The cold point tropical tropopause
observed by GPS
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EVIDENCE FOR A WORLD CIRCULATION

PROVIDED BY MEASUREMENTS OF HELIUM
AND WATER VAPOUR DISTRIBUTION IN THE

STRATOSPHERE

By A. W. BREWER, M.Sc., A.Inst.P.
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F1G. 5. A supply of dry air is maintained by a slow mean circulation from
the equatorial tropopause.
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Objective: use GPS data to understand variability of tropical cold point

Zonal average GPS data over 10° N-S from CHAMP + COSMIC

Daily data for 2001-2011 (ten complete years)
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5-day average observations ( 730 pentads for 2001-2011)
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‘raw’ time series
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Remove seasonal cycle
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Cosmic QBO
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deseasonalized
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Variance after removing seasonal, QBO, ENSO components

residual variance
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EOF analysis of residuals

COSMIC 10—-530km EOF1 ?5.4%/

deep stratosphere
signal

EOF1 projection
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Tropical cooling linked to
major stratospheric
sudden warmings

EOF1 projection

2001/2003 2005 2007 2/309 2011

SH warming
Sept 2002

NH warming
Jan 2009

September 2002

30 +—= "-\1':.:'. .|: .’." — L k
y\kt‘?'\\i:ﬁ‘ﬁ \: SRR ’ \lﬁ
/ \l",u'lll'l ‘ | R LA
25 /rﬁ\"lIIIHHHI' : P £l
— b 1 1] i < : ' SD
e -f;['-'u | ||||||.'; o e ey
i Iﬂ“’) / 'I|||||||I Do e | ;'f"_,
~ s> T . .
= 20+ |IFI§\\‘.H{/"|I|| ' o ST o
M |f-| i/ ”I'II, i ! e [:I au|
CO '.M' LAt U 7
% nmu,';l :, S i R '\ - 100 ©
151 J':Ilrn I JI|'| .i:r : N iI ! &
| |II | |, "“' ! "\ b
U' 7} !
_1}. ! ﬁh l}
—E'D Eﬂ' 40 ED D =0 4CI' EU BD
spatial structure Latitude
of temp anomalies
January 2009
\BG — '|I' '.I P | '_l I:.' . —-'dl__
II ! | ! . | | /— i
R HEA |"//

— 25 | : : : l"\-:-'l i --\\II || %-: .'.'-E-‘
2 1) i ] g
o - L .
< / G | LS

+— 20- .. : i VI
= Y i ™ R II'.Illllllulllllll i ;
= . e AN
T : TS Y F 100 @
= A : i 1 i) f | ||||I|II' (' [
15 i .#"“"'J" | N "nll A
'-.II _I'I Df'!' i \
10 bt ' f“~ "~.‘\\

~80-60-40-20 O EG 40 60 B0
Latitude



Analysis of lapse rate dT/dz

What is more fundamental: T or dT/dz ?
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deseasonalized residuals

GPS 10-10 dt/dz ano

: NWM/ 1 24
I wwMWMWWMNWWWMM%Mwwijwwwwfawﬁw7 22

I mew%wwwm%w 18
IWMMWWWWWMMv

B M AN A A AN A A b s AV A AN S B M S PN ] 14‘

OW OWN O OW Ol O OW
T

Lo e N -1 12

2001 2003 2005 2007 2009 2011
year 2001-2011

- A b 120 ¢

Height (KM)

dT/dz variance

dt/dz residual variance

30;' (L

25 - %

3
20 - L__ﬁ

____________ ji___T______h______:_:_r J
15 | /’"____

[
1:] _ll'\- [ L 1 1

0.0 0.5 1.0 1.5

17.5 km



Height (KM)

EOF analysis of residuals for dT/dz
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Key points:

Novel high vertical resolution record of zonal mean tropical atmosphere
e Strong, coherent QBO and ENSO signals in GPS data

* Residual variance maximum near cold point tropopause (~18 km)

* Enhanced variability linked to stratospheric sudden warmings

e ‘Climate noise’ near cold point tropopause poorly understood
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Interannual changes in stratospheric water vapor
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Changes in stratospheric H,O are tied to tropopause temperatures
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What controls variations of the tropical cold point?



Temperature annual and semi-annual harmonics
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