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Structure of the presentation

1. What to we have now:
a) Climatological variability of the forecast error

covariance
b) 4D-VAR scheme for HIRLAM and HARMONIE

models .
c) Hybrid ensemble variational data assimilation

2. Where do we go

What is the best way to generate ensemble :
ETKF/LETKF/EnsDA?

3. What obstacles do we have on the road
Ensemble 1s not reach enough

4. Solution in the longer term perspective :
Assimilation of structures
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Powerful and flexible research tool
designed for synoptic scale systems

HIRLAM (HIgh Resolution | ECMWE IFS (Integrated

C

Limited Area Model) Forecasting System)

IS
ALADIN (Aire Limitée Adaptation

/Dynamiqﬁe Développement InterNational )
*

L 4
L 4
.’ The goal: move operational activities here
but is still under development

HARMONIE (Hirlam Aladin
Regional/Meso-scale Operational NWP In Europe)

But, HIRLAM should fall to sleep forever in peace !
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What do we have now

Climatological 4D-Variational data .
variability of the | | assimilation with the HY'?fz,d enlszmtble
background error climatological forecast Z:lsrilil;?;?on atd
covariance €ITor covariance
A combination of Assimilation of 3D-VAR  ETKF
different structures : warping 4D-VAR [ 5Tk F
climatologies technique to
through the account for non- EnsDA
augmented control additive errors

vector space
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4D-Variational data assimilation

HARMONIE HARMONIE
model HIRLAM
ALARO AROME
Pre. onal Design and early
Advanced/ re-operationa . .
status operational implementation implementation
stage
Assimilation Decision about the ECMWEF physics/
comment of structures feasibility of the Simplified
is under scheme by the end of Tangent linear
development 2013 ECMWF ph. p
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3D-Var vs 4D-Var (2

months)
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Hybrid Ensemble Variational Data imilatio@)
K 4

Lateral boundaries: Lateral boundaries
TEPS/ECEPS/random ECEPS/random :
Regional ETKF/EnsDA Regional LETKF/EnsDA :
o Variational assimilation
{ SDVAR/ADVAR 3DVAR/RUC(3h)
T statusfplans
: Ensemble generation:

EnsDA finalize August 2012

pre-operational
' LETKEF start fall 2012

: implementation
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generation of ensembles of
analyses pegturhations

The EuroTEPS perturbations (based on global
singular vector perturbations targeted to Europe with
48h optimization time (the time scale of baroclinic
development); the evolved singular perturbations added
in order to better capture the analysis error)

The ETKF rescaling perturbations (LAM
perturbations with EuroTEPS boundaries based on the
Generalized Breeding technique; perturbations are
sampled deterministically taking into account both the
dynamical instabilities and the density and the quality of
the observation network)

observation network

The EnsDA perturbations (LAM perturbations
with EuroTEPS boundaries; stochastically simulate
analysis error via observation perturbations techniques)
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3D-Var versus hybrid

45 stations Selection: EHGLAN
Tenperature Period: 20080115-20088127
Statistics at @8 UTC At £06,123 # 12 24 36 48

hra
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45 stations Selection: EMGLAM
Hind speed Period; 20086118-20088127
Statistics at @8 UTC At 00,123 « 12 24 36 48

No cases

] 268 408 608 808 1688 1260 1480 1660 1800 2089

y ! ! j RMSE otkf_128 —e—
MSE_winter_TEPS_hybrid
180 winter_ETKF_hybrid_12 —s— 7
igter_EnsDA_hybrid —e—
280 S etkf_128 —5— |
BIAS winter._’ brid
BIAS winter_ETKF_hs
308 BIAS wirter_EnsDA.hybri 1
CAg)

400 1
500 1
608 1
708 1
800 1
988 1
1008 L g . L

- [} 1 2 3 4 5 3

n/s

3D-Var versus 4DVAR approach

No cases
] 208 468 668 86 1689 1200 1480 1660 1880 2080
! RNSE ethf 120 —o—
RHSE_uinte,
188 RHSE winter_|
RNSE winter_EnsDA_|
208 BIAS etkf_120
BIRS winter_TEPS_hybrid
BIAS winter_ETKF_hybri
300 BIAS winter. id —&—
488 4
;; 588 1
680 4
780 4
sap 4
980 1
1008
-0.5 [] 0.5 1 1.5 2
deg €
45 stations Selection: EMGLAM
Tenperature Period: 20686116-20860127
Statistics at 88 UTC At £06,123 + 12 24 36 48
No cases
° 208 408 608 860 189 1200 1489 1680 1880 2080
T H ] " RHSE jan26e83dvar —egr
\_ RHSE jan208Addvar
188 e BIn3 jan28@83dvar —B—
. BIRS jan2eesddvar
208 \f CASES™ J
300 # J
488 1
©
£ 1
E
680 4
788 E 4
sap ‘ 4
988 J (‘ 1
1008 - . > .
- -8.5 ] 0.5 1 1.5 2
deg C

hPa

45 stations Selection: EMWGLAH
Hind speed Period: 20888118-20888127
Statistics at 88 UTC At £88,123 + 12 24 36 48

No cases
1@ee 1200

1488 1608 1808 2008

RHSE jan20883dvar —#—
HSE jan28884dvar —#—
ITAS jan2@8B83dvar —S—

-1 8 1 2 3 4 5 6
n's

Wind speed

winter case” 17Jan
too optimistic)
approach (ETKF, EnsDA, TEP,

hPa

. e

-27Jan (@

v,

45 stations Selection: EWGLAN
Relative Hunidity Period; 28880118-20888127
Statistics at 88 UTC At £08,123 + 12 24 36 48

No cases

1888 1288 1488 1688 1888 2088

j RNSE etkf_126 —8—
PS_hybri

RNSE id ——

© RASE win
RHSE winter_ETKF_|

q0m o A i 1
. RHSE winter_EnsDAhybrid —8—
200 A BIAS etkPylze —=— |
BIAS winter_TEPS_hy —a—
BIAS winter_ETKF_hybri —a—
200 o g BIAS winter_EnsDA_h E
488 L N
£ 58
) ]-
608 - j ......
7008 T
808 R
YT 3 P SO et
1000 . . . ; ;
-18 -5 ] 3 10 15 20 25
%
45 stations Selection: EMGLAH
Relative Hunidity Period 20B88118-20088127
Statistics at 88 UTC At 00,133 + 12 24 36 48
No cases
[] 200 208 608 800 1808 1200 1469 1680 1860 2000
' y ' ' ' j HSE jan20e63dvar —4—
_,/a R jan28884dvar —%—
166 BIAS _jan2gpB3dvar —B— |
BIAS jan2ebgddvar —=—
260 -\ ‘m SES |
388 ‘.-'\ ----- L 38
408 \ .....
508 IR R S
560
760
860 : E\\\
988 N :
1088 L L
-18 -5 ] 5 10 15 28 25
%

Rel. humid.

Meteorologisk institutt met.no



What is the best way t0 generate perturbatlon@f\

In our experiment the ETKF rescaling perturbations
provided the best results

Why?

The ETKEF rescaling perturbations contain more appropriate
structures describing the short term (6h) background error

growth
Deterministic sampling Mature structures
EnsDA perturbations Long optimization time
suffer from severe for the SV underestimate
sampling noise for small dispersion for short time
size sample ranges
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Problems experienced &}’)

v Weak improvement using the hybrid scheme over
3DVAR-FGAT. 3DVAR-FGAT 1s a powerful scheme

v'Negligible improvements using the hybrid scheme over
the 4DV AR. At the beginning of the assimilation window
+3h forecast ensemble 1s not mature enough

v'The performance of the ETKF and EnsDA severely
depend on how well the assimilation system is tuned. The
4DV AR scheme outperforms hybrid using the current
operational setup of the background and observation error
statistics
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What obstacles do we have on the roa N
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Diagnostics of the cost function minimization

Structures are not rich enough on smaller scales ! I

Larger ensemble size : lag ensemble ?
Small scale perturbations: model error ?
High resolution : dense observation network?
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What obstacles do we have on the road @ \
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Diagnostics of the cost function minimization

Shorter auto-correlation scales for localisation do not help to
extract useful information on short scale in analysis
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Solution for long term perspective

powerful
LAM EPS
realistic

LAM

perturbations

A\

skillful
control
forecast

4

efficient
DA scheme

<

Transversary 1ssue: interaction of
initialisation/dynamics/physics/model error
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Solution for long term perspective

The theoretical basis of the variational data
assimilation 1s violated in presence of the
systematic bias and the flow-dependent
representativity error

This 1s the common situation assimilation remote
sensing observations

Assimilate structures instead of point observations
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Vertical cross-section of analysis increment
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LAM EPS perturbations

flow dependent cross-
correlations between
model state Vagiables

R |

Errors-of-the-
day variance

—

.................. b,

: Combine climatological forecast error covariance
: with online estimate of the forecast error covariance

: from LAM EPS perturbations

A 4

A 4

hybrid ensemble
variational data
assimilation

parameteric modelling of
forecast error covariance in
wavelts space
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