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Motivation 1:
Flow-dependent background error statistics

Single observation experiments

Wind increment (65N,25W) Temperature increment
300 hPa (40N,30W) 850 hPa
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Motivation 2:
Merging EPS&DA...

flow dependent cross-
correlations between model
state variables

Errors-of-the-day
variance

: Combine climatological forecast error covariance with online
: estimate of the forecast error covariance from LAM EPS

: perturbations

hybrid ensemble
variational data
assimilation

parameteric modelling of forecast
error covariance in wavelts space




HIRLAM variational data assimilation (HIRVDA)

« LAM 3D-Var & 4D-Var

 Background error constraint in spectral space (Berre,
2000)

B based on the NMC-method or ensemble assimilations

 FGAT in 3D-Var

« TL and AD model based on spectral version of HIRLAM

* Very simple TL and AD physics

 Weak digital filter constraint in 4D-Var, incremental
digital filter initialization with 3D-Var

« Applied at model resolutions 5-20 km

* 6 hour assimilation window



HIRLAM first approach to use ensembles in
3D-Var and 4D-Var

. Use the ETKF algorithm for re-scaling of a 6h forecast
ensemble to an analysis ensemble (estimation of the
analysis error covariance).

. Use ensemble of 3h (4D-Var) or 6h (3D-Var) forecasts
to estimate the background error covariance and
blend it with the static background error covariance.

. Lateral boundary conditions in the first version are
based on Euro-TEPS (later on ECMWP EPS based on
EDA).



ETKF based rescaling of perturbations: properties

XThe ETKF perturbation resembles structures of the analysis
error covariance

XThe ETKF based perturbations samples leading eigenvectors
B*=R"HE[(X -E(X))X_-E(X))'|JH'R"”

XThe ETKF based rescaling scheme can be viewed as
Generalized Breeding

X A matrix of ensemble size is constructed to downscale the
perturbations

X Both quality and density of observation network is used to
construct the matrix

X Both adaptive multiplicative and additative inflation (from the
B matrix) are applied



ETKF rescaling scheme:
sequential low-rank estimation of covariance evolution

Initial perturbations : ETKF rescaling scheme
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Lorenc (2003) augmentation of the

he same o

fields for

vertical levels|
land all types of
model statel
components

Jldrap_var, )

control vector space:

spectral space

EE:E = dr3p_var + ‘}_‘E'ﬂ'i' o dry,

= Jap-v n-i-wrﬂ.'.'-'—‘r’t‘ri"';émgf“—]"aﬂ:";l

+3ensdens(@) + Jo

grid-point space
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«Spatial mean of a, = O;
Spatial variance of a =

1/K is constant and
controls amplitude;
*Horizontal auto-
correlation controls
smoothness of a, fields

mpirical matrix Al
ontains spectral density
f the horizontal auto-
orrelation of o, fields

temperature,

Spatial averaging 1s applied on vorticity, divergence,
specific humidity and log of surface
pressure in order to preserve a geostophic balance.




Experiments over 17 January - 29 February 2008

Advar_refl

3D-Var, no ensemble constraint.

3Dvar_hybrid1

3D-Var Hybrid, Bvar =2

(50% ensemble, 50% static cov.),
Ensemble perturbations inflated
by a factor 2 in Hybrid.

ddvar_refl

4D-Var, no ensemble constraint.

ddvar_oper

4D-Var. no ensemble constraint.

Lateral boundary conditions from

a deterministic ECMWYF operational
forecast based on 6 h earlier initial data.

ddvar_colbe

as 4ddvar_oper but with control of
of lateral boundary conditions at
start of assimilation window

ddvar_hybridl

4D-Var Hybrid, Fyar =4

(25% ensemble, T5% static cov.),
Ensemble perturbations inflated
by a factor 4 in Hybrid.

ddvar_hybrid2

4AD-Var Hybrid, Byar =4

(25% ensemble, 75% static cov.),
Ensemble perturbations inflated

by a factor 4 in Hybrid,

Ensemble perturbations for Hybrid
complemented with perturbations with

a +2 h lagged valid time.

EDA _hybrid1

ED—.‘HIEI.[ 5 ﬁf_la_f! = E
(50% ensemble, 50% static cov.).
Generation of ensemble perturbations

through an ensemble of 3D-Var assimilations

with perturbed observations.

Ensemble perturbations inflated
by a factor 2 in Hybrid.

Model grid res. 11 km
40 levels
20 members



Verification of wind speed forecast with different
treatment of lateral boundary conditions

118 stations Selection: ALL
Hind speed Period: 20080119-20088213
Statistics at 88 UTC At {80,123 + 12 24 36 48
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Examples of ensemble spread (standard deviation) for
temperature at model level 28 (~800 hPa)
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Figure 12. Temperature level 28 spread (rms), 3dvar (top). 4dvar(bottom), before etkf re-scaling (left), after etkf re-sealing (right), 22

Before ETKF re-

scaling After ETKF re-

scaling



Examples of assimilation increments

Standard 3D-Var 3D-Var hybrid

Figure 13. Specific humidity assimialtion increment at model level 30 with 3D-Var (left) and with 3D-Var Hybrid (right). 22 January
2008 12 UTC



Hybrid impact on forecast verification scores
— mean sea level pressure

Selection? Scandinavia using 312 stations
Period: 200808119-20080225
Surface pressure Hours: £00,06,12,183
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Hybrid impact on forecast verification scores
— wind speed profiles

113 stations Selectioni ALL
Hind speed Period: 280808119-20080228
Statistics at 12 UTC At {80,123 + 12 24
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hPa

Hybrid impact on forecast verification scores
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S5tatistics at 12 UTC At 068,123 + 12 24

Note large
Impact of
3D-Var
hybrid!

3

---- 3D-Var; ---- 3D-Var hybrid; ---- 4D-Var; ---- 4D-Var hybrid



“Correcting phase errors”

ddvar _hybl: the 4ADVAR hybrid (ETKF with 20 members)
ddvar_hyb2: the 4DVAR hybrid (ETKF with 40 members:
20 members: fc20080122 06+003
20 members: 20080122 06+005)

Selection: Scandinavia 312 stations
Surface pressure
At {688,12% + 24 Hindow: 12h
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Example of surface pressure forcast differences with and
without the lagged valid time ensemble applied in the 4D-
Var hybrid assimilation

Figure 17. Differences between mean sea level pressure forecasts from the ddvar_hybridl and the ddvar_hybrid2 experiments. 27 January
2008 +12h (left) and +24h (right). The difference between the two experiments is that ddvar_hybrid2 uses an additional valid time lagged
(+2h) ensemble in the 4D-Var hybrid ensemble covariance.



EnsDA estimation of analysis uncertainty

1) Perturb observations N(0, 0 )

2) Assimilate perturbed obs. around perturbed background
3) Assimilate unperturbed obs. around control
4) Calculate multiplicative inflation a to account for the model
errors
5) Analysis perturbation:

(perturbed analysis-unperturbed analysis) X o
6) The consistency between the spread of 6h forecast length ensemble
perturbations and the observation innovations is used to determine the
inflation a



Which ensemble generation technique is better?
ETKF or EnsDA

S5election: Scandinawia using 312 stations
Feriod: 2868808119-28880213
Surface pressure Hours: {88,086,12,183
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3DVAR-ETKF outperforms both 3DVAR and 3DVAR_EDA

Dynamically consistent structures are important



hPa

EDA or ETKF perturbations - verification of upper air profiles

168

2008

3o0

408

oae

6o8

7oe

gooe

908

1888

-8.5

118 stations Selection: ALL
Hind speed Period: 20080119-20888213
Statistics at 88 UTC At {88,123 + 12 24

Ho cases
1888 2080 3088
T T T T T T
i i i i i i i
8.5 1 1.5 2 2,5 3 3.5 4
nis

---- 3D-Var

hPa

168

208

308

468

ez i)

Gaa

768

goa

g6a

1688

119 stations Selection: ALL
Relative Humidity Period: 20080119-20080213
Statistics at @8 UTC At {08,123 + 12 24

No cases
1a6a 2008 Joga 4888 5688 GA0A

RHSE 3Fdvag_refl —i#—
+

RHSE 3dvar_hybr
RHSE EDA_hybridi
BIAS 3Fdvar_refil
BIAS 3dvar_hybridi
BIAS EDA_hybridi
CASES

---- 3D-Var EDA hybrid
---- 3D-Var ETKF hybrid



EnsDA: analysis at 22 Jan 2008 12 UTC & mbr005




ETKF: analysis at 22 Jan 2008 12 UTC & mbr005




Spectra in ensemble space of different ensemble
perturbations (22 January 2008 06UTC +06h)

Spectrum in ensemble space (20 ensemble perturbations)
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Analysis increment along front
3DVAR - 3DVAR hybrid ~ 4DVARh
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Concluding remarks

* The hybrid variational ensemble assimilation has
been introduced for HIRLAM 3D-Var and 4D-Var
with good results

 Emphasis on preservation of dynamical
structures — “Hybrid ETKF” better than “Hybrid
EDA with perturbed observations”

» Possibility to apply ensembles with lagged valid
time — seem to perform better than lagged initial
time ensemble




Plans in the HIRLAM community:

» Last step with HIRLAM : 4DEnsVar as an
extension of the Hybrid 3-4D-Var hybrid (proof
of the concept)

 4DEnsVar framework for the HARMONIE cloud
permitting model (hybrid as one possible
realization) — Must start with design within the
OOPS (ODbject Oriented Prediction System) for
IFS




Questions, please....
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