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Fig.1 Location of the study area
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Tab.1 List of the Landsat images used in this study

5553 BHE S A ] it 5553 BE S A e
1 144/34 1990-03-29 ™ 17 144/34 2010-09-28 ™
2 145/33 1990-03-04 ™ 18 145/33 2010-10-05 ™
3 145/34 1990-03-04 ™ 19 145/34 2011-08-05 ™
4 145/35 1994-08-22 ™ 20 145/35 2010-10-21 ™
5 146/33 1990-08-02 ™ 21 146/33 2010-06-22 ™
6 146/34 1990-08-02 ™ 22 146/34 2010-07-08 ™
7 146/35 1990-08-02 ™ 23 146/35 2011-09-13 ™
8 147/34 1990-05-05 ™ 24 147/34 2010-05-12 ™
9 144/34 2000-08-07 ETM+ 25 144/34 2016-07-26 OLI
10 145/33 2000-06-27 ETM+ 26 145/33 2016-09-19 OLI
11 145/34 2000-08-30 ETM+ 27 145/34 2016-06-15 OLI
12 145/35 2000-06-27 ETM+ 28 145/35 2016-10-05 OLI
13 146/33 2000-08-05 ETM+ 29 146/33 2016-07-24 OLI
14 146/34 2000-08-05 ETM+ 30 146/34 2016-07-24 OLI
15 146/35 2000-05-09 ETM+ 31 146/35 2016-07-24 OLI
16 147/34 2000-04-22 ETM+ 32 147/34 2016-09-17 OLI
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Tab.2 Land use classification system
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Fig.2 Stratified object-based mapping workflow for land use
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Fig.3 Distribution of random points employed for accuracy analyses of land use mapping



582 BINE R S #39%
3 THF AHIEREE S
Tab.3 Accuracy assessment of land use mapping (%)
Jp— 1990 4 20004F 20104F ‘ 2016 4F
AEFEEREEE O RPORIEE ARSI HPORTEE AFEENEE PR ARG PR
Hhi 923 96.0 94.0 94.0 96.0 96.0 942 98.0
A B3 93.8 92.0 94.1 96.0 94.3 100.0 94.1 96.0
A 96.1 100.0 100.0 100.0 100.0 100.0 100.0 100.0
I 100.0 94.0 100.0 96.0 100.0 96.0 100.0 98.0
PN 98.0 98.0 98.0 100.0 100.0 98.0 100.0 96.0
SRR R 96.0 97.2 98.0 97.6
Kappa 95.0 96.5 97.5 97.0
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Fig.4 Land use of the Hetian Tarim Basin, 1990, 2000, 2010, and 2016
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Tab.4 Land use distributions and changes across the Hetian Tarim Basin, 1990-2016

—— 1990 54:‘7 2000 4F 20104F 20164F A 1990—2016 4
i B/km? I B/km? i RVkm?® HiBkm’® HLf51/% A5/ km? AL %

B 2653.9 31123 3967.5 4692.2 3.1 2038.3 76.8
ARHEE 7936.1 7719.0 7489.2 7418.2 49 -517.9 -6.5
A1 140891.5 140546.2 139854.6 139077.6 90.9 -1813.9 -12
KK 1257.8 1267.8 1226.5 1059.0 0.7 -198.8 -15.8
jesidatii 156.6 250.6 358.1 648.9 0.4 4923 314.3
psSan 152895.9 152895.9 152895.9 152895.9 100.0 — —

=5 1990—2016 FAHIE B ARMX T F A EFRE L

Tab.5 Annual areal change of land uses

in thestudy area, 1990-2016 (km*/a)

ik 1990—  2000— 2010— 1990—

20004F  20104F 2016 4F 2016 4F
Hiith 45.8 85.5 120.7 78.3
RHERL D -21.7 -22.9 -11.8 -19.9
A FH b -34.5 -69.1 -129.5 -69.7
7K 1.0 -4.1 -27.9 -7.6
B 9.4 10.7 48.4 18.9

6 1990—2016 EAMMAEBEARMX Lt FIHETHER

Tab.6 Annual change rates of land uses

in the study area, 1990-2016 (Y/a)

ik 1990—  2000— 2010— 1990—

20004F  20104F 20164F 20164F
Hih 1.72 2.74 3.04 2.94
RIE R -0.27 -0.29 -0.15 -0.25
A -0.02 -0.04 -0.09 -0.04
7K, 0.07 -0.32 -2.27 -0.60
s dathiin 6.00 428 13.53 12.09

SeHEIN G IR D, AR S B R B — Ty TR AR
ARG FER , 55— 7 TR BRI B4R 5 TRk 1 7k dak
A A Y B0 -
3.2 #ithdkAER

TR 38 BLR i DX B ™ i A7 A 2 RS, B
HEXY IR ARAR TF B o ey ik A T IX
BB AR R A A B R =
JERE IR T TR —Fh 7 3 BT AR R
AR KR SRR b R A K X, 2010—
2016 4F-HFFE & 304 1 B 32 T & B b BT %) A 1)
Hu (V)P AL R R BRG] 5) . [l AFF 5
B 3T AE R ST X H BT AR T B A ) b B
%, BV 09 50 Okt I B I G A ol P b, B R AR
AT BB 6) X Fi#FHbIT Ry E 2k

A FE R L X At N T A U, s
MRS, KRR, HHbBE S+, Bg
G5 — BRI AR Jmy , B B ) 1] Bof A 2 B 3
FE RS, BRSO . A AR St
25 LR (£ 7) 2 59.4% A HT BBk 2 MMV 55 b 5%
AT, IR, 3T AL R v SR o 3 e i
B #EHE , 1990—2016 4F- 3L 71 364.1 km® i B b 4% A%
Shy R FH IR, A FH b A A b vy T R o AR b
TR 34.8%
3.3 B skiER

F5E X i FH Y 5k 2RI A &
LR A A T B A b RN 52 38 FH Hb ¥ 38 i . 1990—
2016 4F , 39 ALk A ik, 0 H & 2010 4E f5 , FiH
i DX SR TR RS T, an T S A B (BT 7).
A5 DX T R T2 LA 3 X A vty 22828 1) DY ] 9
TR IM R i, XA R R U AR & JE K
A ] A R Y M PRI R iR Sk P A
b3 Gk Hi AT A PR B, G 2 SR R FE A 70 A
BE BRI T Ak A AR v X VR ) SRS 1
T, TR XA AP G H 2528 1, K B9 mT 3R ok
1 Hh % R ) B PRI R 2R
34 EBLRERM

1990—2016 4, 1 FH 3% B Ml IX 2% B3 ) 4 i
ARAST-Ar o 7 0 T3 2025 A~ S A B b R A 1 FH
BRAT B B AR R A I 2 25 5 (3R 8),
Horp, S5 K BBk AR K 22, 1 553.2 k3 K
F]1042.2 ki’ , HYOZ IR THE FH B ]REF
SLAERN b XA ] A i R e KBk st o i A2
T AT T A AR R R T 18.8 km’s MBFHEY 7K
Lok T, B B B A K (3.845 1), k2
K E BEE CFHE FH R AR T 80%, i
T EL AR S AU 50%, [, B8 T ELER
T Y sk B 22(107.1 km?), HEUOR V& B A &
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Fig.5 An example illustrating the gradual expansion of cropland
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Fig.6 An example demonstrating the dramatic expansion of cropland
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541 WHARN 45 5 HLOR 235 b R 2 A0 T s [ = b ) FH A b 32 SR T 5
7 1990—2016 FANMHIE R ARt [X T F| FiE 54
Tab.7 Conversion matrix of land-use changes in the study area between 1990 and 2016 (km?)
20164F
19904F - — —
i A R B K8k SR FH H it
HFH 2289.6 364.1 0.1 — 0.1 2653.9
AR 0.1 156.5 — — — 156.6
RTE 5 1427.1 79.4 6313.5 110.1 6.0 7936.1
Kk 139.6 22.1 177.9 894.2 24.0 1257.8
R FH 835.8 26.8 926.7 54.7 139047.5 140891.5
it 4692.2 648.9 7418.2 1059.0 139077.6 152895.9
\ N
\ A 19904E
\ 20004F
I 20104F
," 20164F
,,l A HOFL
."
!
/
/
}
Jm /
pmas i
/
{
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k‘\\ Il
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Fig.7 Rapid expansion of construction lands in Hetian City and Hetian County urban area between 1990 and 2016
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R A LA, 95 BT BRI B e
AR B0 R RA IS , T 26

3.5 T1ig
(1) B Hb Fr g 15 P AZ A sl R 22 5% 1990—

2016 4, T HH I B by DR i A A 15 FH b T ARG
BR ARTE b TR R & S AR R A 1 2
PR R 8 4 , L 2 R R bt g — 2 T &
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Tab.8 Changes in cropland and construction land at the county level across Hetian Prefecture
o +- R Bt /knr? A b /km? 1990—20164F 454k /km®
/km’ 1990 2016 1990 2016 Bl HBH b

FIE T 170.9 945 75.7 22.7 79.0 ~18.8 (-19.9%) 56.3 (248.0%)
FIH 5089.7 405.6 731.4 122 96.1 325.8 (80.3%) 83.9 (687.7%)
W 13928.9 4144 650.1 27.6 114.0 235.7 (56.9%) 86.4 (313.0%)
HEL 25656.1 553.2 1042.2 17.8 124.9 489.0 (88.4%) 107.1 (601.7%)
Bl 23611.3 4303 818.6 28.6 735 388.3 (90.2%) 44.9 (157.0%)
REL 33896.1 31.6 153.1 1.6 6.4 121.5 (384.5%) 4.8 (300.0%)
THE 28571.8 387.5 715.5 34.0 106.0 328.0 (84.7%) 72.0 (211.8%)
A E 21971.1 336.8 505.6 12.1 49.0 168.8 (50.1%) 36.9 (305.0%)

Bt 152895.9 2653.9 4692.2 156.6 648.9 — —

E A% 5 B B B B R

H ] PO B b R 1 FH b TR 4T 20002010
AEHE— A TEY B AR 20002010 4F3 K F
0.1%/a, 1fij 2010—2015 4=}y 0.2%/a,, [F] 1] 7 15 FH
R34 K 3 51 R 2.1%/a F1 5.0%/a, 5 5T 98 Y T 5
HRIEAH He , R0 3 B M DR b R 8 15 b e B 5k
WAb TR K IR o AR5 DX [R] A A A g™
ik AL T 19912016 4F Fuf 5 75 i1 X 2 {H = F
1994—2015 4F-{ 2 £ P [X 2 TF1 2000—2015 4F- K 11
AU 57 5 1990—2016 4F 1 FHHE LA i [X 2 15
A K FAE T 1994—2015 4EIH FEGN X, 35w T
1991—2016 4B 52 73 b [X. ; 2000—2016 4= 1 HH 5 HL
A Hb DX H P 5K %02 2000—2015 45 K 111 db 3
2RI 3048 . AR Z AT N SR A
HE—E M 2ZE 5. WA IKR 5T 3 B 1980—
2010 45 1 H 2 Y DX 04 Bk b ok 1R AIK, A
1.1%/a, [A] IFBE R A A1 0H 5585 T 1990—2005
AF T FE ] 375 485 R 1990—2015 4F Fi FH i X2, A
X 1990—2016 4E#E MG Z2AK T 1990—2015 4F 4%
AR EE il DX b 3R R AR S [ B A 1
iR 3R B 2 S TR, 3 5 AR SR T ) %
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Tab.9 Comparison of expansion rates of cropland and construction land in some areas of China

HiIX WFgEmT B HEHL/ (%/a) A I/ (Yola) FORLAC
B e 35 H X 1991—2016 4F 3.5 3.7 CHR[23]
TH SR IX. 1994—2015 4§ 2.8 402 CHik[21]
A £ X 1980—20104F 1.1 4.7 CHk[24]
AT 35, 1990—2005 4f 3.8 2.1 SCHR[11]
FHTH . [X 1990—2015 4F 4.1 1.5 SCHR[25]
5 HUA | X 1990—20164F 2.9 12.1 AL
o [ PR 2000—2010 4§ 0.1 2.1 SCHR[18]
o FE PE 2010—20154F 0.2 5.0 SCHR[18]
PNIIER 23 2000—2015 4F 1.5 32 SCHR[22]
T3 B A Hi X 2000—20104F 2.7 42 ZS'
T B HLACHAL X 2000—20164F 32 9.9 AL
R 35 FELAR St X 2010—20164F 3.0 13.5 AL

DX A= ) 2RI AR S R GUIR S5 T el B
PR 5K AR AR R, 5 R SR U AT i
P RGN , -2 KB VD RE S5, R R
LN TR E PR, A0 BIFSE XA T I B K TR T
Tir A 25 H 2 AL IR R A T IX H g
K BAOBEVERE RS T i HECE 2 AR AE 5% B 4 A
Hhor, FECT KRBT B, R E AW Tt dEim
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5 E AT

4 45ie

ARSI T — 3 ) 3 Fe e nd TR 1 Bl , 2
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Pt Y e (1 Sy g
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Monitoring land-use change in Hetian Tarim Basin, China using satellite
remote sensing observation between 1990 and 2016

HU Xu", NIE Yong™*, XU Xia', JIANG Sheng"’, ZHANG Yili**

(1. The Faculty of Geography and Resource Sciences, Sichuan Normal University, Chengdu 610101, China;
2. Institute of Mountain Hazards and Environment, CAS, Chengdu 610041, China; 3. Key Laboratory of Land
Surface Pattern and Simulation, Institute of Geographic Sciences and Natural Resources Research, CAS,
Beijing 100101, China; 4. College of Resources and Environment, University of Chinese Academy of Sciences,
CAS, Beijing 100190, China)

Abstract: Rapid land use changes in the arid area of western China make the region a hotspot of global land use
change research. In this study, land use inventories in the Hetian Tarim Basin in 1990, 2000, 2010, and 2016
were completed by using stratified and object-oriented image processing method based on Landsat images with a
consistent spatial resolution of 30 m to reveal the characteristics of land-use change, patterns and trend, and
spatial heterogeneity. The results show that from 1990 to 2016: 1) Cropland continuously expanded with an
increase rate of 2.9%/a, with gradual expansion and sudden reclamation. 2) The area of construction land
increased significantly at a rate of 12.1%/a, which can be mainly attributed to the increase in area of
urbanization, rural residential land, and transportation land. 3) The increase in cropland and construction land
resulted in the decrease of forests, shrubs, and grasslands. 4) Spatial heterogeneity in land use developments
among counties of Hetian Prefecture are significant: Hetian City had the highest percentage of construction
lands; Hetian County and Moyu County experienced the greatest expansion in total area and rates of change in
both cropland and construction land, followed by Luopu County, Yutian County, Pishan County, Cele County,
and Minfeng County with relatively slow development in cropland and construction land. The increase rates of
cropland and construction land in Hetian Tarim Basin are above average in Xinjiang Uighur Autonomous
Region. Attention should be focused on the impact of the rapid land-use changes on eco-environmental issues in
the near future.

Keywords: land-use change; remote sensing; Landsat; cropland expansion; construction land; Tarim Basin; He-

tian region



