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Advances for CLM4

– Terrestrial carbon and nitrogen cycle (CN); merge with DGVM (CNDV)

– Transient land cover/land use change including wood harvest

– Urban model 

– Revised hydrology scheme

– Revised snow model (SNICAR, snow cover fraction)

– Improved permafrost representation

– New surface datasets

– MEGAN VOC emissions model







CLM4 in CESM1

• Aerosol and nitrogen deposition

– Regridding on the fly; aerosol deposition file in datm or 
cam namelist

– Larger than roundoff, but climate neutral 

• Multiple elevation classes in support of Community Ice 
Sheet Model

• Bug fix to snow hydrology 

– Snow liquid water plus ice content could on occasion 
exceed the snow layer thickness 

• New namelist options

• Improved User’s Guide



CCSM4 simulations

• 1850 control and 20th century

– CLM is fully active with CN on and transient land cover 
change, aerosol and nitrogen deposition

• CCSM4 Land focused J. Climate Special Issue paper

– “Mean, variability, and 20th century transient terrestrial 
climate in CCSM4” 



Tair: RMSE and Annual Mean Bias (CCSM4 vs CCSM3)

Reduced RMSE at high lats and in tropics
Mixed results for bias, E. Europe warm bias related to no aerosol indirect? 



Precip: JJA and DJF Mean Bias (CCSM4 vs CCSM3)



Soil (and snow) water storage (MAM − SON)
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CCSM4 GRACE (obs)

GRACE satellite measures 
small changes in gravity 
which on seasonal timescales 
are due to variations in water 
storage

CCSM3 and CCSM4 data from 
1870 and 1850 control



Interannual variability (JJA): Latent Heat Flux (offline)
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CCSM4 – CCSM3 (St. Dev.)

Tair

LAI

LH

Despite increase in LAI 
variability (by definition)
lower variability in LH 
and Tair due to wetter 
model 

Planning supplementary 
1850 control and 20th

century simulation with 
prescribed MODIS LAI
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Dynamic vegetation
improvements

Better simulated:
boreal forests
tropical forests
eastern US forests
shrubs: NEW!

Due to:
- improved CLM hydrology
- improved CAM simulation
- merging of DGVM with
Thornton’s CN … => CNDV

- shrubs (Zeng et al. 2008)

Drawback: long spinup
associated with CN

CCSM3 CCSM4



Soil temperature (permafrost)
Siberian soil temperatures

Improved soil temperature due to organic 
soil but …

(a) too dry near surface (too much 
drainage through icy layers)

(b) too warm in winter due to excessive 
snowpack depth (too much snowfall or 
lack of  blowing snow algorithm)



Near-surface permafrost extent
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Arctic land climate biases

CMC Snow
Willmott-Matsuura, GRDC, USAF
CCSM3
CCSM4



Alternative meteorological forcing datasets

P. Viovy

CRUNCEP meteorological 
forcing dataset used in Global 
Carbon Project assessments
(1900-2009, updatable)



CLM near-term development activities, CLM4.x (~ 1 year)

– Crops and irrigation (by end of summer) – still CLM4.0

• Unified PFT physiology file in netCDF

• Connections not perfect

– Revised cold region hydrology

• Impedance factor, root depth for Arctic veg, perched water table

– Gross Primary Productivity

• Canopy radiation, update photosynthesis model (co-limitation) 

– Improved fire algorithm including human triggers and suppression

• Kloster et al., Biogeosciences, 2010

– Revised lake model

– Dynamic landunits

• Transitions glacier to vegetated, lake area change



CLM medium-term development activities

– Methane emissions model

– Prognostic wetland distribution, surface water store

– 3-D canopy radiation

– High resolution and improved River Transport Model

– Ecosystem demography, temporal response to disturbance

– Soil carbon 

– Sub-grid soil moisture and snow heterogeneity

– Isotopes (?)

– N2O emissions

– Riverine transport of nutrients and sediments



Journal of Climate Special Issue papers

• Mean terrestrial climate simulations and transient response over 
20th and 21st centuries in CCSM4 

– Lawrence D, Oleson, Swenson, Bonan, Levis, Thornton, 
Lawrence P, Yang, Flanner, Zeng, … 

• The biophysical impacts of landcover and land use change over 
20th and 21st centuries 

– Lawrence P, Feddema, Bonan, Oleson, Lawrence D, … 

• Land-atmosphere interactions across several generations of 
CAM/CLM 

– Lawrence D, Neale, Oleson, … 

• Urban climate in the 21st century 

– Oleson, Bonan, Feddema, … 

• Dynamic Vegetation in CESM1

– Levis, Bonan, …



Nino 3.4 correlation with various fields



Land carbon stock biases 
(Carbon fluxes simulated better than stocks)

Soil Carbon

Olson (obs, high est.)

Vegetation Carbon





Present day Urban Heat Island (UHI) simulated 
by Community Land Model Urban (CLMU) (°C)

Urban Modeling in CCSM4

•The Community Land Model 
(CLM4) includes a new capability to 
represent urban processes, by 
incorporating a single-layer urban 
canopy model.

•Global simulation of the urban 
environment, in particular the 
temperature of cities.

•The UHI is a term that describes 
the fact that urban areas are 
generally warmer than surrounding 
rural areas.

•Modeled UHI ranges from near-
zero up to 4°C with spatial and 
seasonal variability controlled by 
urban to rural contrasts in energy 
balance.

Oleson, K.W., G.B. Bonan, J. Feddema, M. Vertenstein, C.S.B. Grimmond, 2008a, J. Appl. Meteor. Climatol.
Oleson, K.W., G.B. Bonan, J. Feddema, M. Vertenstein, 2008b, J. Appl. Meteor. Climatol. 



Soil (and snow) water storage (DJF − JJA)
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GRACE satellite measures 
small changes in gravity 
which on seasonal timescales 
are due to variations in water 
storage

CCSM3 and CCSM4 data from 
1870 and 1850 control

CCSM3

CCSM4 GRACE (obs)



Surface albedo (CLM offline compared to MODIS)

Bias (%) RMSE (%)

Model Snow-
free

Snow 
depth> 
0.2m

Snow-
free

Snow 
depth > 

0.2m

CLM3.5 2.7 -5.0 4.1 11.9

CLM4SP 0.4 2.9 2.0 13.2

Note: MODIS albedo 
biased high for snow at 
high zenith angle
(Wang and Zender, 2010)
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