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Abstract: The scientific evaluation of the land resource carrying capacity in major grain—producing areas provides a
scientific basis for the sustainable use of land resources in major grain—producing areas and ensures national food security.
Thirteen provinces (districts) of Heilongjiang, Jilin, Liaoning, Inner Mongolia, Hebei, Henan, Shandong, Jiangsu, Anhui,
Jiangxi, Hubei, Hunan and Sichuan in the major grain—producing areas were selected as the research objects. Based on the

driver—pressure—state—impact-response (DPSIR) model, an evaluation index system for land resource carrying capacity was
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constructed, and the analytic hierarchy process and entropy method was used to determine the comprehensive weight of the
evaluation indexes. The development status of each subsystem of land resource carrying capacity in major grain—producing
areas from 2000 to 2020 was analyzed, and the level and grade of land resource carrying capacity was evaluated. The
results showed that in the subsystem of land resource carrying capacity of major grain—producing areas from 2000 to 2020,
except the level of pressure subsystem showed a decreasing and then increasing trend, the levels of driver, state, impact,
and response subsystems all showed a growing trend, with average annual growth rates of 5.78%, 2.71%, 3.79%, and
5.25%, respectively. From 2000 to 2020, the average level of land resource carrying capacity in major grain—producing
areas showed a growth trend, growing from 0.224 7 in 2000 to 0.387 3 in 2020 at an average annual rate of 2.76%, with an
increase of 72.36%. The average annual growth rate of land resource carrying capacity level in Jiangxi, Heilongjiang,
Hubei, Henan, Hebei, Sichuan, Hunan, and Shandong exceeded the average level of major grain—producing areas. The land
resource carrying capacity level in Heilongjiang, Liaoning, Jiangxi and Hubei increased from 2000 to 2020, while it
decreased in Anhui, and fluctuated widely in Jilin, Inner Mongolia, Shandong and Hunan, and remained basically
unchanged for a long time in Hebei, Henan, Jiangsu and Sichuan. There is an evident difference in the distribution of land
resource carrying capacity of in major grain—producing areas. In 2020, the land resources of Liaoning and Henan were in a
weak carrying capacity state, the land resources of Shandong and Anhui were in a low carrying capacity state, the land
resources of Heilongjiang, Jilin, and Jiangxi were in a medium carrying capacity state, the land resources of Inner Mongolia,
Hebei, Hubei, and Hunan were in a high carrying capacity state, and the land resources of Jiangsu and Sichuan were in a
strong carrying capacity state. Socio—economic development and land resource utilization and protection policies are the
main reasons affecting the land resource carrying capacity in major grain—producing areas.
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Table 1 Evaluation indicator system of land resource carrying capacity

T2 eIy L PR
Criteria layer  Indicator layer Unit Attribute
DI A HAARE KR it
. Yoo .
Natural population growth rate Negative
D2 I AL A Em)
s % .
Urbanization rate Positive
D3 [y R o " i
GDP growth rate Positive
D4 A E A A S E Jo- N 1E[5]
W GDP Apjr capita ‘ Positive
Driver D3 45 =77l o e AR BV U o heE
Share of tertiary industry Positive
D6 AR Jo- N 1E[5]
Value of agricultural output per capita Positive
D7 A& ol (i PN T fi]
Value of livestock industrial output per capita Positive
D8 ATl E Jo- N na!
Value of industrial output per capita Positive
PIATTH Ak 11
Population density Negative
P2 AR S REHA Jo- A Em]
Annual disposable income per capita Positive
P3 [E A B JC+m™ 1E ]
GDP density Positive
P4 S 3 TR B AL e FH tokm™ i 1a]
i Chemical fertilizer usage per unit area of arable land Negative
Pressure P5 B AR 24 t-km™ gt
Pesticide usage per unit area of arable land Negative
Pl 4. O R 1 _— i1
Plastic film usage per unit area of arable land J Negative
P7 S M TR AR R 8 1) 7 ek O 24 1) S e
. . . 3k -km TE 7]
Number of livestock and poultry raised per unit area of arable land .
. . Positive
(pig equivalent)
P8 FLA7 A b 1T AR Tl [8] (A Wy e o Hia)
. . L . t-km .
Industrial solid waste emissions per unit area of land Negative
ST Bt HI B m?- A~ T 1h
Arable land area per capita Positive
SYNCPRET T w2 A iEf
Crops sown area per capita Positive
S3 AF el Hu i AR m?- A7 1E 1)
Garden land area per capita Positive
S4 Nk AR m?- A\ iE 1]
Forest land area per capita Positive
RE S5 AL H T AR m?- A\ E ]
State Grassland area per capita Positive
S6 N3 b T AR m?+ 7! 1E[A]
Wetland area per capita Positive
ST ARIIREH R T 5 AR e A i1
Construction land area per capita Negative
S8 NI A2 it iz v HH b T AR m?e A7 |
Transportation land area per capita Negative
S9 AR I B 7K F it FH s i AR m2- A\ 1E
Water body area per capita Positive
1 PR T FEUR £ 7 kg-m™ 1EH
Grain production yield per unit area of arable land Positive
' 2 ¥R i kg A1 1E ]
Al Grain production yield per capita Positive
mpact I3REUE T B
. % :
Urban registered unemployment rate Negative
14 M IR R AR % Hia)

Engel coefficient Negative
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17 AW 32 D TR AR B A AR L . it
. o .
Rate of crops affected by natural disasters Negative
18 A AE M A A T AR o5 M 1 b AR L o % Hia)
. o ;
Rate of crops damaged by natural disasters Negative
R1 Bkl i AU R “ iE T
‘0
Arable land area growth rate Positive
R2A RGBS B AR L N 1E[A]
0
Proportion of effective irrigated area Positive
R3 A7 Hk st I AU HLAR S 3 7 kW -km™ 1E 17
Degree of agricultural mechanization per unit area of arable land Positive
R4 N3 T8 I 75 491 D0 T A m?- A7 1E )
Street and road cleaning in built—up areas per capita Positive
M RS B A 3 I AL BRI (4 S iy JG - km™ iE 1)
Response Environmental protection expenditure per unit area of land Positive
R6 3 AR TR (5 AR AR AR L N 1Em
0
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R7 2Rt il B3 B id 3 % 1Em
Control rate of forest diseases, pests and rodents ) Positive
R8 At A G S i iz kge A7 1E[A]
Harmless treatment disposal of domestic waste per capita Positive
RO BA A 4l I AL Tl 35 iR B 58 % ¢ JG - km™ 1EI7]
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X . W T RGNS T RGINGE T 5DERE 357 X SRR A2 R A A EERR
B A DM P A DX, MR 327 X N A 2 2 B TG 3l 22 AR X B/, 28 B A AR R AL Wi b
F G R T NS R R 7 X i B ISR 38 7 4 S WA DR SR, {EURR T 27 X S AT A [
FBORFEAE — B, H ARSI IO 58 A il sl ol 2 - s B PR B, i 2 5 AR /i

A e i T FE AR D s B AR U A IIAAE Y6 Bl a0 F(S2) A F st T BR(S 1) B (S A Ha T £R
R 5 (1) A EPHR B BE2) R A E(D6) B PRAR B AR ™ (387 Rl P 2 £ 37 X A
BEEAR, HOGH R DLR S OB AU AR R IX . AR A8 M i BL(S2) R B b T AR(S 1)
AE S HH R BT 3257 X SRR AR S, SO de g o Bl T B )™ 4 (L) R R ™
(I2)/2 AR 327 DR A 7™t A ACBRL, R R o 48— TE AT . A3 EL(D6) 2 LA B ™
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K2 ARG TR R

Table 2 Weights of the evaluation indicators for land resource carrying capacity

TN RIS FALE AL LA
Criteria layer Indicator symbol Subjective weights Objective weights Comprehensive weights

D1 0.015 8 0.017 4 0.0113

D2 0.013 5 0.0118 0.006 5

D3 0.016 2 0.006 2 0.004 1
K51 D4 0.008 6 0.031 8 0.0112 01116
Driver D5 0.007 1 0.0129 0.003 8 ’

D6 0.0257 0.046 7 0.049 2

D7 0.0257 0.017 1 0.0180

D8 0.006 6 0.027 8 0.007 5

P1 0.0111 0.020 7 0.009 4

P2 0.006 9 0.006 4 0.001 8

P3 0.007 5 0.024 2 0.007 4
&7 P4 0.006 9 0.0115 0.003 3 0.088 5
Pressure P5 0.0121 0.0522 0.0259 !

P6 0.041 4 0.000 4 0.000 7

P7 0.028 3 0.023 6 0.027 4

P8 0.0272 0.0113 0.012 6

S1 0.058 1 0.059 1 0.140 7

S2 0.1212 0.029 6 0.146 8

S3 0.019 3 0.048 0 0.038 0
KA S4 0.012 6 0.0822 0.042 4

S5 0.0156 0.061 1 0.039 1 0.567 1
State S6 0.036 4 0.0320 0.0477

S7 0.025 1 0.036 2 0.0372

S8 0.030 0 0.0310 0.038 1

S9 0.0339 0.026 7 0.037 1

11 0.062 5 0.040 8 0.104 5

12 0.0220 0.058 1 0.052 4

13 0.0120 0.002 8 0.001 4
Al 14 0.008 3 0.009 2 0.003 1 0.180 8
Impact 15 0.057 3 0.001 6 0.003 8 ’

16 0.062 5 0.002 0 0.005 1

17 0.021 6 0.004 5 0.004 0

18 0.021 6 0.007 3 0.006 5

R1 0.004 9 0.061 8 0.0124

R2 0.006 0 0.0310 0.007 6

R3 0.008 5 0.009 6 0.003 3
i R4 0.0137 0.0116 0.006 5

RS 0.016 0 0.008 0 0.005 2 0.052 0
Response R6 0.016 0 0.006 9 0.004 5

R7 0.0217 0.005 4 0.004 8

R8 0.016 3 0.006 3 0.004 2

R9 0.016 3 0.005 2 0.003 5
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Table 3 Evaluation result for each subsystem of land resource carrying capacity
A4y K5l 1 £ R AL W] 7
Year Diver Pressure State Impact Response
2000 0.017 5 0.0250 0.0333 0.020 7 0.016 2
2001 0.018 2 0.024 8 0.0335 0.021 4 0.016 5
2002 0.019 1 0.024 6 0.0340 0.0229 0.017 2
2003 0.020 7 0.024 2 0.0337 0.020 6 0.0179
2004 0.023 5 0.023 7 0.036 0 0.0253 0.019 4
2005 0.024 3 0.0233 0.036 9 0.026 0 0.021 3
2006 0.024 7 0.022 8 0.037 8 0.027 0 0.022 1
2007 0.027 5 0.022 1 0.039 8 0.027 3 0.024 6
2008 0.029 6 0.022 2 0.0417 0.029 7 0.026 7
2009 0.029 4 0.022 1 0.042 2 0.030 2 0.028 3
2010 0.0330 0.022 1 0.043 8 0.031 8 0.029 7
2011 0.036 7 0.0210 0.046 3 0.0356 0.0323
2012 0.038 1 0.0213 0.047 3 0.036 1 0.034 4
2013 0.0400 0.021 6 0.049 6 0.038 5 0.037 8
2014 0.0410 0.0230 0.048 8 0.039 2 0.038 5
2015 0.042 3 0.023 5 0.050 7 0.040 7 0.040 0
2016 0.042 7 0.0255 0.0517 0.0415 0.040 0
2017 0.043 7 0.026 3 0.052 5 0.0413 0.040 7
2018 0.0459 0.026 8 0.054 2 0.0413 0.044 5
2019 0.048 2 0.027 5 0.056 3 0.043 2 0.048 1
2020 0.053 8 0.026 2 0.056 9 0.043 6 0.045 1
(i:i:ﬁ;j;:fe 5.78 0.23 2.71 3.79 5.25
F4 THFBERBFNKFESERENER
Table 4 Evaluation result for level and grade of land resource carrying capacity
PMX, 2000 2005 2010 2015 2020 A
Regions Growth rate
et 4(0.175 5) 59(0.190 9) {15(0.245 7) {1%(0.305 8) 1(0.339 9) 336
Heilongjiang Weak Weak Low Low Medium '
T 71(0.199 9) 11£(0.218 5) 11(0.264 8) 1£(0.289 5) 71(0.343 0) 274
Jilin Medium Low Medium Low Medium ’
Ty 15(0.198 9) 11£(0.205 8) $3(0.243 4) $3(0.286 6) $5(0.320 8) o
Liaoning Low Low Weak Weak Weak ’
S0 3#(0.235 8) 1(0.244 6) 1(0.280 2) #5(0.310 3) #5(0.362 7) 518
Inner Mongolia Strong High Medium High High
e #(0.2317) 1(0.290 7) 11(0.324 2) 11(0.396 1) 171(0.426 8) 310
Hebei High High High High High ’
bR 53(0.174 8) 53(0.184 2) 55(0.233 7) 55(0.253 7) 55(0.323 1) 312
Henan Weak Weak Weak Weak Weak ’
7R 1(0.189 0) #5(0.243 8) 1£(0.261 6) 71(0.309 6) 1%(0.327 0) 278
Shandong Low High Low Medium Low ’
LI 55(0.388 8) 51(0.431 6) 51(0.485 9) 7(0.505 6) 55(0.542 1) 1.68
Jiangsu Strong Strong Strong Strong Strong
T 71(0.205 0) #1(0.221 6) 1/£(0.256 8) 1/£(0.299 2) 1%(0.336 0) 250
Anhui Medium Medium Low Low Low ’
baNi) 1(0.180 3) 1£(0.209 1) 1£(0.261 6) 71(0.305 9) 71(0.356 1) 3.46
Jiangxi Low Low Low Medium Medium :
il #1(0.209 8) 1(0.236 4) 1#(0.281 5) 1#(0.3432) 7(0.394 9) 391
Hubei Medium High High High High ’
1] 75(0.223 8) 71(0.234 4) (0.290 4) (0.361 0) 1(0.402 6) 508
Hunan High Medium High High High ’
Pt 3#(0.308 2) #(0.337 1) 3#(0.427 2) #(0.516 8) #(0.559 5) 303
Sichuan Strong Strong Strong Strong Strong ’
-3
0.2247 0.2499 0.296 7 0.344 9 0.387 3 2.76

Average
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