Supplementary Information

Zonal Wave 3 Pattern in the Southern Hemisphere generated by
tropical convection

Rishav Goyal'? ", Martin Jucker'?, Alex Sen Gupta'?, Harry Hendon® and Matthew H. England'?

1. Climate Change Research Centre, University of New South Wales, NSW, 2052 Australia

2. ARC Centre of Excellence for Climate Extremes, University of New South Wales, NSW,
Australia

3. Bureau of Meteorology, Melbourne, Australia

"Corresponding author: rishav.qoyal@unsw.edu.au




ERA—Interi

m

o
P

|
w
T

-10-

|
=
v
PRI

-20-

Bias in amplitude w.r.t. ERA-Interim [m]
N
wv
Lo le

|
w
=

———
-40

e

—— T
=30 =20

—
-10 0
Bias in phase w.r.t. ERA-Interim [degrees]

T
10

—
20 30

40

|

T |

o wn o w
[ T

—15

Bias in amplitude [m]
o

o

'

|
N
(¢

1

—30 ++——
—40

T
-30 -20

T
—-10 0

—
10

T T T T T T T T T

20 30

40

¥ooonooooooooosp>pppp>bee

0ooooooosbEhDRED%

ERAS
NCEP-NCAR
CMCC-CM
CMCC-CM5
EC-EARTH
inmcm4
IPSL-CM5A-LR
IPSL-CM5A-MR
IPSL-CM5B-LR
FGOALS-g2
MIROCS
HadGEM2-A
MPI-ESM-LR
MPI-ESM-MR
MRI-AGCM3-2H
MRI_AGCM3-2S
MRI-CGCM3
GISS-E2-R
GFDL-CM3
GFDL-HIRAM-C180
GFDL-HIRAM-C360
ACCESS1.0
ACCESS1.3
CSIRO-Mk3-6-0
NCAR-CESM

CESM
CMCC-CM
CMCC-CMS
CNRM-CM5-2
CNRM-CM5
inmcm4
IPSL-CM5A-LR
IPSL-CM5A-MR
IPSL-CM5B-LR
FGOALS-g2
MIROC-ESM-CHI
MIROC-ESM
MIROCA4h
HadGEM2-ES
MPI-ESM-LR
MPI-ESM-MR
MPI-ESM-P
MRI-CGCM3

Bias in phase [degrees]
Figure S1 | Fourier filtered zonal wavenumber 3 in a) reanalysis (ERA-Interim) and
b) model control (CTRL). Panel c) shows the comparison between three reanalysis
(ERA-Interim, ERA-5 and NCEP-NCAR) products and different Atmospheric Model
Intercomparison Project (AMIP) model simulations on their ability to represent the
ZW3 pattern in the SH extratropics and panel d) shows the comparison between



different coupled model simulations from the Coupled Model Intercomparison Project
5 (CMIP5). 30-year long simulations from 1979-2008 are considered from all three
reanalysis and for AMIP simulations from CMIP models. 100-year long simulations
are used for coupled pre-industrial control simulations from CMIP models Fourier
transforms are used to calculate the amplitude and the phase (location of the first
maximum) of the climatological mean ZW3 pattern. Bias is calculated by subtracting
the mean amplitude and phase of reanalysis and modeled ZW3 from the ZW3

obtained from ERA-Interim reanalysis. CESM is marked as black star.
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Figure S2 | Total wave energy (m?/s?) computed from meridional winds at 300 hPa

as a function of wavenumber and latitude in a) aquaplanet, b) SA-only and c) SA-

tropics simulations.
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Figure S3 | Waves in the Aquaplanet simulation. Zonal waves 1, 2 and 3 are shown
in first, second and third column respectively. Zonal waves are filtered using 300 hPa
geopotential height field at 55°S. Top row shows the total amplitude of each zonal
wave. Thick black line in the second row shows the mean amplitude of the wave and
the thin grey lines represent the mean amplitude in each year for 100 years of

simulation. Dashed black line in the bottom row represents the zero line.
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Figure S4 | Waves in South America only simulation. Zonal waves 1, 2 and 3 are
shown in first, second and third column respectively. Zonal waves are filtered using
300 hPa geopotential height field at 55°S. Top row shows the total amplitude of each
zonal wave. Thick black line in the second row shows the mean amplitude of the
wave and the thin grey lines represent the mean amplitude in each year for 100
years of simulation. Dashed black line in the bottom row represents the zero line.
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Figure S5 | Amplitude of ZW3 in different arrangements of landmasses in the
tropics. Grey lines represent simulations with individual landmasses in the tropics
with dotted, solid and dashed grey lines respectively for tropical South America,
tropical Africa and tropical Maritime continent simulations. Solid blue line is the linear
sum of the three grey lines. Black line represents Tropics simulation in which all
three tropical landmasses are present.
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Figure S6 | Zonal wave 3 amplitude and phase in the simulation in which only
Antarctica (with orography) is present in the model. First row shows a longitude-time
plot of ZW3 at 55°S in each month for 100 years showing the time evolution of ZW3
phase and amplitude. Thick black line in the second row shows the time mean
amplitude of the wave and the thin grey lines represent the time mean amplitude in
each year for 100 years of simulation. Dashed black line in the bottom row

represents the zero line.
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Figure S7 | Outgoing Longwave Radiation (OLR) for the tropical South America

simulation.
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Figure S8 | Streamfunction and wave propagation in the SA-tropics simulation.

Shading represents streamfunction at 300 hPa calculated from the perturbation

zonal and meridional velocities (zonal mean removed) and vectors represent wave

activity flux calculated using Takaya and Nakamura (2001) for the SA-tropics

simulation.
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Figure S9 | Shading shows the total wave energy (m?/s?) computed from 300 hPa
meridional winds in the tropical South America Simulation. Dashed black line
represents the stationary wavenumber (Ks) computed from Hoskins and Karoly
(1981)2 and blue solid line shows zonal mean zonal wind profile in the tropical South

America Simulation.
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Figure S10 | Vertical Velocity, Perturbation vorticity and eddy geopotential height for
midlatitude South America simulation. Panel a) shows vertical velocity at 300 hPa
(Pascals/sec). Panels b) and c) represent the perturbation vorticity (units are W,
where W =7.29x10° rad/sec, is rotational rate of earth) at 300 hPa and 850 hPa
respectively. Panels d) and e) represent eddy geopotential height corresponding to

wavenumber 3 (shading, in meters) at 300 hPa and 850 hPa respectively.
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Figure S11 | Vertical Velocity, Perturbation vorticity and eddy geopotential height for
Control (CTRL) simulation. Panel a) shows vertical velocity at 300 hPa
(Pascals/sec). Panels b) and c) represent the perturbation vorticity (units are W,
where W =7.29x10° rad/sec, is rotational rate of earth) at 300 hPa and 850 hPa
respectively. Panels d) and e) represent eddy geopotential height corresponding to
wavenumber 3 (shading, in meters) at 300 hPa and 850 hPa respectively.



