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INTRODUCTION

MATERIALS & METHODS

Canada’s boreal forests are under increasing pressure from human
development related to natural resource extraction. Roads, seismic lines,
pipelines, and other elements of linear human disturbance exert cumulative
environmental effects that can harm biodiversity, and the habitat of
threatened species such as woodland caribou (Rangifer tarandus caribou;
Dyer, et al, 2001; Hervieux, 2013).
The Sahtu region of the Northwest Territories possesses significant
untapped resources, such as abundant shale oil reserves (Government of
the Northwest Territories [GNWT] Industry, Tourism and Investment, 2012),
which present valuable opportunities for future development. Regulatory
and government agencies responsible for managing resource development
in this area require a comprehensive understanding of the environmental
impacts of current and proposed future development. However, there is
currently a lack of detailed information on the location, identity and
vegetative state of human disturbances related to petroleum development
in the region. This in turn hinders the capacity to adequately assess the
effects of these disturbances on woodland caribou, and make informed
regulatory decisions on future resource development. Current remote
sensing tools have been shown to provide an effective foundation for
mapping and characterizing linear disturbances (Powers, et al., 2015;
Komers & Stanojevic, 2013; Cha, Cofer, and Kozaitis, 2006; Quackenbush,
2004; Doucette, 1999), but have never been applied systematically in the
Sahtu region. In particular, manual digitization of linear disturbances from
spectral or aerial imagery has been a common remote sensing technique for
creating linear disturbance databases but this not only leads to inaccurate
and inconsistent databases, it is also time-consuming.

The study area is located between 64° and 65°N latitude and 125° and
127°W longitude, and encompasses an area approximately 4114 km2
(Figure 1). The main community within the study area is Norman Wells,
which is the administrative hub of the region (Dana, Anderson & MeisMason, 2009; GNWT Industry, Tourism and Investment, 2012).
Sample sites (n = 35) were selected based on the proportion of land cover
type present in the study site and included upland high vegetation, upland
low vegetation, wetland, and barren. At each selected sample site, a UAV
was flown 250-m along the linear disturbance and three ground control
points were marked out and measured using an RTK GPS.
Canopy height models were created from the LiDAR point clouds (Figure 3)
which were inputted as the cost raster in a least cost path based on the
lowest relative canopy height. 2-m contours were created within a 5-m
buffer surrounding the least cost path-derived line to capture the detailed
edges of the linear-feature width and exported as a shapefile.
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Figure 5.0 a) Results of the centerline (blue) and width (black) along the contours of
the linear disturbance overlaid on LiDAR canopy height model b) Comparison of the
results of the centerline locations of the Quickbird digitized lines (purple) and
LiDAR-fixed centerlines (yellow).

The semi-automated process was able to identify the location and width of the
line from the imagery in order to create shapefiles; a line representing the
center location of the linear disturbance and a polygon representing the width
of the line following detailed contours (Figure 5a). The location of the LeastCost-Path-derived centerline displayed on the LiDAR canopy height model show
an improvement when visually compared to the centerline location of a set of
digitized lines using Quickbird satellite imagery (Figure 5b).
When comparing the results of the width and centerline values in meters
derived from the shapefiles to the values collected on the ground, the values
showed an overall 0.61 meter and a 0.31 meter differentiation for width and
centerline respectively. The results of the RMSE showed an overall difference of
2.17 meters for width values and 1.08 meters for centerline values.
The results of the Pearson and Spearman Correlation Coefficient were slightly
less indicative of significant results, as the overall spearman rho coefficient for
both width and centerline values was 0.422 and the overall Pearson coefficient
was 0.446.

Figure 3.0. Raw LiDAR point clouds (a) to canopy height model (b)

In order to find the true centerline of the linear-features, transects were
performed through the original least cost path-derived lines (Figure 4) and
were clipped to the contoured width features. Points were created along
the center of the transect lines and the transect center points were
connected to create a centerline that follows through the center of the
contours that represent the width of the line.
Values were recorded for the width of the line by extracting the length of
transects intersecting the sample plot locations and centerline values were
calculated by dividing the transect length in half
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Figure 4.0 Transects through the centerline and clipped to the contoured width of
the linear feature in order to attribute dimensions

In order to obtain ground truth data, the UAV imagery (see example Figure
2) captured in the field within the sample sites were processed in AgioSoft
Photoscan to create point clouds and were georeferenced with the ground
control points collected in the field. The outputs from the Least-cost-path
workflow were compared against values that were visually extracted from
UAV point cloud-rasters. The outputs were verified in two ways; (i) to test
the spatial accuracy of the location of the centerline and contoured width
and (ii) to compare attribute values (i.e., width dimensions and centerline
values). The root-mean-square error (RMSE) and Correlation Coefficients
were calculated to compare the predicted Least-Cost-Path-derived width
and centerline location and values to the observed ground width and
centerline location and values.

Figure 2.0 A photo of a linear feature identified as a seismic line in the field taken from a
camera mounted to a UAV and flown at 50 m elevation over the feature

The RMSE results indicated that the LiDAR-derived outputs were able to
produce results that were indicative of an adequate representation of the
dimensions of the linear disturbance as observed from the ground within a 2-m
differentiation. Compared to other methods of seismic line mapping (i.e.,
digitization), the visual results and RMSE results appear ideal, however there is
room for improvement.
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Figure 1.0 Area of study located in the boreal forest region of the Northwest
Territories.

The primary goal of this research is to develop remote sensing tools and
protocols for accurately delineating the location and dimensions of linear
disturbances within a northern boreal environment in a more cost-efficient
manner by:
(i) developing remote sensing protocols for mapping linear disturbances
that are suitable for use across large areas of boreal forest, and
(ii) producing map layers that accurately portray the location and
dimensions of linear disturbances in the Sahtu region.
To achieve this, airborne light detection and ranging (LiDAR) data was used
to extract linear features using a least-cost path analysis based on the
relative height of vegetation canopies derived from digital elevation models
and digital surface models.
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