
Forest Dieback Due to Sea Level Rise

Atlantic white cedars dying near the banks of the Bass River in 
New Jersey show wetland encroachment on forested areas. 
Photo credit: Ted Blanco/Climate Central.
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Photo by Maureen Drennanwww.ucsusa.org/underwater



Prediction

Svante Arrhenius 
(1859-1927)

calculated how much 
increases in 

atmospheric carbon 
dioxide would increase 

the global surface 
temperature
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Detection 
of 

change

Attribution 
of the 
causes

vs



“Warming of the climate system is 
unequivocal, and since the 1950s, 
many of the observed changes are 

unprecedented over decades to 
millennia.” – IPCC 2013

Detection of change



Attribution

“It is extremely likely* that human 
influence has been the dominant cause 
of the observed warming since the mid-

20th century.”

*extremely likely = 95-100% probability of an outcome or result.
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NJ SLR since 1911 = 
~8 inches Global SLR + ~7 inches natural subsidence + ~3 inches groundwater withdrawal
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Production



Production Combustion



Edwin L. Drake(right) at the drilling site – but not the 
original derrick – of America’s first commercial oil well of 
1859, Titusville, Pennsylvania.
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Data source: Boden, Marland, and Andres 2016;  Image source: Union of Concerned Scientists 

Annual Global CO2 Emissions from Fossil 
Fuel and Cement, 1751–2015 



The rise in global atmospheric CO2, surface 
temperature and sea level from emissions traced to 
major carbon producers 

Source: NOAA

Ekwurzel, Boneham, Dalton, Heede, Mera, Allen & Frumhoff.  2017 
Climatic Change  bit.ly/GAT_SLR



Attributing ocean acidification to major carbon 
producers

Licker, Ekwurzel, Doney Cooley, Lima, Heede and Frumhoff,  2019 
Environmental Research Letters

http://bit.ly/OA_CO2



1880-2015
emissions tied to
88 largest carbon 

producers 
contributed
59-60% of 

Atmospheric CO2

rise

Ekwurzel et al., 2017, Climatic Change
Licker et al., 2019, Environmental Research Letters
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1880-2015
emissions tied to 
88 largest carbon 

producers 
contributed
~33-66% of 
global mean 

surface 
temperature rise

P
h

o
to

: B
. E

kw
u

rz
el

 J
u

ly
 1

8
, 2

0
1

7

Ekwurzel et al., 2017, Climatic Change
Licker et al., 2019, Environmental Research Letters
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1880-2015
emissions tied to 
88 largest carbon 

producers 
contributed
~20-51% of 

global sea level 
rise

Ekwurzel et al., 2017, Climatic Change
Licker et al., 2019, Environmental Research Letters

bit.ly/GAT_SLR
bit.ly/OA_CO2

Source: NOAA



Who pays for damages and 
adaptation? 


