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Questions

 What drives the Brewer-Dobson Circulation?

- How will the Brewer-Dobson Circulation respond to anthropogenic forcing?



What drives the Brewer-Dobson Circulation?

For the primitive equations
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What drives the Brewer-Dobson Circulation?

In models ...
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pressure (hPa)

The JJA

residual mean mass streamfunction (kg 5"1)

Residual Circulation in ECHAMG6
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pressure (hPa)

Sreaking down the
streamfunction
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pressure (hPa)

EPFD, OGWD (m s~ day™)
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Puzzle pieces fit together to provide a smooth
circulation!

70 hPa residual streamfunction
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This decomposition of the BDC is used to assess
the roles of each type of wave driving.

70 hPa residual streamfunction

— Direct
— EPFD+GWD
m— FPFD

NOGWD
— OGWD

80 -60 —40 —20 0 20 40 60 80
latitude
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Mass Flux (10°%kg s™1)

What drives the

Srewer-

Dobson Circulation?

(a) Annual mean upward mass flux at 70 hPa
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Mass Flux trend (% per decade)

What drives change in the Brewer-

(c) Annual mean mass flux trend at 70 hPa, 2000-2049
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What “drives” the BDC?
—xperiments with an idealized GCM

 dry primitive equations on the sphere

* Newtonian relaxation of temperature
to radiative-convective equilibrium
profile [Held and Suarez 1994; b) zonal mean zonal wind (m s™")
Polvani and Kushner 2002]

- Simple large scale topography
[Gerber and Polvani, 2009]

» Alexander and Dunkerton [1999]
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mass streamfunction (109 kg 3'1)

What “drives” the
—xperiments with an idealized GCM
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What is going on here?
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For what torques is the circulation reasonable’?
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For what torques is the circulation reasonable’?
Stability depends critically on meridional scale
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Stability of the circulation for a compact torque
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Test the prediction

5 10 15 20 25
L (degrees)

NarroOw L=2.5 |
L=5.0 |
L=7.5
L=10.0
L=12.5
L=15.0 |
L=17.5 n
L=20.0 I —

: L=22.5 |
wide (=250 |

I012 | Oi4 OI6 Oi8 1
compensation

o



s the circulation really going unstable®?



s the circulation really going unstable?
Yes (at least in some models)
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Interaction between wave driving suggest that the
“forcings” are somewhat fungible.

F=V- -F+Goow +

Y =vVeprp + Yoow +



Interaction between wave driving suggest that the
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How will the Brewer-Dobson Circulation respond to
anthropogenic forcing?



Mass Flux trend (% per decade)

* Models uniformly predict that it will increase [e.g. Butchart et al. 2012,
but can’t be validated w/ available measurements [e.qg. Garcia et al. 2071].

* Do we understand why?

(c) Annual mean mass flux trend at 70 hPa, 2000-2049
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Contributions of Anthropogenic
and Natural Forcing to Recent
Tropopause Height Changes

B. D. Santer,’ M. F. Wehner,? T. M. L. Wigley,? R. Sausen,*
G. A. Meehl,? K. E. Taylor,’ C. Ammann,® ). Arblaster,?
W. M. Washington,? J. S. Boyle,” W. Briiggemann®
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Effect of Different Forcings on Tropopause Height
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Meridional overturning of the atmosphere decays
rapidly from the troposphere to stratosphere
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Meridional overturning of the atmosphere decays
rapidly from the troposphere to stratosphere
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—xperiments with the Free University Climate Model
(EMAC = ECHAM MESSyYy Atmospheric Chemistry)

Tropical upward mass flux @ 100 hPa

NEIFEEY
L Lot ’ Al
W%J;" Ky !:,‘.’...v;l’t,‘,\,;,"“;",’ “) iy ‘W" 'u” w’ [ ““ “,]““‘.YVH w' y‘)

1960 1980 2000 2020 2040 2060 2080 2100
RCP4.5 RCP6.0 RCP6.0—0 RCP8.5

?

coupled integration w/

\ S
atmosphere only integrations, M- oo model,
6.0 Wm™™ scenario

SSTs from coupled mode
with 4.5, 6.0, and 8.5 Wm™
greenhouse gas forcing scenario




—xperiments with the Free University Climate Model
(EMAC = ECHAM MESSy Atmospheric Chemistry)

Tropical upward mass flux @ 100 hPa
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The importance of how we average:

on pressure levels
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Pressure |hPa]

The importance of how we average:
on pressure levels or relative to tropopause
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Different averaging:

mass flux across tropopause
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Quantifying the impact of the rise in the circulation
on the mass flux at a pressure level (i.e. 100 hPa)
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Quantifying the impact of the rise in the circulation

on the mass flux at a pressure level (i.e. 100 h
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Partitioning the increase Iin the residual circulation
at 100 hPa in EMAC

(a) A Tropical upward mass flux (Fu,) @ 100 hPa
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Partitioning the increase Iin the residual circulation
at 100 hPa in EMAC

(a) A Tropical upward mass flux (Fu,) @ 100 hPa
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Partitioning the increase Iin the residual circulation
at 100 hPa in EMAC

(a) A Tropical upward mass flux (Fu,) @ 100 hPa
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Results are consistent in other CCMI atmospheric
models (all RCP6.0 integrations)

a) Tropical upward mass flux
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Results are consistent in other CCMI atmospheric
models (all RCP6.0 integrations)

a) Tropical upward mass flux b) A Tropical upward mass flux
[10%kgs™] [%/decade]
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Conclusions

 What drives the Brewer-Dobson Circulation?
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Downward control can be misleading.
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Conclusions

 What drives the Brewer-Dobson Circulation?

Downward control can be misleading.

To move forward
e focus on gravity wave momentum drag itself [DynVarMIP]
e connect models with observations through data assimilation



Conclusions

 What drives the Brewer-Dobson Circulation?

Downward control can be misleading.

To move forward
e focus on gravity wave momentum drag itself [DynVarMIP];
e connect models with observations through data assimilation.

Gravity waves key role Is to
steer Rossby waves.

SYNoptic ang planetary
) waves




Conclusions

- How will the Brewer-Dobson Circulation respond to anthropogenic forcing?



Conclusions

- How will the Brewer-Dobson Circulation respond to anthropogenic forcing?

The Brewer-Dobson Circulation is rising with the rest of the circulation

- explains robustness of the increase at a given pressure level
across GCMs with varying representation of the stratosphere

- complements focus on rising critical levels by Shepherd and
McLandress (2011), emphasizing that mechanism depends
primarily on tropospheric response to greenhouse gases

* inter-model differences in wave driving likely reflect tuning and
limitations of current gravity wave parameterizations, but not
fundamental gap in our understanding






Conclusions

- Parameterized gravity waves strongly interact with the resolved circulation
- compensation (mixing and instability)
 nonlinear impacts through index of refraction

- Downward control analysis can be misleading

- strong and/or narrow forcings, particular in the surf zone, are likely to
be compensated: think OGW (as they are parameterized in GCMSs)

- weak and/or diffuse forcing can have strong indirect impact: NOGW
- The Brewer-Dobson Circulation is rising with the rest of the circulation

 explains robustness of the increase at a given pressure level across a
range of GCMs with varying representation of the stratosphere

- a fundamental response of the atmosphere to greenhouse gas forcing

- inter-model differences in wave driving likely reflect tuning and
limitations of current gravity wave parameterizations, but not
fundamental gap in our understanding



