F7045 AT H o A2 R Vol.70, No.7
201547 1 ACTA GEOGRAPHICA SINICA Tuly, 2015

IE10ERAIA A EX FEHAKERZT
WEE 4 £ R B PET E ST B LT

(1. PHIRIIE 22 M P 5 IR R 2424 B, M 7300705
2. B IE X R X AL TR ST T vk R Rl )2 [ 5 i SR 22, 221 730000)

FEE: FLT2000-2011 4E AT AT PG BLML X WA A5 504504 \MODIS il Landsat TM/ETM+i 245%
GFN R G B G 00RE, FILFH RS F1 GIS FARZE G 43 Wiz th X 2= EEITA vk A AR IE B H )
Ko GERFEW O ] ] P L BINA TG 45 VO 58 25 0K BAE AR 10 A TAE 11 A A
A HFA)E 12 A A, BTH AR RS, 258 A TRaS FRLEIT R 2024 H 5 VK46 T Al RN 58
ST R85 R A, FEBUERHMER 4 A N A2 6 AW s A% 6 H L A), illiAsE a3
FEFZRIIR 181 d 1196 do (2 2000-2011 4F- (1], ] ] i HLth XA vk A 1IE 2 A4 T i & 281k, 1)
TAFFUR VRS, TN S8 SR GG A 11 HEIR W0 VK FF 4R 5 Rl RN ¢ 431 Ml [ B2 i, 9090 56 4 B TR 1R
A5 I 1) 3 50 4 0, X 28 AL T A 1 K —-2.21 d/a FI-1.91 d/a, @ HKPIEERE K 1 H vk
TE AR S AR AN 1F B 2L R E B 25 38, Fer AR I3 T AR K g
WATATE A2 R MR vk R A 322 R 2R I AR Tt | b 3R 3 5% DX 28 I ok T F R R 1
TRANAT A0 o @ A ] gy 5L X ITA AR 45 25 R A 5 T Al BR AR B, DUSIVK A — 3 e 2
H—RENENEEEZ

SR WK YA s W s S s Ak T AT S FEL; MODIS

DO 10.11821/d1xb201507008

1 55

AR A Bk IL RN TG A AR, TPCC S LTRSS R, 1951-20124F
A BRI RIE N 0.89 °C, H AR H % 2 W W n bt i vk i Ak -5 AR
AR VNI R , A TR 2 B pIOUL I f 4 sk [B] e 310 T A AR A e 5%, FLIIVK R
2t (freeze-up, FU) /fiftiZk (break-up, BU) #a#IERAL T —MEF] . ER A AZET £ H
B AP B FE 2 2250 FVBE T 5% 3% B 4 205 RN it 7 B0 5 e 08 2 1) “<CIRUAH DG AR
I, BVRIRBAE L °C, RS SR H B ALZ R 4~7 dYs BRL, A VKIS AR BrafR ol |
IREEFITH RIS ] . VKB AR AR XA AR AR ) R s a8 %, s, BARYE
ff v F B0 R T ORI 5 L HR [ 20 T2 80 A4 LS I Kk 6 T ORI — BT R TR, Ui
WLF 2 o B84l . A R el A /R Sl B AR TAE N B2 1) 28 4 2 SR 10 oKk i T
LI PR SR g = LS R S I KSR TN (R AR T B, B IR N H 251z,

HaT, EAMTFEAKE T FEEPFEILSE T . ARICEBFILERHLIX, U Wang &
K IN1973-2010 4Ed0 35 LRI vK 358 /0 71% ;. Benson 2% b 35 Y 75 N IHITH & 245 0K

WimEE: 2015-03-21; &ITHH: 2015-05-15
HEEUWH: EREARBEIES(41261016); Hli 4 & & # R FBHIFT H (2014A-001, 2013A-018) [Foundation: National
Natural Science Foundation of China, No.41261016; Scientific Research Project of Higher Learning
Institution in Gansu Province, No.2014A-001, No.2013A-018]
FER A BEUE7E(1980-), 53, WWPTELELA, M-t MIBC, EB I B R Sk RIS LTS
E-mail: xj_yao@nwnu.edu.cn
1114-1124 71



74 WRIGEZE 45 ST 10 4F ke ] AT 74 HEL Ml X ST vk A I 25 A2 Ak 1115

15 GUATFIE K BT 30 AW vk A (b ik, 58 45 VK -3 S 1.6 d/10a, 58 47 T Y 32 A1
1.9 d/10a, FFUHENAFKIAFKA TR . FERAEXRY, FERE, HREESEAHH
AVHRR Z BRI T 1958-1983 457 IE I I UK (AR AR 2 W 25 ) FEAVR A0 2 i YL R
Pt 7 1 TR 1978-2006 4 (A vk B R AN R P 91, BT 2.8 A F 7 W T I KRR 22
HEOD T 14~15 d, HPEEHER T 44 d, a3 74510 d, BHivkaiib B i
XFF XA AR B g Rk, R B S A PR R AR R Y, i, gk
TR A I 8 N 78 A SN [R) T2 A% SRR A T v AR A R S A58 PP 2R AT T 0, il
SR IT e A AE 0 58 2RSS H IR 2 A, Cef@rs BINAE S Apa), ERIFE
PIRECH 90 d, RIS R0 BUREA BAFXT R R BB At PEAEXT MODIS
FI AMSR-E B 75 R IS VKB FRAEEA T 17X FEAFSE, & B MODIS X4 A -4 T il
st [ T A R A, 17T AMISR-E X 5 4 J5H R 5 4 7 s [) S ol 4 e 7

T R e DL ) R A o L R M AT M X AR IR BT BB AL TR 2], HAS AR 5 4 BRI
AL YIMISE, Bl “EERAEAR LIRSS HORAS” ", Al o] Vg B DX Ak
Z (K1), HZHREOK—FE0KE, R FERI g0, e ke 422 ot
AT ] P HH X AR 10 ke’ 970 H: 83 A4, IR 7746.94 km®, H.H 1990s #] LK,
WA A I EGER >, B AARAESS, nI P B X GEFE R, a S vk
R R NSRS, R, PR Al ] 75 B DI oK s 23 R AR, AN
A BT RN R D RS R X A vk 98 25 1, 1 BRI AR T 80 5 S A= e A A
S A A B A AR AN AR AR AL i iy LR AT R S N

84|°E 87I°E 9Q°E 93|°E
3N
z (FAEER 60K g
S EALUE D B3
Sk B o
" -
Z | &
% 3

84°E 87°E 90°E 93°E
T ==k B WK » BBk S UK & B o WKl B R o EBX

11222 40 2 SAR4E (T 3 TH4x 15223 4 AT AT 75 B 5 SoMei—omas 6 PSR 7 553
8 BAIEAHI 9 fnflE 4 10 SETh4E 11 B/RBACR 12 5P 13 558 14 FEEAEE
15 BBk 16 EIVRIHI 17 25359 18 AR EhM 19 B4 20 HMA 21 1 FH 22 AL

BT mp ] gy B X LA (A= 100 km?)

Fig. 1 Lakes with an area above 100 km’ in the Hoh Xil region
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Fig. 2 The status of ice cover of Kusai Lake on November 28, 2001
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Tab. 1 The statistics of lake ice phenology in the Hoh Xil region (day)
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Fig. 3 The process of lake ice freezing and melting (the purple or white region
denotes lake ice, and the black region represents lake water)
84°E 87°E 90°E 93°E
& &
g 2
& 19 0 kopstoss | Z
1 VKR A 0 100km[&

@ #Wir—#ir @ WE—#HL @ T2

84°E 87°E 90°E 93°E
1522 SR 2 ZSARGE " 3 T4 52400 4 TTAT TG LI 5 ARG BN 6 FETEM) 7 iU 8 WhARLRATE o AR A 10 & ThEE
11 RGN 12 RA 13 45J8 14 FEEEATHY 15 DKl 16 K0 17 2350 18 T 5 19 BT 20 KFHIA 21 1 P 22 HATTIEH)
4 ARG M X G B R 4G A (Al AR

Fig. 4 The spatial pattern of lake ice freeze-up in the Hoh Xil region
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Fig. 5 The variation trend of ice phenology of lakes in the Hoh Xil region from 2000 to 2011

34°N

BUS

A3 9 A 1,11 d/afil1.14 d/a.

FHECERI S, Al n] Py 5L DA vk T L T Al s T AR Ak 3o & 2%, Hod 13 N800 1)
PKIT4A T Rl st ) S 4R AT (-1.66 d/a); 9/ MINASEHEIR % (3.26 d/a), FRFTEEEF
AW T Al Py b X YR Ah AR 7 ANIA R TR XS, VK ST 4
Bf R AR L R R B, A 19N R EEAT i E, % H-0.81 da, (VATIE S
209 AT ] Y ELR R 3 AN oK 8 A T LA RIS A I o A o e TR A )
Vi) 3 R0 VK s T s TR B i, R T P R XA 14 NI 58 4 R 45 SR N R] 3 ik 4
B, AL RN -2.21 d/a, SREEEBIAA L, AT AT PG EL DA 58 4 A R B0 1 K
TR (-0.52 d/a) . FRERMEFHH A AL E T IRES S, W AT VY B DA 3R IR S 4
gk, AR -1.91 d/a,

3.4 AR B XAk E M E = o

WA VKIS PR A Z SAR R E 5w, R X . R PHEE S AR 7 35 55,
mESHA A S EEME, W, o k. B IE S RA m A e, H
o, SR SRR IR W VK R A A B R B R R 0, R RBCRORHR ], AN Sy
LR~ SR 1 (& 1T 2 SR 3 € 27N P Rl 11 117 ) R A 3 S IS G A P i/
YRR I A DG R, Lok Ak B A s Aok B (P EA ) Y, &R
TR DA B8 F 3 R JE U A 0.5°%0. 50 S AR (B B R 4 Ui 5

SEIATF RS N R EERINAE SN (0 RLKESHAmANLE) B
THEBHAMG (R2), HNMRLME ZMINA T R RGS I R AR R, X AR
WA EIIAT 5, WS R 2y, WM NG BB 2 0K, 1% X8
IR B P S R/ A N W VK I S T ) X8, L Pl 1 235 B T K 3 vk
JEFE A A, WA TR R K B Al B R R M SE A R A A G RER 2K YA T R
K, WKW, B9 8h IR A 1E RS s A R #ag af B - R AR K i 25 & K
HIEIEFE, AR, WA ZS KR o G218 WK™ 1h B v vk R
5%, TERKIBNE Bl N oK S AT AR 2 -2 °C™, W/ — @ FERE FIER WA ARSS . WA
T AR K AR R RN AR S M I vk G T L K e T R LR R, H R Ak
Z, BRWIATE ARG . WK AR RN AR, UK U T RN 5 T b R AR R, A
WA SE AR METGRIDRE , JLFERm 3 R R RS MWIATE R, WK R R
R RS A BRI AR G, 31 BH R 0 AT ] G A DX 2R Y S R 2R AR AT
AT AL, R TIFSE X A 2000 4F LIRTA T AL 20519 sk AR B F, SEONIAFFGG TR



73 WhIGEZE 55+ 3T 10 47k ]l 7Y L DX = S vk i 25 A2 1121

®2 AIATAEMXEKMIREHES & IE X EHHEX R

Tab. 2 Correlation of lake ice phenology and some influencing factors
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Fig. 6 Xijin Wulan Lake from 2000 to 2001

A MRIEE T . AR 8 B ALE T, E— 20 U I K AR IR 2 DX A R &
PRI SRR A5 R
3.5 AIAT A B b XA BRI & 22

FERFGEIT B, RS ] ml oY HE b DA AR DR A I R DS 3, (B4 At
P— 2 FRRIR T, MR & A R IB G ARIE S (E6), Pi4 2 217 20004F 12 H =
2001 4F 1 HIARIFEA gk, 4 S 22 E s ashmiii4 d (€1, H
PRz shil Rk (33 d), VeIV 4 5 22 W vk Ak AN 2 A A fb g, 1 HLAS5 5 B B4
M P CPEWAZE) 504, M4 2 A mREE W AR, 7 1L =ik 256.73 g/L,
HrfiNa', CIE &894 92.98 o/L #1152.37 /L, 17K 4 5 £5 5 Al B K AR /K 4 2%
UK FRLEE , X PE 4 S =2 i 50 e BRI B R B R AR IR Tovk R g 1) T2 R

[ EF, AEZS (8] B AR AR AT A IIA vk S R B — @ Y 22 S, An P4t A 5 T4l
VU4 22 22 k) (817), 554E (4920 m) v TRI&4E (4940 m) b, 5%
WK AT ZAGEFEARIT# - 20094F5 H 20 H & B4S M mUL-F-o¢ vk E s (’17), kT
EAEIVKAE T2 RTERRAS . AEXKIBAES SOOI T, RS SE AR LE (19.61 g/L)
BTEEE (1.82 g/L) W&, WAL, mATER, B LATE BvKE S, H35
HE5ZHMR . TR vk B R R, L FRAT T 0 By 8 1 A5 B KT
KA, RIREE MK R (BOHIRTFEKE) fTRERTIEE, (XA 5 TEAME
B ELIE . 535 TR RS EE 2L, B B BT I PG 4 2 24 RN 2 2% B h7H) 7F 2007 4 4
H 18 H R H BRI K 52 4 1 Rl R 1 52 2 A vk S A 0, TGS 2 WA ZK R 2 A T
B B2 ORI T4 2240, BrE 55 & vk Rl v] fB 2 KR 1 E
KESAER, HhP4 2L 5 256.73 g/L, 222 SR fL RN 10.92 g/L™,

FENT O] P LI, AR ER o KI5 e T RS (E8) o e T e 3 B — M
FaZEiy, WZs . PEPIER LA, TP LABRAS KIEEM . R 8 mIAL, 78 P % 4240 181
WALV, HLAZEA A s, 0K I AR mh . R PE b ERsA &) »,
FECKIBEE S “S” M, KIR0~15 m/KIEZHT N, 15 m U F 2%, 30~35m



1122 i B 2E 4R 704

i516.3~17.3 °C, Ff-4a A iz i il
JRAATEIR IR AN o TR, PRI Ak
P AR R 2 12 Tl SR I A 7, (]
I, 33t 26 B X B b BRI Shoxd T8 ok
F) 2 B At i 2 R

4 45e

(1) AT A]P B DA TF AR 45 K

F5e 44 vk 2 Z A h R AR 10 A P07 T L X 2 AR AW A
—F/ETJ 211 H J:/ETJ Fi11 H [:F‘/H_J 2124 Fig. 7 The characteristics of ice of adjacent

J:/ETJ . /ﬁﬂ ]EI EB %ﬁﬁ%éﬁi%é#ﬁ%*% lakes in the Hoh Xil region
SERTRIZ0 AN 5 FF IR Al 58 427 B S
TR ACA A3, 2 AR RAE )
A THRIZAMIMS APz 6 H I
A1, AR TRINZ 181 d, T
FARWI 196 d.

(2) FEZS[H) ARG o R S
H Al R AE B, WK VR 250 il =3 A
153 2 5 1) P b 3 BLAT A i) — Bk o
AT AT PG B DX R 2 (R A X 32 B
A 3F, K A — YRR
AR R L, kR
T VI P I e A 0 T, I VK
5 R 1l R 71

(3) 2000-2011 4E4fa], A] Al g
b DA T UG 7R 245 RN 58 R ZS BT TR A TR, AR AR 535004 0.73 d/a F10.34 d/a. ¥
AT LG T Al R AR AR o R 2%, 3/5 WA R H (—1.66 d/a); Y 58 4 TH Rl (] 35
WHERT, AR AR -0.81 d/a. EBAGRES HER FUE AR RIVE AT, W] v B XA
SEA BRI RN VR IR i (R 4, P37 530 -2.21 d/aFil-1.91 d/a.

(4) WRVKP s REAE SsTm vk A 2 AR AL RN A B AR R E s SR . -
L AR (R MUl R 2R B 29258 ) SRR MR T AR VRS () SR B2 2, YA i AL
7K A0 BE AR R I I VK e A URES . JFERTH AL . S8 RS R 2R,
TR WA T 3 A5 22 5%, Mo WA TR EE . WA G B XY UK U AR IR A T
SENR, AZ AT ARBCTERIRR G, AR SO th 1) — S8R A o T RPN A B 28R B0k . I
A, IR I J5 5 B A0 D A 5 2% DX S A S T, YA AR N 2R R S Y
T VA BT DX 3 NS A 25 77 HE AT 2R B S S b2 (] U 1 T 1E— 2B IR AE SR

K8 fEJE W uK I RiE

Fig. 8 The characteristics of ice of the Cuoni Lake
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Spatial-temporal variations of lake ice in the Hoh Xil region
from 2000 to 2011

YAO Xiaojun', LI Long', ZHAO Jun', SUN Meiping"’, LI Jing', GONG Peng', AN Lina'
(1. College of Geography and Environment Sciences, Northwest Normal University, Lanzhou 730070, China;
2. State Key Laboratory of Cryosphere Sciences, Cold and Arid Regions Environmental and
Engineering Research Institute, CAS, Lanzhou 730000, China)

Abstract: Based on the boundary data of lakes, some moderate-high resolution remote sensing
datasets including MODIS and Landsat TM/ETM + images and the meteorological data, the
spatial-temporal variations of lake ice in the Hoh Xil region during the period 2000-2011 are
analyzed by using RS and GIS technology. And the factors affecting the lake ice phenology are
also discussed. Some conclusions can be drawn as follows. (1) The freeze-up start (FUS) and
freeze-up end (FUE) of lake ice appears in late October - early November, and mid-November -
early December, respectively. The duration of lake ice freeze-up is about half a month. The
time of break-up start (BUS) and break-up end (BUE) of lake ice is relatively dispersed, and
appears in late April - early June, and early May - early June, respectively. The ice duration
(ID) and the complete ice duration (CID) of lakes are 196 days and 181 days, respectively. (2)
The phenology of lake ice in the Hoh Xil region changed dramatically in the last 10 years.
Specifically, the FUS and FUE time of lake ice showed an increasingly delaying trend. In
contrast, the BUS and BUE time of lake ice presented an advance. This led to the reduction of
the ID and CID of lake ice. The average rates of ID and CID were -2.21 d/a and -1.91 d/a,
respectively. (3) The variations of phenology and evolution of lake ice are the results of local
and climatic factors. The temperature, lake area, salinity and shape of the shoreline are the main
factors affecting the phenology of lake ice. (4) The spatial process of lake ice freeze-up is
contrary to its break-up process. The type of lake ice extending from one side of lakeshore to
the opposite side is dominant in the Hoh Xil region.

Keywords: lake ice; lake; phenology; climate change; Hoh Xil region; MODIS



