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Abstract: The Landsat series satellite remote sensing data from 1970 to 2017 are adopted for basic data to study the
land covers in the Shiyang River Basin by data processing and object-oriented information extraction. The transfer matrix
and GIS approaches are used to analyze the temporal and spatial variation characteristics of different land types in
Shiyang River Basin. The results show that: 1) In the past 50 years, the natural oasis area in Shiyang River Basin has
been decreasing year by year, from 35 917.53 km? in 1970 to 33 865.47 km? in 2017; and the area of artificial oasis
increased correspondingly from 5 355.79 km? to 7 207.70 km> 2) The cultivated land, natural forest land, natural
grassland and construction land show a generally increasing trend. The increased cultivated land is transferred mainly
from natural grassland, unused land and wetland. The increase of natural forest land is mainly from natural grassland

and unused land. The natural grassland area is increased mainly by the transferring of unused land. The construction
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land expands by taking up surrounding grassland, cultivated land and unused land. 3) The evolution of land types

reflects the better ecological environment and increasing oasis area of the Shiyang River Basin.

Key words: land cover type; Shiyang River; remote sensing (RS); Geographic Information System (GIS); evolution;
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Table 1 Satellite data of the study area
i AT B 2 AR ] s 15 BRI AR ] P (R €/ TE S VR A Ly ]
1 141033 Landsat MSS1 19740615 25 131033 Landsat5 20000719 49 131033 Landsat7 20120829
2 142033 Landsat MSS2 19760930 26 131034 Landsat5 20000921 50 131034 Landsat7 20120914
3 142034 Landsat MSS2 19750620 27 132033 Landsat5 20000608 51 132033 Landsat7 20120804
4 131034 Landsat5 19880616 28 132034 Landsat5 20000811 52 132034 Landsat7 20120804
5 131033 Landsat5 19880616 29 131033 Landsat5 20050802 53 131033 Landsat7 20130605
6 131034 Landsat5 19880616 30 131034 Landsat5 20050802 54 131034 Landsat7 20130723
7 132033 Landsat5 19870909 31 132033 Landsat5 20050606 55 132033 Landsat7 20130628
8 132034 Landsat5 19870909 32 132034 Landsat5 20050724 56 132034 Landsat7 20130628
9 131033 Landsat5 19910625 33 131033 Landsat5 20080725 57 131033 Landsat8 20140710
10 131034 Landsat5 19910625 34 131034 Landsat5 20080725 58 131034 Landsat8 20140726
11 132033 Landsat5 19910616 35 132033 Landsat5 20080603 59 132034 Landsat8 20140717
12 132034 Landsat5 19910616 36 132034 Landsat5 20080603 60 133033 Landsat8 20140724
13 131033 Landsat5 19920729 37 131033 Landsat5 20090914 61 131033 Landsat8 20150611
14 131034 Landsat5 19920729 38 131034 Landsat5 20090813 62 131034 Landsat8 20150713
15 132033 Landsat5 19920602 39 132033 Landsat5 20090617 63 132033 Landsat8 20150821
16 132034 Landsat5 19920602 40 132034 Landsat5 20090617 64 132034 Landsat8 20150821
17 131033 Landsat5 19950706 41 131033 Landsat5 20100715 65 131033 Landsat8 20160731
18 131034 Landsat5 19950706 42 131034 Landsat5 20100715 66 131034 Landsat8 20160715
19 132033 Landsat5 19950611 43 132033 Landsat5 20100722 67 132033 Landsat8 20160803
20 132034 Landsat5 19950611 44 132034 Landsat5 20100908 68 132034 Landsat8 20160803
21 131033 Landsat5 19960130 45 131033 Landsat5 20110718 69 131033 Landsat8 20170718
22 131034 Landsat5 19960521 46 131034 Landsat5 20110718 70 131034 Landsat8 20170803
23 132033 Landsat5 19960816 47 132033 Landsat5 20110607 71 132033 Landsat8 20170709
24 132034 Landsat5 19960816 48 132034 Landsat5 20110810 72 132034 Landsat8 20170810
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Table 2 Classification of land cover types in the study area
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Table 3 Changes in land cover type in Shiyang River Basin from 1970 to 2017

P b > ||

gf%&%i 1970 1985 1990 1991 1995 1996 2000 2005 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
RERMHL 6881 7205 7205 7205 6684 6791 6797 7153 6834 6827 6842 6746 6738 6793 7355 7361 7521 7486

[k RHAKHL 9758 9734 10291 10282 11905 9238 11998 11998 12428 12579 12621 9611 9976 12545 12323 11413 11872 12453
B kB 921 637 650 659 614 562 488 485 281 243 261 274 265 253 256 256 248 253
HAth 18157 17866 16791 16791 15704 18397 15169 14607 14558 14477 14438 17480 17150 14451 14026 14913 13826 13674

B 4096 4097 4625 4625 4721 4766 5081 5268 5163 5161 5115 5146 5171 5143 5130 5083 5453 5214
NTIARHL 376 629 623 623 428 347 413 388 407 398 390 310 305 384 455 369 502 390

AT ATLEH 36 36 36 36 24 31 51 30 27 27 32 21 20 21 17 18 37 23
S M 595 595 595 595 683 638 711 745 817 795 816 923 863 923 965 1077 1002 1067
KEEHL 53 75 59 59 112 113 101 103 260 261 259 259 260 259 249 240 269 264
KAHH 200 200 199 199 198 191 263 296 299 305 301 304 325 301 299 343 342 251

THI AR km?
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Distribution of land cover types interpreted by remote sensing in the study area

a—1970;b—2017; 1~15—H ZREE I (natural oases) : 1—A3 PHb (forest ) , 2—E AR M HL (shrub ) , 3—i5i Ml (open forest land ) , 4—H Al A HE (other forest ),
5—a 7 B H (high coverage grassland),6—"1 7 75 & B M (middle coverage grassland),7—fIL 7 35 £ H i (low coverage grassland),8—] %
(channel ) ,9—#TA (lake ) , 10—HfEHh (beach land ), 11—7B7F 1 (marshland ) , 122—¥03(sand ) , 13—3L5f3b (saline-alkali soil ), 14—#f 131 (bare ground ),
15—H:Ath Cothers ) 5 16~36— A T Z¢ Yl (artificial oases):16—7K F (paddy field ), 17—7K B (irrigated land ), 18— 45 (dry land), 19—45 #RHl (forest ),
20— AR MK (shrub ) , 21—5i M 3B (open forest land ) ,22—Ho At bk 3l (other forest) , 23— 7 75 J& b (high coverage grassland ) , 24— 75 J& Hi b
(middle coverage grassland ) ,25—{K 2 56 5 55 H (low coverage grassland ) , 26— FH 1 (urban land ) , 27— A1 i B 5 FH 3 (residential area) , 28— L4
FiHb (industrial land ) ,29—A[ % (channel ) , 30—7K & 5L (reservoir/pond ) , 31—l (beach land ), 32—JH i (marshland ) , 33—VP i (sand ) , 34—
Hb (saline-alkali soil ), 35—#f - (bare ground), 36— At (others)

R4 AFAHIE 1970~2017 £ L BWRBEARER
Table 4 Comparison of land cover types in Shiyang
River Basin between 1970 and 2017

— gk ek 1970 2017 AL RIS

KERMHL  6880.86  7485.83 604.97 8.79%

RERHH 975832 1245272 2694.39 27.61%
FARERI K I Hh 921.41 253.20 -668.21  -72.52%
AR AL 18156.94  13673.73 448321 -24.69%

it 35717.53 3386547 -1852.05 -5.19%

i 4096.18  5214.09 1117.92 27.29%

JNER N 375.64 390.18 14.54 3.87%
N L H 35.79 22.81 -12.98 -36.27%

AT 2 i 594.74 1066.60 471.86 79.34%
K 53.09 263.91 210.82 397.08%

AR H 200.35 251.11 50.76 25.34%

Gt 5355.79  7208.70 1852.91 34.60%

THAR AL : km?.

k5 AETRE 1970~2017 £ FRIETL ERE
Table 5 Transfer matrix of land types in Shiyang
River Basin from 1970 to 2017

2017/ - R R K AT AT ik KA
1970 MR FHL WML Aob wIi A M

PHih 364959 30.28 27639 247 14.68 1.12 102.17 19.47
KIRMHL 30.17 6489.05321.74 0.11 032 0.00 1.17 3829
KAERFH 921.15 438.53 6679.23 29.31 66.94 4.69 229.34 1389.14
KEIEHL 125.89  0.27 24249 47146 8.67 0.00 573 11999
NTLHHL 47.69  0.00 10.15 0.03 281.46 0.00 2494 11.37
ANTEH 693 000 319 000 003 1648 7.34 1.82
M 9.18 000 022 044 1.18 029 58240 1.03

KA H ML 423.16 527.70 4919.02 1329 16.90 0.22 113.52 12343.50

TR LA < km?

1990~2000 4, A1 {n1 g 35 4= Hh 2 Y 1Ak 2 Bk
M R SRMRHE R SR N T R 3G
IR H N TARHE R FH b v/ Akt A 15 5=
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Table 6 Transfer matrix of land types in Shiyang River Basin during periods from 1970 to 2017

I i) T H i ROMM KRR KB AN TAM AN TR #R M RAH By AR Al AR
Fr 3825.03 53.93 159.98 3.57 0.71 0.24 2.89 49.82 271.14 624.45
KR 29.6 6628.64 221.83 0.22 0.22 0 0.34 0 252.21 -196.48
KARH M 571.7 0.59 8195.17 9.95 58.1 2.97 81.05 838.78 1563.14 2146.55
K b 7.71 0.02 269.56 682.98 8 0 0.97 5.27 291.53 37.17
1970~1990 A Tk 1.33 0 16.21 0 355.29 0 0.39 241 20.34 52.7
N LF 0.16 0 3.64 0 0.17 20.45 3.97 7.4 15.34 -11.82
HBH b 0.22 1.17 4.26 0.01 0.02 0.01 586.52 2.54 8.23 88.71
AR H 284.87 0.02 3034.21 28.69 5.82 0.3 7.33 14996.04  3361.24 —-2455.02
LN 895.59 55.73 3709.69 42.44 73.04 3.52 96.94 906.22
B 4550.41 24.92 114.79 1.72 10.65 1.73 6 10.41 170.22 360.75
RAIR 33.75 6557.97 67.43 0 0 0 11.66 13.56 126.4 112.34
KARHH 389.14 123.48 10775.47 26.96 35.02 25.43 20.72 508.65 1129.4 93.1
IR AR 4.75 0.03 43.69 546.97 2.97 0 0.29 126.72 178.45 -84.84
1990~2000 A T-Aki 0.19 0 53.87 0 360.55 0.17 0 13.54 67.77 -15.04
N TEE i 0 0 0 0 0 20.41 0 3.56 3.56 27.33
R 2.19 0 7.86 1.61 0.37 0.28 670.17 0.98 13.29 27.87
AR H 100.95 90.31 934.86 11.59 3.72 3.28 2.49 14755.06 1147.2 -469.78
LN 530.97 238.74 1222.5 41.88 52.73 30.89 41.16 677.42
i 4785.04 2.3 168.77 3.92 22.46 35 55.34 40.05 296.34 32.83
KR 47.71 6430.24 318.54 0 0 0 0.2 0 366.45 44.88
TR F M 187.34 290.84 11128.42 18.29 28.29 6.75 52.13 28591 869.55 623.05
IR AR 11.62 0.1 45.79 493.6 0.31 0 1.58 35.85 95.25 -9.72
2000~2010 A TAkHh 6.74 0 40.27 0.88 329.21 0 2.78 334 84.07 -23.05
N T 2.61 0 7.34 0 0 21.15 1.58 18.63 30.16 -19.69
ik 6.54 0 14.18 0.02 0.07 0 690.19 0.34 21.15 104.71
R A H 66.61 118.09 897.71 3.02 9.89 0.22 12.25 14324.7 1107.79 -693.61
LN 329.17 411.33 1492.6 26.13 61.02 10.47 125.86 414.18
b 4846.29 9.29 134.69 2.4 30.99 0.1 69.68 49.82 296.97 -13.72
KR 12.85 6533.53 171.39 0.05 0.66 0 0.41 0 185.36 636.23
RIREEH 192.59 395.62 11241.14 10.58 36.01 0.45 112.67 838.78 1586.7 -504.88
IR AR 1.18 0.19 40.34 474.97 0.14 0 1.76 5.27 48.88 243
2010~2014 A T Ak 27.33 0.75 10.87 0.64 337.37 0 7.08 241 49.08 68.74
N T 9 0 2.62 0 0 16.88 2.75 74 21.77 -21.22
i 18.07 0.4 14.01 10.8 2.25 0 763.03 2.54 48.07 154.04
R A H 22.23 415.34 707.9 5.1 47.71 0 7.76 14996.04 1206.1 -299.88
LUN 283.25 821.59 1081.82 29.57 117.82 0.55 202.11 906.22
i 4991.52 15.97 85.64 0.03 9.4 1.75 19.11 6.13 138.03 84.57
PN YN 10.05 7215.39 98.13 0.05 0.37 0 0.86 30.25 139.71 130.74
KK HHY 96.01 141.61 11563.75 20.79 9.35 1.96 53.68 435.89 759.29 129.57
IR b 1.92 0.09 4.43 493.29 0.66 0 33 0.86 11.26 22.96
2014~2017 A\ T Ak 65.05 1.4 36.28 0.13 32225 0 24.77 5.32 132.95 -65.03
N TR 4.82 0 0 0 0 12.05 0.55 0 5.37 5.39
AU I 21.04 0.09 1.88 0.06 4.09 0.03 936.6 1.34 28.53 101.6
AR b 23.71 111.29 662.5 2.76 44.05 7.02 27.86 13445.06 879.19 -399.4
LN 222.6 270.45 888.86 23.82 67.92 10.76 130.13 479.79

TAILEAAT < km?
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389.14 km?,100.95 km?; KR b AR A HG I, = 2205
TREIRB b A HOAE A AR 25, — & A3
A 123.48 km?.90.31 km?; #E35 FH Hb AT ER B3 i 3= 22 1A
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11.66 km?; A FI FH kb 32 L5 A0 AR . bR RN B 1, 5
T R B 100.95 km?,90.31 km? 1 934.86km?; A
FI TR FR A 80 | T2 AR b ) KSR H kb
AL, 10 AF[R] A 5 ARG K, RIS DA
Shy = A0 A R e T AR S B K B )N, R A
FE XA AR IR B T k.

2000~2010 4, A7 2 ds 4 Mo A B A S BB
iy R IR R, R SRR | 1 b A3, AR FH b
N bl N T8 K IS0 i 2. b 1 184 i 32
BT RAR A R A A TE B, 3 AT LB A
187.34 km?.66.61 km?; KIRFRHL SRR EAK,
TR 1] AR B 3th Kk 3t 2 Lk 1 T R AR B
AP SRR AR TR AEZE A K R F b
HEN FEEEE T I A R SR B H AR A, =
F R A 55.34 km?,52.13 km?,12.25 km?; A F]
P SReis Ry 32 ) AR SRS D, 2258 A0 RAR B |
KR, % T ARG 353 897.71 km?,118.09 km™

2010~2014 4, AW o R S AR S R
SR N A i T KIS A3 T, IR
i R A N TR B R A D b e T R
AR, BT, EELBUN RIREH CTAR
TR AR b 1 Bk b A 5 Al S5 B st 1] TR
N Ml HE35 R AR b 5 A T A 228K
PRI T A = A A ], B A FL T A e
BAPA. R TR P3G 0 32 2 R R AR FE R
I b 1) 5 Aok, e AT AR 23 ) 395.62 km?,
415.34 km?; FERH b AR A 3G 0 32 B R AR
. BEHLE TR R, ZEH R 112.67 km?,
69.68 km?; 7K Il I b [ AR B I 0, 32 HE 5 KSR B Y
BEAAT O 5 AR B b s /b T BLE TR s R
FEARFIH d T RIR B G

2014~2017 4, A~ Fm s 4 i 28R S AR SR
SRMHE R AR B M | 35 T s AR 38 T, A TR
A LA L. BRI TR A 2 i = A TSR

H R TTR R AT AR S 3 141.61 km?,
111.29 km?; K AR F 0T AR 38 0 32 2805 T8k R 2R
M SRR AL, AT RS 85.64 km?,
98.13 km?,662.5 km?; 15z F b A 4 385 i =5 25 4
B RAT G, IR AR AR FH b A 1 b2 R
(T AR s BEH A I 5 AR T A G, 2R
SRR B ] N TARHD A FH L R . XA
A Hb T RS AL S B |
RERMRH IR FE A T AR, TR 08 23.71 km?,
27.86 km?,111.29 km?,662.50 km?.44.05 km?, JzBLiZ%
I — 5 THT E RS A A, ST b o) 5 b %) 2
A6, 5 — 07T T NZEIE SN, BTy ek AR T B
FH T AR F 3.

5 it
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