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Abstract: As a result of energy and material exchange at the lake-atmosphere interface, the variations of lake ice phenology are of
great significance for indicating regional climate change and lake response process. Based on the boundary data of Selin Co, some
multi-source remote sensing ( RS) datasets including Terra MODIS and Landsat TM/ETM+/OLI product, combined with meteorologi-
cal records and lake data to analyze spatiotemporal variations of ice phenology of Selin Co and its relationship with climate factors and
physical and chemical factors between 2000 and 2020 by applying both RS and GIS technology. The main research conclusions are as
follows: (1) Freeze-up start (FUS) and freeze-up end (FUE) of lake ice appears in late November-early December, and late De-
cember-early January, respectively. The duration of lake ice freeze-up is about a month. The time of break-up start (BUS) and break-
up end (BUE) of lake ice appears in late March-early April, and late April, respectively. The duration of lake ice break-up is about
half a month. (2) Data show that FUS dates of lake ice have been delayed at a rate of 11.3 d/10 a from 2000 to 2020. FUD ( freeze-
up duration) time of lake ice showed an increasingly shortening trend. Ice cover duration had been shortened at a rate of 13.5 d/10 a.
(3) Selin Co can be characterized by opposite spatial patterns in both freeze-up and break-up processes. Lake ice freezes from the

northern and eastern lakeshore and gradually expands to the center of lake. Instead, lake ice break-up begins in the center of the lake.
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(4) Ice phenology of Selin Co is influenced by climate and physico-chemical factors of the lake itself. The average temperature of win-
ter half-year (between November and the following April) plays a dominant role in ice phenology variations of Selin Co. Wind speed
and precipitation both also some influences on the formation and melting of lake ice cover and also cannot be neglected. In the recent
20 years, with the expansion of Selin Co area, the increase of turbidity and the decrease of water clarity, the freezing dates of lake ice
were gradually delayed. Under the background of global warming, the area expansion of lakes on the Tibetan Plateau, including Selin
Co, has accelerated. The results of this study can provide a reference for understanding the climate indicator significance of lake ice
phenology information and the feedback process of lakes under the changing environment.
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Fig.1 Location of the Selin Co
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2 1 WEE Y Landsat £
Tab.1 Landsat data used in this study

Fih TR FREH M | i TR FRIRH 1

Landsat7 2000-11-08 $2HUHIA 5L ; 560F MODIS %48  Landsat5 2011-01-15 PEEGIAL R

Landsat7 2001-11-11 iR S Landsat7 2011-12-09 I3F MODIS %54
Landsat7 2001-12-29 I5HF MODIS %3 Landsat7 2012-01-26 breaingi bl

Landsat7 2002-12-16 $£EUHIHM S 54 MODIS %4l Landsat7  2012-03-30 I IE MODIS %54
Landsat7 2003-03-22 B3I MODIS %4l Landsat7 2013-01-12 PEEIAL A

Landsat5 2003-11-25 i QiMEpE oS Landsat8 2013-12-22 I3IF MODIS %¥iE
Landsat7 2004-12-05 ISHF MODIS %35 Landsat8 2014-01-07 FEEUIIA S

Landsat5 2004-12-29 PHEGIA R Landsat8 2014-12-09 3EHUHITAH 5L ; 53 MODIS %k
Landsat7 2005-12-08 4255 ; 563F MODIS %4  Landsat8 2015-12-28 B5IF MODIS %
Landsat5 2006-12-19 BHIE MODIS #4 Landsat8 2016-01-13 b aiMEpu S

Landsat5 2007-01-04 PEEUIAh FE Landsat8 2016-12-30 HEUHITAH AL ; 54F MODIS %t#f
Landsat7 2007-12-30 W3F MODIS %54 Landsat8 2017-12-17 S IE MODIS %
Landsat5 2008-02-24 PEEUIA T A Landsat8 2018-01-02 PEEUIAL A

Landsat5 2008-12-24 I MODIS £ Landsat8 2018-01-18 ISUE MODIS %54
Landsat5 2009-01-25 PEEUIAh FE Landsat8 2019-02-06 FEEUBIA R

Landsat7 2009-12-03 I MODIS %l Landsat8 2019-12-23 $EHEUHITAH 5L ; 564F MODIS %45
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Landsat5 2010-12-30 4F MODIS %45
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Fig.3 Identification of lake ice in remote sensing image based on threshold method and NDSI
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191 < 90% (¥ H 15 SN I VKT 468 Rl FL 3015 VKA L1 << 10% 14y F 5 SR ok 58 2 il B 0 33
A WF
FUS, lake ice area=10% of lake area
FUE, lake ice area=90% of lake area
Phenology extraction of lake ice= . (3)
BUS, lake ice area<<90% of lake area

BUE, lake ice area<<10% of lake area
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Fig.4 Comparisons of ice phenology for Selin Co derived from MODIS data and AMSRE-2
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PEM,1 A 10 HAMERE] 0°C LAk, R ik 2 5 K. I8 5 B TH A58 S0 K il oK 58 4830 191 vk i 40
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TR EX R R N 4 A 7 B ARl B 81 2005 4F 3 7 24 H S0l H 8 2020 4 4 A
19 H. #IvkT 4 Aha%) 5 AwIseaiba, P seaiman b8k 4 A 21 B, & REm H 8k 2017 424 7 9
H, R H A H BZE 2020 4F 5 A 5 H. 2000— 2020 4F [ b4 P Y745 8k 31 d, i85 20 d(2014— 2015
) Kl 46 d (2006 — 2007 4F ) ; 1 vk IE B ISE 3408 15 d, 8 7 d (2015 — 2016 4F) , i K 30 d
(2005—2006 4F) . 7K 582 R4S BT MR Rl RFLL AT RIS 92 d, fRe i AR AR R [R] 4351 )y 66 d (2017 —
2018 4F) Al 111 d(2001— 2002 4F) . WIVKAFAESI V-3 139 d, 4580 107 d(2016— 2017 4F) , d ol 158 d
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4 2 2000— 2020 AF (MR VK P IBAFAE (d)
Tab.2 The ice phenology characteristics of Selin Co from 2000 to 2020 (d)

P THAUREE Sl 0 JHRHa e Sealdm e g THR  SERTRES WK AE

(FUS) (FUE) (BUS) (BUE) (FUD) (BUD) (CFD) (ICD)

2000/2001 325 362 100 116 37 16 104 157
2001,/2002 332 359 105 118* 27 13" 111 151
2002/2003 336 1 90 116* 30 26 89 145
2003/2004 331 4 86 107* 38 21 82 141
2004,/2005 328 5 102 120 43 18 97 158
2005/2006 330 10 83 113 45 30 73 148
2006/2007 327 8 99 114" 46 15 9] 152
2007,/2008 335 9 104 118* 39 14 95 148 *
2008/2009 338 6" 89 108 34 19 83 136
2009/2010 340 362 88 100* 22 12 91 125
2010/2011 343 11 107 115 33 8 9 137
2011/2012 340" 7 94 109 32 15 87 134
2012/2013 331 362 9 110 31 14 100 145
2013/2014 335 4 100 112 34 12 9% 142
2014/2015 344 364 107 118 20 11 108 139
2015/2016 347 6 100 107 24 7 94 125
2016/2017 358 13 89 99 21 10 76 107
2017/2018 355 24 90 102 34 12 66 112
2018/2019 340 365 106 117 25 11 106 142
2019/2020 344 1 110 126* 22 16 109 147

-1 337 4 97 112 31 15 92 139

Wz 33 30 27 27 26 23 45 51

D) BRI E B (I 11 7 20 BOAEAEE 325 K) 5 « R ARZEM B, R R KN 3 d.

3.3 Bk IR =TT TR
3.3.1 2000— 2020 4 & Ak 45 ] vk 4y 1% & (AR AE AT 2000 — 2020 A5 (4 AR i1 oK Py B REAE AR FL AN R 7 BT/
WIVKIFARVRZ, H A A S BB 4R A D shla 35 R R K 295 11.3 d/10 a. SEATRSS H AR B0 shiffisR
JEPERT AT, RBLL 2017 4F R L. MRS TT 05T Al IR R 22 RS R (s 3, #EiR 34l 3.3 d/10 a
RS SE AT R F DT IS A SR AT R SRHT N 2 d/10 a. 2000 — 2020 A (4 bR 9 pK R 25 100 4 A S 3
Beshai s ny s SFA AR R -T7.7 4710 a. {HTE 2007 4EZ A7, ¥ vk 7R 45 191 5 90 0 35 0 2 K %, 2007 —
2020 47 Rk sh s ka . TR IR g R 4R R PSR EN 5.3 d/10 a. 7F 2002— 2007 4F[A], i fl
HIAEPRAR R BB, HASAE RS AL B R T - EERL . BMES A B IR 24 a3, 4 i %
7 13.5 d/10 a; VK8 2 VRES WA A IS S 40 00 ka3 (R AR AL B AT I B
332 BMEH KA HE S BER  WATRSS I RS A ECAZ AR BRI HTE (TE K BT
B4 H R ) 25 2R Z A . B 8 R T 2000— 2001 ,2005— 2006 ,2008— 2009 ,2015— 2016 ,2018—
2019 4F3X 5 4F [A] (M TR EE TH RICIR DL , AT H R, e A AL AR AN AR B0 80 2 A T RR IR 45, =2 ) 32 i 1) vh 3 )
DAY RS, 2 12 ANRE 1 A ss Rk, el mlvk s s 5 iRas B B, Wi vk oo vk Jemt 24,
Wb PO R MR R TEAL, 2 4 AJK S A9, WKL 58 il

K2 T2 M DR R 225 T Tl 2 PSS X 20 T80 KT B R 45— M K VR A A 7, 2 i e (A
TR FAKZ R AP S 3 B R T (8] 9a Sl T A MRS K BRAR BL , AT M AR R b AP R AT
AKX RO R SRR X KRGS B A AR R AL R A R K X R R UK, B [ R OO
VREE U I W K XY 83K, FE 1 T Ae B B VK TS . ERRARERY 3 AR 4 A0, G pRAS I B R K X



HEAGE 16 20 a EARY KM IE TS IER L Hrh B &

FiR LS H (FUS)/d

HREE(FUD)/

2

VKR LB VKR LB AVKIATR LBl K TR L f81l/%

2

R

-20
01-01 01-05 01-10 01-15 01-20 01-25 01-30
& 6 2018 4F 1 H {3 AR SIR AN

100
80
60
40
20

JLJL L

000-09-01

100
80
60
40
20

2001-05-01 2002-01-01 2002-09-01 2003-05-01 2004-01-01 2004-09-01 2005-05-01 4

Ll L

2006-05-01 2007-01-01 2007-09-01 2008-05-01 2009-01-01 2009-09-01 2010-05-01 4

piwlwiwl

010-09-01 2011-05-01 2012-01-01 2012-09-01 2013-05-01 2014-01-01 2014-09-01 2015-05-01 4%
100 F
80
60
40t
20
015-09-01 2016-05-01 2017-01-01 2017-09-01 2018-05-01 2019-01-01 2019-09-01 2020-05-01 4%
Pl 5 2000— 2020 4F- (MR R SS 5 TH i 7
Fig.5 The freezing and melting process of Selin Co from 2000 to 2020
5
[}
o / [ AIZ i A
L] " <
/" I / £ 9l
-r s VAT 2 A \
-\ - l/ A /' '--‘/ E A x \AA A
10 & A 3
\I/h-/ 3 ) e ° 1 A\A‘/A / //
15k m 5L A AA/‘

01-01 01-05 01-10 01-15 01-20 01-25 01-30

H Az 4k

Fig.6 The daily variations of air temperature and wind speed of Selin Co in January of 2018

400,
3801

360(4<

L R=0.09 __ . -
e T o

340,
320

2000

50
40
3
20
10

(=3

2000

——JF /\Q*EI(FUS)
-A-Tﬁé/\éu El )
/‘~ .A_ \

= ‘\; I /‘\A

4 1=0.34x+366. 07

!) y=1.13x+326.01
) 2=0. 58

A\ (a)
13801

2004 2008 2012

2016

400
alt

360 ;:%
juns
340%

320

p/EN.

20204

- lk/n/
.. _u-

R*=031

(FUD)

(c

-a-JH Rl (BUD)
y=—0.78x+40.01

| ,&\\/“'"”W'x ~

Ao
y=-0.53x420. 65\," RPN

2004 2008 2012

& 7 2000— 2020 4E {0 bRES 9 vk 5

2016

LI\
3
Gt

SEAUREE) (CFD)/d

2

4;

l\)w
=R =]

pAaNg) ki

—_

20204

i H (BUS)/

TFIRTH

14

120

100

80

TR
—a _7_[:
-A—‘~A

(BUS) (b)
THH (BUE) y_o 20x+114.424

\:;/ \-‘

y=0. 33x+93 76 A
R*=0.06

2000
20

2004 2008

2012 2016

160

120

x®
(=]

——SE L5 W) (CFD)
-- 1t (/7{(/%43:%(ICD

2000

(d)
y=—135x+153.78

A
7

2008
HAfe#

2004
SR S H

2012 2016

#

Fig.7 The ice phenology and its trend for Selin Co from 2000 to 2020

4120

-+ 100

1120

180

140

80

P/ENE) H GG 25

20204

200

160 =

PAQDDETF )Nk

20204

341



342 J. Lake Sci.(#3a#3) ,2022,34(1)

Z12000-12-20 N | Z|2005-12-15 N | Z[2008-12-30 N | Z|2015-12-23 N | Z|[2018-12-26
o (=) o - (=) (=)
Y g Y g YIE
o on o on o
z |z z z z
(=) (=3 (=) (=3 (=)
F F F Fr Fr
@ 10 10k 10 10k 10 10k 10 10k
[ — [ — [ — [ —

1 1 1 1 1 1 1 1 1 1
88°45'E 89°15'E 88°45'E 89°15'E 88°45'E 89°15'E 88°45'E 89°15'E 88°45'E 89°15'E

Z[2000-12-24 N| z[2005-12-31 N | Z[2009-01-03 N| Z[2016-01-03 N| z[2018-12-27 N
i & HEr e & tE f
& o Q > Q > «
z |z z ¥ m
s s s B S
5 Ir 5 5 St
“10 10 km “l0 10k o [0 10 kngg “l0 10k
— — — —

1 1 1 1 1 1 1 1 1 1
88°45'E 89°15'E 88°45'E 89°15'E 88°45'E 89°15'E 88°45'E 89°15'E 88°45'E 89°15'E

Z12000-12-28 N | Z]|2006-01-15 N | Z[2009-01-12 N | Z|2016-01-10 N | Z([2019-01-04 N
oF . e : ° st °
2 & 1: 2 & 2
z| " z z z z
(=) (=3 S (=3 S
Fr S 5 Sr 5
10 10 km “10 10k m010kr13. “10 10k 10 10k
— — — J — —
L 1 1 1 1 1 1 1 1
88°45'E 89°15'E 88°45'E 89°15'E 88°45'E 89°15'E 88°45'E 89°15'E 88°45'E 89°15'E
Z12001-04-12 N | Z|2006-04-10 N | Z[2009-04-08 .., N | Z|2016-04-10 N| £[2019-04-18 . N
st S T st S
& & & & &
z S; ' z z z z
(=) L (=3 (=) (=3 (=)
<t < <t < <t
= > = > =
10 10 km 7 10 10k “10 10k 10 10k 10 10k
— — — — —

88°45'E 89°15'E 88°45'E 89°15'E 88°45'E 89°15'E 88°45'E 89°15'E 88°45'E 89°15'E

Z2001-04-24 N | Z|2006-04-14 N | Z[2009-04-16 N | Z|2016-04-14 N | Z(2019-04-25 N
(=3 (=3 (=3 (=3 (=1
2 2 2 HE e
on on on on on
z z z z z
o (=) o (=) o
St St St St S
10 10 km 10 10 km 10 10k 10 10k 10 10k
| N— | N— | N— | N— | N—

88"4'15'5 89°15'E 88°215'E 89°i5'E 88"4'15']5 89°35'E 88°215'E 89015'1'3 88"4'15'5 89°35'E
P8 FMRHE VR4S 5 T Rl s ) AR Al (R @ ARERIIK, SR U1K
Fig.8 Spatial variation of freezing and melting in Selin Co
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