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Madden-Julian Oscillation
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Madden-Julian Oscillation

Impacts of the MJO:

* North Atlantic weather regimes

* North Atlantic weather forecasts

* Tropical cyclones

* Tornado outbreaks

* North American west coast winter precipitation
* North American east coast cold air outbreaks
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Madden-Julian Oscillation

MJO in CMIP5 climate
models

Precipitation: Colors
850hPa U-Wind: Contours

The MJO is the “Holy Grail”
of climate research

a4 GPCP&ERA-int  (0.71)

- o

Wavenumber
(=3 N

-0.04 -0.02 0.0
Frequency(cycle da

d BNU-ESM (o 57)

Wavenumber
[a+] L =

o

Frequency(cycles/day)

Gg CMCC—-CM (0.68)

Wavenumber
o (] -

—-0.04 -0.02 (7
Frequency(cycle day)

J FGOALS—g2 (0.42)

6
4-

-0.04 -0.02 ;
Frequency(cycles day)

Wavenumber
[

o

m GFDL— ESMZM (0.56)

Frequency(cycles/day)

o e »

Wavenumber
o

P IPSL-CM5B—LR (0.73)
1

[ 3

Wavenumber
o

—0.04 -0.02 0 0.0, 0.04
Frequency(cycles/day)

S MIROC-ESM—-CHEMo.48)

- o

Wavenumber

—0 04 —0.02 0.0
Frequency(cycle /eday)

0.002

0.008 0.01

b BCC—-CSM1-1 (0.6%)

E N,

Wavenumber
o

-0.04 -002 0 0.02 004
Frequency(cycles/day)

€ CanESMR (0-62)

ha

-0.04 -0.02 0 0.02 0.0
Frequency(cycles/day)

Wavenumber
[a-] L [=3

o

P h cMcc-cMs (0.71)
a

B4

5

g2

-0.04 -0.02
Frequency(cycles}day)

e k FGOALS—s2 (0.82)
Q

B4

5

g2

&

= 0

-004 -002 0 0. 0,04
Frequency(cycles/day)

n IPSL-CM5A—-LR (0.56)

»

Wavenumber
o

.04 -0.02 0 0.02 0.0
Frequency(cycles/day)

g MIROC5 (0.85)

[ I N,

Wavenumber
o

-0.04 -002 0 0.02
Frequency(cycles/day)

t MPI-ESM-LR (0.60)

Wavenumber
Ea-d -~ (-3

o

-0.04 -002 0 _0.02
Frequency(cycles/day)

I I
0.018

0.014

0.022

¢ BCC—CSM1—-1—m (0.53)

~ o

Wavenumber
(=1} [l

-004 -002 0 0.02 004
Frequency(cycles/day)

f cucc—cEsM (0.85)

Wavenumber
[a+] > (=

o

0.04 -0.02 0 0.02 0.0
Frequency(cycles/day)
i CNRM-CM5 (0.84)

o

Wavenumber
o [a~] >

-0.04 -0.02 f
Frequency(cycles day

| GFDL-ESM2G (0.58)

Wavenumber
[ > o

o

-0.04 -0.02 ;
F‘requency(cycles day

0 IPSL-CM5A—MR (0.62)

Wavenumber
o

.04 -0.02 0 0.02 .
Frequency(cycles/day)

b I' MIROC—ESM (0.52)
re)
] :
52
<
2o

-0.04 -0.02 0 0.0: 0.04
F‘requency(cycles/day)

u MPI-ESM-MR (0.60)

o

Wavenumber

R
0

-004 -002 0 002 004
Frequency(cycles/day)

0.0286 0.03

Ahn et al. 2017

ENERGY TRANSFERS IN
ATMOSPHERE AND OCEAN

ce n"'



Normal Mode Decomposition

Geosci. Model Dev., 8, 1169-1195, 2015
www.geosci-model-dev.net/8/1169/2015/
doi:10.5194/gmd-8-1169-2015

© Author(s) 2015. CC Attribution 3.0 License.

Normal-mode function representation of global 3-D data sets:
open-access software for the atmospheric research community

N. Zagar!, A. Kasahara?, K. Terasaki’, J. TribbiaZ, and H. Tanaka3

!'University of Ljubljana, Faculty of Mathematics and Physics, Department of Physics, Ljubljana, Slovenia
ZNational Center for Atmospheric Research, Climate and Global Dynamics Division, Boulder, Colorado, USA
3University of Tsukuba, Center for Computational Sciences, Tsukuba, Japan

Based on earlier work by Kasahara in the 1970s.
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Normal Mode Decomposition

Linearized primitive equations:
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Normal Mode Decomposition

Separation into vertical and horizontal

structure functions:
[/ v 0] O g0 0) = [u, v, k1T, 0. 1) x G (o).

d dG H
R +2G=0,
do \ S do D

)

— W4+ LW =0,

ot

where W denotes the vector dependent variable

W=@@1v,h"
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Normal Mode Decomposition

Horizontal Structure equations
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Normal Mode Decomposition

H is eigenfunction of L
LH, =1y H,,

Hough harmonic functions
Hi (A,9) = @ﬁ@j)exp(iki)' [ U(g)

Ol p)=|-iV(p) |
| Z(9)
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Normal Mode Decomposition

Advantage of this approach:
* Mass and wind fields are in balance
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Normal Mode Decomposition

Solving “wiLw=o0.
ot

leads to two dispersion relationships

* first kind: west- and eastward Inertio-Gravity waves
* inertial terms dominate Coriolis terms
* unbalanced flow

—k k* n(n+1)
F/’ — :I: - P —I_ 2012
2n(n + 1) 4n2(n + 1)2 da” <)

gD
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Normal Mode Decomposition

Solving “wiLw=o0.
ot

leads to two dispersion relationships

* second kind: westward Rossby-Haurwitz waves
* Coriolis terms dominate
* balanced flow

—2Qk
n(n+ 1)

/) =
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Equatorial Waves

Theoretical Dispersion Relationships for Shallow Water Modes on Eq. B Plane
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Kelvin Wave

Equator

ig. 11.15 Plan view of horizontal velocity and height perturbations associated with an equatorial
Kelvin wave. (Adapted from Matsuno, 1966.)

* Non-dispersive
* Balances Coriolis forces against a wave-guide
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Equatorial Rossby Wave
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Inertio-Gravity Wave
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Climatology
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Figure 4. Vertical structure functions for (a) the first seven vertical modes and (b) modes 10, 15, 20, 30, 40 50 and 60, derived using the 60
model levels of ERA Interim; (c) same as (a) but for the 21 model levels closest to the standard 21 pressure levels.
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Climatology
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MJO: Rossby Flow

850hPa 200hPa
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200hPa

MJO: Inertio-Gravity Flow

850hPa

10
o
-104

-20

cen

ENERGY TRANSFERS IN
ATMOSPHERE AND OCEAN




MJO
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MJQO: Extra-Tropics

Lag 0 days Lag +5 days Lag 0 days Lag +5 days
Phase 1 Phase 5

Rossby Flow
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MJQO: Extra-Tropics

Lag 0 days Lag +5 days Lag 0 days Lag +5 days
Phase 1 Phase 5

Inertio-Gravity
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Summary

* New tool to decompose flow fields into Rossby
and Inertio-Gravity components

* Major IG MJO component is the Kelvin mode

* Rossby flow is more dominant for MJO
* Rossby components 93% of kinetic energy
* |G components: 7% of kinetic energy

* |G flow propagates also into the extra-tropics
Reference:

Franzke, C., D. Jelic, S. Lee and S. Feldstein, 2018: Systematic
Decomposition of the MJO and its Northern Hemispheric Extra-
Tropical Response into Rossby and Inertio-Gravity Components.
Q. J. Roy. Meteorol. Soc., submitted.
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