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CLIVAR research foci

Intraseasonal, seasonal and interannual variability 
and predictability of monsoon systems
Decadal variability and predictability of ocean and 
climate variability
Science underpinning the prediction and attribution 
of extreme events
Marine biophysical interactions and dynamics of 
upwelling systems
Dynamics of regional sea level variability
Consistency between planetary heat balance and 
ocean heat storage
ENSO in a changing climate
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CLIVAR research foci

Science underpinning the prediction and attribution 
of extreme events
Identification of the key modes of ocean-atmosphere 
variability, impacting the magnitude and frequency of 
extreme events, both now and in the future
Increasing observational data sets, providing higher 
temporal and spatial resolution for ocean-atmosphere 
processes
Model development, addressing observational based 
approaches, improving variability in ocean-atmosphere 
simulations relevant to extreme events
Investigating the physical mechanisms leading to changes in 
high impact (societally relevant) weather and climate 
extreme events



  

Three climate modes in the Indian Ocean

All three modes of 
variability are known to 
cause extreme events.



  

Indian Ocean Dipole (IOD; Saji et al. 1999)

SST & wind at 850hPa anomalies（Oct. composite）



  

IOD teleconnection

The IOD induces a variety of extreme weather not only in the 
surrounding areas, but also in remote areas.

Prediction skills of the IOD by dynamical seasonal prediction 
systems need to be improved to mitigate impacts from 
extreme weather.



  

Seasonal predictability of the IOD in different  
CGCMs

Anomaly correlation coefficients for the eastern pole become 
lower than 0.6 only after 4 months in all CGCMs.

Shi et al. (2012)



  

Seasonal prediction of the 2012 positive IOD 
in SINTEX-F CGCM

Doi et al. (2014, in prep.), Tanizaki and Tozuka (2014, in prep.)
Endo and Tozuka (2014, in prep.)

The positive IOD 
started to develop 
around June, peaked 
in August, and 
decayed afterwards.  
The SINTEX-F model 
failed to predict the 
positive IOD even 
with one month lead.

More work is needed 
in the prediction of 
the IOD.



  

Indian Ocean Subtropical Dipole

The positive Indian Ocean Subtropical Dipole is associated with 
positive SSTAs to the west and negative SSTAs to the east in 
the South Indian Ocean (Behera and Yamagata 2001).  
It starts to develop in austral spring, peaks in summer, and 
decays in autumn.

color: significant at 95% confidence level

SST anomalies（Jan. composite）



  

Generation mechanism of the Indian Ocean 
Subtropical Dipole

Morioka et al. (2010, 2012)



  

Generation mechanism of the Indian Ocean 
Subtropical Dipole

Just before the onset of a positive Indian Ocean Subtropical 
Dipole, the Mascarene High or the subtropical high in the 
southern Indian Ocean strengthens and shifts southward.

Morioka et al. (2010, 2012)



  

Generation mechanism of the Indian Ocean 
Subtropical Dipole

More moist (Drier) air is advected to the western (eastern) 
pole.  This results in less (more) latent heat loss over the 
western (eastern) pole.  
The mixed layer in the western (eastern) pole becomes 
anomalously shallow (deep).

Moist Air
Dry Air

Morioka et al. (2010, 2012)



  

Generation mechanism of the Indian Ocean 
Subtropical Dipole

The warming of the mixed layer by the climatological 
shortwave radiation is enhanced (suppressed) as a result of 
thinner (thicker) mixed layer over the western (eastern) pole.
This contribution from shortwave radiation is most dominant 
in the growth of SST anomalies.

Morioka et al. (2010, 2012)



  

SSTA �Late-Dec. 2008�

Influences of the Indian Ocean Subtropical 
Dipole on the southern African Region 

Rainfall anomaly

The Indian Ocean Subtropical Dipole in the 2008-09 summer is 
one cause of floods in the southern African region.



  

Seasonal predictability of Indian Ocean 
Subtropical Dipole in SINTEX-F CGCM

Seasonally stratified anomaly correlation 
coefficients of the predicted IOSD index

Yuan et al. (2014)

Skillful prediction of 
the Indian Ocean 
Subtropical Dipole may 
help us to mitigate 
impacts of the Indian 
Ocean Subtropical 
Dipole, but it is a very 
difficult task.
Anomaly correlation 
coefficients become 
lower than 0.6 only 
after 3 months.



  

Interdecadal changes in the dominant 
frequency of Indian Ocean Subtropical Dipole

Yamagami and Tozuka (2014)

Wavelet power spectrum of IOSD index 

The frequency 
of the IOSD has 
become higher 
in the recent 
decade because 
of a decreasing 
trend in the 
mixed layer 
depth.



  

Ningaloo Niño

Feng et al. (2013), Kataoka et al. (2013), Tozuka et al. (2014)



  

Evolution of SST anomalies associated with 
Ningaloo Niño

Kataoka et al. (2013)shading: 95% confidence level



  

Mechanism: 2010/2011 Ningaloo Niño

(Feng et al., 2013)�

(Pearce and Feng, 2013)�

SST anomaly (Feb 2011)�



  

Mechanisms of Ningaloo Niño

Kataoka et al. (2013)

Locally amplified mode: the local air-sea interaction amplifies 
positive SST anomalies.
Non-locally amplified mode: coastally trapped downwelling 
waves generate positive SST anomalies.

Locally amplified mode Non-locally amplified mode



  

Impacts on precipitation

Tozuka et al. (2014)

Positive (Negative) precipitation anomalies are found in 
Northwestern Australia during Ningaloo Niño (Niña) years.



  

Coral bleaching of Ningaloo Reef in 2011 
(Depczynski et al. 2013)

Jan. 2011 Feb. 2011 Jun. 2011
Ningaloo Niño has a 
large impact on the 
local marine 
ecosystem.  
The strong Ningaloo 
Niño event in 2011 
lead to the first 
massive coral 
bleaching of Ningaloo 
Reef.



  

Seasonal predictability of Ningaloo Niño in 
SINTEX-F CGCM

Doi et al. (2013)



  

Seasonal predictability of Ningaloo Niño in 
SINTEX-F CGCM

Doi et al. (2013)

Anomaly correlation 
coefficient is higher than 
0.6 even with 9-month 
lead for some starting 
months.
Ningaloo Niño (Niña) 
events that co-occur 
with La Niña (El Niño) 
are more predictable.
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CLIVAR research foci

Intraseasonal, seasonal and interannual variability 
and predictability of monsoon systems
Better constraint of modelled monsoon variability and 
change based on observation-informed process studies
Improving models to better represent the key processes 
involved in monsoon intraseasonal and inter-annual 
variability, including El Niño-Southern Oscillation and the 
Indian Ocean Dipole
Extending efforts to improve predictions of monsoon 
variability and change using land surface modelling and 
incorporation of land surface initialization
Improving the physical understanding of monsoon decadal 
variability in the context of natural variations and 
anthropogenic change



  

Thermocline dome in the southwestern Indian 
Ocean (Seychelles Dome or SCTR)

The water temperature is colder in this dome region because of 
upwelling of cold water from below.

Annual mean temp. 
at 100 m depth

Cross-section 
of temp. 
along 7.5°S



  

SST difference between years of delayed and 
early Indian summer monsoon onset dates

(°C)

May

The SST anomalies in the SD region may influence the onset 
date of the Indian summer monsoon. 
Years of delayed onset is associated with warm SST anomalies 
in the SD region.

Annamalai et al. (2005)



  

Mechanisms of interannual variations of the 
SST above the Seychelles Dome (1/6)

During a weak Seychelles Dome year, the thermocline 
becomes deeper owing to local Ekman downwelling and arrival 
of downwelling Rossby waves.

Tozuka et al. (2010), Yokoi et al. (2012)



  

Mechanisms of interannual variations of the 
SST above the Seychelles Dome (2/6)

As a result of deeper thermocline, the temperature below the 
mixed layer becomes warmer, and leads to less cooling by the 
vertical diffusion.  

Tozuka et al. (2010), Yokoi et al. (2012)



  

Mechanisms of interannual variations of the 
SST above the Seychelles Dome (3/6)

The easterly wind stress anomaly induces southward  Ekman 
heat transport and warms the mixed layer.

Tozuka et al. (2010), Yokoi et al. (2012)



  

Mechanisms of interannual variations of the 
SST above the Seychelles Dome (4/6)

The warmer mixed layer temperature results in enhanced 
latent heat loss as well as less shortwave radiation reaching 
the ocean surface because of more cloudiness.

Tozuka et al. (2010), Yokoi et al. (2012)



  

Mechanisms of interannual variations of the 
SST above the Seychelles Dome (5/6)

The MLD becomes thicker, and this leads to less efficient 
cooling by the vertical diffusion, longwave radiation, and latent 
heat flux.  Thus, the positive mixed layer temperature anomaly 
grows further.  

Tozuka et al. (2010), Yokoi et al. (2012)



  

Mechanisms of interannual variations of the 
SST above the Seychelles Dome (6/6)

This mixed layer temperature anomaly is partly damped by 
less efficient warming by shortwave radiation.

Tozuka et al. (2010), Yokoi et al. (2012)



  

Annual mean D20 simulated by the CMIP5 
models

Nagura et al. (2013)

It is difficult to simulate 
mean strength and 
location of the 
Seychelles Dome.  
Similar biases were also 
found in the CMIP3 
models (Yokoi et al. 
2009) and not much 
improvements were 
found (Nagura et al. 
2013).



  

Annual and semiannual harmonics of D20 in 
the Seychelles Dome region

Nagura et al. (2013)

Annual Semiannual The simulated 
annual components 
are larger than the 
observation while 
the simulated 
semiannual 
components are 
much smaller than 
the observation.

More efforts are 
necessary to 
improve simulation 
of the Seychelles 
Dome.
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CLIVAR research foci

Marine biophysical interactions and dynamics of 
upwelling systems
Identifying the key physical processes that are responsible 
for upwelling and improving their representation in models
Coupled interactions between the physical, biogeochemical 
and marine ecological systems
Identifying the cause of tropical bias in climate models
Understanding how upwelling systems will change in the 
future, including changes in the biology and 
biogeochemistry associated with upwelling



  

Mean chlorophyll concentration (Xie et al. 
2002)



  

Summary

Improving understanding, representation, and 
prediction of the Indian Ocean Dipole, Indian Ocean 
Subtropical Dipole, and Ningaloo Niño
Improving predictability of monsoon systems 
through better representation of the Seychelles 
Dome
Improved understanding of marine biophysical 
interaction associated with the Indian Ocean Dipole, 
Ningaloo Niño, and Seychelles Dome



  



  

Thermocline domes over the world ocean


