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Global Warming Status
1 K l d G B t1. Knowledge Gap Between

- What is Understood (scientists)( )
- What is Known (public)

2 Pl t E2. Planetary Emergency
- Climate Inertia Warming in Pipelineg p
- Tipping Points  Could Lose Control

3. Bad News & Good News
- Safe Level of CO2 < 350 ppm2 pp
- Multiple Benefits of Solution



Climate Tipping Points
1 I Sh t Di i t ti1. Ice Sheet Disintegration

- Ocean Warming  Ice Shelves Melt g
 Ice Streams Surge  Disintegration

2 S i E t i ti2. Species Extermination
- Shifting Climate Zones, Multiple g p
Stresses, Species Interdependencies 

3. Methane Hydrate ‘frozen methane’
- In Tundra & On Continental ShelvesIn Tundra & On Continental Shelves
- Depends On Ocean & Ice Sheets



Armadillos: One of the Surviving Species?

© GPhotos © Mark Payne-Gill, naturepl.com
source:http://seabed.nationalgeographic.com/splat_ngx_pathfinder/templates/output/articles/gallery.tmpl
?DB_NUM_PARAMS=2&DB_PARAM_0=0503&DB_PARAM_1=2

© 2005 National Geographic Society. All rights reserved. 



Figure 1.  The broken-wing female Monarch on our butterfly bush.



Sophie explains 2 Watts of forcing to brother Connor

Sophie Explains GH Warming: Connor only counts 1 Watt

“It’s 2 W/m2 Forcing.”
Weren’t you 

coaching 
Sophie?



Heat storage in upper 2000 meters of ocean during 2003-2008 based on ARGO data.

Knowledge of Earth’s energy imbalance is improving rapidly as ARGO data lengthens. 

Data must be averaged over a decade because of El Nino/La Nina and solar variability.g y

Energy imbalance is smoking gun for human-made increasing greenhouse effect.
Data source: von Schuckmann et al. J. Geophys. Res. 114, C09007, 2009, doi:10.1029/2008JC005237.



Figure 1. Global surface temperature anomalies relative to 1951-1980 mean for 
(a) annual and 5-year running means through 2010, and (b) 60-month and 132-
month running means through March 2011.  Green bars are 2-σ error estimates 
(data from Hansen et al., 2010).





Data through Jun-Jul-Aug 2010





Basis of UnderstandingBasis of Understanding
1 Earth’s Paleoclimate History1. Earth’s Paleoclimate History

2. On-Going Global Observations

3. Climate Models/Theory



50 million years ago (50 MYA) Earth was ice-free.

Atmospheric CO2 amount was of the order of 1000 ppm 50 MYA.

Atmospheric CO2 imbalance due to plate tectonics ~ 10-4 ppm per year.



Cenozoic Era

End of Cretaceous (65 My BP) Present DayEnd of Cretaceous (65 My BP) Present Day



Summary: Cenozoic Era
1. Dominant Forcing: Natural ΔCO2

- Rate ~100 ppm/My (0.0001 ppm/year)pp y ( pp y )
- Human-made rate today: ~2 ppm/year

Humans Overwhelm Slow Geologic ChangesHumans Overwhelm Slow Geologic Changes 

2. Climate Sensitivity HighC ate Se s t ty g
- Antarctic ice forms if CO2 < ~450 ppm
- Ice sheet formation reversible

Humans Could Produce “A Different Planet”



Arctic sea ice area at summer minimum.
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Area on Greenland with snowmelt.         Graph credit: Konrad Steffen, Univ. Colorado



Surface Melt on Greenland

Melt descending 
into a moulin, 
a vertical shaft
carrying watercarrying water 
to ice sheet base.  

SSource: Roger Braithwaite, 
University of Manchester (UK)



Jakobshavn Ice Stream in Greenland

Discharge from major 
Greenland ice streams 
is accelerating markedly. g y

Source: Prof Konrad SteffenSource: Prof. Konrad Steffen, 
Univ. of Colorado



Gravity Satellite Ice Sheet Mass MeasurementsGravity Satellite Ice Sheet Mass Measurements

Greenland Ice Sheet Antarctic Ice Sheet 

Source: Velicogna I Geophys Res Lett 36 L19503 doi:10 1029/2009GL040222 2009Source: Velicogna, I. Geophys. Res. Lett., 36, L19503, doi:10.1029/2009GL040222, 2009.



Pier on Lake Mead

Subtropics are expected to expand with global warmingSubtropics are expected to expand with global warming.

Observations show, on average, 4 degrees of latitude expansion. 



June 2011: Record 7.6% of U.S. in ‘Exceptional’ drought category, 
simultaneous with record flooding on Mississippi River.



Change of likelihood of summer drought this century as simulated by ECMWF 
weather model with business-as-usual greenhouse gas scenario



Fires Are Increasing World-Wide

Western US area burned

Wildfires in Western US have increased 4-fold in 30 years.

Western US area burned

Source: Westerling et al. 2006



Himalayan (Rongbuk) Glacier

Rongbuk, the largest glacier on Mount Everest’s northern slopes, in 1968 (top) and 2007.

Glaciers are receding rapidly world-wide, including the Rockies, Andes, Alps, Himalayas.

Glaciers provide freshwater to rivers throughout the dry season and reduce spring flooding.



Stresses on Coral Reefs

Coral Reef off Fiji
(Photo credit: Kevin Roland)



Assessment of Target CO2

Phenomenon Target CO2 (ppm)
1. Arctic Sea Ice 300-3501. Arctic Sea Ice 300 350

2. Ice Sheets/Sea Level 300-350

3. Shifting Climatic Zones 300-350

4. Alpine Water Supplies 300-350

5 Avoid Ocean Acidification 300-3505. Avoid Ocean Acidification 300-350

 Initial Target CO2 = 350* ppm
* CH O Bl k S t d*assumes CH4, O3, Black Soot decrease



Target CO :Target CO2:

< 350 ppm< 350 ppm
To preserve creation, the planet 
on which civilization developed



Fossil Fuel Reservoirs & CO2 Scenarios

Scenarios assume no “Other” = Tar Sands, Oil Shale, Methane HydratesScenarios assume no Other   Tar Sands, Oil Shale, Methane Hydrates
Coal phase-out by 2030  peak CO2 ~400-425 ppm, depending on oil/gas.
Faster return below 350 ppm requires additional actions
Source: Hansen et al., Target atmospheric CO2: where should humanity aim? Open Atmos. Sci. J., 2, 217-231, 2008.



<350 ppm is Possible, But…pp ,
Essential Requirementsq

1. Quick Coal Phase-Out Necessary
All coal emissions halted in 20 years

2 N U ti l F il F l2. No Unconventional Fossil Fuels
Tar sands, Oil shale, Methane hydrates

3. Don’t Pursue Last Drops of Oil
Polar regions, Deep ocean, Pristine land



What’s Really Happening
1. Tar Sands Agreement with Canada

Pipeline planned to transport oil

2 New Coal fired Power Plants2. New Coal-fired Power Plants
Rationalized by ‘Clean Coal’ mirage

3. Mountaintop Removal Continues
Di i i h i d t ti l f t iDiminishes wind potential of mountains 

4 Oil & Gas Extraction Expands4. Oil & Gas Extraction Expands
Arctic, offshore, public lands



Global fossil fuel carbon dioxide emissions accelerated after Kyoto Protocol.
Date sources: Marland et al. (U.S. Dept. Energy, Oak Ridge, extended with BP Statistical Rev. World Energy.)



Global Action Status
1 H G Rh t i & R lit1. Huge Gap: Rhetoric & Reality

- Rhetoric: Planet in Peril
- Policies: Small Perturbation to BAU

2 Greenwash/Disinformation Winning2. Greenwash/Disinformation Winning
- Appeasement of Fossil Interests
- Still Waiting for a Winston Churchill

3 Kyoto & Copenhagen Failures3. Kyoto & Copenhagen Failures
- Kyoto  accelerating emissions
- Copenhagen  still “cap-&-trade”



Problem & Solution
1 F il F l Ch t E1. Fossil Fuels are Cheapest Energy

- Subsidized & Do Not Pay Costsy
- Solution: Rising Price on Carbon

2 Regulations also Required2. Regulations also Required
- Efficiency of Vehicles, Buildings,e.g.
- Carbon Price Provides Enforcement

3 Technology Development Needed3. Technology Development Needed
- Driven by Certainty of Carbon Price
- Government Role Limited





Fee & Green Check (Dividend)
1. Fee Applied at First Sale/Port of Entry

Covers all Oil Gas Coal No LeakageCovers all Oil, Gas, Coal  No Leakage

2. Fee Specified: No Speculation, No Volatility
No Wall Street Millionaires at Public Expense

3 Other Merits3. Other Merits
Only Potentially Global Approach
Simple, Honest, Can be Implemented Quickly
Market Chooses Technology Winners
Most Efficient & Largest Carbon Reductions  



Cap-and-Trade Flaws
1. Designed for Banks & Fossil Interests 

Impossible to exclude big moneyImpossible to exclude big money

2. Price Volatility
Discourages clean energy investments 

3 Ineffectual3. Ineffectual
Real carbon reductions small

4. Cannot be made global
China/India will not (& should not) accept capsChina/India will not (& should not) accept caps



Fee & Green Check Addresses
1. Economy: Stimulates It

Puts Money in Public’s Hands A Lot!Puts Money in Public s Hands– A Lot!

2. Energy: Fossil Fuel Addiction
Stimulates Innovation – Fastest Route to Clean 

Energy Future 

3. Climate
Only Internationally Viable ApproachOnly Internationally Viable Approach - -

Zero Chance of China/India Accepting a Cap
Wo ld Res lt in Most Coal & Uncon entionalWould Result in Most Coal & Unconventional 

Fossil Fuels, and some Oil, left in the Ground



Jim Dipeso: Republicans for Environmental Protection, 11October 2010
Jim Hansen's Conservative Climate Plan

As a climate change activist, climatologist Jim Hansen takes his activism a step beyond where most would be willing to go. 

H t hi lf t dHe gets himself arrested. 

Most recently, Hansen, who has directed the NASA Goddard Institute of Space Studies for nearly three decades, was cuffed in front of the White House at a 
protest against mountaintop removal coal mining.

Faux conservatives who obediently take their talking points from the mountaintop removing coal industry likely write off Hansen as a flame-throwing radical.

That’s a mistake. And not only because mountaintop removal is an abomination that flies in the face of just about everything conservatives are supposed to 
t d f th ift t d hi d t i ht f t tstand for – thrift, stewardship, and property rights for starters.

Hansen describes himself as a moderate conservative and is registered to vote as an independent. More importantly, he has been shopping around a 
framework for climate legislation that conservative elected officials might find interesting if they find themselves in a problem-solving mood.

Hansen’s proposal is simple, far simpler than the 1,400-plus pages of the Waxman-Markey cap-and-trade bill that passed the House in 2009 but will die when 
the 111th Congress closes up for good later this year.

H ’ l k f k t i i l b ddi th k t t t ll th t th b t th t f bk f k t i i l b ddi th k t t t ll th t th b t th t f b b d th h ib d th h iHansen’s proposal makes use of market principles, by prodding the market to tell the truth about the costs of carbonmakes use of market principles, by prodding the market to tell the truth about the costs of carbon--based energy through pricesbased energy through prices.

It would not impose mandates on consumers or businesses, create new government agencies, or add a penny to Uncle Sam’s coffers.

Hansen calls his approach "fee and dividend." A gradually rising fee would be imposed on carbon-based energy sources at the points where they enter the 
economy – at mine mouths or ports of entry, for example. 

Carbon-based energy imposes costs – on the environment, public health, and national security - and those costs would be made more obvious in the 
k t l th h th f E i lik l ld H h d f hi h f ld d d l l k t d imarketplace through the fees. Energy prices likely would go up. How much and for which uses of energy would depend largely on market dynamics.

Revenues collected from carbon fees would be returned 100 percent to the public through dividends. Hansen estimates that a $115-per-ton carbon fee would 
add a dollar to the per-gallon price of gasoline but would raise enough revenues to pay every adult American as much as $3,000 per year.

How would Hansen’s plan affect individuals? That would depend on how they exercise their right to make free choices.

Those who wish to use carbon-based energy with abandon would be free to do so – knowing up front that they would pay the environmental and other costs of 
i l t f b b d th th hift th t t th i f ll itiusing lots of carbon-based energy rather than shift those costs onto their fellow citizens.

Those who acknowledge the market signal and change their purchasing decisions could avoid some or most of the higher prices. Depending on the choices they 
make and the size of their dividends, they might even come out ahead financially.

Businesses would seek out more opportunities to improve their energy efficiency. Other businesses would sell products and services that enable them to do so. 
Low-carbon energy sources would be more competitive with high-carbon sources.

The idea behind the bill co ld be described in a 1 min te ele ator speech As legislation Hansen’s approach co ld fit onto a fe pages The bill co ld be readThe idea behind the bill could be described in a 1-minute elevator speech. As legislation, Hansen’s approach could fit onto a few pages. The bill could be read 
and understood by anyone – voters and lawmakers alike willing to put in a few minutes of time. 

Transparent. Market-based. Does not enlarge government. Leaves energy decisions to individual choices. Takes a better-safe-than-sorry approach to throttling 
back oil dependence and keeping heat-trapping gases out of the atmosphere.

Sounds like a conservative climate plan.



Intergenerational Justice
Jefferson to Madison: …self-evident that 

“Earth belongs in usufruct to the living”*Earth belongs in usufruct to the living

Native People: obligation to 7th generation

Most Religions: duty to preserve creation 

Governments (with fossil interests): we set 
emissions at whatever level we chooseemissions at whatever level we choose

Public: when will it become involved?
**Legal right to use something belonging to another



Lauren Emma (age 2½ days) and Jake (age 2½ years) 



Jake’s baby sister, Lauren, age 7 months.



Sophie writing letter to President Obama



Opa reads the letter to President Obama.



Sophie, Opa and Connor celebrate good letter.



Notes of Optimismp

1 Chi1. China
Enormous investments in carbon-free 

energy (solar, wind, nuclear power) 

2. Legal Approach
J di i l b h l i fl d bJudicial branch less influenced by 

fossil fuel money (than executive and 
legislative branches)



Atmospheric Trust Litigation*

1. Atmosphere is a public trust asset
Governments have fiduciary obligation to 

manage asset – it is not political discretion

2. Courts can enforce via injunction
Require carbon accounting, with schedule 

specified by sciencespecified by science

3. Force governments at all levels
* Wood, M., Atmospheric Trust Litigation, in Adjudicating Climate Change: Sub-National, National, and Supra-

National Approaches (William C.G. Burns & Hari M. Osofsky, eds.) (2009, Cambridge University Press



Web Sites
www.columbia.edu/~jeh1

www 350 orgwww.350.org

Milli L tt M hwww.MillionLetterMarch.org

www.CitizensClimateLobby.org











Mackay River, Boreal Forest and Tar Sands Mine 

Boreal Forests and wetlands surrounding the Tar Sands are the most carbon rich terrestrial ecosystem on Earth, 
with almost twice as much carbon as tropical rainforests. Referred to by the Tar Sands industry as "overburden," 
these forests are scraped off and the wetlands dredged, to be replaced by tar mines like the one above. 
From: Canada’s Tar Sands and the True Cost of Oil.  Photography by Garth Lenz.



Tar Sands Mine and Truck 

At the edge of a 250-foot deep mine, a massive tar sands truck is dwarfed by the surrounding landscape. The 
400-ton trucks are the world’s largest (25 feet high, 48 feet long, 32 feet wide). The Tar Sands were the 
inspiration for Avatar’s Edmonton-born art director’s vision of the mining operation on Pandora. 
From: Canada’s Tar Sands and the True Cost of Oil.  Photography by Garth Lenz.



Crossroads in Alberta Tar Sands

Here a small fraction of a massive mine encroaches on the Boreal Forest.  With a proposed 5-fold expansion of the 
Tar Sands, an area the size of Florida will be industrialized within as little as two decades. 
From: Canada’s Tar Sands and the True Cost of Oil.  Photography by Garth Lenz.



Tar Sands at Night 

Photographer: Garth Lenz 

Twenty-four hours a day, the Tar Sands eats into the most carbon rich forest ecosystem on Earth. 
The vast mines, tailings ponds, fire and pollution belching refineries resemble Tolkien’s middle-earth Mordor. 
From: Canada’s Tar Sands and the True Cost of Oil.  Photography by Garth Lenz.



Figure 4. (a) Decay of instantaneous atmospheric injection and extraction 
of CO2, (b) atmospheric CO2 if fossil fuel emissions terminated at end of 
2011 2030 20502011, 2030, 2050.



Figure 5 (a) Atmospheric CO if fossil fuel emissions are cut 6%/yearFigure 5. (a) Atmospheric CO2 if fossil fuel emissions are cut 6%/year 
beginning in 2012 and 100 GtC reforestation drawdown in 2031-2080 period, 
(b) Atmospheric CO2 with business-as-usual emission increases until 2020, 
2030, 2045, and 2060, followed by 5%/year emission reductions.2030, 2045, and 2060, followed by 5%/year emission reductions.



Figure 6 Simulated future global temperature for the CO scenarios of Figure 5Figure 6. Simulated future global temperature for the CO2 scenarios of Figure 5.  
Observed temperature record is from Hansen et al. (2010).  Temperature is relative 
to 1951-1980 mean.  Add 0.26°C to use 1880-1920 as zero-point.  Subtract 0.45°C 
to use 5-year running mean in 2000 as zero point.to use 5 year running mean in 2000 as zero point.



AO index & U.S. (48 states) surface temperature anomaly for Dec-Jan-Feb & Jun-Jul-Aug.

Temperature is correlated with AO index, but there is also a warming trend.

8 of last 10 winters and 8 of last 10 summers have been warmer than 1951-1980 average.

Source: Hansen, Ruedy, Sato, Lo, Global surface temperature change. Rev. Geophys. (in press).



Temperat re anomalies relati e to 1951 1980 for the E ropean region defined bTemperature anomalies relative to 1951-1980 for the European region defined by 
36°N-70°N and 10°W-30°E.      Source: Hansen, J., R. Ruedy, M. Sato, and K. Lo (2010), 
Global surface temperature change, Rev. Geophys., 48, RG4004, doi:10.1029/2010RG000345.





∆T is a change form 1880 control.



Figure 5g



Figure 2. Global temperature relative to peak Holocene temperature 
(Hansen and Sato, 2011).  



Estimates of potential carbon emissions from various sources (IPCC, USGS, IEA, WOE, DOE-ANL).  Tar sands # 
is the known resource only a fraction of which is presently economically recoverable, but discovery of additional 
resources is likely.  Similar considerations apply to the other unconventional fossil fuels. 



Composite of several satellite-measured time series.  Data through January 2012 
from Frohlich and Lean Concatenated update through 15 September 2011 fromfrom Frohlich and Lean.  Concatenated update through 15 September 2011 from 
Univ. Colorado SORCE experiment.


