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Paddy Rice Planting Area Extraction in County-level Based on
Spatiotemporal Data Fusion
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Abstract; The extraction of rice planting area in county-level depends on the medium and high spatial
resolution images of the complete time series. However, it is often difficult to obtain the high spatial
resolution images of the complete time series due to the cloud and rain weather and the satellite’s own visit
cycle. Thus causing the problem of low precision in rice planting area based on extraction by single
MODIS data. Taking Yuanyang County, an excellent rice planting area in Henan Province, as an
example, an enhanced spatial and temporal adaptive reflectance fusion model ( ESTARFM) was used to
fuse mid- and high-resolution Landsat data and high-time-resolution MODIS data to obtain the normalized
difference vegetation index ( NDVI) data of the complete time series. After smoothing by TIMESAT
filtering, the characteristics of time series NDVI curves of rice and other features in the study area were
used to set reasonable NDVI thresholds. The decision tree classification method was used to extract the
rice planting area. The results showed that the overall classification accuracy was 92. 23% and the Kappa
coefficient was 0. 904 3. The producer accuracy of rice extraction was 96. 73% and the user accuracy was
93.51% , which indicated that the ESTARFM model can well integrate high spatial resolution images,
solve the problem of missing data, and provide an effective reference for extracting rice planting area in a
county-level.

Key words: paddy rice; planting area extraction; county-level; enhanced spatial and temporal adaptive

reflectance fusion model; data fusion

WA E . 2019 -12-26  &[EH . 2020 -01 — 10
HETH . BRARPERETH (41371524) AR LT R 2ZA00H BRI A AT H (T2018 —4 ) A g & FHE 6301 H (182102110260)
1EERN . N (1974—) 58 22 WA S0, FENFH L FIRE PIFS , E-mail : niuhaipeng@ 126. com



ARG A TN s e R ) B S A el i BR R 157

KRR RS = R R RS
EROR YRR AR [ KR 7 A Al A 7
A A BT R X R T R A KR
FEIX, BEE FAR AR T A& R J5 B ELoK R
FE AL 30 000 hm® N 229 18 000 hm*, i,
T P PR Ak 0 K R A DX, XA BOR R E R
GRS KRR EEZ L,

BEAE TLREFOA B A ) 3 SRR A M 7K
M AR E 2453 22, FATERR T R4 BOK
FE S ARAE ) 25 1] 43 A 9 388 2% T3 AL R Landsat 25040 il
MODIS #u#f -7, SCHk[ 8 ] I 22 it Bt MODIS 5%
PARICT F SRR e S b X K 43 A AR B, SC
HK[9 1T 2 I A MODIS %46 4 B 110 1 4 7K A
FPAE X 95341 . SCHR[ 10 R Landsat £ IF- 455
PRSI T B BH 7 SR R 37 XA K R
X, Landsat B E AT 800 B9 28 0] 73 B (= I
) 73 B AR, T A 5 52 5 W R, ok R
P O B A 00 0 B BRI e AR 4R
Landsat B 47 A AE 1) X4 MR 2x 52 30 408 2k 1)
PR, MODIS %dls BA7 36 4~ Gi i B, i 1] 7 B¢
AR AHHAS (6] B R AR, AP A R R B 0T, X
b TET ) 0T AR BE SRR f# 3L T MODIS £ 4
AR A ) 2 0 RE 7R DR RS DX B 1 BROAS B0 Y
ROR

VTR | B N A2 35 0 1 B (R ) 25 il g
I TRFSE, I B — Ll R Sk 16 ] AR 4
BT ZS AR SCPE OGS AR, $2 3 —Fh 1 38 17
T8 B AR il & LA (Spatial and temporal adaptive
reflectance fusion model, STARFM ) , iZ #5 % fig 4% i
AT (52 AR A0 SO 3, SCRR[ 17 ] 3240 77 B g =%
AR B 2S5 H IS B Rl A 535 (Spatial temporal
adaptive algorithm for mapping reflectance change,
STAARCH) . SCHK[ 18] 7E STARFM H5 % i SE il -
$& i ESTARFM ( Enhanced spatial and temporal
adaptive reflectance fusion model ) 15 %Y | 1255 U fiE 3
1L IR 53 B BEIS 3 H7 U e i A A a3, 2
e Rl A AR AL TN Landsat 0408 BORS B2 . SCHR[ 19 ] &
TR S A ANE N AR T B A I ] A2 A RRAE
& T STDFM ( Spatial and temporal data fusion
model ) B8 . SCHK [ 20 ] % STDFM 5 B £ 17 2k 7
$&H T ESTDFM ( Enhanced spatial and temporal data
fusion model ) BEAY . SCHR[ 21 ] XF 5 A 3 1 1% B
N2 il S L E AT 0] L S5, 45 SRR W], ESTARFM
RRARL ) 55 SOR B, B BE S W b ) 1) 240 19 AL

FIFHES 25 @l B A Landsat 55 MODIS 4
X 7K R T AR A T AR ) YR AE ARG . AR SCLA
TRl R A8 TR B DX P B 48], BT ESTARFM BEAY
X} Landsat F1 MODIS 528 AT Al £, #4) 2 56 48 1Y) B
J¥ Landsat £4 , 715515 21 52 % B9 B 7 NDVI il 4k,
SR FHHE SRR 4328 (8 7 % 1064 /KRG o e DX 1) 42 L
DA AR st ROBE B B ESTARFM A5 0 32 Bk R Fil
FEL TR RS FRA A 235 21 | R 255 ) v 5 [B) 2R
Landsat (4 175 B [8] 43 B2 MODIS s 174 4E
Wy 3 R R A T R A — S 1) S S

1 HRXS5#HIE

1.1 HREER

JE B B SRR R A BT £ i AR AL IR AL T
113°36" ~ 114°15'E,34°55" ~35°11'N Z [i] , [X $sf &
TIFR 1022 km? 7 4B 8], U T2 4% T E G, b %
PN E R Nl =Se L] 2 S S L e L R A
I AV PI/NE OKAE RO 3 RS R AR
PI—FAEh 3, 45 H LA H#H, 10 Ak
L&
1.2 HESHLE

23 [A] 53348 30 m /Y Landsat 2098 (£ 1) KR
T3 [ Hb Ji % 4% J5) ( United States Geological Survey,
USGS) , T2 2015 4Ffy ey = B a5 /MR
Landsat8 OLI 5244 € 2838 T e B s i 47 LT 4 1
AR PR AS Y S5 AN Landsat 2008 2647 JLAAT
ROE, B AR RN UTM — WGS84 Ak br %, I
ENVI 5.3 B {F % 52 458 3817 40 3 52 5 e, 1
FLAASH BRI BT R IE,

F1 EREERIRIREALH
Tab.1 Remote sensing data types and acquisition date

180 (L

BRR i i
2015 —05 —25 2015 —07 —28 ,
Landsat8 OLI 124/36 2015 -08 — 13 2015 —09 — 14
2015-10-16
MODIS13Q1 h27/v05 G474k 23 1)

AR 4k 23 R 25 A 2 B R 500 m Y
MODISI3Q1 4 (3£ 1) kK I8 T NASA ¥ i
( https://ladsweb. nascom. nasa. gov/search ), X
MODIS 12 #] | MRT T. A ( MODIS reprojection
tool ) T H N UTM — WGS84 #5452 , 41 HDF #% %
ey GEOTIFF #% 3, 5% JH AL A N4 ¥ ( Bilinear)
KB ERE 30 m R, M5, ZBY
Landsat EA A 145 5% 5 2 73 B2 FAR T RGT
X} Landsat 5 MODIS F% % b 38 B 3% i J 37— — X 1z,



158 P

b BB R

2020 4F

WMk 2 FivR,

%2 Landsat8 OLI 5 MODIS #1478 1% B % Xt i % &
Tab.2 Band settings of MODIS and Landsat8 images

Landsat8 OLI % P K7EH]/nm|| MODIS 9%E: P KVER]/ nm
2(Blue) 450 ~515 3(Blue) 459 ~479
4(Red) 630 ~ 680 1(Red) 620 ~670
5(NIR) 845 ~ 885 2(NIR) 841 ~876

2 MRFAE

AR ESTARFM #5504 Landsat8 OLI 4
5 MODIS13Q1 Ba it 7/l A , T EE ) H 5E 8L B3
BIRlS Landsat $08 ; THE A5 20 RlG 5212 1) NDVI L
P il 1 TIMESAT 44 savitzky — Golay (S — G ) i
PRI T V- U R M A5 5 6 Fh EZE LY NDVI il
25 AR5 6 B i i Ze kR AE 5T B R SR W iE 1T
Ay IR IO K RE R X3, HAR TAE R AW
Bl 1 RTR,

/ Landsat§ OLT / / MODIS1301 /
G TAb P

FHEENDVI |

i} FENDVIh 2k

ESTARFMAM:HIZE

AR 2R

/ sowmemies /o i |
Bl 1 EARmEARE
Fig.1  Flow chart of technical structure
2.1 ESTARFM M Z=#EmEER
AR AR ESTARFM #RIEAE STARFM #5 #1
Feqilh bk A9, B 7 FRAR S R . Landsat Fl
MODIS SR Z [ S 558 28 25 S HAEAE R Gedm 22, I
H 2 A0 [a] B 52 AR WA 7 A BRI 25 7, I
ESTARFM BERIF I A5 52 AR 0 A =
F(x,y,tp,B) =F(x,y,t,,B) +a(C(x,y,tp,B) -

AmAE |

C(xy1t0,B)) (1)
xH F Landsat 525 19 U5
(x,y)——&RICALE AL bR
B— 82 5ITRE B
C——MODIS FZAZ 1 S %
1ty BRI A
a—— AT A I (0 e 48 R0, Hh AR S
Z B) ) F G2 s 22 10

H T MODIS s 4 & A R iR &40t , it
()AL, SR 22 14 B EHR A 1R ot i
SRR R IZ AR TC AR 1A [R) A 7 5 1y
RPN G, A AT IR A
1 DX 2 R, DL AR T A 5

F(x,y,t,,B) =F(x,y,t,B) +v(x,y) (C(x,y,t,,B) -
C(x,y,ty,B)) (2)
A w(x,y)—XF Landsat Fil MODIS 5214 [7] —1%
TCIHFATENE 15 30 i e 4 R AL
% TR B AR LB Y [F) 215 00 B A ALY S 5 38
b, SCHR[ 16 ] $ th — MRS Sh 7 1 B 5 ik, B 3l 7 1
FTHERE 0 NI T, 98 5 AR T A5
B R E T BN Y Landsat [ 833809 RS
RUFI A 2Ry
F(%00,Y0n ,1, JB) =F(x,,,Y0n,t,B) +

N
Z WLVi<C(x£,yi’tpaB>_C<x;’yiﬁtO9B)) (3)

A (%2 5Y0r2) — R O Ak bR

N——0 45 tp e TG T Y AR UG T i £

W —"5% i DM TR E

Vi—5%5 i THIEMRE TR FE 0 R EL

(x,y) — i DARURITAY A AR

PEPE 2 NASIEIATZ) m Al n #Y) Landsat F1 t, fisk %)
() MODIS SZARBEAT T Fl5 , o m B %089 Landsat
AR AE P 2] A9 MODIS %14 Bl P oAt 2 1
Landsat 521§ 5 532, 1 n BF 200 0 UL A5 7ot P it
ZIW) Landsat 52 18 2 9 &, 45 R o 5 id A
F. (%,,,Yun ,tP,B) FF (%, Y0, t,, B), it 2
FPFIN 285 S B AL LR, T LASRAS RS B 1) P 221
B IIAE RGBT, 4 Landsat 5245850 A 1%
BRI RA R AR, AR A
T, =

1
VoW
1 1=

wow
Z Z C(xj9yl9tk’B) - 2 2 C(xj’yhtp’B) ‘

1

~
I
~

14

i

w 14
C<xj’ylatk 7B)_ Z Z C<x] J"z,tp ’B) ‘
1

=1 I=1 j=1 1=1

(k=m,n) (4)
B AT P BT 20 ) Landsat 5245 5 51611
BN
F(%,3Y0nst,,B) =T, F, (%,,,500,t,,B) +
T F,(%,,Y0n,t,,B) (5)
2.2 RBAERGEIENREF NDVI ik
IH—ALAE B F5 20 (NDVI) J& F TR Is i Ak K
Rl ERE S, AR SCRIH 2015 404 15
I Landsat S22 1 ESTARFM filt 4 75000 1 H:
X6 R B [E] 9 Landsat @A 5214, 4 ENVI 5.3 9
W BGsE | AT LIS 4 4E 23 WA NDVI 5, BT
JE UG NDVI B 5500 32 W s (5 B j ok
T i NDVI B 26 H BUAS KI898 30y, T DA g 22
Xt NDVI i) 7 810 8504 84757 e B R b B AR S 56




554 3]

AUERG A BT S MR A A £ K R R T AR I 159

FIFH TIMESAT 314Xt 44 2 ) NDVI B J7 50408 47
PRI KR AR X 55 0 pR AR5 X Logistic R
LA RS - G UBBE L AEARRDESE P 4T 2k
X R, S — G IR T iE ST B i 1408
U, VUREBILG 3, AR A A LG RE T BB A
RACHI 2 B B [R5 30 50 v i e s R B D s s ) i
LA R T NILARSCRA S - G 38U
Pkt 23 HRY NDVI Ficdls 17 ug 045 2085 NDVI il
2.

3 EROMH

3.1 ESTARFM M Z @t &#EEERGHEEEMN
MR SEE0H0 4, XF ESTARFM 1Y 32 17 45 ik
K5 BEPEA, OF 5 STARFM #7855 47 45 5L 3k 17 X
e, 5 209 K F1EE 257 K B Landsat %% 8 il
MODIS13Q1 ¥4 45 225 K1) MODIS13Q1 %41
& ESTARFM 45 #Y 119 By A %54l #2565 257 K
Landsat % $i& Al MODIS13Q1 % ¥, %% 225 K Y
MODIS13Q1 $4E4E > STARFM #5571 (it iy A B H ;
AT A 225 K 9 ESTARFM fil & 4

STARFM Fl A %54 ; A b il & 500 5 52 bR g 225 K
i Landsat 0806 EE | DL 7R ESTARFM 4554 fiY Fiil

i

R (Blue)

036 12km

| IR (Blue)
8 [ G(Red)
mB(NIR)

036 12km

R (Blue)
8 mG(Red)
mB(NIR)
036 12km

(a) B5CLandsatss {2

R, IS T ES

(b) ESARFM%@
B2  HE5 Landsat 5155 ESTARFM A5 7Y Gl

MASIE . 158 3E LA R(Blue) G(Red ) B(NIR) 5%
Ry

EHCH: A 3 He Xt kb B e HL AT AR 2 1 10 IX 4
(S KA AP RAEY ST ) HEATXT L, W 2
iR, 1 BAURIERIIERE T ESTARFM A5 25 il
A BB A STARFM AU B 4T 2% Fh 4 K
A L SCRRIE BT, 56 BRARAE LU vER , 5 R AR AR A =S
o)A — 8, 72K 2 hbRiE X LIE
AHXT T STARFM 2 %  ESTARFM 5 % i) il 4 4% 1
HIER , 5 ESE Landsat SR B —8bE, Hf
AN A3 SR L ARELR | 32 F T AR A Rl A B
fifi FHAS [R5 2 Landsat 45 F1 MODIS $5408 £2 75 B A4H
(25 57 X ol Al & 518 5 LSRR M ) I 22 .

Stk — 2 B 3iF ESTARFM #5570 {14 Fl 4 151 0 %
FOEBUEA IS 225 RIVEAR, 70 3 MBS R
GRFARHEAT XS LE  ARAFRS R (B 3) , IR 3 & ik
SUSEARERAE 12 1AL R L T SR S
B RAARTE W I B 210 BRI 21 A B U R B
R*3 0 0. 824 6 .0.9203 0. 9402, thiE R % RPHR
7E0.82 LA L, HAELL P Be il 2140 B ik 3 0. 92
DA, 2 B S i S5 56 5 il T ) S S 3R AH G
TARFM A5 gl A 7000 A% 4

i s

R (Blue) e IR (Blue)
» M G(Red)

EB(NIR)

036 12km

R (Blue)
EG(Red)
W B(NIR)

3 R (Blue)
G (Red)
mB(NIR)

036 12km 036 12km

R (Blue)
M G(Red)
M B(NIR) W B(NIR)

036 12km

2 (c) STFM%EE%%%%
B AR UL K STARFM HEEIRlA 5245 % 1

Fig.2 Comparisons of real Landsat image with ESTARFM model fusion image and STARFM model fusion image
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