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Comparison of differences in cultivated land ecological security levels
based on entropy weight set analysis in Northwest China
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Abstract: The ecological security of cultivated land is an important issue related to food security and human
survival and development. Based on the PSR model, the evaluation index system of ecological security for cultivated
land was constructed, and the difference between the level of cultivated land ecological security and obstacle factors
in Northwest of China was analyzed by entropy weight set analysis method and obstacle model. The results showed
that: (1) From 2002 to 2016, the overall level of ecological security of cultivated land in Northwest of China con-
tinued to improve, but the security level within the region was significantly different. Xinjiang, Gansu, and Ningxia
maintained the level of “critical safety” from 2002 to 2008 whilemain value of the connection number of Qinghai
and Shaanxi was 0.2334 and 0.2019, respectively, and the security level was upgraded to “relative safety”. From
2008 to 2016, the main value of connection number of Xinjiang increased from 0.0499 to 0.2692 and the security
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Shaanxi maintained the level of “relative safety” ; (2) From 2002 to 2016, the mean value of stress and response
barriers in Northwest of China decreased from 52.434 and 26.270 in 2002 to 38.479 and 17.353 in 2016, respectively,
while the mean value of state barriers increased from 21.296 in 2002 to 44.168. In 2002 and 2016, the average barrier
value of each factor layer was 45.457, 32.732, and 21.811, respectively. The order of the barrier factors affecting the
ecological security level of cultivated land in Northwest of China was pressure, state, and response. In 2002, the cor-
relation coefficients of cultivated land ecological security level, pressure, state, and response obstacle degree in
Northwest of China were —0.226, 0.120, and 0.055, respectively, and in 2016 were —0.830, 0.851, and —0.661, re-
spectively. The improvement of cultivated land ecological security level in Xinjiang, Qinghai, and Shaanxi showed a
significant positive correlation with state obstacle degree; (3) The increase in ecological security value of cultivated
land in Xinjiang and Qinghai was due to the increase of per capita water resources while the increase of ecological se-
curity value of cultivated land in Shaanxi Province benefited from the improvement of productivity and environment of
cultivated land. However, the expansion of urban built-up areas and the shortage of water resources restricted the im-
provement of ecological security level. The maintenance level of ecological security of cultivated land in Gansu and
Ningxia is mainly restricted by the reduction of cultivated land quantity and the decline of cultivated land quality. Some
suggestions on upgrading the ecological security cultivated land in Northwest region were put forward.

Keywords: cultivated land; ecological security; entropy weightset pair analysis; PSR model; obstacle factor;
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Table 2 The evaluation index system of cultivated land ecological security in the northwest region

I BHJZ VA bR %4 A Weight
Target layer Element Layer Evaluation index Safety trend 2002 2008 2016
0.419 0.417 0.43
x1 A F5 b 1 F1
+ 0.179 0.201 0.193
Per capita cultivated land (hm? « P71)
x2 BT b AL AE 671 7
) Consumption of chemical fertilizer per - 0.160 0.180 0.158
P}ji)‘l hectare cultivated land(t + hm™?)
ressure R
o R
Consumption of pesticide per hectare - 0.117 0.165 0.167
cultivated land(t - hm™2)
x4 1} BRFEZ Rate of land reclamation/% + 0.146 0.165 0.193
x5 N Population density(P « km™) - 0.174 0.180 0.163
x6 3k fL7KF- Urbanization rate/% + 0.224 0.108 0.126
0.281 0.293 0.292
HEb b A R4 X7 FFAAE 35 Forest coverage rate/ % + 0.171 0.167 0.154
TN e R x8 HLA B AR ML HLAH A 7K P
Cultivated land M2 Consumption ofagricultural mechanization per hectare + 0.221 0.218 0.147
ecological security State cultivated land/ (kW + hm™?)
evaluation index (82) X9 R EFEHL Disaster index/% - 0.235 0.218 0.284
( S) 1 o g ) Ot L
x10 PR i . + 0.203 0.225 0.250
Yield of cultivated land per hectare/ (kg + hm™)
x11 AF7K G Water resourcesper capita/(m3 - p! ) + 0.171 0.171 0.164
0.302 0.29 0.277
x12 FEEAIIE SR Probability of irrigation/% + 0.152 0.162 0.162
x13 S —7 =i i GDP [
Primary industry production per GDP/% * 0.238 0.200 0-191
4
el x14 RN ’J,@Llﬁ(/\ + 0.228 0.203 0.181
Response Average annual net income perfarmer/yuan
(33) 15 Alk otk A 5
) Zz.ik}‘}\lk.}\m BA o + 0.222 0.255 0.177
Input from agricultural workers( P « hm™)
x16 RIS YGRS 7 GDP LT
Investment in environmental protection and pollution + 0.159 0.179 0.289

control per GDP/%
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Table 3 The evaluation grading standard of cultivated land ecological security
PEH AR PEMFRUE Evaluation criterion
Evaluation 1 % (4 2 G (BrEidr) 3G (IR %A 4 F(FAEA) 5 G (ANEA)
index Grade | (Safety) Grade II (Relative safety) Grade Ill ( Critical safety)  GradelV ( Less safety) Grade V ( Unsafe)
x1 >0.1 0.085~0.100 0.075~0.085 0.053~0.075 <0.053
x2 <225 225~400 400~ 600 600~ 800 >800
x3 <3 3~8 8~15 15~24 >24
x4 >30 20~30 15~20 10~15 <10
x5 <150 150~350 350~500 500~ 800 >800
x6 >70 40~70 20~40 10~20 <10
x7 >40 30~40 20~30 10~20 <10
x8 >9 6~9 4~6 2~4 <2
x9 <1 1~3 3~10 10~25 >25
x10 >8600 6400 ~ 8600 4200~ 6400 2000 ~4200 <2000
x11 >3000 2400~ 3000 1800 ~ 2400 1200~ 1800 <1200
x12 >80 60~ 80 50~60 40~50 <40
x13 >18 14~18 10~14 6~10 <6
x14 >6000 3500~ 6000 2500~ 3500 1500~2500 <1500
x15 >3 2~3 1.5~2.0 1.0~1.5 <1
x16 >3.00 1.50~3.00 1.00~1.50 0.1~1.00 <0.1
R4 ALK 2002—2016 FEIREME TR AN EERREER
Table 4 Five-element connection number, main value and safety level of the target layer in the northwest region from 2002 to 2016
Hh X EA H b2 09 Tk R RARBEM BREFYR
Region Year Five-element connection number of target layer Main value of connection number Safety grade
2002 0.4143+0.0606i, +0. 10167, +0. 13541, +0.2900; 0.0869 5 224 Critical safety
X%ﬁ gE 2008 0.3001+0.1729i, +0.1427i,+0.0955i, +0.2889j 0.0499 I -4 4 Critical safety
injiang
2016 0.4109+0.1370i, +0. 1876i,+0. 1064, +0.1570; 0.2692 55424 Relative safety
2002 0.3358+0.1016i, +0.0942i,+0.1216i5+0.3514j -0.0256 i #4242 Critical safety
(;BL il 2008 0.2340+0. 14415, +0.1946i,+0.1152i,+0.3103/ -0.0618 i 224> Critical safety
ansu
2016 0.3027+0.07673, +0.19974, +0.2103i; +0.2097] 0.0262 592 4> Critical safety
2002 0.2449+0.0874i, +0.24831,+0.2123i,+0.2097; -0.0273 44 Critical safety
N.TE. 2008 0.2668+0. 14124, +0.1988i, +0.1221i,+0.2711; 0.0053 5 424> Critical safety
lngxla
2016 0.3097+0.0705¢, +0. 1353i,+0.2050i, +0.2786] -0.0362 i 42 4> Critical safety
2002 0.3160+0.0993:, +0.1907:,+0.0721i5+0.3238; 0.0058 i 4 4 Critical safety
il
Qinghai 2008 0.4104+0. 11414, +0.1913i,+0.1002i, +0. 1840/ 0.2334 55424 Relative safety
inghai
2016 0.4397+0.1625i,+0.0201i,+0.1048i, +0.2692; 0.2007 B394 Relative safety
2002 0.2637+0.2280i, +0.1667i, +0.0732i; +0.2699j 0.0713 llfs #4242 Critical safety
SE‘@ . 2008 0.3012+0. 13244, +0.3022i,+0. 1616i,+0.0846 0.2019 B34 Relative safety
aanxi
2016 0.3299+0. 15273, +0.2510i,+0. 17097, +0.0944 0.2265 F:92 4 Relative safety
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Fig.1. Obstacle values of cultivated land ecologicalelements layer security in

the northwest region in 2002 and 2016
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Table 5 Obstacle factors and degree of cultivated land ecological security in the northwest region in 2002 and 2016

HiIX Ay o — BRI o A T o = 55 0 e N 5 BT N T
Region Year First obstacle factor Second obstacle factor ~ Third obstacle factor ~ Fourth obstacle factor Fifth obstacle factor
- 2002 X6(15.468) x13(11.848) x5(11.741) x1(10.620) x14(9.467)
Xinjiang 516 x11(41.493) x1(7.403) x9(7.403) x16(7.135) x5(6.035)
- 2002 x2(19.884) x13(19.718) x1(15.878) x5(15.443) x15(10.881)
Gansu 2016 x1(16.540) x2(14.329) x6(11.801) x4(11.501) x11(10.852)
- 2002 x6(14.920) x1(12.072) x14(11.107) x10(9.175) x9(8.690)
Ningsia 5016 <4(17.165) <16(16.031) <3(14.890) <1(13.460) <10(12.779)
- 2002 X6(17.118) x5(16.425) x15(13.999) x8(13.950) x2(11.421)
Qinghai 2016 x11(75.093) x5(4.897) x2(4.757) x3(4.450) x15(3.428)
- 2002 X6(21.149) x15(15.687) x4(14.282) x2(11.883) x7(11.238)
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