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Response of landscape pattern of karst rocky desertification to land-use change in

a typical karst area
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Abstract: Land-use is the most basic manifestation of human activities. It is essential to explore the response relationship
between Karst Rocky Desertification ( KRD) and land-use change for the control of KRD and regional sustainable
development. Based on LANDSAT and KRD data from 2005 and 2015 in Daozhen County of Guizhou Province the land-use
in Daozhen County was classified into 8 types by ENVI5.3. The spatial and temporal evolution of land use and landscape
pattern of KRD in Daozhen County were analyzed using landscape pattern spatial analysis and 3S technology. The results
showed that: (1) During 2005—2015 the area of construction land and shrubbery land increased; most shrubbery land
was transformed from paddy fields and dry land and the area increased by 7.51%. Construction land increased by 1.30%.
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(2) Over the 10 study years the metastasis between the rocky desertification grades in the study area exhibited light

medium and severe conversion into potential rocky desertification. The plaque transfer areas were 11.26 km®>  38.79 km’

and 2.71 km® respectively indicating a rocky desertification landscape in the study area. The land has been restored and
the area of low-grade rocky desertification plaques has increased which reduced the superiority of the original high-grade
rocky desertification patches; (3) Landscape patterns of land-use and KRD in Daozhen County decreased by 0.6434 and
2.4309 in 2005 and 2015. The evenness index decreased by 0.0552 and 0.5436 the fractal dimension index increased by
0.0061 and 0.0801 the contagion index increased by 0.1751 25.5396 and the aggregation index increased by 1.8688 and
2.9112 respectively and the landscape shape index decreased by 0.9812 and 4.536 respectively. The change in the
landscape pattern index of land use corresponded to the change in the landscape pattern of KRD. With change of land-use
patterns the contagion index increased by 0.1751 25.5396 and 2.9112 respectively. The KRD changed accordingly.
This study will help to improve people’s understanding of KRD and land-use landscape patterns. Based on the landscape
ecology background the effect of KRD control was evaluated which will provide a reference for future research regarding

KRD control.
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Table 1 Landscape pattern index and landscape meaning

Landscape index Calculation formula Landscape significance
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Table 2 Land-use area change table of daozhen country from 2005 to 2015
/
Year/land Building land ~ Woodland Water area dry land Paddy field Shrubbery Grassland Other land
2005 /km? 105.77 640.19 20.62 274.24 253.76 596.89 16.17 238.52
2015/km? 133.69 601.5 16.76 254.91 247.02 762.56 15.83 110.87
2.79 -3.87 -0.39 -1.93 -0.67 -16.57 -0.03 -12.76

Rate of change/( km?/a)
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3 2005—2015
Table 3 Change table of the rocky desertification area in Daozhen country from 2005 to 2015
/
Year/rocky
. NKRD PKRD LKRD MKRD SKRD ESKRD
desertification level
2005 /km? 847.79 457.75 0.17 252.90 134.42 2.55
2015/km? 823.54 439.20 28.68 229.02 125.44 1.20
A ) -2.42 -1.86 2.86 -2.39 -0.90 -0.14
Rate of change/( km”/a)
#HIIEbk Bl TN
2005 2007 2009 IR
AETE
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AEAG AR
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2015 2014 R 2 H
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Fig.4 Timeline of ecological construction events in the research area for ten years
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Table 4 Scale transfer matrix of the rocky desertification in daozhen country from 2005 to 2015
Level NKRD PKRD LKRD MKRD SKRD ESKRD
NKRD 1233.15 42.60 2.57 16.34 5.52 0.11
PKRD 0 348.57 11.26 38.70 2.71 0.08
LKRD 0 0.12 0.05 0.01 0 0
MKRD 0 94.27 12.79 107.68 2.83 0.03
SKRD 0 2.98 0.38 17.65 56.50 0.40
ESKRD 0 0 0 0 0.10 0.18

NKRD: No karst rocky desertification; PKRD: Potential karst rocky desertification; LKRD: Little karst rocky desertification; MKRD: Mild karst rocky

desertification; SKRD: Serious karst rocky desertification; ESKRD: Extremely serious karst rocky desertification
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Fig.5 The matrix diagram of rocky desertification and land-use transfer in daozhen country from 2005 to 2015
N: No karst rocky desertification; P: Potential karst rocky desertification; L: Little karst rocky desertification; M: Mild karst rocky desertification; S:
Serious karst rocky desertification; ES: Heavily karst rocky desertification; C: Construction land; F: Forest land; W: Water area; D: Dry land; P: Paddy
field; S: Shrub land; G: Grass land; O: Other land
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Table 5 Land-use type transfer matrix of Daozhen country from 2005 to 2015

Type B‘igj;“g Woodland ~ Water area  Dry land Pg;‘jy Shrubbery  Grassland Other land

Building land — 34.90 1.4 8.68 5.98 41.78 1.07 3.25

Woodland 771 — 1.51 42.34 17.42 208.64 2.46 6.58

Water area 0.55 3.24 — 1.59 0.65 4.62 0.13 0.13
Dry land 34.45 28.83 1.68 — 49.24 88.08 2.94 20.90

Paddy field 29.08 26.85 0.84 37.81 — 71.13 4.17 24.65
Shrubbery 25.77 125.33 1.33 83.27 51.78 — 3.22 19.02

Grassland 2.80 0.70 0.01 0.76 3.70 1.70 — 3.44

Other land 24.67 26.16 0.23 32.32 61.01 59.41 1.79 —

33
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Table 6 The rocky desertification of different land-use in Daozhen country from 2005 to 2015

6 2005—2015

/%

/

Land-use type/karst rocky

L Year Woodland Dry land Shrubbery Grassland Other land
desertification level ’
NKRD 2005 32.95 18.28 34.06 0.78 13.94
2015 34.25 15.87 41.65 1.17 7.06
PKRD 2005 45.39 9.79 34.69 0.45 9.67
2015 37.28 11.11 47.89 0.26 3.46
LKRD 2005 34.52 13.83 32.71 1.13 17.81
2015 30.58 13.48 49.39 0.50 6.05
MKRD 2005 39.79 13.56 30.31 0.77 15.58
2015 29.70 16.46 42.72 0.76 10.36
SKRD 2005 40.73 8.61 42.36 0.44 7.85
2015 27.38 15.90 47.11 1.92 7.69
ESKRD 2005 32.95 38.28 14.06 0.78 13.94
2015 25.67 60.32 12.62 0 1.39
2005—2015 ; N
; . 21
15-17
34
FRAGSTAT 4.2 2005.2015
( 7.8).
7 2005—2015
Table 7 Land-use landscape pattern index of Daozhen province from 2005 to 2015

Yer Diversity Uniformity Divided dimension Contagion Degree of Landscape

ear index index index index polymerization shape index
2005 8.3061 0.9484 1.5211 43.4242 19.4739 41.8737
2015 7.6627 0.8932 1.5272 43.5993 21.3427 40.8925
2005—2015 -0.6434 -0.0552 0.0061 0.1751 1.8688 -0.9812

B 2005—
2015 0.6434  0.0552
o 1.5211 1.5272
o 41.8737 40.8925
8 2005—2015
2.4309

1.3976

1.4777
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Fig.6 Logical relation diagram of land-use and the rocky desertification landscape pattern analysis
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8 2005—2015
Table 8 Index table of landscape pattern of the rocky desertification in Daozhen country from 2005 to 2015
Diversity Uniformity Divided dimension Contagion Degree of Landscape
Year . . . . — .
index index index index polymerization shape index
2005 4.2401 0.793 1.3976 57.6636 86.6695 23.0607
2015 1.8092 0.2494 1.4777 83.2032 89.5807 18.5247
2005—2015 -2.4309 -0.5436 0.0801 25.5396 2.9112 -4.536
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