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1 Observational data

Dataset Abbreviation Resolution Period Reference

ERAD reanalysis ERA5 0.25° 1950-2019 Hersbach et al. (2020)

NASA GISTEMP v4 GISTEMP 2° 1900-2019 Lenssen et al. (2019)
Berkeley Earth BEST 5° 1900-2019 Rohde and Hausfather (2020)
Cowtan & Way v2.0 CW 5° 1900-2019 Cowtan and Way (2014)

Table S1: Observational datasets used in this study.

The three in-situ datasets (GISTEMP, BEST and CW) are merged land-ocean indices, i.e.
they use station data on land areas and sea surface temperatures (SSTs) above the oceans.
GISTEMP relies largely on Global Historical Climatology Network Monthly version 4 (Menne
et al., 2018) on land surface. BEST has its own land surface record (Rohde et al., 2013a,b),
and CW is based on the CRUTEM4 database (Jones et al., 2012). For SSTs, GISTEMP uses
Extended Reconstruction Sea Surface Temperature version 5 of NOAA (Huang et al., 2015).
BEST and CW use the HadSST3 dataset (Kennedy et al., 2011).
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s 2 Climate models

Model ensemble Forcing Ensemble size Period Reference

CMIP5 RCP8.5 35 1850-2099 Taylor et al. (2012)
CMIP6 SSP2-4.5/SSP5-8.5  31/32 1850-2099 Eyring et al. (2016)
MPI-GE RCPS8.5 100 1850-2099 Mabher et al. (2019)

Table S2: Climate model ensembles used in this study.



Model name tas

ACCESS1-0
ACCESS1-3
BCC-CSM1-1
BCC-CSM1-1-M
BNU-ESM
CanESM?2
CCSM4
CESM1-BGC
CESM1-CAM5
CMCC-CESM
CMCC-CM
CMCC-CMS
CNRM-CM5
CSIRO-Mk3-6-0
FGOALS-g2
FIO-ESM
GISS-E2-H
GISS-E2-H-CC
GISS-E2-R
GISS-E2-R-CC
HadGEM2-AO
HadGEM2-CC
HadGEM2-ES
INMCM4
IPSL-CM5A-LR
IPSL-CM5A-MR
IPSL-CM5B-LR
MIROC5
MIROC-ESM
MIROC-ESM-CHEM
MPI-ESM-MR
MRI-CGCM3
MRI-ESM1
MPI-ESM-LR
NorESM1-M
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Table S3: CMIP5 models used in this study



Model name tas | sic

ACCESS-CM2
ACCESS-ESM1-5
AWI-CM-1-1-MR

BCC-CSM2-MR
CAMS-CSM1-0
CanESM5
CESM2
CESM2-WACCM
CMCC-CM2-SR5
CNRM-CM6-1
CNRM-ESM2-1
EC-Earth3
EC-Earth3-Veg
FGOALS-f3-L
FGOALS-g3
GFDL-ESM4
GISS-E2-1-G
HadGEM3-GC31-LL
INM-CM4-8
INM-CM5-0
IPSL-CM6A-LR
KACE-1-0-G
MIROC6

MIROC-ES2L
MPI-ESM1-2-HR
MPI-ESM1-2-LR

MRI-ESM2-0
NESM3
NorESM2-LM
NorESM2-MM
TaiESM1
UKESM1-0-LL
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Table S4: CMIP6 models used in this study. Columns 2 and 3 indicate the availability of
2-meter temperature (tas) and sea-ice concentration (sic) data.



s 3 Supplementary figures
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Figure S1: Annual mean temperature anomalies in the Arctic and global land areas during 1900-
2019 derived from the various observational datasets (see the legend). Temperature anomalies
have been calculated relative to the 1981-2010 period. Shown are also the linear temperature
trends for 1980-2019.
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Figure S2: Same as Fig. S1 but for the ocean.
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a) Gistemp b) Berkeley Earth
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Figure S3: Annual mean temperature trends for the period 1980-2019 derived from a) NASA
GISTEMP v4, b) Berkeley Earth, ¢) Cowtan & Way, and d) ERAH reanalysis. Dashed line
indicates the Arctic Circle (66.5°N latitude). Areas without a statistically significant change
(determined using a two-sided Wald t-test, with P < 0.05 indicating a significant difference)
are masked out.

a) Gistemp b) Berkeley Earth c) Cowtan & Way

Arctic amplification

Figure S4: Arctic amplification for the period 1980-2019 derived from a) NASA GISTEMP
v4, b) Berkeley Earth, ¢) Cowtan & Way, and d) ERA5 reanalysis. Dashed line indicates the
Arctic Circle (66.5°N latitude).
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Figure S5: Sensitivity of AA (a) and the difference of AA between CMIP6 ensemble mean
and observations (b) to the time window used in calculating the linear trends (x-axis) and the
southern boundary of the Arctic (y-axis). The end year of all linear trends (x-axis) is 2019.
The cross marks the baseline value used in the study, estimated with 40-year linear trends and
the southern boundary of 66.5°N.
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Figure S6: Same as Fig. S5 but for land areas only.
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Figure S7: Same as Fig. S5 but for ocean only.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

ERA5 reanalysis 20 15 2.1

NASA GISTEMP v4 23 1.9 2.0
Berkeley Earth 22 19 21

Cowtan & Way 2.3 2.0 24

Average of the datasets 2.2 1.8 2.2

Figure S8: Arctic amplification in different months and in different obsevational datasets for
1980-2019 using Arctic area definition 66.5°-90°N. The bottom row shows the average of the
four datasets.
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