The major questions to be addressed by TC4 include:

 How can space-based measurements of geophysical
parameters, particularly those with small-scale variations (e.g.,
H,O, cirrus), be validated?

 How do convective intensity and aerosols affect cirrus anvils?

* How do tropical cirrus evolve? How do they impact the radiation
budget and ultimately the circulation?

* What controls the formation and distribution of thin cirrus in the
Tropical Tropopause layer (TTL), and what is the influence of thin
cirrus on rates of radiative heating/cooling and vertical transport?
« What are the physical mechanisms that control (and cause)
long-term changes in the humidity of the upper troposphere
in the tropics and subtropics?

 What are the fates of short-lived compounds transported
from the tropical boundary layer into the TTL (i.e., What is the
chemical boundary condition for the stratosphere?)?

 What are the mechanisms that control ozone within and
below the Tropical Tropopause Transition laver?
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Fig. 2. Radiosonde profiles at Koror
(7.3°N, 134.5°KE) in September 1996 for
A) temperature, B) potential tempera-
ture () and C) potential temperature
lapse rate. 39 soundings plotted.
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Trace gases delineate influence of convection and
stratospheric air.

o CRAVE 20060130
ol S
o 8] Ty
M_
o 8-
m_ =
oo
M —]
= =
£ | 254
S w2
— oLy
Q&S
O —DE_
ol .-
o=
~ o
™| =4
L 3~
m w
~L o
% | | | | | | | | | | | | | | |
58000 61000 64000 67000 70000
GMT (s)

Flight segments for CO,. O3 and condensed water content (CWC) (a) on January 27% and

(b) on the 30™ The CO, peaks that correspond to CO; spikes in the vertical profiles
(Figs. 2(e) and 2(f)). are clearly responding to enhanced condensed water content in the
outflow of convective clouds. Note high O; and low CO; mixing ratios on the
stratospheric side. Horizontal dotted line represents a CO; level at the tropopause. Black,

solid dots give COaj. blue lines for Os. and orange. cross symbols for CWC.
Park et al., 2007
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(a) 20060206 O, [ppbV] (b) 20060207 O, [ppbv] (c) 20060209 O, [ppbV]
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Fig. 3. Vertical profiles of CO; (denoted by solid dots) and Os (by blue diamonds) on February
6(a), 7(b), and 9(c). Low CO; bulges from < 5°N are responding to high ozone signals,
suggesting stratospheric air input. Note dotted circle on Feb. 9 marks the air mass
influenced from deep convection over Amazon basin. discussed 1in section 3.2.2.
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Level of Zero radiative Heating (LZH)
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"In the tropics, very high clouds with cloud top temperatures
less than 200 K are observed more frequently during Northern
Hemisphere (NH) winter than summer [Zhang, 1993]. One
would expect an increased incidence of very high clouds to be
associated with an increased incidence of high altitude
convective outflow."

"The age of air at 17 km varies from 40 days during NH
winter to 70 days during NH summer."

Seasonal cycles of O3, CO, and convective outflow at the
tropical tropopause
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LIU AND ZIPSER: TROPICAL CONVECTION OVERSHOOTING
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Figure 3. Diurnal variation of population of 20°N-20°S OPFs identified with five reference heights
over land (solid) and ocean (shaded).

We will not be able to sample deep convection
outflows over land!



Mission strategies for these objectives...:

Determine Convective influence on HZO and Composition

Define Chemical Boundary Condition and TTL composition.

Where does the air come from, where does it end up?

Measure Large Scale Transport (Advection, Mixing) Rates

...will focus on:

Clear-sky flying: sample the full range of latitudes and
altitudes in the TTL and LS.

Clouds and outflows: measure both near and far field
outflows and anvils from active and decaying convection.

Sampling of lower altitudes (source air) included as
possible.
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