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Introduction and Motivation

e Strengthening of the Brewer-Dobson Circulation with climate
change is evident from literature

(e.g. CCMVal, 2010; Butchart et al., 2006/2010)

e But: Causes and effects remain uncertain

» Selected sensitivity studies can help to understand mechanisms
Here:

e Chemistry-Climate Model simulations in timeslice mode for past,
present and future climate

e Separation of changes due to greenhouse gas (GHG) concentrations,

sea surface temperatures (SST) and sea ice concentration (SIC) vs.
chlorofluorocarbons (CFC)
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Model and Experiments

Model: EMAC (in FUB-configuration)

ECHAMS/MESSy Atmospheric Chemistry Model
(Jockel et al., 2006)

Chemistry-Climate Model (CCM) with FUBRad-Radiation
parameterization (Nissen et al., 2007 )

Horizontal resolution: T42 (2.8 x 2.8°)

Vertical Resolution: 39 (top in 0.01hPa)

No interactively coupled ocean — SST/SIC prescribed

Gravity wave parameterization:
o Non-orographic - NGWD: Hines, 1997 (— model output)
o Orographic - OGWD: Lott and Miller, 1997 (— no output)
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Model and Experiments

* Timeslice Simulations: Integration of at least 20 years under equal
boundary conditions, solar mean radiation

Name Timeslice GHG CFC SST/SIC
2000 Reference 2000 2000 1995-2004
‘ ‘ Present (MPI-OM) _
‘ 1865 Reference 1865 1865 1860-1869
Past (MPI-OM)
‘ 2095 Reference 2095 2095 2090-2099
Future (A1B-scenario) | (Al-scenario) (MPI-OM) _
SEN2095 Sensitivity 2095 2000 2090-2099
Future (A1B-scenario) (MPI-OM) _ _
2000-1865: 2095-2000:
Past Future
GHG + SST: CFC:
Future Future
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A Temperature [K/decade] - DJF

— Strongest dynamical changes in northern hemisphere winter — DJF

2000-1865: 2095-2000: GHG + SST: CFC:
Past Future Future Future
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A Zonal wind [m/s/decade] - DJF

2000-1865: 2095-2000: GHG + SST: CFC:
Past Future Future Future
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A Mass streamfunction [10°kg/s/decade] — DJF
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Definition - Tropical upward mass flux [10°kg/s]

Integration of the mass streamfunction within the turnaround latitudes
<~ BDC-strength

Reference Simulation (2000) - DJF .
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A Tropical upward mass flux [%/decade] — DJF
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Past: small mass flux
increase (0 - 0.7%)

Future: mass flux
increase of less than 1%
(upper stratosphere) to
2% (lower stratosphere)

GHG+SST exceed total
future effect in lower
stratosphere and

compensate opposed
effect from CFC

I:> Which waves are responsible for the changes?
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Separation of different scale waves — Application of the
downward-control principle to model data

total Forcing:
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(all waves)
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from direct calculation

with: T = acosg(u + aflcoso)

Upoc = VYeEprp +Yaw D = Vdirect

(Haynes et al., 1991)

—— mass streamfunction due to EPFD and
NGWD from model data, OGWD as residual
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Tropical upward mass flux [% (direct)]

Reference Simulation (2000) - DJF
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A Tropical upward mass flux [% (direct)/decade] - DJF
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A Tropical upward mass flux [% (direct)/decade] - DJF

2000-1865: 2095-2000:
Past Future
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Resolved waves (temporal):
* Lower stratosphere: Transient waves dominate, even larger signal for future

* Middle stratosphere:
Stationary waves determine mass flux for past instead of OGWD for future
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A Tropical upward mass flux [% (direct)/decade] - DJF
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SHARP EGU General Assembly Sophie Oberldnder | . (i ersicst /Ll §

FUB * DLR * JWGU *MPI-M « KIT « UH * UBR * MPI-C

Aoy s

April 26, 2012




2095-2000:
Future

A Tropical upward mass flux [% (direct)/d

GHG + SST:
Future

ecade] - DJF

CFC:
Future

1
direct all 7 direct all & — direct all
— EPFD —— EPFD i —— EPFD
— — stationary —— stationary ! f — — stationary 45
2 == transient —--= transient 21 4 . =u= transient
~ = planetary © —— planetary - \ —— planetary
3 —--= synoptic - T3 —--= synoptic - o 3 \ —= synoptic
I @ 40 [ : 40
—— 0GWD E = —— 0GWD £ g < —— 0GWD
—— NGWD = —— NGWD = N " —— NGWD
5 - 25 v 2 51 \
5 @ ) 2 "\
4 o = 4 0
» 3 ¢ ( . %8 : j 35
10 10 ; h 104 {
0 ; A ) “R 30
, . ;\ / }
0 Py bl / 20 / synoptic
g planetary p 25
5 ot k25 | f
30 »{ synoptic . 3 Ly
- p
50 50 50
- — 1 . ; 0 20 b
70 . - - . - ; - - . 70 : : d —s ; : ; . 70 ; T . | , , , ‘ . ;
-2 -15 -1 -05 0 05 1 15 2 25 3 35 -2 -15 -1 -05 05 1 15 2 25 3 35 -2 -5 -1 -05 0 05 1 15 2 25 3 35

Mass flux [%(direct)/decade] Mass flux [%(direct)/decade] Mass flux [%(direct)/decade]

e GHG+SST: Account for nearly total future change in tropical upward mass-flux
e GHG+SST < CFC: opposed changes in planetary and synoptic scale waves

* More planetary scale waves due to (GHG+SST)-changes

* More synoptic scale waves du to CFC-changes

e Nearly no net effect for Future

Stratospheric Change
2 feole for Climate
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Summary

Increase in GHG+SST:
* Tropospheric warming <« stratospheric cooling
* Intensification of subtropical jets

e Enhanced wave generation and propagation — Strengthening of tropical
upward mass flux (~BDC)

* lower stratosphere:
— resolved waves dominate
— Future increase in transient waves

e middle stratosphere: OGWD more important for future
e upper stratosphere: gravity waves (NGWD+OGWD)
Future CFC-decrease: No significant BDC-change

Thanks for listening!
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