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HIRLAM 4D-VAR

A limited area 4-dimensional variational data askitiun (4D-VAR) system has been developed withiititernational HIRLAM co-operation.
The HIRLAM variational data assimilation system feas incremental formulation and the assimilation esissof finding the model state
incrementsdx (= [u &v 8T &q dinps]T), that minimize the following cost function:
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HereJ, measures the distance to a background modelb&tatéich is a short-range forecast, aljaneasures the distance to the vegtof the
observations. The non-linear observation operatoartd the tangent-linear observation operatqrtransform the background state and
assimilation increments, respectively, into theesbed quantitiesB is the matrix containing the covariances of the basknd field errors,
while R is a matrix containing the covariances of the erinrthe observations. The primes indicate that $enailation increments may be
applied at a lower horizontal resolution than thekground field. Furthermoré,denotes transpose, or adjoint, operatihmepresents a weak
digital filter constraint and, a large scale constraint, still under developmentgoing developments include also a control a@ritboundary

conditions and a representation of model errors.

SMHI operational HIRLAM 4D-VAR
Since 30 January 2008 HIRLAM 4D-Var is running aiemally at the
Swedish Meteorological and Hydrological InstitutSMHI). The
o’ assimilation is run with a 6 h assimilation cycledathe length of the
H 1 r’am - assimilation time window is 6 h. The horizontalategion of the forecast
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] model is 22 km and 40 vertical levels are used. SMHRLAM
3 forecasts are run up to 48 h, with forecasts froBMEVF (European
Centre for Medium-Range Weather Forecasts) uséateral boundaries,

over the SMHI model domain (Figure 1). The horizbmesolution of Fié, i SVIHI operational

the assimilation increments is 66 km.

HIRLAM 4D-VAR area.
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Background error covariances

The background error covariances of the SMHI opemafi HIRLAM 4D-Var were obtained by
calculating statistics of a large set of differenbetween 12 h and 36 h HIRLAM forecasts, valid at
the same time (the so-called “NMC-method”). Alscsemble of 10 parallel assimilation cycles,
utilising perturbed observations and perturbedrdaté&oundary conditions, have been used for
deriving background error statistics. The derivataf the structure functions utilizes a statidtica
balance formulation. The horizontal variation ofckground error standard deviations may be
represented by a horizontally varying climatologizalex-field. Alternatively the horizontal and
temporal variation of background error standardatems may be based on a normalised, as well as
temporally and spatially filtered, Eady baroclinyaindex (), calculated from the background field.
The Eady index is given by: av
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whergdV /97 is the vertical wind shear ahtiis the bouyancy frequency. The climatological and the
Eady based index field for one particular casellstrated in Figure 2.

In close collaboration with ALADIN the introductionf a complex wavelet transform is under
development to represent the background error letioes. In the future statistics of real time fast
differences calculated from an ensemble of sharyeaforecasts could be transformed into wavelet
space, to obtain synoptically varying structurecfions. To demonstrate this potential, statistic§2

h minus 36 h forecasts valid at the same time wal®ilated for a number of 3 day periods (resgltin
in a sample of 12 cases of differences for eaclogjercharacterised by different synoptic flow
situations. Figure 3 illustrates the 500 hPa geartiateheight in the middle of two different periods
well as the resulting wavelet representation of 5% temperature derived background error
correlations.

@ Fig. 2. Horizontal index field (red

] shading) representing background error
variations: based on climatology, (a)
based on Eady index for 2 January

. 2002, 18 UTC (b). Full black lines
illustrate the 500 hPa geopotential
height (gpm) times 0.01 of the back-
ground state.

Fig. 3. 500 hPa geopotential height
(gpm) times 0.01 for 20060117 12 UTC
(a) and 20060123 12 UTC (b). Wavelet
representation of the horizontal corre-
lations of 500 hPa temperature errors
for the periods 20060116-20060118 (c)
and 20060122-20060124 (d).
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Moisture control variable
The reference HIRLAM humidity assimilation uses afie humidity incrementsiq in the
control vector. The new version of the humidity dasasimilation uses a normalised relative
humidity variableSRH* accounting better for the wide variation in humidity tine vertical
and at small scales in the horizontal (Elias Hélnal., 2002: Assimilation and modelling of
the Hydrological cycle: ECMWF’s status and plaBMWF Tech. Memo. 383). The new
control variable results in slightly flow dependénimidity structure functions (Fig. 4a and
b) and in less supersaturation (Fig. 4c and d).

(a) Single obs. exp. (b) Single obs. exp. (c) Full scale ass. (d) Full scale ass.
usingdq usingdRH* usingdq usingdRH*
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Fig. 4. More flow dependéhf Hurridity structure function in single observation experiment (
b) than (a), and less supersaturation in full scale assimilation (d) than (c). The full scale
assimilation experiment is for 1 January 2002, 06 UTC. Analysis (black), increments (red).
Unit: %.

Large scale constraint
The large scale information from the ECMWF globaidel that provides lateral boundaries
can be used as a constrajpinidata assimilation (Guidard and Fischer, 2006obhicing the
coupling information in a limited-area variationakamilation,QJR Meteorol. Soc., 132, 1-20.)
J= h o+ Jo - Je +
~~ ~ ~— ~—
background  obscrvation  W.C-digital ~filter  farge scale
The J term measures the difference between the HIRLAMlyaisaand a 6 h ECMWF
forecast. Ji = (di | Hu6x)'V (di | Hadx)
di = Ha(xp) — Halxus)
x1s—=ECMWT +6h forecast
Hi= Interpolate and truncate global ficld
1,—HIRLAM first guess
Ha= Truncate HIRLAM first guess
H,=Tangent linear of Ha
V=Error statistics for H,(xz,)
8% — X — x; increments in model space
We have as a first step calculated error statifiosmm ECMWF and HIRLAM ensemble
assimilation experiments. The ECMWF fields wereeiipblated to the same grid as the
HIRLAM data before the statistics was calculated. cBmparison (Figure 5) between
backgroundred)and large scaleb(ue)error statistics shows that the ECMWF differeneddfi
contains less energy than the HIRLAM differencédffer the shorter scales. The ECMWF
difference field also contains less energy thanHiRLAM difference field for larger scales -
whether this is a result of larger error growth HRLAM, or simply due to details in
perturbation techniques, needs some further attenfihe horizontal resolution is 22 km for
HIRLAM and 55 km (T319) for ECMWF field.
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oo } 1 Fig. 5. Spectral densities for (unbalanced)
000t { temperature. ECMWF and HIRLAM at model
teos 1 level 36 (close to 1000 hPa).
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