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Abstract: Qira oasis is located in the middle of the TaNan region and represents a typical desert-oasis
ecosystem of the southern Xingjiang Province in northwest China. Several oases occur in this region that
are totally dependent on rivers that originate from the Kunlun Mountains. The study area was selected as
a SPOT 4 scene covering Qira oasis and its surroundings. This study pursues two goals: (1) to produce a
landscape classification map, and (2) to evaluate the applicability of landscape pattern indices to a
quantitative description of the spatial pattern around Qira oasis. Landscape classification results, raster
and vector format classification maps. and landscape indices from different levels that were calculated on
base of remote sensing (RS) data and by using global position system (GPS) and geographic information
system (GIS) techniques as well as FRAGSTATS program integration are presented.

We produced a map that corresponds to human optical perception as far as possible and that allows
recognizing bridges, rivers, roads and channel crossings for georeferencing with GPS coordinates. The
image was rectified and projected into the UTM grid (44 S). Subsequently, 14 patch types were identified
as structural elements of the landscape by supervised classification techniques (ERDAS). The raster

classification map was transformed into a vector map by using ARC/INFO. Applying the spatial pattern
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analysis program FRAGSTAT of the vector version resulted in a set of landscape indices. 70 landscape
pattern indices, referring to the three scale levels of patches, classes and landscape, are presented.

The selected scene comprises three main ecosystem types: mountain (13. 6% of area), desert
(73.4%) and oasis (12.8%). The desert forms the matrix, the oasis is the main patch and the Qira River
is a key corridor. An accuracy test of the classification was conducted on basis of the error matrix of the
supervised classification. Accuracy of our classification is higher than 90% for farmland. alluvial
piedmont, alluvial fan, riverbed, gravel Gobi, desert and reservoir. The exactness is between 80% ~90%
for loamy Gobi, hillside, greenbelt and semidesert dune, and the lower than 80% for semidesert, shifting
dune area and mountain. The average accuracy is 85.4%.

At patch level, the greenbelt (PATCH-ID 11) shows the largest shape index (8.02) indicating the
most noncircular (i. e., most complex) shape whereas the reservoir (PATCH-ID 82) has the smallest
shape index (1.46) indicating a simple (closest to circular) shape in this case. The landscape similarity
index (LSIM = 0.18) and the fractal dimension (FD = 1.25) reveal also the simple shape of the latter
patch type, whereas core area and core area index reflect its smallest size.

At class level, the reservoir shows again the smallest area, but its interspersion and juxtaposition
index (IJI = 70.47) is third highest among 14 class patches and is higher than the IJI of farmland
(51.76) although the patch numbers are equal. These results show that reservoirs are well interspersed in
the landscape. The patch core area coefficient of variation (PCACV) of reservoir (102.491%), loamy
Gobi (226.939%) and gravel Gobi (230.694%), is also well indicating the degree of patch size evenness
and fragmentation in the study area. As mountain and semistablized dune occur only as one patch each.
their PCACV is 0. At landscape level, about 30 landscape pattern and feature indices were calculated. As
the absolute magnitude of landscape level indices is not really meaningful; they are used as relative figures
for comparing different landscapes or the same landscape at different time.

In conclusion, our results show that landscape pattern indices can be successfully used in
characterizing the spatial pattern of the studied area. This area a typical example of the oases in the ”
TaNan” region. However, this study should be extended to other oases in order to test the general
applicability of remote sensing in combination with the subsequently performed data processing for a
quantitative description of oasis landscapes. The derivation of patch types and the calculation of landscape
pattern indices as has been done in this study could be an effective instrument for comparing different
areas, for detecting spatial as well as temporal landscape pattern changes, and for investigating the effects
of human impact on landscape patterns in arid regions.

Key words :RS and GIS; Qira oasis; landscape classification ;landscape pattern analysis; landscape indices
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Fig. 2 Flow chart of main study process
(1) Analyzing quantificationally the landscape pattern of Qira oasis, (2) Processing RS data, (3) Landscape
classification, (4) Calculating landscape indices, (5) GPS measure and field data investigation, (6) SPOT image
project and transform, (7) Supervised classification, (8) Accuracy test of classification result, (9) Processing

vector classified map, (10) Input FRAGSTATS program to calculate landscape indices
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Table 1 Illustration of landscape classified map of the Qira oasis(type and feature)

Class Color Feature
. . s Slope at the northern KULUN
Mountain Grey . .
little vegetation,
o . N Gravelly and clayey soil, a little
Hillside Light yellow . ’ Y yey
vegetation,
. . R Chomoeremion, topographic
Loamy gobi Sienna
even,
Reservoir Blue Irrigation reservoir and river,
. Loamy desert and sparse
Gravel gobi Tan 2 4 Y !
vegetation,
Seasonal river bed and
Riverbed Aquamarine .
cobblestone plain,
. s Seasonal river
Alluvial bottomland Cyan .
shores with sparse,
. . s Flood alluvial gravel and sparse
Alluvial sector Grey green .
vegetation,
Shifting dune Gold . Shifting sand without any vegetation,
\ N Arable land with
Farmland Dark green . .
cotton, maize and wheat plantation,
Desert Yellow s Open TAKLAMAKAN desert,
. . Sparse vegetation with Alhagi,
Semidesert Light green . - P g g
Sparsifolia, etc,
. . , Semistabilized sand
Semistabilized dune Orange . . .
areas with a little vegetation,
Oasis edge
Greenbelt Chartreuse &

and much vegetation,

:\3~~]7:O 90%
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Table 2 Each patch landscape metric of Qira oasis

Type Cele-id Patchid ©ermeter Area Lsim  SHAPE] RACT - Core Cai
Desert 12 3 316520.800 273970100.00 7.26  5.39  1.30 27107.94 98.94
Semidesert 21 4 11686. 540 2341946.00 5.43 2.15 1.28 223.50 95.43
Farmland 18 10  45157.800 18073610.00 4.19  3.00 1.28  1765.45 97.68
Greenbelt 22 11 351363.400 152625000.00 4.40  8.02  1.36 14938.62 97.88
Semistabilized dune 23 22 133125.200 140727900.00 2.64  3.17  1.26 13951.52 99.14
Loamy gobi 10 23 21291. 700 6003734. 00 8.64 2. 45 1.28 580.74 96.73
Reservoir 19 82 3233.655  392813.80 0.18  1.46  1.25 36.35  92.54
Alluvial bottomland 20 30 116879.500 56403410.00 3.32  4.39  1.31  5533.82 98.11
Shifting dune 15 31 92960.000 73117600.00 1.75  3.07  1.26  7226.99 98.84
Alluvial sector 14 32 138651. 800 129788400.00 2.53 3.43 1.27 12852.67 99.03
Gravel gobi 11 39 522059.000 541092100.00 14.56  6.33  1.31 53631.25 99.12
Riverbed 17 57 241612.100 150668600.00 3.33  5.55  1.32 14847.21 98.54
Hillside 16 66 11480. 000 968800. 00 8. 30 3.29 1.36 86.39 89.18
Mountain 13 74 88389.270 44915660.00 0.84 3.72 1.29 4411.31  98.21
81 , N
. s o 2
s ( 39),
( 82),
3 14 , . .
30 , . .
Jjn JAJI o
(PSCV) o
4 . . .

30 . o
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Table 3 Each class landscape metric of Qira oasis

Landscape indices AB. Background Alluvial Alluvial Desert Farmland Loamy Gobi (’?HV,CI
bottomland sector Gobi

CA 173885. 600 17692.358  13469.040 38708.684 22354.190 46085.615 77621.962
NP 1 10 2 8 6 7 11
PLAND 32.614 3.318 2.526 7.260 4.193 8. 644 14.559
LPI 32.614 1. 058 2. 434 5.139 2.151 7.546 10. 149
PD 0. 000 0.002 0. 000 0.002 0. 001 0. 001 0.002
MPS 173885. 600 1769. 236 6734.520 4838. 586 3725. 698 6583. 659 7056. 542
11 88. 00 66. 48 41. 46 59.63 51.76 52. 86 75.93
MSI 4.500 4. 275 3. 860 3.226 3.193 2. 864 3.537
AWMSI 4. 500 5. 175 3. 461 5.134 3. 350 3. 586 5.956
MPFD 1. 260 1.334 1.310 1. 296 1. 302 1. 284 1.310
AWMPFD 1. 260 1.338 1.273 1..300 1.270 1. 266 1.313
TCA 173361. 620 17126.030 13312.140 38169.800 22048.490 45686.840 76664.970
NCA 58 15 4 18 7 10 29
CAD 0.011 0.003 0. 001 0.003 0. 001 0. 002 0.005
CPLAND 32.516 3.212 2.497 7.159 4.135 8.569 14. 379
MCA1 173361. 620 1712.603 6656. 070 4771. 225 3674. 748 6526. 691 6969. 543
MCA2 2988.993 1141.735 3328. 035 2120. 544 3149. 784 4568. 684 2643. 620
TCAI 99. 699 96. 799 98. 835 98. 608 98.632 99.135 98. 767
MCAI 99. 700 95. 005 96. 380 95.959 95. 833 96. 480 95. 391
CASD1 0. 000 1895. 688 8763. 316 9519. 185 4893. 939 14811. 633  16078. 294
CACV1 0. 000 110. 690 131. 659 199. 512 133.178 226.939 230. 694
PSSD 0. 000 1937. 906 8830. 802 9620. 317 4941. 883 14889. 671  16220. 284
PSCV 0. 000 109.533 131.127 198. 825 132. 643 226.161 229. 862
LI-TYPE 1 2 3 4 5 6 7
TE 373285.099 621578.175 172331.843 589257.365 331908. 638 437500.392 1050215.573
ED 0.700 1.166 0.323 1.105 0.623 0.821 1.970
LSI 2.525 13.183 4.189 8. 449 6. 262 5. 749 10. 634
CASD2 0. 000 1733.764 6352. 884 6576. 744 4678. 452 12497.735 10206.110
CACV2 0. 000 151. 853 190. 890 310. 144 148.533 273.552 386. 066

Semistabilized  Shifti
Type Greenbelt Hillside Mountain ~ Reservoir Riverbed  Semidesert crstabiize ng
dune dune

23465.478  44270.561  4491.566  974.000 17768.085  28970.578  14072.790  9326. 981

7 3 1 6 4 11 1 4

4. 401 8.303 0. 842 0.183 3.333 5.434 2.640 1.749

2. 863 7.230 0.842 0.073 2.826 3.157 2. 640 1.371
0.001 0.001 0.000 0.001 0.001 0.002 0. 000 0.001
3352. 211 14756. 854 4491. 566 162. 333 4442.021  2633.689  14072.790  2331.745
63. 36 71. 86 26. 01 70. 47 52. 96 46. 21 71.53 59. 69
4.089 3.670 3.720 2.300 3. 745 3. 445 3.170 2.407

6. 841 3.479 3.720 3.172 5.175 5. 676 3.170 2.929

1. 319 1.307 1.290 1.285 1.305 1. 310 1. 260 1.263

1. 347 1.257 1.290 1.309 1.316 1.330 1. 260 1.262
22898. 740 43941.460  4411.310  913.000 17458. 430  28343.980  13951.520  9188.710
14 5 2 6 7 20 1 5

0.003 0.001 0.000 0.001 0.001 0. 004 0. 000 0.001
4.295 8. 242 0. 827 0.171 3.275 5. 316 2.617 1.723

3271.249  14647.153  4411.310  152.167 4364.608  2576.725 13951.520  2297.177
1635. 624  8788.292  2205.655  152.167 2494. 061 1417.199  13951.520  1837.742

97.585 99. 257 98. 213 93.737 98. 257 97. 837 99.138 98.518
95. 644 95. 580 98.210 93. 055 97.063 95.509 99. 140 97.190
5421.333  20694.636 0.000 155. 957 6989.450  4847.071 0. 000 3331.225

165. 727 141. 288 0.000 102. 491 160. 139 188. 110 0. 000 145. 014
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3
Semistabilized
Type Greenbelt  Hillside Mountain ~ Reservoir  Riverbed Semidesert Demls aptiee Shifting Dune
une
5536. 161 20789. 215 0. 000 165. 652 7084. 207 4929. 725 0. 000 3365. 878
165.150  140.878  0.000 102.045  159.482  187.179  0.000 144. 350
8 9 10 11 12 13 14 15
615991. 989 360718.001 88389.268 66919.118 340691.463 683540.866 133125.182 151401.751
1.155 0. 677 0. 166 0.126 0. 639 1.282 0. 250 0.284
11. 344 4. 836 3.720 6. 049 7.210 11. 329 3. 166 4.422
4053.899  16688.181  3116.947  155.956 5465.076  3753.957  0.000 3062. 359
247. 850 189. 891 141. 316 102. 491 219.124 264. 886 0. 000 166. 637
4
Table 4 Landscape metrics of Qira oasis
Landscape indices AB. Value Landscape indices AB. Value
TA 359271. 888 NP 81
PLAND 100. 000 LPI 15. 061
PD 0.023 MPS 4435. 456
1J1 74.62 MSI 3.422
AWMSI 4.733 MPFD 1. 304
AWMPFD 1. 297 TCA 354113. 28
NCA 142. 000 CAD 0. 0340
MCA1 4371.769 MCA2 2493. 755
TCAI 98. 564 MCAI 95.673
CASD1 9341. 434 CACV1 213.676
PSSD 9418. 356 PSCV 212. 342
PR 14 PRD 0. 004
Shannon SHDI 2.359 Simpson SIDI 0. 887
Simpson MSIDI 2.178 Shannon SHEI 0. 894
Simpson SIEI 0. 955 Simpson MSIEI 0. 825
TE 2482330. 42 ED 6. 909
LSI 11.683 CASD2 7363.597
CACV2 295. 281 CPLAND 98. 564
3
9 o
. (Fractal Dimension)
b d, 5 1.32,1.98  1.304,
s (Reservoir) s JjIry 70.47, 14
«C 3 ). s (Farmland) s 1J1 (
3. o (rscvy,
(102. 045%) . (226.161%) (229. 862)
o PSCV ( ) PSCV

(semistabilized dune)

(mountain )
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