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Welcome to the 16th JCSDA Technical
Review Meeting and Science Workshop
on Satellite Data Assimilation

 NASA s excited about hosting this workshop

« JCSDA represents a major interagency
collaboration and is an important component in
NASA's overall modeling strategy.

« Data Assimilation is strategically important for
the US Federal Weather Enterprise

* Technologies, algorithms, and tools developed
at the JCSDA have significant impact on US
weather and climate programs



NASA Earth Science Division

Flight
Builds and operates satellite and airborne missions.

Oversees NASA data centers.

Research and Analysis
Turns measurements from satellite, airborne and land-based

missions into understanding of the Earth system.
Supports NASA and academic scientific investigations.

Applied Sciences
Puts science data to work as focused information products.

Builds skills, workforce, and capacity to utilize Earth
observations around the world.

Technology (ESTO)
Develops, tests, and sometimes sponsors leading-edge

technology for Earth science missions.
Works across NASA, industry, and academia.
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Modeling in NASA’s R&A Strategy

* Models form an important component of NASA's Earth Science Research
Strategy

* Role of models in ESD R&A includes the following

Hypothesis testing

Preparation of products for community use (!)
Projection/prediction of future Earth system evolution
Guiding fieldwork

Helping to understand benefits of and/or contributions of potential future
observing system components

 NASA modeling is inextricably linked to observations — hence the paradigm of
“‘observationally-driven modeling”

« NASA's brings an “Earth system science viewpoint” to modeling, so while
component models may be developed, those that include linkages among
Earth system components are our goal.

« Ability to run models is dependent on availability of high end computing, and
assuring synergy between modeling and computing capability and
requirements is an important consideration
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NASA supports a broad, data-driven
modeling program to:

 Show the value of NASA's research data

for weather and climate prediction

Support aircraft field missions through
real-time prediction and after-the-fact
analysis

Provide unique reanalyses to the
community

Obtain insight into processes by
combining novel observation types with
forefront Earth System models

Provide value-added products (level-4)
based on NASA’s unique assets

How DA and Reanalysis Fit in NASA’s
Observationally-Driven Modeling Strategy

Monthly Aerosol Optical Depth: South and East Asia
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« MERRA-2 was the first global, multi-decadal reanalysis to

include aerosols and their radiative feedbacks

» Uses NASA's MODIS after 1998 and AVHRR before then
» Major signals, such as sulfate loading from volcanoes and

the signal of carbonaceous aerosols from extreme fires
are evident in this time series

Randles et al. (2016)




Importance of Interagency and International
Cooperatlon in NASA Modeling

NASA modeling efforts exist within larger “ecosystem” of models with
significant contributions from interagency as well as international partners.

« Challenge of Earth System modeling is greater than what any one agency
can be expected to meet.

* A major driver of NASA's role is "observationally-driven modeling” that
emphasizes use of observations in enhancing models (and vice versa)
* Initialization
* Process Representation
* Assimilation
* Reanalysis
* Quantitative Evaluation
* Observing System Design
« NASA modeling supports national and international assessment activities as
appropriate
« NASA models should be full participants in national and international
intercomparison and evaluation efforts.

« Extension of NASA research capability into operational use is desired (!).
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THE FEDERAL
WEATHER
ENTERPRISE

Interagency Coordination in Weather
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JCSDA Roles in NASA’s Observations-Driven
Modeling

The whole is more than the sum of the parts
Research studies demonstrate the value of various NASA observations on the quality of
reanalyses (MERRA-2) and their impacts on weather prediction (e.g., GPM)

Even with close GMAO-EMC collaborations on assimilation system development, it has
been difficult to get NASA's research observations into NOAA's operational systems — it
has required repetition of technical development work

The re-structuring of JCSDA over the past three years, as well as the commitment of EMC
and GMAO to move to JEDI-based infrastructure, provides an effective R20 pathway:

« NASA software development to implement new data types in JEDI-based systems
« Impacts of NASA observations demonstrated using GEOS system
« Code sharing enables EMC to directly implement NASA observations for testing in GFS

This facilitates effective collaboration among the JCSDA partners: each agency can focus
on the aspects that serve their own mission, while simultaneously providing the basis for

collaborative success with other agencies
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NASA’s Pathway to MERRA-3 Reanalysis:
A JEDI-Based GEOS System
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Why NASA Is Excited about the JCSDA

NASA is a strong proponent of making changes in the way the
JCSDA functions:

- Organize by functional areas (CRTM, JEDI, FSOI, NOI, etc.)
- Emphasis on deliverables

- Commitment and traceability by the partners

How JCSDA has changed over past three years — what that

means for NASA:

- Potential acceleration of new observations to operations

- Alot of new work to support NASA's observations-driven
modeling strategy

- Support for building coupled DA system for MERRA-3
reanalysis — a critical component for Earth system modeling
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Continuing Challenges

JCSDA was set up to accelerate the assimilation new satellite
observations into the observational environment.

Although there has been a change in implementation approach in
recent years, the overall mission has not changed.

The ability to quickly assimilate new satellite observations,

especially new data types, into operations requires:

- Common vision and goals be established

- Strong advanced planning

- Tight interagency coordination

- Excellent system engineering, program and project
management

- Unified software framework and standard component interfaces
13
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Schematic of
the FSOI:
running
forward then

backwards to
trace impacts

» Used as a key part of the Forecast
Sensitivity Observation Impact (FSOI)
diagnostics in GEOS

 |s a critical requirement for full 4DVar,
which will be implemented in JEDI

The FV3/GEOS adjoint is now included in
the JEDI framework
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A NASA Contribution to JEDI: the FV3 Adjoint
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JCSDA Contribution: Inter-Agency Comparison of FSOI
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...,
NASA Earth Science Division

Flight
Builds and operates satellite and airborne missions.
Oversees NASA data centers.

Research and Analysis

Turns measurements from satellite, airborne and land-based
missions into understanding of the Earth system.

Supports NASA and academic scientific investigations.

Applied Sciences
Puts science data to work as focused information products.

Builds skills, workforce, and capacity to utilize Earth
observations around the world.

Technology (ESTO)

Develops, tests, and sometimes sponsors leading-edge
technology for Earth science missions.

Works across NASA, industry, and academia.




Impacts of Hyperspectral IR Data in
Reanalysis and Weather Prediction

NASA's AIRS instrument established the value of hyperspectral radiance data

JCSDA scientists were instrumental in implementing AIRS data into assimilation systems

AIRS, IASI, and CrlS now play pivotal roles in reanalysis and NWP
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Observation count in reanalyses is dominated by
growth in hyperspectral IR data. AIRS used in
MERRA, IASI, and CrlS are added in MERRA-2
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Observation impacts on forecast skill, captured
by the FSOI metric, highlight the continued value
of AIRS data in weather prediction
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Science testing

* Adding GMI all-sky radiances
improves the initial state and leads to
reduced forecast error, especially in
the Tropics.

* Largest impact is at day-one, with
diminishing impact thereafter.

Additional changes to the GEOS model

* Changes were made to microphysics
cloud parameters (effective radii and
fall rate of ice crystals) in the GEOS
model, which led to these beneficial
impacts propagating through the five-
day forecast.

These changes were implemented in
GEOS FP in July 2018
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