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COUPLED DATA ASSIMILATION (|)
State Vector: X [X A, XT, XO]T

AA Prior (background) cost:
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COUPLED DATA ASSIMILATION (/)

Strongly Coupled Analysis seems simple and straightforward to implement!

Why?
1. Dimension of (3-D atm, ocn + 2-D int) X Byg DBar Byo
2. Covariance model for B B=|B,, By B

3. Sparsity of observations (ocn, int: surface) Y B,, B, By,

Alternatively (or iteratively), solve for:

» Component states (atmosphere, ocean, ...) separately

» Use already existing analyses

2 Different flavors of weakly (not strong!) coupled analysis

O Which component is solved 1st? Atmosphere X A or Ocean X ()?
O How is the interface state X; handled?

O How realistic are the cross-correlations: B, By, By, HJ - ]




COUPLED DATA ASSIMILATION ()

At the GMAQO, we acknowledge the (future potential/need for) Strongly
Coupled Analysis. ..

» As a first step, our first Coupled Analysis will be (weakly) coupled via
interface state variables:

> Sea Surface lemperature (Skin SST) TS
» Sea Surface Salinity (Skin Salinity) S,
e Sea lce, etc

» All developments will naturally carry over to the future work
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URRENT STATUS ()
OSTIA SST
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CURRENT STATUS (2

ea Ice Concentration, 05 Apr 2018
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—low real are these data products! .
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SST OBSERVATIONS ()

Spaceborne In-S1itu

Main in situ Elements of the Global Ocean Observing System February 2018
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SST OBSERVATIONS (/)

Spaceborne In-S1itu
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SST OBSERVATIONS (3)

. o IR, MW
*Satellites measure radiance / adiomator
*Which relates to physical L Ban T-To
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SST VARIABILITY
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SKIN SST IN GEOS DAS (/)

Updates to Atmospheric Data Assimilation System (shared w/NCEP-EMC)
M Model the variation of Skin SST = OSTIA SST + AT,, — AT.

3k thermally stratification due to diurnal warming (AT,

3 a thin cool-skin layer (ATC)
M Direct radiance assimilation for Skin SST H[ -]
3k additional Infrared (AVHRR) satellite observations

3K using radiative transfer model

M Operational since 01/2017
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Anomaly Correlation

Difference (ref=GEOS-5)

SKIN SST IN GEOS DAS (3)
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BACKGROUND ERROR FOR T

Hybrid Analysis for T

using :

* Determ

nistic (central):

persistent, large-scale
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* Probabilistic (ensembles):
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+ For all ensemble members, T, = OSTIA SST

= Ensemble generated covariance B, (T,) ~ 0




BACKGROUND ERROR FOR T

Improved Global Sea Surface Temperature Analyses Using Optimum Interpolation

' RICHARD W. REYNOLDS AND THOMAS M. SMITH
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ANALYSIS FOR T
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Monthly mean of increment (ANA-BKG)
12UTC (December, 2017)
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HYBRID ANALYSIS FOR T e
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HYBRID ANALYSIS FOR T

» Ensembles won’t fix this 1ssue!

» An ensemble of analyzed ocean states (ocean model and analysis)
» 1f well constructed and affordable (eddy-resolving)
» could solve the problem!

» Climatological B 1s needed

» NMC Method?

» or, some other way...”?

2|



HYBRID ANALYSIS FOR T
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» High-variability (strong currents
5 Y 2 ) 48-hour forecasts

s captured not available for 06, 18 UTC

» Diurnal variability 1s represented

27
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SUMMARY

» Coupled Data Assimilation
» many challenges
» and many possibilities (strong/weak; iterations, cross-correlations, ...)
» Interface states (skin SST, Salinity, sea ice)
» retrievals (of SST, Salinity, ...) do not fully represent coupled processes
» need internal self-consistency
» must be part of coupled analysis
» Updates to the GEOS DAS
» 1ncludes analysis for skin SST along with upper-air
» the skin SST background error

24



Questions, Feedback, Suggestions
Thank You!



