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2) Major goals as outlined in the funded proposal

e Upgrade the Global Ocean Data Assimilation System (GODAS) ocean/sea ice model to the
latest MOMBG6 ice/ocean numerics from GFDL including a shift from 1deg to 1/4-deg
resolution.

e Increase the number and type of observations assimilated

e Improve GODAS Data assimilation (DA)
-- directly update salinity and sea level
-- upgrade the DA system to a hybrid system combining the Local Ensemble Transform
Kalman Filter (LETKF) and 3DVar.

3) Results and Accomplishments
3.1) ocean/sea ice model upgrade

We have completed the upgrade the ocean/sea ice model from MOM4/SIS1 1° to MOM6/SIS2
OM4 1/4° resolution, retaining the z* (essentially iso-pressure) vertical coordinate. This
upgraded model is now being adopted by the marine subsection of the new NOAA Unified
Forecast System Research to Operations (SOCA) project being led by Guillaume Verniere.
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Figure 1 Comparison of the new MOMG6/SIS2 OM4 1/4° resolution model surface currents with the
independent OSCAR surface current estimate for a single day.



We have conducted studies examining the impact of bias in the surface fluxes (heat, freshwater,
and momentum) provided by the atmospheric system by comparing results using a variety of
different surface forcings such as CFS-RR, ERA-Int and ERAS. We have also examined the
impact of alterations of the bulk formulas by which those fluxes are produces (e.g. COARE4).
This examination shows that by changing these bulk formulas we change time mean net surface
heat flux by 10 Wm™ in high wind regions such as the Southern Ocean corresponding changes in
net evaporation (greater changes to instantaneous values). If we interpret change as an estimate
of the size of the flux error then such a flux error translates to a 0.1K error in a 100m deep mixed
layer, as well as a 2cm error in evaporation when accumulated over 40dy. In effect this means
that as many as 1/3 of the in situ profile observations are being wasted simply correcting for flux
bias. Comparison of the full net surface fluxes from CFSR and ERA-Int shows even larger time
mean net heat flux differences, as much as 30Wm'2, due to differences in the size of the state
variables (SLP, U10m, T2m, and q2m) that enter the bulk formulae and in the cloud cover (area
and cloud type). All of this means that unbiased estimates of ocean variables, such as
temperature or salinity, require that the DA be modified to account for surface flux bias at the
10Wm™ level.

3.2) Expansion of the numbers and types of observations being assimilated

The most dramatic increases are of salinity and sea level through the inclusion of the salinity
profiles from Argo and altimeter sea level (https://www.star.nesdis.noaa.gov/sod/Isa/RADS.php).
The annual report for Year 3 summarizes the remotely sensed and in situ observations now
entering GODAS and their sources, but the list is fairly comprehensive. We have also developed
a full set of quality control checks: duplicate checks, depth checks, gross error checks,
climatological checks, density inversion checks, time averaging, and BUFR compatibility
(https://github.com/UMD-AOSC/OceanObsQC). One lingering problem is that SST updating
relies on the bias-corrected along track night-time satellite SST data (L2) from the Advanced
Clear Sky Processor for Ocean (ACSPO). At polar latitudes this SST data set is sparse or absent
due to sea ice cover, low cloud decks, low air humidity, and an inability to separate water and ice
in the marginal ice zone. In those locations GODAS SST defaults to WOD climatological values
which are themselves based on a limited observation set. This lack of constraining data is
highlighted by the fact that the regular data stream such as is accumulated in the International
Comprehensive Ocean-Atmosphere Data Set (ICOADS) is also missing temperature
observations under sea ice.

3.3) Improve the data assimilation (DA)

We have upgraded the GODAS 3DVAR of Behringer (2007) with a new 3Dvar solver, which
shifts from model to observation space using the preconditioned conjugate gradient solver,
similar to Navy’s NCODA system (https://github.com/UMD-AOSC/godas-3dvar). We have
incorporated this new solver into the Hybrid-GODAS developed from Penny et al (2015)
(https://github.com/travissluka/UMD-LETKF). For the new Hybrid-GODAS, 20 ensemble



members were used. The horizontal localization scale was defined as 1 standard deviation of a
Gaussian, linearly interpolated based on observation type and latitude. Profiles: 550km at
equator, 300km at 10N/S, 100km poleward of 50N/S; SST/ADT: 200km at equator, 5S0km
poleward of 10 N/S. The new system workflow is diagramed in Fig. 2.
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All DA codes have been migrated to the JEDI framework (https://github.com/travissluka/UMD-
LETKF). The new DA code is forming the basis for the marine subsection of the NOAA Unified
Forecast System Research to Operations project SOCA. This project has represented one of the
initial tests of the JEDI system, which we think has great potential for organizing much of
NOAA’s modelling, data assimilation and data handling software.

3.4) Opportunities for training and professional development

The knowledge gained by the postdoc associated with this grant, Dr. Travis Sluka, is now being
put to work as he heads the ocean/sea ice development portion of the NOAA Joint Effort for
Data assimilation Integration (JEDI) project, and continues his interest in the new SOCA project.

4. Highlights of Accomplishments
e Implement new ocean/sea ice model with enhanced resolution
e Implement new data inputs
e Implement new/improved data assimilation

Convert to the JEDI software framework



5/6) Transitions to Applications/Estimate of current technical readiness level of work
Much of the results of this project are being implemented operationally through the follow-on
project.

7) Dissemination/Publications

Results from the grant have already been disseminated through a series of talks at meeting such
as the AGU, Ocean Obs19, AMS, Ocean Sciences by Penny, Carton, and Sluka. Results of this
project have entered a series of refereed publications (below). Finally, the project has helped set
directions for the $12M marine subsection of the new NOAA Unified Forecast System Research
to Operations project.
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Cumulative net outcomes and impacts of the project, as of the writing of the report
This grant was primarily focused on upgrading many aspects of the global ocean data
assimilation system GODAS, which has remained essentially unchanged for 20 years.



