


Who am I 
And why do I care about this? 

 
My thoughts on climate are tainted  

by my background as a… 
 

Climate researcher 
(el Niño, Volcanoes, Alaska…) 

Astronomer 
Eclipse watcher – solar & lunar 

Reporter  
Author 
Teacher 

Photographer 
Mountaineer & Glaciologist 

Storm chaser 
Army Met guy 

Weather observer 
Weather “historian” 

Talking Head 
IPCC WG1 AR5 Expert Reviewer 



Home,  
Weather Station,  

& Observatory 
 

Coal Creek Canyon  
Colorado 

 
Above 28% of the 

Earth’s atmosphere 



Words to 
live by 

You can 
observe a 
lot by just 
watching. 



I’ve written books, about the sky, of course. 



And a PhD thesis about climate change in the Arctic. 
Conclusion: jet stream winds and storm tracks are the major factors. 



Jack Eddy, 
1931-2009 



The Sun is an ordinary star, Smack-dab in the 

center of the Hertzsprung-Russell diagram 



But the sun is still an exciting place 



Sunspots 



Sunspot 

Cycles: 

11 & 22 year 



The whole sun varies, including the corona 



Another curious 22-year solar cycle 



Galileo, 1610 







Pre-Galileo records of big sunspots visible to the 
unaided eye through dusty sunsets were recorded in 

China one or two thousand years ago. 



Post-Galileo record of a big sunspot visible to the 
unaided eye through a smoky sunset recorded in 

Colorado ten years ago. 



Proxies: Sunspot counts correlate with isotopes of 
Beryllium 10, Carbon 14, etc., found in trees, ice 

cores, ocean sediments, etc. 
These indicate the Sun now (AD 2000) is brighter 
than any time in the past 600 (or 1000?) years 

More later. 



Do Sunspots make the Sun darker ? 



Dark spots become hot spots at different 
wavelengths and heights in the solar atmosphere. 

So more sunspots = brighter, hotter Sun 



Even though 

sunspots are cooler 

than the rest of the 

Sun’s surface, the 

Sun is hotter 

overall when there 

are more spots. 



Other solar-type G2 stars vary similarly: 

LQ Hya 



Climate 
of the past millennium 

– the cold facts 
recorded by ice, trees, people. 



“A change in our climate however is taking place very sensibly.  
Both heats and colds are become much more moderate within 

the memory even of the middle-aged. 
Snows are less frequent and less deep.” 

—Thomas Jefferson, Notes on the State of Virginia, 1781 
Noting the warming since 1700. 



The story in ice - Glacier Bay, Alaska 



Glacier Bay, 
Alaska. 

 
Alaskan glaciers 

have been 
shrinking since 

the 1700’s 



The glacier retreats slowly at first, 
then more quickly around 1900 – 
then levels off at a smaller size. 



What happens to a small glacier 
when the climate changes? 

Here’s a lab model: 



The ice cube melts slowly at first, but more 
and more quickly until it’s gone – just like a 

big glacier, but quicker. 



For an ice cube, the maximum rate of melt 

occurs hours after the climate changes! 

Glaciers are millions of times bigger than ice cubes. 

Hours to an ice cube corresponds to centuries for a glacier. 

Therefore, the rapid retreat of glaciers around 1900 is likely 
due to a climate changes around 1700. 



Another: 
 

The Great 
Aletsch 

Glacier in 
the Alps. 



The Aletsch has been retreating since 1800, 
just like Glacier Bay glaciers. 

The Aletsch also retreated around 700 and 1400 A.D.  
- and GREW around 500, 1200 and 1600 A.D. 

This means glaciers are currently retreating from a 
climate warming that occurred around 1700 - 1800. 



The glacier retreat of the past 200 years is the most 
recent of glacier retreats. 

Note evidence of ~200 and ~1000 year cycles. 
 



Juneau Ice Field, Alaska 



Lichens 



3 cm Lichens are 3 centuries old 



The camp area was covered with ice 

300+ years ago, then melted clear . 

That’s when the lichens started growing. 



Much evidence points to a cool global 

climate, 1400-1800 AD. 

So about the warm before the cool… 



The human story: Vikings moved to a mild 
Greenland around 1000 AD, stayed and made 

beer for 350 years, then disappeared. 



First, Eric the 

Red, followed by 

many more 





Then (left) 

and now 





The Vikings 

enjoyed 

Greenland 

during the 

Medieval Warm 

Period 



The  

Little Ice Age 

Piecing it all together… 

Vikings                      Jefferson 

 

 

                                     Lichens 



Two versions of the past 1000 years. 

 

Was the MWP warmer or cooler than 

present ? 

 

Most histories (based on trees, ice, 

coral, silt, historical records) have 

the MWP a bit warmer than present.. 

 

What caused it ?  Ask a tree. 

 

 

 

 

 

 

 

 

 

  

 

 

 

 



Bristlecone Pines 











Dendrochronology – “Tree Timeline” 



Tree rings are affected by temperature, rainfall, and other factors 



What else do trees tell you ? 

Trees rings are made out of, among other 

stuff, Carbon – which has: 

6 protons, 6 neutrons, 6 electrons 

Air (Nitrogen) has 7, 7, 7 



Alchemy: 

 

Zap some Nitrogen 

with a neutron, and 

the Nitrogen becomes 

a Carbon-14 isotope, 

or 14C. 

 

This becomes part of 

a tree, along with 

much more “normal” 

carbon. 



Years on, most of the 

tree’s 14C decays back 

into Nitrogen. 

 

Measure the 14C in the 

tree today, and knowing 

the decay rate of 14C, you 

can tell 

 

1. How old the tree is 

2. How much 14C it had 

when it grew 



Cosmic Rays 



Cosmic Rays are very energetic sub-atomic 

particles from black holes, quasars, 

supernovas, and galaxies far, far away… 

 

 

 

 

 

 

… that make Carbon-14                                     . 

 

 



Even though cosmic 

rays come from other 

galaxies, their 

numbers are affected 

by the Sun.   

This, in turn, affects 

the amount of 

Carbon 14, or 14C, in 

the air (and trees). 



The Sun shields the Earth from cosmic rays, and the 

more active the Sun is, the more it shields us. 

Active Sun (Solar Max) = fewer cosmic rays 



Clouds 



14C and other isotopes show 200 & 1000 year 

solar cycles peaking around 2000 AD 



Medieval 

Optimum 
Little Ice Age 

Solar and 

Climate 

cycles line 

up 



Jack Eddy’s grand chart:  Great correlations of 
solar variability with the Medieval warm period and 

the stages of the Little Ice Age. 



As with other solar type G stars, longer 

cycles = dimmer star 



Another 

Solar cycle – 

Climate correlation 

Fig. 15-8 



And another – there’s a lot more where 

these came from. 



Problem 
 

The variations in solar brightness 
are several times too small to cause 

the observed ½ to 1 ºC climate 
variations. 

 
We need a positive feedback – a 

multiplier effect - that can increase 
the Earth’s response to solar 

changes. 



Earth’s energy budget 
and feedbacks – the 

short versions. 
What else could be 

involved ? 



Our old friend, 

cosmic rays  



Cosmic Rays pass through the atmosphere and make little 

curvy tracks (twisted by magnetic fields) inside cloud 

chambers.  Little clouds made by little particles. 



Big clouds made by lots of little particles. 

More cosmic rays (red) correlate with more oceanic 

stratus clouds, like California coastal clouds (blue) 

Solar Min 

 

 

 

 

 

 

 

               Solar Max 



Sun – Cosmic Ray cycle 

 

Brighter Sun 

► Fewer cosmic rays 

► Fewer clouds 

► More of the brighter sunlight heats 

ground 

► Hotter climate 

► CR effect amplifies effect of the Sun 



There’s a pretty good statistical case for a Sun-
Climate connection. 

 
The Medieval Maximum, Little Ice Age, and other 

temperature cycles of the past 1000 years 
correlate nicely with observed solar changes. 

 
However, we’re not sure how the small variations 

in total solar irradiance (TSI) can cause such large 
climate fluctuations. 

 
Cosmic rays MIGHT be the mechanism. 

So could Solar UV heating the stratosphere, 
causing winds that work their way down to the 

troposphere. 



The Future 
isn’t what it 
used to be. 



Niels Bohr 
Danish physicist 
(1885 - 1962) 

Prediction is 
very difficult, 

especially 
about the 
future. 



My forecast from ten years ago, based on 

200 & 1000 year solar cycles 



Now, the Grand Solar Max of 2000… 



… may be ending 



No real corona during 

the Maunder Min !!! 
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