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Figure 30. Interpreted forest cover polygons from false colour NIR GeoEye-1 imagery overlaid on the GeoEye-1 (left) and

IKONOS (right) satellite imagery.

Figure 31. Overlay of NIR polygons on the colour-coded

forest cover map.

Figure 32. Overlay of RGB polygons on the colour-coded

forest cover map.
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2.4.4 HESQUIAT –CHANGEDETECTIONBETWEEN

2007AND2009 IMAGES

As part of the monitoring component to this project, the 2007
and 2009 Hesquiat images were combined into a single dataset,
to which guided Principal Components Analysis (PCA) was
applied. Due to the locations of clouds in the images from
both dates, a smaller area out of the larger dataset that had
fewer clouds was selected for the change detection. The clouds,
cloud shadow, and water bodies were masked out from the
calculation of the scene statistics for the PCA. For a description
of the PCA technique, refer to the authors’ previous report
(Collins, D. and K. Kliparchuk, 2004).

For change detection, near anniversary images are optimal as
this minimizes effects due to season, such as leaf-on/off and
length of shadows in the image. The images in this study are
separated in anniversary date by almost three months – the
2007 image was acquired in early July and the 2009 image was
acquired in late September. Summer versus fall vegetation
changes have an effect, as do differences in length of shadows
between the two images. The analysis is also affected by the
difference in spatial resolution between the two datasets (0.5m
GeoEye-1 vs .8m IKONOS). Therefore the IKONOS imagery
was resampled to 0.5m to match the GeoEye-1 image pixel
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Cov.Eigen PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8

-vectors 57.32% 29.33% 9.40% 3.50% 0.22% 0.17% 0.04% 0.02%

2007-blue 0.61214 -0.13250 0.67648 -0.35752 0.14212 -0.04536 -0.00501 0.00157

2007-green 0.25554 -0.35463 -0.27440 0.17749 0.52692 0.64972 -0.04503 0.01811

2007-red 0.32198 -0.36468 -0.13652 0.06956 -0.81474 0.26428 0.07568 -0.02224

2007-NIR 0.31398 -0.45111 -0.34560 0.20870 0.16955 -0.71128 -0.01594 -0.00040

2009-blue 0.56324 0.69084 -0.14294 0.42828 -0.02310 -0.00063 0.03264 -0.00690

2009-green 0.13016 0.13442 -0.37364 -0.52687 0.02134 -0.00374 0.34009 0.65701

2009-red 0.13740 0.13852 -0.33633 -0.46489 -0.05433 0.00405 -0.76136 -0.22374

2009-NIR 0.06838 0.07537 -0.23631 -0.33932 0.07529 0.00381 0.54367 -0.71931

Table 10. Factor loadings (eigenvectors) for the eight principal component channels using the covariance matrix.

size, to allow for joint image analysis.

The factor loadings (eigenvectors) for the eight PCA bands are
shown in Table 10 along with the percentage of scene variance
described by each PCA band. The factor loadings with
significant values (i.e., values farthest from zero) for each PC
channel are highlighted in red.

PC1 can be described as an average of all input bands as each
band is positively loaded. The two largest loadings for PC1 are
the two blue bands. The NIR bands for both dates have the
smallest loadings.

All the factor loadings for PC2 are interesting. All the 2007
bands are negatively loaded and all the 2009 bands are positively
loaded. This is, in effect, ratioing each band from one date
against the same band from the other date. From the PCA we
should be getting the maximum difference between the two
dates of imagery from PC2.

PC3 has a high factor loading for the 2007 blue band, and
negative values of approximately the same value for the 2007
NIR, 2009 green, and 2009 red bands. It is hard to speculate
as to the significance of PC3.

PC4 is a difference between 2009 imagery bands only. The
blue band is positively loaded and contrasted against the
negatively loaded green and red bands. PC5 is a difference
between 2007 imagery bands only, with the green band being
positively loaded and the red band negatively loaded.

PC6 is also showing difference between 2007 imagery bands,
but the difference is between the visible and NIR bands, which
could be useful for vegetation vigor. PC7 shows the difference
between the red and the NIR parts of the spectrum for 2009.
This is also useful for vegetation vigor, but the variance
described is only 0.04% so was not selected as a candidate
band for the colour composite image.

PC8 shows the difference between the green and the NIR parts
of the spectrum for 2009, and again represents only 0.02% of

Forest Cover Type RGB no. of Polygons NIR no. of Polygons

CW_HW 6 18

HW_CW 1 10

DR_HW 0 0

CW 0 1

HW_BA 3 1

Table 9. Forest cover type (FC1) polygons interpreted from

RGB and NIR images.
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the total scene variance, and was therefore not selected as a
candidate band for a colour composite image.

From reviewing the PCA factor loadings, a colour composite
image of PC2 (red), PC4 (green), and PC6 (blue) was produced
for change detection analysis. New cutblocks with bare soil or
dead vegetation in 2009 show up as dark blue in the PCA
composite image. Slightly older cutblocks with some green
vegetation within the cutblock in 2009 show up as green in
colour, differentiating them from the younger, fresher cutblocks
(Figures 33 and 34).

Shadows cause areas of same cover types to appear differently
coloured. In Figures 35, 36 and 37, a cutblock area that is
shadow-free in the 2007 image has a shadowed and a non-
shadowed component in the 2009 image, and as a result appears
with a different colouration in the PCA image.

In another example, conifer forest stands that have not changed
between 2007 (Figure 38) and 2009 (Figure 39) appear in the Figure 33. Older versus younger cutblocks in the 2009 natural

colour imagery.

Figure 34. Older (blue) versus younger (green) cutblocks in

the PCA change detection image.

Figure 35. 2007 image with a cutblock area in full sunlight.

Figure 36. 2009 image with part of the cutblock in shadow.

Figure 37. PCA image showing the shadowed part of the
cutblock as magenta coloured and the unshadowed part in

tones of green, blue, and purple.
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Figure 38. 2007 image shows conifers in the lower left (SW)

corner. Alder regrowth on deactivated roads is seen at top of
the image.
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Figure 40. PCA image shows conifers at lower left in green,
alder regrowth on deactivated roads at top in dark magenta.

Figure 39. 2009 image with conifers at lower left, alder

regrowth on deactivated roads at top.

PCA image as a medium green, while disturbed or harvested
areas are magenta (Figure 40). Deactivated roads with alder
regrowth show up as a deeper magenta/red colour.

To further investigate subtle changes in this area, the principal
component channels were then generated using only the red
and near infrared channels fromboth 2007 and 2009. In general,
vegetation changes are detected through differences between
the red and near infrared reflectance. The factor loadings
(eigenvectors) for the principal components, using the
covariance matrix as input to the analysis, are shown in Table 11.

PC1 is usually the weighted average of the input channels, but
in this case it is more a difference between the NIR values
from the two imaging dates. PC2 is the difference between
2007 and 2009 dates. PC3 is a difference between the red and
near infrared channels from 2009 with some contribution from
the red channel from 2007. This may represent vegetation vigor
both within the 2009 image and between years. PC4 is a weaker
version of PC2. A PCA colour composite image was produced
by combining the first 3 PCA channels as RGB.

The PCA images, along with the RGB images from each date
for the two sample areas from Hesquiat, are shown in Figures
41 and 42. The images were independently contrast stretched
so colours between the RGB images will not exactly match.

In Figure 41, the images show conifer stands with no change
between the two dates, plus deactivated roads with alder
regrowth. In both PCA images (top pair), a new road is detected
at location “A”. Around location “B” at the edge of the forest
cover, there is a brownish coloured area in the top right (2009)
image which is not visible in the top left (2007) image. In the
natural colour images (middle pair), this appears as a grassy
area. Nothing is obviously different between the two dates in
the natural colour image. The 2009 NIR image (bottom right)
appears to show more vegetation growth in the harvested area, so
the brownish colour in the top right PCA image could be picking
up on small increases in vegetation vigor.

Cov. Eigen- PC1 PC2 PC3 PC4

vectors 66.71% 23.93% 6.79% 2.56%

Red 07 0.14922 0.15209 -0.43336 -0.87567

NIR 07 0.74303 0.60771 -0.07611 0.26983

Red 09 0.16956 -0.46063 -0.80009 0.34485

NIR 09 -0.63000 -0.62879 0.40774 -0.20365

Table 11. Factor loadings (eigenvectors) for four selected

principal component channels using the covariance matrix.
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Figure 41. Sample area showing deactivated roads and vegetation regrowth, with 2007 images on the left, 2009 images on the

right. Top pair: PCA using all image bands; middle pair: natural colour (RGB); bottom pair: near infra-red (NIR).

A

B

The set of images in Figure 42 may show differences detected
due to seasonal changes, i.e., leaf-on versus leaf-off. At location
“A” in the top right PCA image, the yellow coloured area is
caused by shadow. At location “B”, the greenish area to the
right may show the leaf-on versus leaf-off difference between
the two image dates. At location “C”, the cutblock area to the
right appears to show more internal variability using the NIR/

Red PCA as opposed to the PCA which uses all input bands.

The authors visually panned through each pair of the 2007
and 2009 images side by side to see if any areas of incipient
slides could be identified between the two dates. No new slides
could be identified, which could indicate a stabilization of slopes
in this area of Hesquiat.


