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Fig.1 Framework of provincial fallow spatial layout in China
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Fig.2 System flow chart of fallow scale estimation system based
on food security
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Table 1 Variable unit and initial value setting
AR by WIEHE
Variable Unit Initial value
FEHL S AR 2
Total cultivated land area hm 128 243 000
LSk 2B =
Increase coefficient of cultivated land A 0.004 672 3
bR I R L ey
Decrease coefficient of cultivated land A 0.012120 6
& N Total population A 1267 430 000
4 2 Birth rate %o 14.03
FET-* Death rate %o 6.45
SRR 2
Total cultivation area hm 156 299 850
R R THAN 2
Grain cultivation area hm 108 462 540
s
Per capita grain demand kg 400
T AT A 8
ARV DUR L kg-hm 2 4261.15
Grain yield per unit area
S FhFE3L Cropping index TN 1.24
5 R
MR F 4% % 90. 95. 100

Grain self sufficiency rate

EResE o mmalY, &e 3 XReAaRE,
S ARIEE AR 90% T HSE 95% LU S
R 100%, VAR EEEA . SRR A AR &
FEAD A A 20002019 FES2hrEdEERE GM (1, 1)
AR . GM (1, 1) J&T 28 & 2 (o Fi
AL, U REAS B0 DA R M RNy, E TN A P
BT, H TR 0 5w 2R ORI A Rk 2 B i 2R B
GM (1, 1) ARG, XML 5z
F SPSS B A BEAT I 6] 2 1) T 43 T 45 21 . HH A= 2 R AE
TESEPEEAMN (2019 R A D REE) B, K
#5 2020—2030 ) R EEAL B PUNME R K. AR
BHRRKEBREERX BV S ERERNEASN T LR
#E, 2010 F&E N 410kg/ N, FRTEFERA 18467,
2010—2019 SERFAEREIN 2 HAL, 2020 4E 5 RFAEE N 3 4>
BRI ORI S A MO R R TR A5 B . R R
8 FOAE 4 DAAE A 50 R DU B 2001—2018 4 3 {H 13 B
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Table 2 The evaluation index system of the urgency of cultivated land fallow

Hir = N B fabr)z Fabrit 5 M RE S
Goal layer Criterion layer ~ Element layer Indicator layer Calculation Type  Weight Source
HEH GEF b 5 AR A Y L ARG S5 1 T AR/ B b TR AR iE 0.168 [38]
AL E 5 A A4 JEL it P AP T AR iE 0.045
PR AR 2 S A A Z 45 /A T AR iE 0.076
AL Hb I R RS 6 AR FH SEARH LA i/ T AR iE 0.055
EH BT A R K A7 A R 7K HECE/ 1 T AR 1E 0.146 [39, 42, 43]
B A KR IR TK G R/ - M T AR U] 0.006
NEEJi5 BN/ AR iE 0.109
o [ 45 Sk b A\#] GDP X AR SR AN T 1E 0.055
PRBRa IR A RAEMZ 5 LA BRAE) 5 A HH AR iE 0.060
PEAT s s L H L LI LI THAY LB HT Eoo0143
e e - W o015 ARSI
PRTRE AU AL AT PNV Bh F1/8 AR W 0.023
AR E SRR - bu 0.031
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] 7 H—r=lk GDP L AP A/ X A 7 A b 0.013  [22,29,39,45]
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3 GRS

3.1 ZEAHIBRAHEREKIERERIENESR

FAs AT AT AR, SHRE e, RALET R
Y — BRI . BB R TR BN TR T A
(A&, Kl ELTRIIE 5 2000—2019 £E (1) 7 S HE T L,
THEBUAR R R 22, RS0 RE R F S A R0 . wisk 3 B
T, HTZVHEEEAST, 2019 4EHHb i AU E 5 5
PREAAIE— R ZE, HRMIRZEL/NT 5%, PSR
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Table 3  Test results of total cultivated land and total population from 2000 to 2019

HEH S AR HAH
SEAY Total cultivated area Total population
Year SR E HRAE AHR R 22 S REAME AR R 22
Actual value/(10* hm*)  Simulated value/(10* hm?)  Relative error/% Actual value/(10* people) ~ Simulated value/(10* people)  Relative error/%

2000 12 824.313 12 824.300 0.000 126 743.000 126 743.000 0.000
2001 12761.581 12 761.600 0.000 127 627.000 127 624.000 —0.002
2002 12 592.960 12592.900 0.000 128 453.000 128 447.000 —0.005
2003 12339.221 12339.200 0.000 129 227.000 129 219.000 —-0.006
2004 12244.426 12 244.400 0.000 129 988.000 129 978.000 —0.008
2005 12208.267 12208.300 0.000 130 756.000 130 743.000 —0.010
2006 12 177.587 12 177.600 0.000 131 448.000 131433.000 —0.011
2007 12 173.520 12 173.500 0.000 132 129.000 132 113.000 —0.012
2008 12 171.589 12 169.200 —0.020 132 802.000 132 784.000 -0.014
2009 13 538.252 13 535.600 —0.020 133 450.000 133431.000 —0.014
2010 13 526.826 13 524.200 —-0.019 134 .091.000 134 070.000 —-0.016
2011 13523.857 13521.300 —0.019 134916.000 134 892.000 —0.018
2012 13515.844 13513.200 —0.020 135922.000 135 895.000 —0.020
2013 13516.337 13513.700 —0.020 136 726.000 136 697.000 —0.021
2014 13 505.734 13 503.000 —0.020 137 646.000 137 614.000 —0.023
2015 13499.870 13497.100 —0.021 138 326.000 138291.000 —-0.025
2016 13492.096 13489.400 —0.020 139 232.000 139 194.000 —0.027
2017 13488.122 13 485.400 —0.020 140 011.000 139971.000 —0.029
2018 13499.070 13480.300 —0.139 140 541.000 140 500.000 —0.029
2019 12 786.190 13473.500 5.375 141 008.000 140 967.000 —-0.029

WD RS, AT RS BRI R
B, R R e 3G REIREN 90% 95% 1 100%,
HASBHRFAAR, B3HH0 AT FHb R E
BRARHIAR, Wk 4 s, S EARPRE A%
THOL T FIRBHI AR AR A . B I (R HERS , AR i AR e

2 S MITEON R E WA A, fEE
P F AR, ARG &R LS HH R T8, B
Hh TR B, TR ARBE R THIARBE 2 3G . THEE 90%-
95%- 100% HIARE HAE T, 22030 4+ H & KA
918 3 237.310 Ji+ 2678.970 Ji+ 2 120.640 75 hm?’.

*4 TREMEBARNARHEIRMRIER

Table 4 Simulation results of fallow scale for different self-sufficiency rates of grain

Pt k= B KRB TR
P HE A T AR Cultivated land demand/(10* hm?) Maximum fallow area/(10* hm?)
Total cultivated area EEHAE A% mEHA R &R I HA % EEHSE

Year

/(10* hm?) 90% self-sufficiency 95% self-sufficiency 100% self-sufficiency 90% self-sufficiency 95% self-sufficiency 100% self-sufficiency
rate of grain rate of grain rate of grain rate of grain rate of grain rate of grain
2019 13473.500 10 945.600 11 553.700 12 161.800 2527.890 1919.800 1311.710
2020 13 465.000 11022.300 11 634.600 12 247.000 2442.760 1830.410 1218.060
2021 13454.900 10964.300 11573.400 12 182.500 2490.580 1881.460 1272.330
2022 13 443.000 10439.500 11019.500 11599.500 3003.440 2423.470 1 843.490
2023 13429.400 10391.400 10968.700 11 546.000 3038.000 2460.700 1883.400
2024 13414.100 10 344.400 10919.100 11 493.800 3069.750 2495.060 1920.370
2025 13397.200 10301.800 10 874.100 11446.400 3095.410 2523.090 1950.770
2026 13378.500 10261.700 10 831.700 11401.800 3116.890 2546.790 1976.700
2027 13358.200 10204.900 10771.900 11338.800 3153.300 2586.360 2019.420
2028 13336.300 10 150.900 10714.900 11278.800 3185.310 2621.370 2057.430
2029 13 312.600 10099.300 10 660.400 11221.500 3213.330 2652.260 2091.190
2030 13 287.400 10 050.100 10 608.400 11 166.700 3237.310 2678.970 2120.640
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3.2 RHEUIEITNER

B KRB VI PP 45 R 03% 5 o ARHE bl
fRAaEr Tyl Bl ASGE . R, HIRUL KA.
b TS e ) SR AL AE TR IR R TR, SRR R B
Ko BT PR K AT s (R R AR B o B
Ny BFRE SR AL A I RARE S5, PR B X 4

DRI AN K A B X B =, AR B ML T
KA RV b AT I, BT E AROBE A8 )
FER s AR 3IAAMXAL TR, m T Wi, K
MTREOWIBOKRERZ, XEHMmRERE, &
A 2 AT e S TR I TG 18 DA B3 e A 35 SRR M
AT IR

&5 ETAHHEYIEITMNEY 2019 £51 2030 FHEEBHEAARHER

Table 5 Maximum fallow area in China's provinces of 2019 and 2030 based on evaluation of fallow urgency (10* hm?)
y PRBFIAR PRAF X y PRAFIAR B X
Rijlg%n g;:f(:jr}e Fallow area Fallow classification Rilﬁg%n gifi Fallow area Fallow classification
2019 4 2030 4F 2019 ¢ 2030 4 2019 4 2030 4 2019 4 2030 4
gt 0.043 9.350 9.350 gk g biibl ) 0.022 41.947 58.534 =x =%
KT 0.031 32.960  32.960 UIE3 UIES 3 bRy 0.024 46.149 64.398 =% =R
boBl=) 0.031 59910  83.601 7] it/ I"HRAE 0.032 62.246 86.860 71 %
Lty 0.036  69.060  96.369 —% /] IR EAEEX 0.015 29.474 41.130 UTF4 3 TE% 3
WHEHHEAEX 0063 120107  167.602 —% —% biaaeaEe) 0.059 48.690 48.690 =% LIE% 3
U ) 0.018  35.168  49.074 UIE5 3 VY2 HR 0.028 54.658 76.272 % "t/
A 0.016 30358  42.363 W7 IWEZ IPIE 0.014 27.787 38.776 UEZ 9 2%
BiE 0.017 33579  46.858 I3 U GivAE) 0.016 30.722 42.870 U &% UIE 3
g 0.093 16.200 16.200 gk gk PR 0.016 30.270 42.240 KA U773
LHE 0.032 61910  86.392 7] =t/ PR E ¥ X 0.026 44210 44210 =% VB4 3
WHTA 0.030 58481  81.607 =% % Bt 0.034 66.163 92.327 % -7
A 0.020  37.500  52.330 Y2k =% EVES 0.054 104.427 145.722 —2 —2
wWEE 0.030  57.808  80.668 "t =% HilH 0.047 56.420 56.420 —% =%
MNES 0.021  40.777  56.902 =% =% THREBEAEX 0033 64.288 89.710 i =t/
IhRE 0.028  53.953  75.289 —% —H EEgEE /R HRX 0.045 85.686 119.570 —%% —2%
K 0.023 44777 62484 =% =% s — 1555.036  2087.778 — —

VNS TP = SR E R R HEL SR S
AMHIX . BT 4 MR TR E X, PUIEET
HEE G AR KA, BHEHTHAUR, JCH 3~ SR i X
A SRR DL R SR Rt SRR, SRk R R R A T iE
HIAEE, WHBEVIER. HMWA TR, ol
PR, BHH R AL, RSB R, KL
BY) R,

33 K#HTEHEEER

(EFR P KRN E (2008—2020 ) )
ISR, P ERE B A RERELE 95% UL b, BT
WEZEMREB4EELE, EF 2019 FF1 2030 4F 95%
WEASENEL TSRS AT 0B, DA
BT /. AT RS R 5 s, &E 2019 48
PRFFFERESE N 1 555.036 F5 hm?®, 2030 4EAKHFHLAE Ky
2087.778 73 hm®. MAEMRSRE, 454 AR B I A4 b e
(B3

R 5 258 R B T Rt w8 224 i A A AR B0 2 ) A =)
BT HT, 1B H AW R S 2L R EON G, Ry
5 AAFELIRBEXIR, — G2 T AR A5
2019 4F — 2 B 1 R ARBE 73 X 1998 [ 43 ) 2 69.07 T ~
120.11 73 « 48.70 Ji ~ 69.07 Ji + 37.51 Ji ~ 48.70 Ji -
16.21 J5~37.51 Jif1 9.35 Jj ~16.21 J hm*, 2030 4E—
9 B f AR B 4 X 36 B A B2 96.37 J ~ 167.61 J7 -
64.40 J1 ~96.37 Ji  49.08 J1 ~ 64.40 Ji . 1621 Ji ~
49.08 Ji 1 9.35 Ji~16.21 73 hm?, EAKMI 5 X 40 5 fr
TR 2019 5 2030 45 H o X 45 B % o

2019 4E 1 2030 4 1) — HARBEX BN A Sl HOR
DL sE, =@ Togdeiblx, A AHEss B p &R

B, IR U BN R HE R SRl [FIES, = bt
T AR B, AR R I AR 2 . ZHE S
AAEEEm, PEAbH X AR RN, KRR 1S
WA, R 7 B R A ARYE 2023 4 (R
IKBPEATRY , 4T BAA7 3K B8N 2 686 m*/hm?,
PN 52 AL K BRI 416 mYhm?, KRR
HRALF =K E FE A X, & 2% ) S5 AN T J 1 <Ak
JLRENE R T HME I A SIS, A SEM A= H LL
F N 255550 S SO MR AT R gttt — b PR
SR T ARPACHE X, L2EREH, TEEA VLR & 2R,
DR HE L 2 Rk, MBS T TR
— ARBE X R FEBCR AR BT AR L L. 75 B R
Ay DX 20 B b I LR T A T B B AN S A
GER ), BEARNEERME, ATLIE IR

TRAREE X E AL F AR AL H XA AR R I L X
2019 4EF1 2030 (1) ZRARBIX A FETE . BRib.
Pa. by AR, YO, L. AEE. AR KEK;
Ah, 2019 FARBHIX IE OISR . L. BT E
B XA T3 L R, IR MAK B A E . FH
B, = RbE 3 R P IX, R TT R I R L g
TR R AP HER S BOER 2 8 R R. s g
FW, AL AR X T bR T R IR B, AR
WEFEEFX, AT YRR, ZHKIHIF R
K, TR TR KU SF DX AR (5 S R AR 1 92%,
HHH A = 22 IR RIIEE AR AR, T
KRR EEE L, RN S5 AR, Rl AERAT
bR FR T 5 2 T4 K. K 8 JiT IR A — AR IX AR
RS &5 LhioR .
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SARHEX ISR R Wb, VT A0 e A
2019 FEIRAFL PR, 2030 45 X I8 B 55 F 6 A1 %2
B XA ESETEFEE, Bh IR RRTR,
A7 S R 5 P KRS, Wbl Ca PR T EE
JE T Je R . 2R ERE I, DU A LT A R
&, BEAASE, [FIRS AR b SRl Bt B 55, Bkt
em. HiENE T mkETRX, KEglEsk=, +
AR SR ZE, BT, Wik, =ZRHEHX R
PLEFTS, XA B R R

VUL ARBE X G BRVT . HAR. . REE. 1)1,
=R~ SN PESE, hAk, 2019 R4 XA ELEE 2
2030 43 X ELFE P AN . XS X R T B
AEFEIX, TR PR BRSO 6 22 4 i R e b A7 A /N B
ERNE AR AR X TRl
FriBAb. W30 nl 150, PR REEER A AL b
I, SEBR L, 7RG HL X A AL R K AR e RS,
B2 5 RN A A 2 AT AU, S B A8 R 7 XU 3 X
YeFr— BRI, R T ST A AR P RE 42k e /K
S, TG X B ORI R AR BT RAE

2019 EF1 2030 4F [ T FARBF X B 0 5P Wi Hb . b
H RS TTRIE, WK R, B RS
S, AT B R B AR o LR X AR A THT R A
AN, REHEY)EHEF SRS, 0T DUE I E s AR A X
4 T

FHEHb AR AN T JRE G b 2 6 24 11 PR £ A 7 3 R B T
S, DRIIE, R BER A — E IR T BOR S S R R A
AR R, TR AR B e A RN, & 3G 20 B B
IR NAEEVEERE, WX AT 552
MR B EE 5% 77, DRLMAE X R X 3 7 WL I B, AL AR
PRaVI VN R R, RS0 7 AR A 0, REEEE
& R B A oy R R B . A SO B0 . R AR
A Z ot Hirmh &t = | X, e e 5 2 Bl ARt
BUERIH E, AR TP R IR A S, T (k=
e s,

AT T T E] 2030 4F A A #FH IR A 13 287.400
Jihm® (19931287 ), KRB 1SIZH I FHh 20 2% .
o, 95% MR H 4% T 104 S KRB
2087.778 Ji hm?, (5t 15.7%. X 5CAETER R E
MIRF T &5 RIEAR—5, flin, Rl L FitsEits
TR AR 2 18 ST LR SR Y I 515 2 2035 42 R
FRHE BN P IAE 13.57% 2 W BRSPS B T 24
SR A 0 A, Al A BIRBHIAR (5 L 15.30%~
20.57% 2 18], 2 H0FE IR 20% LA A AR B S 28
BN, BACRE, A RENTE. HET
LR AT, AR SCAE 4 [ ROBE B 98 AR 3 0 T A8 s ] 43
DX IR AR, K b 5T R A 25 28 4 Rl B N A S A 0 4
o T AREE S X LR E R AR B ECR e, R
fff e R BH R SR AL

Hh [ (AR ) B2 IR AL T e I, AN T 4

] F) AR X AT IR . R R B EAT TH 5. PR B
A A SR BEATIUAL, e i ST A BRI AR B B AR BR,
FEF AT SR AN R B e M LS. AR
5920 2 e FE IRL A R AT T JC O L2, DSt 57
W g%, a5 AR AR 0 BB R AT s ik — 2D 44K,
Blhn, KR HEH T Gl B A S5 AR 2 R T AR A 5
M, B R TR SRR Mk AR A 7 SR AN 25 A,
11134 GE AR DR AT B AR R 5 R e A 3R . AR IE D)
PP AR WA R, B, AR ERBE R R ARBE
RIESEI R TR, AE LRI BAT = It S p 2%
JEAEN . BEAh, DL IO ITfi 5 o i U0RE B2 e 9 R A
Shr BB NI RN ZE R, Ik, ek
T DK 2 i e ) SROU B4 T AN W R T T
RS HESE IR B SR L 225, W fie i3 B b Pl R 820 T
DRFERR R 24

5 & 1

ARFFEET L “ = —1k” Ry EER, Bl RS
Bl 15 R BN A SO R BT R TR AR Y, A5 ER
LAY T A VG SRR, 456 PSR B,
DU 57 B A0 AR S TP B s, ST R A R R
DIBEVPI AR &R, AR PEAN 25 S g AT IR B ASE A 2 B
B A B E A AR B S A J . 45 SRR

1) FHE 90%. 95%. 100% FHREEAET, 52030
S P e KRB 23 )N 3 237.310 i 2678.970 JiAll
2120.640 /3 hm?®, [ iF BF 3 4 1 B2 Ol 13 287.4 75 hm?,
RIBEME 18 AL 2% . B AT AR B B B AR i 5T
PRI ) B 1 4 Y AR 1 L T A BB 2 AR A
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3) SEARBHBLN E AR A D) RN 4 R, HE
RENE 95% MR B ALET, Hig L E 2019 F&K
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AR X AT A A B, ShIX 2 AR 2 S K,
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Provincial fallow scale and fallow spatial layout of cultivated land in China
from the "Trinity" protection perspective

XIONG Wenying , MENG Fei , CHEN Hang , TAN Yongzhong™
(Department of Land Management, School of Public Affairs, Zhejiang University, Hangzhou 310058, China)

Abstract: Fallow land can often be implemented under the pattern of cultivated land protection on quantity, quality, and
ecology in the strategy of "Storing Grain in Land" in China. The spatial arrangement of fallow land is closely linked to the
fallow land implementation and the nationwide allocation of arable land resources. However, the current macro research has
hindered to determine the optimal spatial layout of fallow land nationwide in sustainable agriculture at present. The purpose of
this study is to explore the maximum scale and spatial layout of provincial fallow in China under the constraint of food security.
The primary research subjects were selected as the provinces of China that were excluded from Hong Kong, Macao, and
Taiwan. The data was derived from the publicly accessible statistical yearbooks from 2000-2019. Firstly, a numerical model
was developed to calculate the fallow land scale under food security guidelines, according to the arable land retention. System
dynamics, grey model, time series analysis, and exponential decay model were utilized to scientifically predict the fallow scale
in China in the future. Secondly, an evaluation system was established for the urgency of fallowing arable land in Chinese
provinces using the Pressure-State-Response (PSR) model, according to the land quality and ecological security. The evaluation
index system was comprised of 17 specific indicators. Finally, the fallow scale of each province was allocated to determine the
different fallow zones after evaluation. Therefore, a provincial space layout of fallow was established using the "Trinity"
protection of quantity, quality, and ecology. The results show that: (1) The maximum fallow scale was expected to be
3 237.310x10%, 2 678.970x10*, and 2 120.640x10* hectares by 2030 under 90%, 95%, and 100% grain self-sufficiency rates,
respectively. At the same time, it was particularly crucial to reasonably and scientifically calculate the fallow land scale. A
comprehensive fallow land system was established to promote nationwide; (2) Provincial urgency assessments show that
Shanghai and Inner Mongolia were ranked the highest in the urgency for the fallow land, while Sichuan and Guangxi were
ranked the lowest. Strategic allocation of fallow land was prioritized for the regions with the higher levels of urgency; (3) The
scale and urgency were combined to assess the fallow land. The maximum scale of fallow land was calculated to be 15.55036
million hectares in 2019, while it was projected to be 20.87778 million hectares by 2030. The areas of each province were
categorized into five levels of fallow land. There were significant regional differences in the fallow land scale. Inner Mongolia
and Gansu shared the larger scales, compared with Beijing and Shanghai with the smaller ones. This finding can provide the
theoretical references and technical support to establish the differentiated fallow system. Some ideas can also be offered to fully
establish and effectively implement the fallow system in the future, thus integrating quantitative, qualitative, and ecological
multiple objectives into the spatial zoning of fallow land.

Keywords: fallow scale; fallow spatial layout; system dynamics; PSR model; cultivated land protection
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