Table S1: Full summary of Earth system models including model names, history of development, number of soil/litter pools,
temperature /moisture functions, link to nitrogen cycling, the CMIP5 variables used to construct total soil carbon, and the

years analyzed for each CMIP5 experiment. (adapted from Todd-Brown et al., 2013)

Reported CMIP5 Years considered for
Model Center Model name Soil model history Litter Soil Temperature Moisture Nitrogen variables analysis
cSoil cLitter ¢Cwd Historical RCP 8.5

Beijing Climate Center, BCC-CSM1.1 AVIM?2 (Huang et al., 2 6  hill? hill no* X X -- 1850- 2006-
China Meteorological BCC-CSM1.1(m) 2007; Ji et al., 2008) 2005 2099
Administration (BCC) (Wu et al., submitted) CEVSA (Cao and

Woodward, 1998)

CENTURY (Parton et al.,

1987, 1993)
College of Global Change =~ BNU-ESM (Personal CoLM (Dai etal, 2003, 2 2 Arrhenius  increasing no X X -- 1850- 2006-
and Earth System Science, communication Qian 2004) 2005 2100
Beijing Normal University ~ Zhang, 2013) LPJ-DyN (Xu-Ri and
(GCESS) Prentice, 2008)

LPJ-DGVM (Sitch et al.,

2003)

DEMETER-1 (Foley,

1995)

CENTURY (Parton et al.,

1987, 1992)
Canadian Centre for CanESM2 CTEMI (Arora and Boer, 1° 1 QI10° hill no X X -- 1850- 2006-
Climate Modeling and (CMIPS output) 2005; Arora, 2003; Arora 2005 2100
Analysis (CCCMA) etal., 2011)
National Center for CCSM4 CLM4 (Oleson et al., 4 3 Arrhenius  increasing yes X X X 1850- 2006-
Atmospheric Research (Gent et al., 2011) 2008) 2005 2100
(NCAR) CN (Thornton et al., 2007)

Biome-BCG 4.1.2
(Kimball et al., 1997,
Thornton and
Rosenbloom, 2005;
Thornton, 1998; Thornton
et al., 2002)



Reported CMIP5

Years considered for

Model Center Model name Soil model history Litter Soil Temperature Moisture Nitrogen Var iables analysis
cSoil cLitter ¢Cwd Historical RCP 8.5

(Olson, 1963; Veen and

Paul, 1981; Veen et al.,

1984)
Community Earth System  CESM1(BGC) CLM4(Oleson et al., 4 3 Arrhenius  increasing yes X X X 1850- 2006-
Model Contributors (NSF- CESM1(CAMS) 2008) 2005 2100
DOE-NCAR) (Keppel-Aleks et al., CN (Thornton et al., 2007)

2013; Lindsay et al., 2013) Biome-BCG 4.1.2

(Kimball et al., 1997;

Thornton and

Rosenbloom, 2005;

Thornton, 1998; Thornton

et al., 2002)

(Olson, 1963; Veen and

Paul, 1981; Veen et al.,

1984)
NOAA Geophysical Fluid ~ GFDL-ESM2G LM3 (LM3p7_cESM, -- 2 hill increasing no X -- -- 1861- 2006-
Dynamics Laboratory GFDL-ESM2M M45) (Shevliakova et al., 2005 2100
(NOAA GFDL) (CMIPS output) 2009)

ED (Moorcroft et al.,

2001)

(Bolker et al., 1998)

CENTURY (Parton et al.,

1987)
Met Office Hadley Centre = HadGEM2-ES (Collins et al., 2011; -- 4 Q10 hill no X -- -- 1860- 2006-
(additional HadGEM2-ES ~ HadGEM2-CC Martin et al., 2011) 2005 2099
realizations contributed by  (Jones et al., 2011) TRIFFID (Cox, 2001)
Instituto Nacional de
Pesquisas Espacials)
(MOHC additional
realizations by INPE)
Institute for Numerical INM-CM4 (Volodin, 2007) -- 1*  Qio° hill no X -- -- 1850- 2006-
Mathematics (INM) (Volodin et al., 2010) LSM (Bonan, 1995, 1996; 2005 2100

Bunnell et al., 1977)



Reported CMIP5

Years considered for

Model Center Model name Soil model history Litter Soil Temperature Moisture Nitrogen Var iables analysis
cSoil cLitter ¢Cwd Historical RCP 8.5
Institut Pierre-Simon IPSL-CMS5A-LR ORCHIDEE (http:/ 3 Q10 increasing no X X -- 1850- 2006-
Laplace IPSL-CM5A-MR orchidd.ipsl.jussieu.fr) 2005 2100
IPSL-CM5B-LR STOMATE (Krinner et al.,
(http://icmc.ipsl.fr) 2005)

CENTURY (Parton et al.,

1988)
Japan Agency for Marine- MIROC-ESM SEIB-DGVM (Sato et al., -- Arrhenius  increasing no X X -- 1850- 2006-
Earth Science and MIROC-ESM-CHEM 2007) 2005 2100
Technology, Atmosphere (Watanabe et al., 2011) Roth-C (Coleman and
and Ocean Research Jenkinson, 1999)
Institute (The University of DEMETER-1 (Foley,
Tokyo), and National 1995)
Institute for Environmental CENTURY (Parton et al.,
Studies (MIROC) 1987, 1992)
Max-Planck-Institut fiir MPI-ESM-LR JSBACH (Raddatz et al., -- Q10 increasing no X X -- 1850- 2006-
Meteorologie (Max Planck MPI-ESM-MR 2007) 2005 2100
Institute for Meteorology)  (CMIPS output) BETHY (Knorr, 2000)
(MPI-M) CENTURY (Parton et al.,

1993)
Norwegian Climate Centre NorESM1-ME CLM4 (Oleson et al., 4 Arrhenius  increasing yes X X X 1850- 2006-
(NCO) NorESM1-M 2008) 2005 2100

(Tjiputra et al., in prep)

CN (Thornton et al., 2007)
Biome-BCG 4.1.2
(Kimball et al., 1997,
Thornton and
Rosenbloom, 2005;
Thornton, 1998; Thornton
et al., 2002)

(Olson, 1963; Veen and
Paul, 1981; Veen et al.,
1984)

a2 We define a hill function as a function that increases to a maximum and then decreases.

b Turnover parameterization dependent on biome or vegetation type.



¢ Q10 value dependent on temperature.
d Nitrogen option available but not turned on for CMIP5 run
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Tundraand boreal 3.9 50 46 3.1 7.8 65 46 73 3.1 80 56| 54 1.8
Other biomes 3.7 3.8 42 40 59 60 35 56 3.1 55 49| 46 1.0
Global 3.8 42 43 38 64 61 38 61 31 62 51| 48 1.2

Table S2: Mean soil temperature change for tundra and boreal forest biomes, all other biomes, and the globe for each ESM. Soil

temperatures are area weighted means for the top 10 cm of the reported soil column.



Istart kend N 1) Csmrt
kstart Iend AC = Istart AC = kend
AC = Cstart (Eq 2) Iend kstart

CESM1(BGC) 0.139 0.818 NS NS
NorESM1-ME 0.277 0.501 NS NS
BNU-ESM 0.019 NS 0.008 0.018
BCC-CSM1.1(m) 0.692 0.777 0.036 0.074
HadGEM2-ES 0.305 0.324 NS NS
IPSL-CM5A-MR 0.000 0.456 NS 0.041
GFDL-ESM2G 0.253 NS NS 0.005
CanESM2 0.038 0.878 0.195 0.036
INM-CM4 0.113 0.262 0.009 NS
MIROC-ESM 0.052 NS NS 0.073
MPI-ESM-MR 0.205 0.183 NS NS

Table S3: Within-model explanation of variation (R?) in the change in soil carbon over the 21th century by modern soil carbon,
Eq 2) relative change in soil inputs, and relative change in decomposition. Decomposition rate (k) was calculated from global
heterotrophic respiration divided by soil carbon stock. Regressions used gridded mean differences (2090-2099 versus 1997-

2006) and initial gridded means (1997-2006). All models have p < 0.05, unless marked as not significant (NS).
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R =«kC 1/k[yr] 14.5 14.7 22.9 28.2 202 31.0 725 426 36.3 87.6 56.2
(Eq. 3) p 0.861 0.868 0.493 0.367 0.707 0.555 0.043 0.413 0.491  0.133 0.42
R = KQg—“?)/lOC 1/k [yr]  15.9 15.5 16.7 19.1 169 185 15.0 26.2 24.3 42.9 50.5
Quo 1.55 1.53 2.18 2.09 1.67 156 229 179 2.09 2.13 1.55
p 096 0961 0.974 0957 0.911 0913 0.831 0.93 0.88 0.828 0.619
R =k §€‘15)/1°Wbc 1/k[yr] 129 11.5 7.8 13.7 94 155 11.7 16.7 23.7 39.6 25.1
(Eq. 5) Qio 1.54 1.53 2.12 2.06 1.78 171 227 164 2.10 2.16 1.44
b 0.15 0.09 0.61 0.20 1.06 060 053 0.20 0.03 0.27 0.69
p 0962 0.963 0984 0.963 0958 0.974 0.876 0.955 0.882  0.842 0.69

Table S4: Reduced complexity model parameters and fit to gridded mid-19t century 10-year mean. The first RCM depends
solely on the soil carbon stocks and global decomposition rate (Eq. 3). The second RCM depends on soil carbon stocks, intrinsic
decomposition rate, and temperature sensitivity. The final RCM depends on soil carbon stocks, intrinsic decomposition rate,
temperature sensitivity, and moisture sensitivity (Eq. 5). All RCMs are optimized to their gridded initial 10-year historic mean
and their associated Pearson’s correlation (p) with ESM heterotrophic respiration. HadGEM2-ES and GFDL-ESM2G are

measured at 1860-1869 instead of 1850-1859 where their historic scenarios begin.
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Figure S1: Cluster analysis of model outputs based on the spatial pattern of change
in soil carbon between the 10-year means from 1997-2006 and 2090-2099.
Dissimilarities within model centers are as follows: BCC <3% dissimilar, CESM1
<1%, GFDL <3%, HadGEM2 <2%, IPSL <3%, MIROC <6%, MPI <2%, and NorESM1

<1%. The entire NorESM-CCSM-CESM1 cluster is <2% dissimilar.
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Figure S2: Modern soil carbon density [kg m-?] for all models (10-year average; 1997-2006).
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Figure S3: Modern NPP [kg m-2 yr-1] for all models (10-year average; 1997-2006).
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Figure S4: Absolute change in NPP [kg m? yr-1] over the 215t century for all models (difference in 10-year means; 2090-2099
minus 1997-2006).
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Figure S5: Relative change in NPP [%] over the 215t century for all models (difference in 10-year means; 2090-2099 minus

1997-2006).
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Figure S6: Absolute change in soil carbon turnover time [yr] over the 21st century for all models (difference in 10-year means;

2090-2099 minus 1997-2006).
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Figure S8: Modern soil carbon turnover time [yr] for all models (10-year average; 1997-2006).
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Figure S10: Absolute change in soil water [kg water m-? kgl max. water m?] over the 215t century for all models (difference in

10-year means; 2090-2099 minus 1997-2006).
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Figure S11: Modern normalized soil water [kg water m-? kg1 max. water m?] for all models (10-year average; 1997-2006).
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Figure S12: The change in soil carbon over the 21st century as a function of the a)

. : I I . .
change in soil carbon steady state (ﬂ — M) and b) change in soil carbon
kena start
. Lo s +A/;
explained by relative inputs and decomposition ﬁ — 1 ). The models are
kstart

represented as follows; a: CESM1(BGC), b: NorESM1-ME, c: BNU-ESM, d: BCC-
CSM1.1(m), e: HadGEM2-ES, f: IPSL-CM5A-MR, g: GFDL-ESM2G, h: CanESM?2, i:

INM-CM4, j: MIROC-ESM, and k: MPI-ESM-MR.



Arora, V. K.: Simulating energy and carbon fluxes over winter wheat using coupled
land surface and terrestrial ecosystem models, Agric. For. Meteorol., 118, 21-47,
doi:10.1016/S0168-1923(03)00073-X, 2003.

Arora, V. K. and Boer, G. ].: A parameterization of leaf phenology for the terrestrial
ecosystem component of climate models, Glob. Chang. Biol., 11, 39-59,
doi:10.1111/j.1365-2486.2004.00890.%, 2005.

Arora, V. K., Scinocca, J. F., Boer, G. ]., Christian, ]. R., Denman, K. L., Flato, G. M.,
Kharin, V.V, Lee, W. G. and Merryfield, W. ].: Carbon emission limits required to

satisfy future representative concentration pathways of greenhouse gases, Geophys.
Res. Lett., 38, L05805, d0i:10.1029/2010GL046270, 2011.

Bolker, B. M., Pacala, S. W. and Parton Jr., W. ].: Linear analysis of soil decomposition:
Insights from the Century model, Ecol. Appl,, 8, 425-439, 1998.

Bonan, G. B.: Land-atmosphere CO2 exchange simulated by a land surface process
model coupled to an atmospheric general circulation model, ]. Geophys. Res., 100,
2817-2831, d0i:10.1029/94]D02961, 1995.

Bonan, G. B.: A land surface model (LSM version 1.0) for ecological, hydrological and
atmospheric studies: technical discription and user’s guide, NCAR Tech. note
NCAR/TN-417+STR [online] Available from:
http://nldr.library.ucar.edu/collections/technotes/asset-000-000-000-229.pdf
(Accessed 1 January 2013), 1996.

Bunnell, F. L., Tait, D. E. N,, Flanagan, P. W. and Van Clever, K.: Microbial respiration
and substrate weight loss—I, Soil Biol. Biochem., 9, 33-40, d0i:10.1016/0038-
0717(77)90058-X, 1977.

Cao, M. and Woodward, F. I.: Net primary and ecosystem production and carbon
stocks of terrestrial ecosystems and their responses to climate change, Glob. Chang.
Biol,, 4, 185-198, d0i:10.1046/j.1365-2486.1998.00125.%, 1998.

Coleman, K. and Jenkinson, D. S.: ROTHC-26.3, A model for the turnover of carbon in
soils, Model Descr. Wind. user Guid. [online] Available from:
http://www.rothamsted.ac.uk/ssgs/RothC/mod26_3_win.pdf (Accessed 1 January
2013), 1999.

Collins, W.],, Bellouin, N., Doutriaux-Boucher, M., Gedney, N., Halloran, P., Hinton, T.,
Hughes, |, Jones, C. D., Joshi, M., Liddicoat, S., Martin, G., O’Connor, F., Rae, ]., Senior,
C., Sitch, S., Totterdell, I., Wiltshire, A. and Woodward, S.: Development and



evaluation of an Earth-System model - HadGEM2, Geosci. Model Dev., 4, 1051-1075,
doi:10.5194/gmd-4-1051-2011, 2011.

Cox, P. M.: Description of the “TRIFFID” dynamic global vegetation model, Hadley
Cent. Tech. note 24, 2001.

Dai, Y., Dickinson, R. E. and Wang, Y.-P.: A Two-Big-Leaf Model for Canopy
Temperature, Photosynthesis, and Stomatal Conductance, J. Clim., 17(12), 2281-
2299, do0i:10.1175/1520-0442(2004)017<2281:ATMFCT>2.0.C0;2, 2004.

Dai, Y., Zeng, X., Dickinson, R. E., Baker, ., Bonan, G. B., Bosilovich, M. G., Denning, A.
S., Dirmeyer, P. A, Houser, P. R, Niu, G., Oleson, K. W,, Schlosser, C. A. and Yang, Z.-L.:
The Common Land Model, Bull. Am. Meteorol. Soc., 84(8), 1013-1023,
doi:10.1175/BAMS-84-8-1013, 2003.

Foley, J. A.: An equilibrium model of the terrestrial carbon budget, Tellus B, 47, 310-
319, do0i:10.1034/j.1600-0889.47.issue3.3.x, 1995.

Gent, P. R, Danabasoglu, G., Donner, L. ]., Holland, M. M., Hunke, E. C,, Jayne, S. R,,
Lawrence, D. M., Neale, R. B,, Rasch, P. |, Vertenstein, M., Worley, P. H., Yang, Z.-L.
and Zhang, M.: The Community Climate System Model version 4, ]. Clim., 24, 4973-
4991, doi:10.1175/2011JCLI4083.1, 2011.

Huang, M., |i, ], Li, K,, Liu, Y., Yang, F. and Tao, B.: The ecosystem carbon
accumulation after conversion of grasslands to pine plantations in subtropical red
soil of South China, Tellus B, 59, 439-448, doi:10.1111/j.1600-0889.2007.00280.%,
2007.

Ji, J., Huang, M. and Li, K.: Prediction of carbon exchanges between China terrestrial
ecosystem and atmosphere in 215t century, Sci. China Ser. D Earth Sci., 51, 885-898,
doi:10.1007/s11430-008-0039-y, 2008.

Jones, C. D., Hughes, . K., Bellouin, N., Hardiman, S. C,, Jones, G. S., Knight, J.,
Liddicoat, S., O’Connor, F. M., Andres, R. ]., Bell, C,, Boo, K.-0., Bozzo, A., Butchart, N.,
Cadule, P., Corbin, K. D., Doutriaux-Boucher, M., Friedlingstein, P., Gornall, |., Gray, L.,
Halloran, P. R, Hurtt, G., Ingram, W. ]., Lamarque, ].-F., Law, R. M., Meinshausen, M.,
Osprey, S., Palin, E. ]., Parsons Chini, L., Raddatz, T., Sanderson, M. G., Sellar, A. A,
Schurer, A., Valdes, P.,, Wood, N., Woodward, S., Yoshioka, M. and Zerroukat, M.: The
HadGEM2-ES implementation of CMIP5 centennial simulations, Geosci. Model Dev.,
4(3), 543-570, doi:10.5194/gmd-4-543-2011, 2011.

Keppel-Aleks, G., Randerson, |. T., Lindsay, K., Stephens, B. B,, Moore, ]. K., Doney, S.
C., Thornton, P. E., Mahowald, N. M., Hoffman, F. M., Sweeney, C., Tans, P. P,,
Wennberg, P. 0. and Wofsy, S. C.: Atmospheric carbon dioxide variability in the
Community Earth System Model: Evaluation and transient dynamics during the 20th
and 21st centuries, ]. Clim., doi:10.1175/JCLI-D-12-00589.1, 2013.



Kimball, . S., Thornton, P. E., White, M. A. and Running, S. W.: Simulating forest
productivity and surface-atmosphere carbon exchange in the BOREAS study region,
Tree Physiol., 17, 589-599, doi:10.1093 /treephys/17.8-9.589, 1997.

Knorr, W.: Annual and interannual CO2 exchanges of the terrestrial biosphere:
process-based simulations and uncertainties, Glob. Ecol. Biogeogr., 9, 225-252,
doi:10.1046/j.1365-2699.2000.00159.%, 2000.

Krinner, G., Viovy, N., de Noblet-Ducoudré, N., Ogée, |, Polcher, ]., Friedlingstein, P.,
Ciais, P., Sitch, S. and Prentice, I. C.: A dynamic global vegetation model for studies of
the coupled atmosphere-biosphere system, Global Biogeochem. Cycles, 19, GB1015,
doi:10.1029/2003GB002199, 2005.

Lindsay, K., Bonan, G. B., Doney, S. C., Hoffman, F. M., Lawrence, D. M., Long, M. C,,
Mahowald, N. M., Moore, ]. K,, Randerson, . T. and Thornton, P. E.: Preindustrial
control and 20th century carbon cycle experiments with the Earth system model
CESM1-(BGC), J. Clim., in review, 2013.

Martin, G. M., Bellouin, N., Collins, W. J., Culverwell, I. D., Halloran, P. R., Hardiman, S.
C., Hinton, T. J., Jones, C. D., McDonald, R. E., McLaren, A. ]., 0’Connor, F. M., Roberts,
M. ]., Rodriguez, ]. M., Woodward, S., Best, M. |, Brooks, M. E., Brown, A. R, N,, B,
Dearden, C., Derbyshire, S. H., Dharssi, [., M., D.-B., Edwards, ]. M., Falloon, P. D,,
Gedney, N, Gray, L. ]., Hewitt, H. T., Hobson, M., Huddleston, M. R., Hughes, ]., Ineson,
S., Ingram, W. ., James, P. M,, Johns, T. C., Johnson, C. E., Jones, A., Jones, C. P., Joshi, M.
M., Keen, A. B, S,, L., Lock, A. P., Maidens, A. V., Manners, ]. C,, Milton, S. F., Rae, ]. G. L.,
Ridley, ]. K., Sellar, A., Senior, C. A, Totterdell, . ]., Verhoef, A., Vidale, P. L. and
Wiltshire, A.: The HadGEM2 family of Met Office Unified Model climate
configurations, Geosci. Model Dev., 4, 723-757, doi:10.5194 /gmd-4-723-2011,
2011.

Moorcroft, P. R, Hurtt, G. C. and Pacala, S. W.: A method for scaling vegetation
dynamics: The Ecosystem Demography model (ED), Ecol. Monogr., 71, 557-586,
2001.

Oleson, K. W,, Niu, G.-Y., Yang, Z.-L., Lawrence, D. M., Thornton, P. E., Lawrence, P.].,
Stockli, R., Dickinson, R. E., Bonan, G. B,, Levis, S., Dai, A. and Qian, T.: Improvements

to the Community Land Model and their impact on the hydrological cycle, |.
Geophys. Res., 113, G01021, doi:10.1029/2007]JG000563, 2008.

Olson, ]. S.: Energy storage and the balance of producers and decomposers in
ecological systems, Ecology, 44, 322-331, 1963.

Parton, W. ]., Running, S. W. and Walker, B.: A toy terrestrial carbon flow model,
Univ. Corp. Atmos. Res. Model. Earth Syst., SEE N94-30616 08-45, 303-314 [online]
Available from: http://hdl.handle.net/2060/19940026125 (Accessed 1 January
2013), 1992.



Parton, W.]., Schimel, D. S., Cole, C. V. and Ojima, D. S.: Analysis of factors controlling
soil organic matter levels in great plains grasslands, Soil Sci. Soc. Am. J., 51, 1173-
1179, doi:10.2136/ss5aj1987.03615995005100050015%, 1987.

Parton, W.],, Scurlock, ]. M. O., Ojima, D. S., Gilmanov, T. G., Scholes, R. ]., Schimel, D.
S., Kirchner, T., Menaut, |, Seastedt, T., Garcia Moya, E., Kamnalrut, A. and
Kinyamario, J. I.: Observations and modeling of biomass and soil organic matter
dynamics for the grassland biome worldwide, Global Biogeochem. Cycles, 7, 785-
809, d0i:10.1029/93GB02042, 1993.

Parton, W.]., Stewart, ]. W. B. and Cole, C. V.: Dynamics of C, N, P and S in grassland
soils: a model, Biogeochemistry, 5, 109-131, doi:10.1007/BF02180320, 1988.

Raddatz, T.]., Reick, C. H., Knorr, W,, Kattge, ]., Roeckner, E., Schnur, R, Schnitzler, K.-
G., Wetzel, P. and Jungclaus, ].: Will the tropical land biosphere dominate the
climate-carbon cycle feedback during the twenty-first century?, Clim. Dyn., 29, 565-
574, doi:10.1007/s00382-007-0247-8, 2007.

Sato, H., Itoh, A. and Kohyama, T.: SEIB-DGVM: A new dynamic global vegetation
model using a spatially explicit individual-based approach, Ecol. Modell., 200, 279-
307,d0i:10.1016/j.ecolmodel.2006.09.006, 2007.

Shevliakova, E., Pacala, S. W., Malysheyv, S., Hurtt, G. C., Milly, P. C. D., Caspersen, ]. P.,
Sentman, L. T., Fisk, ]. P., Wirth, C. and Crevoisier, C.: Carbon cycling under 300 years

of land use change: Importance of the secondary vegetation sink, Global
Biogeochem. Cycles, 23, GB2022, doi:10.1029/2007GB003176, 2009.

Sitch, S., Smith, B., Prentice, I. C,, Arneth, A, Bondeau, A., Cramer, W., Kaplan, J. O.,
Levis, S., Lucht, W,, Sykes, M. T., Thonicke, K. and Venevsky, S.: Evaluation of
ecosystem dynamics, plant geography and terrestrial carbon cycling in the LP]
dynamic global vegetation model, Glob. Chang. Biol., 9(2), 161-185,
doi:10.1046/j.1365-2486.2003.00569.%, 2003.

Thornton, P. E.: Regional ecosystem simulation: combining surface- and satellite-
based observations to study linkages between terrestrial energy and mass budgets,
Univ. of Montana, Missoula., 1998.

Thornton, P. E.,, Lamarque, ].-F., Rosenbloom, N. A. and Mahowald, N. M.: Influence of
carbon-nitrogen cycle coupling on land model response to CO: fertilization and
climate variablity, Global Biogeochem. Cycles, 21, GB4018,
doi:10.1029/2006GB002868, 2007.

Thornton, P. E,, Law, B. E,, Gholz, H. L., Clark, K. L., Falge, E., Ellsworth, D. S,,
Goldstein, A. H., Monson, R. K., Hollinger, D., Falk, M., Chen, ]. and Sparks, J. P.:
Modeling and measuring the effects of disturbance history and climate on carbon



and water budgets in evergreen needleleaf forests, Agric. For. Meteorol., 113, 185-
222,d0i:10.1016/S0168-1923(02)00108-9, 2002.

Thornton, P. E. and Rosenbloom, N. A.: Ecosystem model spin-up: Estimating steady
state conditions in a coupled terrestrial carbon and nitrogen cycle model, Ecol.
Modell., 189, 25-48, doi:10.1016/j.ecolmodel.2005.04.008, 2005.

Tjiputra, J. F,, Roelandt, C., Bentsen, M., Lawrence, D. M., Lorentzen, T., Schwinger, J.,
Seland, @. and Heinze, C.: Evaluation of the carbon cycle components in the
Norwegian Earth System Model (NorESM), Geosci. Model Dev., 6(2), 301-325,
doi:10.5194/gmd-6-301-2013, 2013.

Todd-Brown, K. E. O., Randerson, J. T., Post, W. M., Hoffman, F. M., Tarnocai, C.,
Schuur, E. A. G. and Allison, S. D.: Causes of variation in soil carbon simulations from

CMIP5 Earth system models and comparison with observations, Biogeosciences, 10,
1717-1736, d0i:10.5194/bg-10-1717-2013, 2013.

Veen, ]. A, Ladd, . N. and Frissel, M. ].: Modelling C and N turnover through the
microbial biomass in soil, Plant Soil, 76, 257-274, doi:10.1007 /BF02205585, 1984.

Veen, ]. A. Van and Paul, E. A.: Orgainc carbon dynamics in grassland soils. 1.
Background information and computer simulation, Can. J. Soil Sci., 61, 185-201,
doi:10.4141/cjss81-024, 1981.

Volodin, E. M.: Atmosphere-ocean general circulation model with the carbon cycle,
Izv. Atmos. Ocean. Phys., 43, 266-280, doi:10.1134/S0001433807030024, 2007.

Volodin, E. M., Dianskii, N. A. and Gusev, A. V.: Simulating present-day climate with
the INMCM4.0 coupled model of the atmospheric and oceanic general circulations,
Izv. Atmos. Ocean. Phys., 46, 414-431, doi:10.1134/5000143381004002X, 2010.

Watanabe, S., Hajima, T., Sudo, K., Nagashima, T., Takemura, T., Okajima, H., Nozawa,
T., Kawase, H., Abe, M., Yokohata, T., Ise, T., Sato, H., Kato, E., Takata, K., Emori, S. and
Kawamiya, M.: MIROC-ESM 2010: model description and basic results of CMIP5-
20c3m experiments, Geosci. Model Dev., 4, 845-872, d0i:10.5194 /gmd-4-845-2011,
2011.

Wu, T, Li, W,, Ji, ], Xin, X, Li, L., Wang, Z., Zhang, Y., Li, ]., Zhang, F., Wei, M., Shi, X,
Wu, F., Zhang, L., Chu, M,, Jie, W,, Liuy, Y., Wang, F,, Liu, X,, Li, Q., Dong, M,, Liang, X,
Gao, Y. and Zhang, ].: Global carbon budgets simulated by the Beijing Climate Center
Climate System Model for the last century, ]. Geophys. Res. Atmos., 118, 1-22,
doi:10.1002/jgrd.50320, 2013.

Xu-Ri and Prentice, I. C.: Terrestrial nitrogen cycle simulation with a dynamic global
vegetation model, Glob. Chang. Biol., 14(8), 1745-1764, d0i:10.1111/j.1365-
2486.2008.01625.%, 2008.



