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Recent warming (~2K)

(e.g. Otto et al. 2013)

Climate sensitivity: VS.
Model-based (3-5K)

(Clement et al. 2009, Fasullo and Trenberth 2012,
Sherwood et al. 2014)

Models underestimate
Hydrological sensitivity: by about a factor 2

(Zhang et al. 2007, Wentz et al. 2007,
Durack et al. 2012, Ren et al. 2013)

| | Models warm too much

(Thorne et al. 2011, Po-Chedley and Fu 2012)
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2xCO2 forcing
Partial radiative perturbations (PRP) feedback analysis
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Longwave cloud feedback:
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Hydrological sensitivity is controlled by atmospheric
energy budget:

Rising tropopause

Iris-expansion

Dry and Clear Moist and
Cloudy

A

*

*
x XK
X

)

s}
Abb

b
v\

i

Radiative cooling
Latent heating




———y
]

Spno|D

inodea Ja1epn

[ ]
I

rer-osdc- | —

_
< o < @
<

_
N
v

o o O_
(M/, W) Punzesy duisydsowe ul abueyd
. o
, \ C w0 &
AN
N “5\ -2
N N B
KON \ =
AN \ < m
N\ , -
\ ’ ¢
N / B S
// h \ B Y
7o \ h - ©
2NN \ \ - 9 ¢
N N . \ ™ =
N N \ i O
N N \ B
o \ . . &
\ i S
WON N FgE
N // \ - =
N \ L 'S
N N \
o000 <~ N\ - A
O N N\ }
AMn " o S NP S
T o - [V
U __e __e O\
L v _d ) QO \
N
- A\
_ | | _ | | _ | | _ | | | _' _
Al (0)) O ™ o ™

(%) @bueyd uoneydidaid uesw [eqo|H



BCC-CSM1.1

CanAM4

CCSM4

CNRM-CM5
FGOALS-s2

GFDL-HIRAM-C180

GFDL-HIRAM-C360

GISS-E2-R

HadGEM2-A

INM-CM4
IPSL-CM5A-LR

IPSL-CM5B-LR
MIROCS

MPI-ESM-LR

MPI-ESM-MR

MRI-AGCM3-2H
MRI-AGCM3-2S
MRI-CGCM3

NorESM1-M

..................... '
B :
A4 .
O .
AT .
O
A4 N
.............................. '
. O
. N4
. O
A4
: — <
: o—
: =
: o—
------------------------------ 7oC @
. O
A4
: —
2 o—
- <O
- o——
: o
. T
.............. '
............................ - '
- O
. A4
. O
A4
- O
A4
........... ' -
o
T
O
A4
O ~
A4 -
.............. '
O
A .
O .
A4
............ @ o
O - -
A4 . .
O .
o N
O
J N
O - -
A4 g -
. :
- .
.............. '
O
=N :
- ~ -
- S -
O
A~ .
O
L N
O
A4
o— :
=N :
........................ - ' -
............................ '
" Py "
e Ta) e
- 7 -
- © -
: o
. N4 .
O
. A .
O
- A4
: — ;
: T :
--------------------------- . @ .
................................. PS
: P
- o—
. 0
. P4
............................ '
- — -
- TN -
” N
: o
: o
N A4 N
.......................... '
” — ”
: o :
- - -
- © -
. o
. T
.............. @
................... - . -
------------------------------ BC @——
O
: .
: o—
: o :
. A4 .
............................. '
: Py -
2 Ta) 2
j P
. A~
: o -
| |

-0.02

0

0.02

AMIP — UAH for T24 — TLT (K decadé )

I
LI e e e EEELELELEEELECEE L LR LY —
=S .
< 5
PN
A . .
o
= . .
L SRR TS EEREERETT — e —
_._e—.
B A N
B =4 B
—ea—
. = .
o Ao .
— _._.— .............. —
N ~ .
<
SN .
—C 5
P .
— .
5 o 5
5 < .
G aanoa @ ........................
R LEEEEEEEREEERE FRRRR ———————— —
o -
< N
- &5
Fal
~
— ' E I I I I A S
o N
< B
S 5
=4 .
Eooaoaon ' e ST I S
o
=4 N
S .
= 5
_ .. ' F T T T T I AP
o .
< 5
PN .
= .
o .
< .
Eo oo caoonoooo ' e
O
S -
= 5
Ao 5
o
< B
o
=4 N
o
<
= .
O -

B oo coaaoooadaoos ' .......................
— —_—— e —
[

—
—-e—
N
<
e
- &5
B oo caaooodooooaoaoaan ' ...................
o oanaooonaonnl|ooacaanacs = ®—— ..
O
—
- o
5 <
B oo o000 oodooooooaoaana ' ..................
o
<
5 o
g <
N
—O
o Gcoobaanooant|aoons @ —
U
o
~ -
\=an
N o
B <
o Gcaooaanoa @ ...........................
B oo coaaoooadaoos ' I I AP
I — @ —
P
- &5
—_——
B oba000a66a||aoaaaanns —_— e —
N
—
- o
- <
- 5
| |

0.06

-0.02 0

0.02

0.04

AMIP — RSS for T24 — TLT (K decadé )

Po-Chedley and Fu (2012)

0.06



pressure

pressure

50

70

100

150

200

250
300

400

500

700

850
1000

50

70

100

150

200
250
300
400
500

700

850
1000

ECHAM®6

Temperature change K
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Mechanism®



Clouds (white surfaces), near-surface temperature K (colors)
15 — (a) L=198km: disorganized convection
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15 — (b) L=510km: convection self-aggregates
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Muller and Held (2012)
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Warmer atmosphere is more prone to aggregate
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A negative feedback loop (longwave)
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We have implemented a representation of an iris-effect in ECHAM®G:

* Climate sensitivity is only lowered from 2.8 t0 2.2-2.5 K-notto 1 K as
suggested earlier — due to natural compensation from lapse-rate and
shortwave cloud feedbacks

e Hydrological sensitivity increases, in order to sustain the enhanced
atmospheric cooling, to values higher than that of any other model

e Troposphere warms less than a moist adiabat with an iris-effect
The results show that an iris-effect, for instance caused by unrepresented

convective aggregation, could be a missing link between models and
observations, thus deserving further attention









1. Forcing
2. Ocean heat uptake
3. Climate sensitivity




