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A bit of my background…

Gemini-South 8.1m 

telescope -- Chile 
Hopkins Ultraviolet 

Telescope (1984-1996)

Hubble Space Telescope

FUSE Ultraviolet 

Observatory

(1996-2008)

JWST (2009-2023)



Climate Change – Potential for Confusion

•  “Not everybody agrees…” “Not all scientists agree…”

•  “Isn’t it just a natural variation?”  “It’s the sun.”

•  “What difference can a degree or two make?”

•   Global climate effects versus local weather.

•  “How can climate change cause both droughts and floods?”

•  “Climate models predict things all over the map.  How can we believe 

anything from them?”

•  “Wind turbines: kill bats and birds…” or “Mining lithium for batteries is bad,” etc.

•   Renewables are not reliable sources of energy. 

 (Ever heard of batteries? Other ways of storing energy?)

•  “China’s not doing anything; why should we?”

•  Others?  



Earth is in the Habitable Zone…

(…and has been for over 4 billion years!)



The Greenhouse Effect

• Sunlight comes through glass.

• Light is absorbed and re-

radiated as heat (infrared 

light).

• Heat is trapped (warms 

interior of greenhouse).

• Need for “balance” to 

keep it from getting too 

hot/cold.





BALANCE



The Earth is so big…how can we affect things?



The Earth is so big…how can we affect things?

By affecting the 

BALANCE



Venus – Earth’s Twin?  

• Closest planet to earth.

• Nearly the same size as 
earth, but

• CO2 atmosphere 100x 
denser than earth’s.

• Surface temp  900 F!

• Example of so-called 
“Runaway” Greenhouse 
effect.
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BALANCE

*(Let’s hope not!)



Apollo 11, July 1969

The earth may seem big to us, but it is fragile and it is finite.





Climate Impacts: Everything is connected

Warmer sea temperatures…

• cause stronger storms and affect 
atmospheric and sea circulation 
patterns.

• Can cause droughts in some areas and 
excessive rainfall in others.

• More acidic pH affects sea life, corals

• Add to the rise in sea level.
• Warm water has a larger volume.

Warmer air temperatures…

• Hold more moisture, more severe 
storms and flooding.

• Melting of glaciers and permafrost.
• Water shortages



Climate Models are projections based on various assumptions



Heat-trapping Gases

Water Vapor  H2O

Carbon Dioxide  CO2

▪ A trace constituent, but one that is very effective at 

trapping heat.

Methane  CH4

▪ Like pouring gas on the fire.



Fact: Atmospheric CO2 levels are increasing.

(Sometimes called the “Keeling curve”)



Fact: Globally-averaged Temperatures are increasing
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Fact: Globally-averaged Ocean Temperatures are increasing





Past Climate: How do we know?

 Ice core samples: Greenland, Antarctica, etc.

 Ice traps gas bubbles, dust particles, biological 
material, and other materials.

 Chemical isotope ratios are proxies for Temp, 
CO2 levels, etc., at various times in the past.

Layers in ice core are 

similar to “tree rings” - 
showing annual cycles.



Are we responsible? 



Are we responsible? 



Fact: Atmospheric CO2 levels are increasing.



Are we responsible? 

< 2016:  400+

< 2026:  430+

Temp 1.5 C >



What are the effects?
  

(Hint: They are no longer subtle…)







Texas







Trouble at the poles…



Scientific American

July 2026
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The Contemporary Challenge

Kohlua, India
Energy 

needs 

rising

Pollution 

getting 

worse
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This is from April 3, 

2006!  (20+ years 

ago now!!)

No excuses.

The science has 

been clear for quite 

some Time…

So why aren’t we 

doing more about it?



Our society is not well 

positioned to understand and 

act on a crisis that is 

happening over decades, not 

over a “news cycle”…

• Poor Science Education

• Intentional misinformation

• Partisan politics

• General distrust of science

• (Inability of scientists to 

successfully communicate 

the scale of the problem?)





We can no longer afford to ignore the science…



Intentional deception and 

obfuscation for profit…

http://www.ucsusa.org/global-warming/



Gov’t Policy makes a difference…

June 29, 2026

Note: $2.5 B so far!





Without consistent international pressure, banks and countries 

are backing off even previous (insufficient) commitments.



Are there any positive signs?  Any hope? 



Energy economics is now on our side…





There are lots of reasons to 

get off fossil fuels, many of 

which have little to do with 

climate change…

Pollution

Positive economic driver

National Security







(2026, US)



Scotland leading the way…

Wind alone accounts for more that 75% of Scotland’s electric needs.



Thanks for listening!  Questions? Comments?



Extra slides



Long range past Earth Climate

(See next slide for description)







Hot spots versus global warming…



Actions at the individual level can have 
an immediate and significant positive 
impact.

Conserve!

Recycle!

Insulate!

Change a light bulb!

Walk or bike.

Carpool or public 
transportation.

Buy a car that gets 
better gas mileage.

Be aware, spread the 
word, change the 
culture.



What Needs to Happen?

• We need to act…individually, collectively, 
locally, nationally, globally.

• “Procrastination is Decision.”

• GOAL:  Keep  CO2 levels below 2x pre-
industrial levels (<560 ppm) by 2050 and 
continue to reduce thereafter.

• In principle, no new technology is needed 
to do this!  (Only the collective will to do it 
is missing.) However,

• New technology development is an 
important part of the solution.

(R&D dollars are needed!)



What Needs to Happen, con’t.

• The United States has to take a 
LEADERSHIP role in reducing heat-
trapping gas emissions.

• Nothing will happen globally if we do not 
act.

• It is in our country’s best interest to do so.
• Economically

• Socio-politically



Support Green Technologies and 
Alternative Energy Sources



Energy (Un-)Sustainability:

 US per capita energy consumption [hence, 
CO2 production] is roughly 32x that of the 
developing world.
The US consumes the energy equivalent of 10 BILLION people in 

the developing world!

 If the developing world rises to our level of 
consumption, the energy needs are immense.
 If they do it with fossil fuels, we are toast!

 This indicates that our level of energy 
consumption using fossil carbon is not 
sustainable.





Arboreal forest, Alberta Tar sands operations, Alberta







Greenland
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