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Evaluation on cultivated land ecological security based on the PSR model and

matter element analysis

ZHANG Rui, ZHENG Huawei, LIU Youzhao "
College of Public Administration, Nanjing Agricultural University, Nanjing 210095, China

Abstract; Evaluation on cultivated land ecological security is a significant foundation for improving the security of farmland
ecosystems and the sustainable use of cultivated land. To solve the problem of asymmetric information and subjectivity in
most integrated evaluations, the authors define the cultivated land ecological security, construct an evaluation index system
based on the Pressure-State-Response ( PSR) model, and then conduct an evaluation of the ecological security of cultivated
land in China by the matter element analysis and the improved entropy method. The results show: (1) The ecological
security of cultivated land in China was gradually improved from critically safe to safer from 1996 to 2010, but the
correlation of “safer” was extremely weak in 2010; (2) Crucial constraints on the improvement of cultivated land ecological
security include fertilizer load per unit of cultivated land, per capita cultivated land, pesticide load per unit of cultivated
land, land reclamation rate, and soil erosion. For the cultivated land ecological security to be continuously improved, the
economic development pattern should be transformed, land use supervision and management strengthened, and excessive
consumption of land resources for economic growth reduced; green agriculture should be vigorously developed, pesticides
and fertilizers applied only as needed; rural land consolidation and high-standard basic farmland construction should be

strengthened, environmental protection intensified, and soil erosion effectively controlled. The evaluation index system
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based on the PSR model can accurately reflect the relationship between various elements of the farmland ecosystems, while
the matter element analysis can reveal differentiation information of every single indicator and intermediate information of
comprehensive evaluation, discovering specific problems in cultivated land ecological security. Therefore, the evaluation

index system and the matter element analysis are suitable to assess the cultivated land ecological security.

Key Words: cultivated land ecological security; matter element analysis; PSR model; obstacle factors
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Fig.1 PSR framework for evaluation on the cultivated land ecological security
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Table 1 The evaluation index system of cultivated land ecological safety
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Table 2 The valuing range on the classic field and section domain of evaluation index
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X5 [8000,12000) [6000,8000) [4000,6000) [2500,4000) [0,2500) [0,12000)
X6 [3.00,5.00) [1.50,3.00) [1.00,1.50) [0.10,1.00) [0,0.1) [0,5)
X7 [60,100) [30,60) [20,30) [10,20) [0,10) [0,100)

N, —N,s FRITRN G0 A 22 A TN S5

R3 HHESRETNEENE

Table 3 The weight for evaluation index of cultivated land ecological security

H b2 BEZ Eisi &
Target layer Feature layer Index layer Weight
B B2 4 JE /) Pressure x, N/ (N /km?) 0.0654
Cultivated land %y N HSRIER /%o 0.0540
ecological safety xy ALK % 0.0629
xg PATHFHLAL AR T/ (kg/hm? ) 0.0586
x5 ABIBRHL TR (hm®/ ) 0.0557
xg SAAAFHLAR 25 T/ (kg/hm? ) 0.0572
IRZS State xy NI IER/ (m/ N) 0.0553
xg LHIRIHAR/ % 0.0535
xg HFHHE B0/ (kg/hm?) 0.0579
xyg REFRE % 0.0661
xyy K EIRRTFEE % 0.0647
%y, FRME TR/ % 0.0528
M) Response x5 REAILEIEA/ (TT/N) 0.0533
vy A RHE B R % 0.0614
x,5 AL Bh F1/ (f2 W) 0.0589
%6 MR YIRS GDP i/ % 0.0583
xy7 KB IEHLAE/ % 0. 0640
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K.(N,) J248 ZF8 W AR A 254 G RE R0 M A 285 28 4 45 T A i b Xob I 1) DIk 8 5 O AR iy AL 2
(10) AT DS RNZEA IR . 2010 ARk A= A4 oK XF R 5 A PEN S 276 R 7358 K (Nygyo ) =
-0. 2623 .K,( Nyy0) = 0. 0735 Ky ( Ny, ) = =0. 1494 K, (N0 ) = =0. 2595 K ( Ny ) = —0. 4704, 1] LK 5 1% 4
B A% K8 TR Ny, , B84 4 [RFERTAL, 1996 4F 2003 AF-#F A 2528 4 S8 900 3 R < i -4
7 CMRFLAET(F5) o RS AT, K ( Ny ) > Ky (N ), HFTIL AT UL B AR 1996 4F 5 2003 4FHF b AE A5 %0 4
LEGR AR Ryl e 4 {H 2003 AEXFRE A N, 7E[0, 1] IX 0] P B2 0T Fhn i FRR , BIRE A= 2522 4K 48 1996
e . MHFHLAE R 2R, 1996—2010 4F- 38 [ 4 H AR 28 FR 40 1 28 AR AT I el 3%, Bk b A 2828 4
GRAERTE B A B2 /KO A B I i

R4 BHEESREITMIBIRIEKE

Table 4 The degree of association for evaluation index of cultivated land ecological safety

SET 2010 4E 2003 4F 1996 4F
Degree of association N, N, N, N Nos Y Grade %Y Grade Y Grade
K(x,) -0.2994 -0.1235 0.1514 -0.4413 -0.7206  IMEFEAE IfR A i 22 4
Ki(x,) 0.0420 -0.0420  -0.5210 -0. 6807 -0.7605 ey B W 784 4
Ki(x3) -0.2864 0.3317  -0.1661 -0.3748 -0. 4444 e e i 24 4
K(x,) -0.2910 -0.1943 -0.0768 0.2049 -0.2441 BAES  Iifise A4
K(x5) -0.3948 -0.2106  -0.0444 0.1004  -0.2939  BA%LE  IEHEE i 24 4
K(x) -0.6526 -0.4947  -0.3824 0. 1396 -0.0913  BALE  IWRLse s
Ki(x7) -0.1375 0.3680  —0.0849 -0.3002  -0.5242 LErS i 24 4 i 24 4
K(xg) -0.6157 -0.3962  -0.0246 0.0799 -0.2250  BAEE  EALA W 84 4
Ki(x9) -0.0106 0.0108  -0.4946 -0.7112 -0.7754 A I 572 42 A
Ki(%y) -0.3633 -0.1239 0.3293 -0.2236 -0.4824 R Ee BAESE AL
K(x),) -0.4084 -0.2757 -0.0662 0.1526 -0.2825 BMREE BRR4 R4
K(xpy) -0.3213 0.0360 -0.0174 -0.2084 -0.4300 Bt s I 42 4> I S22 4
K(xy3) -0.0375 0.0405  -0.4798 -0.6532 -0.7027 B4 I S22 4 BN
Ki(x1) -0.0107 0.0426 -0.1948 -0.3309 -0.4277 e Be It 542 4
K(x5) 0.3195 -0.3195 -0.5463 -0.6598 -0.7135 e A R4
Ki(wy5) -0.4471 0.1057 -0.0873 -0.2842 -0.4845 Bt s It 42 4 N
K(xy5) -0.5028 -0.0055 0.0165 -0.2479 -0.3993 wHREe IR Ee AL

WA PEN SRR AT, TR A= 252 PPN 48 B AR XS I 454 7K P S5 G0 A SR BT 3 45 R s, 1996—
2010 AFER P HEIR A A SFRBRER ARG PR 4R PR B A A 0 A5 R A AUUE 3 ) K R R AR
R AR AL A RGE B L PRI AR BT S GDP e K 1 AR B AR AR Y BN ) 25
G b TR BT L _E AR AR 3 B AR A5 2 P ISR T BB A TRk, BIFSE A B 1996 A LRI IE 22
TRAFLE R AR MK P AW i, AR A A5 OB SRR W A s S Wi s AR FH BE Al 8 it A i, BRUBR T R AR
F LR R ™ T ki T BE A R ARl A 7 2R 5 BRI R AR BB B s e lb F AR AT 3K
Lo, BT AR AR I, 35 0 B e A AR £ 807 s IR AR AR AR AP i A R Ao si K R TR B
PRI 15 R BT LA IR i, /K 0 IR BEASTR G I e gt 1R AR S R G AR DLk

R5 HHESRETEMNER

Table 5 The evaluation results of cultivated land ecological safety

é?/aﬂa@}z . N, N, N, N, N, &l
Degree of association Grade
K;(Nigog) -0.4202 -0. 1627 0.0653 -0. 1280 -0.4149 Wi 2z 4
K;( Nogps) -0.3827 -0. 1069 0.0733 -0. 1596 -0.4188 I 542 42
Ki(Nyor) -0.2623 -0.0735 -0. 1494 -0.2595 -0. 4704 B s
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0> K,(Nygo) > Ky (N ) , BB SR 2010 4R TR EBF b AE L 2 E RN % L7  ARTEEFFE Ny B
HE, BB AN Ny, BIEAE, B2 KPR REE s 0 TIRME 2010 AFE A HF LA L e S R e e B E 4
AR AT PR A S RGN RO, ARG BRSP4 545 L, 1996—2010 4 B A #f Hh Ak,
RE 7 far NS5 AR A7 Ak b e 245 17 Ao | R B R AR AR S I A T B R B K I R R A R R
N IR BEFE AR IR i 2T R B AR S R G AR UGE I R . RN EFR PN S5 R , 2010 AE TR B
HERUEAT 14 DRI IE R B 2e 47 | i 27 Bk i AL AE 67 A N X500 e i AR B B b A 24 6 o | 4 s R A
K LRSI kB RN " Y, BARTIRE — B TR LA MLGARE (Bl T A4 K L
TR IR, BAAAE R E G, BRK B AR TR AR, T NG B ) B, A AR L b B, Pl
UL R R TR 1 2 9% 7 5 e 4 ok B W) 0 P | T P A 7 MR (E S e G 2 AR
THFERACH Y, B b BN W K, Bk b e AR 2l 2 | - M AR 29 R AP HAIR . 5 bRl s, S A7 T R B
Hiu AR 245 it FH | S0 T RSB b A IR it P S AS DRI 3 o
4 Zr5itie

(1) 38X 1996—2010 43 FE B A 2542 2 PF B9 SEIE 73 AT 3R W1, PSR AR At 2x 2 3 5 IR IR 5 A
MLGE— B Rt B BRI T B # s P A Ik RGBSR I H IR e Z R B9 B AR, el s LA B 5%
FFEIE IR A AR, BB MR b S Bk A S RG4S B R Z W E R HEF PSR BB PEA 48 b ik
RRENS LT B A S L I EE R TR

() EGRERE TN E T B DR AR PR PPN (R B PRI 45 R AN 23 Wl B8 1 A A i v RDIR A T4
TCOT TR RE IS RIS B R FR IPTAN 25 51 /R B PR R R i KPR  FE Rl A3 B 25 &P 45 R B
WA BB BRZEA KA R L AR S (10 2010 AFERF AR S L TN LR A S5 R ) , A RUZ SR B4 2
B A AEAE Y AR]85 05 (TR AR S VAN P A (0] (09 B8 HORE B, FIAG BB E PR P8 AR AR, 7T DA s IR — 2k 5=
NI AEL T 0T R 45 AR B G , FE— o PRI L O AN 0 T VA0 1 B 2 s o oo i e (BT 38
BEHh A S 2 2P0, A R TR AR S 2 2K

(3) WFFE s SR R0 ,1996—2010 4F-Fk FE Bk A= A5 KRR B, R AR S R GG R Tl 3% | %
LTI T I T A A (TR AR 2010 4« 50424 5 G BEAR 55 5 B0 Bk b Ak AT f7 17 A
BIpr b i A SR B A 2 ey | R R A R K A U O AR B AR A T AR AR R G A IR O I 1 O A TR
7., B, Wt — 2B AR 2% K e ) 2 HE sh 2 B 45 A0 S MR R A Ak = b TR A Sy, i A ) FE B A
AR b IR T SR B B R T T LS L A < BIE ML, A5 R I L R R AR 2 B | R AR 2 T 4
FXF 4 b B R A 3k BV RE s R R R ER Al In bR AL BN AT, G B A2 ARIE D% B b B I
BRI Y 5 BV TR AR AN A Y, it v s 1 S AR AR FH 2152, 3988 RpE b S 4 e B b 9 D 2 5 R
IR BN IR IEIE ) B A BEERIK LR R R A A e 2559

(4) A SCAE R —FPF 58 716 BT, EA @Bk M A S 2 RN FE AR R R I a1, 220K Y o o i r
DR 2 B A PP b AR BN A28 BB, TR MR 2, Bk AR 384 21 F
MR bR ERE | LB 2 , W00 AT v R 1) S R R 1 3 335 A S ) R RE IR AIFSR
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