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Evaluation of eco-security of cultivated land requisition-compensation balance

based on improved set pair analysis

SHI Kaifang' ,DIAO Chengtai"* ,SUN Xiufeng'?, ZUO Taian'", CAI Zhen', YU Yangchun'

1 College of Geographical Sciences, Southwest University, Chongqging 400715, China
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3 Department of Environment and Life Science, Bijie College, Bijie 551700, China

Abstract: In view of the evaluation of eco-security of cultivated land requisition-compensation balance system’ s
uncertainty, an improved set pair analysis( SPA) model is quoted that utilizing SPA theory and the malleability of the
original relation degree to extend the comprehensive evaluation ranking of the evaluation of eco-security of cultivated land
requisition-compensation balance from 3 levels to 4 levels. It can be used for obtaining the evaluation of eco-security of
cultivated land requisition-compensation balance level in different years of Yongchuan district based on 18 influential factors
with the theory of entropy weight and improved SPA., The comprehensive evaluation results of proposed model of the
evaluation of eco-security of cultivated land requisition-compensation balance is compared with the results of improved fuzzy
comprehensive evaluation and comprehensive assessment to prove the rationality of improved SPA. The results showed that
the eco-security of cultivated land requisition-compensation balance of 2005 were II , the grade of 2009 were I, and the
grade of 2015 and 2020 were IV. The whole level of cultivated land requisition-compensation balance in Yongchuan district
had been in improving trends that jumping to IVfrom I from 2005, 2009, 2015 and 2020. Compared with improved fuzzy

comprehensive evaluation and comprehensive assessment, the results of three methods are basically consistent. Then it

HEWR e SRS A R IL 4 2 509 4 (XDIK2011C025) 5 348 BhF 4 R L4 (20112033)
s A H#3:2012-07-15; EITHHR:2012-12-24
# W IRAER Corresponding author. E-mail ; diaoct@ swu. edu. cn

http ://www. ecologica. cn



1318 A E = 33 %

shows the evaluation results of improved SPA are reliable, reasonable and visualized ,and the improved SPA is a scientific
and practical evaluation method that can more meticulously describe the cultivated land requisition-compensation balance

level level.

Key Words: cultivated land ; requisition-compensation balance; eco-security; entropy weight; improved set pair analysis;

Yongchuan district
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Tl AR PR B T, B B s R SR T kit O b R R) R A R, Ay A IR E AR B RN H £
B A VR )R B ST T s AR A B S Bk 5 R Ak R 2 B R 5 R
i 2 AE — g B T] | DX B A B AE Ry SOUAS Wk o5 FH kb 72 SRR AR L T, 766 AR | o AT
S R FH G PR L PR P R L, S 2 X IR S A AR A 7 i B T R, AR A B A 7 T R 2
SR, B o RN AN LA R 8 A 5 T S T A, B b o R T A ) AR SR e R b i
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&, st E AT SCEROR R, B B A S Y E B AR X AR S 2T AR SRS RPN R
BN e a B /AN [ D 0 0 s el N e SR o 101 BV B S 1 D 8 I N 4 WA oS v o 2 1 MR
AR 7 T A 2 2 AR A A DX TR T JR B ) — S E B PN 2, 2R AT = bR AR 5 i
0 - i A 25 2 4 TR R T g TR

b o P 1) A A2 VAN S B R AP A A SR A A RGN TS T, A P IR
h FESRTER R A SR AR S Z TN . HET, 85 WM AR 2 BB 71 2K
OIRT B TR Mgk A RO B B SRR AR R AR A RO IR AR AR
TR S T BUR (U B TRk R A 1 AR A TR R e D R AR M TR e bR
B LRFRZ AR AR AELMICR | T L RS A — DG — WP AU A TRk o P A Y A= 2
SV, I, A T ST IRENE P 7 2 A, AR SC LA XA ], 32 FHSCE SPA 3k X H b 47 Bk b o5 b
LRV,
1 HHEXDH
1.1 ek SPA VLI I3 e A A

SEXT M, e B E 1989 448 HY (9 — FoBT 9 R G4 BRI 7 ik PN T R — AN S
b e AR RS, B TR) S5 SO AR I R R B (= a+bi+e) HARTT RIXHRF ST % 42 T A AR A5 25
TR —43 R = B 20 0, LK AP 5 6 G2 BT ALk A 25 TR ERAS T BAL AR < — 43Ry =7 i S RLRE 7 R Ik, 2 AR 4
JEAIE 2R B T JR e TR B A TR 2 R I A4 TRk i 2R h AU S (1)

Ugp = a+b,i"+byi +c,j +c,j” (1)

(1) #LJE Y b e BT X

RBEA n ATFIRTG, ] m D HEFRR I X RIBE, x, IXFR 0 W5 j WHEAR (j=1,2,+,m;i=1,2,
coon) KR 5 AN AR SR SRR KR (K=1,2,-,s) , UK A s=4, B BRI 5+ T
B A L R EMER I A, =[x,y o xy, oo, VR MES R 5 P17 19 A2 2522 0P FE Bn Y
A FIARMEELR S — DA Bo= 0,8y, ] KA NES TR —NEXT (4,,B,) " . 48R
xBTS b WG T WA A2 [F]— BN a3 9808 x; A0 Tk SOAR BP0, Ay 2
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FEPRMEAL TAISB BN RR A — 301 BREE ST AR AR B PEANARIE @ MR b BN [Z a /N b BOK s e PPN S 0 S
22 —i) BREEEPEMARIE a BEK ¢ BN, [Z a BN ¢ B8R 5 Fa b (a4 T M BRSO B Y — 301, B i 1
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YR I FR
Sp = S3 Sy — S Sy — X
4 3 3 % .- % ij .=
_ vt — Xy € [OaSZj)
Sy T Xy Sy Ty Sy~ X
Sy Sa: Sa: X ..
4j 3 3 = .
- i x; € [szj,%j)
uy (84,%;) = Sgp T Xy Sy T Xy
1 x; € [s5,54)
Sp = Sa X — Su
4j 3 i 4j «+
i x; € [s,, +0)
i TSy Xy T Sy

BRI s, S j SR FRIEIT AR ERY b A k+1 SRy FHRRAE , AR E R BRI 4 4R 0 1 & DR bR TR R
FIERE ab.c.d. e WE, [FIFE, AT HE 6 ) BYFE AR X T AR SE g i e R AT

WALE TN W= (w,) ., , KRB R—<a/A+b,ki*+cjki*+d}.kj* +eu] ) e » 18 BB TXF W FI R EAT
G BGE R RPN ARG *ﬁxﬂﬁ K R 55 RHREE C,

Cp =WXR= Zw '%"‘2“’ b,kL+Zw " opl iwy'dfkf'*iwi/'efhf (3)
1.2 Tkt SPA /ztﬁ’h%“ m AR K E
R (3) 13 A A X TR R S5 2 B R ik 2UUR ARSI SE XTSI T PPN 25 SR H 5
1.2.1 EX#HIE
BEXF B XAy [F) — B RORS S7 B 1) LG AR, B8 %) 345 BT 2 e 4 G ELA 1) Sl R R o sl ik R i, #e bk
Hi 7 A A S VRN TP AR © TR RI G i FE T WA BRS¢ X TSR AR R R R, 2
BE X BRI, 7R HL R — R | iy L IO S 34k v ) 5 KL i Xt 07 10 S 2 R F 98 S 2 A e 5 5 etk 1
SPA LN HITE AT
shi(Cy)=a,+(d,+e,) (4)
1.2.2 SRFHHIEWHGHE
ARSI SRR £ B R B BT B 25 5 B A e A A R — B, 7 R e b, Il — B R 57 BE 1Y
FLfEDR b RGE AT SRR 38008
shi,(C,)= (a,+b,+c,)+(d,+e,) (5)
AR SR AR £ B LE R T A T 2 S B B B A OGS 37 B PR R e v T[] — B IR ST B ) B ok
LRGSR WA TR
shi,(C,)=a,+(b,+c,+d, +e, ) (6)
1.2.3  HEXHEN
T % XU AT S0 U3 A 14 DX ) 0 PR gl 0 o 34 v RV BT Al X (7 ) AR X o i F 3, TS 4 X
S E XTI BV PRI AE T T SR WA 0 3 B
Y = shi(C,) = shi,(C,)
" shi,(Cy) - shi(C,)

x 100% (7)

2 ZHIFR
2.1 WFFRIXAHEL

AN DA T8 PR PR 8, AR SRR TIPSR B B R B AR S mIE S E il
AR AU S G B HbiEs 28°56"— 29°34'N,105°38'— 106°05'E,, 2009 44X B A 11 1103438 A, Hirfigk
AL AT 799507 AL AEAI AT 303931 A AL RN 27. 54% | SEERAL 23 A2 77 EAE 300. 04 {2TC, 58 ik 23
FEGEFEHEEE 300.7 4270, 2009 4 A FHHUE LA 130425hm* , 5 B FR ) 82. 62% , Horp, #F L 67459hm”
di A FH LT R 51.72% 5 [ 17954hm? , di 4 M FTAR 9 13, 77% 5 kb 28397 hm*, (5 & FHHBTRI BRI 2. 77%
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AN X &8 3340 2 KPR A5, 380 18.20°C | A X R T 1 1042, 20mm , “F-#4 H % 1298. 50h , 4--F
PITCR 317d, BENHIEE 2%, BB R AR, A A R 22 /N F S0m B9 %% B P AR 714, 04hm?, 7 4 i
T AR 45. 23% 5 BB 1 A 577. 33hm?, 7 A b B ALY 36. 57% 5 A X R 25 K F 200m (AR L i AR S
287. 24hm”, 7 H A S AR 18.20% |,
2.2 Bk

AT DGP ALAE it FH & AR 25 1 R A = i D R LA i) A% b PR 50 B8 45 R V8 1 D A (k1 ¢
THFESE) 52005 2009 AFHH G AR SCEHE YR IR T A1 X 4 9806 5 5 2 45 21 R ;2015 4FF1 2020 4F 7K )1 X
FH AP 1 5 DS AR W0 225 (2006 ~2020 43 PR 7K1 IX A= A A AR RIRI ) AH DG AR
2.3 Bkb RN I A S TN R bR A R Koy B bR U

TEATIGE B 2 R 5 D A 25 2 MRS R LA T Tk N IX B A SR AL 2% R R R,
WA S R B (0 AT A A ik A AT ERPENE T FE 405 ek 5 A A S L R EM N PR E I R 5%
PGB A G T R 25 A E R BRI W CER B AR AR BRI GR17) ) T4
B Bbn, JS RS B b P A 252 2 DI AR DG A S48 b AR B s T AR 5 b T AR L A7)
I 85 I T AR5 At TR RRL L 3] B T REUR b AR A £ 7 LA B B T AR b e 28 171 17 4 18 A P AR AR A 2 T
Wriabrik & RS A AN X RS da bR (8, A G BRE TR D A a5 R L3R 1,

x1 BHUSIFEESZEERERERZEERISHRE
Table 1 Evaluation index system and different safe degrees of eco-security of cultivated land requisition—compensation balance

RFRUE Grading standards

H iz RS Eiztan
Target Factor Index I 1 i v
N e 4 4 Bt ey
B b7 #hF B b ¢y NBIBH ALY hm? 0—0.03 0.03—0.05  0.05—0.07 0.07—0.10
ST A FHEIEAR by oy BEHLIE /D ERR B AR LA % 0.45—0.60  0.30—0.45  0.15—0.30 0—0.15
Eco-security of ¢ B3 i AR 5 B b T R L 481 9% 0—0.20 0.20—0.40  0.40—0.60 0.60—0.75
cultivated land ¢, BRI L i) % 50—52 52—54 54—356 56—58
requisition cs B 5 EE L Bl % 260—270 270—280 280—290 290—305
compensation ¢ B LA+ Hb b4 % 1800—1900  1900—2050  2050—2150 2150—2250
balance c; FEAR H 5 H LA/ % 80—82 82—84 84—86 86—88
NS cg PN T RUBF AR 171/ (/hm? ) 6.80—6.90  6.90—7.05  7.05—7.30  7.30—7.70
16845 b, o RN LR AAFEIE K/ % 0—6 6—10 10—16 16—20
¢ DFHAT SRR/ % 60—70 70—80 80—90 90—100
ey MRE AT/ T 47.0—48.0  48.0—49.0  49.0—50.5 50.5—60.0
ey KIRA T/ ( N/ km?) 710—750 680—710 650—680 600—650
M AR o3 BB ER/ % 0—17 17—19 19—23 23—25
1EBH5 by ¢y ST T B AR IE 57/ (kg/hm? ) 800—1200 580—800 355—580 50—355
¢ SR TR A 2 T/ (kg/hm? ) 40—80 30—40 15—30 0—15
1o AT IKHEBGE bR/ % 92—94 94—96 96—98 98—100
ey ol B W 56 FH 2/ % 89—91 91—94 94—97 97—100
oy KETRIGHFE/ % 0—5 5—10 10—15 15—20

2.4 TR DXHEH 5 RNV 1) A 235 PPN P AR S

A X 2015 2020 4E 1 AR A+ 2 S BFEARAR AR A i 5t A FH 2t A A 647 700 52015 411 2020
A HiFE S W) = 225 (2006—2020 4F 5 P& 73 ) 1 X A= b 1 FHEABRI ) AR SCAR . 2005 ,2009 2015 Fi
2020 A H 5 AP AR S S TEM A ARE L 2,
2.5 IHEBE

B 5 A AR S VAN B R TF R AR AU A B, A A 7 R I S 5 B O R BV 45 SR 4
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F2 kJIX 2005.2009.2015 #2020 £ HH S 4FEESTL TN IERE
Table 2 Evaluation index value of eco-security of cultivated land requisition-compensation balance in Yongchuan District from 2005, 2009,

2015 and 2020

st i Year PPN bR 4l Year
Index 2005 2009 2015 2020 Index 2005 2009 2015 2020
¢ 0.061 0.061 0.064 0.069 ¢ 0.21 0.21 0.51 0.22
e 0.39 0.19 0.66 0.28 ¢y 51.07 51.72 51.78 52.08
cs 272.01 279.30 278.45 273.74 C6 1147.90 2059. 16 2065. 98 2105. 38
¢ 82.6 83.9 84.6 85.7 ¢ 7.66 7.26 6.90 7.07
¢ 10. 84 10.14 12.51 15.58 ¢ 69.07 67.71 72.32 73.33
cy 50.34 49.00 50.58 51.01 o 683 689 684 694
s 13.43 17.99 18.03 18.23 c,4 739.01 922.79 1001.20 1150. 05
s 36.18 37.47 38.78 39.62 ci 94.39 95.97 97.21 98.55
¢y 99.89 99.91 99.93 99.99 Cg 6.20 12.40 15.31 18.33

W, BHTHE R PRACE L R A R R AT RRAEE F B, R, A T AR S A B E 1 0
PE AR SCR R SRR 45 TS P AL, 22 BRI 00 SEARL, AT TRE RS AR e o R U B I B N T i, $2
TR RS BE RN T SEME e A TR [ e S A P A PR 2R 0 A R AN B — AR B AR R R
FEA SR BT AR B (S SRR A 15 BN % AR PR AR L A 15 I8 Bl R0 AR R 4 A A R At Ak
K, W8N BRI .

(1) PPN AR AR (E A R b AL

MR 1 SEEAF R AR AR PR R X = (1) g , B RS v, FRUEACAL IR ATEE R= (p,) ., T, p, S
PN BRITEHS j PPN R PR AR AL S P RME ,p, € (0,17,

(2) RS

H(x)=-ky plnp, ,j=1,2,...,m
=1

X H (o) 5 IS PFAEFR A, i RO 68l SR R Rk = 1/In > 0,
3) RIS R (h)
5 j SR 2257 R B0E XN h,=1-H(x) ,j=1,2,...,m

(4) B BT R R (W)
W, :hj/ihjj =1,2,....m
i=1

FRAE DA A5 SR 0 153 A5t A DXk b o %A A 252 AN & HR PR A E 43 31 . W, = 0. 0038 (W, =
0.1500 . W,=0. 1980 . W, =0. 0061 , W, =0. 0093 . W, = 0. 0798 . W, = 0. 0052 . W, =0. 0023 , W, = 0. 0429 . W,, =
0.0022 W, =0.0305 .W,,=0.0021 W, =0.0726 .W,,=0.0371 .W,;=0.0618 W, =0. 0574 . W,,=0.0429 . W,, =
0.1960,

2.6 itk SPA VRSN TA
(1)SPA LR R R 1T
X HLLAK I IX 2005 44, T SPA YRR R BEA M, 45 R anF
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S T EHE SPA R o A AR S VT

R2()()5 =

[0.49 +0.33;"+ 0. 18"

0.24 +0.71i" + 0. 43"
0.51 +0.49;"
1
0.99 +0.01;"
1
0.99 +0.01;"
0.90 +0.02i" + 0. 08"
0.55 +0.37i" + 0.08;"
1
0.58 +0.29;* + 0. 13"
0.14 +0. 04"
1
0.18 +0.08;"
0.81 - 0. 11;*
0.99 +0.01i"
0.91 +0.30i" + 0. 59"
0.81 +0.19;"

0.65 +0.35i"
0.67 +0.67i"
1
0.66 +0.31i"
1
0.17 +0.83i"
1
0.20 +0.33i" + 0.47
0.83 +0.17i"
0.92 +0.09i
0.69 +0.31i"
1
0.36 + 0. 64i"
1
1
1
0.34 +0.34i" +0.33
1

1
1
0.95 +0.06i
0.41 +0.41i" +0. 19
0.56 + 0. 44i"
0.10 + 0. 15; +0.75
0.59 +0.41;
0.41 +0.59"
1
0.48 +0.48;" + 0.0l
1
0.91 +0.09"
0.42 +0.21i +0.37)
0.66 +0.41;
0.71 +0.29;"
0.55 + 0,45/
0.51 +0.49;"
0.57 +0.43i

lﬁ]fiﬁufrﬁthywnz 2009 2015 L) K 2020 4Ef) SPA EECR)E

0.77 +0.25i”
0.71 +0.29;"
0.42 +0.56: + 0.035~
0.29 +0.29: + 0. 42~
0.45 +0.30:" + 0. 245~
0.09 +0.09 + 0.8~
0.37 +0.37:" + 0.26j~
1
0.44 +0.66i"
0.32 +0.32: + 0.32~
0.64 +0.36i"
0.60 +0.36:" + 0.045~
0.19 +0.35:" + 0.48;~
0.44 +0.33;" +0.23;~
0.40 + 0.41:" + 0. 17~
0.36 +0.36:" + 0.27;~
1
0.36 +0.36:" + 0.28" |

(2) HATH B

iz H Excel H1/#) sumproduct PREVTALEE ] 1 W FI7K 1] X 2005 4EEK R BEHFE R, 1T G UGS, 15 1Kk
JIX 2005 4FXF T AR SE R A HR R JE

Cooos = WXR,s = [ 0. 669+0. 277i" +0. 098;" 0. 787 +0. 134:* +0. 115" +0. 015;” 0. 702+0. 166i~ +0. 022" +

0. 114j70.439+0.364i +0.203; ]

MR (4) —(7) FH5 2005 47K XX T AN [RS8 4% 1) B XoF # SR LA WL 3248 ) 1) T 8 %o S it AT BF
b 5 NP A S 2 A A E IR B = SRR R T SR (E X I I SR O R AP S AR IR % 3
Bz

F3 KRS G EEESREWH SPA FEEEITMER (2005 4F)
Table 3 Improved SPA comprehensive evaluation results of eco-security of cultivated land requisition-compensation balance in Yongchuan
district(2005)
R ARUE ) X A N/ % e
okt nt s s s HATSE AL % 41
Grade X . L Lo Locating of set
Set pair analysis Optimism Pessimistic . . Level
standards pair analysis
I 6.82 1.79 9.64 64.10
I 51.67 2.98 67.99 74.89 I
I 5.16 2.32 6.38 69.88
Y 2.17 0.78 3.97 43.67

[FJEEA] DATHAE K )1 1X 2009 2015 12020 AFEHfHE 5 P AR 22 e liidk SPA SR S IFMEE R, I T
WEBKGHE SPA JETPA 45 R 1 & B A SC S I 25 B P 28 e 2n BTN a5 R T e (R 4)

T 4 0 LUF R ScEE SPA A5 87| XRS5 4T A2 52 PP 45 58 22005 AFBkD 7 40T i
LRGN A T G, IR 4" ;2000 4F AR L 29U 0 M, B« 44e 427 52015 AR AL 2950, B
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Table 4 Comprehensive evaluation results of eco-security of cultivated land requisition-compensation balance in Yongchuan district

ik SPA ILZEA T Improved set pair analysis EZ o Stniiy
PR 25 A PPN Comprehensive evaluation
R Improved fuzzy of multile indicator
Years . X HE L % negy comprehenf%f;e evaluation  ZIEARLES TN S E
] . . Locating of set HFH Total scores of
Set pair analysis . . Level Level . hensi luati
pair analysis eve comprehensive evaluation
of multile indicator
2005 51.67 74.89 I | 0.199
2009 52.40 72.61 1 I 0.213
2015 17.58 69. 60 v I 0.260
2020 22.85 73.19 v v 0.329

FelHt SPA IELZRG PEM 45 R 5 SO B 255 PR 245 R4 7 LL AT H1.2005 4F 2009 4F 2020 4FE P 5 1%
PR 4 J 58 A —50; HA 2015 4FRit SPA SEZE AT ES R IV YL, B« 2247 | I b B 25 5 1A 25 5 T
9 B gl 4 (BB ATTHE R BE D 5 R AR S R E AR — A, R I B S,
SPA IEZEBTEM A RS ZHRPRSE A TEM 45 SR LA, BLAR AR AR 2 G PR A AT VRN 0 2 (R R HO T
M 28 Pr2r G T BB M 2005 4F 2 2020 02 A B I, X 50 SPA IEZRATEM S 2 A HEHL &5 R
AR RFERE—ERE FIEFEXIEN C R, W25 G0l A golt SPA 1EZE G PE M 25 55 e A0k
LAV G R DL N 28025 BTN S5 A — 30, R MG B 25 5 TP IE I Z 48 bRer & PRIk i SE FHPE RN
Al AT E A R AT LA AR S A TR b RSP A A 2 A A — s M T AT R Rl AT
M S LA S S PR L
3 Hit5itie

B X373 M i ik 1 B B A B A e AR e AR X L R ke T IRV ST G SR — R REIE
YR LEA TR AR AR ORI R ARURE (1) mT P SR B ST T R bl o DA A 2 28 4 itk SPA TR PR A A5
R OB TIPSR IR — 4 2250 XS AR, BeAh, R B I R A 45 HE bR A B
S AT AT TR A EE AR R T P AR AR W W S T L A | A o v A S Bk D
e AL RS DR 45 R R Bt SPA 3] LUKIE HY AKX 2005 AE B4 b7 # 08P f7 A 25 28 4
50 1 9% ,2000 44 M 2% ,2015 AEA S22 25 A IV 9, 2020 4F A 2520 e 3 RV RE R IV 4, 30k b S P
iy 1T 1m) IV 9% b TR R 3 Bk SPA TL25 G P 45 2R 5 St BRI 255 6 DF-h 45 28 DU K 248 bR 25 B V- P 25
IR —F, o U AR A B 7 YR8 HA — Ml G 3,

FERF I 5 NP AR A TR R R T 0B YR 5 AR 1 SR GOIR L, 1T B AT AR 22 AH 56 1 ) R bR o
o AR S AE, A& — 3, A 0 R AT SR bR . EAb, BT Y HT b o kP A R RN R
A NTER R , 10 HAA 32 3 3= 5 Z MY TAEE  SCIRIE DL S A SR AR S FRER (W 520 | SCEE [ 01 X X 4
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