
Letters
https://doi.org/10.1038/s41558-018-0339-y

Polar amplification dominated by local forcing  
and feedbacks
Malte F. Stuecker   1,2*, Cecilia M. Bitz   3, Kyle C. Armour3,4, Cristian Proistosescu5, Sarah M. Kang6, 
Shang-Ping Xie   7, Doyeon Kim6, Shayne McGregor   8,9, Wenjun Zhang   10, Sen Zhao10,11, Wenju Cai   12,13, 
Yue Dong3 and Fei-Fei Jin11

1Center for Climate Physics, Institute for Basic Science, Busan, Republic of Korea. 2Pusan National University, Busan, Republic of Korea. 3Department 
of Atmospheric Sciences, University of Washington, Seattle, WA, USA. 4School of Oceanography, University of Washington, Seattle, WA, USA. 5Joint 
Institute for the Study of the Atmosphere and Ocean, University of Washington, Seattle, WA, USA. 6School of Urban and Environmental Engineering, 
Ulsan National Institute of Science and Technology, Ulsan, Republic of Korea. 7Scripps Institution of Oceanography, University of California San Diego, San 
Diego, CA, USA. 8School of Earth, Atmosphere and Environment, Monash University, Melbourne, Victoria, Australia. 9ARC Centre of Excellence for Climate 
Extremes, Sydney, New South Wales, Australia. 10Key Laboratory of Meteorological Disaster of Ministry of Education, College of Atmospheric Sciences, 
Nanjing University of Information Science and Technology, Nanjing, China. 11Department of Atmospheric Sciences, University of Hawaii at Manoa, 
Honolulu, HI, USA. 12Key Laboratory of Physical Oceanography/Institute for Advanced Ocean Studies, Ocean University of China and Qingdao National 
Laboratory for Marine Science and Technology, Qingdao, China. 13Centre for Southern Hemisphere Oceans Research, CSIRO Oceans and Atmosphere, 
Hobart, Tasmania, Australia. *e-mail: stuecker@pusan.ac.kr

SUPPLEMENTARY INFORMATION

In the format provided by the authors and unedited.

Nature Climate Change | www.nature.com/natureclimatechange

http://orcid.org/0000-0001-8355-0662
http://orcid.org/0000-0002-9477-7499
http://orcid.org/0000-0002-3676-1325
http://orcid.org/0000-0003-3222-7042
http://orcid.org/0000-0002-6375-8826
http://orcid.org/0000-0001-6520-0829
mailto:stuecker@pusan.ac.kr
http://www.nature.com/natureclimatechange


Supplementary Information:
Polar amplification dominated by local forcing and feed-
backs

Malte F. Stuecker1,2, Cecilia M. Bitz3, Kyle C. Armour3,4, Cristian Proistosescu5, Sarah M. Kang6,

Shang-Ping Xie7, Doyeon Kim6, Shayne McGregor8,9, Wenjun Zhang10, Sen Zhao10,11, Wenju

Cai12,13, Yue Dong3, & Fei-Fei Jin11

1Center for Climate Physics, Institute for Basic Science (IBS), Busan, Republic of Korea

2Pusan National University, Busan, Republic of Korea

3Department of Atmospheric Sciences, University of Washington, Seattle, Washington, USA

4School of Oceanography, University of Washington, Seattle, Washington, USA

5Joint Institute for the Study of the Atmosphere and the Ocean, University of Washington, Seattle,

Washington, USA

6School of Urban and Environmental Engineering, Ulsan National Institute of Science and Tech-

nology, Ulsan, Republic of Korea

7Scripps Institution of Oceanography, University of California San Diego, La Jolla, USA

8School of Earth, Atmosphere and Environment, Monash University, Clayton, Victoria, Australia

9ARC Centre of Excellence for Climate Extremes, Australia

10Key Laboratory of Meteorological Disaster of Ministry of Education, College of Atmospheric

Sciences, Nanjing University of Information Science and Technology, Nanjing, China

11Department of Atmospheric Sciences, University of Hawaii at Manoa, Honolulu, Hawaii, USA

12CSIRO Oceans and Atmosphere Flagship, Aspendale, Victoria, Australia

1



13Physical Oceanography Laboratory, Qingdao Collaborative Innovation Center of Marine Science

and Technology, Ocean University of China, Qingdao, China

2



0
2
4
6
8

10
12
14

 [°
C

]

Reference height temperature response
TROP
MLAT
POLAR
GLOBAL
SUM

90S 60S 30S 0 30N 60N 90N

Figure S1: Zonal-mean TAS response [◦C] for TROP-SOM (dashed red), MLAT-SOM (dashed

orange), POLAR-SOM (dashed magenta),and GLOBAL-SOM (dashed black). The SUM for the

regional experiments is indicated by dashed cyan.
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c) JJA Absorbed TOA SW CPL - JJA SW radiative forcing

e) JJA Outgoing TOA LW CPL - JJA LW radiative forcing

d) DJF Absorbed TOA SW CPL - DJF SW radiative forcing
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Figure S2: Zonal-mean climate response for TROP-CPL (solid red), MLAT-CPL (solid orange),

POLAR-CPL (solid magenta), and GLOBAL-CPL (solid black) separated into boreal summer

(JJA; left column) and boreal winter (DJF; right column) season. Shading indicates the ensemble

range. The SUM for the regional experiments is indicated by solid cyan. (a-b) TAS response [◦C].

(c-d) SW feedback: Absorbed TOA SW CPL response - SW radiative forcing [W m−2]. (e-f) LW

feedback: Outgoing TOA LW CPL response - LW radiative forcing [W m−2].

4



[h
Pa

]

1000

800

600

400

200

90S 60S 30S 90N60N30N0 90S 60S 30S 90N60N30N0 90S 60S 30S 90N60N30N0 90S 60S 30S 90N60N30N0 90S 60S 30S 90N60N30N0

a) TROP-SOM c) POLAR-SOMb) MLAT-SOM d) GLOBAL-SOM e) SUM-SOM

[°C] [°C]
2 3-3 -2 4 5-5 -4 1-1 0 2 4-4 -2 6 8-8 -6 0

Figure S3: Tropospheric zonal-mean temperature response [◦C] for (a) TROP-SOM, (b) MLAT-

SOM, (c) POLAR-SOM, and (d) GLOBAL-SOM. e) Sum of the response of TROP-SOM, MLAT-

SOM, and POLAR-SOM.
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Figure S4: Tropospheric zonal-mean ensemble-mean temperature response [◦C] in boreal summer

(a-e) and boreal winter (f-j) for (a,f) TROP-CPL, (b,g) MLAT-CPL, (c,h) POLAR-CPL, and (d,i)

GLOBAL-CPL. Ensemble mean values that are significantly different from zero at the 95% con-

fidence level (using a two-tailed t-test) are non-stippled. (e,j) Sum of the response of TROP-CPL,

MLAT-CPL, and POLAR-CPL.
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Figure S5: Percentage contributions of the individual physical processes to the simulated Arctic

warming for MLAT-CPL, POLAR-CPL, and GLOBAL-CPL.
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a) Downwelling surface SW heat flux (pos: downward)

TROP
MLAT
POLAR
GLOBAL
SUM

TROP
MLAT
POLAR
GLOBAL
SUM

[W
 m

-2
]

90S 60S 30S 0 30N 60N 90N

b) Downwelling surface LW heat flux (pos: downward)

Figure S6: Zonal-mean surface heat flux response for TROP-CPL (solid red), MLAT-CPL (solid

orange), POLAR-CPL (solid magenta), and GLOBAL-CPL (solid black). Shading indicates the

ensemble range. The SUM for the regional experiments is displayed in solid cyan. (a) Down-

welling surface SW heat flux [W m−2]. (b) Downwelling surface LW heat flux [W m−2].
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