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TE/NERBFFE X, W03 TF Sentinel -2 FhF HH (4 22 L
A AL R OR A/ 22 T AR AR R (BRIBE A SE
2019) . X T Sentinel-2A B} ¥ NDVI (Normalized
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Table 1 Main parameters of Sentinel-2 multispectral bands

, , S2AHLLRS 2B,
e BLAFR B I3 B /m
nm nm
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Blue 2 492.4 492.1 10
Green 3 559.8 559 10
Red 4 664.6 664.9 10
5 704.1 703.8 20
Vegetation
6 740.5 739.1 20
Red edge
7 782.8 779.7 20
NIR 8 832.8 832.9 10
Narrow NIR 8a 864.7 864 20
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Fig.1 Image coverage of the study area and distribution map of interpreted samples
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Fig. 3 Extraction process of winter wheat
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4%, 2020; Majasalmi F1 Rautiainen, 2016; 4F4LE
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3.1.2 NDVIRFE#iEsE

NDVIZAEY) 53 2Bk 58 v 0 B T3z B AR 9 4
%0, BFE NDVIA] LU BV 04 A R R0 B AE 7
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Table 3 Phenological period and characteristics of winter wheat
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Table 4 JM distance between winter wheat and main crops
FHIEZ P A 3 BEK 1EE Lii¥ia P {E

NDVI,, +REPIL,, 1.69 1.18 0.95 1.63 1.35 1.36

NDVI,, +REPI, 1.59 1.48 1.71 1.69 1.68 1.63

NDVI,, +REPIL, 1.6 1.32 1.99 1.84 1.79 1.71

NDVI,, ,+REPI,, 1.19 0.79 1.94 1.41 1.82 1.43

NDVI, , +REPI,, . 1.85 1.01 1.83 1.83 1.78 1.66

NDVI, , +REPI, 1.23 0.95 1.88 1.74 178 1.52

NDVI, +REPIL, , 1.21 1.29 1.88 1.63 1.62 1.21

NDVI,, +REPI, , 0.88 0.94 1.68 1.56 1.45 130

NDVI, , +REPIL, , 1.23 0.78 1.53 111 1.59 1.25

NDVI, ,+REPI, , 1.76 1.26 1.92 1.89 1.84 1.73

NDVI, , +REPI, 1.85 1.28 1.99 1.93 1.85 1.78

NDVI, +REPIL, , 1.89 1.65 1.99 1.99 1.99 1.90
NDVI_,+REPI_ . 171 1.55 2.00 1.99 1.99 1.85

NDVI, , +REPI , 1.17 1.22 1.84 1.47 1.62 1.46

NDVI, +REPI ,, 1.91 1.38 1.83 1.75 1.79 1.73

(NDVI,, ,,~NDVI,, . )+ (REPI,, ,~REPI ) 1.87 1.66 1.98 1.84 1.81 1.83
(NDVI, ,,-NDVI, )+ (REPL ~REPI, ) 1.97 1.83 1.89 1.98 1.93 1.92

T NPT I B REAE 2 IM BRSSP 3EI R T 1.8, SR W I R )2 REAC LA T 4P (B 43k, 2014) .
X TR ) A /N2 R, BEHR A I 3 X 4% IAH, it max {REPL,, REPL,!. max {NDVL,,
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%, 2020), HRAER 4 EBEFEAR T A ERLF (IM
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AVEY AR R (R PR ) 2278
K, iyt {REPL, ,~REPI,,|. {NDVI, ,~NDVI,,,|
X4 /NAZ
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By NDVI 4 3R R 4%, REPI AL 5E 3T 45 3 )5
W BOREY . MR FE 6 H My IEAF A K,
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it A /N AR S B R IR 22 (H X Ay /N
R ERE 6 H 17 B AE R & /N S B0 — A~ G
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3.3 ST ESEFIRESL

9 T R REPI 5 NDVI X T4 /N A2 1 IX 43 RiE
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A AR AE Y B RFAE AT

B A NDVI 5 NDVI 25 {5 #BAS REAR 4f b X 43
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NP4 /NZE MR HLAG B4 X 43 BE FT, REPI 2Bl E
I 2 28 VA B8 T 188 I i 1) K 0 T 10 5 8l (Wang 5§,
2017), &/NEETE4—5 A a2 W =, REPI
IRBA N AR IR R KA. iR e 7—8 H {7
Mo R A S IR BIEAE , A/ N e BRI REPL
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Fig. 6 Distinguish between winter wheat and woodland
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Fig. 7 Distinguish between winter wheat and winter vegetables

mE 8 rs, A&/NESBUEY (FifE. 1k
AL BFEEK) IR E D, (UHNDVIEEA] L
BRI IX 4y . PARFA NDVIALRE X Ay & /N2 5/ £

K, AR R S A B A ND VI 22 0] LA
TP X A3 4 /NZE FNAR AR . AR, TR AR A il A
NDVI S A {8 . A 5 a0 9 NDVI 22 {H X
I3 4 /N A SRED)

1.0

0.8
0.6
0.4}

02 II.

0
70.2 M l

-04+t

NDVI

-0.6 L
NDV12020-05-03_NDVIZOZO-O()-I 7

RHIES
AN A T . K
K8 2 /NA SRR IX 7

Fig. 8 Distinguish between winter wheat and autumn harvest crops
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Winter wheat planting area extraction over wide area using vegetation red
edge information of multi—temporal Sentinel-2 images

TIAN Xinyuan',ZHANG Yonghong',LIU Rui'’, WEI Jujie'
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Abstract: As the main grain crop in China, winter wheat planting area has great inter-annual variations. Remote Sensing (RS) technology is
the most effective method to obtain the planting area data of winter wheat over wide areas. The Normalized Difference Vegetation Index
(NDVI) parameter derived from multi-temporal RS images with medium and low resolution, such as MODIS imagery, is frequently used for
such purpose. But the accuracy of obtained winter wheat planting area is usually unsatisfactory due to the limited spatial resolution of the
used RS images. Sentinel-2A and Sentine-2B, which were launched in 2015 and 2017 respectively, are currently the only spaceborne sensors
capable of acquiring images in three red-edge spectral bands with meter-level spatial resolution. Red-edge bands have great potential in
discriminating vegetation types and evaluating vegetation health condition, because these bands are sensitive to the chlorophyll and the
nitrogen contents of vegetation. However, there are few studies on winter wheat extraction over wide area using the red-edge bands of
Sentinel-2 data. In this paper, a wide-area winter wheat extraction method based on the Red-Edge Position Index (REPI) and the ND VI data
derived from multi-temporal Sentinel-2 images is proposed, which is then applied to extract the winter wheat planting area in the Beijing—

Tianjin—Hebei region for the year of 2020. Firstly, the temporal REPI and NDVI are extracted from Sentinel-2 data. Secondly, the key
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temporal phases for discriminating winter wheat are studied, and the decision rules based on temporal REPI and NDVI features for winter
wheat discrimination are constructed. Finally, the winter wheat planting area in the Beijin—Tianjin-Hebei region in 2020 is extracted using
the constructed decision rules. The extracted winter wheat area is validated by two kinds of reference data. It shows an error of —2.57% when
compared with the winter wheat planting area data published by the National Bureau of Statistics. Additionally, the overall accuracy of the
extracted winter wheat area is 94.24% and the Kappa coefficient is 0.88 in comparison with the visual interpretation results of Google Earth
high-resolution images. The conclusions are: (1) REPI changes with the change of chlorophyll concentration during the growth period of
winter wheat, and gradually increases with the growth of winter wheat seedlings after sowing period, until reaching the first peak (about
722 nm) at the emergence stage (November). During the overwintering period, it falls below 715 nm. The second peak is reached at heading
stage (April-May), with the corresponding value greater than 730 nm. The REPI value in the mature stage drops below 720 nm. Especially,
the REPI at heading stage provides excellent separability between winter wheat and woodland, while NDVI has a serious commission error
when distinguishing winter wheat from woodland. (2) It can not achieve satisfactory result when either parameter (REPI or NDVI) of single
date is used to extract winter wheat over wide areas. However, the decision tree classifier constructed based on the combination of REPI and
NDVI parameters derived from multi-temporal Sentinel-2 data can extract winter wheat area with very high accuracy over wide areas,
because other land cover types can be well excluded by the specific features presented by either REPI or NDVI of the key temporal phases,
thus the effect of “different cover types with similar pectrum” associate with wide-area classification can be largely mitigated. This research
demonstrates the significance of the red-edge bands of Sentinel-2 in discriminating winter wheat of wide-area.

Key words: winter wheat, area extraction, wide-area, Sentinel-2, REPI, multi-temporal images
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