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Abstract Lushan mountain national park is the key researched object that the pattern and change can reflect the ecological
process of man-land relationship. In this paper landscape metrics combined with gradient analysis is employed to analyze
the landscape pattern changes of Lushan Mountain based on the TM images of 1988 and 2000 respectively. The results

demonstrate that the landscape pattern of Lushan mountain changed dramatically in 12 years the increased area of broad-
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leaved forest which added 782. 43 hm’ average from 1988 to 2000 were equivalent to the decreasing area of coniferous
forests shrubbery and meadow and farmland. The NP and PD of coniferous forests shrubbery and meadow build-up area
and unused land taked on the swift growth in which the NP of shrubbery and meadow increased 123.42 pieces per year

in contrast the water broad-leaved forest and farmland decreased in which the farmland lose 246.42 pieces every year.
Broad-leaved forest supplied the fragmentation area of coniferous forests shrubbery and meadow. The LPI of shrubbery and
meadow ranked on the first in 1988 whereafter the advantage was replaced by broad-leaved forest. Although build-up area
changed in a limited extent we should pay attention to the diffuse trend. The LSI and FRACT of shrubbery and meadow in
two periods are situated head of the various types of landscape which indicated that they had been interfered externally
least The farmland’s complexity changed most rapidly the LSI and FRACT decreased 44. 5744 and 0. 0726 respectively.
The SHDI and SHEI dropped along with the time decreased 0. 2394 and 0. 1231 respectively at the same time the
fragmentation index increased 0. 1633. Simulated value approximately equal to actual value that based on the Markov model
of landscape prediction it shows that landscape ecological security pattern was faced with serious crisis while the actuating

force are mainly from speeded-up urbanization speeded-up tourism and policy control.

Key Words Lushan Mountain landscape pattern landscape change landscape indices Markov model

12 3~5
6~8
9 10 11 12 13
14 ~23
1
115°52' ~116°08’ 20°26" ~29°41’
327.99 km? 500 km?
1474m “ ”
76.6% 3000 2000 33
f 1833. 5mm 190. 6d
78% 6000 1500 4000
1982
1996 “ " 2004

http //www. ecologica. cn



4698 27
2.1
1988 2000 ™ 543 30 m
1:10000
™
302 km®
7
2.2
ERDAS8.5* 1988 2000 ™
ERDAS8. 5
FRAGSTATS3. 3 EXCEL
FRAGSTATS3. 3
25~27
2.3
2 1 ERDAS
2 EXCEL
29 30
3.1
32799. 33 hm’ 1988 2000 12a
1 1 1988 25.88% 2000 54.51% 782.43 hm’
12a 193.5 hm’
12a 5.58 hm’
1
Table 1 The landscape pattern ant its change in Lushan Mountain
1988 1988 Changed area yearly
Type ? Total changed area angec drea yeary
hm? % hm? % hm? hm? %

Water 108.9 0.33 103.32 0.31 -5.58 -0.465 -0.43
Coniferous forests 5364.09 16.35 3229.02 9.84 -2135.07 -177.9225 -3.32
Broad-leaved forest 8488.71 25.88 17877.9 54.51 9389. 19 782.4325 9.22
Shrubbery and meadow 11157.66 34.02 5948. 25 18.14 -5209.41 -434.1175 -3.89

Farmland 3660. 66 11.16 1517.4 4.63 -2143.26 -178.605 -4.88

Build-up area 1398.78 4.27 1592.28 4.85 193.5 16.125 1.15
Unused land 2620.53 7.99 2531.16 7.72 -89.37 —-7.4475 -0.28
Total 32799.33 100. 00 32799.33 100. 00 - - —
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Table 2 Variation matrix of landscapes in 1988 and 2000 hm?
2000
Type Coniferous  Broad-leaved  Shrubbery Build-up
Water forests forest and meadow Farmland area Unused land Total
1988 Water 51.93 9.90 11.34 8.73 17.73 5.22 4.05 108.90
Coniferous forests 19.26 1786.23 3170.88 298.35 10.53 25.38 53.46 5364.09
Broad-leaved forest 6.30 947.34 5277.24 1947.78 41.76 69.21 199.08 8488.71
Shrubbery and meadow 10. 17 318. 15 6875. 64 2122.74 375.39 350.91 1104. 66 11157. 66
Farmland 10.53 48.06 1076.58 923.85 790. 83 396.72 414.09 3660. 66
Build-up area 2.34 7.38 148. 68 278.10 167.85 529.56 264.87 1398.78
Unused land 2.79 111.96 1317.51 368.73 113.31 215.28 490.95 2620.53
Total 103.32 3229.02 17877.87 5948.28 1517.40 1592.28 2531.16 32799.33
3.2
2-a 2-b 2-¢ 2-d
1988 2000 1
12a 1988 913 3617 1161 3675 2000 1849
5098 1773 5119 123.42
246.42
2.29 2.23 1988 6.31 1.73 2
1988 5.88hm’ 2000
1.75 hm’ 1.83 hm’ 4.42 hm’
3 1988 7.57
12a 25.09 1.07
4
12a
0.31 hm’ 612 1988 0.95
3.3
3
1988 110. 8780 1.5844
12a
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Fig.2 The patch area indexes in 1988 and 2000
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12 44.5744  0.0726
3
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Table 3 Shape indexes of various landscape types in 1988 and 2000
La'md'scape Year Water Co.nlferous Broa.d—leaved Shrubbery and Farmland Build-up area Unused land
indices forests forest meadow
1988 12.2857 34.8937 62.9837 110. 8780 87.6436 41.1800 79.6170
LSI 2000 11.4853 53.0580 62.4630 105.7534 43.0692 53.2884 92.6190
1988 1.2599 1.4104 1.4569 1.5844 1.5455 1.4344 1.5245
DFRACT 2000 1.2740 1.4487 1.5033 1.5837 1.4729 1.4627 1.5661
3.4
4
1988 1.6129 2000 1.3735 0. 8289 0.7058
0.7730 0.9363 12a 1230
3.5
1988 ~ 2000 A, =0 1988
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Table 4 Transform probability of landscape types in Lushan Mountain at the beginning state

1988 2000

K+1 Year K + 1

K
Year K Water Coniferous Broadleaved ~ Shrubbery and Farmland Build-up Unused land
forests forest meadow area
Water 0.9564 0.0076 0.0087 0.0067 0.0136 0.0040 0.0031
Coniferous forests 0.0003 0.9444 0.0493 0.0046 0.0002 0.0004 0.0008
Broad-leaved forest 0.0001 0.0093 0.9685 0.0191 0.0004 0.0007 0.0020
Shrubbery and meadow 0.0001 0.0024 0.0514 0.9325 0.0028 0.0026 0.0083
Farmland 0.0002 0.0011 0.0245 0.0210 0.9347 0.0090 0.0094
Build-up area 0.0001 0.0004 0.0089 0.0166 0.0100 0.9556 0.0084
Unused land 0.0001 0.0036 0.0419 0.0117 0.0036 0.0068 0.9323
12 2000 5
1988 2000 6
6 1
2
1999 15651 hm? 1989 13775 hm? 1876 hm’ 13.62%
5 1988 ~2000 n=12
Table 5 Transform probability of landscape types in Lushan Mountain at the beginning state
2000
1988 " .
Water C({nlferous Broad-leaved ~ Shrubbery and Farmland Build-up Unused land
forests forest meadow area
Water 0.5860 0.0592 0. 1266 0.0698 0.0917 0.0366 0.0301
Coniferous forests 0.0022 0.5236 0.3865 0.0673 0.0032 0.0055 0.0116
Broad-leaved forest 0.0007 0.0730 0.7506 0. 1405 0.0059 0.0087 0.0209
Shrubbery and meadow 0.0008 0.0355 0.3900 0.4792 0.0193 0.0219 0.0531
Farmland 0.0018 0.0213 0.2437 0.1515 0.4523 0.0645 0.0652
Build-up area 0.0013 0.0119 0.1370 0.1293 0.0684 0.5883 0.0641
Unused land 0.0009 0.0396 0.3375 0. 1064 0.0253 0.0481 0.4425
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Table 6 Comparison of landscape types between simulated and actual value in2000
Analogue value Practical value Difference
Type hm? % hm? % hm? %

Water 100.98 0.31 103.32 0.31 -2.34 0
Coniferous forests 4028.79 12.28 3229.02 9.84 799.77 2.44
Broadleaved forest 14778.20 45.05 17877.9 54.51 -3099.7 -9.46
Shrubbery and meadow 7922.10 24.15 5948. 25 18.14 1973.85 6.01

Farmland 2110. 68 6.44 1517. 4 4.63 593.28 1.81

Build-up area 1537.48 4.69 1592.28 4.85 -54.8 -0.16
Unused land 2323.82 7.08 2531.16 7.72 -207.34 -0.64
Total 32802. 06 100 32799.33 100 2.73 —
1988 1988
10 20 30 40 50a
7 1988 2000
8 12a
7 2010 ~2050
Table 7 Prediction of landscape types from 2010 to 2050
2010 2020 2030 2040 2050
Type hm? % hm? % hm? % hm? % hm? %
Water 93.74 0.28 87.81 0.26 83.42 0.25 80.32 0.24 78.20 0.23
Coniferous forests 3665.70 11.17 3553.18 10.83 3534.49 10.77 3546.75 10. 81 3565.90 10. 86
Broad-leaved forest 16985. 12 51.78 18042. 56 55.00 18572.50 56.61 18851.60 57.46 19006.30  57.93
Shrubbery and meadow 7013.37 21.38 6673. 69 20.34 6547.96 19.96 6501.78 19. 81 6484.86 19.76
Farmland 1468.13 4.48 1122.29 3.42 933.70 2.84 829.07 2.52 769.85 2.34
Build-up area 1495. 64 4.56 1416. 86 4.32 1338. 80 4.08 1273.96 3.88 1224.27 3.73
Unused land 2083. 88 6.35 1913.09 5.83 1802. 66 5.49 1734. 14 5.28 1692.32 5.15
4
1 12a
12a
1988
12a
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Fig.1 The landscape pattern of Lushan Mounta:
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