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• COP21 Paris Accord target:  “well below 2 deg C”

• Clear recognition that warming beyond 1.5 deg C is dangerous



• COP21 Paris Accord target:  “well below 2 deg C”

• Clear recognition that warming beyond 1.5 deg C is dangerous

• Carbon targets approved at COP21 will lead to 3.5 to 4 deg C 

• To reach COP21 target will require the world to be largely 

free of fossil fuels by 2050 (and the US by 2035)

• Methane reductions are critical; cannot reach COP21 target 

with CO2 reductions alone



http://news.discovery.com/earth/alas

kas-arctic-tundra-feeling-the-

heat.html

1.5 oC threshold

2.0 oC threshold

Increasing risk of dangerous tipping points at 1.5 degree C.

Only 12 to 15 years into the future at current emission rates.

Shindell et al. 2012



http://www.esrl.noaa.gov/gmd/ccgg/trends/global.html (downloaded March 13, 2016)

Slowing of CO2 uptake by oceans and forests?

CO2 emissions have been stable for past few years, yet CO2

concentration in atmosphere rose at fastest rate ever in 2015, 

reaching record high last month.
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High potential for massive emissions of 

ancient CH4 due to thawing permafrost and 

release of “frozen” methane (methane 

hydrates and clathrates).

Zimov et al. (2006) Science



(Hayhoe et al. 2002)

For just the release of carbon dioxide during combustion…..

Is natural gas a “bridge fuel?”  

Natural gas 15

Diesel oil 20

Coal 25

g C of CO2 MJ-1 of energy



Carbon Dioxide               

Methane                      



• Natural gas is mostly methane

• Small leaks and emissions matter

• Shale gas emits more than conventional gas



The biggest environmental issue of 2011 — at least in the U.S. — wasn't global 

warming. It was hydraulic fracturing, and these three men helped represent the 

determined opposition to what's more commonly known as fracking. Anthony 

Ingraffea is an engineer at Cornell University who is willing to go anywhere to talk 

to audiences about the geologic risks of fracking, raising questions about the 

threats that shale gas drilling could pose to water supplies. Robert Howarth is his 

colleague at Cornell, an ecologist who produced one of the most controversial 

scientific studies of the year: a paper arguing that natural gas produced by 

fracking may actually have a bigger greenhouse gas footprint than coal. That 

study — strenuously opposed by the gas industry and many of Howarth's fellow 

scientists — undercut shale gas's major claim as a clean fuel. And while he's best 

known for his laidback hipster performances in films like The Kids Are All Right, 

Mark Ruffalo emerged as a tireless, serious activist against fracking — especially 

in his home state of New York.

Mark Ruffalo, Anthony Ingraffea, 
Robert Howarth
By Bryan Walsh Wednesday, Dec. 14, 2011

People who Mattered



Other “People who Mattered” in 2011: 

Newt Gingrich, Osama bin Laden, Joe Paterno, 

Adele, Mitt Romney, Muammar Gaddafi, 

Barack Obama, Bill McKibben, Herman Cain, 

Rupert Murdoch, Vladimir Putin, Benjamin 

Netanyahu…

Mark Ruffalo, Anthony Ingraffea, 
Robert Howarth
By Bryan Walsh Wednesday, Dec. 14, 2011

People who Mattered



One of our major conclusions in Howarth et al. (2011):  
pertinent data for shale gas were extremely limited, and 
poorly documented.

Great need for better data on shale gas, conducted by 
researchers free of industry control and influence.



Proceedings of the National Academy of Sciences of the United States of America



Schneising et al. (2014) –

“Remote sensing of fugitive 

methane emissions from oil 

and gas production in North 

American tight geologic 

formations.” Earth’s Future 

2: 548-558 

global
United States
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Methane emissions from unconventional gas operations (upstream only, % of production) 

Upstream methane emissions 

unconventional gas





Red = methane

Orange = CO2

Howarth 2015 Energy Emissions & Control Technologies

Greenhouse gas footprints, CO2 plus methane (averaged for 20 years after emission)



Total 

emissions
(with best 

accounting for 

methane)

Just CO2

EPA estimate for 

total emissions

US Greenhouse Gas Emissions from Fossil Fuel Use, 1980 - 2014

Howarth 2015 Energy Emissions & Control Technologies



http://news.discovery.com/earth/alas

kas-arctic-tundra-feeling-the-

heat.html

1.5 oC threshold

2.0 oC threshold

Controlling methane is Essential to the solution!

Shindell et al. 2012



Shale gas…. A bridge to nowhere

Yesterday’s fuel

So what should 

our energy 

future be?



Powering New York State with Wind, Water, and the Sun to 

Address Global Warming, Air Pollution, & Energy Security



Our NY State “2030” Plan:  

• Electrify transportation and heating – greater efficiencies 

lower total energy consumption.

• Generate all electricity from wind, solar, and water power.

• Rely on technologies that are commercially available today.

• Balance demand to production, modernize grid, increase 

electricity storage somewhat.

Prof. Mark Jacobson



Howarth-Marino home 

(1890’s farm house) is 

100% carbon neutral, 

with geothermal heating 

and renewable 

electricity.

Half of our driving is by 

electric car.



1.5 oC threshold

2.0 oC threshold

The science message from Paris:  we need to move 

very aggressively away from fossil fuels.

We particularly need to get rid of natural gas.
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