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Bl 13- 24 A3 AR T 018 d 5 111 28 BRI 405 A5 1y
e L (Far North) 6 1~W17H 1985-2004 4F i) 221
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km’, V34K 4718 m(&- 2 #4E, 2005) 1] 1 b 2 i [l
30°30'~30°56'N,90°16'~91°03 E(& 1), #H A% )=
FHUSK T, Z5 76K 78.6 km, AL 9% 24.9 km , Fr K
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W EEE K IR AN 22— s e R AR A g2 st At
T B, SR 5000 mOR K R4, 2004) .,
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Fig.1 Location of the Nam Co Basin
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Fig.2 Observation platform on the Nam Co Lake
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(CAMPBELL SCIENTIFIC /A 747, £ 1 min R4
— U E ), A 1 K 2 T IR R S T K 3R T
SErE B , 7T A A K RS SR I =%
FIRHIE

(2) 3

MODIS(Moderate Resolution Imaging Spectro-
radiometer) & 44 2% 7F Terra #1 Aqua & [ A9 439
RGO GIEAN , HAT A 5 1) 73 (] 43 HE A R (1] 3 B
o, WD REANEZ A AE T« Terra TR K ST
1999412 A 18 %, &K L/ b [n] B il o 7Rl ,
PEFR A BRI 25 — 50 1 /7 SL(EOS-AM1); Aqua &
$F20024E 5 1 45, B K T AR ) dbad it AR
DAL LG Ak Ay b BRSO 55 — S8 /) A2 (EOS-PM1), A
e L2 K2 Oh i ST R B R (MOD09GQ .
MYD09GQ 5 MOD09GA .MYDO09GA , Version 6)f
WS vK A TR0 3k o 5 T DA% [T 1 R0 25
K St 1 431 B 0 (NASA LPDAAC) T #15
#l| (http://ladsweb.nascom.nasa.gov), MODIS L2 £}
%4 >4 HDF-EOS 4% 20, A< 3C 2Rk HI NASA 3 42
HE i T E.(MODIS Tool) % MODIS 1B 4% 47 JL
TR IE , $ 5% A bR e % UTM #5215 WGS84 A4 bk
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M), 8 BCAE A Bk 2 15 AT ) ETMA+5242.(30 m 43 H8K)
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Wit o SR AR B R 3B AE AT L i i Sk
B AE AT DA I B ) S ARG . 24 F AR
TKARFE T LLAM N 21 A B R ARMR , J L4 T
%o e L UE, g oK BUBR AR, {0 3 SR A
LB VK T A A R A A% BT, e TR RS | (8
UKAERT WO I £0 A0 S5 38 L o S 2l vk s 45
%, HT MODIS Z i i Z 0 5 B8 vl LU R
WEIEAvKAR A, L 2009 4F 4 H 165 A%t L ZF
T W 25 S (e H AR ES I LSS RATE ) o

(1) S R {E
MR VK K AELLE RN 2T 40 X B S R 25 5,
B 2245 (2005) F T MODIS1 . 2 i BE R S8 2 2%,

IR HI MODIS 275 13 B2 565 3 (i in LA 531 Dfe 4
Bk, BT B

Bandl - Band2 > a (1)

Band1>b 2)

K : Band1 5 Band2 53 51183 MODIS 5 — 555 —
BB a5 b REBE., 456 H-1-A TLAH
PR 25 5 7 A0 A, R SCHEIR @=0.014, b=
0.067 K I, BP 22 (H K F 0.014 HEE 1 3 B/ %
KT 0.067 FIZTT VK& 3a).

(2) P B BE T

FEREITE = ARG 0T, A4 AN B S R et
TRAFHLIX S vk 5K, BRI AR

Band2>a 3)

S b TR AR A R, PR (Y @=0.04, B
WS T BT SR KT 0.04 B, AR IC A R 45
G I CRR I, WY LA (DR b S 8 I VK A
MR, H R R AR A

(3) NDSIF& 5k

9 — L 155 $58 % (Normalized Difference Snow
Index, NDSI) H £ 't % B Fl k% 2140k Be 3315
B, AR PG O T R v B TR UK & (Dozier,
1989), U5k =% (2008) FH NDST vk . an=ti(4)
fii 78, 454 MODIST7 . 4. 3 % (0 & iU 15 3k
NDSI KT 0.7 (HE T A vk (E 3¢).
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Fig.3 Lake ice identification results of different methods
using MODIS data of 16 April, 2009
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NDSI=(Band4 — Band6)/(Band4 + Band6)  (4)
A : Band4 3 MODIS 5 4 3% B S R4 5 Band6 h
MODIS 4 6 i} Bt [ i R {8 .

(4) MNDSIFE 50

Rk 7 (2010)3 H Btk 15— B B 45 4(Mod -
ified Normalized Difference Snow Index, MNDSI), RJ
FHE UM BB SO I B, H i 2D AR i 21 51
AR, S Fin . Z AR NDST, J2&
M % B K T A UK TR MNDSI 355 45 3 2 2% 1
NDSI Z B &, Bl MNDSI £ 7 I8 P /i~ 1 {4 18] 5 1
NDSIZ K, 53X B A7 F F X430k K . 454 MODIS
B (54 214 (RGB : 743) 1% 5 MNDSI K T 0.47
G TT R K (1 3d).

MNDSI=(Band?2 — Band6)/(Band2 + Band6) (5)
A Band2 3 MODIS 45 2 I B S 5 848 ; Band6
MODIS 55 6 i Bt ) 5 %08

M3 Ha] LI H DU i #0 mT LA A A
XA ok K, b S e 5 R B
P FH AL (MODO09GQ) Y 2 [H] 43 HF4.(250 m)f
F NDSI 5 MNDSI W Ff J7 % v fr il F %038
(MODO9GA) %% 1] 73 HE 4 (500 m), EL A BE I {EL %
SERRAS A TR R BT L SC AR e R B B {1k
18 2000-2013 AE Y AEE T oK s Ta) Jm 4 o

25 FTIR 7R SCR I MODIS 22561 [ 5 %5k

gt & 22 I A S ECHE W I A AR I kAR Ak, W
N ZEE4E 2000-2013 47K H S8 FREE H JFR
TRl H A ZE TR H . 5T Kang 55 (2012) % # 7K
i [) J P 0 o S, FESCH S IR - W1 K H (Freeze
Onset, FO) 15 U B4R TT 45 UKl 5 0T RERF 2 A7
TERY H 5 58 20k 45 H (Complete Freeze Over, CFO)
Sk W1 T A AR T A R R A 1Y B I AR T R
(Melt Onset, MO) il ifii F 56 4R 45 )5 B A 4l
1RITIE RN I REFSL AR H W 52 2 Rl H 1 (Wa-
ter Clear of Ice, WCI) A i1 11 T A 4lif§ ot 4= &R mn ik
JKEH o 38 X I K ) v 5, AT LA )
DL LA oK vk 390 < 89 VK 5 245 3] (Freeze Duration,
FD) >k AWK H 258 4R 45 H 1A 22 8] 54 s e B ; 18
VK 5% 4 3 B (Completely Freezing Duration, CFD)
REA RS H 5 IR IR H Z 8] i s E) B, W vKTH
i (Melt Duration, MD) A iR T il H 28 58 4 1H flt
H Z [a] i s 18] Bt 5 8 VK A7 78 ] (Ice Existence Period,
IEP) AWK H 558 2Rk H Z 8] i s [a] Bz .

3 ZER50HT
3.1 2000-2013 SR Fa 487k 2T (L FFAE

HR 4 MODIS Sz 5 25 4 Wil 25 L (= 1), il 15
2000-2013 AEG AL B K it 1] Ja 1 L B85S vk S Y

=1 2000-2013 FLAAREEH kB [B] B 1E 3R
Tab.1 The time attribute table of lake ice change at Nam Co, 2000-2013
VKSE2

AEy wIvkH SEARLE FAEE SR E  WIVKAEAEd KR ZE — WAVK I RlL/d
2000/2001 284(-3) 25 107(-1) 164(-3) 246 107 82 57
2001/2002 285(-4) 15 51 160(-4) 244 95 36 109
2002/2003 289(-3) 36 92(-2) 158(-4) 234 112 56 66
2003/2004 289(~1) 26 83 154 230 102 57 71
2004/2005 285 35 95(-2) 154(-4) 235 116 60 59
2005/2006 291(~1) 42 99(-2) 155(-4) 229 116 57 56
2006/2007 287(-3) 39(=3) 96 156 234 117 57 60
2007/2008 301(~1) 35(-1) 109(-2) 148 212 99 74 39
2008/2009 291(-1) 42 94(-2) 140(-4) 215 117 52 46
2009/2010 289(~1) 38 84(-3) 143(-4) 219 114 46 59
2010/2011 296(-3) 40 118 146 215 109 78 28
2011/2012 290(-1) 41(-3) 90 144 219 116 49 54
2012/2013 302 42(-4) 98(-1) 146 210 106 56 48

Ty 290.7 35.1 93.5 151.4 2263 109.7 58.5 57.8
AR IR/d 1.0 1.6 1.4 -1.8 -2.8 0.6 0.2 -3.1

TE A5 5 R iR ZE RN, -2 AR R 22 04 2d, 2 fRRRZENIE T 2d), T [l
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B S 2 2000-2013 AFPUEIA AR VKA A S IR I 3R 1245

KB R WK HE SEATRES H T LRI AR E 1
SEARHRL H R AR NS 20 K (B0, 2 1 15 H B4R
PR 46 R) I8, vk FUn iR 22 2 i TR EE
MESE LKA =BG, SETCE BT BT
Wi RIR2E N 4 do £ VK VK3 e st ) Jg PR3
35,

2000-2013 4[], GIAREE M VKT LR VR Z, 58 20k
g5 JFUR I Al B A 28R A TR AR
FER 1.0.1.6.1.4 do SETHBAY R AG B R,
SERJRAEAERT 1.8 do ZEMIVKIKII WK AE e
St ERIA B R T vk RS e e, i e T
2.8 da 5HEK T 0.2 d/a, BEEL S I : 2000-2013 4F
[ 9 A ) AR B T AR, AR M5 o L i)
DKAEAE AR A0 B2 W 3 K T A6 P KA L X (Mag-
nuson et al, 2000; Latifovic et al, 2007); 5 1] K%k
IR UK BRI L, BRI A AR TR R 45 B
PRIXE , VR4t R S . ARSI 2000-2013 4F 1]
VKENFIN A A AN FE K 0.6 d/a, RS R A
Sl 1) S 7 5 5 T AT Rl R BRI vk A i A
SRR, A A T Tl U S A K i e TR e b
JEB 18, 7E 2000-2013 4 [B] 40 A #8518 VK T R b7
PIRAESRR 3.1 d, RUIE AR A, H 5% 1
PN A UK DI LR, A AR T UK Rl 30 722 A i
TN
3.2 LMEFRLEIE

ANE 49 AR 1) T 1) FAVET MBS SR A S £
et 2 I, A B 080 T A e U A A A 5 1)
KW A .

XoF H B () g 1 6 5 S I 2T A B A5 DL 2
R(E14): MODIS Bk B [ {5 WS BT, 2011 4F 10

a

H 17 B 52012485 J1 23 B 205 3% 45 5 190 vk H
FSEAH R H | 3K —45 5L 55 [F]R 00 1f i s A8 fb—
FH: 20114810 1, BRI 0K IT a4k 45 1], KR 10 em
Ab H AR AR T0) KR 30 em &b H AR KR T30) Al
W H AR AR S AR IR (BTS) R4 F I, Horp kR
10 cm &b A S AR/KIRTE 17 H B Z 0°CLL R ;2012 4E 5
A, B K 52 42 b 8], O8I0 S 75 Ab K S8l 1
il PIASK IR RS AE S H 20 H 521 HiR)e
— L 0C LA R
3.3 kBN ESETRIX X R

T IR 22 D7 A S ) T R AR (PR R
4, 1996; Liu et al, 2000), H FH-iE b5 & B B K T8k
T Y SF- 24716 2 (Kang et al, 2010), 40 ASE i 4 5
Fil 4 SR B 2R B« 1960-2010 4F 1], 4345,
T A B R ) 2000 4 LUK, THE Ha$
IR (R 2) 0 s A W 4 DX 388 A X 3 3k A K )|
FEAE KRR, 3 2 (2004) 38 H A0 A B 00 3
A B I YA ZE AR AT A5 L B KO R 4 L &
TR A FL 22 UK 1T A7 B4 S5 SF- iy YO0 2
SRR R VK1 ) 5 7™ 5 5 5 (Zhang 4%, 2013). 40
AR ) K A A X6 DX 3R A A I A A e A ) N
2000-2013 4[], G ARGE A Z R 45 MR 52 , 20
Tl R IE N, W VKAEAE I i 2 4

o T g XS S A AR AN UK A AT A R,
T AT AR 4 1938 75/ I (Duguay et al, 2006; Howell
et al, 2009; M4, 2012), A SCK 11 H-k4E4 A
TE SCH ARSIV AR AL ) 448 FIFIR S £ B 3))
K40k 2005-2011 AR SR 5 T VK vk T
b A At K 58 A B R 5 A P AR SR B i
TR S), MO R BGEAS] T 0.83(P < 0.05), R4

N

lllll

B4 2011-20124E VKRBT B KT 10cm/30cm Ak H AR IR Fs 22 T H B AREm ST 228

Fig.4 Daily minimum temperature from 10 cm/30 cm underwater and lake surface brightness temperature

in freezing and melting periods, 2011-2012
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R2 WARERBEABE 4N SRUEFEREN
Tab.2 The annual mean air temperature variation in four
meteorological stations around the Nam Co lake

1960-20104EJ iR T+ 2000-2013 4EH iR T

RE] s e .
o B HA(C ) R HER/(C 0
Pk 0.05 0.13
il 0.05 0.12
GEETN 0.03 0.11
W 0.03 0.05
P 0.04 0.10
90 -—6.6
80 r—6.8
70 70
L 7.2
29 L 74
= g O
& 50 7.6 &
K 401 L 7.8 &
= oo B
X 304 :
-8.2
201 —e—CFD | g4
101 —m— {535 5 2op 48R F-8.6
0 : . : : : -8.8
BQ" O N D
o5 &Q 6\\,19 %\,19 &09 \Q\"'Q
S SN P
ES M 2 Hah R 4IRS YR 58 4 B 7R

WIXF &
Fig.5 Comparison between completely freezing duration
(CFD) of the Nam Co Lake and annual mean winter

air temperature at Baoji Station

APPSR R B AR KR 1) CFD 4808, 447
SRR BRI AR AT B ) CFD 44 . kvl
DI A2 AR SRR AN AR T K R B e PR R i 48
K, ZAPAR S IRARA , VKR M 5, 8 AR
g

YRGS ST £ R Gl IR B R A,
XTEE 2005-2010 4F5X PG R Y H 224k 59
URASARZE S R B 3) - IR WA VKR Rl AR A b ) 2L
RN, HA AR vk vk H 598 K 48555 H
KR RAAE<0C H AR 4 d, iR 25 At 1 d; ff
T SR Gl BRI ]-1000°C A A I, 190 1T 56 4 1
SERIMIVK e R4S H BB 15 2 K4 HF S H
YIRS UGRF] 0°C LA i, ) i 4 v Rl B KR
ZEN 3 do A UL, AR SR P W VK R 4 T AR O )
FEHET.

i X EE 2005-2010 4F [ UK A2 AL 5 08 £ K
Gl W B G K (BT 6): 1 1 H 4 R AE 0y,
VK oE A BRI R, FRLR T il H 30T B4 R 5 S
2, VA ABIRGEB Ny, ok e A B R A, I

AR H IR R, R OB IR GRS
422 3 P KU I ), A T IR XL, AR SC
W SRR VK T AR R 45 & A5 e 0 1T 4 Ui fe
B A 1A, B R RUE AT RN EE 8 —= =22 1) 23 <0t

R3 PARERAEUSSREIERIA L

Tab.3 Comparison between lake ice change on the Nam Co Lake and meteorological parameters

. AR H R , R th v i
Ay VKH VKSR 4s o . AINE R R > 0CH}
AR WK <0 H VK SE 2 UR S, H = B 5B TR H H #EEk H i
2005-2006 291(-1) 295 42 -934.19 99(-2) 100
2006-2007 287(-3) 291 39(-3) -1055.78 96 96
2007-2008 301(=1) 304 35(-1) -906.19 109(-2) 107
2008-2009 291(-1) 295 42 -1039.6 94(-2) 97
2009-2010 289(-1) 293 38 -1006.99 84(-3) 81
1407 a - 10 90 b -10
1201 o 801 o
8 70 r8
1001 L7 60- L7
= 801 '6€;§50- M3
Fy 15 S K 4. r5 &
B 601 a8 2 L4 R
¥ 404 | 3 X % 301 P
sl TR P2 20| o SERHUM 2
=17 A#RGE F1 101 —=— 14 AR F1
e T @ © © 0— Q $ O O 0N 0
& & @ 8 8 RN S S 3
& & & &S S & o & & O
& & & & & & & @&
>V > > v v v v > v v v v

El6 2005-20104F48 7 £ 1 7 A MGk 5 AAAFE B VKA AT HIC R
Fig.6 Relationship between mean wind speed in January at Baoji Station and lake ice change, 2005-2010
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ZIMG 45 2000-2013 AT AN A HS I vk AR £k S R R 2 1247

DAL D T R S P S, T 2 2 T80 K VR 4 R
JRE ol T RS A PR M , A (K S8 A ERIR ]

4 4Eg e

4.1 iHig

ARSCHIFSESE R 22 H ,2000-2013 4R (8], 49 A )
VKIF LR UREE I S5, 50 42 TE A BRI , 15 VKA7 A 1 g J
XIS AR B T4, X 5 Z A askok 25 5
2 I —F (Livingstone, 1997; Magnuson et al, 2000;
Latifovic et al, 2007). WlvK¥MEEZIBZ &R ¥
Mo, AL HE G R 2 (RO R BRAR ST R RE 5 55) 1
IR R @B . H SR B0 k)
ARk ) de IR P 3R o AR il S B )
I AR ) K B A R TR TR R A, Y N A
H YRR T -20°CH , A i AL R 1 vk 7 75 . el
R OKIEEA KM s B 2=k & [0 H <R T
2 -5°CUL LB, AR ) TR0 P 3 UK 3R T 46 R R
FlK . 2005-2011 A PR & TGl &~ AR 2 <l
YA VK SE AR IR L4 R 3R s £
YA B SR R A, AR T UK VK B 0
R Z QAR A P W R B, WIS vk vk

LA, PR A2 52 T 48 A A8 WA K AR A 1) E B
o ARERER AE 250 1A HHRGE
AR, W] DASE A S R[] o 40 A8 ks SO0 ¢ e} 2
B, ZE W VKR 2500 1 B B, T T 3 R XU L R 46
R DR AN IR I W 22 5 30 5 ZE W UK R 485 J 100, WA v e
TR SO T K THI R VR 45 5 D2 B B 1 RS B
HAIN o ARSIy, RS I K 8 52 e A PR A T,
— B URGE R XTI oK 3l J3/E L BRI AT 75 5
SER) B 0 I oK T S KR R
I, A AR S R AR A2 T KURE ], D 44 2R i A
R TR (HJE PG SR AT F /K STE VR Z5 1130 32 X
(52 M AR XFETE Bl A e 2 3 B oK, R W 380 T A<
BB 5 TR UKERE T S B H 4 XGEnpR 1A
— IR B A S AR S L 1 H K
R A5 T AR DR, T AR 2 R P,
JEHER  FFE R R

T e J R A BR AU ASA  BUER X, L AR 3A
BEMAE SR RIE 2B A FRR A7, DX sl iy HE
B . 5ok R+ ASEET BN E
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Lake ice change at the Nam Co Lake on the Tibetan Plateau
during 2000-2013 and influencing factors

GOU Peng'”, YE Qinghua", WEI Qiufang’

(1. Key Laboratory of Tibetan Environment Changes and Land Surface Processes, Institute of Tibetan Plateau
Research, CAS, Beijing 100085, China; 2. College of Resources and Environment, University of Chinese
Academy of Sciences, Beijing 100049, China; 3. Institute of Remote Sensing and Digital Earth, CAS,
Beijing 100101, China)

Abstract: Lake ice is a sensitive proxy to climate variability as has been shown through observations and
modeling. In this study, we used in-situ and satellite data to analyze lake ice change at the Nam Co Lake in Tibet
in 2000-2013. The results from Moderate Resolution Imaging Spectrometer (MODIS) data showed that lake ice
phenology changed significantly at the Nam Co Lake in the studied time period. The postponing freeze onset
(FO) and advancing water clear of ice (WCI) dates were both obvious, resulting in the dramatic reduction of ice
existence period (IEP) (2.8 days/year). Melt duration (MD), which stands for lake ice melting speed, was the
most sensitive indicator of Nam Co Lake ice durations and MD was shortened by 3.1 days/year through the
study period. Lake ice change at the Nam Co Lake was affected by regional climate variations, including air
temperature and wind speed changes. In this study, daily air temperature from two automatic weather stations on
the lakeshore showed highly consistent trend with lake ice phenology—both freeze onset (FO) and melt onset
(MO) synchronized with air temperature variation. High wind speed in winter accelerates freezing. Lake ice
tensile force rather than wind force can force the ice into pieces during the formation period. Lake ice phenology
acts as a sensitive proxy of regional climate and can serve as an indicator of regional climate change. Further
study on lake ice in the Tibetan Plateau is significant because of its sensitive response to climate change.

Key words: lake ice; remote sensing; reflectivity threshold; brightness temperature; Tibetan Plateau



