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Abstract 

If the rainfall climate were a stationary time series, one 50-year period would be as 
good as any other for defining flood threats. This is not the reality. The more recent 50 years is 
considerably wetter than the previous 50 years with important lessons for flood control 
planning. 

Rainfall data of the last 100 years were examined on several scales if storm duration 
for long term trends. These included the maximum one-day, ten and thirty consecutive days 
and the annual total rain. On each time scale there is a notable increase in rain in the last half of 
the records. 

Flood control planners need to have current and reliable hydrologic records to forecast 
trending flooding potential. Engineering design feeds off the data sets that are compiled for 
current weather and flood forecasting; but with an added burden of needing well-documented 
and long historic records. Knowledge of both the historic scene as well as data trends are 
critical to understanding flood threats. 

The realities of climatic variation need be rooted in observation. The increased 
climate variation in California is. related to sea surface temperature and ocean currents. Forces 
associated with ocean currents and upwelling are examined. Their impacts on both rainfall and 
temperature trends are studied. These forces include Solar constant variations and thermohaline 
cycle invigoration and length of day variations. 

The impact of observed climate variation on older flood control projects is that based 
on current hydrologic records they are undersized for their intended level of protection. 

Why is the weather changing? We have lived with the concept of climate as a 
stationary time series since Dr. Reichelderfer's time. It's time for a fresh look. The source 
of weather and climate is solar energy. The reality of climatic variation has to be rooted in 
observation. 

Solar radiation has been measured at ground level for many years. The energy 
output of the Sun is about 1366 Watts per square meter at the top of the atmosphere. 
Clouds and water vapor reduce this energy at ground level by 50 to 90 percent. Ground 
surface measurements of solar energy trends are therefore not helpfkl in assessing 



variation in solar output. The Smithsonian Institute supported nearly a half-century of 
unsuccessful solar constant investigation at places like the top of Mount Whitney and 
Table Mountain early this century. The ground bast solar energy measurements have an 
accuracy at best of only a few percent. 

The Solar Constant has been measured successfully from above the atmosphere 
aboard orbiting satellites since 1978. These measurements have varied fiom 1365.6 to 
1366.7 watts per square meter. The solar constant measurements were found to vary as the 
Wolf Sunspot Numbers. The correlation coefficient between the Solar Constant and 
sunspot numbers (rA2) is .9 indicating that 95 % of the variation in the solar constant is 
described by sunspot numbers. 

A solar constant index was developed for this study for the period 1700 to 2006. 
NOAA estimated solar constant values from several satellites were used for 1977 to 1998. 
Correlation was made with the measured sunspot numbers for 1770 to 1976 and fiom the 
NASA projected of sunspot numbers for the 1999 to 2006 periods. 

The solar constant has been the highest since 1770 in the recent 50 years (See 
Figure 1). The additional heating on Earth from a higher solar constant can only cause a 
greater evaporation from equatorial. oceans, more atmospheric water and therefore more 
clouds. More evaporation means a higher salt concentration on the surface of the 
equatorial oceans. A greater water density due to increased salt of the surface waters of the 
equatorial oceans means an invigorated therrnohaline cycle of Earth's oceans (See Figure 
2). 

An invigorated thermohaline cycle results in more upwelling of cold ocean bottom 
water of the Asian Coast at about latitude 40°N. This upwelling if real would be evident in 
the sea surface temperat&-e pattern of the North Pacific Ocean. Figure 3 is a map of the 
Pacific Ocean North of Latitude 20". The main feature of a 5 1 -year thermal history of the 
North Pacific Ocean is a declining temperature trend. This covers the 5 1 years from 1947 
to 1997. This temperature trend in the North Pacific varies from about -5°F per century 
off the Japan Coast to +3 O per century off the Central California Coast. 

An invigorated thermohaline circulation could result in higher sea levels on the 
California Coast that would reduce upwelling of cold water. The upwelling index of the 
NOAA Marine Fishery group supports this concept as shown on Figure 4. The upwelling 
index is actually computed on daily. This generates far too much data to visualize long 
term trends so the plots of Figure 4 are a nine-year running average of the annual 
averages. The trend at 3g0N and 125"W Shows a sharp peak in mid 1970's. The sea water 
temperature at Bodega Bay is shown on Figure 5 with an upward trend of about 3°F per 
100 years and a notable upward trend starting in 197 1. 

The San Diego records on Figure 7 illustrate a relationship between sea level and 
air temperature. Nine-year averages of trend-adjusted sea level and trend adjusted air 
temperature records look remarkably similar in their long-term trends. 



Tropical storms represent the connective dissipation of heat of sea water over 
about 80°F. Warner sea surface temperatures mean an increase in the frequency of tropical 
storms. Tropical storm frequency of the Eastern North Pacific Ocean has increased from 
about 10 per year to about 18 per year over the last 50 years. The number of tropical 
storms per year is shown on Figure 6 .  

Air temperatures at coastal sites are highly correlated with the sea surface 
temperature as shown on Figure 8. The land based air temperatures at California stations 
were correlated with the sea surface temperature at a five-degree grid point centered at 
35"N and 125"W and shown on Figure 9. The areas of high correlation with sea surface 
temperatures are adjacent to the coastline. Interior valleys show little or no correlation of 
air and seawater temperature. 

The high sea surface temperatures could have influenced urban heat islands 
studies, as most large California cities are adjacent to the Pacific Ocean. The degree in 
which the sea surface temperature influences the urban heat island studies of Figure 10 
remains to be studied. 

The annual total rain history of California has been modeled using 39 rain long- 
term records that were complete for the period 1876 to 1998. These were averaged are 
plotted on Figure 1 1. There is an upward trend in this data set. The recent increase in wet 
years is evident since there were 6 years over 40 inches in the last half of the record and 
only one in the first half. A nine-year running average of the coefficient of variation (CV) 
was used on Figure 12 to model the trend in wet year frequency. 

The increase in CV after 1975 (from Figure 12) corresponds with an increase in 
sea surface temperature for the Northeast Pacific Ocean (shown on Figures 3 and 9). The 
CV increase corresponds as well with the decrease in the upwelling index shown on 
Figure 4 and the increase in sea surface temperature shown on Figure 5 for Bodega Bay. 
The increase in CV further corresponds with the increase in tropical storm frequency 
shown on Figure 6. 

The increased variation in California rainfall seems definitely related to sea surface 
temperature and ocean currents and hence with the increase in the Solar Constant. An 
increase in severe flooding is also associated with the increase in CV as shown in Figure 
13 where the number of 1000-year rainfalls in California has increased along with the CV. 

Douglas Hoyt and Kenneth Schatten in their book The Role of the Sun in Climate 
Change used a 45-year running average of Wolf Sunspot Numbers to their studies. This 
suggested a similar investigation using California rain records. There was a 1930 study for 
a rainfall index for Los Angeles based on proxy records at the Old Spanish Missions 
extending back to 1769, by H.B.Lynch. When a 45 year CV based on rainfall combined 
Lynch record and the Los Angeles rain records was prepared. It was compared to the 45 
year running average of the solar constant series. A plot of the Solar Constant and Los 
Angeles rainfall index shows interesting peaks in the present era and about 1850, as shown 
in Figure 14. 



Changes in the rotational velocity of Earth are an expression if the angular 
momentum of the combined earth and atmosphere system. The total mass of the 
atmosphere is about the equivalent of a ball of lead 60 miles in diameter. The length of the 
day variations (LOD) are monitored daily to millionths of seconds by the Naval 
Observatory who have kindly supplied data for this study. Variation in the east-west wind 
component is responsible for over 90 percent of variation in the LOD. 

A large west to east wind component results in a reduction in the LOD. A decrease 
in oceanic upwelling on the California Coast follows a decrease in the LOD variation (as 
seen on Figure 15). A decrease in oceanic upwelling is therefore indicates an increase in 
sea surface temperature (as seen on Figure 16). An increase in sea surface temperature 
means an increase air temperature trends in California as seen on Figure 8. Tropical storm 
frequency in the North-east Pacific (as seen on Figure 7), the increased variation in total 
rainfall and the number of extreme rainfalls (as seen on Figure 13) are all related to the 
higher SST in the North-east Pacific Ocean. 

The conclusions from this study are that California rainfall variability is greater in 
response to an increase in the "solar constant" and the observed atmospheric heating is 
from sea surface temperature increase and urban thermal pollution and not a "global 
greenhouse effect". 

There is some doubt as to the relative effects of greater west-winds or greater 
seawater density as the major force in driving the thermohaline cycle. The upwelling of 
cold water on the Asian coast however is quite clearly driving our West Coast temperature 
s upward and increasing our sever storm frequency. 



Table 1 

Trends Extreme Rainfall in California 

Maximum 1Hour -0.96 

Storm Linear Trend Period of Number of 

Maximum 6 Hours 0.43 

Duration a 

Daily -1.05 

Record Stations 

10 Days -3.44 

30 Days -7.33 

Annual -4.33 

Annual 10.2 

A stationary time series would have a slope "b" of "0" 

Stationary with respect to what? 
In this case Flood Control Project Development. 
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Trend in Maximum Hourly Rainfall In California 
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cold and salty deep current 

Figure 7.12 Tlic occan glohal tliertliolialitic circulatioti. Colder water in  the north Atlatitic sinks to 
Ihc dccp occnn. to  rcsurfncc and hc rcwar~l tct l  in  tllc Intli;t~l i ~ t i d  n o r t l ~  Pacific Occnns. Surface currcnls 
carry tlic wiirlncr strcalli h;lck i~gi t in througli tllc I';~cilic ;trtd sou111 Atl;ttttic.'lltis circc~it ~ i tkcs itltttos~ 
1000 years. (Sourcc: Brecckcr. 1987.) 
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51 Year Trend in North Pacific Sea Water Temperature 1947 to 1997 
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North Pacific Ocean Temperature Trends 
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Up Welling Index From North American West Coast 
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Figure 5 



Trend Adjusted Sea Levels and Air Temperature Compared 
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Tr~pid  Storm F ~ U C W  Nd-East -C 1949 to 1998 
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California Air Temperature Vs. Sea Surface Temperature at 35ON 125" W 

Longitude 

Figure 8 



Sea Surface Temperature at 30°N & 125" W 

Year 



GLOBAL WARMING 
An Urban Phenomenom in California 

Temperature Trends at 107 Statons for 1909 to 1994. ' 

Stratified by 1990 Population of the County where station is located. 
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Apparent Global Wanning will not be understood except by decomposing the data sets 
into individual station m r d s  and evaluating the long term trends at each m r d  separtly. 
The apparent "Global Wanning" is in reality urban waste heat affecting only urban areas. 
To take the worlds tempemture in cities is like takmg it at the site of a festering infection. 

Figure 10 



California Average Rain 1876 to 1998 

Variarion in California Rainfall 1876 to 1998 



California Rainfall Variation and Severe Storm Frequency Compared 

Based on the average of 83 rain records with data for 1898 to 1997.' 





Upwelling Index and Length of Day Compared 

Figure 15 


