——

' AORI Q@ @ r_’ THE UNIVERSITY OF TOKYO

Mechanism of tropical low-cloud
response to surface warming using
weather and climate simulations

Masahiro Watanabe
Atmosphere & Ocean Research Institute
University of Tokyo
hiro@aori.u-tokyo.ac.jp

Collaborators:
Satoru Demoto (AORI, Jpn), Youichi Kamae (NIES, Jpn), Jonathan Jiang
(JPL, USA), and others

EUCLIPSE/CFMIP meeting, June 10-14, 2013, Hamburg




Assessing cloud response to SST
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Short weather simulations

Transpose AMIP TAMIP+4K

v Does TAMIP+4K reproduce cloud changes in AMIP+4K?
v If Yes, what is the mechanism of the fast physics?




Cloud response to SST+4K in MIROC5
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Demoto, Watanabe, and Kamae (2013, GRL)



Why low clouds (= LWP) have to decline?

ARH and its tendency (subsidence regions) in TAMIP
B 5 of v s Positive ARH

Il Due to Aq tendency

I Due to AT tendency due tO turbUIenCe
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Surface flux response
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v’ Identical physics package as MIROC5-AGCM
v CGILS S6 external conditions, CTL & SST+2K

SCM experiments

v Vertical advection & adiabatic heating internally calculated
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Qualitatively good ability to reproduce AMIP mean cloud & its change
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Parameter dependence in SCM

v How ALWP depends on mean state & sfc flux response?
Parameter Definition Range
Factor for ® in CTL run (Ao=const.) 0.8-2.0
Factor for sfc wind speed change in SST+2K run 0.8-1.2

With stronger mean
Inversion layer, cumulus
convections cannot be
active in drying the
boundary layer

B ow-cloud increase
due to enhanced
0809 1 1.11.2131415161.71819 2

a (w factor) evaporation
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Model errors in SWcld

Excessive tropical cooling in GCMs
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Owing to ‘too bright’ low clouds Watanabe and Jiang (2013, in prep)




SWocld errors in MIROCS

Errors wrt CERES Zonal-mean SWcld

(a) MIROC5 AMIP 1979-2008, SWcld bias
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Watanabe and Jiang (2013, in prep)




AMIP snapshots (precip water &
SWcld)
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MIROCS5 AMIP precipitable water/SWecld

B Cooling due to SWcld occurs at the edge of waves
B Are errors in mean SWcld synoptic origin?




Synoptic origin of LWP errors

Composite in HCST Composite in NUDG
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More cloud water, less precip Watanabe and Jiang (2013, in prep)




Error compensation?

Precip bias
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Errors DO compensate
v'Reducing SWecld bias
amplifies LWcld bias
Coupling of errors in subtropical v'Need to fix the problem
low cloud & precip over the western for each

eq. Pacific Watanabe and Jiang (2013, in prep)




Summary

Mechanisms of SWcld ‘feedback’in a GCM
v'Subtropical low-cloud decrease to uniform SST rise
found both in MIROC5 AMIP & TAMIP

-> fast cloud response in about 10 days

v Competition between convective drying ( ) and
turbulent moistening ( ) the boundary layer,
the latter eventually ineffective due to slow-down of

the tropical circulation (cf. webb & Lock 2012)

Disentangling causes of subtropical SWcld bias
v'Common GCM bias of ‘too-bright’ low clouds may
have synoptic origin, and coupled with errors deep-
convective regime (maritime cont.)







SCM experiments

v’ Identical physics package as MIROC5-AGCM
v CGILS S6 external conditions, CTL & SST+2K
v Vertical advection & adiabatic heating internally calculated
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SCM experiments

v ' SST+2K run (cf. CGILS)
v SCM reproduces low cloud reduction as well as

changes in individual tendency terms
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Synoptic origin of LWP errors

Day 10, run01 in HCST Day 10, run01 in NUDG
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More cloud water, less precip Watanabe and Jiang (2013, in prep)




Tendency analysis

Why low clouds (<=> LWP) have to decline over the subsidence regions ?

Bl Sum of two terms
I Due to Aq tendency
I Due to AT tendency
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Two timescales in the response

— Subsidence avg.
——Tropical avg.
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Cloud regimes
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Cloud regimes

N

-
1

w

o

g
2
L
2 (c)®
(e
3
>

Global mean

o

SWecld [W/m?]

—"
w

-1201

-1801

N

012345678910
Lead time [day]

—
1

Jss0 RMSE [g/kg]

. 120E-140W, 0-30N

Watanabe and Jiang (2013, in prep)




vTAMIPERODERICDOWT

v‘initial adjustment’ IZl& ECMWFO Btz AV HHELICK>TEL S D
B AV INFEFERTLVHOTEEVD

VTAMIPO10B B OBERLEN ., AMIPOEESZEEZENEETHHTEZ DD

VSEIDEDDEFILAAVTLAVLS, BROZIAMEESHRTSDH




Seamless model evaluation

Control +SST

Long climate simulations
[

Cloud radiative forcing
in climate change

Model climate bias

\_

evaluation target

Short weather simulations

eg, Brown et al. 2012; Xie et al. 2012;

Forecast errors Williams et al. 2013; Ma et al. 2013

verification/diagnosis
w/ observations

Trangpose AMIP




Seamless model evaluation

Control +SST

Long climate simulations
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Short weather simulations

Forecast errors Fast cloud change

verification/diagaosis
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