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Initial perturbations : ETKF rescaling scheme




Properties of the rescaling matrix T_
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ETKF rescaling was sequentially
applied each 6 hours during the period

2007.08.12 00-2007.08.23 18

to simulate analysis perturbations
In the HIRLAM framework :

: Coordimate of South pole : lat =-40.00, lon=22.00 =
sEPS71(south=-20.43, west=-46.48 north=31.37.east =14.53)x

sResolution _ 0.20d. 40 vert. lev. :
:Ensemble size N=28 :
=['otal amount of obs o
- 00 UTC p=29721+-34931 E
: 06 UTC p=19454+32100 :
: 12 UTC p=43141+48821 :
a 18 UTC p =13049+20721 :
: Boundaries FuroTEPS :

-

l.RearIGBSEWET]‘-IO],—IHTIIlgth{I?Illllllllllllllllllllllllll
TEMP, PILOT, AIREP,SYNOP, SHIP, DRIBU
(satellite observations are not used in the
construction of T_at present)



ETKF rescaling was sequentially
applied each 6 hours during the period

2007.08.12 00-2007.08.23 18

to simulate analysis perturbations
In the HIRLAM framework :

: Coordimate of South pole : lat =-40.00, lon=22.00 =
sEPS71(south=-20.43, west=-46.48 north=31.37.east =14.53)x

sResolution _ 0.20d. 40 vert. lev. :
:Ensemble size N=28 :
=['otal amount of obs o
- 00 UTC p=29721+-34931 E
: 06 UTC p=19454+32100 :
: 12 UTC p=43141+48821 :
a 18 UTC p =13049+20721 :
: Boundaries FuroTEPS :

-

l.RearIGBSEWET]‘-IO],—IHTIIlgth{I?Illllllllllllllllllllllllll
TEMP, PILOT, AIREP,SYNOP, SHIP, DRIBU
(satellite observations are not used in the
construction of T_at present)



Tuning for application in HIRLAM

1. Rescaling factor [] is adjusted
to the estimated variance of innovations at 12

UTC
2. Time filter is applied on []_to prohibit
undesirable oscillations

[1.%=0.2]]. +0.6]T .+ 0.2]].."

3. Thecr [[AM ETKE perturhations are
merge the TEPS perturbations.

ZHIRLAM = TEPS ZTEPE. + (1_(1 TEPS)ZETKFI
1 1 1

A, The HIRLAM ]ETKF Berturl)at}ons are
relaxed toward the S perturbations on

the bom}danea and in the high
stratosphere



Conclusions

1. The spread of the ETKF perturbations reflects
the amount of the assimilatedobservations:;
the spatial density of the observational network;

2. The ETKF rescaling scheme, being a linear one,
preserves

linear balances between the model state components and
spectrum and spectral scales.

3. The spread of the ETKF perturbations reflects the
growth of the uncertainty about the estimate ot the
model state due to flow-dependent instabilities.

4. The dynamical structures of the ETKF perturbations
are closer to those of the MSE of the model state for the
short range forecasts than the dynamical structures of
the TEPS (singular vectors).



Spatially and temporaly averaged MSE and the Ensemble estimate variance
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Temporally and spatially averaged spectral density
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Single Observation Experiment
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The Hybrid ETKF-Variational

data assimilation scheme

P
i
/

Ejj&i array




The Hybrid Ensemble-Variational Data Assimilation

Ax" :min J(Ax",) =0.5] (Ax") + 0.5] (Ax") =
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The Hybrid Ensemble-Variational data assumnilation scheme

min J_ (Ax) = 0.5 B n" ", + 0.5 B,n'm®, +0.5 T (x,+AX_+Ax )

with
Ax = Ax tAx_ =B '“n'+ B_ "1
VL 2l U | 21 L

"produce" (?27) the same analysis increments as
the Variational Data Assimilation scheme with
the modified background covariance matrix B

min J, (Ax) = 0.5 Ax "B Ax+0.5J (x, +Ax)

where

B=B/p, +B_/B,




Augmented set of control variables
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A flow-dependent correction
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