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Abstract—Monitoring the sowing area and the crops growth are 
the two basic aspects of agricultural remote sensing. With the 
advantage of DMC+4 simultaneously providing mid-resolution 
multispectral image and high-resolution panchromatic image, we 
choose winter wheat as investigated object, establish a vegetation 
canopy radiation model on the consider of sun-target-sensor 
geometry and clumping effect to monitor the spatial distribution 
of the growth condition of winter wheat, and then validate the 
model through mathematical simulation and field experiment. 
The work indicates that the model and retrieval method used are 
available. The spatial scaling effect of LAI is to be further 
studied. 
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I.  INTRODUCTION 
Monitoring the sowing area and the crops growth are the 

two basic aspects of agricultural remote sensing. Leaf Area 
Index (LAI) is the most fundamental parameter for indicating 
the growth condition of vegetation canopy. Nowadays, in order 
to retrieve LAI, the retrieval methods mainly bases on 
multispectral data, according to the unique spectral character of 
vegetation, and uses experiential or physical models [1-7]. 
However, since cropland is relatively cracked in China, if 
mid-resolution or low-resolution images are used to estimate 
LAI, the error might be large as large numbers of mixed pixels 
exist. With high-resolution panchromatic data, although we 
may avoid the influence of mixed pixel on a large degree, even 
evaluate the sowing area directly from eyes judgment, we can't 
get any accurate information about LAI. Therefore, we try to 
combine the respective advantage of mid-resolution 
multispectral data and high-resolution panchromatic data, so as 
to gain the spatial distribution information of LAI in 
high-resolution image, which is the main issue of this study. 

With the start using of Disaster Monitoring Constellation 
+4 (DMC+4), it's more possible to solve the problem. DMC+4 
is an earth observing micro-satellite with two sensors. It was 
set up successfully in Plesetst, Russia on October 27, 2005. 
This micro-satellite has a unique advantage of simultaneously 
providing 32 meter mid-resolution multispectral information, 
containing green (520nm-620nm), red (630nm-690nm) and 

near infrared (760nm-900nm) three bands, and 4 meter 
high-resolution panchromatic information, from 500nm to 
800nm, thus the geometric relation among sun-target-sensor is 
the same [8-9]. Multispectral data is helpful to get average LAI 
in a pixel, while panchromatic data can be used to monitor 
sowing area of crops accurately. In this study, we choose 
winter wheat as investigated object, establish a vegetation 
canopy radiation model on consider of sun-target-sensor 
geometry and clumping effect to retrieve the LAI spatial 
distribution of high-resolution panchromatic image properly. 
The following mathematical simulation and field experiment 
indicate that the model and retrieval method used are available. 

II. THEORY 

A. Vegetation Canopy Radiation Model 
We choose winter wheat as investigated object. Radiance 

can be described by the sum of single and multiple scattering, 
1 mL L L= + .                  (1) 

The cropland is continuous along row, but discrete in the 
vertical direction, so it has two combined characteristics. 
Observation shows that illuminated ground and canopy, as well 
as shadow ground and canopy can all be seen from sensors. In 
other words, the bidirectional reflectance effect caused by the 
geometry of sun-target-sensor is still a primary factor that 
should be considered. 

Radiance of single scattering received is, 
1

g g c c z z t tL K L K L K L K L= + + +           (2) 

g c z t 1K K K K+ + + =               (3) 
where g c z t, , ,L L L L  represent radiance of illuminated ground 
and canopy, as well as shadow ground and canopy respectively, 
and g c z t, , ,K K K K  represent the area ratios of the four parts 
same with Geometric-Optical model [10-12]. Each L can be 
written as 

g g s 0 d z g d( ),   L f F E L f Eµ= + =  
   c c s 0 d t c d( ),    L f F E L f Eµ= + =           (4) 

where g c,f f  stand for BRDF of ground and canopy. 0F  is 
the direct irradiance of sun, and dE  is the diffuse irradiance of 
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atmosphere. s scosµ θ= , sθ  is the solar zenith angle. The 
sum of gK  and zK  expresses the gap probability of canopy, 
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According to the principle of Boolean [13-14], 
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Here v vcosµ θ= , vθ  is the viewing zenith angle. G Function 
describes the abridged proportion through collision, and 

( )s v,K θ θ is the probability of overlapping projection in solar 
and viewing directions. 

Now we use a simple linear function ( )φΓ  to simplify (6), 
here φ  is the angle between light and viewing projection 
directions. ( )φΓ  takes values as follows: when 0φ = , 

( )0 1Γ = , when φ π= , ( ) 2πΓ = , when 0 φ π< ≤ , 

( ) 1 φφ
π

Γ = +                   (7) 

( ) ( )v

v
g

G
LAI

K e
Ω

φ
µ

− ⋅ ⋅Γ
=                 (8) 

In fact, ( )φΓ  is used to correct the effect of shadow. When 
0φ = , the sensor is at the hot spot location, and 
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= = , so ( )0 1Γ =  is correct. When 

φ π= , projections from two different directions are no longer 

overlapped, and ( )s v, 0K θ θ = . Suppose 
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and ( ) 2πΓ = . For row-crops, even if the geometry of 
sun-target-sensor is known, we cannot confirm φ  values, as 
the average ridge direction of each pixel is indefinite, so 
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At the hot spot location, any leaves in shadow will not be 
observed. As φ  increases, the area of illuminated canopy 
decreases step by step. Equation (10) and (11) is used to 
represent this variation approximately. 
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Many scientists have pointed out that LAI values retrieved 
are different by sensors with different resolution. Analysis 
shows that heterogeneity and non-linear algorithms are the 
basic reasons for spatial scaling problem. In canopy scale, the 
clumping effect is another important factor that cannot be 
neglected in order to achieve accurate LAI retrieval. Therefore, 
Nilson parameter ( 0λ ) is used to describe foliage’s clumping 
effect. If foliage is clumpy distributed, 0 1λ < , and true value 
of LAI equals the product of 0λ  and the retrieved value [15]. 

0λ  may be different for each pixel. Thus, equations above 
should be changed as follows, 
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Since heterogeneity is weakened by multiple scattering, mL  
can be represented with the two stream approximation of any 
radiative transfer theory [16-18], which is a function of LAI. 

Suppose 
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(16) 
Here, g c,ρ ρ  can be replaced by values from field 

measurement or spectral library. Suppose ( )v
1
2

G Ω ≡ , which 

means leaves are randomly oriented, and d,0.5 0,0.50.1m mE Fµ µ= ⋅ , 
for other wave bands, 
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Equation (16) is the basic formula for LAI retrieval. It 
reserves almost all the influential factors, such as spectrum 
characteristics of ground and canopy, LAI, clumping effect of 
different scales, BRDF and so on. Therefore, it’s neither a pure 
geometric-optical model, nor a traditional radiation transfer 
model, but a cross model suitable for row-crop, which owns 
both the continuous and discrete characters. It can be used for 
different wavelengths, and easy for inversion. 

B. Mathematical Simulation 
The image of Enhanced Thematic Mapper Plus (ETM+) 

has six 30m multispectral bands and a 15m panchromatic one. 
Owing to its abundant information, stable parameters and 
plentiful applications, as well as integrated field data derived 
synchronously with the satellite, we choose an ETM+ image of 
Shunyi District, Beijing on May 19, 2001, to justify the model 
through a mathematical simulation. After completing radiation 
calibration work, Brightness (B) and Greenness (G) of each 
pixel are acquired by the experiential K-T Transform formula, 
a compact expression of vegetation. The result is shown on a 
B-G figure. 

In addition, equation (16) only contains three unknowns, 
which are LAI, φ  and 0λ . Average 0λ  is settled through a 



 
Figure 1. Comparison of B-G values. Green points indicate Brightness and 
Greenness calculated by the experiential K-T Transform formula for TM image. 
Colorful lines indicate φ  isolines and LAI isolines based on (16). 

few groups of field and remote sensed data. Let LAI be a 
certain value, for each different φ , we successfully calculate 
six multispectral reflectance using (16), and then get B and G 
of each pixel. Change LAI to a few different values and repeat 
the process. Thus it is feasible to draw some LAI isolines. 
Similarly, make φ  constant and alter LAI each time, we gain 
several φ  isolines. Fig.1 shows comparison between the 
results from experiential formula and the model we set up. 

As long as B and G are known, LAI can be interpolated 
from Fig.1. The values agree with field measurements on the 
whole. Therefore, we can conclude that the vegetation canopy 
radiation model set up above is basically competent and 
effective. 

III. RESULTS 

A. Retrieval of Winter Wheat LAI Spatial Distribution From 
DMC+4 Data 
Select a 32m multispectral image and a 4m panchromatic 

image. The sizes of the two images are both 3.2km×3.2km, 
simultaneously acquired from DMC+4 in Taian, Shandong 
Province on March 31, 2006. Some preprocessing work is 
necessary. Make the two images matching precisely and 
perform radiation calibration to each band at first [19]. After 
atmosphere corrections using 6S code to get actual surface 
reflectance, the high-resolution panchromatic image also needs 
cross radiation correction, which is helpful to compensate high 
frequency information and enhance the image definition. 

For the three multispectral bands, there are four 
independent equations as follows, 
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Figure 2. LAI values distribution of the DMC+4 multispectral image 

 
Figure 3. LAI values distribution of the DMC+4 panchromatic image 

where each 0F  is the value settled from radiation calibration, 
and g, c,,λ λρ ρ  are read out from spectral library. Ignore 
multi-scattering and solve the linear equations to get values of 

g z c t, , ,K K K K . Then LAI, φ  and 0λ  of each multispectral 
pixel can be calculated out. Fig.2 shows LAI values 
distribution of the DMC+4 multispectral image. 

Since values of φ  and 0λ  are similar in corresponding 
sites, we use every φ  and 0λ  derived above to describe 
relevant panchromatic pixels. Try to get g c,ρ ρ , reflectance of 
pure ground and canopy pixel, from image. Consequently, 
according to (16), we finally succeed in calculating LAI values 
of 4m resolution pixels. Fig.3 shows LAI values distribution of 
the DMC+4 panchromatic image. 

B. Accurancy Analysis 
We evaluate these retrieval results through a Landsat-5 

image acquired in Shandong Province on April 29, 2005, as 
field measurement data is short in the district DMC+4 covers, 
but sufficient to TM image. Fig.4 shows the comparison of LAI 
retrieved by (16) from DMC+4 and TM images. The relation is 
approximately linear. In Fig.4, we also find out that LAI values 
are all concentrated from 3 to 6. Since the Landsat-5 image is 
received a few days latter, it is reasonable that its LAI values 
are generally higher than the other. 



 
Figure 4. Comparison of retrieved LAI from DMC+4 and TM images 

Table 1 is the contrast of LAI values between field 
measurements and retrievals from TM image. The errors keep 
within 10%. Both Fig.4 and Table I demonstrate the vegetation 
canopy radiation model we set up is applied to DMC+4 data, 
and can be used to retrieve LAI of mixed pixels more 
accurately as well. 

TABLE I.  CONTRAST OF LAI VALUES 

 LAI values 

Field measure 4.49 
±0.14 

4.95 
±0.17 

5.11 
±0.17 

6.19 
±0.23 

6.05 
±0.06 

Retrieve 4.50 4.98 5.10 5.83 5.67 

IV. CONCLUSIONS 
In this study, we establish a vegetation canopy radiation 

model to express both the continuous and discrete 
characteristics of winter wheat, which can use the advantage of 
DMC+4 simultaneously providing 32m mid-resolution 
multispectral information and 4m high-resolution panchromatic 
information. This model reserves basic spectrum characteristics 
of vegetation, and is simple for application. Comparison with a 
TM image and some field measurements indicates that the 
error keeps within 10%, thus the accuracy is satisfied. 
Therefore, it is a new useful LAI retrieving method suitable for 
row-crops. 

It is a distinctive character of DMC+4 that providing 
multispectral and panchromatic data simultaneously, and the 
geometric relation among sun-target-sensor is the same. It 
offers an excellent data source for researches on the spatial 
scaling effect of LAI retrieved by remote sensing, and is 
helpful to advance studies in scaling effect. At the same time, it 
provides a new opportunity for estimating the sowing area and 
the crops growth. 
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