Improved understanding of the global tropopause

from GPS observations

Bill Randel




Climate-relevant processes linked to the global tropopause

transport to the stratosphere;
water vapor control by fropopause temperature

Two-way mixing
by baroclinic eddies
and monsoons

inversion layers;
STE

Height (km)

convective influences

* :
and tropopause-level cirrus tropopause height and temp. trends



Global tropopause and GPS data:

* GPS measurements provide an optimum tropopause sensor
* accuracy, high vertical resolution and global coverage

* New insights into tropopause structure and variability:

- fropopause inversion layer (linked to dynamics/radiative effects of UT water vapor)
- double tropopauses in subtropics (intrusions into lower strat.)
- Tropical tropopause (variability, and links to clouds and water vapor)

« Additional topics:

- fropopause height trends (Schmidt et al, 2009)

- widening of the tropics (Seidel et al, 2008; Davis and Birner, 2013)
- EXTL mixing layer (e.g. Hegglin et al, 2009)

- chemicals, isotopes, effects of deep convection, ...



Climatology from GPS Schmidt et al 2006

Ocourrence distribution of MT, DJF

Double tropopauses
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Brewer, 1949

Stratospheric H,O is controlled by
tropical cold point temperatures
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What controls variability of the cold-point tropopause?

e Convection?

« Dynamically-forced upwelling?

Mean
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upwelling ﬂ

Lapse rate from

radiative-convective

equlibrium

/!

cold point
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Radiative
balance

———————— main convective
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nurm of obs

Using GPS data to understand variability of tropical temperature:

« Construct a global, zonal average data set from all GPS observations
(CHAMP, COSMIC, METOPA, others; > 6,200,000 occultations)

« 5-day (pentad) averages for 2001-2013 (over 12 complete years)
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Choose to analyze zonal averages because they are governed
by a relatively simple equation:

TEM
thermodynamic
balance

vTL
u — w :
S -

approximate
balance in tropics

linear damping
approximation
(in stratosphere)




Tropical variability for 10° N-S

large annual cycle
in lower stratosphere

small annual cycle
in troposphere

Zonal mean temperature

X

p—

—

N OW O(.)J OW OW OW
I

Ow\:’
\J

[ '“j ."I‘ ‘Nﬁw A
HI‘/“W A *:'M .{' mw U"‘H um [ N

[ . A
Hﬂt '“W# Y Irﬁ*" u'm m]l [ Wy ff\"u'l '

(ﬂ .f\‘\ ‘f' f\l

(’ M‘" rr\u
"I\/\ “\,,"'ﬁf";ﬂ ’If"“ \»»jﬂ\ )
fll.'ﬂh.\lrl‘ IJMIIM LV"'A”.I I'J"rru

.r|
i ' .
\ﬁ‘ h /ml M(' A J”'”'nrl‘t "\”f

. \ «J L/ oy
¥ IW \|J \ “ bw wl ﬂm | W "’,‘

W%’W W W“*".hw"y“‘f” L% ‘wﬂw‘”” LA

Wﬂr‘l'*»l'l.l". '\'LJH\,.",‘-'M’I‘.U-\WW "y'liur‘t-q\l"ﬂ/“/n M“””-‘W\,’\; ‘}ﬂ‘.‘,'_.v\ﬂﬁw \‘Wﬁ“l‘d‘t'u"'! vwﬁ.l“ iy N

WIP'M M W‘W" L,\'""J"""Ww"w‘u'n,\)ﬁ ”n"‘uuww“‘“z\m"\-h“\”‘wfjl\ﬂlh,f\r.rml.w.ﬂ/m "M".af
‘\||I|||||||I|||||||I|\\‘\\|I|||||||I|||||||I||\‘\\\I

2002 2004 2006 2008 2010 2012 2014

24

22

20

18

16

14

12

km



T(K)

OW OW OW O OW O OWL

'raw’ time series

Zonal mean temperature
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remove seasonal cycle

Deseasonalized anomalies
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QBO is the large interannual signal in the stratosphere

Deseasonalized anomalies Temp anomalies 10° N-S
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Regression fits of L 2
QBO and ENSO “
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deseasonalized

Deseasonalized anomalies
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remove QBO and ENSO

(‘residual’ variability)
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EOF analysis of residuals
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SH warming
Sept 2002

Tropical cooling linked to
major stratospheric
sudden warmings (SSW)

EOF1: deep stratosphere mode
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Tropical cooling linked to
major stratospheric
sudden warmings (SSW)

EOF1: deep stratosphere mode
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Near-tropopause signal

EOF2: near-tropopause mode
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Height (km)

30

Near-tropopause signal: correlation maps

correlation with EOF2
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Time series of tropical temperature anomalies
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Correlation with Cold point
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Spectrum analysis

Power spectra for zonal mean T coherence between 12 - 18 km
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Links to tropical upwelling

rfj'?
ot

L 70

_80-60-40-20 0 20 40 60 80
Latitude

— + TS = —ﬂ‘{? — ?E,)

S
o
Pressure (hPa)

- 200

04

mmes

two estimates
of upwelling:

w*,, momentum balance
w*q Thermodynamic balance

10 hPa 2008-2009

Abalos et al, 2014, JAS



Simplified thermodynamic balance:
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Spectrum analysis
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Radiative damping time scales derived from
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Key points:

* Novel high vertical resolution temperature record from GPS
« Strong, coherent QBO, ENSO, SSW and MJO signals in GPS data
« 2 modes of stratospheric variability: deep, shallow branches of BDC

* Cold point T variability tied to tropopause-level upwelling;
anti-correlated with upper troposphere T

« Lower stratosphere T most sensitive to low frequency forcing
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Linear trends from combined GPS record 2001-2013

cooling trends in
high latitude
stratosphere

(not significant) ~._
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Extra slides



4*sigma event 3 factors contributing to

EOF2 projection anomalous tropical temps:
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low frequency
maximum in
lower stratosphere
(similar to ENSQO) ~«_

reference
at 12 km
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EP flux divergence forcing of transient upwelling:

Regression of EP flux onto w*,,

T0hPa 2008-2008 EP flux DJFM
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Components of zonal mean temperature variance
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Annual cycle in temperature
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Spatial structure similar to ENSO

correla‘rlon with EOFZ
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Analysis of lapse rate dT/dz

What is more fundamental: T or dT/dz ?

QBO
shear
>+ zones

14

e
V3
LA I B B B I

GPS 10—-10 d

t/dz -

T T
'

L
Wrammrrsr P o W Ao, | 24
WW&MWW/\MWWK 122
WWWWWWMMN 20

Immmm* 16

R DAt At et 0 ot A A et M ettt s 00 g ] 14

4

km

T(K)

O O OWN O O O OW

N At Aoy iy -«’12

2001 2003 2005 2007 2009 2011




T(K)

deseasonalized residuals
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EOF analysis of residuals for dT/dz
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Tropical temperature seasonal cycle (the big signal)
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* Large seasonal cycle, but difficult to isolate mechanism(s): both convection
and upwelling (and EP fluxes) have seasonal cycles

Examine deseasonalized variability



Balanced dynamical structure (Hoskins et al. 1985)
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Time series of tropical temperature residuals

deseasonalized
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Dynamical forcing of tropical upwelling

subtropical convergence
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