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1. INTRODUCTION

In the Northern Hemispherewinter, storm tracks
characterizedby highactivity of synoptic-scaledistur-
bancesarezonally localizeddownstreamof the west-
erly jet coresin both the Pacific andAtlantic sectors
(Blackmon,1977). HoskinsandValdes(1990)shows
that high baroclinicity regions near the surfaceexist
just upstreamof the stormtracks. It is suggestedthat
the baroclinicenergy conversionfrom the time-mean
flow to eddiesis dominantat the developingstageof
transienteddies,while theageostrophicenergy transfer
is essentialfor the downstreamdevelopmentof storm
tracks(e.g. Changand Orlanski, 1993). Therefore,
without thedissipationmechanism,thestormtrackex-
tendsinto further downstreamandmay not be local-
izedin thezonaldirection.Themostpromisingcandi-
dateto dissipatetransienteddiesis the barotropicen-
ergy conversionfrom eddiesto the time-meandi � u-
ent regions(WhitakerandDole, 1995). On the other
hand,Shutts(1983)denotedan importantrole of the
low-frequency variability ondissipatingsynoptic-scale
eddies.However, theseproposedmechanismis based
upon the observed coincidencebetweenstorm tracks
and zonal asymmetryin the time-meanfield, which
doesnot alwaysgive usa consistentexplanation.

Thepurposeof thisstudyis to investigatetheforma-
tion mechanismof the zonally localizedstormtracks
by using a versionof T21-L20 CCSR

�
NIES AGCM

(Numagutietal.,1997).Weperformthreeexperiments
undertheperpetualJanuaryconditionandanalyzethe
dataof 600 daysafter a spin-upperiod. The surface
boundaryconditionsareidealizedasfollows. In T-run,
Aqua Planetcondition with zonally varying seasur-
facetemperature(SST)in the tropics is assumedand
warmwaterpool is locatedat90� E (Fig. 1a). In E-run,
Aqua Planetcondition with zonally asymmetricSST
gradientat40� N is providedandsharpSSTgradientis
at 90� E (Fig. 1b). Finally in L-run, an idealizedcon-
tinent is placedin 90� E-90� W north to 20� N without
mountainsandSSTis zonallyuniform(Fig. 1c).
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2. RESULTS

We first focuson time-meanzonalwind in the up-
per troposphere.The time-meanzonalwind in L-run
(Fig. 2c) is ratherzonally uniform except for a weak
intensificationover the easternedgeof the continent.
In E-run(Fig. 2b), it is perfectlyzonallyuniform. By
contrast,in T-run (Fig. 2a),it haslargezonalasymme-
try with a maximumnorth to the tropical warmwater
pool at 90� E. Thezonalvariationin zonalwind speed
exceeds50 m s� 1. Theimportanceof thetropicalSST
distributionontheformationof thesubtropicaljet core
is clarified in Inatsuet al. (2000). Inatsuet al. (2001)
discussedtheformationmechanismof thewesterlyjet
core by the tropical warm water pool. Correspond-
ing to thehorizontaldistributionof subtropicalwester-
lies,therearenorobuststationaryeddiesin E-run(Fig.
3b),weakstationaryeddiesin higherlatitudesin L-run
(Fig. 3c), androbust subtropicalstationaryeddiesin
T-run (Fig. 3a).

We next investigatethe relationshipbetweenstorm
tracksandtime-meanwesterly. In thisstudy, theactiv-
ity of transienteddiesis measuredby the root-mean-
squarehigh-passfiltered( � 10 days;Blackmon,1976)
eddykinetic energy. In T-run (Fig. 4a), thestormac-
tivity hasa maximumdownstreamof the westerlyjet
core. In E-run (Fig. 4b), in spiteof zonally uniform
subtropicalwesterlies,the stormactivity (Fig. 3b) is
localizedjust over the sharpSSTgradient. This sug-
geststhat largemeridionalSSTgradientin theextrat-
ropicsis importantfor localizationof thestormtracks
(e.g. PengandWhitaker, 1999).Thus,thezonalvaria-
tionsin thewesterlywind speedandstationaryeddies
in theuppertropospherearenot necessarilyrelatedto
localizedstormtracks.

The relationshipbetweenupper-level storm tracks
and lower-level baroclinicity is also examined. Here
baroclinicity is definedas 0� 31f � 	 u 
�	 z ��
� (Lindzen
andFarrel, 1980), whereu � (u � v) horizontalwind,
f Coriolis parameter, and  buoyancy frequency. In
E-run (Fig. 5b), the extratropicalSST gradientpro-
ducesa ratherzonalasymmetricbaroclinicity, andthe
stormtrack is localizedjust over thesharpSSTgradi-
ent (Fig. 4b). In L-run (Fig. 5c), thehigh baroclinic-
ity region prevails over the ocean,but thestormtrack
(Fig. 4c) exists even in low baroclinicity region over
theland.By contrast,in T-run(Fig. 5a),stormtracksis
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Figure1: SSTdistribution for T- (a), E- (b), andL- (c) run. Contoursinterval is 2.5K. In L-run, the region of
90� E-90� W northto 20� N is thecontinentwithoutmountains.
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Figure2: 250hPa Time-meanzonalwind in T- (a), E- (b), andL- (c) run. Contourintervalsare10 m s� 1. Light
(heavy) shadeindicates� 40(60) m s� 1.
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Figure3: SameasFig. 2, but for stationaryeddygeopotentialheight. Contourintervals are40 m andnegative
contoursaredashed.

locateddownstreamof thelower-level highbaroclinic-
ity region (Fig. 4a). Thenthehigh baroclinicity in the
lower atmosphereis not alwaysaccompaniedwith the

zonallylocalizedstormtracks.
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Figure4: SameasFig. 2, but for high-passfilterededdykinetic energy. Contourintervalsare20 m2 s� 2 andlight
andheavy shadesindicate � 80and � 120m2 s� 2, respectively.
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Figure5: SameasFig. 2,but for 900hPabaroclinicity. Contourintervalsare0.2day� 1 andlight andheavy shades
indicate � 0.8and � 1.2day� 1, respectively.

3. ENERGETICS

Theeddykineticenergy budgetis analyzedfor each
experimentto examinethe localizationmechanismof
stormtracks.Theprimitive equationis givenas,

	 u
	 t

� (u ��� ) u � f k � u ��������� (1)

where � is the geopotentialheight and k the verti-
cal unit vector. By decomposingthe variablesinto
the time-meancomponent(overbar) and the high-
frequency ( � 10 days)eddies(prime) in Eq. (1), we
obtain the kinetic energy equationof high-frequency
eddies,
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Here T temperature," vertical velocity, p pressure,
and R gasconstant. The first term in Eq. (2) is the
advectionof eddykinetic energy, CF theageostrophic
eddyenergy flux divergence,CC andCT baroclinicand
barotropicenergy conversion,respectively, andNL the
nonlineare' ect, and F the mechanicaldamping(e.g.
ChangandOrlanski,1993).

We assessthe magnitudeof eachterm in Eq. (2)
by integratingvertically from 150hPa to 850hPa. Fig-
ure 6 displaysbaroclinic and barotropicenergy con-
versionsandageostrophicenergy flux divergencein T-
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Figure6: Energy budgetfor T-run. (a) ageostrophiceddyenergy transfer(CF ), (b) baroclinicenergy conversion
(CC ) and(c) barotropicenergy conversion(CT ). Contourintervals are1 J m� 2 s� 1. Zerocontoursareomitted.
Light (heavy) shadedenotes� 3 ( �(� 3) J m� 2 s� 1. In positive (negative) regions,the eddiesgain (lose)energy
from (to) themeanflow.

run. Thebaroclinicenergy conversionis positive just
at theupper-level stormtrackregion. Theageostrophic
energy flux divergesdownstreamof the stormtracks,
while it converges south of the storm track regions
(near20� N). This implies that the stormtrackscould
be zonally localizedby di ' usingthe eddyactivity to
theequatorwarddueto theassociatedageostrophicen-
ergy flux. Barotropicenergy conversionis rathersmall
comparedwith threetwo terms.

4. SUMMARY

Our idealizedAGCM experimentssuggestthat the
localizationof storm tracks is not alwaysassociated
with the westerly jet core and the lower-level high
baroclinicity. The energy budgetanalysisshows that
baroclinicenergy conversionfrom thetime-meanflow
to theeddiescoincideswith thestormtrackregionsand
equatorwardageostrophiceddyenergy flux is located
at thedownstreamof thestormtrack.
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