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ALERA & ALERA2



ALERA

AFES–LETKF experimental ensemble reanalysis

• first application of LETKF to full AGCM

• provides analysis ensemble spread as error estimates 

• a product of collaboration among JMA, JAMSTEC and 
CIS



850 (u,v) and standardized U850 spread



Influence of MISMO sondes

Moteki et al. 2011 QJRMS

ALERA (w/o MISMO sondes)

with MISMO sondes

ALERA – with MISMO

MISMO Oct–Dec 2006
in the Indian Ocean

Influence on 
typhoon genesis



ALERA and ALERA2 compared

ALERA ALERA2

Resolution T159L48 T119L48

Ensemble size 40 63+1

Boundary conditions NOAA OISST weakly 1° NOAA OISST daily 1/4°

Covariance localization 21x21x13 400 km/0.4 lnp

Spread inflation 0.10.1

Obs compiled by JMA NCEP
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CFES–LETKF



Motivations

• Improve SST–precipitation 
correlation

• Remove underestimation of 
ensemble spread
near the sea surface

• Evaluate observations 
including ocean buoys

➡Replace AFES with CFES

‣ Atmospheric DA only
Saha et al. 2010

Obs
CFSR

R1
R2

SST lead Prec Prec lead SSTLag days

Lag Correlation of Prec. and SST over Western Pacific (winter)



CFES

• Coupled GCM for the ES

• AFES + OFES

• Komori et al. (2008)

• CFES mini

• AFES T119L48

• OFES 0.5°x0.5° 54 lev.

• Richter et al. (2010 GRL),
Taguchi et al. (2012 JC),
Bajish et al. (SOLA accepted)
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Hunt et al. 2007; Miyoshi and Yamane 2007
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Experimental settings

• 39 members + control

• Atmospheric observation only

• Integration from 1 August to 30 September 2008

• Atmospheric IC from ALERA2

• Ocean IC from OFES mini

• Exp. 1: 1 Aug from 1967 through 2006

• Exp. 2: 1 Aug 2006 for all members



Results: Exp. 1



Surface temperature [K]



Latent heat flux [W/m2]



CLERA-A − ALERA2

Difference in zonal mean spread
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Time evolution of SST spread



Results: Exp. 2



Surface temperature [K]



Latent heat flux [W/m2]



Latent heat flux [W/m2] |U10m| [m/s] T2m [K]

Zonal means



0.12ºC 0.08 PSU

Global

Eq. (25ºS–25ºN)NH (25º–75ºN)

SH (25º–75ºS)

1 Aug 30 Sep





Oceanic response to Typhoon Sinlaku



Oceanic response to MJO



Ensemble Ocean Simulations



Objectives

• ensemble simulations using a global coupled ocean–
sea-ice model (OFES) forced by 63-member outputs 
from ALERA2

• to investigate the uncertainty of the global coupled 
ocean–sea-ice system caused by external 
atmospheric forcing

• to design an ensemble-based data assimilation 
system with CFES assimilating both atmospheric 
and oceanic observational data



OFES

• Ocean GCM for the Earth Simulator

• based on GFDL MOM3 and optimized for the ES 
(Masumoto et al., 2004)

• coupled with a sea-ice model (Komori et al., 2005)

• OFES mini

• almost identical to the ocean comp. of CFES mini

• resolution (0.5°x0.5° 54 lev.), schemes, parameters, ...

• a polar filter north of 85ºN



1 Jan 1948 31 Dec 2007CORE CIAF v.2

1 Jan 2008

ALERA2 stream 2008 [ensemble mean]

2 Jun 2008

each member
(63 ensemble)

Ensemble simulations

3 Dec 2008

60 days
(on going)

180 days





Global

Eq. (25ºS–25ºN)

NH (25º–75ºN)

SH (25º–75ºS)

Temporal evolution of spread

30 Sep 200828 Jul 2008 29 Nov 2008



60 days after IC

1 Aug 2008 1 Feb 2009



60 days after IC

1 Aug 2008 1 Feb 2009



60 days after IC
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Summary (CLERA-A)

• The CFES–LETKF ensemble DA system has been 
constructed.

• Ocean ensemble creates perturbed surface BC.

• Oceanic response along the thermocline

• Asymmetry in oceanic response between summer 
and winter hemispheres

• Needs to handle oceanic biases and drift for a longer 
run and atmospheric analysis.



Summary (EnOFES)

• Two sets of ensemble simulations using OFES are 
carried out: (i) from 2 Jun 2008, (ii) from 3 Dec 2008.

• large ensemble spread around the depth of 
thermocline and the bottom of the mixed layer

• asymmetry between the summer and winter 
hemispheres

• different memories between ensemble spreads of 
sea-ice concentration and sea-ice thickness



Future Plans

• development of the improved version of CFES–
LETKF DA system assimilating both atmospheric and 
oceanic observational data

• need of special attention to the treatment of 
ensemble for the polar region (e.g., non-Gaussian 
statistics)

• application to atmosphere–ocean interaction studies

• co-variability between atmospheric and oceanic 
variables



Thank You!




