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Executive Summary
Accurately mapping the extent and migration of sea ice is a complex task that can be made manageable
through the use of a suite of specialized tools. The Nova Scotia Community College – Applied Geomatics
Research Group (NSCC-AGRG) believes that a cohesive understanding of the risk sea ice poses to
established or future infrastructure can be achieved using three primary tools: historical ice charts,
satellite imagery, and aerial imagery. Each of these tools have marked advantages and disadvantages
when weighing cost and accuracy in an applied scenario. The NSCC-AGRG has developed a methodology
which maximizes the accuracy of results while minimizing the costs associated with data collection. The
methodology was developed by identifying the strengths and weaknesses of each of the tools to
establish a hierarchical approach to data collection and analysis.
The first step in the mapping and monitoring process requires the analysis of sea ice trends captured in
Canadian sea ice maps. These maps provide a long-term historical spatial record of ice formation,
dissipation, and thickness. Historical ice maps have been demonstrated to provide high quality
information at a regional scale (Maritimes) for several years with a minimal to moderate level of
analysis. Sea ice charts are designed for deep-water shipping areas and do not provide data at a scale
that is suitable for nearshore or bay-level assessments. For this reason, historical analysis should be used
as a probing tool to develop an understanding of the timing and magnitude of sea ice trends to identify
potential areas of low vulnerability. These trends can be presented to experts and investors in the field
and used as an early decision-making tool to narrow the scope of potential areas suitable for
development. The NSCC-AGRG has demonstrated the usefulness of these analyses by presenting trends
for Chedabucto Bay and St. Mary’s Bay. The Chedabucto region was examined as test sites for the
developed real time satellite ice mapping tool.
Satellite identification of sea ice is possible using several available data sources. The NSCC-AGRG
presented several collection options that were narrowed to two primary sources, Sentinel-1 (S1) radar
imagery, and Sentinel-2 (S2) multi-spectral imagery. The decision to use the Sentinel series of sensors
was based on the high resolution of the imagery and the associated cost of the data which is freely
available from Copernicus Open Access Hub. Using the project-developed satellite data handing tool,
satellite data were automatically downloaded, processed to generate classification products and timelapse animations, and stored in a database in real-time. The S2 sensor provided high-resolution
multispectral data that was easily interpreted by end-users and automatically classified into a sea-ice
product using a developed script. The most significant issue with S2 data was the inability of the sensor
to penetrate cloud cover which occurred often during the ice season. The ancillary S1 radar sensor was
able to penetrate cloud cover resulting in the investigation of S1 data to alleviate this issue. While S1
data is significantly more difficult to interpret and classify using automated routines, the consistency of
data and rapid return periods were largely beneficial in providing useful information during overcast
periods. Satellite-derived information was rapidly distributed using the project-developed email tool
which generated compressed contextual images that were distributed to interested parties to maximize
situational awareness and present risk likelihood to infrastructure. To aid in risk management and
provide rapid and concrete answers regarding ice distribution and proximity to potentially sensitive
infrastructure, high-cost data collection platforms such as Remotely Piloted Aircraft Systems (RPAS;
drones) and helicopters were investigated.
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The NSCC-AGRG collected aerial imagery under cloud cover using RPAS and a chartered Bell 206
helicopter from Vision Air Services Inc. The most suitable platform for data collection was determined by
several factors including the mobilization distance, size of the area of interest, environmental
conditions, and perceived value of the data. The use of a helicopter was roughly 5 times the cost of an
RPAS survey, but, was determined to outperform the RPAS in all areas except data resolution. In calm
winds and fair weather, it was possible for the RPAS to produce superior products in smaller areas of
interest. Both collection platforms successfully captured ice distribution in imagery at sub-meter
resolution over focused areas of interest that were easily interpreted. Same-day results were provided
in the form of oblique site profile images and detailed orthomosaic composite image maps could be
generated for distribution within 24 hours of collection.
The NSCC-AGRG has successfully demonstrated the ability to accurately map the extent and migration of
sea ice while presenting results in an easy to understand format relevant to risk management. The sea
ice detection methods and tools developed during this project have been detailed within this report.
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1. Introduction
The Center for Marine Applied Research (CMAR) (a special project of Perennia Food & Agriculture Inc.)
requires research to be completed on best practices for mapping and monitoring nearshore ice and an
analysis of historical ice patterns and trends for coastal Nova Scotia. Nearshore ice can damage
unprotected aquaculture equipment. An understanding of ice dynamics with respect to oceanographic
and meteorological conditions may help to reduce damage to infrastructure and assist with siting new
aquaculture developments.
The Nova Scotia Community College – Applied Geomatics Research Group (NSCC-AGRG) has many years
of experience using remote sensing for map generation and analysis. NSCC-AGRG has extensive
experience working with image data obtained from satellite and aerial platforms such as aircraft and
Remotely Piloted Aircraft Systems (RPAS; drone) for use in coastal mapping applications. NSCC-AGRG
was tasked to provide the best available data and develop a framework for a long-term ice monitoring
Geographic Information System (GIS)-based database for future analysis of ice break-up and freeze-up
to support nearshore ice monitoring. Initial regions of interest were established in the project planning
stage and analysis was targeted on Chedabucto Bay (Tor Bay, Whitehead Harbour, and Port Felix) and St.
Mary’s Bay in Nova Scotia, Canada.
Preliminary work was completed to locate nearby weather station data and research the interactions
between weather, tide, and ice within suitable aquaculture zones to produce historical ice trends. An ice
monitoring system was developed using a Sentinel-2 satellite (European Space Agency) to map
nearshore ice by automating the acquisition, classification, and email delivery of ice coverage maps for
predefined areas (Acoustic Doppler Current Profiler locations) in near real-time. Following the
preliminary results of the project, an expanded scope of work was added to the contract that included
the investigation of Sentinel-1 radar imagery for use in ice mapping through automated data acquisition
and manual classification. Through discussions between NSCC-AGRG and the project manager, Toby
Balch, it was decided to concentrate efforts on the Eastern Shore study areas around Chedabucto Bay.
The work consisted of comparing the results of the radar classifications to visible satellite imagery and
producing animations of changing ice conditions from the compiled imagery.
This document describes the work that was completed for the 2019 ice season by NSCC-AGRG to i)
compile and analyze historical ice service chats to produce informative trends in the data, ii) monitor
and classify sea ice in near real-time using Sentinel-2 satellite imagery, and iii) evaluate the advantages
and disadvantages of aerial imagery for high-precision mapping and monitoring of nearshore ice.
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2. Methods
The proposed research objectives spanned a broad array of analysis methods and data requirements,
from weather station readings to photogrammetric image processing. To obtain the required data,
access to several resources was needed including Environment and Climate Change Canada’s (ECCC)
Canadian Ice Service (CIS) charts, European Space Agency (ESA) data holdings, and field data collection
platforms such as the Vision Air Services Inc. Bell 206 helicopter and NSCC-AGRG RPAS. The methods for
data collection and processing are broken into components as they pertain to ice monitoring and are
discussed in detail within the following sections.

2.1 Historical Ice Conditions
The CIS is a division of the Meteorological Service of Canada and is the leading authority for ice and
iceberg information in Canada's navigable waters. CIS produces ice charts by integrating data collected
from satellites, ships, and aircrafts and archives compiled maps on a daily and weekly basis that are
freely available for download.
Historical ice data were combined with meteorological and tide data from the 2003 to 2019 seasons to
analyze how physical forces that drive the movement of ice influence trends in recorded freeze-up and
break-up events. Weather data were collected at the long-term ECCC stations most proximate to each
area of interest. Observed tides were obtained from the Canadian Hydrographic Service (CHS) active tide
stations located in North Sydney and Halifax.
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2.2 Satellite Imagery
The ESA-led Copernicus Program encompasses the launching, maintaining, and operating of various
Sentinel satellite platforms, as well as making much of the data freely available to the public. Sentinel
data are available to the public via web-based interfaces and data servers accessible through scripting
which has allowed for the development of automated download routines. The Sentinel 2 multispectral
satellite and the Sentinel 1 synthetic aperture radar (SAR) satellite were determined to be ideal for
mapping sea ice within Nova Scotia due to their rapid orbit return times, high resolution products, and
free access to data. Each of the Sentinel satellites has unique advantages and disadvantages but operate
optimally when used as a pair. Sentinel 2 orbits with a 5-day return period over Nova Scotia and
captures high-quality imagery in 12 unique spectral bands that are easily classified and interpreted.
However, Sentinel 2 is a passive imaging sensor and is unable to penetrate cloud cover which was
determined to be detrimental to ice mapping as it was possible that overcast conditions during satellite
return periods could prevent detection for several weeks at a time. To solve this problem, Sentinel 1
data were investigated as an ancillary data source. Sentinel 1 orbits with a 6-day return period and is an
active radar sensor that is capable of penetrating cloud cover to map sea ice in a variety of conditions.
The data produced by Sentinel 1 were low resolution and more difficult to process, classify, and
interpret, but were used during overcast periods to generate ancillary information to support ice
mapping.

2.2.1 Sentinel 2
The Sentinel 2 mission constellation consists of two instruments named Sentinel 2A and Sentinel 2B. The
Sentinel 2 mission constellation was the primary remote sensing data source used for ice mapping in this
report. Sentinel 2 produces multispectral imagery across 12 distinct bands with variable resolution,
where the highest resolutions were observed within the visible and near infrared portions of the visual
spectrum (Table 1; Figure 1).
Table 1. Definitions of Sentinel 2 band wavelengths and resolutions.

Sentinel 2 Bands
Band 1 – Coastal Aerosol
Band 2 – Blue
Band 3 – Green
Band 4 – Red
Band 5 – Vegetation Red Edge
Band 6 – Vegetation Red Edge
Band 7 – Vegetation Red Edge
Band 8 – NIR
Band 9 – Vegetation Red Edge (8a)
Band 10 – Water Vapour
Band 11 – SWIR – Cirrus
Band 12 – SWIR
Band 13 – SWIR

Resolution (m)
60
10
10
10
10
20
20
10
20
60
60
20
20
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Central Wavelength (µm)
0.443
0.490
0.560
0.665
0.705
0.740
0.783
0.842
0.865
0.945
1.375
1.610
2.190
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Figure 1. Visual representation of the Sentinel-2 satellite imaging bands with a 10 m resolution over the Visible and NearInfrared (VNIR) and Short-Wavelength Infrared (SWIR) spectrum.

Sentinel 2 data were collected in swaths, along-track, or along orbit around the Earth. The width of each
swath measured approximately 290 km which was much larger than that of comparable Landsat satellite
imagery collection platforms. Sentinel 2 data are sectioned into 100 km2 tiles by the ESA for storage and
hosting purposes (Figure 2).
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Figure 2. Map of Maritime Sentinel 2 tiles displaying the overlap pattern and tile names.

Sentinel-2 produced high quality data where ice could be easily be distinguished from open water during
clear, cloud-free days. However, additional processing and Sentinel 1 data were required to accurately
map ice during periods when cloud and fog cover obscured the coast (Figure 3).
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Figure 3. Example of 10 m resolution Sentinel 2 true colour composite showing A) ice-covered lakes and inland areas, B) cloud
cover obscuring the land and coast, and C) frozen-over bays with confounding cloud cover.
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2.2.2 Sentinel 1
After presenting preliminary ice mapping results and expressing concern over cloud cover problems, the
scope of the project was expanded to examine the Sentinel 1 radar-based satellite which was capable of
penetrating the cloud cover and providing medium resolution SAR imagery across multiple operational
modes around the globe (Figure 4).

Figure 4. Example of Sentinel 1 radar imagery showing A) wind effects on the water with no ice, B) ice forming in the
Northumberland Strait and wind effects on the Atlantic Ocean, and C) ice formations in the Atlantic Ocean and Northumberland
Strait. Red boxes highlight areas with Ice.
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The Sentinel 1 mission constellation consists of two C-band SAR instruments named Sentinel 1A and
Sentinel 1B. The two nearly identical platforms share the same near-polar sun-synchronous orbit and
provide a global revisit time of 6 days (12 days for a single satellite). The Sentinel-1 satellites operate in
several imaging modes and transmits and receives polarized radar waves (Figure 5).

Figure 5. Different imaging modes of the Sentinel 1 radar satellite: A) Wide mode, B) Horizontally and Vertically-polarized radar
wave transmitted or received by the sensor.
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Data products are provided in a variety of processing levels and for ice mapping NSCC-AGRG used level 1
interferometric wide swath mode (IW), ground range detected (GRD), high-resolution double polarized
horizontal transmit signals. Additional products were downloaded and analyzed such as single look
complex (SLC) products and the double polarized vertical transmit signals for both GRD and SLC. These
products have been included in the project deliverables and are outlined (Table 2).

Table 2. Summary of 450 Sentinel 1 data products downloaded for the study areas during the 2018 – 2019 ice season. Data
separated by Sentinel 1A and Sentinel 1B satellites, level 1 processing type (ground range detected or single look complex), and
by the signal transmission mode (horizontal or vertical polarization).

Platform
Sentinel 1A

Product
GRD
SLC

Sentinel 1B

GRD
SLC

Transmit
H
V
H
V
H
V
H
V

Start Date
2018-12-07
2018-12-01
2018-12-07
2018-12-01
2018-12-15
2018-12-01
2018-12-15
2018-12-06

End Date
2019-05-19
2019-06-01
2019-05-19
2019-06-01
2019-06-01
2019-04-30
2019-06-01
2019-04-30

Number of .SAFE files
67
72
67
73
20
71
20
60

The level 1 wide swath GRD product provided a pixel with a spatial resolution of 5 x 20 m. The imagery
consisted of two bands, a transmitted polarized wave, and a received polarized wave. Band 1
transmitted and received a horizontal wave (HH), while band 2 transmitted a horizontal wave and
received a vertical wave (HV). Radar generates high levels of noise, often referred to as speckle, which is
reduced by averaging band values in a process called multi-look. For this project, NSCC-AGRG processed
the data using multi-looks to reduce speckle by extending the functional pixel resolution to 60 m.
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Sentinel 1 processing was done using the ESA Sentinel Application Platform (SNAP). SNAP is a desktop
application that can be downloaded from the ESA’s website and has a graphical user interface which is
able to read and display raw data using the ‘manifest.safe’ file included in each Sentinel 1 .SAFE folder
(Figure 6).

Figure 6. Sentinel Application Platform graphical interface displaying raw data over the St. Mary’s Bay area. Imagery is mirrored
due to acquisition geometry and is corrected in early processing.
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SNAP processing steps are visualized in Figure 7. For this project, the processing workflow was saved in
SNAP and subsequently called from the command line using the developed Python processing script to
download and run all images though the processing workflow automatically as they became available.

Figure 7. Flowchart representing the processing of Sentinel 1 data in SNAP’s graph builder tool. The ‘raw .SAFE’ file is read and
processed to produce an RGB GeoTiff.

During the SNAP processing, orbit files were used to orient the imagery and thermal noise corrections
were used to remove thermal noise from the image. A calibration process computed the scattering
coefficient (sigma0) for each band and multi-look filtering was used to reduce speckling (6 range looks
were completed and the resolution was reduced to 60 m). The HH and HV signals were converted to
their scattering coefficients and a third ratio band (HH/HV) was created during processing which allowed
the data to be displayed and classified as an RGB GeoTiff (Table 3).

Table 3. Summary of the Sentinel 1 GeoTiff bands created during SNAP processing.

GeoTiff Band
Band 1
Band 2
Band 3

Signal
Sigma0 HH db
Sigma0 HV db
Sigma0 HH db/ Sigma0 HV db

Of the total 450 Sentinel 1 data products downloaded, 14 images were manually classified to assess
feasibility and level of effort. They were selected from the 87 level 1 GRD high resolution horizontal
transmit data products that covered the Tor Bay and Whitehead Harbour areas over the 2018-2019 ice
season.
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2.3 Classification
Classification of satellite data was done using a support vector machine (SVM) within ESRI’s Arc
interface. The SVM is a powerful tool based on machine learning which produces impressive
classification accuracies when effectively trained. The ESRI classifier definition file created during the
training process can be subsequently used in scripting along with other parameters used in the
classification training to automate the generation of accurately classified results from a limitless number
of images.
Sentinel 2 images were pre-processed in ArcGIS Pro by masking land areas (Coastal Waters (polygons),
Boundary files - 2016 Census; https://open.canada.ca/data/en/dataset/6c78fb2f-d23b-45b4-b3afcc6f6cc4fff8) and reducing the 12 available bands to the band combination that best represented the
features of interest (R:12 G:9, B:4). A supervised object-based classification was established initially in
ArcGIS Pro. Images were segmented using ArcGis Pro ‘Segmentation’ tool with high spectral and spatial
detail and a classification scheme was constructed for water, ice, and cloud. A range of samples for each
class were selected, ensuring that all levels were represented to build the training parameters. The
classifier was run to generate results that could be assessed along with the classifier definition file.
When training satellite image classifiers to identify ice, results improved as additional data were
provided which supported large and diverse training areas. The classifier was trained using data from St.
Mary’s Bay and the Eastern Shore areas (Figure 8).

Figure 8: Locations of study areas referred to as "St. Mary's Bay" and "Eastern Shore", outlined in pink.
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Following the initial positive classification results, further development was done to fully automate the
classification process. For the sake of repeatability and future analysis, classifications were not limited to
areas of interest and processing was done on entire Sentinel scenes dataset (Figure 9).

Figure 9. Size comparison of the A) Tor Bay study area to B) a full Sentinel 2 tile outlined in red with Tor Bay outlined in black.

2.4 Tool Development
Several scripts were developed to download, process, store, and disseminate satellite data to automate
the sea ice mapping and classification process. Each of the script functions are described within the
following sections.

2.4.1 Satellite Data Download Script
A Python script was developed to access the data via the Scihub Data Hub Software server run by the
ESA. The script is written to allow the user to input a desired location and date range to download all
relevant data. The script was scheduled through the Windows 10 built-in ‘Task Scheduler’ application to
run automatically after new data were uploaded by the ESA. Acquisition dates are detailed in Appendix
2: Sentinel Image Dates.

2.4.2 Emailer
The emailer tool was developed in Python to rapidly disseminate contextual satellite information by
automatically distributing low-resolution images of the latest satellite data using an email account
capable of being controlled by scripts, such as Google Gmail. The email notification script was scheduled
to run repeatedly with the Windows Task Scheduler. Every morning it checked for newly downloaded
data and processed new scenes to PNG files, viewable on desktop and mobile devices. The scenes were
cropped to targeted areas to further reduce file size and maximize clarity. The cloud coverage was
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reported in the message body as a percentage of the total area to aid the recipient in interpreting
between ice and cloud.

2.4.3 Classification
Python and ESRI’s ArcPy python scripting interfaces were used to build the automated classification
script. The script generated classified Sentinel 2 scenes by masking out land values from downloaded
data before applying an SVM classifier definition file and parameters to classify the image into water,
ice, and cloud. The classified raster was then saved to an output .TIFF file. The script was scheduled to
run automatically to produce correctly classified results when new scenes became available. For
improved accuracy in the future, the script can be run manually on previously downloaded data if new,
more accurate classifiers are generated.

2.4.4 Storage
ESRI’s Mosaic Database format was used for image storage due to its flexibility and prevalence within
the industry. By using Mosaic Databases within Geodatabases, NSCC-AGRG was able to create spatial
databases tailored specifically to the data that were being compiled and processed. The database was
able to be queried spatially, temporally, or by attribute to aid in data display and analysis. For example,
the cloud cover attribute was used to select Sentinel-2 scenes that were most likely to contain useable
data. Python scripts were written using ESRI’s ArcPy to automate the storage of the collected and
processed data.

2.4.5 Animations
A Python script was written to create animations of sea ice charts and Sentinel imagery, and output MP4
files designed for maximum compatibility across devices and media players to simplify the display of
complex data for use outside a GIS. The CIS ice charts were compiled to video at a user-specified frame
rate. Processed Sentinel 1 imagery of the same geographic coverage were compiled to video using the
same process. True colour composites were created for Sentinel 2 imagery before being compiled to
video. In the case of both Sentinel platforms, timestamps and progress bars showing seasonal
progression were added to the imagery to provide more information.
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2.5 Aerial Imagery
To aid in risk management, high cost data collection platforms such as RPAS and helicopters were
investigated to provide rapid and concrete answers regarding ice distribution and proximity to
potentially sensitive infrastructure. The NSCC-AGRG collected aerial imagery under cloud cover using
RPAS flights and a chartered Bell 206 helicopter from Vision Air Services Inc.

2.5.1 RPAS Data Collection
NSCC-AGRG completed multiple RPAS flights of coastal ice formations around Whitehead Harbour and
Tor Bay on February 24, 2019 with a DJI Inspire 1 outfitted with a Zenmuse X5 camera, and a DJI Mavic
Pro Platinum. Flight locations are shown in Figure 10 and each individual flight is described in Table 4.
Flights included a combination of planned mapping image collections executed with a third-party
application, Drone Deploy, and manually piloted collection where images were captured at vertical and
oblique angles based on expert guidance in the field. Planned mapping imagery was captured with 30%
side and front image footprint overlap to ensure images cold be aligned in the orthomosaic mapping
process performed within AgiSoft Photoscan Professional. Positioning data for each photo was collected
via the RPAS internal GPS system, accurate to 3-5 m.

Figure 10. RPAS flight locations around Whitehead Harbour and Tor Bay, Nova Scotia. All flights were completed on Feb. 24,
2019.
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Table 4. RPAS flight descriptions. Time is in Atlantic Daylight Time (UTC – 3 hours) Feb. 24, 2019 and represents the start of each
flight.

Time
(ADT)

Location

RPAS/ Camera

Survey Description

10:19

Charlos Cove

Inspire 1 Pro/Zenmuse X5 Planned lines (10), 413 photos

11:46

Port Felix

Inspire 1 Pro/Zenmuse X5 Planned lines (4), 128 photos

12:22

Whitehead

Inspire 1 Pro/Zenmuse X5

Manual lines (2) with vertical and oblique
shots, 66 photos

12:53

Whitehead

Mavic Pro Platinum

Planned lines (5), 140 photos

13:30

Upper Whitehead

Mavic Pro Platinum

Manual flight with vertical and oblique
shots, 53 photos

14:09

Queensport

Mavic Pro Platinum

Planned lines (5), 130 photos

14:51

East Guysborough

Mavic Pro Platinum

Manual lines (4) with vertical and oblique
shots, 106 photos
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2.5.2 Aircraft Data Collection
The NSCC-AGRG worked with a local helicopter chartering service, Vision Air Services Inc. to plan and
price an image collection flight. The flight was planned to collect imagery at an elevation of 1850 m for a
large area of interest which spanned a corridor along the Eastern Shore (Figure 11) where contextual
oblique imagery was collected and Tor Bay (Figure 12) where oblique and vertical mapping imagery was
collected. Tor Bay flight lines were planned to provide a minimum of 30% front and side overlap of
image footprints to ensure that imagery could be aligned to produce orthomosaic map products using
AgiSoft Photoscan Professional.

Figure 11. Helicopter flight plan showing flight line numbers (HFL) along the Eastern Shore with line directions (white represents
land). A) provides a close view for light line 1. B) Provides a close view for flight lines 3 and 4.
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Figure 12. Helicopter mapping flight plan for the Tor Bay area with flight line numbers (HFL) and directions overlaid.

2.5.3 Aerial Image Processing
Images from all platforms were organized into individual flights and vertical imagery was
photogrammetrically processed using Agisoft PhotoScan to create orthomosaics of the mapped areas of
interest. In some cases, homogeneity caused by the ice and water surfaces in overlapping photos
reduced photo alignment capabilities of the processing software, resulting in gaps within the image
products in some areas.

Nova Scotia Community College: Applied Geomatic Research Group

Page | 26

Nearshore Ice Monitoring and Analysis

3. Results
3.1 Historical Ice Mapping
The historical ice maps were analyzed and animations were built that showed the movement of ice.
Statistics were extracted from chart data that included first freeze-up and first break-up conditions. The
Eastern Shore maps were compiled on a weekly basis while the larger scale maps of the Gulf of St.
Lawrence (Figure 13) were compiled on a near daily basis. Results for each area are described in
additional detail.

Figure 13. Example of the near daily updated ice chart for the Gulf of St. Lawrence, March 11, 2019 (Canadian Ice Service).
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3.1.1 St. Mary’s Bay
The ice charts did not adequately represent the St. Mary’s Bay area. Daily ice charts were not available
for the 2003-2007, 2009-2012, 2013-2015, or 2017-2018 seasons for this area and relying on weekly
charts made ice movement patterns difficult to analyze. Additionally, St. Mary’s Bay is not well
represented in both weekly and daily ice charts (Figure 14) which added difficulty in interpretation.

Figure 14. St. Mary’s Bay (circled in black) was not well represented in the A) weekly ice chart (Eastern Coast), or B) daily ice
chart (Cabot Strait).
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Best efforts were made to interpret the weekly charts which indicated that the bay did not freeze during
2003-2004, 2005-2006, 2006-2007, 2009-2010, 2011-2012, 2013-2014 and 2015-2018 seasons. Freezeup and break-up dates are presented in Table 5.
Table 5. Freeze-up and break-up dates for St. Mary's Bay as per weekly historic ice charts.

Area of Interest
St. Mary's Bay

Extent
Eastern Coast

Season
2004-2005

Freeze-up
07/02/2005

Legend Value
< 1/10

Break-up
14/02/2005

St. Mary's Bay

Eastern Coast

2008-2009

26/01/2009

< 1/10

09/03/2009

St. Mary's Bay

Eastern Coast

2014-2015

23/02/2015

< 1/10

20/04/2015

St. Mary's Bay

Eastern Coast

2018-2019

14/01/2019

< 1/10

25/03/2019

3.1.2 Chedabucto Bay
Chedabucto Bay was the first examined area to freeze and last to break-up. Average concentrations of
ice in this bay were < 1/10 (open water) for the majority of the seasons with exceptions during the 20042005 and 2018-2019 seasons when it was more than 4-6/10 (open drift). This bay was exposed to North
and Northwest winds and exhibited low tidal ranges. Trends showed that ice movement patterns in this
bay were influenced by ice formation in the Northumberland Strait, Strait of Canso, and around Cape
Breton Island. High concentrations of ice tended to move along Cape Breton Island and into the Eastern
Shore which influenced the extent of open water and freeze-up in the bay. Ice chart observations
supported this finding and indicated that several historical seasons followed this pattern. Ice
concentrations at the mouth of the bay and offshore differed significantly from nearshore and sheltered
regions.

3.1.3 Tor Bay and Whitehead Harbour
Tor Bay and Whitehead Harbour exhibited low concentrations of ice when compared to Chedabucto
Bay. For the majority of seasons, ice concentrations were < 1/10 (open water) except during 2004-2005
and 2018-2019 when the concentrations were moderately higher. The bay remained fully or partially ice
free for a few seasons and tended to freeze later in the season than Chedabucto Bay. Trends showed
that the ice movement patterns in the bay were influenced by the formation of ice around Cape Breton
Island in the same way as Chedabucto Bay (3.1.2). The nearshore areas appeared to exhibit the same
concentration of ice as the offshore regions as denoted in ice chart analysis. Tor Bay and Whitehead
Harbour represented smaller geographic areas and appeared to have uniform ice concentrations
throughout with lower concentrations at the mouths of the bays.

3.1.4 Upper Eastern Shore
This region was the last to freeze and first to break-up compared to the other examined areas. It was
observed that the region had much lower concentrations of ice, was ice-free for most of the compiled
seasons, and remained ice-free for few seasons. Tide ranges in the region were higher than the other
areas and the region was primarily exposed to wind gusts from the North and Northwest. Ice formation
around Cape Breton Island which moved down along the Eastern Shore impacted the concentration of
ice in this system but had less of an impact than in Chedabucto Bay. Ice concentration for nearshore
regions were observed to be < 1/10 (open water) for most of the seasons.
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3.1.5 Ice Seasons
Ice season ranges were generated for the areas of interest which spanned from the date of first ice
formation (early freeze-up) to the last recorded chart date before the bays remained ice-free. These
data and associated concentration values were compiled for all seasons from 2003 to 2019 (Appendix 1).
The ice season generally began in January and less often in February for the Chedabucto Bay, Tor Bay,
Whitehead Harbour, and Upper Eastern Shore regions of interest over the 16 seasons (Figure 15). St.
Mary’s Bay was not included in the analysis as there were very few charts available.

Figure 15. Ice season start dates are noted on the x axis for each of the 16 recorded seasons. First formation concentrations are
plotted on the y axis referenced to the lower legend.

A detailed spreadsheet with the freeze-up and break-up dates along with ancillary tide and weather
information for each study area was provided with the project deliverables (Appendix 1). Weather
information was downloaded from the most proximate ECCC weather stations: Hart Island station for
Chedabucto Bay and Tor Bay, Beaver Island station for Upper Eastern Shore, and Brier Island station for
St. Mary’s Bay study area. Water levels were obtained from active CHS tide stations at North Sydney for
Chedabucto Bay and Tor Bay, Halifax for the Upper Eastern Shore, and Yarmouth for St. Mary’s Bay.
Station data were compiled to provide additional environmental context for the ice formation data. The
concentration of ice in Chedabucto Bay was very high during the end of February and start of March for
the 2018-19 season and dissipated by the end of April (Figure 16).
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Figure 16. 2018-2019 ice season concentrations and meteorological data for the Chedabucto Bay.
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All study areas tended to freeze or start freezing at the start of January and remained frozen until the
end of March or mid-April. In the 2014-2015 season, the bays were ice-free from mid-May onwards. This
ice season did not have high ice concentrations but did extend for a long period, similar to the 20082009 season. A comparison of freeze-up and break-up dates and concentrations was conducted for all
bays for the 2018- 2019 season, and all bays were found to follow a similar pattern (Figure 17).

Figure 17. Comparison of freeze-up and break-up for Eastern Shore bays.
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During the 2018-2019 season, ice formed in the Northumberland Strait at the end of January and along
Cape Breton by the start of February, while the Eastern Shore was ice-covered by the end of February.
Ice formation and migration took only a few days and started in the Northumberland Strait initially, then
moved north of Cape Breton before expanding south and eventually the bays along the Eastern Shore
froze (Figure 18, Figure 19, Figure 20, Figure 21). The cold Labrador current influenced ice movement
along Nova Scotia’s Eastern Shore.

Figure 18. Ice chart showing the concentration of ice in Northumberland Strait and Gulf of St. Lawrence with Northeast winds at
10 knots recorded on Jan 30, 2019 at Port Hawkesbury. Average wind (black arrows) and Labrador current location (blue arrow)
are overlaid to provide additional context.
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Figure 19. Ice chart highlighting the movement of ice around Cape Breton with Southwest winds at 10 knots recorded on Feb 18,
2019 at Sydney. Average wind (black arrows) and Labrador current location (blue arrow) are overlaid to provide additional
context.
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Figure 20. Ice chart showing ice movement around Cape Breton and ice concentration in Chedabucto Bay with Northwest winds
at 15 knots recorded on Feb 23, 2019 at Hart Island. Average wind (black arrows) and Labrador current location (blue arrow) are
overlaid to provide additional context.
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Figure 21. Ice chart highlighting ice formation along nearshore regions of Upper Eastern Shore and ice movement along offshore
Nova Scotia with Southwest winds at 20 knots recorded at Beaver Island on March 9, 2019. Average wind (black arrows) and
Labrador current location (blue arrow) are overlaid to provide additional context.
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3.2 Satellite Ice Mapping
Ice charts were developed for deep water regions and their accuracy in nearshore regions was
determined to be poor. Satellite data were collected to test this assessment and provide detailed data
for nearshore regions. Sentinel 2 satellite imagery taken on March 3, 2019 clearly captured sea ice in
high detail, suitable for analysis (Figure 22).

Figure 22. Sentinel 2 composite image of bands B11, B8A, and B4 clearly showing the A) movement of ice around the Magdalen
Islands, tip of Inverness and Victoria Counties of Cape Breton, and B) ice moving around Cape Breton island.

The concentration of ice on Jan 26, 2019 in Northumberland Strait were found to be similar between the
satellite and chart data (Figure 23). However, ice concentrations observed in satellite imagery were
dissimilar to ice chart data for nearshore regions on Feb 12, 2019 (Figure 24).
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Figure 23. A) Sentinel 2 image taken on Jan 26, 2019. Ice in the Northumberland Strait and Strait of Canso north of the Canso
causeway is circled in white and agrees with B) ice chart data from Jan 26, 2019

Figure 24. A) Sentinel image taken on Feb 12, 2019 shows ice around Cape Breton Island circled in white and a clear nearshore
area which does not agree with B) ice chart data obtained on Feb 12, 2019
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Data obtained on March 7, 2019 show similar ice concentrations in the Northumberland Strait and Strait
of Canso, however, Chedabucto Bay and Tor Bay were ice-free in the Sentinel 2 image and fully covered
in the ice chart data (Figure 25).

Figure 25. A) Sentinel image taken on March 7, 2019, showing ice in the Northumberland strait, near the mouth of Chedabucto
Bay and offshore Tor Bay circled in white with different results in the nearshore regions when compared with B) ice chart data
obtained for March 7, 2019

When comparing ice concentrations in nearshore regions, high resolution Sentinel 2 imagery produced
superior results when compared to low-resolution interpolated ice chart data. Ice chart data were found
to be suitable for generating overall trends in ice formation and migration in open ocean areas. Chart
information was not suitable for nearshore regions which required more effective, high-resolution data
from satellite or aerial imagery (Figure 26).
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Figure 26. Nearshore region ice concentration comparison from ice chart to Inspire RPAS imagery and Sentinel 2 imagery.

An attempt was made to generate freeze-up and break-up dates using Sentinel 2 satellite data that were
downloaded for all seasons after its launch in 2015. The 5-day return period of the sensor made it
difficult to establish the exact freeze-up and break-up events and ice movement patterns. Additionally,
many of the optical satellite images were cloud-covered during the winter months and the bays
happened to be ice-free during dates when imagery was available. The Chedabucto Bay nearshore
regions at the Strait of Canso were ice-covered beginning in February for the 2018-2019 season (Table 6)
and ice was concentrated offshore around Cape Breton which followed the same pattern of ice
movement as determined with the ice charts. The cloud-free imagery captured ice-free conditions in the
Upper Eastern Shore for all seasons. Satellite image quality was verified with weather data collected
from the nearby station on Hart Island and it was determined that clear images coincided with winds
from North and Northwest direction.
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Table 6. Satellite derived ice condition in the Tor Bay Whitehead Harbour study area for the 2018-2019 ice season along with
weather and tide information.

Date

Bay Condition

Weather Data
(Hart Island)
Air
Max
Dir of
Temp
Gust
Gust
(⁰C)
(km/h)
(°)
37

160

Water Level
(North Sydney #612)
Min
(m)

Max
(m)

Mean
(m)

0.66

1.34

0.97

0.24

1.32

0.79

16-Jan-19

No ice

-2.8

26-Jan-19

Ice in few nearshore regions

-0.3

15-Feb-19

Ice in few nearshore regions

-3.8

43

300

0.46

1.24

0.93

2-Mar-19

No ice

-3.9

51

50

0.62

1.34

0.95

17-Mar-19 Ice in nearshore regions and bays

-1.1

47

280

0.37

1.27

0.92

27-Mar-19 No ice

-2.3

40

350

0.24

1.14

0.71

11-Apr-19

No Ice

1.6

59

300

0.42

1.40

0.97

1-May-19

No Ice

2.4

67

310

0.48

1.13

0.83

Wind conditions contributed significantly to ice formation and migration. North and Northwest winds
were found to be the primary factors contributing to freeze-up in all study areas. Halifax had a greater
tidal range than North Sydney, which facilitated earlier ice break-up events in the western regions. Ice
formation and movement patterns obtained from ice charts did not produce the same results as the
Sentinel 2 imagery. Ice charts were an excellent source of general information that provided daily
updates on extents and migration but failed to provide reliable data in the nearshore. Contrarily,
satellite data provided excellent ice coverage information in the nearshore region, but the near-weekly
data delivery made establishing patterns and exact freeze-up and break-up dates challenging.
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3.3 Ice Classification
Significant efforts were made to manually and automatically classify and map ice using satellite imagery.
Radar imagery proved difficult for reliable classification using automated routines due to non-systematic
variability associated with the Sentinel 1 data collection platform. Sentinel 2 data proved to be more
suitable for automated classification and were used to generate accurately classified ice maps. Details
pertinent to each of the satellite platforms are provided in the following sections.

3.3.1 Sentinel 1 Classification
The ESA’s SNAP program produced GeoTiff images which contained an antenna pattern in the HV band
that could not be removed. This pattern confounded readings from the water surface and ice in a nonuniform way which negatively impacted the classification process (Figure 27).

Figure 27. Sentinel 1 image Red=HH, Green=HV from March 27th, 2019 where ice appears yellow. Note the concentric wave
patterns which are a result of the satellite antenna pattern HV problem.
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Radar signals were sensitive to moisture and surface roughness which produced high amplitude
responses similar to sea ice. This confounding factor made ice detection difficult as high wave action
could not be easily distinguished from ice. Imagery obtained in the summer, where ice was not present,
appeared very similar to imagery containing nearshore ice conditions in March (Figure 28).

Figure 28. Sentinal-1 image Red=HH, Green=HV from June, 2019 where the coastline appears yellow similar to ice in Figure 27.
Note the concentric wave patterns which are a result of the satellite antenna HV pattern problem.
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Other environmental conditions such as wind and wave patterns can complicate the identifications of
ice as well (Figure 29).

Figure 29. Sentinel-1 image from March 9th shows ice (yellow) and wind and wave patterns (orange).

An SVM classifier used to automate the classification of the Sentinel 2 and RPAS imagery was modified
and used on the Sentinel 1 SAR data but unfortunately did not produce satisfactory results. The
variability between Sentinel 1 images was too great for the SVM classifier to produce consistent results.
A manual supervised classification approach was used to overcome the issues experienced in automated
classification, where machine-training areas were defined to generate statistics suitable for classifying
single images.
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The manual supervised classification of Sentinel 1 data was done in ESRI’s ArcGIS PRO using the SVM
algorithm on GeoTiffs output from SNAP (Figure 30; Figure 33).

Figure 30. Processed Sentinel 1 data in the Tor Bay and Whitehead Harbour study area. Many Sentinel 1 collections start
midway through Tor Bay leaving the west side without data. A) the yellow-orange colour range signifies major ice formation
during the season. Other confounding features caused by wind and waves on the ocean surface are observed in this colour
range. Peak ice conditions can be seen in B) and C) and demonstrate the variation in Sentinel 1 data. Ice-free conditions are
present in early April D) yellow features are caused by wave action on islands and rocks not masked out in SNAP, but are
manually classified during image classification.
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Manual classification was done for Sentinel 1 images spanning the 2018–2019 season of Tor Bay and
Whitehead Harbour. Images were clipped and classified to produce maps that showed the presence or
absence of ice (Figure 31). These maps were much easier to interpret than the satellite imagery.

Figure 31. Manually classified Sentinel 1 data in the Tor Bay and Whitehead Harbour study areas. Many Sentinel 1 collections
start midway through Tor Bay leaving the west side without data. A - The beginning of any major ice this season. B and C are
during peak ice conditions, which occurred in March at this location. D - Ice-free area in early April.
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Additional classes (water, transparent ice, opaque ice, and mixed ice) were added in Sentinel 1 data
where environmental factors such as wave action, wind, and precipitation were minimal (Figure 32).

Figure 32. Example of Sentinel 1 imagery and classification. A) Sentinal-1 RGB composite R=HH, G=HV, B=HH/HV. B) Classified
ice cover from Sentinel 1 data.
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Due to the dissimilarities in Sentinel 1 collections, Sentinel 2 imagery was often checked to confirm the
interpretation of features. Despite the differences in extent and time of collection the yellow features
seen in Sentinel 1 (Figure 33) were determined to be ice as they have the same characteristics as ice
captured in Sentinel 2 imagery from six days prior (Figure 34). This comparative approach proved to be
extremely useful in extending the confidence of ice classification in Sentinel 2 data gaps.

Figure 33. Sentinel-1 GeoTiff with extended coverage of Tor Bay and Whitehead Harbour. The yellow was classified as ice while
blue and purple regions were classified as open water.
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Figure 34. Sentinel-2 displaying a Red: band 12, Green: band 9, Blue: band 4 composite which shows ice conditions in the
nearshore areas of Tor Bay and Whitehead Harbour in blue.

3.3.2 Sentinel 2 Classification
The SVM classifier was much more suited to classify Sentinel 2 data which were spectrally cleaner and
more consistent than Sentinel 1 radar data. The manual classification process required roughly 40
minutes per image where the bulk of time was spent selecting appropriate training samples and
allowing the classifier to train itself before starting the classification (Figure 35).
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Figure 35. Sentinel 2 imagery and classification north of Cape Breton contrasting A) a composite image R= band 5, G= band 3, B=
band 2, and B) results of a manual support vector machine classification within Arc GIS.
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Following the success of manual classification, Sentinel 2 data processing was automated in Python
using the ArcPy library. The robust classifier was capable of handling different light and weather
conditions, was fully scripted for automation, and resulted in maps with water, cloud, and ice classes
(Figure 36).

Figure 36. A) Raw Sentinel 2 imagery on an icy day on March 7th, 2020, and the B) automated classification results.
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3.4 Aerial Image Collection
Aerial image collection was demonstrated to be extremely successful at providing concrete results on
determining the presence or absence of sea ice within areas of interest. Both the RPAS and helicopter
platforms collected targeted imagery with direction from experts in the field. Sea ice was clearly visible
in vertical and oblique imagery captured by the RPAS (Figure 37).

Figure 37. Example of RPAS (drone) imagery. A – Vertical photo of a wharf and surrounding ice and snow cover. B – Oblique
photo of variable ice cover including a frozen bay.

RPAS imagery was available in real-time via live camera feed on site. This feature allowed the pilot and
sea ice expert to interact effectively and manage battery power to ensure that imagery was collected in
detail over specific areas until the expert’s requirements were satisfied (Figure 38). Following this model
NSCC-AGRG was able to collect high-quality image data for all five pre-determined areas in one day with
a single collection of batteries including 8 DJI Inspire cells and three DJI Mavic cells.
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Figure 38. RPAS image collected in the field to demonstrate ice thickness and break-up around wharf and breakwater structures.

Current Transportation Canada RPAS guidelines allow for a maximum flight altitude of 120 m unless
specific exemptions are sought in a Special Flight Operations Certificate, issued on a case by case basis.
Piloted aircraft are capable of collecting imagery from much higher altitudes and can provide impressive
vertical and oblique images that cover much larger areas at the expense of ground pixel resolution
(Figure 39).
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Figure 39. Example of helicopter-based imagery. A – Vertical photo of the coast and surrounding ice and snow cover. B – Oblique
photo of variable ice cover.

During this study NSCC-AGRG worked directly with the helicopter pilot to direct image collection efforts
and were able to direct data collection based on contextual information to approach and capture
detailed imagery of bays that were frozen over (Figure 40).

Figure 40. Helicopter image of three distinct ice thicknesses.
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Aerial imagery from both the helicopter and RPAS platforms were found to produce similar results
despite major differences in the collection methods. Aerial data products were contrasted against
satellite imagery to provide a practical reference for expected coverage areas and resolutions. The
satellite reference image was captured on March 2nd, 2019 by the true colour bands of the Sentinel 2 at
a resolution of 10 m (Figure 41). The S2 image provided data for several areas of interest simultaneously
at a resolution that was suitable for determining the probable presence or absence of ice and a rough
interpretation of ice thickness. This image was considered a good example of a standard product that
would undergo classification and be delivered to interested parties by the developed email tool. Port
Felix (Figure 41) was used as an example high-risk situation due to potential cracks in the ice that
required additional high-resolution imagery to establish the extent and thickness of sea ice.

Figure 41. Sentinel-2 true colour composite of the Tor Bay, Port Felix, and Whitehead areas of interest. Inset area ‘A’ displays the
native 10 m resolution of the sensor in the Port Felix area where ice presence and thickness can be interpreted. Note that an ice
crack can be faintly seen in the northeast section on inset ‘A’.
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The Vision Air helicopter flight was scheduled for February 28th, 2019 based on favorable predicted
weather and proceeded without issue. Mapping data were collected for roughly 50 km2 and oblique
imagery was captured for an additional 200 km-long corridor along the Eastern Shore at an altitude 1850
m. The data collection flight was done in 4.5 hours including transit to and from Stanfield International
Airport in Halifax. An orthomosaic was constructed from the vertical helicopter imagery at a ground
pixel resolution of 0.30 m covering roughly 35 km2 including Port Felix and Whitehead (Figure 42). An
additional 15 km2 area including Tor Bay was covered but did not resolve in the photogrammetric
alignment process due to factors such as ice movement and sun glint which confused pixel matching in
overlap areas at a high altitude. Imagery for the 15 km2 exists and can be interpreted by an expert
familiar with the area despite the mapping setback.

Figure 42. Helicopter orthomosaic (0.30 m resolution) of the Port Felix and Whitehead areas of interest captured from 1850 m.
Inset ‘A’ displays a full coverage of the Port Felix area with observable variability in ice thickness. Inset ‘B’ showcases the level of
detail captured in high resolution imagery.
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Imagery captured during the helicopter survey is easily interpreted and provides a clear state of ice
coverage in the Port Felix area. While thickness is not quantifiable, it can be qualitatively assessed along
with the direction of migration (Figure 43).

Figure 43.Helicopter imagery showing thick ice formation in the Port Felix area fully encompassing the wharf structure and
nearshore.
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The NSCC-AGRG RPAS flights were scheduled for February 24th, 2019 based on favorable weather
conditions. Winds subsided at 10:00 AM and seven RPAS surveys were successfully completed over the
span of 6.5 hours covering six areas of interest with an area of 5 km2. An orthomosaic was constructed
for the Port Felix for comparison with helicopter survey imagery (Figure 44). The RPAS data collection
was focused on the nearshore area and covered a total of 0.75 km2 at a ground pixel resolution of 0.03
m. The total coverage area was significantly smaller when compared to the helicopter platform while
the level of ice detail captured was significantly higher (Figure 45).

Figure 44. RPAS orthomosaic (0.03 m resolution) of the Port Felix area of interest captured from 120 m. Inset ‘A’ displays
variable ice characteristics and broken coverage around the Port Felix wharf. Inset ‘B’ showcases individually mapped ice sheets
in the RPAS imagery.
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Figure 45. RPAS imagery showing broken ice formations in the Port Felix area concentrated in open water areas while broken ice
is concentrated around the wharf structure and nearshore areas.
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There was no clear result on which of the two assessed aerial platforms was superior for sea ice data
collection. It was determined that the most applicable data collection method was dependent on several
factors and selections should be made on a case specific basis. The helicopter platform was generally
superior in all areas except for cost. The Bell 206 helicopter can quickly travel to an area of interest and
operate over a wide range of altitudes which allows freedom over the collection parameters. The client
could request a survey similar to what has been presented in this project which covers a large area (50
km2) at a low resolution (0.30 m) or RPAS level resolution (0.03 m) in a reduced area. Contrarily, the
RPAS data collection method was limited by wind and altitude and could only cover small areas of
interest in a single day. The major advantage of the RPAS method was the ease of deployment. At
roughly 1/6 the cost, the RPAS pilot could be instructed to survey several small areas of interest and
provide high resolution results working one on one with an expert if available.
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4. Conclusions
This project examined several sources of data to understand the timing and distribution of ice for each
of the areas of interest with an emphasis on the Eastern Shore region. Ice charts provided an easy way
to interpret a set of maps that provided a wealth of data on ice migration patterns and offshore ice
concentrations, which were helpful in assessing the risk of ice formation. For example, it is common to
observe the development of ice first in the Northumberland Strait, then the expansion of ice to the
waters north of Cape Breton, and progression down the Eastern Shore of Cape Breton before formation
in Chedabucto Bay. The Labrador current brings colder water from the north along the Eastern Shore
and expedites the migration of ice from eastern Cape Breton to the Eastern Shore of mainland Nova
Scotia. The scale of ice map data was not appropriate for providing concrete details on the nearshore
area where aquaculture operations are likely to exist. The Sentinel 2 optical satellite provided high
resolution data (10 m) over several spectral bands suitable for ice detection. These data provided
excellent information on nearshore ice conditions. Unfortunately, this type of optical satellite imagery
required cloud and fog-free weather which was challenging during the winter months. To remedy this
issue, Sentinel 1 SAR imagery, which can penetrate cloud and fog cover, was investigated. The Sentinel 1
sensor was capable of providing results that were applicable to the nearshore area every 6 days, but the
reflection of sea ice covaried with several environmental conditions and resulted in ambiguous
interpretations and classification results. While each of these data sources demonstrated problematic
characteristics, when used together they provided a clear picture of ice patterns and risk to the
nearshore and it is recommended that these freely available data sources be used in future ice mapping
approaches. Together, the Sentinel satellites provide detailed nearshore ice conditions while ice chart
data provide daily ice formation and movement trends regardless of environmental conditions.
NSCC-AGRG was able to successfully develop a tool to provide near real-time assessments of risk caused
by ice formation. The ice mapping tool was developed to present the extent of sea ice to interested
parties using Sentinel 2 as the primary data source. Data acquisition and processing were successfully
automated to facilitate the rapid dissemination of results. As part of the developed service, an
automatic email was distributed to interested users that displayed the latest Sentinel 2 image for visual
site inspection. Based on the assessed risk, interested parties could mobilize to mitigate potential
infrastructure damage or request further assessment using field techniques such as aerial image
collection. NSCC-AGRG investigated the applicability of image acquisition from both a piloted helicopter
and RPAS platforms. Both aerial collection methods provided concrete results, though the collection of
this very high-resolution vertical and oblique imagery were obtained at a significant level of cost and
effort per unit area when compared to freely available data from the Sentinel platforms. The helicopter
was able to capture an area of 50 km2 in a single morning over the Tor Bay and Whitehead Harbour
regions of interest while the RPAS platforms were able to capture 5 km2 over 6 specific site locations at
roughly 1/6 the cost. The helicopter platform was able to reach the region of interest rapidly and survey
regardless of weather conditions while the RPAS units could not be operated in high wind or
precipitation conditions. The most suitable platform was therefore determined to be dependent on the
value of immediate results and the size of the required collection area. To minimize cost, it is
recommended that RPAS units be deployed to provide site-specific data for existing or future lease areas
while helicopter platforms be used to survey regions that may be suitable for future site development.
Project data and results have been provided along with this report and are detailed within Appendix 3.
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Appendix 1: Freeze-up and break-up Dates
The initial freeze-up and break-up dates were compiled for all areas of interest for the 2003-2019 ice
seasons.
Area of Interest
Chedabucto Bay
Upper Eastern Shore
St. Mary's Bay
Tor Bay & White Hbr
Chedabucto Bay
Upper Eastern Shore
St. Mary's Bay
Tor Bay & White Hbr
Chedabucto Bay
Upper Eastern Shore
St. Mary's Bay
Tor Bay & White Hbr
Chedabucto Bay
Upper Eastern Shore
St. Mary's Bay
Tor Bay & White Hbr
Chedabucto Bay
Upper Eastern Shore
St. Mary's Bay
Tor Bay & White Hbr
Chedabucto Bay
Upper Eastern Shore
St. Mary's Bay
Tor Bay & White Hbr
Chedabucto Bay
St. Mary's Bay
Chedabucto Bay
Upper Eastern Shore
St. Mary's Bay
Tor Bay & White Hbr
Chedabucto Bay
St. Mary's Bay
Chedabucto Bay
Upper Eastern Shore
St. Mary's Bay
Tor Bay & White Hbr

Extent
Gulf of St. Lawrence
Gulf of St. Lawrence
Cabot Strait
Gulf of St. Lawrence
Gulf of St. Lawrence
Gulf of St. Lawrence
Cabot Strait
Gulf of St. Lawrence
Gulf of St. Lawrence
Gulf of St. Lawrence
Cabot Strait
Gulf of St. Lawrence
Gulf of St. Lawrence
Gulf of St. Lawrence
Cabot Strait
Gulf of St. Lawrence
Gulf of St. Lawrence
Gulf of St. Lawrence
Gulf of St. Lawrence
Gulf of St. Lawrence
Gulf of St. Lawrence
Gulf of St. Lawrence
Cabot Strait
Gulf of St. Lawrence
Gulf of St. Lawrence
Cabot Strait
Gulf of St. Lawrence
Gulf of St. Lawrence
Cabot Strait
Gulf of St. Lawrence
Gulf of St. Lawrence
Gulf of St. Lawrence
Gulf of St. Lawrence
Gulf of St. Lawrence
Cabot Strait
Gulf of St. Lawrence

Season
2003-2004
2003-2004
2003-2004
2003-2004
2004-2005
2004-2005
2004-2005
2004-2005
2005-2006
2005-2006
2005-2006
2005-2006
2006-2007
2006-2007
2006-2007
2006-2007
2007-2008
2007-2008
2007-2008
2007-2008
2008-2009
2008-2009
2008-2009
2008-2009
2009-2010
2009-2010
2010-2011
2010-2011
2010-2011
2010-2011
2011-2012
2011-2012
2012-2013
2012-2013
2012-2013
2012-2013
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Freeze-up
1/12/2004
1/12/2004
N/V
1/12/2004
1/27/2005
1/27/2005
N/V
1/27/2005
1/3/2006
2/23/2006
N/V
1/3/2006
1/29/2007
1/29/2007
N/V
1/29/2007
1/26/2008
1/26/2008
N/V
1/26/2008
1/9/2009
1/9/2009
N/V
1/9/2009
2/7/2010
N/V
1/6/2011
2/6/2011
N/V
1/6/2011
2/15/2012
N/V
1/22/2013
1/22/2013
N/V
1/22/2013

Legend
Value
< 1/10
< 1/10
N/V
< 1/10
4-6/10
4-6/10
N/V
4-6/10
< 1/10
< 1/10
N/V
< 1/10
< 1/10
< 1/10
N/V
< 1/10
< 1/10
< 1/10
N/V
< 1/10
< 1/10
< 1/10
N/V
< 1/10
< 1/10
N/V
< 1/10
< 1/10
N/V
< 1/10
1-3/10
N/V
< 1/10
< 1/10
N/V
< 1/10

Break-up
4/30/2004
3/16/2004
N/V
3/30/2004
4/10/2005
3/12/2005
N/V
4/3/2005
3/28/2006
3/23/2006
N/V
3/23/2006
4/24/2007
4/12/2007
N/V
4/14/2007
4/26/2008
4/20/2008
N/V
4/20/2008
5/1/2009
5/1/2009
N/V
5/1/2009
4/1/2010
N/V
4/13/2011
3/28/2011
N/V
3/28/2011
3/4/2012
N/V
3/25/2013
3/12/2013
N/V
3/12/2013
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Chedabucto Bay
Gulf of St. Lawrence
Upper Eastern Shore Gulf of St. Lawrence
St. Mary's Bay
Cabot Strait
Tor Bay & White Hbr Gulf of St. Lawrence
Chedabucto Bay
Gulf of St. Lawrence
Upper Eastern Shore Gulf of St. Lawrence
St. Mary's Bay
Cabot Strait
Tor Bay & White Hbr Gulf of St. Lawrence
Chedabucto Bay
Gulf of St. Lawrence
St. Mary's Bay
Cabot Strait
Tor Bay & White Hbr Gulf of St. Lawrence
Chedabucto Bay
Gulf of St. Lawrence
St. Mary's Bay
Cabot Strait
Tor Bay & White Hbr Gulf of St. Lawrence
Chedabucto Bay
Gulf of St. Lawrence
Upper Eastern Shore Gulf of St. Lawrence
St. Mary's Bay
Cabot Strait
Tor Bay & White Hbr Gulf of St. Lawrence
Chedabucto Bay
Gulf of St. Lawrence
Upper Eastern Shore Gulf of St. Lawrence
St. Mary's Bay
Cabot Strait
Tor Bay & White Hbr Gulf of St. Lawrence
* N/V = Not Visible in chart extent

2013-2014
2013-2014
2013-2014
2013-2014
2014-2015
2014-2015
2014-2015
2014-2015
2015-2016
2015-2016
2015-2016
2016-2017
2016-2017
2016-2017
2017-2018
2017-2018
2017-2018
2017-2018
2018-2019
2018-2019
2018-2019
2018-2019
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1/1/2014
1/1/2014
N/V
1/1/2014
1/6/2015
1/6/2015
N/V
1/6/2015
1/12/2016
N/V
2/15/2016
12/19/2016
N/V
2/12/2017
1/3/2018
1/3/2018
N/V
1/3/2018
1/14/2019
1/14/2019
1/15/2019
1/14/2019

< 1/10
< 1/10
N/V
< 1/10
< 1/10
< 1/10
N/V
< 1/10
< 1/10
N/V
< 1/10
< 1/10
N/V
< 1/10
< 1/10
< 1/10
N/V
< 1/10
< 1/10
< 1/10
< 1/10
< 1/10

4/30/2014
4/25/2014
N/V
4/30/2014
5/19/2015
4/14/2015
N/V
4/22/2015
2/21/2016
N/V
2/21/2016
4/9/2017
N/V
4/8/2017
4/26/2018
3/18/2018
N/V
3/18/2018
4/20/2019
4/5/2019
N/V
4/5/2019
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Appendix 2: Sentinel Image Dates
PREVIOUS TO 2019 SEASON SENTINEL 2 AND SENTINEL 1 DATA AVAILABLILTY
Winter 2015-2016 – First Product – Last Product
When choosing dates of imagery to include in the analysis for Sentinel 1 and 2, the general timing of
freeze-up and break-up were investigated using previously downloaded imagery as well as the Canadian
sea ice charts. It was determined that the best practice for this project was to download all imagery that
intersected the study areas during the months of December to May. Four full seasons of Sentinel 2 and
one season for Sentinel 1 were downloaded. Sentinel-2 data were available beginning in 2015 while
Sentinel 1 data were available for one year before being taken offline. Given the start date and required
deliverables for this project only the 2018-2019 ice season could be downloaded for Sentinel 1.
LIST OF DATES OF IMAGERY COMPILED FOR STUDY AREAS
Sentinel-1
Eastern-Shore
December 9th, 2018 – June 1st, 2019
St. Mary’s
December 7th, 2018 – April 30th, 2019
Sentinel-2
Eastern-Shore
December 8th, 2015 – May 29th, 2016
December 2nd, 2016 – May 31st, 2017
December 4th, 2017 – May 31st, 2018
December 2nd, 2018 – May 31st, 2019
St. Mary’s
December 11th, 2015 – May 29th, 2016
December 5th, 2016 – May 24th, 2017
December 3rd, 2017 – May 29th, 2018
December 3rd, 2018 – May 29th, 2019
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Appendix 3: Data Dictionary
The following appendix describes the organization of the data delivered by hard drive, as well as
descriptions of the data themselves. As an example, the following is the file path where you will find the
Sentinel-2 animations folder: \\Deliverables\Data\Animations\Sentinel-2
\Deliverables
\Data
\Animations
•

Contains animations for the duration of the project, organized into
appropriately named directories. Animations are available in GIF and MP4
format for best compatibility.

\Canadian_Sea_Ice
•

Contains animations of both daily and weekly ice concentration charts,
separated by season. Their names reflect that of the charts they were built
from.

•

In this animation, the bar at the bottom represents the passage of time. The
blue sections cover the first freeze-up of the season in Tor Bay and end with
the last break-up. These dates were taken from the Canadian Sea Ice charts.
The grey square marks the date of the current image with respect to the
entire date range of the animation. The best images for the study area were
cherry-picked for the sake of creating the best animation.

•

The format of the bar at the bottom of the image is the same as the one
found in the Sentinel-2 animation. All scenes containing data for the area
are included in the animation, even those entirely covered by cloud.

\Sentinel-1

\Sentinel-2

\Canadian_Sea_Ice
•

Under this folder, the Canadian Sea Ice charts can be found organized by an
\[ice_season]\area folder structure. The data ranges from the 2003-2004 ice
season, all the way up to the 2018-2019 ice season. Across these 16
seasons, a total of 6127 ice concentration (CT) and stage of development
(SD) charts can be found stored as – static, not animated – GIF images.

•

As with the satellite data used in this project, the files follow a naming
convention that allow them to be sorted and queried by location and date.
The date is stored at the 8th character of the name in the YYYYMMDD
format. The string of five characters that follows the next underscore
represents the location, WIS28 for The Gulf of St Lawrence and WIS57 for
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the Eastern Coast. The last two characters before the file extension denote
the type of chart stored in the image. As mentioned previously, CT for ice
concentration charts, and SD for stage of development charts.
\Sentinel-1
•

Contains 450 sub-folders that contain all the Sentinel-1 raw data.

•

Folder names begin with S1A or S1B to denote which of the satellites in the
Sentinel-1 constellation it was recorded with, Sentinel-1 A or Sentinel-1 B.
The dates in the folder name represent first, the start datetime, and second,
the end datetime. Detailed folder naming convention description found
here, and product descriptions here.

•

The images themselves are located in the \measurement folder at the root
of the product folder. You can load these into ArcMap or ArcGIS Pro if you
wish, and they will be georeferenced. If you have the ESA’s Snap for desktop
app installed, you can load the entire dataset and all its metadata by
dragging and dropping the manifest.safe file found in the root of the
product folder. Here, you may perform various radar processing if needed,
including despeckle.

\Sentinel-1_Classified
•

Contains 98 files for a total of 14 manually classified products for the
required 2018-2019 ice season that covered the study area.

•

The original 450 Sentinel-1 products were pared-down to only 14 by
selecting out only the most suitable images for classification, as this
classification was done manually. Unlike the automated method featured in
Sentinel-2 product classification, classifying every product would have been
a waste of time. Only the GRDH type products covering the entirety of a
given study area and not just a portion were selected.

•

Each classified product consists of seven files with the same name, but
different file extensions all located within the root of the \Sentinel1_Classified folder. Unlike the Sentinel-1 raw data, they are not located
within their own file folders. While the main information that makes up the
image is located within the .tif, the other files contain the information about
the classification, classes, overviews, and georeferencing.

•

The naming scheme of the classified imagery is as follows. The C at the start
of each product denotes that it is a classified product. The following four
digits represent the date that the original product was captured on in the
MMDD format. The last four characters preceding the file extension are the
“Product Unique Identifier” that reflects the ID of the original unprocessed
product. This way, the original product that the classified image was derived
from can be located with certainty.
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\Sentinel-1_Processed
•

This folder contains 85 Sentinel-1 high-resolution ground range detected
products, processed into RGB imagery as TIFF files using Snap.

•

If a processed image is loaded into the viewer of choice, three band
definitions can be found below. These definitions are explored in greater
detail in the report.

•

Band 1
sigma0 HH db
Band 2
sigma0 HV db
Band 3
sigma0 HH db / sigma0 HV db
These processed images are used to give the viewer more information to
work with for a simple visual inspection vs the raw unprocessed products,
and were used to help create the manually classified imagery.

\Sentinel-2
•

653 images make up the total deliverable for Sentinel-2 product.

•

Similar to the raw Sentinel-1 imagery, each product can be found in its own
folder with a specific naming convention. The images are located under
\GRANULE\L1C_****\IMG_DATA. There a total of twelve individual bands
stored in JPEG2000 format, with the 13th image being a true colour
composite (RGB) image.

•

In order to load the image into ArcMap, ArcGIS Pro, or Snap, drag and drop
in the S2****.xml file (the name reflects that of the parent folder) into the
window of your viewer. This XML points to all the bands found in the
previously mentioned \IMG_DATA folder and will load all the bands into one
raster so you can make colour composites on the fly.

\Sentinel-2_Classified
•

This folder contains 3265 files for a total of 653 classified scenes, as all
delivered Sentinel-2 imagery has been classified, thanks to the automation
script.

•

Similarly to the Sentinel-1 classified products, each classified image is made
up of several files all located in the root of \Sentinel-2_Classified for the
purpose of class information, georeferencing, etc. Loading the .tif into
ArcGIS Pro or ArcMap with load the information from those files
automatically.

•

The name of the product reflects that of the parent product. Please refer to
Sentinel-2 naming scheme for reference.

\Report
•

Contains the final report for the project.
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