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Human-induced spatio-temporal changes of oasis through landscape pattern

analysis: a case study of oasis in the Sangong River

LUO Ge—Ping‘ , ZHOU Cheng-Huz, CHEN Xi! (1. Xinjiang Institute of Ecology ané Geography, Chinese Academy of
Sciences, Urumqi 830011, Chinas; 2. Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China) . Acta
Ecologica Sinica,2005,25(9) :2197~2205. ) )

Abstract : Among landscape changes, a particular type is the landscape change in an oasis that is isolated in desert surroundings.
Due to the available groundwater and runoff from nearby high mountains, oasis areas have higher productivity than the
surrounding desert. The landscape changes in oas‘es have been a major concern in Xinjiang province, China. In the past 50
years, large-scale land reclamation and cultivation of water resources in Xinjiang have resulted in tremendous changes in the
oases. We have investigated the spatio-temporal change of oasis through landscape pattern analysis including the landscape
diversity, patch shape and patch fragmentation which reveal complexity of human activity, oasis expansion and intensity of
activity in an oasis. Sangong River watershed, the study area, is located in the eastern central section on the northern slope of
the Tianshan Mountains and in the southern Junggar Basin, Xinjiang, China. Data collected for this study include 65 aerial
photographic images at the scale of 1 : 35 000 tzken in the Sangong River watershed in August 1978, 26 color-infrared aerial
photo images at the scale of 1 : 70 000 taken in the watershed in july 1987, and a Landsat TM image (synthesized from the
wavelength bands 2, 3, and 4) of the watershed in August 1998. Classification of landscape patch type is needed to study

spatio-temporal changes of oasis. 16 landscape patch types in oasis are classified according to the classification system of China
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State Bureau of Land Administration. These 16 types include irrigated lands, woodlands, shrubbery lands, shelter-forest
lands, natural grasslands, cities, towns, villages and industrial and mining lands, highways, reservoirs and ponds, rivers and
flood lands, desert grasslands, saline or alkaline lands, swamps, deserts, and gravel lands. The classification accuracy of types
for 1978, 1987 and 1998 are estimated at 93%, 96% , and 94 %, respectively. The results show that (1) Shannon’s diversity
index and Shannon’s evenness index across the oasis have declined. Their regional differences are significant but temporal
differences are not. Human activities may evidently change oasis landscape diversity; (2) As oasis landscape patches are
developed they generally, but slowly, become more anomalous and complex. In the development of oasis, humans endeavor to
expand the periphery of oasis, which will increase anomaly and complexity of oasis landscape patch. On the other hand,
humans endeavor to arrange the interior of oasis, which will decrease anomaly and complexity of oasis landscape patch. In the
last 20 years, the former has always been predominant; (3) The oasis regions with the more intensive human activity have the
higher fragmentation of landscape. The human activity is most intensive in the central part of oasis, whose intensity of
landscape fragmentation is higher than in the upper and lower part of oasis, where human activity is relative weak compared
with the central part. The patch density and fragmentation of oasis have declined as a whole. The extent of fragmentation of
human-introduced patches generally is higher than that of environmental resources patches.

Key words :Sangong River watershed; oasis; landscape pattern; change in the oasis; human activity
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Fig.2 The patched distribution map of oasis landscape in Sangong River watershed in 1978(a), 1987(b), 1998(c)
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Table 1 The diversity and e of landscape in Sangong River Watershed in 1978, 1987 and 1998
1978 1987 1998
1 H Items
ZH4E SDI #4594 SEI Z#H SDI #4534 SEI Z# £ SDI ¥ 5tk SEL
B4 Entire oasis 4.7818 0. 8135 4. 6687 0. 8109 4.7195 0. 8125
%W t & Upper oasis 4.2051 0. 8031 4.1155 0. 8060 4.1317 0. 8009
£ ¥ P P Central oasis 3. 8911 0.7776 3. 6930 0. 7636 3.7088 0. 7681
M T 3P Lower oasis 3.5818 0. 8549 3.5472 0. 8664 3. 8262 0. 8683

SDI Shannon’s Diversity Index; SEI Shannon’s Evenness Index
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B S 38 i A RLR AL A B T R, B A5 A SRS A (978 B B H R TSR HOR A B E A MARRAN . £ 2
BRHR, UETFHMSHERMESE AR TR GE. TAREARKRENGH R EWESHE,

%2 ZIAHESRMN 1978.1987.1998 £ BB R EH
Table 2 The landscape shape ind of oasis in Sangong River Watershed in 1978, 1987 and 1998
) 1978 1987 1998
BAEHW  EX PR TEH B EH L P T#H B MEHM X P i

Entire Upper  Central Lower Entire Upper Central Lower Entire Ubpper Central Lower

oasis oasis oasis oasis oasis oasis oasis .oasis oasis oasis oasis oasis
MSI 1.59 1.71 1.52 1. 59 1. 67 1. 86 1.59 1. 61 1. 69 1.82 1. 61 1.59
AWMSI 2.48 1.6 2. 62 2.34 2.6 1. 67 3.31 2.31 2. 69 1.68 3.35 2.43
MPFD 1.052 1. 073 1. 051 1. 05 1. 056 1. 088 1. 058 1.05 1. 057 1. 073 1. 057 1. 048

AWMPFD 1.091 1. 051 1.104 1. 086 1. 094 1. 056 1.118 1. 085 1. 096 1. 054 1.121 1. 088

MSI mean shape index; AWMSI area weighted mean shape index; MPFD mean patch fractal dimension; AWMPFD area weighted .

mean patch fractal dimension; T [§] the same below
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Table 3 The patch shape indexes of oasis in Sangong River Watershed in 1978,1987 and 1998

REth kA 1978 1987 1998

Patch type  pgp AWMSI MPFD AWMPFDMSI AWMSI MPFD AWMPFDMSI AWMSI MPFD AWMPFD
K et 13 1.52 3.05 1.0501 1.1223 1.61 3.69 1.0553 1.1351 1.54 3. 66 1.0512  1.1335
A 31 3.02 3.86 1.1710  1.2159  3.20 3.73 1.1841 1.2135 3.14 3.30 1.1793  1.1863
BN 32  1.83 1.76 1.0750 1.0632 1.97 2.29 1.0847 1.0899 1.88 1.89 1.0782  1.0684
BiipAk#b 33 15.51 23.42  1.3516 1.4085 15.35  23.10  1.3510 1.4072 15.35  23.12  1.3510  1.4073
KREFH 41 1.46 1.51 1.0402  1.0424 1.50 1.52 1.0429 1.0433 1.48 1.46 1. 0446  1.0410
W 51 1. 38 1.53 1.0474  1.0606 1.35 1.37 1.0396 1.0414 1.65 1.43 1.0597  1.0400
W 52 1.29 1. 24 1.0374  1.0312  1.43 1.49 1.0495 1.0550 1.58 1.57 1.0643  1.0636
FHEE 53 1.21 1. 34 1.0303  1.0428 1.34 1.57 1. 0422 1.0607 . 1.35 1.59 1.0429  1.0608
KESHE 73 1.19 1. 36 1.0249  1.0402 1.15 1.37 1.0222  1.0403 1.19 1.37 1.0272  1.0410
FHEAE 76 3.68 3.27 1.1870 1.1635 3.51 3.35 1.1732  1.1662 2.79 3.01 1.1472  1.1552
T 81 1.56 2.80 1.0591  1.1099  1.43 2.26 1.0480 1.0864 1.50 3.09 1.0503  1.1193
HBHh 82 1.52 2.33 1.0463 1.0944  1.46 2.56 1.0412  1.1047 1.59 2.08 1.0491  1.0841
A% 83 2.77 2.77 1.1308  1.1308  2.51 2.51 1.1104  1.1104  2.51 2.51 1.1140  1.1140
YK 84 1.76 1.76 1.0618 1.0618 1.76 1.76 1.0618 1.0618 1.82 1.82 1.0653  1.0653
AW 86 2. 07 2.42 1.0979  1.1131  2.11 2.44 1.1008 1.1155 1.96 1.96 1.0969  1.0925

13. irrigated lands; 31: woodlands; 32: shrubbery lands; 33. shelter-forest lands; 41: natural grasslands; 51: cities; 52: towns; 53:
villages and industrial and mining lands; 73: reservoirs and ponds; 76: rivers and flood lands; 81. desert grasslands; 82: saline or alkaline

lands; 83: swamps; 84: deserts; 86: gravel lands
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BB R AHX. 1978 ERTBEER ABCHR 357 4~,1987 FE T HER 295 A, B T 1998 4E M X 1724 326 A R 2 5 1987~1998
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TEA.GHETEEABNBE. RN EMMBTSEE BEH, B 1987 £ 60 M4 E 1998 41 82 4>, EE& W LB R
HREABIMEWNFFMTHREEHABHEZE . EMPRBERBEE PN 126 T REHR 125, BE T TRENGEE MESKH
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Table 4 The landscape fr tation indexes of oasis in Sangong River Watershed in 1978, 1987 and 1998

1978 1987 1998

BAGHW LF PR TH BIEH L &8 TH #&iMEHM  ER ik T
Entire Upper Central Lower _ Entire Upper  Central  Lower Entire Upper Central  Lower
oasis oasis oasis oasis oasis oasis oasis oasis oasis oasis oasis oasis

TLA (km?) 942.1 193.3 216.3 532.5 942.1 193.3 216.3 532.5 942.1 193.3 216.3 532.5
N 357 66 149 188 295 60 126 165 326 82 125 174
PD 0. 38 0. 34 0. 69 0. 35 0. 31 0.31 0.58 0.31 0. 35 0. 42 0.58 0. 33
MPS(km?) 2. 64 2.93 1.45 2.83 3.19 3.22 1.72 3.23 2. 89 2. 36 1.73 3.06
PSSD (km?) 10. 35 7.85 5.18 10.71 11.14 8.15 7.22 10. 95 10. 22 6.73 6. 70 10. 56
PSCOV (%) 392 268 357 378 349 253 421 339 354 285 387 345

TLA: total landscape area; N; No. of patch; PD: patch density (No. of patch /km?); MPS: mean patch size; AWPD: area weighted patch

density; PSSD: patch size standard deviation; PSCOV ; patch size coefficient of variance

SR REEARURELEENTLSEWALREDRARLBENBUNBHEDMX. AREKLFRAWY *
SWAR YRR, ZHINRTMEELBRFEHEFPAE—AYXENE SRR EZQHERA . ML EAMBE, WE
MEWABN LB BLENER AENBRALFER RS E—NUNRNERIANERSE SREUHIBHN EORA
HREH I F R R AT A B SR O B B & R B A T B MM B0 A T B R T RS B AR LR R
MRBEERTFTHRAA EREBENALRFZSEFWR MO RRAREZRFEABE

RAF R MR LR TS  EREEFERANER (RS . RERE ANARROEEATAERRRROEE,
TR ARSI ABE S % S BEA A S W T MRS B E— A5 AN EERER S TERERBUMEIRTHUARL
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Table 5 The patch fragmentation indexes of oasis in Sangong River Watershed in 1978,1987 and 1998

1978 1987 1998
lfﬁffe ”((S:Z' )) // PC 1‘;‘ AWPD  PSCOV 7" <(1::: ; )) //PC[‘)A °  AWPD  PSCOV "((S;’Z' )) //ISDA AWPD  PSCOV
(No. /km?) (No. /km?) (%) — (No. /km?) (No. /km?) (%) (No. /km?) (No. /km?) (%)
K yeih 13 98/221.9/0.44 1.9 272.5 73/240.9/0.30 1.2 301.3 92/250.9/0.37 1.4 332.6
A Ak 31 2/0.23/8. 64 35201.0  64.0 3/0.41/7. 38 17110.5  49.2 4/0.92/4.33 4407.3 75.9
AR 32 12/137.8/0.09 0.6 163.0 12/162.7/0.07 0.4 189.8 10/146.5/0.07 0.4 166. 0
By 4 pk b 33 2/5.0/0. 40 75.5 85.1 2/4.9/0. 41 78.1 84.9 2/4.9/0. 41 77.8 84.9
RREH 41 5/130.1/0.04 0.3 59.0 5/129.3/0.04 0.3 59.3 9/128.0/0.07 0.5 106.1
Wi 51 2/1.4/1. 41 933. 8 86. 4 3/6.6/0. 46 65.6 32.0 3/17.2/0.17 9.6 51.4
W 52 2/1.0/1.99 1874.3 26.1 2/2.1/0. 95 427.3 23.0 2/2.9/0.70 228.0 11.5
FEE 53 123/16.9/7.29  407.5 119.7 98/285.8/3.43 113.0 114.2 101/32.3/3.13  91.3 - 116.1
KEEHLYE 73 13/9.0/1. 44 150.9 178.9 14/6.6/2.11 299.1 226.9 18/9.5/1. 88 185.9 245.5
PR 76 7/8.4/0. 84 94. 6 94.2 7/7.6/0.92 113.2 107.8 11/6.0/1.83 286.3 132. 4
 FEEM 81 78/232.3/0.34 1.4 437.9 62/174.1/0.36 1.9 316. 4 55/189.4/0.29 1.4 311.8
i 82 6/65.7/0. 09 1.3 184.0 7/55.8/0.13 2.1 200. 4 9/36.0/0. 25 6.5 120.5
B 83 1/5.9/0.17 27.0 0.0 1/16.9/0. 06 3.3 0.0 1/10.3/0.10 8.8 0.0
Y 84 1/94.2/0. 01 0.1 0.0 1/94.2/0.01 0.1 0.0 1/94.2/0.01 0.1 0.0
Bk 86 4/10.6/0. 38 33.7 101.2 4/9.6/0.41 40.5 91.5 6/9.3/0. 65 66. 0 75.8

13: irrigated lands; 31: woodlands; 32: shrubbery lands; 33: shelter-forest lands; 41: natural grasslands; 51: cities; 52: towns; 53:
villages and industrial and mining lands; 73: reservoirs and ponds; 76: rivers and flood lands; 81: desert grasslands; 82: saline or alkaline
lands; 83: swamps; 84; deserts; 86: gravel lands;n: No. of patch for each type; CA; class area; PD: patch density (No. /km?); AWPD: area

weighted patch density; PSCOV : patch size coefficient of variance
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