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Transport Processes in the Tropical Tropopause Region
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Goal: Quantitative understanding of the balance between the dominant transport
processes as function of time and space




M55 In situ Tracer Measurements
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TTL: Stratospheric (horizontal) inmixing above W. Africa 2006?
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TTL: Stratospheric inmixing above Brazil 2005?

Statistically significant anti-correlation
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Significant anti-correlations between
O, and F12 found everywhere
between 365 K and 380 K indicate
significant stratospheric influence.

(see poster by A.C. Kuhn et al.)
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Convective uplift of boundary layer air into the TTL: CO2
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Mixing of overshooting air in the TTL: Brazil 2005 correlations

3004 woaEe, Flight Dates |Flight Dates ;§ 7777777 O 050204
1 A 050201 k. Theta: 355-378 K
- O 050204 © O 050204 O o
] 050205 050205 f
250 — v 050212 v v 050212 v
- X 050215 M 050215
| 0 050218 v 050217
- O 050218
_. 200 =4 S -—.—,, o0 U e T
£ ] % ‘ -
g - ‘ Mixing of overshooting air
= 1504 | e ‘ B0 YRR
O J | _
e - | -
<C i
™N 7 1 A
2 . .
100 | TT ———————————————————————————————————————————
504
T T T T e e e e e e e
40 60 80 100 120 374 375 376 377
TDL CO [nmol/mol] CO, [nmol/mol] -
vertical transport of convectively detraining air to the upper JomanN woLrGanG §IR corTiE
TTL by mixing UNIVERSITAT

(see poster by J. Baehr et al.) FRANKFURT AM MAIN



Theta (K)

Vertical mixing in the TTL over Darwin 11/2005
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Most likely explanation for high O3 and CO levels:

Vertical mixing in the vicinity of the subtropical jet

wa, 28 Mow 2005 12:040, 669 hr fest @ 110.0deqE
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=> air travels along
the edge of the
subtropical jet

=> vertical wind
shear facilitates
small-scale mixing
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White squares:
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Vertical cross section at 110 °E of the wind speed (color contours) and PV (black
contours).



The subtropical jet as a major agent for vertical mixing
CLaMS: Chemical Langrangian Model of the Stratosphere
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Convection versus slow ascent: CO, profiles West Africa
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CO, tracer clock to quantify slow ascent

Define mean CO
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Assumptions:
« At TTL bottom (~350 K): CO2(t) = CO2..(1)
« Uniform ascent rate in the TTL w = d6/dt
« => match “model” profile in region dominated by slow ascent
(360 < 6 < 390 K): CO2(8, t) = CO2, 1,0 (1 — [0-350K]/w)



AMMA — August 2006

Theta (K)

420 2 orey-alldata oy B Mean ascent
3 re.d:datawnh F12>532 ppm3 '@ — K/aay rate in the TTL:
q [Flight Dates| 0.4 Kiday| s, 87
] (060813 390K 0.5 +/-0.1
— +=  K/day

3803 | => Air
; | ascended

360 since mid June
E 090, O OGBS 4

340 — PN o5 N N N

376 377 378 379 380 381 382
CO, (ppmv)



Theta (K)

SCOUT-03- November/December 2005
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Conclusions

: appears to be
common close to the subtropical jets, but not in inner tropics

Convection: Max. outflow levels @ ~365 K or ~15 km, max. in Darwin

Vertical mixing following convective overshooting:

can effect much higher levels (~ 390K or 17 km observed over Brazil
2005) => causes strat.-trop. exchange

W. Africa: possibly influence of overshooting up to 420 K

Vertical mixing along subtropical jets:
likely a major agent for tropical stratosphere-troposphere exchange !

Mean diabatic ascent (360-390K) derived from CO, clock:
June/July 2006: 0.5 +/- 0.1 K/day
Oct./Nov. 2005: 0.5 +/- 0.1 K/day

Jan./Feb. 2005: 1.7 +/- 0.6 K/day



