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SSH Variability
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JES RIAMOM
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T/P, Jason, ERS, Envisat, GFO

Reduced-order KF
1/3° horizontal grid
BT+1st BC
Fukumori et al. (1999)

PE-OGCM
z-coordinate, B-grid
Hydrostatic and Boussinesq
Generalized Arakawa advection
Turbulent ML scheme
Isopycnal diffusion
Partial step topography



Example of Gain structure

Temperature difference [˚C] between filtered and predicted at 100m 
depth on 1st March 1999. Cross marks indicate CTD casting points.



SSH Estimates

Sept, 2003 Sept, 2004

× ×



Temp at 100m in 38°N, 
130°E

Assimilation

Simulation

In-situ CTD

CTD data from NFRDI, Korea



SSH Explained Variance
Forward 
Simulation SST nudging SSH DA by 

steady filter SSH DA by RDE

~1.800 hour ~1.800 hour ~1.870 hour ~2.167 hour
CPU time



Variable Error Covariance



Surface Current
c.f. Naganuma

 
(1977), Yarichin

 
(1980)

Kuroshio
Kuroshio

Liman
Liman

Cold Current

Cold Current

NKCCNKCCEKWCEKWC

Tsushim
a W

arm
 Current

Tsushim
a W

arm
 Current

TWC
TWC

Polar Front

Polar Front



Forecast RMSE

Average of 40 forecasts



Dependence on depth
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http://jes.riam.kyushu-u.ac.jp/



Web screen



Regular article
on a local newspaper
“日本海新聞”
biweekly since 5/14, 2007



Giant Jellyfish
Time: 14:50, 9/20, 2005
Location: West to Oki Islands



Giant Jellyfish Simulation



Giant Jellyfish Simulation
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Remotely-sensed SST

Nudging method
Manda et al. (2005)

Regional meteorology
short-term forecast
monthly simulation
regional climate



SST assimilation

R1: Flux

R4: nudging

R3: EnKF

R2: restoring

Manda et al., JAOT (2005)



SST Estimates
Optimal Interpolation Data Assimilation
1/18-20, 2005 1/18-20, 2005

http://www.ocean.caos.tohoku.ac.jp/ http://jes.riam.kyushu‐u.ac.jp/



Precipitable Water
48-hour forecast by MM5
– Yamamoto and Hirose (2006)

Exp. N by OI SST Exp. R by DA SST

Infrared Image (IR1)

1/20, 2005 1/20, 2005



SLP and SSW after 48h
Exp. N Exp. R

NE 9.1m/sNE 9.1m/s SW 3.1m/sSW 3.1m/s

Observation: CP=1000hPa, SW 5m/s at HakodateObservation: CP=1000hPa, SW 5m/s at Hakodate

995hPa995hPa 999hPa999hPa



Monthly mean SST (K)
Optimal Interpolation Data Assimilation

http://www.ocean.caos.tohoku.ac.jp/ http://jes.riam.kyushu‐u.ac.jp/

January, 2005 January, 2005



Monthly Precip (mm)
Exp. RRadar AMeDAS

Cold water ~ Less precipitation

January, 2005 January, 2005



Exp. RExp. N

Monthly Precip (mm)

January, 2005 January, 2005

Cold water ~ Less precipitation
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Model-Data Comparison



P(Exp. R) – P(Exp. 
N)

DA SST – OI SST

Monthly differences



Snowfall in Japanese Islands

JESJES POPO

winter monsoon + TWC winter monsoon + TWC →→
 

snowfallsnowfall





Strong correlation between 
SON TWC and DJF precip

ADCP dataADCP data
19971997--20062006

Estimated TWCEstimated TWC
19761976--20052005



Local effect to winter precip

TWC

SST

Latent heat

Snowfall

Autumn TWCAutumn TWC → SST + Winter monsoonSST + Winter monsoon
→ Latent heatLatent heat ∼

 
SnowfallSnowfall



Impact on regional climate

Correlation between SON TWC transport 
and DJF 500hPa HGT for 1976-2005



Western Pacific (WP) pattern
TWC – 500hPa WP index – 500hPa

a NH teleconnection pattern,
as defined at CPC, NOAA

WP+: winter precipitation in PO side (Ueno, 1993)WP+: winter precipitation in PO side (Ueno, 1993)
WPWP––: heavy snowfall in JS side (Tachibana, 2006): heavy snowfall in JS side (Tachibana, 2006)



Lag correlations
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TWC to WP

TWC+TWC+

SST+SST+

northwesterlynorthwesterly
monsoonmonsoon

HH
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Correlation of C and P
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web site & mass media



Data Assimilation (DA)
Prediction
– Weather forecast

Smoothing (reanalysis)
– Dynamical interpolation/extrapolation
– Estimation of BCs or forcings

Optimization
– Parameter estimation

Design
– Observation network



Tide-gauge data assimilation



Assimilated results
ADCP measurement
(Watanabe et al., 2006)

Forward model

Satellite SSH assimilated Satellite + in-situ SSH

Sep-Oct, 2000
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