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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
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was transformed from paddy fields and dry land, and the area increased by 7.51%. Construction land increased by 1.30%.
(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.
Key Words: land-use; Karst; rocky desertification; landscape pattern; Daozhen Country
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Table 1 Landscape pattern index and landscape meaning
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Fig.3 The rocky desertification map of daozhen country in 2005 and 2015

WHEFR 2.3 TR BFFEIX 2005—2015 AR [H] , HE AR [ AL 278 Al o A gy, RBIIFIE X 10 48 ]
RICP IR BHEMR A B LR GRS AR SR TR (B 4) B0t T AR IREE , (4 b R A6 1 W AP b 1 v B
LA BAAT B AL I B e TR R AR T R M R R A AR A B TR, S5 Ah AR AL (AR AL
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Table 2 Land-use area change table of daozhen country from 2005 to 2015

Ay b L EERZS:) 7K, Bl 7K H THEA M O oA i 4
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
AR

) 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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Table 3 Change table of the rocky desertification area in daozhen country from 2005 to 2015
SN7AY 3 45 4
e Jee WMedEE AL bW WAL BoRmanit
carroct 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
ARAY R
A , -2.42 -1.86 2.86 -2.39 -0.90 -0.14
Rate of change/(km*/a)
HIIFK BV 21 e TNV, S
2005 2007 2009 & BBREK
AL
LR 2011
A ) AEALLG AR
2014
2015 2014 \I kAT 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

R4 E[Fapi Nl TR AL BB rpRE A AL AL e A AL
Level NKRD PKRD LKRD MKRD SKRD ESKRD
A AL NKRD 1233.15 42.60 2.57 16.34 5.52 0.11
TAE A AL PKRD 0 348.57 11.26 38.70 2.71 0.08
52 414K LKRD 0 0.12 0.05 0.01 0 0

T A 4L MKRD 0 94.27 12.79 107.68 2.83 0.03

H 47514k SKRD 0 2.98 0.38 17.65 56.50 0.40

e T B A Ak 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

255 DL R AT H WFSE X 2005—2015 A (8] A 5 Ak AR A Ak i 4 F2 R Bk v B R o A Ak
TR AL AR NEREE P B R A A A AL R B A AR A A v A A T TR
11.26 km? | H R A Ak 4 Sy Vs 6 A T4k 10 TG AR g 38.79 km?, T J3 47 P54k 5 Ak Ky v 6 A Ak 0 TG ARy 2,71
km?® , T R 7B A Ak T RRAR A AR XTI | 3 10 4 )38 1B A AR DL IE AR A

WFFE X 2005—2015 41 [B] = Hi ) FH AR fh e 35 T2 2 g a1 FH b R ACMRHB A3 n - = b 1] FH 2SR = 22 L2
iR FE 2 A Ay E AR i, EG v R b B S VR ABR b 17 TET AR 88.08 km, K FHE Sy A MR B I TET R 71.13
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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

#3 %‘%ﬁﬁj frbkn ok we o M e we st
Type land Woodland ~ Water area  Dry land el Shrubbery  Grassland Other land
@ Building land — 34.90 1.44 8.68 5.98 41.78 1.07 3.25
A M Woodland 7.71 — 1.51 42.34 17.42 208.64 2.46 6.58
JKI Water area 0.55 3.24 — 1.59 0.65 4.62 0.13 0.13
EL4 Dry land 34.45 28.83 1.68 — 49.24 88.08 2.94 20.90
7K Hl Paddy field 29.08 26.85 0.84 37.81 — 71.13 4.17 24.65
THEARMHL Shrubbery 25.77 125.33 1.33 83.27 51.78 — 3.22 19.02
4 Grassland 2.80 0.70 0.01 0.76 3.70 1.70 — 3.44
H A1 Other land 24.67 26.16 0.23 32.32 61.01 59.41 1.79 —

3.3 ARG A AL A A
MEE 6 HIE Y WESEIX A AL S R B AT P IR rp | R AN AR M Ferp A T HER
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Table 6 The rocky desertification of different land-use in daozhen country from 2005 to 2015

A AL A TR A2

Land-use typekarst rocky AEAy PR i) LS (é AHRh LX) HoAth 4t
desertification level Year Woodland Dry land Shrubbery Grassland Other land
A Ak NKRD 2005 32.95 18.28 34.06 0.78 13.94
2015 34.25 15.87 41.65 1.17 7.06
WA AL PKRD 2005 45.39 9.79 34.69 0.45 9.67
2015 37.28 11.11 47.89 0.26 3.46
BEA AL LKRD 2005 34.52 13.83 32.71 1.13 17.81
2015 30.58 13.48 49.39 0.50 6.05
o A AL MKRD 2005 39.79 13.56 30.31 0.77 15.58
2015 29.70 16.46 42.72 0.76 10.36
A AL SKRD 2005 40.73 8.61 42.36 0.44 7.85
2015 27.38 15.90 47.11 1.92 7.69
W J¥ A 46 ESKRD 2005 32.95 38.28 14.06 0.78 13.94
2015 25.67 60.32 12.62 0 1.39

MR AT, 2005—2015 4F 0], & A T Mot i AR T AR S ek /D g fa 3, & AR TR A TR
FE M A AR AR T R A T E AR PRI b R A AR TR R sl WA R P B AL T
FRAESEIN 5 2B T LA b 1) A A TR RS S el R A, 21 THE20 DA A VA T Rl 2 114 it PR 22 2 PRy [l K
A 2207 T i R AR IR, KDy St A i iR s TR T
3.4 FOUAS SRR BT s [ AR AL RRAE

ST S0 R BRIS R 325, A BSR40 M 4 FRAGSTAT 4.2, LUITE B -H 2005 2015 4F + 1 F Al fr
WAL A R A EICAEPEFR B I ) FEFR B 0 4k BE R A0 & S AR Bk R 5 FE H5 BRI 5o R R A8 £hs
i, %o 18 B A = R R AL SIS R T LR BT (R 7.8) o

F7 2005—2015 FEEE TiF A SR EIEE

Table 7 Land-use landscape pattern index of daozhen province from 2005 to 2015

N SRR Byo) R AR IrHEREAR R L ERE SRR R AR SRS £
AE - S iy o .
Y Diversity Uniformity Divided dimension Contagion Degree of Landscape
e 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

SOV T A4 SR 40 T B L S W 9 X R A S A SR B LA Ak iR 7 T LA, 2005—
2015 A [E), BEFEIX P MR 2 FE PR RO 5) BEFR 8505 TR T 0.6434 F110.0552 , 156 B BB -+ b A FH 5000
I BRI R AL A P B A SOURR R 52 2 R FE ) R R 2 A/, Ay HEEFR Bl 1.5211 B FHE] 1.5272, Ui B B
T XN ST T AR A AS B O A2 S S S PR BRI SR A FEFR BB I, e BAF 7 X 4 3t 1) FH S5 W02 28 ) A
EEE IR /INBEBR A B BEBR S UL s AR B A5 B 0005, 9] T 9 DX A R e O 2 A T B A
Ko SIEARFEEH 41.8737 IR 40.8925, T BRI B B AN K AHF A5 X N = M FI] H 5032 T30 O
TEZH T

% 8 T LI H,2005—2015 4 (8], BIFGT X PN A7 A 22 R P 48 B0 24 &) B2 8 B8 I T [, Horp 28 4E
TR T 2.4309, 70452 WA 53 IX A Ak 5SS A (18 2R /D | BV Ak o B (s 53 , (A A AL 1Y
TR EE R R8T, A Bk 4 B 55k 1.3976 L FHE 1.4777, R AR X P SR IR AR 15 50
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A, HIEFEARBORMER A ARG B MBI T 25.5396 F1 29112 , 15 B 7 1504k 357 08 2H A8 ) il e AR R ik 2>, 5
BT X AT AL PR AT LU A A0 A 5500 b SRR DA BEBRIZE A i) e eV e 2 T BRI B, 0L
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Table 8 Index table of landscape pattern of the rocky desertification in daozhen country from 2005 to 2015

P SRR B o) AR AR SrUERETREL LIERETR L R SRR

o Diversity Uniformity Divided dimension Contagion Degree of Landscape
Year i . . X L .

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
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Fig.6 Logical relation diagram of land-use and the rocky desertification landscape pattern analysis
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