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Supplementary Table S1. Main features of the land carbon cycle components of the participating models of LFMIP.

Modelling group CESM, USA CMSS, Italy IPSL, France MPI-M, Ger-

many

ESM CESM2 CMCC-ESM2 IPSL-CM6A-LR MPI-ESM1-2-

LR

Atmosphere resolution 0.9° × 1.25° 0.9° × 1.25° 2.5° × 1.3° 1.8° × 1.8°

Land model component CLM5 CLM4.5 ORCHIDEE,

branch 2.0

JSBACH3.2

Number of live carbon pools 22 N/A 8 3

Number of dead carbon

pools

7 N/A 3 18

Number of plant functional

types (PFTs)

16 15 15 13

Fire Yes Yes No Yes

Dynamic vegetation cover No No No Yes

Nitrogen cycle Yes Yes No Yes

References (Danabasoglu

et al., 2020;

Lawrence et al.,

2019)

(Lovato et al.,

2022)

(Boucher et al.,

2020)

(Mauritsen et al.,

2019)
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Supplementary Figure S1. Visualisation of the experiments of LFMIP (and GLACE-CMIP5), involving monthly SM from 1981 to 2099

for the reference run (CTL, black) and prescribed SM conditions for pdLC (blue) and rmLC (green) for a grid cell in South America (from

CMCC-ESM2).
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Supplementary Figure S2. Difference between the magnitudes of SM-induced change on GPP versus ecosystem respiration for the future

period (2070-2099) for the LFMIP mean. Red indicates that SM has a stronger effect on ecosystem respiration and green indicates that SM

has a stronger effect on GPP. White indicates no data.
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Supplementary Figure S3. Global evolution of (a) total NBP (NBPCTL) for the GLACE-CMIP5 mean (black) and each GLACE model

(CESM, GFDL, IPSL, and MPI-ESM), (b) the total SM effect on NBP (∆NBPSMall) for the GLACE-CMIP5 mean (red) and each GLACE-

CMIP5 model, (c) the effect of SM trend on NBP (∆NBPSMtrend) for the GLACE-CMIP5 mean (red) and each GLACE-CMIP5 model,

and (d) the effect of SM variability on NBP (∆NBPSMvar) for the GLACE-CMIP5 mean (blue) and each GLACE-CMIP5 model from 1991

to 2089 (smoothed with a 20 year centred rolling mean).
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Supplementary Figure S4. Global evolution of (a) total NBP (NBPCTL) for the LFMIP mean (black) and each LFMIP model (CESM,

GFDL, IPSL, and MPI-ESM), (b) the total SM effect on NBP (∆NBPSMall) for the LFMIP mean (red) and each LFMIP model, (c) the

effect of SM trend on NBP (∆NBPSMtrend) for the LFMIP mean (red) and each LFMIP model, and (d) the effect of SM variability on NBP

(∆NBPSMvar) for the LFMIP mean (blue) and each LFMIP model from 1991 to 2089 (smoothed with a 20 year centred rolling mean).
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Supplementary Figure S5. NBP (NBPCTL) for the future period (2070-2099) for (a.1) the GLACE-CMIP5 mean, (b.1) the LFMIP mean,

(a.2-5) individual model projections of GLACE-CMIP5, and (b.2-5) individual model projections of LFMIP. Pink indicates a reduction and

green an increase of NBP due to SM. White indicates no data.
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Supplementary Figure S6. Changes in NBP due to the effect of SM variability (∆NBPSMvar) for the future period (2070-2099) for (a.1)

the GLACE-CMIP5 mean, (b.1) the LFMIP mean, (a.2-5) individual model projections of GLACE-CMIP5, and (b.2-5) individual model

projections of LFMIP. Pink indicates a reduction and green an increase of NBP due to SM. White indicates no data.
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Supplementary Figure S7. Changes in NBP due to the effect of SM trend (∆NBPSMtrend) for the future period (2070-2099) for (a.1)

the GLACE-CMIP5 mean, (b.1) the LFMIP mean, (a.2-5) individual model projections of GLACE-CMIP5, and (b.2-5) individual model

projections of LFMIP. Pink indicates a reduction and green an increase of NBP due to SM. White indicates no data.
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Supplementary Figure S8. Changes in NBP due to the total SM effect (∆NBPSMall) for (a) the present period (1980-2010), (b) the future

period, and (c) the future period relative to the baseline for the GLACE-CMIP5 mean and the individual model projections of GLACE-

CMIP5. Pink indicates a reduction and green an increase of NBP due to SM. White indicates no data.
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Supplementary Figure S9. Changes in NBP due to the total SM effect (∆NBPSMall) for (a) the present period (1980-2010), (b) the future

period, and (c) the future period relative to the baseline for the LFMIP mean and the individual model projections of LFMIP. Pink indicates

a reduction and green an increase of NBP due to SM. White indicates no data.
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Supplementary Figure S10. Comparison of NBP and SM of (a, b) GLACE-CMIP5 to the CMIP5 multi-model mean (MMM) and (c, d)

LFMIP to the CMIP6 MMM across latitudinal bands of 30° from north (1) to south (5). In columns (a) and (c), the coloured lines show

latitudinal NBP for the GLACE-CMIP5 models, in columns (c) and (d), the coloured lines show latitudinal NBP for the GLACE-CMIP5

models. Black lines indicate the full ensemble MMMs and grey shadings the 95% confidence interval.

GPP

Spearman r = 0.93

GPP

MAE = 7.73

Difference

300 150 0 150 300
gC m 2 yr 1

300 150 0 150 300
gC m 2 yr 1

300 150 0 150 300
gC m 2 yr 1

Supplementary Figure S11. Global changes in GPP due to the total SM effect modelled for the LFMIP mean (∆GPP , left) and the LFMIP

mean for the contribution analysis estimates (∆GPP ∗, middle), and the different between the modelled and the estimated total effect of SM

on GPP (right) for future period (2070-2099). The pattern correlation (Spearman r) between the modelled and the estimated values is 0.93

and the mean absolute error (MAE) is 7.73 gC m−2 yr−1.
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Supplementary Figure S12. Global changes in GPP due to the total SM effect modelled in LFMIP (∆GPP , black bar). Contribution

analysis estimates for LFMIP of the total global changes in GPP due to SM (∆GPP ∗, grey bar) and individual contributions from the direct

SM effect (∆GPP ∗
SM , blue bar) and indirect SM effects via VPD ( ∆GPP ∗

V PD , light red bar), T ( ∆GPP ∗
T , purple bar) and R (∆GPP ∗

R,

yellow bar) for the future period (2070-2099). Bars show the LFMIP mean and coloured dots the individual models.
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Supplementary Figure S13. Contribution analysis estimate for LFMIP of the total changes in GPP due to SM (∆GPP ∗) and the individual

contributions from the direct SM effect (∆GPP ∗
SM ), the indirect SM effects via VPD ( ∆GPP ∗

V PD , light red bar), T ( ∆GPP ∗
T , purple

bar) and R (∆GPP ∗
R, yellow bar) for the future period (2070-2099). Pink indicates a reduction and green an increase of NBP due to SM.

White indicates no data.
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Supplementary Figure S14. Total fraction of intermodel differences attributed to the disagreement in the sensitivity of GPP to SM and

differences in the change in SM by the factorial ANOVA variance decomposition for LFMIP (in %).
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Supplementary Figure S15. Global changes in GPP due to the total SM effect modelled in GLACE-CMIP5 (∆GPP , black bar). Contribu-

tion analysis estimates for GLACE-CMIP5 of the total global changes in GPP due to SM (∆GPP ∗, grey bar) and individual contributions

from the direct SM effect (∆GPP ∗
SM , blue bar) and indirect SM effects via VPD and T ( ∆GPP ∗

T&V PD , red bar) and R (∆GPP ∗
R, yellow

bar) for the future period (2070-2099). Bars show the LFMIP mean and coloured dots the individual models. For GLACE-CMIP5 model

output is only available for CESM, GFDL, and MPI-ESM.
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Supplementary Figure S16. Global changes in GPP due to the total SM effect modelled in GLACE-CMIP5 (∆GPP , black bar). Contribu-

tion analysis estimates for GLACE-CMIP5 of the total global changes in GPP due to SM (∆GPP ∗, grey bar) and individual contributions

from the direct SM effect (∆GPP ∗
SM , blue bar) and indirect SM effects via VPD ( ∆GPP ∗

V PD , light red bar), T ( ∆GPP ∗
T , purple bar)

and R (∆GPP ∗
R, yellow bar) for the future period (2070-2099). Bars show the LFMIP mean and coloured dots the individual models. For

GLACE-CMIP5 model output is only available for CESM, GFDL, and MPI-ESM.
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Supplementary Figure S17. Contribution to intermodel differences (in %) in GLACE-CMIP5 from disagreement in the sensitivity of GPP

to (a.1) the direct SM effect (βSM ), (a.2) indirect SM effects via T and VPD (βV PD + βT ) and (a.3) direct and indirect SM effects (Total β),

as well as contribution from (b.1) the change in SM (∆SM ), (b.2) the change in T and VPD due to SM (∆V PD+∆T ), and (b.3) the total

contribution of change in SM (Total ∆). (c) shows the total fraction of intermodel differences attributed to the disagreement in the sensitivity

of GPP to SM and differences in the change in SM.
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