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Comparison between OsergreyO and Newtonian cooling model:

Background

Superrotation I1s a phenomenonwhere the specificaxial
angular momentum of the wind exceedsthat of the radius decreasing |

underlying planet at the equator [1]. Non-axisymmetric afag =1/1 afag =1/8 afag = 1/20
disturbances(eddies) are required to acceleratea super Newtonian

. L : - with ahightop vs alow top.
rotating zonal flow [2]. Superrotation is a permanent 10 & cooling th ahightop vs alowtop
featureof the atmospheresf Venusand Titan, but not the Lo The transition occursin all configurationsof our
Earth and Mars [1]. This raisesa questionasto the origin . .
and nature of the eddies that induce the required 10¢ - Semigrey - model when radius Is reduced Howevey there are

momentumtransport
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Previous work using idealised dry general circulation Semigrey
models(GCM) with simplified physics(Newtoniancooling,

linear surfacefriction) hasshownthat superrotation may 104
emergeOspontaneously®planetsthat are small or slowly

rotating [3-5]. This transition to superrotation may be 10*—55—5—50 50 0 50 =500 50
relevantto Titan (and potentiallyVenus)[6]. Howeverthe Latitude (deg)

strengthof superrotation obtainedin studiesof this typeis < >

103
top oflew model

far weaker than that observedin VenusOor TitanOs u/ms-1
atmospheresyr in numericalmodelsof eitherplanet

Effectsof surface pressure, rotation rateand shortwaveabsorption
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Our aim is to take a steptowardsOreality®y studyingthe
transitionto superrotation in a GCM with parametrisations 10¢ 10%
that are more sophisticatedthan those used in previous 10° 10°
idealisedmodelling studies[3-5], but still simplified when . .

comparedo modelstunedto simulatea specificplanet(e.g., 10° 105
refs 7 and 8 for Venus,or ref. 9 for Titan). We useour 10¢ 10° =
simulations to investigatehow properties of Venus and
Titan (eg. slow rotation rate, small radius, large 10° 10°
atmospheric mass, absorption of solar radiation In =10 s - 0 % =50 0 50 =50 0 50
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atmosphere)may combineto yleld strong SupeFrotation Latitude (deg) Latitude (deg) Latitude (deg) Latitude (deg)
. . . . L ~ 4.. l>

Theresultsin this posterare a preliminary Osneapeak©f cxperiments ithsabsO in th it have a shortwave 0 0~

our results More to comesoon! absorbing substance in the stratosphere that absorbs 4/7 of the 5

iIncoming solar radiation (fraction chosen to match Titan).
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Aim . explorethe effectof reducingplanetaryradius
on the transitionto superrotation. The experiments
compare the circulation obtained in Newtonian
cooling(NC) vs semigrey(SG)models,and models

lowtop = differencesbetweenthe semigrey and Newtonian
103 coolingapproachesandhigh andlow top models

nightop ~ FOr the NC model, superrotation strengthincrease
i monotonically with decreasingadius For the SG
model,superrotationis strongesfor alag =!!".

Zonal velocity structureis similar for both low top
configurations(top two rows), but different for the
45 0 * high top model In this scenario,the circulation
extenddo fill the stratosphere
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Aim: explorethe effectof rotation rate, p, and
stratosphericabsorption of shortwaveradiation
on superrotation.

Superrotation is weakercomparedwith reduced
radius experiments(note different colour scale)
This Is due to the enhancedeffectsof surface
friction andthermalforcing whenrotation rateis
reduced 1]].

Increasedp. appearsto weakensuperrotation.
This Is not yet understood,and the simulation
maynot befully equilibrated

When a stratospheric shortwave absorber is
Included, superrotation is enhancedthere The
combination of increasedp,, reduced rotation
rate,and a shortwaveabsorbelyieldsa Titan-like
superrotation structure

Our OsermgreyAnodel is built usingIsca[10, which is a
flexible frameworkfor modellingthe dynamicsof planetary
atmospherebuilt on the GFDL spectrakore

We run simulations at T42 (~2.5°)
resolution Two configurationsareusedfor
the vertical resolution, one OhigttopCand
the other OlowtopQ(for comparisonwith |
ref. 3). Theseare shownon the right. A
spongas includedatthetop (redlevels)

Radiativetransferis handledwith a semt |
grey codewith fluxessplit into OlongwaveQ.t
(thermal)and Oshortwavégolar)bands

Boundarylayer turbulenceand the effects
of surfacefriction are parametrisedwith a
diffusiveboundarylayercode
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Next stepsE

Analysesimilaritiesand differencedetween
wavesacceleratinguperrotation in reduced
radius experimentsacrossdifferent model
configurations

Understandherole of modeltop locationin
setting the lower stratospheric and
troposphericcirculation

Extend the rotation rate, surfacepressure
and shortwave absorption study to a full
parametersurveyto seehow superrotation
scalesvith eachof these

Investigate the role of diurnal tides In
accelerating superrotation for different
parameter combinations, and the relation
betweenplanetswith a long solar day and
tidally lockedplanets
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