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https://dart.ucar.edu/


Information about DART: Documentation
Documentation:  https://docs.dart.ucar.edu

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


Information about DART: CLM5-DART
Updated CLM-DART documentation located on tag:   ‘clm-swe_pre-release’



Information about DART: CLM5-DART
Updated CLM-DART documentation located on tag:   ‘clm-swe_pre-release’



Information about DART: Tutorials
Prepared tutorials related to DART:   https://dart.ucar.edu/tutorials/ 

CLM-DART Tutorial 
Coming Soon !

Materials of this 
presentation will go 
into it.

• Jeff Anderson
presented



More information about my work:
Questions related to Land DA and CLM-DART:  bmraczka@ucar.edu

https://www.cgd.ucar.edu/events/seminars/

CESM Workshop 2021:  
Land Model Working Group

CESM Workshop 2021:  
Biogeochemistry Working Group

mailto:dart@ucar.edu


Example of DART workflow

Ds199.1 | DOI: 10.5065/38ED-RZ08

CAM4 DART Reanalysis
(80 member ensemble)
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1) Download CLM5

**It is recommended to clone a separate installation of 
cesm2.2 and specifically use it for CLM-DART simulations

>> git clone https://github.com/escomp/cesm.git cesm_dart
>> cd <your Cheyenne work directory>

>> cd cesm_dart
>> git tag

Clone new 
installation of CLM 
to ‘cesm_dart’ 
directory

Explore available 
tags for CLM

>> git checkout release-cesm2.2.01
>> git status
>> ./manage_externals/checkout_external

Checkout dart-
compatible tag, 
confirm tag

**Optional: If you want to use git to keep track of your personal CLM changes you 
may want to checkout out a branch to add/commit/track changes: 
>> git checkout -b cesm_dart_branch



2) Download & Navigate DART

Create 
DART 
directory 
within your 
‘work’ 
directory



2) Download & Navigate DART

>> cd <your Cheyenne work directory>/DART/
>> git tag    (what tags are available)

>> git checkout clm-swe_pre-release
>> git status  (what branch you are on)
>> git describe –tag  (what tag you are on)

Optional but recommended to checkout a local DART 
branch such that you add/commit/track changes

>> git checkout –b dart_soilmoisture

‘Fork’ the git repository ~/NCAR/DART.git and to set up 
a remote ‘origin’ and ‘upstream’ branches.  For more 
information see:

https://github.com/NCAR/DART/wiki

In general setting your remote branches such that the 
’upstream’ points to ~/NCAR/DART.git
and ‘origin’ points to ~/<your_git_account/DART.git
helps to obtain new DART features, and also if you push 
your local changes to the ‘origin’ the DART team can 
view them directly if you are having trouble.

Quickstart approach 
to getting local copy 
of DART:

For more experienced 
git users and if you 
intend to 
share/develop DART 
code:

https://github.com/NCAR/DART/wiki


2) Download & Navigate DART



2) Download & Navigate DART

** Important
setup scripts

DART/models/clm/



1) Initialize 
model states

3) Assimilate 
observations

free 

assim

2) Generate 
ensemble spread

single CLM simulation
~80 member free
CLM ensemble obs

Biomass

time

2) Download & Navigate DART

Key CLM5-DART setup scripts:  ~/DART/models/clm/shell_scripts/cesm2_2



2) Download & Navigate DART
Key CLM setup scripts:  ~/DART/models/clm/shell_scripts/cesm2_2

Core setup script for CLM5-DART assimilation.  
Compiles CLM for multi-instance run, creates 
CLM case folder similar to normal CLM run

~/DART/models/clm/work

Resource file used to customize CLM assimilation run.  
Edit before executing CLM5_setup_assimilation.  
Almost all edits happen this file.

Execute in the caseroot directory after CLM compiles.  
Turns ‘on’ assimilation by bringing in all assimilation 
scripts and DART executables to caseroot directory

Core assimilation script that executes DART 
executables.  Enables communication between 
CLM files and DART.

Input namelist file used to customize DART 
assimilation options



2) Download & Navigate DART

output.nc

restart.nc*

restart.nc

Replace 
indeterminate 

values

Apply mask to 
indeterminate 

values

Clamp state 
values

DART 
‘filter’ 
stages
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3) Meteorological Forcing

CAM DART Reanalysis
(80 member ensemble)

Raeder et al., (2012, 2021)
CAM4 Reanalysis (~2o) CAM6 Reanalysis (~1o)

Ds199.1 | DOI: 10.5065/38ED-RZ08 Ds345.0 | DOI: 10.5065/JG1E-8525

Generates user_nl_datm
And datm.streams.txt*  files for each ensemble 
member

Template Stream Files:   ~/DART/model/clm/shell_scripts/cesm2_2

• Up to 80 different 
CAM ensemble 
members generates 
spread in CLM 
simulation



3) Meteorological Forcing
Template Stream Files:   ~/DART/model/clm/shell_scripts/cesm2_2

Note: ‘NINST’ 
overwritten with: 
min:  01
max: 80

Folder of CAM reanalysis

Links CAM met variable 
names to CLM

CAM reanalysis global 
files



4) Initial Conditions

Resolution: f09_f09_mg17  (0.9x1.25 resolution)

Compset: 2000_DATM%GSWP3v1_CLM50%BGC-CROP_
SICE_SOCN_MOSART_SGLC_SWAV

Directory of refcase

Startdate for the assimilation tutorial run
Need not align with refcase end-time



5) Observations

Upcoming slide 
shows an overview 
of how a ‘biomass’ 
forward operator 
works

1. Blank Template (no obs values, but holds 
location and time of obs)

2. Filled template (contains obs
values)    CLM5_setup_pmo 
script used for this tutorial

3. Contains all diagnostic 
information of assimilation

DART Obs Quality Control Flags  (obs_seq.final)



5) Observations

Scripts that convert 
raw observation data 
(netcdf, hdf5, ascii) to 
obs_seq.out format



5) Observations

And many, many more available, see web documentation



5) Observations
Contains all diagnostic 
information of 
assimilation

2 kind of QC

lon lat Vertical level, elevation (m)

rad_surf_press
seconds, days

Observation error variance



5) Observations

Observation Rejection 
Threshold

The forward operator converts model state to the expected 
observation. Needs to link obs with correct CLM variable

Setting an outlier threshold protects against assimilating observations that 
are unrealistic or can make CLM crash 



6) CLM and DART state space
DART state space:  
1) Variables to be adjusted by DART 
2) Variables required for forward operator

CLM output files.  ‘restart’ files generated automatically, 
but history files (diagnostic) must be manually output 

CLM name DART quantity Clamping values Overwrite?domain



7) Localization
Spatial Localization 

Setting
• Reducing the cutoff 

limits the realm of 
influence an 
observation has 
upon surrounding 
model state

• Figure of 
increments (color). 
Notice non-zero 
increments limited 
to location of 
observation (x)



8) Inflation

free 

assim

obs

Settings for tutorial (prior inflation only): General Guidance:

• Start with no inflation
inf_flavor = 0

• Enable prior inflation, no 
posterior inflation

• If suspect strong 
sampling/regression error 
turn on both prior and 
posterior inflation

• Accounts for systematic errors in obs/model or sampling/regression errors

Fill inflation
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9) Assimilation Steps

a) Compile DART software

1) >> cd  ~/DART/build_templates/

2) >> vi mkmf_template for Cheyenne
environment  (mkmf.template.intel.linux)

3)     >>  cd ~/DART/models/clm/work/ 

4)     >> ./quickbuild.csh –mpi

Creates executables for all DART programs



9) Assimilation Steps
b) Modify DART_params.csh to match your personal environment

Folder of cesm installation

CLM assimilation case name

Directory of cesm installation

Location of 
run/exe/restart/hist files

Directory of DART
installation

Project charge 
account

####



9) Assimilation Steps

c) Compile CLM, create assimilation case

1) >>  cd ~/DART/models/clm/shell_scripts/cesm2_2/
2) >> ./CLM5_setup_assimilation

General instructions (1-8) 
for a  ‘new’ assimilation

For tutorial, skip 1-5, 
immediately go to step 6 to  
enable the assimilation.
Continue to next slide.



9) Assimilation Steps

d) Enable assimilation within CLM case

1) >> cd <caseroot>
2) >> ./CESM_DART_config



9) Assimilation Steps

e) Review and customize assimilation settings

>> vi input.nml :   Below are excerpts of commonly used/modified namelist options:

Diagnostic stages and 
inflation type

Observation Rejection 
Threshold

Fill inflation Spatial Localization 
Setting

Observation types to 
assimilate

CLM variables to update or 
used in forward operator



9) Assimilation Steps

f) Modify CLM run-time settings

>> cd <caseroot> 

Commonly modified run-time settings: 
(use ./xmlchange to set new value or ./xmlquery to view the current setting)

• DATA_ASSIMILATION_LND=TRUE
• STOP_OPTION=nhours
• STOP_N= 24                                       (daily assimilation)
• DATA_ASSIMILATION_CYCLES=1    (How many daily cycles?  Review walltime, 30 min)
• RESUBMIT =0                                     (Resubmit the assimilation case for additional time increment)
• CONTINUE_RUN=FALSE                   (FALSE if 1st time step, TRUE if a continuation)

g)    Submit the assimilation run to Cheyenne
>> ./case.submit
>> qstat –u  <user-name>   # Check job status,  time,  ‘R’, ‘Q’



10) Assimilation Diagnostics

The job just completed – now what?

1) Check to make sure both the CLM and DART ran successfully:

>> cd ~/caseroot/
>> cat CaseStatus

>> cat run.<case_name>.o<id> 

Example of 
successful CLM 
time step

Example of successful DART step, if unsuccessful will provide location of ‘log’ file



10) Assimilation Diagnostics
The entire job completed successfully, but CLM state variables are not being adjusted -- why?

0.273739010095596 observations
0.151536912474349 prior ensemble mean
0.151536912474349 posterior ensemble mean
0.000000000E+000   data product QC
7.00000000000000   DART QC

0.158023327589035 observations
0.162655747328743 prior ensemble mean
0.162655747328743   posterior ensemble mean
0.0000000000E+000   data product QC
0.0000000000E+000   DART QC

0.426458121052355  observation       
0.453472528080195  prior ensemble mean    
0.451989813949054  posterior ensemble mean
0.0000000000E+000   data product QC
0.0000000000E+000   DART QC

obs_sequence
obs_type_definitions

1
2 LPRM_SOIL_MOISTURE

Example 1: Obs accepted, model state adjusted

clm_obs_seq.<date>.final

Example 2: Obs rejected, no model state change

Example 3: Obs accepted, no model state change

https://docs.dart.ucar.edu/en/latest/guide/dart-
quality-control.html

The most common reasons assimilated obs have no 
impact on the model state include:

• Zero spread in ensemble members

• Cutoff value too small (Localization)

• Obs error values too large (less likely)

• No correlation (unlikely)



10) Assimilation Diagnostics
Example of more advanced diagnostics:

Observation acceptance, RMSE and spread

>> cd ~/DART/diagnostics/matlab/

2) ./obs_diag -->obs_diag_output.nc
3) (matlab) plot_rmse_xxx_evolution.m

&obs_diag_nml1)
2) ./obs_seq_to_netcdf -->obs_epoch.nc
3) (matlab) link_obs.m

&obs_seq_to_netcdf_nml
1) &schedule_nml

Spatial Pattern of Biomass 
observation acceptance



11) Soil Moisture Assimilation

Use same tutorial settings, but with the following edits:

Synthetic soil moisture observations 
using:   CLM5_setup_pmo 


