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The Community Earth System Model (CESM) 

 http://www.cesm.ucar.edu



The Community Land Model (CLM) 
CLM is the land surface scheme of the CESM

Version 5 latest version. 
Documented in AGU virtual issue, 

Ongoing public code development:
https://github.com/ESCOMP/CTSM

Technical note and user support:
www.cesm.ucar.edu/models/cesm2/land/

&
Kennedy et al. (hydraulics), 
Wieder et al. (fertilization responses)
Fisher et al. (parameter sensitivity)
Bonan et al. (forcing sensitivity)
Oleson et al. (urban model)
Cheng et al. (N cycle testing)

http://www.cesm.ucar.edu/models/cesm2/land/
https://github.com/escomp/ctsm
http://www.cesm.ucar.edu/models/cesm2/land/


What comes next?

CLM5

CTSM

FATES

Community Terrestrial Systems 
Model

Functionally Assembled 
Terrestrial Ecosystem Simulator.

CLM4.5 CLM6



Community Terrestrial Systems Model
(single code base capable of replicating all three models)

Generic representations of hydrology, energy, soil. Hillslopes/watershed modeling

Community Land 
Model

(climate)

Noah-MP
(weather) WRF-hydro/

National Water Model
(hydrology)

CTSM: climate&weather land model unification 

“...replacing a hard political problem with a hard software engineering problem...”



FATES: 
The Functionally Assembled Terrestrial Ecosystem Simulator

FATES 
is an open-source module,  

designed to run within a host 
land surface model, 

that simulates: 
plant physiology, 
competition processes, 
ecosystem assembly 

and 
vegetation distribution
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Ecological processes in earth surface models



Tall Tree Cohorts
Old Patches

Short Tree Cohorts
Young Patches

Early Successional PFT
Late Successional PFT

Koven, Knox, Fisher, et al. 
Biogeosciences Discussions 2019

https://docs.google.com/file/d/1HOl90zogyArsDPts21QpqatwrCwQutML/preview


‘Ecological’ Motivations

● Representation of competition for light, 
succession, regrowth after disturbance.  

● Prognostic trait distribution (why plants grow 
where they do).

● Demographic lags between climate and 
vegetation change 

How can demographic representation improve ecological predictions?



● Radiation Transfer  
○ Vertically mixed PFTs, link to emerging EO products

● Plant Hydrodynamics
○ Rooting depth, path length, canopy position, mortality

● Nutrients 
○ N fixation in gaps.  Allometry impacts on C:N 

● Fire  
○ Interactions between fire and canopy structure

● Recruitment 
○ Responsive to light, climate. Dispersal limitations.

● Snow 
○ Size structure affects snow burial, frost hardening. 

● Pests 
○ Bark beetles preferentially attack larger trees

● Land Use
○ Selective logging, LUH2, pasture disturbance, regrowth 

● Canopy turbulence 
○ Wind mortality  

● Hydrology and hillslopes
○ Root profile structure.  Hillslopes/vegetation interaction 

Demographic representation facilitates improved physical process representation. 



● Radiation Transfer (Fisher, Knox, Koven) 
○ Vertically mixed PFTs, link to emerging EO products

● Plant Hydrodynamics (Christoffersen, Xu, McDowell, Knox)
○ Rooting depth, path length, canopy position, mortality

● Nutrients N&P (Knox, Walker, Koven, Fisher)
○ N fixation in gaps.  Allometry impacts on C:N 

● Fire  (Shuman, Fisher, Koven, Ding, Kueppers, Levis, Buotte)
○ Interactions between fire and canopy structure

● Recruitment (Kueppers/Eriksen/Hanbury-Brown)
○ Responsive to light, climate. Dispersal limitations.

● Snow (Lambert/Parmenter/Aas/Berntsen)
○ Size structure affects snow burial, frost hardening. 

● Pests (Xu, Li)
○ Bark beetles preferentially attack larger trees

● Land Use (Huang, Keller, Longo, Rady, Thomas)
○ Selective logging, LUH2, pasture disturbance, regrowth 

● Canopy turbulence (Bonan, Knox)
○ Wind mortality (Shuman, Negron Juarez, Chambers)  

● Hydrology and hillslopes (Swenson, Shuman, Buotte, Lawrence)
○ Root profile structure.  Hillslopes/vegetation interaction 

Demographic representation facilitates improved physical process representation. 

EXISTING MODEL 
FEATURES
ONGOING DEV’T



2 tutorials

>100 participants 

26+ institutions 

±30 developers on bi-weekly calls.

3 Earth System Model devt teams 
(CESM, E3SM, NorESM)

Rapid Development & Testing 
Phase! 
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FATES community development

https://github/ngeet/FATES
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 FATES status & analysis across 8-dimensional trait space

Koven et al. Biogeosciences Discussions. 2019
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Leverage community ecology 
community to improve 

representation of 
high-dimensional coexistence 

 Collaboration en France!

Coordinate developments 
across FATES community, 
facilitate new collaborations

Find new ways of comparing 
vegetation demographic models 
(in general) against data
-remote sensing
Plant hydraulics
demography 



 Fin...



Can Earth system modeling and 
community ecology find common ground?



FATES 
module

Currently runs 
inside:
 CESM, 
E3SM, 

NorESM 
and (in prjnciple) 

CMCC.



FATES planned activities
● NGEE-tropics Phase II

○ Software Support 
○ Nutrient cycling (N&P)
○ Fire, Gas Exchange, Physiology 

testbeds
○ Community assembly
○ Tropical trait space
○ Tropical phenology, 
○ windthrow mortality
○  Acceleration

● E3SM development team
○ Radiation transfer upgrades
○ Land-use (LUH2)
○ Global PFT calibrations

● Californian studies
○ Western US forests
○ Wildfire benchmarking
○ FATES x CLM hillslope model
○ Regeneration parameterization

● NorESM devt team
○ High latitude PFTs
○ Thermal tolerance
○ Snow burial
○ Dispersal
○ Mosses/shrubs/lichens

● Los Alamos
○ Insect dynamics
○ Fire-atmosphere interactions
○ FATES-Hydro testing & calibratio 



New questions we can ask with FATES
• How does the differential effect of drought across trees of 

different sizes scale to impact Earth system feedbacks?

• How does variation in plant hydraulic traits across 
climate gradients feed back on atmospheric circulation?

• How does changing tree growth under changing climate 
and elevated CO2 lead to changes in light competition 
and vegetation carbon residence time?

• How do changing disturbance regimes interact with 
community trait distributions and ecosystem function?
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FATES Burned Area

GFED Burned Area

Shuman, Fisher, et al. in prep



The CLM5 Nitrogen cycle

FUN (Fixation and Uptake of 
Nitrogen) : Marketplace for 
N. 

FlexCN: Flexible tissue C:N 
ratios

LUNA: Optimal allocation of 
N across leaf gas exchange 
processes



The degree of allowed N fixation is dominant over CO2 responses

The fraction of N fixing plants is a 
static feature of the ecosystem…

... prediction from dynamic 
principles would be better... 

*convenient ‘segway’ into talking 
about demographic models :) 

 



A variety of vegetation demographic 
approaches are currently in 
development in ESMs globally. 


