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 AORI/NIES/JAMSTEC “MIROC” ensembles (Yokohata et al. 2010 etc),
Climateprediction.net (Stainforth et al.2005 etc ), NCAR-CAM
(Jackson et al. 2009, Sanderson 2011 etc), ECHAMS5 (Klocke et al.
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Summary

Yokohata et al. 2011, Climate Dynamics, in press
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Thank you for your attention.



Uncertainties in observation

* Using two independent observations for all
variables (e.g. HadCRU and ERA40 for SAT)

e Mean of two observations is used for the
calculation of rank histogram

* Uncertainties in observation is randomly added to
model ensembles
) o\
X model — X model t Otbs 4

X nodel: Output of model ensemble, o, .: Standard deviation of two observation,

Z: random sampling from normalized Gaussian deviate



Rank Histogram Approach oliife and Primo 2008)

Case 2. When all ensemble members are far away from observation

Rank of observation is often highest or lowest

(Histogram is U- or L-shape, peak at highest and/or lowest rank)

1 2 3 4 5 6 Climate variable
— o000 —> Cm
(ex: air temperature)

at each grid point

Model Ensembles Observation

Case 3. When spread of ensemble is large compared to observation

Rank of observation is often a particular value

(Histogram is dome-shape, peak at a particular rank)

1 2 3 4 5 6 Climate variable

—0 (] —0 00— (-« air temperature)

at each grid point

Model Ens. Observation  Model Ens.



Rank Histogram Approach oliife and Primo 2008)
Relationship between model spread and observation

Case 1. When observation is within a range of ensemble spread,

Rank of obervation is anywhere from lowest to highest

(Histogram is uniform)

We call this case as “reliable”

1 2 3 4 5 6 Climate variable

—0— { ] { ] { ] »  (ex: air temperature)

at each grid point

Observation Model Ensembles



Rank histogram (SAT, PRCP, SLP + 6 Radiations)

CMIP3-A0
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Rank
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CMIP3-AS

0 2 4

HadSM3-AS

0.07
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0.05
0.04
0.03
0.02

0.01 e v

Rank
NCAR-A

Rank

v’ Various rank = ensemble and
observation is “statistically
indistinguishable”

v' Ensemble is regarded as
“reliable ” if the rank
histogram is not different
from uniform distribution
(by statistical test)

» Multi-model ensemble
(CMIP3) is more “reliable”
than single model
ensembles



Comparison of Perturbed Parameter Ensembles
(Yokohata et al. 2010, J. Climate)

HadSM3 PPE: Spread in Climate Sensitivity + Good performance

MIROC3 PPE: Parameters chosen by EnKF (Annan et al. 2005)
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Total climate feedback [Wm~2K-1]

Comparison of Perturbed Parameter Ensembles
(Yokohata et al. 2010, J. Climate)
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Relationship between

Model bias in present climate
and

Climate feedback

MIROCS3: Less spread and

>; large climate feedback

1 HadSM3: Enough spread in
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Low cloud albedo bias in CTL

present climate and feedback



MIROC Ensembles: “JUMP”

“MIROC3” PPE (Annan et al. 2005, Yokohata et al. 2010) Japss Uncertainty MadeRisg Prajses
Atm-Slab Ocean GCM
Parameter sets by

Ensemble KalmanFilter

o
o

“MIROC5” PPE (Shiogama et
Atm-Ocean GCM without flt
Parameter sets by

Atm-GCM + Emulator

1

—_

o
1

[
-
(@)

Climate
MIROC “Multi-Physics” Ense

sensitivity o I|‘._II
Atm GCM \

Physics schemes are MIR x Ui
: AGCM MIROC5 PPE
switched one by one 20

CLD, CUM, VDF + combin 3.0 3.5 4.0 4.5
Radiative forcing [W/m?] (2xCOz2 equivalent)

Total Climate Feedback [W/m?2/K]




MIROC Ensembles: “JUMP”

“MIROC3” PPE (Annan et al. 2005, Yokohata et al. 2010) Japss Uncertainty MadeRisg Prajses
Atm-Slab Ocean GCM
Parameter sets by

Ensemble KalmanFilter

“MIROC5” PPE (Shiogama et
Atm-Ocean GCM without fl
Parameter sets by

Atm-GCM + Emulator

Total Climate Feedback [W/m?2/K]

Climate
. . sensitivity o
MIROC “Multi-Physics” Ense -1.51 XX 30|
Atm GCM dbo
Physics schemes are MIRECS X ‘:‘mo)s
, AGCM MIROXE PPE
switched one by one 20 | | | |
CLD, CUM, VDF + combin 3.0 3.5 4.0 4.5

Radiative forcing [W/m?] (2xCOz2 equivalent)
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Number=p-value for
T-test of uniformity:

If p-value is very small,
histogram is not uniform
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Rank Histogram (Overall, re-binned to 9)

CMIP3-AS MME (13) HadCM3-PPE (17)

CMIP3-AO0 MME (10)
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Histogram

0.05F
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Rank

| HadSM MME (128)
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| T-test of uniformity:
| If p-value is very small,
| histogram is not uniform




Degree of Freedom

Degree of Freedom of ensembles

g

v MMEs (CMIP3s) are good

v MIROC3 (not reliable) is better than
HadSM3/CM3 (reliable)

v’ DoF is not necessarily a good metrics

"CMIP3-AQ" ——
"CMIP3-AS" ==m=e==
"HadCM3-AQ" ======-
"HadSM3-AS" ——
"MIROC3- AS"
"MIROCS-A0"
"MIROC5MPE-A"
"NCAR-A"

20 40 60 80 100 120

Numer of Ensembles



New Physics in “MIROC5”: ¥7|H X & — LB
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MIROC3 (for AR4)
JKIE T42 (~300km)

$hE 20/B
Sigma

275TR DOM 37ch
(Nakajima et al. 1986)

2 HTRY (LeTreut & Li 1991)
+ 815 JK/K 7B

M-Y Level 2.0
(Mellor & Yamada 1982)

FERE A-S + Be RAEXTE
& (Pan & Randall 1998,
Emori et al. 2001)

5 % SPRINTARS
(Takemura et al. 2002)

MATSIRO+[EI5E A IR &

COCO3.4
2h 7 3') —EVP

MIROCS (for AR5)

JK¥F 185 (~ 150 km)
RE 40/

Eta (hybrid sigma-p)

275\ DOM 111ch
(Sekiguchi et al. 2008)

¥ #[R B PDF (Watanabe et al.

2009) + IKIHHNER (Wilson &
Ballard 1999)

MYNN Level 2.5
(Nakanishi & Niino 2004)

FE#RAD AS-type + A1) FIL R
F—Ls (Chikira & Sugiyama 2010)

SPRINTARS + E#%F
(Takemura et al. 2009)
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Work done by Ogura, Watanabe and Emori
MIROC3.2 MIROCH

Autoconversion/Accretion

Autoconversion/Accretion

Condensation Condensation
Evaporation - ' "
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Chikira and Sugiyama 2010, Chikira 2010, J. Atmos. Sci.

Entrainm rate (8) Vertical profiles of € in a single column model

.Ara kaw rt Scheme: Arakawa-Schubert
\ i e (b)entrainment rate [km™] - (j)entrainment rate [km™]
iim IEJJ — E1{B :
® Chikira-Sugiyama scheme:
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What's the consequence?

Strong w' -> large ¢

Shallow cumulus ‘/A-S A :\:_-[A’C‘:lj:ﬁlj\§$1ﬁ é 7h»
Weak w'->small g —C(z\f: E:')%U)%Eiiéiéﬂﬂéﬁé
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