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The current 11-year sunspot cycle (cycle number 23) probably has peaked sometime between this past April and August. The maximum monthly, smoothed sunspot number (most likely between 120 to 122) was about 25% lower than most forecasts and lower than all but one of the past 5 cycles. It also has been a longer cycle than recent ones. If the peak is determined to be in April of 2000, it would be 10 years and 9 months from the last maximum. If the peak ends up in August of 2000, it will be a long 11 years and 3 months. In the previous cycle, the time from maximum to maximum was a short 9 years and 8 months.
This may be very significant in terms of our long-term weather. If indeed the lower maximum and longer cycle is indicative of a NEW trend down in solar activity, global temperatures could soon react in the same direction - down. Historically quieter sun periods have been associated with colder than normal global temperatures. 



Though greenhouse gases have been getting all the credit in recent years for the apparent warmer temperatures, the sun is gaining some renewed and much deserved respect for its role. This is only fair since the sun is the primary source of energy for our atmosphere. It dwarfs all other sources by a long shot. The sun’s energy drives our weather machine. It is received unevenly across the earth’s surface and because the earth is tilted on its axis of rotation around the sun, the amount received at any particular point on the earth’s surface varies on a predictable annual cycle. That is why we have seasons.
The sun’s energy helps to set up the pressure systems on the earth and through them drives the earth’s winds. Both the sun’s heat energy and the winds power the storms that bring the rain and snow across the planet.
The sun’s energy output has been historically thought to be relatively constant. The meteorology textbooks call the energy input into our atmosphere the “solar constant” because it has been believed to be very nearly constant over the time frames we can measure. The sun however does exhibit changes. The changes have been observed for centuries. In fact, ironically we have better data about the changes on the sun than we have about weather conditions. Detailed observations of weather temperatures in the United States are spotty at best before 1900. However, we have daily observations about the sun going back to the early 1600s!
Chinese Astronomers first reported dark spots on the sun in the 1400s. Galileo, using the earliest of telescopes, began to record sunspots in the early 1600s. Astronomers worldwide have kept a record of daily numbers ever since.
The chart below shows the annual cycle of sunspot numbers from the early 1700s through the middle 1990s. By the early 1840s, astronomers had recognized a cyclical nature of the sun’s activity. An amateur astronomer, H. Schwabe, was credited with being the first to recognize these cycles.



You can clearly see 11-year cycles on the sun in the graphs. During the active part of the cycle, numerous black spots, called sunspots, can be observed moving across the surface. During the quiet periods, the sun is often blemish-free. The cycles actually vary in length as well as magnitude. The stronger cycles with larger maximum are typically shorter in length. The recent active cycles were 10 years or less (the last cycle 9 years and 8 months). Less active cycles are typically longer ones, often exceeding 12 years.
We can also see longer-term changes in sunspot activity on the chart - with a cycle that appears to be about 80-90 years. The sun was relatively active at the maxima in the late 1700s, mid 1800s and the mid-1900s. On the other hand, it was relatively quiet, during the early 1800s and again at the end of the 19th century and the early part of the 20th century. This might suggest a drop in solar activity now that we have entered the 21st century.
In the chart below, we have added an 11-year running mean of sunspot numbers to the annual mean since 1880 and extended it for the first five years of this new decade using the latest NASA forecasts. We see what appears to be a long-term peak in the 1950s with a secondary maximum in the middle to late 1980s. We appear to be undergoing a decline in the long-term average at this time. We will shortly be at a lower level than anytime in the last half-century. If this was a stock that you owned, you would probably think about selling. 
When you take this together with the longer-term tendency for the early decades of each century to be quieter, one might believe it is more than just a temporary aberration. 



POSSIBLE IMPLICATIONS
The significance of any such downturn is the possible effect on global mean temperature. If you look at global mean temperatures versus the mean sunspot number and length of solar cycle, you find, during periods with shorter, stronger (higher maximum) cycles, warmer global mean temperatures than during periods with longer, less active cycles. This is because an active sun is a warmer sun. Although sunspots are actually cooler regions of the sun, sunspots are accompanied by hot phenomena called faculae and flares. The net effect is a higher effective radiating temperature and thus more energy output.
Though the actual difference between solar maximum and minimum output is relatively small (only two-tenths of one percent of the total solar output), the temperature change is thought to be magnified in the earth's atmosphere through the effect the changes have on clouds.
The evidence is mounting for the solar cycles/global temperature connection. Large swings in solar activity took place during the last millenium. The Medieval era (around 1200) was a very active sun period. It was a warm period when the Vikings settled Greenland. There have been times when the sunspot activity seemed to cease. One such period from the middle 1600s to the early 1700s is called the Maunder Minimum. (The previous solar cycle chart actually picks up from the end of that quiet period as sunspot numbers were increasing.) The Maunder Minimum was associated with widespread colder than normal temperatures. It was called the Little Ice Age. The cool spell in the early 1800s during another quieter sun time brought the cold and snow in England that Dickens refers to.



Global temperatures were cold during the early part of the twentieth century then rose through the dust bowl days of the 1930s into the 1950s. Temperatures declined during the dip in solar activity in the 1960s and 1970s only to rise again as the sun became more active in the last 20 years.
E. Friis Christensen and K. Lassen of Denmark's Meteorological Institute (DMI) in a paper "Length of the Solar Cycle, An Indicator of Solar Activity Closely Associated with Climate", Science, Volume 254, Pages 698-700, 1991) compared the average temperature with the average solar activity defined by the interval between successive sunspot maxima.



The red curve shows the solar cycle length. It has decreased from around 11.5 years to less than 10 years in the last 140 years. Within the same interval the Earth's average temperature as indicated by the blue curve has increased by approximately 0.7 degree C. Note how the increasing cycle length and decreased magnitude in the 1960s and 1970s was accompanied by a cooling and the subsequent active short cycles brought a warming. The current longer, quieter cycle could bring a reversal.
Notice how closely the changes in Northern Hemisphere mean temperature anomalies fit the changes in solar activity in their chart.
In a recent story in the BBC, which we recently reported on, researchers at the Armagh Observatory showed how temperatures there corresponded with solar cycle length going back to 1740.



The solid, rose line shows the solar cycle length (years) and the red dots the mean temperature (°C) at Armagh Observatory. Again, notice how well, the mean temperatures match the solar cycle changes.
We decided to see for ourselves whether this relationship held for US Annual Mean Temperatures. We used smoothed Annual Mean Temperature for the U.S. from NOAA's National Climate Data Center (NCDC) from the 1880s to 1999 and compared it with solar cycle length (minimum to minimum and maximum to maximum). 
We found a very similar result. Temperatures over time, aligned very well with variations in solar cycle length. The warmest temperatures are found with cycle lengths under 10 years while the coldest temperatures with lengths over 11 years. Changes in the direction of temperatures seem to lag behind the changes in direction for solar cycle length, but once they change, they seem to track very well. The lag may be in part due to the vast, deep oceans which serve as a huge heat sink or source during times of change. 
The recent shift to a longer cycle length (from 9.5 years in 1985 and 9.6 in 1990 to 10.8 years now) if it continues, could be signaling a global cooling trend. The cooling trend may have begun in the middle of 2000 here in the United States.
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The annual mean temperatures is shown in pink. Purple diamonds represent the sunspot cycle length (maximum to maximum and minimum to minimum). Note the apparent tendency for short cycles to accompany warmth and longer cycles, cooler temperatures. 
Therefore, if the apparent decline in solar activity is more than just a temporary aberration, we might expect more than just a little less excitement for astronomers and solar scientists. It might offer a real world test of the greenhouse global warming theories that have recently come under fire.
To access other informative Dr. Dewpoint articles on the global warming debate, click here.
Recommended Links: 
http://www.vision.net.au/~daly/solar.htm
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