls. This information combined with data on the number of lives lost and
the dollar value of storm damage can give us an insight into a storm classification
system.
The giant storms of California based on the number of stations reporting
highest ever rainfalls and dollar value of flood damage occurred in 1962, 1969,
1980, 1983, 1986 and 1993. This study is clearly biased in that the dollar values
have not been uniformly reported or adjusted for inflation; but have been taken
from randomly published sources.
It was concluded that in general an average of $1 million in flood damage
occurs with each rain station reporting a highest ever rainfall, as is shown on Worst
Storms (appended).
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The decade 1960-70 had many 1000-year storms. This may reflect the
decline of the volunteer climate observer program at DWR.

It is apparent that the frequency of large storms in related to the density of
observations. The locations of stations reporting 1000-year storms are shown here:
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HISTORIC STORMS
This section was taken largely from a 1997 study Historic Rainstorms in
California DWR August 1997. The bibliography and map numbers refer the 1997
study. More detailed storm maps were shone there. The storm maps are all at the
same scale to emphasize the local nature of large storms.
The Large storms are usually thought of in terms of large depths of rainfall;
but there are other things to consider. When large storms occur where in unusual
places the resultant return period in not unusually large. The March 2, 1938 storm
in the San Gabriel Mountains is an example. The highest ever stream flows at
many locations were generated apparently by rainfalls of great depth; but relatively
low return period. Lines of equal return period do not necessarily correspond with
lines of equal rainfall depth. This study is one where return period rather than
rainfall depths are emphasized.
Snowmelt was a major factor in the New Years Day storm of 1991. The
runoff was not reflected in the precipitation records but were highly correlated with
the water loss from the snow pillow water content records.
Storms with remarkably large return periods are not limited to the windward
slopes like the usual wintertime orographicly generated storms, they can occur
almost any where and in the summer as well as in the winter rainy season.
It is important to verify the records of extreme storms by comparing them
with records of adjacent stations. Some times the storms are so localized that they
are not measured in more than one rain gage. Here is a brief description of some
of the 1,000-year storms of California. The storms not described here are generally
those with only one station reporting a 1,000-year rainfall event. All storm are
includes on the CD.
Lines of equal return period are plotted on a series of maps. The 1,000-year
or larger storms are shown as solid circles, the 100 to 999 year storms are plotted
as open circles and the 10 to 99 year storms are plotted as triangles. Additional
information on each of the 1,000-year storms of this study is given along with the
maps of the storms.
The location of Sacramento's earliest settlement after John Sutter's "hill top
location" was governed by the need for river transportation. This required building
a city near a very exposed and flood prone riverbank. Sevenson (1973 p.73) when
27

referring to Sacramento's initial inundation of 1850 wrote, " The Indians had talked
of a great flood which struck the bottom land country some 45 years earlier and a
second flood which inundated the valley 25 years earlier; but both came before the
white man's settlement."
Other flood historians wrote of flooding before the time of quantitative
measurements. Troxell (1942 p. 385) described to History of Floods in Southern
California from the Spanish mission days. McGashan and Briggs, (1939 p.427)
have an extensive section on floods before 1938. With better documentation such
as with extensive raingage records a pattern is emerging.
Storm of Winter 1850
A problem with this study will be undocumented storms. These are the
storms without quantitative records of their existence. An example is the flood in
in 1850 when the Sacramento was swamped by over-flow from the American
River, according to a first hand account James Eaton edited by F. D. Calhoon
(1987 p 87). Calhoon described the horrible calls for help coming from the
drowning hospital patients, as the floodwaters rose through out the city. The
sickest people were the first to drown. This was because they were unable to climb
into an upper bunk in the over crowded hospital or to help themselves. In the
mountains the rainfalls remained basically unmeasured for the next thirty years.
Another eye witness (Rev. William Taylor 1856? p. 113) wrote; "We
spent part of Wednesday the ninth of January in Dr. Deal's upper room; and
in the afternoon, when we came down to return to the parsonage, lo! a river
came rolling down the street, meeting us. Half the city was already
submerged, and the swelling flood hasted to bury the remainder. A wagon
happened to pass near us at that moment, and Brother Owen paid the driver
two dollars to take him a couple of blocks, whence he got a boatman to ferry
him home. I took refuge in the doctor's house till after tea; but as the tide
was still rising, and as I preferred to go to sea in a boat rather than a house, I
commended my Baltimore friends to the mercy of the floods, and waded as
best I could to the steamer Senator, and put up for the night.
The scene next morning is briefly described in my journal as follows:
'Thursday, January 10. 1850: This morning I went upon the foretop of
a store-ship anchored near our steamer, to take a survey of an entire city
under water. I could not discover a single speck of land in sight, except a
little spot of a few feet on the levee near our boat. The boat men were
navigating the streets in whale boats in every direction.--the valley, for the
28

width of several miles, and in the length of several miles, was an un-broken
sea of water.' "
McGashen and Briggs (p. 469) even included a tabulation of the maximum
yearly river gage heights at Sacramento. It is measured with respect to the 1938
Weather Bureau gage Datum of 0.12 feet above mean sea level. These stages do
not relate to the flow rates at the present site because of the channel modifications
both natural and manmade. It is apparent that the early flooding was because the
Sacramento was sited on a riverbank with no protection from the normal flooding.
The table in part is reproduced below:
Peak River Stages at Sacramento
1849
1850,Jan 10
1851,Dec 31
1852,Dec 31
1853, Apr 3
1854, Mar 23
1855, Mar 14
1856, May 8
1857, Feb 18
1858, Feb. 26
1959, Feb. 26
1859, May 27
1860, Apr 21
1861, Apr 11
1862, Jan 11
1867, Dec 26

18.8
20.2
9.8
21.7
21.7
19.4
20.3
12.4
18.2
18.9
18.9
19.0
15.2
21.8
24.0
24.1

McGashen and Briggs (1939) quote from newspaper accounts that again in
April 1850 there was another flood in Sacramento "within a foot of the great
inundation". The water-year 1849-50 was characterized by McGlashen and Ebert
(1918 p.35) as: "One of the wettest and most floody of years." They reported that
the floods of 1850 were exceeded at Sacramento in 1852, 1853, 1861 and greatly
exceeded in 1862. The evidence of the above table suggests that the flood of 1850
at Sacramento resulted form people settling on a flood plane rather than from a
1000-year rainfall. The great toll in human suffering rather than it's great recorded
rainfalls is why it is included in this study.
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Storm of December 23 to January 21, 1862
On October 4, 1861 the Red Bluff Independent reported: "Six months have
elapsed since rain has fallen at Red Bluff. This has been the hottest, driest season
since California became a State. On Sunday something happened in Red Bluffthat
nobody has expected or wanted. Dust blew in every crack. It came in showers,
people breathed gallons of dust and grit every time they opened their mouths." On
November seventh the Independent wrote "The mortality of cattle was high, they
were starving."
The Red Bluff Independent states that on December the tenth the drought
was over and flood damage was extensive. The Red Bluff Beacon reported; "Even
though California received tremendous damage, Oregon suffered more. The
Williamette Valley completely overflowed and a town was swept away. Crescent
City California was nearly swept away.
A Belgian miner Jean -Nicolaus Perot (1985) left the gold fields to settle at
Portland Oregon in time to witness the flood there. He writes, ”The peaceful
Willamette became, by the fifth of December, an impetuous torrent; leaving its
bed, it upset and carried away the establishments which bordered its bank. It was,
for two days, a curious and heart-rending spectacle: the river was covered with
strays of all kinds, trees, animals, fences, provisions, houses, sawmills, flour mills
all that was floating pell-mell, and passed before Portland with a speed of three
leagues an hour.”
The legend associated with this storm is that one could have gone from
Folsom to Wintersin a row boat as the Sacramento Valley was one big lake. The
truth is that there were not enough records to know what happen especially in the
watershed areas. William H. Brewer (1930) of the Whitney California Geological
Survey from San Francisco on Sunday, January 19, 1862, "The amount of rain that
has fallen is unprecedented in the history of the state.----The great central valley of
the state is under water - the Sacramento and San Joaquin valleys - a region of 250
to 300 miles long and an average of twenty miles wide, a district of five thousand
or six thousand square miles, or probable an area of three to three and a half
millions of acres!"
In December and January of 1861-1862 Sacramento was subjected to four
more major floods from the American RiverOn December 9, 1861 the levees to the
East of Sacramento gave way and flooded the city. Two weeks later on December
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23, the water again rose and interrupted the levee repairs. The flooding of January
9-10 was the worst of all. Sacramento was again visited by a destructive flood.
Dillinger (1991 p. 87) quotes newspapers reports that there was 46,000 cubic feet
per second pouring through the levee break and that the water was five feet deep at
the corner of Third and K Streets. Dillinger reports that the water rose 60 feet
above the low water mark at Folsom and swept away every bridge on the
American River between Folsom and Sacramento except the California Central
Railroad bridge at Folsom.
Brewer writes on February 9, 1862, " Nearly every house and farm in this
immense region is gone. There was such a body of water-250 to 300 miles long
and 20 to 60 miles wide, the water ice cold and muddy-that the winds make high
waves which beat the farm homes in pieces"
This storm rainfall was recorded at only a few stations in the lower
elevations. The heaviest rains were at San Franciso where 28.25 inches were
reported in 30 days. This was 6.48 standard deviations above the mean rainfall for
30 consecutive days with a return period of 37,000 years.
McGashen and Briggs (1939) indicate that the river stage on the American
Rivert Folsom was 8 feet higher than in 1852, this was higher than any other
known stage. A notable feature of the flood was the prolonged period of flooding
in the lower Sacramento Valley from December 13, 1861 to about February 1,
1862.
A report from the Stockton Independent Record quotes a Dr. Snell of Sonora
who reported 30 inches at Sonora, in 10 days. This would be 7.84 standard
deviations above the mean and a very rare event.
Brewer (1930 p. 243) reported on January 31, 1862 that at Sonora102
inches of rain had fallen up to most recent reports. The maximum rain at Sonora
for the 125 years from 1887 to 2012 at Sonora was 69.08 inches in water year
1890, the average is 32.48 inches for the 125 Years. Perhaps Brewers observations
were at a wetter location, or maybe 1862 was a very rare and wet year.
Brewer reported that, "At Los Angeles it rained incessantly for twenty-eight
days--immense damage was done--one whole village was destroyed. It is
supposed that over one-fourth of all taxable property of the state has been
destroyed." ---Brewer kept in touch with the State Treasurer and news of the
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dwindling state government income because he was having long delays in being
paid for his work.
There was an account of the 1862 flood at Snelling on the Merced River
reported by Chamberland (1972 p. 104). The hotel at Snelling was broken up ,
"caused by a flood from the Merced River, when part of a mountain slid into the
river, temporarily damming it up and when it broke a torrent thirty feet high went
down the river, carrying away Benton Mills and part of Snelling."
Storm of December 21, 1866
The maximum 1440-minute rainfall for San Francisco was 7.76 inches. It
occurred between 11:45 AM on December 19 and 8:15 AM on December 20,
1866. Weaver (1962, p70) reports six San Francisco area rain gages had very high
rainfall on this day. The annual average maximum rainfall for consecutive 1440minute rainfall at San Francisco, based on 104 years of recording gage data, is 2.29
inches. The 7.76 inches represents 5.94
standard deviations above the mean. The corresponding return period is 5700
years.
Pilarcitoslocated 15 miles south of San Francisco had 9.18 inches on this
day. This was the next to the highest daily rainfall of it's 127 year record. The
highest daily rainfall at Pilarcitos was 10.79 inches in 1871.
Storm of December 18-20, 1871
San Andreas Lakelocated 3 miles north of Pilarcitosand about 3 miles west
of the San Francisco Airport, had 13.63 inches of rain on December 19, 1871. The
three-day total for December 18-20, 1872 was 27.16 inches. This was 9.7 standard
deviations above the mean with a return period of 330,000 years.
Pilarcitos had 20.92 inches during this period. This was 6.29 standard
deviation above the mean, for a return period of 8000 years. Both Pilarcitos and
San Andreas Lake are records of the San Francisco Water Department. These are
among the longest continuous rainfall records in California.
January 1874
An undocumented storm must have occurred in Southern California in
January 1874 as Durrenberger and Ingham (1978) reported; "The San Diego stage
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arrived at Yumaon the 21st minus most of the mail, which the driver lost at the
crossing of the Tia Juana Rivernear San Diego."
Storm of November 22-23, 1874
Fort Ross reported a measured 18.06 inches of rain on November 22 and 23,
1874. A note in the 1875 Fort Ross rainfall record supplied by the Sonoma County
Water Agency was "24 inches in 24 hrs. Measured 18.06 - gage ran over half of
the night." It is easy to ignore a note like this; but when other stations share large
rainfalls on the same days they call for serious consideration. Three other records
had very heavy rainfalls on these two days. San Andreas located south of San
Francisco has 12.06 inches and Pilaricitos 12.25 inches. San Francisco had 4.94
inches of rain on November 22 & 23, 1874.
The 18.06 inches at Fort Ross was 42 percent of their average annual
rainfall, where as at San Andreas Lake the 12.06 inches was 35 percent of the
average annual rainfall. The 4.94 inches at San Francisco is 23 percent of the
average annual rainfall.
The 18.06 inches in two days at Fort Ross is 6.78 standard deviations above
the average two-day storm for this station. This represents a return period on about
32,000 years. The 12.06 inches at San Andreas represents a return period of about
200 years.
Storm of April 20-21, 1880
The biggest two-day storm at Sacramentowas 8.37 inches that occurred on
April 20-21, 1880. This is 5.79 standard deviations above the mean with a return
period of about 3500 years. Weaver (1962 p 61) indicated that a low pressure area
came ashore west of Red Bluff and that the heaviest rainfall were located in a west
to east band extending from Mt. St. Helenato Nevada City.
Storm of December 1884
The highest rainfall measurements of this storm were at Bowman Dam
rainfall data for six consecutive days of 33.80 inches was reported by Weaver
(1962 p.56 ). This is 4.94 Standard deviations above the mean with a return period
of 1900 years.
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The rain record at Bowman Damstarted in 1872 but daily values before 1912
are sparse. The reason that many of the early records are missing is that they were
burned in the San Francisco earthquake and fire of 1906. The weather archives
were largely recompiled at the San Francisco Weather Bureau Office. When the
Weather Service Climate Office was closed in 1973 the records were sent to the
National Climatic Data Center at Ashville, North Carolina. They have not been
readily available in the state for weather researchers except on microfiche. The
original pre 1949 weather records for California were returned to the state and
placed in the State Archives at Sacramento which permits only limited excess to
the data.
Storm of October 12, 1889
The highest rainfall measurements of this storm were at Encinitaslocated
about 25 miles north of San Diego. A storm of 7.58 inches was reported by Hansen
and Schwarz (1981 p. 104). This occurred between 6 AM and 2 PM. This storm
represents ninety percent of the average annual precipitation. If it were a 24-hour
total the return period would be about 70,000 years.
Water Year 1890
There were some very wet years out of the last one hundred and eleven.
They were 1890, 1941 and 1983. Perhaps the water years of 1995 and 1998
should be added o the list of very wet seasons. The heavy rainfalls of 1890 were
confined to the north half of the state.
Storm of February 22-23, 1891
One of California's biggest storms occurred at Big Bear Lake Dam on
February 22 and 23, 1891, when 32.20 inches was recorded in two days. This is
7.25 standard deviations above the mean for a return period of 22,000 years. This
event was confirmed by the large rainfall at Cuyamacalocated in San Diego
County that had 22.40 inches on the same two days. This storm was the biggest
two-day rainfall of record at both stations.
Big Bear Lake Dam is located in the San Gabrial Mountains at an elevation
of 6815 feet. Cuyamacais on the western slope of the Coast Range in San Diego
County at an elevation of 4650 feet. Nearby low elevation stations did not share
the unusually heavy amounts of rain in this storm.
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Storm of August 12, 1891
The storm at Campo on August 12, 1891 is described by Hansen and
Schwarz (1981) as one of the most intense local storms ever reported in the United
States. Campois located just north of the US - Mexican Border, east south east of
San Diego in the Coast Ranges at an elevation of 2500 feet.
The Campo rainstorm of August 12, 1891 is a puzzling event. The 24-hour
total was 16.10 inches according to Carpenter (1913, p. 52). The most intense part
of the storm was 11.5 inches that started at 11:40 AM and was over by 1 PM. The
gage was measured and emptied several times during the storm as it had
overflowed. The foundation was washed from under the gage that was found to be
leaning at a sharp angle from the vertical during the storm. The record of the
Campo 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.
The Campoweather observer, a Mr. Gaskill, reported that the gage was
washed away in the resulting flood before the end of the storm. This was no doubt
a very large rainfall, what ever it's depth. Mr. Gaskill was said to have been a
very reliable observer by Mr. Ford Carpenter the official in charge of the San
Diego Weather Bureau office. This storm is a discussed by Miller (1960 p. 48)
and by Hansen and Schwarz in (1981 p. 81) who have excepted it as a
cornerstone in the National Weather Service's probable maximum precipitation
studies for California.
The 16.10 inches in one day at Campo would be 13.4 standard deviations
above the mean. The return period for a storm that big would be in excess of ten
million years. No other rainfall event for California could come close to being as
big as this storm in terms of return period. The topography of the region, with
large mounds of car sized granite boulders suggests that the soil was washed away
in storms of a remarkably great intensities. It would be easy to reject this record;
but perhaps safer structures would be built if it were to be accepted it as accurate.
Mid August is within the tropical cyclone season for the west coast of North
America. It is not uncommon for tropical cyclones to influence Southern
California, if only with infusions of humid tropical air masses of the kind in which
large thunderstorms could develope. If the Campo storm is real it would no doubt
have to have occurred in the hottest time of the year when the moisture holding
capacity of the atmosphere is at it's greatest.
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Storm of September 26, 1898
This storm was apparently centered at Tularein the flat lands of the San
Joaquin Valley. It was apparently an isolated low elevation event. This storm
occurred during the hurricane season when infusions of tropical moisture are not
uncommon. This could have been thunderstorm imbedded in a tropical storm
remnant. More study is needed.
The greatest rainfall for the storm was 3.89 inches. That was 5.66 standard
deviations above the mean with a return period of 2700 years. Several other
stations in the vicinity had over three inches of rain on this day. This was also the
wettest ever day at near by nearby Dinuba.
Storm of December 11, 1906
The highest rainfall measured in the storm of December 11, 1906 was at
Forest Lakelocated along the famous 17 Mile Drive in Pacific Grovenear
Monterey. Nine stations reported highest ever rainfalls on this day. They are
located 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 inchs that was 6.38 standard deviations above the
mean with a return period of 9,000 years. Lines of equal return period are shown
as Map 26.
Storm of January 1 to 20, 1909
The storm sequence of January 1 to 20, 1909 extended in a southwest to
northeast direction from Fort Ross on the Coast to Greenville in the Feather River
Basinnine stations reported the highest ever rainfall totals for 20 consecutive days.
They ranged from Granton in the Russian River Basinto La Portein the Feather
River Basin. La Porte had 57.41 inches in 20 days that was 5.38 standard
deviations above the mean representing a return period of 12,000 years.
The Sacramento River at Red Bluff crested at 30.5 feet on February 3 1909,
one foot higher than the previous high of record of 29.5 on February 4, 1881.

Storm of January 9 to 14, 1911
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The storm of January 9 to 11, 1911 extended in a Southwest to Northeast
line between Los Gatosand 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 May 10, 1915
One of the remarkable storms of California was the 8.93 inches at Kennett.
Kennettis a wet place in that it now lay at the bottom of Shasta Lake, but this much
rain in one day occurs about every 10 years at near by locations. The remarkable
thing about this storm is that it occurred in the "dry season". This was the greatest
amount of rainfall ever recorded in the May, June or July in Northern California.
This was a typical wintertime frontal type storm. It was unusually sever for
being so late in the season. The frequency of maximum daily rainfalls for each
month was studied by the California Department of Water Resources (1980).
This was a once in a thousand-year storm based on the expected rainfall for
the month of May; but not considered so on a yearly basis (CA DWR 1981). The
reason that it is important to examine this type of storm is that it reflects on the
safety aspects of flash boards on spillways of dams. Flash boards are used to
increase the water storage usually between the time of complete snowmelt and the
time of need for stored water. Historically it has been the practice of some dam
owners to install flash boards to increase the storage in the "dry season". Since
there has been a greater variation in heavy rainfalls in the last 50 years in interior
California this practice now needs a close review. Storms like the May 10, 1915
rainfall at Kennet; the June 18, 1982 storm at Forni Ridge; the storm of August 15,
1976 at Redding 2W and the September 19, 1959 storm at Turntable Creek; all
reflect on the safety aspects of summer time flash board use.
Storm of January 2, 1916
This storm was recorded at Colusa in the low elevations of the MidSacramento Valley. This storm is remarkable because Colusa received 36 percent
of average annual rainfall on this day. It was also the wettest day of record at
Davis and Chico. Colusa had 5.60 inches of rain on this day that was 7.23 standard
deviations above the mean with a return period of 42,000 years.
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Nineteen sixteen was the year of vigorous weather systems through the
State. In the San Joaquin Valley there was a very rare snowstormin the west side
of the southern San Joaquin Valley at the end of December 1915. There was a man
made forest of oil derricks on the west side in 1916. Half of these 2300 derricks,
which ranged in height from 70 to 130 feet, were destroyed in two big wind storms
that occurred on January seventeenth and twenty seventh, according to Rintoul
(1978).
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 Damwas completely washed away and Sweetwater
Dam was rendered useless as a result of having an abutment washed out.
Descasioreceived over 27.79 inches of rain during January 14 to 28, 1916.
This represents a return period of about 6,400 years. Twentyfive stations had
record high rains during this storm. There were 8 reports of 10 inch per day
rainfalls on January 17, 1916, the largest of them being at Squirrel Innin San
Bernardino County.
Sweetwater Dam is a landmark case of short term thinking that plagued
early day dam designers. According to Schuyler (1901) the original Sweetwater
Damwas 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." This occurred on January 17 & 18, 1895 when Sweetwater Dam was filled
to overflowing. The peak flow of 18,150 cubic feet per second sent 1.5 feet of
water over the dam. "Not a stone of masonry was disturbed to the satisfaction of
the dams owners", according to Schuyler. Sweetwater Dam was raised 5.5 feet and
the spillway capacity was increased to 5,500 second-feet after the 1895 storm.
The repairs and enlargement following the 1895 flood were 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 (1918 p.
49). The January 14-28, 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.
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Evidently the mother of all storms had visited San Diego County in January
1916. It was allegedly 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 reservoir 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 that
was completely washed away.
There were skeptics regarding Mr. Hatfield's rain making efforts even in his
own time. Mr. Ford Carpenter (1913, p 26) who was in charge of the San Diego
Weather Bureau Office, reflecting the official Weather Bureau attitude, said, "The
manufacture of rain to order, by use of explosives or gases is still believed by a
very few uninformed persons."
Scientific weather modification by seeding clouds with condensation nuclei
did not begin until Vincent Schafers's (1981 p. 224) pioneering work with carbon
dioxide (dry ice) seeding in a controlled cloud chamber in 1946. Silver iodide and
liquid propane are among the common cloud nucleation agents used in recent
years.
Storm of September 12-14, 1918
Weaver (19 p. 199) reports that the only Mexican West Coast hurricane
known to come inland as far north as Central California was in September 12-14,
1918. The storm system apparently moved on shore near Santa Cruzand then
moved north to the Red Bluff area before dissipating. Typically these storms bring
a surge of moist warm tropical air that frequently triggers thunderstorms. Red Bluff
had 1.19 inches of rain in 30 minute, 3.72 inches in 2 hours and 6.12 inches in 24
hours on the September 13, 1918.
The high rainfalls associated with that of September 12 to 14, 1918 was at
Antiochin Contra Costa County where 6.59 inches were recorded in 3 days. It had
a return period of 1380years. The next highest return period was at Lathrop, where
3.54 inches resulted in a 1400-year return period. 13 stations had the highest ever
3-day rainfalls during this storm. The highest storm total rainfall was at Red Bluff
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where they had 7.12 inches. Eleven stations reported rains with return periods in
excess of 100 years.
This storm seems similar to the event of February 10, 1978 in that a strong
cyclonic system came on-shore and proceeded robustly into a normally dryer area
and dropped a very heavy amount of rain in the rain shadow zone where it is
usually not expected.
Storm of December 18-22, 1921
The storm of December 1921 produced the largest rains ever records at a
several 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 rainfall with 14.89
inches on December 19, 1921.
Storm of April 4 1925
The 4.00 inches of rain at Fancher Ranchin Merced County on April 4,
1925 was apparently quite localized as few other stations reported such a high
rainfall. This station has 64 years of rainfall record. There was wide spread rain
over a broad region on this day. The return period for 4 inches in one day at
Fancher Ranch is 6300 years.
Storm of April 5, 1926
Opids Camplocated north west of Mt. Wilson in Los Angeles County had
12.52 inches of rain on this day. This amount of rain at Opids Camp is not worthy
of a place among 1000 year storms as the return period in only 22 years. What is
notable about this day is that Opids camp had 1.03 inches in one minute on April 5,
1926 at 4:48 AM according to the Los Angeles County Flood Control District. The
depth was disputed by Barnacle and Remold (1946) of the Weather Bureau who
revised it down to .65 in one minute. What ever the correct depth this reading was
a world record one minute rainfall measurement at the time.
A verbal report on this storm was recorded by the Los Angeles County
Flood Control District on April 7, 1927 and included in Eaton (1927). Mr. Opid
said of a nearby stream, "The average height of the stream in highest water, for
years before, never was above 6 Feet. During this cloud burst it rose to 23 feet,
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and washed the banks out to the width of 50', 23' deep 30' wide at the bottom and
50' wide at the top."
Storm of February 13-17, 1927
Eleven years after the mother of all storms visited San Diego County in
1916, the same region again had it's 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.
Thirtyone 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 that had 26.60 inches.
Storm of September 28 to October 1, 1932
A tropical storm off the coast of Guatemala on the twenty-fourth of
September moved up into the Gulf of California and came on shore near Mexicalli
on September 29, according to Hansen and Schwarz (1981 p. 110). The moisture
from this event set the scene for a disaster.
The Techachapi Storm of September 28 to October 1, 1932 caused a million
dollars in damages and cost 15 people their lives. This occurred near Woodford in
the Caliente Creek drainage area between Bakersfield and Techachapi. Caliente
Creek drains into the San Joaquin Valley near Arvin. The storm resulted in
flooding in the Arvin district, located south east of Bakersfield. The actual storm
startled near the drainage divide between the Mojave Desert and the Buena Vista
sink of the Kern River basin in the San Joaquin Valley. This is not unlike the
Buena Vista basin storm of February 10, 1978 where a dissipating cyclonic storm
moved over the Coastal Mountains as a robust system and dumped remarkably
heavy rainfalls in a rain shadow area.
The storm's effects were described by Malcolm Sprage in Climatological
Data published by the National Climatic Data Center (1897) 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. Woodford was located
between Techachapi and Bakersfield on Calente Creek. One of the engines was so
deeply buried under silt and rocks that it was not found until five days later.
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Railway traffic was interrupted for 14 days and highway traffic for 2 days. Further
details of this disaster were described in Three 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 rain depths. The streamflow associated with this storm
was analyzed by the US Army Corps of Engineers, where they found that the peak
runoff rate was 3815 cubic feet per second per square mile on 3.5 square miles of
Cameron Creek.
The storm traveled up the Gulf of California into the lower desert without
much resistance only to break up in the Techachapi Mountains. Techachapi had
7.11 inches of rain in 4 days from September 28 to October 1, 1932. This was a
200 to 500 year storm at Techachapi. Apparently the rains exceeded this in the
surrounding mountains.
Storm of December 31, 1933 and January 1, 1934
The New Years flood of 1934 caused a 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 from Malibuin the West to Covina the East. The heaviest rains
based on standard deviation above the mean was at AnzaFoothill Ranch where
16.33 inches of rain had a 1200 year return period.
An enormous debris flowfollowed the heavy rainfall in La Canada
Valleynorth west of Pasadena.This was disastrous to those living down stream.
The debris flow was made worse because a forest fire in November 1933 that had
completely denuded much of the watershed of its vegetative cover just before the
rainy season. The fire was in the watershed of Verdugo Creek, a tributary of the
Los Angeles River from Glendale The area with the most damage was up stream
from 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 (1934).
There were reports of rainfalls in excess of 10 inch per day from 16 stations.
Fourteen stations reported the heaviest two-day rainfall of record. Hoegees was
the wettest with 14.81 inches.
Storm of December 10 and 11, 1937
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The storm December 10 and 11, 1937 was a high elevation event centered in
the North East corner of the State. There was little snow on the ground at the start
of the warm storm, so snowmelt was not a major factor. Twenty-one stations
reported the highest ever two-day rainfall at this time. The highest intensity part of
this storm was in a zone between Inskip Inn in Eastern Butte County to Alturasin
Modoc County. Alturas had 5.08 inches of rain that represented a 22,000-year
return period.
This surface water of this storm was studied in depth by McGasten and
Briggs (1939), who included a comprehensive study of previous floods from
before the time of systematic record keeping of streamflow. This storm resulted in
the highest ever rainfalls at 80 river measuring stations from the Kaweah River on
the south to the Trinity River in the north.
Flood damage in the Feather basin resulted in Main Street in Chester being
washed away. The Feather River Highway was closed near the Butte-Plumas
county line due to a rock slide. The Yosemite Valley Highway was flooded by the
Merced River. Extensive flooding occurred in the Tulare Lake Basin. In Coastal
streams there was extensive flooding from the Russian River south to Santa Clara
Valley.
A new record high river stage of 31.95 feet occurred on the Sacramento
River at Red Bluff on December 11. This was a foot and a half higher than the
previous record high of 30.5 in 1909. There was extensive flooding in the Butte
basin as will as in Los Molinas and Biggs areas.
Five stations reported over ten inches of rain on December 11, 1937. Cobb
Lake County received the largest amount with 13.65 inches on the eleventh. The
largest storm total was at Hobergswith 20.50 inches in 2 days. Felton and Los
Gatos Summit both reported the highest ever two-day rainfalls of over 14 inches
during this storm.
Storm of March 2, 1938
The storm of March 2, 1938 produced some of the largest stream flows ever
recorded in Southern California. This occurred 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 based on the rainfall records so far
examined. It did result in 1/3 to 1/2 of the average annual rainfall in one day. The
highest return period was 540 years at the RiversideNorth rainfall station.
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More than 10 inches in one day was reported from 16 rain-fall measuring
stations on March 2, 1938. This storm occurred in a region where very large
rainfalls are common. As an example; 15 inch per day rainfall at Opids Camp, in
the San Gabrial Mountains a return period of less than 25 years.
A study of the floods of this storm by Harold C. Troxell (1942) Water
Supply Paper (WSP) 844 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 that storms effects on stream-flow is Arroyo Seconear
Pasadena (USGS# 11098000). It has a continuous record of stream-flow 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 totals to cause such a high flow.
Storm of September 5 & 6, 1939
This storm was one of four tropical storms that effected Southern California
during September 1939 according to Hanson and Schwarz (1981 p. 21). It was
first tracked west of La Pazon the fourth and moved north west ward to be caught
in a cold front and forced over the mountains of Baja California into the Imperial
Valley region. The surge of moist tropical air induced heavy rainfalls up into
Northern Arizona.
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 65-year record.
This two-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 during this storm.
Storm of September 24, 1939
One of the more interesting storms in California occurred on September 24,
1939, at Indioin the Salton Seadrainage area. This storm was studied by Pykewho
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found that twice the mean annual rainfall (of 3.43 inches) occurred in six hours.
Another tropical storm on August 16, 1977 at Yuma Valley, Arizona had 2.24
times the mean annual precipitation in one day. There are about 20 stations in
California where the maximum daily rainfall is larger than the average annual
rainfall, but none of them are as extreme as the Yuma Valley event.
The meteorological aspects of this storm and many important California
storms were studied by Weaver (1962). Weaver indicated that this was a tropical
storm. The low pressure area came ashore near San PedroThere 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 a
rain shadow zone of the lee side in the low desert. Keen (1987 p. 78) indicated that
this storm formed ten days earlier south of El Salvador.
Pyke reports that this was a thunderstorm. It is typical of hurricanes to
infuse a region with warm moist air in which thunderstorms are generated. The
Indio thunderstorm could be compared with the Red Bluff thunderstorm of
September 14, 1918, which also followed a surge of marine air after a hurricane.
A large rainfall also occurred at Imperial located 70 miles South East of Indio,
which received 4.08 inches of rain on this day. This much rain at Imperial has a
return period of 2200 years.
The rain at Indio represented 8.8 standard deviations above the mean that in
this region represents a return period of about 55,000 years. The runoff resulting
from this storm caused only barely perceptible rise in the water level of the Salton
Sea, suggesting that it was a very localized storm event.
Water Year 1941
The four very wet years of the last century were 1890, 1941 1983 and 1995.
The heavy rains of 1941 were confined to the Sacramento Valley and a narrow
strip of land on the South Coast from Santa Barbara to Orange Counties. Both
Willowsand Santa Ynezhad rain totals for the year with return periods in excess of
5000 years.
Storm of January 23, 1943
The largest daily rainfall ever recorded in California was 26.12 inches that
was on January 23, 1943. This occurred at Hoegeesnear Mt. Wilsonin the San
Gabriel Mountains north of Los Angeles. Twenty-six inches was 96% of the mean
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annual rainfall for Hoegees. This is an area that in an average year gets 18% of its
annual rainfall in the wettest day of the year. 46 stations reported 50% of MAP on
this day.
Hoegees had over 10 inch per day rainfalls on eight other occasions. 26.12
inches at Hoegees has a return period of 11,000 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 mostly in Los Angeles County with some in San
Bernardino County.
The highest return periods over the region covered by the storm were
associated with two-day rainfall totals. Hoegees had 36.34 inches of rain in two
days. The return period for this was 5400-years. The highest ever two day rainfalls
were reported from 125 stations. Fifteen stations had over 20 inches in two days.
Forty-five stations had 70 percent of the average annual rainfall in two days.
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 that received a soaking from this storm that
was in excess of a once-in-a-hundred year event.
Storm of October 29, 1950
The largest ever one day rainfall at Orick occurredon October 29, 1950 when
11.50 inches was recorded. Eureka,Crescent City and Happy Campalso reported
their largest daily rainfall on this day. The Orick rainfall was 5.71 standard
deviations above the mean with a return period on 4200 years. GasquetRanger
Station reported 10.35 inches on this day.
Storm of November 18, 1950
A typical high elevation storm passed through Central California on
November 18, 1950. The rainfall distribution in this storm was quite similar to the
January 30 to February 1, 1963 storm. The rainfall of both these storms were
heavy in the Coastal mountains as well as in the Sierra. The 1963 storm effected
areas south of the wetter zone of the November 18, 1950 storm. The greatest 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.
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Nine stations reported 1,000-year rainfalls. Seven of them were in the
Stanislaus, Merced and San Joaquin Rivers. State Highway 140 into Yosemitewas
washed out near El Portal. Extensive flooding was reported on the lower San
Joaquin River by Paulson et al (1953). Twenty stations received 25 percent of the
average annual rainfall on this day.
The station reporting the highest return period was Calaveras Dam in
AlamedaCounty. Calaveras Dam received 7.17 inches in one day, which was 33
percent of it's annual average rainfall. The return period for Calaveras Dam was
23,000 years.
The Christmas Storm of December 17 through 27, 1955
During December 17 to 27, 1955 a warm rainstorm melted accumulated
snowfall up to an elevation of 10,000 feet. This storm was heaviest in the Central
Sierra, the Feather, YubaBearAmerican, Cosumnesand CalaverasRivers; as well as
the Russian and Napa Rivers, and the streams of the South Bay Area.
The rainfalls of the higher elevations of both the Coastal Mountains and the
Sierra were affected by this storm sequence. The highest return periods associated
with this storm were for eight-day rainfall totals. 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 rainfall events with large
return periods.
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 Yuba River Drainage. In the Santa Clara Valley the maximum was
42.27 inches at Lake McKenzie, located southwest of San Jose at an elevation of
1800 feet. 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 24 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,
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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.
Storm of April 3, 1958
A series of storms off the coast with an associated series of fast moving
fronts swept over California during late March and early April 1958. The San
Joaquin Valley experienced several small tornadoes. Thunderstorms were wide
spread. One of the wettest 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 its average annual rainfall. The return period
approached 300,000 years, as that was 8.55 standard deviations above the average
maximum daily rainfall.
This was a very localized storm as only two other stations reported the
record high one day-rain on this day. These were Hogan Dam and Drytown

Storm of September 19, 1959
This storm produced extremely high intensities centered at Newton located
between Redding and Shasta Dam as well as the highest ever daily rain totals for
the month of September in Northern California. In fact the only September rain to
exceed this in all of California was at Fallvale in the Santa Ana River basin during
Tropical Cyclone Kathleen on September 11,1976.
Some of the record breaking rainfalls of this storm include 11.25 inches at
Turntable Creek North of Shasta Dam and 11.86 inches at Boulder Creek North of
Santa Cruz.
Weaver (1962) reports that this was a cold season type of storm. A deep low
pressure area developed the Gulf of Alaska and stagnated off the Cost of
Washington on the 18th. Newton received 10.60 inches in a 5-hour period between
5 and 10MP on the 18th.
Columbus Day Storm of October 11 through 13, 1962
The Columbus Day Stormof October 11 through 13, 1962 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 to
Central California, according to Lynott and Cramer (1966). There were 56 lives
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lost in this storm and $250 million in damage. Lynott and Cramer (1966 p. 110)
reported winds estimated 150 knots gusting to 170 knots at Cape Blanco at 1 PM
on the twelfth as the anemometer had already broken. Red Bluff reported their all
time high wind of 82 miles per hour.
Keen (1987) indicates that this storm started as Typhoon Fredanear Wake
Island nine days earlier and merged with a cold front to become an intense midlatitude cyclone. This was not the only typhoon to affect California, Typhoon Joan
interred California in a similar way on September 19, 1976 but it was without rain.
In California the heaviest rainfalls covered a wide band extending from
Oakland to AlturasLake Spaulding had 23.05 inches of rain in 3 days, the highest
three-day rainfall of their 95 year record. Marysville received 9.26 inches in three
days. This storm did not spare the low elevation locations. Two hundred and
eighteen 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, 1962.
Ben Lomond North of Santa Cruzreported 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-one 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 Orinda Filters where 18.41 inches
corresponded to a 6,500-year return period. This was similar to the return periods
at several other stations in Alameda and Contra Costa Counties.
Storm of January 30 to February 1, 1963
Record numbers of mid-winter foggy and rainless days were recorded at
Sacramento associated with high barometric pressures and stagnant winds. This
was one of the worst mid winter droughts of record in Central California. This
drought was ended abruptly by the three-day storm of January 30 to February 1,
1963. The similarity of meteorological conditions of the 1862 and the 1963 storms
are notable in that sever droughts were ended with flooding.
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This storm resulted in the heaviest ever three-day rainfalls at 45 stations.
These extreme rainfalls were generally at high elevations in the Southern Sierra.
The heaviest rainfalls were centered South of Yosemite. Florence Lakereceived 64
percent 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 Entrance Yosemite National Park and Tollhouse.
The snow line associated with this storm was generally over 8000 feet and at
times 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 (1966).
The storm of January 30 to February 1, 1963 resulted in extensive flooding
at Reno, Marysville and NapaThe 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
drainage basin of the South Fork of the American River.
The highest one-day rainfalls were at Big Bend Ranger Station and Cherry
ValleyDam 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 Kittridge 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.
The Second Christmas Storm of December 19 through 24, 1964
The six days from December 19 through 24, 1964 were the wettest ever
recorded at 78 Northern California Stations. The North Coast had the worst
flooding ever recorded 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. These are the Eel River, the
Upper Klamath and the Yuba River in the Central Sierra Nevada.
The highest 6-day rainfall reported for the Eel Basin was 31.71 inches at
Branscomb. Fourteen of seventeen stations in the Eel River Basin reported the
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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 indicating the great
depth of the water during the December 1964 flood. This is to remind people to not
rebuild along the river.
The highest return periods for the storm were in the Klamath RiverBasin
where Gazelle reported 8.09 inches. That 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 Yreka, Mt.
Heborn \and CallahanThis storm also produced the highest ever river stages on
streams in Southern Oregon such as the Chetco River.
Thirty five stations reported daily rainfalls of 10 inches or more on
December 22, 1964. 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 Ettersbergin Humboldt County.
The highest ever rainfalls occurred in the Yuba and Bear River Basins,
where Lake Spauldingreceived 32.60 inches of rain in 6 days. Six stations in the
Yuba watershed reported over 10 inches of rain on December 22, 1964.
The stream flow on the Yuba River at Marysvillepeaked at 180,000 cubic
feet per second (cfs), causing the second Christmas time floodin a decade. The
December 1955 peak on the Yuba River at Marysville was 140,000 cfs.
Storm of December 2-7, 1966
The Upper Kern Riverand Owens Valleyregion 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 #3 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. A new
record high one-day rain for the Central Valley was set of 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 1966
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according to Dean (1971). 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 Johnsondalewith a five day total of 30.45 inches.
Winter Storms of 1969
The winter of 1969 was very wet in Southern California and the Southern
Sierra Nevada. Southern California 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. One of them was Mr. William Brooks the weather observer and dam
tender at Juncal Dam on the Santa Ynez River in Santa Barbara County. The cabin
occupied by Mr. Brooks was washed away on January 26 after he had measured
25.67 inches of rain. Our civilization owes so much to weather observers like Mr.
Brooks who have given so much so that future generations will know about our
weather.
Over 200 stations mainly in Southern California reported the highest ever
rainfalls 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 Mountainsnear the Los Angeles-San
Bernadino 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 reported rainfall totals in
excess of the once-in-a-thousand year storm. The stations reporting 1,000-year
storms from the South Coast Basin were at higher elevations. The valley floor
portion of the San Joaquin Valley also had heavy rainfalls with high return periods.
The winter of 1969 had the second largest measured daily rainfall for the
State when 24.92 inches of rain fell at Lytle CreekPower House located at an
elevation of 2,225 feet in the San Gabriel Mountains northwest of San Bernadino.
Thirty stations reported rainfalls in excess of 10 inches per day during the big
storm of January 25, 1969. The same region received heavy rainfall a month later
when Juncal Dam in Santa Barbara County received 16.31 inches on February 25,
1969. The largest return periods of this study were associated with sixty day
rainfall totals.
By April 1 1969 a great snow pack had accumulated in the Southern Sierra.
Over 200 percent of average water content was in the snow pack. In Tulare Lake
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Basin 89,000 acres of cropland had to be flooded in order to provide water storage
the melting snow.
This could be called the "Tulare Lake Storm". Tulare Lakebasin where over
100,000 acres of crops are grown, is a normally a fully cultivated dry lake bed,
and the former terminus of the Kings River. The Kings Riveris controlled by Pine
Flat Dam but it holds only 59 percent of the mean annual flow of the Kings River.
Tulare "Lake" lies in the rain shadow of the Coast Ranges and is normally
protected from large Pacific Storms. The average annual rainfall in Tulare Lake
bed is six inches.
Storm of December 3, 1970
A apparently there was a large storm at Harrison Gulch Ranger Station on
the third of December 1970. The recording gage at Harrison Gulch reported 12.30
inches on this day. The puzzling thing is that the recording gage had 12.30 inches
and an adjacent non-recording gage reported only 0.45 inches. These records were
both published in Hourly Precipitation Data and Climatological Data for December
1970.
There was no doubt about a heavy rainfall on December 3, 1970 because
stream flow records published by the US Geological Survey for Cottonwood Creek
near Ono, North Cottonwood Creek Near Igo, South Fork Cottonwood Creek near
Cottonwood, Red Bank Creek near Red Bluff, Antelope Creek near Red Bluff,
Elder Creek near Paskenta and Thomes creek near Paskenta all indicate a sharp rise
in flow on this day.

Storm of August 14-16, 1976
Rainfalls in excess of 8 inches with intensities of 2.5 inches per hour were
reported North and West of Redding on August 14. 1976 by Fontana (1977).
Storm of September 10 & 11, 1976
Heavy rainfall was associated with Tropical Cyclone Kathleenwhich moved
north from Latitude 15° N. on September 6 to near Imperial on the September 10.
According to Fors (1977) this storm caused 5 deaths in the United States and more
than $150 million in storm related damages. This storm was notable because it
went as far north as Idaho and Montana on September 11 & 12 and causing high
winds and isolated heavy precipitation.
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The lowest rainfall for two consecutive years of California weather history
were 1976 and 1977. It is not unusual to has a drought punctuated with "gully
washers". The highest one day rainfall was 12.10 inches at Fallsdalein the Santa
Ana River drainage, but the highest return period was at Mecca in the Salton Sea
Drainage. Mecca had 4.00 inches which was well in excess since it's average
annual rain for 78 years of 3.24 inches. The return period was 740 years, but there
were 13 stations which had the highest ever rainfalls on this day.
Storm of August 16, 1977
Hurricane Doreenmoved north out of the tropics to come on shore near San
Diego. Rainfall was heavy in the Imperial Valleywhere irrigation canals were
breached. The town of Niland was flooded according the Keene (1987). Doreen
was off the west coast of Baja California near La Paz on August 15 and moved
north to come ashore near San Diego area early on August 16.
Five deaths were attributed to flooding by the rainfalls from hurricane
Doreen according to Court (1980 p. 30). Damage was extensive, particularly to
agriculture interests in the Imperial and San Diego Counties. Losses were
estimated to be in excess of $25 million. Flood waters destroyed 325 homes and
businesses in the southern desert areas.
The heaviest rainfall was centered at Yuma Valley,Arizona where on August
16, 1977 where 6.45 inches of rain occurred in one day. This storm was more than
two times the mean annual precipitation of 2.88 inches for this 56-year old record.
That was 10.83 standards deviations above the mean, with a return period for this
event was 600,000 years.
Where as Yuma Valley is located in Arizona, it is only across the Colorado
River from California. The high rainfalls were also measured at the Yuma Citrus
Station and the Brawley 2 SW station which both experienced 1000 year rainfalls.
The largest ever rainfalls were experienced as far north as Thousand
Palms.Hayfield Pump,Mecca and ThermalSixteen stations reported the highest
ever one-day rainfall.
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Storm of February 10, 1978
A vigorous winter cyclonic storm with wide spread flooding and mud slides
developed on the windward slopes of the South Coastal Basin on February 10,
1978. There were 18 deaths reported with this storm and $120 million in storm
related damage. This storm was still quite robust as it moved northeasterly into the
comparatively dry San Joaquin Valley. This is another case of a energetic storm
moving into a "rain shadow" area before it dissipates.
The heaviest rainfall depth of this storm was at Matilija Canyon in Ventura
County to the south west of Buena Vista LakeBasin where 13.31 inches in one day
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.
The storm of February 10, 1978, based on return period, was centered in the
Buena Vista Lake Region of Kern County. Blackwells Corner inches had 7.29 on
February 10, 1978 which was 74 % of the mean annual precipitation in one day.
That 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 were robust
cyclonic storms which vigorously entered the rain shadow areas to the northeast
resulting in a deluge in normally dry areas.
One of the after effects of the February 10, 1978 storm was the grandest
display of wild flowers ever seen in this region of the San Joaquin Valley by mid
March. This was a result of the through soaking of the ground at an optimum time
of the year. The meteorological aspects of this storm were described by Garza and
Peterson (1982).
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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 (1982) reported over 1500 homes damaged or
destroyed.
The highest rainfall depth of this storm was 31.84 inches at Raywood Flats
located in Riverside County. The return period of the rainfall at Raywood Flats
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 eight-day storm, which resulted in a 800 year return period.
Record high eight-day rainfalls occurred at 285 stations. Return periods in
excess of 100 years were reported at 90 stations. This storm was described by
Garza and Peterson.
Storm of December 3, 1980
There were few additional rainfall records to verify the existence of the big
storm that occurred at Fergerson Ranchlocated about 20 miles northwest of Red
Bluff in Tehama County on December 3, 1980. The detailed hourly rainfall
distribution was published the National Climatic Data Center (1947) in Hourly
Precipitation Data but few other rainfall stations reported an exceptional rainfall.
The USGS stream flow records for Antelope, Elder and Thomes Creeks did
respond with a sharp rise in flow on December 3. The Shasta Damrain gage caught
8.48 inches and the Whiskeytown gage caught 9.89 inches. The return periods at
Shasta Dam and Whiskeytownwere 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 storm 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
(1962). Both were very sever storms covering very small areas. This storm was
quite similar to the Harrison Gulch storm of just 10 years to the day before this
storm. Both storms had to be verified by refering to the surface water records from

56

nearby streams, as other rainfall records were too sparcly located to reflect these
important storms.
Storm of January 4, 1982
High winds and heavy rainfalls as well as death and devastation visited the
San Francisco Bay area on January 4, 1982. The San FranciscoAirport 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 that was recorded on February 12, 1904. The return period for the storm at
Berkeley was 1100 years. Fifteen other stations reported 1000-year storms during
this storm, the highest was 40,000 years at Point Reys Light. One quarter of the
average annual rainfall occurred at 43 stations during this storm.
The Ben LomondLandfill rain gage had 15.20 inches of rainfall. This was
the largest 24-hour rainfall ever recorded in Central Coastal California . These
heavy rains saturated the soil. Landslides followed at Love Creeklocated about
200 yards to the northwest of the Ben Lomond Landfill rain gage; as well as in
Marin County.
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 mainly because it occurred in heavily populated
areas. Twenty people were killed in landslides following the soaking rains.
Fifteen rainfall stations reported return periods of 1000-years or more. There was
about 1,100 square miles in the area exceeding the once-in-a-hundred year rainfall
event.

Storm of June 18, 1982
An intense thunder storm was measured at Forni Ridge in the South Fork of
the American River Basin. This storm lasted only a short time but is notable
because 4.02 inches of rain was measured in 30 minutes. This storm was followed
by a debris flow that closed State Highway 50.
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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 30, 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
rainfalls.
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 of the factors which make the
1983 year even more unusual was that 1982 was also one of the wettest years of
record. Fifty eight of the 1400 stations studied here reported 100 inches or more
for water-year 1982-83. Five hundred and eleven stations reported the wettest year
ever during water-year 1983.
Nineteen eighty three was the year of the highest ever rainfall at Sacramento,
with measurements since 1850. Sacramento had 96 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 1983. These were distributed from the
Klamath River Basin in the North to the Borrego Deser in the South. Half of the
state's land area had rainfalls in excess of the once-in-a-hundred year rainfall
during water year 1983.
Storm of February 11 through 20, 1986
A series of warm 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 11 and 20 of February in 1986
58

over a large portion of the Central and Northern Sierra Nevada. At Mono Lake95%
of their annual average rainfall occurred in 10 days. At Bucks Lakein the Feather
Basin49.44 inches occurred, 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. A big levee failure on the Yuba River at Linda, across
the river and south from Marysville happened with this was this storm.
In the Sierra Nevada the storm affected 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 Peaknorth of
Sierra Valley in the Feather River Basin to Calaveras Big Treesin the Cosumnes
River Basin in the South. Four Trees, near Bucks Lake, had 17.6 inches on
February 17, 1986; which was a new record high 24 hour rainfall for 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
Gurnevillewhere one newspaper reported that the town had just drowned. The
return period for the 10-day rainfall at Ukiah in the North end of the Russian River
was 31 years where as at Graton it was 376
years.
There were ten reports of over ten inches of rain on the seventeenth. Most
of these were in the Yuba, Bear and American basins, but 2 were near the Napa
River Basin and one on the Smith River in the Northwest corner of the state.
The Atlas Roadrain 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 flowas 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 Cordilia Junction as a result of this event.

59

Storm of December 1, 1987
La Porte which is located in the Feather River Basin received 12.84 inches
of rainfall on December 1, 1987. La Porte situated at an elevation of 5000 feet. It
had a rain record from 1898 to 1933 where the average daily maximum for each
year was 4.21 inches. If the 1987 gage is adequatly modeled by the older record
then the 12.84 inches would be 5.82 standard deviations above the mean with a
return period of 5300 years.
Storm of January 17, 1988
A very intense storm passed through 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 reports in STORM DATA published by the National
Climatic Data Center (1988). Tornadoes were reported in Orange County.
This storm moved out of the Gulf of Alaska and developed into a violent
cyclone with a central pressure of 989 mb. when it came ashore near Aleva Beach
at 1 PM on the seventeenth. All time low barometric pressure was recorded at
several southern California Weather Stations as the storm moved passed about 20
miles north of Santa Barbara. By 10 PM the low pressure area had moved into the
Mojave Desert and was filling rapidly.
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
storm. This represents a return period of about 16,000 years. It appears that a
local thunderstorm was embedded in the larger statewide storm that hit Newman
on this day.

New Years Day Storm of 1991
A damaging flood occurred in the Sacramento area from flows
originating in the Sierras. The extreme precipitation event of this storm was
at Pilot Peak in the Feather River Basin. The maximum daily precipitation
was 11.36 inches. This was estimated to be a once in 30,000-year event.
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This was the only the only precipitation record with a return period of over
1000 years from this storm from the 4500 records where rainfall frequency
was calculated.
There were 329 California stream-flow records studied. They were
selected for minimum diversions or upstream storage. The stream-flow
records were published in units of cubic feet per second. The average daily
flow depths in inches were calculated by dividing by the watershed flow
volume in acre-inches by the acreage to convert to inches of depth. This
was in-order compare stream-flow and precipitation records. This amounts
to treating watersheds as one large rain gage.
Twenty-three of the stream-flow records had the highest ever runoff
depths during this New Years day storm. Five of them had runoff in excess
of the once a thousand–year event.
The discrepancy between the precipitation and runoff suggests melting
of an accumulated snow pack or under catch in the precipitation gages
perhaps due to wind effects or over capping by snow. The under catch in
rain measurement due to wind was described by H. Koschmieder in
METHODS AND RESULTS OF DEFINITE RAIN MEASUREMENTS
published in the Monthly Weather Review of January 1934.
The snow pillow at the Highland Meadow snow course (elevation 6030
feet) indicated a loss of 26 inches of water for January 2, 1997. This was the
same day as the highest ever peak flow of 93,000 cubic feet per second at
the Cosumnes River at Michigan Bar. The Michigan Bar stream-flow gage
has a continuous record since 1907. The precipitation at Highland Meadow
for the three days before the flood of January 2, 1997 was 9.33 inches,
where as the snow pillow indicated a decrease of 32 inches of water
equivalent on January 2. Drifting snow-pack was not evaluated.
Wind speeds were available from Hell Hole at elevation 5240 feet in the
adjacent American River basin. The rain at Hell Hole on January 1 & 2 was
8.01 inches with an average wind speed of about 10 mph and an air
temperature of 49°F. Indicating relatively warm rain at the same time of the
flood at Michigan Bar.
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Storm of January 5-19, 1993
An energetic series of storms swept through Southern California during
January 5 to 19,1993. High wind with tornadoes were associated with this storm
sequence. Rainfall depths of over 30 inches occurred at Palomar Mountain and
stations as far North as Lake Arrowhead in the San Bernardino Mountains. The
greatest rainfall for the storm was at Santiago Peak located between Orange and
Riverside Counties at an elevation of 5600 feet, where 37.89 inches was measured.
The Santiago Peakstorm was the greatest 15 day rainfall ever recorded there, it has
a return period of 1500 years. The Santiago Peak storm produced 116 percent of
the average annual rainfall during this storm.
The high rainfalls of this storm were mainly from the high elevation
locations on the windward slopes of the Coast Ranges. An except is that robust
storm cells spilled over into the leeward or rain shadow areas of the desert
resulting in record breaking rainfalls in the low elevations of the desert near Palm
Springs.
The largest return period for a station during this storm was for Mission
Creek, located near Desert Hot Springsin the Salton Seadrainage basin. Mission
Creekreceived 19.17 inches of rain for the storm. The average annual rainfall at
Mission Creek is 11.68 inches per year. The 37.89 inch storm total for Santiago
Peak was 116 percent of it's average annual rainfall of 32.54 inches. Seventy
stations reported 15-day rainfall totals which equaled or exceeded the average
annual rainfall.
Extensive flooding occurred in Southern California during this period. Ten
lives were lost due to flooding according to Storm Data by the National Climatic
Data Center (1988) for January 1993. The greatest 15-day rainfall totals of record
occurred at 132 stations during this storm. 10 stations reported 1000-year rainfall
totals.
The data set on which this study is based is mainly the National Weather
Service stations as reported in Climatological Data (NCDC 1897) and from
Riverside County Flood Control and Water Conservation District. There are many
additional rain records that will be analyzed for future versions of this study. The
picture of this storm will evolve further as more data is added.
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Water Year 1995
Water year 1995 (from Oct. 1, 1994 to Sept. 30, 1995) has the third
highest rainfall total in over a hundred years. It was exceeded only by
rainfall totals for the years 1890 and 1983. Historically the years of large
rainfall totals were not necessarily the years of heavy flood producing
rainfalls. 1995 however may be an exception as there were numerous
periods of robust rainfall activity through out the State. 100 stations
reported the highest ever water year total precipitation. Thirty stations
reported over 100 inches, among these were Magalia 2 N with 132.49 and
Cobb with 129.58 inches.
The station with the highest return period was Black Butte Ranch that
had 46.06 inches in 1995 when their average is only 19.94 inches. The
return period for Black Butte Ranch was 4300 years. Florence Lake in the
upper San Joaquin River Basin had 50.29 inches with a 1300-year return
period. Panoche 2 W located near the crest of the Coast Range in the Jan
Joaquin Valley had 21.36 inches with a 1900-year return period. Most of
the stations reporting over 100 inches for the year were located in the
Feather and Yuba River Basins.

Storm of October 4, 1994
California is a region of relatively few thunderstorms, yet an unusual
thunderstorm occurred in Sacramento County on October 4, 1994. The
Cresta Park rain gage recorded 1.02 inches if rain in 15 minutes. This
exceeded the once in a thousand year rainfall for 15-minutes at the Cresta
Park rainfall station. The previous high 15-minute rainfall at Cresta Park
was 0.58 in 1961. This storm deposited a narrow band of heavy
precipitation extending from Branch Center northeastward to the Navion
gage in Citrus Heights.

Storm of November 5, 1994
Heavy rains fell on November 5, 1994. Over eight inches in one day
at Lake Laganitas and Corte Madera in Marin County. These were not
unusual amounts of rain for these relatively wet locations; but to the south,
San Francisco received 5.54 inches on this day. This was the largest oneday rainfall in San Francisco based on midnight-to-midnight readings since
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the record began 146 years ago. However in 1866 - 7.76 inches fell between
11:45 A.M. on December 19 and 8:15 A.M. on December 20, 1866.
The heavy rainfalls of November 5, 1994 at San Francisco resulted
from a normal wintertime storm front that stagnated over the San Francisco
region with a northeast-southwest orientation and produced a narrow band
of very heavy rainfall. Stephen Holets reported in Weatherwise Vol. 48,
No. 3 June/July 1995 that the November 4, 1994 storm was a remarkable
because of the sharp rainfall gradient for a non-connective storm; because
San Jose, located just 50 miles from San Francisco, received less than a
quarter of an inch.

Storm of January 3, 1995
Large rainfalls occurred in San Luis Obispo and Santa Barbara
Counties during January. A new high rainfall was reported for Santa
Barbara that had 8.00 inches on January 3, 1995. This was the largest oneday rain in their 125-year record. Santa Barbara was apparently near the
center of a thunderstorm on that day.

Storm of January 7 to 12, 1995
Record breaking rainfalls occurred during the six days from January
7 to 12, 1995 on the west side of the Sacramento Valley. Fifty stations
reported the greatest ever six-day total rainfall. Cobb in the Clear Lake
Basin received 35.18 inches in six days. The largest return period, from the
records collected, was for Greenville in the Feather River Basin where
30.50 inches in six days had a return period of 2400 years.
The main precipitation band for this storm series was located in a
band extending from Clearlake northeast to the Lake Almanor Region.
Another band of high rainfalls extended from Whiskeytown north to the Mc
Cloud region in the Upper Sacramento River Basin.

Storm of January 10, 1995
Embedded in the January 7 to 12 storm was the January 10, 1995
event northeast of Sacramento. The peak 24-hour rainfall was 7.57 inches at
the Granite Bay Country Club rain gage. This peak 24 hour storm consisted
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of 3 separate rainfall sequences; the first from about 7 to 11 PM on the
ninth, the second and heaviest from 4 to 8 AM on the tenth and another
burst of rain from about 1 to 5 PM.
Return periods represent the average time in years between storms of
a given magnitude. They are calculated for stations with well-organized and
readily available rain records; hence they are not available for all records.
The largest return period from the January 10 storm was 4000 years from
5.63 inches of rainfall at Rancho Cordova. This was from the rain gage of
Joe Fierria, who kept a rain record there for 28 years. Thirty-eight stations
reported the greatest ever one-day rainfall. Twelve Sacramento area stations
reported over five inches of rain in one day.
The January 10, 1995 storm in the Sacramento area was a low
elevation event somewhat similar to the Columbus Day storm of 1962,
when 5.51 inches fell on October 13, 1962 at Citrus Heights. Unlike the
1962 Columbus Day storm however, the January 10, 1995 rainstorm fell on
saturated ground. It was preceded by eight days of rain. High antecedent
rains preceding record rainfalls resulting in devastating flooding in the
Sacramento area centered on Linda Creek, which flows through Roseville
and Rio Linda.

Storm of March 10, 1995
February was a dry month in almost all of California except perhaps
in the Mountains of the South Coastal basins. The dry spell was broken by
the new record rainfalls of March. The heaviest March rainfalls occurred
mainly between the ninth and tenth. There were two centers of heavy
activity.
The Napa and Russian River basins received heavy rainfalls on the
ninth. The heaviest rainfall was 9.07 inches at Gurneville, this event had a
return period of 100 years. Sever flooding resulted on both the Napa and
Russian Rivers. Flooding apparently occurs on these streams when only
small parts of the watersheds have large rainfalls.
The highest ever flood stages were reported on the Salinas River at
the Spreckles Highway Bridge. Up stream on the Salinas River four stations
reported the highest ever 24-hour rainfall. Paso Robles had a total of 7.40
inches. This event had a return period of about 1100 years at Paso Robles.
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The March 10 storm on the upper Salinas River spilled over the
Coast Range into the San Joaquin Valley near Coalinga where flooding on
Arroyo Pasajero Creek washed away a bridge over I-5, the main northsouth highway in the State. Coalinga had a record breaking 3.74 inches of
rain exceeding their previous record of 2.53 inches in 1914. The return
period for the Coalinga rain of this storm was 2400 years. The highest ever
rainfalls also occurred at Kettleman Station and Westhaven. Fresno
matched their previous maximum daily rain of 2.38 inches that occurred in
1905.
There is a remarkable similarity in rainfall distribution between the
March 9, 1995 storm and the February 10, 1978 cyclonic storm which
dumped record rainfalls in an area to the south of the area effected by this
storm. It produced large rainfalls on the windward slopes of Ventura
County and then continued over into the rain shadow area in the Buena
Lake region. The March 9, 1995 storm behaved in a similar manner. It
appeared to be a cyclonic storm since it produced devastating rainfalls on
the windward slopes of the Coast range. It was still quite energetic as it
moved into the rain shadow area to create further devastating floods. A
similar cyclonic storm came ashore near Monterey in September 1918
resulting in extreme rainfalls at Antioch, again in the rain shadow zone. The
1918 storm was a tropical cyclone that originated off the south west coast of
Mexico.
It is generally assumed that the weather observer is always right.
Controversies regarding observer’s rainfall measurements are rare. One of
these rare events occurred between the National Weather Service Office at
Santa Maria and the weather observer at the Morrow Bay Fire Department
regarding the rainfall reported for the eleventh of March 1995. It was
reported in the San Luis Obispo Telegraph-Tribune of March 21, 1995.
The Fire Department reported 8.82 inches on the eleventh and the
Weather Service suggested that 3.50 were the correct value, based on
nearby reports. If the Fire Department value is correct the return period for
the two-day event is over 300,000 years. If the Weather Service is right the
return period is about 800 years, a value consistent with surrounding
stations.
Since it is seldom that an observer is found to be wrong; and further
since a real storm with a very rare return period is extremely important in
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drainage engineering studies as well as in forensic metrology (there were
several deaths); this event merits continued study.

Storm of May 5, 1995
Another of the unusual thunder storms occurred in Sacramento
County on May 5, 1995. The Van Marin Lane rain gage in Citrus Heights
had 1.14 inches if rain in 30 minutes. This exceeded the once in a hundred
year rainfall for the Van Marin rain gage.

Storm of December 12, 1995
This storm ranged from San Rafael in Marin County to Canby in the
Northeast corner of the State. The highest rainfall was at Gurneville 2N
with 10.74 inches. Twenty stations reported the highest ever rainfalls

Storm of December 30, 1995
The station with the highest rain during this storm was
Kneeland 1E in the Eel River Basin with 11.03 inches. The return
period was 2800 years. Five other stations reported the highest
ever rainfalls on December 30, 1995.
Storm of May 16, 1996
This was the Camp Pardee storm where they had 5.33 inches in one
day. The return period was 40000 years based on 72 years of record. The
Camache Reservoir 2 N record also had the highest ever-daily total rain on
this day.

Storm of December 26, 1996 to January 3, 1997
The month of December 1996 and the first week of January 1997
brought tremendous amounts of rain and snow to the West Coast.
Meteorological this storm was the typical “Pineapple Express” where
Western North America was visited by a strong subtropical flow of a warm
moist air coming to California from the region of the Hawaiian Islands.
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This brought warn rains to the crest of the Northern Sierras and washed off
a snow pack resulting in the highest water levels in Lake Tahoe since 1917.
The storms first hit in the north bringing flooding to Washington
State and them moved southeastward. The Russian River crested at 13 feet
over flood stage at Granville on New Years day driving people from 1700
homes.
Ten major levees Central Valley were breached from the Sutter
Bypass in the North to the lower San Joaquin River on the South. For
human misery this storm excelled. Over 100,000 people were driven from
their homes of which over 20,000 were damaged or destroyed. Only eight
lives were lost thanks to an effective early warning system; but over $1.9
billion in damages to property to the State.
Record High rains in the Eastern Sierra Nevada sent the Truckee
River roaring into Reno with it’s highest level on record and the worst
flooding in Reno in 40 years. The City of Sacramento was protected by
Folsom Dam on the American River. Folsom Dam had an inflow of
253,000 cfs. The outflow was at the channel capacity of 140,000 cfs that
put many thousands of people at extreme risk. Fifty thousand people were
evacuated from Marysville and Yuba City. Fifteen thousand people were
forced to flee flooding when levees broke on the lower Consumes River.
Some of the streams with the highest ever flows from the 1997 New
Years day storm include: North Fork American River at Auburn, South
Fork American River at Placerville, Cosumnes at Michigan Bar, Merced
River at Happy Isle, Toulumne River at Modesto and North Fork Cache
Creek near Clearlake Oaks. The flow of the Cosumnes River at Michigan
Bar, with a record since1907, was over 90,000 cfs. This was more than
twice the previous high from February 17, 1986. In Nevada the Truckee,
Carson and Walkers which also originate in the Central Sierra also had
record high flows.
Warn rains falling on a snow pack were responsible for generating
record high stream flows. This was a high elevation rain storm similar to
the storms of December 10 and 11, 1937, November 18, 1950 and January
31 and February 1, 1963. These were also years when of flooding in
Yosemite Valley.
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Twenty-three stations reported record high rainfalls for the 15 days
from December 20, 1996 to January 3, 1997. Four Trees in the Feather
River drainage area reported the highest 15 day rainfall total with 47.92
inches or 55% of the average annual rainfall. Twenty eight stations reported
over half of their average annual precipitation during this storm. Fallenleaf
Lake in the Lake Tahoe drainage had 20.2 inches in 15 days which was
64% of the average annual precipitation.
Twelve stations reported over 10 inches of rain in one day in the midSierra where rains of this intensity are rare. Fifteen stations reported over
15% if the average annual rainfall in one day.
Four Trees reported 13.08 inches on New Years Day; this is the
station which reported the Central Valley’s greatest ever one day total of
17.60 inches on February 17, 1986.

Storm of September 26, 1997
The remnants of hurricane Nora entered the Imperial Valley and left
3.98 inches in one day at the Yuma Airport. The return period was 285
years. The Iron Mountain Pumping Station also had the highest ever 24hour rainfall during this storm.

Storm of December 6, 1997
This hard hitting event will be known as the Laguna Beach Storm to
the people of Orange County where Laguna Beach had 2.40 inches of rain
in the early morning of December 6, 1997. Tustin MCAF had a 24-hour
total of 7.18 inches of rain with a return period of 45,000 years. The highest
rainfall of this storm (9.60) was at Pine Mountain in Ventura County. The
station with the largest return period for a 24-hour event was Tustin MCAF.
The Wet Year of 1998
The water year from October 1, 1997 to September 30, 1998
produced over 200% pf average rain at 120 stations. Twenty-five stations
reported rain totals exceeding a 1000-year return period for the year.
Record high rainfalls from the North Coast to the South Coast. 145 stations
reported the highest ever yearly totals.
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Storm of February 2, 1998
This storm was a low elevation event centered at Los Banos and another
center at Tisdale weir in the Sacramento Valley both statin had 1000-year
rainfalls. Eleven other stations had 100-year rainfalls. 31 stations had th
highest ever rain during this storm,

Storm of December 7, 1998
A powerful Pacific storm slammed into Coastal Southern and Central
California with winds up to 100 mph. There was extensive flooding at
places like Pinnacles National Monument that had several million dollars in
flood damage.
The greatest one-day rainfall was 12.28 inches at Three Peaks
Lookout in Monterey County..

Storm of March 25, 1998
This storm was quite localized at Merced. 4.00 occurred in the 24
hours starting at 6AM on March 24. This was 5.42 standard deviations
above the mean. The return period was 2900 years.
This storm was also quite localized at Escalon. 6.00 was reported in 24
hours. This would be about 10 standard deviations above the mean. This
event needs to be verified.

Storm of March 5, 2001
This storm was centered in Northwest Santa Barbara County where
Buellton FS 233 had 9.55 inches with a return period of 8400 years. Three
other stations had 1000-year rain events this day and 9 others has 100-year
events fourteen stations reported the highest ever daily rain on this day.

Storm of December 13, 2002
The Green Valley CIMIS 111 station reported 11.42 inches. This is 7.1 standard
deviations above the mean. Eight other stations reported the highest ever rainfalls on this
day.
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Storm of December 27, 2002
Eureka NWS reported 6.79 inches, 5.2 standard deviations above the
mean. Eight other stations reported the highest ever rainfall in this storm

Storm of February 14, 2003
Puddingstone had 9.40 inches, 5.5 standard deviations above the mean.
Five other stations reported the highest ever rainfall in this storm.

Storm of October 14, 2009
This storm was centered along a Central California Coastal strip and extending
up to South Fork Mountain in Shasta County. The station with the largest return period
was Mining Ridge in Monterey County that had 20.57 inches in one day. Mining Ridge
is located at 4100 feet elevation up slope from the Ocean. The calculated return period
for this storm was 900 years. There were 12 other stations reporting return periods of
over 100 years during this storm and 19 stations reporting the highest ever one-day
rainfall this day. Ten stations reported 10 inches or more during this storm.
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Maps of California’s Historical Rain Storms
Showing historic storms at the same map scale best illustrates the
concept of limited size of storms. That is the reason for showing all
storms together on the same base map.
This is a series of maps of the 1000-year rainfall events starting
in 1906 and up to 2009. The object of this series is to have each
storm plotted are a similar scale to illustrate that large storms are
of finite size
The one thousand year event is roughly one that is five
standards deviations above the average based on regionally
averaged coefficients of variation and skewness. The regions used
here are each one-degree quadrangle of longitude and latitude.
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Ten-Inch Per Day Rainfalls
The earliest 10 inch daily rain was Pilarcitos on December 19, 1871. This is one
of the best rain records in the state as it is still operation. The most recent one was at
Gibralter Dam on March 20, 2012.

`
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Storm Types
There are characteristic of storms suggesting common origin of the
moisture sources.

Tropical Storms The warmest air masses are the ones with the
greatest water holding capacity. They come in the summer time with
warm temperatures. The region of origin of the humid air masses is
the Eastern Pacific Ocean of South Coast of Mexico near Acapulco
where the sea surface temperature can reach 85°F. Hurricanes
represent the convective dissipation of high SST. Moist air masses
move north to invade the desert regions of California and Arizona in
the summer time
In August 1891 the Campo storm produced the greatest short
duration rain of record for the US with 11 inches of rain in 80
minutes.
In September 1918 a tropical air mass invaded central California
producing record rains from Santa Cruz to Red Bluff.
In September 1932 a great flood occurred near Tehachapi causing
much disruption of rain and highway and railway traffic.
September 5, 1939 this was an Imperial Valley centered storm.
September 24, 1939 this was when Indio got twice the mean annual
rainfall in 6 hours.
October 12, 1962 was a surprise when Typhoon Freda came out of
the northwest from the orient to bring high wind broad and rain.
August 16, 1977 Hurricane Doreen brought flooding to Imperial
Valley.
September 26, 1982 Remnants of Hurricane Olivia soaked a raisin
crop in the San Joaquin Valley

Thunder Storms can be very localized and sever. They can
generate debris flows that do much damage. The most sever thunder
storms occur in the warm half of the u-year when the atmospheric
moisture is greatest. Some notable examples are listed here:
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August 17, 1891 the Campo storm that yielded 11 inches in 80
minutes a US record for many years.
April 5, 1926 when one inch fell in Opid’s Camp in one minute. 8.9
inches fell in 4 Hours with great local flooding according to Mr. Opid.
June 18, 1982 5.83 inches fell at Forni Ridge in I hour creating debris
flow that closed State highway 50 for a short time.
July 11, 1999 a debris flow at Forest Falls transported a 70-ton bolder
from a short duration precipitation event.
August 23, 2004 Extensive flooding washed out miles of the main
highway down Death Valley. No rainfall was recorded in any rain
gage.

Large Storms can cover half of the state and spread flooding and
destruction over a large area. Some of the larger storms are listed
here.
December 10 & 11, 1937 a high altitude storm Extended from Santa
Clara to Modoc Counties.
December 19 to 27, 1955 this storm covered a broad range from
Santa Cruz to Lakeshore and extending to Mono Lake
October 12, 1962 this storm had 50 rainfall stations reporting 1000year totals. It ranged from Hayward to Adin.
December 19 to 24, 1964 was the very big flood on the Eel River
where the town of Weott just washed away.
February 11 to 22, 1986 was mostly a high elevation storm that also
had extreme flooding on the Napa River.
Snowmelt Storms are identified when the stream flow frequency far
exceeds the precipitation frequency.
January and February 1969 was huge event in the Southern Sierra.
89,000 acres of cropland had to be flooded from overflow on the
Kings River.
February 11 to 22, 1986 This storm had warm rains up to elevation of
10,000 feet. It also had extreme flooding on the Napa River.
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January 1, 1991 This was the largest ever flow on the Cosumnes at
Michigan Bar with low precipitation but warm rains on the snow pack.
Worst Storms can be classified based on dollar damage, lives lost,
largest return period of rain or stream flow, highest ever rain depths
or number if 10 inch per day rainfalls.
January 22-23, 1943 was the time of the greatest depth of rain 26.12
inches in 24 hours.
October 12, 1962 was the storm with the highest number of stations
reporting 1000-year rainfall events.
January and February 1969 was huge event 40 lives were lost. There
were 59 reports of 10 inches in one day.
January 1, 1991 was one of the most costly flood events since 1900 in
terms of dollar damage.

Rain Shadow Storm is when storms dump on the lee side of
mountains that are usually dry or with low rainfall.
September 26, 1898 Tulare was the center of notable storm in the flat
San Joaquin Valley. This could nave been from tropical rennet.
January 2, 1916 Colusa had 35% of the average annual rein this day.
Davis also had its greatest one-day rain this day.
February 10, 1978 a robust storm southerly came to the Tulare lake
region where 14 stations had 1000-yer rainfalls.
March 10, 1995 a pacific storm came ashore at morrow Bay and
proceeded to Coalinga area washing out a bridge over Highway I5.
February 2, 1998 thirty five percent of the average annual rain fell at
Los Banos in one day.

Burned Watersheds leave little vegetation to keep soil in place
when heavy rainfalls follow the fires.
December 3, 1933 a fire in November preceded the heavy rains
resulting in Debris flows on the Vertugo Creek. Forty lives were lost
with 5 million dollars in damages.
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HERITAGE RAINFALL RECORDS
There is a need to continue observation and archiving of heritage
rainfall records. These are the ones that started in 1900 or before.
Perhaps those with 100 years of records would be a better
description. They are needed in describing climatic variation and flood
threat evaluation.
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This shows the location and long-term trend at heritage rainfall
records.
This is a list of Heritage Rainfall records in need of updating
Station
Barrett Dam
Sweet Water
Loma Linda 3273
El Toro Molton
Home Gardens
Loma Linda 3273
Orange 222
Riverside FS3
Temescal Cyn WS
Tustin Irvine
Wildomar
Henshaw Dam
Indio
Betterivia
Rcho S Julian
Ozena Grd Stn
Camarillo 259
Limoneria 18
Matilija Dam 134
Port Hueneme 17
Santa Paula 18
Upper Ojai 64
Ventura 66
Colbys
Fairmont Res
Newhall Soledad
North Hollywood 13
Santa Monica
Sawtell
Sierra Madre Dam 144
Woodland Hills 21
Claremont PC
Crystal Lake 283
Etawanda
Glendora
Glen Ivy
Loma Linda 3273
Mira Loma 1021
Rialto Henry
San Bernardino
Santa Ana PH 3
Sierra PH 619
Templeton 196
Forest Lake
Mendota
Rector
Tulare
Chabot Reservoir
Cupertino Water Dept
Jensen Ranch
Antioch

Grid
A09
A08
B08
B08
B08
B08
B08
B08
B08
B08
B08
B09
B09
C05
C05
C06
C06
C06
C06
C06
C06
C06
C06
C07
C07
C07
C07
C07
C07
C07
C07
C08
C08
C08
C08
C09
C08
C08
C08
C08
C08
C08
D05
E04
E05
E06
E06
F03
F03
F03
F04

DA
Z11
Z09
Y01
Z01
Y01
Y01
Y01
Y01
Y01
Y01
Z02
Z03
X19
T12
T14
T12
U03
U03
U02
U03
U03
U02
U02
U05
W26
U03
U05
U05
U05
U05
U05
Y01
U05
Y01
U05
Y01
Y01
Y01
Y01
Y01
Y01
Y01
T09
D40
B00
C00
C00
E40
E06
E40
B90

Lat
32.683
32.690
34.080
33.600
33.875
34.080
33.788
33.950
33.758
33.730
33.603
33.233
33.730
34.733
34.533
34.683
34.237
34.334
34.484
34.146
34.345
34.438
34.281
34.200
34.704
34.383
34.156
34.012
34.056
34.176
34.171
34.096
34.327
34.125
34.130
33.766
34.080
34.020
34.098
34.120
34.107
34.208
35.567
36.592
36.780
36.300
36.320
37.730
37.323
37.718
37.984
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Long
-116.667
-117.010
-117.260
-117.700
-117.549
-117.260
-117.841
-117.380
-117.496
-117.780
-117.275
-116.767
-116.270
120.517
-120.333
-119.353
-119.026
-119.124
-119.305
-119.205
119.077
-119.189
-119.291
118.111
-118.428
-118.533
-118.366
-118.491
118.456
-118.042
-118.592
-117.722
-117.837
-117.525
-117.850
-117.487
-117.260
-117.530
-117.203
-117.280
-117.100
-117.674
-120.702
-121.942
-120.330
-119.230
-119.330
-122.120
-122.054
-122.023
-121.728

Elev
1623
310
1063
375
640
1063
215
840
1220
118
1368
2700
-21
155
600
3577
1392
335
1060
10
260
1320
60
3675
3090
1240
619
64
345
1100
875
1170
5770
1390
822
1100
1063
805
1220
1050
1980
3220
480
295
172
344
293
245
331
85
60

Niles 1SW
Oakdale
Veterans Home
Dunnigan
Rocklin
Galt
Ione
Gridley Butte WD
Williams
Upper Mattole

F04
F05
G03
G04
G04
G05
G05
H03
H03
I01

E50
B00
E30
A00
A00
B00
B00
A00
A00
F70

37.580
37.770
38.383
38.888
38.793
38.250
38.350
39.367
39.150
40.250

-121.970
-120.850
-122.367
-121.989
-121.241
-121.300
-120.930
-122.695
-122.150
-124.180

100
155
170
104
239
47
284
90
90
255

In a casual examination of water–year totals the long tern
patterns are not obvious. The long-term patterns plainly appear in a
nine-year running average. It is an almost cyclic pattern of 15 to 20
years.

These patterns seem to respond to long-term persistence in
prevailing winds. This is based on a comparison of the similar patterns
in a nine year running average of the mean sea level at San Francisco
with California’s average precipitation. The tide records were
detrended by .006 feet per year to compensate for long-tern trends.
These long-term trends were probably due to either a rise in sea level
or to tectonic elevation changes. The important point is the similarity
in the nine-year variation in both tides and precipitation patterns.
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The common factor in both tide and precipitation is Coriolis force
where the earth rotation under the atmosphere would induce an
apparent westward wind during times of southerly wind flow. This
brings a warm moist tropical air mass and on shore wind would induce
orographic uplifting. It would also induce a high tide component that
would dampen cold-water upwelling.
North winds of dry cold artic air produce an off shore wind
component that induce cold water upwelling in the ocean. Perhaps the
Dust Bowl drought conditions followed persistant North winds.
Extensive tabulations of prevailing winds were an important part
of the US Weather Bureau before 1950. These detailed wind
tabulations were discontinued in the late 1970s with the NWS
modernization as resources were diverted in support of satellite
technology. Now there is a need to understand prevailing wind
patterns to verify the coriolis factor in long tern precipitation patterns.
The same trends found in precipitation are reflected in the
historic April 1 snow-pact accumulation as well as in the frequency in
flood producing rainfalls. Stream flow volumes and have reflected rain
patterns as have the tree-ring widths of Blue Oaks from slopes of
Mount Diablo. There is a possibility of predictive capability in the longterm precipitation patterns.
The Dust Bowl event of the Mid-US during 1932-37 was
accompanied by very low precipitation. The current Mid-American
drought has been experienced low precipitation totals since 2004.
Prevailing North winds with polar dry air is suggested as a cause.
Factors influencing the persistence of prevailing winds might
include the Pacific Decadal Oscillation Index (PDO). This indexes
differences in the seawater temperature between the East and West
Pacific Ocean North of latitude 20°N and either side of the
International Date Line.
The global thermohaline circulation may drive the PDO index
where the great cold water out flow of the Artic Ocean induces an
upwelling in the North Pacific Ocean preserving the oceans hydrostatic
balance. This upwelling apparently occurs either in the Northeast or
the Northwest Pacific. This is supported by the negative correlation in
the sea surface temperature as well as the barometric pressure and
tide difference between coastal California and coastal Japan
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There is apparently a long-term inertial lag in the location of the
North Pacific Ocean upwelling associated with the thermohaline
circulation. This could account for the 15 to 20 year cyclic effect on
runs of wet and dry years in California precipitation trends. The longterm precipitation is now recovering from a fluctuating low period
suggesting increasing wet years ahead. This includes a better snow
pact and more flooding and higher tides in the next half dozen years.
These rainfall variation patterns call for a review of prevailing
winds in California to see if there is actually predictive value in
precipitation variation patterns.
The history of California rain record keeping started at military
hospitals before 1850. There was a need to know if the effects of an
arid climate would impact health. These early records are archived at
the National Archives. The early floods induced an early interest in
rain record keeping. By 1880, over 200 rain records collected. By
1890 over 500 were collected. During the 1960s the Climate Master
Station Index listed 7600 rain records.
The first Internet based weather stations appeared about 1980.
About 500 rainfall stations are now in CDED, 120 in CIMIS, 270 in
RAWS and about 50 in Snotel. The States volunteer network has
plummeted from thousands to hundreds since 1980. A saving feature
is that many counties and cities have assumed responsibility for rain
record collection and archiving. This is reflecting the responsibility for
building codes and public safety are strong at a local level in
California.
There are now over 4000 rainfall daily depth-duration-frequency
tabulations nearly all from volunteer weather observers that are used
for engineering design and legal reference.
The older manual records offer historical continuity and still
function to evaluate the frequency of extreme rainfall events with
greater confidence with longer record length. There are 218 California
rainfall records with over 100 years of data. About 95 are still active.
These older records are historic treasures to be preserved and shared.
It would be worthwhile to have at least monthly values of these older
records on a web site available to researchers. Other records worthy
of archiving are from flood warning systems with no prevision for
archiving data that is flushed from computers after use.
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Temperature
There is a network of temperature measuring stations in California
dating back to 1850. The oldest known temperature record in the
state was a temperature record at the Russian Colony at Fort Ross. It
was in degrees Reaumur and lasted from 1837 to 1840.
The older records were manually entered maximum and minimum
extremes read each day. These records are important to maintain
historic continuity for climate variation studies. Many have tried to
adjust them for environmental changes of city growth in the station
region. Waste heat and refrained solar heat plagued the records that
were intended to record conditions where people live. To make
climatic inferences from urban records created a problem.
Modern temperature records can be located remotely far from urban
influence. The oldest of these RAWS and CIMIS were installed after
1980 and now have 30 years of record. Records with data loggers
could average trmperatures for each minute

California Temperature

Averages of 867 California Temperature Records
Based on un-adjusted data up to 7/9/2013
Warm Season May - Oct

For the year Jan - Dec

Cool Season Nov - Apr

Avg. Daily

Avg. Max

Trend

Avg. Daily

Trend

Avg. Min

Trend

Maximum

80.97

0.015

70.76

0.009

59.85

0.000

Yearly

Avg. Max

Trend

Avg. Daily

Trend

Avg. Min

Trend

Average

66.62

0.015

57.59

0.006

48.89

-0.003

Avg. Daily

Avg. Max

Trend

Avg. Daily

Trend

Avg. Min

Trend

Minimum

52.48

0.020

45.52

0.004

37.64

-0.011

This is based on 38,513 station years of data. Record length varies from 6 to 163
years ending in 2012. Summer is the time when solar energy that formerly went
into evapo-transpiration is now stored for re-radiation and environmental heating.
The notable feature of this tabulation is that the average heating trend is in the
warm half of the year and the cool half of the year shows no long-term heating
trend.
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This includes data from Climatological Data (521), RAWS (241) and CIMIS (98)
networks. No adjustments were made the raw records of this study.

Air temperatures are highly correlated with sea surface temperatures (SST) in coastal
regions. The north-south currents in the Pacific Coast are quite uniform so one SST grid
point was selected to correlate with California temperature records as shown above.
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West Coast Temperature Trends

These graphs are to illustrate the similarity in West Coast temperature trends and why
one ocean point was selected to represent California temperature trends.
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There is a trend to the average temperature of the 47 records that are somewhat
continuous since 1900. There are very few records that have been in one location
for a hundred years. There are very few data sets that are complete for a hundred
years. Historic continuity has apparently not been a high priory of the National
Weather Service in the past several decades.

.

A part of the increase in temperature is reflected in the population increase from 2.4 to
38 millions from 1910 to 2012. This represents a lot of urban waste heat as reradiated
solar energy that was formerly dissipater in evapo-transpiration
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The rising temperature trend is mainly in the more populated counties. A problem with
this is that the large counties are near the coast and sea surface temperatures have a great
influence on ate temperatures of coastal areas.
There are 89 California temperature station with data from 1910. The large counties had
17 stations, the mid sized counties had 48 and the smaller counties had 19 stations.
These are composite records compiled from shorter records reflecting the lack of
historical continuity of even the best of records.
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This picture of Sergeant Barwick is from the 1886 Annual Meteorological Review in the
Transactions of the California State Agricultural Society. Sergeant Barwick served the
US Signal Corps and US Weather Bureau until 1901 and was no doubt the compiler of
the extensive tables in the California section of Irrigation and Water Storage In The Arid
Regions (1891) by General A W Greely.
Sergeant Barwick’s 1892 letter to All Volunteer Observers reveales the then standard for
exposure of thermometers over sod. Many of the old station sites preceded the latter
urban development. The land use changes clearly resulted in the rising temperature
trends after 1940.
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Solar Data

This is a summary of 490 solar radiation records for California. The average
monthly records are located on CAClimate 2/Solar. These are mostly from
a level surface probably using Licor pyanometers.

These are mainly automated stations with data loggers. 319 of the records
were from RAWS and 122 from CIMIS. All records are in Langleys per
day (calories per square centimeter per day). The records are average daily
values for each month. Hourly data are available as well.
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The average annual daily solar radiation is plotted above. The annual
average of all 490 stations was 437 Ly per day. They range from a low 255
at Mendocino based on 8 years data to a high of 630 Ly per day at Oak
Grove in San Diego County based on 9 years of record. There are 6172
station years of data represented here.
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The average annual solar radiation based on a fraction of top of the
atmosphere value is shown above. They range from a low 37% at
Mendocino based on 8 years data to a high of 86% at Oak Grove in San
Diego County. The average of all 490 stations was 62 percent per year
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Water vapor and clouds attenuate solar radiation. The fraction of
atmospheric attenuation ranges from 0.63 at Mendocino The Mendocino
station is located a wastewater treatment plant next to the ocean. The lowest
attenuation was .14 at Oak Grove near crest of the Coast Range at 2752 feet
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in San Diego County

Above are the values used here for as the top of the atmosphere solar constant.

The solar radiation is attenuated mainly by atmospheric moisture. This
study is using surface relative humidity measurements as an index of total
atmospheric water vapor. Atmospheric moisture and clouds block Sixty one
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percent of the solar radiation.

\

This graph is from Wikipedia showing solar irradiance and sunspot similarity
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This examines the total sunspot record as a unit rather than as two-dozen individual
cycles. It suggests 300-year increase in total solar irradiance. This indicates a 1%
per year increase in sunspot number since 1700 when entire record is
viewed as a unit. This is not adjusted for changing observational
methods.

This Total Solar Irradiance graph is from
http://lasp.colorado.edu/sorce/data/tsi_data.htm. It reflects the longterm trend in the sunspot graph above.
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There are 490 daily average by month solar radiation recodes that
were examined for this summary. The annual averages are mapped
on page 114
The annual averages range from a low of 255 at Mendocino with 8
years of record to a high of 646 at Oak Grove in San Diego County
also with 8 years of record. The Mendocino record was from a foggy
coastal location near the coast. The Oak Grove RAWS station is
located at 2752 feet elevation and south of a mettle roof that may
have influenced the readings. Other factors that might affect readings
are shading form near by trees. The RAWS network is from the web at
http://www.raws.dri.edu/index.html and have excellent pictures of
each station.
There were two main networks of stations represented here. They are
CIMIS and RAWS.
There are 128 CIMIS stations. 19 have been continuous since 1982
the average of those [s plotted below

There are 284 RAWS records examined here. The earliest of them started in 1998 so
their average has 10.5 years of solar record
The sun is the source of Earth’s weather. It is the place to look for long-term climate
variations. The “Solar Constant” evolved into “Total Solar Irradiance” when it was
found to vary as the historic sunspot numbers. Intuition suggests sunspots resets to a
base amount with each 11-year sunspot cycle. Sunspots have been increasing since the
first measurements in 1700 after the Little Ice Age of 1645 to 1715.
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The variation in total solar irradiance was compared with sunspot
numbers based the recent work of Greg Koop and Judith Lean as
shown above.
There are two ways to view sunspot numbers and their long-term
trends. The choice of which one to use depends on whether one
chooses to acknowledge or minimize the solar influence in terrestrial
affairs.
Those acknowledging the warming of the affect of the medieval
maximum when Greenland was colonized (800-1200) and the cold of
the Little Ice age [1660-1710) may choose an alternative view of
sunspot and total solar irradiance.
Here are two views of the sunspot record based on the same data
from 1700 to 2011. One is of annual average of daily totals increasing
with an r2 of 0.05. The other is an accumulated ratio of annual
sunspot numbers divided by the average yearly value with a higher
correlation.
These values were from
http://lasp.colorado.edu/sorce/data/tsi_data.htm. The upward trend
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is consistent with the trend in sunspot numbers. It is consistent with
the recovery from the Little Ice Age (1645–1715). The Maunder
Minimum (Willie Soon) refers to the dearth of Sunspots during the
great freeze associated with the Little Ice Age. Solar output varies on
a very long time scale rather than the well-known 11 years cycle. This
increasing solar irradiance influences the temperature of the vast
oceans.
This would respond with retreating ice caps of Planets Earth as well as
Mars (see Hartman’s A Traveler’s Guide to Mars). The increasing
atmospheric carbon dioxide abundance follows rising ocean
temperature

Atmospheric Carbon Dioxide

The rising water temperatures cause the increase in atmospheric carbon dioxide.
Decreasing solubility of carbon dioxide in water is consistent with warmer oceans. The
oceans contain 50 times more CO2 that the atmosphere.
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The solubility of CO2 in water is inversely proportional to the temperature. This is
consistent with the tables from a Handbook of Chemistry and Physics. This is called the
champagne effect where CO2 is boiled out of warming seawater. It is not unlike a
warming carbonated drink that turns flat as the CO2 escapes into the atmosphere.
Carbon dioxide
Regarding the belief that the temperature increase is driven by the
increasing CO2. It is higher temperature that precedes the rising CO2
in response to the decreasing solubility of the Worlds increasing sea
water temperature
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Runoff Records
The unit runoff in inches of depth was calculated for 327 mainly USGS stream-flow
records. These records were selected for minimum upstream diversion, water storage or
losses to ground water recharge. The watersheds ranged from .35 to 3113 square miles
and gage elevations from 5 to 8147 feet. The record length ranged from 6 to 106 years.
These records were intended for use in water balance studies and are therefore expressed
in inches of runoff over the watershed. Basically the records are treated as rain records
and are analyzed as depth in inches. Mean annual precipitation was estimated for 255 of
the records.

The annual average runoff is from 45 stations with record for 59 years from 1950 to
2012. Those records are plotted below. These graphs is highly skewed to the Northwest
corner of the state where the Smith and Mattole rivers have nearly 150 inches of runoff
per year and Campo Creek in the South has less than a half inch per year.
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The average annual runoff of the 45 records that were complete 1950 to 2012 ranged
from 85.05 inches on the Smith River near Crescent City to .47 inches per year at
Campo Creek near Campo near the Mexican Bouder in San Diego County
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The stream-flow records which are continuous and meet the criteria of minimum
upstream storage of diversions. These are Santa Ana R nr Mentone, Arroyo Seco nr
Soledad and Cosumnes R at Michigan Bar.

The annual average rainfall-runoff relationships are shown below.
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The largest mean annual flow depth of the 327 records studied was 84.33 inches per year
at Smith River South Fork.
There have been 17 daily average stream-flows of 10 inches per day or more. The
largest one day flow was 33.04 inches on Day Creek near Etawanda in San Bernardino
County on January 25,1969. This was verified at Fish Creek 7 in Los Angeles County
that had 32.34 inches of stream flow on the same day. Day Creek has a 4.58 square mile
watershed and Fish Creek 6.36 square miles.
The sources of data include EarthInfo USGS summary of the day CD and the USGS
web site:
http://waterdata.usgs.gov/ca/nwis/current?type=flow&group_key=NONE&search_site_
no_station_nm= as well as th Army Corps of Engineers web site: http://www.spkwc.usace.army.mil/plots/plot_menu_ca.html . Also the Los Angeles DPW web site at :
http://ladpw.org/wrd/

It was the plan when studying unit runoff that the consumptive use of native vegetation
would be revealed along with the runoff coefficients for the Rational Formula.
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Bear Creek near Lockford in San Joaquin County is an example. Bear Creek has a
drainage area of 51.3 square miles. It has a continuous stream-flow record from 1931 to
1985 that is 55 years.
The flow for two-year return period is .35 inches for one day and 2.89 inches for the
water year average.
The Wallace Rainfall record was selected to model the rainfall on Bear Creek near
Lockford. Wallace had 55 years of record from 1937 to 1982. The two-year return
period one-day rainfall was 1.71 inches and for the water year is 19.08 inches.
This suggests that the consumptive use of native vegetation grass land with scattered oak
trees is 16.19 inches per year and the runoff of the wettest day is 0.21 percent of the
rainfall based on a two year return period.
For a comparison a thousand year storm would have a stream flow of 2.56 inches in one
day with a rainfall of 4.72 inches. The water year consumptive use of native vegetation
would be 28.69 inches.
The water balance calculations are for each of the 13 storm intervals studied and for a
range of return periods from two to a thousand years.
It is clear that runoff coefficients need to be expressed as a function of return period
even more than land cover.
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Peak Flow on California Watersheds
From USGS records
Prepared by
James D. Goodridge
Consulting Engineer
PO Box 750
Mendocino CA 95460
(707) 937 4709
November 19, 1999
This study is in response to a request for information about the safety of
removing a levee located below a debris dam on Deer Wash draining the South
slope of Cucamonga Peak in San Bernardino County. This study consists of a brief
comparison of records of peak flows in California. The records are from the US
Geological Survey.
The data of this study were from the FLOODS FROM SMALL DRAINAGE
AREAS IN CALIFORNIA by Arvi Wananen published by the USGS in Menlo Park on
December 12, 1973 and from the CDROM USGS PEAK VALUES 1999 published by
EarthInfo Inc.
There were 326 records from FLOODS FROM SMALL DRAINAGE AREAS used
in this study. The records from annual peak flows were crest stage gages with a
once a year reading. The runoff estimates were made using a slope-area method
and Manning’s formula. The 326 records averaged 12.1 years in length. This data
set yielded 3935 station years of annual peak flows.
The records of 220 regular USGS stream gaging stations averaged 48.7
years of record for a total of 546 records with 14642 station years of data. All 546
records are listed on Table 1 and are plotted on Map 1.
Two methods of comparing the relative magnitudes of historic peak flows are
used here. The first is by comparing the peak flow in cubic feet per second per
square miles with the drainage area in square miles. The second is a comparison of
peak flows in units of standard deviations above the average.
Peak flows in cubic feet per second per square mile were plotted on the
Figure 1. It is also compared with the drainage area size on Figure 2. The summer
time storms of the desert region is very noticeable on the plot on the Figure 1. The
large values on the North coast are largely attributable to the big flood of December
22, 1964 when 54 stations of the 546 stations reported the highest ever streamflow peaks.
There is a lot of data on peak stream flow rates from stations where the
records are not published by the USGS. As an example Table 2 lists 16 additional
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peak flows of January 1969 from the records of the Los Angeles County Flood
Control District where peak flows exceed 1000 cubic feet per second per square
mile.
California’s highest rainfall rates are associated with warm temperatures that
have great atmospheric moisture holding capacity. An example is the great storm of
11 inches of rain in 80 minutes reported at Campo on August 12, 1891. The highest
stream flow rates in cubic feet per second per square mile are in the summer time
and in the desert regions, as well as from winter storms associated with warm and
moist tropical air.
The highest rates of runoff of this data set based on average daily flows are
listed on Figure 3. The highest was on January 25, 1969 at Day Creek near
Etawanda in San Bernardino County with an average daily flow of 4070 cubic feet
per second. That translates to 33.04 inches of depth over the 4.58 square mile
watershed. The peak flow rate in this storm was 9450 cubic feet per second or
2063 cubic feet per second per square mile.
The other method of comparing rare events is by normalizing the
measurements by expressing the extremes in units of standard deviations above
the average. The normalized extremes are plotted on Figure 4. The normalized
extreme events appear to be more randomly distributed through out the State
compared with the extreme events based on CSM which seen to have a component
due to orographic air mass lifting.
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Note ( 9/12/2013) The tables Excel tables of this study are located on
CAClimate1/Runoff folder
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Note ( 9/12/2013) The tables Excel tables of this study are located on
CAClimate1/Runoff/ Peak folder.
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World Winds
California climate is tied to global wind patterns. The variation in the
length of the day is a wind driven parameter. The LOD variation
reflects the total atmospheric momentum. It speeds up in response to
a large North-South component of global winds.
The atmosphere weights 14 pounds per inch or 9 tons per square
yard, when integrated over the whole globe that is equivalent to a ball
of lead 60 miles in diameter. The earth rotation rate is the sum of the
solid Earth momentum plus the atmospheric momentum. The
variation is in milliseconds per day. It has been important for
navigation since 1640 when it was measured at the Greenwich
Observatory. Now it is a controlling factor in GPS technology a well as
an indicator in world wind patterns.
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The great climate shift of 1975 is clearly noticeable in the above
graphs.
Air temperatures of California are sensitive to the PDO index. A shift
in the PDO index in 1975 is quite notice able

Here near home the Pacific Decadal Oscillation Index reflects wind
patterns of the North Pacific Ocean. It is numerically the difference in
sea surface temperature and sea level and barometric pressure
between the NE and NW Pacific Ocean north of 20°N.
The air temperature records were detrended by 2 °F per century to
compensate for the urban waste heat.
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The PDO and average California air temperature both peak about
1941 and decline until the great climate shift of 1975 when the start
to increase
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The Darwin Australia sea level barometric pressure is shown here
because it emphasizes the world wide Great Climate Shift of 1975.
Listed here as a suggestion for further study.
The data are from:
http://www.cgd.ucar.edu/cas/catalog/climind/darwin.ascii. It might
reflect Great Ocean Conveyor currents flowing either north or south of
Australia.
In the study of climate change the great climate change pf 1975
stands out. This is most notable in California air temperatures trends.
Before 1975 there was a fear of global cooling. Global cooling was
feared to be a threat to world food growing potential. With global
warming, nitrogen fertilizer and genetic improvements food
production has never been more abundant even when the world
population has doubled since 1975. Food crops have responded to
warmth and abundance of atmospheric carbon dioxide.
Wally Broecker’s ocean current model seems reasonable in describing
the main ocean currents like the Gulf Stream that warms Northern
Europe producing Cold Arctic Ocean out flow currents that upwell in
the North Pacific Ocean. This upwelling is reflected in the Pacific
Decadal Oscillation Index. The PDO Index
http://jisao.washington.edu/pdo/PDO.latest reflect the location of the
North Pacific upwelling that occurs either on the California coastal
waters or off the Japanese coast but not both at the same time.
The sea surface water temperatures influence floods and droughts.
Upwelling is in response to prevailing on the California Coast with
accompanying. Coriolis Force.

Wind driven climate fluxuation
Winds control the upwelling that controls our rain and temperature at
18 and 60-year time scales. The great heating that started in 1975 is
a part of the cyclic pattern that followed the great cooling pf 1940 to
1975. These are parts to a natural climate pattern. The heating
tapered off about 10 years ago. A cooling pattern no doubt will follow
in coming years.
Much has been made of the approximate 18-year cyclic pattern in
California rainfall patterns since 1900. This is based on the similarity
with fluctuations in the San Francisco mean sea level. These are
based on 9-year running averages of the average annual rain and 9year averages of tide at San Francisco. Their similarity is a wind
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driven expression of Coriolis force, bringing on shore a floe of moist
warm air. With north winds we have cold dry air with offshore winds
that push the ides back from shore and inducing cold-water upwelling.
Other researchers found relationships between periodic fluxuation in
world fishery production. Basically fish follow isotherms of the ocean
and their abundance is an indicator of 60-year +/- climate
fluctuations. Klyashtorin described an atmospheric circulation index
(ACI) index describing zonal (East-West) winds around the planet.
This index varies as the total atmospheric angular momentum (AAM).
The AAM index is similar to the length of day variation in milliseconds
per day. When the average global temperature was plotted as a 13year running average the detrended temperature and ACI trends
looked quite similar. This formed the basis for prediction of future fish
abundance.
The detrending is justified on the basis of an increasing solar output
since the last Little Ice Age (LIA). The LIA 1660 to 1710 was when the
River Tames froze over at London’s Tower Bridge.
The sunspot index is related to the total solar irradiance based on
satellite measurements since 1978. Sunspots have been increasing at
1% per year since 1700 when the sunspot numbers are examined as
a unit rather than as 11-year cycles.
Leif Svalgaard of Stanford University has challenged the homogeneity
of the record of sunspot numbers. It is understandable that a time
series of 300 years could never be internally consistent with so many
observers and evolving methods of observation. Perhaps the increase
is only .05 or .01 percent? The little Ice Age was a benchmark of cold
weather that alleged inconsistent sunspot records or increasing rolar
irradiance couldn’t deny.
The Hadley Center www.metoffice.gov.uk/.webloc has publishes global
average temperatures since 1850 that suggest an increasing
temperature for the last 160 years. The Sun is the logical source for
the additional heat. The ocean heating could account for some of the
additional atmospheric carbon dioxide, as the added ocean heat would
reduce the solubility.
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A History of the Atmosphere
The role of CO2 in Climate Change and the influence of the Oceans in Climate
Fluctuation
By Jim Goodridge
For the Mendocino Study Club April 12, 2002

Some people appear to function on systems of belief or even worst case
scenarios rather than observations. These systems can be a source of personal
comfort in the first case or can even be useful in obtaining research grants in the
second. The search for the simplest and most reasonable explanation of weather
observations continues. This study describes a process rather than a product. In this
progress report the traditional Biblical genesis story as well as the common belief in
global warming are examined.
A broad biological perspective is called for in-order to focus on the major
landmark events in the history of the atmosphere. Stephen Jay Gould expressed
such a broad perspective in biology: “The textbooks of my youth designated our
current epoch as the Age of Man. Current linguistic preferences favor an Age of
Mammals. More generous people with fewer parochial intentions, often choose to
honor a truly dominate multicellular group of more than a million described species
(compared with a paltry 400 for mammals): the Age of Insects. But these proposals
represent little more than multicellular prejudice. We are now, as our planet has
been for 3.5 billion years, in an Age of Bacteria.” This viewpoint is the key to
understanding the present relative abundance of atmospheric gasses that many of
Earth’s current life forms now depend. Oxygen, our life giving gas, is a toxic
substance to most life forms in the history of our planet.
David Wolfe estimated that the total mass of all of the living organisms filling
the pore spaces in the soil and rocks under ground is greater that all the surface
flora and fauna. If this biomass were spread on the ground surface it would
represent a layer of living material over four and a half feet thick. This is consistent
with the concept that a thimble full of dirt contains more organisms than there are
people in the whole world.
Indications are that our Earth was formed from dust of supernova
explosions about 4.55 billion years ago. It evolved from a universe that was
created about 12 billion years ago. David Darling suggested that with respect to
the earth we’re all extraterrestrials since the molecules of our bodies were created
elsewhere before the Earth was formed.
The oceans may have started forming about 150 million years after the
planet formed. The early oceans must have existed as vapor that condensed into
water only after the surface cooled. Armand Delsemme estimated the amount of
water from infalling comets to have been 10 times the volume of the present
oceans. The cosmic rainfall rate was estimated to be one inch in ten thousand
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years by Louis Frank in his very controversial book The Big Splash. He calculated
that such a rate would be enough to account for the origin of the oceans.
It is uncertain when the atmosphere of the early earth was formed.
Indications are that in the beginning it contained very little free oxygen but
probably nitrogen, carbon dioxide, some water and methane as well as perhaps
some ammonia and hydrogen. Any oxygen in the early atmosphere was soon
bound up with calcium to form limestone or with other material such as iron to
form oxides like the rust that ultimately became the world’s iron ore deposits.
The history of the gas mixture of the atmosphere is tied to the biosphere
and hence to the origin of life on our planet. The earliest inhabitants of earth from
about 3.8 billion years ago were probably related to thermophylic organisms that
did not use oxygen. Perhaps they were sulfur-based organisms similar to those
living today around submarine volcanic vents deep in the oceans. This history in
outlined on Figure 1.
Oxygen was no doubt present in small amounts in the early atmosphere
due to the action of ultra violet light on water vapor. The hydrogen from the
ultraviolet decomposition of water was lost into space as it is today. This process
perhaps accounts for the presence of the atmospheric ozone layer that protects us
from harmful ultraviolet radiation. This ultraviolet radiation is even now missing
from the polar atmosphere during earth’s polar winters. This suggests a very
natural occurrence of atmospheric ozone holes in those regions during polar
winters.
The development of life on our Planet could have evolved as a exceedingly
unlikely event of ordinary chemical process, according to Thomas Gold. Gold
suggested that photosynthesis, the primary energy for surface life on Earth, was
too fragile to have been here at the beginning. Gold suggests that empirical
evidence strongly support the concept of a sub-surface origin of life. One that was
energized by hydrocarbons present in the material that formed the original earth,
and obtained oxygen from rocks like iron oxides.
The carbon dioxide (CO2) of the early atmosphere would have been quite
abundant. Atmospheric CO2 combines with water to form carbonic acid that
combined with silicates to form silica as well as limestone and dolomite. The
amount of CO2 that was precipitated out of the oceans as carbonate rocks was
more that 30 atmospheres worth according to Armand Delsemme in Our Cosmic
Origins. There was enough atmospheric CO2 during the first 2 billion years to
provide a greenhouse heating that prevented the formation of polar ice caps of ice
ages on earth.
The development of photosynthesis resulted in the use of water and carbon
dioxide to form carbohydrates. This free atmospheric oxygen starting
accumulating about 2 billion years ago. Additional oxygen might have
accumulated from the disintegration of cometary water by ultra violet light.
The evolution of the atmosphere from a place friendly to single cell
organisms evolved into a non-friendly place. This was in response to the action of
early single cell organisms that learned to obtain energy from the sun about 3.8
billion years ago. This resulted in ultimately stripping the atmosphere of all but the
trace of CO2 that we presently have. It created the present 21% of atmospheric
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oxygen. This changed the atmosphere from a chemically reducing to an oxidizing
one and created many new ecological niches. Cells became more complicated and
formed multicellular complexes apparently for mutual protection from oxygen
toxicity. The abundance of new niches no doubt gave way to Darwinian evolution
in response to changes in atmospheric composition.
Oxygen toxicity to earlier life forms that caused them to either adapted or
perished. Many of those early forms however adapted and are still with us. They
include the anaerobic organisms within us where oxygen is excluded. Some of
them live in our intestines helping us digest carbohydrates while they produce
methane gas. Some live in the intestines of cows to help them digest cellulose into
digestible carbohydrates producing methane gas.
The real work of urban waste disposal plants as well as ground water
cleanup in nature is done by ubiquitous anaerobic organisms. It was a good
education for me to have been associated with the City Services District for six
years and learn that microbes do the real work of wastewater cleanup.
The minor amounts of free oxygen of the early earth were soon locked up
in minerals and were not accumulating in the atmosphere until well after
photosynthesis was developed. The present highly oxidizing atmosphere could not
have developed without photosynthesis. Atmospheric oxygen is clearly a product
of conversion of CO2 and water onto carbohydrates and oxygen, a life process.
Oxygen accumulated in the atmosphere only after dissolved minerals such as iron
were precipitated out of the oceans starting about 2.5 billion years ago. Without
photosynthesis our planet would be like Venus, a hot lifeless place where
temperatures soar over 500°, where heat is trapped under a blanket of green
house gases like CO2. This Venisan atmosphere is 90 times as thick as Earth’s. It
consists mainly of CO2.
Earth’ original carbon dioxide (CO2) blanket was converted mainly to
limestone (calcium carbonate) sparing us a Venusian type green house type
heating. CO2 availability is probably the major factor, after water, in limiting plant
growth on our planet. Plant growth by photosynthesis is in direct response to CO2
availability. The early atmosphere was estimated to be 29 percent CO2. There has
been a slight increase in CO2 during to last 50 years as shown on Figure 2. There
is also a clear annual plant response in the annual CO2 trend.
Earth’s iron ore deposits clearly have a bacterial origin, according to
Frances Ashcroft. Ashcroft suggested that oxygen was a waste product of
photosynthetic cyanobacteria that evolved around 3 billion years ago, at a time
when life was already well established. These cyanobacteria used solar energy to
convert CO2 and water to carbohydrates, a reaction that yielded oxygen, a poison
to most living systems at that time. About 2.8 billion years ago the oxygen started
combining with the ocean’s dissolved iron and around a half billion years ago the
dissolved iron had combined with oxygen and precipitated out. This released free
oxygen build up in the atmosphere. This was also the source of the worlds iron ore
deposits
Colonization of our land surface by plants began in earnest in the Devonian
period about 400 million years ago. This may have been in response to the start
of nitrogen fixing by microorganisms.
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The present atmosphere contains 7 tons of nitrogen per square yard of
surface area, but nearly all is tightly bound as a gas that is virtually inert. John
Postgate suggested that all of the atmospheric nitrogen is cycled through growing
organisms about every million years. Microorganisms in the soil recycle the
nitrogen and make it available for plant growth.
Nitrogen is critical for protein development and its availability is another
plant growth limitation. This limitation was modified for our planet in 1909, when
Fritz Haber patented a procedure for making ammonia from atmospheric nitrogen.
He received the Nobel Prize in Chemistry for this work in 1919. It is estimated that
one third of the human population is now fed from food crops that have been
fertilized by nitrogen fixed by the Haber process. The human population explosion
started in earnest following WWII with the large-scale application of artificial
ammonia based fertilizer.
Nitrogen in its available form has now reached unprecedented high levels
on our planet. These nitrates have rapidly increased since 1950 as more artificial
fertilizers were applied to crops and have now leached into many underground
aquifers and rivers that supply drinking water. Newborn children are especially
sensitive to nitrates in water. The effect of increased available nitrogen is now a
major pollution source. Available nitrogen’s great abundance is modifying earth’s
biota as seen in algae blooms where some rivers reach the oceans. These blooms
strip large parts of the oceans of dissolved oxygen leaving them un-available to
marine organism like fish that breath dissolved oxygen.
The end of World War II left a void in employment for munitions makers
creating a big search for peaceful applications of various parts of the war machine.
Newly discovered atomic energy was a technology in search of peacetime
applications. Problems calling for solution were everywhere. One of the big
problems was air pollution. Smog like that in the Los Angeles basin was stifling. It
was apparent that fossil fuel burning, in cars and power plants, was a major
pollution source. Some went so far as to suggest that reliance on atomic energy
would ultimately solve the smog problem. It was the dream of many in 1948 that
electricity would be produced so cheaply that it would not have to be metered after
nuclear power would be developed. Electricity then sold for about $0.004 per
kilowatt-hour.
Edward Teller expressed some urgency in developing nuclear power. He
restated this in his May 11, 1988 talk at Chico State University. He suggested that
the atmospheric CO2 build up could result in a runaway greenhouse effect similar to
the planet Venus if we did not stop burning fossil fuels. Surface temperatures of
Venus are hundreds of degrees and life as we know it could not exist there.
Stephen Schnider picked up Teller’s theme and said that if the threatened
run-away greenhouse heating could endanger human existence then we must stop
adding CO2 to our atmosphere. This is how a worst case scenario became the code
some would have us live by today.
Teller was the national hero who gave us the hydrogen bomb. A problem
with these great talents was that neither Teller nor Schnider were apparently well
versed in biology. Even if they were in 1950 the common understanding of Earth’s
system of converting CO2 to biomass by chlorophyll was incomplete. The big
breakthroughs in biological science did not occur until Watson and Crick discovered
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the DNA code in 1952. Even then it took the war on cancer, the war on AIDS and
the human genome project to develop an adequate understanding of biologic
systems needed to address the CO2 problem.
Our understanding of the role of chlorophyll in the world’s history was further
clarified with the work of Carl Woese and his analysis of RNA sequences in various
life forms. This started in the 1960’s, when it was found that oxygen generating
organisms started absorbing atmospheric CO2 about three billion years ago.
Nitrogen fixing bacteria probably developed about 1 billion years ago. The control
of atmospheric CO2 abundance has been chlorophyll’s function for over three billion
years.
Sherwood Idso showed us, in a 1982 book Carbon Dioxide: Friend of Foe?,
that CO2 availability was clearly a limiting factor in biomass growth. Even now the
Idso family web-site at http://www.co2science.org/ is an out standing source of
wisdom on carbon dioxide and it’s influence in promoting plant growth.
The last half-century has seen a very minor rise in CO2 concentration in the
atmosphere. Speculation on reasons for the increase are many. They might include
a) the increased number of volcanoes reported in the last 200 years. True there are
more people to report them. b) More solar energy may affect the solubility of CO2 in
the oceans. c) Stress on world plant cover could be reducing the global chlorophyll
supply available for absorbing CO2. d) Even more reasonable to some people is the
increased burning of fossil carbon based fuels.
Fossil fuel burning no doubt adds to the atmospheric CO2 load, but at the
same time the attack of the mammals on chlorophyll producing plants must also be
a major contributor. Forests are being clear cut for timber as well as to make room
for large scale mono cropping. Land clearing for livestock grazing and even finding a
place for housing the human population added to the stress on the plant world.
Grasslands are frequently over-grazed by livestock to almost bare ground. Many of
the great natural grasslands have been converted to single crops like wheat and
cotton that require bare ground conditions much of the year. The animal attack on
chlorophyll producing plants is an equal logical reason as is fossil fuel burning to
account for the CO2 rise. This is because CO2 abundance is such a very positive
factor in limiting plant growth.
The history of life is expressed in the genetic code that is shared with all life
forms on the planet. Carl Woese started a landslide of understanding when he
began sequencing a small portion of that code (16s rRNA) that occurs in all life
forms. This was done in order to determine who beget whom on the universal tree
of life. This tree shows the chemical similarities in organisms whose life spans
billions of years of the genealogy of our direct ancestry. On this long time scale we
humans are close cousins to mushrooms.
The trunk of the tree of life (meaning the very oldest of organisms) is
occupied with hyperthermophiles, the heat loving microbes, according to Malcolm
Walter. This supports the conjecture of Thomas Gold regarding the “deep hot” origin
of life. On the large time scale most life forms are microscopic and single celled. The
marriage of the universal tree of life to the geologic time scale has been the big
challenge of paleobiologists like Malcolm Walter.
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The place of animals on the tree of life is minor. Man is not responsible for
the atmosphere’s CO2 balance. Chlorphyll is. Lynn Margulus said, “- it is difficult to
refrain from the delusion that without our help nature is helpless.”
The 1798 warning of Reverend Robert Malthus regarding populations that
grow faster than the available food supply is still valid.
Mankind’s population explosion is perhaps responsible for denuding much of
Earth’s pristine plant environment. Mark Plotkin reports: “The number of humans
alive today is greater than the total of all people who have ever lived in the past—
and the rate of population growth continues to climb.” Peter Ward suggests that a
mass extinction of species is now underway due to mammal - plant interactions, he
quotes Peter Raven who suggested that two thirds of the world’s species may be
lost by the year 2300. John Postgate suggests that at the present human population
increase, the world will have one square foot of land surface per person by the
years 2600. This is due to advances in medicine, in hygiene, in nutrition and in food
production.
The great number of people is not responsible for the (0.2 watt per square
meter) increase in the solar constant over the last 50 years. The solar constant has
been measurement from outside of Earth’s atmosphere since 1978. The average
annual solar constant measurements were found to be highly correlated with the
historic average annual sunspot numbers (r^2 =.9). Sunspot numbers have been
measured since 1700 and estimated back to 1500 (by Schove). Solar constant
estimates for the last 500 years have been made. The 500-year trend is definitely
upward with the highest values being in the last 50 years, as shown on Figure 4.
The lowest values were from the Little Ice Age (1660 to 1710). This was the time
when ice-skating was introduced into England on the frozen Rive Thames in
1662/63. The great frost of 1683/84 was the longest on record lasting two months
when the Thames had ice 11 inches thick according to J H Brazell.
A serious attempt to measure the solar constant was made by the
Smithsonian Institution over a 40-year period ending in about 1940. This effort was
foiled because the ground-based methods were at best accurate to about 1% mainly
because of the variability atmospheric water. The current measurements since 1978
are from above the atmosphere and are summarized on Figure 3 that shows about a
0.2% variation. We can thank people like Richard Wilson from acrim@acrim.com for
this wonderful work in defining solar energy output.
An affect on our planet of a 0.2 watt per square meter increase in the solar
constant is a possible increase in the atmospheric circulation. Global circulation may
effect the location of upwelling in the oceans. The Length of the Day observations
show an increase of about one millisecond over the last century. If days are getting
longer then the atmosphere must have a greater north-south wind component
indicating fewer westerly winds.
The increase in the solar constant is also reflected in the increased rate of
tree ring growth from 45 California sites of the Bristle Cone Pine in the White
Mountains that have measurements since 1500.
Global warming was Edward Teller’s fantasy and the worst case scenario of
Stephan Schneider. It was further rooted in thermally polluted urban air
temperature records. A major and still unresolved problem is: where is it possible to
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take the world’s temperature for the purpose of assessing long term trends. Our
historic climatological records were intended to measure temperatures where people
live. They are of questionable representation of Earth’s real atmospheric
temperature. Most historic air temperature measurements have been made where
cities later developed. This trend reflects the human population explosion.
There could be a minor air temperature increase in response to solar
constant variation. This could be expressed in the observed retreat of glaciers and
the observed greening of our globe. To put in perspective: we seem to be still
recovering from the Little Ice Age.
Cities generate urban thermal pollution. Excess waste heat is the rule in
cities. Urban heat islands have been extensively studied. Luke Howard studied
urban-rural temperature differences in London in about 1810 as reported by Helmut
Landsberg.
Air temperatures a century ago were made over bare ground with only a
natural grass cover. Now temperatures are commonly measured over heat
absorbing black top pavement within the view-shed of heated buildings and many
measurement sites are constantly exposed to night-time lighting. The heat absorbed
by pavement during periods of intense sunshine is re-radiated at night. This is
causing an increase in minimum temperatures mainly in the summer months. This
is not “Global Warming”.
Atmospheric air temperatures have been measured from orbiting satellites
since about 1978. These records are compiled and published by John Christy of the
University of Alabama. These measurements do not reflect the same upward trend
as the thermally polluted surface air temperature records.
The color of our planet has been monitored from orbiting satellites for a
dozen years. The northern latitudes are greening. This is possibly in response to
elevated CO2 levels or an increase in solar output or possibly to decreasing snow
cover.
For the last 55 years California air temperatures have reflected variations
that have been observed in sea surface temperatures (SST). SST variations respond
to the amount of cold water upwelling near shore on the Eastern North Pacific.
There is a short 3 to 6 year El Nino upwelling related event and a longer 10 to 25
year event that is called Pacific Decadal Oscillation (POD) that was described by
Nathan Mantua and Stephan Hare from the University of Washington.
For people living in coastal California the “Pacific Decadal Oscillation” is more
significant. As an example during the 1975 to 1998 period the North Pacific
experienced strong upwelling on the Asian Coast. This period was one of low sea
levels in Japan with cold water upwelling creating a cold water plume extending
eastward across the International Date Line. On the California Coast sea levels were
high, upwelling was surpressed and sea surface and land based air temperatures
soared. This was generally a period of abundant but variable rainfalls in Northern
California.
Since 1998 sea levels in Japan have risen while California coastal sea levels
have declined. Up welling on our coast has increased and our temperatures and
rainfalls have decreased. Rainfalls reflect the moisture holding capacity of air and
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decreases rapidly with decreased temperature. Therefore California’s climate has
become colder and generally dryer. The east west sea surface temperature
differences are summarized on Figure 5 and the California, Oregon and Washington
air Temperature response is shown on Figure 6.
Ocean currents generally flow westward along the equator and have a
general clockwise pattern in the Northern Hemisphere and a counter clockwise
pattern in the Southern Hemisphere. The North Atlantic has the warm Gulf Stream
flowing northerly up the North American East Coast and in the Eastern North Pacific
the cold Japan Current flows southerly on the North American West Coast. In the
Atlantic, the Gulf Stream splits and part of it flows North between Iceland and
Norway to warm the Northern European Coast and keeps the Norway Coast free of
ice even in the winter time. This relatively warm flow proceeds under the polar ice
to cause melting and breakup of the polar ice cap.
The return flow from the Arctic Ocean forms the East Greenland Current.
This dense cold water return flow passes under the gulf Stream and cascades over
the Straits of Denmark between Iceland and Greenland into the depths of the North
Atlantic Ocean. This cascade flows at a rate of about 10 times that of the Amazom
River.
Cold water then circulates back to the North Pacific at great depth beneath
the surface. Apparently a major upwelling takes place in the North Pacific Ocean is
either in the Asian Western North Pacific Ocean or the North American Eastern
North Pacific Ocean, but not in both sides at the same time.
The vast inertia of a robust long lasting pattern of upwelling in the North
Pacific Ocean could be a mechanism for the inter-yearly persistence in upwelling.
This could be the mechanism for the inter-yearly persistence in California rain and
air temperature records. Vast regions of below average SST appear to reflect
regions of cold water upwelling in a time scale reflected in PDO. If so; there could
be predictive value in the upwelling persistence that is expressed here as an
accumulated departure from average in the East-West difference in sea surface
temperature that is shown in the graph at the bottom of Figure 5.
Cold water upwells in the North Pacific in response to winds. Off shore winds
push the top most water back from land reducing sea levels thereby inducing
upwelling of cold water. The oceans are in a delicate hydrostatic balance and easily
up-well in response to a slight decrease in sea level caused by persistent wind
forces.
Atmospheric circulation is the key to where upwelling will occur. It is indexed
for my studies by two parameters. A simplistic one for the North Pacific is the
barometric pressure difference between San Francisco and Tokyo. When Tokyo
pressure is lower apparently winds blow off Siberia resulting in low sea levels that
induce cold water upwelling on the Asian Coast.
Another atmospheric circulation index is the variation in the length of day
(LOD). The length of the day is a function of the joint momentum of the world and
it’s atmosphere. The atmosphere weights about the same as a ball of lead 60 miles
in diameter. When there is a large north-south component to atmosphere the
Earth’s rotation rate will increase. With a general West to East circulation LOD
variation decreases.
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An index of LOD extends back to about 1650. The average LOD variation is
about 2 milli-seconds (.002) per day as our day length lengthens ever so slowly.
The Naval Observatory carefully monitors LOD for navigation applications.
The trends in LOD variation are being studied as index to SST and upwelling
on our coast. LOD variation seems to change with the decadal oscillation scale. This
is a current area of great interest.
Fish migrations follow areas of uniform seawater temperatures. The
problems of fish management and climate fluctuation are similar. Leonid Klyashtorin
of the Federal Institute for Fisheries and Oceanography in Moscow, Russia has made
predictions of world fish catch until the year 2050. These predictions are apparently
based on the same global atmospheric circulation indices that control the location of
SST and California climate fluctuations.
The problem of determining long term inter-yearly trends in rainfall is one
that concerns water supply planners. It appears that global circulation indices will
be a clue to trends in the future availability of a water supply.
Conclusions 1) I think that we are in for15 to 25 years of colder and dryer
weather following a trend that started in 1998 with the increase in upwelling on our
coast. 2) I feel that the concept of a “run-away green house heating” of our Planet
is a case of sever environmental myopia based on a narrow view of global history.
3) We are witnessing is a slight increase in Solar radiation, that results in shifting
regional patterns of sea water upwelling. 4) There is a miss-placed trust in nonrepresentative temperature records that is warping perceptions of global warming.
5) There is an increase in CO2 that is commonly attributed to an increase in mined
petroleum fuel burning and is real but quite small. 6) Chlorophyll will continue as
Earth’s carbon dioxide regulator as it has been for billions of years. 7) It would
seem prudent to spare chlorophyll producing plants from sever stress in view of the
CO2 being released into the atmosphere.
The infectious enthusiasm of Gary Sharp is acknowledged during the
formulation of
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Banded Iron-Formation
3/23/12
Banded Iron formations occur in Proterozoic rocks, ranging in age from 1.8 to 2.5
billion years old. They are composed of alternating layers of iron-rich material
(commonly magnetite) and silica (chert). Each layer is relatively thin, varying in
thickness from a millimeter or so up to several centimeters. Here is one theory as to
how they might have formed:
It is theorized that the Earth's primitive atmosphere had little or no free oxygen. In
addition, Proterozoic rocks exposed at the surface had a high level of iron, which
was released at the surface upon weathering. Since there wasn't any oxygen to
combine with it at the surface (like happens now in our oxygen-rich atmosphere),
the iron entered the ocean as iron ions. At the same time, primitive photosynthetic
blue/green algae was beginning to proliferate in the near surface waters. As the
algae would produce O2 as a waste product of photosynthesis, the free oxygen
would combine with the iron ions to form magnetite (Fe3O4), an iron oxide. This
cleansed the algae's environment. As the biomass expanded beyond the capacity for
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the available iron to neutralize the waste O2 the oxygen content of the sea water
rose to toxic levels. This eventually resulted in large-scale extinction of the algae
population, and led to the accumulation of an iron poor layer of silica on the sea
floor. As time passed and algae populations re-established themselves, a new ironrich layer began to accumulate. Unfortunately, the algae were of relatively low
intelligence and were unable to learn from their past excesses (this was also before
the EPA), so they would again proliferate beyond the capacity of the iron ions to
clean up their waste products, and the cycle would repeat. This went on for
approximately 800,000,000 years!

http://www.google.com/#hl=en&sugexp=frgbld&gs_nf=1&cp=11&gs_id=16&xhr=t
&q=banded+iron+formation&pf=p&sclient=psyab&oq=banded+uron&aq=&aqi=&aql=&gs_l=&pbx=1&bav=on.2,or.r_gc.r_pw.r_qf.
,cf.osb&fp=32a0db2695f1626c&biw=1007&bih=1381
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Brown Out
6/13/13

Congressman Brown we let you down
George Brown (1920-1999) a dedicated scientist in Congress
He knew the sad shape of temperature measurement,
In the United States with the old manual measurements.
He was determined to fix the sad situation.
He felt that five billion dollars a year would fix it.
He contacted the State Climatologist of his home state to verify.
Money was intended for the Weather Service for modernization.
The Weather Service chief was more interested in new satellites.
The National Laboratories were desperate for funding
As bomb building was on the wane.
Their scientists found references to green house effects of CO2.
The result was computer modeling with dry air and CO2.
The only problem theoretical effects of CO2 in dry air
Are not the conditions of the real atmosphere.
They made it complicated enough to require continual funding.
Water in the atmosphere is fifty of times more abundant than CO2.
The National Weather Service basically abandoned climatology.
The fire fighters moved to fill in with modern equipment
Thirty years ago began Remote Automated Weather Systems.
RAWS covered the US with thousands of Internet accessible stations
Each consists of modern data loggers and offer hourly real-time data
Local flood control and water management need good real time records.
Now our civilization is blessed with many automated weather records.
The physical need for weather data overcame the abdication of the NWS.
They provide urban climate data and they do excel at satellite observation.
The need was for temperature data free of urban waste heat
This was to determine fire danger of remote places in real time.
Climate variation studies need data free of waste heat sources
The albatross of billions for CO2 studies continues.
To oppose this waste is to incur the wrath of the GHG true believer
That sees their Congressional funding being questioned.
Climate is a variable driven by the Sun, a variable star.
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Consensus
7/16/13
Decades of consensus regarding Anthropogenic Global Warming
Have much to do with continue funding from Federal Grants.
These grants originated with the National Climate Program Act of 2000.
It is hard for descending opinions to be acknowledged questioning this Act.
Poor George Brown died before seeing the havoc his Act precipitated.
Recovery from the last Little Ice Age of 1660 to 1710 is still with us.
When examined as a whole rather than as eleven year cycles
The sunspot numbers have increased by one percent per year for 300 years.
A hundred years ago Upton Sinclair said, “It is difficult to get a man to understand
something when his income depends on not understanding it.”
Administrators appear to first administer their own careers.
Let the data talk for themselves free of agendas of finding funding.
Luke Howard described urban – Rural temperature difference in 1820
This was described in The Urban Climate by Helmut Landsberg (1981).
The National Weather Service kept wonderful records where people live.
Others erred in making climatic inferences ignoring land use changes.
Intellectual honesty is challenged when denying skepticism.
Science lacks the power to determine absolute truth,
Substituting for truth is a better correlation with the observable.

162

Gas of Life
Jim Goodridge 2/22/12
Photosynthesis simply stated is 6CO2 + 6H2O + photons = C6H12O6+6O2.
These sugars are derivatives of the flora that fuel the fauna.
It is suggested by the relative abundances of atmospheric CO2 and O2,
That CO2 is a quite active material and it is always in short supply.
Plant growth is basically the chemical reaction of storing solar energy.
Chemical reactions generally double with an increase of 10°F.
Rising temperatures cause CO2 to boil out of ocean water.
Rising temperature and CO2 concentration both stimulate plant growth.
Our atmosphere originally contained about 30 percent CO2.
The era of chlorophyll dominance is referred to as the Great Oxidation.
This happened 2.5 billion years ago. The ocean’s dissolved iron
Rusted out, producing our planets iron ore deposits and releasing oxygen.
Chlorophyll is still the mechanism controlling the CO2 and O2 abundance.
All life forms basically originated by a photosynthesis process.
Chemically our hemoglobin and chlorophyll are quite similar.
Suggesting a common origin, that is supported by common DNA code.
Where as animals do not photosynthesize, their plant foods do.
Beef, chicken or fish feed off photosynthetic products.
It is mainly trace minerals that supplement photo-source.
CO2 is literally the gas of life for all macro life forms we encounter.
The existence of extremophiles suggests very early non-solar energy sources.
Demonizing CO2 started with the plan for peaceful use of atomic bombs.
The big dream in 1946 that was that atomic energy would be so cheap,
That electricity would never again need to be metered.
The attribution of increased CO2 to fossil fuel burning was born here.
Atomic energy advocates wanted to save Earth from runaway GH heating like Venus.
A conservation ethic developed to conserve the finite petroleum for the future and
Anti-pollution and anti-growth advocates added voices to the anti- CO2 theme.
All earthly macro life forms are photo synthetically derived from CO2,
Either directly or indirectly by chlorophyll that absorbed solar photons.
We represent the dissipation of solar energy and evolved from CO2 derivatives.
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