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Higher than

P u rpose eddy-permitting

o Can an eddy resolving (~0.1 degree) ocean model
improve the skill of seasonal prediction?

o The problem is computational costs

$ Ocean regional hesting model

Global earth system model ~ Global ocean model: GONDOLA_100  Tropical Ocean model
(TL159xL80; CMIP6 version) (1.0x0.5xL60bbl; CMIP6 version) (0.2x0.1xL60; 19°S-17°N)

Every time

. Coupling |8
S every 1hr




Experimental Design

 CMIP6-type historical experiment
— All anthropogenic and natural external forcing are given
— CTL: 1951-2010, Nesting: 1951-2010
— Spinup: first 10 years
* Application to seasonal forecasting (CTL vs Nesting)
— Initialization: SST nudging (MGDSST, t=1day), 1985-2015

— Hindcast experiments:
Initial: 01 Jan, 1991-2015, Ensemble size: 3, 1year forecast

Global earth system model ~ Global ocean model: GONDOLA_100  Tropical Ocean model
(TL159xL80; CMIP6 version) (1.0x0.5xL60bbl; CMIP6 version) (0.2x0.1xL60; 19°S-17°N)

Bl Every time
Coupling step'
every lhr il Interactive iy
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WHAT IS EXPECTED?



Tropical Instability Waves (TIWs)

TMI SST (2 4 Sep 1999)
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Previous Studies

Roberts et al. 2009 (J.

Climate)

— Based on HadGEM1
resolution matrix

Shidorenko et al. 2015,

Rackow et al. 2016
(Clim. Dyn.)

— ECHAMG6-FESOM:
(Atm: T63L47,
top0.01hPa, Ocn:

150km

— Comparison
between default
resolution and
tropics-low-
resolution (~1 deg)
version

HadGEM1 resolution matrix

NO6: 1.5° N144: 1.0°
=135 km =090 km
1/3° Cross-resolution HiGEM1.1
=33 km LoHi HiHi
1°—1/3° HadGEM1.1 Cross-resolution
=110 km LoLo Hilo

ECHAMG6-FESOM

M
s

E
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Improvement in
v Eddy meridional heat flux due to

TIWs -> reduce SST cold biases
v’ Equatorial SST gradient
v’ Trade winds
v Equatorial zonal currents
v Thermocline structure
v ENSO spatial distribution
v’ Clearer ENSO peaks in power

spectrum



Asymmetric relationship between TIWs and ENSO
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Impacts of TIWs on ENSO skewness

Imada and Kimoto (2012) J. Climate

— Parameterization of eddy heat transport incorporated to the low-resolution
CGCM MIROCS.
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Global earth system model  Globalocean model : GONDOLA_ 100 Tropical Ocean model
(TL159xL80; CMIP6 version) (1.0x0.5xL60bbl; CMIP6 version) (0.2x0.1xL60; 19°5-17°N)
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IMPACTS ON ENSO REPRESENTATION



Results from historical runs

Impacts on ocean climatology
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Results from historical runs

Impacts on ocean climatology

Ocean temperature @dateline
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Results from historical runs

Impacts on seasonal precipitation(JJA)

noNest JJA Nest JJA




Results from historical runs

Impacts on seasonal precipitation(DJF)
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Results from historical runs

Impacts on ENSO characteristics
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ENSO teleconnection

SST and Z500 regressed onto NINO34 (DJF)
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Results from historical runs Skewness: vB = 25
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Results from Hindcasts

NINO3.4 hindcast
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Results from Hindcasts
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Summary

* For the future JMA operational seasonal prediction system,
we assessed the impacts of high-resolution (eddy-resolving)
tropical ocean nesting, and found that:

— TIWs were reasonably simulated.

— SST cold biases in the tropical Pacific ocean/underestimation of
zonal equatorial currents were reduced.

— Double ITCZ bias was reduced.

— ENSO anomaly patterns and associated teleconnection patterns
were improved.

— ENSO skewness was improved in the subsurface Pacific Ocean.
 The seasonal prediction skill improved after the spring

season. One possible reason is the improved representation
of ENSO asymmetricity.



Your comments are welcome!

E-mail: yimada@mri-jma.go.jp
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History of operational seasonal
prediction in JMA
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Courtesy of VR LLFEA

Eddy-resolving model
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Previous Studies

Shidorenko et al. 2015, Rackow et al. 2016 (Clim.
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Previous Studies

 Shidorenko et al. 2015, Rackow et al. 2016 (Clim. Dyn.)
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Temperature (°C)

Previous Studies

Roberts et al. 2009 (J. Climate) -HadGEM1 resolution matrix

TABLE 1. UJCC model matrix showing resolutions of atmosphere
(columns) and ocean (rows) models.
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Previous Studies

 Roberts et al. 2009 (J. Climate) -HadGEM1 resolution matrix
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Previous Studies

Roberts et al. 2009 (J. Climate) -HadGEM1 resolution matrix
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Impacts of TIWs on ENSO
 Imada and Kimoto (2012) J. Climate

— Parameterization of eddy heat transport
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Impacts on equatorial climatology
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Impacts on atmospheric meridional circulation
(zonal mean T, U)
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TIWs-scale atmospheric anomalies
Regression onto high-path filtered SST@110W, 3N
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TIWs-scale atmospheric anomalies

Regression onto high-path filtered SST@110W, 3N
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AREBFEDZERART—ILDIEL

R DHEIRGET /NS A—A:
H~10km, U~10ms? N~102s1

OBORE—ZERF1Z:
Ly = NH/f =~ 10210%/10*= 1000 km

OEady[El@E CHORLBEEFRARLELZE
IR —IL:
L. =3.9L,~4000 km

OREE:
0=03U/L;=0.3X10/10°st=
0.26 day !

FEQHEBIBGIT /NS A—4:
H~1km, U= 0.1ms?!, N~10-2s1

~0

OARE—ZERFZE:
Ly = NH/f =~ 102103/10*= 100 km

OEadyfilZE THmRLEEF L E L ZEHE
ATr—)L:
L. ~3.9L,=~400 km

O
6~0.3U/L;=0.3X0.1/10%s=
0.026 day !
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