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ABSTRACT

Arctic sea ice has been experiencing a steady decline in its minimum extent, primarily occurring in
September each year, with a current rate of shrinkage at 12% per decade. This diminishing sea
ice has facilitated increased accessibility for vessels in the Arctic Ocean, resulting in a surge in ship
tra ¢ within these remote and extreme regions. Consequently, it becomes imperative to prepare for
potential marine accidents in these areas and learn from past mistakes.

The objective of this project was to develop a user-friendly dashboard interface that serves as a
repository of marine accidents and rescue exercises, allowing the user to lter, search, and conduct
detailed analysis of these selected cases. At present no such platform to nd Arctic speci ¢ accident
or exercise information exists. Using the capabilities of ArcGIS Online Dashboards and ArcGIS
Storymap applications, the project creates a case collection of both 26 accidents and 18 exercises in
the Arctic region. These tools were used to provide an intuitive and visually appealing platform to
present data along with incorporating various multimedia elements and interactive maps that give a
deep dive on each case.

The work aimed to contribute to the broader goal of enhancing maritime safety and accident response
strategies along with the education to academics and marine professionals in Arctic speci c safety.
By providing a platform for accessing and analysing historical accident data, stakeholders can learn
from past experiences. The completed project can be used as a learning tool for university students
in maritime and safety-related elds or incorporated into existing sites to bring it to a wider audience.
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1 Introduction

1 Introduction

Over the last 15 years, marine tra c operating in the Arctic has signi cantly increased, this is
according to research conducted and published by the Arctic Council. The study into unigque vessels
operating in polar waters revealed that between 2013 and 2019 there was a 25% increase in the
overall amount of ships of all types with the majority of these ships being sheries related aPy1%][
Additionally, passenger carrying vessels, particularly the large scale cruise liners travelling to Arctic
destinations such as the Svalbard archipelago and Greenland showed signi cant growth. The surge in
Arctic tourism has led to an in ux of tourists during the summer season visiting small communities and
very remote areas of Greenland. The trend is shown in Figure 1 which demonstrates the continuing
upward trajectory of visitors to the Arctic regions. In the post-covid era with travel reverting to normal
numbers of those travelling to the Arctic has again hit record levels with Greenland experiencing its
busiest ever season in summer 2022. The same is seen in Svalbard too with information for vessels
scheduled to visit the archipelago showing that for the 2023 season there would be 35 conventional
cruise vessels and up to 75,000 passengers arriving. This is a large increase from the previous 2022
season number of 57,70 to the island. Another notable development is the increasing number of
bulk carriers using the North Sea Route. Over the past decade tra c has increased more than 15-fold,
with the largest increase coming in 2017 and 204)8even with the present situation with Russia

there is still considerable tra ¢ using the route owing to the decreasing thickness and less multi-year
ice along the route. With this rise in vessels operating in Arctic waters, the likelihood of accidents
has also increased. Given the vast distances Arctic waters cover and lack of proximity to larger
settlements and infrastructure, search and rescue teams face a considerable challenge to assist stricken
vessels and crew if an accident occurs where it could be potentially days before assistance can be given.

Figure 1. Tourist numbers in the Arctic islands 2014 - 2019[1]

The project collection aims to provide a resource for researchers, students, policymakers, and industry
professionals who are interested in education and improving safety in the Arctic. By analysing past
accidents and rescue exercises, trends can be identi ed. Common challenges can also be highlighted
along best practices in the context of maritime exercises. Training programs and the eld of education

in a marine context are also the target users. The project utilises a Geographical Information System
(GIS) base to allow data to be visualised in a way that is easily understandable and accessible to a
wide range of users. The applications that enable this are the ESRI (Environmental Systems Research
Institute) ArcGIS Online, Dashboards, and Storymaps packages which are used to present the data in
a variety of formats which range from from interactive maps to multimedia narratives. The intention
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1 Introduction

for this project is to contribute to the goal of making the Arctic a safer and more sustainable region
for all who rely and dictate policy on it.

1.1 State Problem

With the unique challenges posed by the extremes of the Arctic in both remote location and scarcity
of resources and infrastructure, maritime learning from previous accidents at sea as well as large
scale training exercises is an essential need. At present there is no location on the web where
all of this information is gathered together. In order to improve preparedness as well as under-
stand previous cases and reasons which led to accidents and response to accident, analysis anc
collection of these cases is required. That is why the yearly exercises between multiple countries
in the arctic is so bene cial. An interactive interface where all this information is displayed and
able to be Itered and selected is the aim of the nished project. Quick and easy usability is the priority.

1.2 Objectives

The following are the main objectives set out for the project.

" Gathering of a reasonable collection of cases for both accidents and exercises
" Develop an easy to use interactive tool to showcase data
" Creation of deep dive Storymaps to detail the events of each case

" Provide shape les with created data to contribute to existing resources such as BarentsWatch

1.3 Study Area

De ning a distinct study area for the project revolved around relevance to previous research carried
out as well as time constraints. The Arctic sea region is a vast expanse of water over several
countries and jurisdictions. As well as this the area under the Polar Code regulations for ships was a
priority along with some additional areas speci cally around the Northern Iceland coast. Reasons
for its inclusion even though it is outside the Polar Code area is that it resides insides the Arctic
EPPR (Emergency, Prevention, Preparedness and Response) boundary, see Figure 11 for visuali
sation. With these limitations to not cover the whole Arctic taken into consideration, the areas

of Svalbard and the Barents Sea, Greenland and Northern Iceland were chosen as a project scope area.
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1 Introduction

Figure 2: Project Study Area

As this project is a follow on from work done in the MAREC and MARPART projects there is some
marine accident information available that can be added to and adjusted to the chosen parameters
in this project and they can be included. These cases are primarily in the region of Svalbard and
its surrounding waters. The study area is also directly linked with where a lot of the Mass Rescue
Exercises (MRO's) and other SAR training have been conducted after the 2011 Arctic Search and
Rescue Agreemenff]. The treaty which includes eight countries with Arctic territories, Canada,
Denmark, Finland, Iceland, Norway, Sweden, the Russian Federation, and the United States aims to
to improve both the coordination as well as cooperation between these Arctic nations with regard to
search and rescue operations. Since 2011 there has been one large scale exercise every year. Thes
have been mainly conducted within the Svalbard, Greenland and Northern Iceland areas and thus
helped dictate a project boundary area. This was the case for all exercises as well as accidents, to be
within this con nes. In Figure 2 the exact boundary of the project study area is shown in red with
the Polar Code Boundary also highlighted.
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2 Background and Literature

2.1 Previous Research Collections and Resources

The basis for this project is following on from work done by Dr Nataly Marchenko on how to show
data and learn from previous cases in shipping accidents. In the the paper for the 2021 International
Conference on Port and Ocean Engineering under Arctic Conditions a creation of a basic mapping
tool that coupled with data could be utilised by users to get brief information on various ice induced
incidents in the Arctidg]. The created map which was hosted on ArcGIS Online included the severity
of the incident symbology where the greater the incident the larger the icon as well as categorisation
of ship types into four distinct vessels. These were passenger, cargo, shing and survey. Interactivity
on the maps was done by the user clicking on any of the points and a popup with a picture of the
vessel as well as a description of the events. More investigation of the incident could be done with
hyperlinks included in the description which included accident information and vessel details from
sites such as Marinetra ¢ and Vesseltracker. It stresses as well that once created, the layers for these
incidents can then have the possibility of being uploaded to similar databases or sites to combine and
unify e orts in maritime preparedness. This current project is a direct follow on from this research
and previous to the paper discussed in 2019 which was a GIS online resource for marine emergencies
in the arctic[L7]. It covered a similar goal, to create a useful and accessible online resource to show
accidents and explain what happened in the lead up and their background. The use of Storymaps
to convey the information was also discussed and with these two papers taken into consideration,
the project aims to take the topic to the next level with a combination of map and Storymaps approach.

As accidents at sea have always occurred, there is a vast array of information available as well as
speci c collections of data that have been gathered. Work done in creating a database of shipping
accidents from Konnekt-able Technologies in 2021 looked at serious accidents that occurred between
2014 - 2019 worldwide at sea with a total of 320 accidents. It utilised unstructured information
from accident reports conducted by governmental organisations to create a new, well-structured
dataset of maritime accidents and provide intuitions for its uhgdlhe goals of this research

Is similar to that of the objective of this project in this sense but di ers elsewhere as instead of
a database approach, this will be a case collection with visual and multimedia to describe and
explain accidents. It used existing databases such as The National Transportation Safety Board
(NTSB), the Japan Transportation Safety Board (JTSB), and the Marine Accident Investigation
Branch (MAIB) databases to obtain accident reports. While this information is easily available
from these locations, information from di erent countries is not always available and in an Arc-
tic context this is even more so. In this research the following headings were chosen to give a
brief description of the accident. Following this initial categorisation a more detailed table was
created that each incident would ful Il where information was available. This nal table is seen

in Figure 3. There is a large amount of detail in this description, but for a database it is what
is needed. For example there are six di erent parameters for the weather attributes. Some of
the parameters shall be considered to include into this projects consideration. However, for the
authors project this amount of detail is not needed as the aim of this summary table in the GIS
interface is to rstly be able to Iter through di erent types of ship and accident type as well as injury's.

~ Unique ID
" Accident Type
Vessel Name

" Date of the Accident (Date)
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2 Background and Literature

" Vessel Length
" Vessel Type

" Total Number of Persons Onboard (Persons Onboard)

Compiling of information of the accidents in this methodical way and lling in information allows
the creator to then be able to generate statistical analysis of the whole dataset quickly. Charts
such as ship type breakdown as well as accident type distribution are two such examples. This
type of a data collection also highlights where accident reports are lacking in information which is
bene cial for organisations to improve on in the future of their reporting. Again, this research is
not exactly the same as the aim of this project but does give an indication of approaches to target
in collection of data and its subcategories. One that had not been considered thus far in research
was the categorising of the sea state using o cial UK Met O ce guides and may considered in the
collection creation.

Figure 3: Attribute categories, sub-categories, type and measurement unit in the second version of
the data collection[2]
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2 Background and Literature

2.2 Existing Databases and Sites

Looking at the three o cial databases mentioned in the article published for Konnekt-able Tech-
nologies on Shipping Datasets Databdksdhe National Transportation Safety Board (NTSB), the
Japan Transportation Safety Board (JTSB), and the Marine Accident Investigation Branch (MAIB)
databases give an impression of some of how information is presented. The NTEB Hie$

its accident reports into six categories, the one of interest for this project is the marine subsection.
However, within this there is no way to sort or search for speci c types of accident. The reports are
merely inputted from most recent occurring and do not have a column to show the cause of accident
or ship type, only a report title. This lack of user friendliness and inconvenience makes it hard to
nd what you want or even to discover accidents. For an o cial government site it is dated in its
approach in that the content of these reports is of high quality but how it is stored on the site could
be improved and modernised with searchability and GIS tools. The JTSB incident repb# site[

is somewhat more usable than the NTSB with parameter headings on the top such as date, name
and type of vessel, accident type and location. The downside is that again the database cannot be
searched or Itered. The form is a table starting with the most recent and working back from that.
This highlights the need for modernisation and more interactive collections such as the aim of this
project. The MAIB is the British site for accident repa2@[and is more searchable and useful than

the previously discussed two. It has a search bar as well as Iter ability through vessel type along
with the date of occurrence.

Most o cial government websites have very few reports on them, however the Safety Board of Canada
marine transportation division is the most modern and thorough in the conducting of investiGtions|
The website the accidents are hosted on has some Iterability in the form of date of occurrence,
status of investigation, report release date and basic occurrence information. The inclusion of a
release date is a logical and useful addition as then a user can see if there is an active case on the
accident as well as when if the report is completed and its scheduled release date. The occurrence
information column is also a welcome addition in comparison to other sites as it gives the ship type
along with its name and then a very brief description of what has happened and location of the
accident. Clicking into a case shows more detail on the accident itself and a location map using
Google maps as a display. Information is available even if no report is yet published. This comes
in the form of the investigation process with phase headlines along with the accident investigator
on that particular case. In Figure 4, an example accident from the site is shown with the accident
shown rstly as it comes in the list and next once it is clicked the additional information is given
along with the report le itself. Going forward with the project the brief synopsis of the case details

Is a very useful addition for anyone wanting to view these accidents.
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Figure 4: Top shows the individual case and bottom shows the case details[3]

Existing websites relevant to the project that display marine shipping related information in a geo-
graphical form include BarentsWatch, Helcom, Polar View and Arctic Web. Each display and give
information on several aspects of shipping. The rst, BarentsWatch, gathers and collects information
speci cally related to Norwegian marine and coastal areas. The primary objective of this service is to
provide a platform for information sharing among the public, industry, and government agencies. The
web portal shows activity and vessels within the bounds of the Barents sea as well as the Norwegian
coast. Using a GIS interface with layers that can be turned on/o as well as downloaded, information
such as danger areas, lost shing gear, maritime boundaries, VHF coverage, ongoing seismic activity
and electromagnetic surveys as well as up to date ice concentration, ice edge and locations where
vessel icing can occur at present. The creation of BarentsWatch was based on cooperation between
27 Norwegian state agencies and research insti2fpsfnother online spatial data resource similar

to BarentsWatch is Polar View. It is a global organisation that uses satellite information and data
with a particular focus on the polar regions. Daily illustrations and information in map form for snow,
ice and sea ice formations and extents are published with ice-edge and iceberg monitoring included
as well. While Polar View's interactivity is limited to turning on and o shape le layers related to
these parameters, it provides visual representations in addition to information for understanding polar
conditions.

The most relevant site with regards to displayed marine accident information is Helcom. Helcom is an
Finnish based online website hosting a tool that can be used to view marine information with special
regard to marine accidents, in this case it is information around the Baltic Sea. The tool is part of
the organisation of the Baltic Marine Environment Protection Commission and was established in
1974 to protect the marine environment in the area from pollution of all idhd§he site hosts
numerous geospatial datasets and maps which are freely available for download. The tool uses an
ArcGIS Online based viewer which enables all users to access the various shape les layers. With
eight major category headings in the layer list navigation through the data is straightforward. A
search tool for these layers facilitates the discovery of speci c layers of interest. Concerning this
project the category of interest is shipping and contained within this is a shipping accidents layer.
In Figure 5 this layer along with the symbology used is shown. It is worth noting that not all
the categories available in the tool may be directly applicable to the project at hand, but certain
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ones such as grounding and re might be relevant. The choice of symbology is interesting to
see as it has all di erent colours as well as six distinct shapes.This aspect should be taken into
consideration when creating the Arctic collection and determining the most e ective way to display
the data. When clicking on any accident a pop-up appears with various information elds about the
accident. However in a lot of cases the information available is very inconsistent and many elds are
unpopulated and blank. As well as this ship names are even left out in many accidents. In this sense
the site looks dated in how the information is displayed and it is noted before commencing this project.

Figure 5: Symbology and Categories of Shipping Accidents on the Helcom map and data service
site[4]

2.3 Storymaps

Storymaps are web maps that are a more interactive option to present created maps, text and
other multimedia content in a narrative format. The use of the Environmental Systems Research
Institute (ESRI) website for creating Storymaps is planned for each collected case. Its capabilities
and link with ArcGIS pro make creation streamline. With maps, narrative text, videos and pictures
structured into template options, it is relatively easy to create very visually appealing and inter-
active content. By utilizing templates that incorporate maps, narrative text, videos, and images,
Storymaps enable the creation of visually appealing and interactive content. While the stories
typically follow a linear structure, users can also explore the contents in a nonlinear fashion by
interacting with the embedded ma@Z]. When creating many Storymaps, a practical approach to
their creation should be followed, one which can be replicated for many and diverse Storymaps. In
the research for this project it was found that the model of creation to be followed would be alike
the model shown in the paper about Integrating Digital Datasets into Public Engagement through
ArcGIS StoryMap@B]. This process follows a step by step process where gathered multimedia
is displayed to create the Storymap. Starting with the topic of choice, a general storyboard for
what happened or about the topic is created. Then some of the text writing can be made where
maybe reports or other factual information can be summarised or highlight points can be brought
together where they can be inserted where required. After this the use of either obtained shape les
or datasets can be used to input into an ArcGIS map where import into the Storymaps is easily
done. If there are no available datasets at disposal then look into creating within ArcGIS desk-
top a map that shows the gathered information from the reports. Once this is done then all the
elements to create a successful Storymap are at hand and it is merely a process of best utilising
the di erent types of Storymap media displays where some focus more on one particular type of media.
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Speci ¢ cases e ectively displaying a variety of media types include the 'Putting Park Back in Park-
way' Storymap which won the 2017 ESRI infrastructure, Planning and Government best Storymap
awardp4]. It is an excellent example of how Storymaps can e ectively communicate urban planning
projects and engage the public on a topic that in report form would not appeal to many. The
Storymap showcases the Sir John A. Macdonald Riverfront Park Plan, which aimed to transform an
underutilised parkway into a busy riverfront park. Through interactive maps, visuals, and storytelling,
it highlighted the project's goals, features, and bene ts. Through incorporating multimedia elements
and community involvement it creates an immersive and engaging experience for readers, making them
active participants. Another such example is from the University of Potsdam on Snow AvakBiches|
which is also a featured Storymap on ESRI's website. Features of note in this piece is the use of
videos in the background throughout. It also has multiple overlays that can be turned on and o

in map insets. The use of the cascade format in a top to bottom way is noted as the ow in this
format is more user friendly than the constant clicking through to the next feature seen in the journal
format.

2.4 PAME

Previous statistical information as well as accident collections was and continues to be done by the
Protection of the Arctic Marine Environment (PAME). It makes up one of six working groups under
the Arctic Council and is an intergovernmental forum consisting of the eight Arctic states along with
six indigenous organisations. Established in 1991, its primary objective was the promoting cooperation
and coordination among Arctic states to protect and sustainably manage the marine environment
in the Arctic region. In relation to this master thesis project is PAME's work with Arctic shipping
looking at environmental impacts and risks associated with increased shipping activities in the Arctic
waters as well as documenting of accidents. Extensive research and reports assist in the overall
understanding of Arctic shipping and its future and present as well as a collected database showing
all accidents and incidents reported to the various marine authorities within the Arctic. This database
is a product of the 2021 produced 'Compendium of Arctic Ship Accidents'(CASA) peéledifd

by the USA, it aimed to develop a database of Arctic shipping accidents between the years of 2005
to 2017. Six Arctic states submitted data, resulting in 5,004 unique accident records into the CASA
data table. However, standardising the data was challenging due to di erences in reporting thresholds
and requirements. For example there are over 80 di erent types of vessel within the database, a
similar number is seen for the types of accident. As well as this the information provided by countries
varies widely and often entries don't even have a ship name. Di erent thresholds for each state
meant some countries like the US entered in accidents of all scales while others only reported the
very serious accidents. The data from this project is not displayed visually but it can be downloaded
as a CSV le to view. At present the US is spearheading a follow up project aiming to have a
standardised template for more clear results that is due to be completed at the end of 2023.

2.5 ArcGIS Dashboards

When conveying data into a public realm, interactive displays such as ArcGIS dashboards provide an
easy to use and digestible information on whichever data or research the topic is in. There are many
bene ts for creators in choosing the dashboards feature of ArcGIS online. This includes familiarity
with the navigation on the site and implementing tools and editing as it is similar to the normal
ArcGIS online as well as the desktop version. Another advantage highlighted in a paper on spatial
analytics dashboards is that it gives researchers and scientists a way to present their data that is
closer to a scienti ¢ poster than the other option which is an ESRI Stor@idaplhe dashboards
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simplicity and intuitive set up helps bring many forms of data together with full creator choice on
the layout. Some of the elements that can be included are as follows.

Header
Map

" Serial Chart
" Pie Chart
Indicator
Gauge

" List

Details

" Rich Text

An aspect important to this project is the software's lItering ability. Using the di erent shape les,
Iters can be put on any of the attributes where constraints can be imposed on what to display
once clicked. Multiple selectors can be made where one choice impacts the second. Particular
examples of the Dashboard application being utilised for public and private use include the Wild re
Information Map which is part of the disaster response program set up by ESRI which assists
organisations responding to disasters or crises using GIS techBglodyle dashboard provides
real-time information on active wild res, re perimeters, evacuation zones, and air quality. Its target
users are residents, emergency responders as well as the public and allows them stay informed about
the current status and potential threats related to wild res. This Dashboard is user friendly and
intuitive, with many extra layers to be turned on and a display page on the right hand side with
illustrated graphics and tables. The Redlands, California Crime Map which is facilitated by the
'neighbourhoodscout’ websig] is a great case of the ArcGIS Dashboard. It is a hosted element on
the website itself and displays crime incidents in the city of Redlands, California. It allows users to
explore crime patterns, Iter incidents by type or date, and visualise crime trends over time. Notable
aspects include the Itering. The Dashboard was created by the company LocaB86hfoche

website and they specialise in using many types of geographical and data visualisation of information
using Dashboards to best interact with the public in mind as an end user.

2.6 Case Collection versus Database Approach

In approaching this project the case collection versus database approach was an initial consideration.
A database approach to data with marine accidents and exercises involves the compiling of data
into a table format from all cases for analysis and manipulation. Whereas a case collection not only

collects data but also has an extensive look at each case rather than just speci c parameters. There

are a few distinct di erences in the approaches to a collection like the proposed project.

Di erences between the approaches included the structure of organisation. Case collections often
are stored as individual les or documents. Each case has all relevant information contained within
this report which allows for exibility in the organisation as well as how information and facts are

presented. This is seen in the government of the UK MAIB collection for accidents at sea. Contained

Master Thesis 12



2 Background and Literature

on the site are 1016 reports of varying lengths describing accidents involving 2@sd&lgrability

is possible through the date it occurred but not by vessel type or losses. Converse to this is the
database approach where information on the cases is stored in a structured manner but detail in
the case is sacri ced for case speci cs. Another di erence between the two types for a collection is
the scalability and e ciency. A case collection often works better for a smaller collection as when
the amount of cases grows, it can become time-consuming and ine cient. Databases such as the
PAME[26] one discussed earlier have large amounts of data that contain thousands of entries in them.
The aim for this project was to link the best qualities of both approaches to create a more case
collection approach but using structure in the collecting of data to make it easy to Iter and nd cases.

2.7 Shipping in the Arctic
2.7.1 Svalbard

One of the main areas of interest for this project is the Barents sea and the island archipelago of
Svalbard. The island is a territory of Norway and located at the latitudes betw&emd@BX N.

This makes it the most northerly civilian inhabited island in the world. In comparison to other areas
at this high a latitude in the world Svalbard is relatively moderate in its climate. The reason for this

is due to the Gulf stream. Warm ocean currents bring warmer water as far as Svalbard and this gives
the sea water a higher temperature than similar areas such as Northern Greenland where the sea
freezes for large parts of the year. As well as the gulf stream, the island has experienced climate
change to an extreme degree with annual temperatures rising ¥wdretween the years of 1971 -

2017. This change over the same period is even more stark in wintertime where there is a change
of 7.3*C. To put into context in a global view the global increase has beerid&J. This has

meant drastic changes to the seasons as well as glaciers and sea ice for areas like Svalbard. This
phenomenon of increased change in the Arctic is called arctic ampli cation. It is an issue in every
Arctic country as well as seas.

Figure 6: Comparison of global and Arctic temperature change[5]

When looking at the sea tra ¢ around Svalbard it is mainly made up of commercial shing vessels
as well as tourism sector related ships. This trend has long since been the case but with the large
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increase of popularity in the last 15 - 20 years in tourism has seen summertime have large numbers
of passenger vessels sailing around the island. This being said, it is a seasonal peak of business fron
a tourism perspective whereas shing continues o its coast year round even in the dark season. The
dark season is a two and a half month period where the sun does not rise above the horizon and
Is pitch dark between the period of mid-November to late JarB@ryfny accidents that occur

in this period are extremely di cult for search and rescue crews to deal with. Other marine tra c

in the area include research and cargo vessels. Before the islands airport was built in 1975, ships
were the primary form of transporting goods from the mainland to its inhabitants. Cargo ships in the
form of refrigeration ships or ‘reefers' regularly frequent areas of Svalbard to o oad sh catch by
other boats in a eet. The aforementioned cruise industry is attracting companies with larger and
larger ships with capacity of up to 5,000 passengers to the island. This upward trend of visitors is
expected to continue increasing into 23] The main town on Svalbard, Longyearbyen is vitally
important as a search and rescue hub for the vessels that operate in the polar waters around its
shores. The need to have SAR in Longyearbyen is a step from the Norwegian government who have
employed several local measures to help reduce the risk of unwanted events and to avoid loss of
life and environmental dama@8&]. These measures include strengthening emergency preparedness,
developing maritime services around the archipelago (e.g. Marine Automatic Identi cation System
(AIS)-stations), and issuing regulatioB3]. Since 2012 local government have regulated the types

of vessels as well as the fuel use. In 2015 a ban on heavy fuel oil in the national park waters
of Svalbard was enforced. This is particularly relevant in East Svalbard where the environment
is very delicate. Mandatory pilotage requirements for captains of larger vessels were also implemented.

2.7.2 Greenland

Similar to Svalbard and the Barents sea area, Greenland has seen a large increase in the number
of vessels in Greenland waters, especially in the summer season where cruise ship tourists have
drastically increased in the last 20 years. In 2003 tourists visiting on cruises numbers approximately
10,000 people whereas in 2019 the numbers exceeded 848]000[this increase is the very large

cruise ships with thousands of passengers similar to the ones on Svalbard. Cruises sail on both West
and East Greenland with most numbers on the more populated West side. These call into numerous
towns and glaciers in their travels. The more remote East side of the country still gets tourists but
the numbers are much less. The shing industry is the countries main export in Greenland with it
accounting for 90% of exports. The eet consists of over 950 vessels, these are the larger ocean going
vessel§4]. These are scattered o its coasts most of the year, sea ice permitting. Greenland has
always received most of its external supplies via cargo ships that nearly all originate out of ports in
Denmark. These deliver weekly food and goods to most villages except for more northernly or isolated
communities that it depends on ice conditions, for example, the most northerly inhabited town of
Qaanaaq receives only two deliveries from the cargo ship each year. All ships within Greenlandic
water must adhere to certain safety standards. The country has a positional reporting system for all
vessels in the exclusive economic zone. It includes captains having to send a pre-plan of where the
vessel is planning to visit when in Greenlandic waters as well as its position at four set times during
the day. Failure to report during these initiates a search and rescue operation. It is also akin to
Svalbard in its demand for pilotage requirements. These are mainly aimed at larger cruise ships that
are more than 250 passengers. Needs for 360 days in polar waters as well as 180 days in Greenlandic
waters are require8p]. Implements like this help minimise accidents that occur in polar regions but

it cannot stop all from happening.
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2.8 Loss of Sea Ice

With the increased temperatures experienced in the Arctic the decline of sea ice has been accelerating
greatly in the early 21st century. One of the main variables for sea ice is the volume and this is one
of the most sensitive to climate change. In the last 40 years the Arctic Ocean has lost approximately
three quarters of its sea ice volume at the end of the summer s88éksdn| Svalbard the temperature
increase has seen accelerated sea ice melt. Generally, the ice edge north of Svalbard has retreatec
towards the northeast, along the Atlantic Water pathv@d] With regard to the extent, the average
change in sea ice extents between 1979 and 2021 is seen in Figure 7 where it is 30% lower now than
1979. With current rates of decline projections of the Arctic show that it could be totally ice free by
2050[6].

Figure 7. Graph of sea ice extents|[6]

The result of melting sea ice is less white surface to re ect back the suns radiation. This is known
as the albedo a ect. Less white surface means more ocean surface which is darker and therefore
absorbing the suns radiation and the melt is continued. Warmer ocean may also melt the ice from
below. The area of water between Greenland and Svalbard is the main area of sea ice transport from
the Central Arctic ocean.

In the context of this project and ships, the reduction of sea ice has lead to much discussion about
the possibility of using new journeys as cargo routes. One of the main ones considered is the northern
sea route as an alternative to the Suez Canal. The northern sea route lies along the Russian Arctic
coast from the Kara sea, all the way across to the Bering Strait. The Barents sea is not o cially
included in the route, however ships using it would go through the sea in the area between Bjgrngya
and mainland Norway. The main interest is from cargo ships, savings in fuel costs are a priority and
companies such as Maersk are looking into the route which can cut journey times by up to two
weeks, relative to the Suez Canal. The northern sea route is now feasible to use for three months of
the year with lower sea ice increasing this passage even f@fhércreased presence of ships, not

only large cargo ones but also of all other categories as well in the route increases the chance of an
accident occurring here.
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2.9 Categories of Accident

In assembling cases to add into the collection, each accident has a primary causation for that event
linked to it. For a case collection as planned with a Iterable element to it, then the accidents must
then be categorised according to these causes of the accident itself. Below are the main reasons
found for accidents in the study area of Greenland, Northern Iceland and the Barents Sea region. Also
included, is search and rescue exercises which is the other element of this case collection and these
have been conducted yearly since 2011 in many Arctic areas with large scale multi country coordination.

Grounding

Fire

Icing

Damage by Ice (Iceberg, Ice- ow, Glacier Calving)
~ Qil Spill

Engine Failure

SAR Exercises

2.9.1 Grounding

One of the main causes of accidents in the Arctic is ships grounding. Grounding is when a vessel
makes contact with the seabed or other rocks and runs aground. In Arctic waters there is sometime
a lack of availability of accurate navigational charts especially close to shore where the bathymetry
has not been fully mapped yet. The reasoning for this is a mix of the cost to conduct this coupled
with the fact that sea ice conditions don't allow it certain areas. Some areas on have spot soundings
through which are taken through the ice and are single depth measurements taken at 2,000 metre
intervals, and commonly referred to as through-ice bathyn@try transducer is placed on top

of the ice recording its position and depth. The disadvantages of this method is that in between
measurements the sea oors contouring is unknown. As well as this is the fact that some areas which
were always ice bound are now becoming ice free in summer with warmer temperatures and retreating
ice ow. Issues with grounding due to lack hydrographic information in an area has been seen to be
an issue for some passenger ships that are exploring very remote and not mapped areas. For example
in 2018 the Akademik lo e sustained major damage to its hull and all 163 persons on board the
vessel had to be rescued. The cause of the damage was grounding. A last minute change in the
voyage plan meant that the new area the ship was going to the captain relied on partial bathymetric
data. The depth of water below the vessel's keel reached 100m and a few minutes minutes later it
was 14m. Low water alarms from the echo sounders were also ignored and turned o and the vessel
ran aground on an uncharted sh88][ Damage to the ships hull is shown in Figure 8. Accidents

like this are common, although damage is not normally as severe as with the Akademik lo e. Human
error is often the reason for these groundings and with more cruise ships of all sizes going to more
remote areas in the polar regions the likelihood of accidents increases, even with mandatory pilotage
requirements.
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Figure 8: Hull of the Russian cruise ship Akademik lo e after grounding in northern Canada in
2017[7]

2.9.2 Fire

One of the most dangerous accidents on board a ship is re. That coupled with the remoteness of
this occurring in polar waters makes it highly hazardous. There are numerous ways in which a re
onboard a ship can start. The large number of electrical wires can short and spark an ignition as
well as overheating of the ships engine or fuel leakage. The most common cause of res on board
is related to an equipment malfunction of some kind and the most likely place for a re to start is
within the engine roomM[)]. If a re breaks out on board a ship then the only escape if it it not
under control is overboard. All ships have plans in place to tackle a re in di erent areas of the ship
as well as di erent parts of the ship. Accidents involving crew members when dealing with a re
onboard are also common and indeed the re may be put out but falls, burns and smoke inhalation
injuries are sustained in the tackling of the re. These injuries would then need assistance and the
nearest port is usually a long way away. Distance to the nearest SAR crew results in longer times to
get to adequate care for the injured. In Svalbard in 2017 the deck of the M/S Langgysund caught
re during a barbeque event in which 34 people were on board. Quick response from the SAR crew
in Longyearbyen deescalated the situation and the re was put out[41].

2.9.3 Icing

Accumulation of ice on a ship is another form of damage by ice. Icing on ships is a great hazard in
extreme cold temperatures below - 10 (DC) while combined with high W#hd$his makes sea

spray freeze on contact with the ship. If the crew does not frequently clear it o it can accumulate
fast and cause an upset in the ships balance resulting in a destabilisation and then capsising. It is an
issue that is most a risk for smaller ships such as shing boats because they are more likely to be
exposed to sea spray and a smaller amount of ice is required for the destabilisation of the ship. To
counter the buildup of ice, some more modern shing vessels have electronic systems which then use
heated surfaces to counter the buildup of ice once the temperature and wind go past a set threshold.
However, systems like this are expensive for captains of ships and especially with such tight margins
boats face, these systems are not implemented widescale. Although not a common cause of actually
capsising ships and causing them to sink, the buildup of ice in cold regions is very common and
captains and crew being aware of the issue and consequences if not addressed by crew. The most
common way to tackle the ice buildup is with wooden mallets or bats to break o the icellyer|

If vessels are close to shore when severe icing conditions occur then they are advised to seek sheltel
at the nearest harbour. Since this is in the Arctic, then there is rarely a port nearby to seek. In this
case then the ships captain is encouraged to steam downwind thus minimising sea spray. These in
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practice measures to combat ice build up can also be helped by preventative coatings on the vessel.
A urocarbon coating is one that can be applied to the super-structure to repel water and prevent
ice accumulation[43].

2.9.4 Damage by Ice

Damage caused by ice in its various forms is a major hazard and has many examples in the Arctic
of accidents caused by it. Sea ice, icebergs and calving accidents are some of the types of ice that
vessels deal with. There are three main mechanisms in which can damage a ship. The rstis an
appendage such as the hull, rudder or propeller hitting the ice. Care and diligence must be given by
the ships captain in the speed that they are travelling at in certain types of icy waters. The speed in
which it hits the boat can be the di erence in the hull withstanding the impact or a penetration. The
next mechanism is ice hitting the ship itself. This could come in the form of wave-induced impacts
or chunks of glacier falling onto the vessel. The last type of mechanism is pressure. This can be
where a ship is ice bound and ice is exerting huge amounts of pressure onto the sides o#itie ship[
Some of the large icebreakers designed for navigation through ice elds are designed to negate this
issue with egg-shaped hulls but for a normal ship the results are fatal with many incidents especially
of early explorers ships being crushed in this way.

Secretariat of the International Ice Charting Working Group who promote the coordination of iceberg
information and sea ice services, John Falkingham said that Arctic shipping will not get safer
as the ice diminishes. Since we rst recognised the decline of sea ice, the watchword of Arctic
mariners and ice experts was that less ice actually brings greater hazards to shippinyith

less bound ice the remaining ice is more mobile and free to drift further South into areas where
ships navigate. This drifting sea ice can also then be brought by wind direction as well as swell
direction to accumulate at narrow passages or straits as well as port entrances. These are called
pressure zones and pose a threat to vessels operating in the Arctic as in small, narrow areas there
is little room to maneuver the ship past these sea ice. This freeing of ice into smaller chunks
also includes multi year ice. This ice is much denser and harder that regular sea ice and in high
seas can cause serious damage to the hull of a ship, especially if its ice class rating is low. It
must be said that there is a distinct di erence between sea ice and glacier calved icebergs. Glacial
ice is very old and extremely hard. It is best avoided by all ships. If an area is declared to be
ice free it does not mean that there is no sea ice at all, it means that there is less that 15% ice
concentration5]. This is because the microwave satellite sensors used in the monitoring of the
Arctic Ocean ice don't detect the areas where the ice less than 15%. A mistake by a navigator in
this regard could have catastrophic consequences. That being said, in areas where there is a known
risk of this and at the edge of the ice oe there are special categorised charts produced to avoid
and warn captains of the present danger or approximate amount of ice in the area. In Figure 9, an
example of an ice chart in the Barents Sea area complete with di erent categories of drift ice is shown.

Master Thesis 18



2 Background and Literature

Figure 9: Local ice forecast example from the Barents Sea area[8]

2.9.5 Engine Failure

The possibility of engine failure is a potential to occur in any region. The di erence between it
occurring in Arctic and other bodies of water is that engine failure, especially in icy water can leave
the ship paralysed and vulnerable to collision with ice oes and bergs. Like with many other accidents,
the distance of the vessel to the nearest port or from a ship or SAR personnel that can assist and aid
them. To minimise the risk of engine trouble regular servicing and maintenance of all components
needs to be enforced with the ships engineers. The need for reserve fuel when conducting travel
in Arctic waters is a factor ships need to account for due to the unpredictability of the weather
conditions. Another common situation is when sediment that would otherwise sit on the bottom of
the fuel tank is shaken around in a rough sea and then sucked into the fuel system, blocking the
Iters[46]. To mitigate against this the engineers in the engine room must keep maintenance to a
high standard. The cruise ship Viking Sky su ered a complete engine shut down in a storm o of the
Norwegian coast in 2019. A freight ship that also sailed through the same conditions experienced
the same engine shutdown. With cruise ships going further into the Arctic in areas such as Franz
Josef Land as well as more and more North on the East coast of Greenland issues such as those
encountered with the cruise liner Viking Sky must be taken seriously to tackle to causation. In its
case it was concluded that the malfunction may have begun in the self-contained propulsion units as
the ship sailed through rarely encountered extreme wave conditions. The malfunction subsequently
caused engines to shut down[47].
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2.9.6 Oil Spill

Oil spills at sea cause huge environmental damage to marine ecosystems as well as the coast
surrounding it. In an arctic context this is even more damaging due to the slow degradation of oil at
water temperatures at near zero degrees cetiisfhe Arctic is an especially delicate and fragile
environment so accidents with oil spills here have long lasting e ects on the wildlife and marine
mammals. If an oil spill occurs in ice present water or even at the marginal ice zone where it is
produced then the results can be serious. Inaccessibility as well as remoteness limit the ability to
clean up such a spill. Research done by the American National Council of Research suggested that
due to the low water temperatures that the oil could remain in Arctic waters for periods greater
than 50 years[49]. If indeed a large spill was to stay present for such a period of time then it could
have an impact on the albedo of that region. Ecosystems e ected in an icy environment face long
periods of recovery as oil can get con ned between ice oes and even within the brine cAg8nnels|
Normal procedure for ships operating anywhere is to discharge certain substances especially when
on long trips where proper facilities to transfer them to port facilities are not available. The 1973
International Convention for the Prevention of Pollution from Ships (MARPOL) was introduced
after a series of tanker accidents. The convention helped reduce pollution through the regulation of
regular dischargesf))]. It states that "the amount of legally discharged oil under MARPOL indicates

that oil should not pose a signi cant threat to the local ecosystem as long as the laws are strictly
followed". As shipping activity increases within the Arctic oceans, so too does the risk of a major oil
spill. Although currently the levels of pollution are on a low level. Between 1993 - 2007 cruise ships
within the polar regions had 21 fuel spillage accidents. The majority of these accidents were due to
grounding, collision and sinking accidents[48].

2.10 SAR Exercises

There is a need for continuous improvement on the search and rescue techniques and training by the
crews operating in the Arctic region. Struggles to overcome the large distances, as well as extreme
weather challenge the SAR crews. Coupled with these natural challenges are the limited resources
relative to other non Arctic areas which is driven by lack of money. SAR resources mainly include

vessels, helicopters, airplanes and radio communication.

The rst major maritime legislation was the 1979 SAR Convention. It aimed at developing an inter-
national SAR plan along with cooperation when necessary between neighbouring SAR organisations
and that there was a national responsibility to establish capacity in the form of coordination centres,
for example, the Joint Rescue Coordination Centre (JRCC) in the North of N&@jvalypllowing

the 1979 SAR Convention the international Maritime Organisation Safety Committee divided the
oceans of the earth into 13 SAR areas respectively. This included the Arctic regions that this report
investigates. Since this subdivision of Arctic SAR areas there has been little change in th&2egion|
The next prominent regulatory framework introduced was the 1982 United Nations Convention on the
Law of the Sea (LOS Convention). This convention formed the legal structure for managing activities
within the Arctic. Promotion of cooperation between neighbouring countries if necessary as well as
the the establishment, operation and maintenance of an adequate and e ective search and rescue
service regarding safety on and over the &3 [One of the most relevant agreements relevant to the
study area of this project is the 1995 Barents SAR agreement. Itis an agreement between Russian and
Norwegian SAR services. Previous to this agreement there had been cooperation between Norway and
the Soviet Union through an agreement made in 1956. This newer Barents SAR agreement bases its
framework on the previously mentioned 1979 international Convention on Maritime Search and Rescue.
Containing a total of 12 Articles it sets the conditions for conduction of joint operations, provision

of assistance, and clari es how requests for assistance are to be fonbdldé@tie SAR services

of both Russia and Norway should provide mutual assistance to the extent that their capabilities
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