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Widespread opinion: ...TTL is well-isolated with respect to the meridional transport, only
vertical transport matters (which is faster in winter than in summer) !
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Anticyclones drive in-mixing

PV climatology
atd =370 K
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Monsoon anticyclone: chimney versus blower
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ERA-Interim:

PV anomaly in the longitude section
60-120°E with respect to the zonal
mean (JJA).

Zonal wind (thick black, solid/dashed
positive/negative).

Tropopause zonally averaged (dark
blue) and averaged over 60-120°E
(cyan).

(Ploeger et al., 2015, ACP)
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Monsoon anticyclone: chimney versus blower

F11 [pptv]

F

QERANDROEN 247.0
BO B g 239.0

231.0
2230
215.0

I 207.0
199.0
191.0

I 183.0

i e 175 0

JLICrT

CLaMS, 6 = 420 K, 9.08.2003
Snapshot: 35 km hor. resolution

Forschungszentrum Julich ”

in der Helmholtz-Gemeinschaft



CLaMSversusMLS
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...ClaMS reproduces well the
seasonality of ozone
(Konopka et al., ACP, 2010)
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| nside versus outside of the anticyclone

Outside: effective isentropic in-mixing of older, mainly strato-
spheric air (enhanced O3, reduced CO) into the TTL,
Konopka et al., 2009, 2010, Ploeger et al., 2012
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Annual cyclein Os

Randel et al. JAS, 2007
from SHADOZ and
HALOE observations
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Fi1G. 2. Seasonal cycle fit of ozone mixing ratio (ppmv) at each
of the SHADOZ stations at 15, 17.5, and 20 km. Each line rep-
resents the harmonic fit of the data at the individual stations. The
heavy dashed line at 17.5 km is the corresponding result from
HALOE data over 10°N-S.




Local (Eulerian) tendencies

WACCM O, (73hPa) WACCM O, (86hPa)
T T T T T T T T T T T T] L0 [ P ' N O Tt
I 4 ] dy * dy “; A ” 1] . 7
i 7 — ~w*r—+ IN-MixXing + chemlstry
_/f\\\~//—\\/: dt dZ
s ‘_
L ] w* %X is th ' |
- - - \ it w adz IS the most |mportant term !
< 3
> S L
8 8 -2F .
a oy L
4t - “4F — dx/dt -
L i L — .—w*d')((dz ]
-6 . e — p e : Abalos et al., ACP, 2013
- - Eo residual 1
8L 1L 1 1 1 1 S I O T A N N A T M

L0111 P
JFMAMJJASONDUJ JFMAMJJASONDUJ

Forschungszentrum Julich ,'

in der Helmholtz-Gemeinschaft



Local (Eulerian) tendencies
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Ffl—f is the most important term !

Pot. temperature [K]

Abalos et al., ACP, 2013
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L agrangian reconstruction of ozone
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L agrangian reconstruction of ozone
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L agrangian reconstruction of ozone
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L agrangian reconstruction of ozone
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Contribution of trajectories in-mixed
from the NH extra-tropics




L agrangian reconstruction of ozone
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Origin of air from back-trajectories
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Seasonality of horizontal transport into the TTL
(¢ = 400 K) diagnosed as fractions of back-
trajectories (Ploeger et al, JGR, 2012)




Seasonality of in-mixed ozone
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Ozone AND HCI indicate in-mixing

Santee et al., JGR, 2011
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Ozone AND HCI indicate in-mixing

Santee et al., JGR, 2011
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In situ observations over Florida (linear corre-
lation between ozone and HCI). Stratospheric
ozone fraction in the upper troposphere between
40 and 80%.
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HDO and in-mixing

a. DJF b. MAM
30 8ig Randel et al., JGR, 2012
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Asian summer monsoon = H,0O
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Asian summer monsoon = H-0O

Z
@)
—
)
=<
wn

(0]
o

CLaMS (NHSH/3040)

a
80

60
o O
I S—
o ©
£ 20 2
= 8

J F M A M J ] A S O N I

CLaMS (NHSH/1020)

—
(@]
~—

60

40

Latitude [deg]
N
o

o

J

16 20 2! !! !! !! 40 44 48 5

H,O [ppmv]

CLaMS with artificial barriers
Ploeger et al., JGR, 2013
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Zonally resolved view

Mean age
(months)

Winter: almost symmetric sub-
tropical jets separate tropics from
the extratropics

Forschungszentrum Julich ,
in der Helmholtz-Gemeinschaft



Mean age

T
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Flushing of the NH low-
ermost stratosphere makes
15. AOA younger

(Hegglin and Shepherd, 2007,
Bonisch et al., 2009)
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Summer: asymmetric jets
Asian monsoon anticyclone 12
= Iisentropic 2-way mixing 5
(“isentropic blower”) '
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Aging by In-mixing

10

AOA

20

30

50

pressure [hPa]

100 ¢

150

-8 -6-40 20 0 20 40 60 80
Latitude

10

20

30

pressure [hPa]

100

150
200

50

AoA-RCTT

\

-80 -60 -40 -20 0 20 40 60 80

1 atitude

Latitude

Garny et al., JGR, 2014

35 years trends of ozone tendencies due
to eddy mixing is negative!(CLaMS)
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Aging by In-mixing

N " A Garny et al., JGR, 2014
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Conclusions:

® Anticyclones of the Asian summer monsoon and of the American monsoon determine
the composition of the northern hemisphere during summer.

® They act as blowers pumping air from the TTL to high latitudes where air becomes
younger (flushing) and vice versa (in-mixing, air in the TTL becomes older).

® 20% of in-mixed air contains stratopsheric signatures (like HCI) which explain almost
80% of the summer ozone maximum in the TTL

® Transport of HDO not well understood. Enhanced signatures of HDO indicate that H20
from the monsoons (Asian or American ?) may be first transported to high latitudes
(Ploeger et al, 2013) and than in-mixed back into the TTL

® n-mixing of ozone became weaker in the last 35 years (CLaMS driven by ERA-Interim)
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0,A0A =residual circulation + eddy mixing

TEM formalism for a tracer, here for
age of air I" (Andrews et al., 1987) =
oI ~ res. circ. 4+ eddy mixing

= |res. circ.| & |eddy mix.|
= small residuum determines the ten-
dency of AoA i.e. of 9:A0A
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0,A0A =residual circulation + eddy mixing

TEM formalism for a tracer, here for

age of air I" (Andrews et al., 1987) =
oI ~ res. circ. 4+ eddy mixing

= |res. circ.| & |eddy mix.|

= small residuum determines the ten-

dency of AoA i.e. of 9:A0A
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