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LIST OFACRONYMS
™ Thematic Mapper
IRS India Remotesensing Satellite P6 is he tenth satellite of ISRO in IRS

series
Liss Linear Imaging Self Scanner

H31A/B  Environment and Disasters Monitoring Microsatellite
NIR Near Infrared

RE Red Edge

SWIR Shortwavelength infrared

MWIR Middle-wavelength Infrared

TIR Thermal infrared

MODIS Moderate Resolution Imaging Spectroracheter

LAI Leaf area index

NDVI Normalized Difference Vegetation Index

CRESDA China Centre for Resources Satellite Data and Application
USGS United States Geological Survey

UTM Universal Transverse Mercator

WGS84 World Geodetic System 1984

CcC CubicConvolution

DN Digital Number

MRT Modis Reprojection Tool

SG SavitzkyGolay

E-AGRI_D52.1 Databases on using differer Page3 of 21
approaches


http://suoxie.911cha.com/NXEzZw==.html

Databases on usir

_ E-AGRI
different approaches " _
DO CUMENT CONT RO ettt et e et e e e e e e e e e e e e e e e e e e e e aen s e e e e e e aeeneeenenenenenenenn 2
ISy @] 7 AX08 =0 N7 Y, £ 3
7N =10 0] 3 01N 1 =1 PP 4
IS @] = 7Y = I8 = 5
WSy e 3 €181 =] R 6
EXECUTIVE SUMMARY. e tuitttnitttte e eaeaea s imt e tassse s sasas s s aa e e tmrasase s tasssaresnsnrerrnsnn 7
1 INTRODUGCTION .. ettt ettt et es et et e e e e e em e e e e e e e e e e e e ee e e e e e e e e e s amresereeeeeananrnaneneneneneneans 8
2 HIGH RESOLUTION IMABGE 1.t uiututtnisseneeessensemtsssssstnsesasensessses s smreessereasenenns 11
3 MIDDLE RESOLUTION IS .t utnentteeeeeee e eeeeeesaea e e e aea e e e e aeeerernsnsma e raeaeaenenes 13

3.1 (D= = W 11 ST 13
3.2 Do = B (<T= 1L | (<Y 14
3.3 Data PrePrOCESSING. .. etieeeiitieiteeeeatiittae s sstetee e e e s stbbeee e e s saabeee e e e e s abbeeeaessanrreeaeas 15
4 LOW RESOLUTION IMAGES. .« et tteetee et eeeeee e teeasasaeaeaeaeaeaeae e ee e sn e rmrararaeaeaeaeaees 18
4.1 (D= = W 1] SRR 18
A D T - W o] (=Y o] £ Tt <11 [ o PRI 18
4.3  Extraction of crop phenological period..........ccccoviiiiiiiiiiiieee e 19
LS @ 0 Vo 10 1 [ 21
E-AGRI_D52.1 Databases on using differer Paged of 21

approaches



Databases on usir

_ E-AGRI
different approaches
Table 1.1 The Crop Groeth Stages of Mengcheng and Guoyang...............ccovvvveeennnns 9
Table 3.1 Middle Resolution Remote Sensing Data LiSt............cuvvveeeivieeeiicciiiiininnnns 13
Table 3.2 Middle Resolution Remote Sensing Data Features............ccccceeevieeeeeeennn. 14
Table 4.1 Low Resolution Remote Sensing Data LiSL.........ccccoveeiviiirnee e 18
E-AGRI_D52.1_ Databases on using differer Pageb of 21

approaches



Databases on usir

_ E-AGRI
ST different approaches
LIST OFHGURES
FIQUrE 1.1TNE STUAY ATCBL....ciiii ittt eee ettt eeeeb e e e e e s e ebbe e e e e e e e smmne s 8
Figure 2.1 High-resolution images in Google Erath.............cccooiiiiiceciniiieeee. 11
Figure 2.2 High-resolution images for each sampling unit in JPG format................... 11
Figure 2.3 Deviation in Google Earth..............cooiiiemie e 12
Figure 3.2 The RapidEye and LiS3 iMagesS........ccuueriiieaiiiiiieeeiiiieee e e e e e e 15
Figure 3.1 The Comparison Before and After Atmospheric Correction...................... 17
Figure 4.1 LAI Distribution by the Different Smoothing Methods.............ccoocuviiiiieenee. 19
Figure 4.2 Returning Green and Maturity of Winter Wheat at Guoyang.................... 20
E-AGRI_D52.1 Databases on using differer Page6 of 21

approaches


file://vito.local/VITO/Unit_TAP/Contracts/Applications/N77F7_EAGRI/05_Deliverables/D521_CAAS_V2.0.docx%23_Toc373168838
file://vito.local/VITO/Unit_TAP/Contracts/Applications/N77F7_EAGRI/05_Deliverables/D521_CAAS_V2.0.docx%23_Toc373168843
file://vito.local/VITO/Unit_TAP/Contracts/Applications/N77F7_EAGRI/05_Deliverables/D521_CAAS_V2.0.docx%23_Toc373168844
file://vito.local/VITO/Unit_TAP/Contracts/Applications/N77F7_EAGRI/05_Deliverables/D521_CAAS_V2.0.docx%23_Toc373168845

N4 Qatabases on usir ____ ..
T TR different approaches |

EXECUTIVE SUMMARY

In order to estimate the crop areaf Mengcheng and Guoyangatellite data from
three types of sensors were collected: tlwav resolutionform MODISthe medium
resolution fromLiss3 and Landsat TM and SPOT5 artAHBland RapidEygthe high
resolution from QuickBird The acquisitionperiod was between 2009 and 2012,
covered the phonologicattagesof different crops. For low resolution imagdbe
time-series corresponding the ap growth seasons were selectedThe
pro-processingf low resolution imagery isonsisted of & filtering(smoothing) For
medium resolution imges, the preprocessing consisteaf the geometric and
atmospheric correctiond-or high resolutiommages such as QuickBittie geometric
correction wa based on the dataither from Google Earthor collectedduring the

dedicatedfield survey.
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1 INTRODUCTION

The study areacomposed ofMengchengand Guoyangoounties, was located in the
North of Anhuiprovince Fig.1.1) Winter wheat, maize and soybean were the main crops.
Table 11 shows thdocationof the two counties The growth peod of winter wheatwas
from early October to the end of May the following yedie best phase to extract the
winter wheat area using remote sensing images \washe tillering stageand turning
green stage usuallyfrom the end of November tothe end of April. For maize and
soybean, the growth period asalmost the sameusually form early June to the end of
SeptemberThe best phase of extraction whstweenlate July to late August

N North China Plainu|
% L
: Neimenggu

Mengcheng 0 350 7500 150;;”"5

Figurel.1 The Study Area
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The purpose of tk studywasto comparethe accuracy oflifferent methods toextract

crop areas using remote sensing images county level According ¢ the best phases of
extraction, three types of images were collect€dne was the high resolution images
from QuickBirdor equivalent resolution imagegrovided for example by GaoteEarth.

The seconatategorywas the medium resolution images from TM, SBRapidEye and
HJ1A/B. The last one was the low resolution images from MODIS vegetation index (NDVI)
and lead area index (LAI) time seriébe acquisition date dmages wadbetween2011

to 2012, covered thélifferent phenological period of crops.

Tablel.1 The CropGroeth Stage®f Mengcheng and Guoyang

Crop Growth Stage Stait Data GeneralGrowingDate End Date
Sowing time Early October Mid-October Late October
Emergence Mid-October Late October Early November
Tilleringtime Early November Mid-November Late November

Stop growing

Late December

January

EarlyFebruary

w'ir::tr Turning green Eraly February Mid-February Late February
Jointing Early March Mid-March Early April
Heading Mid-April Mid-April Late April
Milky stage Early May Mid-May Late May
Maturation Late May Early June Early June
Sowng time Early June Mid-June Late June
Emergence Mid-June Mid-June Late June
3rd leaf stage Mid-June Late June Late June
Summer 7th leaf stage Early July Early July Early July
Maize Jointing Mid-July Mid-July Mid-July
Heading Late July Late July Early August
Milky stage Mid-August Mid-August Mid-September
Maturation Late September Late September Early October
Summer Sowingtime Early June Mid-June Mid-June
Soybean  Emergence Mid_june Late June Late June
E-AGRI_D52.1_Databases on using different Paged of 21
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Crop Growth Stage Start Data GeneralGrowingDate End Date
3rd trifoliolate Late June Early July Early July
Bloom Early July Mid-July Mid-July
Flowering Late July Late July Early August
Podseed Early August Early August Mid-August
Maturation Mid-September Mid-September Late September
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2 HIGH RESOLUTION IM/SGE

Thehigh resolution imagesf the study areare derived most ofterirom Google Earth
with spatial restution higherthan 1m. Theywere usedfor stratification of the ground
sampling andield surveg.

In the stage offield surveydesign, we uséthe highresolution remote sensing imagées

determine landusetype of each sampling unifAfter choosing the #ld sampling ung,

the image of each unit had been savasllPG formatith a scale 1:2500. All JPG fikdh

been saved to the databas&he file namevassuch as&uoyang nnnn.jpg@® Y Yyyy Q g
the number of sampling unit§/alue range was from 0001 to 2074.
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Figure2.2 High-resolution imagedor each sampling unitn JPG format
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The images in Google Eastlere good enough to design the field sampling unBsised
on these imageshe land use mapf eachsamplhg unit with 1:2500 scal&ad papered

in the office. But due tasome geographical deviation in Google Earth (Fig.2s8)ne
samplingunits had tobe adjusidin the field.
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Figure2.3 Deviationin Google BErth
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3 MIDDLE RESOLUTION BES

3.1 Data list

In order to accurately extract crop acreage on county lewstdle resolution images
were used. Thémages were fromALOSLandsat TM, SPOTRapidEye, IRS £&s3 and
HJ31 A/B covering the study areaThere were84-scene imagegrom 2009 to 2012
HJ1A/B CCD images weiree downloaced from the website of CRESDA, with the spatial
resolution of 30m.Two-scene images ofandsat TM were free downloaded from the
website of USG®ther imagesvere purchasedirom imagedata providersData list was
shown in Table 3.1

Table3.1 Middle ResolutiorRemote Sensing Data List

Satellite Sensor Data Range Data sources

ALOS AVNIR2  20092-12 MMC BMoy e K &gy x®T H X Purchase on market

Pat285/Row283, engcheng
SPOT5 HRG2J 201011-18 Purchase on market
MMC Pny x FNmwOoPhdxDZ o c

Pat285/Row284
SPOTS5 HRG2J 201011-18 Mengcheng Purchase on magk
115.9XE 32.58NN -116.8XE 33.2°A&N

Pathl22/Row37
Landsats TM 20109-18 Guoyang &Mengcheng Free download
114.86€,32.26N-117.36E,34.16N

Pathl22/Row37
Landsad TM 2011-3-29 Guoyang &engcheng Free download
114.9GE,32.25N-117.40E,34.16N

Pathl22/Row37
Landsab ™ 2011-9-21 Guoyang &Mengcheng Purchase on market
114.8%E,32.25N-117.3%€E,34.16N

RapidEye 2012/4/126 Guoyang Purchase on market
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Satellite Sensor Data Range Data sources
RapidEye 2012/5/16 Guoyang &Mengcheng Purchase on market
Pathl31/ Row4,
IRS P6 Liss3 2012/9/15 North of Anhui Purchase on market
114.80E,32.56N-116.66E 34.12N
2011.04 - .
H31A/B CCD 2012.12 Anhui( 75 Scenes ) Free download

3.2 Data features

Data featuresare shown in Table.2. Allimagesincludegreen, red and near IR bands.
addition to SPOT5 and Liss3, other data also includes ldund. For each bandhe
wavelengths are approximatexact values depend on the gignular satellite'spayloads

Table3.2 Middle Resolution Remote Sensing Data Features

Satellite ALOS SPOT5 Landsat5 RapdEye IRS P6 H31A/B
Sensor AVNIR2 HRG ™ Liss3 CCD
Blue 0.420.50 10 0.450.52 30 0.440.51 5 0.430.52 30

Green 052060 10 0.500.59 10 0.520.60 30 0.520.59 5 0.520.59 235 052060 30

Red 0.61-:0.69 10 0.61-:068 10 0.630.69 30 0.63-0.685 5 0.620.68 23,5 0.630.69 30

D

?\' RE 0.690.73 5

0 . NIR 0.760.89 10 0.780.89 10 0.760.90 30 0.76:0.85 5 077086 235 0.760.90 30
€

=1 SWIR 158175 20 155175 30 1.551.70 235

x5

> 9 TIR 10.4125 120

- Q

.x MWIR 2.082.35 30

Digitization 8hit 8hit 8hit 12bit 7hit 8hit

Swath Width 70km 60km 185km 77km 141km 360(700km)

Besidesconventional visible and near infrared bandsss3 and ThMand SPOTSlata
include SWIR band. The wavelength of SWIR usually isvld5% p > Yihnd ¢skKdna
useful to identify the crop typest is sensitive to water contents in crolt.canprovides
surface wetness informatior.ower values of reflected energy in SWIRdMaignify more
surface wetnessWith SWIR band we can improve the recognition accuracy of chops.
Anhui province, this band cdrelp usto identify the maize and soybean and rice.

For RapidEye, it e first commercial satellitétmageto include theRedEdgeband,
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which is sensitive toariation in chlorophyll contentof vegetation The wavelength is

0.69n1 @1 0 Studies show that this band can assist in monitoring vegetation health,
improve crop-types separation and help in measuring protein and nitrogen content in
biomass.There are five identical Earth Observation satellites aosistof wl LJA R9 & SQa
constellation. The constellatioaffers the largest collection capacities and the quickest

return time. The dataspatial resolution is 5m, higher than other ddisted in Table3.1
Consideringhe bands and thespatialresolution Rapidie dataare the best choice for

crop area monitoring on county level.

Figure 3.2 shows thRapidEye and LisgBages.

Figure3.1 The RapidEye and Li8simages

3.3 Datapre-processing

Apart from the TM data denloaded from the USGS website, the other datas on
system leve(1B) These datawere radiometric correctedand sensor corrected without
any further corrections. Ae systemerror had beeneliminated. The value of each pixel
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was dimensionlesBigital Number (DN) DN aluerangewas0-255 or 0-1023. In order to
crop acreage monitoringgeometric correction andatmosphericcorrection had been
performedfor these data

3.3.1Geometric correction

Crop area monitoring required the remote sensintageswith accurate geoloation and
cartographic projectionGeometric correction is to avoid geometric errors or distortions.
The geometric correction was done in ENVI software with Orthorectification module.
DEMfile was downloaéd from ASTER witB0 meters resolutiofSRTM 90nDEM) For
RapidEyealataand SPOTS5 dat&roundGCPS wasnllected in the field using differential
GPSFor other data, GCPS was collected in the TM images wieidhdownloaded from
USGS.

The map projection was Universal Transverse Mercator (Udatym was WGS84zone
was 50N Resamplingkernel was Cubic Convolution (CC).

3.3.2Radiometric correction

Radiometric correctios to avoid radiometric errors or distortions. For tHata which
were on system level, radiometric correction was divided tmio steps.

Hrst stepwasradiometric calibrationDN valuewas converted to apparent reflectance
The formulato convert the Digital Number (DN) of a pixel to radian@sas follow:

0 00 "OWN0YH Qi T

L:radiance W/m?& NJ > Y ®

DN: digital number of the pixeldimensionless.
Gain:gain,radiometric scale factorW/m?& NJ > Y &
Bias:bias factor, W/i& NJ > Y ®

Second step was atmosetic correction. Various atmospheric effects cause absorption
and scattering of the solar radiation. Accordingaaliationtransfer model, the apparent
reflectance converted to surface reflectance, eliminating errors caused by the
atmosphere Atmosphericcorrection was processed lmgingENVIFLASSH module

The effectsof atmospheric correctiorior RapidEye datavasillustrated in the Figur&.1.
The Figure shows, after atmospheric correction, reflectivitBloé, Geen and Red bands
obviouslywent down, while the reflectivity oRed Edge andNear-infrared band notably
went up, with relatively clearer image texture. Fdiss3 and HI images, same
pre-processin@pproachwas used.
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Figure3.2 TheComparison Before and Aftektmospheric Correction
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