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Analysis on the landscape structure of the Heihe River Basin,
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Abstract: The Heihe River Basin,as a typical inland river basin in the arid region of northwest China.is
composed of different ecosystems such as mountain, oasis,and desert. Its landscape structure is mainly
manifested by the desert-oasis-river pattern,simple composition,coarse grain size,heterogeneous mosaics ,
and high dependence on water sources. Our objectives in this paper were to analyse the above characteris-
tics of inland basins and to study the application of GIS in landacape mapping and landscape structure anal-
ysis using landscape metrics and program FRAGSTATS.

We first identified 18 patch types as the landscape structure classification system of the Heihe River
Basin based on 66 land-used types;then we compiled the landscape map of the Heihe River Basin based on
the land-use map using geographic information systems. Meanwile,a total of six landscape zones was delim-
ited and delineated to advance the landscape structure analysis of the Heihe River Basin in detail,they are
forest-steppe zone in the Qilian Mountains,oasis zone in the Hexi Corridor,the desert-gobi zone in the
northwestern Hexi Corridor, Ruoshui River Delta zone,desertified zone in the Guzinai Lake Basin;and
desert-gobi zone in the northern Alxa High-plain. Findly we calculated various landscape metrics of each
zone at both the patch level and the landscape level using the powerful landscape structure analysis pro-
gram . FRAGSTATS. including area, patch density and size,edge. shape. nearest-neighbor, diversity and

contagion and interspersion metrics.
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The result indicated that the characteristics of landscape structure in the mountainous area,oasis area,
desert area.desert-gobi area are quite different.and the landscape pattern of the Heihe River Basin is main-
ly controlled by the distribution of water resources. In the mountainous area landscape structure is a result
of vertical zonality. The shape index and the fractal dimension at both the class level and the landscape lev-
el are far greater than those in the oasis-desert area,reflecting high continuity and complex patch shapes of
the landscape in the mountainous area with plentiful precipitation. In the oasis area landscape structure is a
result of water resource distribution,namely there is water there are oases. The results showed that the
oases with the most complex landscape structure ,the richest patch types.and the highest diversity,are dis-
tributed along rivers and artificial channels,and are heterogeneous mosaics of patches embedded in the
desert landscape matrix. On the other hand,the characteristics of the landscape structure of oases in differ-
ent zones are quite different. In the oasis zone in the Hexi Corridor,the artificial oases dominated by the ir-
rigated farmland are one of the most important landscape elements. In the Roushui River Delta zone,the
natural oases dominated by the meadow and the salinized meadow are relatively small and fragmented and
easily disturbed. In the transitional belt between oasis and desert,the patch types are meadow,salinized
meadow salt desert,and marsh.they are fragmented and distributed in dense cluster,and are dependent on
water source. These kinds of patch tpes reflect the biodiversity in the arid region and play an important role
in resisting the desertification and soil erosion in the area. In the desert area.such as the desert-gobi zone in
the Northern Alxa High Plain,the bare gobi is a landscape matrix with absolute dominance and very high
contagion, while other types in the zone are only heterogeneous mosaics embedded in the matrix in very
small percentages.

Viewed methodologically,the results showed that GIS techniques are effective tools to help compiling
landscape map and landscape research. FRAGSTATS, by providing a comprehensive choice of landscape
metrics,can help to perform analyses from multiple aspects such as area,shape,composition,and spatial
pattern. However,scale should be taken into account when FRAGSTATS is used. If we chage the scale and
resolution,the landscape metrics calculated from FRAGSTATS will change as well because the traditional
landscape metrics are sensitive to scale. Therefore,we hope the new metrics that are sensitive to variations
in spatial resolution should be developed in the future.

Key words :landscape structure ;landscape metrics;arid region;the Heihe River Basin;GIS;FRAGSTATS
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Table 2 Landscape metrics of different patch types in the six landscape zones of the Heihe River Basin
R ] % MPS . o MNN
1D TYPE CA (hm?) LAND NP (hm?) AWMSI AWMPFD (o) MPI IJI
Forest-steppe zone in the Qilian Mountains
1 “) 656587. 50 24. 66 55 11937.95 4.93 1.16 1737. 80 621.95 27.59
2 2) 1133737. 50 42.58 14 80981. 25 15.03 1.23 3273.78 14961. 95 53.63
3 ® 752675. 00 28. 27 11 68425. 00 12.07 1.21 1377. 69 9585. 23 61. 44
4 “w 69462. 50 2.61 41 1694. 21 2.62 1.10 3408. 58 40. 04 44.73
5 ) 20325. 00 0.76 3 6775. 00 3.18 1.12 39926. 43 0.01 35. 40
7 D 19643. 75 0.74 17 1155.51 1.90 1.07 13238.16 4.32 50.49
8 ® 9825. 00 0. 37 8 1228.12 3.12 1.13 9042. 55 10. 35 65.29
9 @ 162. 50 0.01 1 162. 50 1.37 1.04 — 0. 00 0. 00
Oasis zone in the Hexi Corridor
3 @ 43112. 50 2.52 9 4790. 28 1.98 1.07 6890. 70 63. 06 36. 74
5 ) 1587. 50 0.09 2 793.75 2.65 1.12 95706. 91 0. 00 32.47
6 6 1268. 75 0.07 1 1268. 75 2.14 1.09 — 0. 00 0. 00
7 m 60393. 75 3.53 12 5032. 81 2.48 1.10 2762. 39 77.94 30. 95
8 @ 505150. 00 29.50 84 6013. 69 6.13 1.17 1477. 41 2391. 16 68. 29
9 ) 7843.75 0. 46 9 871.53 1.67 1.06 12395. 87 15. 96 49. 25
10 aon 9418. 75 0.55 4 2354. 69 2.83 1.11 24902. 38 1.40 27.27
11 an 119706. 25 6.99 47 2546. 94 3.62 1.13 1464. 14 359.91 65.58
12 az 649087. 50 37.90 27 24040. 28 6.94 1.17 2234.63 2834.59 54. 86
13 as 75875. 00 4.43 18 4215.28 2.43 1.09 1382. 28 73.88 61.05
14 av 157318. 75 9.19 8 19664. 84 3.44 1.12 6495. 15 228.63 58.53
15 s 8131. 25 0. 47 9 903. 47 4.83 1.17 24730. 16 21.94 43. 35
16 ae 40318. 75 2. 35 34 1185. 85 2.65 1.10 2055. 88 15.21 59.56
17 an 24737. 50 1. 44 8 3092.19 3.18 1.13 10187. 98 13.90 67.46
18 as 8487.50 0.50 3 2829.17 2.17 1.09 20190. 00 17.29 52. 60
Desert-gobi zone in the northwestern Hexi Corridor
2 @ 1031. 25 0.08 1 1031. 25 1.67 1.06 — 0. 00 0. 00
3 ® 28225. 00 2.18 2 14112. 50 2.31 1.09 27186. 85 0.19 15.78
6 K 4981. 25 0. 38 3 1660. 42 1.77 1.07 1268. 30 16. 33 0. 00
7 n 118.75 0.01 1 118.75 1.15 1.02 — 0. 00 0. 00
8 & 49081. 25 3.79 9 5453. 47 3.87 1.14 33188. 23 1233. 69 52.78
9 @ 243.75 0.02 1 243.75 1.44 1.05 — 0. 00 0. 00
11 an 72700. 00 5.61 14 5192. 86 3.88 1.14 17603. 65 272.68 63.58
12 az 531087. 50 40. 99 12 44257. 29 3.61 1.12 5199. 83 120. 44 66. 88
13 as 80775. 00 6.23 9 8975. 00 3.78 1.13 11276. 88 36. 87 64.47
14 as 469825. 00 36. 26 6 78304.16 2. 971. 10 7278.49 159. 58 46. 74
15 15 1181. 25 0.09 2 590. 62 0% 1307 20460. 33 0.01 55.81
16 a6 28725. 00 2.22 24 1196. 88 3.04 1.12 3731.97 116. 50 52.26
17 an 27256. 25 2.10 8 3407. 03 2.10 1.08 3796. 34 23.08 52.53
18 as 437. 50 0.03 1 437.50 1.49 1.05 — 0. 00 14. 69
Ruoshui River Delta zone
8 ® 21025. 00 3.83 14 1501. 79 3.04 1.12 5590. 84 68.13 49. 60
9 © 737.50 0.13 3 245. 83 1.48 1.05 38051. 50 7.33 33.58
10 ao 8593. 75 1.57 7 1227. 68 2.49 1.11 21425.73 17. 06 46. 89
11 an 152181. 25 27.73 39 3902. 08 5.25 1.17 1547. 41 597. 00 80. 49
12 az 55693. 75 10. 15 14 3978.12 3.74 1.14 1136.47 965. 80 55.29
13 s 6218. 75 1.13 2 3109. 38 1.80 1.06 69701. 15 0. 00 58.47
14 an 150556. 25 27.43 4 37639. 06 6.16 1.17 17094. 21 1.72 62. 46
15 s 15512. 50 2.83 5 3102. 50 5.28 1.18 3893. 14 5.93 42.95
16 ey 69887. 50 12.73 28 2495. 98 4.43 1.15 2947. 67 141. 88 69. 06
17 an 68112. 50 12. 41 20 3405. 62 3.82 1.13 4215.11 192. 77 57. 80
18 LY 368. 75 0. 07 1 368. 75 1.50 1.05 — 0. 00 21.73
Desertified zone in the Guzinai Lake Basin
6 6 125. 00 0.01 1 125.00 1.12 1.02 — 0. 00 35.36
11 an 155587. 50 11.18 27 5762. 50 4.07 1.14 1135. 85 918. 37 70.59
12 az 189981. 25 13.65 22 8635.51 4.34 1.14 3326. 06 1659. 41 74.24
13 as 676056. 25 48.58 12 56338. 02 5.11 1.14 2164. 42 2466. 83 79. 06
14 ao 61775. 00 4. 44 4 15443. 75 5.36 1.17 4118. 92 92.09 62.39
16 16y 213587. 50 15. 35 24 8899. 48 4.78 1.15 1174. 25 632. 01 71. 46
17 an 68106. 25 4. 89 14 4864.73 3.61 1.13 1420.53 369. 80 74.92
18 as 26481. 25 1.90 7 3783. 04 2.54 1.10 2550. 59 24. 65 76.55
Desert-gobi zone in the northern Alxa High-plain

8 @ 518.75 0.01 1 518.75 1.21 1.02 — 0. 00 22.52
10 ao 412.50 0.01 1 412.50 1.78 1.08 — 0. 00 0. 00
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11 an 3531. 25 0.07 2 1765. 62 2.20 1.09 232437.23 0. 00 36.69
12 az 189225. 00 3.55 70 2703. 21 3.45 1.13 4508. 52 147. 67 6.50
13 as 189031. 25 3. 54 9 21003. 47 2.35 1.08 38293. 37 279.42 17. 86
14 as 4908325. 00 92.00 12 409027. 09 8.27 1.17 1354. 05 197031. 42 51.08
16 16y 35362. 50 0. 66 19 1861. 18 2.58 1.11 17246. 37 41. 01 22.75
17 an 8800. 00 0.16 9 977.78 2.29 1.09 14599. 40 2. 45 15. 60
1D, ;s TYPE . ; CA: s WLAND: ;NP ;s MPS.
s AWMSI s AWMPFD: s MNN; sMPI.
s1JT. .ID of landscape type; TYPE: Patch type; CA: Class area; % ILAND: Percent of Land-

scape; NP: Number of patches; MPS: Mean patch size; AWMSI. Area-weighted mean shape index; AWMPFD . Area-
weighted mean patch fractal dimension; MNN: Mean nearest-neighbor distance; MPI: Mean proximity index; IJ1: Inter-
spersion and Juxtaposition index. (1) Cold desert; (2) Alpine meadow; (3) Steppe; (4) Forest; (5) Middle-mountain
meadow; (6) Desert steppe; (7) Nonirrigated farmland; (8) Irrigated farmland; (9) Residential area; (10) Artificial

forest; (11) Meadow; (12) Desert; (13) Sandy desert; (14) Bare gobi; (15) Water area; (16) Salinized meadow;
(17) Salt desert; (18) Marsh
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Table 3 Landscape metrics of different landscape zones in the Heihe River Basin
ZonE LPI NP M wmsr MM MR MPI PR SHDI SHEI 11 O
(hm?) (hm?) PFD (m) TAG
1 2662418.75 31.56 150 17749. 46 11.15 1.20 4788. 50 2339. 40 8§ 1.26 0.60 48.26 63.92
2 1712437.50 22.76 275 6227.05 5.42 1.15 4607. 30 1090.89 15 1.75 0.65 62.35 62.15
3 1295668. 75 17.32 93 13931.92 3.33 1.11 10918.50 222.43 14 1.48 0.56 62.21 69.03
4 548887.50  26.03 137  4006.48 4.89 1.15  5976.10 334.04 11 1.82 0.76  67.95 54.23
5 1391700. 00 44. 31 111 12537. 84 4.73 1.14 1929. 20 1007.13 8§ 1.52 0.73 75.14 58.28
6 5335206.25 91.78 123 43375.66 7.83 1.17 13226.70 19333.58 8§ 0.36 0.17 33.72 89.83
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ZONE: sTA: sLPI: ;NP s MPS. s AWMSI.
;s AWMPFED: s MNN s MPI. ;PR
sSHDI . ;SHEI: ;10T sCONTAG .ZONE:No. of landscape

zone; TA: Total landscape area; LPI: Largest patch index; NP: Number of patches; MPS: Mean patch size; AWMSI.
Area-weighted mean shape index; AWMPFD: Area-weighted mean patch fractal dimension; MNN: Mean nearest-neigh-
bor distance; MPI: Mean proximity index; PR: Patch richness; SHDI: Shannon’s diversity index; SHEI: Shannon’s

evenness index; IJI: Interspersion and Juxtaposition index; CONTAG : Contagion index
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