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JE AT X277 Kehoe 25 3 IEILA . HiHE . RSE 3 ANINEE S T LA IR Agricultural
Land—use Intensity ( fiF% ALL) B9 2. Jiang 25 A0 ALLIEH A 3 FRIRE . MRS |
Ll R A SR, TCI PP A 30 & AR, BT A2 %o R A =X ) Al ol
gy (IR ), —Jr i, B & E s EUE ORI, (HA BT AR M5
TEAS M RJE B RGEORI R E LG, 7—Jri, B TaiHdRa 8 n— 1908k
HuFE bR Z TEAN YA (B S0 A5 R, Zm T AT N R b AR 20 K F- 119 23 1] S Bk
PRI PPN R RAFAERS . 25 40 HER P, ASREN L R 8 29 A0 T Aok DA Y
TR

TEESN, RERA T Cropping Intensity 5%, ALI FHE& A L R E X
TEXT Cropping Intensity #E17 R FEL R LA T, SCEEE ORI 38 FE 5 B0 B 4R 2940 )
FHHEATRE R RAE, WA A T A& 2% ( Artificial Neural Network, ANN ) X Bt [a] 52 571
MODIS 4l 5 Ffoi 5 B2 (8] () WS OC REAT3REK, LLBILAR o BF 9 DX R A T AR 5 B A 53
SO 5T 7 1 T AR B e I 25 A3 B (R AR i B B 4, X HESh VR i I il itk — 20 R e
e AR A A I A BB L, e B A AR e . Ok
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1.1 #HEREK

WAL i b TR [ PR (AKZR 108°21'42"~116°07'50" . b4 29°01'53"~33°6'47" ) , [
FU18.59 J7 km®, 25 4= [+ H ALY 1.97%, Bkt w5 24 E R b A e 3.89%. i)
B V. L=, PERACE . BRERA LK AN, A Hh DX AR 2 R
ST, FEKFG . ORI A SR IREE RIS A AL S L A U E AR 5
R A = e 5 A R .
1.2 HERIREREETAE

SR B EEE A4S (1) MOD13Q1 ( MODIS/Terra Vegetation Indices 16-Day
L3 Global 250 m SIN Grid ) 250 m 43383 16 d & MIAE S EEHE 5 (2) Landsat 8 &
SR PANE R T HA R, S Google Earth Jj #1521%, GlobelLand30—
2010 435Kk 30 m 23 [0 R i S s 7, P 10400 7 R AR

MODI13Q1 2 Fifi i AE 4 18 KO8CE , A 250 m (Y23 18] 43 9% 16 d By a] 43 38 %,
T R 1 W 0 45U 4 FH 43 T2 . MOD13Q1 0 0,45 184 5 76 K 4 45 %0 ( Enhanced
Vegetation Index, EVI) | H—AbL #5250 ( Normal Differential Vegetation Index, NDVI) |
B & Tt F 2 (Pixel Reliability, PR) %5 12 N Bt. 1% 3CR H 2015 4 MOD13Q1 %4,
BT T K B 5 h27v05 . h27v06., h28v05, h28v06. i/ HEAIE AR T 3
] Landsat 8 Z6i%EEEWE (% 1), RISFER 30 m, FTRFWIH 16 d. ZWF5EH,
MODI3Q1 HCii I T2 R4 0 ARFE , Landsat 8 SEROECH H9 11 TUIZEREA IS0 iERE
AR HIAE
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Fig.1 The location of the study area and the land—cover types ( GlobeLand30—2010 )

% 1 Landsat 8 SLICEIRIFMER
Table 1 Landsat 8 experimental data details

Hdiprin Fines Fi% H =ik (%)
LC81240392015081LGNOO 124 39 2015-03-22 19.19
LC81240392015193LGNOO 124 39 2015-07-12 6.03
LC81240392015209LGNOO 124 39 2015-07-28 1.74

R WAL FRALEE 3 4340 (1) FH MODIS #it i ZhFE T (MRT) % MOD13Q1 %
PEAEATHIAE I, FORAE S 240 m, BUYARAREESE WGS_1984_UTM_Zone_49N, F2HUH EVI
A2 JF LA Landsat 8 B (85 A6 MOD13Q1 BCHHEAFIEE, (2) MODI3Q1 HCiE 22 51
= 5. PIRAREZ R, R EVI R ERZ WS, 3520l i B R R

G EVI BRI T E R, TIMESAT J& FH T 1K i 1] 5 41 EVI SO A 20 TR 1, it
ZREEE R, 1% CRH Savitsky—Golay 575 ( fRifR S—G S8 L ), X 2—FiT
B/ TR (9 B S B ISP 2 e AT ik Y S—G U S A R BRI 1 T
BES TS IR A 45 50 SR 3B am s, I ELXT BV 2R e (i A v (5 20RE &y 10 (3) $RHUGHH
ML, XTI GlobalLand 30 —2010 AFXcd ™ sl AT G0 424 . B3 . HAMIEALHE, SR
LA BB
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2 WA

I FH P 2 TR 5% Ak 00 T P i B ) JE AR B R S . 2 B AR B AR 1Y E VT ERd iz
TR MR FIR S, B A [ R RS 5 B R 5 B 2 ) A AR B OC R 10N
MODI13Q1 B[] FE 41 EVI B0 F1 5L T Landsat 8 £0HE 35 BUAYREAS DR 38 3 3 A Ry i 28
W2 o AR 2, DNZRIZR AR ) FH 2 Do) 45 A A S A b A i
2.1 FhiESREREL

Tl ML 50, 52 5 B 6 78 AR T R T 28 A R AEARAE D) 1 235 18] 43 A FNFAFLAT R 1 48 4L,
HAR N

D, x2+S,,

crr=->* " (1
2n )

K (1) o, Ci RJFAEEREEREEL, D, A 11> MODIS 2 G Landsat 8 i &5 45 I
WEEB I 4L, S.. 7@7 1> MODIS fgﬁjﬁlj\] Landsat 8 & /B52 15 FREEY 1501~
3, n>H 1 MODIS T%Elj\] Landsat 8 #8215 A5 IC 850,

CII 23 MODIS 12T N R AR A8 Y 446, (EBGEEY 0~1 (1 2), TEHIRSERE RN
ZEAEYIFAEIX, AR | SiEE T 1, fEHBBRSE R SRRV R X, R o
0.5 B 0.5, AEREHL BRI EE U 0 ( ZBEBHFEIX A i = 2=0E) ).

B2 #tfiEsEREE

Fig.2 Diagram of cropping intensity
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Landsat 8 3% /BG G THEAR XHF R RITURAY 4025 . TEFIAELAN R 4025 45 S i) a1
K ArcGIS W53 IX et 5 H R A T R SC AR AT R AR AL T A

1328 B R RS S T B RN N T T SRR I A A R 2
5, BBEYARKERIGIEK, KEEERS 4 AP, WEEYSE | MR FBAERE 1
A NaIFG, f£4 AP AR, EVIIIEAES 129, 145 d B T (B 3), L
2015 4E i, 7E 1—4 H 1Y Landsat 8 B (A MUEME L, BZREY i X 52 BLIS K (4,
ﬂ*@%ﬂﬁLIﬂw%@(@4)ﬁmanmu%m11%L2%Ew AR,
001, 145, 001 3B T20 . &%, WiiEE, BEAEH]E N 0 AR AE X, AR
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R, SRR X I 2l (&5 ), fFILS5 G Google Earth /513 5215 LAAH
B Landsat 8 3EEGZR AR b R . FEAR X A REN ARG HEL . KA. RORAE
B, B, B SRR, BEBUR RN X R 15%, DI
S BEERZ A . 1% SCR AR Wi 4325 ISODATA 432K 05 X HREAR X Landsat 8 1% 85
BT A28, IR Iy 20 28, ARIRECH 15 I SRIEHHIIR /02845 SR H 43 2 X
TAEY) . BBV AT 3 25, fEH) ArcGIS B2 240 m (K& R, 43X Gi 44N A% BT
RIS A, 15 2R MRS ST RME R, (H30h 0~1 (&1 6),
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Fig.3 EVI profiles of single cropping crops and double cropping crops of cropland in Hubei Province
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Fig4 Typical distribution areas of single cropping crops and double cropping crops of cropland in Hubei Province in 2015
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Fig.5 False color composite of MOD13Q1 EVI of cropland in Hubei Province in 2015

Bl 6 ET Landsat 8 KM HAREIE: a. FEHZE; b, HHFESRE

Fig.6 Cropping frequency and intensity of training sample area based on Landsat 8
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IR B R IR 22, (o I 45 1 5 S b 3R 22 /M T I%SCHIH MATLAB #5631 BP
ML A F25E T HEAR X 23 1 EVIZE 4R S PRI R S B2 TA] A S G R, AEARIX 23 )
EVIVERMAJZR, B Fhie s B b 2 o 7ERR & 2 80 S B & 2 2o B it 4
I, %27 Kolomogorov %E P, Hecht—Nielsen $ i, BT’ 2% 7 7E Kolomogorov 22 Hi
RIXS AR S skt .00, 11" > R™ARAT LU 11> 3 2 Fi iz 28 S, HLorp ] 2
ZIUMEAZTF ane L A1 BRI SCRTTY BP M MIZ5h 3 2 AR . Hiib 2Rk
TR, RTMEICNERYESE, 7E355 Kolomogorov [EHFYFERE [, it 2R, &AL
K 2o AN EoE R 15, B 1A 23-15-1 19 BP g5, LI 7. P22 Al
SHRACEIT . YIZRpRE TRAINLM, 272 BREC LEARNGDM, [ 55 )22 15 i 12 4% 338 pR
#1 LOGSIG.

E-i (input) S—j C (output )

00006

@O Q
T =
o >
NI N

Jinput pe (B8, Wij xE;+0))
1

§ =
= Joutput 7 ’
@z o )

&7 BPHEZMEER

Fig.7 Back propagation neural network model
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BAEY) . WZEVEY) 3 28380t 1 218 DN ELSIAEA (K 8), DABIEREANG . 250 3RH, 5
T Landsat 8 415 2N AUREA BAAKE IR S T 93.51%, Kappa RECH 0914 (£2), UEH
THRARARESWERE

B8 2015 £t &b ELHEARTE S

Fig.8 Spatial distribution of truth sample of cropland in Hubei Province in 2015

R2 HASRERBEER
Table 2 Confusion matrix of sample classification results

LT Google Earth JJj SR I FLALFEAS

) Iy R A JHPREE (% )
HoAth 345 18 5 93.75
HRAEY) 13 366 15 92.89
PUES(RY) 9 19 428 93.86
HEEEREE (%) 94.01 90.82 95.54 —

32 FhESREEREEIIIE

2% ST PR R B R ORI T A0 28 28 A S VR XTI UEREAS XA TAL 3, VR B IE
FEA X HE ORISR, JF15 BP P2 X 45 H B b A B8 25 SRRt . A B RZE SR
Landsat 8 i&EEZ R I AFMEATR A3 5 BP 28 0 25 SR ) AP i e o 38 2 0 A v A —
ik (E9),

FUF VA S HT S E BP 425 W25 SR B 1 Jb 2 B b RIS B ARG E . 181 10 SR T3
UERFEAR X 3T Landsat 8 S4B MR AL S8 BE 55 BP 4128 00 45 $2 A B b AR 568 88 1) 00
FIRZME R, R 3A5) 0,923, FIH R RECH 0.948, #REETN 0.023, UL & Z
BRI 2R/, BAIE T BP A 22 26 HE BBk RlvR 5 B 0 P Sk
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B9 a. BT Landsat 8 &R R RAIWIEF AR X FEsiZ
b. E-F BP #&2 M &R IGIE AR HitFhiEse E
Fig.9 a. Cropping frequency in validation sample area

b. Cropping intensity in validation sample area extracted from BP neural network
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E 10 WIEFEARX#HFERES BP #4E M & HhFhE 58 B i E
Fig.10 Scatter plot of cropping intensity in validation sample area extracted from Landsat 8

and cropping intensity in validation sample area extracted from BP neural network
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SR AR S B S T X B AR 20 A R RE AR 730 BP 22 25 BRI B R A 88 2 5 Pl
Ak R 2015 AFWHLA RIS A AR G (] 12)0 18 13 P EsER U
2015 4F 1048 HF H AR BT 15 12 SC BP 1282 100 28 £ I B b A 5 B AR VL D S XY
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B 11 2015 F#H LA HHFERE
Fig.11 Cropping intensity in Hubei Province in 2015
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Fig.12 Cropping frequency from Tao Jianbin, et al in Hubei province in 2015
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B 13 2015 i At FEsRR SMIEREXTL a. ZSCREEIFMESTR b, SR EREBIFERE

Fig.13 Comparison of cropping frequency and cropping intensity in Hubei province in 2015
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Fig.14 Multi—cropping index in Hubei Province in 2015
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Estimating cropping intensity of croplands using multi—
source remote sensing data and ANN

Xu Meng, Tao Jianbin™, Wu Qifan

(The College of Urban and Environmental Sciences, Central China Normal University/Key Laboratory of Geographical

Processes and Simulation of Geographical Processes, Hubei Wuhan 430079, China )

Abstract: [ Purpose ] The concept of “Cropping Intensity” is introduced to improve the existing

evaluation indexes, and the Cropping Intensity Index based on remote sensing data is used to
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refine expression of intensive use of cultivated land. [ Method ] The Landsat 8 remote sensing
data and MODIS time series vegetation index data were combined to construct an artificial
neural network ( ANN ) model to estimate the cropping intensity of cropland in Hubei Province.
[ Result ] The estimation accuracy based on sample area verification reaches 92.3%, which
proves the reliability of the method. [ Conclusion ] The high—temporal fusion cropping intensity
data set obtained by the method can provide technical methods and basic data for smart
agriculture, which is of great significance for the study of intensive use of cultivated land.

Key words: cropping intensity; back propagation neural network ; multi-source remote sensing data
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