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Abstract- The authors present recent progress in the
development of the British Columbia Marine Energy
Resource Atlas (hereafter referred to as the “Atlas”). The
Atlas is a web-based geospatial decision support system and
was developed to assist marine renewable energy
stakeholders with preliminary site selection and feasibility
investigations in the rivers and coastal waters of British
Columbia, Canada. The Atlas offers a clean and simple
interface through which users are able to interact with the
underlying geospatial data and customize investigations to fit
their specific design and development criteria. The Atlas
represents a uniquely flexible and accessible decision support
system that can be operated online via a web browser and
does not require any specialized geographic information
system software. Furthermore, the Atlas is the first marine
renewable energy decision support system to offer support for
tidal, wave, and river hydrokinetic resources under a common
system and interface.

development and deployment
technologies in Canadian waters.

large-scale

MRE

To address the aforementioned gaps, the authors present the
British Columbia (B.C.) Marine Energy Resource Atlas
(hereafter referred to as the “Atlas”). The Atlas is a web-based
geospatial decision support system (DSS) that is designed to
facilitate preliminary MRE site selection and support
feasibility investigations in coastal and inland British
Columbia, Canada (Figure 1). The Atlas is highly interactive
and employs multi-criteria decision analysis (MCDA) to
compute site suitability throughout the study domain based
on user-specified criteria. The distribution of site suitability
is visualized in real-time over a base map. In addition to
resource assessment datasets for tidal, wave, and river
hydrokinetic resources, the Atlas also contains a number of
socio-economic and environmental datasets pertinent to
assessing the feasibility of MRE development. These datasets
include, for example, proximity to the transmission grid,
proximity to ports and terminals, and proximity to protected
areas. The Atlas can therefore be used to easily and
comprehensively assess MRE resources within a framework
that permits prioritization and weighting of various socioeconomic, environmental, and stakeholder objectives.
Furthermore, the Atlas is the first MRE DSS to offer support
for tidal, wave, and river hydrokinetic energy resources under
a common system and interface. These features make the
Atlas ideally suited to support well-informed preliminary site
selection and ultimately facilitate the implementation of
sustainable energy solutions.
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I.

of

INTRODUCTION

Large-scale assessments of Canada’s marine [1] and river
hydrokinetic [2] energy resources have shown that Canada’s
coastal and inland waters offer great potential for renewable
energy generation. These energy resources (collectively
referred to as marine renewable energy or MRE) remain
largely underexploited and only a limited number of energy
conversion devices have been deployed in Canada, often to
support MRE research or to demonstrate available
technologies [3], [4]. Although large-scale assessments are
available in literature, this information is not yet available to
stakeholders in a manner that permits meaningful
interpretation and assessment of the practical energy resource
with consideration of socio-economic and environmental
criteria. Furthermore, resource assessment findings have
primarily been disseminated through literature (i.e. static
documents with limited interactivity) which limits the extent
to which the resource datasets may be queried and
interrogated. These gaps hinder well-informed MRE site
selection and ultimately represent barriers to further

II.

BACKGROUND

A. Existing Resource Assessments
A number of resource assessments have been conducted in
the past to characterize MRE resource availability across
Canada [1], [2] and in the Province of British Columbia [5]–
[7]. Although existing assessments provide valuable insight
on the theoretically available resources, they do not reflect the
practical resources that can realistically be exploited with
consideration of socio-economic and environmental criteria,
as defined by the International Electrotechnical Commission.
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In locations such as B.C., where there is a paucity of
information regarding the practical exploitation of MRE
resources, it would be beneficial to have a DSS capable of
quickly evaluating the influences of various socio-economic
and environmental criteria on the practical resource to
characterize competing interests (the desire for fast flowing
currents versus the desire for proximity to ports and terminals,
for example) and identify locations for further detailed
investigation. Furthermore, the diversity of marine energy
conversion devices warrants the development of a flexible
DSS that permits users to specify criteria. For example,
different wave energy converters may have different
deployable depth ranges, and the user should be able to
implement these criteria in the DSS. In order to support this
degree of flexibility, the DSS must support user-interaction
and exploration of the underlying datasets [19], [20].
Figure 1 : Province of British Columbia, Canada [8].
B. Multi-Criteria Decision Analysis

III.

Previous studies have employed MCDA techniques with
geographic information systems (GIS) to evaluate MRE
development site suitability within a spatial domain [9]–[13].
In the initial stages, this methodology involves gathering
relevant datasets and compiling the data into geospatial
layers. Typically, criteria layers are categorized as either
constraint layers or factor layers. Constraint layers represent
design restrictions and dictate whether a given location is
acceptable or unacceptable [14]. For example, one might
specify that all locations within 1000 m of protected areas are
unacceptable for development. Conversely, factor layers
indicate suitability at a given location based on a pre-defined
scale. For example, one might specify that locations in the
immediate vicinity of the transmission grid are most desirable
whereas locations further away from the transmission grid are
less desirable, but not unacceptable. Prior to data integration,
each factor layer must be normalized to a common scale and
weighted to reflect importance relative to other factor layers.
Ultimately, constraint and factor layers are integrated using
geospatial algebraic methods to produce a summary layer
indicating site suitability throughout the study domain [15],
[16].

OBJECTIVE

The main objective of the Atlas is to support preliminary site
selection and feasibility investigations in B.C., Canada for
tidal, wave, and river hydrokinetic energy developments.
Building upon a concept-level DSS developed in 2017 [10],
the Atlas was developed with the intention of producing a
flexible and interactive DSS that is capable of supporting
user-driven MCDA with detailed and expansive datasets
pertinent to MRE development suitability. An additional goal
of the Atlas is to collate and house relevant data in one
location and to ensure that the data and DSS capabilities are
easily accessible to stakeholders.

IV.

APPLICATION DEVELOPMENT
A. Resource Data Layers

The Atlas contains resource availability data layers for tidal,
wave, and river hydrokinetic energy. The layers were
developed using data from past theoretical resource
assessments conducted in the vicinity of the study area.
The tidal resource assessment was conducted by the National
Research Council (NRC) of Canada using hydrodynamic
modelling techniques. A numerical hydrodynamic model was
used to simulate water depths, velocities, power, and annual
energy production (AEP) in coastal and offshore waters of
B.C. The model used bathymetry data sourced from the
Canadian Hydrographic Service (CHS) [21] and the National
Oceanic and Atmospheric Administration (NOAA) [22]. The
model output was provided on an unstructured triangular
mesh consisting of over 2.3 million nodes, with increased
resolution in nearshore areas. The mesh was generated such
that all channels and inlets greater than or equal to 200 m in
width are captured by the mesh. At the highest nearshore
resolution, spacing between mesh nodes is approximately
50 m. Accordingly, intricate geographical features such as
small channels and inlets are well-represented in the mesh.

C. Data Visualization and Data Exploration
Geospatial data layers and MCDA results are commonly
disseminated through figures accompanying published
literature [9], [11], [12] or static layers in online map services
[17], [18]. Although these methods effectively communicate
key information to the audience, they do not permit
interaction with the underlying datasets. Accordingly, the
audience’s interpretation of the research findings is limited to
the specific case scenarios that the presenters have chosen to
show; the audience does not have the flexibility to customize
MCDA criteria and explore different scenarios [19], [20].
This limits the transferability of the research findings and
hinders practical use of the data.
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This is an important feature for tidal resource assessment
since the greatest velocities generally occur where tidal
currents are constricted.

layers included in the Atlas were processed such that they
contain raw distance values; buffering and normalization of
the layers is governed by the user’s decisions. Essentially,
users are free to decide whether each data layer is treated as a
factor, a constraint, or a factor with a constraint. To assist
users, suggested buffer specifications are presented in the
Atlas based on literature. Furthermore, users are free to
include or disregard individual socio-economic and
environmental layers to reflect their investigative
preferences. Additionally, by avoiding fixed constraint and
buffer requirements, this approach enhances the adaptability
of the Atlas to future changes in regulatory requirements and
best-practices.

The wave resource assessment was conducted by the
University of Victoria [5]. The model domain was discretized
using an unstructured triangular mesh and simulated values
were output at mesh nodes. The simulated data include water
depth, spectral wave heights and periods, wave power, and
AEP for over 250,000 nodes.
The river hydrokinetic resource assessment was conducted by
the NRC [2]. Regionalization techniques were used to
estimate flows at ungauged stations across Canada and
hydraulic geometry relationships were used to estimate
channel dimensions [2]. The resulting datasets included
average depth, average width, average velocity, average
power, and flow duration curves for every reach in Canada.
Data for over 21.5 thousand reaches were included in the
Atlas for the province of B.C.

The following socio-economic and environmental data layers
are included in the Atlas, each representing proximity to the
listed features:






















B. Socio-Economic and Environmental Data
Layers
For most applications relevant to MRE resource and impact
assessment, distance-based criteria can be used to assess the
importance of socio-economic and environmental factors. For
example, at a given location, the distance to the transmission
grid or the distance to the closest port location might be of
interest to tidal energy stakeholders. Accordingly, a multitude
of socio-economic and environmental data layers were precomputed using Python programming techniques, based on
distances to key features throughout the study domain. Some
socio-economic and environmental data layers represent
desirable traits, such as proximity to the transmission grid,
and some represent undesirable traits, such as proximity to
protected areas or submarine cables [23]. Socio-economic
and environmental data layers relevant to tidal and wave
energy were discretized based on the computational meshes
used to support the tidal hydrodynamic and wave modelling,
with values present at node locations. Socio-economic and
environmental data layers relevant to river hydrokinetic
energy were discretized based on the reach layout used in the
river hydrokinetic resource assessment.

Boat launches
Diving sites
Environmental monitoring locations
Ferry routes
Ferry terminals
First nation communities
Freshwater finfish tenures
Major natural resources projects
Marinas
Moorages
Navigation hazards
Oil and gas pipeline rights-of-way
Ports and terminals
Protected areas
Saltwater finfish tenures
Shellfish tenures
Shipwreck locations
Shoreline
Submarine hydro cables
Submarine telecommunication cables
Transmission grid

Shoreline feature data were obtained from NOAA [24],
submarine telecommunication cable feature data were
obtained from cablemap.info [25], transmission grid and
submarine transmission cable feature data were obtained
from BC Hydro, and protected areas feature data were
obtained from the Canadian Council on Ecological Areas
[26]. All other socio-economic feature data were obtained
through the British Columbia Data Catalogue repository [27].
All distances in the data layers were computed assuming
travel along a hypothetically flat terrestrial or water surface,
except for the transmission grid data layer for tidal and wave
energy resources, where values represent the distance of
travel along the ocean floor. This methodology was selected
under the assumption that stakeholders will be most interested
in the length of submarine cable required to connect wave and
tidal energy conversion devices to the existing transmission
grid.

Socio-economic and environmental constraint layers are
often produced by applying fixed buffers around key features,
to identify unacceptable locations [11]–[13]. However, this
limits the flexibility and transferability of the DSS because
users are unable to explore different scenarios (for example,
different buffer sizes). Furthermore, although some criteria
may technically represent design constraints only, it may be
desirable to evaluate suitability in un-restricted regions. For
example, MRE development may not be permitted within a
specified buffer region around protected areas, but users may
wish to indicate that desirability increases with distance away
from protected areas in the remaining unrestricted regions.
For this reason, socio-economic and environmental data
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C. Implementation and MCDA Computations

aversion strategy. Each data layer is also accompanied by a
slider which the user can manipulate to indicate the weight
(or importance) of each data layer with respect to other data
layers.

The Atlas was developed using a web-based approach so that
the tool can be easily accessed by stakeholders via a web
browser. Furthermore, a web-based approach ensures that the
Atlas can be operated and updated without the burden of
distributing and installing software. Development was
accomplished using a combination of web development
techniques. The interface layout was developed using HTML
and CSS language, and the functionality is largely handled
via JavaScript programming as well as a number of
JavaScript libraries and other web development tools.
Mapping features are supported by MapBox GL and
interactivity features, such as buttons and slider bars, are
supported by the jQuery and Bootstrap libraries. Data
visualization and MCDA computations are handled by
WebGL.
The Atlas uses MCDA methods to compute suitability at each
location in the study area based on selected data layers and
specified criteria. Each data layer (resource or socioeconomic/environmental) is accompanied by an interactive
value function (Figure 2). The value function defines the
normalization scheme applied to the corresponding data layer
such that raw values, 𝑎𝑖𝑘 , are transformed to normalized
values, 𝑣(𝑎𝑖𝑘 ), fitted to a scale from 0 to 1 using the following
equation,
max{𝑎 }
𝑖𝑘
𝑖

𝑣(𝑎𝑖𝑘 ) = ( max
𝑖

− 𝑎𝑖𝑘
)
{𝑎𝑖𝑘 } − min
𝑖 {𝑎𝑖𝑘 }

Figure 2 : Interactive value function. Real values are
transformed to a scale from 0 to 1, with 0 representing the
worst condition and 1 representing the best condition.
The normalized and weighted data layers are integrated using
a weighted linear combination to determine overall suitability
at each location in the study domain. However, if the
minimum or maximum acceptable criteria for any data layer
is not met at a given location, then the suitability of that
location is assigned a 0 value. Referring again to Figure 2, for
example, any locations that are located further than 30 km
away from the transmission grid would be assigned an overall
suitability value of 0 regardless of the desirability of other
parameters (depth, velocity, etc.) at those locations. In
essence, this functionality allows users to decide whether
each criteria data layer is treated as a factor, a constraint, or a
factor with a constraint.

𝜌

for the 𝑘-th criterion of the 𝑖-th alternative to be minimized,
or
𝑎𝑖𝑘 − min
𝑖 {𝑎𝑖𝑘 }
𝑣(𝑎𝑖𝑘 ) = ( max
)
min{𝑎 }
𝑖𝑘
𝑖
𝑖 {𝑎𝑖𝑘 } −

𝜌

V.

for the 𝑘-th criterion of the 𝑖-th alternative to be maximized,
where 𝜌 represents a parameter which can be adjusted to
max{𝑎 }
reflect risk, and min
represent the
𝑖𝑘
𝑖 {𝑎𝑖𝑘 } and
𝑖
minimum and maximum criterion values of the 𝑘-th criterion,
respectively [14].

UTILITY AND APPLICATION

Figure 3 illustrates a hypothetical scenario where the Atlas
has been employed to assess site suitability as a function of
average tidal current speed and proximity to ferry routes.

Users can manipulate the shapes of the value functions to
reflect the design criteria to be employed in the MCDA. For
example, in Figure 2, the user has specified that proximity to
the transmission grid is desirable, desirability diminishes with
increasing distance away from the transmission grid, and
locations further than 30 km away from the transmission grid
are unsuitable for development. The user is also able to
influence the shape of the value function by interacting with
the ρ-value. A ρ-value between 0 and 1 produces a concavedown value function representing a risk-aversion strategy, a
ρ-value of 1 produces a linear value function, and a p-value
greater than 1 produces a concave-up value function
representing a risk-affinity strategy [14]. In Figure 2, the user
has specified a concave-down curve representing a risk7th International Conference on Ocean Energy 2018 // Cherbourg, France
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currently the only layer in the analysis, the tidal
current speed data layer has a weight of 100%.
Figure 3b: The user has introduced the ferry routes
data layer into the MCDA computations. The user
has specified that suitability increases with
increasing distance away from ferry routes and that
any locations within 2 km of a ferry route are
unacceptable. The user has also specified that any
locations further than 5 km away from a ferry route
are most desirable. A linear normalization scheme
has been selected. A weight of 25% has been
assigned to the ferry route data layer;
correspondingly, the weight of the tidal current
speed data layer has dropped from 100% to 75%.

The example presented in Figure 3 demonstrates how a user
could identify potentially suitable sites for MRE development
based on criteria related to tidal current speed and avoidance
of ferry routes. This functionality could help stakeholders
target areas for further detailed investigation by providing a
coarse description of site suitability based on customized
criteria specifications.
VI.

The Atlas hosts an extensive collection of data layers
pertinent to MRE development feasibility. Interaction with
the underlying data is supported such that users are able to
formulate customized data interrogations and quickly
visualize site suitability based on a broad range of userdefined criteria. Users are able to manipulate MCDA criteria
to reflect specific resource, socio-economic, and
environmental requirements or preferences. Accordingly, the
Atlas can be used as an effective tool to support preliminary
site selection tasks and identify locations that warrant further
detailed investigation. Since the Atlas was developed as a
web-based tool, it is easily accessible to stakeholders via a
web browser; installation of specialized software is not
required. Furthermore, the Atlas is the first MRE DSS to offer
support for tidal, wave, and river hydrokinetic energy
resources under a common system and interface.

Figure 3 : The British Columbia Marine Energy Resource
Atlas user interface. A hypothetical scenario is displayed
showing site suitability as a function of (a) average tidal
current speed alone, and (b) average tidal current speed and
proximity to ferry routes.

The Atlas is still in development and a beta version is
currently being tested by a small community of key
stakeholders. The official launch is planned for later in 2018.

The hypothetical assessment presented in Figure 3, illustrates
the following logic:


CONCLUSION
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