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Introduction

Definitions and transport

The tropical tropopause layer and the 380K surface

Key region in the atmosphere :
It controls the transport of air detrained from tropical cumulonimbus clouds and also
the composition of the air entering the stratosphere.

Which cloudy regions contribute to the upward mass flux at the 380K surface
and in which proportions !
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| - Upward mass flux across the 380 K surface :
ERA-Interim

Method and validation

Monthly upward diabatic mass flux across the 380 K surface, over a specific domain [ of the sphere :

do
Mgiab — //1“ 0380K < 1

> ds
380K

: 1 OP
with o350k = —— —

g 00

and < —
380K dt

do
) >0
380K
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| - Upward mass flux across the 380 K surface :
ERA-Interim

Method and validation

Monthly upward diabatic mass flux across the 380 K surface, over a specific domain [ of the sphere :

MTla —// 0380K< >d5
diab dt 380K

1 OP
with o350k = —— 8_ and <d—9 > > (
380K dt |50k

g 00

More traditional method, with residual mean circulation, cf. Andrews et al. (1987), the kinematic flux :
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Monthly upward (//, and downward M mass flux : separated according to the sign of the
y upward kme P g g

monthly average term under the integral.
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| - Upward mass flux across the 380 K surface :
ERA-Interim

Method and validation
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Fig. Annual variations of the monthly upward mass flux
at the 380K surface, calculated from ERA-Interim data.
Results are averaged over 2005-2008 for each month. 03/10



| - Upward mass flux across the 380 K surface :
ERA-Interim

Method and validation
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Fig. Annual variations of the monthly upward mass flux
at the 380K surface, calculated from ERA-Interim data.
Results are averaged over 2005-2008 for each month.

® But : spatial and temporal distribution
of the errors not taken into account
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Il - Backward trajectories
Method

Trajectory calculations with TRACZILLA

eTRACZILLA : modified version of FLEXPART ([Stohl and al, 2005], [Pisso and Legras,2008])
eCalculations of backward diabatic trajectories.

eTrajectories are updated every |5 minutes in TRACZILLA.

eHorizontal part of the movement : calculated using wind fields of ERA-Interim.

eVertical part of the movement : calculated using radiative heating rates of ERA-Interim.
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Il - Backward trajectories

Deep convective cloud top determination

CLAUS dataset (Robinson et al., 1999)

*|long time series of global thermal infra-red imagery
eprovides data of brightness temperature (Tg) every 3 hours
euniform latitude-longitude grid at high resolution : 1/3°x1/3°

» | pixel with Tg<230K = deep convective cloud top l (Young et al. 2013)

v

Assumption :

50

25 ® The temperature at the top of the cloud is

0 equal to the Tg

=25

Underestimation of the cloud top :
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Minnis et al. 2008)
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Il - Backward trajectories

Convective sources of trajectories reaching 380K
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lll - Regional distribution of the mass flux across the 380K
surface

Method and validation

Monthly upward diabatic mass flux across the 380 K surface, over a specific domain [ of the sphere :

MTla —// 0380K< >d5
diab dt 380K

1 OP
with o350k = —— 8_ and <d—9 > > (
380K dt |50k

g 00

Monthly upward mass flux, from backward trajectories :

M = Zaz 551

el

where 0s; surface of 0.5°x0.5° element associated with the parcel

and the sum Z is applied only where M diab > 0
i€l
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lll - Regional distribution of the mass flux across the 380K
surface

Regional distribution of the upward mass flux
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Fig. Upward mass flux at the 380 K surface
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lll - Regional distribution of the mass flux across the 380K
surface

Regional distribution of the upward mass flux
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lll - Regional distribution of the mass flux across the 380K
surface

Regional distribution of the upward mass flux
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Fig. Mean annual cycles of monthly upward mass
fluxes through the 380K surface attributed to each
source region. 09/10



lll - Regional distribution of the mass flux across the 380K

surface

Regional distribution of the upward mass flux
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Fig. Mean annual cycles of monthly upward mass
fluxes through the 380K surface attributed to each
source region.
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lll - Regional distribution of the mass flux across the 380K
surface

Regional distribution of the upward mass flux
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lll - Regional distribution of the mass flux across the 380K
surface

Regional distribution of the upward mass flux
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lll - Regional distribution of the mass flux across the 380K
surface

Regional distribution of the upward mass flux: new Boxes
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quite similar among the reanalysis
® Diabatic mass fluxes in ERA-Interim are
about twice that of the two other reanalysis 09/10
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Summary

Seasonal cycle of sources is binary with a domination of single South Asia Pacific region (SAP) from
November to April,and a more complicated pattern dominated by the region of the Asian
monsoon from June to September.

There is a pronounced seasonal cycle of the monthly average upward mass flux across the 380K
surface, with a maximum in February and a minimum in September, which is shifted by about a
month to the seasonal cycle of sources, due to the mean time of transit of parcels across the TTL.

SAP contribution over the year accounts for 39% of the total while NAPO accounts for
18%.

However : must be taken as an upper bound of the flux of convectively processed air :
this air contains convective air detrained from the clouds in the vicinity but is also mixed with
environment air.
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