1  TABLE S1. Temperature response functions used in 69 Earth System Models.

Modelling
Types Temperature response functions Land carbon Land surface models Models References
centre
1 CESM CESM2 Emmons et al. (2020)
NorESM2-LM Seland et al. (2019)
NCC
NorESM2-MM Bentsen et al. (2019)
CESM2 Danabasoglu (2019a)
CLMS5 CLMS5
CESM2-FV2 Danabasoglu (2020a)
NCAR CESM2-WACCM Danabasoglu (2019b)
CESM2-WACCM-
Danabasoglu (2020b)
FVv2
_— CMCC-CM2-SR5 Oleson et al. (2013)
F(T)=1.510
CLM4.5 CLM4.5 CMCC Lovato, Peano, and
CMCC-ESM2
Butenschon (2021)
FIO-QNLM FIO-ESM-2-0 Song et al. (2019)
SNU SAMO-UNICON Park and Shin (2019)
CLM4 CLM4 Tseng, Lee, and Liang
AS-RCEC TaiESM1
(2020)
NCC NorCPM1 Bethke et al. (2019)
ELM ELM E3SM-1.1 E3SM-1-1-ECA Burrows et al. (2020)
JULES CABLE2.5+JULES CSIRO ACCESS-CM2 Dix et al. (2019)
T—30 Boucher, Denvil, et al.
f(T)y=2"10 ORCHIDEE ORCHIDEE IPSL IPSL-CM5A2-INCA

(2020)



ISBA-CTRIP  ISBA-CTRIP CNRM CNRM-ESM2-1 Séférian et al. (2019)
ORCHIDEE Boucher, Servonnat, et
ORCHIDEE branch 2.0 IPSL [PSL-CM6A-LR
branch 2.0 al. (2020)
=271 JULES-ES-1.0  JULES-ES-1.0 UK UKESMI-0-LL Good et al. (2019)
CAMS CAMS-CSM1-0 Rong (2019)
CoLM1.0 CoLM1.0
CAS CAS-ESM2-0 Chai (2020)
10 EM Volodin et al.
F(T)=2T10 INM-CM5-0 201
INM-LND1 INM-LND1 INM
Evgeny Volodin et al.
INM-CM4-8
(2019)
s CABLE2.4+CASA- ‘
F(T)=171T10 CASA-CNP NP CSIRO ACCESS-ESM1.5 Ziehn et al. (2019)
T=35 Franko, Oelschldgel, and
(1) = {2-1 0, T<35 CANDY CANDY ULHG CANDY
1.0, T > 35 Schenk (1995)
JULES-
JULES-HadGEM3-
HadGEM3- Gl MOHC UK-ESM1.0-LL Sellar et al. (2019)
GL7.1 '
47.9 Armstrong, Lee,
f() = 106 JULES-HadGEM3- s
1+exp (7 183) o MOHC UK-ESM1-0-LL Hedges, Honjo, and
RothC ' Wakeham (2001)
Coleman and Jenkinson
ROTHC Rothamsted RothC

(1996)




T 7.19

F(T) = 0.0326 + 0.00351 - T1652 _ (41 748) LPJ-GUESS LPJ-GUESS EC-Earth EC-Earth3-CC Smith et al. (2014)
(001, =5>T
0.04, —5<T<0
J0.04+0.06-T, 0<T<5
~ ]0.0740.016-(T=5), 5<T<10 .
f(m = 0.15+0.03- (T —10), 10<T < 35 AVIM2 BCC-AVIM2 BCC BCC-CSM2-MR Jiand Yu (1999)
0.95, 35 < T <40
0.95 — 0.135 - (T — 40), 40 <T < 47
0, 47 <T
Parton, Schimel, Cole,
f(T) = 0.56 + 0.465 - arctan(0.097 - (T — 15.7))  CENTURY CENTURY CSU CENRUTY B
and Ojima (1987)
T—-15
f(T) —n 10 CLASS-
10 CLASS-CTEM CCCma CanESM5 Swart et al. (2019)
Q10 = 144 + 056 - tanh(0.075 - (46 — T)) CTEM
Shevliakova et al.
F(T) =T T, GFDL GFDL-ESMM2M GFDL GFDL-ESMM2M
(2009)
PnET-CN Aber, Ollinger, and
f(T)=0.68- exp(O.l (T - 7.1)) PnET PnET-CN UNH )
Driscoll (1997)
T — 40 .
F(T) = exp (3.36 : (m» K2000 K2000 CSIRO K2000 Kirschbaum (2000)
- E (T — Tp)
f(T) = exp (R-(273.15+T)-(273.15+T20) .
Simunek and Suarez
R =8314] K~ mol~1, SOILCO2 SOILCO2 USDA SOILCO2
_ (1993)
E = 55.5 kJ mol™?,
Tzo = 20 °C
1 MATSIRO .




VISIT-e 1 MATSIRO visit-e 1 MIROC MIROC6 Tatebe et al. (2019)
LPJ MRI-LCCM2 MRI MRI-ESM-2.0 Yukimoto et al. (2019)
MATSIRO
MATSIRO visit-e 1 MIROC MIROC-ES2L Hajima et al. (2020)
visit-e 1
Obata and Adachi
MRI-LCCM2  MRI-LCCM2 MRI MRI-LCCM2
(2019)
CIESM-LM THU CIESM Huang (2019)
CNRM-CM6-1 Voldoire (2018)
ISBA-CTRIP CNRM
CNRM-CM6-1-HR Voldoire (2019)
Bader, Leung, Taylor,
ELM E3SM E3SM-1-0
and McCoy (2019)
HTESSEL EC-Earth EC-Earth3-AerChem Consortium (2020)
HTESSEL + LPJ- )
EC-Earth EC-Earth3-Veg Consortium (2019)
GUESS
NONE NONE NONE FGOALS-f3-L Yu (2019)
CLM4.0 / CAS-LSM CAS
FGOALS-g3 Liet al. (2020)
LM4.0 NOAA-GFDL GFDL-CM4 Silvers et al. (2018)
GISS-E2-1-G Studies (2018)
GISS LSM NASA-GISS GISS-E2-1-H Studies (2019b)
GISS-E2-2-G Studies (2019a)
JULES-HadGEM3- MOHC HadGEM3-GC31-LL  Gregory (2021)
GL7.1 HadGEM3-GC31-MM  Jackson (2020)
NOAH LSM 2.7.1 CCCR-IITM I[ITM-ESM Panickal et al. (2019)



ORCHIDEE IPSL IPSL-CM6A-LR Boucher et al. (2018)
JULES-HadGEM3-
NIMS-KMA KACE-1-0-G Byun et al. (2019)
GL7.1
University of
Manabe bucket scheme ] MCM-UA-1-0 Stouffer (2019)
Arizona
JSBACH3.1 NUIST NESM3 Cao and Wang (2019)
MPI-ESM-1-2-HR Mauritsen et al. (2019)
MPI-M
MPI-ESM-1-2-LR Mauritsen et al. (2019)
AWI AWI-CM-1-1-MR Semmler et al. (2018)
JSBACH3.2
HAMMOZ-
MPI-ESM-1-2-HAM Neubauer et al. (2019)
Consortium
MPI MPI-ESM1.2-LR Wieners et al. (2019)
MATSIRO6.0 MIROC MIROC6 Tatebe et al. (2019)
HAL 1.0 MRI MRI-ESM-2-0 Yukimoto et al. (2019)
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FIGURE S1. Performance assessment of soil carbon temperature response functions in
Earth System Models across different ecosystem types. Solid lines in different colors
represent the temperature sensitivity (Qio) values predicted by the temperature response
functions. Gray open points represent observed Qo values at different temperatures, while the
black dashed line shows the best-fit relationship between observed Qo and temperature based
on locally weighted polynomial regression. Red points indicate the observed mean values under
the corresponding temperatures, and error bars represent one standard error of the observations.
Note that the number of independent temperature observations in deserts and tundra is

insufficient for curve fitting.
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FIGURE S2. Root mean square error (RMSE) between the observed carbon
mineralization rates and those predicted by the three simulation experiments. EXP.
1 represents the best-fit model and serves as the baseline for comparison, EXP. 2 aims
to assess the relative importance of the intrinsic temperature response, and EXP. 3 aims
to assess the relative importance of external environmental constraints. Different letters

indicate significant difference (p<0.05).



Supplementary Reference:

Aber, J. D., Ollinger, S. V., & Driscoll, C. T. (1997). Modeling nitrogen saturation in
forest ecosystems in response to land use and atmospheric deposition.
Ecological modelling, 101(1), 61-78.

Armstrong, R. A., Lee, C., Hedges, J. 1., Honjo, S., & Wakeham, S. G. (2001). A new,
mechanistic model for organic carbon fluxes in the ocean based on the
quantitative association of POC with ballast minerals. Deep Sea Research Part
1I: Topical Studies in Oceanography, 49(1-3), 219-236.

Bader, D. C., Leung, R., Taylor, M., & McCoy, R. B. (2019). IPCC DDC: E3SM-Project
E3SM1. 0 model output prepared for CMIP6 CMIP.

Bentsen, M., Olivie, D. J. L., Seland, @., Toniazzo, T., Gjermundsen, A., Graff, L. S., ...
Kirkevag, A. (2019). NCC NorESM2-MM model output prepared for CMIP6
CMIP.

Bethke, 1., Wang, Y., Counillon, F., Keenlyside, N., Kimmritz, M., & Fransner, F. (2019).
NCC NorCPM1 model output prepared for cmip6 DCPP dcppa-hindcast. Earth
System Grid Federation.

Boucher, O., Denvil, S., Levavasseur, G., Cozic, A., Caubel, A., Foujols, M.-A., . . .
Hauglustaine, D. (2020). IPSL IPSL-CM5A2-INCA model output prepared for
CMIP6 CMIP.

Boucher, O., Denvil, S., Levavasseur, G., Cozic, A., Caubel, A., Foujols, M.-A., . . .
Cheruy, F. (2018). IPSL IPSL-CM6A-LR model output prepared for CMIP6
CMIP. Retrieved from: https://doi.org/10.22033/ESGF/CMIP6.1534

Boucher, O., Servonnat, J., Albright, A. L., Aumont, O., Balkanski, Y., Bastrikov, V., . ..
Bopp, L. (2020). Presentation and evaluation of the IPSL-CM6A-LR climate
model. Journal of Advances in Modeling Earth Systems, 12(7),
€2019MS002010.

Burrows, S. M., Maltrud, M., Yang, X., Zhu, Q., Jeffery, N., Shi, X., ... Tang, J. (2020).
The DOE E3SM vl. 1 biogeochemistry configuration: Description and
simulated ecosystem-climate responses to historical changes in forcing. Journal
of Advances in Modeling Earth Systems, 12(9), e2019MS001766.

Byun, Y.-H., Lim, Y.-J., Sung, H. M., Kim, J., Sun, M., & Kim, B.-H. (2019). NIMS-
KMA KACE1.0-G model output prepared for CMIP6 CMIP.

Cao, J., & Wang, B. (2019). NUIST NESMv3 model output prepared for CMIP6 CMIP.

Chai, Z. (2020). CAS CAS-ESM1. 0 model output prepared for CMIP6 CMIP historical.
Earth System Grid Federation. In.

Coleman, K., & Jenkinson, D. (1996). RothC-26.3-A Model for the turnover of carbon
in soil. In Evaluation of soil organic matter models: Using existing long-term
datasets (pp. 237-246): Springer.

Consortium, E. C.-E. (2019). EC-Earth-Consortium EC-Earth3 model output prepared

Jfor CMIP6 CMIP historical.

Consortium, E. C.-E. (2020). EC-Earth-Consortium EC-Earth3-AerChem model

output prepared for CMIP6 CMIP historical.



Danabasoglu, G. (2019a). NCAR CESM2-WACCM model output prepared for CMIP6
ScenarioMIP, Version 20201101. Earth System Grid Federation. In.

Danabasoglu, G. (2019b). NCAR CESM2 model output prepared for CMIP6 PAMIP.

Danabasoglu, G. (2020a). Ncar cesm2-fv2 model output prepared for cmip6 cmip
picontrol. version v20191120. In.

Danabasoglu, G. (2020b). Ncar cesm2-waccm-fv2 model output prepared for cmip6
cmip picontrol. version v20191120. In.

Dix, M., Bi, D., Dobrohotoff, P., Fiedler, R., Harman, 1., Law, R., . . . Rashid, H. (2019).
CSIRO-ARCCSS ACCESS-CM2 model output prepared for CMIP6
ScenarioMIP ssp126.

Emmons, L., Schwantes, R., Orlando, J., Tyndall, G., Kinnison, D., Lamarque, J., . . .
Bardeen, C. (2020). The Chemistry Mechanism 590 in the Community Earth
System Model Version 2 (CESM2). Journal of Advances in Modeling Earth
Systems, 12, ¢2019MS001882.

Franko, U., Oelschldgel, B., & Schenk, S. (1995). Simulation of temperature-, water-
and nitrogen dynamics using the model CANDY. Ecological modelling, 81(1-
3), 213-222.

Good, P., Sellar, A., Tang, Y., Rumbold, S., Ellis, R., Kelley, D., & Kuhlbrodt, T. (2019).
MOHC UKESMI1. 0-LL model output prepared for CMIP6 ScenarioMIP
ssp585.

Gregory, J. M. (2021). NERC HadGEM3-GC31-LL model output prepared for CMIP6
FAFMIP.

Hajima, T., Watanabe, M., Yamamoto, A., Tatebe, H., Noguchi, M. A., Abe, M., . . .
Okajima, H. (2020). Development of the MIROC-ES2L Earth system model
and the evaluation of biogeochemical processes and feedbacks. Geoscientific
Model Development, 13(5), 2197-2244.

Huang, W. (2019). THU CIESM model output prepared for CMIP6 CMIP historical.
(No Title).

Jackson, L. (2020). MOHC HadGEM3-GC31-MM model output prepared for CMIP6
ScenarioMIP ssp126.

Ji, J., & Yu, L. (1999). A simulation study of coupled feedback mechanism between
physical and biogeochemical processes at the surface. CHINESE JOURNAL OF
ATMOSPHERIC SCIENCES-CHINESE EDITION-, 23, 448-459.

Kirschbaum, M. U. (2000). Will changes in soil organic carbon act as a positive or
negative feedback on global warming? Biogeochemistry, 48, 21-51.

Li, L., Yu, Y., Tang, Y., Lin, P., Xie, J., Song, M., . . . Wang, L. (2020). The flexible
global ocean-atmosphere-land system model grid-point version 3 (FGOALS-
g3): Description and evaluation. Journal of Advances in Modeling Earth
Systems, 12(9), e2019MS002012.

Lovato, T., Peano, D., & Butenschon, M. (2021). CMCC CMCC-ESM2 model output
prepared for CMIP6 CMIP.

Mauritsen, T., Bader, J., Becker, T., Behrens, J., Bittner, M., Brokopf, R., . . . Esch, M.
(2019). Developments in the MPI-M Earth System Model version 1.2 (MPI-



ESM1. 2) and its response to increasing COz. Journal of Advances in Modeling
Earth Systems, 11(4), 998-1038.

Neubauer, D., Ferrachat, S., Drian, S.-L., Stoll, J., Folini, D. S., Tegen, 1., . . . Barthel,
S. (2019). HAMMOZ-Consortium MPI-ESM1. 2-HAM model output prepared
for CMIP6 CMIP.

Obata, A., & Adachi, Y. (2019). Earth system model response to large midlatitude and
high-latitude volcanic eruptions. Journal of Geophysical Research:
Biogeosciences, 124(7), 1865-1886.

Oleson, K., Lawrence, D., Bonan, G., Flanner, M., Kluzek, E., Lawrence, P., & Zeng,
X. (2013). Technical description of version 4.5 of the Community Land Model
(CLM) NCAR Technical Note: NCAR. TN-503+ STR (Boulder, CO, USA:
National Center for Atmospheric Research (NCAR))

Panickal, S., Raghavan, K., Gopinathan, P., Narayanasetti, S., Choudhury, A., Singh,
M., & Modi, A. (2019). CCCR-IITM IITM-ESM model output data prepared
for CMIP6 CMIP/DECK. Earth Syst. Grid Fed.

Park, S., & Shin, J. (2019). SNU SAMO-UNICON model output prepared for CMIP6
CMIP historical.

Parton, W. J., Schimel, D. S., Cole, C. V., & Ojima, D. S. (1987). Analysis of factors
controlling soil organic matter levels in Great Plains grasslands. Soil Science
Society of America Journal, 51(5), 1173-1179.

Rong, X. (2019). CMIP6 CMIP CAMS CAMS-CSM1-0 1pctCO2.

Séférian, R., Nabat, P., Michou, M., Saint-Martin, D., Voldoire, A., Colin, J., . . .
Chevallier, M. (2019). Evaluation of CNRM Earth system model, CNRM-
ESM2-1: Role of Earth system processes in present-day and future climate.
Journal of Advances in Modeling Earth Systems, 11(12), 4182-4227.

Seland, @., Bentsen, M., Olivi¢, D. J. L., Toniazzo, T., Gjermundsen, A., Graff, L. S., . ..
Kirkevég, A. (2019). NCC NorESM2-LM model output prepared for CMIP6
DAMIP hist-GHG.

Sellar, A. A., Jones, C. G., Mulcahy, J. P., Tang, Y., Yool, A., Wiltshire, A., . . . Palmieri,
J. (2019). UKESM1: Description and evaluation of the UK Earth System Model.
Journal of Advances in Modeling Earth Systems, 11(12), 4513-4558.

Semmler, T., Danilov, S., Rackow, T., Sidorenko, D., Barbi, D., Hegewald, J., . . . Jung,
T. (2018). AWI AWI-CM1. 1MR model output prepared for CMIP6 CMIP
historical. (No Title).

Shevliakova, E., Pacala, S. W., Malyshev, S., Hurtt, G. C., Milly, P., Caspersen, J. P, . ..
Crevoisier, C. (2009). Carbon cycling under 300 years of land use change:
Importance of the secondary vegetation sink. Global Biogeochemical Cycles,
23(2).

Silvers, L., Blanton, C., McHugh, C., John, J. G., Radhakrishnan, A., Rand, K., . . .
Zhao, M. (2018). NOAA-GFDL GFDL-CM4 model output prepared for CMIP6
CFMIP.

Simtnek, J., & Suarez, D. L. (1993). Modeling of carbon dioxide transport and
production in soil: 1. Model development. Water Resources Research, 29(2),
487-497.

10



Smith, B., Warlind, D., Arneth, A., Hickler, T., Leadley, P., Siltberg, J., & Zachle, S.
(2014). Implications of incorporating N cycling and N limitations on primary
production in an individual-based dynamic vegetation model. Biogeosciences,
11(7), 2027-2054.

Song, Z., Qiao, F., Bao, Y., Shu, Q., Song, Y., & Yang, X. (2019). FIO-QLNM FIO-
ESM?2.0 model output prepared for CMIP6 ScenarioMIP ssp585.

Stouffer, R. (2019). U of Arizona MCM-UA-1-0 model output prepared for CMIP6
CMIP. Earth System Grid Federation. In.

Studies, N. G. L. f. S. (2018). NASA-GISS GISS-E2.1G model output prepared for
CMIP6 CMIP.

Studies, N. G. L. f. S. (2019a). NASA-GISS GISS-E2-2-G model output prepared for
CMIP6 CFMIP.

Studies, N. G. I. f. S. (2019b). NASA-GISS GISS-E2.1H model output prepared for
CMIP6 CFMIP.

Swart, N. C., Cole, J. N., Kharin, V. V., Lazare, M., Scinocca, J. F., Gillett, N. P, . . .
Hanna, S. (2019). The Canadian earth system model version 5 (CanESMS5. 0.3).
Geoscientific Model Development, 12(11), 4823-4873.

Tatebe, H., Ogura, T., Nitta, T., Komuro, Y., Ogochi, K., Takemura, T., . . . Saito, F.
(2019). Description and basic evaluation of simulated mean state, internal
variability, and climate sensitivity in MIROC6. Geoscientific Model
Development, 12(7), 2727-2765.

Tseng, Y.-H., Lee, W.-L., & Liang, H.-C. (2020). NTU TaiESMI-TIMCOM model
output prepared for CMIP6 OMIP omip2.

Voldoire, A. (2018). CNRM-CERFACS CNRM-CM6-1 model output prepared for
CMIP6 CMIP.

Voldoire, A. (2019). CNRM-CERFACS CNRM-CM6-1 model output prepared for
CMIP6 ScenarioMIP, Version 20201101, Earth System Grid Federation. In.

Volodin, E., Mortikov, E., Gritsun, A., Lykossov, V., Galin, V., Diansky, N., . . .
Shestakova, A. (2019). INM INM-CM4-8 model output prepared for CMIP6
CMIP.

Volodin, E., Mortikov, E., Kostrykin, S., Galin, V. Y., Lykossov, V., Gritsun, A., . . .
lakovlev, N. (2017). Simulation of the present-day climate with the climate
model INMCMS. Climate dynamics, 49, 3715-3734.

Wieners, K.-H., Giorgetta, M., Jungclaus, J., Reick, C., Esch, M., Bittner, M., . . . Gayler,
V. (2019). Mpi-m mpi-esml. 2-Ir model output prepared for cmip6 cmip
historical. (No Title).

Yamamoto, A., Tatebe, H., Ogochi, K., Arakawa, O., Kawamiya, M., Ohgaito, R, . . .
Komuro, Y. (2019). MIROC MIROC-ES2L model output prepared for CMIP6
CMIP historical. (No Title).

Yu, Y. (2019). CAS FGOALS-f3-L model output prepared for CMIP6 CMIP historical.
(No Title).

Yukimoto, S., Kawai, H., Koshiro, T., Oshima, N., Yoshida, K., Urakawa, S., . .. Hosaka,
M. (2019). The Meteorological Research Institute Earth System Model version

11



2.0, MRI-ESM2. 0: Description and basic evaluation of the physical component.
Journal of the Meteorological Society of Japan. Ser. 11, 97(5), 931-965.

Ziehn, T., Chamberlain, M., Lenton, A., Law, R., Bodman, R., Dix, M., . . . Stevens, L.
(2019). CSIRO ACCESS-ESMI1. 5 model output prepared for CMIP6
ScenarioMIP.

12



