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ZONALLY LOCALIZED STORM TRACKS IN AN IDEALIZED AGCM
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1. INTRODUCTION

In the Northern Hemispherewinter, storm tracks
characterizedby high activity of synoptic-scal@listur
bancesarezonally localizeddownstreamof the west-
erly jet coresin both the Pacific and Atlantic sectors
(Blackmon,1977). Hoskinsand Valdes(1990)shovs
that high baroclinicity regions nearthe surfaceexist
just upstreanof the stormtracks. It is suggestedhat
the baroclinicenegy conversionfrom the time-mean
flow to eddiesis dominantat the developing stageof
transieneddieswhile theageostrophienepgy transfer
is essentiafor the downstreamdevelopmentof storm
tracks(e.g. Changand Orlanski, 1993). Therefore,
withoutthedissipatiormechanismthestormtrackex-
tendsinto further downstreamand may not be local-
izedin thezonaldirection. The mostpromisingcandi-
dateto dissipatetransienteddiesis the barotropicen-
emgy cornversionfrom eddiesto the time-meandiffiu-
entregions (WhitakerandDole, 1995). On the other
hand, Shutts(1983) denotedan importantrole of the
low-frequeng variability ondissipatingsynoptic-scale
eddies.However, theseproposedmechanismis based
uponthe obsered coincidencebetweenstorm tracks
and zonal asymmetryin the time-meanfield, which
doesnot alwaysgive usa consistentxplanation.

Thepurposeof this studyis to investigateheforma-
tion mechanisnof the zonally localizedstormtracks
by using a versionof T21-L20 CCSRNIES AGCM
(Numagutietal., 1997).We performthreeexperiments
underthe perpetuallanuaryconditionandanalyzethe
dataof 600 daysafter a spin-upperiod. The surface
boundaryconditionsareidealizedasfollows. In T-run,
Aqua Planetcondition with zonally varying seasur
facetemperaturgSST)in thetropicsis assumedand
warmwaterpoolis locatedat 90°E (Fig. 1a).In E-run,
Aqua Planetcondition with zonally asymmetricSST
gradientat40°N is providedandsharpSSTgradientis
at 90°E (Fig. 1b). Finally in L-run, anidealizedcon-
tinentis placedin 90°E-9C°W northto 20°N without
mountainandSSTis zonallyuniform (Fig. 1c).
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2. RESULTS

We first focuson time-meanzonalwind in the up-
pertroposphere.The time-meanzonalwind in L-run
(Fig. 2c) is ratherzonally uniform exceptfor a weak
intensificationover the easterredgeof the continent.
In E-run(Fig. 2b), it is perfectlyzonally uniform. By
contrastjn T-run (Fig. 2a),it haslarge zonalasymme-
try with a maximumnorthto the tropical warmwater
pool at 90°E. The zonalvariationin zonalwind speed
exceeds50 m st. Theimportanceof thetropical SST
distribution ontheformationof thesubtropicalet core
is clarifiedin Inatsuet al. (2000). Inatsuetal. (2001)
discussedheformationmechanisnof thewesterlyjet
core by the tropical warm water pool. Correspond-
ing to the horizontaldistribution of subtropicalwester
lies,therearenorobuststationaryeddiesn E-run(Fig.
3b),weakstationaryeddiesn higherlatitudesin L-run
(Fig. 3c), androbust subtropicalstationaryeddiesin
T-run (Fig. 3a).

We next investigatethe relationshipbetweenstorm
tracksandtime-mearwesterly In this study theactiv-
ity of transienteddiesis measuredy the root-mean-
squarehigh-pasdiltered (<10 days;Blackmon,1976)
eddykinetic enegy. In T-run (Fig. 4a),the stormac-
tivity hasa maximumdownstreamof the westerlyjet
core. In E-run (Fig. 4b), in spite of zonally uniform
subtropicalwesterlies the storm activity (Fig. 3b) is
localizedjust over the sharpSST gradient. This sug-
geststhatlarge meridional SST gradientin the extrat-
ropicsis importantfor localizationof the stormtracks
(e.g. PengandWhitaker 1999). Thus,thezonalvaria-
tionsin the westerlywind speedandstationaryeddies
in the uppertropospherarenot necessarilyelatedto
localizedstormtracks.

The relationshipbetweenuppetlevel storm tracks
and lowerlevel baroclinicity is also examined. Here
baroclinicity is definedas 0.31f |du/d2 /N (Lindzen
and Farrel, 1980), whereu = (u, V) horizontalwind,
f Coriolis parameterand N buoyany frequeng. In
E-run (Fig. 5b), the extratropical SST gradientpro-
ducesa ratherzonalasymmetridbaroclinicity andthe
stormtrackis localizedjust over the sharpSST gradi-
ent(Fig. 4b). In L-run (Fig. 5¢), the high baroclinic-
ity region prevails over the ocean but the stormtrack
(Fig. 4c) exists evenin low baroclinicity region over
theland. By contrastjn T-run(Fig. 5a),stormtracksis



Figurel: SSTdistribution for T- (a), E- (b), andL- (c) run. Contoursinterval is 2.5K. In L-run, the region of
90°E-9C°W northto 20°N is the continentwithout mountains.
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Figure2: 250hR Time-mearzonalwind in T- (a), E- (b), andL- (c) run. Contourintervalsare10 m s™*. Light
(heary) shadendicates>40(60) m s™L.

J-run (b) / , L-run

Figure3: SameasFig. 2, but for stationaryeddy geopotentiaheight. Contourintervals are 40 m and negative
contoursaredashed.

locateddownstreanof thelower-level highbaroclinic-  zonallylocalizedstormtracks.
ity region (Fig. 4a). Thenthe high baroclinicityin the
lower atmospherés not alwaysaccompaniedavith the



Figure4: SameasFig. 2, but for high-pasdiltered eddykinetic enegy. Contourintervalsare20 m? s~ andlight
andheary shadesndicate>80and>120m? s~2, respectiely.

T-run (b)
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Figure5: SameasFig. 2, but for 900hPabaroclinicity Contourintervalsare0.2day* andlight andheary shades

indicate>0.8and>1.2day™, respectiely.

3. ENERGETICS

Theeddykineticenegy budgetis analyzedor each
experimentto examinethe localizationmechanisnof
stormtracks.The primitive equationis givenas,
2—$+(U-V)u+kau:—wb, 1)
where @ is the geopotentialheight and k the verti-
cal unit vector By decomposinghe variablesinto
the time-meancomponent(overbar) and the high-
frequeng (<10 days)eddies(prime) in Eq. (1), we
obtainthe kinetic enegy equationof high-frequenyg
eddies,

(%+U-V)7<E:CF +Cc+Cr+NL+F (2
where
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NL = —{(u-T)-Vu-0}w

—{u-1)-V(v-v)} v.

Here T temperaturew vertical velocity, p pressure,
and R gasconstant. The first termin Eq. (2) is the
adwectionof eddykinetic enegy, Cr theageostrophic
eddyenenpy flux divergence Cc andCr baroclinicand
barotropicenegy corversion,respectiely, andNL the
nonlineareffect,and F the mechanicadamping(e.g.
ChangandOrlanski,1993).

We assesghe magnitudeof eachtermin Eq. (2)
by integratingvertically from 150hRto 850hR. Fig-
ure 6 displaysbaroclinic and barotropicenegy con-
versionsandageostrophienepy flux divergencein T-



Figure6: Enegy budgetfor T-run. (a) ageostrophieddyenegy transfer(Cg), (b) baroclinicenegy conversion
(Cc) and(c) barotropicenegy conversion(Cr). Contourintervalsarel J m—2 s™1. Zero contoursare omitted.
Light (heary) shadedenotes>3 (< —3) Jm™2 sL. In positive (negative) regions, the eddiesgain (lose) enegy

from (to) the meanflow.

run. Thebaroclinicenegy conversionis positive just

attheupperlevel stormtrackregion. Theageostrophic

enegy flux divergesdownstreamof the stormtracks,
while it converges south of the storm track regions
(near20°N). This implies that the stormtrackscould
be zonally localized by diffusingthe eddy actiity to
theequatorwardlueto theassociatedgeostrophien-
emy flux. Barotropicenegy corversionis rathersmall
comparedvith threetwo terms.

4. SUMMARY
Our idealizedAGCM experimentssuggesthat the

localization of stormtracksis not alwaysassociated

with the westerly jet core and the lowerlevel high
baroclinicity The enegy budgetanalysisshavs that
baroclinicenegy conversionfrom thetime-mearflow
totheeddiescoincideswith thestormtrackregionsand
equatorwardageostrophieddyenepy flux is located
atthe downstreanof the stormtrack.
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