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Table 1 Station Information for sound velocity profile survey at section M during the 9" Chinese Arctic Research Expedition
5 priivd H i ARTEL AR (UTC) ZEHE(W) HEN) 3t K B /m DR /m

1 Mol 2018.8.3 6:53 172°1.411 'W 74°48.438'N 316 309

2 Mo02 2018.8.3 13:10 172°0.127 'W 75°9.064 'N 414 403

3 Mo03 2018.8.3 18:11 172°10.435'W 75°32.752'N 1242 1222

4 Mo4 2018.8.4 1:19 172°0.497 'W 76°0.620 'N 1977 1959

5 Mo05 2018.8.4 6:27 172°2.824 'W 76°23.083'N 2253 2230

6 Mo06 2018.8.4 13:26 171°58.620'W 76°47.974'N 1 560 1539

7 MO07 2018.8.4 18:30 171°57.300'W 77°11.724'N 2247 2233
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SeaCast #X . 5 CTD X 4k 1) 18 B ) — 3¢, oy
A BT SIS K ARSI 2l B 1 400, AR R i A
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%2 &K AML 2 7 % 7= #) Minos SVP &1 1£ B 88 XCH-SV-STD # K547
Table 2 Technical specifications of the XCH-SV-STD sensor produced by the Canadian company AML for the Minos SVP.

fRbRZEA T R KK TR P A P R PRI HEAR M i)
TERRE 6000 m 13751625 m/s 0.006 m/s 0.025 m/s 0.001 m/s 47 us
#3 EEIESEAFEFH SBE 911plus CTD H RIEIR
Table 3 Technical Specifications of the Sea-Bird SBE 911 CTD sensor produced by Sea-Bird Scientific, USA

1R U EEEEne| Nt VRS FaERE () g = M i)
L 53R (S/m) 0~7 0.000 3 0.000 3 0.000 04 65 us

REE(C) —5~+35 0.001 0.000 2 0.000 2 65 us
J% 73 (dbar) 10 000 0.015%FS 0.001 5%FS 0.001%FS 15 us
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Fig. 1 Distribution of sound velocity profiles at stations M02(left), MO7(right)



x M PRELEZ AR =i s S SR TE AL KA TS S I T 33 194 25 T P L —— 2 T vl 1 28 LU AU AR R 25 D o7 5Bl 5

BEA FREGH, BEE KBRS 3 4 CSVP 2 ¥/
# . CSVP-C J& FHe 47l . CSVP-D Hf B MSVP #zilf .
WRKHEW — A EEm, Aty
266.69 km fiy M i _E, 300 m DL e HAE 250 m DL
T AL TR 25 4 S B 0 ) T 2 e, R X — DR
TAT b P A A 25 () 22 50 FF MOT 3 A BU 3 3 45
FRRAE 525, 43 927 T 25 m DL b i 35 1w % 3 P A
60—122 m Z [A] (1) b vk A 2= 75 P 1 v 7 i (R O Ay
) PO T LE T 0 Y MO2 3l b B AR A 2 T R
EDA = ) T A R T — B AR B B R A I B,
E29m IR RIS BN LI T —DEELAH 9m
PR KB X, 78 155-177 m 2Z 8] U3 T 4 OE JE
1.88 m/s (1 S0l B s 4, 3 & 339 m IR ALATH I Wi
RN
T E) MO7 3k b 75 ) 1T T A A A il 3 R
700 m/s Y HTHE T, MSVP 1 3 4% CSVP Z [A] 77 7 —
TE Y22 Sk, JUELJEAE 500 m DLIREE R U 4 AR R
R, BRI 2 FE 500 m LLi% MSVP #l CSVP 2 [H]
FEAE—EM2E S, HIE MSVP 3 [0 8 (& 25 1k 15 3 L
S MSVP #1 3 /> CSVP Z [H] 2= 5 () 3 [n] 43 A R AIE, A<
AEG R E VL BN ST 3 4~ CSVP Fil MSVP 2 [i]
F) B 48 50 22 (Maximum Absolute Difference, MAD).
-394 22 (Mean Difference, MD) Fil - 34 fls 22 i) ds 7H: 22
( Standard Deviation of Mean Deviation, SDMD) i) 3 #il}
-, M MD BEREE A5 A1 FEAEAE 0-200 m, 200—500 m
500 m PAUR 3 AN 70 [ P X 3 — i AR 1 2F 25 R 40

=4

Gyt
3.1 & K& 34w = ( Maximum Absolute Deviation,
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Table 4 Statistics of Maximum Absolute Deviation, Mean Deviation, and Standard Deviation of

Deviation for CSV on Section M (in unit m/s)

MAD MD SDD
T i
CSV-C CSV-D CSV-W CSV-C CSV-D CSV-W CSV-C CSV-D CSV-W
1 MO 3.66 3.61 3.56 0.60 0.54 0.69 0.57 0.58 0.52
2 MO02 231 222 2.49 0.95 0.84 1.09 0.33 0.32 0.36
3 M03 1.48 1.39 1.65 0.86 0.72 1.03 0.12 0.14 0.15
4 MO04 1.29 1.24 1.41 0.86 0.57 1.11 0.11 0.07 0.17
5 MO5 1.13 0.90 1.43 0.88 0.55 1.12 0.17 0.06 0.24
6 M06 121 0.93 1.45 0.80 0.54 1.02 0.15 0.07 0.21
7 M07 1.12 0.75 1.42 0.88 0.56 1.13 0.18 0.05 0.24
8 SN 3.66 3.61 3.56 0.95 0.84 1.13 0.57 0.58 0.52
9 SS N 1.12 0.75 1.41 0.60 0.54 0.69 0.11 0.05 0.15
10 Ty 1.74 1.58 1.92 0.83 0.62 1.03 0.28 0.23 0.30
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& 4R 0L, 3R MD BRI BEAFTEE KN
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B () MD RS2 B /N, LR B BT T 1 9 MD R R
{EL A 50% LA =5 ifii CSV-C Fl CSV-D K MD i KA H
IRLAE BT 180 P A ) MO2 3 A5 AL , CSV-W i MD f K A{E
B A W7 T A b S B9 MOT7 3 A5 AL o FE M03-MO07 2
[E], CSV-C 1) MD Jt BH 2 1) Fifi 3 137 42 1k, BEATE 0.80-
0.88 m/s Z [H) /NI # 5 . CSV-D [ MD {{ 7£ M02,
MO3 3ty Sl 22 AH Xt Ay, 7 EL At 3ty o 0] I AT L ity
6] 22 S48 /N, FEHIAE 0.54-0.57 m/s Z 6] . CSV-W [
MD M\ R b iR 52 S (N 0.69 1 2 1.13), H
TE KB 3 3li j 7 A T B ™ Y Al (=1.0 m/s) .
XRBIAE M BT, 3 ROk J0 I8 A 2 (B)3E Fl i 2
WERG B AR R R 22 R
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F14) i 1 T AR Ak B 5 45 . FE 0—200 m 38 FBL P, 3 Fh ARk
(7 4 MD A %) % /1N (0.63—0.77 m/s), Bd B 76 8 7 |
J2 45 B R GE i 25 AV AR . AE 200-500 m P
CSV-C Fll CSV-W AYF- 3 MD %3 34 A, It H 2 CSV-
W ik 2] 0.92 m/s, 15 BH I s 5309 2 3T 46 43 fk, CSV-
W IR S AG R . 7E 500 m LI CSV-C #il CSV-W 1Y
MD i — 25 i 2 18 K, 4 5l ik 0.91 m/s AT 1.17 m/s,
KUTERZEFE DX 2 PR AR B RGeS
i, H CSV-W ] B f5 Ry 5E 1

WAL, 3 R EVE A HEA B 22 SR W L TEIT A
TR T4 K 250k 7 -, CSV-D H: MD ¥ & A, %
P o g RO M S R ME o D HZE 500 m DATR
HAF- MD XA 0.58 mi/s, i 3 ik F CSV-C(0.91 m/s)
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#5 MBAELARREEEN=F CSVPAIMSVP Z B MD £ 5 ( #{I: m/s)
Table 5 MD differences among 3 kinds of CSVP and MSVP in different layers on M section (in unit m/s)
0-200 m 200~500 m 500 mPATE
Fe i
CSVP-C CSVP-D CSVP-W CSVP-C CSVP-D CSVP-W CSVP-C CSVP-D CSVP-W
1 MOl 0.71 0.69 0.75 0.39 0.26 0.58 — — —
2 MO02 0.86 0.82 0.96 1.03 0.87 1.21 — — —
3 MO03 0.88 0.82 0.98 0.86 0.69 1.05 0.86 0.64 1.07
4 Mo04 0.67 0.62 0.78 0.77 0.60 0.96 0.91 0.55 1.18
5 MO5 0.56 0.47 0.65 0.69 0.51 0.88 0.95 0.57 1.22
6 MO6 0.57 0.51 0.65 0.69 0.52 0.88 0.87 0.55 1.13
7 MO7 0.56 0.51 0.64 0.68 0.51 0.87 0.95 0.57 1.23
8 - 0.69 0.63 0.77 0.73 0.57 0.92 0.91 0.58 1.17

e R 2 1 1 2 R O 35 B R R 59 . T CSV-W TE
JIT A VR B S Tl P Y R R B 22, L MID B R B 2 38 K
(M 0.77 my/s 8 & 1.17 m/s); Jt HAE 500 m DL ¥
MD 7 Jif 4 3 437 ¥ 88 3 1.0 m/s, Ji HAE MO5, MO7 3
K 1.22-1.23 m/s, ULIHAEE T EH B L il 0 RS
Al

=)

T 0-200 m ¥ & 1 Bl P 7K SCRRAIE 22 £k S5y T
FURE 2%, 7535 6 th it — 0% 0-200 m 43 3 B¢, If
I3 0-25m, 25—-70m., 75-200m JEREIN 3 FidEEE MD
5 BEGe 4 A A2 2 v 4 il 45 X — TR EE S 1R Y
0-25 m ¥ [l 4 MD iz K % MO1 3 F1 75-200 m 75 [
A MD H5 K Y MO3 32l Ay 75 8 351 g 1]

]
#6 MEEL0-200mSEENAEEERN=F CSVP FIMSVP ZEMD 2% (B4 m/s)
Table 6 MD differences among 3 kinds of CSVP and MSVP in different layers within the 0—200 m range on M section (in unit m/s)
0-25m 25-75m 75200 m
Fe5 briid
CSVP-C CSVP-D CSVP-W CSVP-C CSVP-D CSVP-W CSVP-C CSVP-D CSVP-W
1 MoO1 1.73 1.68 1.58 1.08 1.05 115 0.40 0.38 0.46
2 M02 0.67 0.64 0.59 0.81 0.79 0.87 0.92 0.86 1.06
3 MO03 0.67 0.64 0.60 0.80 0.77 0.85 0.94 0.87 1.08
4 Mo04 0.60 0.57 0.51 0.65 0.62 0.69 0.69 0.63 0.85
5 MO5 0.53 0.44 0.42 0.51 0.44 0.55 0.59 0.49 0.73
6 MoO06 0.53 0.50 0.43 0.51 0.47 0.52 0.59 0.53 0.74
7 MO7 0.50 0.48 0.41 0.50 0.47 0.51 0.58 0.52 0.72
8 S 0.75 0.71 0.65 0.69 0.66 0.73 0.67 0.61 0.81
9 M02-M07-F-5 0.58 0.55 0.49 0.63 0.59 0.67 0.72 0.65 0.86

Bk AL 2 B AT L, AR X — i N CSVP R AEH
fep, BRSO REE & A A 7E MO3 v -
CSVP # Fl MSVP J& 5¢ 4 43 B5 14, 1 75 MO1 3k i |
CSVP f#EFI MSVP &4 T 28 X . 4543 6 MK 2
AL UL, MOT 3 J& T W i b R A AL 0-25 m i
il N CSVP FI MD 58 5, 3 36 1 MD ¥R ik

F 1.58 m/s, H g T HAb G A . KREFE 50 m 2 Ab
MD FaH A5 57 40 24, 1 F & 75-200 m JZ MD 2l F

W, N BRI B 8 2k 1.10 m/s. 7 MO3 3 fii ik, 3 Fh i
21y CSVP Fl MSVP J& A P17, BT Z B 2 5 A E
B, YT R B0 R R AE 2 b S e 7R S R
AR AR B P SIS . ARER T EEBH T2 AL
16T, B TR BE B39 CSVP A MSVP 22 [ (% [a] BE A
U K B F, CSVP #E T R4 BT

IR 6 BT 3 ARk 5P 2 MD B TR 4

TR B 3 b AR A [ ) A A B, (7R BRSO
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Fig. 2 Distribution of sound velocity profiles within 0—200 m at stations MO1 (left), M03 (right)
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F o Hrb CSV-D kR R B B2 W E
T (NRZ BN ) B RE IR R /NS S5 1 R Gtk

T 2% (0.57-0.63 m/s), J& Mk — i FH T 4 IR B 43 B i)l
FERE o CSV-W VK A7 78 7™ H 1 % B2 40 6 P Bk
B BEAE 0-25 m MR B2 A, B MD BE TR B 2R
Ak, o HAE 500 m R Gt | Al NS H T IRZ
P . CSV-C Bk B Jm rp A AR fg M AN i 5 3L
MD 4t F CSV-D Ml CSV-W 3 2 [a], {5 X 3¢ )2 % 3
JKIE S5 A (it MO 3 ) el B0US%, HLAE R )2 1 ORS B2 b
4T CSV-D,
3.3 {REfRAEZ ( Standard Deviation of Deviation, SDD )

s 25 A 1 25 S W B 3 7 4% 0 U TR IR B 1 i 22
(RS R B, PPl B3 I AR 0% ol s B IR R B R
PEof— 2t . SDD (BN, 3 B 505 78 9% 0 s 3
A RAERRIREE 1122 I shi/, A2 S bga e
HES

2 4 WL, BT A3 Bk Y SDD 77 75 Bk 3 A 25 ]
225 FF B I RS 0 MOT, MO2 &b, 3 Fh B 3L Y
SDD it K T HoAth il &5, B A 53 25 1Y SDD ¥ A T
0.32 m/s; H:H MO1 &b i) SDD 75 fT 4 3l 5 rp 2 i K
(), B =M R EEI AL T 0.52 m/se A MOS [1]
Jb % M07 Z ], =FpaRk ) SDD BUE R/, WA X L
BRasE . AT CSV-C Fl CSV-W 19 SDD, J& T Hih iy
MO3., MO4 33 % i v i 3-8 S W B i AR X, T
X T CSV-W ) SDD, ixX P /> i {37 &b T A K 2] /N ask



x M PRELEZ AR =i s S SR TE AL KA TS S I T 33 194 25 T P L —— 2 T vl 1 28 LU AU AR R 25 D o7 5Bl 9

O X UL — R AW I b IR 25 R
AR B B R i sh e, LR I B B R B Y
ma AL 22 5, RIVAE R 0 sl a5ORRE PE AR 25, JL M s AR
PEET

BE— A WEL, 4% 3 5 T SDD e K AR X I A 5
FEARHE], A R S AR R IR T g 1 R
M. Wk ST R, 3 Mk d CSv-D M
CSV-C 1) SDD F K {EHK, AT 0.57 m/s. CSV-W
i) SDD “F-¥{t fx K, 4 0.30 m/s, i CSV-D K SDD -
(B AR/ IME AR 2 55/ N, 43902 0.23 m/s 1 0.05 m/s.
X R SR 3 b B AR X — W 1 A TR TR,
HJE 200 MO1 3% — 5 5 Ul U, CSV-D Bk iR 25 11
W B MR AR R/, R B FRE ; CSV-W BFL I 1R 22 1
BIEH e K T CSV-C SR 22 0% sk Ja v

=S ) — Bk A, CSV-C B AR TE M03, M04 %%
B 433 A5 59 SDD & /N(0.11-0.12 m/s), {H7E MO1 3
IR AR i 755 (6 (0.57 m/s), Ho AR 1 B ol s A8 AL R B
CSV-W 7E It A 3 &5 i SDD #B b T o % fii =5 7K °F
(=0.15 m/s), BEA R A iy v, Wk b Bl i
25 A S 17 0, LGP 287 e v, 50 P) R 15 2 30 3 4%
B, T CSV-D £ 48 R 2 50k & (7 4~ i 54,
B M04-M07) #0458 T F AR SDD, Y 7E MO1 il M03
U i S = 7 SN 0 N Y 2 5 E e S o
W TEZ AN 3 5 (10 MO7, SDD=0.05 m/s) 35 3] T H = Y
R K.

Bk b, 4 BRIRBL T 3 P B AE M BE R
PERYIE I PE 22 5, FE AR TR BE b 3 o A7 78 o 18 25 11
. 163 R T, M04-M07 22 8] CSVP-D (1)1 Z 45
WE 2 B /N, 43 )& CSVP-C A1 CSV-W 1Y 43% Fi1 30%,
FI 3 R AEX UL, FE MO2 F1 MO3 33X 94~ 3l
4b, CSVP-D 1 I 22 ¥ #E 22 5 CSVP-C #H Y4, WAL T
CSVP-W. JRAETE S H ki i MO1 b CSVP-D 1 i 22 bk
WE 22 B, (R AW LA, 3 FhFvA R CSVP-D i
FHE e ) B

4 ZEig

A5 38 S 0T b S0 T T 3 RS R
SR ) T AR R TR, A B R R B R ORI A b
e MWTIET, ZRGEVTAG T AN RIS RS B | e 1 B
IBEIE W ME . TR T SR B 25 S e
55U K SCEE R RN 23S (] 5 b ) R R
41 HEMENEFIEES5ERKE

U = Ff CSVP 5 MSVP 78 3R T m) #4 34 | 7918
FRAE (AN BB | PR IERNIREE | SR LRI R AT

F— B, S0 1 UL A5 45 rry AT S e R Rk X P A
D EEALE GRIE . SR ) fieae , H RS
P R 53w 22 357 3 A7 . 3 AT R B, A AR A i 2
H 9% (U MAD fiz/ME 0.75 m/s) 322 5 T 430 2% 0 5 v
J& (~0.025 m/s), 3% 3 LA K F 5 A A A B (1) SR B
P DL B A0 R0 H 2 2% A BRBE R )

=R AL PR BEHE ) BB . CSVP-D 454 £ B it
e, Hk o CSVP-C, 1lif CSVP-W £ M 22 . X —HFF
TE B KA % I 22 | - Y5900 2 R0 22 s o 22 = T0LH8 B
YIS E - EEIE . CSVP-D AMUTE K £ 500k 5 FiE
JE )2 DR A7 SR AT 1 - 349 i 22 (B 17 °F- 3% MID 0.62 m/s) il
oo/ 1% 25 B R (Wi 7347 SDD 0.23 my/s), H: MAD
14 - 15 {8 R S5 /M A B AR, Je BT R X A A 1 9
PR A

CSVP-W Bk £ B 3 IR E R M R 5
fii o H: MD M 0-200 m JZ ) 0.77 m/s SR & 500 m
LRI 1.17 my/s, JUHAE )2 it 1.0 mis, X5
Vazquez 55U 7 B AR 48 B Z B IR R IE T &
Gk e il 0 25 AR AT, R WL e ) AH TR R 2
TR, BRI T LA R 3 1

CSVP-C Bk R & b, (B H A2 YA 7E W] 18 4
M o 7E W7 1T 5% B 3 B9 MO1 3, H MAD(3.66 m/s) il
SDD(0.57 m/s) 34 i B A% 3 55 B 4, 7E 500m LAYR, H:
MD(0.91 m/s) 5 2 % & T CSVP-D, 3 B H X i )2 28
BEnyid B M55 T CSVP-D.
42 RENZ AN AIFMEREREXE

WZE TN TR FL R A ) v . T Rk
V18 i OIS i 22 AR 5 DR 15 2 3 HICRE 349 4 vl 7 W T e ) 114
MO1 I MO2 3, T J6 A ) M05-MO7 315 22 %5/ HFa
FE o X PR R AL 25 5 55 WA K SC H P R A % A
B 15 S i L - N e SN ) N & 5.5
A5 A% L VB O % B 2 v Al iR K i A\ SR Z2 E Bl ) R T
T FEEE A, BT A 2R W R AR AL L K T BE B R SR
P IR A o MOT ¥ 0-25 m J2 5% &5 1Y MD(
=1.58 m/s) K MO2 ¥l 150-200 m JZ 75 4 3] 187 (1) 725 45
W g, IEJR XA E e PR LRI, 4575 A 50 A 5K
WOk TH KPR . M ZF, 0K 4 X (n
MO7 3 ) K SCES R AR 35—, S AR LR i B AR

M oA b, DR 2EARIE S50 2 450 % DA
Ko 0-200 m 35 Bl PN 32 K BH AR 55 L Rk i TR A R
i) fe K, 7K SCAR A fe R B . = Fh VR AR 2 1 7 1
MD # %} % 1% (0.63—0.77 m/s), {H CSVP-C Il CSVP-
W 745 5 U 5 (A MO1) 32 )2 BLIR 2 06 (8, R E
ATTRTAR 7K B A5 48 iy 3% 2 2% 14 ) 3 oy M 3 25, ik S R



10

GRERE TR

KT O A AR Lt R B 0, e AR v A o B R B AR
AR PR N g . CSVP-D 7E I 2 PR FE T Heff Ho
T4 %E 1) MD.

7E 200-500 m {1 i Fil N, CSVP-W ) MD JF i i
FIRCF3 0.92 mys), TRk ERE LN . 7E 500 m
LR CSVP-C Hil CSVP-W 1) 3 G5 ¥ & Al ) i ™ 2,
MD 435135 0.91 m/s Al 1.17 mys, 1fii CSVP-D ¥ MD 1/}
AE AR 7E AR K T (0.58 m/s), {7 i H 7 15 FE 3R 5%
T 2 A AR RE L
43 MR EFRERESKANEBS

AHIF 5T 45 S X AU 2= L KR AR L A A
PR N R B S A

T B, JCHAE AT 2K R SR 2 5 ot &
fsb, R G 56 R F Del Grosso( 1974) 22 30, DL BT &
HOMERG RS E V. fEor 2Bk, )2 (0~
200 m) DA Del Grosso(1974) A 15 % . Chen-Millero 75 %
R 4T . Wilson AN H 1 365 R )2 (=500 m) WA 4 77
Del Grosso( 1974), Wilson( 1960) 2 = & ™ & i) IR J&
Mg S Al RN HERE H TIR)Z 2 1. Chen and Millero
(1971 AT F kb 2, A E S KA R E 5%
PR E M

JIT AT 28 9 2% AR BRI 52 2% 1) e 000 ol 2 X 3% 2R
R, I BA G AL AT RE R B8 57 AR PR LA
R AR DR AT K SO R o ARORA b 25 X AU Ry
FE KA CAn KSF 3 AT K vk alK 52 e R i 2R )2 7K
TF 512 2 B0 DXl P 0 1 B0 ST A Ak ) 7 A
R Rl R R B AE R CSVP-D B 3L R, 15 A

S

FEFET-3929 0.6 m/s 19 R Ge b 25, A L Z 1T X
BB IE o 1 TR B A% SR T e AL 3.6 mys, iX
FEIEAT RS B 7 2 S B B B AL % R R R AT
2 R 22 R, AR 2 AT R T LS4 5

AHIE I A 1 22 45 R b TR 2 B
P08 2% 5 o P U E PR K R R 5 7R
YR O Y FE TR 22 TR, R ) I A% 9 R B Mk O .
AT 4 371 5K g 04 v 1 L 760 ¥ 2 /K TR (24 2 000 m) £l
., 5k H Del Grosso 22 2UHT, 0.62 m/s [1°F- 2 22 K4 5
AZY 0.9 m By 5 22 5 A 1R F Wilson 28 20 (IR )2 I
2 117 m/s), MFE R 2ZHHE B2y 1.6 mo X T8 WAL
R a0 (SAS) &, 75 3t 15 22 5 B0 J7 1 53 B
SRR B PRI B B 4 M 1 i B, AR SC MO s B Y
3.66 m/s A Sty i 25 5t 3 A4 T ) 7 R AR R A, O X
TR GRS 1) A R A 4 A W] Z A 1 5 )
K, FE AU 2 22K SCIREE N HEA T RoRG B 75 4R R0 5
KR LIS, FEEBERE G |7 R 22 N AE R G
SEVEVEAL TP AT B R

A VH AW FE TAE T s X LA M B S A=
il 28 Bl 3 X 38k (9 CTD 5 SVP 38 A6 00 0, e H: 2
MO1-M03 22 [8] JF % MO1 [a] R 4 i 5 [A] i &5 0L . 7
A (B T — 2 R A 2 FE R A, LAVEAS
S VE AN TR DRI FIOK SR B 1 68 5 TR B, ] 45 A B
Z [l 25 K SC L A2 I £ 8, TR AR BT S SO
25 10 FLOK g R B R, Ry &l Tk
F P A5 ) DXl v JRE P A AR B BB T O R A
SE LA

(1] sk A S ARl B 5 M s M. Lt A R, 2004,
Zhang Zhanhai. The Report of 2003 Chinese Arctic Research Expedition[M]. Beijing: China Ocean Press, 2004.

[2]  Shimada K, Kamoshida T, Itoh M et al. Pacific Ocean inflow: influence on catastrophic reduction of sea ice cover in the Arctic Ocean[J].

Geophysical Research Letters, 2006, 33(8): L08605.

[3]  Woodgate R A. Increases in the Pacific inflow to the Arctic from 1990 to 2015, and insights into seasonal trends and driving mechanisms

from year-round Bering Strait mooring data[J]. Progress in Oceanography, 2018, 160: 124—154.

[4] Serreze M C, Barry R G. Processes and impacts of arctic amplification: a research synthesis[J]. Global and Planetary Change, 2011,

77(1/2): 85-96.

[5] Smith L C, Stephenson S R. New trans-arctic shipping routes navigable by midcentury[J]. Proceedings of the National Academy of Sci-

(6]

(7]

(8]

(9]

ences of the United States of America, 2013, 110(13): E1191-E1195.

Nazarenko Y V, Sidorov D D, Petnikov V G, et al. On the accuracy of distance estimates based on sound signal propagation time on the
Arctic shelf[J]. Acoustical Physics, 2024, 70(3): 521-526.

R, Wz, M. PR 80 23 S FIVE I M (9], A2 H0R, 2014, 33(6): 504-507.

Wau Bi, Chen Chang’an, Lin Long. Analysis of applicable scope of empirical equation for sound velocity[J]. Technical Acoustics, 2014,
33(6): 504-507.

R, SR 4, WG, 55, WK MRS I e A e Vg A T e 2R [J]. P EN VT 17, 2023, 38(5): 20-26,87.

Peng Lihong, Zhang Baojin, Gu Yuan, et al. Research progress of seawater sound velocity models and prospects of sound velocity mod-
els in the South China Sea[J]. China Offshore Platform, 2023, 38(5): 20—26,87.

Chen C T A, Millero F J. Speed of sound in seawater at high pressures[J]. The Journal of the Acoustical Society of America, 1977, 62(5):


https://doi.org/10.1016/j.pocean.2017.12.007
https://doi.org/10.1134/S1063771024602036
https://doi.org/10.3969/j.issn1000-3630.2014.06.005
https://doi.org/10.3969/j.issn1000-3630.2014.06.005
https://doi.org/10.12226/j.issn.1001-4500.2023.05.20230504
https://doi.org/10.12226/j.issn.1001-4500.2023.05.20230504
https://doi.org/10.1121/1.381646

x W BRELEE A ZRh S AR AL vk 1T 5E S SR 0 i a1 P P P A —— T b [ A LA AR 5 T E i 11
1129-1135.

[10] Del Grosso V A. New equation for the speed of sound in natural waters (with comparisons to other equations)[J]. The Journal of the
Acoustical Society of America, 1974, 56(4): 1084—1091.

[11] Wilson W D. Speed of sound in sea water as a function of temperature, pressure, and salinity[J]. The Journal of the Acoustical Society of
America, 1960, 32(6): 641—644.

(121 23K, Sk A, FE. JBOEE K SCRAE A ALBIF T HE TR [J]. GOK SCETEALAR, 2022, 39(2): 39-44.

Li Xin, Zhang Yue, Dong Qi. Research progress on the changes of hydrological characteristics in the Arctic waters[J]. Meteorological,
Hydrological and Marine Instrument, 2022, 39(2): 39—44.

(13] WRELER, XM B, MRms 8, 55 5 T 5200 75 i SO0 ) b B 7 3 3 T BT 2 B G (81 43 A7 [J/OL). i v )~ ik J2 , 2026: 1-14.
https://link.cnki.net/urlid/37.1387.P.20251210.1550.002.

[14] Leroy C C. Development of simple equations for accurate and more realistic calculation of the speed of sound in seawater[J]. The Journal
of the Acoustical Society of America, 1969, 46(1B): 216—226.

(15] BRELeE, Bk, fRe, 55 =Rl TP A I LR D). PRl it g, 2005, 23(3): 359-364.

Chen Hongxia, Li Liangang, Hua Feng, et al. Comparison between three commonly used algorithms of sound speed[J]. Advances in
Marine Science, 2005, 23(3): 359-364.

(16] 7%, WA B, 1y, 5. 528 1A 7 ) T A1 R[] TR AE 4z, 2014, 33(2): 180-187.

Gao Fei, Pan Changming, Feng Panpan, et al. Characteristics of sound speed profile in Bering sea in summer[J]. Marine Science Bulletin,
2014, 33(2): 180—187.

(17] BERRGE, FFAE, BN, 5. 2 kil LS st R BN 25 G 388 (Z): R BE 43 Be Se B B2 F (9], T I 2%, 2016, 36(4):
16—20,30.

Huang Chenhu, Zhou Fengnian, Shen Jiashuang, et al. Selection of optimal sound velocity model in the global ocean, Part II: precision
analysis and its application[J]. Hydrographic Surveying and Charting, 2016, 36(4): 16—20,30.

[18] Vazquez H J, Cornuelle B D, Worcester P F, et al. Using long-range transmissions in the Beaufort Gyre to test the sound-speed equation
at high pressure and low temperature[J]. The Journal of the Acoustical Society of America, 2023, 154(4): 2676—2688.

[19] Dushaw, B. D., & Sagen, H. . A Comparative Study of Moored/Point and Acoustic Tomography/Integral Observations of Sound Speed
in Fram Strait Using Objective Mapping Techniques. Journal of Atmospheric and Oceanic Technology, 2016, 33(10): 2079-2093.
https://doi.org/10.1175/JTECH-D-15-0251.1

(201 BRI, BRaleEs, FRomit. i R LA R 8 Gt M. Jbat: e L, 2019.

Wei Zexun, Chen Hongxia, Lei Ruibo. Report on the Ninth Chinese Arctic Scientific Expedition[M]. Beijing: Ocean Press, 2019.

[21] Wei Zexun, Chen Hongxia, Lei Ruibo, et al. Overview of the 9th Chinese national arctic research expedition[J]. Atmospheric and Ocean-
ic Science Letters, 2020, 13(1): 1-7,

[22] WRETES, AREGHR, XI5, 5. S LR AUAR 25 52 75 s T AR 42 (2018 4F)[J]. Hh ERR2# 40, 2025, 10(04): 1-11.

Chen H X, Lin L N, Liu N, et al. A dataset of acoustic profiles from the 9th Chinese Arctic Expedition (2018)[J]. China Scientific Data,
2025, 10(04): 1-11.

(23] GB/T 12763.2-2007, EAETRA MG 26 2 #53: MAEK SOUIMIS]. Jbat: v E b e d R,

GB/T 12763.2-2007, Specifications for oceanographic survey—Part 2: marine hydrographic observation[S]. Beijing: Standards Press of
China.

[24] GB/T 12763.5-2007, iV IHAFRIE 265 5 00 MRErs | SR ZIHEE[S]. Jbat: o E bR H L.

GB/T 12763.5-2007, Specifications for oceanographic survey—Part 5: survey of acoustical and optical parameters in the sea[S]. Beijing:
Standards Press of China.

[25] Van Haren H. Ship motion effects in CTD-data from weakly stratified waters of the Puerto Rico trench[J]. Deep Sea Research Part I:
Oceanographic Research Papers, 2015, 105: 19-25,

[26] /0%, WEEFY, ¥ EKET. SBE91 1plus CTD FITE (S B4 IE S EARAL R[] WK, 2008, 27(3): 23-26,30.

Yang Shaolei, Xie Lingling, Yang Qingxuan. Field calibration and data-processing of SBE911plus CTD profiler[J]. Journal of Ocean
Technology, 2008, 27(3): 23—26,30.

[27] Siccha M, Hanfland C. Physical oceanography during RV POLARSTERN cruise PS130/2 (Version 1.0) [Data set]. PANGAEA, 2023. ht-
tps://doi.org/10.1594/PANGAEA.962304[reference:1].

(28] BT, XNGEE, 2R, 45, ALK T A IRIE 2S5 AT L SEBBT A )] A 2741, 2018, 43(3): 273-282.

Huang Haining, Liu Chonglei, Li Qihu, et al. Multipath structure of thetypical under-ice sound channel in Arctic: theory and
experiment[J]. Acta Acustica, 2018, 43(3): 273—-282.

(29] RAA4E, I0hE%, MU, 4. FREAROCH LA I VKL 2 XS A RE BT ST 0], WA S aIRahizhi, 2025, 45(1): 14-20,52.

Wu Shaowei, Sun Xin, Ke Lei, et al. Range-dependent study of acoustic propagation in the marginal ice zone in the shallow arctic
ocean[J]. Noise and Vibration Control, 2025, 45(1): 14-20,52.
[30] Duda TF, Zhang W G, Lin Y T. Effects of Pacific Summer Water layer variations and ice cover on Beaufort Sea underwater sound duct-

ing[J]. The Journal of the Acoustical Society of America, 2021, 149(4): 2117-2136.


https://doi.org/10.1121/1.1903388
https://doi.org/10.1121/1.1903388
https://doi.org/10.1121/1.1908167
https://doi.org/10.1121/1.1908167
https://doi.org/10.3969/j.issn.1006-009X.2022.02.012
https://doi.org/10.3969/j.issn.1006-009X.2022.02.012
https://doi.org/10.3969/j.issn.1006-009X.2022.02.012
https://link.cnki.net/urlid/37.1387.P.20251210.1550.002
https://doi.org/10.11840/j.issn.1001-6392.2014.02.010
https://doi.org/10.11840/j.issn.1001-6392.2014.02.010
https://doi.org/10.3969/j.issn.1671-3044.2016.04.004
https://doi.org/10.3969/j.issn.1671-3044.2016.04.004
https://doi.org/10.1121/10.0021973
https://doi.org/https://doi.org/10.1175/JTECH-D-15-0251.1
https://doi.org/https://doi.org/10.1175/JTECH-D-15-0251.1
https://doi.org/https://doi.org/10.1175/JTECH-D-15-0251.1
https://doi.org/https://doi.org/10.1175/JTECH-D-15-0251.1
https://doi.org/https://doi.org/10.1175/JTECH-D-15-0251.1
https://doi.org/https://doi.org/10.1175/JTECH-D-15-0251.1
https://doi.org/https://doi.org/10.1175/JTECH-D-15-0251.1
https://doi.org/10.1080/16742834.2020.1675137
https://doi.org/10.1080/16742834.2020.1675137
https://doi.org/10.1080/16742834.2020.1675137
https://doi.org/10.57760/sciencedb.j00001.01197-3
https://doi.org/10.57760/sciencedb.j00001.01197-3
https://doi.org/10.1016/j.dsr.2015.08.002
https://doi.org/10.1016/j.dsr.2015.08.002
https://doi.org/10.3969/j.issn.1003-2029.2008.03.007
https://doi.org/10.3969/j.issn.1003-2029.2008.03.007
https://doi.org/10.3969/j.issn.1003-2029.2008.03.007
https://doi.org/https://doi.org/10.1594/PANGAEA.962304[reference:1]
https://doi.org/https://doi.org/10.1594/PANGAEA.962304[reference:1]
https://doi.org/https://doi.org/10.1594/PANGAEA.962304[reference:1]
https://doi.org/https://doi.org/10.1594/PANGAEA.962304[reference:1]
https://doi.org/10.15949/j.cnki.0371-0025.2018.03.001
https://doi.org/10.15949/j.cnki.0371-0025.2018.03.001
https://doi.org/10.3969/j.issn.1006-1355.2025.01.003
https://doi.org/10.3969/j.issn.1006-1355.2025.01.003
https://doi.org/10.1121/10.0003929

12 WP 4846

[31] Tarasenko A, Supply A, Kusse-Tiuz N, et al. Properties of surface water masses in the Laptev and the East Siberian seas in summer 2018
from in situ and satellite data[J]. Ocean Science, 2021, 17(1): 221-247.

[32] JiXia, Zhou Lisheng, Cong Weihua. Effect of incorrect sound velocity on synthetic aperture sonar resolution[J]. MATEC Web of Confer-
ences, 2019, 283: 04013.

Applicability Comparison of Three Sound Velocity Algorithms in the
Mendeleev Ridge Area of the Arctic Ocean ——Based on In Situ Data
from the 9" Chinese National Arctic Expedition

CHEN Hongxia"?, LIN Lina"?, LIUNa"?, YU Junhao"?

(1. First Institute of Oceanography, MNR, Qingdao 266061, China; 2. Key Laboratory of Marine Science and Numerical Modeling, MNR,
Qingdao 266061, China)

Abstract: Sound velocity is a core physical parameter in marine acoustic detection and applications, and its accur-
acy directly determines the reliability of technologies such as underwater acoustic communication, seabed topo-
graphic mapping, and acoustic tomography. Currently, sound velocity profiles are primarily obtained indirectly
through empirical formulas using Conductivity-Temperature-Depth (CTD) data, among which the Chen-Millero
(1977), Del Grosso (1974), and Wilson (1960) formulas are the three most commonly used algorithms globally.
However, these formulas were largely developed based on ocean data from mid and low latitudes, and their applic-
ability in the Arctic Ocean—characterized by low temperatures, strong stratification, and significant freshwater in-
put—has not been fully validated. This study utilizes synchronized high-precision CTD and Sound Velocity Pro-
filer (SVP) data collected along the 172°W meridional section east of the Mendeleev Ridge during the 9th Chinese
National Arctic Expedition (2018) to systematically compare the computational accuracy of these three algorithms
under typical Arctic environmental conditions. The results indicate that along this section, the Del Grosso (1974)
empirical formula exhibits the best overall performance, demonstrating the highest accuracy (mean bias of
0.62 m/s) and optimal stability (standard deviation of bias of 0.23 m/s) across the entire section and full depth
range, making it the preferred algorithm for regional sound velocity calculation. The Wilson (1960) formula shows
a significant depth-dependent systematic overestimation, with a mean bias of 1.17 m/s below 500 m depth, which
renders it unsuitable for deep-layer calculations in the Arctic. The Chen and Millero (1977) formula exhibits
intermediate overall performance but is sensitive to extreme surface hydrological conditions, with systematic over-
estimation also occurring in deep-layers. The algorithm errors display distinct spatial and vertical heterogeneity
that is closely related to the complexity of the hydrological environment, and the unique hydrological processes of

the Arctic Ocean significantly amplify the computational uncertainties of existing empirical formulas.

Key words: The 9" Chinese Arctic Scientific Expedition; Arctic Ocean; Mendeleev Ridge; sound velocity algorithm;

Sound velocity profiler; Conductivity-Temperature-Depth profiler (CTD)
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