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DA corrects errors in model state
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Carbon Cycling in Complex Terrain
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Where we are:
(adjusting biomass states)

Raczka et al., (in revision); JAMES

Where we are going: 
(adjusting water, SIF)

Fluxes:
GPP  

Soil 
water

Point observations: 
horizontal/vertical localization   

Regional data products:  
(SMOS, SMAP, SNODAS) product uncertainty

Snow (SWE)

Solar Induced Fluorescence

SWE sites (SNOTEL)



Adjusting specific PFTs or columns
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NASA-CMS LandCover Product

‘Only updating PFTs known to be 
related to the observation’

‘Updating PFTs based on CLM
ensemble covariance’

Observed Biomass average 

Present Approach:

Future Approach: 

Ensemble Adjusted 
biomass

(posterior)
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Advancing models & observations together
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Expanding satellite network

Expanding 
land surface
properties

Increasing model 
complexity

(Leaf water potential) Ψleaf SIFcanopy

SIFleaf

CLM 4.5
(Soil Moisture Stress

Formulation)

Current:  CLM 5.0
Added Hydraulic 

Stress & SIF

Solar Induced Fluor.

Veg. Optical Depth

Surface Temp

Leaf Area

Years



Emerging Satellite Data Products
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DART is designed to add 
new data products: 

• Observation Converters:
80+ and growing

• Forward Operators: 
generates the expected 
observation from existing 
model states

• Adaptive Inflation: 
addresses systematic 
differences between data 
product and model simulation 
(Data product algorithm 
uncertainty, Model biases)
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Parameter Estimation

• Default CLM parameters are single value estimates 
(PDFs not provided)

• Parameter estimation studies are rare, 
computationally expensive (MCMC, surrogate 
approaches)

• EnKF treats ‘parameters’ similarly to ‘state variables’ 
at a relatively low computational cost

• DART is capable of providing improved parameter 
estimates, and associated model uncertainty

“The Community Land Model has many different parameters whose values cannot be measured 
directly in the field at the application scale of interest and instead have to be determined by 
calibration using observations of the system output.”

Present:
State 

estimation

Future : Parameter 
estimation

Ds345.0 | DOI: 10.5065/JG1E-8525

CAM6 DART Reanalysis
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CLM model states

+  CLM
+  data/obs

CLM parameters CLM parameters

+  CLM
+  data/obs



For more information:

https://dart.ucar.edu
https://docs.dart.ucar.edu

dart@ucar.edu
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