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1.2 HERIERAIE
1.2.1 Sentinel-1 SAR GRD #¢3&

Sentinel-1 |1 4 Wi #% %L . 2 Sentinel-1A 5 Sentinel-
1B A E, 15 C WEBARMAE A RGN & AL E B -
GEE Z=11#F & ) Sentinel-1 SAR GRD ##i4E i i
PG P B S AR M AN M A IE () TR B AR . SO
IR FTIX 2023 4E 4 4E 47 NASFE H B # Sentinel-1
SAR GRD #143% 73 5.
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AN, T 2m ] AR R b om R D (3)
W, WRIEILRN RIS O A
LB, B EH AT S TR G, SG Uk |
A YR 1 D (R BB O B AR 3 . 1 T SAR B VH,..-VH. VHu:=VHe
L A R CBE R 7500, R [ O A A7 — 5 i [ VH.. —VH... ’ngategVVHHmmﬂVHmax<VHwee
7, Pitt, FEAHEICRER R SG Sk FHUE R 0 e "

BUE IS 7 il 23 AT B0 a P e ab 2, AR A AR (i 35
HHE.
2.2 DTW BEFHEETE
DTW SIS B0 25 FKI R 2 R AN B 1] /5 410 2 B 7
B /NBE RS, R R B 3 e B 4 B 4 R AT 2
BN L EH AN R
BsEA ALK 2 58 m 1 on W8] 7 351 C={C,,
Cy ... CYv O={0,, O ..., O,}» I m AT n 5[5 5
Appyy T SERERRANMIE R CERE N C 5 O, ZHKEE
%aij: (Ci_Qj)2o TEFERE A4, 1, H—HARASRIC =R
B2k KA W={W\, W, ..., Wy}, ZBRARI A DL 61
D B Wo=ay W =ayp iz j'=)
2) HHME: Wi=ay, Wie=a,.;
3) M Wo=ay Wi =a HH<ivl, <)l
DTW 53 0] S 9 B FH 20 74 BRI R - 48 B AR
Az, witE (D Pos:

D(I,l) =daj
{ | 0
Dyjy = ai+min(Dy-y -1y, D j-1), Dii. )
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3.2 KIEEFURENAEEIIE KR, A FH VR R R X 2 R A R AT RS LI AE, 4
AHEFAE F QGIS KA f 2 B H 1 4 VT B /K A8 b RWNE 1 PR WERPATLLE W, KRG KL Rk
R HEATIC . G REY, 2023 FEFHITEKRBMEE N 89.42%, 4K Kappa REHN 82.06 %, H/KFEH
HIFY 199.83 km?. BT &RIBE @A HRPG, X HPFRERN 87.20%, A" #HFEEEN 89.38%, 4R
KFES HRE 3. KA. MR, BRE5E S BIFEY)  Br.
F 1 FFRIX 2023 FKFEHEREELIE
Table 1 Accuracy assessment of rice mapping in 2023
FeHuas R
AR Extraction results FH PR B HEFEENE SRR Kappa %
Field type IKAE HoAhy User’s accuracy /% Producer's accuracy /% Overall accuracy /% Kappa statistics
Paddy rice /> Other />
KA 143 17 87.20 89.38
Eﬁz 21 178 91.28 89.45 8942 082
3.3 KIETERRFE WA BN SR, KBTI R 2IE R 2 AIRE, 2 1E
M A REAE (B 5) RE, KIEMEAERITLE RAUPLRI . H, jtﬁa[tﬂ%ﬁ?ﬂﬁiFﬁi%ﬁ\ [F 35
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DI AL X AGETTHon, FIFABESEE 2020, 2021
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BAB S8, (FE B AR T ok S B 4
FAEEE, MXHREES RN 4.08%. 3.91% F14.74%. R
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A HAVEW B, SAR SR HF R DL L B s Mk 5 1] B
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Table 2 Area of paddy rice area in this method compared with the
National Bureau of Statistics (NBS) data in 2020, 2021 and 2022

JKFETHI R Paddy rice area /km®

A ORELE
Yo | RONE  RUBHER ool
This method The NBS data
2020 197.87 190.11 4.08
2021 207.46 199.65 3.91
2022 216.60 201.68 4.74
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M 7 AT A, Acs XU &R 3 3T i
F¥ 7 ik W K FE ] Bl fi5 % ( SAR-based paddy rice
index,SPRD) 7 iEAHELRCR B 4F, HJFEE: — &AW+
XTI Py RIS AR AT T FIRIEAL e, IR AMY e
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Fig.6 Extraction result of rice distribution in 2020, 2021 and 2022
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Fig.7 Comparison of rice mapping results between this method and SPRI method
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Construction and validation of paddy rice index using phenological
features of SAR time series

ZHANG Zhuo , YANG Na* , QIAN Jinliang , CHEN Shengdong , LIAO Hengsong , BAO Yunke

(Institute of Agricultural Economics and Information, Yunnan Academy of Agricultural Sciences, Kunming 650051, China)

Abstract: Rice cropping has been the great contribution to the water consumer and greenhouse gas emitter. It is of great
significance to accurately monitor the water resources and rice cropping area for the food security under climate change.
Among them, Yingjiang County is located in the central area of Yunnan Province, indicating the better representation of typical
agriculture. However, the optical remote sensing cannot fully meet the accurate identification of some crops, due to the pixel
heterogeneity, mixed pixels, and spectral similarity. Moreover, it is still lacking on the optical images for crop monitoring under
the cloudy and rainy climates during the paddy rice growing period in tropical regions. Some difficulties are also remained to
extract the rice using multi-spectral remote sensing. Current techniques are focused mainly on the optics and radar image fusion
for mapping paddy rice. The applicability has been limited in the absence of optical images. The purpose of this study is to
monitor the rice planting areas with frequent clouds and rain in the potential application of Sentinel-1 SAR data. Several
features were extracted from the temporal curve of backscattering coefficient using SAR data in the entire growth period of
rice. Multiple features were also extracted from the temporal changes of backscattering coefficient in the SAR images. The
large-scale water rice maps were obtained to combine the new remote sensing index, named NDRI (Normalized Difference
Vegetation Index). The Sentinel-1 satellite was provided all-weather synthetic aperture radar imaging in the C-band. The
Sentinel-1 SAR GRD dataset was accessed in the GEE cloud computing platform. Firstly, the SG filtering was used to smooth
the temporal curves of backscattering coefficients in the different land covers. Then, the dynamic time warping distances
among different temporal curves were calculated using rice samples as a reference. Meanwhile, two feature values were
calculated to quantify the different characteristics of rice growth, including the difference between the minimum temporal
curves and water bodies, and the difference between the maximum temporal curves and vegetation. Their multiplication was
taken as the remote sensing index for the classification of rice threshold. Finally, the spatial distribution of rice was further
corrected to generate the slope data from NASADEM images using overlay analysis. The effectiveness of the improved model
was validated, taking Yingjiang County in Yunnan Province as the study area. The optical images were almost unusable during
the period from June to September in the whole growing season of paddy rice, due to the extensive cloud cover. The results
showed that: 1) The temporal SAR features of rice were accurately extracted with an overall accuracy of 89.42% and a Kappa
coefficient of 0.82; 2) The planting area of rice in Yingjiang County in 2023 was 199.83km2, where the planting area along the
Dayingjiang River was accounted for 90% of the total county. There was the significantly spatial aggregation of rice planting.
This finding can provide the strong reference to accurately extract the spatial distribution of rice in the cloudy and rainy areas
for the decision-making on agricultural policies.

Keywords: paddy rice mapping; agricultural remote sensing; synthetic aperture radar (SAR); temporal features; Google earth
engine
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