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The Greenhouse Effect is Real 
& Real Important

Current levels of GH gases are abnormally high
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Current levels of GH gases are abnormally high

Past changes in GH gases correspond 
to  past changes in temperature

The Earth’s Climate is 
Changing

Many changes over the last century are 
consistent with an enhanced greenhouse 

effect.

GLOBAL SURFACE TEMPERATURES HAVE 
INCREASED

2015 was the warmest year since record keeping began.
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Strings of warm temperatures 
are unlikely to be due to chance

Temperatures Have Become 
Unusually Warm
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And may be outside the range experienced 
during the last 5 million years

The distribution of summer 
temperatures has shifted

We are loading the climate dice.
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http://www.usgcrp.gov/usgcrp/Library/nationalassessment

150 unregulated streams across the US

Qori Kalis in the Peruvian Andes

Thompson et al. 2006
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1968

2007

Rongbuk Glacier on Mt. Everest

Sea Level is Rising



Lectures 10-11

7

Correll 2006
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Ice Albedo Feedback Loop

~7-14%

~70%

The Biosphere Is Not Waiting to 
be Told That It’s Warmer

Plants are on the move too.
Elevational change in plant species from 1997-2007 in Southern 

California’s Santa Rosa Mountains.

Fig. 27.15 in textbook 
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Inouye et al. 2000

“The Natural Cycles of Interdependent 
Creatures May Fall Out of Sync”

In 7 of 11 studies with sufficient data, the 
temporal asynchrony increased between 
interacting species in response to climate 

warming.

Parmesan 2006

9 predator-prey relationships
2 insect-host plant interactions

Montaigne 2004
National Geographic
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Some may fall out of sync with 
changes in the environment

Camouflage mismatch in seasonal coat color due to 
decreased snow duration  L. Scott et al. 2013 PNAS

More destructive bark beetles survive the 
warmer winters and are moving to higher 

elevations in the Rocky Mountains

Photo from my vacation in RMNP summer 2011

And produce more generations per year.

The Body Size of Some Species is 
Changing

Bergmann’s Rule – For endotherms, 
when all else is equal, body size tends 
to increase with decreasing mean 
annual temperature. 

Several studies document changes in 
animal body size for local populations 
that correlate with changes in 
temperature.

Read pages 146-147
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We must rely on computer models 
to forecast future changes

GH gases only GH gases + aerosols

GH gases + aerosols +
changes in solar output
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The future depends on our
behavior

Why do 
concentrations 
continue to rise 
if emissions 
slow or even 
decline?

"Images created by Robert A. 
Rohde / Global Warming Art”

Are you smarter than 
graduate students at 
MIT?
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Other Model Predictions 

Increased subpolar precipitation in NH and 
decreased subtropical precipitation over North 

America and Europe
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Most of the warming since ~ 1950 
appears to be due to human activities 

IPCC 2001

Impacts on Species
Good & poor places exist for every species
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Loss of Brown Trout Habitat from
Doubling of CO2

Forecast Change in 
Sugar Maple Importance
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Direct Impacts on Humans

An increase in average temperature should increase the 
frequency of very hot days.

- For Chicago, 5.4oF increase in July temp. 
should increase probability of heat index > 120oF 
during the month from 1 in 20 to 1 in 4.

During heat waves, deaths from cardiovascular & 
respiratory illnesses increases.

Reductions in winter mortality are not expected to offset 
increased summer mortality.

The elderly (esp. those alone) & children are the most 
affected during heat waves.
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Indirect Effect on Humans
Threat to food production

Range & life-cycles of pathogens & vectors which 
transmit disease are affected by climate.

Climate change should increase the potential transmission 
of many vector-borne diseases.

Outbreaks of infectious diseases have been associated with 
specific weather patterns:

- Malaria
- Hantavirus
- St. Louis Encephalitis

Lobell & Goudji 2012

Threat to food production

Epstein 2000

Diseases & Their Vectors May Spread
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Climate change appears to already be a killer.

If half of Greenland and West 
Antarctica melted

Southern Florida
Present Sea Level

Southern Florida
20 Foot Sea-Level Rise

Gore 2006
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Where should we be heading?

65% chance of limiting warming to 2 C

Recommended web sites dealing with 
climate change

http://dotearth.blogs.nytimes.com/  
interesting blog

http://www.skepticalscience.com/ 
devoted to addressing issues raised by skeptics w/ lots 
of links to primary literature

http://www.realclimate.org/  
a climate science blog by real climate scientists


