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Model assessment

• Carbon and nitrogen model with 
prognostic vegetation state

• Transient land cover change with 
wood harvest

• ‘Permafrost-enabled’ – organic soil, 
deep ground

• Aerosol deposition onto snow

• Simple groundwater model

• Urban model

• Vertically-resolved soil C/N 

• Co-limitation and acclimation 
of photosynthesis

• Variable river flow rates

• Natural CH4 emissions

• Human triggering and 
suppression of fire

• Cold region hydrology

• Revised lake model

• Multiple urban density 
classes

• Flexible leaf stoichiometry, leaf N optimize for photosynthesis

• Carbon costs for plant N uptake

• Plant hydraulics w/ hydraulic redistribution, Ecosystem 
demography (FATES), ozone damage

• Spatially explicit soil depth (0.4 – 8.5m), dry surface layer, 
revised GW, canopy interception, representative hillslopes

• MOSART river model (hillslope à tributary à main channel)

• Canopy snow, snow dens (T, wind), simple firn model

• Global crop model (8 crop types), transient irrigation and 
fertilization, shifting cultivation

• Dynamic landunits (nat veg ßà crop, glacier ßà nat veg, ) 

• Urban heating and AC, heat stress indices

• Carbon isotopes

• Coupled fire trace gas emissions



Land-only simulations for CLM5 release, 
documentation papers, and CMIP6
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International LAnd Model Benchmarking (ILAMB) project
VariablesandVisualizationwithinILAMB

• Currently integrates analysis of 27 variables in 4 categories from >60 datasets
– above ground live biomass, burned area, carbon dioxide, gross primary production,

leaf area index, global net ecosystem carbon balance, net ecosystem exchange,
ecosystem respiration, soil carbon

– evapotranspiration, latent heat, sensible heat, runoff, evaporative fraction, terrestrial
water storage anomaly

– albedo, surface upward SW radiation, surface net SW radiation, surface upward LW 
radiation, surface net LW radiation, surface net radiation

– surface air temperature, precipitation, surface relative humidity, surface downward
SW radiation, surface downward LW radiation

• Graphics and scoring system
– annual mean, bias, relative bias, RMSE, seasonal cycle phase, spatial distribution,

interannual variability, variable-to-variable

– Global maps, time series plots averaged over specific regions, individual measurement
sites, functional relationships

• Open Source (https://pypi.org/project/ILAMB/)

International Land Model Benchmarking
(ILAMB) package



Examples of ILAMB metrics / plots

Tower Site
Global bias, relative bias, RMSE

Functional relationships: 2-d histograms

OBS CLM4.5Taylor diagram



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

http://webext.cgd.ucar.edu/I20TR/_build_set
1CO2/index.html

http://webext.cgd.ucar.edu/I20TR/_build_set1CO2/index.html
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CLM land-only forced with GSWP3
prognostic vegetation and carbon configuration



CLM land-only forced with GSWP3
prognostic vegetation and carbon configuration
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CLM land-only forced with GSWP3
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ILAMB Runoff Metrics Table



better
model

worse
model

C
LM

4

C
LM

4.
5

C
LM

5

CLM4 (0.55)

CLM4.5 (0.63)

CLM5 (0.88)

Functional Relationships



What is in the overall score?

Soverall 
=

Sbias + 2Srmse + Sphase + Siav + Sdist
1 + 2 + 1 + 1 + 1

Scores are based on the:
.,.  Sbias - normalized bias
.,.  Srmse - normalized central RMSE
.,.  Sphase - timing of the maximum of the annual cycle
.,.  Siav - interannual variability
.,.  Sdist - spatial distribution of the period mean

Better to show you:

http://webext.cgd.ucar.edu/I20TR/_build_figure4a/index.html



Coordinated activities to assess 
land role in climate and climate 
change

• Land-only simulations forced 
with obs historical climate, 
land-systematic biases 

• Land Use = LUMIP    
land use forcing on climate, 
biogeophysics and 
biogeochemistry with policy 
relevance 

• Land = LS3MIP     
biogeophys feedbacks 
including soil moisture and 
snow feedbacks 

• Carbon Cycle = C4MIP       
land biogeochemical feedbacks 
on climate

Increased focus on terrestrial processes in CMIP6

Updated from Meehl et al., EOS, 2014
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Assessment against CMIP5
Coupled Models

Note that this comparison 
‘unfair’ because other ESMs 
are from previous generation



Dataset Weighting Rubric



ILAMB Summary h"ps://bitbucket.org/ncollier/ilamb



Summary

• ILAMB useful for multi-variate assessment/tracking of model performance 
across model generations … in addition to multi-model assessments

• Impact of forcing uncertainty is considerable and can confound assessment 
of impacts of model development 

• Despite increasing complexity of CLM (version 4 to 4.5 to 5), consistent 
improvement in quality of overall simulation

• Opportunities for improvement and enhancements to ILAMB

• E.g., metrics in the pipeline: diurnal cycle metrics, permafrost 
distribution and ALT, soil carbon turnover time, snow thermal 
insulation, response to CO2 and N fertilization

• Additional new metrics welcome



Important Links

.,.  Open source git repository

https://bitbucket.org/ncollier/ilamb

.,.  CLM (4/4.5/5) over the Arctic

http://www.ilamb.org/IARPC/
.,.  ILAMB paper preprint

https://www.ilamb.org/ILAMB_paper.pdf

https://bitbucket.org/ncollier/ilamb
http://www.ilamb.org/IARPC/
https://www.ilamb.org/ILAMB_paper.pdf


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

CLM4 CLM4.5 CLM5

Reduced bias for 
12 out of 14 PFTs



Thanks.  Questions or comments?



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
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Distribution
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