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Outline of this talk

O Cloud feedbacks in MIROC3.2/MIROCs5/CMIP3 MME
[0 Various ensembles using MIROCs




MIROC3med(T42) MIROCs (T85)
CS_2xC02'=3.55526 ; CS_2xC02'=2.87946
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MIROC3 was a ‘high-sensitivity model’ in CMIP3
Cloud-shortwave (SWcld) feedback is the key component

Watanabe et al. (2010, JC)




Multiple timescales of the cloud feedback

MIROCS5 4xCO2 150y HadGEM2-ES 4xCO2
ASST(Nino3) vs ACI (30S-30N, ocean) MIROC5 . ——— ——
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- HadGEM2-ES 4xCO,

ACRE [W/m?]

" 5yr Monthly Ensemble  270yr Annual Long run

4 6 8
ASST [K] ASAT [K]

Watanabe et al. (2011, Clim. Dyn.) Courtesy of Tim Andrews

+ ann. mean, single run (150y)  Sign of the SWcld feedback is

O decadal mean, single run :
A ann. mean, S avg (20y) determined by the fast response of

* initial month of A clouds during a few years in MIROCs
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Fast response of low clouds

4xCO2 runs Regime composite of low cloud wrt ®500
(20y ensemble) miroc3 MIROC5

low cloud composi low cloud composite  MIROCS5

. C .
Tropical mean <0 Tropical mean >0

composite low cloud [%]

3,
-
C
)
@)
S
©
©
)
O
©)
=
@)
—

80 -60 -40 -20 0 20 40 60 -80 -60 -40 20 0 20 40 60
500hPa o [hPa/dy] 500hPa o [hPa/dy]

500hPa w Watanabe et al. (2011, Clim Dyn)

AC, :fAPwCZCTL (w)dw +|waCTLACI (w)dw

Thermodynamic driving
Tropical-mean changes in C, & SWcld are due to a subtle difference
between C, decrease / increase over the subsidence / ascent regime
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MIROC Perturbed Physics Ensembles (PPEs)

0 MIROC3.2 PPE (JUMP project, Annan et al. 2005)
v T20L20 slab CGCM
v' 13 parameters perturbed w/ EnKF

0 MIROCS5 PPE (Shiogama et al. 2011, submitted)
v T421L.40 full CGCM Corr. between feedbacks and parameters

MIROC Corr. bet. feedbacks and para. values
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ENSO and climate sensitivity?

Reasons may be different in the two models, but a common
feature of strong ENSO in the control run <---> low CS

MIROCg PPE-C (JUMP2) HadCM3 PPE-C (QUMP
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Shiogama et al. (2011, submitted) Toniazzo et al. (2008)
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ENSO and climate sensitivity?

Compare 10 models having o4 Y of &-CTL e

* Largest negative SWcld feedback _ i3 o)
* Smallest negative SWcld feedback \ DN ¢ G

Larger SWcld feedback | TR
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Watanabe et al. (2011, JC) Shiogama et al. (2011, submitted)
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Combined structural/parametric uncertainties

OO PPE can be complementary to CMIP MME and has
some advantages over MME

OO PPE may also have disadvantages that
v The ensemble depends on the base model (Yokohata et al. 2011 JC)

v Model errors in the ensemble may not cancel each other

v May not be suitable for exploring feedback mechanisms
Rank histogram approach v Ranks observations
o (b) CMIP3-AS | (d) HadSM3-AS y (e) MIROC3-AS . - among en sembles
-> Histogram

= ensemble members are
around the observation

l]1357911 01357911 l]1357911 ’ = ensemble members

Yokohata et al. (2011, Clim Dyn) ~ Over-/under-estimate
observation




Forcing-Feedback in two PPEs

Multi-Physics Ensemble
2 (MPE)

Replacing one or more
schemes in MIROCS5 w/
old ones:

Climate v’ Std (=M|ROC5)

sensitivity v' (old)CLD
: old)CUM
old)VDF

Y
Y
MIRGE5 X v (old)CLD+CUM
AGCE'\ miRocs PPE [
3.0 35 40 AP © (0ld)CLD+VDF

Radiative forcing [W/m?] (2xCO2 equivalent) (Old)CLD+CUM+VDF

v' Structural difference > Parametric difference

v Any strategy to link them ? Watanabe et al. (2011, submitted)
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Forcing-Feedback in two PPEs

Multi-Physics Ensemble
2 (MPE)

Replacing one or more
schemes in MIROCS5 w/
old ones:

Climate v’ Std (=M|ROC5)

sensitivity v' (old)CLD
XX - old)CUM
old)VDF

Y

Y

MIRGE5 X v (old)CLD+CUM
AGCE'\ miRocs PPE [

3.0 35 40 AP © (0ld)CLD+VDF

Radiative forcing [W/m?] (2xCO2 equivalent) (Old)CLD+CUM+VDF

v' Structural difference > Parametric difference

v Any strategy to link them ? Watanabe et al. (2011, submitted)
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MPE: Filling the gap between PPEs

Climate sensitivity vs SWcld feedback

r=0.85 (globgal)

r=0.83 (tropics)
r=0.01 (extratropics)

} - CLD+CUM+VDF

- CLD+VDF
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ASWcld [W/mZK]

x Global mean A Tropics [J Extratropics

Watanabe et al. (2011, submitted to JC)

Processes are nonlinear, e.g.,

(old)CLD -> small impact
(old)VDF -> small impact
(old)CLD+VDF -> large impact!!

SWocld feedbacks

e

8 [Wim2/K)

‘Feedback occurs thru the interaction of a suite of parameterized
processes rather than from any single process’ (zhang & Bretherton 2008)
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SWcld feedback in different circulation regimes

Composite SWcld feedback in MPE :
Composite low clouds

negative positive in MIROC3 4xCO2

low cloud composite MIROC3

strong descent | |
(30hPa<o) o> 0

eak descent
(0<030hPa) 0ees ¢o

composite low cloud [%]

eak ascent
(-40hPa<w<0) @ o6 o '>

-80 -60 -40 -20 O 20 40 60

strong ascent 500hPa o [hPa/dy]

(0<—40hPa) @ 06 coe

SWocld feedback appears to be
robust (at least in MIROC3/5)

2 -1 0 1 for the subsidence regimes,

ASWcld [W/m?2/K] but not for the convective
Watanabe et al. (2011, submitted) regime!

9 Trade cumulus response?
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Can climate feedback be constrained with
palaeoclimate simulations?

Feedback analysis based on MIROC3.2 PPE ~ SWcld values correlated
for LGM & 2xCO, in PPE

(but not in PMIP2)
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for different forcing & mean climate
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SWcld feedback for 2xCO2
Yoshimori et al. (2011, JC)
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Papers available at http://tinyurl.com/3qfup84 (user: guest, password: miroc)

Conclusions

Toward understanding sources of model’s “uncertainty”
in terms of the climate sensitivity & climate feedbacks,

0 We emphasize thru the analysis of MIROC3.2/MIROCs/ CMIP3
an importance of:

v" identifying timescales of cloud response/feedback

v" distinguishing robust/fragile parts associated w/
cloud response/feedback

Extensive use of various ensembles based on MIROC reveals

v' aconnection between apparently independent
phenomena (ENSO & climate sensitivity)

v' attribution of inconsistency among GCMs to
individual processes/interactions
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What is robust? What is not robust?

Change in stable regime frequency in CFMIP1  Sorted responses in CFMIP1

7 r AN MIROC?3 7 - MIROCS i LTS temperature response (K/K) Oceans [50S,50N]
IS o -5§§X : ~ Z: oy . ﬂﬁx : 2 ' | | | | Hmmﬁn ]
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GISS-ER

SW CRE feedback component (W/m*/K)

60 80 100

Watanabe et al. (2011, Clim Dyn) Perceniles of LTS (K)
Unstable <——> Stable

v’ Increasing LTS: sign robust (but not magnitude) Courtesy of M Webb
v Change in SWcld: fragile even sign




ENSO control mechanism in MIROCS5

Cold tongue dryness (CTD) index
JUe dngiees (G UID) ENSO & mean state error
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Wﬁﬁ 12 3 14 15 16 17 18

strong
weak subsidence

subsidence Wet COld tongue dry

Direct effect of convection

Cold tongue EIQ g Cold tongue EIQ COU pled feedbaCkS
Watanabe et al. (2011, JC)




Land/
River

Ocean

Sea-ice

Dynamical core

V. Coordinate

Radiation

Cloud

Turbulence

Convection

Aerosols

MIROC3.2

Spectral+semi-Lagrangian

(Lin & Rood 1996)
Sigma

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

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

M-Y 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+fixed riv flow

COC03.4
Single-category EVP

MIROC updates after AR4

MIROCS

Spectral+semi-Lagrangian
(Lin & Rood 1996)

Eta (hybrid sigma-p)

2-stream DOM 111ch
(Sekiguchi et al. 2008)

Prognostic PDF (Watanabe et al.

2009) + Ice microphysics (Wilson
& Ballard 1999)

MYNN Level 2.5
(Nakanishi & Niino 2004)

Prognostic AS-type, but original
scheme (Chikira & Sugiyama 2010)

SPRINTARS + prognostic CCN
(Takemura et al. 2009)

new MATSIRO+variable riv flow

COCO4.5
Multi-category EVP




Combined structural/parametric uncertainty

Understanding how parameter-driven uncertainties in PPEs
depend on structural properties of the model

MIROC PPE vs HadCM3 PPE
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HadSM3
- MIROC3.2

Total Climate Feedback [W m™ K]

%4 02 0 02 04 06 08 1
SW Cloud Feadback [W m™2 K 2] HadSM3

.5 1 1 1 1 1 1 1
-0.04-0.02 O 0.02 0.04 0.06 0.08 0.1 0.12




Global warming patterns

4xCO2 runs I\/IIROCB 10 members MIROC5 6members

Reg( ASAT,
ASATg)

0 60E  120E 180 120W  60W 0 0 60E  120E 180 120W  60W 0

| N -

-1-05 0051 2 3 4 5 6[K]
ASAT(glb) vs ACI (90S-90N, ocean) MIROC3 ASAT(glb) vs ACI (90S-90N, ocean) MIROC5
(a) r=-0.53 (-0.21 aft y0021) (b) r=10.19 (-0.23 aft y0021)

w

N

—
1

o

+ ann. mean,
single run (150y)

A ann. mean,
ensemble avg (20y)

ALow cloud [%]

ASAT [K] ASAT [K]
ASAT, may not explain global-mean AC; except for initial years
Watanabe et al. (2011, Clim Dyn)




Natural low-cloud (C)) variability

Obs/CTL runs
Leading SVD

NCEP OISST/CALIPSO

0.3 %/K

Tropical-mean CI

-=-0.32

Nino3 SST

3
2
14
0
14
24
-3+
3
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14
0
-1
-2
-3
3
2
11
0+
14
-2
-3-

SST anomaly

60E 120E 180 120W 60W

C,anomaly

120E 180

MIROC3med, SCF=54.5%, r=0.85
R . 7 /V .~ "‘?\g 2

f| 1shii SST/

d oissT/

V2| CALIPSO

60E

-02 0 0.2 04 06 0.8 [K]

43210123 4][%]

MIROC3 CTL

MIROCS CTL

Watanabe et al. (2011, Clim Dyn)




Three timescales of low-cloud changes

4xCO2 runs  MIROC3 MIROC5
ASST(NmoB) vs ACI (308 30N ocean) MIROC3 ASST(N|n03) vs ACI (30S-30N, ocean) MIROC5

r=-0.84 ¢ 0.86 aft y0021)
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r=-0.58 (-0.69 aft y0021) _
4 6
ASST in Nifo 3 [K] ahn. mean, single run (150y)

() decadal mean, single run

A ann. mean, ensemble avg (20y)
v Tropospheric adjustment % initial month of A
v Slow response (> 20y):(dC, /dT,) . matters!

CTL
v’ Fast response (< 10y): opposite between the models




Parametric uncertainty

Climate sensitivity in HadSM PPE
Perturbed Physics Ensemble (PPE) — Unweighted PDF

- Welghted PDF

v' Complementary ensemble to CMIP MME

Relative probability

v Designed for systematic sampling of
uncertainty in a single model framework

v' Some advantages over the Murphy et al. (2004)

ensemble of opportunity Climate sensitivity in QUMP & CMIP3

v PPEs have been done with e

e HadCM3/HadSM Sl [ cele oo s o
- NCAR CAMS3.x/4 e ol e ememmew
. MIROC3.2/5 AO-MME |- [o e sms o o o
. ECHAMS5

: : _ Collins et al. (2010)
v" Difference in parameter sets & perturbation strategy




How to evaluate climate sensitivity?

* Ina CGCM 2xCO, (a) standard HadSM3
experiment (=>20y),
N=F+aAT
and plot N against AT

Assuming constant F
and o on short timescale

N can be decomposed
into SW, LW and their
clear-sky, cloud

com ponents Change in surface air temperature (K)
Gregory and Webb (2008)

o
« clear-sky longwave (LN)

+- -+ clear-sky shortwave (SN)

oo cloud longwave (LC)

&--a cloud shortwave (SC)

BE
z=
S<
o0
O
‘Q'J‘..-
c
cS
QJ'.-

Q
£2
5
O

* This caused by rapid local changes to the vertical temperature profile due to the
altered radiative heating, with consequent changes to stability, vertical mixing,
and the moisture profile.




Mean climatology

Annual mean precipitation JJA precipitation

TN
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EQ

60E 70E 80E 90E 100E 110E 120E 130E 60E 70E  80E

T T T s
50 100 200 300 400 500 600 700 800 900 [mm/mo]

P v'Effect of increased resolution
v Effect of the new model physics

7 8 9 10 11 12 [mm/day]

Watanabe et al. (2010, JC)




20C mean SST

1961-1990 annual avg. from 20C run

MIROC3med

.f"i*""’ 1\




Natural low-cloud variability

Obs/CTL runs
Local Cor (C,, ®500) Local Cor (C,, LTS)

dCl/dwso, JRA/ISCCP

By,
60E 180 ‘ ) ' 60E  120E 180  120W 60W
dCl/dwse, MIROC3.2 CTL dCl/dLTS. MIROC3.2 CTL
g —.. : OSTIIN \

MIROC3
CTL

180 120W  60W

MIROC5 CTL

MIROC5 o
CTL eVl NP )

60E  120E 180  120W 60W

Watanabe et al. (2011, Clim Dyn)




Fast response of low clouds
Change in PBL depth

180

-0.15 -0.12 -0.09 -0.06 -0.03 0 005 006 009 012 0.15 Az [km]




Fast response of low clouds

4XCO2 runs
(20y ensemble

60E 120E 180 120W

-35 =3

180 120W
5 kK]

60E 120E 180 120W
4 6 8 10 [hPa/dy/K]

ALTS fe%gﬁt,)ack 20y N=6, MIROC5

60E 120E 180 120W  60W

-0.4 -0.2

ASST fe_ggback 20y N=10, MIROC3

180 120W  60W

-0.4 -0.2 0

0.2

60E 120E 180 120W  60W

-
0.6 0.8 1 [KIK]
ASST feedback 20y N=6, MIROC5

120W  60W




MIROCS5 PPE: How to construct?

AGCM-CTL runs w/ min/max values of each parameter,
estimating changes in the TOA net radiation imbalance

Generate the potential parameter sets by large Latin
hypercube sampling (5000 samples)

Statistically emulate TOA imbalance at TOA for each
sample by using ATL-CTL runs

Select samples w/ smallest TOA imbalance, and a post
process eliminating "very close" parameter values.

Repeat (4) to select 100 subsets.

Perform AOGCM CTL and 4xCO, runs w/ selected 100
low-imbalance parameter sets W|thout flux adjustment.

Shiogama et al. (2011, submitted)




MIROCS PPE: Sampled parameter values

Probability

wcbmax

0.04- -

1.0

04 0.6
wecbmax (cumulus)

b1

08

0.0 0.2 04 0.6 08
b1 (cloud)
__ucmin
0.08
006
004
) ; ucmin (aerosol : :

Probability

Probability

Probability

0.2 0.4

faz1

0.10

0.02

0.00

0.0

0.2 04 0.6

fazl (turbulence)

Ice/snow alb

Probability

1.0

edo

0.2 0.4 0.6

X 08
albice (surface)

| cl‘md‘

| 0.10 |
0.08 - 1 0.08 - 1
2 0.06 - 1
£ |
3 |
o
] 1
% 004 1
0.00
0.0 0.2 04 06 08 1.0 0.0 0.2 0.4 06 0.8 1.0
cimd (cumulus) tﬁcﬂw
0.10 0.10 T | T
0.08 0.08 -
0.06 - > 0.06
3
3
[
0.04 &
0.02+

0.00

0.0 0.2

06
alp1 (turbulence)

0.4 0.8

Latin Hypercube Sampling
Suppressed Imbalance Sampling

Sampled values are not concentrated
in small subspaces.

Shiogama et al. (2011, submitted)




MIROCS PPE

CGCM-CTL runs (anomalies from the run1=ref)

TOA radiative imbalance Global-mean SAT
a)' - - - . . .

[W/m2]
N w
No w

O

[degC]

A
- N NI .
AN ,'0,'0,\ ‘%,A,A \
A 7NN e NG A o .A".>‘\ - v
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Surface air temperature
anomalies

Control runs
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anomalies at TOA

15 20 25 30
year

Shiogama et al. (2011, submitted)




MIROCS PPE

Inter-model variances of total forcing and
feedback explained by each component

L S

SWcld+LWcld
SWcld+LWcld

Explained varinace (%)
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SWecld is the most important component for both the variances of forcing and feedback.

Shiogama et al. (2011, submitted)



Differences of composite:
(large positive SWcld RF, more negative SWcld FDB) minus
(small positive SWcld RF, less negative SWcld FDB)

Larger RF (adlustment) More negatlve feedback (x3)

SWecld

|
-2 -10 -8 -6 -4 -2 _2 4 6 8 10 12

Cloud cover

High-level W

Mid-level }&;

Low-level e




Differences of composite:
(large positive SWcld RF, more negative SWcld FDB) minus
(small positive SWcld RF, less negative SWcld FDB)

Larger RF (adjustment) More negatlve feedback (X3)

-0.9 -0.75 -0.6 -0.45 -0.3 015

I
-—252151-05051

15 2 25 3

Cloud cover

High-level [ ;

Mid-level }&;

Low-level '




Implication to

20C runs ; MIROC3 (10 mem) @4 s MIROCS (3 mem)

\ A\ N

( MH

Tropical ‘\‘J" Jiod 1 "‘.
Cl (30S-30N) el ik
beci'ease (-

| I
H N | N AA | |
(NI R | \
’ N TN

(b Y i
-0.28%%/ ‘JIOOy)

20" century trends

+0.47%/100y, MIROC5

| Increase (+0.47%/10r0y) |
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v’ Likely due

to ‘fast’ response (but change is much slower)

Tropical-mean trends in 6 & 6
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Diff. 6,4, tendency
due to cloud physics &
turbulence is essential !
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AB700-tendency Watanabe et al. (2011, ASL)



Can we constrain the cloud feedback?

convective subsidence
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Approx linear relation
in SWcld feedback vs
cloud fraction changes

Nonlinear relation
in SWcld feedback vs
cloud fraction

—> can be used for
constraining ASWcld?

Watanabe et al. (2011, submitted)




