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Table 1  Acquisition information of Sentinel-2

T SRELITA] B AR
No. Acquisition time Bands Image quality

1 2016-05-09 13 B

2 2016-08-22 13 B

3 2017-05-09 13 R4F

4 2017-08-22 13 R4F

5 2018-05-09 13 B

6 2018-07-23 13 B

7 2019-05-09 13 R4F

8 2019-08-02 13 RUF
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Fig.1 Cultivated land use information of main grain crops in 2016 — 2019

SR FE 1) 1 A e U 5 5 ) R0 g 28 [ 3 Y 4 A 1 3
ATHE BESIE, 28R SR REFE 730 81.25%- 83.62%.
91.52%7F1 89.37%, Kappa ZRE5rH14 0.79. 0.81. 0.89
F10.85, ZrIREE R ARG EESK, Bk, %7k
PRI 90 X SR B VRS T & Bl SR A T AT A 1
1.3.2 3R ZE S A Fed S AR

FEUR B EY R E 0 5 2 8] A o AR A B
MR AT R VAR S A SR AR, X TR
AP P T A R L. AR MR T X T R

/R (0 B b R 2 1) 23 A A0 E O GE RS REAE R
ArcGIS 10.2 B0 1725 18] Gt T BAEATHm vHE 22406 (5] A 2
TR, HEARIFFIX 2016—2019 F EEARE
TED A3 AT B Oy 23 (8] 7 [ R R AT VE 55— R A1 S 501
B o

FRUEZEMAE (Standard Deviational Ellipse, SDE) &
AR A G v 7 1k v RE A8 RS A 48 7R 2 8 1R 73 A R AIE (1 48
JiiEz—, AT LAY fE A2 G S AR R A 5 )
A )7 AP0 A ST b 20 B KN R AE R



515 3 R AR AT R AU 3 OB I I 25 ) (AR AE 3

MR 22 (B o)A B PR AR RE, e R 0 LA x fhodtE, 1
AET5 70 00, MRt e e g sE AR T 7 0, A< UARER H A
LR LRSS . EEREEHHEA KT
) 34T Rl 77 16 AL A5 BN 18] 38 40 BA AN A ) 3 A5 4
ko 22 AV 52 25 DA 0 630 74 e 22 A1 55 0 I e o B
FJ UL R A B X 3 B AR B0 2 18] G0 A 2R 54
PCRFAE,  Fn i 220 [0 SRR, R Ml 1R 5 0 P i 5
R P AL, R B T RO BT,
e AR SE NI, R B BRI R AE .

CEL TRV TR P A2 B A I L
TE b 3 25 o 2 7% X g B K S7E 3 () b £ P4l BT
ARSI FLIX EEAR AR Bt R B B AR e, B
ARSI AT NETE St 1 Nl T i 3 R 7
SIS R A B AR RS . RN R . FO
I RARLR W T X R (AL BTk, M
BELEEF A HO (T 15 DU WS AR R LA AR, EE
O IE AR AL B A5 1) ER R AR s A ) O IR B
S5 2 DX S5k ) Bk i R AR ELA R, 2 50

MY = v

R X Y S HIFRIRBEFCIX B (R B R 20
(120 FEAE AR FEARLs e Ry 20 IR SR b MR T O
M2 AR AL A n NIRPR TR we R es k MRS

FICHJE TEE .
THREAFSE G 2 [H EOREFRR IR, AR T2 A
d, y=c (X, =X, +(¥, -1,) (2

Kb d FoRFEAEIEE OB SRR, km; o f 3R 2
ARFEES: (X, V) M (X, Y DHRE o FEFE
BRI O TR A (A AL B AR s ¢ N HEL
1.3.3 K& WE 8 HE T

R % 1 23 [0 204 53 Hr - ( Exploratory Spatial Data
Analysis, ESDA) & PAZ [RGB PRI B iz, RS
RTINS E A, BT AR R . SRR LR
SRR A AT ik, Sy A A R A A E AR
AR B 8] AR P, A il 4 JR s 1A 49K Global
Moran’s 1 i 5 32 R A1) Mobe 25 K 78 X 0CRE A4 1)
I EARIERAD, R AXA:

n.on

nZZWij(x[ —X)(x; —X)
I= Hﬂ FL - (3)
550 S0
A on NWHTEIX 280G x M x40 A R
FIWEIIE, n A 2 B T VED#E A B LU LI AE 12
AT wyAEERMER ) BE, SEIMERN 1,
2N 0. ARGt =P A5 240, Global Moran’s 1 BUH
fE-1 3] 1 208, I KT 0RRAIEIEFMR, BIEHEE,
I/NF 0 BoORTAERAAIE, I EH, MmN EER

M A EAE S [RIAH O, B 222 A BE AL 23 A o
4 J7) Moran’s 1 W] LASR 7R TR 25 1 78 BEAR B 1) SCHAR
[E, (EARESRH RES R H R AEMEARTAE, &
Z 8] [ AH S AT 8 2 [A] SC HC fy 38 48 7 (Local Indicators
of Spatial Association, LISA) 7~ 3 ZAR S EYI A4S
FAJTE DX 358 Jo 35 010 2 TR A 2 P /NP0 2 ) S Bk SRy I e
(LISA) 1] A Local Moran’s I it & AT &, AXA:
I=x3 ) )

=

AV R T 7| ST el 4 2 Ao LTI i 1 w1 PV

j

wy T | B j (R,
2 EREHI

2.1 FERBEYHH AHET T

30 P Bl 45 R B BUR S SR I R, KE Y
TP A DU & “BY )27 ARERE, KRR
RIS PAS, AR TR 5% A 4, K
AR AT X FEREIEY (B 2) o Bl Borgs RE
B, BFFEIX 2016 4F K EAMEIIEL 5.79 77 hm®, S#hE
A 7.18%, R AKFHEEALAZE] 71.20 15 hm?,  4EHT
FUX B TR 88.19%, AR {5 [7) T ol A A 2t A K 465 v
(2K 5 2017 45K G T AL/ NMIEE BT, S 8.01 77 hm?,
5 EATSR AR, A S AR 9.92%; 2018 EAFFLIX
KGR AR IR SR TFZ 36.51 75 hm?, /i EE 44.94%,
F& 2017 SE K G RE AN 4 6%, BORSCERCRMAE, 5
BEREIRS, T IX KR T AR IR 2 40.40 5 hm®, (5 EER
& 50%; 2019 FERGRIEHFAA VS, 4 32.41 J3 hnt,
T KR IRIAR 44.40 75 hm?, 2 FAEYII AT X 4R
VEYD . AT S, BF 5030 P 2% 0 X B A 4 At 5 440 1
BAFIERZE, 1S RACRE 27 XA E 25 4 210 75 )
A5

801 —=— ) &/ Soybean
~ 701 —a— . KMaize
Eel —e— /KfiRice
=)

Z 50

3

i 40 +

30}

20
10 |
N — ¢ ? .
2016 2017 2018 2019

A} Year
B2 2016-2019 A5 K £ ZARRAEHFALE R T
Fig.2 Area change of main grain crops in the study area from
2016 to 2019
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Fig.3 Standard deviational ellipse and center of gravity migration of soybean and maize in the study area from 2016 to 2019
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Table 2 Parameters of standard deviation ellipse of main grain
crops in the study area from 2016 to 2019

Bty XEKE YHEKE R ITES A
Crop  Year Xdistkm  Ydistkm Rotation 6/(°) Oblateness Area/km’

2016 54.94 37.74 153.25 0.31 6 586

K5 2017 4840 35.22 161.47 0.27 5413

Soybean 2018  51.82 2831 153.23 0.45 4658

2019 5091 38.50 146.25 0.24 6227

2016  47.62 37.66 152.62 0.21 5696

ok 2017 48.04 37.80 151.27 0.21 5768

Maize 2018  44.54 36.75 160.07 0.17 5201

2019 46.49 35.68 162.14 0.23 5268
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Table 3  Significance test for Global Moran's /

FAy EITE X i=t 14 Z135 PE
Year Global Moran's / Z score P value
2016 0.300 3.662 <0.01
2017 0.260 3.687 <0.01
2018 0.637 7.872 <0.005
2019 0.133 4.623 <0.05
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Fig.4 Spatial association of cultivated land use structure of main crops in the study area from 2016 to 2019
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Spatiotemporal differentiation characteristics of cultivated land use from
persprective of growing food crops in major grain production areas in
northeast China

Song Ge, Zhang Wenqi
(Department of Land Resources Management, School of Humanities and Law, Northeastern University, Shenyang 110169, China)

Abstract: Cultivated land is mostly used to raise crops, and thereby the evaluation of cultivated land use can be expected from
the perspective of crop planting, in order to ensure the subsequent refined research of cultivated land use and food security.
Taking Baiquan, Keshan and Yi'an county as the research areas, this study aims to extract the spatial distribution information
of cultivated land use on major food crops, including maize, soybean, and rice, during the implementation period of national
planting structure adjustment policy from 2016 to 2019. Sentinel-2 remote sensing data and random forest classification were
used in this study. ArcGIS 10.2 software was selected to achieve the annual crop classification, ranging from dividing various
cultivated land into regions, then to counting into the vector map spots of cultivated land. The spatial distribution map of
cultivated land use on main grain crops from 2016 to 2019 was obtained with the plot as the statistical unit. Standard deviation
ellipse and main center models were used to analyze the quantity and spatial differentiation characteristics of cultivated land
use. In addition, the spatial exploratory analysis method was used to explore the spatial correlation of cultivated land use
structure in 48 towns. The results show that: 1) During the research period, there was obvious change characteristics of
“scissors difference” occurred in the planting area of soybean and maize, whereas, the planting area of rice basically remained
stable, indicating the dominated implementation effect of maize reduction policy, while soybean and maize became the main
food crops. The proportion of soybean planting in the total cultivated areas increased from 7.18% to 44.94%, whereas the
maize planting decreased from 88.19% to less than 50%, and the rice planting remained at about 5% of the total cultivated
areas. 2) The spatial distribution of cultivated land use demonstrated a typical dynamic pattern of “from northwest to
southeast”. During the study period, the driving force of soybean distribution was strong, whereas the spatial distribution of
maize was relatively constant. The main center of cultivated land use on soybean and maize was in the middle east of the study
area. The center of land use on soybean crop shifted 27.17 km clockwise from east to south, while the center of land use on
maize crop moved 25.52 km anticlockwise from west to south, possibly due to the policy implementation of planting structure
adjustment from 2016 to 2019. 3) There was strong positive or negative spatial correlation among the structure variation of
cultivated land use on main grain crops in the study areas. The area type of positive correlation mostly occurred in the form of
cluster, indicating strong clustering and remarkable regional consistency. In the type of negative correlation, there was no
obvious aggregation area, showing small number and sporadic distribution. The findings reveal the quantity and distribution
features of major grain crops, particularly on soybean, maize, and rice, indicating the comprehensive situation of cultivated
land utilization in the implementation period of planting structure adjustment policy in the study area. This study can provide a
promising insightful reference for the regional planting structure adjustment and urban food security in the cultivated land use.
Keywords: land use; remote sensing; cultivated land; food security; grain crops; temporal-spatial differentiation; major grain
producing of northeast China



