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Reduce emissions to
stop warming

2021

2.5-2.8oC

3-3.5oC

1.5oC

On average, emissions are 
underreported by ~23%

GAP

2021 +5% 
Global emissions



31%
12.5 GtCO2/yr

Fate of  anthropogenic CO2 emissions (2010–2019)

23%
9.2 GtCO2/yr

34.4 GtCO2/yr

86%

14%
5.7 GtCO2/yr

18.6 GtCO2/yr

46%

Sources  =  Sinks

0.4%
0.2 GtCO2/yr

Budget Imbalance: 
(the difference between estimated sources & sinks)

Global Carbon Project (2020) Global energy growth is outpacing decarbonization: https://www.globalcarbonproject.org

Global warming

Ocean acidification

Terrestrial biome



• Plant photosynthesis removes 
CO2 from the air

• Plant respiration releases CO2 
to the air

• Photosynthesis has a thermal 
maximum, past which: 

• Photosynthesis sharply 
declines 

• Respiration continues to 
increase

• Carbon uptake by land plants 
is degraded

• With continued emissions, 
• Carbon uptake may be 

degraded nearly 50% as 
early as 2040

• This effect is not accounted 
for in National Policies



• The Amazon contains more 
than half  of  all tropical 
rainforest

• Logging, mining, hunting, 
deforestation, damming, 
drought, tree mortality 
(heating)

• The Amazon lost 1/3 of  all 
biomass between 2010 and 2019 

• From 2010 through 2019, 
Brazil's Amazon basin gave 
off  18.3 billion tons of  carbon 
dioxide equivalent, but only 
drew down 15.3 billion tons. 

• It is now likely that the 
Amazon is a net source of  
greenhouse gas emissions.



Xu, C., et al. (2020) Future of  the human climate niche, PNAS, May 2020, 201910114; DOI:10.1073/pnas.1910114117

3oC

TODAY – 0.8% of  land surface, to hot 
for human existence

1 billion displaced for every 1oC of  additional global warming

19% of  land surface, to hot for     
human existence

Warming on Land
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Historical CO2
Emissions We must remove 

CO2 from the air for 
the rest of  the 

century.

1.5oC – zero 
emissions by 2050

2.0oC – zero 
emissions by 2065

40-50% reduction 
by 2030

2020 to 2030 is a 
pivotal decade



Fossil fuel use is accelerating faster than 
renewable fuel use

Faster 
Growth

Slower 
Growth

Global Carbon Project (2020) Carbon Budget 2020: https://www.globalcarbonproject.org/index.htm

Renewable energy is helping 
fossil fuels meet the demand 

for NEW energy

Renewable energy is growing rapidly, but has been too low to offset fossil energy consumption.

Annual global energy consumption
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