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Operational Ocean Forecasts for a Sustainable World  

•  Ships consume at least 2 
billion barrels of oil a year. 

•  International Maritime 
Organization estimated 
about1.12 billion metric 
tons of carbon dioxide 
release by ships in 2007 
(about 3.5% of the planet's 
total emissions), This may 
increase 30% by 2020. 

•  Maritime shipping, which 
transports more than 90% 
of global trade goods, 
generates a trillion dollars 
in annual revenue. 

Shipping, Fishery, Recreation…. 
•  Ocean mechanical and 

thermal energies have 
potential for marketing. 

•  Exploration of potential 
ocean energy sites 

•  Operational efficiency 

Renewable Energy 
•  Management of marine-

eco system. 
•  Management of near-

shore installations 
•  Management of off-shore 

installations 
•  Near-shore and open sea 

explorations. 

Resource Management 

The potential for operational oceanography depends on several factors: 
 
1.  Reliable models  
2.  High performance computing system  
3.  Good observational network 
4.  Effective communication system 
5.  And most importantly a sustainable market 

Present users of operational oceanography products are 
mostly government agencies and research centers. 
There is a huge potential for operational oceanography products 
for improving safety of marine transports, offshore construction 
activities, and to provide warning and protection against marine 
and coastal hazards, floods, and coastal erosion.  



Some of the agencies and research centers engaged in operational oceanography 

Eddy-resolving 
models are now in 
operation. Global 
models have been 
implemented. One just 
needs access to larger 
computing 
facilities to integrate 
global eddy-resolving 
models. The oceanic 
data assimilation is 
now adequately 
developed and most 
operational centers 
routinely use data 
assimilation. The re 
are international 
efforts, such as 
GODAE, for further 
developments in data 
assimilation.  



Better Global Ocean Observation System 

Numerical ocean model needs observation for oceanic state forecasts and 
in turn it can provide optimum design for effective observation.  



JAMSTEC’s Japan Coastal Ocean Predictability Experiment (JCOPE)	


3D variational assimilation	


Observations	


Successful prediction of the "
large meander formation in 2004	


Nested ocean model => Assimilation of observed data => Application of surface 
boundary forcings of available winds and heatfluxes => Predicted results 

Nested ocean model	


Horizontal resolution for global ocean is 1/10 
degree, for  northwestern Pacific is 1/12 
degree, for Japan coastal ocean is 1/36 degree 

Miyazawa et al. 2009, JO 



Web portal for JCOPE2-FRA re-analysis (free access) and 
JCOPE real-time products : 

http://www.jamstec.go.jp/frcgc/jcope/vwp/ 

Contact: Dr. Miyazawa (miyazawa@jamstec.go.jp) 

JCOPE2                                                   FRA-JCOPE2 

JCOPE2 In-situ observation FRA-JCOPE2 
144E line: MAY 1997 



Applications Studies Using Regional Models 

Okhotsk Sea Model 
(Uchimoto et al., 2007) 

Okinawa Model 
(Suzuki et al., 
2005) 

Tokyo bay, 
Sagami bay, 
Suruga Bay 
model (Kagimoto 
et al., 2007) 

The JCOPE model provides the lateral boundary conditions for regional modeling use. 

1km grid  



Applications: Predictions of Japanese Anchovy Distribution 

Wakayama  
prefecture	


If we can get information of anchovy eggs catch 
at the start points, this kind of information will 
be quite useful information for  fishery people  
of Wakayama. 	


To predict drifted Japanese Anchovy distribution 
south of Japan , we are conducting a 
cooperative study with Wakayama Fishery 
Research Agency. 	




9% of fuel 	


Applications in Ship Route Predictions	

Green Innovations: Efficient ship routing to save fuel 
(and cut CO2 emission) by use of our ocean current forecast  

Newspaper 
(Nikkei) 
2008.03.14 	


NYK VLCC ‘Takamatsu’	

Effective route	


Reference route	


A big ship company, Nippon Yusen Kabushiki Kaisha 
(NYK) has demonstrated reduction in  fuel consumption 
and CO2 emission by use of our ocean current forecast. 	


Big oil tankers (VLCC)  has actually taken its ship route along the Kuroshio 
near the Okinawa Islands and confirmed 9% of fuel reduction in the way 
from Okinawa to Kyushu, corresponding to 40-ton of oil. 	


9% fuel 
efficient  

NYK Press Release, 2008 



 
Estimation of the cost effectiveness in the Indian Ocean 

 

	
  	
  	
  -­‐	
  Reducing	
  almost	
  22Mt	
  fuel	
  consump5on*	
  1Mt	
  	
  =~	
  500$	
  

　-­‐	
  Saving	
  6	
  hours	
  voyage	
  5me.	
  
　- Reducing	
  64Mt	
  CO2	
  emission.	
  

Using  our current forecast 
data (blue line) 

General course (yellow 
line) 

※VLCC class (estimated engine speed 14.8kts)	


Sample 



Rescue operation near Maldives 

Applications in Marine Safety and Rescue Operations 



Multi-Model Ensemble Prediction Experiment for Indian Ocean Operations 

MOM Based Model:  
1/3 x1/3 degree horizontal 
resolution, 26 levels 
6 hourly forcings 

POM Based Model: 
The Indian Ocean model has 1/12 x 1/12 
degree horizontal resolution 
45 Vertical Levels 
Based on POMgcs with simple sigma 
coordinate 
35E-120E, 30S-25N 
Open boundaries (east, south, west sides) 
Realistic topography  
Data Assimilation 
6 hourly  Surface Forcings 
 

 

Reduced Gravity 
Model: 
Data Assimilation 
6 hourly  Surface 
Forcings 

 

Surface 
Forcings 

NCEP/GFS 

Initial 
conditions 
from model 

Altimeter, ship 
and Argo float 

data 

Assimilation/
Analysis 

Begins 
Hindcast Exp. 

Hindcast 
Results 

Surface Forcings 
NCEP/GFS 5day 

Forecasts 

Forecast 
Results 

7-day 
Window 

Flow chart 

Indian Ocean operational forecasts are used by oil exploration companies through 
JAMSTEC’s venture Forecast Ocean Plus (http://forecastsocean.com) 



Applications in Deep Sea Drilling	
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http://forecastsocean.com 



Validation 

1/32 Global NLOM Forecast-Ocean Predictions 1.  Dynamic 
positioning of the 
rig or drill ship 

2.  Optimized 
operational 
planning 

3.  Enhanced safety 
for maintenance 
on site 

4.  ROV, cable & pipe 
laying, drilling 
operations 

5.  To predict currents 
higher than a 
threshold that will 
damage the 
operation 
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Indian Ocean operational forecasts are used by oil exploration companies 
through JAMSTEC’s venture Forecast Ocean Plus (http://forecastsocean.com) 



JCOPE semi-global prediction system: 1/10 Deg.	


Miyazawa and Waseda 2010 



El Nino 
Modoki 



Schematic of the SINTEX-F1 CGCM 

Every 2 hrs 

T106L19 
OCEAN: OPA8.2 ORCAR2 Grid 
20X1.50 Eq-0.5  Level 31 

The Earth Simulator 

Non-flux adjustment 
5 

ATMOSPHERE: ECHAM4 
T106 L19 

2



SINTEX-­‐F	
  CGCM	
  simulated	
  IOD	
  concurrent	
  with	
  El	
  Nino	
  

Observation 



 
 
 

1. Three models with different coupling physics:  
    (Each model has realistic ENSO & IOD simulations, Luo et al. 2005a) 
  m1: Ocean surface is solid to atmosphere. 
         (|Ua| Ua for  Tau & heat flux) 
　m2: Ocean surface current momentum is passed to atmosphere. 
         (|Ua-Uo| (Ua-Uo) for Tau & heat flux) 
　m3: Ocean surface is solid to atmosphere,  but 
         (|Ua-Uo| (Ua-Uo) for Tau) 
2. Three initial conditions for each model: 
  • Model spin-up (1971-1981)  
  • A simple coupled SST-nudging initialization scheme 
  • １day, 2 days, 3 days  (weekly NCEP Reynolds data) 

Retrospective  
forecast: 12 months from 1st day of every month for 1982-present. 

JAMSTEC’s Semi-multi-model Ensemble Prediction System 



9-member mean 
(1982-2004) 

 
based on a 

semi-multimodel 
ensemble 
prediction 

system 

Luo et al., J. Climate, 2005b. 

>0.9 

SINTEX-F Prediction Skills 



Nino3.4 index 
(1982-2001) 

Adapted from Jin et al. 2008, APCC CliPAS 

ENSO prediction skills in 10 coupled GCMs 



Both winter and spring barrier 
exist 

(90º-110ºE, 10ºS-0º) 

0.5 

Luo et al., J. Climate, 2007, 2178-2190. 

Predictable up to ~2 seasons 
ahead. 

Difficulties 
•  Large deficiencies of current 

coupled GCMs in simulating 
Indian Ocean climate 

•  Sparse subsurface observations 
in the Indian Ocean 

•  Chaotic and active ISOs (initial 
conditions & predictions) 

•  Strong monsoon influence 
(seasonal & interannual) 

•  ENSO influence (require correct 
ENSO onset prediction) 9-member ensemble hindcasts 

(1982-2004)  

Indian Ocean Dipole Predictability 



IOD  forecasts  
in 2006  

(18-member) 

Obs. Ensemble 
 mean 

http://
www.jamstec.go.jp/
frcgc/research/d1/
iod/index.html 



Rainfall Anomalies Sep-Nov 2006 Corresponding SST Anomalies 

More than 1 million 
people in Kenya, 
Somalia and neighboring 
countries were affected 
by the flooding. 

Severe drought 
devastated farmers in 
eastern Australia, 
estimated loss of 8 
billion AUD. 

IOD	
  Impacts	
  in	
  2006	
  Boreal	
  Fall	
  

2006 fires in Borneo and 
Sumatra 



24 Oct 2007, The Weekly Times 

Societal 
impacts 
of IOD 
forecasts 



Latest	
  SINTEX-­‐F	
  Seasonal	
  Predic?ons	
  from	
  1	
  Jan	
  2012	
  



The Hindu 
Business-line 

http://www.thehindubusinessline.com/opinion/editorial/article2938910.ece 
http://articles.economictimes.indiatimes.com/2012-02-08/news/31037700_1_monsoon-
rains-bp-yadav-india-meteorological-department 
http://oryza.com/Rice-News/14229.html 



SINTEX-­‐F	
  Latest	
  Seasonal	
  Predic?ons	
  
Predicted SST, SAT, PRECIP Anomalies for Jun-Aug from 01Mar2012 

ENSO forecast 

Extended ENSO forecast 

IOD forecast 



SSH	
  Anomalies	
  Oct-­‐Dec	
  2011	
  



Summary 
•  The present generation of ocean and climate forecast systems are benefited by a 

good network of observations and high-performance computational system. !

•  These predictions can be used in various societal operations for the sustainable 
management of the marine and continental environment. !

•  The Japan Coastal Ocean Predictability Experiment (JCOPE) project in JAMSTEC 
provided  a scope to  develop connection between research and real-world 
oceanographic applications.!

•  Ocean observations are vital for the sustenance of these ocean 
and climate prediction systems. Therefore, the existing 
observational network need to be maintained and enhanced 
together with remote sensing observations. !


