
• A near-term prediction up to 2030 with a high-
resolution coupled AOGCM

– 60km Atmos + 20x30km Ocean
– w/ updated cloud PDF scheme, PBL, etc
– advanced aerosol/chemistry

• Estimate of uncertainty due to initial conditions
– 10(?)-member ensemble
– For impact applications

• water risk assessment system
• impacts on marine ecosystems
• etc.

• Test run w/ 20km AOGCM (in 2011)

Ensemble hindcast/forecast

Assimilation/Initialization

110km mesh model

60km mesh model

5-min topography

Japanese CLIMATE 2030 Project
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MIROC3.2 MIROC4.1
Atmosphere

Resolution
T106L56 (hires)
T42L20 (medres)

T213L56 (hires)
T85L56 (medres)

Radiation MSTRN-8 (37ch) MSTRN-X (111ch)
Aerosol simplified SPRINTARS full SPRINTERS w/ Nitrate
Chemistry Off-line CHASER Off-line CHASER

LS condensationDiagnostic (LuTreut-Li) +
Simple water/ice partition

Prognostic PDF + Ice
microphysics

PBL Mellor-Yamada lvl 2.0 Mellor-Yamada-Nakanishi-Niino
lvl 2.5

Cumulus Prognostic A-S + critical RH Prognostic A-S + critical RH
with water/ice partition

Land MATSIRO mosaic MATSIRO + prognostic
LAI

Carbon Cycle Off Off

Ocean
Coordinate lat-lon (rotated in hires) Tripolar in medres)

resolution 20x30km (hirss)
100x140km (medres)

20x30km (hirss)
100x140km (medres)

sea ice
EVP single thickness category
+ 0D thermodynamics

EVP multiple thickness
categories + 1D
thermodynamics

MIROC 3.2  4.1



Analysis and Ensemble Options

• Lagged Average
Forecasts (LAF)

•Ensemble
Assimilation

• Breeding

• Nudging

• Incremental Analysis Update
(IAU)

• Anomaly assimilation?

• 3DVAR

• Ensemble Kalman Filter
(EnKF)

• Gridded subsfc T/S

• Profiles of T/S

• Sea Ice?

• Atmospheric Data?

Ensemble
Generation

Assimilation MethodsData

SPAM: System for Prediction and Assimilation by MIROC



SPAMSPAMSPAMSPAMSPAMSPAM

 Gridded Observations

    Statistically optimized

         Analysis error

COBE-SST (Ishii et al. 2004)

 1850-present, monthly
 1°x 1°

Historical Subsurface T &
S analysis (Ishii et al. 2006)

 1945-2005, monthly
 1°x 1°, 16L: 0-700 m

Observations used

 Observed T & S profiles by
NODC (WOD05 & GTSPP)

Global Mean
SSTa

LEVITUS
WILLIS
ISHII

Global Mean
OHC



Impact of bias correction for historical XBT data

V6.4: w/o bias correction, V6.5: w/ bias correction

20C3M MIROC3.2 medres &spread

• GW trend decreased by
20%

• 1970s warm episode
disappeared

• 1980s cool episode
disappeared

• Recent ocean cooling
becomes insignificant

• Clearer Pinatubo signal

• Better agreement w/
20C3M

Ishii & Kimoto (2008, submitted)



SPAMSPAMSPAMSPAMSPAMSPAMFirst Trial: Total & Anomaly Nudging

Obs.

No Assim

Assim

FCST (ensemble mean)

Ver0.0

MIROC3.2 bug-fix ver.
Assimilating absolute values

Ver0.2n

MIROC3.2 bug-fix ver.
Anomaly assimilation

18.5

16.5

17.5

Ver0.3n

MIROC3.2 AR4 official ver.
Anomaly assimilation

1945 2005

Global Mean SST



What’s wrong?

• Nudging?  IAU

• Assimilating LF components?

• Adjust “weights” in data-sparse area (in ref
to 3DVAR)

• Conserve global mean heat & water (i.e.,
do not assimilate global mean T & S)

SPAMSPAMSPAMSPAMSPAMSPAM



Tanalysis=w1·Tmodel+w2·Tobs

 Assimilations of LF (5yr
mean; black) vs. monthly
fields (purple)  No
difference in drift
 Larger weight on OBS
leads to larger drift
(yellow)
 Large drift in Southern
Ocean when w2 is larger
 (Right panel)

Global-average SST
 red: observation-0.45
 black: prediction (5yr-ave, weak)
 yellow: prediction (5yr-ave, strong)
 purple: prediction (monthly, weak)
       （1-yr moving average）

SPAMSPAM



Global mean T2
HadCRUT3, Assimilation, Initialized HCST/FCST AR4
20C3M-A1b

0.4IAUF

0.4IAUF-XBT 0.4IAUF-3KM

SPAMSPAM



Impact of initialization (T2)
Black: Assimilation minus AR4 projection
Red: Initialized minus AR4 (not initialized) projection

0.4IAUF

0.4IAUF-XBT 0.4IAUF-3KM

SPAMSPAM



Global mean OHC(113m)

0.4IAUF

0.4IAUF-XBT 0.4IAUF-3KM

HadCRUT3, Assimilation, Initialized HCST/FCST AR4
20C3M-A1b

SPAMSPAM



SPAMSPAM



1970              1980              1985              1995

Decadal Predictability?
Assimilation vs. Hindcast for natural variability

SPAMSPAMSPAMSPAMSPAMSPAM

NPAC mode 1

NATL mode 1



BGM：Breeding of Growing Mode

Obs
Assim
CTL
BGM
LAF

Nino3 Index

SPAMSPAM



Model bias in variability (1)

3.2

4.1

OBS

SPAMSPAM



Model bias in variability (2):　Z20C

★Thermocline variability in equatorial western Pacific

4.1

3.2 (Assim.)OBS

3.2 (Pred.)

Climatology

Variability (std dev)



Challenging Issue: Sea Ice DA
# Focus of public attention.

# Many difficulties in sea ice DA.

# Only SIC data are available.

# No constraints by DA around sea
ice regions and indirect effects
expected

# EnKF is promising…, maybe …

SPAMSPAM



Assimilation of sea ice density data

    Area of sea ice: Obs, w/ sea ice assimilation, w/o sea ice
assimilation (based on IAU-F assimilation)

Arctic Antarctic

SPAMSPAM



Sea Ice Assimilation SPAMSPAM



Sea Ice Forecast SPAMSPAM



Linear trend during 20th century(1901-2000); precipitation

FULL=ANTH+NTRL
              ||
GHGS+ARSL+ OZON

FULL ANTH

GHGS ARSL Natural variability

Arai et al. (2008)

CO2 SO2Projection to natural mode

Aerosol?



SRES A2, A2PNTB, and A1B
Annual mean T 7-yr moving averaged T
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