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Equilibrium Climate Sensitivity (ECS)
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Equilibrium Climate Sensitivity (ECS)
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Equilibrium Climate Sensitivity (ECS)
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ECS likely range in AR5: 1.5~4.5°C
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ECS likely range in AR5: 1.5~4.5°C

S BAF—2HhD0HE
o Instrumental
°e_ 4 period
&
23
£
& 2 GCMM\i> DHETE
® Current mean
§ 1 climate state
o
5 General circulation &
Charney IPCC IPCC IPCC IPCC IPCC medets
(1979) (1990) (1995) (2001) (2007) (2013) i > 5 r— e B = B & 96
Science, 2020.07.22 SUERRRE (°C)
Most Ijkely x Extreme estimates
— — N S - a4 % * Extreme estimates beyond
. BREDOEILBEIER. (FEAEEH-TLVEL - the 010 % range

+ BN, ARSTIFESICEASI=E
o BBIT—SHLDHTEEL. RFEMICIELLD

Yery likely

Knutti and Hegerl (2008 Nature Geo)



& AT —ANSECSEHET D

A = (AN — AF)/AT

ECS estimated for each decade

1 4 /3
&Y., BAlT—EALHIDEFHTET HE
08
AF: |
ECS = — }\zx - L
AF2><ATobs 3 oa
m— -mOm- 19705
AF — AN -
-m0m- 2000s
-mOE-'70-'09
AT AL HETESNSECSHENN &IF, - 5. 2 25
RERCTEHELOFASNT AF- AN (W/m?)

MAT, LEFETIE A =—FEIERESN TS
= efficacyzeBANIL ALBENSFERICHTT—ETIEGELDTIE?



@ 20t8HcABE. T — RNy DDEF—RE TN o/

BEDIT4—F/\NyT ESLT-LEETES?

. SSTEHERRIEE 52 T, KATRHE—EICThiE (AF=0),

AMIPTH#HEB]RE = CFMIP AMIP-piForcing

Net climate feedback

0

{

> b

v

N G

P X

L & 2k

| E

=

N = 3

K 4E
-5 2 2 e A s
1880 1900 1920 1940 1960 1980 2000

Year

BURISSTRL UE

Andrews et al. (2018 GRL), Zhou et al. (2016 Nature Geo)

201 H2 1R F LU [URT1—R /N0 (54xCO2ZEER &Y RMBIZE 2oz = EULVERE



@ SR « — BNy DS ECDSSTEGICHERED

EHRTUERT — N\ IIZREEET S
SSTZEAL/INF—(T4—R 1\ I DKUY
EDARIZEBES)

Green's function approach w/ CAM4 AMIP

Dong et al. 2019 JC)



@ BERUIRD « — BNy DIISSTRR/ Y —VI[CIKiF I DD

moist #

adiabat

Tropospheric
temperature set by SSTs
in deep convective

regions

Descent

Inversion

-
Low clouds « Inversion Strength

(e.g., Wood and Bretherton, 2006)

Climatological SSTs

Courtesy of Kyle Armour



@ BERUIRD « — BNy DIISSTRR/ Y —VI[CIKiF I DD

Tropospheric warming \
* Descent

moist
adiabat

Inversion
Ascent Strength 1

Warm SST anomaly in W Pacific

LLBEHAKNEFENIYFET HE—

Courtesy of Kyle Armour



AORI

IBERURD « — /Ny DIISSTHRIR/ Y — VI[CIkIF I DD

moist
adiabat

—

Tropospheric warming

BERBENAKYEE
==ﬁ®ﬁ$74rvv7ﬁm

TREEEM
Inversion Descent = ADEI4—F/\vJiE1{t
Ascent Strength 1

e
Q

West Pacific SST increase warms free
froposphere (a negative lapse-rate
feedback) and increases low clouds
remotely (more reflected SW radiation,
a negative cloud feedback)

Warm SST anomaly in W Pacific

LLAMATEENIYFRT HE—

Courtesy of Kyle Armour



@ BERUIRD « — BNy DIISSTRR/ Y —VI[CIKiF I DD

moist #
adiabat

Inversion ‘ Descent
Ascent Strength |

Warm SST anomaly in the E Pacific

LLRBAREFENKIYFET HE—

Courtesy of Kyle Armour



AORI

BERUIRD « — BNy DIISSTRR/ Y —VI[CIKiF I DD

moist --'>

adiabat

BEREICIEFZELZND

Sol=MNrr
TEREZERD
'EE‘ - > N .
Inversion Descent EDET1—F/\vD5E1E
Ascent Strength |
g
- L

East Pacific SST anomaly warms
e boundary layer (a positive lapse-rate .

feedback) and decreases low

clouds locally (less reflected SW
= — radiation, a positive cloud

feedback)

Warm SST anomaly in the E Pacific

LLRBAREFENKIYFET HE—

Courtesy of Kyle Armour



=

BEDREAY

LESS TN — V2L

O XRSERICEZLZDOESSTHAE —1BE60FE , BAFKFFDSSTHE LEIELTLVS (& Hiatus)
OCMIPETILEEZE A D ELEBIRTETLVEW?

0ttt F LERORAENIRBEL

A3 A
LHEINOLE =
BRI AL i
i< ~X
L n
- ATHOBRORHE N
BT (PO) m
o
it
Y
K
[N
£
I\
A

v

* Large ensembles (22042 / V)& {FEZ (X,
RIS F=SSTHERRILNRNTEEEL THIR AR

o ETIVICR#MRZELHDELSER (Seager et al. 2019 Nature CC)EBET HHD TIXAELY

FREKRFEESSTHE DL (1951-2010)

5 A SREATHOBEAGRRED S - (-7 OEHER(1951~2010%)

b xrameors

- . Obs -0.33£0.16
Y45 | mmcmpssmodes  -024x0.10 L 15
2 W H CMIP5 W-models  0.39+0.10 .
g B Other CMIP5 models & multi-model mean
Lg 14 cEsm1 @ox>ii—) [ 1
S BREWDY ZaL—3> | CMIPS
205 4 (WfT”/) - 0.5
A
2 L 4
.1_0 e ---lllllllll 4 L0
S I I I L ZOMDYIaL—Y3Y
I TR G0
5 o > 4 3 1\

IN-0.5 RIEVN Y22l —Y3Y ( 05
:’\— BqAME  SEFIV) EHAlE
ni -1 i MPI-ESM1.1 [ _1
E (1004>7/3—)

S e b b btk A h e b h e h et b e He e s °

£} DR
R R R R A R AKX
N A D R R ] BT
) Y D AT A AR A & »
% AR S i Gros Ron ®%
i3
SUEETIVHDWVISERT—4

Watanabe et al. (2020 Nature CC)

(2.1 @F001) § 214 O YL ESALELSS



"
AORI

Troplcal TMT Anomaly (K]

AMIPTIXBITESHE—

w
M

BAEDITAL

O CMIPETILE I ERAISN =3t B RE LR A B KEHE 2

O ChESST/NE—V DREREZE RS HERBATTAE

Coupled Simulations ?
Atmosphere-only Simulations
MSU Observations

1980 1985 1950 1995 2000 2005 2010 2015
Year

X FRE SRR (1979-2018)

CESM|I Large ensemble

r=0.82 o o
—
LY ‘:. 4

Observations

=1

Kdou

00 01 02 03

0.1
0.4

o
N
(1-9PED3P 3] PUBIL LWL

Nino3.4 SSTRL->K(1979-2018)

7/

LESS TN — V2L

SST- BRI R (1979-2018)

BRI BB A/ S—

T T T T
0 6~ mAAcr sAAsr aaA Aeiar ~

B EER

L} T T T T T
0 60°E 120°E 180°E 120"W 60°W V]
[K decade™?]

H
T T
-0.50 -0.25 0.00 0.25 0.50

Po-Chedley et al. (2021 PNAS)



AORI

"RP.
WCRP Assessment of ECS WCRE®

Reviews of Geophysics

REVIEW ARTICLE An Assessment of Earth's Climate Sensitivity Using
10.1029/2019RG000678 Multiple Lines Of Evidence

WCRP Grand Challenge®
—ERELT2016FIZRALA.

Key Points: 1M 2 () 3 YD) (D] =, —_ ~[—

«  We assess evidence relevant to S. C. Sherwood 3 » M. J. Wt:bb »J.D. An7nan K. C. Armo;‘: &, P. M. .Fm;‘s)tSE 2 EE:EJhAJtﬂJsb\ 75\6 &IEEI\'.)
Earth's climate sensitivity S: b ] o Hargreaveg , G. Hegerl” (2, S A. Klein” 12, K. D Marvel®’, E. J. Rol}hng B, = <L \7«; 75\97;___
feedback process understanding and M. Watanabe'? (), T. Andrews? (%), P. Braconnot'® ("), C. S. Bretherton®* ("), G. L. Foster'* (2}, =S

::sol:fsmrical and;paleoclimate Z. Hausfather'* ':2:, A. S. von der Heydtfs 9, R. Knutti'® ), T. Mauritsen'” {2, J. R. Norris'®,
« ‘Al three lines of evidenceare C. Proistosescu’® (), M. Rugenstein® (), G. A. Schmidt’ (),
difficult to reconcile with S < 2K, K. B. Tokarska®® ("), and M. D. Zelinka’ ()
Section leads meeting @ Edinburgh (2018.08)
Past estimates spanned a wide range.
+1.5°C  LIKELY RANGE +4.5°
AR5 [ ]
A new study has narrowed it.
+2.6°C +4.1°
WCRP [ |

New York Times, 2020.07.22
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We find that the simulated time evolution of global mean surface temperature broadly follows the
observed record but with important quantitative differences which we find are most likely attributable to
strong effective radiative forcing from anthropogenic aerosols and a weak pattern of SST response in the
low to middle latitudes to volcanic eruptions

EF—aUVWSIERELRNITOVILGEAER DR
L ERSATRF R 5| TS R I

HadGEM3

-
¢h

| — HadCRUT4

o

o | — GC3I-MM "g 3E-

St E —— HadGEM3-GC3.1-LL

® f ==== |PCCARS

o 10 _E_._“ 2

o | 5

ot 1 AR5
> r 2 E

= 0

e ! :

o -1

S oo - % 2

< g Aerosol HadGEM3
a i : w -3 1 ) ) M

€ R T o s T e L 1850 1800 1850 2000

P2 1850 1900 1850 2000 Year

Andrews et al. (2020 JAMES)



@ TTIElHmED R A TCEEED

TJOBAUNIVOERIFO, T E « ZIDOIFERE IS NE
ETIVOECSIFT O RBARDBRELTELZE DN HAT
Fa—2LUTLVEL (EFD)
20t KC IR DEBSATZRL IS, T70OYV)UETREI N E&RHDCE
THIREBIRTECH, 10FHRETIEISVECS R \BESEID
DFELERUZDT, SATIRFRIIIETE DS DFNHAE!)
gE D —RKRIC. SBRETTILTIRECSEI POYV/LMSEH HE

G VAN NG = VAN AV

@20t FRB FL Y RO S, SRXEDlikelihoodDSTE (DDLU
55E) TEDH?



N
AORI

D BDFUZ. ZABKBR(TEREZNEETERL))

N

HH

o= Aerosol forcing versus ECS for CMIP6 models
o 02

+ o R2=0.36
M

fm oo

~— £

R 2 -0.8

— g‘

HE 'S -1.0

@ -

4= © -12

Y §

B 2

=

N -1.6

D

O -1.8

P\ 0 1 2 3 4 5 6
H ECS [K]

AR E

Meehl et al. (2020 Sci Adv)



(/ 2 BNFEUE. ZASKESR

The observationally constrained CMIP6 median warming in high emissions and ambitious mitigation
scenarios is over 16 and 14% lower by 2050 compared to the raw CMIP6 median, ... Observationally
constrained CMIP6 warming is consistent with previous assessments based on CMIP5 models
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