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Carbon cycle uncertainties from Earth System Models
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Carbon cycle uncertainties from Earth System Models
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Earth System Model AWI-ESM-1-REcoM QAW
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C- vs E-driven carbon cycle in AWI-ESM-1-REcoM eAV/
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C- vs E-driven carbon cycle in AWI-ESM-1-REcoM eAV/
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Cumulative flux [PgC]
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C- vs E-driven carbon cycle in AWI-ESM-1-REcoM
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Cumulative flux [PgC]

C- vs E-driven carbon cycle in AWI-ESM-1-REcoM
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Cumulative flux [PgC]

C- vs E-driven carbon cycle in AWI-ESM-1-REcoM

160

300
140 CO; source
250
120
100 . ) 200
solid: C-driven
80 — .
dashed: E-driven 130
— /7
60 _-"| 100
7
40 — Pid
//’ 50
20 t Y-
- 0
0 7 A S PRSPl VN
20 = S A E;driVen\Fo\ 4 -50
~ N = \\
40 N “1| -100 ~
—Fee -
.60 — FLuc > ) B Fruc s
—Fo Py 120 —Fo s
IS S
80 -{ —Fuin o 200 —Fun \\\\
—h CO; sink ) —h N
100 4 —Fa ——Fa N
T T T T T -250 | T
1860 1880 1900 1920 1940 1960 2000

Larger increase of C-driven

(initial cond.)
— Larger increase of C-driven compatible F:

and C-driven F. source and not sink

— Larger growth of C-driven Fo

Acceleration of E-driven F:
— Similar increase of E- and C-

driven Fo

1200

1000

800

600 —

400

200

-200

-400

-600

7

- emissions

peak annual G >

emissions negative
emissions

esm-SSP5340S

peak xCO;

2040
Quicker reduction of E-driven Fo after
zero emissions — E-driven ocean
becomes CO, source

I I
2060 2080

T

2100

HELMHOLTZ 5



Conclusion e V/

1) Carbon-climate feedbacks reduce atm. CO; accumulation and ocean
sink in AWI-ESM-1-REcoM
— E-driven ocean sink Fo strongly depends on net land uptake F,
— Large uncertainty in net land uptake F. due to
— E-driven standard in CMIP7 (Sanderson et al. 2024)

2) Early historical carbon cycle depends on piControl initial conditions
— Vegetation distribution — , and CO2,atm

— Comparison of C- and E-driven changes, not absolute values
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Conclusion

TNV

1) Carbon-climate feedbacks reduce atm. CO; accumulation and ocean
sink in AWI-ESM-1-REcoM
— E-driven ocean sink Fo strongly depends on net land uptake F,
— Large uncertainty in net land uptake F. due to
— E-driven standard in CMIP7 (Sanderson et al. 2024)

2) Early historical carbon cycle depends on piControl initial conditions
’ and Cozyatm

— Comparison of C- and E-driven changes, not absolute values

— Vegetation distribution —

3) Stronger sensitivity of ocean and land CO, sinks in both E-driven
setup AND weak overshoot scenario
— E-driven ocean gets CO; source in strong overshoot scenario

— Hysteresis behavior of carbon cycle (e.g. Melnikova et al. 2025)
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PFT cover of global land [%]

C-driven vs E-driven carbon budget from AWI-ESM-1-REcoM
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Concentration- versus Emissions-driven ESM setup QAV/
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Model uncertainty in future carbon sink estimates e N/

* considerable uncertainty in model estimates of future carbon-cycle and feedbacks
with physical climate
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Model uncertainty in future carbon sink estimates e N/

* considerable uncertainty in model estimates of future carbon-cycle and feedbacks
with physical climate
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