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Fig. 1 Study area and stations in the Amundsen Gulf of the Arctic
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The red dots are observing sites, the red curve in b is the Mackenzie River and the green arrow represents one of the three branches of Pacific
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Table 1 Summary of the observation stations and major properties of the sea ice and snow in the Amundsen Gulf of the Arctic

FYy W4 ML H ] frE VKJ%/em B S/
1 011 20074E 1124 H 73°45.744'N, 126°50.004'W 27 1 -19.2
2 013 200741128 H 70°25.925'N, 126°28.127'W 52 5 -15.9
3 014 20074E11729H 71°08.877'N, 123°55.631'W 55 5 -17.6
4 015 2007411 29H 71°08.877'N, 123°55.631'W 69 5 224
5 021 20074F12H4H 71°25.030'N, 124°55.419'W 27 0 -20.6
6 022 20074F12H5H 71°18.690'N, 124°46.580'W 42 1 -16.5
7 023 20074F12H5H 71°18.690'N, 124°46.580'W 39 2 -16.5
8 024 20074E12H5H 71°18.690'N, 124°46.580'W 44 2 -16.5
9 029 2007412 10H 71°15.952'N, 125°15.543'W 77 2 217
10 030 2007412 10H 71°15.952'N, 125°15.543'W 75 2 217
11 032 20074F12H 14H 71°25.715'N, 125°53.402'W 80 2 -18.9
12 033 20074F12H 14H 71°25.715'N, 125°53.402'W 82 4 -18.9
13 034 2007412 15H 71°25.715'N, 125°53.402'W 84 3 217
14 035 2007412 17H 71°47.689'N, 125°52.848'W 53 6 -19.6
15 036 2007412 17H 71°47.689'N, 125°52.848'W 58 6 -19.6
16 037 2007412 25H 71°16.22'N, 124°25.29'W 29 1 -21.0
17 038 200741226 H 71°13.003'N, 124°26.511'W 83 1 -21.0
18 039 2007412429 H 71°22.8'N, 125°04.1'W 70 2 -17.6
19 040 20084E1 A 1H 70°58.812'N, 123°29.413W 98 3 249

20 041 20084E1A3H 71°14.395'N, 124°29.437'W 106 3 233
21 042 20084E1H7H 71°31.9'N, 125°34.8'W 108 2.5 249
2 044 20084E1H 15H 71°30.5'N, 124°55.3'W 45 2 -26.1
23 045 20084E1 7 16 H 71°30.6'N, 124°55.5'W 70 1 -25.8
24 047 20084E1H 17H 71°31.8'N, 124°58.7'W 94 1.5 —24.7
25 048 20084E1H 17H 71°31.8'N, 124°58.7'W 94 45 —24.7
26 049 200841 18H 71°32.8'N, 125°00.6'W 70 3.5 —24.6
27 051 20084E1H 19H 71°32.9'N, 124°59.9'W 98 1 254
28 052 20084E1H 19H 71°32.9'N, 124°59.9'W 108 4 254
29 053 200841 H20H 71°35.2'N, 125°07.3'W 55 3 -14.8
30 054 200841 H22H 71°36.2'N, 125°09.4'W 56 4 -12.7
31 057 200841 H26 H 71°07.4'N, 124°57.5'W 93 3.5 -29.1
32 058 20084F1H26H 71°07.4'N, 124°57.5'W 93 3 -29.1
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Fig. 2 Sketch of the transmitted radiation measurement

through sea ice with the artificial lamp

TRAF, TpUGE B 58 A AR J T 2 0 5l vk K £ 6
JBE o1 DKCRE R R BT B /R RR 1, BB IR — AR S8
A UKGES, LA 10 om [] K ) 81 ke BE, IR 1
BvlG a3 2500 i b v i 1D 1R, T 5 KK
A AR R RO e Be ity SSRGS, v By
2.3 BIARAXRFESHHTE

TR VK8 R 280 T2 B AL AR vk S IR 7 S
ESNUTIE IR -3 O SR T E i e
HEATWLIN , PR AT DASRAS DL B S 8003 A, T
G A BAR Y, AT AT AR 15 1 UK B BT 64 2 80

TR UK B 1 15 5 A S
Fqy(z,1)
Fy(0,2)’

P, Fo(0, )2 T [0] T 46 EEE, BSR4 IR 5 0 4R
FME IR M5 Fole, DJE 2L b P T 1) 4 U, A
JOL ) B3 1 3

T(2)=

T(z,A) = (1)

[ T(z, )F(0,2)dA
[ Fa(0,2)dA
X TR BE Ay 2 ) ¥ DK 5, W DK RS B RE B O S
F B f DA AR A RE 2 RN I 55 T B3k v pK 3R T
B RE 1, E A YR S 6 v R AT BT K 1 s S 3 T LA
ZMEANTE, NSRS Ay 375 S 6 S5 R0 W SRR S 2 A B
Fy(0,2) = Fy(z,A) + Fo(z, ), 3
K, Fu@ OS2 BB Rz vk i i e it . S5 X ik
[F] B 53 LA A Si 48 23k Fa(0,.), 45
1=T(z,)+Az ), @)
A, A, ) SR FE A 2 (91 DK TS ISR
MR- TP AT A0 3 S A% i 7 B, 625 TR UK
N FRTIC PS5 F T, 2R B ALk P T DK A BEUE Fa(z, DTG 2
BT s D)

(2

Fu(z,d) = F4(0, )™, (5
T, red g DK 18 S S R B 1% b I o i S

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

Wt 5 T DR JEE 114 H8 T T 22 415 TS e, T R T R B T
TN AR R PRI RS [T DR R JEE A 4 3 S R
S IEAT B BRI AUl 5 T AR 30 i AR IRl AR R

FH L0 32ty 55 A7 ] S5¢ ARV A B A [ A6, 4%
i (57 A5 2 9SS A A AN AR TR, D T R A
AZ S 4 S E AT HL B o3, i 2 Rt A7 0 — e Ak
. 2% Mueller™ {1 44 Ak PR )5 v, AR50 52 B ) 4
IF 3 A A B G RSE  F, ol 5B A S S S e 4
G350 R FFUFs, Wk 5 B 7Rk 5 A B ASTHRRS 25 T
i, oz SRS A

F, = =L xF,. (6)

A, LA 037 3 L 9 A S 4R 5 S bm e, R 2
A C6) W HAY 314> i i Y 125 5 8 S i it 47 00— Ak
AbFE

3 LR

30 —FKBYEMER

U VKA 2 P S5 32 B T DK PR S 1 4 L 45 ) e
SE, M BREE #4500 VK A IR BE | b B 2 B S S
BB TT A0 — BT T Rl KB PR PN S IR B R
JEE 348 KT 32 7 AL, 34 AT B i TR AR L 7E 2 )2
PR3 T 25 R %), A Bk R VR 45 D UK )2 T B T T ) AR
PR 58 A AR I o 38 3 50 BT AS [R) 3 7 )k ) i, R AT
I T2 AR T L 2 R D Y R S R, N2
3 1HT 2V IOVE T I B B R R, I Rt B R 25 A
F 25 0 ek AN SR AE R — R HEAT, I 1 ] 7 25
A E—24.9°C B —15.9°C 5 N 28 4k, i vk £ 2
SRR R—22.4 °C, MK )2 B B S—-2.2 °C, anl&l 3
JIE7 o I AR IR RE R R, FRAT] e B B R 1 3
kaS#IE AR, BRI E SR R 2k £ 2
5 com A 13 L P B R R 38 i i R b T, B R #)
1.1°C/em, 25 8 4k 4210 i, JREE b Tl 34 2 HL
TR EOE R UE, B 0.2°C/em, L E B 3K VKR
PR VOKIR BRI . BT RKE—F KSR
JER N, KETE 0~6 em Z [ AR 4k, A>3l 3 (1] LT
WEZESH AL . HEEALLEH, 78 013, 015,
030 F1 037 3 v, ¥R B BB B UKRZ S em B, vk Y
TR LT, R BT VKRR E S A R E T
., T 7E 040 F1 042 3k 7, I B #5111 76 B vk 3R 2 IR
5em Db BB AR . 5 IR EIRR VKR BE b vk 2R i
(0B TR vt — S R G, Tk U I R R R
VKR JZ 5 em X #id 1L A AR K2 . an &l 4 Jir
N, B 2 AR AL, VKOZ T B I R A, A

http://www.cnki.net



T AR ZR A A R B 52 AR T — A K Py B 2 P O A UL AT Y 143
HhE A
4 6 8 10 12 4 6 8 10 12
0 T T T T 1 0 T T T 1
a c
10 10 +
20 20
30 30 -
40 | 40 -
5 50t g Bso
i i i
¥ 60 kK & 60
70 70 -
80 80 80
90 90 90
100 ~ 100 100
110 1 1 1 1 1 110 1 1 1 1 1 I]O 1 1 1 1 1
-25 =20 -15 -10 -5 0 -25 =20 -15 -10 -5 0 -25 20 -15 -10 -5 0
WE/C IR/ C T/ C
HhE R EEs
4 6 8 10 12 8 12 4 6 8 10 12
0 al T T 1 0 T 1 0 7 T T T 1
10 10 10
20 20 20 |
30 30 30
40 40 40
5 50 L 5 50 Es0 L
] = i
K 60 K60 K 60
70 70 70
80 80 80
90 r 90 90 |
100 100 100
110 1 1 1 1 1 110 1 110 1 1 1 1 1
-25 =20 -15 -10 -5 0 -25 =20 -15 -10 -5 0 -25 =20 —-15 -10 -5 0
W/ C R/ C W/ C
L 1 1 1 1 1 L 1 1 1 1 1 L 1 1 1 1 1
0.85 0.88 091 0.94 097 1.00 0.85 0.88 091 094 097 1.00 0.85 0.88 091 094 0.97 1.00

HE/(g-em?)

B (g-om”)

1 /(g-em )

PR3 L o o LY SRR B | R AN B T

Fig. 3 Profiles of ice temperature, salinity and density at the typical stations
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Fig. 5 Incident and transmitted radiation spectra of the bare ice (a) and snow-covered ice (b)
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Fig. 9 Variations of the transmitted radiation with thickness of

the bare ice

B R WA, S RARIE AR (5) At & 25
Dots represent the observation values in the field and solid curve is the

exponential fitting with the dots

BeiR s, FELMITE R KERIDL RS 8E A RO
TARAT T RS BAAE2E R

MNP 2 (UL 7 v v m] LA Y, AT DGR 58 47
B E AT, Y622 1o W UK E IR DR B A iR o O
NOCIR S e, Fe A4 i B b 2 e A B, 22 UCHK
S5 —HB 23 B E UKL, o5 — AR 23 il 1] UL A i
S5 5 S 0 KRG A SRS AL, T RS D' 1 T ¥ DK Ry
S HESAR — 00 o (HUR, Pl AR DK I A8 B IR 48
FRER LT, Ja 1) BUR G B TR 0K 23 B IR A 75
AR PO B, BT PRAIE i 1] B Ol 4 Bk A
g UK, FEAS R VKB S IR AT 00, Rl , KRR A%
SRR I 75 T ) 062 R ST, 4 /D LI ASE B SR, A
17 7E — 5 A JEE il A N i D' U T AR BR 3 B B AR
TR I A B4 00 1) B 2 R 09 A N, AT DG IR
A BR 1T B SR 25 3 30— 58 Rt B2 v A T ok ) 18 5

1 T8 KR WSO R R o e ik 2 0 ) 2 2RI A,
FR 0 1 B 09 73 i 3 45 52 ) B 2 B 0 2 8000
P o ARSI 6 o ) DI 2 S SR A A ) TS ) 016 i UL
Y R 2 443~ 683 nm, JLALF 11 A4N385 B, OBk B9 2>
BEAREI0 21.8 nme Hy T AN [ 1% Be ) 56 5 RE AE T 7K
HA ) SR DRCRICR AN [R], DET o B R A R AR o 1 it
B A U UK P S U R R L AR YR S 8 1 b AL T
EERACHR 15 1) o) 55 R 35 DAY G, Bl 00T, K TR
e, BIRELF Y RO, R 32 2 2 5 8 0 A
PN B RS, M UK RS i R T RE S A —



148

MHEEdy 4345

S3CHE 9 IR R B (5 ) AT A TR DK PN, AT 3 0
URBORRIT 18 5 S8 R B R R 2 . B, (AR i
i SVENE AR AT I = SRS Y (53 €8
Bt 2 HmiR %z

I b, M AR 24 3 (5), T U S R R B 1
E Tt AR DR A [ TR R AR B3 S R, BRIV AR A
A D PN S B 25 S A TR L Eh T A I KA R AR
Hh, ARMELE AN BRI DR AR S K B B 25 1F R, XA
(7] % A 1) 375 S5 6 S AT O, PRTJH TIE v A A it
T DK ) 52 35 S A S T o AR I T AR (R BT S B U
N0 AN 7] e A [ JE2 014 T DK S S 2 — o
JELAE T8 DK AR AN (5 A i B s 0 8 AR A+ 4 T 0K 4
B, B Ay 2% 10 325 S S RS o S A A A
TR AR FE, B s B 5 1 45 T2 T J3E Ak DR 45 4 X 76
UIE WA BT RS2 ) o DT DK R ) B A T 0, — 4 0K
FLAERZ WO R L AR R KR A 20 B
T 3l 3 T8 DR REJEE B AN BTSSR T2 AT R 2 AR
PRFFAAE, FUR B 5 B A 28 G 4 S I R AL 35 1%
whi AL VKRB IR XSO AR ol TR R T
BER g, hEEROR, R D, R S s R
J7 I /INC, DR, 25 TR VA UK 4 016 o 125 A A S O
SR DK S B B i B S R

A b 3 AT T A D DR RS AT 5 2 4 — AR UOIE o
SRR KRR, (B[R] S PR BT 5 | ) 1 2 e ik
F B0 2% i 1wy AN TR), [R] B, 337 136 2ot R R 8 )

i Ak B R R T — R 0 5 1 AT BOR BN R 22,

I, N G IR L B AR O A R P e — 2 R b
S e T AU AR —4F K5 40 S5 RE B AR LA, O3 TR 0K i
WA ERIEA €M S HE L.

4 g

AR SR N 2 6 5% b A B 552 2R T — AR vk i ok
SREVEHEAT TR SY, AT T4 VK Y
W2 AT 3 T R I 1 T A5 RS F S HL, LU 5 Z R R %
0T KR BE | R B A% R AR BRE BT, AR B R
2518

(1) = b A B 5 T 3Rk 2 R 45 1 — A K EE
2007 4F 11 A 24 H % 2008 4F 1 A 26 H W], £ )2 &
IR EE hy—22.4°C, i )22 By 1 BE R —2.2°C, HLIG 0K iR
JIE T 8 J3E 10 18 o T B 39 O, DR SR 2RI 0K B2
5 om TR B2 P9 RE AR A K, 5 )2 e I R R R T
KT K2 e A T R B U R IR X Ui B )
] o0 A A B KT o —4F VK A - 249 18 5 B o R 45
YR A E W R, (HRTBAR ) RS RAFA O, UK

T EE B BEARRAE 11 AR K, 24 2.1°C/d, I 2 16
UK R 2 SR e DR TR 9 v ST VK AR R A
330~ 11.70 Z [a] A% b, £k B ) 1 il 2 3 (R 2 B <C”
TE o W VK249 58 BE 7 I UK S BE e /NE (29 em) 35 31 i
KAH 9.52. LAk, —4FEPKA % BEE R 0.86~0.96 g/em’,
S H4E A (0.91+0.03) g/em?®, ELIE VKR 2 1912425 i
FLJZ. TSRS A — k32 81 R R %Y
BRI L i Bl 2 A28 A A 5 e, R A K

(2) — VK1 325 G 4% 93 #E 490 nm 1 589 nm Ab 5
AH 18 114 XL 45 A, (L I 5 06 K RS %) 388, L e 245 44
BB ES , AT KO S R S B R 5 R s b4
225 . [, RS A TR, i ol M vk i 4R 5 B
AR SR80, PR BT RS 7R 6 vk 5 A R A B F R
AN, iAo, B UK BE A RGN, 8 vk i i
BT BEAE 1 BE 465~ 625 nm I [l Y IE AR R R A, B
AN VKRR IR B — R S, O SR I RO
P I S D9

(3) R VKRN 2 UK 08 WS 56 Bt I 35 4 28 Al B 44 |
AT RIS, AE 443~ 490 nm 30 [ P 3 10 T 0k
R kA B KT FRAIR, 78 490~ 683 nm 78 [l N — 1Y
W A 3R i I K 398 KT T 9, 490 nm I8 K B IR B
/N o 35T UK W AR B I K 1 AR AR R 22, LR
TE 490~ 625 nm R 35 Bt , 16 UK IR FE AR Bl % K &
A=Ak, I T S KR B s . R
VKR AL 38 5 1 D L B A8 A B I B, AR 76 S [R] JE B 4%
T, W R B R A A R ] L AR KR /N T
70 cm B, W I 3R 1E K ER ARBR, B35 0.007 8 em !, T
T VK S BE — HH I 70 om, W (3G K R ik 2%,
KRN 0.002 4 em ' PRI, Y KRR B2 X K 9 I
WS 5 o o B

(4) 76 0] WL B, &= R AU HE B — 45 7K i i
B R U FIE A0, SO LGIE B =08 R
BRI, 1 B i ot ) 5 8 3R B/, 589 nm i K
4 50 2R $ /N, 9 1.7 m, 683 nm % K 1% B &
Bk, A8 T 133 m? . HAERN F 2 AR ORR 2
K oA P s v 2R Bz (], O[] e T 2R AL Ok Y i
S REU R T LI A TR 52 AR N, R L
Ui 22 15 9 ) = AR U 1% i 25 00 J5 A B 07 9 o O 1)
VEF T i A B0 75 938, T e S BUEOtIE By
SN S FRAW R =823 E 3 & s DI
PR DU AT 2 VK 3 A A R — AT DK R A KR
ZR R AL BN T —AFUK B I R AL 185 2.3 mT,
W 5 T 22 AR U VK8 S e i R B 1.5 m

F T B3 WL 5 =R 38 6 3 2 R 1 Jm B



TR TR AT A B AR S — 4 vk BRDG AE BTA WLIN 149

SEAAFNOL AR AT AR - E R RIR H o AR TR, & AR KBRS F ) 2%
280 AHR, RS R 5 E A TR 2E M 0] I AR R o i T ARA U DIz S A S 0 T, DA T A o A B —
XFEC R MR AN SC IR 45 SR, RUTFI A GRS IR AR UKEE 2247 DR 18 5 8080 3 M5 R DL 2 R I, R
BER/N— AR VO M BAT AL AT, R AE AR MUK R PR R S A A AR 5T DL R i DR T A
By TR FA A A RO S ER T SR SR SO e B LI A5 2R

SE K

(1]
(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]
[13]

[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

23]

[24]

Serreze M C, Holland M M, Stroeve J. Perspectives on the Arctic’s shrinking sea-ice cover[J]. Science, 2007, 315(5818): 1533—1536.
Stroeve J C, Kattsov V, Barrett A, et al. Trends in Arctic sea ice extent from CMIP5, CMIP3 and observations[J]. Geophysical Research
Letters, 2012, 39(16): L16502.

Comiso J C, Parkinson C L, Gersten R, et al. Accelerated decline in the Arctic sea ice cover[J]. Geophysical Research Letters, 2008,
35(1): L031972.

Stroeve J, Holland M M, Meier W, et al. Arctic sea ice decline: Faster than forecast[J]. Geophysical Research Letters, 2007, 34(9):
L09501.

Haas C, Pfaffling A, Hendricks S, et al. Reduced ice thickness in Arctic Transpolar Drift favors rapid ice retreat[J]. Geophysical Re-
search Letters, 2008, 35(17): L17501.

Rothrock D A, Percival D B, Wensnahan M. The decline in Arctic sea-ice thickness: Separating the spatial, annual, and interannual vari-
ability in a quarter century of submarine data[J]. Journal of Geophysical Research: Oceans, 2008, 113(C5): C05003.

Giles K A, Laxon S W, Ridout A L. Circumpolar thinning of Arctic sea ice following the 2007 record ice extent minimum[J]. Geophysic-
al Research Letters, 2008, 35(22): L22502.

Rigor I G, Wallace J M. Variations in the age of Arctic sea-ice and summer sea-ice extent[J]. Geophysical Research Letters, 2004, 31(9):
L09401.

Maslanik J A, Fowler C, Stroeve J, et al. A younger, thinner Arctic ice cover: Increased potential for rapid, extensive sea-ice loss[J]. Geo-
physical Research Letters, 2007, 34(24): L24501.

Nghiem S V, Rigor I G, Perovich D K, et al. Rapid reduction of Arctic perennial sea ice[J]. Geophysical Research Letters, 2007, 34(19):
L19504.

Light B, Grenfell T C, Perovich D K. Transmission and absorption of solar radiation by Arctic sea ice during the melt season[J]. Journal
of Geophysical Research: Oceans, 2008, 113(C3): C03023.

Grenfell T C, Maykut G A. The optical properties of ice and snow in the Arctic Basin[J]. Journal of Glaciology, 1977, 18(80): 445—463.
Perovich D K. Seasonal changes in sea ice optical properties during fall freeze-up[J]. Cold Regions Science and Technology, 1991, 19(3):
261-273.

Perovich D K, Polashenski C. Albedo evolution of seasonal Arctic sea ice[J]. Geophysical Research Letters, 2012, 39(8): L08501.
Perovich D K, Grenfell T C, Light B, et al. Seasonal evolution of the albedo of multiyear Arctic sea ice[J]. Journal of Geophysical Re-
search: Oceans, 2002, 107(C10): 8044.

Webster M A, Rigor I G, Perovich D K, et al. Seasonal evolution of melt ponds on Arctic sea ice[J]. Journal of Geophysical Research:
Oceans, 2015, 120(9): 5968—5982.

Peng Haitao, Ke Changgqing, Shen Xiaoyi, et al. Summer albedo variations in the Arctic sea ice region from 1982 to 2015[J]. Internation-
al Journal of Climatology, 2020, 40(6): 3008—3020.

Perovich D K. On the aggregate-scale partitioning of solar radiation in Arctic sea ice during the SHEBA field experiment[J]. Alimentary
Pharmacology and Therapeutics, 2014, 40(4): 392—402.

Wang Caixin, Granskog M A, Sebastian G, et al. Autonomous observations of solar energy partitioning in first-year sea ice in the Arctic
Basin[J]. Journal of Geophysical Research: Oceans, 2014, 119(3): 2066—2080.

A, i, ARAROR B g JEE 45 T S i IRk B R PR SIS 0], +h AR 2274 (A AR ), 2009, 39(5): 822-828.

Zhao Jinping, Li Tao. The solar radiation penetrating sea ice with very low solar altitude[J]. Periodical of Ocean University of China,
2009, 39(5): 822—828.

Light B, Perovich D K, Webster M A, et al. Optical properties of melting first-year Arctic sea ice[J]. Journal of Geophysical Research:
Oceans, 2015, 120(11): 7657-7675.

Nicolaus M, Katlein C, Maslanik J, et al. Changes in Arctic sea ice result in increasing light transmittance and absorption[J]. Geophysical
Research Letters, 2012, 39(24): L24501.

Katlein C, Arndt S, Nicolaus M, et al. Influence of ice thickness and surface properties on light transmission through Arctic sea ice[J].
Journal of Geophysical Research: Oceans, 2015, 120(9): 5932—-5944.

Untersteiner N. On the mass and heat budget of Arctic sea ice[J]. Archiv Fiir Meteorologie, Geophysik Und Bioklimatologie, Serie A,
1961, 12(2): 151-182.



150 MHEEdy 4345

[25] Thomas C W. On the transfer of visible radiation through sea ice and snow[J]. Journal of Glaciology, 1963, 4(34): 481-484.

[26] Katlein C, Valcic L, Lambert-Girard S, et al. New insights into radiative transfer within sea ice derived from autonomous optical propaga-
tion measurements[J]. The Cryosphere, 2021, 15(1): 183—198.

[27] Perovich D K, Grenfell T C. Laboratory studies of the optical properties of young sea ice[J]. Journal of Glaciology, 1981, 27(96):
331-346.

(28] HHF, BAHEF, 2L, 4. B e DK Hh R BRSNS BT HR AR LI S [9]. MRS, 2009, 31(1): 37-43.

Qu Ping, Zhao Jinping, Li Shujiang, et al. Spectral features of solar radiation in sea ice of Bohai Sea[J]. Haiyang Xuebao, 2009, 31(1):
37-43.

[29] Gilbert G D, Buntzen R R. In-situ measurements of the optical properties of Arctic sea ice[C]//Proceedings of SPIE 0637, Ocean Optics
VIII. Orlando, USA: SPIE, 1986: 252-263.

[30] Lei Ruibo, Leppdranta M, Erm A, et al. Field investigations of apparent optical properties of ice cover in Finnish and Estonian lakes in
winter 2009[J]. Estonian Journal of Earth Sciences, 2011, 60(1): 50—64.

[31] Katlein C, Arndt S, Belter H J, et al. Seasonal evolution of light transmission distributions through Arctic sea ice[J]. Journal of Geophys-
ical Research: Oceans, 2019, 124(8): 5418—5435.

[32] Warren S G. Optical properties of ice and snow[J]. Philosophical Transactions of the Royal Society A, Mathematical, Physical and Engin-
eering Sciences, 2019, 377(2146): 20180161.

[33] Pounder E R, Little E M. Some physical properties of sea ice. I[J]. Canadian Journal of Physics, 2011, 37(4): 443—473.

(341 ERREL. ACHRATE Rl KRR B )22 TARSBMISY (D). KiE: RIEM TR, 2019.

Wang Qingkai. Study on the physical and mechanical engineering parameters of sea ice during melt season for Arctic Passage[D]. Dalian:
Dalian University of Technology, 2019.

[35] Cao Xiaowei, Lu Peng, Lei Ruibo, et al. Physical and optical characteristics of sea ice in the Pacific Arctic Sector during the summer of
2018[J]. Acta Oceanologica Sinica, 2020, 39(9): 25-37.

[36] Rachold V, Eicken H, Gordeev V V, et al. Modern terrigenous organic carbon input to the Arctic Ocean[C]//The Organic Carbon Cycle in
the Arctic Ocean. Berlin, Heidelberg: Springer, 2004: 33—35.

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

[38] BXHET, 20, 2RUL, 45, JUIB VK A GIR SIS LA 2R A S50 T R ARARLT]. B RFE, 2008, 20(3): 287-298.

Zhao Jinping, Li Tao, Li Shujiang, et al. Radiation of lamp and optimized experiment using artificial light in the Arctic Ocean[J]. Chinese
Journal of Polar Research, 2008, 20(3): 287—298.

[39] Perovich D K. The optical properties of sea ice[R/OL]. [2021-02—01]. http://hdl.handle.net/11681/2648.

[40] Mueller J L. Ocean Optics Protocols for Satellite Ocean Color Sensor Validation, Revision 4, Volume III: Radiometric Measurements and
Data Analysis Protocols[M]. Greenbelt, Maryland: Goddard Space Flight Center, 2003.

[41] Perovich D K, Gow A J. A quantitative description of sea ice inclusions[J]. Journal of Geophysical Research: Oceans, 1996, 101(C8):
18327-18343.

[42] Timco G W, Frederking R M W. A review of sea ice density[J]. Cold Regions Science and Technology, 1996, 24(1): 1-6.

[43] Sanderson B G, Redden A M, Broome J E. Sediment-laden ice measurements and observations, and implications for potential interac-
tions of ice and large woody debris with tidal turbines in Minas Passage[R]. Wolfville, NS, Canada: Publication No. 109 of the Acadia
Centre for Estuarine Research, 2012.

[44] Smedsrud L H. A model for entrainment of sediment into sea ice by aggregation between frazil-ice crystals and sediment grains[J]. Journ-
al of Glaciology, 2002, 48(160): 51-61.

(451 JRMTHE, A, AR, vh D B () BUROBO LIS G SRR RFIE (1], ST HVEA4R, 2015, 34(1): 23-29.

Zhou Hongli, Zhu Jianhua, Li Tongji. Spectral properties of colored dissolved organic matter in Chinese offshore waters[J]. Journal of
Tropical Oceanography, 2015, 34(1): 23—-29.

[46] Tiwari S P, Shanmugam P. An optical model for the remote sensing of coloured dissolved organic matter in coastal/ocean waters[J]. Estu-
arine, Coastal and Shelf Science, 2011, 93(4): 396—402.

[47] Simpson K, Tremblay J, Gratton Y, et al. An annual study of inorganic and organic nitrogen and phosphorus and silicic acid in the south-
eastern Beaufort Sea[J]. Journal of Geophysical Research: Oceans, 2008(113): C07016.

[48] Arrigo K R, van Dijken G L. Annual cycles of sea ice and phytoplankton in Cape Bathurst polynya, southeastern Beaufort Sea, Canadian
Arctic[J]. Geophysical Research Letters, 2004, 31(8): L08304.

[49] Magen C, Chaillou G, Crowe S A, et al. Origin and fate of particulate organic matter in the southern Beaufort Sea—Amundsen Gulf re-
gion, Canadian Arctic[J]. Estuarine, Coastal and Shelf Science, 2010, 86(1): 31—41.

[50] Thomas D N, Dieckmann G S. Sea Ice: An Introduction to its Physics, Chemistry, Biology and Geology[M]. Oxford, UK: Blackwell Sci-

ence Ltd, 2003.



TR TR AT A B AR S — 4 vk BRDG AE BTA WLIN 151

Physical and optical properties of the first-year ice in the
Amundsen Gulf of the Arctic

Zhang Jingwei', Zhu Jialiang', Yao Yubin', Li Shujiang?, Li Xiang®, Li Tao'

(1. College of Oceanic and Atmospheric Sciences, Ocean University of China, Qingdao 266100, China; 2. First Institute of Oceanography,
Ministry of Natural Resources, Qingdao 266061, China; 3. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China)

Abstract: In the Canadian Circumpolar Flaw Lead System Study, the physical and optical properties of first-year
ice during the freezing season were observed at the Amundsen Gulf from November 24th, 2007 to January 26th,
2008. The results show that the thickness of sea ice during this period ranged from 27 cm to 108 cm, while the snow
depth varied between 0 cm and 6 cm. The changes of temperature, salinity and density in the interior of sea ice are
respectively: temperature within the sea ice rose monotonically along with the increasing of depth, reaching a max-
imum of —2.2°C at the surface and a minimum of —22.4°C at the bottom; the salinity ranged from 3.30 to 11.70 with
a C-shaped pattern in its vertical section, which means that the salinity of upper surface and bottom layer is larger
than that in the middle part; the average density of the sea ice was slightly larger, which is (0.91+0.03) g/cm?®. With
the special designing of artificial light source and in-situ instrumentation, an obvious two-peek structure at 490 nm
and 589 nm was found in the spectral distribution of the transmitted radiation through the first-year ice. The two-
peak structure weakens as the thickness of sea ice increases, indicating the spectrum dependence of the attenuation.
In the visible band, the spectral absorbance of both bare ice and snow-covered ice reaches its minimum at 490 nm,
and rises as the wavelength moves towards 443 nm or 683 nm. However, for snow-covered ice, the variation of ab-
sorption rate is little enough to present a spectral independence. In addition, the spectral distribution of the attenu-
ation coefficient was U-shaped in the visible band, with a minimum of 1.7 m™" at 589 nm. The integral diffuse atten-
uation coefficient of the first-year ice in visible band was about 2.3 m™', which was slightly higher than 1.5 m™, the
diffuse attenuation coefficient of multi-year floe ice. The difference of the optical properties between first-year ice
in the Amundsen Gulf and multi-year ice in the north of Canada Basin is mainly attributed to various components of

the sea ice inclusions caused by the input of terrestrial materials with different absorption and scattering properties.

Key words: Arctic; first-year ice; physical properties; optical properties; attenuation coefficient



