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Introduction

Substantial contributions from aerosols and internal climate variability to the mid-20th 
century Arctic cooling using a single model from the Coupled Model Intercomparison 
Project (CMIP) Phase 5. 

Aerosols：HIST (all forcing)－aerosols (aerosol forcings were held at 1920) 
GHGs：HIST (all forcing)－ GHGs (GHG forcings were held at 1920)
Residual：Internal variability：Observation－Aerosols－GHGs
Internal variability：Range of 2nd and 39th members after removing forced responses

Observations show slight increase trend in global mean surface air temperature (SAT) 
during 1935-1984 and a cooling trend in Arctic mean SAT during the same period.
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England et al.  (2021), GRL



To quantify contributions to the 
Arctic cooling during 1940–1970 
from greenhouse gases, aerosols, 
natural forcings, and multidecadal 
internal variabilities using 
CMIP6/DAMIP models.

※DAMIP：Detection and Attribution Model Intercomparison Project
(Gillett et al. 2016; 2021)
was conducted as a part of CMIP6 to assess how external anthropogenic and 
natural forcings have influenced historical climate changes since the Industrial 
Revolution.

Gillett et al.  (2021, Nat. Clim. Change)

Global SAT anomaly

Compared to 1850s, greenhouse 
gases and aerosols contributed 
changes of 1.2 to 1.9 ℃ and −0.7 
to −0.1 ℃, respectively, and 
natural forcings contributed 
negligibly.

Purpose of this study



CNTL：all forcings were 
held at preindustrial 
levels

HIST：All forcing 
combined 

GHG：well-mixed 
greenhouse-gas-only

AER：anthropogenic-
aerosol-only

NAT： natural solar 
irradiance forcing- and 
volcanic forcing-only

DAMIP models and outline of the experiments

We used 35 CMIP6 model including 13 DAMIP model 
listed below.



Twenty of the 35 CMIP6 
models showed an Arctic 
surface cooling stronger 
than −0.1℃ during the mid-
20th century.

Historical Arctic SAT change in 35 CMIP6 models 

→ Suggesting contribution 
from external forcings the 
mid-20th Arctic cooling

Large intermodel difference

→ Suggesting contribution 
from multidecadal internal 
variability to the mid-20th

Arctic cooling
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Exp. 30-yr SAT10y differences 

HIST －0.22℃ (±0.24℃)

GHG 0.44℃ (±0.22℃)

AER －0.65℃ (±0.37℃)

NAT －0.14℃ (±0.11℃)

Obs －0.81℃

MMM(HIS
T)±σ(HIST
)—Internal

－0.93℃～－0.45℃

Major contributions from
multidecadal internal variability 
and anthropogenic aerosol 
forcings to the observed Arctic 
cooling during 1940–1970.Multidecadal Internal variability

Contributions from forcings and internal variability



⚫Most CMIP6 models reproduced a 
portion of the multidecadal surface 
cooling trend observed during 1940–
1970 in the Arctic, which can be 
attributed to external forcings.

⚫Anthropogenic aerosol forcing and 
multidecadal internal variability are 
the two major factors contributing to 
the mid-20th century Arctic cooling 
around 1970.

⚫As anthropogenic sulfur emissions 
and sulfate aerosols will decrease in 
any future scenarios of shared 
socioeconomic pathways (Gidden et 
al., 2019), Arctic warming will 
continue over the near-term future 
even under strong cooling 
fluctuations generated by internal 
variability.

Exp. 30-yr SAT differences 

HIST －0.22℃ (±0.24℃)

GHG 0.44℃ (±0.22℃)

AER －0.65℃ (±0.37℃)

NAT －0.14℃ (±0.11℃)

Obs －0.81℃

MMM(HIST
)±σ(HIST)
—Internal

－0.93℃～－0.45℃

Summary
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（The end）
Thank you for your attention.


