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A robust representation of
rain microwave radiances and scatterometer winds for
data assimilation

Ziad S. Haddad, Jeff Steward, Tomi Vukicevic and Svetla Hristova-Veleva




1-slide summary of our approach:

e Start with HWRF simulations (say Hepas earl 2010 havk, 2010-08-29-127 to 2010-09-03-187),
using stream v, potential y, P, T, RH, W, Oeiigr 9r Agiir Asr Agr O

at 42 vertical levels for a total of 504 variables x,, ..., X¢o,4

* for each of these 12million columns, forward-calculate T, , ..., T\,g

* Step 1: find the principal components x,/, ..., X,
find the principal components
e Stes3ifimu
combos of x/,..., Xs,,” that correlate most with combos of
and express T,”, T,”, T;” in terms of x;”, X,”, x5”
(with differentiable expression, in order to compute derivatives):

Ti”(Xl”, X2”, X3”) — Z Ti”(n) eXp( _[Xln_xln(n)]z '[X2”'X2”(n)]2 '[X3”'X3”(n)]2 )

where the weighted sum over n runs over the 12million training points — and normalize by the same sum without T"2



Scatterometer:

O — GMF(Ul()Gw)

when in fact o is determined by ...
... the surface wave roughness

which is correlated (but not perfectly) with wind shear stress
and therefore (even less perfectly) with the 10-meter wind field itself

Uis5? Usg? 0507 01007

Do we really want to tell the assimilation that

oo oo

0 but =07
0010 7 00100




Start with variables: V,, V, at every vertical level

(tangential and radial relative to storm center)

use a simulation,

1) define set of “independent” (uncorrelated) variables in a column
2) find which combos of these vars are most sensitive to o



Start with variables: V,, V, at every vertical level

(tangential and radial relative to storm center)

use a simulation,
1) define set of “independent” (uncorrelated) variables in a column
2) find which combos of these vars are most sensitive to o°

most correlated with ™~ oy oction : most correlated with ™ o o4
CCV #1 (HWRF-global), R: 99.1203% CCV #2 (HWRF-global), R: 98.1304%
0.08f 0.04r
0.06 0.021 N)
o \ ’\Mﬂ 1 [‘ :
0.04F /T — /T
——" 0.02f "
0.021 — T /w — T
— gWM -0.04¢ — gWM
or MW\,MN PSFe oos PSFC
-0.02 -0.08r
-0.04 : : : : : : -0.1
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Start with variables: (V,2+V 2)'/2, angle from V,, at every vertical level

(tangential and radial relative to storm center)

use a simulation,
1) define set of “independent” (uncorrelated) variables in a column
2) find which combos of these vars are most sensitive to o°

most correlated with ~ o, most correlated with~ o’ :

peed °
CCV #1 (HWRF—global), R: 98.0266% CCV #2 (HWRF—global), R: 97.7573%
0.04r 0.12r

0.1
0.02

0.08f
of \/\/\/\/ 0.06]
— UV 0.041 — UV
~0.02" SINT SINT
—_W 0.02} —_
~0.04f or \/\/\/\"
~0.02
~0.06"
~0.04f
~0.08 20 40 60 80 100 120 140 -0.08 20 40 60 80 100 120 140

That is what we used to assimilate QuikScat pass over Earl:
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Experimentol Product

2h

700—mb vertical velocity [ms™]
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Maoximum wind speed: 60.2701 kt
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Moximum wind speed: 129.536 kt
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Ensemble background covariance in the vertical...:

background covariance limiting vertical ¢
518

Initial

orrelations

dote: 2010083106



Need to modify Hwrf Ensemble DA System

so that if the model variables are written in
vertical principal component space,

the background covariance is block diagonal, with
block covariances calculated from the ensemble:
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