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Backgrounds

Global environmental problem is seriou

Influence of human activities increase

Enormous satellite data will exist 

(including GLI, SGLI) 

Global vegetation shows environmental 

condition and influence of human 

activities



BRF measurements

To recognize BRF of each vegetation 

type 

Natural forest 

Artificial plantations 

Grassland 

Farmland



Measurement system



BRF measurement
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Sites in USA 
 (MODIS core site)



BRF from RC helicopter
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BRF from RC helicopter
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Check BRDF model
InputInputInputInputInputInputInputInput
VCRVCRVCRVCRVCRVCRVCRVCR ：：：：：：：：Vegetation cover RatioVegetation cover RatioVegetation cover RatioVegetation cover RatioVegetation cover RatioVegetation cover RatioVegetation cover RatioVegetation cover Ratio

NNNNNNNN ：：：：：：：：Number of grassNumber of grassNumber of grassNumber of grassNumber of grassNumber of grassNumber of grassNumber of grass

HHHHHHHH ：：：：：：：：Grass canopy heightGrass canopy heightGrass canopy heightGrass canopy heightGrass canopy heightGrass canopy heightGrass canopy heightGrass canopy height

RRRRRRRR ssssssss ：：：：：：：：Soil reflectance for each wavelengthSoil reflectance for each wavelengthSoil reflectance for each wavelengthSoil reflectance for each wavelengthSoil reflectance for each wavelengthSoil reflectance for each wavelengthSoil reflectance for each wavelengthSoil reflectance for each wavelength

θθθθθθθθsun sun sun sun sun sun sun sun ：：：：：：：：Solar Zenith angleSolar Zenith angleSolar Zenith angleSolar Zenith angleSolar Zenith angleSolar Zenith angleSolar Zenith angleSolar Zenith angle

RRRRRRRR gggggggg ：：：：：：：：Ground reflectance at nadirGround reflectance at nadirGround reflectance at nadirGround reflectance at nadirGround reflectance at nadirGround reflectance at nadirGround reflectance at nadirGround reflectance at nadir

ττττττττ ：：：：：：：：TransmittanceTransmittanceTransmittanceTransmittanceTransmittanceTransmittanceTransmittanceTransmittance

ScanScanScanScanScanScanScanScan ：：：：：：：：Geometry of satelliteGeometry of satelliteGeometry of satelliteGeometry of satelliteGeometry of satelliteGeometry of satelliteGeometry of satelliteGeometry of satellite

BRDFBRDFBRDFBRDFBRDFBRDFBRDFBRDF
(R(R(R(R(R(R(R(RBRDFBRDFBRDFBRDFBRDFBRDFBRDFBRDF ))))))))

RRRRRRRRBRDFchkBRDFchkBRDFchkBRDFchkBRDFchkBRDFchkBRDFchkBRDFchk  = f ( = f ( = f ( = f ( = f ( = f ( = f ( = f (VCRVCRVCRVCRVCRVCRVCRVCR , , , , , , , , NNNNNNNN , , , , , , , , HHHHHHHH , , , , , , , , RRRRRRRR schkschkschkschkschkschkschkschk ,,,,,,,,        θθθθθθθθsunsunsunsunsunsunsunsun , , , , , , , , RRRRRRRR gchkgchkgchkgchkgchkgchkgchkgchk , , , , , , , , ττττττττchkchkchkchkchkchkchkchk，，，，，，，，Scan)Scan)Scan)Scan)Scan)Scan)Scan)Scan)



Model Conifer

0.00
0.01
0.01
0.01
0.01
0.01
0.02
0.02
0.02
0.02
0.02
0.03
0.03
0.03
0.03
0.03
0.04
0.04

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

0.11

0.12

0.13

0.14

0.15

From Ground Truth Model base



Vertical plane

orbit
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Using Satellite data
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To show Using Satellite data
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BSI

Bi-directional Reflectance Factor 

Structure Index

BSI =                                
NIR  side - R side

NIR  nadi - R  nadi
Defined by Y. HONDA and A. KONDA



WestEAST



Mongolia



BSI image 
 from OCTS (ADEOS)
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Site in Mongolia

Site 1 Site 1 草地草地草地草地草地草地草地草地 Site 2Site 2草地草地草地草地草地草地草地草地

Site 3Site 3草地草地草地草地草地草地草地草地 Site 4Site 4　　　　　　　　草地草地草地草地草地草地草地草地

Site 5Site 5潅木潅木潅木潅木潅木潅木潅木潅木 Site 6Site 6　　　　　　　　潅木潅木潅木潅木潅木潅木潅木潅木 Site 7Site 7森林森林森林森林森林森林森林森林



Comparison between 
BSI and NDVI
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UMD Land cover map



UMD Land cover map



BSI image



Calculate BSI
using Satellite DATA

Data of Off nadirData of Nadir

Nadir Image East Image



Topographic effects

0 1.0 2.0 500m0m
BSI DEM（GTOPO30）



Topographic correction

BSI Corrected BSIDEM (GTOPO30)
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0 0.5 500m0m
BSI－Corrected BSI DEM（GTOPO30）



NDVI
Corrected BSILand cover map

(from Global Mapping project, 
GSI)

)

■　evergreen forest

■　Broad leaf
■　Mixed forest
■　forest
■　forest
■　木の多いサバ
ナ

■　草地
■　Rice field
■　畑
■　市街
地■　農地，自然地の混
合■　裸地，砂地，岩
地■　水部
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Off Nadia (East)



Nadia



Off Nadia (West)



Corrected BSI



NDVI and BSI

0 0.4 -1.0 3.00 2.01.0
NDVI Corrected BSI



Summary

BDF has been measured by RC helicopter. 

BSI (Bi-directional Reflectance Facto

Structure Index) was proposed. 

BSI will show human impact to 

vegetation cover.


