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Mean climatology

Annual mean precipitation Taylor skill score (Taylor, 2001)
S=4(1+R)"/(SDR+1/ DR)?
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Watanabe et al. (2010, JC) Hirota et al. (2011, JC)



Improvements in ENSO simulation
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impact of resolution
Calzoto et al. (2011, JMS))

impact of new model physics Watanabe et al. (2011, JC)




Equilibrium climate sensitivity.w-sw

Gregory plots for 4xCO2
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MIROC5 reveals smaller equilibrium sensitivity, probably
due to a weak negative cloud-shortwave feedback




Global warming patterns

4XCO2 runs
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ASAT, may not explain global-mean AC, except for initial years




Natural low-cloud (C)) variability

Hll Obs/CTL runs SST anomaly Clanomaly
Leading SVD
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Three timescales of low-cloud

Hll 4xCO2 runs MIROC3
ASST(N|no3) vs ACI (30S-30N, ace! -

r=-0.84 ( 0.86 aﬁ y0021)
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v" Tropospheric adjustment * initial month of A
v" Slow response (> 20y): (aC [ OT, )CTL matters!
v' Fast response (< 10y): opposite between the models
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Fast response of low clouds

|| 4xCO2runs

Regime composite of low cloud (Bony et al. 200
(20y ensemble) £ : ey +

MIROCs
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Thermodynamic driving

AC, = [ AP,C™ (w)dw+ [ BT AC (w)dw

C,decrease/increase over the subsidence/ascent region




Fast response of low clouds

|| 4xCO2runs

Regime composite of low cloud
(20y ensemble)
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Thermodynamic driving

AC, = [ ARCE™ (s)ds + [ B AC, (s)ds

Large/small Shift of the PDF for LTS in MIROC5/MIROC3




What is robust in CFMIP21?

Hll Thermodynamic regime change (Afy) in 4xCO2 [ 2xCO2 runs
Regime frequency . =freq.(LTS > LTSC”t)
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v Small change in the mean low-cloud region
v' More stable condition in the other tropics




Summary

0 Opposite SWcld feedback -> high/low clim sensitivity in MIROC
[0 Three timescales of the low-cloud response in 4xCO2 exps.
v" Tropospheric adjustment [ Fast response / Slow response

[0 The slow response can be constrained by
observations using ENSO-related variability

[ But, fast response was critical in MIROC,
which may not be constrained by the natural
variability

[0 The fast response determined thru a subtle residual of
the regional low-cloud changes

O Dominant thermodynamic driving of low-cloud response

O Change in LTS is robust among CFMIP1 models




Would like to clarify in CFMIP2 :

[ Divergence of the fast response using Exp. 6.3

[0 Robustness of the LTS change
(incl. issue of its constraint)

[0 Mechanism for lower-tropospheric warming
D deg ree Ofthe LTS increase low cloud composite MIROCS

[ Cloud change at a given LTS
(non-thermodynamic
response)
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Remark

What are the processes making diff between two MIROC models?

v MIROC3.2 PPE (N=32)

(e.g. Yokohata et al. 2010 JC) apan U Equilibrium climate
sensitivity

v MIROC5 PPE (N=32)
(ongoing, cf. talk by Tomoo Ogura)

Need to systematically
explore the structural
differences of the model’s
physics
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Implication to 20t" century trend

. MIROCS (3 mem) end=+0.47%/100y, MIROC5
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v Likely due to ‘fast’ response (but change is much slower)

Tropical-mean trends in 0 & 0-,,-tendency
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Property of MIROC5

215 hPa cloud ice
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After Waliser et al. (2009)




Property of MIROC5

CloudSat
v’ prognostic PDF cloud scheme CloudSAT and CALIPSO - cPs, SR —

a_c c - """""0’ 5eec DR 30
v’ prognostic ice microphysics « O | '

: * launched in April, 2006
] better representation of cloud and 3D cloud property wi rader/

cloud-radiative feedback Faer TEmE e e
1 how to validate? —r

Latitude - temperature cross section of the ratio of cloud particle type
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Natural low-cloud variability

Hll Obs/CTL runs
Local Cor (Cl, w500) Local Cor (Cl, LTS)
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Natural low-cloud variability
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Fast response of low clouds
Change in PBL depth
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Fast response of low clouds
4xXCO2 runs
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Fast response of low clouds
Hll Cloud regime diagram from 4xCO2 [ 2xCO2 runs in CFMIP1
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Mean states

Feedback analysis
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Equilibrium climate sensitivity.w-sw

LWclr

Gregory plots for 4xCO2
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MIROC3 had two minor (low- and high-sensitivity) versions
MIROC4 even reveals higher sensitivity




GEWEX cloud data
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Aguaplanet exp.
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(G = GFDL AM, N = NCAR CAM), the subscript is the SST
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script “+” denotes the T85 version of the NCAR CAM. The two
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aquaplanet B configurations. Gray symbols denote the globally
averaged values from the standard configurations.
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Aguaplanet exp.
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Aguaplanet exp.

SST+2/control diff

“climate sensitivity”
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(G = GFDL AM, N = NCAR CAM), the subscript is the SST
configuration (S for standard, A-C for aquaplanets), and a super-
script “+” denotes the T85 version of the NCAR CAM. The two
nearly overlain symbols are the T85 versions of the standard and
aquaplanet B configurations. Gray symbols denote the globally
averaged values from the standard configurations.
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GEWEX cloud data
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What determines the Cl trend?

20Cruns  Zonal-mean cloud water budgets in MIROCg
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SAT Anomaly from 1961-1990 average [K]
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What determines the Cl trend?

Hll 20C runs

Spatial cor. for 30S-30N trend patterns

ALTS ASST
ACI 0.40 -0.54
A®s,, 0.38 0.23 -0.50
ALTS 0.73 . -0.75
ASST -0.68




How uniform SST increase works?

Hll Aquaplanet runs
(SST+2K minus CTL)

ACt
MIROC3:
Equatorial decrease
> Subtropical increase
MIROCs:
Equatorial decrease
< Subtropical increase

AQ]

Subtropical increase
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How uniform SST increase works?

Hll Aquaplanet runs
Cf-Ql relationship at 18N, 6 orm=0.9

Cf-Ql relationship at 18N, /n=0.9, APE
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v" In MIROCs, more Cf change is required for the same amount of change in Ql




Global warming patterns

MIROC3 4xCO2-CTL MIROCg 4xCO2-CTL
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Low-cloud changes in 4xCO2

Regression between ASST & <ACI>

tropics
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In general, mean SST increases -> tropical low cloud decreases




Initial evolution

CO2x4 minus CTL
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Initial evolution

ASST

MIROC3 (20yx10) MIROC5 (20yx6) MIROC5 (5yx12)
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Initial evolution

AT, along EQ in MIROC5 (5yxa12)

La Nina-like fast response
during the initial 5 years
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Fast response of low clouds

MIROC3
RMSE=0.16% MIROC3 RMSE=0.34%
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ACl primarily determined by ACl(®) with fixed P®
Change in Pw can be negligible




Implication to 20t" century trend

Hll 20C runs MIROC3 (10 mem) MIROCs5 (3 mem)

Cl linear trend for 1901-1999 MIROC3 Cl linear trend for 1901-2005 MIRQCS
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SST trend
(K/100Y)
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Cl 30S-30N, trend=-0.28%/100y, MIROC3 Cl 308-30N, trend=+0.47%/100y, MIROCS

Decrease (-0.28%/100y) Increase (+0.47%/100y)
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v Likely due to fast response (but change is much slower)
v' 1(CO2 increase; abrupt vs gradual) -> t(fast response)?



What determines the Cl trend?

Hll 20C runs (A: linear trend)

v" AClis highly coherent with ASST relative to its tropical mean

v Two direct constraints to ACI:

v' Am (at 5oo hPa): cannot be uniform because of the conservation of mass
-> important for the regional feature of ACI

v ALTS (lower-tropospheric stability) may be free from dynamical constraints
-> important for the tropical-mean AC

ACl composite wrt A® ACl composite wrt ALTS

m
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Implication to 20t" century trend

Hll 20C assimilations  MIROC3

Cl linear trend for 1945-2007 MIROC3

Cl trend
(%/100Y)
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S8T linear trend for 1945-2007 MIROC3

SST trend
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ClI 30S-30N, trend=-0.11%/100y, MIROC3

Decrease (-0.11%/100y)
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33 ———
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year
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CI 30S-30N, trend=+0.85%/100y, MIROCS

Increase (+0.85%/100Y)

v Likely due to fast response (but change is much slower)
v' 1(CO2 increase; abrupt vs gradual) -> t(fast response)?




LTS trend: positive or negative ?
Hll 20C runs reanalysis (aft 1979) n

LTS linear trend for 1901-1999 MII ™ LTS linear trend for 1979-2001 ER-.
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v' Too large LTS trends in reanalysis data (period? noise? error?)
v’ Spatial patterns quite different among the products




APRP Cloud SW Analysis: MIROC3.2 vs. MIROCS.0

SW Cloud Adjustment (5 mem. avg.) SW Cloud Adjustment (5 mem. avg.)
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APRP Sfc. Albedo Analysis: MIROC3.2 vs. MIROCS.0

SW Albedo Adjustment (5 mem. avg.)
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E¥D20FE = FEH

Gregory-type Plot (albedo only between 80N-90N)
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Gregory-type Plot (albedo only between B0N-90N) Gregory-type Plot (albedo only between BON-90N)
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