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Table S1: Overview of ESMs considered in this study

Curvilinear

ESM Ref Ocean Land carbon N cycle P cycle Fires Dynan}lc EOCS
Grid vegetation | (°C)
c ;ll; iI:-LR (Boucher et al., 2020) Yes ORErHZH())EE’ No No No No 4.70
f:le\lE/ll (Séféian et al., 2019) Yes ISBA-CTRIP | Implicit No (nijrsal) No | 479
CanESM5 | (Swartctal,2019) Yes CLASS-CTEM | Implicit No No dynamic | 5 ¢
wetlands
UKOI::SYH' (Sellar et al., 2019) No JULES-ES-1.0 Yes No No Yes 5.36
Mélg;)LC' (Hajima et al., 2020) No VISIT-¢ Yes No No No 2.66
AECSg/[E]S-? (Zichn et al., 2020) No CABLE Yes Yes No No 3.88
MPI- )
ESM1-2- | (Moujseeal Yes JSBACH3.2 Yes No No Yes 3.03
LR
NorLEl\S/[MZ- (Seland et al., 2020) No CLM5 Yes No Yes No 2.49
CEl\éll(\j/[(;- (Lovato et al., 2022) Yes CLM-4.5 Yes No (n;[v:l::al) No 3.58
CESM2 (Danab;(s);%)lu etal., No CLMS5 Yes No Yes dynamlc 4.68
) wetlands
El;’[]\l/};—_ 0 (Yuki;l(l)(:t;))et al., No HAL No No No No 3.14
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Earth System Models evaluation

The ESM ability to simulate ENSO is first assessed in terms of the Nino3.4 index seasonality (phase-locking, Figure S1).
Figure S1 clearly shows that all the models, with the exception of CanESMS and ACCESS-ESM1-5, exhibit a stronger
interannual variability than observations, represented by the HadISST dataset (Rayner et al., 2003), during all the calendar
months (black line). Those two models, on the opposite, are characterized by a lower seasonality of the ENSO signal, with
higher and lower than observed variability during boreal summer and boreal winter months, respectively. Beyond the bias in
the annual standard deviation, the normalized index indicates that ESMs typically yield a much higher minimum from March
to August and lower maximum from September to January compared to observations (Figure S1b), thus displaying a
negative bias in the amplitude of ENSO seasonal variations.

We also considered the ability of the ESMs to simulate the climatology of the Amazon basin as well as its land carbon and
surface energy fluxes by assessing their seasonality. A dry precipitation bias is persistent during the whole year and for all
the ESMs (Ortega et al., 2021; Monteverde et al., 2022, Figure S2, panel a), with the only partial exception of ACCESS-
ESM1-5 and MRI-ESM2-0. Despite this, however, not all the models display a consistent dry bias for soil moisture, but
rather roughly half of them overestimate the volumetric soil content of water, most likely a direct consequence of the
parameterization of soil water depth in the different land models used (Qiao et al., 2022, Figure S2, panel c). Temperatures
are also overestimated in the Amazon basin, both concerning their seasonal amplitude cycle, which is accentuated in ESM,
as well as considering monthly mean values, which are sensibly higher during the whole calendar year, compared to ERAS
reanalysis (Figure S2, panel b). Considering the energy fluxes, shortwave incoming radiation is probably the most consistent
bias observable in the region considered (Figure S3, panel d), and its presence has strongly persisted since the 5™ generation
of CMIP models (Wild et al., 2015). Despite a correct seasonality, the values of incoming radiation are almost two times the
FLUXCOM ones (Jung et al., 2019), used as a validation reference: this bias is a consequence of low cloudiness within the
tropical basin, and most likely it is the direct factor that generates the dry precipitation bias. ESMs also struggle to reproduce
the seasonal cycle of GPP, TER and consequently NEP (Figure S3, panel , b and ¢), as well as the yearly mean values of the
carbon fluxes (Figure S4). First, the general behaviour of the ESMs is a shift in the lower photosynthetic productivity peak
towards the end of the year (Figure S3 panel b). Regarding NEP, all the models depict a clear and strong underestimation of
boreal spring, autumn and winter values, compared to the FLUXOM carbon fluxes dataset (Jung et al., 2020), as clear in
Figure S3c. The NEP bias is related to a combination of TER overestimation and an underestimation of GPP, or both (MRI-
ESM2-0, MPI-ESM1-2-LR and UKESM1-0-LL, Figure S3). Specifically, the high GPP and TER displayed by those three
models compared to FLUXCOM and the other ESMs indicates a particularly high vegetation (and thus Land Module)
sensitivity to climatological forcings.
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Figure S2: Model biases with respect to the ERAS dataset in the climatological seasonal variability, for the period 1979/2013. Shown are
65 the monthly zonal means within the Amazon basin for a) precipitation, b) temperature and c) soil moisture.
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Figure S3: Model biases with respect to the FLUXCOM dataset in the seasonal variability, for the period 1979/2013. Shown are the
monthly zonal means within the Amazon basin for a) NEP, b) GPP and ¢) TER and d) shortwave incoming radiation.
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Figure S4: Model biases with respect to the FLUXCOM dataset in the distribution of carbon fluxes values, for the period 1979/2013.
Shown are the yearly zonal values within the Amazon basin for a) NEP, b) GPP and c) total ecosystem respiration (TER, the sum of
autotrophic and heterotrophic respirations for ESMs).
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Figure S5: Simulated anomalies of (a) cumulative NBP, (b) GPP, (c) Ra and (d) Rh in the Amazon basin for the historical and ssp585
experiments. Trends are computed with respect to the 1850 mean and are visualized as a 10-years moving average for clarity. For the
models with more than one realization, both the model-ensemble mean (line) and the spread (+1 standard deviation, shading) are shown.
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Figure S7: Estimates of the carbon-concentration feedback () for the ESMs considered. The Amazon basin, obtained from the SO
85 HYBAM service (https://hybam.obs-mip.ft/), is also represented.
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Figure S8: Standardized values of 3 and ~ averaged over the Amazon basin, representing their contribution to cumulative NBP in the
1pctCO2-bgc and 1pctCO2-rad simulations respectively.
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Figure S10: Predictive skills of the ridge regression model by adopting the 5-fold cross-validation procedure, for every ESM and for both
120  the historical and the ssp585 scenario. In panel a) is reported R?, in panel b) the RMSE.
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Figure S11: Share of interannual NBP explained variance (%), by means of temperature (yellow), soil-moisture (blue) and shortwave

incoming radiation (purple) for every ESM for a) historical period and b) ssp585 scenario.
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Figure S12: Changes in the coefficients of the 5-fold CV ridge regression model in the ssp585 scenario with respect to the historical
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period, for all the ESMs. Shown are the Amazon basin mean values of the regression coefficients.
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Figure S13: Intermodel uncertainty in interannual variability of NBP (y-axis) as explained by the 5-fold CV ridge regression coefficients

with respect to: a) temperature, b) soil moisture and c) shortwave incoming radiation.
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