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ROMS

* Primitive equation,

< hydrostatic

* Terrain-following
vertical coordinates

* Orthogonal curvilinear
grids

* Open boundaries

 Comprehensive suite

of numerical and
/ physical options
« Community model




ROMS 4D-Var

Incremental (linearize about a prior)
(Courtier et al, 1994)

Primal & dual formulations (Courtier 1997)
Primal — Incremental 4-Var (14D-Var)

Dual — PSAS (4D-PSAS) & indirect representer (R4D-
Var) (Da Silva et al, 1995; Egbert et al, 1994)

Strong and weak (dual only) constraint

Preconditioned, Lanczos formulation of conjugate
gradlent (Lorenc, 2003; Tshimanga et al, 2008; Fisher, 1997)

Diffusion operator model for prior covariances
(Derber & Bouttier, 1999; Weaver & Courtier, 2001)

Multivariate balance for prior covariance (Weaver et al, 2005)
Physical and ecosystem components
Parallel



The Incremental Control Vector
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The Incremental Control Vector
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Primal vs Dual Formulation
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Primal vs Dual Formulation

ROMS has primal and dual 4D-Var options
& strong vs weak constraint

a b
Analysis: z =72 +Kd

Gain (primal): K = (D_l + (}TIQ_I(;)_I(;T]R_1
Gain (dual): K = DGT(GDGT + R)l



Primal vs Dual Formulation

N state X N state
a b
Analysis: z =72 +Kd /

Gain (primal): K = (])_1 + (}TIQ_I(;)_I(;T]R_1
Gain (dual): K = DGTI(GDGT + R)l
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Primal vs Dual Formulation

The Lanczos formulation of the CG algorithm lends
considerable utility to 4D-Var:

Analysis: z"' = Zb + Kd
Gain (primal): f( = ‘71;[‘];1‘7T(;TI{_1
p
Gain (dual): K = D(}TVde_IVdT
Vp = matrix of Lanczos vectors of the Hessian

V, = matrix of dual Lanczos vectors



Primal vs Dual Formulation

The Lanczos formulation of the CG algorithm lends
considerable utility to 4D-Var:

Analysis: 7z =7" +Kd

Gain (primal);: K = Vpr-lvaGTR-l

Gain (dual): K = DGV, T,'V/
» Posterior (analysis) error variance (dual)
* Posterior (analysis) error EOFs (dual)

* Observation impact (primal & dual)
* Observation sensitivity (dual)



ROMS: California Current System (CCS)
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CalCOFI &
GLOBEC/LTOP

MODERATE RESOLUTION IMAGING
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Obs Impact vs Obs Sensitivity |
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Obs Impact vs Obs Sensitivity |
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Expected Posterior Error
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Expected Posterior Error
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Current Applications
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Primal vs Dual Space
(14D-Var vs 4D-PSAS vs R4D-Var)
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-No assim

-i.c. only

-i.c.,wind

-i.c.,wind,Q
I.c.,wind,Q,(E-P)
i.c.,wind,Q,(E-P),b.c.
-i.c.,wind,Q,(E-P),b.c., weak
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Exneriment

min 0

i.c. = initial condition

wind = wind stress (R4DVAR: 1 outer-loop;

Q = heat flux _
(E-P) = freshwater flux 75 inner-loops)

b.c. = open boundary conditions



RMS Error

RMS Error

1.5

ROMS 4D-Var in the CCS
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ROMS 4D-Var Diagnostics

The Lanczos formulation of the CG algorithm lends
considerable utility to 4D-Var:

b
Analysis: X' =X + Kd
Gain (primal): K ~ ‘fp’I‘p_l‘/va(}T]R_1
Gain (dual): K ~ DGTVde_IVdT

Vp = matrix of Lanczos vectors of the Hessian

V, = matrix of dual Lanczos vectors



ROMS 4D-Var Diagnostics

The Lanczos formulation of the CG algorithm lends
considerable utility to 4D-Var:

b
Analysis: X' =X + Kd
Gain (primal): K ~ ‘fp’I‘]@)_l‘/va(}TI{_1
Gain (dual): K ~ DGTVde_IVdT

Posterior/Analysis error variance (dual)
Posterior/Analysis error EOFs (dual)
Observation impact (primal & dual)
Observation sensitivity (dual)
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Analysis Increment: upper 500 m Transport at 37N
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