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Outline

 Global-scale: how do gravity waves interact with the

stratospheric zonal-mean flow? (Cohen, Gerber and Buhler 2013 and
2014)

* Regional scale: how do gravity waves interact with the
large-scale precipitation field? (cohen and Boos 2016 and 2017)
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Two approaches to investigate the BDC dynamics
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Two approaches to investigate the BDC dynamics
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Two approaches to investigate the BDC dynamics

It’'s a coupled system!
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(unresolved) gravity waves are important too!
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Standard practice: linearly additive downward control
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Standard practice: linearly additive downward control

Current climate, CCMVal2 report
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illusion)of (downward)
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Thelillusion)of (downward) control
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Two key regions: inside and near

Inside near
50}
E 401
= 30F
80
L
T ok
10F
0 1 1 [ [ | |
-60 -40 -20 0 20 40 60

Latitude £
Cohen, Gerber, and Buhler 2014 SUurt Zzone




Surf-zone interactions

1D PV Staircase model
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Surf-zone interactions

1D PV Staircase model
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Surf-zone interactions

1D PV Staircase model q, = 0
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Surf-zone interactions

1D PV Staircase model

Waves respond inside
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Surf-zone interactions

b) mixing pattern
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Near surf zone interaction
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Nonlinear

*Nonlocal

*Highly dependent on the
current state

*Hard to predict
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Near surf zone interaction

perturbation
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Outline

* Regional scale: how do gravity waves interact with the
large-scale precipitation field? (cohen and Boos 2016 and 2017)



Regional scale: part 1
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Integrated GWD (MERRA, DJF 1979-2012)
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Tropical rainfall and the extratropical waves
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The statistical association between the

MJO and GW drag over Tibet

-0.7 ¢

m s~ day)

— -0.85+

GW drag

-

Cohen and Boos 2016

-0.75 ¢

-0.8

-0.9

-0.95 ¢

-@-

\4\+

SN

R = —0.8

MERRA & NOAA OLR (DJF, 1979-2013)

ka

ase 1
ase 2
ase 3
ase 4
ase 5
ase 6
ase /
ase 8

235

240 245 250

OLR (W m?)

255




The statistical association between the
MJO and GW drag over Tibet

GWD / OLR data source Correlation
MERRA / NOAA OLR
MERRA* / NOAA OLR

MERRA / MERRA
JRASS5 / NOAA OLR
JRAS5* / NOAA OLR

JRAS5 / JRASS5

All linear regression slopes are negative and statistically
significant.  * for “highly defined” MJO event



Horizontal structures of MJO and GW drag
anomalies

MJO phase 3 (MERRA)
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Simple mechanism for the interaction
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Daily GW drag and OLR anomalies during the
winter of 1987-88
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Regional scale: part 2
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Regional scale: part 2
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Regional scale: part 2
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Regional scale: part 2
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Regional scale: part 2
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Regional scale: part 2
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Regional scale: part 2

* Increased precipitation to the south, and decreased to the north
 Poleward shift in the precipitation pattern (ITCZ)

AGWD (100hPa) and APrecipitation
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Take-home points

» Gravity waves have (sometimes surprising) zeroth-order
contribution to the zonal-mean flow that must be taken

INto account or at least considered

* The largest source of gravity waves is the Tibetan
Plateau, and this results in significant interactions with
the large-scale equatorial convection



w/ minus w/o GWD over the Plateau

AGWD (100hPa) , Az (500nPa) and AW(SogOhPa)
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Outlook
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Two paradigms for interpreting BDC dynamics

/ downward control Q

conventional paradigm: wave forcing mean flow

@ refractive index /
/ PV impact @ / PVinversionQ

mOdIfled paradigm - wave forcing surf zone mean flow

OPV relaxation / Gefractiveindexj




Stability depends critically on meridional scale

Stability constraint: ¢, > 0 A

Using Quasi Geostrophic scaling -
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Even more: constraint on the total wave driving

1D PV Staircase model The zonal-mean QG PV equation
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Even more: constraint on the total wave driving

pressure (hPa)
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