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OUTLINE

« What is the Tropopause Inversion
Layer (TIL)?

e The TIL in Observations and Models

« Mechanisms that might form and
maintain the TIL (large-scale
dynamics vs radiation)
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Annual Mean Climatology @ 45 N from
High-Resolution Radiosoundings
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Annual Mean Climatology @ 45 N from
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Zonal Averages, N? & Isentropes
Sondes ('98-'02), Tropopause-Based
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Zonal Averages, N? & Isentropes
Sondes ('98-'02), Tropopause-Based
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Thuburn & Craig 2002, JGR:
Radiative-Convective Equilibrium
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Discovery of the Tropopause:1902
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Zonal Averages, N? & Isentropes
Sondes ('98-'02), Tropopause-Based
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Zonal Averages: Tropopause-Based N2
GPS ('01-'06): Randel et al. 2008, JAS
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Other observational studies

« Pan et al. 2004, JGR: aircraft MTP
measurements

Bian & Chen 2008, Adv. Atm. Sci.: layer
of enhanced stability in vicinity of
tropopause - N°__ located slightly higher
Bell & Geller 2008, JGR: standard
radiosonde data (low-resolution) shows
TIL; when degrading radiosondes towards
coarser level spacing TIL resembles the
one found in CMAM ...




CMAM & ERA40

« Canadian Middle Atmosphere Model
(CMAM) @ T47L71, i.e. vertical
resolution near tropopause ~ 1 km

« ERA40 on model levels (T159L60),
1.e. vertical resolution near
tropopause ~ 0.8 km




Zonal Averages, N? & Isentropes
CMAM (free-running, equilibrated)
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Zonal Averages, N? & Isentropes
ERA40 ('98-'02), Tropopause-Based
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TIL in other CCMs

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, D22308, doi:10.1029/2006JD007327, 2006

Assessment of temperature, trace species, and ozone in chemistry-
climate model simulations of the recent past
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Vertical Profiles of N2
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Mechanisms



Cyclone-Anticyclone-Asymmetry
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Wirth (2003)

positive PV-Anomalies
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Cyclone-Anticyclone-Asymmetry

Z (km)

Radiosonde-
Climatology for 45 N
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Radiative response to ¢
water vapor and ozone "‘;:
in the lowermost *;
stratosphere 5
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“Radiative” Mechanism

H O enhanced in TIL (compared to

background stratosphere) due to
Stratosphere-Troposphere-Exchange
= Extratropical Transition Layer (ExXTL)

v

Radiative Cooling just
above the Tropopause




Extratropical Transition Layer

O, [ppbv]

Hoor et al. (2004), SPURT aircraft measurements in
February 2003, between about 40—80 N over Europe
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Idealized Simulations

Mechanistic GCM (dry),

Idealized baroclinic Held-Suarez: Son &

Distance from the TP (km)

Lifecycles: Wirth & Polvani (2007)
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Coupling of Residual Circulation
and Thermal Structure of the
Tropopause Region (TIL)

Birner 2008, in prep.



gravity wave breaking from Vallis (2006)
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Transformed Eulerian (~ Residual)
Mean Thermodynamic Equation

0B +TOB 4708 ~ 1
Residual Vertical & Diabatic Heating

Meridional Velocities (mainly radiative in
the stratosphere)

Neglect 7% contribution (for now) and
form equation for N? = ¢g© 0.0O:
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Vertical Structure of residual
vertical Velocity and Static Satbility

January [45N,60N]

20— v '\'I 2017 [, 1
I ' : I I !
» ! I
- I K .~ CMAM !
E T T ERA40 !
";' 15[ ! § (1998-2002) ! "
© I \ :
E i
s |
2 10
(@) )
L=,
] I T -1 A

0.8 -04 0.0 1 3 5
W'(10°ms") N’ (10°s?)



Transformed Eulerian (~ Residual)
Mean Thermodynamic Equation

0,0 +1w0.0+79,0 ~
Newtonian Cooling _—" ~ ad((—)rful N (—))

Approximation

Use prescribed " and 7* obtained from CMAM for DJF
and JJA and simulate equilibrium response given a sim-
ple N2 . (and corresponding ©,,q) distribution (i.e. no
maximum above tropopause present in N2 ).

Here, 7., = 30 days in extratropical stratosphere.
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Simulated Equilibrium Response
N? & Isentropes (after ~ 100 days)
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Zonal Averages, N? & Isentropes
CMAM (free-running, equilibrated)
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gravity wave breaking from Vallis (2006)
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Simulated Equilibrium Response
N? & Isentropes (after ~ 100 days)
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Annual Cycle of H O & Static Stability

H.O: (ppmm)
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Conclusions

*TIL: ubiquitous layer of enhanced static
stability just above the tropopause

e CMAM reproduces TIL: large-scale cause?
-H,O (and O,) radiative effects might cause
TIL (mainly in summer?)

Vertical structure of residual circulation
might cause TIL (mainly in winter?), for
controversy see Poster P91 (Son et al.)

Smaller scale dynamics (e.g. gravity waves)?







Annual Cycle of residual vertical
Velocity Structure and Static Satbility

CMAM, 45-60N
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Annual Cycle of residual vertical
Velocity Structure and Static Satbility
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Annual Cycle of residual vertical
Velocity Structure and Static Satbility

CMAM, 60-90N
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H.O;; (ppmm)

H.O,. & N°,, - CMAM, 45-60

60-90N

e \Winter: weak relation-
ship between residual
circulation and szax

« SUMMer: HZO radiative

cooling @ tropopause,
i.e. pronounced N*

aX
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« Winter: strong relation-
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- Summer: N* _ not very
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