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Short Summary

Many models show a change in climate sensitivity between the first 20
years (early period) and the succeeding years (late period) in abrupt
forcing experiments. Here we investigate the role of the Eastern Pacific

(EP) region on climate sensitivity in CMIP5 and CMIP6.



General Points

* model experiments from CMIP5 & 6:
e abrupt4xCO2 (150 years)
 piControl (150 years corresponding to the abrupt4xCO2 run)

* convention:
e early period: years 1-20
* |ate period: years 21-150

* number of models available with the required data:
* CMIP5: 25
* CMIP6: 22



CMIP5

Difference Late-Early TS Regression Multi-Model Mean 25 Models CMIP5
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Western Pacific (WP) Region Eastern Pacific (EP) Region reproduction of Fig. 1a) in Ceppi and
Gregory (2017) with more CMIP5 members

e red: the surface temperature rises more strongly in the late than in the early period compared to the global mean
* blue: the surface temperature rises more strongly in the early than in the late period compared to the global mean

* hatching: multi-model mean absolute anomaly > 1 standard deviation across all models .



CMIP6

Difference Late-Early TS Regression Multi-Model Mean 22 Models CMIP6
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Western Pacific (WP) Region Eastern Pacific (EP) Region

reproduction of Fig. 1a) in Ceppi and
Gregory (2017) with CMIP6 members

red: the surface temperature rises more strongly in the late than in the early period compared to the global mean
blue: the surface temperature rises more strongly in the early than in the late period compared to the global mean

hatching: multi-model mean absolute anomaly > 1 standard deviation across all models
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Methodolgy for the two previous figures

* from Ceppi and Gregory (2017)

* divide the 150-year model experiment into an early (years 1-20) and a
late (years 21-150) period

 for both periods regress the local surface temperature anomalies
(annual means) onto the global mean annual mean surface
temperature

 subtract the slope of the regression of the early period from that of
the late period
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TS Time Series 25-Model Mean CMIP5

—— WP mean
—— global mean

lin. reg. p=0.0 s|=0.009 K/a
= |in. reg. p=0.0 s|=0.008 K/a
mes |in. reg. p=0.0 s|=0.006 K/a
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TS Time Series 22-Model Mean CMIP6

—— WP mean
—— global mean

Gl. lin. reg. p=0.0 sI=0.01 K/a
= EP lin. reg. p=0.0 sI=0.011 K/a
m WP lin. reg. p=0.0 sI=0.006 K/a
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TOA Imbalance Time Series 25-Model Mean CMIP5

—— EP mean
—— WP mean
—— global mean

lin. reg. p=0.0 s1=-0.007 W/m?/a
m— |in. reg. p=0.0 sI=0.007 W/m?/a
=== |in. reg. p=0.0 sl=-0.005 W/m?/a
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TOA Imbalance Time Series 22-Model Mean CMIP6

—— EP mean
—— WP mean
— global mean

Gl. lin. reg. p=0.0 sl=-0.007 W/m?/a
m— EP lin. reg. p=0.0 s1=0.022 W/m?/a
m== WP lin. reg. p=0.0 sl=-0.014 W/m?/a
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surface temperature and
top-of-atmosphere (TOA)
radiative imbalance mean
values for EP and WP regions

for comparison: the global
mean values

depicted values correspond
to abrupt4xCO2 minus
piControl

globally and WP region:
decrease of TOA imbalance

EP region: increase of TOA
imbalance

- stronger increase for the
CMIP6 mean than for CMIP5
mean



TS Time Series CESM2 0 TOA Imbalance Time Series CESM2

temperature change in K

e memn e same as the previous slide
—— global mean
40 ?EI.Iin. reg. p=0.0 sl=-0.009 W/m?/a but for two of the most
= EP lin. reg. p=0.0 sI=0.154 W/m?/a . . .
WP lin reg. p=0.0 51=.0.017 Wim/a [ distinctly different models:
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CESM2 and GISS-E2-1-G

* note the different y-axis
scale on the right hand side
compared to the previous
slide > CESM2 is a
considerable outlier and
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* climate sensitivity change
207 early to late period:

« CESM2:+4.92 K

* GISS-E2-1-G: -0.07 K
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TOA net radiation change in W/m?

(climate sensitivity estimates from Gregory et al.
(2004) method) 3
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CRE in Wm~™2

Eastern Pacific Cloud Radiative Effect CESM2
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- == lin. reg. CRE late period s|=0.15 Wm~2a~! p=0.0

—— total CRE

0 20 40 60 80 100 120 140
years since abrupt4xC0O2

CRE in Wm™2

50 A

40 A

30 A

20 A

10 A

—10 1

—20 1

-30

Eastern Pacific Cloud Radiative Effect GISS-E2-1-G

total CRE
LW CRE
SW CRE

——- lin. reg. CRE late period s|=-0.02 Wm~2%a~! p=0.0003

P e

"‘é ; A,‘“A”" *************************************
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years since abrupt4xC02

cloud radiative effect (CRE) annual mean EP region mean for CESM2 and GISS-E2-1-G

long-wave (LW) CRE very similar for both models

short-wave (SW) CRE markedly different: strongly positive in CESM2; negative in GISS-E2-1-G

—> a reduction in low clouds in CESM2 seems to lead to the increase in TOA imbalance in the EP region
— this might be a contributing factor to the strong change in climate sensitivity in CESM?2
— in GISS-E2-1-G the inverse seems to be happening, although less pronounced
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