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Upward transport acrossthe TTL
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What is the mechanism for the upward transport from the
I
Equator main convective outflow into the stratosphere ?




CLaMS-Modd

KA CLaMS - Lagrangian Chemistry Transport Model
I Potential temperature as vertical coordinate in the stratosphere
KA Horizontal and vertical velocities from meteor. winds (ECMWF) and/or a radiation scheme

I Lagrangian mixing
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CLaM S with stratosphere and troposphere

Convection AND radiative forcing = Hybride {-coordinates, Mahowald et al., JGR, 2002
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CLaM S with stratosphere and troposphere

Convection AND radiative forcing = Hybride {-coordinates, Mahowald et al., JGR, 2002
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CLaM S with stratosphere and troposphere

Cpruactian ANMD radiatiye forcing = Hybride ¢-coordinates, Mahowald et al., JGR, 2002
above tropopause
ac _ do above tropopause | |pv|[PVU]
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CLaM S with stratosphere and troposphere
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Morcrette scheme

lan AND radiatiye forcing = Hybride (-coordinates, Mahowald et al., JGR, 2002
above tropopause
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Vertical velocitiesinthe TTL

December 2003 dd/dt [K]
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Vertical ve

Hybrid Pot. Temperature [K]
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Vertical ve
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...but still a large gap
between the main
convective outflow

and the stratosphere !




Hybrid Pot. Temperature [K]
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But, there is no gap by using Q2 = p !
(derived from the continuity equa-
tion, courtesy of H.-J. Punge and M
Giorgetta)
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But, there is no gap by using 2 = p!
(derived from the continuity equa-
tion, courtesy of H.-J. Punge and M
Giorgetta)
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Possible options to close thisgap ?
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Mixingin CLaMS :

MiXing
(irreversibility)

Filamentation

ricane Ivan from space shuttle (NASA)



Mixing in the vicinity of the subtropical jet
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Mixing in the vicinity of the subtropical jet
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Mixing in the vicinity of the subtropical jet
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Deformation-induced mixing

D, [m?/s]

Vertical mixing at
¢ =380K
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Deformation-induced mixing
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Zonally averaged
signature of
boundary layer tracer
after ~4 month of
transport
Dec - Mar
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A case study
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A case study
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Mixing intensity (Dec - Jan - Feb - Mar)
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Mixing intensity (Dec - Jan - Feb - Mar)
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High local mixing intensity in CLaMS does not

necessarily implicate a permeable transport barrier
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Mixing intensity (Dec - Jan - Feb - Mar)
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Conclusions

® Mixing (in CLaMS) is the main driving force for the upward transport across the TTL
between 350 and 380 K (Konopka et al., ACP, 2007)
(highest vertical mixing in the TTL in in the vicinity of the subtropical jets and in the
outflow regions of convection)

® Other options are still possible:

® radiative lofting via cirrus clouds (Corti et al., 2006)
® unresolved subgrid convection (Tiedtke at al., 1998)
® overshooting convection

® First 5-years CLaMS simulations with CO5, CH4 produce reliable transport (tracer
distributions, age of air, tape-recorder signatures...).

® This indicates that mainly diffusive (and not advective) fluxes effectively transport the
tracer gases across the TTL

Forschungszentrum Jalich ,'

in der Helmholtz-Gemeinschaft



| mplications for the tape-recorder effect
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Seasonality of the permeability through the STJ
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Seasonality of the permeability through the STJ
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Summer versus winter
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Summer versus winter
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M ass conservation

div [Pa*day/K*m]
500. 70 T | =00 \',_'_"/’/ T T ] l 6.0
\ 70 \ I

52
4.4
3.6
2.8
2.0
1.2
0.4
-0.4
-1.2
-2.0
-2.8
-3.6
-4.4
-5.2
-6.0

450. = ey - 4501

380.
360.

340.

300. =

Hybrid Pot. Temperature [K]

250.—

150.

Latitude, [deg N]

Mass conservation not valid in {—coordinates
“empty" regions in pure trajectory calculations
removing these regions does not (significantly) reduce the mixing in CLaMS

ECMWF mean meridional (polewards) velocities are probably too strong

o000

ECMWF mean vertical tropical updraft between 360 and 380 K also probably too strong
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