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Our goal is to get NPP in the world
from a new vegetation index

using GLI data.

!

What’s the new vegetation index?

!

The new vegetation index
1S

VIPD ¢ Vegetation Index based on Pattern Decomposition Method ).

Why do we use VIPD instead of NDVI?

!

Because, NDVI is calculated from only two bands, but VIPD is

calculated from all bands of multi-spectral satellite data.



What'’s Pattern Decomposition Method (PDM)?

The PDM is an 'anallytic method based on

spectral shape patterns
and
linear spectral mixing of ground objects

for n-dimensional satellite data.
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Pattern Decomposition Method
[ Multispectral Satellite data : Ai (i=1,,,n) n-dimensional data ]
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2.2 1) AMSS ( Airborne Multi spectral Scanner ) Data Anal-
ysis

o AMSS has the same spectral bands as GLI

¢ Ground resolution is 5m

False color image of Sakata city, Akita prefecture, Japan, June 13, 1996
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VIPD ( Vegetation Index based on Pattern Decomposition Method )

The new vegetation index should be defined as the linear

combination of three pattern decomposition coefficients.

VIPD=aCy+bCy+cCstd

VIPD = aSy+d = 0

—>SW

Sy VIPD =bS,+d = 1

Pure water area - Cw
Pure vegetation area  Cy —

Pure soil area _%_ —> S5 VIPD = c_S_S:+d =i

Sw:  the sum of the albedo values of six bands
for the standard sample of water

for the standard sample of vegetation

Sv:
S for the standard sample of soil
lcl=[b]
C - S C,-C.+8S,
VIPD = ; S
S +S

2 Ai: the sum of the albedo values of six bands for the pixel



Ground Truth

To get the relationship between VIPD and NPP,

we have done the following ground measurements.

(1) Measurement of spectral reflectance

for many objects

(2) Measurement of canopy spectral reflectance

for a tree
(3) Measurement of photosynthesis for a leaf

(4) Measurement of canopy photosynthesis for a tree

(5) Measurement of bi-directional reflectance factor



(1) Spectral reflectance is measured between 350 and 2500 nm

Reflectance factor

Component of standard shape pattern

using a Field Spec FR spectrometef.

( M&R2~M6000 )

08
0.6 |

04t

Lol

500 1000 1500 2000 2500 -

0.2

0

0.8

0.6

0.4

0.2

1 2 3 4 5 6

- Water

Wavelength(rim)

(a) Spectral reflectance curve

W;awte-r

Band

Reflectance factor -

Component of standard shape pattern

0.6

04

A

500 1000 1500 2000 2500
Wavelength(nm)

0.2

0

T
0.8
0.6

0.4

0.2

0

- Vegetation
08t

Ve getajtion :

N

/

i

1

2

3 4
Band

5

6

Reflectance factor

Component of standard shape pattern

0.8

0.6

04 r

027

0

0.8
0.6
0.4

0.2

i 2 3 4 5 6

Sail

(
i
i
|
i

500 1000 1500 2000 2500

Wavelength{nm)
Soil
,_-/

Band



Reflectance factor Reflectance factor

Reflectance factor
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Relationship between Chlorophyll and VIPD
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Relationship between chlorophyll content per leaf area

and photosynthetic activity.
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Relationship between VIPD and photosynthetic activity
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(2) Canopy spectral reflectance is measured.

We estimated the canopy reflectance

by using Two-Stream Approximation Model.
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NPP(Net Primary Production)

NPP = ex [(APAR)(1—r,(t))dt = £ x [ (FPAR x PARY(1 - r,(£))dt

APAR: Absorbed Photosynthetically Active Radiation

g ¢ Light Use Efficiency
o 7.825+1.145T
ra(t): - Respiratory Loss Factor 7,(f) =
| | 100
T: - Air Temperature
FPAR: Fraction of Photosynthetetically Active Radiation
PAR: Photosyntheticlly Active Radiation ( Solar Radiation )

From ﬁfouwl meaSUremwents
ex FPAR = f,x0.070x VIPD

fs: Factor for the saturation of photosynthetic curve and canopy effects
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NPP estimation using Landsat/TM

Analysis Area satellite data

1. Nara basin in Japan 2. Negeri Sembilan in Malaysia
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Ground Truth in MONGOLIA (2001-8)




MONGOLIA (12.June.2001)
— LANDSAT7/ETM+ —

Ground Measurement Sites near Mgndalgdbi

0.000 ‘ 255,000

Brightness Temperature (Band 6)




Annual NPP map (1"95) using NOAA /AVHRR data
based on estimation model
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MODIS(1km) Level-1b

MODIS Band Wave-length Wave Width | Analysis Band
(u m) (u m)
8 0.405-0.420 0.015 1
9 0.438-0.448 0.010 2
10 ~0.483-0.493 0.010 3
11 0.526-0.536 - 0.010 4
12 0.546-0.5656 0.010 5
13-low 0.662-0.672 0.010 6
14-low 0.673-0.683 0.010 7
17 0.890-0.920 0.030 8
19 0.915-0.965 0.050 9
18 0.931-0.941 0.010 10
26 1.360-1.390 0.030 11

The standard spectral pattermsof water, vegetation and soil
for MODIS data using 11 bands.
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VIPD in Kii-peninsula 2001.7.4




Conclusion

1)  Pattern Decomposition Method to Hyper-spectral Satellite
Data has been established.
Ground measurement data using spectrometers
AMSS (GLI) data

MODIS data in progress

2)  Ground measurements for NPP have been done.
Measurement of reflectance for many objects
Measurement of canopy reflectance
Measurement of photosynthesis for a leaf

Measurement of canopy photosynthesis

3) NPP can be estimatéd from VIPD( Vegetation Index based
on Pattern Decomposition Method). We checked it.
Rice field in Nara basin (Kii-peninsula)
Tropical rain forest in Malaysia

Grass field in Mongolia  in progress



Our next plans are as follows:

1)

2)

Global NPP using MODIS data will be estimated and the

validation will be done on Kii-peninsula and Mongolia

[ SN y

plateau.

After getting GLI data, we will decide the standard

patterns in PDM and calculate VIPD and NPP. The

validation of them will be checked on the above afeas;

@1t is important for getting NPP to estimate canopy effects.

Ground measurements will be continued.

@It is important for getting NPP to estimate atmospheric

effeets.

We expect good data after atmospheric correction.
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