








INUIT COMMUNITIES TO MAP THE CANADIAN ARCTIC NEARSHORE

Fig. 3 Conceptual schema showing the distinction between crowdsourced bathymetry and Community-Sourced Bathymetry.

Fig. 4 (a) Area of interest outlined in red (240 km2) shown as unsurveyed/uncharted on the CHS official product; (b) SBD reconnaissance

survey; (c) Risk-assessed systematic survey grid; (d) Bathymetric data collected by the two local survey crews; () SDB and Community-
Sourced Bathymetry overlaid; () Community map overlaid on the CHS official product.
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Table 1 Datasets characteristics.

Attribute Community-Sourced Bathymetry datasets CHS historical single-beam datasets
Geographical extent Canada Canadian Arctic
Depth range 0-100 m 0-100 m
Survey period 2023-2025 1952-2014

Miscellaneous (sextant, LORAN A & LORAN C,
Decca, Mini Ranger, Microfix, GNSS to name a
few)

Integrated GNSS receiver in “off-the-shelf” bathymetric

Technique of positioning measurement equipment (fish finder)

Technique of sounding measurement “Off-the-shelf” bathymetric equipment (fish finder) Single-beam echosounder

Shoal detection by SDB ahead of survey Yes No
Shoal examination (star pattern) during survey No Yes
Total submitted to the peer-consistency (n datasets) 19 586
Total passed the peer-consistency (n datasets) 13 359

2.Survey planning and preparation. Task an SDB?
reconnaissance survey over the areas of interest,
identify shallow hazards (dangers to navigation), and
design tailored, risk-assessed (informed by SDB)
systematic survey grids adapted to expected depth
variability and boats capabilities.

3. Community-Sourced Bathymetry data collection.
Conduct bathymetric data collection over the areas
of interest, following the systematic survey grids at
an appropriate survey speed.

4. Bathymetric data processing and qualification. Per-
form tidal/water-level reduction®, fiter outliers, as-
sess Total Vertical Uncertainty (TVU) per-sounding®.

5.SDB calibration using Community-Sourced Ba-
thymetry (optional). Adjust and refine the initial SDB
depth model (from Step 2) using the validated in
situ bathymetric data collected by the local survey
crews®,

6.Quality evaluation and integration. Assess data
quality using peer-comparison tools, verify consist-
ency with existing datasets, populate metadata, and
integrate validated data into navigational products.
Below is an overview of how the Community-

Sourced Bathymetry approach was applied in the

Asugaaq area at the mouth of the Koksoak River by
two survey crews from the Inuit community of Kuujjuag

(QO) (Fig. 4).

3 Data

Over the past three years, projects have been initi-
ated by the CHS Community Hydrography Program.
Dataloggers have been logging a significant amount
of bathymetric data — some collected opportunistically
(passage survey as define by the IHO) during transit
between communities or while traveling for harvesting,
fishing and hunting, and some collected systematically
(systematic survey as define by the IHO) in specific

areas. All data were processed and transformed into
community maps, which were disseminated to the
communities through Transport Canada’s Enhanced
Maritime  Situational Awareness App (TC, 2025a)
and the Arctic Eider Society's SIKU App (Segal et al.,
2025). The practicality and accessibility of the ap-
proach have resonated within Inuit communities.

Among all the data collected since 2023, four
use cases lllustrate remarkably well the Community-
Sourced Bathymetry approach defined previously:
Paulatuk (NT), Inukjuak (QC), Kuujuag (QC) and
Umiujag (QC). In these communities, Inuit crews
were able to collect data from predefined survey line
patterns.

As described in the method, local survey crews
used small community boats outfitted with “off-the-
shelf” bathymetric equipment (fish finders). Teams
were asked to follow predefined line patterns, maintain
speed under 10 knots, monitor sonar signal loss and
restrain data acquisition in adverse sea conditions (Fig.
5).

Although they are not hydrography experts, the ba-
thymetric data collected by the four Inuit crews, once
processed and assessed, compare favorably with sin-
gle-beam echo sounder data collected by CHS in the
1990s.

4 Results
To demonstrate that data collected in the 2020s by
non experts using “off-the-shelf” bathymetric equip-
ment (fish finders) and applying basic hydrographic
principles can compare in terms of quality with data
collected in the 1990s by CHS, a quantitative study,
presented below, was conducted.

The study involves submitting to a peer consistency
assessment, (1) the Community-Sourced Bathymetry
(CoSB) datasets (n = 19) produced since the launch

2 At CHS, SDB activities are overseen by the internal Remote Sensing Centre of Expertise.

2 Processing is performed using a dedicated tool developed at CHS (Bilodeau, 2025), which is made available as open-source.

4 TVU assessment is performed using a dedicated calculation developed in collaboration with University of New-Brunswick (Muthusamy et al., 2025).

5 Community-Sourced Bathymetry and SDB are complementary. Community-Sourced Bathymetry provides the ground-truth measurements needed to validate and cal-
ibrate SDB in areas where uncertainty is otherwise difficult to assess, while SDB complements Community-Sourced Bathymetry by extending spatial coverage between
survey lines in shallow waters (up to ~15 m).
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Table 2 Statistics of average consistency with MBES reference for CoSB and CHS CATZOC B SBES datasets.

RMSE MAE Weighted mean Std. dev.
CoSB 0.81 0.60 +0.18 1.27
CHS CATZOC B 2.32 0.95 -0.53 1.66

of the Community Hydrography Program (2023), as
well as (2) historical single-beam (SBES) surveys (n
= 586) collected in the Canadian Arctic nearshore (0-
100m depth range) by CHS since the 1950s.

To this end, a systematic quantitative analysis was
carried out based on a peer comparison script. This
script evaluates each submitted dataset by comparing
it with reference surveys. A reference survey is defined
as one that:

1.overlaps (even partially) with the dataset being eval-
uated;overlaps (even partially) with the dataset be-
ing evaluated;

Fig. 5 (a) Locations of the four use cases: Paulatuk (NT), Inukjuak (QC), Kuujjuag (QC) and Umiujaqg (QC);
(b) Community boat in Kuujjuag (QC); (c) Survey line pattern displayed on a community boat’s fish-finder;
(d) WIBL® bathymetric datalogger.
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Fig. 6 Scatter plot for CHS single-beam datasets (SBES), split by CATZOC, alongside Community-
Sourced Bathymetry datasets (CoSB). The figure is intentionally zoomed to the CoSB data extent; as a
result, portions of the CHS SBES datasets lie outside the displayed area.

2.was conducted using a multibeam echosounder

(MBES);
3.has been assigned a Category of Zone Of Confi-

dence (CATZOC) A1 or A2 as defined in the IHO,

S-68 Standards (HO, 2025); and
4.is validated for integration into official charts.

All datasets were reduced to chart datum prior to
comparison to ensure vertical consistency. Reference
MBES surveys are stored as gridded surfaces,
whereas CoSB and SBES datasets consist of point
soundings. The comparison is therefore performed
by matching each evaluated sounding to the corre-
sponding depth value from the MBES reference grid.
Surface differencing was conducted using Teledyne
CARIS Base Editor software, with the MBES grid
defining the spatial reference framework. Horizontal
matching tolerance is thus implicitly controlled by the
grid resolution.

For each dataset, depth differences between eval-
uated soundings and reference surfaces were com-
puted and summarized by key statistics such as
the mean of differences, median of differences, and
standard deviation of differences. The distribution
of residuals provides an empirical estimate of overall
consistency.

The characteristics of the datasets that passed the
peer comparison step (i.e., those for which at least
one reference survey was identified) are presented in
Table 1.

Among the datasets submitted to the peer-con-
sistency assessment, 13  Community-Sourced
Bathymetry datasets and 359 CHS historical sin-
gle-beam datasets show overlap with MBES reference
surveys. The quantitative consistency analysis con-
ducted shows that Community-Sourced Bathymetry
datasets exhibit a level of agreement with the MBES
reference that places them in the 61" percentile of the
CHS historical datasets when classified from 1 (very
poor fit) to 100 (very good fit) (Fig. 6). On a historical
perspective, when CHS single-beam datasets are split
py decade (1950s-2010s), the results indicate that
Community-Sourced Bathymetry surveys outperform
CHS single-beam surveys from the 1950s-80s, match
the performance of 1990s CHS single-beam surveys,
but underperform compared to CHS single-beam
surveys conducted since 2000s (Fig. 7). On a data
quality perspective, when CHS single-beam datasets
are split by CATZOC (B, C, D), the results indicate that
Community-Sourced Bathymetry surveys demonstrate

 The Wireless Inexpensive Bathymetry Logger (WIBL) project was initially developed at The Center for Coastal and Ocean Mapping/NOAA-UNH Joint Hydrographic Center

at the University of New Hampshire, with grant support from NOAA. See project web page https://wibl.ccom.unh.edu/index.html (last accessed 23 April 2026).
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performances consistent with the range of CHS SBES
CATZOC B surveys (Figs. 8 and 9). This comparison
is based solely on the “Depth accuracy” criterion, from
among the broader set of criteria defined in the IHO
S-68 Guidelines for CATZOC allocation.

Table 2 summarizes the key statistics to support
comparison between Community-Sourced Bathymetry
and CHS CATZOC B single-beam datasets. The error
statistics show that Community-Sourced Bathymetry
agrees more closely with the reference depths than
CHS CATZOC B datasets, both in overall accuracy
and consistency. Community-Sourced Bathymetry

RMSE (m)
Mean Bias (m)

-
1950 1960 1970 1980 1990 2000 2010 CoSB

Fig. 7 Key statistics for CHS single-beam datasets (SBES), split by decade, alongside Community-
Sourced Bathymetry datasets (CoSB).

MAE
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SBES - CATZOC C
== SBES - CATZOC D

has a lower Root Mean Square Error (RMSE) (0.81)
and lower Mean Average Error (MAE) (0.60), indicating
smaller typical vertical differences and fewer large mis-
matches than CHS CATZOC B datasets (RMSE 2.32,
MAE 0.95). The fact that CHS CATZOC B's RMSE is
much larger than its MAE suggests the presence of
occasional outliers (since RMSE penalizes large de-
viations more strongly). The weighted mean reflects
systematic bias in the signed residuals. Community-
Sourced Bathymetry's +0.18 indicates a slight ten-
dency toward deeper depths than the reference, while
CHS CATZOC B's -0.53 indicates a tendency toward
shallower depths. Finally, the standard deviation con-
firms that Community-Sourced Bathymetry residuals
are more tightly clustered (1.27) than CHS CATZOC
B datasets (1.66), meaning Community-Sourced
Bathymetry is not only more accurate on average, but
also more consistent across the area.

The quantitative analysis presented in this study
is subject to several limitations that warrant explicit
consideration.

First, the evaluation framework assumes that the
reference datasets — MBES surveys categorized as
CATZOC A1/A2 and qualified as validated — are treated
as a high-confidence reference standard. Under this
assumption, all discrepancies identified by the peer
comparison tool are attributed solely to the dataset
under evaluation. This premise is inherently imperfect,
particularly in Arctic environments, where temporal ad-
vances in positioning systems and sonar technology,
refinement of water level separation models, and the
presence of dynamically changing seabed conditions
introduce uncertainties that limit the absolute reliability
of historical MBES data. As such, these reference da-
tasets, while of high quality, cannot be considered fully
invariant benchmarks.

Second, the volume of Community-Sourced
Bathymetry data available for analysis remains relatively
modest (13 datasets). Although the results indicate
a positive and encouraging trend in dataset quality,
achieving stronger statistical robustness will require an
increase in both the number and geographic diversity
of community sourced surveys.

Third, the analysis intentionally does not apply
weighting based on the number of soundings contrib-
uting to each comparison. Accordingly, a dataset eval-
uated using only two soundings contributes equally to
the final synthesis (Figs. 6-8) as a dataset evaluated

https://doi.org/10.58440/ihr-32-1-a03
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Fig. 8 Radar plot for CHS single-beam datasets (SBES), split by CATZOC, alongside Community-

Sourced Bathymetry datasets (CoSB).
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Fig. 9 Key statistics for CHS single-beam datasets (SBES), split by CATZOC, alongside Community-

Sourced Bathymetry datasets (CoSB).

with 10,000 soundings. This methodological choice
was made to avoid introducing subjective weighting
biases that would systematically favor more recent
surveys — typically characterized by higher sounding
density — over older datasets from the 1950s—1960s—
1970s. While unweighted aggregation simplifies in-
terpretation and avoids temporal bias, it does reduce
sensitivity to dataset specific robustness.

Despite these limitations, the analysis offers a first-
order assessment of the data holdings available in
remote Canadian Arctic regions. By adopting a con-
servative but consistent evaluation framework, the
comparison offers a sound basis for understanding
the relative performance of Community-Sourced
Bathymetry and CHS historical surveys.

5 Discussion
Inuit have lived in and occupied Inuit Nunangat since
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time immemorial. Inuit Tapiriit Kanatami ([TK) has re-
cently articulated the vision of Inuit for involvement in
Arctic sovereignty, security, and defence (ITK, 2025).
Specifically for the maritime Arctic, Inuit express their
desire to play a central role: to be consulted, in-
volved in priority-setting, and have local knowledge
recognized and valued. They seek safe access for
harvesting, effective monitoring, and robust search
and rescue (SAR) capabilities, all of which require im-
proved charting of the nearshore.

In the Canadian Arctic, CHS's charting approach
focuses on navigation corridors to support commer-
cial shipping, such as sea-lift, to resupply northem
communities. Within these corridors, charting quality,
as defined in the IHO, S-67 Standards (HO, 2020),
is good (CATZOC A1-A2) based on modern multi-
beam bathymetric data. Outside the corridors, how-
ever, charting quality is typically lower (CATZOC C or
D), relying on historical bathymetric data collected over
many decades using a range of evolving techniques
— from sextant and leadline to GNSS and single beam
echosounder — but always with a focus on identifying
and examining shoals to support navigation safety.

While the proposed Low Impact Shipping Corridors
(LISC) co-developed by Transport Canada and CHS
with Inuit communities (Dawson et al.,, 2019; TG,
2025b) represent an important step toward enhancing
safety of community resupply (sealift) and commercial
shipping, they primarily focus on established maritime

® Inuit Community
Inuit Nunangat
I 100km Round Buffer from Inuit Communities

fransit routes. As a result, several community-relevant

needs remain outside the current scope of the LISC

framework, including:

« Search and rescue
nearshore

+ Safe inter-community marine transit

+ Local economic development (e.g. fishing, hunting)

+ Establishment and management of marine protect-
ed areas

« Environmental response (e.g. oil spill)

The Arctic nearshore — used heavily for fishing,
hunting, and inter-community transit — is vital for Inuit
coastal communities and other Arctic water users (e.g.
Commercial shipping sector, Canadian Coast Guard
and Canadian Coast Guard Auxiliary, Department of
National Defence, Royal Canadian Navy, Transport
Canada, Parks Canada, Scientists, Fisheries industry,
Cruise tourism operators, and Recreational boaters).
Better knowledge of nearshore seafloor could:

» Enhance Arctic navigation safety
¢ Increase community resilience (i.e. socially, eco-
nomically, environmentally)

Inuit in Canada have shown strong interest in par-
ticipating in seafloor mapping initiatives (ITK, 2023).
Four of the 51 communities in Inuit Nunangat have
already demonstrated their capacity to collect bathy-
metric data favorably comparable to CHS historical
single beam echo sounder datasets acquired in the
1990s, including at distances of up to 100 km from

(SAR) operations in the

Fig. 10 Extent of areas in Inuit Nunangat reachable from Inuit communities within a 100 km travel range and suitable for implementation of

the Community-Sourced Bathymetry approach. The communities of Paulatuk (NT), Inukjuak (QC), Kuujjuag (QC) and Umiujag (QC) are shown

in pink.
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their home communities. If all communities across Inuit
Nunangat were to deploy community boats equipped
with standard navigation instruments following the
Community-Sourced Bathymetry approach described
earlier, up to 16 % of Canada’s coastal zone within
the 0-200 m depth range could be mapped up to a
CATZOC B quality level (Fig. 10). This increased cov-
erage would reduce the potential concem for naviga-
tion in these areas from high to medium. It is important
to note, however, that achieving this level of coverage
in practice would depend on several factors, including
logistical feasibility and local capacity to implement and
sustain such initiatives across all communities. The
figure should therefore be viewed as an aspirational
estimate rather than a guaranteed outcome.

The governance model surrounding the involvement
of Inuit communities in supporting coastal mapping in
the Arctic region has not been examined in this study.
The focus here was solely on demonstrating the po-
tential — both in terms of data quality and coverage
capability — of the Community-Sourced Bathymetry
approach. Questions related to the distribution of roles
and responsibilities, funding and capacity building for
survey teams, as well as data control and data sharing,
will need to be addressed in future work.

6 Conclusion

This study highlights the potential of Inuit communities
to contribute meaningfully to Arctic nearshore map-
ping through the Community-Sourced Bathymetry
approach. Using common, commercially available
navigation instruments and applying basic hydro-
graphic principles —i.e., measuring sensor offsets (with
particular attention to sonar draft), following systematic
survey grids, operating at appropriate survey speeds
(<10 kt), and applying tidal or water-level reductions
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