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Uncertainties in future land carbon uptake
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We need better understanding on terrestrial carbon-climate feedbacks!
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Natural experiment: Interannual variations (IAV) of CO, growth rate (CGR)
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Tropics dominate IAV of terrestrial carbon uptake

Land carbon Atmospheric Machine
cycle model inversion model  learning model
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IAV of CGR is driven by terrestrial carbon
uptake, dominated by tropics.

Now, we can link CGR to tropical climate...
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Climate drivers: Temperature and Water
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We wonder

In the context of climate change, do the identified terrestrial
climate-carbon coupling hold over the past decades (1960-2018)?



Data

« Carbon

a. CO, growth rate (CGR) from NOAA/ESRL (1960-2018)

b. Aboveground carbon (AGC) retrieved from VODCA long-term vegetation optical depth (1988-2016)

« Climate
Water: a. GRACE TWS + REC-TWS v3 (1960-2018)
b. Lagged Precipitation from CRU TS 4.03 (1960-2018)

Temperature: a. CRU TS 4.03 ; b. Berkeley T (1960-2018)

* Remove Volcano years (1963,1964,1982,1991,1992,1993)
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Reliability of water storage proxies: Rec-TWS and Lagged-Pre

IAV correlation to 6-month
original TWS Rec-TWS Lagged-Pre

during 2002-2016

monthly  yearly monthly  yearly

Tropical forest 0.84* 0.89* 0.37* 0.76*

Tropical semiarid 0.90* 0.98* 0.37* 0.91*

Regional scale

* indicates P<0.01
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1960-2018, Temporal dynamics of CGR-Climate IAV correlations
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Sensitivity test
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Do models capture this feature?
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Nope !
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Why tropical water become more important?

First 30-yr Recent 30-yr
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Why tropical water become more important?

First 30-yr

Low spatial coherence
(counterbalance each other)

Recent 30-yr

High spatial coherence
(low compensatory effects)
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Enhancing spatial coherence

lead stronger tropical water control !
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Which terrestrial mechanism matter?

-0.8 T 1
R
== ""AGC . ,CGR
semiarid
-o-Ryop  cer
semiarid
N
=
=
2 -0.6 - .
=
D
=
Q
=
(=]
-;
]
—
<%
£-04 :
=}
)
-0.2 | | 1

Provenance: Dave Bice figure
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Conclusions

* Increasing tropical water control on interannual CO, growth rate over the past decades.

 Most state-of-the-art Earth System models and Offline land surface models do not
capture this feature.

* This increment could be partly attributed to stronger ENSO effects on tropical water
storage in a warming climate. Semiarid aboveground carbon uptake could be a vital

underpinning terrestrial process.

ETH:zirich Laibao Liu 21/4/29 16



Thank You!

Contact: laibao.liu@env.ethz.ch
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