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Terminology

DAReS - the group of people
DART - the software we produce
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Group of model forecasts

Improved estimate

Measurements
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About Research ~ Documentation Tutorials Get DART

Featured project: Computational & Information
Research Applications Lab Collabos
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DATA ASSIMILATION FOR THE
ENTIRE EARTH SYSTEM
Use ensemble DA techniques with
geophysicalmode o

USE DATA FROM ANY SOURCE,
TEST MANY ALGORITHMS

LEARN ON LAPTOPS, RUN ON
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Assimilate any suitable Compile without MPI for conceptual
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Existing CESM work

2003 DART-CAMZ2 Breckenridge

2021 DART-CAMG6 Reanalysis

o

Registry of Open Data on AWS

CAMG6 Data Assimilation Research Testbed (DART)

Reanalysis: Cloud-Optimized Dataset
== [l [ vcatver i zar |

Description

This is a cloud-hosted subset of the CAM6+DART (Community
Atmosphere Model version 6 Data Assimilation Research Testbed)
Reanalysis dataset. These data products are designed to facilitate a
broad variety of research using the NCAR CESM 2.1 (National Center for
Atmospheric Research's Community Earth System Model version 2.1),
including model evaluation, ensemble hindcasting, data assimilation
experiments, and sensitivity studies. They come from an 80 member
ensemble reanalysis of the global troposphere and stratosphere using
DART and CAM6. The data products represent states of the atmosphere
consistent with observations from 2011 through 2019 at 1 degree
horizontal resolution and weekly frequency. Each ensemble member is

Resources on AWS

Description
Project data files

Resource type
S3 Bucket

Amazon Resource Name (ARN)
arn:aws:s3:::ncar-dart-camé

AWS Region
us-west-2

AWS CLI Access (No AWS account required)
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POP Accelerated Scientific Discovery

High-resolution ocean DA |
80-member ocean reanalyses
spanning 2011-2017 at 1° and 0.1°
Ben Johnson, Moha Gharamti,
Anna-Lena Deppenmeier, and lan
Grooms




MOMG6 interface
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System requirements
Fortran90 compiler
Locating netCDF library
Downloading DART
Compiling DART

Verifying installation

Introduction to ensemble data
assimilation

The Lorenz 63 model and its relevance
to data assimilation

Data assimilation in DART using the
Lorenz 63 model

What is DART?
The benefits of using DART
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MOM®6

A new ocean component model based on the Modular Ocean Model version 6
(MOMS6) has been incorporated into CESM and is anticipated to replace POP2
as the default ocean component in CESM3. An early functional release of the
MOMG6 ocean component has been made available to users beginning with
CESM2.2. Instructions for using MOM6 in CESM are available on the
MOML_interface GitHub Wiki.

This DART-MOME6 interface was developed for MOM6 within the CESM
framework.

MOMB6 checksum of restart files

When reading in restart files, MOM®6 verifies a checksum for each variable in
the restart file. Data assimilation updates the data in the MOMG restart file,
which will cause the checksum verification to fail. To use DART-MOM®6 with
CESM turn off the checksum verification using the user_nmi_mom namelist

option:

RESTART_CHECKSUMS_REQUIRED = False
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Parameter estimation MARBL

. . Robin Armstrong (SIParCS summer student)
DA and parameter estimation
with Mike Levy, Kristen Krumhardt, Helen

in MARBL—MOMG Kershaw, Alper Altuntas, Keith Lindsay, Moha
Gharamti, Matt Long, and Dan Amrhein
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Project Compare 1-D column  Estimate BGC parameters (nutrient
Goal MOMG6/MARBL to data uptake, productivity, predation, ...)
oais at BATS, HOT, etc. using the ensemble Kalman filter

Evaluate parameters
for global simulations
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DART: observations and models

Geostationary Lightning.
Mapper (GLM)


https://commons.wikimedia.org/wiki/File:Thermally_Agitated_Molecule.gif

DART: observations and models
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Standard EnKF: Challenged by Non-Gaussian and Nonlinear Relations

Prior for normal-gamma distribution Posterior ensemble has
with 100 member ensemble. problems.

Joint Prior Distribution Joint Analysis Distribution
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DART: Novel, General Solutions for Nonlinear, Non-Gaussian Problems

Prior for normal-gamma distribution Bounds enforced. Nonlinear
with 100 member ensemble. aspect respected.

Joint Prior Distribution Joint Analysis Distribution
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Example 3: Normal observed, binormal unobserved

New methods move members from one mode to the other.
Also adjusts ensemble in the modes.
Relevant for initiating convection, for example.
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Workflows

Climate Change in the Futures

Fast Changing World
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Workflows

Climate Change in the Future
Fast Changing World
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Integrate DART with CESM



Key scientific motivation

How can we leverage observational constraints
to improve model development and process
representation and quantify Earth System
Predictability?



DART Compset

e Leverage major existing capabilities in CESM and the Data Assimilation
Research Testbed (DART)

e New community facility for model-data comparison and Earth System DA

e Allow users to run CESM with DA in one or more of ocean, atmosphere,
sea ice, and land components

e |Leverage CESM'’s strengths in representing complex coupled processes



What is tricky?



What time is it?
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What time is it?




Ensemble



How many?
Ensemble



Ensemble
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Look across the
ensemble




Look across the
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CESM-DART Compset



CESM-DART Compset

MOM®6 multi-instance
MOMBG interface for DART

Alper working on an CIME interface
for DART

/manage-externals
Scripting (workflows!) for MOMG6

Observations - wealth of existing
obs on glade



Join us

Ensemble data assimilation in CESM is the
coolest computational problem you can work
on

Collaborations

CISL Visitor Programs

Student Software Engineering - Job Open
Open Source

Challenging Problems: Faster, Better, Stronger

Assimilation e _ ‘\'/ dart@ucar-edu
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