
Organization of Fish and Wildlife Information Managers 
 

Schoodic Education and Research Center 
 

Long-term Climate Dynamics Provide a 
Surprising Key to the Contemporary World 

 
George L. Jacobson 

Professor Emeritus of Biology, Ecology, and Climate Change 
 

2 October 2013 



Climate Change Institute 
The University of Maine 

 

 
Central question: 
What is the natural variability of the earth’s climate, and 
what are the underlying mechanisms? 

40th Anniversary in 2012 



Climate Change Institute 
http://climatechange.umaine.edu
/ 





Plant-hardiness zones reveal the same tight gradient.  



Maine’s climate is highly compressed: equal to that of central and northern Europe 





Cold ocean waters influence coastal terrestrial ecosystems, keeping 
the eastern-coastal Gulf of Maine cooler than inland sites 

Cold current along the Downeast coast 





OFWIM Quiz:   
What is this Maine plant? 



Maine State Fossil:  �Persica quadrifaria 
Devonian -- 390 million years ago 
Trout Valley Formation, northern Baxter State Park 



very warm Earth  

(after Berner, R. 1997 Science) 



Earliest 
land plants 



Kenrick 2001 Nature 410:309 [re Beerling paper p. 352] 



Formation of coal and 
oil deposits, and 
deposition of 
carbonate rocks 



Ice 



Ice    ??? 



Ice Ice 



Maine under ice 



Regular ice ages characterize the past 2.6 million years 
(data below derived from ocean sediments) 

  

warm 

cold 

Present interglacial (Holocene) 

H. sapiens 



Core Processing in West Antarctica 



Greenland 



Inside Drill Dome 



400 ppm as of May 2013 



400 ppm as of May 2013 

INDUSTRIAL REVOLUTION 



• http://www1.ncdc.noaa.gov/pub/data/cmb/i

mages/indicators/800k-year-co2-

concentration.gif 



-------------  5000 years  ------------ 

Pop. 

CO2 

N2O 
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Delayed response increases the difficulty of recovery 
(after Lowe et al. 2009. Environmental Research Letters 4: 014012) 
fig. used in Monastersky 2009. Nature 458:1091-1094. 



Coring Sargent Mountain Pond, Acadia National Park, Maine 
(24 March 07) 



Core of lake sediment from  
Sargent Mountain Pond (Acadia National Park) 



Pollen grains are abundant in lake sediments 



Maps of change in plant distribution (after Jacobson et al. 1987) 



Populations of many bird species require healthy habitats in widespread areas. 



How will changing conditions influence populations of migratory species? 



Spruce-fir forests are part of how we think of 
areas such as Maine and northern Minnesota. 
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Cooler, moister conditions of the past few thousand 
years led to decreases in white pine and hemlock, and 
increases in spruces and Balsam fir (Schauffler). 

after Schauffler and Jacobson 
(2002) Journal of Ecology 
90:235-250 
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How have past changes in climate influenced mast trees,  
and hence the birds and mammals that depend on them? 

 
Beech (Fagus), Oak (Quercus), and Chestnut (Castanea) 













































Recent warm winters (2010 and 2012) presage late-21st Century winters 



Loss of Arctic sea ice has large implications for 
northern hemisphere climate, especially in winter. 

Changing “boundary conditions” 



Northern Hemisphere snow cover in spring and 
summer has declined over the past 50 years. 





Lakes have become ice-free earlier in the year 



Changes in annual flow patterns vary N-S in New England 

Krista Ricupero (MS Thesis, University of Maine, 2009); S. Jain advisor.  

Shift in spring runoff 



Source: NOAA National Climatic Data Center 



Positively reinforcing changes in  
 boundary conditions (with rise in GHG): 

• Opening of Arctic Ocean 
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Positively reinforcing changes in  
 boundary conditions (with rise in GHG): 

• Opening of Arctic Ocean 

• Decrease in spring/summer snow cover 

• Warming of land surfaces and ocean waters 

• Melting of glacial ice 

• Earlier ice-out on lakes (local effects) 

• Earlier spring runoff (freshets in Maine) 

• Longer growing season 

• Warmer continental interiors in summer 

• Rising sea level 

 



Sea-level rise is likely to accelerate 
(but the rate has been underestimated) 

Likely 1-2 m 
rise by 2100 



Discussion? 



Path of Hurricane/Storm Sandy, late October 2012 



Warm water (min. temp. of 26.5C, or about 80F) provides the 
energy to build the strength of hurricanes, in this case Katrina. 



Cool water left in the wake of Hurricane Bonnie 



The paths and intensity of typhoons and hurricanes are 
generally consistent through time, but will expand to 

higher latitudes when water is warmer. 



Discussion? 



Occasionally, hurricanes make landfall in New 
England (from Foster et al. 1997 BioScience) 



Hurricanes that affected Martha’s Vineyard  
during the period 1635 to 2001  

(from D. Foster et al. 2001 Journal of Biogeography. 
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