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Our sun with a single spot

 12-09-06

1. Overview

Global warming hype could be masking a more immediate climate problem. A problem that 
could have a larger impact on our lives than global warming over the next 20 years. Solar scien-
tists have predicted the return of the Dalton Minimum, which was the result of two low intensity 
sunspot cycles lasting over 28 years.  During the early 1800s the average temperatures in the Mid 
West were 2-4 degrees cooler than the 20th Century average.  In many areas it was much dryer 
than average, especially along the California coast. We have already started to see some ocean 
cooling as we leave sunspot cycle 23 and enter sunspot cycle 24, the first of the two predicted 
minimum cycles.

To understand this current cooling trend, and the return of another Dalton Minimum, we must 
first understand how sunspots have impacted global temperatures. How cosmic rays play a role 
in the formation of heat reflecting clouds. And, how the interaction of the sunspots and cosmic 
rays influence long term climate trends. We start with the sunspot / climate links then integrate 
the influences of sun modulated cosmic rays to draw a compelling counter argument that ex-
plains the variations in global temperature.     
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2. The Sunspot climate link

Sir William Herschel was the first to consider the relationship between the sun and the weather 
when he noted a correlation between sunspots and wheat prices in the early 1800s.  When the sun 
was quiet, the price of wheat went up, when the sun was active the price of wheat went down. 
You can read a detailed history of Solar Variability and Climate Change at  
http://www.agu.org/history/sv/articles/ARTL.html#hufbauer1_return

Below is a graphic showing United Kingdom temperatures in the 1800s, from three different lo-
cations. The graphic, with original caption, is from a study by David C. Archibald,  published in 
Energy and Environment, Volume  17, Number 1, 2006, Pages 29-35

  

While there is a sunspot climate link,  many scientists have concluded that solar variability (sun-
spots v.s. no sunspots) is too small to have produced the total global warming of 0.6 Celsius 
since 1900. While it is true the sun’s output increases when sunspots are present, the total sun 
input is only about 1 watt/meter squared (W/m²).  Not enough to account for the global warming 
increase over the last 100 years, according to scientists who point to greenhouse gases as the 
source of global warming. Whereas, those promoting anthropomorphic global warming claim 4 
W/m² using contorted feedback links in their climate change models.  

3. Cosmic rays link to clouds

As an amateur radio astronomer, I have followed sun spot cycles for years as they impact radio 
transmissions. In 1995 the company I worked for proposed a major upgrade to the Air Force So-
lar monitoring station in Hawaii.  With some knowledge of solar cycles and sunspot activity, I  
became interested in the work of Danish, Canadian and Israeli scientists exploring the impact of 
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cosmic rays on the climate.  My initial reaction was skepticism.  How could supernova generated 
cosmic rays in our galaxy be impacting the earths climate?

Several science teams postulated that the influx of cosmic rays promoted the development of 
dense low clouds.  Low clouds can both warm and cool the earth, depending on how they are 
formed.  Water droplets that form around dust particles create dark clouds, which tend to trap 
heat and warm the earth.  Clouds that form around nuclei develop bright reflective clouds, that 
reflect the sun’s heat back into space, cooling the land and oceans under them.  

The sun’s average radiation input is about 1366 watts per meter squared (W/m²). More at the 
equator and less at higher latitudes, thus the use of an average. The clouds reflect about 27.7  W/
m².  If you stand in the sun your can really feel the heat, step in the shade and its still warm; but 
step under a shiny reflector, and it is even cooler as the sun’s rays are reflected back into space.  
Think of those highly reflective clouds as giant sun shades which cool our weather generating 
oceans.

3.1 Danes prove the cosmic ray cloud link  

For years the cosmic ray --> low cloud formation --> cooling relationship was a theory.  When 
the Danish National Space Center in Copenhagen conducted an experiment called SKY, the the-
ory moved loser to proven fact.  SKY is Danish for clouds.  The experiment took place in a large 
reaction chamber which contained a mixture of gases at realistic concentrations to imitate the 
chemistry of the lower atmosphere, especially over the ocean. Ultraviolet lamps mimicked the 
Sun, and instruments traced the chemical action of the penetrating cosmic rays in the reaction 
chamber. 
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”The data revealed that electrons re-
leased by cosmic rays act as cata-
lysts, which significantly accelerate 
the formation of stable, ultra-small 
clusters of sulphuric acid and water 
molecules which are building blocks 
for the cloud condensation nuclei. A 
vast numbers of such microscopic 
droplets appeared, floating in the air 
in the reaction chamber.”

 (SKY Experiment Press Release, 
Danish National Space Center)

3.2  CERN’s validation of SKY
European Organization for Nuclear Research, or CERN as it is known in the news, operates the 
world's largest particle physics centre astride the Franco-Swiss border near Geneva, where scien-
tists study the building blocks of matter and the forces that hold them together. CERN’s tools in-
clude accelerators, which can accelerate particles to almost the speed of light, and detectors to 
make the particles visible.

CERN has crafted an experiment called Cosmic Leaving OUtdoor Droplets, or CLOUD to exam-
ine the connection between cosmic rays and low level clouds. CERN’s goal is to confirm the in-
fluence of galactic cosmic rays on Earth's clouds and climate.  More details can be found at:  
http://public.web.cern.ch/Public/Content/Chapters/Spotlight/SpotlightCloud-en.html
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4.  Sun modulates cosmic ray flux

Now that the Danes have established the relationship between cosmic rays and reflective low 
clouds, lets look at how the sun controls the amount of comic rays that reach the low atmosphere. 
This complex interaction is shown in the graphic on the next page.  The solar wind increases, or 
decreases bases on the number of sun spots, or lack of sun spots. When sun spots are active, the 
sun ejects more material, increasing the solar wind.  The intensity of this solar wind modulates 
the number of cosmic rays reaching the earth and low atmosphere. Stronger solar wind, few 
cosmic rays reach the earths atmosphere. 

Why are only lower atmosphere clouds formed by cosmic rays, and not the upper atmosphere 
were most of the atmospheric ionization takes place?  Scientists believe that the “ the physics of 
high ice clouds is quite different to that for low liquid clouds.” Nigel Marsh and Henrik Svens-
mark, at the Danish Space Research Institute, Copenhagen, Denmark did not find any correlation 
between high and mid altitude clouds, only low clouds. More here: 
http://www.dsri.dk/~ndm/PDF/manuscripts/PRL_2000_PDF.pdf

 

The intensity of the 
Solar Wind increases 
or decreases based on 
the number of sun 
spots, and how active 
the sun is. 
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5. Linking solar cycles and cosmic rays to the Dalton Minimum. 

The sun has been observed and sunspot cycles recorded since the 1400s, with excellent records 
in the 1800s.  To track the cosmic rays we must use a proxy such as Beryllium-10 (10Be).  
Beryllium-10 is an isotope created in the atmosphere by galactic cosmic rays.  By measuring the 
amount of Beryllium-10 found in the Greenland Ice Core, it is possible to measure the level of 
cosmic rays reaching the lower atmosphere over long term periods.   Here is a graphic showing 
the 10Be  concentration superimposed over the sunspot numbers from 1600 to 2000.

 

(Graphic from Wikipedia: http://en.wikipedia.org/wiki/Image:Solar_Activity_Proxies.png)

Look closely from 1798 to 1826, and note the two solar cycles of very low sunspot activity. This 
is the Dalton Minimum. Also, note the quiet period from 1645 to 1710, which  is known as the 
Maunder Minimum with near zero sunspots. It was during the Maunder Minimum that the earth 
experienced the “Little Ice Age.”    Readers can find more details at Wikipedia, including this:

“Because the flux of such cosmic rays is affected by the intensity of the interplanetary 
magnetic field carried by the solar wind, the rate at which Beryllium-10 is created reflects 
changes in solar activity. A more active sun results in lower beryllium concentrations 
(note inverted scale on plot). Since the atmospheric residence time for beryllium is not 
more than a few years, it is also possible to resolve the solar magnetic cycle in beryllium 
concentrations. Beryllium measurements, such as these, are the best evidence that the so-
lar magnetic cycle did not cease even during the period with no evident sunspots.”
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6. Satellites confirm cloud / cosmic ray nexus 

With the introduction of satellites, scientists can monitor and correlate both cosmic ray flux and 
low altitude cloud cover.  As shown in this graphic from Marsh and Svensmark, as the percent of 
cosmic rays decrease there is a corresponding decrease in low cloud cover. Note the inverted 
cosmic ray scale. 

The huge inverted spike in 1998-1999 could not be explained by the authors. Others have attrib-
uted it to satellite equipment failure. This was also a strong El Nino year.

Knowing that we can see how the sun modulates the amount of cosmic rays reaching the earth to 
create highly reflective low clouds,  it is time to look at sunspot cycles and the number of sun-
spots per cycle. 

7. Sunspot cycles vary in time and intensity

The number of sunspots varies from none to over 200 sunspots per a nominal  eleven year cycle.  
These cycles have been observed to vary in length from 9 to 14 years.  Scientists have found a 
correlation between the number of sunspots,  the length of the sunspot cycles and over lapping 
cycles that impact both the length of the cycle and the number of spots per cycle.  An excellent 
paper was prepared by David C. Archibald, Summa Development Limited, Perth WA. Australia 
and can be downloaded at: www.hm-treasury.gov.uk/media/272/EB/Solar_ 
Cycles_24_and_25_and_Predicted_Climate_Response_22nd_October.pdf
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7. 1 Sunspot cycle time.

Multiple teams of scientists have discovered multiple cycles beyond the highly visible 11 year  
cycle. They have also found 22, 53, 88, 106, 213 and 420  year cycles, of varying amplitude, 
shown in this graphic prepared by a team lead by Professor Mark Clilverd British Antarctic Sur-
vey, National Environmental Research Council.  When cycles overlap the impact is amplified. 
These overlaps have been modeled in a low frequency model by Clilverd and his team. 

 
(Graphic is taken from Mark Clilverd et al, with original caption, Predicting Solar Cycle 24 and 
beyond)
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Using a Low-Frequency Modulation Model of the multiple cycles,  Mark Clilvered and his col-
leagues then tested the model against observed sunspot cycles, and found a good fit, though not a 
perfect fit.  Details can be found at: 
http://cc.oulu.fi/~thu/public/2006/Clilverd_etal_SpWeather.html

 

7.2  Sunspot cycle amplitude vs time

Friis-Christensen and Lassen  examining sunspot data over the period 1850 to 1990, found that 
the length of the solar cycle, measures from the lowest point of one cycle to the lowest point in 
the next cycle, was also a good match with temperature, and that this correlation is better than 
sunspot number vs temperature.  The two graphs from Archibald on the next page illustrate the 
results of their analysis.  The first graphic is amplitude plotted against temperature. The second 
graphic is cycle length plotted against temperature, which seem to have a better correlation.   

Note: Author of this paper added arrows to the graphics to show the where solar cycle 5 and 6 
would fall in the analysis.  The original captions were not changed.  
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Cycle 5 and 6

Cycle 6 Cycle 5
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I find it interesting that the Dalton Minimum cycles, 5 and 6, were longer than the 11 year 1 
month average and had lower than average sunspots.  Cycle 5 was 12 years, 7 months, and cycle 
6 was 12 years 5 months.  In contrast, the 20th century cycles, when we experienced most of the 
global warming, were shorter than average cycles. Cycle 21 was 10 years, 3 months.  Cycle 22 
was 9 years 8 months.  Low and long seems to produce cooler average temperatures than high 
and short.   

In doing my analysis, it was interesting that cycle 4, from September 1784 to May 1798, was 
both high and long, with a peak of 140 sunspots and 13 years, 9 month length. If the cosmic ray 
--> reflective low cloud theory is correct, the cooling started before cycles 5 and 6, normally con-
sidered the Dalton Minimum.

(This graph was prepared by Jan Alvestad based on data from Solar Influences Data analysis 
Center [SIDC], Brussels.)
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7.3  Magnetic field density based projection

Other scientist have looked at other physical process for predicting the next solar cycle.
This graph by Badalyan, Institute of Terrestrial Magnetism, Ionosphere, and Radiowave Propa-
gation, Russian Academy of Sciences, et al, is based on the magnetic field intensity and the semi 
annual variation of the sunspot numbers, and is taken from Archibald.  Author added cycle num-
bers.

24   25

7.4 Forecast models and conflicting views

Not all scientists agree that Solar Cycle 24 will be smaller than Solar Cycle 23, but all agree that 
Solar Cycle 25 will be a minimum cycle. 

In March 2006 scientists Mausumi Dikpati,  Peter Gilman and Giuliana de Toma at the National 
Center for Atmospheric Research in Boulder, Colorado announced the next sunspot cycle will be 
30-50% stronger than the last one and begin as much as a year late. They based their  forecast 
using a computer model of solar dynamics developed by scientists at NCAR. 

NASA solar physicist David Hathaway, holds a similar view based on a solar dynamic model 
developed by NASA. This model is based on a great conveyor belt of massive circulating hot 
plasma within the Sun. It has two branches, north and south, each taking about 40 years to per-
form one complete circuit. Researchers believe the turning of the belt controls the sunspot cycle. 
The speed of this conveyor belt of plasma controls the sun spot cycles. 
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This from the NASA Long Range Solar Forecast:

http://science.nasa.gov/headlines/y2006/10may_longrange.htm

The Sun's Great Conveyor Belt has slowed to a record-low crawl, according to research 
by NASA solar physicist David Hathaway. "It's off the bottom of the charts," he says. 
"This has important repercussions for future solar activity."

"Normally, the conveyor belt moves about 1 meter per second—walking pace," says 
Hathaway. "That's how it has been since the late 19th century." In recent years, however, 
the belt has decelerated to 0.75 m/s in the north and 0.35 m/s in the south. "We've never 
seen speeds so low."

According to theory and observation, the speed of the belt foretells the intensity of sun-
spot activity ~20 years in the future. A slow belt means lower solar activity; a fast belt 
means stronger activity. 

"The slowdown we see now means that Solar Cycle 25, peaking around the year 2022, 
could be one of the weakest in centuries," says Hathaway.

This chart is from the same site.  David Hathaway's predictions for the next two solar cycles is 
shown in red,  and Mausumi Dikpati's prediction for cycle 24 in pink. Note the diminished cycle 
25. 
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This graph also shows the lower than normal cycle 20 in the 1970s, when scientists were predict-
ing the coming of the next ice age. This cycle was also longer then average. It would appear that 
lower then the normal sunspots, and a longer cycle, has a cooling impact on the earth’s average 
temperature. 

The NCAR Team admits they can not know how valid their prediction is until a few year into 
cycle 24.  Others are more bold,  and are already predicting some cooling.  A group of scientists 
in Russia and Israel have developed a different model based on long-term cosmic ray intensities, 
and their modulation by the heliosphere.   They validated the model by comparing the model 
with observed cosmic ray flux from 1976 to 2003, with a correlation coefficient of 0.94. They 
used this model to predict cosmic ray intensity for 1-6 months and for the next solar cycle.  The 
model was validated from observations at two sites,  the Moscow Neutron Monitor and Kitt Peak 
Neutron Observatory in Arizona. 

On the next page is a graphic of their forecast for Cycle 24, with the original caption.  Note the 
rising increase in cosmic ray flux, thus the potential for more highly reflective low clouds.
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( L.I. Dorman, et al, Prediction of Expected Global Climate Change by Forecasting of Galactic 
Cosmic Ray Intensity Time Variation in Near Future Based on Solar Magnetic Filed Data) 

The authors  predicted for the next two years, starting in 2004, we should see a 1 % increase in 
solar flux and some cooling by 2006.  They seem to be spot on. 

8.0  Short term cooling trends

Direct measurements in the oceans, and in the Sierra, confirm there is a short term cooling.  How 
long this cooling trend will last is unknown.

8.1 Global ocean

The Argos systems with 5,000 drifting buoys, 1,500 deep floats, and 300 moored buoys and fixed 
stations, fitted with  transmitters, are measuring ocean currents in real time; and has sent millions 
of measurements, including atmospheric pressure, wind speed and direction, ocean temperature 
to the Argos data processing center.  According to Argos data analysis by John Lyman and his 
team, ocean energy has dropped 20 percent, starting in 2003.  This supports the Dorman predic-
tion of cooling by 2006. 

See the graphic on the next page.
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(Recent Cooling of the Upper Ocean,  John M. Lyman et.al.  Geophysical Research Letters, 20 
September 2006)

8.2 Pacific ocean off California’s coast 

Confirmation of global ocean cooling comes from the North Pacific Acoustic Laboratory run by 
the Scripps Institution of Oceanography Institute. According to NAPAL the Pacific Ocean off the 
coast of California experienced temperature drops of 2-3 C starting in 2003. They used acoustic 
thermometry to study the temperature variations of the North Pacific Ocean basin. The travel 
time of acoustic waves is used to measure the large scale ocean temperature. 
http://npal.ucsd.edu/thermometry/index.htm
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NPAL transmissions with a 6 year time series of temperature measurements in the North 
Pacific along the acoustic paths shown in the graphic. 

8.3 Sierra temperature trends

The Northern Sierra Air Quality Management District operates several weather stations in the 
Sierra:  Grass Valley, Chester, Quincy Loyalton and Truckee. Please note the cooling trends that 
started in 2003 in the graphic on the next page.

____________________________Sierra Environmental Studies Foundation

8dec06                              TR0612-8 the Dalton Minimum Returns                                          19/24



It appears the cooling trend that started in 2003 is both global and regional, and conforms to the 
forecast by L.I. Dorman and his team of Russian and Israeli scientists. 

9.  Longer cooling trend and their impacts

The question is:  will this cooling continue?  Some clues can be found by looking at the Low 
Frequency Model results in prediction mode. In this graphic you can see that the model predicts 
two minimum cycles, very similar to the Dalton minimum. 
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If the models are correct we are in for some tough weather over the next 24 years. We know from 
the Lewis and Clark weather records the mid west was on average 4 degrees cooler in the winter 
of 1804 -1805, and the Corp of Discovery spent the winter of 1805-1806 on the coast of Oregon 
under intense cloud cover.  By examining the California Mission documents, and tree ring re-
cords from the period, 1795 to 1825, we know that California experienced drought conditions 
from 1794 - 1795, 1805 - 1813 and 1821 - 1825. There was a strong El Niño  in 1815 - 1816 
producing very wet conditions.

During the drought years, the Missions experienced some crop failures, mainly due to shorter 
growing seasons, rather than to drought conditions, as Mission farms used primitive irrigation 
systems.  All plants required a specific number of degree days (One degree day is 1 degree above 
a specific value for plant type for 24 hours) to mature properly.  For example, the specific value 
for cool climate grapes is 50 degrees. One degree day would be 51 degrees for 24 hours. Two 
degree days would be 52 degrees for 24 hours. High quality wine grapes require 3,001 to 3,500 
degree days.  Not enough degree days, the fruit will not mature, producing a crop failure.  The 
Missions planted grains that matured early, but had less success with corn. 

10. Discussion and conclusions  
  
It will be several years before we know which forecast is correct. Intense sunspot cycles rise 
rather rapidly, as in cycle 19. On the other hand, less intense cycles have a slower start.  Compare 
the slow starting cycle 5 and quick starting cycle 19 in the graphs below.  A sharp rise in sunspots 
in 2007 - 2008 would indicate fewer cosmic rays and few reflective clouds, resulting in more 
global warming.
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(These graphics were prepared by Jan Alvestad,  based on data from the Solar Influences Data 
analysis Center [SIDC], Brussels.)

Before we can put high credibility in the cosmic ray-->low cloud formation theory, the SKY ex-
periment needs to be replicated by CERN’s CLOUD experiment. This also may take several 
years, before definitive results are published. 

In the mean time, we will continue to track the number of sunspots to see if they are following a 
normal sharp rise pattern, or a flatter minimum pattern. Past minimum patterns, especially those 
longer then normal, have produced cooler global temperatures. An annual review of the Argos 
and NPAL ocean temperature measurements can give us a heads up to a any sustained cooling 
trend.  

We have clear indications the Sierras are cooling, but it is too early to conclude the Dalton 
Minimum is going to return, starting with cycle 24. Given grapes sensitivity to degree days, Si-
erra vineyards should monitor these cooling trends,  and their underlying solar origins. 
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