Lecture 4:
Observing System
Simulation Experiments
(OSSEs)



OSSE experiments to explore effects of:

* number of outer-loops

 assimilation window length

* horizontal & vertical correlation lengths
 error models (incl innovation statistics)
* starting point

* errors in surface boundary conditions

* errors in open boundary conditions

* innovation pdfs

* independent obs
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Impact of Outer-Loops
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Analysis equation:

x,=x,+BH'(HBH  +R) d

Implicit flow-dependent covariance



Impact of Horizontal Decorrelation Length
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A Background Error Model

Assumption: The true value of T; can be found in the vertical profile of the
background T, (Cooper and Haines, 1996; Mogensen et al, 2012).

Tt(z)z Tb(z+5z)sz(z)+(aTb/az)5z

The error in the background is therefore given by:

T ‘~‘ /az 52‘

t

Choose:

o ~‘(8Tb/az)5z‘



A Background Error Model

Suppose we apply this to every state-variable, ¢ , then using the formulation
of Mogensen et al. (2012):

max(G,,00") if z= —Dp,
o

v~ {max(@,ago) if z< —D,,

—

0, = min(l(agob/az)(Szl, ag‘ax)

The parameter o;** is the maximum value of o, while a’(;}’ and a(‘f," are the

minimum values allowed in the mixed layer and deep ocean respectively. In

ROMS, the mixed layer depth D,,,; is computed using the method described
by Kara et al. (2000).



A Background Error Model
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A Background Error Model
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Innnovation Statistics

Statistics of the innovation vectors following
Desroziers et al (2005):

d:(y_H(Xb)) ‘ ‘
d = (y—H(x,)) \ /

d, = (H(x,)-H(x,))

6, =(d;)'d/p
& =(d)'d/ p o H o

Observation
operator

Compare o, with o, & &, with o,
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Starting Point

We are solving a non-linear minimization problem using a truncated Gauss-Newton method.
There is no guarantee that the problem will converge to a unique solution if multiple minima
exist in the cost function.

We can test this by solving the same minimization problem using different starting points.
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