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Fig. 1 Study area and stations in the Amundsen Gulf of the Arctic
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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

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



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
] = ]
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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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
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