
The non-Lambertian Problem in the Dynamic

Minitoring of Vegetation by NOAA-AVHRR

Xu Xiru, Liu Qinhuo, Li Bing

( The Inst itute of RS & GIS of Peking University , Beij ing , 100871, China)

Abstract　At present NOAA-AVHRR can offer us many multi-ang le ear th observation data.through careful collection of suc-

cessive AVHRR images, the existence of non-Lamber tian effect had been proven.I ts relative variance will not be larger than

30%.It is not surprising large, but it can not be neglected too.This paper repor ts an initial study about how to correct the

non-Lamber tian effect through building up BRDF models for vegetation and soil background and with the help of decomposing

method of mixed pixel.Results show our method is basically co rrect and practical.Further study is still needed because of the

effect of non-Lambertian mixed with o ther problems, such as atmospheric cor rection.

Key words　Non-Lambertian effect, BRDF models, Decomposing method of mixed pixel

1　INTRODUCTION

We can get vegetative information of earth sur-

face almost every day f rom NOAA-AVHRR data,

therefore many people t ry hard to carry out the dy-

namic moni toring of vegetation by them .How ever, it

is not a easy job, because the data of channel one and

tw o of AVHRR ow n obvious non-Lambert ian proper-

ty , since the scanning ang le of sensor is so wide ( ±

55°) and the o rbi t of its nadir point drift s w ith a peri-

od of 9.5 days.

Once we collected NOAA-AVHRR data of

Northern China in successive 12 days w ithout cloudy

cover.After geometric correction all images overlay

together.Signals along a common line w ere show n in

Fig.1.

Fig .1　The fluctuation of signals along a common line, CHI
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　　They are quite different, in another w ords, fo r

the same place signals f luctuate day af ter day, its

relative variance can reach 30% sometimes.

This phenomenon had also been reported by dif-

ferent autho rs[ 1, 2] f rom various view angle.Of

course, vegetat ion can' t change so quickly in such

short time.The reasons of fluctuation may come

from:

( 1 ) The non-Lambertian characterist ics of targets

w hich at least includes vegetation and bare soil

background now .

( 2) The effect of atmosphere w hich ow ns non-Lam-

bertian features too.

( 3) The dif ferent size of pixel for dif ferent view ing

angle.

All these problems are mixed together w hich

makes correct ion mo re complicated than usual case,

for the moment we put second and thi rd problems a-

side, in order to concentrate our at tention on the first

question.

Suppose the mixed pixel only consists of w inter

w heat and bare soil backgound.The ( BRDF) m of

mixed pixel can be calculated by linear adding method

w eighted by their area rat io.

(BRDF) m =Aw( BRDF) w +( 1 -Aw) ( BRDF) S　(1)

　　The subscript m, w and s means “mixed”,

“wheat” and “soil” respectively.Aw represents area

ratio of w inter w heat w ithin mixed pixel.Since

( BRDF) w and ( BRDF) s have their ow n characteris-

tics, so at fi rst w e have to establish a dif ferent model

for ( BRDF) w and ( BRDF) s respectively, then we can

find a proper way to co rrect non-Lambertian effect.

2　THE GEOMETRI-COPTICAL MODEL

OF (BRDF) S

　　Based on experimental data G.L .Walthall[ 3]
et.

al.of fered a simple formula of reflectance of soil-ve-

getat ion system.For bare soil surface it takes form :

Rs =
RH, S

0.1S
[ A 2

v +B vcos( v - s) +C] ( 2)

　　Where RH, S is the hemisphere reflectance of soil,

 v , s are view ing and solar zenith ang le,  v , s, are

viewing and solar azimuthal angle respectively.A, B,

C are parameters depending on  s.

A =-4.988×10-4 -2.953×10-5 s

　　+8.920×10
-7
 

2
s

B =6.988×10-4 +2.243×10-3 s

C =14.46 +3.216 ×10-2 s -1.7373×10-3 2
s

　　We did not adopt this formula for ( BRDF) s cor-

rection, because the shadow casted by protrusion is

one of the main reason for non-Lambertian property

of soil surface, but parameter of roughness does not

appear in Walthall' s formula.

J.Cierniew ski[ 4, 5] had offered a good geometric-

optical model of ref lectance of soil surface.Since it

contains too many unknow ns, it is st ill inconvenient

to use, so we w ant to form a simple but accurate e-

nough model.

Since the pixel size of AVH RR is so large and

the Northern China plane is so flat that the ef fect of

micro-geomorphology can be neglected, therefore on-

ly four parameters are kept in our model, they are

view ing and solar zeni th ang le ( v ,  s ) , relative

azimuthal ang le ( = v- s) and roughness of surface

( RFm ) .We suppose the ef fect of roughness can be

modeled by balls, r represents the average radius of

balls, d represents the average distance between

balls, so the roughness RFm can be defined by

RFm = r
d

( 3)

　　Shadow area ( Sa ) can be calculated by geomet-

ric-opt ical principle if we know  s, v , and RFm.

The shadow coef ficient ( SCm) can be defined by

SCm =
Sa

d2 ( 4)

　　SCm is a function of four variables ( s, v , and

RFm) .It is very difficult to express the relationship

betw een SCm and four variables by analy tical func-

tion, but we can make a SCm table for practical use.

Let

βλ=
Iλ( v , s, , RFm )

I
0
λ( v = s, =0)

(5)

　　Where I0
λis the radiance received by sensor at hot

spot w hich means at this position no shadow can be

seen by sensor.Iλis the radiance received by sensor at

any position and roughness values.The βλ is called

attenuation coefficient.Fo r　this　moment　we use
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exponential function to link βλand SCm.

βλ=a exp( bSCm) ( 6)

　　Where a, b are constant to be fixed by experi-

mental data now .a=0.979, b=-1.261 w ere cho-

sen for channel one, a= 0.977 , b=-1.089 were

chosen for channel tw o.

Of course, we can know values of  v , v and s,

 s f rom NOAA data or calculated by ast ronomical for-

mula, but we have to estimate RFm from images

themselves during the period f rom Nov.to Feb., be-

cause this time the vegetative cover in No rthern China

can be omit ted.We had collected seven images of our

test area, for every pixel we calculated  v and  s and

 , the value of radiance already know n, then the rela-

tive variance of radiance can be know n too.Suppose a

RFD value, then SCm And I0λ can be calculated

through SCm table and formula ( 5) and ( 6) .If one of

RFm values makes the relat ive variance of I0
λto be the

low est one, then we consider it as the best choice of

RFm value.Table 1.show s an example.

Table 1　The choice of RFm value

date  s   v Iλ RFm I0

1993.10.15 75.47 -15.75 38.88 142.00 0.29 208.69

1993.10.18 70.00 162.68 -4.70 77.00 0.29 139.08

1993.10.19 68.13 162.05 -20.98 84.00 0.29 140.39

1993.10.23 78.07 -17.15 40.23 147.00 0.29 213.37

1993.11.02 76.95 -19.31 17.14 98.00 0.29 167.24

1993.11.03 75.00 -19.85 0.05 104.00 0.29 191.22

1993.12.22 82.00 152.72 -3.46 113.00 0.29 205.11

relative variance before correction 39.9%, relative variance af ter correction 23.6%.

　　Results show in our test area the RFm value

varies f rom 0.24 to 0.29.

3　THE MODELOF (BRDF)ω

Since the pass time of satellite is relat ively fixed,

i ts v ariation is so limited that the relative azim uthal

ang le varies in certain range, fo r example,  changes

w ithin -15°--20°, 15°-20°, 160°-165°fo r

Northern China ( NOAA-14) , so it is impossible to

observe hot spo t phenomenon by NOAA-system,

therefore we do no t require the vegetative model to

describe ho t-spo t behavio r very w ell, but for other

part.

The Walthall' s vegetative model is just fit our

demand.It is a simple one, the results of least-

squares fit ting wi th experimental data show RMS ≤

0.2 for channel one RMS<3 fo r channel tw o, ex cept

hot spot region.It takes form :

Rv =a 2v +b vcos( v - s) +C ( 7)

a, b, c are experimental constants, they change with

 s and LAI.So, this formula has four inputs,  s,  v ,

 and LAI.

Of course, we can no t know real value of LAI

fo r every pixel, but w e can know its average value

LAI( t) through field measurements, w e use LAI( t)

instead of in order to carry out non-Lambertian cor-

rection of ( BRDF) w

4　THE REITERATION

If we use formula ( 1) to carry out non-Lamber-

tian correction of mixed pixel, then we have to know

Aw in advance.How to solve this problem ?We pray

fo r help f rom so called ” Decomposing method of

mixed pixel”
[ 6]
.

The principle of this method is very simple.The

area ratio of any element within mixed pixel can not

change with time, but their reflectance must be vari-

able, through field measurements PVI value of winter

w heat , rape seeds, bare soil and w ater body change

w ith time in different w ay .Fig.2.show s the re-

sults.

If w e have collected multi-time images of the

same area, then we can use principal analysis method

to know area ratio fo r every element within one mixed

pixel.
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Since the existence of non-Lam bert ian effect,

the PVI value calculated from satellite data can not

change so smoothly w ith t ime.They w ill show up and

dow n if com pared w ith t rue value, but experimental

data ( F ig .1) had told us that the deviation w ill not

Fig.2　Changes of PVI values of different targets w ith time

exceed 30%, that means the main information of

PVI is right, so the reiteration w ill help us to find a

correct answer.

( 1) Using original radiance data to know Aω

w ith the help of decomposing method of mixed pixel.

( 2) Using models of ( BRDF) w , ( BRDF) s and

fo rmula ( 1) to do non-Lambertian correct ion then to

get a new I
0
λdata of mixed pixel.

( 3) Using new I0λdata to calculate PVI value a-

gain, and then run “ decomposing method” program

again to get a new value of A′w .

Repeat ( 1) ※( 3) until A
′
w -Aw <εwhich is a small

number set before.

5　RESULTSAND DISCUSSION
Fig.3 show us the f luctuat ion of reflectance data

after co rrection.

Generally speaking, the relative variance of re-

flectance is reduced from about 30% to 10%—15%.

It is reasonable, because w e had omit ted tw o o ther

factors.Up to now w e can not correct non-Lamber-

tion effect on the pixel base, because it is impossible

to know LAI and Aw exactly in advance on pixel size.

So our experiments only offer a method for non-Lam-

bertian co rrection w ith statistical meaning.Further

studies are needed.

Fig.3　The fluctuation of reflectance after correction

34 　　　　　　　　　　　　　　JOURNAL OF REMOTE SENSING　　　　　　　　　　　　　　　Vol.1



　　

REFERENCES

[ 1] S.M.Singh, A.P.C racknell.The estimation of atmospheric effects

for Spot using AVHRR channel1 data.Int.J .R.S., 1986, 7( 3) :

361-377.

[ 2] J.L.Roujean.Evidence of surface ref lectance bi-directional effects

f rom a NOAA / AVHRR multi-temporal data set.Int.J .R.S.,

1992, 13( 4) :685-698.

[ 3] G.L.Walthall, J.M.Norman, et.al.Simple equation to approxi-

mation the bi-direct ional reflectance from vegetative canopies and

bare soil surface.Appl.Opt., 1985, 24( 3) :383-387.

[ 4] J.Cierniew ski.A model for soi l surface roughness influence on the

spectral response of bare soils in visible and near-infrared range.Re-

mote Sensing of Environ., 1987, 23:97-115.

[ 5] J.Cievniew ski.The inf luence of the viewing geometry of bare rough

soil surface on their spectral response in the risible and near-infrared

range.Remote Sensing of Environ., 1989, 27:135-142.

[ 6] Xu Xiru, et.al.Facter analysis method of mixed pixel and its appli-

cation to estimat ion of w inter wheat sow in large area.Chinese Sci-

ence Bulletin , 1990, 35( 4) :317-320.

AUTHOR

Xiru Xu, w as born in Feb.8, 1937.graduated

f rom Geophysics department of Peking University in

1960.From 1981 to 1983 studied micro-w ave remote

sensing in M IT, as a visiting scholar.Now he is a

professo r of Peking University , specialized in remote

sensing applied model of all wave bands.

NOAA-AVHRR在植被动态监测中的非朗伯体问题

徐希孺　柳钦火　李　兵
(北京大学遥感与地理信息系统研究所)

摘　要　当今 NOAA-AVH RR能提供许多多角度的对地观察资料。它的非朗伯体效应已经被细心收集的

连续的AVH RR图象所证实。它的相对方差值不大于 30%。这既不大得令人惊奇, 但它亦不可能被忽视。

该文提供了一个初步的研究报告, 关于在混合象元分解方法, 植被和土壤的 BRDF 模型基础上如何纠正

非朗伯体效应的初步结果 。结果表明我们的方法基本上是正确的并且是可行的 。由于非朗伯体效应与其他

问题, 比如大气效应, 纠缠在一起, 所以进一步的研究仍然是必要的。

关键词　非朗伯体效应, BRDF 模型, 混合象元分解
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