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1. Introduction 
 

This report describes the production of the high resolution, level 1, biophysical variable maps for the 
Järvselja site in July 2000 (see campaign report for more details about the site and the ground measurement 
campaign: annex or http://www.avignon.inra.fr/valeri). Level 1 map corresponds to the map derived from the 
determination of a transfer function between reflectance values of the SPOT image acquired during (or around) 
the ground campaign and biophysical variable measurements (LAI2000 in this case). 

 
The derived biophysical variable maps are: 

●   Leaf Area Index (LAI): LAI corresponds to effective LAI derived from the description of the gap 
fraction as a function of the view zenith angle; 
●   cover fraction (fCover): it is the percentage of soil covered by vegetation between 0° and 7° view 
zenith angle. 
 

The site is “mostly covered by a boreal mixed forest, including both conifers (different kinds of pines and 
spruces) and deciduous (birch, aspen, alder). Some agricultural fields and unmanaged open areas are also found. 
At the south-east and north-east extremities, some bogs and mires (peatland) are taking place. The whole “pixel” 
is thus very heterogeneous at first sight”. Note that the site is quite flat (for more information, see annex or 
campaign report: http://www.avignon.inra.fr/valeri).  

 
The site coordinates are described in Table 1: 

 

 
Lambert-Est-92  

WGS-84 (units=meters) 
Geographic Lat/Lon 

WGS-84 
UTM 35, North, 

 WGS-84 (units=meters) 
 Easting Northing Lat Lon Easting Northing 
Upper left corner 687851.0000 6471065.0000 58.33971348 27.20858014 512212.0125 6466551.4320
Lower right corner 697851.0000 6461065.0000 58.24563537 27.37052842 521751.3903 6456117.8248
Center 692851.0000 6466065.0000 58.29270021 27.28966212 516981.7278 6461334.6367
 

Table 1. Description of the site coordinates: they correspond to SPOT image coordinates. 

The ground measurements were carried out from 3rd to 8th July 2000, while the high spatial resolution image 
was acquired the 26th August 2000. No satellite image without cloud coverage during or around the ground 
campaign was available. 
 
 
2. Available data 
 

2.1. SPOT image 
 

The SPOT image was acquired the 26th August 2000 by HRVIR2 on SPOT4 (resolution: 20 m). The 
radiometric and geometric correction was performed by SPOT image (product 1B). The image was geo-
referenced by TARTU Observatory. The projection is Lambert-Est-92 (Lambert Conformal Conic 2 parallel), 
WGS-84. Please, refer to the campaign report for more details: annex or http://www.avignon.inra.fr/valeri. No 
atmospheric correction was applied to the image. However, as the SPOT image is used to compute empirical 
relationships between reflectance and biophysical variable, we can assume that the effect of the atmosphere is 
the same over the whole site. Therefore, it will be taken into account everywhere in the same way. 
 

Figure 1 shows the relationship between Red and near infrared (NIR) SPOT channels: the soil line is marked 
and no saturated point is observed. 
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Figure 1. Red/NIR relationship on the SPOT image for Järvselja, 2000 

 
 

2.2. LAI2000 measurements 
 

For each Elementary Sampling Unit (ESU), the biophysical variables (LAI, fCover) were derived from 
LAI2000 instrument. The measurements have been acquired at two heights: ground level and shoulder height. 
The two levels allow the distinction between understorey and trees. According to the sampling protocol, 42 
measurements (except ESU without understorey or open areas = 1 measurement by record) were taken at the 
both level for each ESU. The protocol of measurement is detailed in annex. In the VALERI context, we are 
interested in the whole leaf area index, therefore, the ESU biophysical variables that are used in the following 
were computed as: 

●   LAI = LAI_canopy + LAI_ground  
●   fCover is the percentage of soil covered by vegetation at 7° view zenith angle (ground level). 

 
Figure 2 shows the distribution of the different measured variables over the sampled ESUs. LAI varies from 

0.65 to 5.64 and fCover from 0.20 to 0.97. This range shows a heterogeneous site in terms of LAI with high 
biophysical variable values. To build the relationships between biophysical variables and SPOT data, the 
reflectance of a given forest ESU for which the height of the trees is equal or higher than 12 meters was 
considered as the average reflectance over the central pixel + the 8 surrounding pixels. Consequently, the fish-
eye observes an area of at least π x [12 x tan(68°)]² ≅ 2800 m², i.e. close to the area of 9 SPOT pixels (=3600m²) 
when using a maximum view zenith angle of 68°.  
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Figure 2. Distribution of the measured biophysical variables over the ESUs. 

  
2.3.  Sampling strategy 

 
2.3.1. Principles 

 
The sampling strategy is defined in the campaign report: http://www.avignon.inra.fr/valeri. It was attempting 

to represent as much as possible the range of variation of canopy types and conditions. 
Figure 3 shows that the 58 ESUs are evenly distributed over the site (10 x 10 km). The processing of the 

ground data has shown that: 
- ESU b1 (in black on Figure 3) was located on a small plot with a strong heterogeneity on the borders. It was 
eliminated; 
- for ESU a1 (in black on Figure 3), the relationship between the biophysical variable values and the NDVI 
was inconsistent. It was also eliminated; 
- considering that SPOT geo-location and GPS measurements are associated to errors, we found that 
processed LAI for E11212 and E29911b did not correspond to the SPOT pixel in terms of reflectance as 
compared to the knowledge of the land use: they have been shifted by 1 pixel. 

 
Finally, 57 ESUs have been kept for the computation of the transfer function: 
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Figure 3. Distribution of the ESUs around the Järvselja site. 

 
 

2.3.2. Evaluation based on NDVI values 
 

The sampling strategy is evaluated using the SPOT image by comparing the NDVI distribution over the site 
with the NDVI distribution over the ESUs (Figure 4). As the number of pixels is drastically different for the ESU 
and whole site (WS = 250000 in case of a 10 x 10 km image at 20 m resolution), it is not statistically consistent 
to directly compare the two NDVI histograms. Therefore, the proposed technique consists in comparing the 
NDVI cumulative frequency of the two distributions by a Monte-Carlo procedure which aims at comparing the 
actual frequency to randomly shifted sampling patterns. It consists in:  

1. computing the cumulative frequency of the N pixel NDVI that correspond to the exact ESU locations; 
2. then, applying a unique random translation to the sampling design (modulo the size of the image);  
3. computing the cumulative frequency of NDVI on the randomly shifted sampling design;  
4. repeating steps 2 and 3, 199 times with 199 different random translation vectors. 
This provides a total population of N = 199 + 1(actual) cumulative frequency on which a statistical test at 

acceptance probability 1 - α = 95% is applied: for a given NDVI level, if the actual ESU density function is 
between two limits defined by the Nα / 2 = 5 highest and lowest values of the 200 cumulative frequencies, the 
hypothesis assuming that WS and ESU NDVI distributions are equivalent is accepted, otherwise it is rejected. 
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Figure 4. Comparison of the ESU NDVI distribution and the NDVI distribution over the whole image. 

 
Figure 4 shows that the NDVI distribution of the 57 ESUs is very good over the whole site. Note that NDVIs 

lower than 0.63 have not been sampled although they are present in the image. They may correspond to recent 
clear cuts, open areas, paths, roads…  
 

2.3.3. Evaluation based on classification 
 

A non supervised classification based on the k_means method (Matlab statistics toolbox) was applied to the 
reflectance of the SPOT image to distinguish if different behaviours on the image for the biophysical variable-
reflectance relationship exist.  

A number of 5 classes was chosen (Figure 5). The distribution of the classes on the image and on the ESUs is 
rather different, but each class is represented by at least 8 ESUs. The classes 1 and 4 are under-represented, 
while the classes 2, 3 and 5 appear to be over-sampled. 
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Figure 5. Classification of the SPOT image and comparison of the class distribution between the satellite 

image and sampled ESUs. 

 
Figure 6 shows the different relationships observed between the biophysical variables and the corresponding 

NDVI on the ESUs, as a function of the SPOT classes determined from non supervised classification.  
 
 

 
Figure 6. NDVI-biophysical variable relationships as a function of SPOT classes 

 

a2 a2 
g1 

g1 
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No different behaviour between the classes can be observed even if for a2 and g1, the NDVI values are 
relatively low compared with biophysical variable values. The late acquisition date of SPOT image is probably 
in question since a2 corresponds to agricultural fields and g1 to grassland.  
 

2.3.4. Using convex hulls 
 

A test based on the convex hulls was also carried out to characterize the representativeness of ESUs. Whereas 
the evaluation based on NDVI values uses two bands (red and NIR), this test uses the 4 bands (green, red, NIR 
and SWIR in this case) of the SPOT image. A flag image, is computing over the reflectances (Figure 7). The 
result on convex-hulls can be interpreted as:  

●   pixels inside the ‘strict convex-hull’: a convex-hull is computed using all the SPOT reflectance 
corresponding to the ESUs belonging to the class. These pixels are well represented by the ground sampling and 
therefore, when applying a transfer function the degree of confidence in the results will be quite high, since the 
transfer function will be used as an interpolator; 

●   pixels inside the ‘large convex-hull’: a convex-hull is computed using all the reflectance combination (±5% 
in relative value) corresponding to the ESUs. For these pixels, the degree of confidence in the obtained results 
will be quite good, since the transfer function is used as an extrapolator (but not far from interpolator); 

●   pixels outside the two convex-hulls: this means that for these pixels, the transfer function will behave as an 
extrapolator which makes the results less reliable. However, having a priori information on the site may help to 
evaluate the extrapolation capacities of the transfer function. 

 
 

 
Figure 7. Evaluation of the sampling based on the convex hulls. The map is shown at the bottom: blue and 

light blue correspond to the pixels belonging to the ‘strict’ and ‘large’ convex hulls and red to the pixels 
for which the transfer function is extrapolating. 

The flag map shows that the representativeness of the ESUs is good, even if pixels are outside the two 
convex-hulls. They mainly correspond to mires, bogs, recent clear cuts, transitional areas at the bogs (please, 
refer to figure 2 in annex)… 

 
 

3. Determination of the transfer function for the two biophysical variables: LAI, 
fCover 
 

3.1. The transfer function considered 
 

Two types of transfer functions are usually tested in the frame of the VALERI project:  
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●  AVE: if the number of ESUs belonging to the class is too low. The transfer function consists only in 
attributing the average value of the biophysical variable measured on the class to each pixel of the SPOT 
image belonging to the class; 

 
●   REG: if the number of ESUs is sufficient, multiple robust regression between ESUs reflectance (or Simple 
Ratio) and the considered biophysical variable can be applied: we used the ‘robustfit’ function from the 
Matlab statistics toolbox. It uses an iteratively re-weighted least squares algorithm, with the weights at each 
iteration computed by applying the bisquare function to the residuals from the previous iteration. This 
algorithm provides lower weight to ESUs that do not fit well. The results are less sensitive to outliers in the 
data as compared with ordinary least squares regression. At the end of the processing, three errors are 
computed: classical root mean square error (RMSE), weighted RMSE (using the weights attributed to each 
ESU) and cross-validation RMSE (leave-one-out method). 

 
For all the classes, the ‘REG’ function is tested using either the reflectance or the logarithm of the reflectance 

for any band combination as well as the simple ratio or NDVI. As the method has poor extrapolation capacities, 
a flag image, based on the convex hulls is computing over reflectances. 
 

3.2.  Results 
 

3.2.1.  Choice of the method 
 

For all the ESUs, a single transfer function is computed. Figure 8 shows the results obtained for all the 
possible band combinations using either the reflectance (ρ) or the logarithm of the reflectance (log(ρ)): even if 
the regression made on the log(ρ) provides slightly better results, the results using the reflectance were selected 
for LAI and fCover. The transfer function using the log(ρ) indeed creates coplanar points which do not allow the 
determination of the ‘strict’ and ‘large’ convex hulls.  

The Red*NIR (‘+’ or RN) combination is added to all the band combinations (except NDVI and SR). Please 
read the document (http://www.avignon.inra.fr/valeri/table_methods/new_linear.pdf): “A method to improve the 
relation between the biophysical variables”. 
 

 
Figure 8. Transfer function: test of multiple regression applied on different band combinations. Band 

combinations are given in abscissa. The estimated biophysical variable is given in ordinate. Top graphs 
correspond to regression made on reflectance (ρ): the weighted root mean square error (RMSE) is 

presented in green along with the cross-validation RMSE in red. The numbers indicate the number of 
data used for the robust regression with a weight lower than 0.7 that could be considered as outliers. 

Bottom graphs correspond to regression made on the logarithm of the reflectance. 
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3.2.2. Choice of the band combination 

 
For the LAIeff, the XS3, XS4, RN combination on reflectance (Figure 9 and Figure 10) was selected since it 

provides a good compromise between the cross-validation RMSE, the weighted RMSE (lowest value), the 
RMSE and the number of weights lower than 0.7 (five). The following band combinations provide the same 
results: [1,3,RN], [1,4,RN], [2,3,RN], [2,4,RN]. Note that the SR combination on reflectance provides better 
results, but the estimated LAI values are unrealistic.  

 

 
 

Figure 9. Leaf Area Index: results for regression on reflectance using different band combinations. R is 
the root mean square error computed between LAI and estimated LAI. WR is the weighted root mean 

square error and CR is the cross validation root mean square error. 
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Figure 10. Weights associated to each ESU for the determination of LAI transfer function. 
 

 
For the fCover, the XS1, XS2, XS3, X4, RN combination on reflectance (Figure 11 and Figure 12) was 

selected since it provides good results. Note that two weights are lower than 0.7. 
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Figure 11. fCover: results for regression on reflectance using different band combinations. R is the root 
mean square error computed between fCover and estimated fCover. WR is the weighted root mean 

square error and CR is the cross validation root mean square error. 
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Figure 12. Weights associated to each ESU for the determination of fCover transfer function. 
 
 

Following, the results of the transfer function (Table 2): 
 

Variable Band Combination 
 

RMSE 
 

Weighted 
RMSE 

Cross-valid 
RMSE 

 
LAI 

 
8.8025 - 136.6897(XS3) - 165.8265(XS4) + 580.6045(RN) 

  

 
0.772 

 
0.652 

 
0.828 

 
 

fCover 
 

1.8443 - 14.1031(XS1) - 39.3576(XS2) - 0.5995(XS3) - 1.9966(XS4) + 138.9097(RN) 
 

 
0.129 

 
0.104 

 
0.142 

 
RN = Red*NIR 

Table 2. Transfer function applied to the whole site for LAI and fCover and corresponding errors 

 
3.3. Applying the transfer function to the Järvselja SPOT image extraction 

 
Figure 13 presents the biophysical variable maps obtained with the transfer function described in Table 2 for 

all the classes. The maps obtained for the two variables are consistent, showing similar patterns: low LAI values 
where low fCover are observed and conversely… 
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Figure 13. High resolution biophysical variable maps applied on the Järvselja site (top). Associated Flags 
are shown at the bottom: blue and light blue correspond to the pixels belonging to the ‘strict’ and ‘large’ 

convex hulls and  red to the pixels for which the transfer function is extrapolating 
 

The pixels outside the two convex-hulls mainly correspond to mires, bogs, recent clear cuts (§2.3.4)… Note 
that the pixels inside the strict convex hull for are more numerous in the LAI maps. This is due to the choice of 
the combinations. In theory, the more the number of bands increases, the larger the extrapolation is. 
 
 
4. Conclusion 

 
The Järvselja site is heterogeneous in terms of LAI. Although the SPOT image was not acquired during or 

around the ground campaign, the relationship between LAI and NDVI is consistent. The representativeness of 
the land cover of the different ESUs is very good. The ‘REG’ method (§3.1) is applied to all the classes. The 
results of the robust regression are good and the maps obtained for the biophysical variables are consistent. The 
flag associated to each map shows that the extrapolation of the transfer function is mainly bounded to mires, 
bogs, recent clear cuts, transitional areas at the bogs… For LAI and fCover, the regression coefficients are 
computed by relating the variable itself to reflectance. 

 
The biophysical variable maps are available in Lambert-Est-92 (datum: WGS-84) projection coordinates at 

20m resolution. 
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A] Localisation and description of the test area 
 

This Valeri test site is located in the so-called forest of Järvselja, in the eastern par of 
Estonia. It corresponds to a 10 km x 10 km square, centered at the geographical coordinates 
58°15’N - 27°28’E, corresponding more or less to the POLDER pixel in this area. The 
location of the test site is shown in the following maps (figure 1). 

This area is mostly covered by a boreal mixed forest, including both conifers (different 
kinds of pines and spruces) and deciduous (birch, aspen, alder). Some agricultural fields and 
unmanaged open areas are also found. At the south-east and north-east extremities, some bogs 
and mires (peatland) are taking place. The whole “pixel” is thus very heterogeneous at first 
sight. 
 

 
 

Figure 1: Localisation of the Järvselja Estonian site 
 
 
B] Sampling protocol and measurement plots selection. 
 

The area sampling is based on a non-supervised classification out of a Landsat image 
acquired on 10.07.99. A posteriori interpretation achieved by the Estonian team with data 
base and field observation led to the extraction of sixteen dominant classes (cf. figure 2). In 
each of these classes, several candidates are selected in relation with existent ancillary data in 
the forestry data base (species fractional distribution, age, understorey description, height and 
width of trunks, management practices…), and also taking into account the accessibility of 
the parcels. These candidates are also chosen so that they are spread all over the area to 
maximize the spatial sampling of the field data collection. 
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Figure 2: Classification of the Järvselja site from Landsat, 10.07.1999. 
 
The center of the plot (CP) is selected as close as possible to the center of the parcel, in an 

homogeneous area. This CP is then located by a GPS measurement. 
All the GPS positions are given in the “Position.txt” file. Most of them (42 plots) have 

been post-processed with differential data provided by Tartu fix station, and are marked in the 
file with a 1 in column “dif”. This allow a precision of about one meter for the corrected 
positions, and about 10 meters for the others. These data are georeferenced in 
LAMBERTEST projection (Lambert Conformal Conic 2 parallel) described in table 1. 

 

 
 

Table 1: Description of Lambert-Est projection characteristics. 
 

C] Protocol of measurement in a given plot, and abbreviations used in this document. 
 

The same LAI measurement protocol is drawn for almost each forest plot. 
A first record is made at the center of the plot (CP). Then, five records are made in each 

geographic direction, in the fixed sequence N-E-S-W, each record being separated by 2m. It 
will be called the 5R mode. Sometimes, due to specific measuring conditions, explained at 
each given plot in this document, this number can change: it will be noted xR, where x is the 
number of records per direction. 

One record consists of a measurement below the understorey (at the ground level) plus one 
at the shoulder level (mode G+S). In that case, if nothing is added as a commentary, the total 
number of measurements for the plot is 42. When there is no real understorey, or for open 
areas (no tree), only one measurement is made at the ground level (mode G). 

The sensor was partly screened with the 180° mask, and always oriented with the sun in 
the back of the experimentalist. 
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When not specified, the reference measurement (above canopy) was acquired in an 

automatic procedure (each 15s) by a LAImeter displayed in an open area close to the 
measured plots. The LAImeters have been intercalibrated and the given files provide 
operational data, which means intercalibrated and mixed below/above canopy records. One 
point to notice is that the A/B sequence is not regularly shaped. 

In some specific cases, like in agricultural fields for instance, both above and below 
canopy measurements were acquired by the same LAImeter; this information will always be 
given in this document, with the abbreviation 1S. 

Note: a parcel named C1 in this document has not been measured with the LAImeter, but 
has been recorded as a close to 0 LAI, and GPS position was noted. This can be an additional 
information to be considered. 

 
Figure 3: Schematic representation of plot measurement protocol 

 
D] Raw Data: file names and format (directory RawData0) 
 

Each file name is in the following format: PPPSS(x).txt, where PPP is the parcel number as 
given in the forestry data base (Kvartile) and SS the stand number in the parcel, as given in 
the data base too. x is eventually a letter if several files exist for the same plot. 

These files are in simple text format, and have a recognizable header for the Licor Lai2000 
data processing software (C2000.exe). Both below and above canopy measurements are 
placed in these files, sorted by time of acquirement as demanded by the C2000 software. 
Times are always given in UT. 
 
E] LAI2000 Data Processing 
 

Shoulder and ground levels processing are performed separately. 
 
1] Preprocessing 
 

A preprocessing is first performed in order to select the above measurements being the 
closest to the below ones (directory RawData). 
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2] Intercalibration of the instruments 
 

Four LAI2000 instruments were available for the measurements. When separate 
above/below data acquisition were performed, the same couple of instruments were always 
used by the same operators: V3/TARTU on one hand, and V1/CESBIO on the other hand. Six 
above measurements have been simultaneously acquired with the four instruments in an open 
area, to be compared as a reference for each instrument for a given incoming flux. Couple of 
instruments having been working together (above and below the canopy) are then 
intercalibrated on this basis, as shown on the figure 4. 

 

 
 
Figure 4: Intercalibration of the LAI2000 instruments for the five rings (from left to right: 

7°, 23°, 38°, 53°, 68°). Calibration coefficients applied to the instruments are given above 
each graph. 

 
3] Computation of LAI 
 
• The LAI2000 instrument measures the fraction of diffuse incident radiation (or 

transmittance T(θv)) that passes through a plant canopy for a given view zenith angle (θv), 
assuming that the foliage is azimuthally randomly oriented. T(θv) is the ratio between the 
below-canopy and the above-canopy measurement. 

 
• The LAI2000 computations are based on four assumptions: 

- Black foliage (under 490nm) 
- Foliage elements are small compared to the area of view of each ring detector 
- Foliage is azimuthally randomly oriented. 

Although no real canopy conforms exactly to these assumptions, the model still works. 
 
• Errors can be observed when below measurement is higher than the above one, when no 
bare soil is observed. They can be due to: 

- An operator mis-manipulation : for example the operator is not back to the sun 
- Some clouds are passing through the sky where the above measurement is 
achieved, and no cloud is present where the operator proceeds the below 
measurement. 

These measurements have been normally removed from the whole data set. 
 
When processing, the mean gap fraction per field is computed for each ring. If the 

decreasing of gap fraction with increasing view angle is not verified, the file is also removed. 
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a) LAI2000 computations: 
 
The gap fraction in the direction θv, T(θv), can be expressed as an exponential function of 

the path length S(θv), the foliage density μ (m² foliage canopy per m3 canopy) and the fraction 
of foliage projected towards the direction θv, G(θv): 

 

 
 

K(θv)is the average number of contacts per unit length of path that a probe would make 
through the canopy at zenith angle θv (Welles and Norman,1991). 

 
Foliage density computation : 

 
 

 
 
 

 
 

Table 2: Parameter value for the LAI computation 
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Average Leaf Inclination Angle: 
 

 
 
 
Diffuse non interceptance:  
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error (RRMSE) between the measured transmittance in the five view angles and the modelled 
one, with a constraint on LAI (if LAI higher than 9, the cost function is drastically increasing) 
and ALA (between 0° and 90°). 
 
c)Look-up table 
 

A look-up table containing 50000 elements is built using the same model as in §b, 
considering uniform distributions of LAI (between 0 and 8) and ALA (between 0° and 90°). 
Each LUT element corresponds to one (LAI, ALA) value and the corresponding gap fraction in 
the five rings. The RRMSE between the measured transmittance in the five view angles and 
each LUT element is computed. We then select the 25 elements with the lowest RRMSE and 
take the median value. 
 
d) Nilson’s NAI retrieval algorithm 
 

This algorithm is based on the theoretical gap fraction formula given in (Nilson, 1999). It 
makes use of the measured gap fraction angular distribution, such as by the LAI-2000 
instrument at view angles 7.5, 22.5, 37.5, 52.5, 67.5º, respectively. 

There is a theoretical scheme how to simulate the gap fraction angular distribution when 
sufficient stand data has been measured (or somehow estimated). It can be followed from the 
ValeriLAI.xls Excel file, but the main points are: 

• Trees in the stand are divided into different species and size classes. For each class a 
separate column is given. Column name refers to the species name in Estonian and its storey. 
Some species codes: KU – spruce, MA – pine, KS – birch, HB – aspen, SA - ash, LM – black 
alder, LV – grey alder, PN – lime; 

• Number 2 in the name (KU2 – second storey spruce) refers to the second storey. In 
some cases there could be a special storey for regeneration (Kujk- spruce regeneration); 

• For each class there is a great number of variables to be given. Crown form can be 
either an ellipsoid of rotation (logical variable = TRUE) or cone in the upper part and cylinder 
in the lower part (FALSE); 

• In addition, there is a special column (average), which characterises the stand as a 
whole (total or average for all classes). Just this column is later used for the analysis and LAI 
retrieval. 
 

With the input data, for each class some auxiliary geometrical parameters as functions of 
the view angle are calculated below in the Excel file: 

S – crown projection area on a horizontal plane (the program uses a small subprogram 
function ‘Pind’ written in Visual Basic); 

a1 – average transmission through a single crown; 
c – a specific coefficient (see Nilson, 1999); 
aTHETA – average gap fraction for this particular tree class; at this stage the tree trunks 

have not been considered. 
 

Next come some means how to simulate the effect of the tree trunks on the gap fraction. 
The shape of trunk is simulated by means of rather high order polynomial (coefficients 
a0…a6, h0, d0, p, q, are used for that, z = 1.5m is the height of observation). Then S1tyvi 
(Visual Basic module Tyvi1) and S2tyvi (module Tyvi2) are the trunk projection areas that 
are situated outside and inside of the crown projection region, respectively. Resulting 
estimates of gap fraction where the effect of tree trunks has also been considered is given in 
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‘binom_labipaistvus tyvega’ and in ‘ainult tyvedega labipaistvus’ stands for the gap fraction if 
only tree trunks were the shadowing elements in the stand. 

Next the measured gap fraction data, column LAI-2000 together with the estimate of the 
diffuse radiation penetration coefficient aD are presented. Then the estimate of the gap 
fraction ‘LAI-2000 foliage’ comes where the simulated effect of the tree trunks has been 
eliminated. In the following columns on rows 142-148 the estimates of the Leaf of Needle 
Area Index, (NAI or LAI) are calculated. It is done for each view angle (K143…K148), and 
average LAI estimates over all view angles are given at positions K150, K151 and M149. 
These estimates differ from each other how the average LAI is calculated. K150 corresponds 
to the case when the LAI estimate is calculated for each view angle and then simply averaged, 
in M150 a similar LAI estimate is given, however different view angles are weighted with the 
weights proportional to the cos(theta)*sin(theta). In position K151 the LAI estimate is given 
as an integral over the all view angles. (NAI estimate is always given on a half of total area 
basis). 

Thus, the estimated value of the LAI should correspond just to leaf (needle) area with the 
contribution of branches and trunks eliminated. 

The view angle 82.5º not used in the LAI-2000 instrument is included in the algorithm, 
however, its results should be ignored. At present, I have fitted the gap fractions for the view 
angle 82.5º to give more or less the same LAI estimate as for the other view angles. In 
positions B150..B155 the estimates of the gap fraction for the ground vegetation are given, by 
simply dividing the measured ground level gap fraction with the gap fraction at the breast 
height level. In position E156, the estimate of the LAI of ground vegetation with the more or 
less ‘ordinary’ LAI-2000 method is given. 

 
There are three kinds of examples given in the Excel file: 
 
1. Stands with recently measured sets of forest inventory parameters made on special 

sample plots, and additional measurements of crown and canopy closure with the ‘strange 
instrument’ (such as 162-7, 160-4, 182-6, 131-2, 107-13, 162-4, 164-4, 186-7, 186-8, 301- 7, 
288-2, 279-5). Some species-specific regressions are used to calculate the values of lacking 
parameters (including regressions to calculate the initial estimates of LAI).  

2. Stands with measured crown and canopy closure, inventory data taken from the old 
forestry database (based on measurements and estimates on 1993/1994) (such as 226-9, 230-
13, 229-19, 240-17, 188-7, 237-4, 242-7).  

3. Some stands (especially the pine stands on bog, such as 92-3, 302-3) where the stand 
data do not exist in the database, the used stand data and canopy closure are nothing more but 
just guesses. 

 
e) Results. 
 
• Comparison between the different methods 
 

Figure 5 shows the comparison between LAI2000 computation and the two other methods 
for each (above,below) acquisition. For leaf area index, a quite good fitting is observed 
between the LAI2000 and the LUT, although some points are overestimated. These points 
correspond neither to particular fields nor to problems linked to ALA estimation. The model 
inversion performs worse with high dispersion around the 1:1 line. This is mainly due to the 
optimization technique (local minimum) since the initial guess of the solution was given by 
the LAI2000. For the average leaf inclination angle, high discrepancies are observed both for 
LUT and SAIL, as compared to LAI2000. As stated earlier, ALA computation is not accurate 
for LAI2000 and thus, for extreme ALA values, discrepancies are increasing. LUT and 
LAI2000 results per field (average LAI and ALA computed with average gap fraction over all 
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measurements acquired in a field) are very consistent in terms of LAI. Results on ALA are also 
improved (figure 6). Considering those results, we have decided to keep LUT method for the 
compuattion of LAI and ALA. 

 

 
 

Figure 5: Comparison of LUT and model inversion methods with LAI2000 for the 
computation of the leaf area index and average leaf angle. Each point of 

measurement is considered. 
 
 

 
 

Figure 6: Comparison of LUT and model inversion with LAI2000 for the computation of the 
leaf area index and average leaf angle. Points correspond to an average value computed for 

each field, using average gap fraction values. 
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Figures 7 and 8 show the comparison of these three first computation methods with that of 
Nilson. Several differences are observed, probably due to the account for mutual shadowing 
of needles in a shoot, for instance, in Nilson’s algorithm, where species-specific kappa 
coefficients are used for the clumping on a shoot level (0.6 for spruce, 0.56 for pine, 0.8 for 
all deciduous). It seems that these values could be essential to compare. It has also be noticed 
by Tiit Nilson that his ground layer vegetation LAIs are systematically lower than that of 
other methods, due to different algorithms applied for the tree layer and the ground layer. To 
comment all this, a deeper study should be performed, taking all the informations concerning 
each method in account. 
 

 
 
Figure 7: Comparison of LUT, SAIL inversion, and LAI2000 computations with canopy LAI 

estimated with Nilson’s algorithm. 
 
 

 
 

Figure 8: Comparison of LUT, SAIL inversion, and LAI2000 computations with canopy LAI 
estimated with Nilson’s algorithm, for different kind of tree species. 
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• Comparison of ground/shoulder LAI measurements 
 

As stated in §A, for many fields (table 2), two measurements were performed at the same 
point: one at ground level (taking into account understorey) and one at shoulder level (above 
the understorey). Figure 7 shows good coherence between the two levels, with higher LAI for 
ground level measurements. 

 

 
 

Figure 7: Comparison of LAI measurements performed at ground level and at shoulder level 
 
 
f) File names and format 
 
• POSITIONS.TXT 
 

Contains the name of the field, easting and northing coordinates of the central point of data 
acquisition, indication of postprocessing (dif=1) or no (dif=0), measurement protocol, and 
number of picture available. 
 
• GroundTartuLAI.txt and ShoulderTartuLAI.txt 
 

Measurements performed at ground level (GroundTartuLAI.txt) and shoulder level 
(ShoulderTartuLAI.txt). 
 

Column 1: Field Name 
Column 2: Instrument Number 
Column 3: Day of measurement 
Column 4: Number of plot (N) 
Column 5: East Lambert Coordinate 
Column 6: North Lambert Coordinate 
Column 7: Plot Number 
Column 8: Gap Fraction for ring 1 (7°) 
Column 9: Gap Fraction for ring 2 (23°) 
Column 10: Gap Fraction for ring 3 (38°) 
Column 11: Gap Fraction for ring 4 (53°) 
Column 12: Gap Fraction for ring 5 (68°) 
Column 13: Mean LAI (LAI2000 Computation) 
Column 14: Mean LAI (LUT Computation) 
Column 15: Mean LAI (SAIL Computation) 
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Column 16: Mean ALA (LAI2000 Computation) 
Column 17: Mean ALA (LUT Computation) 
Column 18: Mean ALA (SAIL Computation) 

 
 
• valeriLAI.xls 
 

Computations performed by Tiit Nilson. Each page corresponds to one measurement plot 
and contains all the data available for the stand, variables used in the algorithm, and gap 
fraction and LAI estimations. 

 

 
 

In Estonia the site types are classified according to the type of ground vegetation. There is 
a lot of different site types. As the name of the type, usually the dominating herb species is 
given. Some examples occurring in our table: 
ND - Aegopodium podagraria (goutwort, goutweed) 
AN - Filipendula (dropwort) 
MS - Vaccinium myrtillus (blueberry) 
JK - Oxalis (wood-sorrel) 
PH - Vaccinium vitis-idaea (red whortleberry, cowberry) 
TR - Carex (sedge) 
KR - Polytrichum 
 
Some of the names describe the type of peatland: 
SS - Transitional bog 
MDS - Lowland mire 
KS - Drained peatland 
Some of the types are given a mixtures of two dominants 
AJMS - Oxalis - Vaccinium myrtillus 
JPH - Oxalis - Vaccinium vitis-idaea 
Then they like to specify the drained site types by adding K at the first 
position of the name 
KAN - drained Filipendula 
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KMDS - drained lowland mire 
KKMS - drained Polytrichum - Vaccinium myrtillus 
 

Site index is from 1 to 5, 1 is for a rich site and 5 for poor site. Sometimes they use 1A for 
a very rich site and 5A for extremely poor site. 

 
Names of tree species: 
column n KU - spruce (Norway spruce, Picea abies) 
column o MA - pine (Scots pine, Pinus sylvestris) 
column p KS - birch (Betula pendula, Betula verrucosa) 
column q HB - aspen (Populus tremula) 
column r LM - (black) alder (Alnus) 

 
Number in the record means the contribution of that species in the total composition. It is 

defined so that the total should be 10. Sometimes a + sign is present. This means that less than 
1 (10%) of that species is present. 
 
• summary.xls 
 

Compilation performed by Tiit Nilson of all the LAI estimated by the four different 
methods for each plot, and corresponding comparison graphs. 
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F] LAI quantitative distribution in the site 
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Figure 8: Histograms of the LAI distribution per dominant class in the stand. 
 
 

 
 

Figure 9: Histograms of the total LAI estimation values over the site a) computed with LUT 
method and b) computed with Nilson’s algorithm. 

 
 
G] Ancillary Data 
 
• Two 1997 forestry maps (scale: 1/20000). 
• One 1998 satellite photomap (scale: 1/50000). 
• A CD-ROM containing a forestry database + one field map. 
• Landsat image (10 July 1999) + unsupervised classification. 
• Spot Image (December 1999). 
• Spot Image (26 August 2000). 
• In-Situ photos. 
• GPS (differential and not differential) file. 
• Canopy closure measurements in some plots. 
• Campaign field notebooks. 
• Sunphotometer and direct/diffuse radiation (BF2) measurement files. 
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Figure 10: SPOT image (XS3) acquired on the 26th August 2000 over the Järvselja test site. 
 
 

H] Concluding remarks 
 
• SPOT image was acquired very late due to bad weather. 
• Sunphotometer and BF2 measurements were acquired at different date (July 4-5-6 for sunph. 
and 7 for BF2). No relationships between the two measurements can be derived. Moreover, 
the SPOT image having been acquired after that week, atmospheric correction can’t be 
performed. 
• Due to variable weather, fixing one week seems impossible. Estonian team proposes to take 
measurements when good conditions are observed during one month for example. 
Considering understorey growth and satellite image acquisition date, is it reasonable? 
• Estonian team suggests taking accommodation at Järvselja (on test site) instead at Tõravere 
(Tartu observatory). 
• Campaign during winter or early spring could be interesting to observe LAI variability 
during the year. 
• Tartu observatory needs a sunphotometer and a LAI2000. This was scheduled in the EU 
proposal which has not been accepted yet (and seems not to be accepted). 
• Marc Leroy suggests reducing the 100km2 area to 9km2 as in the MODLAND validation 
project. 

 
 

ANNEXE] Field observations 
 

The following table describes the whole data set: field name, instrument used to perform 
the measurements, day of data acquisition, GPS positioning (if dif=1, GPS post-processing 
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was performed), measurement protocol, number of available pictures and some notes that 
describe the field. 
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Table 4: Description of Estonian site measurements 
 


