55 42 % 55 3 1 Y S 1| Vol. 42, No. 3
2020 4E 10 JOURNAL OF GLACIOLOGY AND GEOCRYOLOGY Oct. , 2020

DOI: 10. 7522/j. issn. 1000-0240. 2020. 0066

LI Wei, LU Peng, LI Zhijun, et al. Analysis of ice cracks morphology on lake surface of Lake Wuliangsuhai in the winter of 2017 — 2018[J].
Journal of Glaciology and Geocryology , 2020, 42(3):919-926. [Z=f, fill§, 227, & . 2017 — 2018 4P 2= L R R W vk R T 24 T 50

Hrld]. vz, 2020, 42(3):919-926. ]

2017 - 2018 £ X FE LR X\ MflIk R A ERTSHW

F &, F OB, ZIZ

(L KR T ICE M5 M AR R SR %, 10T R3% 1160245

’

#, pER, BEE

2. FPE R PYAEA PR BRI S B

s

Uit TREZKE LS, Hi =M 730000)

& E: £2017 - 2018 FF A TR FHIC ANLXT 2 B 200G 1 K (9 DK 10 4B 004 T T AT, SR PG 1Y) 1 34 7
I8 #4360 kAT MG (B AR A B, SR T vk 44 0 2 BE RN TR e 8. AWl S R+ o 5 X e Y
VKA I HEAAE 1. 35 ~ 1. 50 A8 4k, kA B b ps a1, T 4B b 2 2 PR O e ks
KM, vRR 5 vk 445 43 1 2500 52 B0 W 3 A R 1k 26 R (MR SE R B R=0. 75) o UK THIAS [ X A ok
448 [ YT HEHBOAE 0. 017 ~ 0.079 ., 1. 38 ~ 1. 64 [H]ZE4k, HLW# 22 18] 777t 35 A S B50Re 56 o (R &
FER>0.96), AR H BIGIHIEE LG 25 50 A A5, U0 Pk 2448 % bk, X I 1 43 T 4 B0B
YR AR VK T A HRAE A9 — P ERIE bR, HESTAS B A vk A B e RS UK S | e T MG L R,
X 2RI FH DK T R4 TR 25 W T DK 2 00 ARV el AR T R R 2 i 2 5

K BRI Wik TkSEE; MG AHB R

RE SRS P332 XHERFRERD: A

0 35

UICTAT 2448 2 K AR UK AR T8 I R — b DL i 3%
TS, BRI IR B A AN A HT Z 51, ok
58 K 22 J2 32 M 7 A S oy UK N R ) AR AR T 7
AR AR R, DR A, T ok AR
P A — S, KR T — & TR A 2 7 A 2
g, MikEE TETEE, HCREESRIGER 7 IR ik
iy MIIKARSE, VKR W BETE RGBT L, S
SR KA R AT 0 A R RR O KA, A
111 6 K v DT e e i 22 4o PR, vk 3448 Y
HIFFE AR DR X it 14 24 4= 97 7 B AT B 281 T A
L, BT TR S UK AR RS 3

] A A1 X A [7] 286 Y DK S48 B IE 25 4R R 45 1 1
PLIE 247 7 REWFR . Weiss 55 1 X
AN T} 23 ] ]OBE g DR B 2R P 08 o0 A, B T T vk

[l

fm HEA: 2018-04-10; f&iTHHEA: 2019-08-19
H&mB:
AA3 H (350631009) %5 1)

XEHS: 1000-0240(2020)03-0919-08

SLBE AT ) A AU o Hibler™ W] 56 13 T Hh Bk )
P RCBE A AUV P ) 2L B8 RN K [RIAKGE 404, KT
A1) [R) 1 DL K 4% 0] S5 1 1 DK KT 2 B S Y
Emetc 45X M oK 55 LI vk 288 0647 T 5T, I
T T T T ok 24 4% A A RN R e ok B R G
THEA . Nomura 55 58 T m i 2 4F 8 7K I 9 24
HEo AT, FFTHE T VRLEEXT UK N 8 IR W) o i 7Y s
AR o Lo S OGS I/ T vk 4%
MR RE, e 1K S a5 /e AT i A vp ok i 4
4k A R ) SR AR . 7EE N, Deng 25 S WF 57
T PR A T SR BT K S X vk b Y
PR FRL AR SE BE A R . Liu S8 #E ST T 8T 0 VKK
ZEBEAY S AR UK VK ) SEEETE AL B e FEXT vk )
EPERER AT TIRARNGY . ZEFE 33
U S BT T UK AR TR L0 H IR R AR, A
T A BE X VK HEE R IE IS A R A T iR, 5

E % AR 40 H (515790285 51639003 ) 5 4+ T3 E 5 T 5 S0 56 % T 3L 4 01 H (SKLFSE201604) 5 T {5 ¥ i B AR

EE® ST : (1992 ), B, W EREA, 2016 SRR /R BE TR 23RS b2, BUN RGP TR 2R S LT A, Mok TLA

& %G 3 Mrih 5T . E-mail : wli@mail.dlut.edu.cn

WISIEE: MG, 28z, vk B A ) B A2 0FSY . E-mail: lupeng @dlut.edu.cn.



920 K JI

R + 42 3%

PERAF R T B vk R AR AL E R A2, X
UK B () R4 1 TE OB B R H A L R AT T8
Bro BT A TELLHEL K PR A A Z= g P A, X
5 mx5 m i B N vK IR EE R 0 A EA T T FE . i
PAEZRIE, ol UK BLET AT 2 n 5 T4 IR
UKERBERTE WO A RAILA , DL RE% 7= 1 R X K T
ESEN NP ALNSI SUESSERA 7 SUFI IR RS
SE R SRR . W T-Be L& , i
N SO K B AR X [ Pk =% 8 i 91 11 -5 LA B
M P 0 e R A vk i A5, e T o B R R
ARMEXLIN 2 B3 v LA K T 284% 5 T RO AR LT
ARG A B, 7EREERIGETH it 2l
BOR MR IR o

P, AR SCR FHIE ABUATAA B AT A 58 1 37
R AF W ORREER AT AT E RS, BRR
T [ P [7) 43 32 s IX i R AT, ) X s 3
L, RIS pREHIAC , AT K A 3

S A RHE A S8 2 6 2% E R TE LT LRI
PRAL AT VK MR, TECRIE R 3 B 32 00 [m] i ] LA
E PN <N P D A B u s TR Uy G2
T AR X G, AT AR oK AR T G R ) vk fT
AR R

1 KRR

19 R R [\ KR K 2 — , b S
T J5 A 55 (40°57' N, 108°54" E), 4B -1k
5.8 C, EFE/KE 215 mm. WX LK 35 ~ 40 km,
VG585 ~ 10 km, T L2 293 km®, 1 M FR
1018.5 m, & K/AKHEL 4 m, KH o K BKHTE
0.5~1.5m", TG EX, 5P REL
ZEn[ I WA 60 em (VK )Z . LUK 2L 7E 12
A E) AR 3 ) o AR SCERR SN T 4 vk
VB B3 52 98 AR 5, 7 B DL BT 1 (a) R 4L £
Frids

(b) VKRR
P SRR A (LD AR S0 AT ) FK T UL s

Fig. 1 The geographical location of Lake Wuliangsuhai (the red mark is the experimental site) (a) and

the picture of the observation station on ice (b)
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Fig.2 Examples of aerial photography of ice cracks at fixed location of Lake Wuliangsuhai in 2018, the shooting time are:
January 18th (a), January 22nd (b), January 26th (c) and February 3rd (d)
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Analysis of ice cracks morphology on lake surface of Lake Wuliangsuhai
in the winter of 2017 — 2018

LI Wei', LU Peng', LIZhijun', ZHUANG Feng', LU Zhiming', LI Guoyu®
(1. State Key Laboratory of Coastal and Offshore Engineering , Dalian University of Technology, Dalian 116024, China;
2. State Key Laboratory of Frozen Soil Engineering, Northwest Institute of Eco-Environment and Resources ,

Chinese Academy of Sciences , Lanzhou 730000, China)

Abstract: In the winter of 2017 and 2018, aerial photography of ice surface on Lake Wuliangsuhai was used to
determine the density and fractal dimension of the cracks on ice surface, by using improved adaptive-threshold-
ing and image segmentation. The results show that the fractal dimension of ice cracks at a fixed location changes
within the range of 1. 35 ~ 1. 50, and both the amount and fractal dimension of the cracks increase with time. An
obvious linear relationship is found between the fractal dimension and the ice thickness during the period of ice
growth, with a correlation coefficient of R*=0. 75. For ice cracks at different locations of ice surface, the density
varies within 0. 017 ~ 0. 079, and fractal dimension within 1. 38 ~ 1. 64. A significant logarithmic relationship is
also found between the two parameters, with a correlation coefficient of R*>0. 96. Aerial photographs in differ-
ent days give very similar results of curve fitting, revealing that a larger crack density attributes to a larger fractal
dimension of the cracks. As a physical index of ice surface morphology, the relationship between fractal dimen-
sion of ice cracks and ice thickness, crack density is developed in this study, which provide a possibility to moni-
tor the ice growth and decay through the evolution of cracks on ice surface.

Key words: Lake Wuliangsuhai; lake ice; ice cracks; image processing; fractal dimension
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