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Figure S1. Supplement to Fig. 2 with individual model results instead of model groups. (A) Average error between model predictions and

observational estimate (Jung et al., 2011) of gross primary productivity (GPP), averaged over the years 1982-2011 and the 40°N to 80°N

latitudes. Individual models are identified by the algorithms active for C:N ratio flexibility, BNF, and nitrogen loss, with "C" indicating the

carbon-only reference simulation. (B) Modeled gradients of the average 1982-2011 northern hemispheric seasonal CO2 amplitude (Ωlat).

Bars indicate model results, black line shows the observational estimate. Error bars and shaded area indicate the average error between the

line fit (Fig. 1C) and the measurements or model results at the respective CO2 measurement stations (Tab. S2). (C) Comparison of modelled

and measurement-based (black line and shaded area) 1982-2011 sensitivities of interannual CO2 growth rate anomalies to changes in global

temperatures γIAV. For simulations and measurements, the error bars and the shaded area indicate the error in γIAV over the 30 year time

span. Individual models are identified by the algorithms active for C:N ratio flexibility, BNF, and nitrogen loss, with "C" indicating the

carbon-only reference simulation.
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Figure S2. Globally integrated drivers of the simulations ((a) CO2, (b) global land air temperature (GLAT) and (c) N deposition over land)

as well as simulated changes in (d) total ecosystem C:N ratios, (e) biological nitrogen fixation (BNF), and (f) nitrogen loss (1850-2099).

Changes in biosphere are presented relative to the averages over the 1850-1880 period. Shown are simulation results from all 30 members of

the carbon-nitrogen model ensemble over the common historical period (1850-2005), as well as the scenario periods (2006-2099) for RCP

2.6 and RCP 8.5.
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Figure S3. Modeled sensitivity of land carbon storage to increasing atmospheric CO2 concentrations in dependence on the productivity

response to increasing atmospheric CO2 concentrations. ∆NPP550-350ppm indicates the relative change in global average net primary

productivity (NPP) in response to the gradual increase in atmospheric CO2 concentrations from 350 ppm (year 1988; taken as the 1983-

1992 mean) to 550 ppm (year 2052; taken as the 2047-2056 mean). Here, βL indicates the sensitivity of global land carbon storage to

the same perturbation. The black dotted line and grey area indicate the range of observations of plant productivity responses to a CO2

concentration increase of 200 ppm (2). The blue line indicates the linear fit for the relationship. The overlap of this fit with the observational

range of ∆NPP550-350ppm determines the range of probable model estimates for βL (orange dotted line and area).
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Figure S4. Gauss functions (orange) used to approximate the unconstrained distributions of model ensemble predictions (black) of carbon

cycle feedbacks (1850-2099) and RCP-compatible anthropogenic carbon emissions (2006-2099). Distributions of predictions for (a) the

carbon-concentration feedback parameter βL, (b) the carbon-climate feedback parameter γL, as well as the (c) RCP2.6 and (d) RCP8.5

compatible anthropogenic carbon emissions. µ, mean; σ, standard deviation.

1 Weighting of model results according to atmospheric constraints

For each pairing of model prediction and observed benchmark, we performed an ANOVA analysis to determine a p-value,

formally quantifying the level of statistical significance of the model prediction of Ωlat compared with the observed atmo-

spheric data (Table A2). We then divided each p-value by the sum of all p-values (one for each model version) and used the

results as relative weights for each model prediction. In Fig. 9, we present the distribution of model predictions for feedback5

parameters and allowable emissions as probability densities. For the unconstrained ensemble, we used the mean (µ) and SD

(σ) of the ensemble predictions to approximate these distributions as symmetrical Gauss distributions (Fig. S4) according to

4



the established formula:

p(x) =
1

σ
√

2π
e−

1
2 (
x−µ
σ )2 (S1)

where p(x) is the relative probability for the model result of value x. To obtain the constrained mean of predictions µ*, we10

calculated a weighted mean that uses the p-values established above as relative weights wi (
∑
wi = 1):

µ∗ =
∑

wi×xi (S2)

where xi denotes the model result corresponding to the weightwi , and . We then applied the weights to determine the weighted

standard deviation σ* for the constrained distribution:

σ∗ =
√∑

wi(xi−µ∗)2 (S3)15

We then used µ* and σ* with SI Appendix, Eq. S1 to obtain the constrained distributions (blue curves in Fig. 9).
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Table S2. Statistical measures for the performed regression analyses (Fig. 1a and b; 7; S1), where p-values are the result of an ANOVA

testing whether or not the regression slopes derived from the simulations are significantly different to the regression slopes derived from the

observations.

Model/Observation R2
seas. Ωlat intercept Ωlat slope Ωlat γIAV γIAV

- - (ppm) ( ppm
sin(lat)

) (p-value) ( K
ppmyr−1 ) (p-value)

R1F1L1 0.44 1.46 17.70 0.12 0.92 0.20

R1F1L2 0.99 1.88 14.69 0.57 0.95 0.23

R1F1L3 0.95 1.92 14.43 0.64 0.94 0.23

R1F2L1 0.95 1.45 17.28 0.15 0.92 0.20

R1F2L2 0.99 1.95 13.52 0.92 0.93 0.21

R1F2L3 0.94 1.97 13.55 0.91 0.92 0.21

R1F3L1 0.94 1.77 13.57 0.89 0.93 0.21

R1F3L2 0.97 2.17 9.22 0.06 0.95 0.23

R1F3L3 0.83 2.16 9.76 0.11 0.93 0.22

R1F4L1 0.85 1.44 17.91 0.10 0.91 0.20

R1F4L2 0.99 1.53 17.64 0.11 0.90 0.20

R1F4L3 0.99 1.56 17.56 0.12 0.90 0.20

R1F5L1 0.99 1.61 15.54 0.37 0.96 0.22

R1F5L2 0.98 2.11 10.97 0.29 1.01 0.27

R1F5L3 0.88 2.06 11.43 0.41 0.96 0.24

R2F1L1 0.90 1.71 15.12 0.46 0.92 0.21

R2F1L2 0.99 1.81 13.44 0.93 0.98 0.31

R2F1L3 0.95 1.89 12.66 0.80 0.95 0.28

R2F2L1 0.93 1.65 14.86 0.52 0.92 0.21

R2F2L2 0.98 1.82 12.89 0.89 0.94 0.27

R2F2L3 0.94 1.88 12.41 0.72 0.95 0.28

R2F3L1 0.93 2.07 10.63 0.24 0.94 0.23

R2F3L2 0.91 2.12 8.65 0.04 0.99 0.32

R2F3L3 0.82 2.15 8.58 0.04 0.97 0.30

R2F4L1 0.82 2.04 19.12 0.05 0.99 0.31

R2F4L2 0.98 2.12 18.28 0.08 0.98 0.31

R2F4L3 0.97 2.14 18.25 0.08 0.99 0.32

R2F5L1 0.97 2.30 16.77 0.20 0.97 0.28

R2F5L2 0.96 2.46 14.51 0.63 1.00 0.33

R2F5L3 0.94 2.47 14.55 0.62 1.00 0.34

C-only OCN 0.94 1.26 18.73 0.07 0.90 0.20

OBS - 2.98 13.57 - 1.41 -
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Table S3. List of stations that (wholly or partially) cover the 1982-2011 period with atmospheric CO2 measurements that were used for the

analysis of atmospheric constraints. Analysis of the gradient of seasonal CO2 amplitudes, as presented in Fig. 1 C and D, only used northern

hemispheric measurements. The station selection and observational datasets are further described by Dalmonech and Zaehle (2013).

Location Latitude (deg) Longitude (deg)

Alert, Canada 82.45 N 62.52 W

Point Barrow, Alaska 71.32 N 156.6 W

Station ’M’, Atlantic 66 N 2 E

Cold Bay, Alaska 55.2 N 162.72 W

Shemya Island, Alaska 52.72 N 174.1 W

Mace Head, Ireland 53.33 N 9.9 W

Azores 38.75 N 27.08 W

Key Biscayne, Florida 25.67 N 80.2 W

Mauna Loa, Hawaii 19.53 N 155.58 W

Kumakahi, Hawaii 19.52 N 154.82 W

Guam 13.43 N 144.78 E

Ragged Point, Barbados 13.17 N 59.43 W

Kiritimati, Kiribati 1.7 N 157.17 W

Mahe Island, Seychelles 4.47 S 55.17 E

Ascension Island 7.92 S 14.42 W

Tutuila, American Samoa 14.25 S 170.57 W

Palmer Station, Antarctica 64.92 S 64 W

Halley Bay, Antarctica 75.67 S 25.5 W

South Pole 89.98 S 24.8 W

References

Dalmonech, D. and Zaehle, S.: Towards a more objective evaluation of modelled land-carbon trends using atmospheric CO2 and satellite-

based vegetation activity observations, Biogeosciences, 10, 4189–4210, 2013.

Jung, M., Reichstein, M., Margolis, H. A., Cescatti, A., Richardson, A. D., Arain, M. A., Arneth, A., Bernhofer, C., Bonal, D., Chen, J.,20

Gianelle, D., Gobron, N., Kiely, G., Kutsch, W., Lasslop, G., Law, B. E., Lindroth, A., Merbold, L., Montagnani, L., Moors, E. J., Papale,

D., Sottocornola, M., Vaccari, F., and Williams, C.: Global patterns of land-atmosphere fluxes of carbon dioxide, latent heat, and sensible

heat derived from eddy covariance, satellite, and meteorological observations, Journal of Geophysical Research, 116, G00J07, 2011.

8


