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Spatio-temporal evolution of glacier landscape pattern in the Yarkant River Basin

from 1991 to 2017
PENG Jiajia, XU Liping”, CAO Cui
School of Science, Shihezi University, Shihezi 832000, China

Abstract; Glacier landscape change is a common sensitivity indicator of global environmental and climate change. In arid
and semiarid climate areas, the glacier landscape will change further due to the intensification of global climate change. To
scientifically evaluate the temporal and spatial evolution characteristics of glacier landscape pattern, which can provide
scientific reference for coping with glacier landscape change and its impact. Based on Landsat TM/ETM +/0OLI remote
sensing images from 1991 to 2017, the temporal and spatial pattern and change data of glacier landscape in the Yarkant
River Basin were obtained by using the supervised classification method. In addition, the temporal and spatial evolution
characteristics of glacier landscape pattern in the Yarkant River Basin in 1991—2017 were analyzed by means of landscape
pattern index, mass center migration and fractal dimension. The results showed that; (1) From 1991 to 2017, the glacier
patch area in the Yarkant River Basin showed a decreasing trend, but the melting rate slowed down, with a total reduction
of 799.50 km*(=13.09% ). The decrease of glacier patch area was mainly concentrated at elevations of 5400—5800 m a.s.l.
By contrast, the area below the altitude of 4400 m had the highest retreat rate of glacier patch area, which reached 63.68%.

There were differences in glacier landscape reduction rates among different slopes. The retreat rate of glacier landscape on
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steep slope was the highest (15.98% ) and that on sharp steep slope was the lowest (2.87% ). Glacier landscape on both
shady slope and sunny slope showed a trend of retreat, and the reduction rate of glacier patch area on the sunny slope was
significantly higher than that on the shady slope. (2) The number of patches and the largest patch index of the glacier in the
Yarkant River Basin have decreased, while the mean shape index, the mean perimeter area ratio and the splitting index
have increased. As a result, the glacier landscape has been melting and the degree of fragmentation has increased.
(3) During the study period, the centroid of the glacier landscape in the Yarkant River Basin migrated, and the overall
trend of northeast migration occurred, indicating that the large patch glaciers were mainly distributed in the northeast and
the glacier landscape was decreasing. (4) Based on the fractal theory, we analyzed the spatial structure characteristics of
the glacier landscape in the Yarkant River Basin, the results showed that the glacier landscape decline rate decreased

slightly, but it was still in a continuous melting state.

Key Words: glacier landscape change; glacier patch area; landscape pattern index; the Yarkant River Basin

PKOVAE Ay ok o B 1) T 2 R o 22— AR R R A5 R AE | 253 vk Rl st vk 110, oy
L PO | B2 AP R K BERL Y AR PR 2 S A B2 s i ™ Y, B BRI AR T T
UL ZE LUK | 2Rk 5 AL THREEETHRIOIRES S P39 AR > 2260 42 110, PIEDK)I EZ AN AR E T 5T
e X, 7E P RET 50X, DR —FRRER 4 ORS00 SR e TR IX < Rk, Al
W7 5 T, PRI AEARE T 5 XA 1 AR AR S IR A ROl A 7 R S 2 P TR 8 R AT A s 1
AR IE RS PRV AR A ) — ZR P FEN | 2 RCK 24T A %) 14 B B B S (el i ok ) 1 S50 Jm) AR T 5, T 4
e R UK S LG ) e 28 AR A DR B | DRy I o1 AR A S HE i B (IR 2 i & 15 DR SCHF

UTARSR SR SR A 75 0E B2 N T AR A, JU R AN ) - 2 T (R e i5E R AE ) S0l
AR AT UK — R Y E s R IS Y AR SR A AR 28/ ML, 5 R T N A3
T2 R OV R AR R — o S P R, v S5 L5 A R G2 i 7 A T £ B s 0L L
KA, K mOAZS = EE N T UK AL R A R I 2400, 225858 XIRIGAE ™15 S 0US = 4
BO UK R AR T SBT3 A B, VKO B e e A, e KB B A B R A TR, i 2™
ARGTEAR I L it JRARGA SR DX oK) S5 A AR AL, 5 AR Ry 550, 20 B 2 B of N BB o 32 5 B ST i N i 48
FotaH KONBER KRR . BEE RS GIS FABOR )32 W H T k) SR AT s b e S R AR RS
SFHRAHSS 5, AT LS DAY 278 oK) 1 SRR R i AL A

IR ISR A S B FEA 8 M DY o B R AT , AR IR /N O T ok SRR i, 2R SR A (U PR
R R AR 25 AR G s AT A B BRI 2 — IR X AP Rl )y 2 B i A A 3R B 2 & e TR 22 U A
JEEAEEAERT ) X T AR ISR AR UL, PR R 48 K CH 55 1 VKO RlR o] )1 A2 3 9 18 55 1
FH ST X A U ) £ 2558 2 A M Sl TRT st o 3 3 DX R 9 A 97 7 5 R B R e L B e (e e
Aol % eGP AR R, S8 F I, AR SCBETF 1991—2017 4F Landsat 328 B SZ AR B | 38 28 201 7K )1 BE B i A1
BTk SR 1) A48 A LA RS B AR B0 SR i 7 DA S5 WL 2 728 A 38 s 3N T RE A8 g B2 e 4 57 L
23 AR SR A5 B S UL R 18 RO R4S & 70 I AR KO A5 7s I R ST Sk I | S5t IR 4 728 A R ik DL B A ok 1|5
WESETE

1 HREHR

Wb R SETRT AL IS, T 5 5 7 p R, B R B % (] 1) o WEGEF A T 74°28'—80°55" E,35°27'—
40°42" NZ[a], HH /R SERNAE R AR 9.89%10%km? , 2K 29K 1097 km, 2R E 2N 66.3x10°m’ |,
B UK RlKCRT R KRR P R PG RITER B PRIE TR A2 B R L A K R 7 D R ] B¢ L A BEL 4 ot G ik
ABE, BUE R IET R H A T R0, 2R K Y 30—60 mm' > JE A ML ARl AR, R

http ; //www.ecologica.cn



20 4] AN A5 1991—2017 AR ISR oK) 55 LA oy i 2 3 A 8267

N R FHEE S5 IR ZE kB R, ZAE S IRIA 9.38°C , Hirh Z4E - W AR IR M -3.29—5.89°C , Z4E 1
B ARIK 11.03—19.73°C ) MR BN I IE th 45 b 17 P R a2 THT , i 960—1500 m ()5 JRIX TH 2= #
1 LI DX B 6000—8400 m, 5 P4 R 6 i L1 X R vk 1 AR R AR F1) 4548

WAL B AR

38°N

e [E R

— HREX

pap
- wkan

R ()
= : 8478

—
964

%,
23
g
7

36°N

0 50 km
—

76°E 80°E

E1 #ARRETE
Fig.1 The study area

2 HBIESTE

2.1 BRI SR
2.1.1 BRI

ARSCBEFH T i Landsat 25 TR TS 20 TM ETM+F1 OLT /£ RS A5 10 18 B AR B , B0k U5 T H P 2%
[ 54 F& (hitp ;. //www.gscloud.cn/ ) o R0 25 Z5 5 vk 1 BESR B BR A2 00 , 1991—2017 4F T ik 818 1%
Il 7—9 H H = 88T 20%, &2 T 19911996 ,2001 ,2008 . 2013 2017 4E 6 BT A K 24 HH5214%
(1), AFFRTERD DEM B4 30 m 43P0 SRTM1 K08 52 77 i, >k U5 T M 38 25 (| B0dl = °F &
(http ://www.gscloud.cn/) ,
2.1.2  VKJIBEHER

A SCHEHU 18 B AG AN Level 1T 40, ATFEIATILMIBLIE , B THF5E X B ES 4 5o Bog 4, Bt LATE
AT EPRFIR SMIE R T X 4 ST UG DHERE ST | DME 58 28 5 BIRFTE XA vk . 5 HAh 4 26 7
FAEE, VKO TE BT LI BE RS R 140, 7R G 18 T RE RS 5 HAt M) T s SRy B b iy )2 22770 0 B e
W SR Ak TR B0 (NDST) ) HfE B k0 1) % R o Ak Y AR vk AT AR R, AR
SCAE BN ENVI 5.3 3% T™M Fi1 ETM+RH 6 .2 3 I Beifi A 7B (& 8, OLL SR 7.2 3 W Bt T IR (& L,
FEBEBINGRFEAS R AR WA B A 2T 6 M2 B AR B AT VK1 BEBRER L, SR J5 % o 2R 8 R kAT H

http ; //www.ecologica.cn



8268 A E = 2%

BUAR RIS, A PRI . 0 0 45 ST TAS HE R IE , 6 M1 4 A SRR HEBY KT 90% , Kappa RHAK
T 0.90, 53 40 FAnifE

F1 ERHEERIIR
Table 1 Landsat images used in the study

ARG A H nit WARG T N ER mhE
Image number Date Cloud cover/% Image number Date Cloud cover/%

LT514703519912401SP00 1991-08-28 1.07 LT51470352008271KHCO1 2008-09-27 14.87
LT514803419912311SP00 1991-08-19 3.51 LT51480342008214BJC001 2008-08-01 2.25
LT514803519912311SP00 1991-08-19 18.87 LT51480352008201KHCO1 2008-07-18 5.46
LT514903419912311SP00 1991-07-25 5.12 LT51490342008269KHCO1 2008-09-25 8.27
LT514703519962541SP00 1996-09- 10 0.86 LC81470352013268 LGNOO 2013-09-25 9.50
LT514803419962131SP00 1996-07-31 10.21 LC81480342013259LGNO1 2013-09- 16 18.93
LT514803519962451SP00 1996-09-01 17.06 LC81480352013195LGN0OO 2013-07-14 10.36
LT514903419962361SP00 1996-08-23 4.63 LC81490342013186LGNO1 2013-07-05 13.83
LE714703520012755GS00 2001-09-23 9.00 LC81470352017263LGNOO 2017-09-20 11.53
LE71480342001202SGS00 2001-07-21 10.00 LC81480342017222LGNOO 2017-08-11 4.80
LE714803520012025GS00 2001-07-21 6.00 LC81480352017270LGN0OO 2017-09-27 18.80
LE71490342001273EDCO01 2001-09-30 1.00 LC81490342017213LGNOO 2017-08-01 4.67

22 W
2.2.1 SO SR HE L

SO R BRE A% 2 e e S UL 2s T JR 1 B, S W FL 8 P AR AR AE ) AR SRR A1 5 LS S i e B
JE ], 2R SRR 5 A SOOI R B0 2 ATt it IR ST sl vk ) 1 5ol i 22 4k, 46 BRI (NP ek
BEHAEEC(LPT) ST ARTE S (SHAPE-MN) P34 8 K i AL e (PARA-MN) F1 532§ BE 8 44 (SPLIT) . W HHF
VRN SEULE 7

OBEHEL(NP) W78 X BEPEC, TR, (I = 1, BEHER A8 B s WL 7 X ok 1 5 X3 Rtk o
SCREAE 7R VK1 S5 IR R JE AR A A 3 ( NP ELBR , 26 BH VKO 1 S LA e g )

Qi KBEHAEEL(LPT) « S BRK )1 BEBR 5 KBES (7 A4S 0K T BES g L], LA Ak ] L AE R AR k)1
BYARAEAR DL, Ik Ny

max ¢,

LPI =

x 100 (1)

K, a, FoRE | DUNBEPTE R A TR vk BES SR,

G FHTEARFEEL(SHAPE-MN) « 38 13 LAIE J7 T8 BIARHEEA T X0 R, A A, B e B K| RLAS W 9 i, oK )1
BEHE PR B FI . Rk .
" 0.25 p,

i=1 .
SHAPE-MN = wa (2)

o, FRE LA VKNNBES B HIR , p, 2R 55§ A TKNBEBR B n F7R vk BESAN B
@A HALL (PARA-MN) « S vk 50 E 2 TR R B9 T 15 B0 B R AL R B2, JLAEDBOR , R W]
VRV S LR R A ™ i, RN

n
P

i=1 a;

PARA-MN =

(3)

n

A0, FRH LA VKNNBESRRYHIER , p, 2R 55 | A TKNRESR B n F7R vk BEHAN B

http ; //www.ecologica.cn



20 4] AN A5 1991—2017 AR ISR oK) 55 LA oy i 2 3 A 8269

G55 BI BEFE R (SPLIT) KB ARG I, T LSBT SRR T AR A 9/ N R oK T BERR /N 3 R34
EwoR
AZ

n

SPLIT =

(4)

2
a;

K, a, FoRE § DVKNBES TR A FoR VKBRS SR, n SRR UK BEHANEL,
222 JKNFUECITH

JC SR A b BB R 2 (8] 43 A B — AR A, B0 v F T M B A AR AR R R oK) SO A
AL B AR A7 Hiu A 2 ()8 38 O | S5 O e 255 e AR SRR 38 2ok T 25 A s B K S ) 0 43 A, T LA KR
BRVK) N S22 8] (4 AR A 5 487 kNS0T Rl s ME R R TR AR AT . DR, S SORE S5O0 5T 0 43 B T k)1 55
SR BIFSE , TR UK S5 A JRy A T AR AT

M

n

X=Y (€, xx)/3 (5)

Y, = i(cnxm/i C, (6)
KX, Y, BRI ¢ B AR S50 o3 A 09 BT 28 B N E B AR 5 C, FRoR KON S RS ¢ B B35 ¢ BRFe i) vl
B X, YRR § A BEH G RO 26 A bR
2.2.3  VK)ISEORRSE P VEA
S BRI 2 T 1 A ST T B A G G FOR I Mt A s R 25 4 B BRI Y vk LA B s i 2 ) b R b
UM —FEE AT k)N AR A B i BRI, AR SO FH 0 T8 B AR O JR IE T it sk ) 1 o0 4k R 5ok Ak vk
JIZs Rl A ge e v SR A a3, Rk h .
A=kPb (7)
K, A FoRF—VKNEF; P Fmiz k)N s D FRR -4 280k Fn e R H2X(7) BOS B 2

2
leA = =1gP + C 8
ed =g (8)

A, C A EL WX8) TS VKR -IIBROC R . D (HBER R VK)I 25 I 258 2 4% . Y D (H#R R
1.50, FRBIUK)N 25 M Z5 A MO AE o K1 25 ) 25 A RS P a4k SK TR RIA R

SK=11.5-D| (9)
Ao, SK BB, ZRBH vk )1 23 [A] Z5 M AR R 5 AR s, WO ER R

3 ERaW

3.1 MRIERNIRIK ) SO 23 AL FRAE
311 PRI BRI AR L

1991—2017 4E | /R 36 0] 7 38l oK )1 BE B 1 FR 6108, 62 km? 3820 3] 5309. 12 km?, 23 /0 799.50 km?
(—13.09%) , WIRIEMHFITIKN | AR T2 IFFLER AR FEAS [T B oK) 1 B v R D R A7 A 25 57
(E2), Hrr,1996—2001 4 i [ia] B vk )1 BE S 1 AR 982k e e B, 3K 0.7%/a; FLR KK h 1991—1996 4F: |
2001—2008 4 ,2013—2017 4B ] BE, Ik 53 51 R 0.69%/a,0.47%/a ,0.45%/ a;2008—2013 4F-H [H] Bt vk
JH BEH T R I R 12 AR 0.30%/a, 1345 B K ) 1 BB v R T Dot 238 2 B I /R S T 3 Sk vk ) 1 | 5 0 28
EERS W R SR
3.1.2 ORISR R B A ik

VR A R k) SOWAE b FEZEHIE R N 2 — " PSRN RS R R S IR B K A
—E 255 BN SORTEA RIS RR BETH R A AE 25 5% . A SCHI A DEM 2048, W ArcGIS 482 50T it

http ; //www.ecologica.cn



8270 £ A ¥ W 25
[} ] Time
g = = @ =
IR
6200 1 - 2 4 4 oz 4
° VKN BESeE AR N N S S S
0
- ROV IS
o 40 XL R R
E K RRY R
Z 5800 | RSO S0 So Il %o %0
5 -80 FRY KKK Y
g R R KRS
z I RRY R
& 5600 |- -120 KRN KRN KRN
= R KK KRS
B Y R KRS
160 FIXX R KRS
5400 | ™~ K1 K K
R (RYY XX
\ 200 LR KRS
Ry RS
Rede RS b R
5200 1 1 1 1 1 ) 40 L
1990 1995 2000 2005 2010 2015 2020
f ] Time

B2 1991—2017 F MR IFEMRE K BERERE
Fig.2 The area change of glacier patch in the Yarkant River Basin from 1991 to 2017
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Table 2 Statistics of glacier patch area change and elevation gradient in different periods of Yarkant River Basin
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Fig.4 Glacier patch area change of different slopes and different aspects in the Yarkant River Basin
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Fig.5 Changes of landscape pattern index of glacier in the Yarkant River Basin
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Table 3 The changing of fractal Dimension index and spatial Structure Stability Index of glacier Landscape in the Yarkant River Basin from

1991 to 2017

AEARY Years 1991 1996 2001 2008 2013 2017
A3 YE%YL Fractal dimension 1.23 1.31 1.21 1.2 1.21 1.18
73 [A] 45 F RS E P8 %X Spatial structure stability index 0.27 0.19 0.29 0.3 0.29 0.32
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S RBELE A AN [ B 2 ] kN A o3 A A S 2 FR I, AR SO oM A 282 00 R B e, (i B s VLA JR i 4
RATHTT VK SOURLERE) (AR RRAE . BIFTT 5 S 0 S T 5 DX K ) 1 S5 U8 4 1) 28 Ak 34 | 3 AT 42 g X vk
5SS R4 28 A AT S AR, SR X oK) 1 SR Ak K HE m B (S5 4K 06 . vk SORES 0 B 24 20 B
5 ARSI N B — 254 & 898 T HAH AR RRAE . A6 5 J5 WG v ads 75 AR 8 KO 1 BESR 1) K/ Ntk 7 20
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(1) 1991—2017 4, 7R FET] vk ) BBk Ak 2D 799.50 km® (—13.09% ) 5 7K1 BB i A7 ik 3 22
BRI 5400—5800 m Z[8] , M2 T, MR 4400 m LA A4 DI oI | BB 1 AR % B 5, 34 63.68% ;1%
TSRO 50 3 BEAR T A3 A0 23 B > 35 R IE 1 I3 K1 R T FRU 93 e 1 (15.98% ), 2 I 5 31 Do e
I(2.87% ) 5 BFH 35 oK ) 1 S50 W0 357 S 3R b 32, B33 oKk ) 1 Bk v XL 31 sk 3 B 88 35 F B33, 4310 0.51%/a
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