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1 Introduction

In recentyearsthe Unified Model (UM), the NWP
and climate prediction tool of the U.K. MetOffice,
hasundegonean ambitiousrejuvenation. The result,
the “New Dynamics” UM, avoids mary commonap-
proximationsand compromises. It is the first non-
hydrostaticclimatemodel.

As asteptowardsturningthenew UM into afully cou-
pled global environmentmodel, the UCHEM project
aimsto addinteractve chemistryandaerosoimodules
to themodel. It is ajoint projectinvolving the MetOf-
ficeandCambridgeandLeedsUniversities.At thestart
of the projectis an assessmertf transporttimescales
in themodel.

2 Modd characteristics

Version V5.3L38 (HadGAM)
Vertcoord. hybrid-height
Advection  semi-Lagrangian
Modeltop ~ 39km

Hori. res. 3.7% x 2.5°

Vert.res. 38levels,7 abore 20 km
Timestep 30min

Ocean AMIPII SST

3 Modd experiment

The model contains???Rn and ?'8Pb tracers. Rn is
emitteduniformly from non-frozerlandpointsandde-
cayswith ane-folding time of 5.5days.Remaoal of Pb
is not included; henceRn + Pbis aninert tracerwith
aninvariantsourcetotalling 10.9and4.1 kg/yearin the
two hemispheresThe experimentspansa total of 15
yearsencompassingmescale®f (a)interhemispheric
exchange,and (b) stratospheriageof air. (c) Tracer
conseration will be considered. The classicalappli-
cation of Rn as a tracerfor troposphericmixing has
beenconsideredn a precedingwork [Tan and John-
son, 2002]uponwhich this experimentis based.

4 Results
(a) Interhemispheric exchange

In an idealizedmodelthe differencein tracerburden
betweerthetwo hemispheress describedy

AB(t) = &ZT {1—exp (—%)} 1)

with AB representindhe differencein burden,AS the
differencein sourcej themixing timescaleandt time.
From fig. 1 we infer a mixing timescalefor tropo-
spherictransporof 0.7 years.

5 Summary
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Fig. 1: (solid) Differencein Rn + Pbbetweerthe two
hemispheresn kg. (dashed) east-squareft accord-
ing to Eq. 1 with T = 0.68 years.

(b) Stratospheric age of air

The constantateof surfaceemissionmeanghatRn +
Pbis a goodtracerfor ageof air with a tropospheric
mixing ratio increasingnearlylinearly with time. The
resultsaredisplayedn figures2 to 5.
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Fig. 2: Zonal meanageof air in yearsduring the last
yearof therunfor FebruaryandNovember
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Fig. 3: Zonal-mearageof air at 19 km, averagedover
OctoberandNovember for the last5 yearsof therun.

}3% Age of air andothertimescale®f transport

K In the New DynamicsUnified Model
Olaf Morgenstert, JohnA. Pyle!, andColin E. JohnsoR
INCAS/ACMSU, Centrefor AtmosphericScienceCambridgeUniversity, U.K.
2 Hadley Centre MetOffice, Exeter U.K.

Age [years]

]

Latitude [deg

Fig. 4: Dots: Age of air inferredfrom CO, measure-
ments[Boering et al., 1996] Lines: Variousmodelre-
sults. FromEluszkiewicz et al. [2000].
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Fig. 5: Zonal-meamageof air at (top) 21 km (bottom)
39km.

(c) Tracer conservation
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Fig. 6: Total Rn + Pbin the model, over total emitted
Rn.

e Interhemispherienixing timescaled.7 years.Stratospherienixing might leadto anunderestimatiomf this number
e Theage-of-airdiagnosticshavs substantiasubsidencever thewinter vortices,suggestinghatwith chemistrya realisticAntarcticozoneholewill form.
e Age in thevorticesandnearthe modeltop is too large. This is dueto the low vertical resolutionandthe presencef a strongspongdayer. Futureversions(L50 or

L60) will hopefullyfarebetter

e For tracerconserationa positive trendof about0.05%peryearis found. For a plannedcentury-scaléntegrationthis is a potentialcauseof concern.
e Tropospheri@andstratospherichemistriesarecomingsoon.
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