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Motivation

Mean age: average time elapsed since crossing tropopause

= commonly used measure for residual circulation (mass flux)
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Motivation

Mean age: average time elapsed since crossing tropopause
= commonly used measure for residual circulation (mass flux)

Obs ® SF,
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[Waugh,2009]

Change of stratospheric Brewer-Dobson circulation???
= discrepancy observations <> models! [e.g., Engel et al.2009; Butchart et al.,2
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Motivation

Mean age: average time elapsed since crossing tropopause

= commonly used measure for residual circulation (mass flux)

7

Obs ® SF,

Mean age (years)

Our goal:
= Analyze processes involved!
residual circulation & mixing 79

Change of stratosphei

= discrepancy observations <! their impact on mean age
«O>» «F P « Z» « =) = Q>
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Mean age and trend 1988-2012

Lagrangian chemistry transport model CLaMS
(ERA-Interim / diabatic heating rates / ‘clock-tracer’ age)

Simulation of mean age 1988—-2012
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Mean age and trend 1988-2012

Lagrangian chemistry transport model CLaMS

(ERA-Interim / diabatic heating rates / ‘clock-tracer’ age)
Simulation of mean age 1988—-2012

Mean Age

Mean Age trend
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Mean age trend:
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Stratospheric transport

[Waugh&Hall, 2002]
TROPOSPHERE
EQUATOR WINTER POLE
Brewer-Dobson circulation: residual circulation (slow)
isentropic
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Separate resid. circulation & eddy mixing effects

Separate circulation &
on mean age

effects

TROPOSPHERE

EQUATOR

WINTER POLE
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Separate resid. circulation & eddy mixing effects

Separate circulation &
on mean age

effects

TROPOSPHERE

EQUATOR
Isentropic zonal mean continuity eqn. for mean age I'

WINTER POLE

HT = —v'o,T—Q 9T
resid. circulation

1.
- Ea,(o/rf) + 1
Age variability

circulation tendency +
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Validity of isentropic zonal mean approach

Mean age tendency budget well closed!

ar = VT QW VM LA + 1

Mean Age —total tendency (jun) Mean Age —total/sum tendency (jun)
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Residual circulation vs. eddy mixing

Circulation

Mean Age - resid circ tendency
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circulation = decreases age in tropics, increases in extratropics

12N G4
1 May 2014 8/28

«O0» 4«5 » «

> « >

Felix Ploeger (FZ-Jilich) AoA variability, circulation & mixing



Residual circulation vs. eddy mixing
Circulation

Mean Age - resid circ tendency

Mixing

Mean Age - eddy tendency

-30 -24 -18

-12 -06 0.0 06
circulation = decreases age in tropics, increases in extratropics

tendency [month/ month]

mixing = increases age in tropics, decreases in extratropics
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Residual circulation vs. eddy mixing

Circulation Mixing
_Mea”n Age - eddy tende_ncy X
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Circulation & mixing effects:
circulation = decreas

. . - shallow & deep circulation branches
mixing = increases a

+ same order of magnitude, opposite!

= What controls age variability? — circulation? ;‘Z
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Control of mean age variability

correlation: mean age tendency (AoA) < circulation/mixing effect

tropics: ON / 600K

eddy: corr=0.07
resid circ: corr=0.88
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Control of mean age variability

tropics: ON / 600K
eddy: corr=0.07

correlation: mean age tendency (AoA) < circulation/mixing effect
resid circ: corr=0.88

subtropics: 40N / 600K
resid circ: corr=0.03
eddy: corr=0.79
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Control of mean age variability ——

correlation: mean age (AoA) tendency <« circulation/mixing effect

Circulation Mixing

correlation coeff.: AoA tendency —eddy
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Control of mean age variability ——

correlation: mean age (AoA) tendency « circulation/mixing effect

Circulation Mixing

correlation coeff.: AoA tendency —eddy
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Mean age control:
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Comparison: CLaMS «+ MIPAS observations s

CLaMS MIPAS

_Mean Age trend (CLaMS) Mean age trend (MIPAS)

Pot. temperature [K
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[Stiller et al.,2012]

Significant age increase in NH (subtropics) for 2002-2010
Age decrease in lower stratosphere
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Mean age variability: NH lower stratosphere
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Strengthening circulation effect 2002—2012 (blue) = age decrease
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Lowermost stratosphere (20N-40N/370K)
Mean Age of Air
trend: -0.08+0.02 year/dec

2006 2009

Mean Age tendency
— total total/sum

2006 2009
residual circulation & eddy mixing effects
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Mean age variability: NH lower stratosphere

Lowermost stratosphere (20N-40N/370K)
Mean Age of Air

Mean Age [month]

2006 2009

Mean Age tendency
— total total/sum

tendency [m/m]

tendency [m/m]

Shallow circulation branch:
Strengthening circulation effect 2002—-2="sirengthening (2002-2012)! om
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Mean age variability: NH subtropics » mipas

NH subtropical stratosphere (15N-45N/650K)
Mean Age of Air

Mean Age [month]

Mean Age tendency
= fotal total/sum
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residual circulation & eddy mixing effects
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Weakening circulation & mixing 2002—-2012 (blue & red) = age increaseeusm
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Mean age variability: NH subtropics » mipas

NH subtropical stratosphere (15N-45N/650K)
Mean Age of Air

Mean Age [month]

2006 2009
Mean Age tendency
= total total/sum

,/\\/\MJI’\/\N/JAL//\/\J\//VA\/\”/J \j.\ W \

2006 2009
resudual circulation & eddy mixing effects

tendency [m/m]

tendency [m/m]

NH subtropical stratosphere:

Weakening circulation i< \weakening circulation & mixing (2002-2012)1" ==
e e = o
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Circulation & mixing changes 2002-2010 (650K)

resid circ @ 650K (2002-2010)

trend [m/m/dec]
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circulation & mixing effects opposite (black) - even their trends (dashed)!

NH: trends opposite to mean effects = weakening circulation & mixing!
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Circulation & mixing changes 2002-2010 (650K)

resid circ @ 650K (2002-2010)

trend [m/m/dec]
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circulation & mixing effects opposite (black) - even their trends (dashed)!

NH: trends opposite to mean effects = weakening circulation & mixing!
Weakening circulation & mixing:

= southward shift of circ/mix patterns?
= shift of mixing barriers? 1« s e m

LI N S B —an San e an = a 464
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Summary & conclusions

=

Separation of resid. circulation & mixing effects on mean age (continuity eqn.)
circulation & mixing effects opposite (‘delicate balance’)

tropics: circulation controlled mean age variability
age increase in

= shift?
age decrease in lower stratosphere: strengthening shallow circulation branch
Felix Ploeger (FZ-Julich)
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Mean age variability: tropics

Tropical stratosphere (5S-5N/600K)
Mean Age of Air
40 E trend: —0.23£0.02 year/dec
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residual circulation & eddy mixing effects
circ=—0.02+0.10,mix=-0.02+0.02 1/déc:

tendency [m/m]

Age variability follows residual circulation variability =~ _ _  _, e
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Mean age variability: SH subtropics

SH subtropical stratosphere (30S-15S/600K)
Mean Age of Air
trend: —0.40+0.02 year/dec

Mean Age [month]
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Mean Age tendency
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VIR s
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residual circulation & eddy mixing effects
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Strengthening circulation & mixing = age decrease  _ . ., .., m'@
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Mean age variability: NH subtropics

SH subtropical stratosphere (30S-15S/600K)
Mean Age of Air

Mean Age [month]
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Mean Age tendency
= total total/sum
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Weakening circulation & mixing = age increase o
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Mean age variability: SH polar vortex

Polar stratosphere (85S5-70S/500K)
Mean Age of Air
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2010

residual circulation & eddy mixing effects
fcirc= 0.1120.17,mix=-0.20£0.26 1/d&¢

tendency [m/m]

Strong mixing when vortex breaks up
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Mean age as measure for BD-circulation?

1995-2099
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[Austin&Li, 2006]
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Mean age of air I'

— ~ Stratosphere
Troposphere_ P
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Models: ‘clock-tracer’ with linearly increasing mixing ratio in troposphere

X%, 1) = 2P (t - T(x,0)) = y(t-T) o

<
PR

Observations: from SFg, CO, mixing ratios...
Here:
model = mean age and trace gas data
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Residual circulation vs. eddy mixing

Separate circulation &

effects
on simulated trace gases/mean age

TROPOSPHERE
EQUATOR WINTER POLE
Isentropic zonal mean continuity egn. for trace gas mixing ratio x
X =-Vyx—Q dx - %at(cTc')
resid. circulation
... formean age use y = y(t—T)

_ I 1.
atrsz‘()yer ool fg8t(c’l") + 1
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Control of mean age variability

» control

correlation: age tendency <« circulation/mixing for annual averages

Circulation Mixing

correlation coeff.: AoA tendency - resid circ

/‘/E

correlation coeff.: AoA tendency — eddy
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Pot. temperature [K]

Mean age control:
= circulation: tropics & high-lat upper stratosphere
= mixing: subtropics, mid-lat & polar vortex
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Control of mean age variability

» control

correlation: age tendency <« circulation/mixing for annual averages

Circulation Mixing

correlation coeff.: AoA tendency - resid circ
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correlation coeff.: AoA tendency — eddy
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Mean age control:
= circulation: tropics & high-lat upper stratosphere
= mixing: subtropics, mid-lat & polar vortex
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Our model tool CLaMS

driven by given wind fields

Chemical Lagrangian Model of the Stratosphere: a trajectory based CTM
Advection
Chemistry

along the trajectories

Advection

Tracer
transport

Chemistry

Advection Mixing
(Trajectories) (Adaptive grid)
(reversible) (irreversible)
(courtesy of Paul Konopka)
«AEFr AE» =
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