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Sensitivity of the Tropical NET Cloud Radiative Forcing (CRF)
to surface temperature change (W/m?*K)
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CAM4, stratocumulus regime
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CAM4 Negative feedbacks
Stratocumulus clouds formed by surface-driven turbulence
Deepened mixed layer in a warmer climate

(Shallow convection free tropospheric air with the whole PBL)
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CAM4 Negative feedbacks

Shallow cumulus clouds formed by convective transport and
detrainment

Larger transport and detrainment in a warmer climate
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CAMbS:

PBL explicit cloud top entrainment:

We — We(Frad ! Eevap)

Shallow convection: lateral mixing explicitly depends
cloud liquid



CAMS:

Stratocumulus clouds formed by surface-driven turbulence, but
diluted by cloud top mixing

The two effects compensate each other
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CAMb5

Shallow cumulus clouds formed by convective transport and
detrainment

Larger transport and detrainment in a warmer climate
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What's Next

1. Large-eddy simulations (LES)
2. Hypothesis test of mechanisms in GCMs

3. Test on observed seasonal variation of low clouds
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Stratocumulus clouds in five LES models

S11: Cloud Fraction —

ot UCLA , p2k UCLA ,
15 15
E 1| — 1| que—
n 05 0.5
0 . 0 4 4 0.3
ctl LaRC p2k LaRC .
1.5 15 :
E - 1 ,ﬁ
N 0.5 0.5 |
0 0
ol MOLEM p2k MOLEM
o 15 1.5 0.1
= 1 ﬁ 1 !.g,_"—_—-
~N 0.5 0.5 |
0 : . 0
ctl DALES p2k DALES
15 15 ‘
E 1
N 0.5 0.5 0.03
ol 1 ol
ctl SAM p2k SAM
15 15
E 1
N 0.5 05| " |
0 0 0.01
0 2 4 6 8 10 0 2 4 6 8 10
time, day time, day

(Blossey et al. 2011)



S11: CTL—+2K Cloud/Turbulence C

Averages over

last 2.5 days

SAM

DALES

MOLEM

LaRC

UCLA

2| SWCF:-1448 Wm~ 1 [SWCF:-155.9Wm ™~ 1 |SWCF:-1473 Wm™ | [SWCF:-1508 Wm ™ 1 [SWCF:-207.2 Wm™
ASWCF: -0.4 Wm ASWCF:10.7 Wm ™ ASWCF: 38.5 Wm - ASWCF:-06 Wm - ASWCF:32.7Wm ™~
LY ——— y
g
S )
"
: UCLA Runs
0.5 | MOLEM Runs P
gt . ol VOoIvVINEg
Still Evolving .
" Y | P | | T | G
0 0.5 1 0 0.5 1 0 05 1 0 0.5 1 0 0.5 1
cloud frac cloud frac cloud frac cloud frac cloud frac
2 YeLerPep: 0.0 mmd'! LBPCP:0.0mmd ' 1 [CLBPCP:03mmd' 1 |cLBPCP: 03 mmd” 1 |cLBPCP: 0.1 mmd”
LBPCP; 0.0 mmd ' LBPCP: 0,0 mmd CLBPCP: 0.1 mmd ' CLBPCP: 0.4 mmd CLBPCP: 0.0 mmd’
1.5
\‘-.~-
.‘.\E‘ 1 \\\ ,l'
N P
i
I
\
0.5 ¥
0 L
0 0.2 0 0.2 0 0.2 0 0.2 0 0.2
ww', m? §2 ww', m? s ww', m? s? ww', m? s ww', m? s

nanges

CLOUD
FRACTION

22



Z,

=

Z, Km

Z, km Z, km

Z, km

LES Cloud Feedback

cloud fraction

S6: Cloud Fraction 1

ctl UCLA p2k UCLA
4 M 1 4
0 - 0 : - 0.3
ctl LaRC p2k LaRC
4 - 1 4
MR : a0
0 . 0
ctl MOLEM p2k MOLEM
4 — 1 4 — E —] +40.1
0 0
ctl DALES p2k DALES
4 i 4
0 d . ol o
ctl SAM p2k SAM
4 1 4 ]
2 NI Y YRR T
0 0 0.01
0 5 10 15 20 0 5 10 15 20
time, day time, day

23



CLOUD

FRACTION

w’'w’

SAM

DALES

MOLEM

LaRC

UCLA

SWCF:-28.5 Wm *
4} ASWCF:2.3Wm™

SWCF:-19.4 Wm ™~
ASWCF: 06 Wm™

SWCF: -21.0 Wm * |
ASWCF: 04 Wm ™|

-

SWCF:-18.0 Wm *
ASWCF:-1.1Wm™ |

SWCF:-17.7 Wm*
ASWCF:2.9Wm -

'
\‘h
4 - 1
\ \
|
'
i
1 [} 1
0 i i W
0 005 0 005 0 005 0 005 0 0.05
cloud frac cloud frac cloud frac cloud frac cloud frac
CLBPCP: 1.0 mmd’' BPCP: 1.4 mmd” | |cLepce:26mmd’ | | CLBPCP: 0.9 mmd’ BPCP: 0.9 mmd '
4 1FLBPCP: 1.2 mmd’’ LBPCP: 1.7 mmd"’ BPCP:3.0mmd " | |cLBPCP: 13 mmd” | |ELBPCP: 1.1 mmd™
"\
0 X
0 005 01 0 005 01 0 005 0.1 0 005 01 0 005 01
wWw', m? 2 W'w', m2 g2 ww', m? g2 ww, m? s? WwW', m? 52

24



Summary

CAM4, negative feedback; CAMS5, positive feedback, for
both stratocumulus and shallow cumulus

In CAM4, both cloud types are driven by surface buoyancy
flux. Warmer climate leads to deeper PBL, and more
convective transport of moisture, more clouds.

In CAMS5, both are driven by surface buoyancy flux AND
cloud-property dependent mixing of cloudy air with free
tropospheric air. Warmer climate can lead to more dilution of
clouds.
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