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Research	&	development	highlights

• The	new	JMA	seasonal	prediction	system	
(JMA/MRI-CPS3)	is	under	development.	
(due	in	operation	by	2022)

• Large	ensemble	experiment	presents	some	
preponderance	for	ENSO	and	IOD	prediction.	
(SINTEX-F2)

• Seasonal-to-decadal	prediction	research	using	
MIROC6	(model	for	CMIP6,	Tatebe et	al.	2018	
GMD)
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JMA/MRI-CPS2
(operational since 2015)

JMA/MRI-CPS3
(due in operation by 2022)

Atmosphere
(JMA-AGCM)

TL159L60 , ~110km, Up to 
0.1hPa
Stochastic Tendency Perturbation
GHG forcing in RCP4.5 scenario

TL319L100 , ~55km, Up to 0.01hPa
Stochastic Tendency Perturbation
GHG forcing in SSP2-4.5 A1 scenario

Ocean
(MRI.COM)
(Tsujino et al 2010)

1.0º (lon) x 0.3-0.5º (lat) L52+BBL
Global Ocean with Tripolar Grids
Sea-ice model

0.25º (lon) x 0.25º (lat) L60
Global Ocean with Tripolar Grids
Sea-ice model

Initial Condition Atmosphere: JRA-55
Land: JRA-55 land analysis
Ocean: MOVE/MRI.COM-G2

T, S & SSH
Sea-ice model

Atmosphere: JRA-3Q
Land: JRA-3Q land analysis
Ocean: MOVE/MRI.COM-G3

4DVAR at low + IAU at full res.
Sea-ice assimilation

Ensemble Size 51
(13 BGMs, 4 days with 5-day 
LAF)

51
( 3-5 members per day, 11-17-day LAF, 
TBD)
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Specifications	of	JMA/MRI-CPS3



Ocean	4DVAR	Analysis
Low res. (1.0º	x	0.3-0.5º)	3DVAR

TMI L3 SSTlEddy permitting (0.25º	x	0.25º) 3DVAR

Lowres 4DVAR + Eddy permitting IAU

Fig. SST in degrees Celsius at 30th July, 2010. 

Ø 4DVAR+IAU gives better initial conditions over 3DVAR for seasonal EPS.
Ø Preliminary experiments have found positive impacts on ENSO forecast. 
Ø Pilot ocean reanalysis (1990-) is on going to accommodate further tests.



ENSO	asymmetry	and	ENSO	feedbacks

Ø The model fails to reproduce ENSO asymmetry
Ø “too” regular and strong ENSO, suggesting severe lack of negative 

feedbacks during the events.

Analysis Model	Free	run

NINO.3	SST



Ø Convective	clouds	during	El	Nino	reflect	downwelling	shortwave	flux	back	to	space,	
serving	as	a	negative	feedback	to	SST.

Ø In	the	model,	excessive	low-level	clouds	disappear	during	ENSO	as	sea	surface	warms	up,	
bringing	a	positive	feedback	to	SST.

Ferret and Collins (2018)	:	J.	Climate,	31,	1315-1335.

Analysis

Model

Correlation	between	SST	and	net	downward	shortwave	
radiation	flux	at	the	surface

Shortwave	radiation	feedback	in	ENSO



Ø Kawai	et	al.	(2017)	introduces	an	improved	index	to	measure	favorable	conditions	for	
stratocumulus	to	develop.

Ø With	the	index	implemented	in	the	st. scheme,	the	model	now	suppresses	thick	low-level	
cloud	in	NINO.3	and	reproduces	the	negative	shortwave	radiation	feedback.

Current	St.	scheme	(Kawai,	2006) New	St.	scheme	(Kawai	et	al.	2013)

TOA	upward	shortwave	radiation	flux	bias

Stratocumulus scheme	update	

Low	clouds	play	a	leading	role	in	the	relationship	between	clouds	and	surface	temperature
variability,	amplifying	ENSO-induced	surface	temperature	anomalies	through	thermodynamically
driven	changes	in	the	shortwave	CRE. c.f.	Lutsko (2018)	GRL



ENSO-feedback	diagnostics	in	previous	system

ENSO	thermal	feedback

Matsueda and	Takaya	(2013,	WGNE	Blue	book) 9
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Merits	of	a	108-Member	Ensemble	System	in	ENSO	and	IOD	Predictions
(Doi	et	al.	2019,	J.Climate)

ensemble when the trigger threshold of probability for
the extreme event is beyond 35%, which is about 2.5
times the climatological probability. The key years to
explain the improvement are the 2002 El Niño and 2010
La Niña. The probability prediction of 15% tails of a
positive extreme event for the 2002 El Niño is 33% by
the 12-member ensemble size, while its probability is
enhanced to 56% by the 108-member ensemble (Fig. 1a
in the online supplemental material). Also, the proba-
bility prediction of 15% tails of the negative extreme
event for the 2010 La Niña is 33% by the 12-member
ensemble size, while its probability is enhanced to 52%
by the 108-member ensemble (supplemental Fig. 1b).

b. IOD

The IOD is an air–sea coupled climate phenomenon
in the tropical Indian Ocean, which is characterized by a
dipole structure along the equator in both oceanic and
atmospheric anomalies (Vinayachandran et al. 1999;
Saji et al. 1999). The IOD is now known to have serious
impacts not only on Indian Ocean rim countries such as
Australia, India, and East African countries but also on
the Mediterranean Sea rim countries and East Asia in-
cluding Japan (Behera et al. 1999; Ashok et al. 2001,
2003; Saji and Yamagata 2003; Guan and Yamagata
2003; Behera and Yamagata 2003; Lu et al. 2017).
Therefore, prediction of the IOD is crucial for societal
applications in agriculture, fisheries, marine ecosystems,
human health, natural disasters, etc. (Yuan and Yamagata
2015; Akihiko et al. 2014; Hashizume et al. 2009). Very
recently, Doi et al. (2017) have shown that the six en-
semble of the SINTEX-F2–3DVAR system, which we
used here, is skillful for the IOD prediction.
An index of the Indian Ocean dipole mode (DMI) is

first introduced by (Saji et al. 1999) as the SST anomaly
difference between the western pole off East Africa
(108S–108N, 508–708E) and the eastern pole off Sumatra
(108S–08, 908–1108E). Here, we focus on the September–
October average because most IOD events peak during
that period. As shown in the time series (Fig. 4), the IOD
prediction is noisier relative to the ENSO prediction.
Also, we can see that the 108-member ensemble mean is
slightly different from the 12-member ensemble mean
for some events: for example, 1983 and 1985. Although
comparison of the ACC of the ensemble mean did not
show any significant improvement with increasing en-
semble members from 12 to 108, the nRMSE slightly
reduced by about 6% (Table 2). Hence, the IOD pre-
diction is slightly improved by the 108-member ensem-
ble mean relative to the 12-member ensemble.
Next, we focus on the prediction plumes of the top

three strongest events from the 1983–2015: 1994, 1997,
and 2006 positive events (Fig. 5). The 1994 event is the

FIG. 2. (a)MonthlyNiño-3.4 in 1988/89 (8C) from the observational
data of NOAA OISSTv2 (black) and the prediction from the 1 Jun
1988 initializationwith the 12-member ensemble (thin light blue: each
ensemble member; thick blue: ensemble mean) and the 108-member
ensemble (thin orange: each ensemble member; thick red: ensemble
mean). (b) As in (a), but for 1997/98. (c) As in (a), but for 2015/16.
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The improvement of regional extreme climate may be
partly due to the improvement of prediction of extreme
ENSO and IOD events as shown in the previous section.
Particularly, the improvement around the west coast of
Australia may be related to the regional air–sea coupled
climate phenomenon called the Ningaloo Niño (Feng
et al. 2013; Doi et al. 2013, 2015).
As mentioned in the introduction, the major focus

of the present study is tropical climate predictions.
However, a broader assessment of the model’s skills was
also done for the whole globe using the horizontal dis-
tribution of the ACC and nRMSE skill scores of the
ensemble mean. Supplemental Figs. 5 and 6 show the
prediction skill scores of global temperature and rainfall
averaged in July–August and initiated in early June.
Some positive improvements are seen on 2-m air tem-
perature in the extratropics, in particular, in the North
Atlantic, relative to the tropics in the 108-member en-
semble. This looks similar to the North Atlantic horse-
shoe pattern associated with the North Atlantic
Oscillation (NAO). This may support an improvement
in the skill score of ensemble-mean prediction of the
NAOwith higher ensemble size as shown in Scaife et al.
(2014). We have also checked the prediction skill of the
NAO index. Though there was a marginal increase in
the skill score by the 108-member ensemble, it was not
skillful even after increasing the ensemble size (figure
not shown). We may need a well-resolved stratosphere
(high top) and/or high-resolution model, and fine-
initialization schemes (particularly an atmospheric ini-
tialization) like theMetOfficeGlobal Seasonal Forecast
System, version 5 (GloSea5), system (Scaife et al. 2014)
to be able to produce skillful NAO prediction. For rain-
fall prediction, the nRMSE is significantly reduced over
many parts of the globe by increasing the ensemble size.
However, those positive impacts are not enough to
provide any real skillful predictions there.

4. Discussion

We have tested a large-ensemble (of about 100 mem-
bers) retrospective seasonal forecast for 1983–2015. It has
turned out that about 10-member ensemble could not
perform as well as about 100-member ensemble when
predicting the occurrence of 15% tails extreme climate
events of ENSO and the IOD. Also, the predictions of
extreme temperature and precipitation events are im-
proved over some regions. Those improvements may be
because large-ensemble members capture tails of the
PDFs and effectively retain the probability of the ex-
tremely strong but rare events.
The presented results may depend on the model and

the manner of generating ensemble members but will

FIG. 5. As in Fig. 2, but for the DMI for (a) 1994, (b) 1997, and
(c) 2006 positive events.
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Probability	prediction	of	extremely	strong	ENSO	and	the	Indian	Ocean	dipole	(IOD)	events	
is	significantly	improved	in	the	larger	ensemble.

Note:	108	ensemble	members:	12	Burst	(SINTEX-F2-3DVAR,	Doi	et	al.	2017)	＊ 9	days	LAF	

Monthly	Niño-3.4	prediction	from	early	June	(ºC)	 Monthly	DMI	prediction	from	early	June	(ºC)	
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•  Simple nudging-like initialization of ocean 
anomaly state (0-3000m: to, so, & sea-ice)

Second	winter	SLP

[hatch: significant at 95%]

• Initialization system with LETKF has 
been continuously developed as well.

SAT	ACC	(Yr5)

ーMIROC6 Anom+JRA55
ーMIROC5 Anom+NCEP
- - MIROC6 Hist
- - persistence

ACC:	AMV	index

ACC:	Niño3.4
• Seasonal predictions including
skills of Niño3.4 are improved from 
MIROC5 (CMIP5).

• Significant skills are seen within limited 
regions such as the North Pacific and 
North Atlantic at lead year 5.

Seasonal-to-decadal predictions by MIROC6


