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Earth System DA at NCAR

Extend prediction and predictability 
into the climate / coupled Earth System space

Make DA part of the community scientific toolbox 
for model development and fundamental science



Earth System DA at NCAR

Community Earth System Model 
Community facility for exploring complex 

processes across timescales

Data Assimilation Research Testbed 
Community facility for novel DA 
Robust ensemble state and parameter    

estimation in CESM 



NCAR base-funded efforts on CESM-DART in FY23 

CROCODILE: Regional MOM6 with DA for BGC and 
climate impacts 

Parameter estimation in MOM6-MARBL 

Ocean DA in deep time paleoclimate 

Outline
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This summer: Hiring two 
software engineer interns to 
work on a NUOPC cap for 
DART in CESM 



NCAR base-funded 
efforts on CESM-DART 
in FY23 

(Helen Kershaw, Alper 
Altuntas) 

Ahead of CESM3 release: 

Testing MOM6 with cycling 
DART and any effects of 
increments on physics 
(Amrhein) 

MOM6-enabled DA compset



Advancing DA needs for critical 
NCAR capabilities 

DART
CESM
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Motivation

How do we increase usability of 
infrastructure that translates global 
dynamics to human / actionable 
scales? 

Regional model configuration requires 
setup and tuning. 

Data assimilation requires years of effort 
and technical capacity building.

Few have access to the computational 
resources and tools required for 
configuring and running these systems 
and then analyzing the relatively large 
data sets they generate. 




A workflow to broaden accessibility of regional climate modeling



A workflow to broaden accessibility of regional climate modeling



A community platform for accelerating observationally-constrained 
regional oceanographic modeling

OVSN(?)
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DART data assimilation: 
learning from ocean 

data

MOM6 + CESM: 
ocean + climate 

model

•Rapid prototyping 
for regional domains

•Advance nested 
model capabilities

•Widely used model 
for climate 
research 
•Large database of 
global climate 
simulations

Post-processing: 
big data tools

•Python infrastructure and 
documentation to rapidly 
build ocean models and 
fit them to observations 

•Powerful diagnostics to 
understand ocean physics 
and biogeochemistry 

•Accessible, documented 
community tools

Stakeholders Products Use cases

•Ocean observing design: 
Ocean Vital Signs Network 

•Indigenous communities: 
Coastlines and People 

•Climate change 
mitigation: Ocean carbon 
dioxide removal 

•Scientists translating 
global climate changes to 
regional scales 

•Companies investigating 
ocean carbon dioxide 
removal 

•People and communities 
that are underserved by 
climate change science

•CESM interface 
•Observational 
database 
•Efficient 
algorithms 
•Observing system 
design

•Python wrapper for 
C / Fortran code

•Python diagnostics

•Rapid prototyping 
for regional DA

•Dask/Pandas/Xarray 
•Interactive user 
interface (Jupyter) 
•DART observation 
space diagnostics 

•Chapel-based 
diagnostics option

•Swappable backend

•Online access point
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Use case 1: The Ocean Vital Signs Network (OVSN) and ocean CDR

Designing next-generation ocean observing systems



Use case 2: Co-development of 
regional modeling capabilities  
with Indigenous researchers 
and stakeholders

Making ocean change science

more accessible to vulnerable

populations and regions



Use case 2: Co-development of 
regional modeling capabilities  
with Indigenous researchers 
and stakeholders

Making ocean change science

more accessible to vulnerable

populations and regions


(Welcome Giovanni Seijo as a postdoc

on RVCC!)

Giovanni Seijo, CU Boulder



Year 1 work

Develop regional coupling infrastructure 
to use with MOM6 and MARBL (new SE I 
hire at NCAR) 

Automatic grid and ocean boundary 
condition generation (with Ashley Barnes, 
ANU) 

Python wrapper for the Data Assimilation 
Research Testbed (DART; Helen Kershaw) 

Implementation of biogeochemical 
“observation operators” at WHOI (new 
hire in progress)

Fu et al. 2020; COSIMA; WHOI 



Develop regional coupling infrastructure 
to use with MOM6 and MARBL (new SE I 
hire at NCAR) 

Automatic grid and ocean boundary 
condition generation (with Ashley Barnes, 
ANU) 

Python wrapper for the Data Assimilation 
Research Testbed (DART; Helen Kershaw) 

Implementation of biogeochemical 
“observation operators” at WHOI (new 
hire in progress) 

Step 1: Run MOM6 NWA12 configuration 
on CESM 1/12 grid (Marques, Castruccio)

Ross et al. 2023
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Part 1: Introduction

Our Objective: 
To optimize the parameters of MARBL by 

assimilating data with DART (the Data 
Assimilation Research Testbed).

For more information see:

● Anderson et al, “The Data Assimilation Research Testbed: A Community Facility,” American 

Meteorological Society (2009).

● Long et al, “Simulations With the Marine Biogeochemistry Library,” Journal of Advances in 

Modeling Earth Systems (2021).



Data Preparation

Part 2: MARBL-DART

• We use data from the Bermuda Atlantic 
Time-Series Study (BATS). 

• More than 30 years of in-situ 
biogeochemical data from a single ocean 
column. 

• Correspondence between data variables 
and model variables is nontrivial. 
Mappings from model space to data 
space needed to be carefully 
determined. 

• Time sparsity is a challenge which calls 
for assimilation from multiple sources. 



MARBL-DART, State-Estimation-Only Version (SIParCS 2023)

Part 2: MARBL-DART

Actual Data

(BATS)

State 
(Forecast)

Expected Data

(In-Situ BGC Values)

DART
Interpolation, unit 
conversion, etc…

MARBL

State 
(Analysis)



MARBL-DART, State-Estimation-Only Version (SIParCS 2023)

Part 2: MARBL-DART



Looking Ahead

Part 3: Looking Ahead

● MARBL-DART is currently a state/parameter estimation system. 
○ Model time series is compared to a data time series.

○ DART adjusts the MARBL trajectory, and simultaneously tunes MARBL 

parameters. 

● Advantage: potentially obtaining a better fit to data.

● Disadvantage: time-varying parameters, with the danger of overfitting. 

● Our end goal: MARBL-DART with parameters only.

○ Parameters are thought of as time-constant.

○ Model climatology is compared to data climatology.

○ DART fits a climatology rather than a time series.



Parameter Only Estimation

Part 3: Looking Ahead

Actual

Climatology 

(BATS-derived)

Expected

Climatology

DART
Run MARBL to quasi-

equilibrium

Parameters

Only


(Forecast)

Parameters

Only


(Analysis)Plug in the

new parameters
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New 5-year, $5M NSF commitment to 
actionable regional modeling  

paleoWeather: 
Hazards and habitability  

in hothouse climates 
Jessica E. Tierney (UA), Bette L. Otto-Bliesner, Jiang 

Zhu, Sophia Macarewich, Dan Amrhein, Jane W. 
Baldwin (UCI), and Christopher J. Poulsen (UofO)

Dan Amrhein — damrhein@ucar.edu



Thanks! 
damrhein@ucar.edu
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