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Terminology

SIParCS Summer Internships in Parallel Computing

DART Data Assimilation Research Testbed

NUOPC National Unified Operational Prediction Capability

CROCODILE CESM Regional Ocean and Carbon cOnfigurator with Data 
assimilation and Embedding 

CESM Community Earth System Model
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Ensemble Data Assimilation

Group of model forecasts
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Improved estimate
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Shout out: Xueli’s talk

Monday, June 10th, 2024 CESM Land Agenda
2:08pm- Assimilating SIF and SWE observations into CLM using DART to improve 
GPP over the high mountains in the Western US
Xueli Huo



Shout out: Moha & Kevin’s posters

Importance of ensemble forcing to land assimilations and a 
couple showing what happened to the Reanalysis
during COVID (aircraft obs disappeared, both biases 
increased).

Figure courtesy of Andy Fox.

Essential Tools for Predictability Studies 
Provided by the Data Assimilation 
Research Testbed
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SIParCS project

"Optimizing ensemble data assimilation 
performance for coupled Earth System models" 
investigating the use of NUOPC/ESMF for DA, 
and comparing this to traditional 'offline' modes 
of Data Assimilation. 
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Suman Shekhar
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SIParCS project

"Optimizing ensemble data assimilation 
performance for coupled Earth System models" 
investigating the use of NUOPC/ESMF for DA, 
and comparing this to traditional 'offline' modes 
of Data Assimilation. 

Anh Pham
Suman Shekhar
Thanks to the ESMF team and Alper Altuntas

Mentors:
Dan Amrhein 
Helen Kershaw



DART

observations

Netcdf files Netcdf files
Every assimilation window:

● Advance the ensemble of models
● Every model writes their state to file
● DART reads all model states and 

observations for the time window
● Assimilation updates the ensemble of 

states
● DART writes updated state files
● Models restart with updated states

observation space 
diagnostics

Lots of data movement
“transpose”

IO: Models -> DART -> Models

SIParCS project



DART

observations

Every assimilation window:

● Advance the ensemble of models

● DART reads the observations for the time 
window

● Assimilation updates the ensemble of 
states

● Models continue with updated states

observation space 
diagnostics

Lots of data movement
“transpose”

Not going to disk

SIParCS project



5 year collaboration between NSF 
NCAR and WHOI

CROCODILE
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CROCODILE

5 year collaboration between NSF 
NCAR and WHOI
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Data Assimilation Research Testbed

Models: MOM6

State Space

Observations

Observation Space
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DART-MOM6



Observation Sequence

World Ocean Database example

● The observation types in the file

● Locations of the observations

● Quality control value(s) for each observation

● Observation + any observation specific metadata

● Time and order of observations

DA Input: obs_seq.out



Observation Sequence

Radiance example

● various ‘copies’ of each observation

○ Observation value

○ Truth

○ Prior and Posterior Forward Operators, mean, 

standard deviation

DA Output: obs_seq.final



Observation Sequence

Radiance example

● various ‘copies’ of each observation

○ Observation value

○ Truth

○ Prior and Posterior Forward Operators, mean, 

standard deviation

Observations can have 
additional metadata

DA Output: obs_seq.final



Fortran + Matlab Observation Space Diagnostics



Fortran + Matlab Observation Space Diagnostics

4370 lines of Fortran

Matlab 
- not open source
- not freely available
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pyDARTdiags

obs_seq.{out/final} -> pandas dataframe  github.com/NCAR/pyDARTdiags

https://github.com/NCAR/pyDARTdiags


pyDARTdiags 

obs_seq.{out/final} -> pandas dataframe

● Interactive python Observation Space 
Diagnostics: language of data science

● User extensible, & allows us to improve 
obs_seq format

● Observation preprocessing in be done in 
python?

 github.com/NCAR/pyDARTdiags

https://github.com/NCAR/pyDARTdiags


Next Steps

● What diagnostics are people interested in?

● What existing tools can we plug in to?

● Xarray + dask
○ Test case 20 year DART-CAM 

reanalysis

● pyDARTdiags as a preprocessing tool

● Pipeline of ocean data into CESM-DART

https://github.com/NCAR/pyDARTdiags
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