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Chapter 6, Processing of the actual VEGETATION and HRVIR images 
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Figure 6.1 Standard deviation mapping for the May 2, 1999. VGT spectral band B2. 
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Figure 6.2 Multispectral and multitemporal registration of VGT images, with respect to the HRVIR 
image taken on April 11, 1999. Ô is expected co-location error between VGT and HRVIR 
1lllages. 
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6.3 Estimation of land use reflectances 

Land use reflectances have been estimated for the three VGT bands for which we have similar bands 

on the HRVIR sensor for the images taken simultaneously on April Il, 1999. Whereas on the 

simulated images, land use reflectances were better estimated for the B3 and B4 bands than for the 

B2 band, for the actual VGT and HRVIR images better results are obtained for the B2 band than for 

the other two bands (figure 6.3). Still, the results can be considered as quite good, as the estimated 

reflectances from VGT pixels lie within one standard deviation from the mean reflectance values 

estimated from HRVIR pixels (table 6.2). A total of 18 classeshave been kept for the estimations, 

leading to percentages relatively small. It is not surprising then to find out less accurate estimations. 

Estimations for classes corresponding to a very low percentage cou Id not be considered as accurate 

and significant. So, only nine classes having higher percentages are shown in figure 6.3. 

6.4 Estimation of snow coyer at the sub-pixellevel 

6.4.1 Selection of VEGETATION and high resolution images (HRVIR and HRV) 
As mentioned in chapter 5, the snow cover conditions were far from being optimal in the Spring of 

1999 to test the methodology previously developed using simulated data. Only one reference 

snowfree image is needed if equation 3.6 (normalized difference snow index) is used, whereas an 

image with a full snow cover is also needed ifequation 3.5 is used. 

After a look at potential winter VGT images, the winter image that appeared to be the best from 

those available was taken on February 8, 1999. This not mean that this image can be considered as 

an optimal full snow cover reference image. The snow cover was relatively shallow in 1999, except 

for a few weeks in March during which clouds have prevented the acquisition of a winter image 

with a sufficiently deep snowpack. A shallow snow cover means that even low vegetation can 

contribute to the reflectance of high resolution pixels in open areas. Then, any index based on such 

an image will be affected. 
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Table 6.2 Comparaison ofreflectance values estimated from HRVIR and VGT pixels. Only land use classes in bold are used in figure 6.3 

Reflectance 

Lande use % .of land use B2 B3 B4 

classe occupation HRVIR VGT HRVIR VGT HRVIR VGT 

Mean % SD % Mean % SD 0/0 Mean % SD 0/0 

Clouds 3.7 24.92 12.1 8.15 35.73 Il.31 14.14 25.18 9.22 12.71 

Clear water and shadows 2.2 2.50 1.15 7.73 5.24 2.79 12.06 4.66 1.85 9.43 

Mixed forest with snow 3.7 13.33 4.74 7.67 22.32 3.47 20.27 13.02 3.17 17 

Forest clearing 1 With snow 1.7 22.41 8.53 17.50 29.70 6.07 24.27 Il.03 3.18 12.14 

Frozen water 0.7 12.61 3.8 11.67 10.04 3.11 11.92 4.27 3.23 6.03 

Dense deciduous forest 12.9 6.94 1.48 7.08 17.73 2.48 15.64 17.72 3.31 21.09 

Low density deciduous forest 5.8 9.44 1.38 8.88 20.47 2.5 16.57 21.95 3.15 21.43 

Open areas (1) 12.9 9.72 2.78 9.96 18.82 3.85 13.96 16.40 3.72 18.12 

Open areas (2) 5.6 6.55 2.85 7.67 13.12 4.37 16.16 10.11 3.5 19.15 

Open areas (3) 7.9 10.32 1.89 8.57 24.04 3.07 20.87 20.00 3.31 23.21 

Open areas (4) 10.7 13.88 2.47 12.06 26.92 4.1 22.17 24.83 3.73 22.01 

Evergreen forest 16.1 4.36 1.41 4.59 18.66 2.44 16.77 10.00 2.23 14.05 

Mixed forest 11.8 6.70 2.15 8.76 20.79 3.02 21.39 13.30 3.77 18.83 

Frozen water with snow (1) 0.7 26.37 8.36 7.75 19.92 7.06 19.77 3.18 1.34 0.17 

Forest clearing2 With snow 1.4 14.16 8.45 24.15 24.04 5.91 34.39 8.40 1.9 12.06 

Clouds and frozen water 0.1 31.59 7.69 33.89 29.80 8.85 31.51 15.19 7.87 72.26 

Frozen water with snow (2) 0.1 43.96 7.61 1.30 35.76 6.58 5.12 3.06 1.01 18.23 

Low density evergreen forest with snow 2.0 Il.53 4.56 23.93 24.25 3.79 21.13 9.07 2.03 0 
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Figure 6.3 Comparison of land use reflectances as estimated from HRVIR and VGT pixels, for the 
images taken simultaneously on April Il, 1999 and spectral bands B2, B3 and B4. 
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A VGT image taken at the beginning of May was considered as a good reference image for 

snowfree conditions over Southern Québec. The selected image was taken on May 2, 1999. Both 

images are presented in figure 6.4. 

For the snowmelt peri ad, it was impossible ta take an HRVIR image over the selected region in 

Southern Québec before April Il, 1999. On that date, most of the snow had melted, but as this was 

the only available image, we had no choice but ta accept it. Finally, we found out that a 

panchromatic image from the HRV sensor on the SPOT-2 satellite had been taken on April 2, 1999. 

That image was not from the SPOT-4 satellite and the spectral band was not identical to one of the 

VGT spectral bands, but at least there was more snow on the ground. Sa, that image was also 

purchased. Figure 6.5 shows the VGT and HRVIR images taken on April Il, 1999, whereas figure 

6.6 shows the VGT and panchromatic HRV image taken on April 2 1999. 

6.4.2 Analysis of the VEGETATION and HRVIR images taken on April 11, 1999 
Considering that the April Il VGT image was within a few hundred feet from the two VGT 

reference images (Feb. 8, 1999 and May 2, 1999), we assumed that they cou Id be superimposed 

accurately. As in the pre-Iaunch phase, we have then estimated the values of F (equation 3.5) and 

SNDI (equation 3.6) and compared those values ta the percentage of snow caver as estimated from 

integration ofHRVIR pixels, after determination ofthe snow covered pixels in the various land use 

classes. As seen in figure 6.7, the results are not very good. As ma st of the snow has disappeared, 

most of the points on figure 6.7a and 6.7b correspond ta very low percentages. It is not possible to 

find out a tendency for higher percentages. 

The obvious conclusion ta draw from figure 6.7 is that the April Il, 1999 HRVIR image cou Id not 

be used to verify the results obtained in the pre-Iaunch phase, as far as determining a relation 

between snow caver as obtained from the VGT pixels image and snow cover as obtained from 

integration of classified HRVIR pixels on 1000 X 1000m areas corresponding to VGT pixels. 



Chapter 6, Processing of the actual VEGETATION and HRVIR images 39 

a) Febuary 8, 1999. 

b) May 2, 1999. 

Figure 6.4 VGT images used as references 
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a) VGr image 

b) HRVIR image 

Figure 6.5 HRVIR and VGT images taken simuItaneously on April 11, 1999. 
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a) VGTimage 

b) HRVimage 

Figure 6.6 VGT and HRV images taken on April 2, 1999. 
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Total snow co ver from YGT pixels (%) 

a) Total percentage of snow coyer estirnated from integrated HRVIR 
pixels as a function oftbe total snow coyer estimated from VGT 
pixels (equation 3.5) 

·0.2 ·0.1 0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 

Snowindexfrom vaT pilels 

b) Total percentage of snow coyer estimated from integrated HRVIR 
pixels as a function oftbe normalized difference snow index (NDSI) 
of equation 3.6. 

Figure 6.7 Snow cover estimations with the F and SNDI indices for April Il, 1999 VOT image. 
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6.4.3 Analysis of the VEGETATION and HRV images taken on April 2, 1999 
No verification being possible with an HRVIR image taken simultaneously with a VGT image on 

the same satellite and for the snowmelt period in Southern Québec, we had to turn our hopes to the 

panchromatic image taken on April 2, 1999 by the SPOT-2 satellite. Again, we have estimated the 

values of F (equation 3.5) and SNDI (equation 3.6) and compared those values to the percentage of 

snow cover as estimated from integration of HRV pixels, after determination of the snow covered 

pixels in the various land use classes. The results are shown in figure 6.8. 

For the relation between the F value and the percentage of snow cover from integration of HRV 

pixels (figure 6.8a), again there are more values in the lower percentages, but there are more pixels 

with higher percentages of snow cover, so that a tendency can be seen. It is not as good as that found 

out with simulation data (figure 4.3 a). ln that case, the distribution of points between the various 

percentages was more regular and there were even more points close to 100%, as the snow covered 

area was more extensive. As in the simulation case, the relation between total snow cover and F is 

not linear. A curve was fit to the data, but of high F values corresponding to lower snow cover 

percentages draw the curve downward. ldeally, the curve should go through (0,0) and (100,100), 

which it does not. 

The distribution of point for the SNDI case (figure 6.8b) is similar to that found out with simulated 

data (figure 4.3b). Again, it should be noted that the density of points becomes greater as the 

percentage of snow cover decreases. A linear relation can be estimated between the percentage of 

snow cover on a VGT pixel and the SNDI value, as in the pre-Iaunch phase. Again, points with 

larger SNDI values corresponding to relatively low snow cover percentages draw the relation 

downward. It is worth nothing that the slope of the linear relation is relatively close to that obtained 

previously, but it is shifted towards the right. 

More information can be obtained from the HRV image, conceming the percentages of snow cover 

in various land use classes and the total snow cover on the area corresponding to a VGT pixel. Each 

value on the four graphs of figure 6.9 has been obtained by integration of HRV pixels. As an 

example, in figure 6.9a the total snow cover on the area corresponding to a VGT pixel cornes from 

the number of HRV pixels covered with snow, no matter what land use class, over the total number 

of HRV pixels in the same are a, e.g. 2500, whereas the total snow cover in open areas is the total 

number of snow covered pixels in open areas over the total number ofHRV pixels in a VGT pixel. 
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Figure 6.8 Snow coyer estimations with the F and SNDI indices for the April 2, 1999 VGT image 



April 2, 1999 

a) Percentage of open areas covered by snow on each area 
corresponding to a VOT pixel as a funtion ofthe total area covered 
by snow on that pixel. Both values are from integration of HRVIR 
pixels. 

c) Percentage ofdeciduous and mixed forests covered by snow on each 
area corresponding to a VOT pixel as a function of open areas 
covered by snowon that pixel. Both values are From integration of 
HRVIR pixels. 

b) Percentage of forested areas (deciduous and coniferous) covered by 
snow on each area corresponding toa VOT pixel as a function of the 
total area covered by snow on that pixel. Both values are from 
integration ofHRVIR pixels. 

d) Percentage of forested areas (deciduous and coniferous) covered 
with snow on each VOT pixel as a function of open areas covered 
with that pixel. 

Figure 6.9 Snow cover estimation for various land use classes using integration ofHRV pixels on areas corresponding to VGT pixels. (April 2, J 999). 
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The relations obtained with simulated data (figure 4.3 band c) gave relatively good results in 

agreement with what could be expected from the physics of snowmelt processes in various land use 

classes. In short, snow melts more rapidly in open areas then in forested areas. Then, for a given 

percentage of snow cover in a VGT pixel, we should find a lower percentage of snow in open areas. 

This is what we observe in figure 4.3c. Also, if the percentage of snow in deciduous forest is 

compared to that in open areas, it can be seen that the percentage of snow cover in open areas 

diminishes to less than 50% before there is significant melt in forested areas. Melting occurs even 

later in evergreen forests. 

Let us now look at figure 6.9. In figure 6.9a, we have the total snow caver in open areas as 

compared to the total snow caver on the same VGT pixel. It can be seen that the percentage of snow 

in open areas is lower than the total snow cover on the pixel, in agreement with our pre-Iaunch 

results (figure 4.3c). The points are more spread around the curve than in figure 4.3c and there are 

less points for higher snow caver percentages as mentioned previously. The total snow cover in 

forested areas (both deciduous and evergreen forests), on the contrary, is higher than the total snow 

cover on the same VGT pixel, also as expected. Figure 6.9c is similar to figure 4.3d, but mixed 

forests have been added ta deciduous forests. In that case, the relation between snow cover in 

forested areas and snow cover in open areas shows more similar percentages. The reason why it 

do es not behave like in figure 4.3d is not clear as we are in the same region. One possible reason 

could be that we are later in the melt period. Finally, in figure 6.9d, evergreen forests are added to 

the other types of forested areas. As snow melts more slowly in evergreen forests, it is not surprising 

to find out a number of percentages over 50% in forested areas, whereas snow has completely 

melted in open areas. 

6.4.4 Mapping of the snow cover at the sub-pixellevel 
Even if it was not the ideal reference high resolution image that we would have liked, the 

panchromatic image taken on April 2, 1999 allowed us ta find out results sufficiently similar to 

those that we had obtained with simulation data to consider that we could try mapping the snow 

cover at the sub-pixel level. Let us look at the spatial distribution of snow cover at the sub-pixel 

level as estimated from VGT pixels for both April 2 and April!!, 1999. 

Figure 6.10 shows the distribution of snow cover at the sub-pixel level on April 2, 1999. The areal 

distribution of snow cover percentages on 1000m x 1000m areas corresponding to VGT pixels, as 

estimated from integration of HRV snow covered pixels is first shawn in figure 6.lOa. It should be 

considered as the objective to reach with application of the spectral mixture theory to the VGT 
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image taken on the same day. Snowfree pixels are ciearly identified in the southern portion of the 

image. The highest percentages of snow can be observed over the Stokes mountains in the eastern 

half of the image. Figure 6.b shows the areal distribution of snow coyer as estimated from the F 

value (equation 3.5). It can be observed that the snow cover pattern is relatively weIl reproduced, 

with a tendency to underestimate the highest percentages and overestimate the lowest percentages. It 

should be remembered here that the relation between the F value and the total snow cover on a VGT 

pixel is not linear as shown in figures 4.3a and 6.8a. Application of the relationdetermined from the 

April 2, 1999 data on figure 6.8a lead to underestimation of the highest snow cover percentages as 

the maximum percentage estimated with that relation is 80%. So, it was considered that we should 

not use that relation without modification. The relation estimated from the April 2, 1988 data in 

figure 4.3a lead to results that had a tendency to overestimate the percentages, so we have modified 

the relation on figure 6.8a by staying relatively close to the original curve for values of F sm aller 

th an 50% but selecting points higher than the original curve for values of F higher than 50%, so that 

to reach percentage values cJoser than 100% as the value of F became closer and closer to 100%. 

The result is shown in figure 6.1 Oc. The highest snow cover percentages are estimated with a better 

accuracy. The difference in snow cover percentages for each VGT pixel is shown in figure 6.1 Od. It 

is seen that for 55.9% of VGT pixels the estimation lies within ±10% ofthe percentage estimated 

from HRV snow covered pixels. We have overestimation between 10 and 25% for 16% of the pixels 

and underestimation between -10 and -25% for 14.6% of the pixels. 

Then, 86.5% of the estimations from VGT pixels are within ±25% from the estimations made from 

HRV pixels, which is quite good, if one considers that otherwise he could only decide that a VGT 

pixel is snow covered or not. 

Nine day later, on the Il th of April, there was much less snow on the ground. As shown in figure 

6.7a, it was impossible to even try to find out a relation between the F values and the percentages of 

snow cover from HRVIR pixels. That did not mean that it would be impossible to map the snow 

cover at the sub-pixel level. Figure 6.11 a presents the areal percentage of snow cover as estimated 

by integration of snow covered HRVIR pixels. It is the reference image. It can be seen that there is 

much less snow than on April 2, 1999. Snow cover is mainly concentrated over the Stokes 

mountains and over the higher elevations to the north of the mountains. Figure 6.11 b corresponds to 

the areal distribution of F values, whereas figure 6.11c is obtained using the same relation between 

the F value and the percentage of snow cover estimated from snow covered HRVIR pixels as used 

for the April 2, 1999 VGT image. In both figures, as a negative snow cover is impossible and 
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a) Snowcover estimated from HRV 

c) Snow cover estimated from VGT (B2) 
(% snow = -0.0031 F2 + 1,394 F - 9.1278) 
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D 1O%to25% 

Good estimation 

D +/-10% 

Over-estimation 

10%to 25% 

D >25% 

Snow coyer distribution at the sub-pixelleve1 on April 2, 1999. 

b) Snowcover estimated from VGT (B2) 
(% snow = F) 

d) Difference on the estimated snowcover % 
on each VGT pixel (image c - image a) 
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negative F values can be obtained for pixels for which the reflectances of snowfree surfaces on the 

partial snow cover image is lower than the reflectances of the same surface for the snowfree image 

taken in Fall or Spring, ail values of F smaller than zero have been assumed to equal zero. 

Estimation of the areal distribution of snow cover is very good, as for 80.6% of the pixels, it is 

within ±10% of the percentage estimated from integration of snow covered HRVIR pixels (figure 

6.11d). We have over-estimation between 10 and 25% for 2.8% of the pixels and underestimation 

between -10 and -25% for 9.1 % of the pixels. Then, 92.5% of the estimations from VGT pixels are 

within ±25 from the estimations made from HRV pixels. 

6.4.5 Mapping of the snow coyer at the sub-pixel level for a larger area in Southern 
Québec 

The objective being to monitor snowmelt in regions including at least a few watersheds in order to 

use the information on snow cover at the sub-pixel level for snow cover updating in an hydrological 

model, we have applied for the same dates the procedure used in 6.4.4 to a larger area including a 

number ofwatersheds in Southern Québec. The results are presented in figures 6.12 and 6.13. In can 

be noticed in figures 6.12a and 6. 13 a, that from the 2nd to the Ilth of April the snowfree area has 

progressed in a northeasterly direction, leaving only the areas in higher elevations still covered with 

snow. North of the St. Lawrence river the snow coyer remains predominent. It could be possible to 

c1assify figures 6.12a and 6.13a to obtain a snow coyer map. That wou Id only give the information 

that a VGT pixel is covered or not covered with snow. That would already be a valuable 

information. However, application of the procedure used in 6.4.4 furnishes even more valuable 

information. Figures 6.12b and 6.13b show indeed that a more detailed snow map can be produced. 

The percentages are grouped into classes for better visual discrimination in the figure, but individual 

percentages for each VGT pixels are available as shown previously in the preceding figures. These 

percentages could still be extended to get an estimation of the snow coyer in open areas, deciduous 

and evergreen forests and use that information to update an hydrological model. 
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a) Snowcover estimated from HRV 

c) Snowcover estimated from vaT (B2) 
(% snow = -0.0031 F2+ 1,394 F - 9.1278) 
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Snow cover distribution at the sub-pixelleve1 on April 11, 1999. 
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a) False color VGT image. B2 in bIue, B3 in green and B4 in red. 

_ 100'/0-95% . OOOfcI'{)5% • SOO/o-35% • 2{}O/0-5% 
• doucis 

• 50/0-0% 

b) Snow cover mapping (%). 

Figure 6.12 
April, 1999. 

Snow cover distribution at the sub-pixel level in Southem Quebec on the 2nd of 
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a) False color VGT image. B2 in blue, B3 in green and B4 in red. 

- 100'/cr95% . 8OO/cr65% • SOO/cr 35% . 2O"/cr5% 
.doods 

• SO/crO% 

b) Snow cover mapping (%). 

Figure 6.13 Snow cover distribution at the sub-pixellevel in Southem Quebec on the 11 th of April, 
1999. 
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7 DISCUSSION 

After having obtained very promising results with simulated VGT and HRVIR data, we were hoping 

to get even better results with the actual data. Unfortunetely, it was impossible to make the 

acquisition of a HRVIR reference image at the right time at the right spot. However, the HRVIR 

image taken on the Il th of April, 1999 has allowed us to verify successfully our procedure for the 

estimation of the multispectral and multitemporal registration of VGT images as weil as their co­

location with an HRVIR image. Estimation from VGT images, of the meanreflectances of land use 

classes present on the area covered by the HRVIR image on April Il, 1999 was also relatively good. 

In order to meet, at least partially, the other objective bearing on the estimation of snow cover at the 

sub-pixellevel, we had to use a panchromatic image taken on April 2, 1999 by the SPOT-2 satellite. 

Even if the snow cover was more extensive than on April Il, 1999, it was not as extensive as in the 

image used for the simulation in the pre-Iaunch phase, with the resuIt that the curves previously 

obtained could not be reproduced as accurately as we would have liked. The tendencies are there, 

but we had to use a curve a little different from the one that had been determined in the pre-Iaunch 

phase (see figure 4.3). For the moment, we cannot consider either of them as the curve to use for 

other applications. This does mean that the results are bad. Let us remember that in section 6.4.4 

and for the llth of April, 1999, we have estimated the areal distribution of snow cover within ± 10% 

of the percentage estimated from integration of snow covered HRVIR pixels (figure 6.lld) for 

80.6% of the pixels. If the equation in figure 4.3 is used that percentage falls only to 75.5%. Aiso 

the equation used in the pre-Iaunch phase has a greater tendency to overestimate the snow cover than 

the equation derived from the April 2, 1999 data (11.6% against 2.8%), but underestimation is much 

betler (4.2% against 9.1%).Then, whereas 92.5% of the estimations from VGT pixels are within 

±25% from the estimations made from HRV pixels for the equation derived from the April 2, 1999 

data, that percentage was 91.3 for the equation derived from the pre-launch data. Both results are 

quite good, but further estimations using other data sets would help to determine relations that cou Id 

be used operationally with confidence. 





8 CONCLUSION 

For the post-Iaunch phase we were not able to obtain the proper synchronisation between snowmelt 

processes in the primary region of interest and acquisition ofhigh resolution HRVIR data. As a result, 

whereas in the pre-launch phase we could conclude that it was possible to reach our objectives, in the 

post-launch phase we have only been able to conclude that those objectives could most probably be 

reached with a better set of data as far as the estimation of the percentage of snow cover on each VGT 

pixels is concerned. The other objectives have been met. 

During the next months, we will continue to work on the VGT images already obtained to try and 

understand ifwe can get more precise information from them. We will also apply them to areas north 

of the St.Lawrence river, as monitoring snowmelt in those regions on a day-to-day basis, even using a 

relation that could be more accurate, wou Id still give an information on snow cover that cannot be 

known otherwise from ground data. 
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