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Thepurposeof this work is, in continuationof BeckandHaas(2001),to studythebenefitson analysisquality of
includingdynamical(i.e., state–dependent)backgroundinformationin a simple,yet reasonablyrealisticenviron-
ment.Theimpactof flow–dependentbackgrounderrorcovariancesisstudiedwithin afour–dimensionalvariational
dataassimilation(4D–Var) systembasedon the quasigeostrophicmodelof MarshallandMolteni (1993),carry-
ing 1449degreesof freedom. This 4D–Var systemallows for assimilatinga given setof syntheticobservations
in cycling experimentswith differentspecificationsfor the backgrounderror covariancematrix B. Specifically,
B may be kept eitherstatic,or fully dynamicasthe entireanalysiserror covariancematrix is carriedforward in
time accordingto theExtendedKalmanFilter (EKF) equations(EhrendorferandBouttier1998). Further, B may
bespecifiedasa combinationof dynamicallyevolvedanalysiserrorcovariancesandstaticbackgroundaccording
to the theorydevelopedfor theReducedRankKalmanFilter (RRKF). The implementationof theRRKF closely
follows the formulationat the EuropeanCentrefor Medium–RangeWeatherForecasts(see,Fisher1998;Fisher
andAndersson2001). Thebasicideaof theRRKF is that thedynamicalpropagationof thebackgrounderrorsis
only appliedin a subspaceof relatively smalldimension(say, k) that is definedby theso–calledHessiansingular
vectors(HSV; Barkmeijeret al. 1998). Preliminaryresultsfrom four cycling experimentsarepresentedthatare
designedto investigatetheperformanceof theRRKF – in differentconfigurations(i.e.,differentdimensionof the
subspacek) – in comparisonto eithera staticbackgroundformulation,or to theEKF. Eachof thecycling experi-
mentscovers12 assimilationintervalswith a window lengthof 12 hourseach.Thesepreliminaryresultssuggest
thattheperformanceof this4D–Varsystemis sensitive to thespecificationof thebackground.
As anexample,Fig. 1 shows theanalysisandthefore-
casterror (fc; asa functionof leadtime), for a staticB
(solid curve),anRRKF formulationwith k=10 (dotted)
and k=100 (dashed)HSVs, and the full EKF (chain–
dashed)correspondingto anRRKFwith k=1449HSVs.
Errors aremeasuredin termsof the total energy (TE)
metric (see,Ehrendorfer2000),in unitsof J / kg. Each
of the curves is the meanover the 12 subsequentas-
similation intervals. Thinnedobservationson an irreg-
ular grid aresampledevery 6 hoursfrom a ”truth run”
with pre–specifiedobservationerrorvariances.It is this
”truth run” thathasbeenusedin thecomputationof the
forecast(andanalysis)errors. Hence,theseerrorscan
bequantifiedexactly. Fig. 1 suggeststhatincorporating
dynamicalbackgrounderrorinformationis beneficialin
termsof reducinganalysisandsubsequentforecaster-
rors. Sucha benefitis also expectedfrom theoretical
considerations(e.g.,Fisher1998).
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Fig. 1: Performanceof the 4D–Var systemin termsof
analysisandfc errorasa functionof leadtime.

However, it is alsoevident thata significantimprovementis only achieved if O(100)HSVs areused.Finally, it
is necessaryto emphasizethat theseresultsaredependenton variousotherspecificationsof the 4D-Var system
studiedhere,andarethusof averypreliminarynature.Additional investigationis necessaryto furtherconfirmthe
benefitsof a dynamicalB in dataassimilation.
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