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Equilibrium climate sensitivity (ECS)
guantifies global warming... and is very
uncertain!

* Global mean surface warming per doubling of atmospheric CO_, at
equilibrium

a) Evolution of equilibrium climate sensitivity assessments from Charney to AR6

p < 10%

6 - T [ ©
=y ’
O
o
~ § - - Very likely: 2-5 °C -5
2 :

> x x (1 4 < Ty)
@ 4 - [ L N = < < © Likely: 2.5-4 °C - 4
S = o
0 > <
Q ;
o 3 - -+ -+ Best estimate: 3 °C -3
E 4+ 4 g !
5 B :
£ 21 _ - 2
2 ARG6 combines evid f
_S - Proce derstanding
= 1 + Instru tal record 1
— el e S i SN - - Paleo t -
g- F d d . E:werg t nstraint
w Also ¢ tal rd an | t
T T T T T T
1980 1990 2000 2010 2020 2030

Year of assessment



How does ECS relate to cloud feedbacks?
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Spread in feedbacks is largely from cloud
feed‘.haglk$eedbacks
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A Observed, Intlerannual Variability ['Dessler 2013]

) CMIP5 GCMs, 4xC0O; Warming [Vial et al., 2013]

@® CMIP5 GCMs, 4xC0O; Warming [Caldwell et al., 2016]

@ CMIP5 GCMs, 4xC0O; Warming [Colman & Hanson, 2017]
@ CMIP6 GCMs, 4xCO> Warming [Zelinka et al., 2020]
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Range of ECS estimates increased from
CMIP5 to CMIP6
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Here we focus on the influence of
atmospheric parameters on cloud feedbacks

Non-orographic

R
wave drag 2 x! o \“ /?, )//‘ 7
\j\ A 2 /J, i Sasenny

\ Long-wave i Short-wave CHg Oxidation
; radiation ( : radiation
Cloud N) 1\\ c
{ \\ |
O ) ) ‘
4 4 .. ( Il‘\(\\ [ g \
ey, Cloud Subgrid-scale

i 49§ 4 ) orographic drag
6040
\ L) “ 4 ) =
Deep THLE ,;’ ‘ -
convection 1 s

Turbulent diffusion

Shallow
convection 1 f () ( )
‘l“) ody4 I l J \ > Latent pensible
s ‘u . .‘ Long-wave Short-wave heat
“ ‘6. [ ! 4% Wind Waves flux flux flux

Ocean model

NCAR CESM



We vary 45 atmospheric parameters from

several schemes
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The CAMG6 perturbed parameter ensemble has
a large spread in cloud-radiative feedbacks

PPE experiments

CAMG6 — atmosphere only

45 atmospheric parameters vary
3 years each

Fixed SST

PD: Present day simulation
SST4K: Uniform 4K warming
simulation

262 simulations are run



TOA radiative imbalance (W m~2)

The CAMG6 perturbed parameter ensemble has
a large spread in cloud-radiative feedbacks

PPE experiments
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A TOA radiative imbalance of O
W m2 indicates equilibrium
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CAMG6 — atmosphere only

45 atmospheric parameters vary
3 years each

Fixed SST

PD: Present day simulation
SST4K: Uniform 4K warming
simulation

262 simulations are run
206 simulations are used here
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The CAMG6 perturbed parameter ensemble has
a large spread in cloud-radiative feedbacks

PPE experiments
e CAMG6 —atmosphere only

Longwave Cloud Feedback 1| = 10 * 45 atmospheric parameters vary
s s - * 3years each

Shortwave Cloud Feedback 1 o FlXEd SST

e PD: Present day simulation
Total Cloud Feedback ] m— * SST4K: Uniform 4K warming
simulation
Total Feedback i
2 1 0 i e 262 simulations are run
Wm-2K1

e 206 simulations are used here



Longwave Cloud Feedback -

Shortwave Cloud Feedback

Total Cloud Feedback -

Total Feedback

CMIPG
PPE

m CESM2 (CMIP6)
e PPE default/CAM6.3

Questions
1. Why is the cloud feedback lower in the

2.

PPE default simulation than in CESM?2?

Is it a coincidence that the parametric
spread in CAM6 and CMIP6 models have
comparable spreads?

Which parameters control the spread in
cloud feedbacks?

Are changes in parameters responsible
for the increase in ECS from CAMS5 to
CAMG6?



Questions
1. Why is the cloud feedback lower in the
PPE default simulation than in CESM2?

CMIPG
PPE
m CESM2 (CMIP6)

e PPE default/CAM6.3 2. Is it a coincidence that the parametric
Shortwave Cloud Feedback spread in CAM6 and CMIP6 models have
comparable spreads?

Longwave Cloud Feedback -

Total Cloud Feedback -

3. Which parameters control the spread in
cloud feedbacks?

Total Feedback

W m=2 K2 4. Are changes in parameters responsible
for the increase in ECS from CAMS5 to
CAMG6?



1. Why is the cloud feedback lower in the PPE
default simulation than in CESM2°?
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1. Why is the cloud feedback lower in the PPE
default simulation than in CESM2°?

Total Cloud Feedback
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* Some of the difference is explained by coupling + CESM2 (CMIP)
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o CAM6.0

e PPE default/CAM6.3
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1. Why is the cloud feedback lower in the PPE

default simulation than in CESM2?
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* Some of the difference is explained by coupling +  CESM2 (CMIP)
. . . . . CESM2 (AMIP
* Some of the difference is explained by differences in model - ARG O( )
— PPE is run with newer version of CAM®6 e PPE default/CAM®6.3

(CAMG6.0 -> CAM6.3)



2. Is it a coincidence that the parametric spread in
CAMG6 and CMIP6 models have comparable
spreads?

Assessed Cloud Feedback Values
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Sherwood et al. 2020



2. Is it a coincidence that the parametric spread in
CAMG6 and CMIP6 models have comparable
spreads?
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Total Cloud Feedback (W m~2 K1)

Total Cloud Feedback (W m~—2 K~1)
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3. Which parameters control the spread?
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4. Are changes in parameters responsible for
the increase in ECS from CAMS5 to CAMG?

e We use the PPE to build a model for feedbacks as a

function of parameter
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i parameter index (1-45)
a. regression coefficient
p. parameter value



Changes in
parameter
values from
CAMS to CAM6
are not
responsible for
the change in
cloud feedbacks
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Summary

1.

4.

No
NCAR Margaret L. Duffy
UCAR mlduffy@ucar.edu

Why is the cloud feedback lower in the PPE default simulation than in
CESM2?

Coupling and newer generation of CAM6 in the PPE

Is it a coincidence that the parametric spread in CAM6 and CMIP6 models
have comparable spreads?
Similar spreads across individual assessed feedbacks suggests it’s NOT a
coincidence
Which parameters control the spread in cloud feedbacks?
One microphysics parameter, one convection parameter, one turbulence
parameter

Are chan§es in parameters responsible for the increase in ECS from CAM5
to CAMG6:
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The CAMG6 perturbed parameter ensemble has
a large spread in cloud-radiative feedbacks
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Is it a coincidence that the parametric spread in
CAMG6 and CMIP6 models have comparable
spreads?
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Is it a coincidence that the parametric spread in
CAMG6 and CMIP6 models have comparable
spreads?

Assessed Cloud Feedback Values
1

High-Cloud Altitude - E—l
Are the same Tropical Marine Low-Cloud 1 E—l

meqhanlsms Tropical Anvil Cloud Area 1 |—E
setting the spread
in cloud feedbacks e B"
aCross bOth Middle Latitude Marine Low Cloud Amount - B—l
ensembles?

High Latitude Low-Cloud Optical Depth |—l—|

Total Cloud Feedback - | + ]

1
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8
Sherwood et al. 2020



Spread for each

assessed
feed baCk iS Tropical Marine Low-Cloud -
comparable | |

Tropical Anvil Cloud Area -
between
CMI P/AM IP and Land Cloud Amount |
PPE

Middle Latitude Marine Low-Cloud Amount -

High Latitude Low-Cloud Optical Depth -

Implied Unassessed Cloud Feedbacks |

Total Cloud Feedback -

-0.5

High-Cloud Altitude -

o » WCRP
e ¢ cocoon CMIP
P2 ° AMIP
= CESM2 (AMIP)
° @e o @ PPE
¥ E———— e PPE default
Lo
O-z
&
&Y D
Ry i
<
o e &
SIS
@ S P8>S
< &
. 4
& o ® & o 9
& 26 & GGl e ey L N =3
0.0 0.5 1.0

Wm-2K1

26

1.5



WCRP
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Total Cloud Feedback (W m~2 K1)

Total Cloud Feedback (W m~2 K1)
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Which parameters control the spread?
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Total Cloud Feedback (W m~2 K1)

Total Cloud Feedback (W m~2 K1)
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Are changes in parameters responsible for
the increase in ECS from CAMS5 to CAMG?

e We use the PPE to build a model for feedbacks as a
function of parameter

A feedback
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p. parameter value



Changes in
parameter
values from
CAMS to CAM6
are not
responsible for
the change in
cloud feedbacks
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Summary

*|s it a coincidence that the parametric spread in CAM6 and CMIP6
models have comparable spreads?

* Similar spreads across individual assessed feedbacks suggests it’s NOT a
coincidence

* Which parameters control the spread in cloud feedbacks?

* One microphysics parameter, one convection parameter, one turbulence
parameter

* Are changes in parameters responsible for the increase in ECS from
CAMS5 to CAMG6?
*No
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Spread in ECS has increased from the previous
model generation
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Cloud feedbacks can
shortwave and longwa

be partitioned in

ve cloud feedbacks

)\n
ECS ERFox A —
6‘r """"""""""""" 6 i i @ CMIP5 [n=28]
hceeemnecnneens : - @ CMIP6 [n=27] ----
3 EERETTTEL ™ CEREE [ BT 5 ! !
© : :: __________________________________
of-Bo|l-88-1 1
- O D A |
A R T - —---t3& | I
% S C ~ I o T s S - e -0.5
I 1
7 e R & 2 TN = 1 U UUUURU BSUS -1.0
* 8
------------------------------------ 1 O T CCr IR S RRE R TR RRORTERRETRRRERE .
@ J® | b0 [9.80iii
7elinka et al. 2020 Net Planck LR RH Albedo Cloud Cloudsy Cloud;y

34



35



