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Objectives 
 
Introduction to global climate change 
Glaciers as recorders of global climate change 
Record of two large-scale ENSO events centered on 1789 to 1800 A.D. 
and 1345 to 1360 A.D. recorded in two records  separated 13,000 miles          
Evidence for recent acceleration of the rate of glacier loss                   
Evidence that some glaciers like the Quelccaya ice cap are smaller than 
they have been in the last 6,000 years 
  

  

Our Options 

Why B.F. Skinner became pessimistic about human beings. 
 “Immediate consequences outweigh delayed consequences”                                         
 “Consequences for the individual outweigh consequences 
    for others”  P. Chance, 2007 

Our greatest challenges in the 21st Century 



Natural mechanisms influence climate 

 

Changes in solar output 

Changes in the amount of volcanic aerosols 

in the atmosphere 

Internal variability of the coupled 
atmosphere-ocean system 
(e.g., ENSO, monsoon systems, NAO) 

Natural mechanisms 



Human factors also influence climate 

Non-natural mechanisms 
 

Changes in the concentrations of atmospheric 
greenhouse gases 
 
Changes in aerosols and particles from burning 
fossil fuels and biomass 
    coal (sulfate aerosols) – cooling 
    biomass (black carbon) – warming  
 
Changes in the reflectivity (albedo) of Earth’s 
surface and the hydrologic cycle 

Smoke from fires in Guatemala and Mexico (May 14, 1998) 



Karl et al., 2009 

Climate Responses to Different Forcing Mechanisms 



Stratosphere is cooling  
 
 
 
 
 
 
 
 
Troposphere is warming 
 
 
This response is expected 
from GHG forcing & is 
predicted by climate 
models. It is not forced by 
the sun!  

Source: Hadley Center (data available at http://hadobs.metoffice.com/hadat/images.html). 

Atmospheric temperatures since 1958  

http://hadobs.metoffice.com/hadat/images.html




                       The Meteorological Record is Very Short  

data.giss.nasa.gov/gistemp 

 Year A.D. 

Globally averaged temperature (land & ocean) 

relative to the 1951-1980 mean 

 Year  







It’s not the Sun! 

Source: Solar irradiance from composite satellite-based time series:  
1976/01/05 to 2011/02/02 Physikalisch Meteorologisches Observatorium Davos 
2011/02/03 to 2012/01/11 University of Colorado Solar Radiation & Climate Experiment  



Ice Cores 

Pollen 

Corals 

Ocean & Lake Sediments 

Tree rings 

Speleothems 

Various archival systems provide paleoclimate records 



Class-100 clean room houses the equipment to analyze 

dust, isotopes and chemicals 

     Machine shop for fabrication of our drills 

Freezers for storage and cold rooms 
for physical property measurements 



Guliya ice cap, Tibet 

Ice cores are powerful contributors to multi-proxy reconstructions: 
       1) they provide multiple lines of climatic & environmental evidence 
       2) ideal for revealing rapid climate changes 



Dasuopu Glacier 
Southern Tibet 

Ice cores provide unique histories …… 
    from regions where other recording systems are limited or absent  

Huascarán, Peru  



Lüthi et al., Nature, 2008 

Today:  
CO2 is  393 ppmv 
CH4 is 1800 ppbv 

Thousands of Years (B.P.) 
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2100 AD 

CO2 remains in the 
atmosphere for decades 
to millennia 

Carbon Dioxide & Methane Concentrations  
Past, Present and Future 

Dome C  

EPICA Dome C ice core extends back  

through eight glacial and interglacial  

stages (800,000 years) recording changes 

in the composition of Earth's atmosphere 



The fraction of CO2 remaining in the air, after emission by fossil fuel 
burning, declines rapidly at first, but 1/3 remains in the air after a 
century and 1/5 after a millennium (Atmos. Chem. Phys. 7, 2287-
2312, 2007). 



 
 
 Population 
 
   1.0 billion    in 1850                           
   2.0 billion    in 1930 
   4.1 billion    in 1975 
   6.1 billion    in 2000 
   7.0 billion    in 2012 
   9.0 billion    by 2050 
 
 
  

  

 In 2012 we also need animals and crops 
 
   17    billion     Fowl 
     1.9 billion     Sheep and goats 
     1.4 billion     Cattle 
     1.0 billion     Pigs 
    400 million    Dogs 
    500 million    Cats 
 
  In contrast, the pre-exploitation number of American Bison: 
    60 - 80 million  
 
 
                     



today 

Energy consumption growing 

Coal – 40%     
Natural  gas – 20% 
Renewables –  20% 
Nuclear – 15% 
Oil / Other Petroleum – 5%  

World electricity 
65% fossil fuels 



… to unprecedented demands  

Looking ahead to 2030 … you can see sustained growth in global demand for electricity is 
inevitable.  Demand is forecasted to more than double by 2030 (Energy Information 
Administration). Source: Mark Little, General Electric Global Research 

2030 





(Modified after Sobel, 2002) 



Quelccaya Ice Cap, Peru 
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Quelccaya Ice Cap 
1983 





 





Dasuopu Glacier 
   Himalaya 



 



Thompson et al., PNAS, 2006 

MWP 

LIA 

Reference period (1961 – 1990 A.D.) 

77 new cores 
High elevation, low latitude ice cores reveal  

      - regional differences 

      - larger scale changes 

Thompson et al., PNAS, 2006 











 

http://en.wikipedia.org/wiki/File:DojiBaraFamineInJoppen1907India1795a.jpg


“Ice asks no questions,   
    presents no arguments,  
         reads no newspapers 
             listens to no debates. 
It is not burdened by ideology and carries 
    no political baggage as it changes 
         from solid to liquid.  It just melts.” 
 

From A World Without Ice by Henry Pollack, 2009  

  Nature’s best thermometer, perhaps its most sensitive 
  and unambiguous indicator of climate change, is ice. 
 



Quelccaya Ice Cap, Peru 

2002 

Photo: Lonnie G Thompson 

 1977 



Compton Tucker; NASA 



Compton Tucker; NASA 



Compton Tucker; NASA 



1977 

2002 

Quelccaya, Peru 



2002 

Quelccaya Ice Cap, Peru 

5177 ± 45 yr. BP 

200 - 400 m above 
its modern range 

Plant 



 

2005 

Photo: Lonnie G Thompson 



Thompson et. al. Science, 2013 



Muir Glacier, SE Alaska 

August, 1941 (photo by William Field) August, 2004 (photo by Bruce Molnia) 



Kyetrak Glacier, Eastern Himalayas  

Courtesy of the Royal Geographical Society                     Courtesy of Glacier Works 

1921 2009 



1903 
Foto: Archivio Storico – Biblioteca della Montagna SAT 

Foto: G. Alberti CGT 2005 

Ghiacciai della Lobbia e dell’Adamello/Mandrone  
(102 anni) 





1978 – no lake  

Retreat of the  
Qori Kalis Glacier (Peru) 

1978 – no lake  

                     2011 
 lake covers 84 acres 



Qori Kalis Glacier, Quelccaya Ice Cap, Peru 



The Third Pole …  high, cold, remote & threatened by climate change 
       - Centered on the Tibetan Plateau & Himalayas 
       - Covers 5 million km2  
       - One of the largest glacial stores of fresh water over 46,000 glaciers 
        (Asia’s water tower) 
       - Glaciers feed Asia’s largest rivers 
       - Help sustain 1.5 billion people in 10 countries 



Naimona’nyi Glacier, southwestern Himalaya (Tibet)  



Recovered three ice cores to bedrock in 2006 
                157.5,  137.8,  113.7 meters 

Photo: Lonnie G Thompson 



Naimona’nyi  Glacier, Himalaya - 2006 



Naimona’nyi  Glacier, Himalaya - 2006 



 

Naimona’nyi  Glacier, Himalaya - 2006 



Kehrwald, N.M. et al. (2008)  Mass loss on Himalayan glacier 
endangers  water resources. Geophys. Res. Lett. 35, 
doi:10.1029/2008GL035556 

Beta activity from nuclear weapons testing in the 
early 1960s is present in four of the Third Pole 
cores, but not in Naimona’nyi.   
 

36Cl from nuclear weapons testing in the South 
Pacific (1952-1958) is present in many glaciers 
around the world, but not in Naimona’nyi. 
 
The lack of these species in Naimona’nyi 
indicates that at least the most recent half 
century of the record is missing. 

Lanong glacier southern Tibet  
and Guoqu glacier in central Tibet  
has loss these marker peaks  
(Qiu, September 17th, 2013 Nature) 



88.3% of the ice present in 1912 has disappeared 
40% of the ice present in 2000 had disappeared  
by 2013 

Kilimanjaro, 
Africa 



16 Feb 2000 

15 Oct 2007 

Furtwängler Glacier 

28 Jan 2006 

Thompson et al. , PNAS, 2009   



Northern Ice Field Stake 
2 (2000) 

From 2000 to 2007  

       - Northern Ice Field surface lowered 1.9 meters 

       - Furtwängler Glacier surface lowered 3.1 m 

       - Southern Ice Field surface lowered 5.1 m                     

Nearly equivalent volumes of ice are 

now lost by shrinking and thinning 
2004 

2000 

Thompson et al., PNAS, 2009 



Photo:  Lonnie Thompson           
January 

Photo:  Michael O'Toole  
September  

Furtwängler Glacier,   

1999 

2012 



Ice Fields near Puncak Jaya, 

Papua, Indonesia drilled 2010 

63 

1936 

2001 

1991 



Papua, 
Indonesia 
(New Guinea) 
 
May 26, 1989 

October 29, 2009 

Adam Voiland Writer  

 NASA's Earth Observatory  



East Northwall Firn, 2010 
Papua, Indonesia  
(New Guinea)  



Recent and rapid melting of glaciers around the world 

        Climatologically we are in unfamiliar territory, and 

        the world’s ice cover is responding dramatically. 



 

Courtesy of Dan Schrag, Harvard Univ. 



 

Courtesy of Dan Schrag, Harvard Univ. 



How to manage a world with threats from 
climate change, rising sea levels and rising 
energy consumption?  



Perfect Storm is Brewing 

Ingredients for a Perfect Disaster: 
 1000-year CO2 Lifetime 
 Climate System Inertia 
 Positive (Amplifying) Feedbacks 
 Fossil Fuel Addiction 
 

Alternative: A Brighter Future 
 Low Cost Fuels 
 Clean Air & Water 
 Economic Development, Good Jobs  



Tornado approaching Tuscaloosa, April 27, 2011 
 (source: ABC news) 



                                                                             
In 2011, Ohio                                                     
experienced its 
wettest year on 
record.  

The cost of extensive repairs to roads and bridges was estimated at  
almost $40 million. In requesting assistance for disastrous flooding that  
Occurred in April and May, Ohio's Governor John Kasich said in a letter  
to President Obama that the impacts in Ohio were "of such severity and  
magnitude that effective response is beyond the capabilities of the state  
and local government."  

Findlay, Ohio 
March 1, 2011 

Toledo Blade 





Pakistan flooding, Sept. 25, 2011, Sindh Province (source: Faisal 

Mahmood/Reuters)) 

2011:  Overall losses:  $148 billion 
                           Insured losses:   $55 billion 



http://www.nasa.gov/topics/earth/features/greenland-melt.html 

Arctic Sea Ice 

6 to 7 meters of 
sea level rise eq. 

Large and Fast Changes in the Arctic 

July 8, 2012 July 12, 2012 

40% 97% 

2012 record summer surface melting 

http://www.arctic.noaa.gov/reportcard/greenland_ice_sheet.html 

2005 



Data: September 17, 2012 
Left Panel: Sea ice extent (>15% ice);  Right: sea ice concentration (%).  
Pink Line:  Climatological extent (1979—2000). 
Source:  National Snow and Ice Date Center, Boulder, Colorado. 
Sea ice cover in September, 2012 was 3.42 million square kilometers (1.32 M sq. mi.) which 
is 18% smaller than the 2007 record low of 4.17 million square kilometers (1.61 M sq. mi.). 
 



77 

Model runs: Stroeve et al., 2007 

Climate System Models Did Not Predict This!  







Hurricane / 
Superstorm Sandy 
Death toll: 110 
Estimated cost: 
  $60 Billion 

Illustrates the conditions 
and events and scenarios 
that we can expect from 
climate change. In New 
York and New Jersey 
there are 45 superfund 
toxic waste sites within 
half a mile of the coast. 

October 30, 2012 



   Gov. Cuomo of New York to President Obama 
“we have a 100-year flood every two years 
now”   In fact, three of the 10 biggest floods in 
Lower Manhatten since 1900 have occurred in 
the last 3 years. 

 
 
 Rising seas create a higher baseline for future 

storm surges.  Current estimates are that 
coastal waters will rise by two feet by 2050 and 
four feet by the end of the century 

  



 

Summer 2013,  Australia  



 

Summer 2013,  Smoke from Australia’s Fires  



RIM Fire, August 25, 2013 Near Yosemite National Park  

The U.S has endured a near-record 2012 wildfire season 
with the total acres burned roughly the same size as  
Massachusetts and Connecticut combined:    
2006-- 9.8 million acres 
2007-- 9.3 million acres 
2012-- 9.1 million acres 



“Consequences for the individual outweigh  
  consequences for others”   P. Chance, 2007   



October, 2013   
Cyclone Phailin, India  
Over 1 Million people  
evacuated  

1. Uttarakhand flash floods, June 2013: At least 1,000 people were confirmed dead . Officials 
have said the actual death toll is likely closer to 10,000 – more than 5,000 people remain 
missing according to the state government.   Unusually early Monsoons 
2. Cyclone Nilam, Oct. 31, 2012: This tropical storm hit India’s southeastern coast in Tamil Nadu 
state’s Mahabalipuram area, resulting in about 20 deaths and the evacuation of 13,000 people 
from their homes.   
3. Cyclone Thane, Dec. 30, 2011: This storm blew into the coastal parts of India’s southern Tamil 
Nadu state, resulting in the deaths of 41 people. Heavy rains and winds caused extensive 
damage to standing crops of rice, peanuts and corn. 
4. Cyclone Laila, May 20, 2010: This storm struck the coastal state of Andhra Pradesh on May 
20, 2010, bringing very heavy rains in which 32 people died, as well as causing huge loss of 
property.  Tens of thousands of people had to be evacuated and sheltered in relief camps and 
agricultural crops over 12,000 hectares (46 square miles) was destroyed. 
5. Cyclone Aila, May 25, 2009: This tropical storm hit the eastern Indian state of West Bengal 
and Bangladesh at 112 kilometers (70 miles) an hour. According to a report by India’s weather 
office, the cyclone killed at least 100 people in West Bengal. 

http://blogs.wsj.com/indiarealtime/tag/uttarakhand
http://dms.uk.gov.in/missingPersonInfo.aspx
http://dms.uk.gov.in/missingPersonInfo.aspx
http://dms.uk.gov.in/missingPersonInfo.aspx
http://dms.uk.gov.in/missingPersonInfo.aspx
http://blogs.wsj.com/indiarealtime/2012/11/01/cyclone-nilam-kills-9-displaces-thousands/
http://www.imd.gov.in/section/nhac/dynamic/aila.pdf
http://www.imd.gov.in/section/nhac/dynamic/aila.pdf


“ Immediate consequences outweigh  
   delayed consequences” P. Chance, 2007 





• Mitigation, means taking measures to reduce the pace & magnitude 
of the changes in global climate that are caused by human activities. 

 Examples of mitigation include reducing emissions of GHG, 
enhancing “sinks” for these gases, and “geoengineering” to 
counteract the warming effects of GHG. 

• Adaptation, means taking measures to reduce the adverse impacts on 

human well-being that result from the climate changes that do occur. 

 Examples of adaptation include changing agricultural practices, 
strengthening defenses against climate-related disease, and building 
more dams and dikes.  But it’s a moving target! 

• Suffering, the adverse impacts that are not avoided by either 
mitigation or adaptation. 

So Society has Three  Options!  



It is not the strongest of the species that survives, nor 
the most intelligent that survives. It is the one that is 
the most adaptable to change.  Evolutionary Theory 

 
Individuals, groups and nations, in contrast  
to evolution, can understand their circumstances and 
deliberately make the appropriate  changes in polices 
in order to improve their outcome. 

 
 



Investments for Global Climate Change  (winners and losers / greed and fear) 

 

Some changes are underway: 
 Conservation        
 Increased efficiency           
 Four cylinders and hybrids soar in popularity 
                Electric cars 
 
Renewable energy such as: 
 Fuel cells 
 Zero emission coal-burning power plants 
                IGCC (Integrated gasification combined cycle)  
 Solar  (photovoltaic cells, passive solar, etc.) 
 Geothermal and recovered energy power plants  
 Ethanol  
 Wind power 
 
Mass transit / light rail, buses, etc. 
 
Housing design - toward more compact cities 
 
Nanotechnology & LED technology                          *EPA  ENERGY STAR program 
 



Responding to the risks of climate change is  one of the most 
important challenges facing the United States today.  Unfortunately, 
there is no “magic bullet” for dealing with this issue; No single solution 
or set of actions that can eliminate the risks we face.  America’s 
climate choices will involve political and value judgments by decision 
makers at all levels.  These choices, however, must be informed by 
sound scientific analyses.   National Research Council,  2011 

No “silver bullet”  but lot’s of “silver buckshot” Cost-effective energy-
saving homes is one!  



Health:  Impacts of heat waves;  
Extreme Weather events  
(storms); reduced air quality 
(increases in tropospheric ozone; 
aerosols); Climate-sensitive  
diseases (e.g., food-borne and  
vector borne diseases tend to  
increase with temperature).  
2010, National Institute of 
Environmental Health Sciences 

Impacts in the U.S. Midwest:   We can expect hotter summers, longer 
dry periods, warmer, wetter winters; difficulties maintaining current 
summer air quality in urban areas; stress on infrastructure and  
economy (Great Lakes shipping).EPA  

Advanced energy efficiency 
technologies and practices conserve energy resources  



Our greatest challenges of the 21st Century will be: 
(1) learning how to get along with each other and  
(2) learning how to get along with our Planet. 
   
These two challenges deal with human behavior and 
are closely related!      
 
 

 
  
 
 
 

  

   



Earth 

For Global Climate Change --- Nature is the Time Keeper! 
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