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Ecosystem Is the largest land carbon sink

The global carbon cycle
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Reforestation has the largest potential of increasing C sink

Climate mitigation potential in 2030 (PgCO,e yr)
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Land carbon uptake is constrained by environment and climate

Nonlinear response to Tair
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High ozone dampens carbon sink in China

April-September surface MDA8 ozone [ppb]
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1 Ozone pollution is rising in China

1 Ozone damages plant photosynthesis, reducing
ecosystem productivity and crop yield
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Litter removal helps promote land carbon sink
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Questions

0 How the carbon sink in China responds to the future changes
in climate and environment?
O To what extent will carbon sink increases with anthropogenic

interventions? (Reforestation, O; control, litter removal)



Yale Interactive terrestrial Biosphere Model (YIBs)

Input YIBs Model Output
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(Yue and Unger, 2014; 2015; Yue et al., 2015a, 2015b, 2017a, 2017b, 2020, 2021)
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YIBs model evaluations
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YIBs model evaluations

Ecosystem and Carbon Cycle
Biomass

Gross Primary Productivity

Leaf Area Index

Ecosystem Respiration
Soil Carbon

Hydrology Cycle
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Runoff

Relationships
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Relative Scale

Worse Value Better Value

O The model shows good performance in global carbon and water fluxes (Friedlingstein, et al., 2023)



Ozone vegetation damage in model
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mpeﬂé evergreen tree

/ T T T

Sitch et al. (2007) scheme

A'=F-A
le_a'U>O3T
U. o3y = max[(F,, —03T),0]
F()3 [03] '
K- 1
1
}/; = '=
g g,

tree

(a) Evergreen broadleaf

T

L SO=-0.16:|:0.16 4
S =-0.23+0.05
ml 1 1 1 1
50 100 150
(d) C3 herb
@ e T |
- - _ e s ‘ ' -
A ~N
- So=-0.15j:0.50 So
S =-0.28+0.03 ~
m ~
50 100 150
[0,] (pPbV)

Model

o (B)Te

0 (c) Temperate deciduous tree

T T

/

- §_=-0.32+028 " - 60+ S, &-0.2440.11 i
0 ~ o
S =-0.1340.05 N S, =-0.2140.06
~
1 1 1 1 1 _80 1 1 1 1 1
50 100 150 50 100 150
(e) C4 herb

| S_=-0.30+0.23 ~ ¥ 60 | S,=-0.28+0.14 T~
S° =-0.32+0.02 S S° =-0.34+0.04 )
1 1 1 1 1 _80 1 1 1 1 1
50 100 150 50 100 150
[O,] (ppbv) [O,] (ppbv)

(Yue* & Unger., NC 2018)



Sensitivity experiments

Land cover (3 cases)
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Afforestation dominates the greenness in China

_Land cover change
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O Observations revealed increasing

trend of LAl in the past 2 decades

O Simulations with adjusted LCC could
reproduce observed LAI trend

O Simulations with CMIP6 LCC failed to
capture the observed LAI trend

Chen et al. (2019)
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Afforestation enhances present-day carbon sink in China

2010: Adjusted LCC 2010: CMIP6 LCC
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(Yue et al., Sci. Bull. in press)
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Contributions to carbon sink by ozone control

Changes in ozone Changes in ozone
SSP1-2.6 SSP5-8.5

O The larger benefit for carbon

sink with deeper cut in ozone

Loss in C sink
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Comparisons of different drivers to carbon sink
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O The cost for 90% cut of NO, is $65B, leading to a carbon gain of 2.06 PgC due to

ozone reduction, equivalent of $8.6 per ton CO,

O The cost of afforestation is $50-100 per ton CO,

(Yue et al., Sci. Bull. in press)



Contributions to carbon sink by litter removal

Changes in Rh Changes in Rh
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SSP5-8.5 O Litter removal decreases

soil respiration, and
enhances carbon sink
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(Yue et al., Sci. Bull. in press)



Conclusions

() Carbon sink in 2060 without intervensions: 0.23 Pg C a“ For SSP1-2.6 scenario:
- > O By 2060, the carbon sink is only 0.23
Pg C a!if no interventions
O This sink enhances to 0.47-0.57 Pg C
ool a! with proper human interventions,
offsetting 90-110% of the residue
(b) Carbon sink in 2060 with intervensions: 0.47-0.57 Pg C a“ carbon emissions
Forestation: +0.12 Pg C o Ozone control: +0.07 Pg C a O Reforestation: 0.12 Pg C a™

Ozone control: 0.07 Pg C a™*
? ! i 20% litter removal: 0.06-0.16 Pg C a™

thter removal: +0.06 to +0.16 Pg C a!

4

(Yue et al., Sci. Bull. in press)



Thank youl!

For more information:

Yue, X., Zhou, H., Cao, Y., Liao, H., Lu, X,, Yu, Z,, Yuan, W,, Liu, Z., Sitch, S., Knauer, J., and Wang, H.:
Large potential of strengthening the land carbon sink in China through anthropogenic interventions,
Science Bulletin, in press, 2024.

yuexu@nuist.edu.cn
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