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Supplemental Material
Description of the Community Land Model (CLM):

The Community Land Model (CLM) is the land component of the Community Earth
System Model (CESM) (Collins et al., 2006; Gent et al., 2011) that models global climate
systems and makes projections of future climate change. In this study we used the stand-alone
version of CLM4.5. This version used a data atmosphere model, a “stub” ocean, a stub sea-ice
model, and the CLM-CN (carbon-nitrogen) version 4.5. Detailed descriptions of updates to
version 4.0, algorithms used, and the general structure of CLM can be found in the CLM4.0
Technical Description (www.cesm.ucar.edu/models/cesm1.0/clm/CLM4 Tech Note; Oleson et
al., 2010; and Lawrence et al., 2011). This CN model included a prognostic carbon and nitrogen
cycle in vegetation, litter, and soil organic matter (description in Thornton et al., 2007). For
model comparisons against the gap model ZELIG-TROP, and observed field data, we used CLM
results from a single grid point located at 2°35°S, 60°W, close to exact coordinate as the Central
Amazon field transects. (Additional definitions of terms and parameters used in CLM are defined
below).

In CLLM, disturbance rates and realistically calculated plant mortality rates are ill
represented. Currently, CLM includes two independent mechanisms for plant mortality: fire and
natural senescence. In this study, mortality caused by fire was turned off. Mortality rates
(representing natural senescence) are calculated as a whole-plant mortality that is intended to
represent death of plants from all causes other than fire. This annual whole-plant mortality is
calculated by removing 2% yr™' of global total vegetation mass, regardless of differences in plant
age, size, regional location, distribution of individuals, competition, or plant functional types

(PFTs) (Oleson et al., 2010). We believe CLM could benefit from a more mechanistic approach



of calculating plant mortality and disturbance. Developing a platform for CLM and CESM to
model tropical disturbance in a dynamic approach greatly enhances our understanding of future
changes to carbon fluxes and atmospheric carbon dioxide levels. Another benefit of this new
development to CESM is the capability to address disturbance within the newly coupled
Integrated Earth System Model (iIESM) (Jones et al., 2013; description available at
http://climatemodeling.science.energy.gov/sites/default/files/iIESM_Fact Sheet.pdf). The iESM
model combines the natural-human system with the biophysical and climate system by coupling
three models: (1) CESM with the (2) Global Change Assessment Model (GCAM), which focuses
on an energy/economic framework, and the (3) Global Land-Use Model (GLM). Therefore, the
1IESM project creates the capabilities to test the carbon market and energy market response to

changes in forest mortality and increased disturbances.

Definition of the mortality algorithm in ZELIG-TROP and terms in each model
Plant mortality is determined in ZELIG-TROP by three separate means: age-related
natural death, stress-related death, and external disturbance (evaluation of gap model mortality
described in more detail in Keane et al. 2001). Natural mortality, or intrinsic death, is a tree level
event that is stochastically determined, based on the assumptions that 1% of trees reach their
maximum age, and that mortality was constant with respect to age (Botkin et al., 1972; Shugart,
1984). Stress related death, or growth-dependent mortality, is also a stochastic event in which
death occurred to individuals that have a slow growth rate for two years or more due to
suppression or environmental stressors. The model assumes that 1% of stressed individuals will

live for 10 years (Shugart, 1984; Van Daalen and Shugart, 1989).



Within ZELIG-TROP the production of new organic matter from interval t; to t; is
prognostically determined and given by: growth = My, — My, where M; is woody mass at time t.
Growth is a component needed to measure ANPP given by: ANPP = My, — My, + L, where L is
both old and new litter loss. The annual loss of coarse woody material is given by: coarse litter
production rate = Wy + W, + Wi3, where Wy are losses from natural death, Wy, are losses
from stress related death, and Wy ; are losses from disturbance (all trunks and branches >10cm in
diameter). All flux values given in Mg C ha™ yr™.

Within CLM the production of new organic matter from interval t; to t,, is also
prognostic, responding to environmental differences and in this study was estimated using the
wood carbon allocation variable: woodc alloc, which is given by: growthcpm = carbon to
liveStem + carbon to deadStem + liveStem to storage + deadStem to storage. In CLM, ANPP
(leaf, live stem, and dead stem) is given by: ANPPcLy = GPP — AR where AR is autotrophic
respiration and is the sum of maintenance and growth respiration. Lastly, the annual loss of
coarse woody material was estimated by the wood loss variable: woodc loss, which is given by:
coarse litter production ratecpm = liveStem to litter + deadStem to litter. All flux values given in

Mg C ha' yr'.

References

Botkin, D. B., Janak, J. F., and Wallis, J. R.: Some Ecological Consequences of a Computer
Model of Forest Growth, J. of Ecology, 60, 849-872, 1972.

Collins, W. D., Bitz, C. M., Blackmon, M. L., Bonan, G. B., Bretherton, C. S., Carton, J. A.,
Chang, P., Doney, S. C., Hack, J. J., Henderson, T. B., Kiehl, J. T., Large, W. G., McKenna, D.
S., Santer, B. D., and Smith, R. D.: The Community Climate System Model version 3 (CCSM3),
J. Climate, 19, 2122-2143, 2006.



Gent, P. R., Danabasoglu, G., Donner, L. J., Holland, M. M., hunke, E. C., Jayne, S. R.,
Lawrence, D. M., Neale, R. B., Rasch, P. J., Vertenstein, M., Worley, P. H., Yang, Z.-L., and
Zhang, M.: The Community Climate System Model version 4, J. Climate, 24, 4973—-4991, 2011.

Jones, A. D., Collins, W. D., Edmonds, J., Torn, M. S., Janetos, A., Calvin, K. V., Thomson, A.,
Chini, L. P., Mao, J., Shi, X., Thornton, P., Hurtt, G. C., and Wise, M.: Greenhouse gas policies
influence climate via direct effects of land use change, J. Clim., 26, 3657-3670, 2013.

Keane, R. E., Austin, M., Field, C., Huth, A., Lexer, M. J., Peters, D., Solomon, A., and
Wyckoft, P.: Tree Mortality in Gap Models: Application to Climate Change, Clim. Change 51,
509-540, 2001.

Lawrence, D. M., Oleson, K. W., Flanner, M. G., Thornton, P. E., Swenson, S. C., Lawrence, P.
J., Zeng, X., Yang, Z.-L., Levis, S., Sakaguchi, K., Bonan, G. B., and Slater, A. G.:

Parameterization improvements and functional and structural advances in version 4 of the

Community Land Model, J. Adv. Model. Earth Syst., 3, M03001, 2011.

Oleson, K. W., Lawrence, D. M., Bonan, G. B., Flanner, M. G., Kluzek, E., Lawrence, P. J.,
Levis, S., Swenson, S. C., and Thornton, P. E.: Technical description of version 4.0 of the

Community Land Model (CLM), NCAR Tech. Note NCAR/TN-478+STR, 257 pp., 2010.

Shugart, H. H.: A theory of forest dynamics, Springer-Verlag, New York, USA, 1984.

Thornton, P. E., Lamarque, J.-F., Rosenbloom, N. A., and Mahowald, N. M.: Influence of
carbon-nitrogen cycle coupling on land model response to CO2 fertilization and climate

variability, Glob. Biogeochem. Cyc., 21, GB4018, doi:10.1029/2006GB002868, 2007.

Van Daalen, J. C., and Shugart, H. H.: OUTENIQUA — A computer model to simulate
succession in the mixed evergreen forests of southern Cape, South Africa, Landscape Ecology, 2,

255-267, 1989.



