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Joint collaboration at CCSR/NIES/FRCGC

[ Climate model development: AOGCM MIROC
1 Future climate projections

C1Done by 2007: CMIP3/AR4 simulations
[0 MIROC-hi (T106 atmos+1/4x1/6 deg ocn)
O MIROC-med (T42 atmos+1/1x1 deg ocn)
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Near-term climate prediction /x/
v'Future projections up to 2035 do not | @—/

heavily depend on the emission scenarios
(e.g., Stott and Kettleborough 2002)

Data Assimilation Prediction

1971 2005

- Climate prediction as initial/boundary value problem

ystem for r? ; "I
Tier-1 Prediction System: SPAM emintion by .
JBuk A Y

v’ Coupled data assimilation of gridded subsurface ocean data

v’ Target: seasonal-to-decadal climate variability (ENSO, PDO,...)
v’ Simple but practical initialization technique:
* AU (Bloom et al. 1996) + Assimilation ensemble (10mem)

i

SST anomaly [K]

9
8
g
.6
5
4
3
.2
.

0
N
2
3

1

960 1965 1970 1975 1980 1885 1990 1985 2000 2005 2010 2015 2020



® ®
s 3 oRife 900, © 0 30, 89, and 90 (ea Omem ensemble mea
a a CC o[~ cU O c avl 0 0 DSeqgue
P 3 Decadal U atic PDU
0 0 J PDred dDI1C
\ T lati i =
5Yr‘ a g SS Cor‘r‘e CIT On H ndcas* Area mean SST anomalies 180-120W, 205-20N
) Obs
G0N 4 0.41 — Assim.
= Hindcast
——— 20C3M
30N A 22
2
EQ b 0
(s}
3051 0.2
605 0.4
. . - - - 1960 1965 1970 1975 1980 1985 1990 1995
0 60E 120 180 1200 60w e ——— ]
year 0.06 -004 0.02 0 002 0.04 006
loyrl avg SST COI"I"€|GTIOI’1 HlndCOST Area mean SST anomalies 50-150E, 305-20N 2 TR S | T I L
> ) Obs
60N - 0.4 — ASSIM. b
——— Hindcast Y
———— 20C3M 2 B
son ] 0.21 8
3 = 0 ©
£Q 9 ke g
1 = ] B
305 - 0.21 <<
) 2T T T
603 1 0.41 1900 1920 1940 1960 1980 2000
1960 1965 1970 1975 1980 1985 1990 1995
0 year




Modeling issue

= Can the (same) model with higher resolution
produce better results in terms of the mean climate,
variability, and climate change signals?

- Yes, but not everything ENSO amplitude

A CCSM3 I: GISS-AOM Q: PCM

gap in resolvable processes

MIROC-med

small-scale pnehomg Observations

uncertainty range
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New Atmospheric Component of MIROC

V. Coordinate

Radiation

Cloud

Turbulence

Convection

Aerosols

Land submodel

MIROC3.2

Sigma
2-stream DOM 37ch
(Nakajima et al. 1986)

Diagnostic (LuTreut & Li 1991) +
Simple water/ice partition

Level 2.0
(Mellor & Yamada 1982)

Prognostic A-S + critical RH

(Pan & Randall 1998, Emori et al.
2001)

simplified SPRINTARS
(Takemura et al. 2002)

MATSIRO

MIROC4.1

Eta (hybrid sigma-p)
2-stream DOM 111ch
(Sekiguchi et al. 2008)

Prognostic PDF (Watanabe et al.

2008) + Ice microphysics (Wilson &
Ballard 1999)

Level 2.5
(Nakanishi & Niino 2004)

Prognostic AS-type, but mostly new
(Chikira et al. 2009)

SPRINTARS + prognostic CCN
(Takemura et al. 2005)

MATSIRO mosaic




Entrainment process

® Conventional A-S scheme: pre-defined

®New scheme: dependent upon
buoyancy and cloud-base mass flux
(original idea derived by Gregory 2000)

Cloud-type

® Conventional A-S scheme: defined by
no. of layers

®New scheme: spectrum given
by the cloud-base mass flux,
no constraint by the no. of layers

Not necessary to use empirical RHcrit !




\.ngtlc cloud (HPC)

> Large-scale condensation (LSC) o %
v' Assume a subgrid-scale distribution ©
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Of qt or S_aL(qt -aLTl ) ? ‘ ‘ Ch}dy portion in a grid
v’ Predict condensate amount and cloud? Physical domain I pd
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v' Prognostic equations for PDF variance & skewness Tompkins (2005)
v Quasi-reversible operator between grid quantities & PDF

C-qgrelationship Basis PDF (varying skewness)

Changing initial 13, E scheme
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Cloud microphysics in MIROC3.2

Cloud microphysics in MIROC4.1

Autoconversion/Accretion Autoconversion/Accretion
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* In MIROC3.2 climate

sensitivity has largely
been affected by
a parameter for cloud
liquid/ice partition

COCSR €S (-

'bxro ~ NIES




Model performance: zonal-mean states

Temperature

Specific
humidity
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Model performance: precipitation & genesis potential

Observation
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Model performance: ENSO

Nino3 index SSTA standard deviation

3 index, ProjD v6.5 1945—2006
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ENSO amplitude can be controlled with a single parameter

Associated with the cumulus downdraught




Summary

We developed a new version of MIROC, in which most
of the schemes for physical processes are replaced

Systematic model biases are reduced in many respects

The model ENSO is much improved, and controlled by
cumulus convection

Works to be done

MIROC4.2

Coupling with new

ocean-sea ice model COC0O4.4
Control simulation with
new MIROC-med e
20C3M+scenario runs long i tude
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