a4 3 b B

2018 % % 63% £ 26 H: 2757 ~ 2771

]

SCIENCE CHINA PRESS

AR X Peigt THIR RS LRI 5 E 0 i

Exg ", Rk

L demtboll R2apk2Be, dbaT 100083;

2. Department of Geographical Sciences, University of Maryland, College Park 20742, USA

* PR N, E-mail: yfcao@bjfu.edu.cn

2018-05-08 Wi, 2018-07-23 14111, 2018-07-26 4357, 2018-08-21 ML ik 7%
At skl KRS AR (BLX201612) . 38 BBl [ 4 7 4 9000 2 FF i 45 (OFSLRSS201718) . E % H 4B = 34 (4170147 ) h E R}

2 i B B T H (ZDRW-ZS-2017-4)% BY

%

ZAERFERMYE, PSR R LR EA BT 2R FHTEULOEELRTE, i

BATERL. B REA B G HRA RGN BRI R EEMR, FARETHEREN, TEANEZHF BT

BT REFRIE, FRHT — R 7| 0= ip A0l 4,

Al B A8 B R AL B 3 50 L 47

B I AR AT I AR B ENF WES LM IEATT BB, SRR T AR RN A RHR R KR AT
REW, A RE ARG AR 3T | R AT R T R £ b A A AR LA (e Kk R BR SR 58 A R AR

WU PR R R R 5] A YR AR B IE RO AL

WEl RN EA R BRI ENR AL ARRETE 62T,
u&%%xﬁﬁizﬂ%%ﬂ%%Wnﬁﬁn%ﬁ&%gm SRR Rl

ﬂﬁmﬁﬁkﬁ@’&ﬁgﬁﬂ%)ﬁnn l—ﬁ’]ﬁ%z

W3 X Dot AR B X RS AL T T b, FRE R B FERA B #
%%%5%@mﬁ@%%%ﬁ%m%%%é%i%ﬁ%%&%%%

KATEH = R R, HER Tkt —

LU RBIE A X, G 2EIRAR, BIEFRR

TR T — E G,

I’—JJ\E

— S, K7 BmRENMKE
PR At

X B AR EF 2 B A RBILE B E AT, BRERRRALBUEAEEMARNEE S @

R ROk, BaAOH R, B E RO, fE AT R,

AU AR Hi DX X A AR Ak B b BEURR I X B 2 —,
KW LISk 2 8] TS AR LW o i R o6 1. R i
VT — BemsHa], A EREEAL T — B R IR R E
S A T 5 M E b XA AR T A A
TGE A, WFFT I, JbA b X () VT M e SR AE L
T BRI WA LB A 2 R TR, HAER S
Tk, RRARE L, X — B BRR < db B
K”(Arctic amplification, AA)*,

& 124 1979~20164F b 2 BR A [] 45 1 i A< iR 28 1k
3 ((a)~(d)) 5 1000 hPa’ < i 78 Ak #a 34 1Y 25 8] 43 A
((e)~(F)), ZFETEM /R T UL 404F AL W b [X T} iR i 34

% 24 AL

FAEE T AL BR A IR A XA OR S A DA THT 23 [ 73
i b, AEBTHR ORI R 2 R A Ae AL 45 70° AL Y
UL X S TE] 2 B2 L, dEA%900 hPall
PR SR XETHE ORISR I N ;. T
OrSEARAEL, AU TR ORISR 3 B K A A I U Rl
ZERRA T, LA RN TGS R R, &
FABOICOR G R B AU, 1eoh, Jbih X
AR AFAE TR B R BT R 1) AR AE (L SRR,

1 e X e T 1 5 5155
LAY Xy e T A (L5 R T A A

SR B od,

GRMGUAR. A6 AR X AR E R B SRS AL I B IR . Bl A4, 2018, 63: 2757-2771

Cao Y F, Liang S L. Recent advances in driving mechanisms of the Arctic amplification: A review (in Chinese). Chin Sci Bull, 2018, 63:

2757-2771, doi: 10.1360/N972018-00462

© 2018 (HpIERIE) Atk

www.scichina.com  csb.scichina.com




a4 % B & 2018498 $£63% F26H
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Figure 1 Northern Hemisphere temperature trends from 1979 to 2016. Panel (a)—(d) are zonally averaged temperature trends at different geopotential
levels for (a), spring (March—-May), (b) summer (June—August), (¢) autumn (September—November), (d) winter (December—February). Panel (e) and (f)
are spatial patterns of annual and winter temperature trends at 1000 hPa. This figure is generated based on ERA-Interim reanalysis data from March
1979 to February 2016
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Figure 2 Time series of the September sea ice extent (SIE) from 1979 to 2017 (a), and the September sea ice concentration (SIC) in 1980 and 2012
(b) over the Arctic. This figure is generated based on the Equal-Area Scalable Earth Grid (EASE-Grid) 2.0 weekly snow cover and sea ice extent and
the daily sea-ice concentration product from the National Snow and Ice Data Center (NSIDC)!'>'*!
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Figure 3 Schematic of the driving mechanisms of the Arctic amplification. This figure is generated based on an improvement of that from previous

study'?”!
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a) GL, Global; NH, North Hemisphere
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Figure 5 (Color online) Schematic of current inflow from the north
Atlantic/ Pacific Ocean to the Arctic Ocean. BSO (Barents Sea opening)

and FSE (eastern Fram strait) are the Barents Sea branch and the Eastern
Fram branch of the Atlantic current. BS is the Bering strait'*”
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Figure 6 (Color online) Schematic of the complementary mechanism of the northward heat transportation between the Atlantic meridional overturn-

ing circulation (AMOC) and the north hemisphere atmospheric general circulation
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Under the influence of recent global warming, the Arctic climate is continuing to experience unprecedented changes.
Surface temperatures in the Arctic are increasing at a rate double that of the global average, known as the Arctic amplifi-
cation. The Arctic amplification has led to a series of consequences locally such as the accelerated sea ice retreat, the
continuous permafrost melting and methane release, and the marine and terrestrial ecological dynamics. It also might
cause an increased frequency of extreme weather event in mid-latitudes via perturbing the strength of the polar vortex.
The Arctic warming is mainly resulted from the imbalance of energy budget at both surface and top of atmosphere. In
order to explore the driving mechanism of Arctic amplification, lots of efforts have been made based on model simula-
tions and observations. Several major competing theories and related evidences have been proposed to explain their con-
tributions to the imbalance of energy budget over the Arctic. The sea-ice albedo feedback, caused by the continuously
shrinking summer sea ice potentially increasing the absorption of shortwave radiation, is believed to play a critical role in
recent Arctic amplification. But certain model simulations have indicated that sea-ice albedo feedback was likely not the
dominant factor—robust warming amplification still occurs in the Arctic in the absence of albedo feedback. The positive
lapse rate feedback, is also thought to cause greater warming at the Arctic surface through damping the deep convection
process at the bottom atmosphere because of the strong temperature inversion in the cold Arctic. However, whether the
lapse rate feedback plays a dominant role in the Arctic amplification has not been widely accepted. The Planck feed-
back—cold region requires larger temperature increase than warm area to balance certain external radiative forcing, is
also believed to contribute to the Arctic amplification. But the magnitude of its contribution remains to be further quanti-
fied. An enhanced Atlantic meridional overturning circulation (AMOC) transporting extraordinary amounts of heat
northward to the Arctic Ocean has been hypothesized to substantially amplify Arctic warming and accelerate summer
sea-ice melting in this region. However, evidence has instead shown significant slowing of the AMOC over the last few
decades. The enhanced greenhouse effect, resulted from the increased water vapor and cloudiness, has been suggested as
an important driver of the Arctic winter warming and summer sea-ice dynamics. However, whether the increased water
vapor comes from the strengthened sea surface evaporation or from an enhanced atmospheric northward transportation, is
still unclear. This paper elucidates the theoretical basis of all potential mechanisms, and systematically reviews the re-
search progress of these theories. Based on the comprehensive analysis of these studies, we point out that due to the limi-
tation of current study approaches, the data quality problems such as scarce in situ measurements, difficulty in discrimi-
nating clouds from snow cover for some remote sensing products, problematic parameterization schemes and model in-
puts in some reanalsysis and GCM projects, and the lack of systematic analysis for investigating the internal relations
between different climate variables, the conclusions from different studies are discrepant, or even contradictory. The
causes of the unprecedented climate change in the Arctic remain unclear and are still under heated debate. Therefore, the
development of high quality, long-term radiative product, the optimization of the researching approaches and more accu-
rate quantification of these feedback mechanisms, and the systematic analysis of the potential linkage between different
climate variables, will help to advance the study of the Arctic amplification and climate change.

Arctic amplification, sea ice melting, energy budget, radiative feedback, driving mechanism
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