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Fig. 1 Geographic location of the study area
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Table 1 Date for the field experiments at Xiaotangshan in 2002
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Table 2 Yield of the winter wheat at different

quadrats in the study area
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Table 3 Spatial resolution, revisit period and dates for the data acquirement of the satellite sensors used in this study
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Landsat-8 OLI 30m 16 d 5 2016/12/7.2017/4/30.5/16.5/25.6/17
Sentinel-2A 10 m 10d 2 2016/11/28.2017/3/26
GF-1PMS 8m 4d 1 2017/4/17

HI-1A/B CCD 30m B 4 dL AU 2 d n 2016/11/15.,2017/2/10.2/15.2/18.2/19.2/27.3/7 4/1.
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Table 4 Equations for the frequently used vegetation indices

Jei R AL A 27 3k
Vig, (140.45)((Rgp)*+1)/(Rezo+0.45) [11]
NDVI,, (Rs75~Rus0)/ (Rszs Rugo) [12]
RVIT Rgi0/Rso [13]
RVIII Rgi0/Rsso [14]
NRI (Rsoo/ Rz, targer/ (Rsoo/ Rz reterence [15]
MCARI/MTVI2
MCARI/MTVI2 MCARTI: Ryp5~Re7070.2(R 700 Rss0)/ (Rygo/ Razo) (16]
MTVI2:1.5(1.2(Rs00Ris50)~2.5(Rar0~Ras0))/ sqr((2Rsop - 1)~ (6Rg00~55qrt(Rg7))=0.5)

DCNI (Rozo~Rio0)/ (R~ Riz0)/ (Ryz~Rg0+0.03) [16]
MCARI (Rz00~R70-0.2(R700~ Ras0))(Rro0/ Rezo) [16]
TCARI 3((RyooRaz0-0-2(Ry00Ras0)(Ryoo/ Rero) [17]

TCARI/OSAVI
TCARI/OSAVI TCARL3((Ry00~Raz0-0.2(Rag0~Res0))(Ryoo/ Rezo) [18]
OSAVI:1.16(Rg~Rgr0)/ (Regy+ Rezo+0.16)

MTCI (Rzs0~Ry10)/ (R710~Rego) [19]

R-M R0/ Rz~ 1 [20]
REPLL 7004 40(R,e=Ry00)/ (R710~Ri0) [21]

Ri.: Rgo+Rog)/2
NDVI (Rs00~Rez0)/ (Rgoo+ Rezo) [22]
RVI R0/ Rezo [23]
SR Ryo1/Rezo [24]

SRys Riso/ Roos [25]

NDss (Roso~Roos)/ (Ryso+Rogs) [25]
GNDVI (Rso1=Riss0)/ (Rgg1+ Rss0) [17]
OSAVI (140.16)* (Reor~Ra0)/ (Reoy + Rgpo+0.16) [26]
MSRy05 (Ro50~Rus)/( Ryos~ Russ) [25]
MND;5 (Ry50~Ri05)/( Rosot+Ros= 2Ryy5) [25]
MSAVI2 0.5{(2Rg00+ 1-[(2Rg0p+ 1)-8(Reoo—Raz0)]2) [27]

PSRI (RgoRso0)/Riso (28]

PRI (Rs70~Rs51)/( Rszo+ Rsgr) [29]

NDPI (ResoRas0)/( ResotRaso) [30]

SIPI (Reoo~Rus5)/( Rgos~Rego) [30]
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Table 5 Retrieval models for chlorophyll density based on

different vegetation indices

LR TR % R?
SR y=0.12047-0.0109 0.67
RVII y=0.0089x+0.0308 0.67
RVIII y=0.0242-0.0276 0.69
R-M y=0.047+0.0314 0.68
SR1 y=0.0084x+0.0341 0.66
Vi y=0.18272-0.484 0.64
MSR;(; y=0.02632-0.0173 0.65
MTCI y=0.05422-0.0642 0.55
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Table 6 Retrieval models for LAI based on different

vegetation indices

LRI TR L% R?
Vi y=3.54042-9.2439 0.82
RVI y=0.22222+0.4187 0.81

OSAVI y=7.32387-2.1801 0.80
RVIII y=0.53822-0.7119 0.77
SRy y=0.91142-0.8232 0.77
NDVI y=0.1524¢"527 0.87
NDy y=-19.4692+4.1196 0.76

GNDVI y=5.479¢ 1075 0.78
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Fig. 2 Spectral response functions of satellite sensors used in this study at the visible and near-infrared bands
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Table 7 Retrieval models of vegetation parameters for
data from different satellite sensors

PRHE S RIRHRE A R?
GEl H&EZ RVIIL y=0.0227x - 0.0307  0.70
LAI NDVI  y = 4.51752%2% 0.83
MH4EE RVII y=0.01942-0.0167  0.70
HJ-1A CCD1 -
LAI NDVI  y = 4.4092%'7 0.83
4% RVIIL y=0.0188r—0.0152  0.69
HJ-1A CCD2 o
LAI NDVI  y = 4.47262>'% 0.83
4% RVIIL y=0.0189x - 0.0154 0.69
HJ-1B CCD1 o
LAI NDVI  y = 4.33892%19% 0.83
M4z RVIID y=0.0187x-0.0127 0.69
HJ-1B CCD2 o
LAI NDVI  y = 4.44972%17% 0.83
Sentinel-2 Mg RVIID y=0.0221x - 0.026  0.69
LAI NDVI  y = 4.15652%%5% 0.84
Landsat8 MgEE RVIIT y=0.0207x - 0.0221 0.69
LAI NDVI  y = 4.23032%%% 0.84
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Fig.3 Validation of the retrieved chlorophyll density and LAI at the Longkang Farm based on field spectral measurements
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Fig.4 Validation of the retrieved chlorophyll density and LAI at the Longkang farm based on satellite dataset
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Fig. 5 Time series of vegetation parameters of winter wheat with different yield
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Fig.6 Yield prediction model for winter wheat based on

accumulated NDVI at heading and milk stages
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Table 8 Yield prediction models based on NDVI

at different growing stages
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Fig.7 Yield prediction map for winter wheat at Long-

kang farm in 2017 based on Landsat-8 OLI images
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Growth Monitoring and Yield Prediction of Winter Wheat based on
Time—series Quantitative Remote Sensing Data

Liu Xinjie"?, Wei Yunxia®,Jiao Quanjun’, Sun Qi*’, Liu Liangyun®
(1.Key Laboratory of Land Use, Ministry of Land and Resources, China Land Surveying and Planning
Institute, Beijing 100035, China;
2.Key Laboratory of Digital Earth Science, Institute of Remote Sensing and Digital Earth, Chinese Academy
of Sciences, Beijing 100094, China;
3.College of Geoscience and Surveying Engineering, China University of Mining and Technology ( Beijing) ,
Beijing 100083, China)

Abstract: Remote sensing is an important approach for crop growth monitoring efficiently and subjectively, and
is helpful for the agricultural productivity. In this paper, Longkang Farm in Anhui province, China, was select
ed as a case for the study. Remote sensing images with middle—high spatial resolution from different satellite-
based sensors were collected and quantitively processed. Statistics models for the estimation of chlorophyll den-
sity and leaf area index were built based on vegetation indices. Time-series products of vegetation parameters
were produced. We analyzed the temporal patterns of chlorophyll density and leaf area index and found that the
high-yield wheat grew much better than the low-yield wheat during the winter. In addition, we built a yield pre-
diction model based on the Normalized-Difference Vegetation Index (NDVI) for winter wheat. The results
showed that, using accumulated NDVT at heading and milk stage, the yield can be accurately estimated. The
winter wheat yield prediction map of Longkang farm was produced based on time-series satellite images. This
study provided an efficient approach for crop growth monitoring.

Key words: Time—series quantitive remote sensing ; Growth monitoring; Yield prediction; Vegetation indices



