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Abstract: Objectives: Monitoring the "non-grain" use of cropland using remote sensing technology is of great
significance for national food security and rural revitalization. Methods: Through analyzing the phenology of
different crop patterns by using time series Sentinel-2 remote sensing images, several key phenological stages were
selected to summarize the phenological characteristics of each stage, and the phenology similarity of the same crop
pattern and the phenology difference of different crop pattern were obtained. A model was built to extract the non-
grain use of cropland on the Jianghan Plain, including vegetables planting, abandoned land or trees planting and
aquaculture pond, etc. Results: The method realized the mapping of non-grain use of cropland on the Jianghan Plain
successfully by using hierarchical classification method according to the rule of "from simple to complex". The

overall accuracy of the results is 92.69%, and the Kappa coefficient is 0.89. Conclusions: The experiments
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demonstrated that the method based on time-series Sentinel-2 remote sensing images and crop phenology can be
used to monitor non-grain use of cropland at regional scale. The proposed method can provide effective technology
for monitoring the non-grain use of cropland, and provide basic data for agricultural departments to formulate

agricultural policies.

Keywords: Sentinel-2 remote sensing images; crop phenology; non-grain use of croplands; the Jianghan Plain

Pt B2 DR s [ SO & & A IR AE B, AR B IR & BEA R SR O B 22 4
B R AR ) B Ak, RS AR AR & BRI A 7 A R A e, A IR
b 1 SO R 22 4o (H T M7 BURF A R it AR P SR ISC RS P T BT 3R PRS2, 8 70 1L IX
HEL 7 AR A CHERI” LR, SRR, kb 2020 &, EPBXHE <Ak
HAL” R EIEH] 34%M. FAT Bk A BT 1A A e, R ™ E B 3 R IER 22 42 . 2020 4

CHESSBEAMA T R TR fit “ AL ” R e A= i I ) B4R S A By kA b <Ak
HAL o 2021 FEr ge— 530 (rpatep S 55 e 5 T A HERE 2 AR PR AR BLAAL
R PR R T B B R ARARAL 7. DR, SESBR L ARRRAL R R AR R,
RO E B B AV ER SR BRI, IR Tk AR IR IR SHMERE SRR
LA R A HE NP Lo

HAT, #fh “IRRe” pt e L2 i aE “IRRAL” BRI 22 70 A . 52 R R AN L
BT FERRE AL IS L, KRG TP SRS R B
HBARARAL I 25 70 A1 R 20 W R AR AEAT BUIX RS kAT, S ARARAL A0 125 (a1 4011 o BEIRSOR
FERFEHC AN A THERE 2 FAR DSBS O SR o REREOR 5 AROIR LR, AIRE R A,
AAH AT AN o SR, H AT I 3 ER XY R AN G A RS8R A 7 sk AT
o P SR BEAT B “HERAL” MW AIBIE TEIE AL TR0 B B, IR BOAFAE R IR
AR R EE, EA P BRI B AR B AE Y
DL 2 ) i AR AT SR I, R A 2RI A AR A O M R AE O 2 5, R
KA RO VM AR AL REAT A o WL 27 21 D7 2 m FEMOBRE A, IR R AN XT3
BORBEERZ AR K. 72 “HRRRAL” B8 E, BUAHHR 2 BRI I 7 A AR . BB,
GURERM, TR T B ETRRE L, CARZRIROVES (L) o,
RAETE P RAFREIESARAE KU L AOIMIC S, e A2 R B M 0 Fr) 2 P 755K

A PR RGBT B “ ARG AL LA D5 T BBkl — B RS R Ik
P, R R e ERE, IRERGEGR L AR IR E YR R
Bt A ER > RIS CUnR I BARSE) 5 RARAE R ARV E B i XE L DX 70 o B R
MM 5 R R BT, RS R R O R A REAT Y2 o ARSI H AT
ZHHFRATEDHET, AT AR R T AT, M AREIE.

A5 T, ASSCRREH 1 R I o) 03 A AT VL DT B AR AR I 10 T3 9. AE 0
AT E RS TR A itk AR AN [ R S TR ek i) e 51 g 28 10 22 7, A Bk AR AR AL
IS B S BUERY, SRHAT “ ihifal B R R B BRIRI B “ARRAL ” SRR B
e FZ0EIR0E . HIREEECSE A B A5 R, TR AR AR IE . ASCHIBE o
Hrdt “AEAAL” BERER AU R BT B JE A AR T THEAT B A 7 A A 2 Aol
BRI LA Hdh SO

1 RXEHE
VLDUP B AL th i, P BT, OGN, Ik bR, 5 T T A
HE, TR 4.6 77 ko TSR KT Al VIR0 B AURE A, T4 27 m, T

2/14



Gz, PHHLTRIRAE, KGR R XIS HTHBTINAR 2400 R T, 295 #d02 B i AR
30%; 2019 XL 950 RAM, HHEILERE L ER 35%, R EREERR
aHkHh —.

TLPCP IR EE R SRR /S M. B — MR sl & /N2 5K, BlE &Y
WGRAR, BIEEMELE 5 A NRBHTRAE, A AR NEENZE. e 2 R
—ZRKHE, WRRNEZE, 5 MRERAE TR I G RAE, BB R, ATE EEYITE
7 H NRATRAR, ARUTERCNE RN, BRI RE FMEE SRR,
PRAPE SRR, A FFONIEYI+ERSE . 58 TR ER 3 BBl N 472 40 57 58 1 R 55 7K 7 i
EIRRAYUETR I . S NFIRE AR 2980, BPPEE, sUH ISR, FIFRAHAREEE .

AHIFFCAE FH R AT R SR R A5 Y Sentinel-2 Level L2A 7= 584 . Sentinel-2 T2 B # 4
MO T 25 (A R (10m) e HER (13 M) PAAKTE 338K (5 KD, {EAEYIH
BTS2 7z iR U200, FEARAE IS U BRI 1. @B E L MBI HSE
HHm AL, 192 7TX 2019—2021 4 K 8] 7 51 H—f #7454k (Normalized Difference
Vegetation Index, NDVI) it t& ##E4E . 1§ 2020 4 GlobalLand30 -t 3b F| A %k 4%
(/www.globallandcover.com)iZE AT i 15 2B Hb 70 A o ANHIE 5026 T4 A ER 51 # (Google Earth
Engine, GEE) “F& 56/ R4 FAL#E T4 . GEE /2 th ik = TH 5 0K 20 (¥ 42 1k 4 Bk R 1
P [AME B AR SR AL B IR S5 1) &, B AA A I ()5 FE K g A7 R e TR AR
8 AR S i 2122,

Hb THRE A K REEIS R 2021 46 4 H 13—15 HAI 7 A 13—15 H, A& NN
PIETEE AR RN B BN RTTEEE T R AR I G R o2 AL . o,
DTG RIS AS S MO R M 3 & RN T 7 2K 5 B S B TR E AT 1
R B BT A AE It O TR AR o S FRY B s 0 i I AL Bk 7 DL P R AR AE F2 I 7 B IR
Ko VAR AR A SRR FIFEAS s A MR A7 B AN 1] 1 B o« AR SR F I B A7 I8 X R s Rk VR T
[ R LA A 2 40 Chttps://www.webmap.cn/main.do?method=index ), ~T#i78 &5 APz
KT 2020 4F GLC30 Rk R e B, AR RIA T SSiweERAE . 2 T HHEA,
FIFHAHCE G 1R IR g DR GEAT B AR, #HTREARRIGY, 13307550 5 2 e
(CRBFEARBEWR 1 P, HT 5% I € SR s Rk B vrAn

3/14



B 1 fARXEEL B S LBMPRAES S
Fig.1 Major land-cover types and sample points in the study area
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Tab.1 The samples for different crop patterns
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Tab.2 Phenological stages of the major crop patterns
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Fig.2 NDVI profiles for the summer-and-autumn-double-cropping samples

St IR 5 AN I I 8] /7 41) NDVI HE, R I R 28 1) th 2R e A7
R (B 3). BIEMERA 2 iRl 2k, HFEXGEMEE T1. T3 2I0E, LK
N W B2, BAKWEEAE T2, T4 LHIXUE, Sk M B, Y+ 28R A XUEAE T2
TS W AH: BREETAE Z AT T2 2 T4 Wi (R FFRE 1) NDVI sl YT s e T
AR B3 RIUKAARRIE . 6 FhAHE SRR NDVT B 4RI 25 S 2, R DASRBILG ) LAk Rl
RKAERX 7

1

08

il
— AT T

0.6 1

0.4

NDVI

0.2

-0.4
T T2 T3 T4 TS5

i
& 3 EEME LB PMRFHE

Fig.3 The phenological characteristics of the major crop patterns
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Fig.5 Flowchart of mapping non-grain use croplands
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Fig.6 The map of non-grain use of croplands on the Jianghan Plain in 2019
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Fig.7 Comparing the false-color composite images (NDVIT1, NDVITZ, NDVIT3) and the
results of non-grain use croplands mapping
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Fig.8 Non-grain rate and non-food rate of counties on the Jianghan Plain in 2019
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Fig.9 Non-grain rate and non-food rate of counties on the Jianghan Plain in 2021

TEPCTR 2021 G BRI EN 7.24%, AERMILEN 5.32%, HIEL 2019 £F 4.43%(H
AR AN 2. 71% AR BRI A P BT (GR 5D KA BRRITANEL I 4h, Hop B
AR TR A 10 o B BRI 22 AR BT X (AR 10.89% ), HONRR AT < 4 FH T <
DL X, 38K AFITE 5%LL 1. 2019—2021 FAE WL R RIBTL TG A FFEsh, 3
REWHE TR DRETRER AL GEKE 11.37%): HIOAAT . 50l
FITX S FAM X B RARAAE 4% L Do Z5 EFTiR, VPO EEARRALBLR AL 5 R A 2 1
ZEH.

10/14



5 LN FIREBHIRRIL R GEE S /%

Tab.5 Proportion of non-grain rates at county level on the Jianghan Plain/%
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Fig.10 Map of non-food use of cropland and Digital Elevation Model on the Jianghan Plain
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