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Improving the ability to assess the change in shoreline position is needed for measuring annual sea level variability which is 
an important input for climate change and hydrology models.  This research proposes the use of the coastal vegetation transi-
tion zone, called the homogeneous-heterogeneous vegetation line in this article, as a biophysically-sound geocoding feature 
for multi-temporal analysis in non-human settlement regions. It is proposed that the homogeneous-heterogeneous vegetation 
line is more stable from year to year compared to other coastal features (e.g., high tide, erosion cliffs, deposition beaches) and 
this surface feature can be detected using the temporal resolutions available with many remote sensing systems. This article 
presents the results of the first stage of the project, the identification of Bird Cove’s vegetation communities and the relation-
ship between biophysical landscape characteristics with the observed changes in coastal homogeneous-heterogeneous veg-
etation.  As a result of data collection, the Bird Cove region was found to have two vegetation communities, salt marsh and 
strand communities. Results showed that the vegetation transition boundary observed in the field was related to changes in 
plant species within the vegetation communities as well as the statistically significant differences in percent cover and elevation. 
Other biophysical variables, such as soil salinity or depth of A horizon, were significantly different for some sites but not others. 
This research concluded that the homogeneous-heterogeneous vegetation line was representative of some coastal biophysical 
landscape variables in this region. The next stage is to explore the use of this homogeneous-heterogeneous line as a feature for 
geocoding multi-temporal remote sensed images for shoreline change detection. 
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Introduction

It has been estimated that summer sea ice extent has declined by 
15-20% in the past 30 years due climate change (Hassol 2004). 
This change has been observed to be most dramatic in the sub-
arctic, with some models predicting that sea ice will be gone 
from Hudson Bay by the middle of the 21st century (Gough and 
Wolfe 2001; Derocher et al. 2004). The Intergovernmental Panel 
on Climate Change (IPCC 2007) further estimates that there has 
been a larger than average decrease in sea ice in coastal regions 
(between 22% and 33%). In addition to changes in sea ice extent, 
the break-up of the annual sea ice now occurs approximately 2.5 
weeks earlier that it did 30 years ago in western Hudson Bay 
(Stirling et al. 1999; Derocher et al. 2004; Serreze and Francis 
2006; Walsh 2008). One of the significant impacts of changing 
spatial and temporal sea ice is the northwest passage of Canada 
has become fully navigable in 2007, the first time in recorded 
history (Cressey 2007). The loss of sea ice, both spatially and 
temporally, in Hudson Bay is predicted to cause an increase in 
land temperature from -7.5°C to -2.4°C, a 42% reduction in per-
mafrost distribution (Gough and Wolfe 2001) and greater rates 
of coastline erosion (Beaulieu and Allard 2003). 

Improvements to longitudinal studies are required to more 
accurately monitor the environmental response of the Hudson 
Bay region to climate change. When quantifying shoreline posi-
tion, many longitudinal studies have used remotely sensed im-
ages to monitor change over the last forty years. The change 
detection of shoreline position requires multi-temporal images 
to be accurately geocoded with each other. In human settlement 
areas, this is a relatively easy task to do because of the number 
of stable, detectable features to use for geocoding (e.g., roads, 
trails, airport runways). However, detecting stable features in 
regions with little or no human settlement evidence on the land-
scape makes this a challenging task. When detecting changes in 
shoreline position for all of coastal Hudson Bay, a region which 
has little to no human settlement patterns evident on the land-
scape, it is challenging to accurately detect stable features for 
geocoding multi-temporal images (Boak and Turner 2005; Pajak 
and Leatherman 2002). Without consistency and relative stabil-
ity of features for geocoding, there are significant locational er-
rors when estimating shoreline position over time and this re-
duces the accuracy of sea ice extent estimates. 

This article presents the results of the first step of a larger 
project to use homogeneous-heterogeneous vegetation as a de-
tectable, stable feature for geocoding remotely sensed images to 
improve detection of shoreline position for monitoring change. 
Subarctic coastal vegetation has a short growing season (June 
to September) and as a result, the distribution and composition 
of vegetation is assumed to change little from year to year. This 
makes coastal vegetation more stable than geomorphic shoreline 
(which changes year to year) and the temporal resolution of sat-
ellite sensors (e.g., Landsat every 16 days) is appropriate for the 
detection of homogeneous-heterogeneous vegetation.

The goal of this research was to validate observed changes 
in vegetation cover from the homogeneous to the heterogeneous 
zone in Bird Cove, Hudson Bay. To meet this goal, the first ob-

jective was to create a vegetation classification scheme based on 
in situ coastal vegetation data where the transition between ho-
mogeneous and heterogeneous vegetation cover was observed. 
The second objective was to independently validate the ob-
served changes in vegetation cover using biophysical variables 
(e.g., elevation, salinity, depth of A horizon, grain size and plant 
area index). If differences in biophysical variable for the two 
zones were found to be statistically significant, it would con-
firm that observed difference in homogeneous-heterogeneous 
vegetation does objectively exist and that it is representative of 
landscape conditions. If the change in vegetation cover is vali-
dated, the next step of the project (future manuscript) is to detect 
the changes in heterogeneous and homogeneous cover using re-
motely sensed data. 

Background

The detection of shoreline position is important for estimates of 
sea ice extent which contributes to climate and hydrology mod-
els. However, accurately estimating the shoreline position along 
Hudson Bay is significantly complicated by four factors: sea 
level rise, isostatic rebound, permafrost distribution, and change 
in deposition and erosion features. From 1993 to 2009, the esti-
mated mean rate of sea level rise was between 2 to 3.3 mm/year, 
and this is projected to accelerate over the next century (Doug-
las and Peltier 2002; Nicholls and Cazenave 2010). Currently, 
thermal expansion of the ocean due to warming temperatures 
accounts for an estimated 30% of global mean sea level change 
(Nicholls and Cazenave 2010). However, the sea level rise due 
to ice melt and thermal expansion is counteracted by land iso-
static rebound which is approximately 1 m/century rise in the 
Hudson Bay region (Ritchie 1957; Johnson et al. 1984). 

These counteracting forces that impact estimation of sea 
level are further complicated by changing permafrost distribu-
tion because of climate change, and changing shoreline depo-
sition and erosional features as a result of annual sea ice vari-
ability and river discharge events (Pajak and Leatherman 2002; 
Beaulieu and Allard 2003). Near Churchill, spring flood events 
from the Churchill River and Nelson River contribute 43% and 
18%, respectively, to the annual fluctuations in sea level (Gough 
and Robinson 2000). Furthermore, changes in sea ice thickness 
and distribution of permafrost are expected to cause dramatic 
changes in the stability of slopes, coastal erosion rates, vegeta-
tion distribution, and wildlife habitat, in terrestrial and marine 
ecosystems (Rouse et al. 1997; Ford and Smit 2004). 

Since the Hudson Bay shoreline position is impacted so sig-
nificantly by coincident and counteracting forces, (e.g., sea level 
rise, isostatic rebound, permafrost distribution, and changing 
depositional and erosional features), more accurate estimates of 
the shoreline position are needed to better understand the impact 
of climate change in this region. Change detection of shoreline 
position requires the use of stable features for geocoding that 
can also be detected using the resolutions of remotely sensed im-
ages (e.g., temporal, spatial, spectral and radiometric). Although 
this is a relatively easy task in urban environments, it is chal-
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lenging to find stable, detectable features in regions with little or 
no human settlement patterns. These patterns need to be evident 
on the landscape and be detectable at the spatial, spectral and 
temporal scale of remote sensing systems designed for region or 
synoptic mapping. 

Geospatial data and tools, such as GIS and remote sensing, 
have shown promise for mapping shorelines susceptible to slow 
erosion processes, rising water levels, and changes in subarctic 
vegetation composition (Stow et al. 2004; Ahmad and Lakhan 
2012).  Today, multi-temporal satellite images are used to map 
surface features for monitoring long-term coastal behaviour 
(Maiti and Bhattacharya 2011).  However, there are challenges 
to mapping shoreline position over time due to the dynamic na-
ture of the boundary between land and water, as well as system-
atic requirements of satellite-based image collection (Boak and 
Turner 2005; Maiti and Bhattacharya 2011).  

Since shoreline position is challenging to detect, the use 
of indicators of shoreline locations are used in mapping.  Two 
shoreline indicators used to map shoreline position are High 
Water Line (HWL) and Mean High Water (MHW). HWL is a 
feature that is visibly discernible in remote sensing imagery 
while MHW represents the intersection of a tidal datum with 
the coastal profile (Boak and Turner 2005). When researchers 
attempted to establish a rate of change for shoreline position to 
predict future shoreline positions, there was a significant degree 
of uncertainty in the precise timing of the water surface level 
(e.g., HWL, MHW) due to tides, mismatch of timing between 
tide and image collection, and image geometry errors (Li et al. 
2001).  In addition, very few images are available to monitor 
tide at a singular height, i.e. HWL, which is required for mean-
ingful change detection comparison (Ahmad and Lakhan 2012). 

Therefore, alternative indicators of shoreline position are re-
quired (Pajak and Leatherman 2002; Beaulieu and Allard 2003; 
Boak and Turner 2005). The proposed solution is to use a shore-
line indicator that is seasonally and annually stable so shore-
line advancement or retreat can be more precisely mapped and 
monitored. This indicator must also be observable over a period 
of several years or decades using remotely sensed images. This 
feature must be detectable on the surface and representative of 
other biophysical characteristics of that landscape. A landscape 
is considered an integration of climate, rock, soil, vegetation, 
fauna, water, and anthropogenic features (Zonneveld 1979; 
Schroevers 1983). However, not all of the landscape features 
can be detected using remotely sensed imagery because satellite 
systems can only ‘see’ the surface of the Earth. Thus, vegetation 
is often used in remote sensing research as it is often found to 
be representative of changes in landscape ecological properties 
(Schmidt et al. 2004). For the purposes of this research, we pro-
pose the use of the homogeneous-heterogeneous vegetation line 
as a stable feature which may be detected using remotely sensed 
imagery. This vegetation transition, if detectable, can be used as 
a feature for geocoding multi-temporal images and may also be 
shown to be a proxy for changes in other landscape characteris-
tics (Boak and Turner 2005). 

The homogeneous-heterogeneous vegetation line is defined 
as the decrease in vegetation percent cover from continuous veg-

etation (100% cover) to discontinuous vegetation (<90% cover) 
as observed in the field. The terms homogeneous and heteroge-
neous vegetation come from remote sensing literature (Bartlett 
and Klemas,1980; Curran 1980; Asner and Heidebrecht 2002). 
Once the homogeneous-heterogeneous vegetation change was 
observed in the field, plant species and biophysical data were 
collected in each vegetation zone to independently validate the 
observed changes in vegetation cover. The advantages of the ho-
mogeneous-heterogeneous vegetation line are that it often rep-
resents landscape ecological properties (Schmidt et al. 2004); 
surface vegetation can be detected using remotely sensed imag-
ery; the temporal resolution of remote sensing orbits is appropri-
ate for mapping vegetation; and it represents a relatively stable 
geocoding feature compared to annually changing geomorphic 
shoreline features. 

Study site

Figure 1 shows the location of Bird Cove study site which is 
located in the Hudson Bay Lowlands near Churchill, Manitoba 
(58° 47`N., 94° 11`W). This site was chosen because it repre-
sents the interface between the Arctic tundra, boreal forest and 
Arctic marine biomes. It has approximately 400 different na-
tive vascular plants (Johnson et al. 1987) that represent seven-
teen vegetation communities found in this region (e.g., strand, 
salt marsh, open dune, stable dunes, damp dune hollows, sandy 
pools, lichen-heath, ledge and crevice, white spruce scrub, thick-
et, white spruce forest, ice ridge, hummocky bog and muskeg, 
black spruce-larch, freshwater meadow-marsh, sedge meadow, 
and willow-bog birch). The Hudson Bay Lowland region is un-
derlain by calcareous Paleozoic limestone and dolomite, both 
considered soft rock with 3 to 4.5 values on the Moh’s hardness 
scale, are significantly altered by annual sea ice advance and 
retreat, and seasonal storms (Ritchie 1957; Johnson et al. 1987).

This study site exists within “polar bear alley” so the four 
sites were chosen based on their proximity to road/track access 
which allowed a safety-retreat vehicle to be located nearby.  The 
Bird Cove site is commonly used by Churchill Northern Studies 
Centre (CNSC) researchers, thus this project is contributing to 
the overall knowledge of the physical landscape of this area. In 
Figure 1, Site 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 basemap. This further 
emphasizes the need for more precise mapping of shoreline po-
sition as input into models.

Methods

The biophysical variables collected in the field were chosen 
based on an understanding of the coastal environment and the 
ecological literature on the Hudson Bay Lowlands (McClure 
1943; Ritchie 1957; Kershaw 1976; Johnson et al. 1987; Houle 
1996; Imbert and Houle 2000; Brook 2001; Gagne and Houle 
2002).  In addition to collecting plant species to identify vegeta-
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tion communities (Johnson et al. 1987), the location and bio-
physical variables collected included: geographic location, el-
evation, soil type, A horizon depth, soil salinity, sediment grain 
size and Plant Area Index (PAI). Table 1 provides a list of these 
variables along with a summary of the collection procedures for 
each variable. For discussion purposes, only Sites 1 (salt marsh) 
and 3 (strand community) were included in this article.

In another study, homogeneous and heterogeneous veg-
etation was found to be most significantly different in August, 
still statistically separated in July but not significantly different 
in June for the Bird Cove region (Berard 2014, unpublished). 
Therefore, field data were collected in late August 2012. Tran-
sects were used to map each of the four sites to represent the 
transition from homogeneous to heterogeneous vegetation cov-
er. All of the four transects terminated at the high water line (fu-
cus line), and were started in close proximity to a road for safety 

and access. The transects varied in length from 202 m to 765 m 
with a maximum elevation of 9 m asl. 

Stratified random sampling designs were employed for the 
collection of field data using two methods, one for the homoge-
neous zone and a second for the heterogeneous one. The start of 
these transects were selected at random and were located at least 
20 m from the road or trail (Figure 1). In the zone of homoge-
neous vegetation, plots of 10 m x 10 m plots were sampled at 
least 15 m apart with the geographic coordinates of the south-
west corner recorded using Garmin eTrex GPS units (horizon-
tal accuracy +/- 10m).  This level of locational accuracy was 
deemed acceptable because this research explored the relation-
ship between the vegetation transition and underlying biophysi-
cal features collected at the same time. There were a total of 19 
plots sampled within the homogeneous vegetation zone. 

When the change in vegetation cover from homogeneous to 
heterogeneous was observed, the sampling design was altered to 
better represent the change in vegetation. Like the homogeneous 

zone, the heterogeneous zone 
was sampled in 10 m x 10 
m plots; however, the plots 
were sampled side by side, 
i.e., no distance between the 
plots.  The continuous sam-
pling of data in the heteroge-
neous zone was done to best 
represent the narrow zone 
of heterogeneous vegetation 
and the gradation from 90% 
cover at the transition line to 
0% cover as we approached 

Table 1 
Data collection methods used for biophysical variables.

Figure 1 
Location of Bird Cove test site and transects for in situ data collection, east of Churchill, Manitoba on Hudson Bay. 
(Map data: ©2013 Esri, DeLorme, NAVTEQ, survey data courtesy of the authors)
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the shoreline. There were 13 plots sampled in the heterogeneous 
zone. 

The sampling design for plant identification and biophysical 
characteristics was the same in both zones. Within each plot, 
samples of all plant species were collected and identified later 
at the CNSC. Plant species were aggregated into vegetation 
communities using archetypal species outlined in Johnson et al. 
(1987). A soil core was taken at a random location within each 
plot which was used to identify the A horizon of the soil (ex-
tracted from the centre of the core) and subsequent soil salinity 
analysis was done at the University of Winnipeg. The soil great 
group was identified using soil maps and observed A horizon 
depth and texture of rapid core samples. Minimum and maxi-
mum grain sizes within the soil core were recorded based on 
their relative size using class boundaries defined by Scott (2010).

Hemispherical photographs were taken in the field to provide 
measures for Plant Area Index (PAI) values. The hemispherical 
photographs were taken using a Canon EOS60D camera with a 
Sigma 10mm fisheye lens. The photographs were sampled using 
a random walk method at Site 1, and this method was slightly 
modified for the remaining three sites in order to collect repre-
sentative samples of plant colour (e.g., green and red) which 
is evident in late August in this area. To calculate PAI, we fol-
lowed the standard protocol by collecting eight hemispherical 
photographs within each plot. Once back in the lab, the eight 
photographs for each plot were placed into a single file folder as 
per the CanEYE software requirements. CanEYE software was 
then used to calculate the average Miller’s PAI coefficient for 
biomass and percent cover for each plot.

The elevation of each plot was determined using a digital 
elevation model (DEM) obtained from Geobase (30 m spatial 
resolution; vertical resolution +/- 1 m). The plot locations col-
lected in the field were imported into ArcGIS and overlaid onto 
the DEM to extract elevation data for each 10 m x 10 m plot.

A database of observed and measured in situ data was cre-
ated which allowed for the vegetation schema representative of 
the plant species collected to be developed. The vegetation char-
acteristics, biophysical characteristics and the position of the 

visible homogeneous-heterogeneous transition were graphed to 
assist with visualization (Figures 3 and 4).  In addition to observ-
ing changes in vegetation cover and biophysical characteristics, 
tests of difference for interval/ratio data were evaluated using a 
t-test (p = 0.95) while ordinal data differences were evaluated 
using a two sample Kolmogorov-Smirnov test. 

Results

Site 1 was identified as a salt marsh community while Sites 2, 3, 
and 4 were identified strand vegetation communities. Salt marsh 
communities are generally flat, exist on sand or clay, are regu-
larly flooded by tides, and classified into three zones based on 
the length of tidal inundation and the age of the land where the 
salt marsh community exists (McClure 1943; Kershaw 1976; 
Johnson et al. 1987). Strand communities occur from low tide 
to just above high tide on sandy beach areas and are dominated 
by Honckenya peploides (McClure 1943; Johnson et al. 1987; 
Laliberté and Payette 2008). Dominant plant types included low 
shrubs, forbs, graminoids, and nonvascular species. 

In the course of data collection of plant species to represent 
vegetation communities, the boundary between homogeneous 
cover (100% cover) and heterogeneous (<90% cover with bare 
soil, clay or stone) vegetation was observed in field. Represen-
tative photographs of these two zones of vegetation cover are 
shown in Figure 2. Changes in biophysical characteristics be-
tween the homogeneous and heterogeneous vegetation zones at 
Bird Cove can be seen in Figures 3 and 4. Sites 1 and 3 were 
chosen for this article as these transects were best representative 
of the changes observed.  Sites 2 and 4 are the smaller transects, 
i.e., smaller distance between the road and the shoreline, and 
as result they had fewer plots sampled. However, based on a 
qualitative comparison, these two sites have similar transitional 
characteristics as Site 3 (all strand communities). 

The observed homogeneous-heterogeneous vegetation cov-
er transition was shown to coincide with a change in species 
composition within the vegetation community, especially at Site 

Figure 2 
Homogeneous vegetation cover (left) and heterogeneous vegetation cover (right).
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Figure 3 
Transect 1 biophysical characteristics of the homogeneous and heterogeneous vegetation zones (grain size, depth 
of A horizon, salinity, and elevation).

Figure 4 
Transect 3 biophysical characteristics of the homogenous and heterogeneous vegetation zones (grain size, depth of 
A horizon, salinity, and elevation).
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1. The transition between the two zones was easily located in 
the field because both an abrupt change in species composition 
and a corresponding reduction in vegetation percent cover were 
both observed. In Site 1, which is salt marsh community, the 
vegetation cover was reduced by 33% from the homogeneous 
to heterogeneous zone; the reduction in vegetation cover was 
10.5% at Site 3 (strand community).

Biomass (PAI) values also changed from homogeneous to 
heterogeneous cover along transects at each of the sites (Fig-
ures 5 and 6). At the start of Transect 1, there was less biomass 
(lower PAI values) which was found to be associated with the 
dominance of lichen. A drop in biomass (decrease in PAI values) 
at Plot 1-6 was found to be related to an area that was very wet 
and lacked vegetation cover. The rise biomass (higher PAI val-
ues) that was observed in the middle of Transect 1 was found to 
be associated with willow-birch scrub and freshwater meadow 
marsh communities which consists almost entirely of vascular 
plants.  The drop in biomass (lower PAI values) at the end of 
Transect 1 (after Plot 1-9) represents the transition between wil-
low-birch scrub and salt marsh where there were small islands 
of willow (Salix sp) and sedges (carex sp) intermixed with bare 
ground. 

There was no difference found in the depth of the A horizon 
between the homogeneous and heterogeneous vegetation zones 
for Transect 1, using either visual observations or statistical 
tests, but there was a difference found for Transect 3 (Figures 
3 and 4; Tables 2 and 3). Data collected for Site 3 were found 
to display horizon development in soil profiles while no hori-
zon development was observed in Site 1 soil profiles. However, 
there were significant differences found 
in soil salinity characteristics between 
the homogeneous and heterogeneous 
vegetation zones in Transect 1 but not 
for Transect 3. Soil salinity increased 
from slightly saline to moderately saline 
immediately before the homogeneous-
heterogeneous transition line in Transect 
1, which corresponds with results found 
in other studies (Smith et al. 2007). In 
Transect 3, soil salinity was observed 
to decrease from the beginning of the 
transect at road toward the transition 
line and increase again shortly before the 
transition zone; however, the observed 
variability in soil salinity was not found 
to be significantly different based on sta-
tistical tests.

The boundary between homogeneous 
and heterogeneous vegetation was found 
to be associated with elevation differenc-
es for all sites. At the start of Transect 1, 
a depression in elevation was associated 
with lichens while higher elevation clos-
er to the coast corresponded with coastal 
dunes. For Transect 3, the decline in el-
evation just before the homogeneous-het-

erogeneous line coincided with vegetation changes from dune 
to strand.  Grain size did not vary significantly between the two 
zones at any of the sites. For Transect 1, minimum grain sizes 
had more variability at the start of the homogeneous vegetation 
zone and less just before the boundary. However, the minimum 
grain size was most variable at the transition line. There was 
very little change in grain size for Transect 3.

Conclusion

Accurately estimating the shoreline position along Hudson Bay 
is significantly complicated by four factors: sea level rise; iso-
static rebound; yearly coastal deposition and erosion by sea ice; 
and permafrost aggradation and degradation.  The advantages of 
using the homogeneous-heterogeneous vegetation transition as 
an indicator for shoreline mapping include its potential to repre-
sent landscape ecological properties (Schmidt et al. 2004); the 
detection of surface vegetation using remotely sensed imagery; 
the temporal resolution of remote sensing orbits is appropriate 
for mapping vegetation; and it is proposed that this feature rep-
resents a more relatively stable geocoding feature compared to 
annually changing geomorphic shoreline features.

The first step in establishing homogeneous-heterogeneous 
vegetation transition as a potential indicator for shoreline map-
ping was to identify the vegetation community in the study site, 
and then assess if the observed transition in vegetation cover 
corresponded to biophysical characteristics of the landscape. 
It was determined that Site 1 was a salt marsh community and 

Table 2 
Kolmogorov-Smirnov test of difference for grain size.

Table 3 
T-Tests of difference for salinity, elevation, and depth of A horizon.
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Figure 5 
Plant Area Index (Miller) values for Transect 1with the homogeneous-heterogeneous vegetation line marked 
(between Plot 1-92 and 1-93).

Figure 6 
Plant Area Index (Miller) values for Transect 3 with the homogeneous-heterogeneous vegetation line marked 
(after Plot 3-2).
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the other three sites were strand communities. The changes in 
species composition of the vegetation communities were found 
to correspond with the observed transition from homogeneous-
heterogeneous vegetation cover from the road to the coast.

The change in vegetation cover from homogeneous to het-
erogeneous was also observed with changes in biophysical 
measures of underlying landscape characteristics. Specifically, 
changes in salinity, elevation, and percent cover were found to 
vary from the homogeneous to the heterogeneous zones, and 
these relationships were stronger in the salt marsh community 
compared to the strand community in Bird Cove.  Thus, we 
conclude that the homogeneous-heterogeneous vegetation line 
observed in the field was independently verified using these bio-
physical variables. And this transition in vegetation is represen-
tative, at least in part, of the coastal landscape in this region. 

It is recommended that further work be done to better un-
derstand the vegetation and biophysical landscape variability of 
Bird Cove. For example, changes in depth of the A horizon and 
the minimum and maximum grain sizes were visually observed 
to change at the homogeneous-heterogeneous line but these 
results were not corroborated using quantitative analysis. Al-
though grain size and the depth of the A horizon were not found 
to be significantly different in the two vegetation zones for the 
sites, a cyclical fluctuation was observed. It is recommended 
that finer spatial resolution elevation dataset be obtained for fu-
ture research. This would allow for the testing of a hypothesis 
developed in the field, that changes in grain size and depth of the 
A horizon may be related to beach ridge topography.

In addition, the key premise behind this work is that the 
subarctic vegetation distribution and composition is more stable 
than coastal geomorphic features that change annually (e.g., 
erosional cliffs, depositional beaches).  Thus an evaluation of 
multi-year in situ data (e.g., plant species, PAI) needs to be done 
to confirm this supposition. Data has been collected in 2012 and 
2013, and will be collected again in August 2014 to address this 
recommendation.

The conclusions from this work, that variability exists be-
tween the homogeneous and heterogeneous vegetation, and that 
this variability represents underlying landscape ecology in Bird 
Cove, do provide enough evidence for the next stage of analysis. 
Work has been completed and a manuscript is in development 
on the quantification of differences between homogeneous and 
heterogeneous PAI and optical data, specifically red-edge first 
derivatives from hand held spectrometer data collected in 2012.  
As a result of the field and spectrometer analysis done in 2012, 
both optical and RADAR satellite images were acquired along 
with in situ data in 2013. The first challenge to be addressed 
when mapping coastal vegetation is to improve detection of het-
erogeneous vegetation using moderate spatial resolution data.
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