The influence of land carbon cycle
representation on terrestrial sink sensitivity,
total warming, and global carbon budgets

Greta Shum', James Yoon', Olivia Truax’, Claire Zarakas', Abigail Swann'?, Dargan
Frierson', Charlie Koven3, and Alex Turner'

'Atmospheric Sciences Department, University of Washington, Seattle, WA; *Biology
Department, University of Washington, Seattle, WA, 3Lawrence Berkeley National Lab,
Berkely, CA

27 February 2024



Uncertainty in land and ocean carbon sink behavior in the
decarbonization regime.

¥

Current
emissions

¥

Climate

targets
1



Uncertainty in land and ocean carbon sink behavior in the
decarbonization regime.

Current
emissions

¥

Climate

targets
2



Uncertainty in land and ocean carbon sink behavior in the
decarbonization regime.

¥
/

emissions
N s e @

Climate
targets
3




Uncertainty in land and ocean carbon sink behavior in the
decarbonization regime.

Current
emissions

/e

" S
N s
. Climate
| ] m? targets

4




Emissions-driven climate model emulators can reproduce GCM
dynamics, offer insight into dominant CC-climate processes.

(a) Emulation of historical warming (b) Emulation of idealized CO, long-term
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SCMs are used to emulate the climate for economic models, scoping
CMIP scenario development and decarbonization pathway assessment.

AR6 WGIII scenario database
) 7 Vetting criteria: i : o o
Modelling ARG WGlII [Coherence with historic trends] C1: I|n.1t|'t1 warmllr]g 'ttod1 5°C (isot/")
teams scenario database With no or limited overshoo

C2: return warming to 1.5°C (>50%)
after a high overshoot

C3: limit warming to 2°C (>67%)

C4: limit warming to 2°C (>50%)

C5: limit warming to 2.5°C (>50%)

C6: limit warming to 3°C (>50%)

C7: limit warming to 4°C (>50%)

~
=% ° 52
~%% °° °

Climate
emulators

Initial
vetting

2266 scenarios

r 1686 scenarios

C8: exceed warming of 4°C (>50%)

Illustrative pathways

Vetting criteria: IP
Historic trends vetting IPs storylines  <— Mitigation
Near-term plausibility strategies
IPCC author
\L team
o° Sl T e n U RS e e | f
e 1 IMPs |
‘ ] ! { |
| CurPol  ModAct :E SP
1202 scenarios ! i fitters filters :
: | | | | |
! oo ° Vi :
: ° 1 : < 1
| CurPol  ModAct ;' GS Neg Ren LD P
(@) (ce) | : (@) (C2%) () (@) ()
1 I
i ]' Neg2.0  Ren2.0
; ; (3) (@)

IPCC AR6 WG3 Figure 3.5a

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,



SCMs are used to emulate the climate for economic models, scoping
CMIP scenario development and decarbonization pathway assessment.

“Only the results of MAGICC are shown in this
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Smaller scale: SCMs are tools for policy analysts, the media,
and government to scope mitigation scenarios.
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Smaller scale: SCMs are tools for policy analysts, the media,
and government to scope mitigation scenarios.
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Smaller scale: SCMs are tools for policy analysts, the media,

and government to scope mitigation scenarios.
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Does our structural representation of the carbon cycle influence what we think
the sink rate is?

How does that affect what we predict for the amount and timing of warming?
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Does our structural representation of the carbon cycle influence what we think
the sink rate is?

How does that affect what we predict for the amount and timing of warming?
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Simple models for Understanding in the Carbon Cycle and
SINKs for Tomorrow (SUCCINKT) MIP
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Compare climate model emulators with varying structures in
representing the global carbon cycle.
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Joos et al., (2013)



Compare climate model emulators with varying structures in
representing the global carbon cycle.
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Compare climate model emulators with varying structures in
representing the global carbon cycle.
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Compare climate model emulators with varying structures in
representing the global carbon cycle.
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Compare climate model emulators with varying structures in
representing the global carbon cycle.

MAGICC
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Very little difference in historical atmospheric CO, across model
structure (when increasing emissions).
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Idealized emissions trajectory: Flat10 ZEC
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Spread in climate response to idealized emissions across model
structures.
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Carbon cycle responses to emissions varies by model.
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The TCRE is consistent across emulators, negative ZEC.
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Inside envelope of ESM response, perhaps under-sampling
range of near-term ZEC.

Global Temperature Anomaly (K)

Thanks to Ben Sanderson, Charlie Koven & Abby Swann for ESM data
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Inside envelope of ESM response, perhaps under-sampling
range of near-term ZEC.

Global Temperature Anomaly (K)
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Carbon fluxes between atmosphere and each sink in SCMs span
a similar range as ESM spread.
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Conclusions & Implications

« Comparing across reduced complexity climate models allows us to quantity structural
uncertainty in the climate system.

* Structural uncertainty emerges in decarbonization. As emissions dip toward zero in
emulators, the spread between models increases.

* Spread in expected emissions-driven warming grows after reaching net-zero.

1 Need for emissions-forced ESM decarbonization runs to train emulators (building reliability
and insight).

] Danger in using one model to project carbon cycle for any generalized use case (including
remaining carbon budget, potential carbon removal assessment).

Next. Carbon cycle parameter sensitivity tests to compare parametric uncertainty (within
models) to structural uncertainty (across models)
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