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Improving the discrimination of coastal vegetation with remotely sensed imagery is needed for accurate mapping of shoreline 
position to determine sea level changes. Homogeneous vegetation cover can be successfully discriminated using remotely 
sensed data. However, the key to improving coastal vegetation mapping is better detection of heterogeneous vegetation cover. 
The focus of this article is to explore the relationship between vegetation cover amounts (homogeneous, heterogeneous) with 
remotely sensed visible-infrared spectra to improve mapping of coastal vegetation. This goal is achieved by quantifying the 
relationship between plant area index (PAI) values and change from homogeneous and heterogeneous vegetation cover. If PAI 
values can be used as an indicator for vegetation cover, then the statistical relationship between the PAI values and the first de-
rivative of the red edge in the hand-held spectra can be determined. Results showed that the PAI values were statistically differ-
ent for the two vegetation zones and thus PAI can be used as an indicator. Significant linear relationships were found between 
PAI values and the first derivative with the best correlation obtained using the amplitude characteristics (R2~0.90) for both veg-
etation zones. A negative correlation was found for the PAI spectra in the homogeneous vegetation while a positive correlation 
was found for the PAI spectra in the heterogeneous zone. It was concluded that spectral discrimination between homogeneous 
and heterogeneous vegetation is possible when using the first derivative of the red edge. The next step is to incorporate spectral 
information into an object-based classification to improve coastal vegetation mapping. 
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Introduction

This article investigates the spectral difference between homo-
geneous and heterogeneous vegetation near Churchill, Manitoba 
for the purpose of improving coastal vegetation mapping using 
remotely sensed data. This is the first phase of a larger project 
aimed to use the transition from homogeneous to heterogeneous 
vegetation as a detectable, stable feature for geocoding remotely 
sensed images. If a reliable geocoding feature can be detected, 
this would improve change detection of shoreline position using 
multi-temporal images. Subarctic coastal vegetation has a short 
growing season (late June to September) and, as a result, the 
distribution and composition of vegetation changes little from 
year to year. The stability of coastal vegetation means that it 
may be useful as a geocoding feature compared to geomorphic 
shoreline features which experience annual erosion and deposi-
tion changes due to yearly sea ice on Hudson Bay. 

The boundary between the change from homogeneous to 
heterogeneous vegetation is defined as the decrease in vegeta-
tion percent cover from homogeneous vegetation (100% cover) 
to heterogeneous vegetation (<90% cover). This change was ob-
served in the field and statistically validated based on change 
in plant species, percent cover and elevation (Werner et al. in 
press). In remote sensing literature, the terms ‘homogeneous’ 
and ‘heterogeneous’ are used to describe the amount of vegeta-
tion cover or amount of vegetation type (Bartlett and Klemas 
1980; Curran 1980; Asner and Heidebrecht 2002). In this article, 
homogeneous and heterogeneous vegetation refers to amount of 
vegetation cover, not amount of vegetation type.

The goal of improving the detection of heterogeneous veg-
etation for mapping coastal vegetation was identified through 
remote sensing literature with researchers who noted inadequate 
detection, classification and mapping of heterogeneous land cov-
er as a significant contributor to reduced classification accuracy 
(Asner and Heidebrecht 2002; Schmidtlein et al. 2007; Kearney 
et al. 2009). The objectives identified to meet this goal were (a) 
to quantify the relationship between vegetation cover and plant 
area index (PAI) values so that PAI values could be used as an 
indicator of vegetation cover amount, and, (b) to quantify the 
relationship between PAI values and hand-held spectral data to 
map changes in vegetation cover. This project used PAI values 
because the relationships between PAI values and vegetation 
biophysical characteristics (e.g., above ground biomass) are 
well documented in the literature (Anser et al. 2003; Leblanc 
et al. 2005; Soudani et al. 2006). PAI values were used instead 
of leaf area index (LAI) since PAI values take into account all 
of the phytomass rather than only the green phytomass associ-
ated with LAI values. PAI values were deemed important for the 
mapping of vegetation in this region which can transition from 
green to dark red (senescence) throughout the growing season. 
However, information from the literature that refers to LAI and 
remote sensing relationship can be used to inform results of PAI 
relationships based on vegetation change.

The second objective compared PAI values with visible and 
infrared spectra data collected in situ using a hand-held spec-
trometer. This experimental design was identified by Brook and 

Kenkel (2002) who advocated that researchers carefully exam-
ine the relationship between ground and spectral data for vegeta-
tion mapping near Hudson Bay. This “provides a highly robust 
and flexible approach to thematic mapping since the analyst is 
able to make informed choices at all stages of the decision-mak-
ing process” (Brook and Kenkel 2002, 4774). If the results show 
a statistically significant difference between PAI values for the 
two vegetation zones, and a distinct relationship between PAI 
values and reflectance spectra for each zone, this provides in-
formed decisions for classification of vegetation along the coast 
(the next step of the project).

Background

Geospatial data and tools have been used for mapping shore-
lines susceptible to slow erosion processes, rising water levels, 
and subarctic vegetation change (Stow et al. 2004; Maiti and 
Bhattacharya 2011; Ahmad and Lakhan 2012). However, these 
studies show that shoreline position is challenging to detect due 
to the dynamic nature of tides, changes in deposition and ero-
sion landscapes due to sea ice, and the systematic temporal re-
quirements of satellite-based image collection (Boak and Turner 
2005; Maiti and Bhattacharya 2011). Thus indicators of shore-
lines are used in mapping projects to detect changes of shore-
lines over time.

Vegetation distribution along coastlines can be used as an in-
dicator of shoreline position since vegetation has been found to 
be representative of changes in landscape ecological properties 
(Schmidt et al. 2004). Success in mapping coastal vegetation is 
obtained if the vegetation has homogeneous cover (e.g., 100% 
vegetation). Mapping vegetation based on spectral reflectance is 
based on characteristics such as plant tissue (leaf, woody stem, 
and standing litter), biochemistry, canopy biophysical proper-
ties (leaf and stem area, leaf and stem orientation, and foliage 
clumping), soil reflectance, illumination conditions and viewing 
geometry at time of image acquisition (Curran et al. 1992). For 
example, Schmidt and Skidmore (2003) mapped the distribution 
of vegetation of coastal wetlands while Kennedy (2012) mapped 
spatial and temporal changes in subarctic homogeneous vegeta-
tion.

Along the Hudson Bay coastline, the amount of vegetation 
cover decreases with proximty to the shoreline due to high soil 
and atmospheric salinity, strong coastal winds, and successive 
vegetation ridges from post-glacial uplift (Laliberté and Pay-
ette 2008). While homogeneous vegetation can be successful-
ly mapped, the challenge is to map heterogeneous vegetation 
cover with better classification accuracy. Heterogeneous vegeta-
tion amounts result in image “mixel” where pixel reflectance 
values are a product of mixed land cover; in this case, coastal 
vegetation, sediment and rock (Asner and Heidebrecht 2002; 
Schmidtlein et al. 2007; Kearney et al. 2009). The variable pro-
portions of vegetation, sediment and rock within an image pixel 
results in highly variable reflectance values within each pixel for 
heterogeneous vegetation (or any heterogeneous surface). The 
wide range of reflectance values will result in poor classifica-
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tion accuracy because the traditional classification algorithms 
require unique and non-overlapping reflectance values for each 
land-cover class (Curran et al. 1992).

To overcome the poor classification of heterogeneous veg-
etation, researchers have suggested the use of spectral curve 
shape or spectral ratios from hyperspectral data. Figure 1a pro-
vides a schematic of the typical shape expected for a spectral 
curve of healthy, green vegetation. In Schmidt and Skidmore 
(2003), the ability to discriminate salt marsh vegetation was 
done using the shape properties of the spectral signature curve. 
The authors concluded that the ability to differentiate salt marsh 
species was maximized when the near-infrared (NIR) and short 
wave infrared wavelengths (740 to 1820 nm) were included in 
the classification. Schmidt and Skidmore (2003) state that the 
leading edge of the near-infrared (NIR) plateau was essential for 
discriminating salt marsh vegetation. The NIR plateau region 
appears after reflectance values increased from the red to the 
NIR region (Figure 1a).

To detect changes in vegetation, other researchers have 
developed indices using ratios of red and NIR reflectance val-
ues because these two values vary depending on plant health, 
amount and type. Simple ratio (SR), normalized difference veg-
etation index (NDVI) and soil adjusted vegetation index (SAVI) 
are all ratios that have been found to correlate with LAI val-
ues (Turner et al. 1999; Brown et al. 2000). Turner et al. (1999) 
concluded that use of these surface reflectance indices was far 
superior for vegetation discrimination when compared to digital 
number, radiance or top of atmosphere reflectance alone. Brown 
et al. (2000) used a modified SR vegetation index to investigate 
the potential of the shortwave infrared signal to improve LAI re-
trieval in the boreal forests of Canada. These results showed that 
red-NIR ratio values were vegetation-type, phenological and 
health dependent, and were most successful for broad leaf for-
est land cover and less successful for conifer forest, shrubland 
and grassland. The success of the modified SR was because it 
optimized the characteristic shape of vegetation spectral curve 
compared to using individual reflectance values of the visible 
and infrared wavelengths (Brown et al. 2000). The typical shape 
of vegetation spectral signature includes a dip in red spectra 
(low reflectance) followed by a steep increase in NIR reflectance 

(Figure 1a). Healthy vegetation has a steeper slope between the 
recorded red and NIR reflectance values because healthy vegeta-
tion reflects more NIR radiation.

Both Nemani et al. (1993) and Brown et al. (2000) found 
a large range in SR values associated with low LAI values and 
concluded that indices alone could not be used to estimate LAI 
in open forest canopies or low vegetation environments. Chen 
and Cihlar (1996) suggest that the scattered reflectance observed 
for low vegetation environments (low LAI values) would ex-
plain the variation in background reflectance from such vegeta-
tion and thus lower classification accuracies would result. The 
findings of Nemani et al. (1993) and Brown et al. (2000) are 
important for non-forested environments where heterogeneous 
land cover could yield analogous scattering issues.

To overcome the limitations of background reflectance on 
the red-NIR ratio relationships, researchers have proposed tak-
ing the first derivative of the spectral reflectance ratio index. The 
typical vegetation signature curve results in a slope from red to 
NIR reflectance (680 to 780 nm) that is known as the red edge 
(Figure 1a). When the vegetation curve is transformed using the 
first derivative of vegetation spectral curve, the red edge appears 
as a peak (Figure 1b) with the position and shape of the peak 
found to be affected by chlorophyll content and scattering prop-
erties of the vegetation (Horler et al. 1980; Boochs et al. 1990; 
Filella and Penuelas 1994). The characteristics that are used to 
improve vegetation mapping from the first derivative curve in-
clude the amplitude, area (Σ680 to 780 nm) and 725/702 nm 
ratio calculated from the average spectra data (Figure 1b). The 
amplitude is represented by the maximum value of the peak, the 
area is represented by the sum of the values from 680 nm to 780 
nm, and the 725/702 nm ratio is the ratio between reflectance 
values in the NIR range which have been shown to be sensitive 
to vegetation stress and heterogeneity.

Advantages to using derivative spectra characteristics in-
clude a minimization of additive constants (e.g., illumination 
changes) and a reduction in the sensitivity to variable back-
ground reflectance (Curran et al. 1990; Imanishi et al. 2004; Ko-
chubey and Kazantsev 2012). The first derivative technique has 
been applied to improve vegetation classification by overcoming 
interference from soil background reflectance or for resolving 

Figure 1 
(a) Typical reflectance spectra of healthy vegetation within the study; and (b) the first derivative curve of the 
spectra from Figure 1(a)

(a) (b)
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complex spectra of several target species (Demetriades-Shah et 
al. 1990). Demetriades-Shah et al. (1990) showed that derivative 
spectral indices were superior to the conventional broadband 
spectral indices (e.g., SR, NDVI, SAVI) for monitoring chlo-
rosis in vegetation. The position and shape of the first deriva-
tive peak has been found to be affected by chlorophyll content 
and scattering properties of the vegetation (Horler et al. 1980; 
Boochs et al. 1990; Filella and Penuelas 1994). The derivative 
peak has been used to measure chlorophyll content (Horler et al. 
1980; Curran et al. 1990; Filella and Penuelas 1994; Gitelson et 
al. 1996), to monitor nitrogen stress (Boochs et al. 1990; Filella 
and Penuelas 1994) and drought (Filella and Penuelas 1994; 
Mano et al. 1999), and to identify sulphide stress (Collins et al. 
1983) and areas of high vegetation damage (Rock et al. 1988).

Characteristics of the first derivative peak have also been 
found to be correlated with LAI values (Filella and Penuelas 
1994; Danson and Plummer 1995). Filella and Penuelas (1994) 
found strong correlations between both the area and amplitude 
of the first derivative peak and LAI values. Danson and Plummer 
(1995) also observed a strong non-linear correlation between 
LAI values and the position of the first derivative peak. The area 
of the first derivative peak appears to better follow the evolution 
of LAI values (change in values from low to high based on veg-
etation biomass) compared to the amplitude of the peak. Filella 
and Penuelas (1994) concluded that the area of the first derivate 
curve was dependent only on the contrast of red and NIR re-
flectance values while the amplitude was also dependent on the 
amount of energy reflected in these two wavelength regions.

In addition to using the shape characteristics (amplitude, 
peak, area) of the first derivative curve, other researchers have 

incorporated ratios based on measured values found along this 
curve. Kochubey and Kazantsev (2007) proposed an index 
where the ratio of the two peak intensities, 725 nm and 702 nm, 
be computed and used to map vegetation. Although the peak 
wavelengths did not always coincide with maxima in the de-
rivative plot, the 725/702 nm ratio did show the most reliable 
interrelation between chlorophyll contents and the derivative 
index (Kochubey and Kazantsev 2012). The authors found the 
725/702 nm ratio was successful when tested against a variety of 
plant species and is computationally simple compared to iden-
tifying the maxima for each individual curve. Both Filella and 
Penuelas (1994) and Danson and Plummer (1995) related LAI 
values to first derivate characteristics or ratios in controlled ex-
periment and forested regions, respectively.  However, no work 
has been done on using characteristics of the first derivative 
curve for subarctic coastal vegetation.

Study site

The field work was conducted at Bird Cove (58° 47′N, 94° 
11′W) close to the Churchill Northern Studies Centre (CNSC), 
which is situated approximately 20 km south-east of the town 
of Churchill, Manitoba. The study site is on the western edge of 
Hudson Bay and is situated near an estuary carrying freshwater 
from the southern plains and boreal forest (Figure 2). This cre-
ates a unique and fragile ecology in the region that is susceptible 
to climate change due to loss of permafrost, sea level rise and 
post-glacial isostactic rebound (Rouse et al. 1997). The hetero-
geneous zone along the western coast of Hudson Bay is an area 

Figure 2 
Bird Cove transects for in situ data collection, east of Churchill, Manitoba on Hudson Bay. (Map Data: ©2013 Esri, 
DeLorme, NAVTEQ, Survey Data from the authors)
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several hundred metres wide that is characterized by a combina-
tion of geologic materials (sediment, rock), ponds and reduced 
vegetation cover approaching the bay. The Hudson Bay Low-
lands region is underlain by calcareous Paleozoic limestone and 
dolomite, both considered soft rock with values of 3 to 4.5 on 
the Mohs hardness scale. These soft rocks experience significant 
erosion due to seasonal storms and annual sea ice advance and 
retreat (Ritchie 1957; Johnson et al. 1987).

This region was chosen because it represents the interface 
between the Arctic tundra, boreal forest and Arctic marine bi-
omes. There are approximately 400 vascular plant species na-
tive to the Churchill area, including horsetails (Equisetem spp.), 
clubmosses (Lycopodium spp.), ferns, conifers, and flowering 
plants (Johnson et al. 1987). These species represent 17 veg-
etation communities found in the region with two, strand and 
salt marsh communities, existing within the study site. Homo-
geneous and heterogeneous vegetation cover was observed and 
quantified by Werner et al. (in press) with the vegetation zones 
corresponding with changes in vegetation percent cover, cover 
type, colour and texture.

Methods

The sites of four transects (Figure 2) were chosen for their ac-
cessibility, vegetation composition and safety. This study area 
is adjacent to “polar bear alley” so the four transects required 
good proximity to road/track access which allowed for a safety 
vehicle to be located nearby. Access to potential study sites was 
also limited by rock outcrops which prevented safe transport be-
yond these locations. The Bird Cove site is commonly used by 
CNSC researchers. Thus this project is contributing to the over-
all knowledge of the physical landscape of the area. In Figure 2, 
transect 3 appears to be floating in Hudson Bay. This is a result 
of the accuracy of the GPS unit (+/-10m) but also the accuracy 
of the shoreline position on the base map. This further empha-
sizes the need for more precise mapping of shoreline position as 
input into models.

Collection took place in late August 2012. Data collected 
from transects 1, 2 and 3 were used for the PAI values-vege-
tation zone analysis while transect 4 data was lost due to com-
puter failure. In addition, limited battery life of the hand-held 
spectrometer meant that data were collected for only transects 
1 and 3 for use in the PAI-spectra analysis. The transects varied 
in length from 202 m to 765 m with a maximum elevation of 9 
m asl. Nineteen plots were sampled in the homogeneous zone 
and 13 in the heterogeneous zone. Although the heterogeneous 
region is of most importance for the current analysis, this zone 
represents a narrower swath of the coast resulting in a reduced 
number of plots compared to the homogeneous zone. To maxi-
mize the number of plots collected in the heterogeneous zone, a 
continuous sampling method was applied to capture the subtle 
changes in this narrow region (Werner et al. in press).

The biophysical variables collected in the field were cho-
sen based on an understanding of the coastal environment and 
the ecological literature on the Hudson Bay Lowlands (Mc-

Clure 1943; Ritchie 1957; Kershaw 1976; Johnson et al. 1987; 
Houle 1996; Imbert and Houle 2000; Brook 2001; Gagne and 
Houle 2002). Hemispherical photographs were collected so 
that PAI values could be generated to provide an indicator of 
percent cover for homogeneous and heterogeneous vegetation 
cover amounts. The hand-held spectra data were used to collect 
vegetation spectral reflectance across the visible and NIR wave-
lengths with the reflectance amounts for each wavelength being 
connected to form a spectral curve. The spectral curves for the 
vegetation regions were then transformed into first derivative 
spectra curves which allowed for the generation of shape char-
acteristics (e.g., amplitude, area, and ratio).

In each 10 m x 10 m plot along the transects, hemispherical 
photographs and hand-held spectra data were collected in a z-
pattern to ensure that the samples were random and representa-
tive of the vegetation within the plot (McCoy 2005). Hemispher-
ical photographs were obtained using a Canon EOS60D camera 
with a Sigma 10 mm fisheye lens at a height of 0.95 m with an 
IFOV of 3.46 m2. The photographs were sampled using a ran-
dom walk method at transect 1, and this method was modified 
to account for red and green plant colour for the remaining three 
transects as plant colour change due to senescence is evident 
in late August in this area. The standard protocol of collecting 
eight hemispherical photographs within each plot was followed. 
These eight photographs were then input into CanEYE software 
to calculate true PAI values using the Miller formula (Miller 
1967; EMMAH 2003). 

Spectroscopy of the vegetation cover was collected using 
the ASD Fieldspec Pro at an angle of 0° facing downward per-
pendicular to the ground surface (ASD 2014a). The sensor sub-
tended a viewing angle of 25° at a constant measure distance of 
1.25 m for an instantaneous field of view (IFOV) of 0.28 m2. 
The Fieldspec Pro unit averaged 500 counts per sample. A table 
was output from the ViewSpec Pro of the percentage reflectance 
per unit wavelength. An average curve of reflectance value for 
each plot was generated based on eight samples collected for 
each plot. From the average curve reflectance, the first deriva-
tive curve for each plot was then calculated using the RS3 Spec-
tral Acquisition Software (ASD Inc 2014b.). The first derivative 
characteristics include the amplitude, area (Σ680 to 780 nm) and 
725/702 nm ratio of the first derivative peak.

Statistical correlations between PAI values for the vegetation 
zones were calculated using IBM SPSS Statistics 19. Character-
istics of the first derivative curve were analysed using ROOT 
5.34.02 (Brun and Rademakers 1997). A Z-test (p=0.05) was 
used to quantify the difference in PAI values between homo-
geneous and heterogeneous vegetation zones. The relationships 
between PAI values and first derivative spectral characteristics 
values were derived using regression analysis (Chen et al. 1997; 
Turner et al. 1999; Colombo et al. 2003).

Results and discussion

The first objective of this study was to determine if PAI values 
could be used as an indicator for differences in the homogeneous 
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and heterogeneous vegetation cover. The results showed there 
was a decline in PAI values from the homogeneous to the het-
erogeneous vegetation (Figure 3), which is particularly evident 
at the transition boundary. The PAI values pattern observed in 
Figure 3 corresponds with a decrease in vegetation cover (33% 
in salt marsh of transect 1; 10.5% in strand community of tran-
sect 3) from the homogeneous to the heterogeneous zone. In 
transect 1, when the sampling design did not account for vegeta-
tion colour, there were no significant differences obtained in PAI 
values between the homogeneous and heterogeneous vegetation 
cover (Table 1). In transects 2 and 3, when the sampling method 
did account for vegetation colour (red and green), there were 
statistically significant differences in PAI values between homo-
geneous and heterogeneous vegetation zones. Thus, PAI values 
can be used as an indicator of vegetation cover amount if colour 
is accounted for in the sampling and analysis.

The second objective was to quantify the relationship be-
tween PAI values and first derivative spectra characteristics to 
determine if the spectral data can be used to map the change 
from homogeneous to heterogeneous cover. The PAI values 
were plotted against the amplitude, area ∑680 to 780 and the 
725/702 nm ratio data (Figure 4) based on n=273 field samples. 

The results of the regression analysis showed that the relation-
ship between PAI and first derivative spectra is dependent on the 
amount of vegetation cover. Figure 4 presents the results based 
on the homogeneous (left) and heterogeneous (right) vegetation 
cover amounts. In the heterogeneous zone, the strongest corre-
lation was obtained for PAI values and the 725/702 nm ratio 
data (R²= 0.931). In the homogeneous zone, the strongest re-
lationship was obtained between PAI values and the amplitude 
data (R²= 0.896). When considering both the homogeneous and 
heterogeneous zones, the amplitude characteristics of the first 
derivative curve resulted in the best overall results (R²≈0.90 for 
both).

These results corroborate other literature which state that 
the characteristics of the first derivative peak is influenced by 
both chlorophyll and LAI/PAI variability (Boochs et al. 1990; 
Filella and Penuelas 1994). The findings of Filella and Penuelas 
(1994) also found a strong correlation between PAI values and 
the amplitude for some plants with variable water and nitrogen 
amounts. However, unlike Filella and Penuelas (1994), the re-
sults of this research did not show the area of the red edge peak 
as following the PAI evolution better than amplitude. The ratio is 
related to chlorophyll content of the vegetation (Kochubey and 
Kazantsev 2007). It is stated that the total phytomass (PAI) pre-
dicted with red and NIR indices will have a better relationship 
with vegetation than ratios that incorporate green wavelengths 
(Shippert et al. 1995; Riedel et al. 2005; Raynolds et al. 2006).

Although both homogeneous and heterogeneous vegetation 
cover have a strong correlation with first derivative characteris-
tics, the observed direction of this relationship changed based on 
the percent cover categories. For homogeneous vegetation, there 
was a strong negative correlation between first derivative char-
acteristics and PAI values, that is, higher PAI values were asso-
ciated with lower spectral values (Figure 4). Conversely, in the 
heterogeneous vegetation, strong positive correlations between 
PAI values and first derivative characteristics were observed 
(Figure 4). Filella and Penuelas (1994) showed positive correla-
tions for homogeneous vegetation cover. The PAI values should 

Figure 3 
Change in PAI values relative to the boundary separating homogeneous and heterogeneous vegetation zones for 
transects 1 (blue), 2 (red) and 3 (green). The vertical line at 0 m represents the observed and quantified division 
between homogeneous and heterogeneous vegetation

Table 1 
Comparison of PAI values between homogeneous and heteroge-
neous vegetation
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Figure 4 
Relationships found between first derivative red edge peak characteristics (top-amplitude; middle-area; bottom-ratio) and PAI values for 
homogeneous cover (left) and heterogeneous cover (right)
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rise with the increase in percentage of stem material in the can-
opy because of the decrease reflectance in the 680 nm due to 
chlorophyll absorption, and decreased magnitude but increased 
slope of the NIR plateau (Asner 1998). However, according 
to Danson and Plummer (1995), the difference in relationship 
direction may be attributed to strong non-linear relationships 
found between LAI values and first derivative amplitude values 
when a larger sample dataset is available.

Changes in vegetation species and change in sampling 
design in the two zones may also be potential reasons for the 
change in correlation direction. The vegetation transition bound-
ary observed in the field was shown to be related to changes in 
plant species, percent cover and elevation based on Werner et al. 
(in press). An analysis of PAI values resulted in lower PAI val-
ues associated with the dominance of lichen, willow (Salix sp.) 
and sedges (Carex sp.) intermixed with bare ground or water. 
Higher PAI values were associated with willow, birch shrub and 
freshwater meadow marsh communities which consist almost 
entirely of vascular plants. These results are consistent with 
Brook and Kenkel (2002) who mapped Hudson Bay vegetation 
using traditional pixel-based methods. The change in sampling 
design from homogeneous (random) to heterogeneous (stratified 
random) may also contribute to the negative and positive cor-
relations differences observed. The random sampling within the 
homogeneous zone resulted in larger variability in PAI values 
compared to PAI values in the heterogeneous zone. When the 
sampling was stratified, the regression relationships were stron-
ger as the PAI values better represented the change in plant co-
lour within the heterogeneous zone.

Conclusion

The results of this study showed that there were significant dif-
ferences between PAI values collected in homogeneous versus 
heterogeneous subarctic coastal vegetation but only when the 
variation in plant colour is taken into consideration. Thus PAI 
values can be used as an indicator of plant cover amount when 
mapping homogeneous and heterogeneous vegetation differenc-
es. The differences in PAI values also independently validated 
the observed changes in homogeneous-heterogeneous vegeta-
tion found by Werner et al. (in press).

Once the difference in PAI values for homogeneous and 
heterogeneous zones was determined, the next step was to de-
termine how the changes in PAI values were related with first 
derivative spectral curve characteristics. Strong linear relation-
ships were found between PAI values and amplitude of the first 
derivative curve when the homogeneous and heterogeneous 
vegetation data were assessed separately. A strong positive 
correlation was found in the homogeneous zone compared to 
a strong negative correlation observed in the heterogeneous 
vegetation zone. The results of this project for coastal vegeta-
tion confirm those found in literature for experimental and for-
est applications. If hyperspectral data are available for mapping 
homogeneous and heterogeneous coastal vegetation, use of the 
first derivative amplitude will result is the best possible classi-

fication outcome (highest overall classification accuracy). Thus 
the next step of this project is to use hyperspectral image data 
to improve classification of the heterogeneous zone. This will 
allow for the identification of the homogeneous-heterogeneous 
boundary across space. Once identified, it can be used to more 
accurately georeference multi-temporal images for shoreline 
change detection.
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