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“While the world’s forests can play an important role in absorbing carbon 
dioxide and slowing climate change, new research indicates that 

elevated CO2 concentrations do not necessarily boost forests 
and that higher temperatures could cause changes in trees that 

reduce their ability grow.”



Terms to know

Carbon sequestration

Carbon sinks and sources

Photosynthesis



Forests and carbon sequestration

➔ Forests absorb >25% of anthropogenic CO2 emissions

➔ Over a trillion tons of carbon reside in trees and forest soil

➔ Forests can “maintain or even increase carbon sequestration by 
storing carbon in long-lived wood and roots”

◆ 10-year-old study found “a large and persistent carbon sink in the world’s forests” 
(Pan et al. 2011)



The “surface-level” effects of climate change

CO2 increase encourages 
photosynthesis
Jiang et al. 2020

Temperature increase 
encourages plant growth

The effects of climate 
change could actually 

increase forest growth and 
mitigate effects of climate 

change (greening!)
Zhu et al. 2016



The real effects of climate change on forests

40% increase in CO2 levels
Jiang et al. 2020

4°C increase in soil temp
Nottingham et al. 2020

The relationship between 
climate change and forest 

health is more complex 
than just temperature and 

CO2



The real effects of climate change on forests

1.   Warming forest soils emit substantially more carbon than 

      previously believed

a. Dozens of experiments have found increasing carbon losses in warming soils 

b. Soil carbon emissions in the Panama Canal soared by more than half in two years, 

an effect not predicted by theory (Nottingham et al. 2020)



The real effects of climate change on forests

2.   Climate change can kill forests more quickly than they can 

      grow back, changing them from sinks to sources

a. Trees in intact forests are dying 2x faster than in the past 

(McDowell et al. 2020)

b. African forests’ capacity to remove carbon will decrease by 14% by 2030 

(Hubau et al. 2020)

c. The Amazon could stop removing carbon dioxide altogether as early as 2035 

(Hubau et al. 2020)



The real effects of climate change on forests

3.   Rising temperatures can reduce plants’ ability to 

      photosynthesize and grow

a. Forests are switching from carbon fertilization (increased photosynthesis due to 

higher CO2) to vapor pressure deficit (Yuan et al. 2019)

i. VPD can be caused by temperature increases without humidity increases

b. Plants avoid water loss by closing their stomata, slowing photosynthesis, growth, 

and CO2 absorption



The climate skeptic perspective

Last summer [2019], the lead author of a much-celebrated paper called 
tree planting “the best climate solution available today,” though the 
authors later clarified that it can’t substitute for emissions reductions.

➔ Interpreted to mean that we don’t need large-scale emissions reductions or 
to change industrial human behaviors

◆ The importance of tree planting and forest health IN CONJUNCTION 
WITH emissions reductions

◆ The “it’s not worth it”/“too far gone” mindset with emissions



The climate skeptic perspective

Climate skeptics have sometimes jumped on [the greening of the Earth] 
to cast doubt on the scientific consensus that global warming is a major 
threat.

➔ Greening wasn’t due to forest growth

◆ Extensive tree-planting initiative in China
◆ Rapid intensification of farming in China and India

➔ Long-term greening trends in satellite data are starting to decline

◆ “We already are beginning to see that there is an emerging browning 
signal.”



 “A ton of carbon in a forest is always a ton of 
carbon in a forest…

Regardless of how much carbon forests suck 
up in the future, retaining forests is critical 

to climate stabilization.”



Going forward and reducing uncertainty

➔ Despite progress, there is a shortage of experiments
◆ Difficulties
◆ Differences in forest ecosystems
◆ Politics (“The anti-science regime of Brazilian President Jair Bolsonaro”)

➔ Model disagreement
◆ By 2100:

● Terrestrial ecosystems could sequester as much as 36.7 billion tons of carbon 
dioxide per year…

● …Or release of as much as 22 billion tons



Going forward and reducing uncertainty

➔ It’s very important to understand these complex processes
◆ Data to feed models like the IPCC’s!

“I’m wary of us jumping in too fast without the best science 
to guide our policies and our actions… I would much rather 
see us do this right and a little bit slower, than do it fast 

and do it poorly.”
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