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Outline  

• How does “Climate” work (in 5 mins or less) 
• How is climate changing? 
• Evidence of Anthropogenic Warming 
• What can be done 

– Emissions reduction 
– Blue Carbon/Sequestration 

• Common Climate Myths 





Role of the Oceans  

700-1000 
Year Cycle 



TOTAL STORAGE:  ABOUT 50,000 GIGATONS 
ANNUAL FLUXES: ABOUT 700 GIGATONS (about 1.4%) 
HUMAN CAUSED: 5.5 Gt/Y (about 0.01%) 

Atmosphere 750  



What is a Gigaton? 

• A Gigaton is 1 billion tons (one million billion 
grams)  

or 
• A gigaton of ping pong balls would fill 600,000 

professional football stadiums.   
• A schoolbus weighs about 14 tons, so it would take  

71 million schoolbusses to weigh a gigaton 
• A gigaton of water would fill 40,000 olympic 

swimming pools (and take a long time to drink) 



DEEP BREATH….. 

OK, now let’s talk about how climate changes… 
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 Key Questions Surrounding Human 
Impact: 

• How do we know that people are influencing 
the climate? 
 

• Why is there so much debate? 
 

• What might things look like in 2100? 
 

• What are we doing/What can we do? 
 
 



400,000 years of 
greenhouse-gas & 
temperature history 
based on bubbles 
trapped in Antarctic 
ice  
Time scale expanded for 
last 150 years (right side of 
diagram) 
CO2 & CH4 are far above 
range of natural variation 
in current geologic era. 
Last time CO2 >300 ppm 
was 25 Myr BP in Eocene. 

Hansen,Clim.Change 68, 2005 

Source: Hansen, 
Clim. Change, 68, 
269, 2005.   

CH4 in 2014= 1990 ppb 
CO2 in 2014 = 397 ppb 



Let’s Zoom in a little… 

A little more…. 

150,000 
years ago 

1,000  
years ago 



How about even more? 

The “Keeling Curve” 



CO2 = Red  Temperature = Blue 

• We can measure past CO2 in tiny air bubbles trapped in 
glaciers and infer temperature by estimating sea level 
andpolar ice coverage…. It’s a very good relationship…. BUT    
  
•How can we know for sure that CO2 causes temperature 
change?  We can’t really. 



But to show that people ‘cause’ 
climate change: 

• First, we have to show that people are 
emitting measurable amounts of carbon 
dioxide. 

• Then we have to show that the concentration 
in the atmosphere is going up. (check) 

• THEN we have to show that rising carbon 
dioxide causes warming (we proved it 
mathematically in 1880, but SHOWING it is 
more difficult…) 

 



TOTAL STORAGE:  ABOUT 50,000 GIGATONS 
ANNUAL FLUXES: ABOUT 700 GIGATONS (about 1.4%) 
HUMAN CAUSED: 5.5 Gt/Y (about 0.01%) 

Atmosphere 750  





 



So What will it look like in 100 years? 



What’s being done? • Global Treaty called the “Kyoto 
Protocol” to reduce greenhouse 
gas emissions to 5% below 1990 
levels by 2012  (A1B). 
 
•The United States did not sign 
onto this treaty (it is the only 
developed country refusing to 
sign). 
 

•Vienna Climate Conference 
(2007) calls for 50% reduction in 
emissions by 2050 (B1) 
 

•Many scientists do not believe 
that this is enough to avoid 
major ecological damage, even 
if it is fully implemented. 



WHAT’S NEXT 

• What do YOU think we should do? 
 

• Why do YOU think it is so hard to create 
effective laws to protect against global 
warming? 
 

• Are there any other possible solutions? 



 A very large Oak was uprooted by the wind and thrown across a 
stream. It fell among some Reeds, which it thus addressed: "I 
wonder how you, who are so light and weak, are not entirely 
crushed by these strong winds." They replied, "You fight and 
contend with the wind, and consequently you are destroyed; while 
we on the contrary bend before the air, and therefore remain 
unbroken, and escape.“ 

    –Aesop’s fable translated by George Fyler Townsend 

WHAT IS 
RESILIENCY? 



 

BLUE CARBON 



What could the impact be? 

 



But…. (isn’t there always a “but”) 

• Risingsea.net 
 



 



Blue Carbon  
In  

Long Island Sound 



Summary 
• Climate is naturally variable 
• Human impact on climate is virtually certain 

– Rate of increase in CO2 
– Breakdown of Natural Cycles 
– Computer Models 

• The Ocean is a tremendous buffer for climate 
– Buffering capacity is not limitless nor without impact 
– Makes it more difficult to predict future changes 

• There is no “smoking gun” nor is there a “silver 
bullet” 

• The cost of mitigation increases the longer we wait 



Common Climate Myths/Objections 

• “It just snowed again, so much for climate 
change” 

• “Location XYZ has shown a decrease in 
average temperature over the last 100 years” 

• “The last 18 years show no measurable 
increase in temperature” 

• “Climate Scientists need to show that climate 
change is occurring because their funding 
depends on it” 



Is current climate change unusual? 

                   National Research Council, 2006 

1000 years of “proxy” surface temperatures, 100+ from thermometers 



The main cause of the CO2 build-up in the last 250 years has been 
emissions from fossil fuels & deforestation 

Fossil-fuel 
contribution is 
confirmed by 
reduced C-14 
content. 

Fossil fuels provide 
80% of civilization’s 
energy today. 



Tropical Cyclone Power Dissipation Index (PDI) has increased 
substantially over past 50 years along with tropical sea surface 
temperatures 

Source:  Kerry Emanuel, MIT, http://wind.mit.edu/~emanuel/anthro2.htm.   SST anomaly (deg C) with arbitrary vertical offset.  PDI scaled by constant. 

http://wind.mit.edu/~emanuel/anthro2.htm


McWilliams et al., ECOLOGY, 
86, 2055, 2005 

Bleaching of coral 
reefs has been 
increasing with sea 
surface temperature 
(SST) all over the 
world. 
These results are from the 
Caribbean. 



Acidification of the ocean from CO2 uptake:  history and “business 
as usual” projection 

Red line is global annual 
average; blue lines show 
ocean-to-ocean & seasonal 
variation. 

Ocean pH has already fallen by 0.1 pH 
unit.  Projected additional changes are 
likely to have large impacts on corals 
and other ocean organisms that make 
skeletons/ shells from calcium 
carbonate. 
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Flat path 

Virtual 
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Stabilizing at 450-500 ppmv would be possible if 
emissions were flat for ~50 years, then declined.  

The virtual triangle results more from structural shifts in the economy (toward services) and 
less from the carbon-saving activity required to fill the stabilization triangle. 

The green “stabilization 
triangle” represents the 
emissions that should & 
could be avoided by new 
policies (a depiction due to   
Socolow & Pacala). 



Energy Efficiency 

Decarbonized  
Electricity 

Fuel Displacement by  
Low-Carbon Electricity 

Forests & Soils 

Decarbonized Fuels 

Stabilization 
 Triangle 

2004 2054 
7 GtC/y 

14 GtC/y 

The triangle can be filled by a portfolio of 7 wedges  

Methane Management 

Each wedge 
accounts for 1 
GtC/yr in 2055 

2005 2005 

This particular set of 
wedges is only illustra-tive, 
not prescriptive. 

2055 



There are more than 7 wedges to choose from:  Here are 15 candidates. 



Policy options for promoting mitigation 
Measures to affect choices among available technologies 
• analysis of and education about the options 
• correction of perverse incentives 
• lowering bureaucratic barriers 
• financing for targeted options 
• performance & portfolio standards 
• subsidies for targeted options 
• emission cap & trade programs 
• taxes on carbon or energy 
Measures to improve mix of available technologies 
• improving capabilities for RD&D 
• encouraging RD&D with tax policy & other policies 
• funding the conduct of RD&D 
• promoting niche & pre-commercial deployment 
• international transfer of resulting technologies 

These are listed in order of 
increasing intrusiveness & 
political difficulty.  But 
combinations that don’t 
include one of the last two are 
almost certain to be 
insufficient. 



Policy options embraced to date 
• The Kyoto Protocol 

– a landmark as a negotiated global commitment to move forward to 
address the problem 

– but limited in time frame, magnitude of required reductions, and 
participation 

• The EU carbon trading system 
– implemented starting in January 2005, embracing 12,000 installations 

accounting for almost half of EU carbon emissions 
– C trading price reached $100/tC, but has recently fallen amid loss of 

confidence about monitoring, cheating 

• Non-federal jurisdictions in the United States 
– USA has not ratified Kyoto;  federal climate policy consists only of 

research, incentives, and modest “voluntary” targets.  
– But 28 states have climate-action plans, 21 have renewable portfolio 

standards, 234 cities have embraced Kyoto targets, many major 
corporations are acting. 

– US Senate endorsed mandatory, national GHG restraints in 6/05. 



Corporate Commitments and Results 

10% reduction 

10% reduction 
$650 million saved 

69% reduction 
$2 billion saved 

65% reduction 
$791 million saved 

25% reduction  

9% reduction  

6% reduction  

10% reduction 
“It’s made us  

more competitive” 

25% reduction 
$100 million saved 

13% reduction 

Absolute cap 

35% reduction 
$200 million saved 

19% reduction 

37% reduction 

17% reduction  

5% reduction  

72% reduction  

1% reduction 
$1.5 billion clean tech R&D 

Presenter
Presentation Notes
Most of these are reductions over the period 1990-2010.
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