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Outline

Data assimilation works by using model-data
misfits to correct the model state of the system

The causes of some of the observed variability
are not reflected in the model, and that portion of
the observed variability cannot be usefully
assimilated

We propose a method for constructing statistical
error estimates that account for representation
error explicitly

We describe progress toward implementing our
methods within the framework of the operational
climate forecast system.
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Representation Error
- Data assimilation makes use of data misfits, aka
innovations: z — Hx'/)

- x(/) is the forecast state

- Letx®) be the “true” ocean, as the instruments
measure It.
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Representation Error

Write the innovation:

7z — 7z 1 7O _ gx(f)
0+ H(g((t) _ X(t)) 4 H(X(t) _ X(f))

z — Hx'/)

e ¥ =z — z® theinstrument error

« H(x® — x)) is representation error, whose
statistics must appear in the terms reserved for
Instrument error

- x) — x(/) is theforecast error
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EStimating Representation ker-
I Or

1. Compute multivariate EOFs of a long model run

2. Estimate number of significant degrees of
freedom (DOF) by the Preisendorfer test. The
span of the significant DOF is the "model space”

3. Project a series of innovations into the model
space. Assume: innovations - their projections on
the model space = instrument error +
representation error.

4. The significant EOFs of the the innovations -
their projections into model space are assumed to
span the space of representation errors.
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Summary of Previous Results

EOFs of model, observations and SST
Innovations were calculated for a 23 year run of
POP, implemented ar for the north Pacific.

The model space had(35) dimensions, by the
Preisendorfer test.

Representation error accounted for much of the
variability in the innovation sequence.

An Ol scheme was devised, based on projections
of Innovations into the model space.

Statistics of estimated model SST variabllity + an
ensemble of simulated representation errors were
identical to statistics of the SST data.
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Error for the NCEP CFS

Analyze output of 16 year run of ocean component of
NCEP CFS:

« MOMA4, 0.5° driven by NCEP reanalysis
« 5 day averages of 16 year run, 1993-2008 Incl.
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Getting Started

Restrict attention to:
e 60°5 - 60°N

« Consider only upper500m and points where
depth> 1500m

 Remove the seasonal cycle

...Still an enormous calculation:
« ~ 150K points horizontal, 33 vertical levels
- 3DT,5,U,Vand 2D H
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EOFs. Surface Variablity

multivar EOFs MOM4 ssT

[1/1993-12/2008], 5-day bins

[excludes area wt] chk_EQF_ssTSH_sseas.m 19-Oct-2009

Temperature maps from multivariate EOF
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EOFs. Surface Variablit

multivar EOFs MOM4 ssS

[1/1993-12/2008], 5-day bins

[excludes area wt] chk_EQF_ssTSH_sseas.m 19-Oct-2009

Salinity maps from multivariate EOF
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EOFs. Surface Variablity

multivar EOFs MOM4 ssH

[1/1993-12/2008], 5-day bins

[excludes area wt] chk_EQF_ssTSH_sseas.m 19-Oct-2009

Height anomaly maps from multivariate EOF
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PCs. Surface Variablity

mom4 ssTSH )\N

PC1 %var=15.3
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PC2 %var=8.62 PC3 %var=5.35

2000 2005 2000 2005
PC4 %var=3.1 PC5 %var=3.1

1995 2000 1995 2000 2005

chk_EOF_ssTSH_sseas.m 19-Oct-2009

Blue curves: PCs. Red curves: SOI
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Model Sea Surface Height

...somewhere In the north Atlantic

Trend in Model SSH

-0.2
000000000000000

blue curve: SSH; blue line: trend; 1cm /yr; red
curve: detrended SSH



Wasthereatrend in the data?

NCEP sat SST Z)\N

60
PC1 %var=12.5 PC2 %var=6.44

2003 2004 2005 2006 2007 2003 2004 2005 2006 2007 2008
PC3 %var=5.33 PC4 %var=4.5

2003 2004 2005 2006 2007 2008 2003 2004 2005 2006 2007 2008

[NCEP SST data] chk_EOF_gt1500_sseas.m 19-Oct-2009

...nope. No trend In 23 year SST time series either.
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Representation Error EOF

* ol 128, «
100 kn [misfit - = a, HEOFk[modeITSH]] EOF1 4.29%var
60{
30'

0

EOQOF2 2.85%var EOF3 2.46%var
60{
30'

0

repr_error.m 23-Oct-2009

Upper left. Preisendorfer test; upper right and bottom
row: EOF loadings.
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SST Representation Error PC

i 128
100* )\n [misfit — X ak*HEOFk[modeITSH]] PC1 4.29%var

. misfit ~SO0l, .29corr
+  preisendorfer

2002 2003 2004 2005 2006 2007 2008

PC2 2.85%var PC3 2.5%var

-100

2002 2003 2004 2005 2006 2007 2008 2009 2002 2003 2004 2005 2006 2007 2008 2009

repr_error.m 23-Oct-2009

Upper left: Preisendorfer test. Red curves on PC1 &
PC3 plots: scaled SOI
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S0

wnhere did a (rend come

from?
...probably an internal adjustment process.

Initial condition Is the result of CFS data
assimilation: initial state unbalanced

Model Is adjusting according to its own internal
physics

Is it “right?” No way to know, given available
data

How long will adjustment take?

What do we do about it?
» For now, remove a least-squares trend
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Model Sea Surface Height PC

mom4 SSH Z)\N

PCl1 %var=14.4

50 100 150 200 1995 2000 2005
PC2 %var=9.36 PC3 %var=5.63

1995 2000 2005 1995 2000 2005
PC4 %var=5 PC5 %var=4.4

1995 2000 2005 1995 2000 2005

chk_EOF_H.m 12-Nov-2009

Univariate PC, mean, trend and seasonal cycle
removed. trend- 1cm/yr
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The Plan
« Assimilate data by 3DVAR:

1
J = §(X — xNTE Y x —x) +

%(Z — Hx)'F (2 — Hx)

0J ox! (E_l(X —xY —HTF (2 — HX))

VJ = Flx—x")—H'F (2 — Hx)
« ODbs error covariance’ appears only in the term
HT'F~1(z — Hx)

» Write F = D + wu! whereD is diagonal and
columns ofu span representation error space.
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Effect of Augmentation of F

» Calculation of ! will be inexpensive.

o Let F = o2] + uul, 0% the obs error variance

andw a vector withu! v = 2 > ¢2. The
Sherman-Morrison formula:

1 T
(02T +uul)™! = —(1 ke )

o2+ ulu

» Multiplying the innovation byF~! will thus have
the effect of damping the component parallel:to

by a factor ofo? /(r* + %) << 1
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TheWay Forward

1.

2.

Implement CFS data assimilation system with
augmented-

Does this help? Greatest effect should be less
shock to the system by assimilation, and smaller
Initialization transients

. Construct model error covariance from projection

of iInnovations on full 3D model space.

. Use the result to construct an Ol scheme, an

ensemble scheme or both.
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TheWay Forward ...

1. Augment the ocean state with an ensemble of
simulated representation error time series and
study the effect on the model atmosphere

2. Construct an ensemble of coupled model outputs
and study its properties

...but for now we’ll be happy to see the results from
the augmented obs error covariance Iin the next few

weeks.
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