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Abstract

Food security is the foundation for a group to fend off external disturbances. Whether population
decline will threaten food production, has become a focal point of concern for China and the world
broadly. Based on population changes, land use, and grain output in the northeast region of China,
this study constructs a coupling coordination model and a clustering model to explore the spati-
otemporal coupling rules between population decline and changes in cultivated land from 2010 to
2020, as well as the synergistic effects of population decline and grain production. The results in-
dicate that: (1) In the northeast region, the coupling coordination between various types of popu-
lation decline and cultivated land utilization was good. Population shrinkage will hardly have a
significant negative impact on cultivated land use. (2) In the northeast region, the cultivated land
area of most counties has decreased, but the grain output is generally on the rise, suggesting that
population decline will not significantly affect the speed of grain yield increase. (3) Based on the
relationship between population decline and grain production, the Northeast region can be roughly
divided into the Pioneer Development Zone, Transformational Uplift Zone, and Synergistic Lag
Zone. This study can provide an effective reference for the future agricultural development path of
major grain-producing areas experiencing population decline and offer a scientific theoretical ba-
sis for local policy formulation.
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1. 518

ol E ez B, MRERS L Z A 2021 4, PEHREHREMEARFE LI 0.7%, M4~ i%iE
PR, IR R AR R TR A A (2] [3] [4]. EARTEINEE, RERERE S EEFHY
K, BRI E RAFMAERR, ERE 2R R ERBRAR[5]. fERAFFR . BT
IRZFE [ PR ah S5 2 RSN T, AR A i A 78R 15 70 H 28 7 S [6]-[11]. 2020 HE3 A
TR F G R AL, Beile TRVE AR R AE ph i RO T A3 PE[12]-[17]. Bt i &, DRIRR B8 i B
S IR TR B R WA, RIS RN T S s A, AR AR RIS, AR
JrBC HBUECR AN E T, D SRE T, B B A DO ROE A2 P, [ PR s, 4
BOR B BB (138 1 B B HL[18] [19] [20]. ZeF s SR [E MR 2 58 IR R4 I S 7 AR, 4Bk
A ERIINFE AR B A 2 4RBL[21] [22] [23]. R A BR8P A7 UL RO R [ PR 52 5 1 DR, 3R
A MR R AR REEHNTEL . ZERE, RecebEaeiE, HEURERRE R 5 AR
e, AEFA TR T RIS DU, SREDR IR AR & e R RS 77, 0 TR POk EE F R R
VEWIN 5 S8 A& QN ik [24] [25] [26] [27]. FEREREEET, HHE @ KT AR & 2 RS, URE
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ZARRETHL[28].

SEPURR B A7 R G0 A AT PR AR 2 i AR T B IR b eh 78 2, I B35 3 ) SR A= AN R A B —
SEFEE[29] [30]. RAPRIEE PR AR = Be DR 77 &, A /ot TR, A R it i a2 44
MEAMTR B RIFITERE 14T T WS SEHEAR[31] [32]. BEAEHLSARTTRE, Sl AN oKk, B S IR,
TRAIE O #2505 3k — 20 SRS R kb 0T 38 DIk £ (9 o] R 151 245 50 I 4 22[33] [34], (R Hh
FRI R AR 5OR B SR A DR N B2 5% - stk A7 RO L, BORBH S B iR Lo TAOMLAE =, H A
FREERIRAITVE, B, BRI R AOTC R TR A %A RIE[35] [36] [37] [38] [39]. JUX:, #fHhgumrivfn
FrHh S B R E 2 70, SREE =R AR AR S R, A B A R HIE 4
IR B, W R U 25 55 KA [40] 0 ZR Ak H DX A Dy v (6] 2 B8 fRop i 5 7= ORI ok Sk o, U
FEOFHEIR, (AESFZN )T, ARACHX I T B ™ E N DRI SR . A B R GG 4 X
W NG RN, INRETAE NI EZRIVEFAE, ZORPEHF L0105 /R P 48 MBCR[41] [42] [43]
[44)0 RIE/INR P FARMEAE AR AN AT 0 3T I8, R AR A SEE AT RREER JE 1 B 25 17,
TR LR ALRIE[45] [46]. 7E A RAFHAI ALY A Je Ao 55 B2 1) 1) j 2 BRI F A PR %
P57 PAK SRR B [ inl H[47]. FEARE ARG, NSRRI AR KR BRI NS
T2 M E B39 AT LA, AL b 0% & B R AR £ A2 7 AR A1 1) @ [48] . [RItk, MK
FAAR R, DB B R P RORR 7= B AE VR B A, TR B e A IR AR N IR T 5 T IR R %
AR —FA i 15K [49] -

AW FIEBUR AT AR PRI R 22 B R AR & = A8 A, B3 RO R S PR AT A
PR S5 AR B 22 A B 2 (A I 5S &R o AR A FFE[50], ASSORE— i HI(F b FL4E)— & X3 A N 1 R AR
B RS R BRI R A N U AE, N EUSCHE B 2 2  TA RE SR A TE RS, IR BOR AR FE RO YE [ 1Y)
EA X AL AR R XK . RACXIRAE 2010~2020 4E[A], AMUE AR A TSR3 i, 3
H ELAR N 1 55 R 00 5l A2 RS RO 4B B G . 6T N US4 S R IR AR AL DG 2R, AT 78 K 4
AU SR . E T IR TR R st AU, 0 b X R R S A B SRR R R, A R
BURAME SR AAE—EMNES, AEHr 2 MIERASIEE LA XS HEK A 0
I S A S B (53] 0 BRI, 7E 2 AT DX N 4 S5 oA B 7 A 2 1 2 (A W [ ROSE R, ] DK AH
ACLA DX SN A AS [R) 23 (B R b B T e ) R e sl F A SRR [54] . FE Tk, ARSCRIF — Rl 115 BA%
(SRR —— IR ARAERR S, T AR AL B AR T AN DI SR B 7 R I RN . AR 5T
(0 H AR AR LA I8 (1) A DO e 1 s AR B 22 A AR R E B A = A i 2 (2) Ak ik X
A RS AN A AR N WA 2 (3) NIRRT 50 T, R A 7 ik s s DX G ] 1 8% 1) LI R e i A% 2

2. AR ZESHIRHEA
2.1 WEXE

AR IX R E EIE PR EAZX, XNz (B 1), BbhBiEEEE, Hrb g b4
[ SR 16%, iR, VA I BAA BRI, 2021 4, REm &4 52BN Tz ML,
XA EDRR B I P2 TTRR R IA 57.2%, LV IAR AP &b T4 B i KF o AR AR X R 2 3R 122 Tolk
Betth, A5 AZ B TEIRBUIRTTR TR T, 5 T SRR A A AR P, VR T L TN AR R
i@, 2020 4F, BRILHENDRGEREIL 14.60%, HHREEHE, ANDIR4E 10.15%, T8 A
FUNFERERERDN, O 2.05%. AR bt DR T LR BN M4 i FH 2 de )32 (R X3, 7R BB AF py
P I DX i R A I AR 57 8 ISR N B R AR LG, 2 i B 5K IX Sl b 8 R vp 4652
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RIERI X N, AT O FUSCR,  BAE IO AL N S AR B 22 4 DR B (K AH Ok 1E 4T 73
Br, REEFH SR XN OUARRIBT BE . SRR RRAE S L AR A ) SR, iR FEAN RN
L) AR AR AR B 22 A DR ™ R IR A o PR R
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Figure 1. The left image is distribution of northeast regions and three plains in China. The right image is cultivated land
distribution in 2020
E 1 ZEAFRIBX=KFERNSH; HEH 2020 FHtbs7H

2.2. WHEHKIR

AW FAE R 1 R 7 5 2 (b R AR B R S PR B R A 0 (RESDC) (http://www.resde.cn))
N FVCHE (P 28 75 10 (2010 4F) FEE B (2020 4F) 4 BN FE ) AR B AR R ( CROBTLSE T 45(2010
L2020 ) (EMRGEHHESE(2010 4. 2020 4F)) A1 LT SEH4E%(2010 4. 2020 4E)) )it HdE A
FOAAE S Bh s o

2.3. ARAZE

2.3.1. #FIATLATE
HEH ) FH AR B0 25 5 26 % 2E R 5 16 DX 330 13— Ik 1) B A R M ) P 26 R e B0 B2tk By
HAN[51]:

u-u, 1
K=- x=x100% (1)
u t

AU AU, 23 5Bk TR AR IR [ARIAC R I [ A P SRR B e, ¢ Ron At Sui G, K Ros it e Be Ay
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B R R A
2.32. WBAEMBAERE
U P RENE LA IR R GE IR A SR B 9 85 55 WM RPIR LA IR, BUEVE N[O, 1], Hat B AIN[52]:
D=+CxT (2)
Xrp C AR HI RN B S 5 N A R GRS L T AWM RENGEHETEE: DA
PIAS R G RIS R
T=aU, +pU, ©))

c=2 |2t @)
(U +U,)
AU, MU, 235 R s BE R P 2R R AR Z A LRI FURARRE L s o B B ORTRE B3 430 Fom HF A
PSRRI FEA N VAR FR BE AR B2, Hoa+ B=1, AR —FHFEEE, Wa=5=05.
PRAEASC RS S VR 45 B, B 3 WA VR 20 8P BIARHE (R 1)

Table 1. The classification criteria for evaluating the coordination of dynamics of cultivated land use type changes and pop-
ulation decline

= 1 MR R BRSNS A QR EEthiaME e 5 K

MEaEC M B PR D PR
0<C<03 U EBE ey 0<D<0.3 TS|
03<C<05 RS & 03<D<05 LN
05<C<0.7 haE A 05<D<08 —
0.7<C<1.0 AR 0.8<D<1.0 DI 18

2.3.3. AP B3

I ARAL P& 515 (AP 5E) i Frey & Dueck T 2007 £E42 Hi[53], & —Fh & F 5 ds il 2 1Al BAL I 1 SR 2%
T3k, AP R R R ARV B BRSO B R . e DU AU R AR N, AR
— 5B bR HERf BTGB, FEAURFASIRE B, BUE 13 B A E TEBI[54] . ZRIERE SRR B EIEAF, 2
AT EETTAN TR B SR s . AR R [55]:

s(i.1)=-D(i, i) =[x -x,[ 5)
r(i,J)=s(i.i)-max[a(i. )+s(i.J')] (©)
a(i, j)=min{o,r(j, j)+i,¢;ijmax[0,r(i', j)}} @
a(j,j)=g‘_max[0,r(i',j)] (8)
r(i,i)=2r(i, )™ +(@-2)r(i, i)"Y ©)
a(i,j)=4a(i,j)™ +(1-2)a(i, j)" (10)

okt x R 1 AR, D(i, ) FoRF N A2 R RS, T s (i, ) Fom 1 i ShE I L 1 B
B KRR v (i, §) RO R BREN . S, a(i, ) FoRTE R R SR T
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TR O R § B RAESE . XN ERR SRR S R . S8 XN T e R

o o N=2 |Xin—Xjn o7
D(i,j)=-s(i,j)= Z; W— p>1 (11)
¢ o \Ve ij\? Liye e
SRS (PR R i [P RFER e @
D(Iv J) = |:<dgi;'ejo,scaled )g + (d ip'ojp‘scaled ){ j|]/§ ’g =1 (13)

BB B o RN KRB B o SRR ARG, IF LR IR w, 28w, =1). d,
BT SR L R RS B

3. &g
3.1 RILEEAOWRESHFIRETHRNES AR

3.1.1. FALEEA QW SHH A AaiSTLRRBEHFE

K HI Spearman #AH < 70 A 7532, BT FUIH] A AR bl X B AN TR 45 A N e 5 Bkt A L sh & FE 2
[A] A SRR FEANAE T 7 T (2 2) 0 BRARE A AT BLAR, FAe R g N e 5 Bt AR A7 A IEAH SRR
KA. BREHRETE, SAD WEAD. @573 N ASCE N DS 5 Bt BT AL ) v 45
M6 XIAE 3N )2 0 A, AR Bt DO IRSE sk 39 /s & X (14 2). Hodr, B AH S AT, 3E
R T7 AN e 5 Bt B R AR A B IR A AR OG M, 123 N Wi S ) XS TE Fe 7 sk ARk 5 Y A
AT B AR . SCH N R T Bt BN P 2B R A, (HAR SRR . R B X 7 739 Tl AL A
B B, B R KT SRTH R, SRR E AT AR, A A DB BB E A 2 HE
R, —EfRE LR T XA REE HIFRMAESE SBNHHHURMK, EHTXER-HAT
BARRZS, CE N DUAEA = SESHB ST IEA ORI AL, MRYERLSS. 2 A A AR Ak A i
A AR AR AR & X LA B AR IE X, B S8R & XUy “vhrg - RIL” —Z i, K
SERE XU “PEAL - KR i, PURIHIXKERACT R, AR X =P R, sOBR AR L B R
WA A5 B S BE A AR BORM M B R [ HLBTRE, A A T P SR, LRI . Ak Mok A Hl
5 SR BRIRY SR 2 UG . FENUMALRE BEZ AR TH I AR AL X, ARk ML N 53 FRg 2 AN 2 ot ikt 1
FRAESEIRERAN, AHAE @ RRRE B AR Y IR A R R A2, PR IR AE T SR OC R

Table 2. Nonparametric correlation between the dynamics of cultivated land use type changes and population decline in
northeast China

F 2. PERILMXH AR XS THE AOWLEZ BERIES HEX

UNEET ) AR BE M
BAM 0332 0.001

WA A 0.204™ 0.001
EZNPNE 0.207" 0.001

gl ol A A -0.069 0.281
15~65 3& 57 1 0.194™" 0.002
XEANH 0.015 0.815

e T, TR 1%, 5%, 10%f1) & E K.
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Figure 2. Coupled characteristics of population contraction and farmland utilization changes with different structures in
northeast China, where (a) represents the total population, (b) represents the urban population, (c) represents the rural popu-
lation, (d) indicates the agricultural workforce, (e) represents the working-age population, and (f) represents the illiterate
population

2. RALXTRILHA QWG ESH iR AT HNBEEEHE, EP@RETEAD, OKREHETAOD, K%
RFEAO, O)FRTRUFHH, @RFTERIEAD, OREXEAD

3.1.2. FRILEHA OUHE S #k it 555 F A B9 th- V% iE

AR BIF 7039 P4 AR At XN 0 WC 26 5 Bt B 5R) PR AR 5 B R BB AN 70 SR RIAR HE (R 1), BT =B 2
(6] (4 2 TR) DM R ARR AL o T 78 DX A S AR 15 B R R AR 00 R R 45 W R P2 5 R 15 2 2 T LA AR X — Bt
o TR R S GRS DR B R A AR AL, TR S5AR & X A P 5 PR AR A 3 it — B IRALER T () 3).
ISYNERE 2 NERE25 N NS 2 YN BN e S PN e = PN B o Rer s e 3R A E s
RIRS G DR A AL R, HPG s AR AL X A T PU AL AR B IX, B v iR v AR S i O N B 2. 2
N ALY PN US4 55 R RS & DR A pidt— 2 e, RIS 45—l 2 AN DAk
b AP R/ 20 A b B R P At SR £ 7 1T 0
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Figure 3. Coordination characteristics of population contraction and farmland utilization changes with different structures in
northeast China, where (a) represents the total population, (b) represents the urban population, (c) represents the rural popu-
lation, (d) indicates the agricultural workforce, (e) represents the working-age population, and (f) represents the illiterate
population

E 3. RIBXAREHA QWG SH R ATAMIHEREE, Edh@RKR2AO, ORFTEHAO, ORFTRF
A0, FR=RUFAH, E@RFTERIEAD, OREXEAD

3.2. ®RILEEAOWHESHRA~EBEN RN BRI

321 BEBAOWHESRE~BEURNTEIMENN

St P B LK N EIAE 2010~2020 AR [RIAR LR K R Ar 4 2L, A bt XA BN 1 AR A 2% 1]
R W R A (P 4), B 3T VE R 0 B N DO RE EEAR AL, B 1 DX SN T B
SRR SERE . SRR /RIS KAF S DERH — 8 v B BN Dl de 7™ 3, T SE A B A XN i
FERSS . =AW R AL, WS RS AL BN TR R L B AN B 3T R, KRR
o VRPH A B B AR R B e o BROEVT AR A AR A B B sl N AR, L PG M AR T i T
AR BIREERE . TL T8 BA R BN DAL S SR TR 35 MR A 7 XA AR SR, (H L AR AR A2
Bol, HIERE G - SNEGEREE 2 PAEAR RN, AR, AR XER TS
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A8 PN A P it DCAS [ PR A B, SRR G At o L A N WS4 A P B 5

ERAED BRI AR = AR R ARG RSN OBUIAES, HEFKRK, BRILT
2010~2020 4[] A A4 P THI AR o3k VG e R 2 T 0 A0 B IX DAAL, BRI AR ARARL,  #0A BTisb s SR 855
WK S R RAE D) AT AR 4R (A Frigsb, AR DCRAE YR Rl AR AR B AESE I, Hod T3 m
HEANFETE AR EIBER: T8 TERRAED R AT R 7 EEAR AL DA, PR, i
AR S B AERE (] 5) . ARIBHRIX 2010~2020 4F AR &= AR LRI T . JLBAZAR . R4 Ny,
SR ACRIA R FIL T SFMRFIEIRIT, Ak, AR VT AR L5 BUR PR T 48 Sk 9 30 1)
BT (] 6).

SORVLA TGN, A TR PHL T B R ARV R R ARG BT, FAth b X L3596 frge b, (R
KRG, B & XRS50 B 78 ) 25 8 A S AN A B AR AR, AR LR 7= 5 18 e B e K
AR IR, Wi, R MR EA I T, BRLARIGEE =105, PR A A
IR, SRR R, NP S EA R T AR A, AT S R TR 8. T RS R N
2, BERURRE=, §9ME Mk, RAEVIEFIARAR G B8 G TR, LUERIRRAER
Tolb3RT, R M DO &= B AT PR HMREEEN, 2010~2020 (AL LR, AAEY) &R
FUsD, (AR AF I, BRKEN IR AR5 IR 77 5 PR, AR X & 7= B )
FERG N, FLEE BRI (1) 4/ ol b DXORR 0 389 7= S LR, eh A i) RSz . N 1k B HH B 22 ) 1
H R DA R KT AN UGB, AR &= R BRI T . 1 T8 T S B AR R A E D R P T AR L
TAEA FTgm, FRE R a R TR, TTREPE 2 i, AU PR A KL R R R DL
FARIBAACDREFIAE A T, (ERE=EIGN: R AR 5 DL VR R A X E 2R
RS . A5 BH AR SME B2, RMAEASEE S, PR N .
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Figure 4. Spatial clustering of population change rates in county-level areas of Northeast China from 2010 to 2020. Among
them, larger solid circles represent cluster centers, smaller dots represent county-level units, and lines represent clustering
relationships. Solid circles or dots of the same color represent the same cluster, while different colors represent different
clusters
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Figure 5. Spatial clustering of crop planting area change rates in county-level areas of Northeast China from 2010 to 2020.
Among them, larger solid circles represent cluster centers, smaller dots represent county-level units, and lines represent clustering
relationships. Solid circles or dots of the same color represent the same cluster, while different colors represent different clusters
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Figure 6. Spatial clustering of grain production change rates in county-level areas of Northeast China from 2010 to 2020. Among
them, larger solid circles represent cluster centers, smaller dots represent county-level units, and lines represent clustering rela-
tionships. Solid circles or dots of the same color represent the same cluster, while different colors represent different clusters

6. 2010~2020 FRILBX BHRE~EFTERE. Hf, RAWLOCEARRBE PO, BINSKRTRERBN,
KERTBEXR. HEHAENLOERSRRE—RE, TRHEBRRTERE

SRS, BIELRHE D XN FUR s, AR AR A, B e R e ks ETHES,
FROY XU AL R PG R, AR R AE AR s AR R XN A, AR IR AR, R
PRI LT BRI A AL, BN DR, T EA YRR A ARG I, AN AR A e
(EAR R BRI R DU B, PUE & TR, AR LTt
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3.2.2. BiEH 2 AOWESHRA T BEURNEEHFEBRA

T3 P B UL RO BN LIFE 2010~2020 4 [A)AZ AL R R BRI A 4 R (B 7) B, FRTIAS % g i
B TR IR — SRR, XL RS T H M KETTANL T B VL A X, R
BNDEA LT, BRI E W RMX DG REON T, B PR BB RIS, SN R A
BB, AR AR UM AR IXTE B 1 A R BRI SR . I T A0, 1P AL
IR By 73 I AR FUE K AR FEA R B IR, AR YIR R <Al - S BIZE5 0, AR AR X
(BT IR O R PRI S . ZRbHbIX 2010~2020 A R0 ) ELISUAR VS “ 4k - KR
ARGV - AR - IR - BRI - VERT B Cy” .

I AR AL X B AT B B A 2 RPN D ZR 5 SR (1A 8)FI AT, TREIT A A5 M4 2010~2020 4
8] 2 A0 N FAR At I H DL 23T b0 i) “dts - ANEL BRSER, SEIERG/RVE. TR B0 2
N R P B AR DX S ™ 5, (EAE AR, SR A X 2 RN D S AR P X 2 A A 1
WCARRERE TE R o I T 44 MM X 2 A N SO AR P A B LA S o8 R TG i X 2 A N e AR 2K 1),
R 2R AR5 R ARHE 2 RPN EUS G DL L, I T 48 4R 2 b N A R R 55 T PR TN 35 AR
{EL T8 AR AL AR B 2 RN i 2 ) P S A 35 24 BT 1 [X 35K o
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Figure 7. Spatial clustering of urban population change rates in county-level areas of Northeast China from 2010 to 2020. Among
them, larger solid circles represent cluster centers, smaller dots represent county-level units, and lines represent clustering rela-
tionships. Solid circles or dots of the same color represent the same cluster, while different colors represent different clusters
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Figure 8. Spatial clustering of rural change rates in county-level areas of Northeast China from 2010 to 2020. Among them,
larger solid circles represent cluster centers, smaller dots represent county-level units, and lines represent clustering relation-
ships. Solid circles or dots of the same color represent the same cluster, while different colors represent different clusters
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Figure 9. Spatial clustering of working-age population change rates in county-level areas of Northeast China from 2010 to 2020.
Among them, larger solid circles represent cluster centers, smaller dots represent county-level units, and lines represent clustering
relationships. Solid circles or dots of the same color represent the same cluster, while different colors represent different clusters
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Figure 10. Spatial clustering of change rates in the illiterate population within county-level areas of Northeast China from
2010 to 2020. Among them, larger solid circles represent cluster centers, smaller dots represent county-level units, and lines
represent clustering relationships. Solid circles or dots of the same color represent the same cluster, while different colors
represent different clusters
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Figure 11. Spatial clustering of the primary industry employment change rates in county-level Areas of Northeast China
from 2010 to 2020. Among them, larger solid circles represent cluster centers, smaller dots represent county-level units, and
lines represent clustering relationships. Solid circles or dots of the same color represent the same cluster, while different col-
ors represent different clusters
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