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Introduction

An increase in maritime traffic in the Arctic, driven by new economic opportunities as sea ice retreats, has
increased the need for hydrographic surveying and charting of the region to ensure safety of navigation
and the environment. Even with receding ice, surveying the Arctic is logistically difficult, expensive, and
time consuming. In an effort to more efficiently map Arctic waters, a risk-based model was developed in
2015 ™ to identify areas where the hydrographic survey need was the highest. Member states of the
Arctic Regional Hydrographic Commission (ARHC) provided chart confidence data that was combined with
depth data and vessel traffic information from vessels’s Automatic Identification System (AlS) to pinpoint
areas of potential high risk to surface navigation to prioritize survey areas. This analysis was refreshed in
2018 and again in 2023 to capture progress and updates. We continue that same analysis here with
some slight modifications in extents and AlS data source’.

The scope is focused on the area within the Exclusive Economic Zone (EEZ) of each Arctic member nation
and uses the three variables of depth, survey confidence, and vessel traffic to identify areas of high risk.
The previous study used vessel hours averaged from AIS data over time as the metric to analyze traffic
density, this update uses unique AIS tracklines for analysis and also increases the study area to include
Canada’s Hudson Bay and Labrador coast.

The updated study area analyzed by this study covers approximately 16.05 M km?, of which we find that
there is CATZOC A, or high confidence in the survey data of 2.80% of the total area with an additional
2.94% that is at a CATZOC B level of confidence. While this only encompasses 5.74% of the Arctic region,
it is important to recognize that only slightly more than one half of this study’s analysis cells, 53%, sees
high consequence vessel traffic density. Of the analysis cells with high consequence traffic density,
approximately half, 46%, has a risk that is considered medium to low concern as a result of CATZOC A and
CATZOC B data. This shows that while the overall coverage of CATZOC A and CATZOC B data is sparse, the
data we do have is supporting a large percentage of concentrated vessel traffic in the region.

' For a discussion on how this study relates to IHO SPI 1.2.2, please see Addendum 01 (attached at end
of report)
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Study Area

The study area is similar to the 2023 analysis and uses the definition of the Arctic as defined by the U.S
Arctic Research and Policy Act as a starting point for the analysis. This area includes areas North of the
Arctic Circle and all contiguous seas, including the Arctic Ocean and the Beaufort, Bering, and Chukchi
Seas, as well as the Aleutian chain. This area was expanded in 2023 to include Iceland and the southern
tip of Greenland, and in 2024 the area was expanded to include Canada’s Hudson Bay and Labrador coast
(Figure 1). No areas outside of the EEZs of member nations were included, however, the vast majority of
the traffic seen in the Arctic falls within the study area with very free vessels transiting in the further
North portions of the region. Additionally, no updated CATZOC data was requested from the Russian
Federation so all data for this region remains unchanged from the 2018 analysis.
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Figure 1: The 2024 study area with the inclusion of Canada’s Hudson Bay and Labrador coast.

Methods

As with the previous studies we use depth, survey confidence, and vessel traffic to assess the level of
navigational risk. Shallow, poorly or unsurveyed areas, with dense vessel traffic are assumed to have the
greatest navigational risk and the greatest need for survey data. Conversely deep areas, areas that are
well surveyed, or areas with sparse vessel traffic are assumed to have low navigational risk and a lower
survey need. We have followed the methods from the previous study closely in order to provide a



standardized comparison while also providing a tool to monitor broad trends in areas of risk.

Survey Confidence

Survey confidence was assessed using Category Zone of Confidence (CATZOC) attributes obtained from
Electronic Nautical Charts (ENCs). This study uses the same CATZOC data as the 2023 study, as such
there is no change in this part of the analysis for 2024. CATZOCs are assigned based on the equipment
used, degree of accuracy, coverage type, etc. In order to do this, CATZOC Al and A2 areas were
combined into a single “CATZOC A” confidence level. Additionally, all CATZOC D areas were combined
with Unassessed areas for a single “CATZOC U” area. Any areas in the EEZ of Arctic nations that were
not categorized by hydrographic offices were given an unassessed confidence level. CATZOCs were
summarized into the four confidence levels in Table 1, below.
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Figure 2: Survey Confidence based on published 2023 CATZOC data as provided by each hydrographic office.
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Figure 3: Survey Confidence data clipped to the 2024 Arctic Study area.

CATZOC Confidence Levels

CATZOC Al and A2 CATZOCB CATZOCC CATZOCU Total
Controlled, systematic Controlled, systematic survey | Opportunistic survey Category D and
survey with high position | achieving similar depth achieving low depth and |unassessed.
and depth accuracy. Data | accuracy to Category A surveys, | position accuracy.
acquired with a but with less position accuracy. | Equipment not specified.
multibeam, channel or Data acquired using modern
mechanical sweep survey echosounder.
system.
Total Area
(M km2) 0.45 0.47 3.71 11.42 16.05
Percent of
Total Study
Area 2.80% 2.95% 23.12% 71.14% 100.00%

Table 1: The percentage of area in the study area by CATZOC area with the inclusion of Canada’s Hudson Bay and
Labrador coast.




Depth

In order to categorize the seafloor of the Arctic region, we divided the area into three depth bands:
shallow, medium and deep. To accomplish this, we reused the depth bands from the previous analysis
based on the General Bathymetric Chart of the Oceans (GEBCO) International Bathymetric Chart of the
Arctic Ocean (IBCAO)™ depth layers. Depths were categorized into shallow, mid-depth, and deep as
shown in Table 2, below. As with the previous studies, the depth bands were then subdivided into
“simple” or “complex” seafloor assuming that a dynamic seafloor is more likely to change drastically and
poses a greater danger to navigation. The flatter, more benign areas in the northern part of the Bering
Sea (north of 57 degrees), the Chukchi Sea, the East Siberian Sea, and the Laptev Sea were categorized
with a simple seafloor. Complex seafloor was attributed to everything else. For the purposes of this study,
an area that is less than 20 m deep in an area designated as a “simple” seafloor would be categorized as
“shallow.” Similarly, an area that is less than 100 m as determined by the GEBCO depth layers in a
“complex” seafloor area would also be categorized as “shallow”. This allows our study to create broad
depth categorizations while still accounting for the relative complexity of the Arctic region.

Simple Complex
Shallow 0-20m 0-100 m
Mid-Depth 20-50 m 100-200 m
Deep 50m + 200 m +

Table 2: Depth classifications for shallow and Complex seafloor areas.

Arctic_Circle
Seafloor Complexity and Depth
Depth Band

Compla (0-100m)
Compls (100m-200m)
Complex (200m)
V7] simpte (0-20m)
V7] simple (20m-50m)

2

Simple (>50m)

Figure 4: Depth areas based on seafloor complexity.



Areas of Potential Concern

CATZOCs were intersected with depth bands to develop areas of potential concern. As with previous
studies, areas with high survey confidence have low concern in all depth bands; areas with shallow or
mid-depth bands and CATZOC B or deep, unassessed areas were assigned as medium concern; shallow
areas with low confidence have the highest concern.

Potential Concernfor Navigation
Confidence Level
A B C U

Depth Band

Shallow |
Mid-depth |
Deep

Table 3: Risk matrix used to assign areas of potential concern based on depth and survey confidence.

Based on the intersection of these variables, it was found that 51.55% of the study area is high concern,
38.56% is of medium concern, and 9.89% is of low concern. The values vary from previous studies due
to the inclusion of the Hudson Bay region of Canada as well as the inclusion of Southern Greenland
(South of the Arctic Circle). These areas contain large swaths of area with CATZOC D or Unassessed
data quality which has caused the percentage of the areas of high concern to increase. It is possible
that this value would decrease with updated CATZOC data from ARHC members or updated data from
the Russian Federation as those values are unchanged from 2018. This method gives a very coarse look
at areas of concern that could be further refined with an increased number of depth thresholds which
could give a more specific look at areas of concern. However, as this study is concerned with broad
trends we have maintained the depth thresholds from previous studies.

Areas of Potential Concern by Depth

High Medium Low Total

% of % of % of % of

Study Study Study Study
Depth Bands|M km2 [Area M km2 [Area M km2 [Area M km2 |Area
Shallow 5.56 | 34.64% 0.38 | 2.37% 0.24 | 1.48% 6.18 | 38.49%
Mid-Depth 2.71 | 16.91%| 0.04| 0.26%| 0.10| 0.60%| 2.85| 17.77%
Deep - 0.00% 5.77 | 35.93% 125 7.81% 7.02 | 43.73%
Total 8.28 | 51.55% 6.19 | 38.56% 1.59 | 9.89%| 16.05 (100.00%

Table 4: Summary of areas of concern by depth categorization.
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Figure 5: Areas of concern based on the intersection of CATZOC and depth/complexity data.

Vessel Traffic

At this point in the analysis, areas of highest concern have been determined by identifying areas where
low survey consequence intersects with complex, shallow seafloor. In order to further refine the areas of
concern, we integrated vessel tracklines into the analysis using vessel AIS transmissions to determine the
percentage of the study area with high vessel traffic over areas of concern. To compile the AIS
information, the 2024 study used the Arctic Ship Traffic Data (ASTD)™ system created by the Protection of
the Arctic Marine Environment (PAME), a working group of the Arctic Council. The ASTD data also
represents a return to using vessel tracklines, as used for the 2018 study, instead of the vessel density
values used in 2023.

The ASTD system provides raw AlS tracks showing vessel traffic in the Arctic region. While the raw nature
of these data do induce noise into the analysis, the impacts are considered to be minimal as the noise is
expected to cancel out across the large areas being evaluated. Furthermore, the AIS data was visually
inspected during analysis to remove any gross blunders. This includes areas where tracklines crossed
large swaths of land or large-scale GPS errors that were noticeable from a pan-Arctic view. It is likely that
erroneous tracklines are still included in this dataset, however, their influence on the overall trends
recorded in this study are expected to be negligible and not influence the study’s conclusions.



For our analysis, we filtered the AlS records so that only high consequence vessel tracklines were
included. These high consequence vessel types that were included are cargo, tanker, icebreakers,
passenger, fishing, and other deep draft vessels. Small, personal vessels were not included as they are
seen as lower risk and operate in relatively constrained geographic areas. Additionally, any vessels that
were operating without AIS were not included as this dataset relies exclusively on AlS transmissions.

Using the ASTD service, tracklines were downloaded for the entirety of 2023 in the Arctic region. The
tracklines were merged into a large database that covered the entirety of the EEZs of the Arctic region as
well as the open water areas outside of the study area to capture a full picture of Arctic vessel traffic. In
order to analyze vessel density, 0.1° analysis cells were created for the study area. These cells were
intersected with the vessel tracklines to get a count of the total transits over the year per 0.1° analysis
cell. This cell dimension was used in order to provide a standardized way of analyzing vessel traffic while
allowing for reasonable processing time of the vessel transits. Higher resolution analysis cells were
investigated but created file sizes that proved to be difficult to process. The analysis cell resolution
included in this study is useful in determining an overview of vessel traffic trends and transit corridors,
however, future studies may investigate the feasibility of finer resolution analysis methods.

Size of
Analysis Cell| Time Extent [Vessels Included Unit of Analysis
0.1° 2023 High-Consequence: Tankers, Cargo, | Total Vessel tracklines in each
Calendar Year |Fishing, Icebreakers, Passengers, analysis cell during 2023
etc.

Table 5: Summary of the parameters used to analyze the 2023 AlS traffic.

The full data set is available to ARHC members for further investigations using more specific analysis
methods tailored to specific areas of the Arctic.

AlS Vessel Analysis

For the analysis, we first looked at the cumulative vessel tracks across the study area (Figure 6) to
determine the general vessel density and to begin to identify areas with little to no traffic over the course
of 2023. We then intersected the AIS data with the previously determined areas of concern in order to
further refine areas of concern by traffic (Table 6). Doing so we find that over the whole study area,
80.26% of the area experiences at least some traffic (greater than one vessel transit). This represents a
dramatic difference and increase from the 2023 study that only found 34.65% of the study area
experienced at least some traffic. This significant difference is likely due to two main factors, the increase
in study extents and use of 0.1° analysis cells. As these extents were requested by ARHC members to
account for their respective Arctic vessel traffic, it is not surprising these areas have higher traffic density.
Furthermore, the use of a geographic analysis cell, fixed degree instead of fixed size, results in a roughly
tenfold increase in cell size between the northern and southern extents of the study. This influence was
also noted in the 2018 study, and appears to be exacerbated with the increased extents of this study, all
of which are at the southern extents of the study area. As with the 2018 study we still find the data to be
valuable, however it highlights the need for refinement in future studies to establish a more consistent
baseline for comparison.



Of the 80.26% of the study area that sees at least some traffic, we find that just over half, 53.12%, occurs
in areas of high concern. This accounts for less than half, 42.65%, of the entire study area and is an
increase from the 2023 study that found 43.44% of traffic occurred in areas of high concern. Again, this
change is likely driven by the addition of traffic areas to the study. We also find that of areas with vessel
traffic, 11.42% transits over areas of low concern. This dramatic decrease from the 2023 study’s showing
that 28.60% of traffic transited over areas of low concern is largely driven by the change in areas of low
concern. As the additional extents for the 2024 study are largely areas of high or medium concern, the
overall area of low concern has dropped from 15.87% to 9.98%.
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Figure 6: Vessel density for 2023 based on all recorded tracklines of high-consequence vessels.

While the presence of traffic provides a useful tool for determining areas of priority, we further analyzed
AIS traffic by providing a traffic threshold value to highlight areas that see higher traffic density. For this
analysis, we reverted to the 2018 threshold of 12 transits per cell (Table 7). This was done as the AIS data
was again trackline based, and no longer density based. Using the threshold of 12 transits reduces the
percentage of the study area that sees traffic from 80.26% to only 53.28% that sees higher vessel density.
Of this reduced area with higher vessel traffic, a very similar 54.30%, occurs in areas of high concern.
While this figure may initially sound alarming, the area that experiences this heavy traffic only accounts



for just over a quarter, or 28.93%, of the entire study area. This contrasts with the near 90% of the study
area that was identified as high or medium levels of concern earlier in this study and continues to suggest
that targeted survey efforts could have significant impacts in addressing the greatest risks in the region.
Additionally, a large percentage of the areas of High Concern occur in the EEZ of the Russian Federation.
The CATZOC data used for this EEZ comes from the 2018 analysis and it is likely there has been further
survey or categorization work done in this area which would reduce the amount of high risk areas.
Observing the high differences in this approach as opposed to the density based approach of the 2023
study we see both the value in identifying a subset of AIS data to highlight the highest use traffic areas, as
well as the value in consistent analysis methods to aid year to year comparisons. While the value of 12
transits is useful for determining areas of higher vessel density, it is not a definitive value for determining
areas with the highest risk. A single vessel repeatedly transiting across the same area would increase the
traffic density of a specific area but may not be representative of the overall vessel density for that
specific area. As also noted in the 2023 study, opportunities remain to further parse AlS data for
additional insights into vessel types and seasonal uses, but such work currently remains beyond the scope
of this analysis.

The tables below provide the values of areas that see at least some vessel traffic (greater than one vessel
transit) as well as areas that experience a higher vessel density using the threshold value of 12 transits.

An image is also included of the identified risk areas based on the threshold of 12 transits (Figure 7).

Areas of Potential Concern with Vessel Traffic

High Medium Low Total

% of % of % of % of % of % of % of % of
Depth Study |Traffic Study |[Traffic Study |Traffic Study |Traffic
Bands M km2 |Area Area M km2 |Area Area M km2 |Area Area M km2 Area Area
Shallow 4,48 | 27.88%( 24.73% 0.35 2.21%| 2.75% 0.23 1.41%| 1.75% 5.06 | 31.49%| 39.23%
Mid-Depth 2.37 | 14.77%| 18.39% 0.04 0.26%| 0.32% 0.10 0.59%| 0.74% 2.51 | 15.61%| 19.45%
Deep - 0.00%| 0.00% 4,17 | 25.92%| 32.38% 1.15 7.16%| B8.93% 5.32 | 33.16%| 41.30%
Total 6.85 | 42.65%| 53.12% 4,57 | 28.45%| 35.44% 1.47 9.16%| 11.42% 12.89 | 80.26% [100.00%

Table 6: Summary of areas of concern based on 2023 AlS traffic in areas with greater than one vessel transit.

Areas of Potential Concern with Vessel Traffic - Greater than 12 Transits per Analysis Cell

High Medium Low Total

% of % of % of % of % of % of % of % of
Depth Study | Traffic Study |Traffic Study |Traffic Study |Traffic
Bands M km2 |Area Area M km2 |Area Area M km2 |Area Area M km2 Area Area
Shallow 2.95 | 18.40%| 34.54% 0.26 1.61%| 3.03% 0.17 1.03%] 1.94% 3.38 | 21.05%]| 39.51%
Mid-Depth 1.69 | 10.53%| 19.76% 0.03 0.17%| 0.32% 0.08 0.47%| 0.88% 1.79 | 11.16%]| 20.95%
Deep - 0.00%| 0.00% 2.35 | 14.65%| 27.49% 1.03 6.42%| 12.04% 3.38 | 21.06%| 39.53%
Total 4.64 | 28.93%| 54.20% 2.64 | 16.43%| 30.83% 1.27 7.92%| 14.86% 8.55 | 53.28%(100.00%

Table 7: Summary of areas of concern based on 2023 AlS traffic with a threshold of 12 transits per analysis cell.
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Figure 7: Areas of priority based on survey confidence, depth/seafloor complexity, and a threshold of 12 vessel
transits during 2023



Discussion and Conclusions

Coming off the heels of a successful 2023 update, this 2024 analysis was focused on integrating feedback
from discussions at ARHC13 in Greenland. This included working with new partners for AIS data (PAME)
and adapting our analysis to each country’s area of concern, all while integrating the latest vessel traffic
data to see how traffic is changing within the region.

The AIS data used for the 2023 analysis came from the Global Maritime Traffic Density Service (GMTDS)
as they were able to provide a fully cleaned and processed density grid as part of an existing agreement.
That agreement did not exist for the 2024 analysis, making the same pre-processed dataset unavailable
for use. Leveraging discussions at ARHC13 regarding partnership opportunities with PAME, the decision to
shift to their ASTD database was a natural choice for vessel traffic information. While the ASTD provided a
seamless interface to download AlS data, the database only contains raw data that has not been
processed. This meant it contained noise and erroneous data, such as vessel tracks crossing well known
land areas. This is not unique to the ASTD, as all raw AlS data sources inherently contain noise and must
be cleaned and processed. While this processing is straightforward for small study areas, it quickly
becomes resource intensive when working with large geographic regions such as the Arctic. This study
was able to overcome the processing challenge by virtue of the limited traffic in the region, but further
investigation into more robust or possibly automated processing methods is highly recommended. The
PAME/ASTD group has expressed interest in continued collaboration for these efforts, and we hope to
improve the processing workflow for the next iteration of this study.

Another topic that generated robust discussion at AHRC13 were the extents of the analysis. While
academic definitions of the Arctic were a great place to start, these boundaries did not fully account for
what each ARHC Member State considers Arctic Traffic within their respective EEZ. In order to capture
this traffic and provide the most value to ARHC members, the study area was expanded in 2023 to include
the entirety of Greenland, and is again expanding in 2024 to include Hudson Bay and the Labrador coast.
These shifting extents do make it challenging to make meaningful comparisons to existing studies,
however, this collaborative approach has established a baseline that will provide more actionable data
moving forward.

While this study included additional areas in its evaluation, a separate analysis was conducted that
performed a comparison to the 2023 study area and results (Table 8). This year to year comparison
showed an increase in Arctic vessel traffic, with the largest growth in percentages of traffic in low
concern areas than high concern areas, apparently at the expense of medium concern areas. While it is
difficult to make any direct conclusions from this broad overview given the changes in extents and AlS
data sources, it does continue to highlight how studies such as this can help nations proactively respond
to the risks in their regions.



Difference Between 2023 and 2024 Reports for Areas of Potential Concern with Vessel Traffic

High Medium Low Total

A%of |A% of A%of |A%of A%of (A% of A%of |A%of
Depth AM Study |Traffic |AM Study |Traffic |AM Study |Traffic |AM Study |Traffic
Bands km2 Area Area km2 Area Area km2 Area Area km2 Area Area
Shallow 3.29 | 19.01%| 9.14% 0.21 1.16%| -0.26% 0.16 0.89%| 0.25% 3.66 | 21.06%| 9.13%
Mid-Depth 1.54 8.58%| 0.54% (0.05)| -0.41%| -1.62% 0.04 0.14%| -0.55% 1.53 8.31%| -1.63%
Deep - 0.00%| 0.00% 3.10 | 18.02%| 9.37% (0.05)| -1.78%|-16.88% 3.05 | 16.24%| -7.52%
Total 4.83 | 27.59%| 9.68% 3.27 | 18.77%| 7.48% 0.14 | -0.75%(-17.18% 8.24 | 45.61%| -0.02%

Positive values indicate an increase from 2023 to 2024, negative values indicate a decrease

Table 8: Summary of the differences with the 2023 study in areas with at least some vessel traffic.

While this year’s analysis is another important step forward in the hydrographic risk of the Arctic, much
work remains in improving our understanding of vessel traffic and risk within the region. Continued
improvements within the analysis process, such as automated processing or quality control, could free
resources to expand the resolution of this study and open additional avenues for analysis. The continued
iterations of this study have established momentum towards these goals, which will only continue with
the added support of our Arctic partners such as PAME. As we continue to iterate and improve on this
process, we will continue to learn more how to effectively and efficiently minimize risk within this remote

and challenging region.
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Addendum 01

Relationship to IHO SP11.2.2

The objectives of this study are similar, but still unique from the International Hydrographic Office’s (IHO)
Strategic Performance Indicator (SPI) 1.2.2 which measures “Navigationally significant areas: areas
covered by ENCs in Usage Bands 5 to 3. Indicator: % data coverage in ENCs, where CATZOC value is other
than U (Unassessed) and Unavailable.”

Whereas SPI 1.2.2 is focused on the ability to navigate on nautical products and is defined largely by the
presence of appropriate ENC scales meeting CATZOC criteria, this study focuses on the risk inherent to
the data available, and does not take the ability to navigate on any products into account.

While the two are closely related, as safe navigation relies on both quality data and quality products, this
study should be seen as a more detailed analysis that can be used in collaboration with SP1 1.2.2 and
should not be seen as a competing metric of success. This is also reflected in the level of effort between
the two approaches, as SPI 1.2.2 is far more straightforward to calculate and does not require the
detailed analysis of AlS traffic.

By having more insights into risks within the region, the objective of this study is to allow Hydrographic
Offices to prioritize their surveying and charting efforts in such a manner that the highest risks are
addressed as expediently as possible. This provides the greatest benefit to the mariner and the
environment, while also supporting the SPI 1.2.2 metrics. While there may be opportunities to
collaborate and blend the methodologies in the future, capturing both risks and products, further
refinements would be needed in the ease and accessibility of this study’s process to make it as readily
adoptable by all IHO member states as SPI 1.2.2 currently is.



