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PR OB A, FRvHE 22 I 0 T A 2000 BT 2 TR AR R R A A R AE . KRR T i, R
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J& (Global Moran's 1) A1) #5 (Local Moran's 1) o Bl ELWL 5 e b 35 A5 -5 (1 255 TR 49 i 15200,
Ji A TR M R R 1 4 1) R AR B S TR S B B2, Local Moran's | i+ A A (3) -
(NGPR —NGPR) > w; (NGPR, —NGPR) (3)

LISA=

%XEZL(NGPRJ—NGPRY

o LISA AE i oo /R =M B AR & %G NGPRi. NGPRjNES i FI5E j oI dERIL
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HERRKE CERPRKEBR DRSS B 3% N 28] Xy
EP PR B AFHRIEBINE R, 12, SOWuE TR VR A K 1R [25.29] X2
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b, BRFREERE R BRI T ZE 5, FERPEUE S OCERERY, Z oA R e R
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HOERPRINES T2 FH T b 2 (B S v IR TR R &R, DARIEAT BRI AL 40 A 27
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PRINZS AT 2012—2022 4 VLA Bt b AR KR AL (1 SR B R 2 e H 32 FLARRAE . K3 H 2R [A]
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e AEH KA
(A(X1NX2)) < Min(g(Xy), q(X2)) AR
Min(q(X1), q(X2)) < (q(X1NXz2)) <Max(q(X1), q(X2)) BRI R AR FE IR
(9(X1NXz)) > Max(q(X1), 4(X2)) LU R 2 5
(9(X1NX2)) = q(X1) + q(X2) S A
(q(X1NX2)) > q(X1) + q(X2) R PR
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3.1 BibIERILDETES

PEORITAA IR AR AR UL B RS, A 2012 4E[) 5.15% FREZ 2022 4F)
3.17%, FRIFFFET 1.98%, FKEHAEHHLARRMROE —E B RE . WRREdE 47,
SR A FHh AR R AT 58 3 B (2

2 2012—2022 F BT EHbAER L RT e

1B (20122015 ) - H3E FFEW

A SRR T AR 2012 SEAG B KT IRGE R %, 31 2015 46 [ 2 M X Bk
7, kb 1886.5 km?; AEARAL R M 2012 41 5.15% N F# % 2015 “Ef) 3.57%, 1A FIMEL
PEC A X —P B E AR B 2 2 AR ST, PR E =X B RILH G T — R &l
M RECR, T2 2012 15 2013 L FER AN (A8 M et e /=17 sh 5Lty
X)), Eai RE R E A, F T m o KEIARRNLEER: 242 4>, HE) 5 KRB
320 Ji i, fRHEHEH A AERR R B A& R, A AR E PR T AR AR A 2R X

2 B (2016—2017 4F) : 452 [E T+

IR AR S EY M AR K N, Hol—eRER A, 2017 4, JEREfE
VIFMETH RN 6140 km?,  JERRILZRAH LG 2015 5480 T 0.58%. /R [HIFHIEEA K, (HAHE
TR —BY B RE S N, BBONIA . X, EORTE il (E RIS R ES
SATAERRD AR AR AR T T RN, g Lk, ZPEE IR R P R
FORUF, R FEUR S E A A, SEEER S EYAE IR SRR E LT

3B (2018—2022 4£) : “Ffa ETF



X—Fr B, ARRAE P E A B AR AR, (AP bEas, FisbEs
0.15%; AERMRFILENE T, 2 2022 4E3 400 3.17%, S ondERbIlRZ B nE. 2019
FEAN 2020 A B RVLA BUR TAER &5 FE IR N L AR M 5 b PR . A B R 4215
iR, RIEEEESEY, S5 iem, Wl B2 RRSEARFE, ¥ KMEMSL. b
AT BRI AN T R 2R 30, ARRR AL & AT E B i B p Rt
3.2 #HtIEMRILET = TR HHIE
3.2.1 WA RTEAR: BT RS 5S bR 2 I () sh A HRE

I ArcGIS 10.8 A i 2012 47, 2017 4FF1 2022 4 & e LA BA# AR MR AL [ EE0
AL P AbRHE MG (B 3) o FHOIER 2 RN (R 2 0, SRR REER, T
JEEAE B AR L. 2012—2017 4, .0 A AR F£3) 49.75 km, SEMEFEIER A 9.95
km; 2017—2022 4F, TR IREE, FRTHEFERFESE 3.03km. MWEEAEHAKE, FiY
MR R IR AL Y, BT E AR MM RIET AR 2 B, 2 X5 T3 HOR B A IR #5552
&, FEEARRAL R YOE T

3 2012, 2017 02022 SRR X E O RBIITE R IR EERE

3 2012, 2017 §1 2022 FE#HitAER KX IREEHE S
oty WEREFRE () Khh (km) SR (km) Lk A (km?)

2012 123.85 465.55 230.95 0.504 337608
2017 128.76 450.09 206.51 0.541 291857
2022 123.14 426.04 210.88 0.505 282108

2 Arcgis 10.8 TGRS %0 (38 3) RIL, MHEIAIM 2012 411 337,608 km?
%22 2022 4[] 282,108 km?*, [E1EZ) 16.4%, R BIAERAL 28] 4040 N B Im 4R s K2l
M 465.55 km 4% & 426.04 km, S B ZR B A% O X IS SR G o, A X AR RR AL 5k



G5, SR JE AR R A (B ATk R AR RS, JCHORAE BRI R AR e /KT, PRI
SREGRLENIER]; 2017 E R THAE 0.541, RUJARRALUT U AL Pkl y 5k, 2022 4 i 2 Jal
%A 0505 SoRBUR TR R A RS, B3 8BIR, WER LTS AR RER 2
FIRERAE FHLI T B G it S EMAEY 5K, SBORRACIT B TLE T 2 A W%
TREFTRE S BRBGR A ACR, n CRIBTLA B RS 2601) K G BRI 1 AR R SRkt e
61, (R AEARARAL I /N IR L 2 DX A 4 «
3.2.2 RN 2J55 R E KRR

FIH) Geoda 1.18 # A A 2012 4 2017 471 2022 4E VLA 71 DB oI Bk AR
HALHI Moran's | HUGHHIE (B 4) , 4R8I p E<0.01 & TEReR, KB # D
AES — A =R IR, RIPH AR 2 8 A B B35 1 IEA % Moran's | M\ 2012
17 0.6004 TF 4% 2017 4] 0.6993, R WIS [AISRIEALN I . SLF BOAT RERI 5 R i 12
Tt SBERRACIL S ARG RIET PRI Y B TR B/ Moran's | f£ %2 0.6104,
RIS, BRI, WRIRT AR EIR T3,

4 2012, 2017 #0 2022 S HbIEFR L X IEAY Moran's | B &

ik — B R A () SR AR ARAE, FI T ArcGIS 10.8 B4 i 7 Bk AR X 455 4 1) SR 4R
FRIEE (B 5a-¢) o HFHITTRH X BAE 3 AN N IR & AR R m—m BEEAFE, FERE
B I SRR S 5K BT T ARAREERE A B L, AR (RVETT) « XS LT
el B IR AR R R A AE, TRV, G B kb AR AL R X, HIEARR
EAFOR, WaE, KRREMESFEWNNIAE, SEAERES— DK T EEN
R R AR S R RIS RE, 22 T B AERR AL 2k 1) 25 (A R AR AE B (] Bd-P)
2012—2017 4F, SEHFIX FEERAERTIES, SR XIRE L Lm—mEREIX; 2017—2022
BRI E AR TIPS, Tom— AR X, HORH A X ) A3 Ta] AR G HEAN 83
2012—2022 4, (- ARRE X AES U % LT, R ARG PR AT AR T

M 2 ) SR AR R, i SRR X NTC R, e Wt 350 2 b [X AR A 2 g o e
AR X R B P TEAL GUR =X, {H Y6 [ 45 1 B e ) B TR B T AR Ak v — AN
B — e SR AR X ek 2 B A A TE IR T A 00 AR ol 25 460 1 2R IX el 5l AS [ 48 35 e K IX s 1 28 7
b, ARELT ST Pk R AN AR M 4k R T B R 2 A R . SR RYVE A B AR R AL
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5 20122022 SRR L X 13 25 (8] BE SR 4FAIE

3.3 ®EbIEMILTIE) 5> RIRBIMLHI 54

NIRRT BT BB AR I SRS, R Z-score brfEA 7 v2:%) R 4 £ i
HATIH— AL EE, WHEREIR R 2R, Bfrfebr ol tetE. FIA SPSS 27.0 B4 briEAl 5 (1)
15 MRS RAT 2 EILLE LW, IR ZEIKE T (VIF) =10 fmsE ke,
BRI KR S AU B 1. R s 7 He. A GDP. Rl ={H (& b
WA R R AT I TE B 8 WAL O IR BRI 2R o B S, 38 T By o Mgl AR B AR AT R4
KMO %18 (0.658) 5 Bartlett BRFEALL6 i PE/KF (p<0.001) 3R IAEHEIE & 14047,
RABRFIEE>Y JRERECE By, R 2 e KA RS e e A B mr 6 R, 3 Rt 5 22
TUHRZE =85% I HT 5 DERLAT o B 32 RS PN AT 24 L 5t i Y 3K ) BT 3% AN b R N 25 A5
B, @ TR ) (g HD RN 52 BAE R A58 56 UF I 23 18] 70 SR RE RE 70 - RS R 25 493l
N: PCy i Zedia de sy (Xua) » RIS 5K Bt A EARAL AR s PCo LASZI#
B (Xis) NEF; PCo M T4 A G (X) » RS M IE R XTI
AP R RN s PCa LUAERF/KER (X)) NIZOAR R, OS5 55 R X i 5 #4138 W 4 1
. PCs LRSS 1 b (Xe) AES, sy sl Ji gkt ARk i s A



®4 ERHERIE RS

BN

IR K 3%
PCy PC, PCs PCs PCs
ERRK R -0.006 -0.235 0.199 0.944 -0.03
W 0.611 -0.083 0.66 0.146 0.005
RAVHLILEZ) ) 0.958 -0.014 0.001 0.06 -0.147
Bk 575 7716t 0.028 -0.189 0.024 -0.022 0.975
A¥ GDP -0.023 0.883 -0.099 -0.308 -0.106
A 5 L 0.045 -0.209 0.93 0.157 0.032
Wit -0.977 0.002 -0.157 0.105 -0.206
A8 I T B -0.015 0.928 -0.175 -0.025 -0.14

& 6 2012—2022 FHbIERUIEENEZETIRM (a) FRZEIRM (b) BREHIE (@)

M EAR I 2% ] TR SE R R (B 6a) , FINEhAE T BB AR R /1 (g
B FERZE) R AOEIERE EE TR (9=0.96) i, RUIFEEBRE L, ig/R
LA, ST A A M 2% (K SR A B B T AT E AR RO AT IR, I T Bk g
Bl ARMVES EER T (9=0.94) Rz, M B AR LA ERE R, A T A v
EREFBEX TR, BRSSO a0, R385 R T (9=0.93) B &
BTN EER S, T R BB R, B 5 B RS AR AARRIED: I
MR ET (g=0.79) WAL BIARIMTR TS 5T, Ania /R R PREEIAR T 3 50 PR] - 3y
A LTRSS, B ARG R et — DIl S AR (18] 6b) KL,
R0 R 3R 1A A Dl [P 35 o S BB % 2 255 AR b o B AR P R0/ T 2% (9=0.98) , i ]
FEAZ B SRR I 22 Ty A T4 X B3, Al AL 5 Wi (R 1k 3L ] HEsh 22 A
PORUBACAAE; A {8 o EE AN 55 80 77 o5 EERI BRI AT (9=0.95) RBAAE 57 8 J1 4™
H IR A B e BB AR RS 57 s S R SRR R E S B IRIAR AL B T
A5 Al =8 o5 b B AR FA ARG 5235 (g=0.9) idE— D BIHIE 7 AniG 7R VB 20 R A R R ik
P, R 5 T R OO IS 5 ARAHE L 2 (0 2 IO, L it
B, fEoReE KREEME, Ho7ah h 2R B R A7 F e m U K e, JFiE
JEA Y B B S A 9], X — IR BIREE EAREL T “ il —MR55 07 e
AL W RV AR H A AL S T 3 T A ko BB SR I B b, R
[ M) 2 SR AR ARG A BT X LR AR B R AT SR, Rk, BT B
AR AR SGE AL, 2T S BORRIE SR R 2 R, HARE L7 A R B A
PR BT R e B B e R BRS80S, (BT 4 SR LR



R ERIAEL, AR AT MR RRER SN, BURRE W BHBARRALEE =
KAEH, R 5451 2012—2022 4FBRIBITA G 2 TIECHR, 8RS S AN
FHESTEAN AL RR T Bl AE AL 3R . filn, 2015 4F CRTEESREZaE K
TUERIRIE L) KB AP NS EL, RIS E T N 2018 Fdt — DL
i, AR REE R 2.57%, MESRBERME AT RS M Sohlsl 48 1 AR as e o
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SPATIOTEMPORAL EVOLUTION AND DRIVING

MECHANISMS OF NON-GRAIN PRODUCTION OF

CULTIVATED LAND IN COUNTY-LEVEL UNITS OF

HEILONGJIANG PROVINCE FROM THE PERSPECTIVE OF



GRAIN SECURITY™*

Tang Tiangi!, Wang Yongzhi2®*, Yu Tengruil, Wen Shibo?

(1. College of Economics and Management, Jilin Agricultural University, Changchun 130118, Jilin, China; 2. College of Geoexploration
Science and Technology, Jilin University, Changchun 130026, Jilin, China; 3 Institute of Integrated Information for Mineral Resources

Prediction, Jilin University, Changchun 130026, Jilin, China)

Abstract Grain security is a fundamental component of national security, and the phenomenon of non-grain
production on cultivated land poses a direct threat to grain productivity. Most current studies focus on the macro
scale and lack in-depth analysis of spatiotemporal evolution and multidimensional driving mechanisms at the
county level. This study takes the county-level units of Heilongjiang Province as the research area, aiming to
reveal the spatiotemporal differentiation patterns and key driving factors of non-grain production, thereby
providing scientific support for the sustainable development of major grain-producing regions in Northeast China.
Based on county-level data from 2012 to 2022, this paper systematically analyzes the spatiotemporal evolution of
non-grain production using the gravity center model, standard deviation ellipse, spatial autocorrelation, and the
Geo-detector method, and explores the interactive driving mechanisms involving natural, economic, social, and
policy factors. (1) Temporally, the non-grain production rate experienced a three-phase evolution of
"decline-rise—stabilization"; it decreased by 1.58% from 2012 to 2015, rebounded by 0.58% from 2016 to 2017,
and gradually increased by 0.6% from 2018 to 2022. (2) Spatially, the gravity center of non-grain production
shifted 49.75 km and 15.15 km toward Mulan County, while the area of the standard deviation ellipse contracted
by 16.4%. High-high clusters formed in suburban areas of Harbin and Mudanjiang City due to transportation and
market advantages, whereas traditional black soil regions such as Tongjiang City and Raohe County maintained
low-low clusters. (3) In terms of driving mechanisms, transportation density, transportation density, proportion of
agricultural output value, and proportion of agricultural labor were identified as the core driving factors, with
notable synergistic enhancement effects. The intensity and pathways of these factors exhibited spatial
heterogeneity across counties (e.g., Hailun City in Suihua, suburban Harbin) due to variations in resource
endowments. Overall, the non-grain production in the county-level units of Heilongjiang Province results from the
multidimensional interaction of transportation, economy, and policy. It is recommended to optimize industrial
layout, strengthen technological support, and improve the policy system to balance food security with agricultural
economic benefits.

Keywords grain security; Heilongjiang Province; non-grain production; spatiotemporal evolution; driving
mechanism; Geo-Detector



