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3.1 HRRERFHEF-SARSFIEHE

i 2 b B RBE (45125 S AR B[] J 91 4R A S8 FF
JEIK REAEAS A i 55 K 20 ) BT A8 . VH AT VV Af
DA g i 2 ke 7 RS A6 00T 1 18 K R T R A 4 T TR
B, B TR (Clauss %, 2018b;
Li%%, 2020). @EFIERERPIEEEVI (Enhanced

Vegetation Index) . J1—fLAE#E 4L NDVI (Normalized
fili b 2 1H1 7K 43 48 %X
LSWI (Land Surface Water Index) i [] 5 41/ i
FA8bR. EVIL NDVI WK R A K 7 b A dR B
W2 S5 7224 (Xiao %5, 2005, 2006), i
LSWI e 4412 VE 7K R 5 4% A - B0 % /K it 22 Ak

Difference Vegetation Index) .



Bl A FR LS | Y R 1L X HOR FEAEAS B Bl 2E 5 1 I 1] 2733

(Dong Fl Xiao, 2016), HARIFHAXWT

VH,, = 10 X log, (o, VH) (1)
VV,, = 10 X log (o, VV) ()
PNir T PRed

EVI =25 x 3
Pyt 6 X ppg— 7.5 Xpy, +1 (3)
NDVI — leR - pRed (4)

Pkt Pred
LSWI = P~ Pswir (5)

P T Pswir

K, o,VH. o,VV /R SAR JFHAEIE U R 5,
VHyo VVy B0 WAL G M BURE . pows Pras
P B pawn 73 AR Sentinel -2 B85 i W5 . 20, i
LT AN RS B 2T AN B i B S %

BT BRAE bR, ARWFIE LA Ry SR BT
TR RN — AR SR AR 4 (E, 15 58]
PG ARE . T B AR A R, M
ML 2E-SAR B FARAE, HERE AT x N, TRt
FFREE, NNFRELERE
3.2 ETBF VHSERKEYERERIR A

e T A o 0 S i e KA 5 TR £ A i
MARNE, B— . [ fY e e B xE LS B e b
LI X K A 2 0 2 e A o by e O K R i
Ak, BRI R IRy (S s s MK
K RIS AR D - S A O RE SR A, DTk
IR AT I RE R . L, VH AR AEE KRS AR i
R VT Bk #E (Bouvet Fll Le Toan,
2011; Clauss%#, 2018a).

mE 6 iR, VHRAL T FERARG A+ 10 34
Wi VT BB RARBARIMN, AE Kk
A AE Bl B BB O R I I Bt R
VH AR b RO KR AP A K. T |
RO, A JE—Fh T VH IR RRIE B K Fd
Wy foe 9] A 3 N ik, BRI AN R . A
T XufE (2023) 4 AP AR R e K R AR K R
A VH B A ] 5 20 R8s Y e (Il VH o SRIERE T
VH AR ] 5 81 1] /5 36 B Jay e K H VH G, FIH
K (6) Rz (A ORI 2 R % 0] i I
UG HWITP,,.; U5 VH,, 16 15 5% s i & Ja 8 e K AE
VH,, FIHIEC (7) R dRc 3 i A OW IR 2 SCh
B s d B TP, L, & X[TP,.,
TP, /KRR AR, [ TP, - 30, TP, I H#R L
W BA)E, KA ACRE A G B, ) AR
M[TP,,, TP.,+90].

-15
-16
-17
-18
-19
-20
-21
-22
-23
24 VH,,

=25
A R AR

A Ay Ay Ay v ad ad b (b v b
207 (2 Y N 3\ Yl v
8¢ \,\l\"‘* \,P@ \,\N‘\s WA \,?&%\,%QQ \OF e \O°

Ko JET SARFDG AR B KREREAS S ] 51 il 2
Fig. 6 Time series curves of rice sample points based on SAR

and optical images

VH,, = VHy +(VHg - VH,,) X 80%  (6)
= VH,, + (VH,, - VH,,) X 20%  (7)

33 FENESISHHRREEAEIER

454 SAR FOG2- 508, AW T —Fh 2
RS S 0 b e ROBEREAS [ sl 2B o ms . HLAK
LT .

(1) FFE22 508 1 AR R e FE AR AR i 7K
FERS A% 301 ) 8 KRR AE S BOK R F8 Bl TAE B S 5K
17 K 2 52 A 4 i i 00 5 A /g RS
MR B0 T KRG (Xiao %5, 20055 Zhu %,
2021) . FIFH# I LSWIFI EVI/NDVI (%04 5% £
A RLIX Sy KRS b e, SE T K R e A
Ko BERINXZ A2, BRI TEFEARE
A WGBS P R R, BRI R
Rice oa =
1, (LSWI - EVI),, > aand(LSWI - NDV1),_ > b
0, (LSWI - EVI),, < aand(LSWI - NDV2),_ <b

®)
K, WfHa. bFIHERELIE TR LI A AR
ARV E T LA

(2) FET SAR Hudls A /K R e vEAE A A B &T
X A ity R L SR T A TR 2 e Bk e
4, ARG KB REY R 0S5 et
B SARRIE, %31 T Phenology .. 36 50 UL T+
AL M VL, VHBRAEX TR REA KA
i 7 B R REURG (Zhu %5, 2021) . B AR 1A 1 5
P A BUK BB RRAE TR S Il (5



2734 National Remote Sensing Bulletin i & 54k 2025, 29(9)

SRR E, LR AR U0 VH /NS U R R
(VHy) A FlF X3 K-S HAEY (Song 45,
2025; Sun%§, 2024). WE 7R, MEED L
Ko, B B N, S RIVEY) B 2 B AR Y
VH AR, PR AR K RE S DL X 43 /K A 5
o AVEY s KRS 44 ' WO Y5 o &2
(VH,,..) PHIe8 2 45 b4 e ok 3l o AR T A /e . )
MTFRGHR LR WA G250, A BT X 537K
S HAAEY

-15¢ /\/\ﬁ\/\/\/
,16 L

E=17F
>
-181k
-19|

50 100 150 200 250 300
DOY
—KRE —Ek —E
7 WX FEEAEY RS VH B ALERE fh 28

Fig. 7 Characteristic curves of VH polarization of major crops

in the study areas
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Fig. 8 VH time—series curves of generated and field samples
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Fig. 12 Rice mapping based on different sample generation methods in Tongnan District, 2021
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Table 5 Validation of rice mapping accuracy in Tongnan District, 2021

FEA 0A Precision Recall Fl-score TN KR E A ha TR 25/%
TG RAEAE RE AR 0.87 0.83 0.92 0.87 20869.0 -17.3
FET SAR BdEAE U AR AR 0.87 0.84 0.90 0.87 21529.8 -14.7
BB 2E-SAR $i B U REAR 0.89 0.87 0.91 0.89 23337.4 -1.5
SR FERREAR 0.91 0.90 0.90 0.91 22257.9 -11.8
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Fig. 13 Spatial clustering pattern of rice fields in Tongnan District, 2021
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Fig. 14  Parameters c in the discriminant rule for generating

samples from SAR data sensitivity analysis
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Fig. 17 Comparison of accuracy of rice mapping based on

random and targeted sampling
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Table 6 Accuracy comparison of rice mapping

by different methods
WiIRFS 0A Precision Recall Fl-score
PKI 0.78 0.75 0.81 0.78
SPRI 0.80 0.82 0.74 0.78
AR 0.89 0.87 0.91 0.89
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Fig. 18 Comparison of different methods for rice mapping
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Table 7 Analysis of influencing factors of uncertainty in

rice mapping

KA A PSS R 24
Hu PR AR 0.103 3

HHIE ik 0.080 8
IR ARIE L 0.100 5

FEASFE FEA 2 B 0.084 7
ZHE 0.064 9

L 0.097 6

e 0.108 2

e 0.109 1

BT S Ol A B !

SHEMACRMIEE  0.102 4

+3EPH 0.056 10

AT AR 0.050 11
AESEHRR K 0.048 12

30°N

)
S WD

105°45'E

106°00'E

B9 2021 4 i g DX KRR il e A B A 2= [ A

Fig. 19  Spatial distribution of rice mapping uncertainty in Tongnan District, 2021
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Seasonal pattern—guided parcel rice automated sample generation and
remote sensing mapping in hilly and mountainous areas
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Abstract: Rice is a crucial global food crop, and the accurate, timely delineation of rice cultivation areas is vital for food security
assessment and sustainable agricultural planning. Satellite remote sensing, integrated with advanced information technologies, has emerged
as a pivotal tool for mapping the spatial distribution patterns and monitoring the growth dynamics of rice. However, in the hilly and
mountainous regions of southwest China, frequent cloud cover, fragmented cultivation patterns, and high field sampling costs hinder
efficient and reliable remote sensing-based rice mapping. To address these limitations, this study, focusing on Tongnan District in Chonggqing
Municipality, proposes a novel cropland parcel-scale rice automated sample generation and mapping framework, leveraging the complementary
strengths of multisource remote sensing data. The framework operates through several key stages: First, with cropland parcels as the basic
unit, an optical-SAR time-series feature set is constructed by utilizing multiperiod Sentinel-1 and Sentinel-2 data. Second, adaptive
identification of rice growth stages is achieved by analyzing temporal VH polarization features from SAR data, which are sensitive to
vegetation structure and moisture variations. Third, high-quality parcel-scale training samples are automatically generated by analyzing the
rice seasonal pattern across different imaging modes, bypassing labor-intensive manual sampling. Given the above samples, automated rice
mapping is implemented by combining feature optimization and random forest. Finally, we evaluate the reliability of the generated samples
and the rice mapping results. Results indicate four critical findings: (1) The method generates spectrally representative samples, achieving
high consistency with field data (spectral correlation similarity = 0.987; dynamic time warping distance = 4.719). These samples exhibit
spatial heterogeneity and broad coverage, addressing inefficiencies and biases inherent in traditional manual sampling. (2) Feature selection
can effectively reduce model complexity while ensuring classification accuracy. The contribution of transplantation period features is
substantial, and the importance of SAR features is higher than that of optical features. The two types of data have complementary advantages
and can synergistically improve the classification robustness under cloudy conditions. (3) The automated rice mapping achieves an overall
accuracy of 89%, an F1 score of 89%, and a total area extraction error of —7.5%, validating its reliability in spatially heterogeneous
landscapes. In hilly mountainous areas with significant spatial heterogeneity, a moderate number of samples with uniform spatial distribution
can help improve the stability and generalization ability of the model. In addition, rice exhibits significant clustering in flat, well-irrigated
areas. (4) The overall uncertainty of rice mapping in the study area is low (0.29), indicating that the mapping results are reliable. Uncertainty
is mainly affected by the combination of environmental and agricultural management conditions, parcel morphology, and sample
characteristics. In areas with flat topography, favorable irrigation conditions, regular parcels, and sufficient samples, the spectral characteristics
of rice are significant, and the uncertainty of mapping is low. This study provides a reliable automated sample generation approach for rapid
and precise rice mapping in hilly and mountainous areas and offers scientific foundation for developing sampling strategies, selecting optimal
feature bands, and assessing uncertainty. Hence, it lays a credible basis for precision agriculture planning and food security assessment.

Key words: hilly and mountainous areas, seasonal pattern, time-series remote sensing, cropland parcel-scale, automated sample generation,
rice mapping
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