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The award will be given out annually for the “best student or postdoc performance” at 
the meeting. We hope that this award will help us all to remember the special way that 
Drew went about being a scientist and further that it will inspire young scientists to 
follow in his footsteps. Drew's way included a dedication to deep understanding of his 
research topics from theoretical, observational (fieldwork) and modelling angles, and 
also involved a certain irreverence for the status quo.

LMWG Andrew Slater Award



The Land Model Working Group

Andrew Slater Award
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for best student or postdoc performance at 2018 LMWG Workshop
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CLM5 Release!

CLM5 development process





Parameter changes
stem_leaf from 1.5 to 1.0 for BL Deciduous Boreal Tree
stem_leaf from 0.12 to 0.24 for BL Deciduous Shrub and BL Deciduous Boreal Shrub
ekc_active from 0.36 to 0.036 for BL Deciduous Boreal Tree
ekn_active from 0.06 to 0.006 for BL Deciduous Boreal Tree
kn_nonmyc from 0.012 to 0.0012 for BL Deciduous Boreal Tree
stem_leaf from 2.3 to 1.0 for BL Deciduous Tropical Tree
psi50 from -270000 to -340000 for BL Deciduous Tropical Tree (same as C4 grass)
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CLM5 development process



CLM5 Release!



CLM5 release webpage
(www.cesm.ucar.edu/models/cesm2.0/land/)



Accelerate progress by enabling scientists to 
engage in end-to-end development

• Coding (follow coding guidelines)
• Science testing and evaluation
• Documentation (update Technical Descr.)
• Software / unit testing

Collaborative software development



CLM (CGD)

Noah-MP,  WRF-Hydro (RAL)

Unify land modeling across NCAR
• More efficient use of NCAR and community 

resources

• Consistent with NCAR emphasis on unified 
modeling

• Extend NCAR leadership in community 
modeling

• Accelerate advances

• Increase flexibility and robustness of process 
representation, spatial disaggregation, and 
numerical solution (SUMMA concepts, 
modularization) 

• Enable more hypothesis-driven science 

• Integrate and expand land modeling research 
and development community

• Expand funding opportunities?

The Community Terrestrial Systems Model
a model for research and prediction in climate, weather, water, and ecosystems

CTSMSUMMA
concepts



CLM5 release webpage
(www.cesm.ucar.edu/models/cesm2.0/land/)





CLM5 release webpage
(www.cesm.ucar.edu/models/cesm2.0/land/)



Hydrology: dry surface layer, spatially variable soil depth (0.4 to 8.5m) max depth, revised GW and    
canopy interception, adaptive time-stepping, increased soil layer resolution

Snow: canopy snow, wind and T effects on snow dens., firn model (12 layers), glacier MEC

Rivers: MOSART (hillslope  tributary  main channel)

Nitrogen: New C-N coupling (flexible leaf C:N ratio, leaf N optimization, C cost for N)

Vegetation: plant hydraulics and hydraulic redist, deep rooted tropical trees, Medlyn stomatal cond,

Ecosystem Demography (FATES), prognostic roots, ozone damage 

Fire: updates, trace gas and aerosol emissions 

Crops: global crop model with transient irrigation and fertilization (8 crop types), 
grain product pool, revised irrigation scheme

Carbon: revisions to carbon allocation and soil carbon decomposition

Land cover/use:   dynamic landunits, updated PFT-distribution, 
wood harvest by mass

Isotopes:             carbon and isotope enabled

What’s new in CLM5 since CLM4.5

Land Use 
Change

CLM5 default configuration

CLM5 optional feature





Land-only simulations for CLM5 release, 
documentation papers, and CMIP6

CLM4 CLM4.5 CLM5

Forcing SP BGC +N, 
+CO2

no 
LULC

C
SP BGC +N,

+CO2

no 
LULC

C
SP BGC 

crop
+N, 

+CO2

no 
LULC

C

GSWP3

v1
✔ o️ ✔ o️

⎈ ✔️ ✔️ ✔️
✔ o️

⎈ ✔️ ✔️ ✔ o️ ✔ o️

⎈ ✔️ ✔️

CRUNCEP

v7
✔️ ✔️ ✔️ ✔ ⎈️ ✔️

WATCH/

WFDEI
✔ W️

F ✔ W️

✔ H️istorical simulation (1850-2014, W 1850-2001, WF 1979-2014) 
⎈ Projection period simulations (RCP8.5 2015-2300)
O Daily and hourly output



New features

Configuration Cost (pe-hrs/yr)

CLM4.0 CN 20

CLM4.5 BGC 80   (4x)

CLM5.0 BGC 120 (6x)

CLM5.0 BGC-crop 175 (8x)

CLM5.0 no BGC 50

• Online initial condition interpolation (use_init_interp = .true.)

• Much faster accelerated spin-up (biogeophysical land state comes into equil quickly)

• CLM4, 2000+ years; CLM5, ~800 years

• Lots of namelist control

• lnd_in: ~240 lines CLM5; 18 lines CLM4

• Anomaly forcing

• Force CLM with climate anomalies

• Dynamic landunits





CLM land-only forced with GSWP3
prognostic vegetation and carbon configuration

• For majority of variables, 
progression in simulation 
quality from CLM4 to CLM5

• Why?  

o Improvements in 
mechanistic treatment 
of processes (e.g., 
hydrology, 
biogeochemistry, land 
use)

o But, many more moving 
parts

better
model

worse
model C
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4

C
LM

4.
5

C
LM

5



ILAMB Runoff Metrics Table



CLM land-only forced with GSWP3
prognostic vegetation and carbon configuration
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Cumulative historical 
land carbon fluxes



Cumulative historical 
land carbon fluxes



Functional Relationships:
Summary diagram
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Future ILAMB diagnostics:
Leaf Area Index (LAI) bias by Plant Functional Type

Reduced bias in 12 
out of 15 PFTs



Future ILAMB metric:

Response to CO2 doubling and  N fertilization (preliminary)

• N fertilization obs 
(ANPP) from 
Lebauer & Treseder, 
2008 

• CO2 obs from 
Ainsworth and Long, 
2005

Figure from Will Wieder

• +5 gN/m2 globally
• +200 ppm CO2



Southwest US 
grid cell

Eastern US 
grid cell

Soil 
moisture 
and ET



CLM5 documentation papers

for CESM2 special issue 

CLM5 model overview and 
technical description Lawrence et al. JAMES 

CLM5 C-N coupling Fisher et al. JGR-Biogeosciences

N and CO2 fertilization Wieder et al. GBC

Plant Hydraulic Stress Kennedy et al. JAMES

Land use and land cover change Lawrence et al. JAMES

CLM5 Crop Lombardozzi, Lu et al. JGR-Biogeosciences

Stomatal conductance Franks et al. JGR-Biogeosciences

Urban model Oleson et al. JAMES
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• Good 20thC simulation with CMIP5 
emissions, not so much with CMIP6

CESM2 update
where CESM2 stood in Sept 2017



Simulation forced with CMIP6 emissions 
doesn’t warm much (w/resp HadCRUT)

emissions=CMIP5
𝐴𝐴𝐴𝐴 = 𝑘𝑘𝐿𝐿𝑎𝑎𝑁𝑁𝑏𝑏; with 𝑏𝑏 = −1.1

emissions=CMIP6
𝐴𝐴𝐴𝐴 = 𝑘𝑘𝐿𝐿𝑎𝑎𝑁𝑁𝑏𝑏; with 𝑏𝑏 = −1.1



• Then, uncovered bug in microphysics 
• Bug led to enhanced rain re-evaporation
• Fixing bug degraded mean precip, MJO and ENSO

• Increased convective rain re-evaporation to 
compensate for bugfix (leads to warmer model 
overall)

• Decrease lifetime of SO2

Further development since 
September



Thinner stratus help with 20th C simulation:



Labrador Sea 
Freeze!!!

Sea-ice concentrations



~4/10 chance of freeze when 
starting from current ICs

Lab sea freezing is a problem because deep water formation is interrupted



Tasks for PI control

WACCM (fixed SSTs, 20 years)

CAM (coupled, 100 years)

CAM coupled (500 years)

WACCM coupled (150 years)

39

WACCM (fixed SSTs)

CAM: 30 sypd (1o, 32L)
WACCM: 6 sypd (1o,70L, 228 sp.)
Ocean only: 100 sypd
Land only: 150 sypd

CAM coupled (100 years)

Start of DECK & 20th

Start of 
DECK & 
20th

Ocean only (2500 years)

Land only (1200 years)

BGC 
spinup

Days

262c

LENS 402

Task 1

Task 2A

Task 2B

Task 2C

Task 3A

Task 3B

Task 3C

Task 3D

Task 4

265



Preliminary land simulations assessment in fully 
coupled CESM2
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Precipitation biases (GPCP2)

CESM1
CLM4

CESM2 (227)
CLM5



Solar radiation biases and RMSE (CERES)

CESM1
CLM4

CESM2 (227)
CLM5

Bias RMSE
32 W/m2

27 W/m2



Preliminary assessment in fully coupled CESM
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Thanks
Questions or comments?

CTSM(CLM6)



International LAnd Model Benchmarking (ILAMB) project
scores for RMSE, interannual variability, pattern correlation, variable-to-variable comparisons, +

(CLM4.5)
(CLM4)

Green:   model performs better than average model 
Red:      model performs worse than average model



CLM4.5
CRUNCEP

CLM4.5
GSWP3Permafrost

Distribution
~15-16 million km2

(obs)

Slater et al. 2017



CLM5 snow density

Revised fresh snow density 
with improved temperature 
and wind effects 
Lead to increased and more 
realistic snow density and 
less thermal insulation

Figure courtesy L. Van Kampenhout



CLM4.5
CRUNCEP

CLM5
GSWP3

CLM4.5
GSWP3

CLM5
CRUNCEP

Permafrost
Distribution
~15-16 million km2

(obs)
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