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Discrepancies in ECS estimates due to the pattern effect
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i The OHU patiern effect: tropics vs. exiratropics

Fully-coupled CESM1 abrupt4xCO?2
(Rugenstein et al. 2016)

Gregory plot Evolution of zonal-mean OHU anomaly

-E 10 . I I I | | L1 1 1 | | I | I | | | I | | | B N I. :-| 7 L l | :| | _I = | ‘__-10 ‘13;7_] _:L__ k e = 2
< . annual average each ensemble member |- 60N —| 4 : ' 4 —  Wm~lon
o) 8 . ® annual ensemble average L : » m . 20
2 ] e i 30N — — 16
© | Ex X8 - 7] ! ¢ K
T 6 i . o | : i 4 i 12
o ] ' & B S e P — ' e 8
E ] R - £ 0 - = " vy -{f...e 8 40

- R | ] 4
g 4- t"7:'@'-‘»',:-- : - - J i
= - LRy = " i -2
._g 5] it i 308 — 6
8 ] i : ] < .
< N T, B 60S —J—— - " — -10
9 O AN L L L L e — T | | _I T==ral T I TREVIE iz srlase— 2 T T T |

0 1 2 3 4 5 6 7 0 20 40 60 80

Surface temperature anomaly (K) Years after instantaneous forcing

Transition of OHU from a tropics-centered pattern to
an extratropics-centered pattern



i The OHU patiern effect: tropics vs. exiratropics

SST anomaly
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i The OHU patiern effect: tropics vs. exiratropics

Realistic 1st decade Realistic 5th decade Realistic 20th decade
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The OHU patiern effect: tropics vs. exiratropics

i Imbalance is mostly locall .
Imbalance is yoocaty ... results in a
not balanced balanced and results in :
< strong cooling
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Tropical OHU is mostly balanced by local
TOA fluxes due to to unstable atmosphere

Extratropical OHU is not balanced locally due
to atmospheric stability, thus requires large
heat transport into extratropic
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Also see: Rose et al. 2014; Kang and Xie 2014
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i Projected changes in 1 and tropical SST pattern

CMIPS abrupt4xCO2
. .multi-model mean
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i Projected changes in 1 and tropical SST pattern

Dominant role of tropical cloud AZ
associated with changes in tropical SSTs

~ SST pattern (yrl —20) - SST pattern (yr21 — 150) ASST (late - early)
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i Historical changes in 1 and tropical SST paitern

AA over historical period in CMIP5
amip-piForcing runs (w/ observed SST)
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Also see:
* For CMIP6 models
o Dongetal. 2021
* For other individual models
o Gregory and Andrews 2016
o Zhouetal 2016
o Silversetal. 2018
o Gregory etal. 2020




Historical changes in 1 and tropical SST paitern
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i Historical changes in 1 and tropical SST paitern

AA over historical period in CMIP5
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| Tropical mean circulation
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[ More-negative 1 response to enhanced tropical SST W-E SST gradient
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[ Less-negative A response to decreased tropical SST W-E SST gradient
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[ Less-negative A response to decreased tropical SST W-E SST gradient
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i Radiative feedback Green'’s functions

Green's function approach
« Asuite of prescribed SST simulations within an AGCM
« Each simulation is forced by a localized patch of SST anomalies

o Useful to quantify local and remote impacts of regional SST changes on TOA radiation
/clouds/precipitation/circulation/etc.
o Assuming climate responses remain linear

Zhou et al. 2017 (JAMES) Dong et al. 2019 (J. Climate)
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i Radiative feedback Green'’s functions
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i Radiative feedback Green'’s functions

Global A response to local ASST

oA
aSST
Dong etal. 2019
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(Wm™2/K) <1073

Changes in A primarily determined by relative warming in the
west Pacific Warm Pool region with respect to global mean
(or tropical mean) warming
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i The tropical SST pattern effect in observations
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Observed SW cloud feedback tracks the ratio
between tropical-mean warming and warming over
the warmest 30% convective regions
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i Outline

- A dependence on
surface heat flux patterns

Differences in temperature and cloud

response to tropical/extratropical OHU

Reconcile the two perspectives

Non-constant 4 =5
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surface temperature patterns

Tropical low-cloud feedback and lapse-
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Pacific zonal SST gradient
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i Is A more sensitive to OHU pattern or SST paitern?

&l Haugstad et al. 2017 (GRL)
2 * one slab-ocean run: forced by 2xCO2 and gflux climatology
SST 4 « one AGCM prescribed-SST run: SST anomaly taken from the
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Same feedbacks arise from a given SST pattern, regardless the
SST pattern is generated by coupled models or prescribed 30



AN (W/m2)

Is A more sensitive to OHU pattern or SST paitern?

Mitevski et al. in prep (poster!)

1. Fully-coupled CESM1 runs: forced by 4xCO, (2x, 3x,... 8x CO,), run for 150yrs
2. CAMS5 runs: prescribe SSTs generated from CESM1
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| Tropical-exiratropical OHU vs. tropical West-east SST
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Southern Ocean OHU mostly
responsible for changes in 1,44

Lin et al. 2021 (GRL)

CESM abrupt4xCO2 reconstruction using Qflux Green'’s function
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| Tropical-exiratropical OHU vs. tropical West-east SST

Ais governed by tropical SST
pattern, which itself can be

influenced by extratropical
OHU

Southern Ocean OHU mostly
responsible for changes in 1,44

through changing tropical SSTs
via teleconnections

Lin et al. 2021 (GRL)

CESM abrupt4xCO2 reconstruction using Qflux Green'’s function

Acloud (OHU 305-905)
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i Outline

- A dependence on
surface heat flux patterns

Differences in temperature and cloud
response to tropical/extratropical OHU

Reconcile the two perspectives
Non-constant 4 =

A_more sensitive to the pattern of SST,
though it can be modulated by OHU

_ A dependence on
surface temperature patterns

Tropical low-cloud feedback and lapse-
rate feedback sensitive to the tropical

Pacific zonal SST gradient Summary and Open questions
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i Summary and outlook

Attribution: What regions/feedbacks are most responsible for the pattern effect?

« The relative role of different regions (aside from the tropical Pacific)?
o Other tropical basins (Silvers et al. 2018)
o Southern Ocean (Senior & Mitchell 2011;: Armour et al. 2013)
o North Atlantic (Trossman et al. 2016; Lin et al. 2019; Mitevski et al. in prep)

CMIPS inter-model spread
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[ Summary and outlook

Attribution: What regions/feedbacks are most responsible for the pattern effect?

« The relative role of different regions (aside from the tropical Pacific)?

« The relative role of different feedbacks (aside from the tropical low-cloud feedback)?
o Lapse-rate feedback (Andrews and Webb 2017; Ceppi and Gregory 2017)
o Extratropical cloud feedbacks (Zelinka et al. 2020)

* Do the findings from CMIP5 hold in CMIP6?

Correlation between AA and local Correlation between AA and local
ASST across CMIPS models ASST across CMIP6 models

correlation (r)

S A S sl

= T
-09 -0.6 -0.3 0.0 0.3 0.6 0.9

Dong et al. 2020 (J. Climate) 36



i Summary and outlook

Methodology: How useful are the Green'’s functions for understanding the pattern effect?

« To what extent the key feedback processes are linear/nonlinear w/t to local or global warming?
o Nonlinearity of feedbacks (Bloch-Johnson 2015; 2021; Meraner et al. 2013)

Cloud Optical depth feedback in CESM?2 abrupt4xCO2

a Years 0—15 b Years 135-150
900 N 900 N

60° N |g 60° N

30°N [ 30°N [

0 F o X

30°S 30° 8
60° S 60° S
90° S 90° S
0° 60°E 120°E 180° 120°W 60°W 0° 60°E 120°E 180° 120°W 60°W
-4 3 -2 - 0 1 2 3 =

Nonlinear state-dependence of Southern Ocean
mixed-phase clouds in a CMIP6 model
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Tropical low-cloud feedback and lapse-
rate feedback sensitive to the tropical
Pacific zonal SST gradient
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Reconcile the two perspectives

The OHU pattern effect comes about
through changing SST pattern
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