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Fig. 1 The typical potential temperature profiles with double-diffusive staircases and two major water masses that discussed in this

study (a), schematic of Atlantic Water circulation in the Chukchi Borderland (b), three divided regions according to the pathway of

Atlantic Water (c)
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The identified double-diffusive staircase is separated by the colored dots in Fig. a, while the water column between the top and bottom grey

triangles are used to identify the double-diffusive staircases. The eastern region is further divided into the northeastern part and

the southeastern part by the yellow dashed line in Fig. ¢
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Table 1 Dataset that used in this study
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Fig. 2 The spatial distribution of the potential temperature maximum of Atlantic Water (AW) during 1999-2021 in the Chukchi Border-

land (a), annual potential temperature of Atlantic Water (b) and Pacific Winter Water (PWW) (¢) in the three defined regions in Fig. 1c; The

colored lines are for spatial averaged values while the vertical bars denote the spatial standard deviation; vertical gradient of potential tem-
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perature (d) and vertical averaged heat content (e) between the AW and PWW
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a. The climatologically potential temperature at 400 m are shown; b. the green triangle dotted line is the 95% quantile of potential temperature maximum in the

western part while the red-grey triangle indicates the climatologically regional averaged potential temperature at 400 m
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Fig. 3 Spatio-temporal distribution of the potential temperature minimum of Pacific Winter Water

in the Chukchi Borderland during 1999-2021.
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589 B4 PHAL UG RV K 5 RV 4 ZR KR B S AR L T AL AT 5 T ) 30 15 g 9

TR A 235 K /DN s 245 ) 118 L S, AR SO 3 1A T
Gi— A3 BT ihie, XS0 HB B 14 B 233 38 A% 5 A 4 7
8o X EIRATTRA 2.3 45 P T A 7 v SR 6 R BB A
LERIFEAT I

& 6 2h 19992021 4F [i] T 15 551 (1) A4 34l o7 g ALY
BB 25 K B FE 38 2 R 0 25 8] 40 A o AR R
B, B HIC 50 45 b 14 8 057 32 B2 43 A AR TR 4 X

I, FERE Y FAERL A & BB I =t T AERG
SRAERLAT i 5 LS Sy A AU Eh, DA T A A i 55 1
XU BB B 25 4, X 45 Li 0 (O B 52 45 18 B .
A 3 87 A 2 (6] b U I A 4 4 B9 B R Y RE 8
HE I 14 A4 (& 7o), T B B 09 1 2 2 8 fi Rt fiE 1k 5]
14m7Zids o IIF R AE FORF, RUY™ BLB 6 4544
SO AN 3 2 PR AT A7 AE — S B A AL AL, (F A ol

8 10 12 14
WA B AH-F 3 J5L B /m

P 6 1999-2021 4 KUH OB BB HORE (o) T 1552 () A Bl 48 00 B I 0 25 43
Fig. 6 Spatio-temporal distribution of the amount of double-diffusive staircases for each profile (a) and the corresponding averaged thick-
ness (b) in Chukchi Borderland during 1999-2021

G R R v R 2 (R A A UL TR A 1 3 £

The hollow black circles in each plot represent no double-diffusive staircases are identified for the profile



10 WPE2ER 46 6
0.40 1.0
a —— 2002-20064F b —— 2002-20064F
035} —— 2007-20104F 1 —— 2007-20104F
201120164 0.8 2011-20164% 1
0307 —— 201720214 | —— 2017-20214F
| e
2 025 206
020t =
0.10
0.2
0.05}
0.00 0.0 : =
0 0 2 4 6 8 10 12 14 16 18
PUEIN e e
1.0 T T T T T T T T T 80
c /'\.\
/ ‘\‘ IR PG KA OO 70
/ AN —— FRER IR o
/ \ H60
, \ -
09+ ! ' S
/ \'\ I 450 2
/ \ i\
& i \ P u
< ; \ . I kS
Ju) ! [ o 440 s
& / AR CENY B =
‘// g \\\ // \ ; /.\\ 130 &
0.8 /‘l .\. ‘/' \-\ ’ / ‘\\ %
i Y/ 3 /£ \ 420
h \/ \ / .
/ \ J \
i N \
: v s N R AL
N, 7
07 1 1 1 1 1 1 1 1 \'4’/ 0
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
4y
B 7 FEREAT i B DX 8 2R 0 057 78 BT Rl 43 14 4 A4 BF 30 A XU 150 9 T A )2 TR AR i A A SR 2 B 43T (a, b), 2R X 3K

P KAZ S 3R P 35 {5 00 BB A o LE 22 1] B9 56 R ()

Fig. 7 The probability density function (PDF) of all layer thickness and number for double-diffusive staircases in the eastern region in four

defined periods (a, b), and the regional averaged potential temperature maximum of Atlantic Water versus the ratio of the number of

stations with double-diffusive staircases and the total stations in the eastern region of Chukchi Borderland (c)

ANE A A B RS A7 50 1) 2 S BR A T R AT v A A
FEHEAT G . i, FRATTHE OCTE H e A B AT 3 B
DX 35 AR 8 CRIV: i 8 R 4 PG 30 ) 1) XA 80 90 e 4 4 )
B2 AR Ak, PR A A 22 DX 3 ) SR i 467 Fsf 28 3 A i 52 4

AR N GE T bk B R AT 1 B X AR
D VAR E TN e Rk oS I E i = T S E i 4
J2 TEEFRVER B 1) AR 2 5 A3 A, LA 00 9 e 285 4 1 3 7
B 2 A A 3l 67 B0 EAE G2 R A FRATTAR by XLk
B o L) DL B 32 DX 388 K PG 3 AR A% O A 3 A AL 5 XL
PHCB AR 2 B E R . RATE E BRI A 2
JEE )RR 3% B 43 A 1) Ve AE ) J2 SRR TR /N O 1) B8 B
N AR O L3 22 R B 7 L AR A (1] Ta) ., 3K —
7S Ak aak A () A 0 B DA 25 ) 43 A o 22 31 (1] 6b) . 7
2002-2006 4, A ALY H BB Fok 67 19 5 AR K, R
1263/1 753 4>, i5 3] 72.0%; %] T 2007-2010 4F, 5 XL
PR BBl A 1Y 5 Fo A BT R R, i 1495/2 865 4, ik

2| 52.2%; 2011-2016 45 R fift 5k £ 50028 22, W4 8@y
B o HEAR S RS TR, A 1.099/4 501 4, AT 24.4%;
S (BT 2017-2021, B2 T R 47/1 872 4, ik
2 2.5%, WA HB AL ILFIH 2 . FRATd v 2 ] 2002
2021 4F 4 A4~ BF 4, S B B B Dy 0 A 1 CED B
Hofs 35 THT ) B B 750 347 38 A, T B B B TE 3~ 14 1
L 2 A8 /N (B 7b), 3t 3R B T 2 KO0 408 1
X B AR IEFE B WIE T B 7c @R H X # s
FR) P b R 1 S K A% O 07 TR S Y5 (B 22 TRI AT R G A AR
Kol FERRAT 1 B DX IR 3 B RV K A% O TR
BIETE 2005 4 38 BN W (E, XF 1 & A S 7L #6245 44
(4 7 E B B 3K T AE (d7 HE 20 75%). 2005 4 2 J5 K
VG 7KAZ 52 B B 08 0 e TR B, L B b 1
Lt 32 7 s /N (T 7e) . 20162020 4F XU HL By #6
SER AR T IR, IR, KGR O i — 2
REAR o LA, 5 B3 2 B AR 38 DX I R P V7K AT



589 B4 PHAL UG RV K 5 RV 4 ZR KR B S AR L T AL AT 5 T ) 30 15 g 11

A T K P A% O Z2 8] 1 B RE S 5 IR
([ 5d), B 2 Ak o, e m iR A A, P25 3R
PG K AZ OS2 5 Y B AT, DA TR S BOR TG 1 /K TG v 4 i
R A BB R IE R AR F DU B AR TR A, X AT fig 2
I A f 5 DRI 4 PN LA™ R e 45 A T T 1 AL
TEBE 55 3 YR VE K B ¢ 15 5 kA & Kt
23 PR AR BLE B T R T A ST R R L 2021 4R
VG PR IKAZ O 57 8 (B AT BB B o E AR IS A
T (&l 7e)s

4 g

4.1 KAEFK KPFELSKIEHBFERREHXR

S T G I AR I I AR AR 5 AR SCOG 0 B RS 7K
VA 2Z 18] 14 56 2, A SO FH 3l ) U e 500 Ot Al 5 I8¢
oS AR A R 5 R R L 2R Ak (1 8) . 1A 8 SR A
2003 4F 2 2020 4F 1 35 55 0 1 Y B FE 5K, 3 7
TE e BEAR RAB A ARG I, FRATTLAZ) ) M TR =3 FE 1Y 40 em
S5 SR AE Ry ik 9 A D R 5 e i BT A A o, 1T DU B IR
s H L 1 P RS N A PE 4 (8] 8a) . 2003-2006 4
[i] DX 3 127 1) 3 g b 0 8 BEAE 26 em 2647, Ui 168 52 TRl
70 B /N (& 8a, 1B 8b) o LB RSP ¥ 46 Z K A% 0 IR
JE A (& Sb), AH K VG 3 7K A% 08 TR B A v 30 R4S
DXl 22 BN R A, 3 T 30X — 3 18] 9 A% 0o [ ) R
BB O . 2007 AR I 96 R U e T LT K, X
W21 80 1 M v BB B N % 35 cm, 20102014
AR AB R E FE 36 em 22 AT, 1T 2015 4F 3% A6 YR 3 If
FaELE 40 cm LA_F B R 2020 4FE A WA FEAR (K 8b), 45

L
° 1560 1500 144

| D . : M.
2004 2006 2008 2010 2012 2014 2016 2018 2020

4

B /em

1=

CIPIE IR ]

A 32 TR EE R, FRATAT LUE BIAE 2007 45 I 9 4R IR
558 5 T PR3 1), AERL A 1 B X3 35 R AR R 1 R
S P A Z5 K A% 0 TR TEE A 2008 4F KR FEE % (6 ik
40 m ZE A7), TR PO VR K AZ O BR BE B IR H AT 20 m
47 (& Sa, B 5b). 2016 4F 2 J5 5 9 4 3 i v o0 A
3 M) 0 R 22 B0 ) 7R B e 3, AR i e X3 v S £
KA ZE KR 0 BRI AE 2017 4F KR AR 2, i K 7
HEKAZ D TR BE EN A W A8 46 (] Sa, Bl 5b), Lik
5 S TR 2 U R IR IO R R 114 A Ak X AP PR A R K
A% U VR JBE 1 5 A 52 i) e 25, T RS W VA A O TR B 1 722 Ak
F B BN H B JH M DR S
42 KAEFKERBHPBEA SRS NENFE

BK&R

0 3.1 %5 Bk 19992001 4E 1 2018 4E7E#E R 45 i
e DX 358 P 0 I S R 2 )R FER S JLARE AR IX
B L BT TR R B, T 2 WX LY 2 2012 4F
W S S th I 05, 76N U AR DX ) K P VK A
Y DATTES IR & ST R R (A ¥ | b NTRE ) ¢ i 15
3B R0 T G B RS TICAY T REAE T, FRATTIT A TR
TR 55 AR R A0y 4-9 35 5 = i 0 ok
(U S A5 38 A FH 1% i i LA — 8 Il IS 1 ),
T AE A F 22 5 e 33467 3 D T A 8 Ak (8T 9)
2012 4F 1 2013 AE7ERE P A7 20 Bl [X a4 408 o 3 44 14 20
TR TR, N A4 7 TR T L B % B A
S LI 4 (1] 9b, 1 9¢), T 2004 4F 1 2020 45
I8 A2 i R R A 9 B A T R A B 0 O ) A
1A (K 9a, K 9d)., 2012-2013 4F ] 76 K PG ¥ 7K

45 75
b
70
40 1 £
165 £
=
160 E
35+ gi
155
2
30t 0 R
BB EEPHE |,
—o— B Jy T R B IR A

25 I . . . . . . . . T
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
44

Pl 8 2003—2020 4F A B} w5 121 BE DX 38k 5 7 M T /55 B 19 40 om A58 28 1 B AN o 45 a0 vh O 2 B K (a), 30 ) ST 35 8 IX.
BT 35 { (68°~82°N,, 170°E~ 120°W ) 115 K {5 it 1] F 371) 25 4k (b)
Fig. 8 The 40 cm isolines of dynamic topography and the location of Beaufort Gyre center during 2003—2020 (a), the regional
(68°-82°N, 170°E—-120°W) averaged (blue solid line) and maximum (red dotted line) dynamic topography (b)
P&l a rf B A S PG SRR RS IT 5 PR b i s R AR D Ao R

The black circle in Fig. a is the western continental slope, while the vertical bars in Fig. b denote the standard error



12 WEPESEAR 46 %

—_
(=}

™

o
N
150 S R JE/(cm-d ™)

50 100 150

AT B /km

200

AL/ °C
[\S] [=)} —
(=]

N
(o)} LIS}
W3 Sk /(em-d ™)

—_
(=}

100 200 300
AR B Yk

LV e s
BT AP (em-d ™)

friE/C
N

100 200

[o)} —_
f=}

[\S}

N
(=)} LIS}
W3 Sk /(em-d ™)

—_
(=}

E 8 —— \ 100 200 300
170° 160 AR P B /km

P9 AERLAT s BiE X450 V5 8 Bl 3 7E 2004 45 (a), 2012 4F (b)), 2013 4F (¢) F1 2020 4F (d) 14 30 B 7 i i 187 (o ] — 371 7 7% )
51 5 2 il W 3 BE (e A — B0 TR, W RLAE0Y 4-9 7 RS 390E) 19 25 8] 43 70
Fig. 9 Vertical sections of potential temperature (middle panels) and the spatial distribution of Ekman pumping velocity (right panels,
monthly mean during April to September for the corresponding year) in the western region of the Chukchi Borderland
in 2004 (a), 2012 (b), 2013 (c), and 2020 (d)

AR ik U9 VR 978 (A ODV 0044 v 98 A0 478 1A% 43 43 7 vk, 00 55 8 32 T 4
Vertical sections of potential temperature are constructed using the Data Interpolating Variational Analysis (DIVA) method that incorporated

in ODV software, and interpolate along the isodensity surface

i (O 2 00 B DX Il ) 9 ) 9 Bl Ak 32 508 T RIS 3 S A A X B A A A T — A
TR, RPEAE KR T S AR A FTRER R = W S5 % S 0 I 30 sk LR A 78 Uy BB 66 445 4
0 7 38 P 2 AR, AT AE T Ui CRE L A sl Bk DX (] 6), JF HL 20112016 4F & #h BRJZ A9 47 36 35 T =
R AR AR ) A B S “UCR VA KBS A5 5 T (I 4)o XU I A6 245 40 1) T R 38 I 56 74 4 i 33 I
R BRI o WAL, 75 2011-2016 4FAERR A7 0 bl DX J5l0 0 78 5% i U B0, 2 i) BAGHE R O AR O PR R Y. Kl



589 B4 PHAL UG RV K 5 RV 4 ZR KR B S AR L T AL AT 5 T ) 30 15 g 13

— P SR RA TR, BDEE R SRR S B e TR TS B RV A K B A R A B, AT 3 3

Aﬂﬂ%i‘fﬁﬁiﬂ’ﬂﬁlﬂzﬁdﬂ ?Eﬁ“ﬁ%ﬁﬁﬂiiﬁ X ETHRM X855 A T E R AP A R 7R

TERR & AU ISR B 1 2R A £ 5 - 315 97 5 S 35 18 3 30 ( 20072008 47 Rl 2016-2017

5 Z5ie AE), T PE K RN S 1 A 2 K A% 0 T4 BE R IR I 16
HARTP A ZR IO IR B IR T 3

ASCXF 1999-2021 45 b A 8 B A 11 Bl b X 11 52 (2) T 26 4 o KA 0 (07 SEL PTG AT = T2 40 A 2

oK SCRAEHEAT 0 M, DT T ARSI R BN BRI G R RS AR A Bl b, AU I 2 BT

;n:a
H A5

RS DNVERE O NS S SRSy G S et A = £ I N R S S =) & SN | N RE S - Bl e LT G

DA R 3 6738 A XU B A BT O A AZ B 2 (B R ERBRIZE ) 0 1 1 3 e R B X sl v 30
YEM, FELA AR Z 30, 2T llOR IR T K& F K L

(1) 7E 1999-2021 4F 8], FER} 77 10 Bl X AL B SEIELAO THIR, 10 PIA% .0 Z 18] K AT J2 AL A4 16 558 S P 141

T 3 WKVGFEKIE SR A5 S, 200 F 2000 4F | 2012 4F 4] T R P HE KGR 7] AR .

*ﬂZOlS@HUFY{ & B Ay o B X G PG S B, Horp (3) XU BB 6 445 A4 B T 1 A2 R G 9 K A O o L
B — W R 5+ STE 2003 AF AN S KA 5 B AR Ak 52 I 0 2 . A RE A 1 B X AR S G n & K
W 5 E%E&ﬂ?muﬁm ﬂ%ﬂ@iﬁﬁ N AE 2002-2021 4F HE T KB 1) 2N B A 3k B,

TR

St —

B

s 2 KR AR AR 2019 AR BEA M E KRB . HERFIGEETH TSR, XA £
R VGHEK IR S A5 W REAL I B R WF o n] PR HILAR S WY A A% O 0 i B9 B AER LA K | BT

AE B AR 2012-2013 4R[SR se S sl FE SR 09 B SZ AR AR SRl 1 2 e {5 9

% k-
[1]  Woodgate R A, Aagaard K, Muench R D, et al. The Arctic Ocean boundary current along the Eurasian slope and the adjacent Lomono-

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

sov Ridge: water mass properties, transports and transformations from moored instruments[J]. Deep Sea Research Part I: Oceanographic
Research Papers, 2001, 48(8): 1757—-1792.

Aksenov Y, Ivanov V V, Nurser A J G, et al. The arctic circumpolar boundary current[J]. Journal of Geophysical Research: Oceans,
2011, 116(C9): C09017.

Rudels B, Korhonen M, Schauer U, et al. Circulation and transformation of Atlantic water in the Eurasian Basin and the contribution of
the Fram Strait inflow branch to the Arctic Ocean heat budget[J]. Progress in Oceanography, 2015, 132: 128—152.

Polyakov I V, Alexeev V A, Ashik I M, et al. Fate of early 2000s Arctic warm water pulse[J]. Bulletin of the American Meteorological
Society, 2011, 92(5): 561-566.

Karcher M, Smith J N, Kauker F, et al. Recent changes in Arctic Ocean circulation revealed by iodine-129 observations and modeling[J].
Journal of Geophysical Research: Oceans, 2012, 117(C8): C08007.

Rudels B. Arctic Ocean circulation, processes and water masses: a description of observations and ideas with focus on the period prior to
the International Polar Year 2007-2009[J]. Progress in Oceanography, 2015, 132: 22—67.

Karcher M J, Oberhuber J M. Pathways and modification of the upper and intermediate waters of the Arctic Ocean[J]. Journal of Geo-
physical Research: Oceans, 2002, 107(C6): 3049.

Karcher M, Kauker F, Gerdes R, et al. On the dynamics of Atlantic Water circulation in the Arctic Ocean[J]. Journal of Geophysical Re-
search: Oceans, 2007, 112(C4): C04S02.

Wefing A M, Casacuberta N, Christl M, et al. Circulation timescales of Atlantic Water in the Arctic Ocean determined from anthropogen-
ic radionuclides[J]. Ocean Science, 2021, 17(1): 111-129.

Carmack E, Polyakov I, Padman L, et al. Toward quantifying the increasing role of oceanic heat in sea ice loss in the new Arctic[J]. Bul-
letin of the American Meteorological Society, 2015, 96(12): 2079-2105.

Turner J S. The melting of ice in the Arctic Ocean: the influence of double-diffusive transport of heat from below[J]. Journal of Physical
Oceanography, 2010, 40(1): 249-256.

Polyakov I V, Pnyushkov A V, Alkire M B, et al. Greater role for Atlantic inflows on sea-ice loss in the Eurasian Basin of the Arctic
Ocean[J]. Science, 2017, 356(6335): 285-291.

Overland J E, Wood K R, Wang M Y. Warm Arctic—cold continents: climate impacts of the newly open Arctic Sea[J]. Polar Research,
2011, 30(1): 15787.

Timmermans M L, Marshall J. Understanding Arctic Ocean circulation: a review of ocean dynamics in a changing climate[J]. Journal of
Geophysical Research: Oceans, 2020, 125(4): €2018JC014378.

Aagaard K, Swift J H, Carmack E C. Thermohaline circulation in the Arctic Mediterranean seas[J]. Journal of Geophysical Research:


https://doi.org/10.1016/S0967-0637(00)00091-1
https://doi.org/10.1016/S0967-0637(00)00091-1
https://doi.org/10.1016/j.pocean.2014.04.003
https://doi.org/10.1175/2010BAMS2921.1
https://doi.org/10.1175/2010BAMS2921.1
https://doi.org/10.1016/j.pocean.2013.11.006
https://doi.org/10.5194/os-17-111-2021
https://doi.org/10.1175/BAMS-D-13-00177.1
https://doi.org/10.1175/BAMS-D-13-00177.1
https://doi.org/10.1175/2009JPO4279.1
https://doi.org/10.1175/2009JPO4279.1
https://doi.org/10.1126/science.aai8204
https://doi.org/10.3402/polar.v30i0.15787
https://doi.org/10.1029/2018JC014378
https://doi.org/10.1029/2018JC014378
https://doi.org/10.1029/JC090iC03p04833

14 (GRERE T LE

Oceans, 1985, 90(C3): 4833—4846.

[16] Nast O A, Isachsen P E. The large-scale time-mean ocean circulation in the Nordic Seas and Arctic Ocean estimated from simplified dy-
namics[J]. Journal of Marine Research, 2003, 61(2): 175-210.

[17] Woodgate R A, Aagaard K, Swift J H, et al. Atlantic water circulation over the Mendeleev Ridge and Chukchi Borderland from thermo-
haline intrusions and water mass properties[J]. Journal of Geophysical Research: Oceans, 2007, 112(C2): C02005.

[18] Polyakov I V, Rippeth T P, Fer I, et al. Intensification of near - surface currents and shear in the Eastern Arctic Ocean[J]. Geophysical
Research Letters, 2020, 47(16): €2020GL089469.

[19] Zhao Jinping, Gao Guoping, Jiao Yutian. Warming in Arctic intermediate and deep waters around Chukchi Plateau and its adjacent re-
gions in 1999[J]. Science in China Series D: Earth Sciences, 2005, 48(8): 1312—1320.

[20] Zhong Wenli, Zhao Jinping. Deepening of the Atlantic Water core in the Canada Basin in 2003—11[J]. Journal of Physical Oceanography,
2014, 44(9): 2353-2369.

[21] Richards A E, Johnson H L, Lique C. Spatial and temporal variability of Atlantic Water in the Arctic from 40 years of observations[J].
Journal of Geophysical Research: Oceans, 2022, 127(9): ¢2021JC018358.

[22] Ménesguen C, Lique C, Caspar-Cohen Z. Density staircases are disappearing in the Canada Basin of the Arctic Ocean[J]. Journal of Geo-
physical Research: Oceans, 2022, 127(11): €2022JC018877.

[23] Polyakov I V, Pnyushkov A V, Timokhov L A. Warming of the intermediate atlantic water of the Arctic Ocean in the 2000s[J]. Journal of
Climate, 2012, 25(23): 8362—8370.

[24] Regan H C, Lique C, Armitage T W K. The Beaufort Gyre extent, shape, and location between 2003 and 2014 from satellite observa-
tions[J]. Journal of Geophysical Research: Oceans, 2019, 124(2): 844—862.

[25] Bertosio C, Provost C, Athanase M, et al. Changes in freshwater distribution and pathways in the Arctic Ocean since 2007 in the Mercat-
or Ocean global operational system[J]. Journal of Geophysical Research: Oceans, 2022, 127(6): €2021JC017701.

[26] Schmitt R W. The salt finger experiments of Jevons (1857) and Rayleigh (1880)[J]. Journal of Physical Oceanography, 1995, 25(1):
8-17.

[27] Turner J S, Stommel H. A new case of convection in the presence of combined vertical salinity and temperature gradients[J]. Proceed-
ings of the National Academy of Sciences of the United States of America, 1964, 52(1): 49-53.

(28] A, BXHEF-. M A B b 2 A A S P ST (0], HBRARkAEJE, 2011, 26(2): 193-201.
Zhao Qian, Zhao Jinping. Distribution of double-diffusive staircase structure and heat flux in the Canadian Basin[J]. Advances in Earth
Science, 2011, 26(2): 193-201.

[29] McLaughlin F A, Carmack E C, Williams W J, et al. Joint effects of boundary currents and thermohaline intrusions on the warming of At-
lantic water in the Canada Basin, 1993-2007[J]. Journal of Geophysical Research: Oceans, 2009, 114(C1): CO0A12.

[30] Polyakov I V, Pnyushkov A V, Rember R, et al. Mooring-based observations of double-diffusive staircases over the Laptev Sea slope[J].
Journal of Physical Oceanography, 2012, 42(1): 95—109.

[31] Timmermans M L, Toole J, Proshutinsky A, et al. Eddies in the Canada Basin, Arctic Ocean, observed from ice-tethered profilers[J].
Journal of Physical Oceanography, 2008, 38(1): 133—145.

[32] Lincoln B J, Rippeth T P, Lenn Y D, et al. Wind-driven mixing at intermediate depths in an ice-free Arctic Ocean[J]. Geophysical Re-
search Letters, 2016, 43(18): 9749-9756.

[33] Shibley N C, Timmermans M L, Carpenter J R, et al. Spatial variability of the Arctic Ocean's double-diffusive staircase[J]. Journal of
Geophysical Research: Oceans, 2017, 122(2): 980—-994.

[34] Steele M, Morison J, Ermold W, et al. Circulation of summer Pacific halocline water in the Arctic Ocean[J]. Journal of Geophysical Re-
search: Oceans, 2004, 109(C2): C02027.

[35] Timmermans M L, Proshutinsky A, Golubeva E, et al. Mechanisms of Pacific summer water variability in the Arctic's Central Canada
Basin[J]. Journal of Geophysical Research: Oceans, 2014, 119(11): 7523—7548.

[36] Timmermans M L, Marshall J, Proshutinsky A, et al. Seasonally derived components of the Canada Basin halocline[J]. Geophysical Re-
search Letters, 2017, 44(10): 5008—5015.

[37] Behrendt A, Sumata H, Rabe B, et al. UDASH-unified database for Arctic and Subarctic hydrography[J]. Earth System Science Data,
2018, 10(2): 1119-1138.

[38] Steele M, Morley R, Ermold W. PHC: a global ocean hydrography with a high-quality Arctic Ocean[J]. Journal of Climate, 2001, 14(9):
2079-2087.

[39] Armitage T W K, Bacon S, Ridout A L, et al. Arctic sea surface height variability and change from satellite radar altimetry and GRACE,
2003-2014[J]. Journal of Geophysical Research: Oceans, 2016, 121(6): 4303—4322.

[40] Zhong Wenli, Steele M, Zhang Jinlun, et al. Greater role of geostrophic currents in Ekman dynamics in the western Arctic Ocean as a
mechanism for Beaufort Gyre stabilization[J]. Journal of Geophysical Research: Oceans, 2018, 123(1): 149-165.

[41] Polyakov I V, Pnyushkov A V, Carmack E C. Stability of the arctic halocline: a new indicator of arctic climate change[J]. Environmental
Research Letters, 2018, 13(12): 125008.

[42] Shibley N C, Timmermans M L. The formation of double-diffusive layers in a weakly turbulent environment[J]. Journal of Geophysical


https://doi.org/10.1029/JC090iC03p04833
https://doi.org/10.1357/002224003322005069
https://doi.org/10.1029/2020GL089469
https://doi.org/10.1029/2020GL089469
https://doi.org/10.1360/02yd0504
https://doi.org/10.1175/JPO-D-13-084.1
https://doi.org/10.1029/2021JC018358
https://doi.org/10.1029/2022JC018877
https://doi.org/10.1029/2022JC018877
https://doi.org/10.1029/2022JC018877
https://doi.org/10.1175/JCLI-D-12-00266.1
https://doi.org/10.1175/JCLI-D-12-00266.1
https://doi.org/10.1029/2018JC014379
https://doi.org/10.1029/2021JC017701
https://doi.org/10.1175/1520-0485(1995)025<0008:TSFEOJ>2.0.CO;2
https://doi.org/10.1175/2011JPO4606.1
https://doi.org/10.1175/2007JPO3782.1
https://doi.org/10.1002/2016GL070454
https://doi.org/10.1002/2016GL070454
https://doi.org/10.1002/2016GL070454
https://doi.org/10.1002/2016JC012419
https://doi.org/10.1002/2016JC012419
https://doi.org/10.1002/2014JC010273
https://doi.org/10.1002/2017GL073042
https://doi.org/10.1002/2017GL073042
https://doi.org/10.1002/2017GL073042
https://doi.org/10.5194/essd-10-1119-2018
https://doi.org/10.1175/1520-0442(2001)014<2079:PAGOHW>2.0.CO;2
https://doi.org/10.1002/2015JC011579
https://doi.org/10.1002/2017JC013282
https://doi.org/10.1088/1748-9326/aaec1e
https://doi.org/10.1088/1748-9326/aaec1e
https://doi.org/10.1029/2018JC014625

589 B4 PHAL UG RV K 5 RV 4 ZR KR B S AR L T AL AT 5 T ) 30 15 g 15

Research: Oceans, 2019, 124(3): 1445—1458.

[43] Quadfasel D, SY A, WELLS D, et al. Warming in the Arctic[J]. Nature, 1991, 350(6317): 385.

[44] Quadfasel D, Sy A, Rudels B. A ship of opportunity section to the North Pole: Upper ocean temperature observations[J]. Deep Sea Re-
search Part I: Oceanographic Research Papers, 1993, 40(4): 777-789.

[45] Li Jiangiang, Pickart R S, Lin Peigen, et al. The Atlantic water boundary current in the Chukchi Borderland and southern Canada
Basin[J]. Journal of Geophysical Research: Oceans, 2020, 125(8): €2020JC016197.

[46] Dmitrenko I A, Polyakov I V, Kirillov S A, et al. Toward a warmer Arctic Ocean: spreading of the early 21st century Atlantic Water
warm anomaly along the Eurasian Basin margins[J]. Journal of Geophysical Research: Oceans, 2008, 113(C5): C05023.

[47] Corlett W B, Pickart R S. The Chukchi slope current[J]. Progress in Oceanography, 2017, 153: 50—65.

[48] Zhong Wenli, Steele M, Zhang Jinlun, et al. Circulation of Pacific winter water in the Western Arctic Ocean[J]. Journal of Geophysical
Research: Oceans, 2019, 124(2): 863—881.

Variations of the Atlantic Water and Pacific Winter Water under the influ-

ence of the shifting Beaufort Gyre in the western Arctic Ocean

Gong Yaping', Zhong Wenli', Wang Xiaoyu', LiTao®, Zhao Jinping'?, Lan Youwen'

(1. Key Laboratory of Physics and Oceanography, Ministry of Education, Ocean University of China, Qingdao 266100, China; 2. College of
Oceanic and Atmospheric Sciences, Ocean University of China, Qingdao 266100, China)

Abstract: The Chukchi Borderland served as the critical gateway for the inflow of Atlantic Water (AW, which is
the most important heat storage layer in the Arctic Ocean) into the Canada Basin in the western Arctic Ocean. One
of the key issues is how the AW and Pacific Winter Water (PWW) interacts in this complex topography region. The
answer to this question will shed light on the important role of AW in the Arctic Ocean. In this study, based on the
multi-sources’ quality controlled hydrographic data during 1999—-2021, the variation of AW, PWW and the double-
diffusive staircases in the Chukchi Borderland are studied in details. We identified three anomalous warm events of
AW that occurred in year 2000, 2012 and 2018 with the maximum potential temperature over 1°C. The vertical aver-
aged heat content between the PWW and AW shows a warming trend in the central and eastern region of the Chuk-
chi Borderland. The major reason for this is the warming of PWW. The depth of PWW is more sensitive to the shift-
ing of the Beaufort Gyre (BG) than that of the AW. The combined changes of PWW and AW lead to the variation of
double-diffusive staircases, which show a regime shift from large to small thickness and to largely decayed in the
Canada Basin. Our results suggest that the major mechanism for this transition is the cooling of AW along with the

stronger stratification that restricts the vertical mixing for all.
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