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Abstract; The ‘No.l Central Document’ issued in 2016 pushed the three rural issues’ to the cusp. As an important
component of the agricultural landscape, the features of the farmland landscape would directly affect the inside ecological
processes and productivity of cultivated land, so as to finally decide whether the food problem of the 1.3 billion people in
China can be solved or not. In order to investigate changes in the ecological environment of cultivated land in the Karst
mountain area on the basis of landscape ecological security theory, the farmland of Chishui City ( Guizhou Province, China)
was selected as the research object in this essay. Firstly, datas like patch density, patch shape index, patch fractal
dimension and patch stability factor were picked out and be used in order to analyse the characteristics of landscape patch
evolution and spatial distribution of landscape pattern in the Karst mountain area. Secondly, a landscape ecological security
evaluation model for farmland in the Karst mountain area should be constructed to analyze the evolution of the cultivated
land’s landscape ecological security from 2000 to 2004. In this step, ecological security index, patch proximity index, patch

fragmentation, patch boundary fragmentation, landscape type patch dominance index, separation index, and landscape
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fragile index were used. Thirdly, on this basis of the past two steps, the centroid method commonly used in geography and
economics was introduced to calculate the gravity center of the landscape ecological security of cultivated land. In the same
time, both the gravity transfer distance model and the moving direction model were used to measure the distance and
direction of the ecological safety center of cultivated landscapes. Finally, to explore the driving factors of ecological safety
evolution and center of gravity shifts based on regional characteristics, 10 indices were selected, namely, population
density, proportion of agricultural population, rate of regional construction land, grain yield, unit of cultivated land
fertilizer, arable area, gross output value of agriculture, per capita disposable income of farmers, crop sown area, and
number of rural practitioners, and a grey correlation analysis was performed for changes in the indices and changes in the
ecological security indices of the cultivated landscape.The results showed as follow. Firstly, in the recent 15 years, the
ecological security center of gravity of cultivated land landscape in Chishui moved to the Northwest. Meanwhile the patch
density, fractal dimension, and fragmentation decreased, the patch shape index and connection degree increased. The shape
of the cultivated land gradually changed to a complex state, and the distribution tended to be homogeneous, whereas the
patches became increasingly clustered. Secondly, arable land continued to decline, ecological safety decreased. According
to the landscape ecological security index of cultivated land calculated results, it could be seen that the ecological security
zone of dry land landscape was expanding to the southeast, and the safe areas was changed to the the relatively safe areas,
and the relatively safe areas was changed to the dangerous areas; The relatively safe areas of paddy field landscape changed
from a centralized distribution to a divergent distribution, the safe areas transformed the relatively safe areas and hazardous
areas. The ecological security of dry land and paddy field landscape was not optimistic. Thirdly, the gray analysis results
indicated that the driving factors that affect the evolution of landscape ecological security and the transfer of gravity in dry
land of the study area were obtained, and the maximum was the total agricultural output value, followed by grain yield and
crop sown area. Grain yield was the most important factor affected by the evolution of landscape ecological security and

gravity transfer in paddy fields, followed by the level of fertilizer application and population density.

Key Words: cultivated land ; landscape ecological security; evolution; mountainous area of Karst
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Fig.1 Sketch map of location of study area

1.2 Fdiski
ASCHE ] 2000 2014 4F 4 #U A PR B CFE IR 1:30 J7) 4E J JEEER 2, R AreGIS 10.2 25U ARk

http ; //www.ecologica.cn



34 IR AR TR L X SR s S0 A A 2 e A i 855

T3 2 A AR A SR B , 45 2R /K 7 2% & B 0 A6 1 - b T AR, 52 b K FH % R B e T A B
P B B B BT 55, DA KA & 48 S i St K B A EC A, T TS WLAR R B 350 | S5 AE 288 2 PE A e
HOFER TS

Aok T & £ B R AEIE 2000 4EF1 2014 AR FURE Al A F e | Xl il LG 9] R 27 o\ AT
BEHALIE it B BT AR Aol G AR R AT SR RAE Y38 A AR R A MOl NECSE 10 AN F6 15
SRR T 2000 4 FD 2014 AEAROK TG THESE AN E R B Mkt R R GETHAMEFGETHHORE, T T ER A b 57 WL
S G o N AU oI Sl
1.3 W55
1.3.1  BRHS MAEbR S 0 M T 1%

W SRR L DX BRI ARAR S A%, N b st 53 45 T3z, PRI R BOBEH %% B2 ( Patch Density , PD) (BEHIE
IRFEEL(Patch Shape Index, PSI)  BEHL /I 4E %44 ( Patch Fractal Dimension, PFD)  F8 % 1 2% ( Patch Stability
Factor, PSF) $ 54 73BT 0 $r 45 LU DX by 55 R B3 AR A AR S UL J) 2 ) P 8 R AE . BT A =X I R R
LY T ZEg AR E AR SOk,

1.32 SRS ER

AR SAL G S SR 2T 7 25, 51 A A 255 1 48 200 2 e 30 45 1L DBl 3t 57 WL A 25 A P A
AL S R b S W S AE ) S IR S R G e RO A S A A R | R Gk TR
PUSWRERES R R KU A AR 1A DLES &, FOAR 2 S8t ROBE R BR i, RE 9 78 A0 IR B SO E S e 4
B AR, BEAFXS ST Sz e S L X B A 38 R e MU B RS, Rk =08

LSES =1- [ (PX+PF+PBF+SHDI+DIVISION) x2.5LFI] (1)
#H, LSES( Landscape Ecological Security Index ) A5 A= 5% 238 %0, PX ( Patch Proximity Index) 35T i 45
H, PF( Patch Fragmentation ) A5t 2R B BEHLA W , PBF ( Patch Boundary Fragmentation ) A5 W2 7Y 31 B i e
J&# ,SHDI( Landscape Type Patch Dominance Index) A5t WSS R BEH A 3445 5 44, DIVISION ( Separation Index )
FOMAMBILE S AL, LFT( Landscape Fragile Tndex) % SE0LNG 35 FE #80. 4% B HOH 5220 50 WAL 75
SR A R B B AreGIS 10.2 F1 Y Spatial Analyst T . J% Fragstats 4.2 FF -G, &% 3%
W B P A NS LR A AT 3 ALK . T UK (LSES<0.45) , Il 21X (0.45<LSES<0.75) , 1 %%
X (0.75<LSES<1) , HXf B BB L RSN . T R (felks) MR %) M (L4),
1.33 BHRWESZ2E OB

A& B ORI BE AR 25 (] b AR HOHLT RS, 20— 20 2 R — AN EO O Iz 3l U7 ) o M R 3R
S — W e 25 (o) AR R A F A 0 M SR A e 2 F O AR R 9T AR R e s AR SR R 1k i
—ANE L)y T, REAE Wb 2 OB b S5O0 AR 28 2 A s AR Y e AR AN R 48 R 3l AR A B RRE A 3R L
il o PUHAS SCH I ATEHI B2 (285 2 b HTRY B0 7153 2000 4E 1 2014 AR5 IXBF M S5 WL AR 25 % 4 ol
O, BOLE A B FR , £k

Y (LSES, x X,) (LSES; x Y,)
X=g v=g (2)
> LSES, Y LSES,
i=1 i=1

Kb, X |V RS IX B SoU A 2522 4 T 0 A A LSES, HAS @ AT I BB T0 1 B b 5 W00 A= 25 28 48 3K
X, Y, G FORE | AT BT O AR

T S R I R M A A A O RS R B RO 1], 5 AT B B B AR R RIS Bl [ AR AR T

WS m o RS RRELSIHR P, (X,,Y,) , P(X,,Y,) 2d_ Hm3 o tEREOERLZS
FEES (km) ,m WARIAAE  n WA IEAE, ¢ HHE(c=111.11) F£n B HBR 2 25 Ap AR B A7 (©) B 4k F T iR 25
(km) W R%EL, WA .

http ; //www.ecologica.cn



856 A E = 38 G

d_,=cx. (X, -X)" +(Y, -Y)"’ (3)

A0, hm B n AEEOERIME(-180°<6<180°) , IEA 711K 0°, IERB§J5 ] 3 —90° , 1E 1§ 75 [i] Ky

+180°, 1IEALJ7 W] 2Ry 90° MR £ HE ey 1, i i 1 e e . Il H R AL T, 24 -180°<6<—90° 1t I 5.0 7] P4 e 7

[ER2 30 5 24 -90° <0< 0° UL A F.0 [ R B 7 1R 30 5 2 0° <0< 90° Ui WA 5.0 7] AL 7 181 B2 511 24 90° <0< 180° 13
HLO W PYIE T8 ,a=0,1,2, WA .

aT Y -Y
O =— + arctg| = 4
n—m 2 arc g(Xn _ Xm] ( )

1.3.4 RSN R

FF b 7 UL Ak B A 2520 A LD AL BIK Bl R 3R 40 R RT3 DG IR 23 Hr 7 vk | 3205 V3 e R 68 D TR B SR f o
KRN R G EAT R B TR, HAABAUZ AR5 7 5 U AR B AR LR R FI W IR R R SRR . BEXNHEAE D
Z /D RREAA TR AR RIS T A 2 IR A 45 R 5 8 M A 4 SRR R ARG 0, PRLIHCAS S5 1A I ik 0 5
2000—2014 AEHFH5OW AR S 2 4R BUE A i 5 & SR IR R AR AR i (8] () SCHR B2 IR AT 256 LU R HE Y R 5
F5E DRt 50U AR 25 2 A A B PR R Al e L O R R I BRI R IR (8 ORI 37 7 1 3RA A 0h
minmin | x,(k) — x,(k) |+ pmaxmax |x (k) = x,(k) |

|x,(k) = x,(k) |+ pmaxmax | x,(k) — »,(k) |

1 n
ro=—23 &,(k)
n =1

K, e.(k) ATFF X, BI5 KA LR G751 X, 5 K AICR B SCHRR B r, 0 RHREE . o p o Bt
ZH, RIS A (max) i R SCIR R B FARE I, A5 A 22 ROk 4 i SCHk R B0 10] 19 22 5 51k
HH p 0.5, 280 min 15 max (Y HUESE 28 %254~ L 51 [ B 220 1 4 0 25 (1Y) LU Bk A e
FARBIARUELAL BE . iy TK (S HR AT R G045 K0 Hh Bl 44 A (), AN T B slonf A BB 9 4518
N T RUESS R TSR e AT IR SRR BE 2 M vk, 55 SE R IR 22 PR AL T X B AT o i AW AL B 3207 3 %
TE T F8 B3R () $8 b3S 1 , 2 e 22 4R AR b (A 7E 0—1 Z )™
PO — : HREAR KRB R

g, (k) = (5)

, Xy - min(XL.j)
Xij_rnax(Xij) - min(X;) (6)
TEOL  UREASR I B/ NP
max(X;) - X,
' (7)

i max(X;) - min(X,)
St X, A i G AR ENEASCE s X, WERHERA max(X,) b X, FAIKAE; min(X,) 4 X, P9
R/ MA

2 ERE5X

2.1 kb U BREH G L FRE

Hi 2000 2014 4 2 7K TR M 5 U8 A9 BREBR 22 BR800 (3% 1) mI 1, 2000—2014 4F- 75 /K 13 52 M Al 7K H g
TR MR8 BEH R BT K, BEHOE ARG £ LT, R o A BEHL % B 2000 4F 1 0.39 TR ] 2014 4F 1 0.25, 7K
FH Y BEH 25 3 iy 2000 419 0.33 FREE] 2014 4E19 0.27 , BB A 2000—2014 4 | 523 A1 7K FH -5 00 140 ol e 8 7 o
1%, 28 [ Ar AR SR Bk 40 4) . SR b A BESOEARFE 5l 2000 4E19 0.06 | FH3 2014 4E 1 0.09, 7k H 9 BEHIE AR 35
FEH 2000 4E 14 0.05 L FHE] 2014 4E R 0.08, H 45 B 552 Hb (%) 5E S IR 8 5035 K T /K 1, 2= W52 b R K B
2000—2014 4% BEHIE IR R A7 2, (FL 52 K B B2 2 AR B SRR 7B 15 AR ], BF b s WL 7E 25 (8] L0 AR
ETHE) JERETE RS, BEA,2000 47 (1) 524 B EH 25 5 T /K B R BEH 2 52 Ul B 55 Ml 55 U0 1 A e £

http ; //www.ecologica.cn



34 IR SRR L X SR oA A 2 A M A i 857
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Table 1 Changes of cultivated land landscape characteristics in the study area in 2000 and 2014

RIS SRR bR

Land use types Landscape characteristic index 2000 2014
5L Dry land BEHL AL hm? 11211.33 8034.99
Bt i 0.39 0.25
BEYIE ARG £ 0.06 0.09
JKH Paddy field BEHe i FL/hm? 20280.58 16543.09
BEHew i 0.33 0.27
BEHILRAEEL 0.05 0.08

2.2 BEHESO0AS B B B ARRE
SN 2 ()P BB AT A 2R TRV, SR T S ik b UL 2R ) S IR, B RO SR 10E , 51 I8 e 50R
SUE PR RFON SO Z AN AR BIE AR 2 [T 9T . S TR AEER R /NS N2 S 8 38 DA
5, BB AN ZS B R T E , 7 G AEECER A, B Y AR 2 AN Fe2s (B)_ B 2 ik 8% 2, #F
TEAS AR T B BRI, 7E 7S ] b SR /NS
MABFFEIX 2000 4 2014 4F45 £ 485 ) 538 2 1 5 K A 0 JE e85 (3% 2) A&, 7E B[R] ROBE |, 2000—
2014 FIRIK T4 S T A TE HE LAY 43T AE 507 3R LR T T B, B A 68 £ 52 b 5o 00 55 T 1 E L R K
H SO 43 TE 4E 806 B BT, B O S ok A 4% e s a2 P P sk, EamRE -,
2000 AF K [FIEH  FEREAE B IEE KU R EEDEASRT 1.45, X 50 1 & BUESA AR B AR Y X T e
A O, HA S R MR 4EE /N T 1.45, B & BRI 5 K H G 43 T8 4E 85085 BE B R ANBE R 1T 2014 4FBR T
KRS I AR T 1.45 b, HoR £ BB () 0B 4R 8034 /N T 1,45, B 2 S8 Y 53 T8 4E 8508 BE /N B
b,

F£2 WHREX 2000 £.2014 F£&SERAEH M SWER S RYEE

Table 2 Fractal dimension of landscape types of cultivated land in various towns and streets in Chishui

IR 2000 2014 I, 2000 2014
S S JK [H il K H S i JK i K H
Dry land Paddy field Dry land Paddy field Dry land Paddy field Dry land Paddy field

SO 1.43 1.42 1.25 1.29 KREH 1.49 1.46 1.28 1.29
NG 1.43 1.45 1.24 1.30 SRy 1.38 1.34 1.31 1.27

G AT 11 4 1.44 1.31 1.37 1.36 ) 7 1.43 1.38 1.25 1.59
JLIEHH 1.41 1.43 1.39 1.34 Hz% 1.36 1.36 1.10 1.15
FT R 1.44 1.43 1.37 1.38 LS 1.22 1.34 1.23 1.31
I P 1.49 1.41 1.32 1.32 CHETEE 1.38 1.34 1.18 1.15
BIEH 1.49 1.45 1.35 1.38 i 0.68 0.44 0.15 0.39
KA1 1.45 1.45 1.34 1.33 SHefE 1.31 1.18 1.08 0.64
S 1.40 1.39 1.24 1.28

2000—2014 4E 7R K T 4% 2 BEHFHL A 23 (] 25 A R e PEFE BOS IR 2 ETHa % (2 3) ,(HPI HE FH & |

G S FIAN, PR U I8 2 7K B AR E PR U8 2000 4575 BT T %, A1 28 £ 52 b 1 e 1k 38 408 2000 4F
AR, AR ,2000 477K HAFRE M BOR T2 1 Fooe M8 4k, 10 2014 47 52 1l i A2 146 508 ok
KK H AR e S B, BB /K H 2 )RR e P R 2 T R] 10 A% A8 A5 R BN RS |, T 5 MRS 1 D 0 T 1
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F3 WRIKX 2000 £ .2014 £ & SERAEHHIREERE
Table 3 Stability index of cultivated land in towns and streets in 2014 and 2000

AT 2000 2014 BT 2000 2014
Study areas S K H S kH Study areas S i) JK S K H
Dry land  Paddy field  Dry land  Paddy field Dry land  Paddy field  Dry land  Paddy field
SO 0.07 0.08 0.25 0.21 REM 0.01 0.04 0.22 0.21
pNEii 0.07 0.05 0.26 0.20 (R 0.12 0.16 0.19 0.23
PR 1 0.06 0.19 0.13 0.14 et/ 2 0.08 0.12 0.25 0.09
JLIEH 0.10 0.07 0.11 0.16 Hz% 0.14 0.14 0.40 0.36
TR 0.06 0.07 0.13 0.13 A% 0.28 0.16 0.27 0.19
T P 0.01 0.10 0.18 0.18 AR B 0.13 0.16 0.32 0.35
B 0.01 0.05 0.15 0.12 i 0.82 1.06 1.36 1.11
K 0.05 0.05 0.17 0.18 Gt 0.19 0.32 0.42 0.86
Kb 0.10 0.11 0.26 0.22

2.3 HEEAE SR

AR TR FOUAS Jo 48 BOE AR R I T Bk (K 4 .3 5) ,2000 AE0F5E X5l 5000119 2 382 45 50
0.767,2014 4N %] 0.695 , 7K B 500 V- 34 4 5% A48 40H 2000 411 0.822 R %3] 2014 4E1Y 0.743 , RUIBFF
X SR AR oA 25 28 e VERR S R,

F4 2000 FRREXE L HREEH M ENIEFIEH

Table 4 Landscape pattern index of cultivated land in different towns and streets in the study area in 2000

541 Dry land 7K H Paddy field
e - 7 - P : i i B
S o e B B (L latlle's's ety ¥ rx g wE i i
PF PBF SHDI LSES PF PBF SHDI LSES
RRi 0.062 0.086 0.054 0.091 0.053 0.335 0.711 0.046 0.036 0.071 0.061 0.034 0.291 0.819
pNEifi 0.049 0.083 0.034 0.159 0.096 0.207 0.782 0.049 0.060 0.081 0.055 0.032 0.340 0.765
WG] 11 0.032 0.065 0.019 0.217 0.188 0.170 0.779 0.035 0.033 0.027 0.197 0.102 0.174 0.829
pntis 0.073 0.072 0.027 0.155 0.092 0.397 0.585 0.089 0.044 0.048 0.108 0.048 0.423 0.644
T 0.073 0.085 0.023 0.188 0.130 0.350 0.563 0.053 0.040 0.029 0.180 0.087 0.290 0.718
I P 0.122 0.129 0.091 0.025 0.032 0.408 0.394 0.037 0.033 0.055 0.095 0.043 0.252 0.834
B 0.035 0.075 0.014 0.241 0.277 0.140 0.774 0.106 0.043 0.048 0.117 0.051 0.423 0.614
KU 0.056 0.097 0.049 0.113 0.063 0.322 0.695 0.115 0.047 0.099 0.017 0.024 0.475 0.643
Ky 0.045 0.063 0.042 0.125 0.070 0.224 0.807 0.062 0.031 0.071 0.049 0.031 0.281 0.829
REH 0.079 0.131 0.082 0.053 0.040 0.445 0.572 0.049 0.053 0.085 0.055 0.032 0.306 0.791
(R 0.038 0.053 0.030 0.149 0.086 0.260 0.768 0.026 0.020 0.028 0.169 0.078 0.159 0.872
E) 7 0.013 0.048 0.023 0.220 0.197 0.064 0.919 0.031 0.029 0.056 0.103 0.046 0.153 0.899
Hz% 0.046 0.040 0.063 0.059 0.041 0.213 0.867 0.025 0.021 0.080 0.042 0.029 0.168 0.917
Vel 0.008 0.012 0.009 0.246 0.305 0.054 0.921 0.115 0.013 0.033 0.156 0.070 0.131 0.873

AEME S 0.029  0.031  0.117  0.001  0.027  0.135  0.931  0.015 0.009 0.125  0.001  0.020 0.098  0.958
HisFfAFiE 0.001  0.001  0.038  0.096 0.055 0.011 0.995 0.001 0.001 0.001 0341 8858 0.001  0.977
44EfE 0.010  0.018  0.101  0.027 0.033 0.064 0.970 0.004 0.004 0.073 0.058 0.033 0.035  0.985
FHME

Average 0.045 0.064 0.048 0.127 0.105 0.224 0.767 0.050 0.030 0.059 0.106 0.566 0.235  0.822

value

PX: Paich Proximity Index; PF: Patch Fragmentation; PBF; Patch Boundary Fragmentation; SHDI: Landscape Type Patch Dominance Index;
DIVISION ; Separation Index; LFI:Landscape Fragile Index; LSES:Landscape Ecological Security Index
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0.224 4% 2014 1Y 0.235 R A 55 P3G 0, 5= b 1% A5 UM B2 720 W i R, T 7K FH 9 e 553 B 8 450MA 2000 48
[ 0.235 FRES 0.228, ME 554 FR A, /K I SAEHT 14068 ) AR AR bk

£5 2014 FMRRE SEREEH IR EER

Table 5 Landscape pattern index of cultivated land in different towns and streets in the study area in 2014

5241 Dry land /K H Paddy field

WD TR 5% T 5%
S o I il e e s I oy BRI g JTRE R P

PF PBF SHDI o LSES PF PBF SHDI LSES
SR 0.207 0.035 0.019 0.094 0.109 0.228 0.736 0.371 0.020 0.045 0.040 0.033 0.359 0.543
pNEifi 0.109 0.039 0.021 0.063 0.080 0.343 0.732 0.085 0.022 0.055 0.000 0.025 0.545 0.747
WG IAT 11 £ 2.120 0.088 0.022 0.096 0.112 0.399 0.484 0.050 0.034 0.016 0.217 0.164 0.132 0.841
JCIEH 0.247 0.122 0.027 0.068 0.084 0.604 0.172 0.164 0.049 0.035 0.080 0.045 0.547 0.490
T 0.412 0.092 0.014 0.140 0.191 0.333 0.294 0.988 0.053 0.019 0.188 0.115 0.267 0.089
I R 0.046 0.058 0.015 0.142 0.197 0.139 0.841 0.581 0.033 0.050 0.031 0.031 0.423 0.231
B 0.364 0.075 0.024 0.062 0.080 0.681 0.187 0.373 0.050 0.024 0.168 0.095 0.279 0.505
K 0.078 0.065 0.019 0.116 0.139 0.205 0.786 0.023 0.032 0.034 0.109 0.056 0.245 0.844
K 0.038 0.033 0.015 0.122 0.150 0.145 0.870 0.048 0.023 0.037 0.080 0.045 0.234 0.863
REH 1.403 0.028 0.020 0.096 0.111 0.224 0.321 0.049 0.018 0.047 0.029 0.031 0.389 0.831
T2 4 0.098 0.053 0.015 0.132 0.169 0.185 0.784 0.021 0.025 0.019 0.173 0.099 0.153 0.871
et/ 7 0.024 0.033 0.014 0.143 0.198 0.089 0.908 0.003 0.016 0.035 0.230 0.196 0.044 0.947
EPNET 0.014 0.014 0.011 0.148 0.213 0.058 0.942 0.024 0.009 0.027 0.101 0.053 0.113 0.939
RS 0.090 0.023 0.018 0.093 0.107 0.215 0.822 0.010 0.016 0.018 0.211 0.150 0.074 0.925

AR TE 0.072 0.007 0.045 0.000  0.048 0.105 0.955 0.003 0.003 0.036 0.126  0.065 0.038 0.978
i v 0.001 0.001 0.014  0.111 0.131 0.006  0.996 0.001 0.001 0.018 0.238 0.219 0.002 0.998
e 0.011 0.005 0.039 0.038 0.065 0.045 0.982 0.002  0.001 0.015 0.101 0.053 0.027 0.988
Tt

Average 0.314  0.045  0.021 0.098  0.129 . 0.235 0.695 0.164  0.024  0.031 0.125  0.087  0.228 0.743

value

IR ES R A TG, A FE S A S o IXIE (B 2) , ATE Rk T 17 4> S 88 K 138 kb 5t
W% AR 22 SEARFAE B35 . 2000 4RI bt AR S 2 4 T g (fali) XA TR Kb EB ARG HE R, 11 9 (M X %2
4) K FBA TR el 0 K #mi e oI, M (264 IX EFA T X pg c e dn i s 4
16 KIAHE IR S YT 4 P2 4852014 EF R0 T X JE BN T K G4 #imiE JoRE B
B, FE RS KART MK, T2 X5 2000 4545 K T KRB S 2448 Wil 18R, T IX RS s 3 T s, 4 46
W% RS A 2 KB KL, KESOWA SR 2RBUEE 2000 4F 1A 2 X, HAr i 4
o XA TR KR AR B T A TR 4 A S, R 13 S B R TE R E T 2
X (H 5] 2014 4FERFK H S LRBN 3 3K, T RXONIEBEBRBI 8L, 0 RIX s i, 8
LGB VL TR KRN 2 A, TTIX AR 2000 4 A JEAE B/ 1 REREBL & 44 K TRV, 3 T K

K1, 2000—2014 4EJRIK T 45 2 48 S AT 52 K FH S 0 A 265 22 4 Jm A8 A ) S B ARRAE O . FE I XA =)
AR AR Ot 2 LY ] Pl e X 1 A e S DA K pR A X 22 4 DX AR T R 5 RH O 4 XA SR AR AR A R A
R, BRI N e A DX T X 28 4 DX 3k 5 4 4 DX A FUASEAS BT F 4, F VG T 50 L X 1) 2 i 0 b DX 92> | 1) R
HHEE
2.4 HHEMASZEELBD)

H 5 K SOW A A A T O AR AR U EC AR R IR (18] 3) AR ELOFEFSRIE (2 6) ,2000—2014 4F7R7K
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Fig.2 Grading map of ecological security of dry land and paddy field in study area
LSES: S A% 2354 Landscape Ecological Security Index

TSR K A oA AL A B O 1) 2 PU L 7 1) 8% (E S b 5o B A 22 4 B0 W 22 45 B 78 AR R 32 LK FT Y
TSR, St 5o A A2 A O RS Shif S I (2 H K B oA 25 EE O RS B B R, 2000—2014 4F St 5
WA S HLO M P T M8 T 219.335km, B HERESEAHTA R LA 129.341° 861 [ £ 3l 31 K 5 50 — 3okt ; 7K S0
AZSEOEPEIL TSN T 94.124km , 7ERE BEBUHT AR TN LA 135.006° 5 [ #1784 51

F6 BEOERBEHE
Table 6 The characteristic of barycenter diversion in the study area during 2000 to 2014

% EE R AR Bl a5 1) FBliiE B
Land type Variation of longitude Variation of latitude Mobile angle Direction of motion Movement distance
E b Dry land 1.527 -1.251 129.341 vadeTT 219.335

7K H Paddy field 0.598 -0.600 135.096 [iis|vi 94.124

2.5 WRHHER KT
T 15 AER AR KT RE L S AR fE 32 31 F Ak 20 N BR SUfk AR R SR R A5, AR TR
HEH AR b e O R 1 R B UK B R, 25 B8 3 N0 AR IR s A MRS A R 4l PR 2 5 0 e A 25 2
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Fig.3 Gravity center transferring map of landscape ecological security in study area during 2000 to 2014

SR FZ M AR FH , 7484 e () [ P AN DG 2 (0 3 Atk L AR BERL2E R Gebk AR | TSR EUPE R mT B ek i
W], 25 A 5T X 38 A sl i | AR K T GE AR S A R B AL 25 & TR G A IR S Gt ok BB 11 25
JE(X)) A A FHEE (X, ) DB B e (X, ) R ™ 5 (X,) R AR AR Tt & (X)) (BF b i AR
(Xo) A= E (X,) AR (X ) RIEVHEFIEF(X,) ARF Mk A (X ) 3 10 M 847,
SRR AR A G AR BUE A HEAT IR G OGRS IR R B oW AL M AR S 7 2 OB KSR &R

H 2000 4EF 2014 4ESA S 8 BTIE 10 DGeiHa s 28 LR 1E 8 ELE P31 (3% 7) 3% 2000 4EF1 2014
AEIFAE X B b WA S 2 AR BUE A AR N RGEAT NRHE NS )75 a3 OG5 R 8K, 15 B ARk T
B SOW A 28 2 AR B AL S5 IR E) Rl 7 Z B A DGR R B P (3R 8 . 3R 9) , TE UL R A b X QI R BT 5 kA7
K EINHER | MR I B R 4% = R FH 228 %) = BB Bh R &

FFE X 2000—2014 4F- 52 iy 5o W0 A 75 28 4 AR K F O 6 A 10 G B RO /NVHE Y (352 8) . ARk B = 1A
(2.111) SHE P (2.096) SAAEY BRI AL (2.048) >4 A T HEEE (1.990) >HFHBTGAL( 1.933) >4 AT Mol A
H(1.884) >A R A AT S A (1.878 ) > X el 8 158 FH s U451 ( 1.740) > B Bk Hi AL BT i FH 2 ( 1.614) > A %%
FE(1.604) ,
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F7 2000—2014 FHRATESEHREERITERETUE
Table 7 Statistics on the Change of Statistical Indicators of Township and Street Offices in Chishui from 2000 to 2014
e RUA AR i e RFAL

NBHE ] P I A L AR Vi B | /N (3 (B .
5T X 35, Population H LK_E Rate of ﬂ%ﬁ"}} - Ln'n of Al Gross output  Per capita R A
Study areas density/ PI‘O[.]OF[IOI’I of regional ‘Gram cultivated Arable value of  disposable  Crop sown pR e

(A/km?) agrlcu?lural construction yield/kg . lfir'ld area/hm? agriculture/ income of  area/hm? Ar.ural

population/% land/% femhzerz/ it farmers/ 7T practitioners/ A\
(kg/hm*)
R 3.706 0.462 -0.018 1455000 -4630 209.210 15799 6702 636.700 2375
KIFH 3.797 0.568 -0.031  -2083000 -4600 -86.820 15539 7775 941.600 ~442
PR 4 3.444 -3.977 0.061 172000 -4500 -9.000 7766 6448 162.700 1470
JCRH 0.808 1.761 0.000  -285000 -4430 -80.000 11994 7547 763.500 2390
#it 2.692 1.535 0.031  -722000 -4590 -87.020 14776 6608 216.000 1403
HE R 9.799 -0.895 -0.067  -901000 -4440  -212.400 18158 6536 381.600 179
B 7.731 -0.357 -0.002 2497000 -4460  -211.050 25998 8181 -47.700 2335
K 15.284 -1.303 0.470 2281000 -4310 -59.770 18471 8078 881.200 3696
Kb 13.771 -0.131 0.109 2546000 -4620 -21.480 16692 7181 1204.100 786
REH -0.573 -1.243 0.118 2158000 -4680 698.880 14821 8701 969.500 -858
W 1112 1.654 0.015 838000 -4360 -11.000 9520 6515 309.400 229
FHS 8.479 -2.726 0.050 49000 -4740 -84.830 8455 6408 404.100 -250
Hz% 15.959 -1.755 0.006 886000 -4540 40.730 8917 7421 390.800 2423
ks 13.300 -1.334 0.014 146000 -4330 56.620 8940 7253 177.300 216
SRR E 45.082 3.439 -0.560  -706000 ~4450 866.080 4902 7980 650.300 1283
HirpiE 2145.401 -0.648 -4.197 0 0 -13.000 582.5 9651 7.700 660
GAefiE -69.348 6.728 -0.320  -435000 -4650 361.610 2693 8446 -0.700 377
#8 2000—2014 FARRBMSNEURFINESEFIIEMNXBERER
Table 8 Correlation coefficients between the comparison and reference sequences of dry land during 2000 to 2014

?Eﬁ:i &, (k) &, (k) &5(k) &4(k) &s(k) g6(k) &7(k) e5(k) &9(k) e10(k)
R 1.714 2.215 1.519 2.231 1.695 2.140 2.960 1.498 2.752 2.427
PN 1.583 2.522 1.645 1.472 1.577 1.661 2.636 2.509 1.946 1.616
P 4 1.266 1.917 2.159 2.128 1.285 2.526 2.999 1.948 2.442 2.058
JUJRAH 1.154 1.729 2.643 2.083 1.185 2.750 1.921 2.196 1.531 1.435
T 1.293 2.121 2.103 2.921 1.292 2.170 1.998 2.011 2.513 2.177
HE P4 2.800 1.237 1.083 1.205 2.663 1.000 1.855 1.027 1.296 1.179
B 1.024 1.790 2.496 1.007 1.041 2.993 1.000 1.433 3.000 1.249
K s 1.861 1.656 1.298 1.906 1.991 1.479 2.737 2.341 2.558 1.777
Kb 1.799 1.950 1.427 1.721 1.773 1.576 2.969 1.685 1.721 1.954
REH 1.311 2.633 2.001 1.375 1.290 1.471 2.040 1.700 1.519 1.818
(R 1.695 2.692 1.522 2.738 1.793 1.673 2.051 1.428 1.880 1.776
K 1.652 1.595 1.551 2.515 1.591 1.598 2.007 1.419 2.155 1.624
Az % 1.826 1.608 1.441 2.993 1.835 1.657 1.847 1.812 1.899 2.585
aEs 1.514 2.069 1.716 2.944 1.593 2.076 2.332 2.109 1.893 2.038
P 1.749 2.492 1.724 1.891 1.769 1.650 1.629 2.475 2.813 2.416
DIRREETIES 1.404 1.980 1.611 2.425 1.404 1.697 1.404 1.611 1.464 2.040
SAefii 1.629 1.629 1.648 2.074 1.664 2.742 1.506 2.732 1.440 1.856

e1(k) Ley(k) L es(k) L ey(k) es(h) e(h) L er(hk) | eg(h) | eg(h) | &19(k) PMHIFTRA T AL I Al NPT HG AR Al k| DXl
VI HO A it R b8 fldd | SRt A AL P e 2 A e OB st IR RV Al it Aol B At A R I AT SERE R A E At RV 4%
TR BV (ot RS Dl NBE AL i 545 & B8 A7 10 52 4t S5 WL A 2 22 A R B2 Al ek (] A IR 2R
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WFFE X 2000—2014 47K S W AE 245 28 T A8 R B OB R R BN HERF (R 9) M. B i
(1.920) > B B b Ak AE it FH & (1.903) > A %5 5 (1.895) >4 B A AT S Bl A (1.855 ) > A A4 4% Fif i £
(1.842) >AAT MO AKL(1.801) >4 AT HEH (1.759) >HFHLE AR (1.723) >4V B2 (8 (1.673) > X I 5
Hu LA (1.489)

£9 2000—2014 FARRKEEMEILRFEINESEFIIEMXEBEREE

Table 9 Correlation coefficients between the comparison and reference sequences of paddy field during 2000 to 2014

WHE X3

Study areas (k) &y(k) £3(k) £4(k) e5(k) £6(k) £,(k) eq(k) o(k) £10(k)
R 1.409 2.875 1.789 1.750 1.396 2.747 2.180 1.759 2.362 1.871
KIFHH 2.009 1.809 1.301 1.188 1.999 1.311 2.267 1.802 2.649 1.282
[RG SR 2.113 1.154 1.239 1.870 2.168 1.355 1.483 1.165 1.329 1.929
JCJE 1.638 2.737 1.511 2.147 1.702 1.546 2.355 2.036 2.550 2.290
EHTiT R 1.000 1.446 2.471 1.849 1.000 2.382 1.387 2.614 2.066 1.473
IE [ 1.024 1.940 2.515 2.028 1.045 2.763 1.265 2.889 1.809 2.108
R 1.750 1.862 1.432 1.701 1.803 1.305 1.681 2.532 1.303 2.555
KA 2.728 1.174 0.979 2.634 2.485 1.081 1.844 1.490 1.937 2.936
Kb 2.212 1.563 1.202 2.094 2.172 1.309 2.208 1.384 2.094 1.565
KEH 2.214 1.397 1.193 2.406 2.155 2.724 1.968 2.451 2.898 1.124
W 2.063 2.009 1.266 2.347 2213 1.372 1.622 1.200 1.511 1.442
FHZ 2.261 1.225 1.198 1.717 2.145 1.226 1.459 1.116 1.538 1.242
Hz=% 2.168 1.363 1.239 2.283 2.180 1.399 1.535 1.510 1.572 2.603
VoK 27 2.286 1.367 1.201 1.750 2.475 1.371 1.480 1.385 1.287 1.353
AT E 2.203 2.492 1.383 1.491 2.235 2.044 1.320 1.841 2.027 1.808
i 1.144 1.510 2.048 1.762 1.144 1.337 1.144 2.048 1.185 1.546
ST 1.988 1.988 1.344 1.621 2.040 2.013 1.246 2.319 1.199 1.482

£1(k) &3(k) \o3(k) &4(k) \e5(k) &6(k) \&,(k) (k) \&9(k) &1o(k) 73 HIFAR 10 DESRAE A5 2% & SR K 50 A 2 A e 2L
AL PSS

TERGUR SR R 5 A B R RS S B A —3hE, B[R 2P A8 M) = 35 G T A A
el AR T SRR 15 AL RN 8 K 9 IR HEF R AT E f:Pi&aXJuﬁiutcéﬂﬁﬁJ:
2000—2014 4E[H] B H Z B AR A KB A 2 28 228 R R AR ST hE e
A, ZFBRM A 7 BAE A A4 )R 25998 T T 18471 J5 G 18158 J1 7T, A8 Ak i HE— = =4, i Hoft b [X.
K EPERL RKTR E Pe i AR AL 20 51 2497000 ,2281000kg, 28 Ak HESS — 5 = R A B AR R 22 2 2578
PGS K i % 878 A X 2 A2, AR AR 46 P i AR AR Ak 5 43 3114 969.5 ,941.6hm?* | A8 i HE ST
T S TR SO AE AR A 15 AR RS B AR X R AR R A RIFIEA AR AR 4
75,;%5@*&@?%@24&%%73“%7 2281000, —2083000kg ; & M4 58 22 4 25748 Jg A0 22 4 2%, 5 71 4 by AR 0 22
BAS NG A, B A7 AL A it P H 28 Ak 43 39— 4630  —4590kg/hm? ; BE A48 1 22 2 25738 MG R 2%, HEA D
ﬁaﬁf/}ﬂtiﬁww N/km?, FIREE SR | SR B K €0 SC I 245 H 5 b 50 AR A 2 4 VAR T F O 3 S 5 i TR
R RAEAR S8, IR 7™ 5 AR AE P3G P AR, 7K Sl AR A48 4y A ) J0 6 75 5 i R R B
RIS =, HO R LIt A 2 AN OV 7 A ot X S8 B

3 FwErig

ARSCUA A 3 A1 T PR Bl L &8 1By Sl R IRCR W AR 2 T A — R IIFR IR, A B ArcGIS 10.2,
Fragstats 4.2 ,SPSS 19.0 JFF- &  FEFEANIRITIT 15 A0 R 11 XL B i o0 A= 254 i A8 i R g e |
— LA BT R b SO AR A AR Ty ) S O RN R R AT A B AT 25
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(1) e 3t 55 OUIRE B8 A A2 (] e B R AIE D7 T, ARS8 IXC 15 4 ) 57 i R K FRE SR 58 B8 T 1, RE PR i K
ETb R B AR, 23 ) A i 2 2 AEHRE B AR SR B M, 2% £ 45 K AT A I ) 70 T 4 07 B A
AR BT R R, 2000 445 2 ] S K A - R 4E RS FE AR AR TR, 2014 448 5 B 19 0 JE e RS T
AN BOREE 15 AR S BHF A 25 () S5 AR E PERE HOR AR 2 B ITHE #2014 4R 5ot i RRUE P 18 B0k
RFKHBIFEEAR L

(2) TERF T AE 522 0RO E PSS DX AR TS AR A5 2 A PE AN RR AR, 23 18] b, 15 4F 1) 52l 5%
WA e e T R (fal) X1 AR it X 9k, I (224 IXqa) I 2 (AR 224 ) XA AR, I 4 X ) T 2 IX 7%
A% 5 K S A 2522 4 TR IX A vp ) &80, T DXy I IX | T XK, o b, B i 1 4> &
B 5 MR RS 1 AN REEENT 4 DERE 3 DN L2 10 MR e KSR 0k
A& A DX 13 D EETAEN 2 MERS 4 DX LR 11 DN ERE, FHAUKIT SRR A 2% 42
BRI, SER XA WY K, 222 KRBTSR/, T HAIK A SR 25 22 e B AR R P AL DT A 30

(3) 38 R IR AT M 7 ik, A5 L 5 WA AP 2 X2 b R P S O A A 4 i A8 R B i R i R B R R AN —
B, AR RO A, HUCRAR B i A A o 1 AR K R I e R MR ™ i, LR BE
AL FH B AN 1

ARSCUABE SR AE 25 22 iP5 22 G OV A2 R 5w R L DX B el st S LA 25 4 B
5 TR 4t S e B Sl S L) S 225 A SR R A R A 253 D7 1] 5 R PR €8 SR R VR e B i S BR Bl R TR AR 7R
T B A A2 AR B s HEASRAT S0 DX SE B, 2R IR 07 R AR5 40 1 X B Sl b 3 W A= 25 %
SR RATHY , AE T 52 B AT AR PR AR R SRR A LN, SRS N SRR PR A AN 4xii, S SR TR AE R L
PR ki BE 5 T NS A
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