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e Schematic of transport in the lower stratosphere

— Brewer-Dobson circulation, tropical pipe, tropical
transition region, LMS
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Figure courtesy of Michaela Hegglin, University of Toronto
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lower stratosphere
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 There is a pronounced seasonal cycle in tropical
tropopause temperature, associated with the diabatic
circulation (seen here in MSU Channel 4 temperatures)
— Note near exact cancellation between tropics and extratropics
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 The seasonal cycle in temperature imprints itself on
stratospheric water vapour, leading to the “tape
recorder” (Mote et al. 1996 JGR)

— An indicator of tropical isolation
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From Eyring et al. (2006 JGR)



* The latest generation of Chemistry-Climate Models
(CCMSs) generally do a pretty good job of transport,
seen here in “age of air’” at 50 hPa

— Observations (dots) are from ER-2 CO, obs
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 The Canadian Middle Atmosphere Model (CMAM, red) is
here compared with the ACE-FTS on SciSat-1 (black)
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« Transport studies of the extratropical lower

stratosphere confirm the accuracy of analysed winds,
on short timescales

— Comparison of contour advection (from PV) on

320 K isentropic surface, with Meteosat water
vapour

From Appenzeller et al. (1996 JGR)



 However on longer timescales, winds from assimilation
tend to produce much more dispersion, both horizontally
and vertically, than GCM winds

Figures show 50-day trajectory calculations
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 The same thing is seen in PDFs of ozone patrtial
columns (56-140 hPa)
— Solid line is tropical, shaded is SH subtropical
— Note the increased horizontal range for panels (d) and (e)
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 Another example: NO,/O; ratios at ER-2 altitudes
(~20 km)

— The DAS-driven CTM destroys the strong
horizontal gradients
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o Comparison of NCEP/NCAR reanalysis winds with
ER-2 aircraft measurements at ~20 km shows that
the reanalysis is much more accurate in the
extratropics than in the tropics

— The problem with excessive dispersion from the tropics
using analyzed winds to drive transport lies with the winds

Rean. Wind vs. ER-2 MMS obs. Rean. Vs. Obs. In the Tropics
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Black is obs,

blue is ECMWF

n 2002
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Comparison of direct wind

measurements with
ECMWEF analysed winds in
long-duration stratospheric
balloon flights (at 60 hPa)
leads to the same
conclusion

Figure courtesy of Albert
Hertzog, LMD

Published in SPARC
Newsletter No. 26 (2006)



Black is obs,
; blue is ECMWF
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e Transport errors from assimilated winds
severely limit the quantification of transport
changes due to dynamical variations

— An example Is the contribution of changes
INn 0zone transport to changes in ozone
abundance

 They also compromise chemical assimilation,
by introducing biases

e Better assimilation methods may improve the
situation, but there remain many fundamental
limitations



 There Is some hope of constraining winds
from tracer measurements, using 4D
methods. However:

— Such measurements are only sensitive to
one component of the wind, that parallel to
the tracer gradient

— Unfortunately, tracer gradients tend to align
perpendicular to the wind (the “stirring”
effect)

— Tracer gradients tend to be weak in the
tropics
— In any case, will require validation



 \Why does transport between the tropics
and the lowermost stratosphere matter?

— Distribution of the greenhouse gases
ozone and water vapour in the LMS, close
to the tropopause, is important for climate

— Ozone recovery depends on Cl,
abundance in the lower stratosphere,
which depends on age of air

— Transport of very short-lived species
(VSLS) into the LMS also affects
stratospheric ozone depletion



* Also, exchange between the LMS and the tropical
tropopause layer (TTL) affects the ozone distribution
In the TTL

— Here seen as a deficit in a simple 1-D tropical
convective model
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An indicator of transport into the LMS is the seasonal cycle
of CO,, which gives a “CO, tape recorder” in the LMS

Coloured points are from CMAM, black symbols are in-situ
data from the ER-2 aircraft (Boering et al. 1994 GRL)
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e (Calculating transport becomes more challenging at

lower stratospheric altitudes
* Figure shows Eulerian and Lagrangian

autocorrelation times of horizontal wind shears from

CMAM

— They decrease and become more similar at lower altitudes
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Winds are also important
for wave drag, which
drives the diabatic
circulation

There is a robust
dynamical response to
doubled CO, in the lower
tropical stratosphere

— Here seen in timeslice

experiments with CMAM

Tropospherically induced
changes augment the
CO,-induced cooling

Increased upwelling from
stratospheric wave drag
(in both NH and SH)

From Fomichev et al.
(JC, In press)
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* As with many CCMs, CMAM'’s age of air decreases over
time, by ~0.75 yr at 10 hPa from 1960 to 2050
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 The annual cycle of tropical and extratropical 50 hPa
temperature (global mean is subtracted) points to a
strengthened diabatic circulation in CMAM

Tropical and Extratropical Temperature Cycle
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Seasonal cycle of meridional (TEM) circulation in CMAM

¥oar (kgs/mss) — Jan
a.01¢
a.1a e
e T
= I'lr.""__:-'.':-_=_-'.':;'. -'I
S W | SR s — el I | {
a Y I b
o - vy J
= A LY Y i
E 9 l-"’# — =
F o .l-l .._,' .-.'_.-—-_:.‘:I:.'."\-\..'. ! |:|. )
Y |¥fk-=a = L
g0 | AR
~ -'Ebh
Il
b= g NN
L L e e B o e B B B B B B B

BN BON 30N O

Lalibude

b [kg/m 5] — Jul
a II|I—I -
.10} | S
oy 1 .
E .-'I .: _n_-. . ..'
— I ':I' ) i - k]
q Il'l " |
5 0, |
) 1gd I-'
-1 ] I L r . 1] I
& ) . A
& ; N
100+ :-—iﬁi'l-. ARBANIANE:
(Y
"1 "'._.-I._-_'. S on b H L | 10N
L L e e e e e o e o e e e e e

BN lﬁl'.'l"'. J0H 0

.‘II:I‘-
Latitude

302 G0S BOS 'EII:IH E-I}H JI:I"-u I]

bae (kg/mss) — Apr.
i
\a
.::-:'I-\.I - e
A —
5 \
i
|
o
|
.‘._- e -
f; «.-:1._n.. e
--' "r'-d_%l
=t | I
SI}E- 'ﬂl:l"“
Lalitude
(ke mi s} — Gel

"I"nil'r

I:il
o
..-__.-' _ -, .__.' -
-".-- e '\u. I:
.-'-__ —~— %
e %
e
E e e
.-'__-_:'\.l r
e .-.-_|:|
_F-\. .-.-Ir.ll.._'
|||||||||||||
S0& 603

GOS B0E Q0N G0N 30N O

Latitude

 Most of the

. upwelling through
= the tropical lower
"% stratosphere is
"2 confined to the very
°  lowest part of the
‘aos stratosphere

—s  ®Suggests it is largely

Jos driven by synoptic-
»2  Scale wave drag in
5 the subtropics
Iﬂu

From Beagley et al.

QoS

(1997 Atmos.-Ocean)



Observations clearly indicate significant wave drag,
with non-zero phase speeds, in the subtropical lower
stratosphere (figure shows EPFD)

OJFH TRAMSLENT DF POWER: 200 HE JJAS TRANSIENT OF FOMER: 200 HE
1w % : B T H
&0 ll\\ T EO | '-.\hl\\
" e, |,
40 [ L _ -I_'—|. - d'::l = i | .-"J

. o - e
20 v ':':L w 20f :{f
| - O <

LATITUDE

L - L _____a- -
| 4
-&0 e - -6} 15 1
/__,—/" _ . s ]
=l e 1 Lo L I _Ell'_'l-l M I BRI I IPAITIL [repre: rpep
=20 =10 & % 20 30 40 =30 =10 g 18 g 3J0 40
PHASE SPEED 1(HWs5) PHASE SPEED 1Ms3)

From Randel & Held (1991 JAS)



Synoptic scale wave breaking (cat’s eyes) in the lower
stratosphere is also evident from tracer distributions
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Figure courtesy of Dirk Offermann, Wuppertal University
From Shepherd (2000 JASTP)
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Yet the wave forcing in this region is not well quantified

Figure shows meridional structure of horizontal
momentum flux u’v’ at 100 hPa
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Summary

e Transport in the lower stratosphere is highly
structured
— Tropical pipe above about 22 km altitude
— Leaky “tropical transition layer” below that
— In the TTL, exchange with midlatitudes

e Current winds from analyses are not
adequate for transport calculations in the
tropics and subtropics

« CCM winds show much better properties



e There are also uncertainties in the wave drag
which drives tropical upwelling

— Important for tropical tropopause temperatures,
and the Brewer-Dobson circulation

— There seems to be a large contribution from
subtropical drag

— There is substantial interannual variability
— There are indications this drag could change as a
result of climate change
 For all these reasons, we need better
observational estimates of winds in the
tropical and subtropical lower stratosphere



