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The Canadian Arctic Archipelago (CAA) lies within Inuit Nunangat, the homeland of the Inuit, and 
encompasses extensive coasts of Nunavut. These shorelines are continuously changing, shaped by 
sea ice, glaciers, icebergs, permafrost, and oceanographic dynamics during the open-water season. 
Inuit knowledge offers profound insights into coastal change; however, systematic measurements of 
ocean waves and water levels remain scarce, which limits our ability to model nearshore processes and 
anticipate shoreline responses, both critical for adaptation. We present a dataset of water levels and 
wave statistics collected between 2021 and 2023 in partnership with three communities: Ausuittuq (Jones 
Sound), Canada’s northernmost community; Ikaluktutiak and Kugluktuk (both in Coronation Gulf). The 
dataset includes 19 calibrated pressure sensors in the nearshore zone and 6 offshore wave buoys deployed 
with Inuit boat operators, capturing more than 427 days of hourly observations. Observed conditions 
include significant wave heights up to 1.7 m and peak wave periods up to 6.0 s. All files are published in 
open formats with structured documentation to ensure transparency, accessibility, and reuse.

Background & Summary
Ocean waves in the Canadian Arctic Archipelago (CAA) are projected to increase by more than 0.4 –0.5%/y by 
2081–2100 relative to the 1979–2005 period, largely due to sea ice reduction1. These projections align with Inuit 
knowledge, including observations by hunters and community members of changing wind patterns, sea ice 
stability2, and increased ocean wave activity3. Shifts in sea state impact Arctic marine ecosystems and traditional 
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Inuit practices such as maintaining travel routes for hunting and fishing4. Intensified wave action also contributes 
to coastal erosion5 and flooding6, while global eustatic sea level rise and isostatic adjustment introduce complex 
spatial variability in relative sea levels across the Arctic7,8. Despite limited in situ coastal forcing observations in 
the CAA, community insights and leadership in land and sea ice travel provide critical context for understand-
ing coastal ocean dynamics9,10. Connecting Inuit Qaujimajatuqangit (IQ), the Inuit Traditional Knowledge, and 
scientific research is central to better characterizing long-term changes in Arctic wave conditions11,12.

While numerical modelling is a powerful tool for simulating wave climates and forecasting coastal change, 
field-based observations remain essential for validating and calibrating such models for coastal planning and 
climate adaptation13. Hydrodynamic datasets in the Arctic are particularly scarce due to logistical and envi-
ronmental challenges associated with fieldwork in remote, ice-affected locations14,15. In Inuit Nunangat, the 
Inuit homeland encompassing Nunatsiavut, Nunavik, the Inuvialuit Settlement Region, and Nunavut, scientific 
approaches that prioritize collaboration, cultural relevance, and community-driven data collection are critical16, 
and align with the National Inuit Strategy on Research17. In the Inuvialuit Region, for instance, in situ wave 
data have been collected to analyze the impact of storm waves on both whale hunting and shoreline erosion18,19. 
Among the benefits of such approaches, locally validated models support more effective climate adaptation 
strategies while building local capacity for community-led research20.

Despite Inuit Nunangat encompassing 72% of Canada’s coastline21, observational data on coastal waves and 
water levels are extremely limited. Across this vast region, only three tide gauges are located on Baffin and 
Ellesmere Islands in Nunavut: one in Frobisher Bay (Iqaluit), one in Baffin Bay (Qikiqtarjuaq) and another in the 
Lincoln Sea (Alert). These stations are over 2,000 km apart and reflect more open-ocean conditions, providing 
limited insight into the fetch-limited nearshore environments that dominate the Canadian Arctic Archipelago22. 
To address this gap, we present community-based hydrodynamic measurements collected between 2021 and 
2023 in three Nunavut communities: Ausuittuq (Jones Sound), Ikaluktutiak, and Kugluktuk (Coronation Gulf). 
These sites were selected in close collaboration with local Hunters and Trappers Organizations (HTOs) and rep-
resent a range of coastal settings, from rocky shores to shallow, ice-affected bays in glacierized and unglacierized 
areas. Nearshore waves and water levels were recorded using bottom-mounted pressure sensors, while offshore 
directional wave statistics were obtained using wave buoys. Together, these measurements offer a unique, com-
prehensive view of coastal wave dynamics during the open-water season in the CAA.

This Data Descriptor documents the deployment and processing of nearshore pressure sensor data, the 
configuration and output parameters of offshore directional wave buoys, and the use of real-time kinematic 
GPS (RTK-GPS) coastal topographical profiles for precise sensor positioning. We also present an overview of 
data uncertainties related to wave statistics and water level measurements. The resulting pan-Nunavut hydro-
dynamic dataset is openly shared with Inuit stakeholders and provides valuable baseline information to support 
coastal management, infrastructure development, and numerical modelling efforts. It contributes to a grow-
ing body of knowledge on wave dynamics in ice-affected Arctic regions and supports community resilience to 
climate-driven coastal hazards.

Between 2021 and 2023, observations covered a total of 734 pressure sensor-days and 270 buoy-days. We 
recorded 117 unique days in Ausuittuq, 188 in Kugluktuk, and 93 in Ikaluktutiak, for a total of 398 unique 
site-days of wave and water level data. Overlapping deployments of pressure sensors and wave buoys occurred 
for 78 days in Ausuittuq, 92 days in Kugluktuk, and 28 days in Ikaluktutiak, providing valuable periods for 
assessing offshore-to-coastal wave and water level dynamics.

Methods
Study sites.  The three communities where field measurements were conducted are located in the continuous 
permafrost zone23, primarily along low-lying sandy coasts (Kugluktuk and Ikaluktutiak) or gravelly shores with 
rocky platforms (Ausuittuq) (Fig. 1). Following the retreat of the Laurentide and Innuitian Ice Sheets, which began 
around 13,000 years ago (calibrated, cal years BP), the coastlines in this region were deglaciated by approximately 
9,500 cal years BP24–26. Glaciers are still present in Nunavut and on Ellesmere Island near Ausuittuq. Tides in the 
CAA are semi-diurnal, with a tidal wave propagating mainly from the Atlantic Ocean27. Tidal amplitude varies 
regionally, ranging from a few centimetres (microtidal) in the Kitikmeot Sea (Kugluktuk and Ikaluktutiak)28 to 
several meters (mesotidal) in Jones Sound near Baffin Bay (Ausuittuq). Offshore waves also vary spatially, mainly 
as a response to sea ice and geological setting: the enclosed channels and bays that form the CAA waterways are 
characterized by small significant wave height (Hs) generally under 2 m, in contrast with the open Baffin Bay and 
major sounds (Lancaster and Jones Sound), where waves can reach amplitude up to several meters high1.

In Kugluktuk, nearshore sensors were deployed in 3 main locations around the Coppermine River delta 
to acquire the wave conditions from various propagation directions: west of town on a low-lying beach, on 
the barrier island beach north of town, and east of the delta (Fig. 1). The sensors were deployed outside the 
estuary to minimize the influence of river-driven water-level variability. Nonetheless, in addition to recording 
astronomical tides, wave- and wind-induced setup, and atmospheric pressure effects, the measured water levels 
may still reflect a fluvial contribution, particularly west of town, where the main river channel enters the coastal 
zone. The offshore buoy was deployed at a depth of  ~ 30 m, 800 m offshore the barrier island (2.4 km from the 
community) and was exposed to west-to-easterly waves. A similar mooring was done in Ikaluktutiak. There, the 
sensors were moored about 23 km west of town along the low-lying coastal terrace sitting south of an esker, a 
site locally known as Augustus Hill. This site is an erosion hotspot identified by community members as a criti-
cally changing area in terms of permafrost degradation and trail erosion29. The buoy was installed at a depth of  
12 m, 450 m offshore. In Ausuittuq, because the bathymetry is highly variable along the coast30, multiple sensors 
were deployed along the shore to address longshore variability in nearshore wave characteristics. Sensors were 
deployed close to the upper foreshore and farther offshore on the rock platform, while the buoy was moored at 
a 30 m depth.
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Instrument deployment strategy.  The sampling strategy applied in this project aimed to quantify wave 
statistical parameters both offshore and near the shoreline (Figs. 2, 3), where wave energy dissipation processes in 
shallow water can induce a superelevation of the mean water level (MWL) above still water level (SWL), known as 
wave setup31,32. Such processes are not limited to ocean conditions and have also been observed in fetch-limited 
environments33,34. Deep-water wave measurements (i.e. before shoaling and breaking processes) were obtained 
using three-dimensional surface-displacement buoys positioned offshore of each site in deep waters at locations 
identified in collaboration with local Inuit organizations. In shallow waters, pressure sensors were deployed to 
measure total induced pressure, from which water depth and wave statistics were extracted. The combination 
of synchronous offshore and nearshore measurements enabled continuous quantification of both wave forcing 
and water levels throughout the deployment period, which took place mainly in ice-free conditions. The overall 
strategy was based on sea ice conditions, which also induced damage to some instruments, therefore limiting the 
joint duration of nearshore and offshore deployments in some cases. Following the breakup (mid-June to early 
August, depending on the latitude), all instruments were deployed for the open-water period duration and until 
sea ice brought navigation conditions too difficult for buoy maintenance.

Nearshore pressure sensors.  Sensor positioning.  Pressure sensors (RBRvirtuoso3D, RBRsolo3D, 
RBRduet3TD, and custom-built pressure-based recorders, PBR) were installed at all sites using mooring tech-
niques adapted to local seabed conditions. The RBR sensors, widely used in nearshore environments, are made of 
plastic casings rated for temperatures as low as −5° C. Their sizes ranged from 63.3 mm in diameter (virtuoso3) to 
25.4 mm (duet3 and solo3D). The PBRs are low-cost, Arduino-based pressure sensors developed at the Université 
du Québec à Rimouski, designed for rapid deployment in harsh, ice-prone environments where more expensive 
instruments are at risk of damage. The PBRs used here were constructed from Acrylonitrile Butadiene Styrene 
(ABS) tubing and Arduino Mini Pro boards35. All sensors sampled at 4 Hz and were suitable for deployment in 
depths up to 10 m, enabling their combined use across sites.

Fig. 1  The Canadian Arctic Archipelago encompasses the Northwest Territories (NWT) and Nunavut (NU). 
The study area covers Nunavut in three communities (white dots): Kugluktuk, Ikaluktutiak, and Ausuittuq. 
Instrument deployment locations are indicated in each community, where diamonds represent wave buoys and 
squares represent pressure sensors. Baffin Bay (BB), Jones Sound (JS), Coronation Gulf (CG), Ellesmere Island 
(EI), and Victoria Island (VI) are indicated.
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Fig. 2  Deployment timeline of pressure sensors and wave buoys across study sites. Gaps in the bars show sensor 
removal periods.

Fig. 3  Overview of the sensor deployment approach. From left (backshore) to right (offshore), RTK-GPS 
topographic profiles were conducted at low tide for sensor positioning in the nearshore zone. Wave buoys were 
deployed offshore using local boats in partnership with the Hunters and Trappers Organizations. Individuals 
depicted provided consent for the publication of the image.
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In Ausuittuq, sensors (10 deployments in 2 years) were fixed on rocky outcrops using concrete anchors. 
RBRvirtuoso3 and PBR sensors were first deployed using an anchored metal plate bolted to rocks. When flat, 
rocky seabed conditions were present, the sensors were directly moored at the seabed. On altered seabed (i.e. 
weathered sedimentary rocks), low-lying boulders were used as anchors for the sensors’ metal plate brackets. 
This technique was abandoned as it was not efficient at this location because of the dense iceberg conditions (see 
the Technical Validation section for more information on harsh deployment conditions). Because of their much 
smaller size, RBRsolo3D were instead inserted directly into the rocky seabed or boulder to prevent damage from 
icebergs and sea ice. In Kugluktuk (4 deployments over 2 years) and Ikaluktutiak (3 deployments over 2 years), 
all sensors were secured to the seabed using off-the-shelf foundation screw posts in sediment.

Most nearshore pressure sensors were deployed on foot from the shoreline at low tide, using dry suits for safe 
access, or using local boats in offshore shallow area when beach access was blocked by ice (Fig. 3). Two sensors 
were deployed underwater from boats in Ikaluktutiak. While the ideal placement would be below the lowest 
tidal level to get the full tidal cycle, deployments were often constrained by the presence of sea ice, particu-
larly multi-year ice and icebergs in Ausuittuq. In late Fall, the reformation of coastal ice further limited access 
to the lower intertidal zone. This deployment strategy prioritized safety and logistical feasibility, but resulted 
in some sensors being periodically exposed at low tide, thereby reducing the proportion of usable data. To 
ensure precise sensor positioning, location and elevation data (North American Datum of 1983 (NAD83) and 
Canadian Geodetic Vertical Datum of 2013 (CGVD2013)) were collected for all instruments using RTK-GPS 
(Emlid Reach RS2; horizontal precision: 7 mm + an additional error of 1 part per million (ppm), increasing with 
distance from the base station; vertical: 14 mm + 1 ppm) and installed along a cross-shore topographic transect. 
Each transect was surveyed with varying spacing between cross-shore topographical measurements depending 
on coastal complexity. Overall, profiles were processed and interpolated to 50 cm spacing. The reference beach 
profiles at each location were surveyed on August 8, 2022, in Ausuittuq, July 22, 2022, in Ikaluktutiak, and July 
8-9, 2022, in Kugluktuk (Fig. 4).

Data processing.  Sampling protocols differed between the RBR and PBR pressure sensors (Fig. 5, 6, 7, 8). RBR 
instruments acquired data continuously at fixed sampling rates of 4, 8, or 16 Hz. PBR sensors recorded 512 s 
pressure bursts at 4 Hz starting each UTC hour, selected to capture sea–state variability in a shallow water envi-
ronment with reduced power and storage demand (Table 1). This setting captures over 100 to 150 waves with 
3-5 s periods, consistent with protocols validated in coastal field deployments36. All data sets were processed 
in MATLAB: raw RBR files (.rsk) were imported using the open source RSKtools toolbox, while PBR ASCII 
outputs (.txt) were structured using custom MATLAB scripts. Atmospheric pressure data were obtained from 
weather stations in Ausuittuq, Kugluktuk, and Ikaluktutiak, sourced from the Government of Canada’s historical 
climate data website (climate IDs 2402351, 2300904, and 2400603, respectively)37. These atmospheric pressure 
values were then subtracted from the raw sensor records to isolate the water pressure component by removing 
barometric effects from the measured signal. The resulting corrected pressure time series were converted to 
water levels under hydrostatic conditions (ABSOLUTE_WL variable), which were subsequently referenced to 
(WL_CGVD2013 variable). Readings collected at low tide, when sensors may have been exposed to air, were 
excluded from the analysis. Periods of missing data are associated with sensor removal due to ice conditions or 
scheduled maintenance. In the dataset, these interruptions appear as gaps corresponding to the times when the 
sensors were retrieved and later reinstalled (Fig. 2). Upon reinstallation, slight changes in mounting height may 
have occurred, resulting in small offsets in the recorded water level. These variations reflect differences in sensor 
positioning relative to the seabed, not actual changes in sea level or bathymetry.

Surface wave statistics were derived from corrected pressure time series through spectral analysis. The pres-
sure spectrum, Ep(f ), where f denotes frequency, was computed using a fast Fourier transform (FFT). For RBR 
sensors sampled at 4 Hz, FFT were applied to 20-minute segments using a 1024-point Hanning window with 
50% overlap. For PBR sensors, the same spectral analysis was performed on each burst segment (512 s, 2,048 
samples), resulting in one spectrum per hour. To account for the differing sampling rates and maintain the same 
frequency resolution, pressure spectra for RBR sensors sampled at 8 Hz were computed using a 2,048-point 
Hanning window with 50% overlap, and those sampled at 16 Hz used a 4,096-point Hanning window with 
50% overlap. The resulting pressure spectrum was then converted to a surface elevation spectrum, commonly 
referred to as the wave energy spectrum38 following 
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where ω = 2πf and g is gravitational acceleration. To avoid the high-frequency noise amplification inherent in 
pressure-to-surface transfer in shallow water, we apply Kp only for f ≤ 0.40 Hz; for f > 0.40 Hz we use the hydro-
static approximation: 
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where ρ is the density of water.
The description of the sea state relies on the spectral moments of order n, defined as 
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where the integration limits f f( , )min max  correspond either to the full wave frequency band (0.008–0.5 Hz) or to 
its two sub-bands: infragravity waves (<0.05 Hz) and gravity waves (0.05–0.5 Hz). The significant wave height of 
each band is derived from the zeroth spectral moment using =H m4s 0 . Accordingly, Hs for the full band is 
computed from the total spectrum, while the infragravity (Hs,IG) and gravity (Hs,SW) wave heights are obtained 
by integrating over their respective sub-bands. The peak period Tp is defined as the inverse of the peak fre-
quency, i.e., Tp f

1

p
= . The mean wave period Tm01 is computed as the ratio of the zeroth to the first spectral 

moment, Tm01 = m0/m1, and the mean zero-crossing period Tm02 is derived from the square-root of the ratio 
between the zeroth and the second spectral moments, T m m/m02 0 2= 39. All spectral periods (Tp, Tm01, and 
Tm02) are computed over the full wave frequency band (0.008-0.5 Hz). A summary of all deployment parameters 
and measurement periods is provided in Table 1.

Fig. 4  Nearshore sensor locations across the coasts of Ausuittuq (A), Kugluktuk (B), and Ikaluktutiak  
(C). Colours indicate different locations within each community; dots indicate sensors and lines indicate 
shoreline profiles. In Ikaluktutiak, two pressure sensors are located farther offshore, but no topobathymetric 
data were available.
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Offshore buoys.  Mooring locations.  At all study sites, wave buoys (Spotter-V2 from Sofar Ocean©) were 
moored offshore. Each Spotter buoy was connected by a 10-meter-long rope to a floating buoy following the 
manufacturer’s guidelines, which was subsequently linked to a 100-pound rock anchor resting on the seafloor via 
a rope. All the moorings were deployed by local boats operated by local hunters. Ideally, each buoy would have 
been positioned directly in front of each site to record incoming waves in the cross-shore direction; however, to 
respect local hunting practices, they were deployed in safe areas for boat travel, hunters, and marine mammals 
as defined by local HTOs. In Ausuittuq, the buoy was also positioned away from icebergs, although sea ice was 
the primary factor in selecting the appropriate location. On September 3 2022, the buoy was damaged and lost 
abruptly under drifting sea ice.

Data processing.  Most wave data used in this study were obtained directly from the Spotter buoy’s onboard 
SD card, rather than from the real-time online dashboard. This decision was taken to guarantee reproducibility 
and transparency in data processing, as well as to access full-resolution displacement time series for detailed 
spectral analysis. Exceptions occurred at two deployment sites, Ausuittuq (2022) and Kugluktuk (2022) (see 
Table 2), where the buoys were dislodged by sea ice and could not be recovered. As a result, it was not possi-
ble to retrieve the SD cards, and only the onboard-transmitted data was available for these deployments. The 
real-time dashboard-transmitted data are subject to onboard compression and pre-processing optimized for 
satellite transmission, which restricts access to the full-resolution displacement time series and spectral detail.  

Fig. 5  Nearshore wave records from pressure sensors. (A,B) Ausuittuq (Aug 2021–Sep 2022); (C,D) Kugluktuk 
(Jul 2021–Oct 2022); (E,F) Ikaluktutiak (Aug 2022–Aug 2023). For each site, the left panel displays the 
significant wave height (Hs), and the right panel shows the corresponding peak wave period (Tp). The records 
plotted are from the bottom-mounted pressure sensor deployed closest to the coastline, providing the longest 
continuous series available for the given year at each site; sensor serial IDs are given in the legends. Axis colours 
match the plotted variables.
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In addition to enabling full spectral analysis and transparent post-processing, working with the raw displacement 
time series recorded on the Spotter buoy’s SD card allows for precise control over the temporal segmentation of 
the data. Real-time outputs available through the Spotter dashboard are based on segments initiated at arbitrary 
timestamps, determined by the exact moment the buoy begins sampling. This often results in time windows that 
are misaligned with standard UTC boundaries, which complicates direct comparison with model outputs or 
external observational datasets. In this study, all data segments that were generated offline from the raw SD card 
time series were aligned strictly with full UTC hours (e.g., 00:00, 03:00, 06:00), regardless of deployment mode 
(burst or continuous) or inter-burst interval. Maintaining alignment with full-hour UTC timestamps enhances 
compatibility with wave hindcast and forecast models, as well as with fixed-time reference observations. The 
value of such temporal alignment for a reliable model-data intercomparison has previously been emphasized40. It 
is important to note that the spectral mean period Tm02 is not part of the parameters output available through the 
Sofar Ocean online dashboard. For this reason, we derived Tm02 independently by computing it from the wave 
energy spectra obtained using the raw displacement data recorded on the buoy’s SD card.

The lower cut-off frequency of 0.05 Hz is further supported by findings from Work41, who observed that energy 
reported in the 0.03-0.05 Hz band often reflects artifacts rather than genuine wave signals. In his study, a persis-
tent secondary energy peak in this frequency range remained even when the buoy was freely drifting, suggesting 
that the signal originated from internal sensor limitations rather than mooring effects. Consistent observations 
were also reported by Lancaster et al.42, who noted a slight energy excess in the 0.03-0.05 Hz band in Spotter buoy 
data when compared to co-located ADCP measurements. Moreover, for frequencies above 0.06 Hz, a field study 
by Collins et al.43 demonstrated good agreement between wave statistics derived from Spotter measurements and 
those obtained from pressure sensors in a co-located ADCP. While nearshore pressure sensors allow spectral 

Fig. 6  Nearshore water level records. (A,B) Ausuittuq (Aug 2021–Sep 2022); (C,D) Kugluktuk (Jul 2021–Oct 
2022); (E,F) Ikaluktutiak (Aug 2022–Aug 2023). Each panel displays the water level (WL) time series referenced 
to the Canadian Geodetic Vertical Datum 2013 (CGVD2013). Data are from the bottom-mounted pressure 
sensor deployed closest to the coastline, which provides the longest continuous record for the indicated period 
at each site; sensor serial IDs are listed in the legends.
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analysis down to 0.008 Hz, we retained a conservative lower limit of 0.05 Hz for the Spotter data to remain within 
the instrument’s documented operational range and to avoid inclusion of unreliable low-frequency components.  
A uniform upper-frequency limit of 0.5 Hz was applied to both nearshore and offshore datasets. This ensures com-
patibility between spectra derived from pressure sensors and those from the buoy, and avoids discrepancies linked to 
sensor-specific frequency responses. The resulting 0.05-0.5 Hz band captures the bulk of wind-sea and swell energy, 
corresponding to wave periods from 2 to 20 seconds, and falls well within the effective range of the Spotter buoy44.

Fig. 7  Wave climate offshore of Ausuittuq, Kugluktuk, and Ikaluktutiak during the 2021–2023 period. Panels A, C, 
and E show the distribution of significant wave height (H0), and panels B, D, and F show the distribution of 
peak wave period (Tp). The mean direction (Dm) is given in degrees clockwise from true north and indicates the 
incoming wave directions.
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The frequency analysis used to extract the non-directional and directional spectra from onboard Spotter 
buoy data is performed within a selected frequency range (0.03-1 Hz)44, which has been optimized for 
open-ocean wave conditions45. However, in the coastal and semi-sheltered Arctic sites considered in this study, 
wave dynamics differ substantially due to limited fetch, complex coastal geometry, and seasonal sea ice cover. 
These areas are typically characterized by shorter-period, locally generated wind waves, with rare occurrence of 
long-period swell. For the period 1979–2005, extreme wave climate characteristics in the Canadian Arctic were 
assessed through hindcast simulations using the WAVEWATCH III (WW3) model forced by CFSR atmospheric 
reanalysis46. In Arctic sheltered environments such as those investigated in this study, maximum wave periods 
Tp,max generally range from 5 to 12 seconds (0.08-0.2 Hz), and maximum significant wave heights Hs ,max typi-
cally fall between 1 and 2.5 m. These results confirm that a frequency range of 0.05 to 0.5 Hz is more suitable for 
capturing the full spectrum of sea state, including extreme events, at the selected Arctic coastal sites. It is there-
fore necessary to adopt a site-specific spectral analysis that does not rely on assumptions derived from 
open-ocean conditions.

The inertial GNSS package inside each Spotter buoy samples a three-dimensional displacement vector at a 
fixed rate of 2.5 Hz, regardless of the acquisition mode. The recorded displacement vector is expressed as: 

=t X t X t X tX( ) { ( ), ( ), ( )} (6)1 2 3

where t is the time variable; X1(t) is the vertical motion and X2(t) and X3(t) are the horizontal displacements in 
the east and north directions, respectively. To ensure the reliability of the wave spectra derived from GPS-based 
buoy data, we applied a second-order Butterworth bandpass filter between 0.05 and 0.5 Hz to the displacement 
time series. This filtering step aims to eliminate low-frequency drift inherent to absolute GPS positioning, as well 
as to attenuate high-frequency noise related to buoy-induced vibrations47.

A spectral analysis was performed on the filtered horizontal and vertical displacement time series using a 
Fast Fourier Transform (FFT) applied over one-hour segments, with an 800-second Hanning window and 50% 
overlap. This analysis yielded: (i) three auto-spectra as functions, i.e. vertical (C11(f )), east (C22(f )), and north 
(C33(f )); (ii) three co-spectra (C12(f ), C13(f ), C23(f )), describing the in-phase covariance between directional 
components (east-north, east-vertical, and north-vertical); and (iii) three quadrature spectra (Q12(f ), Q13(f ), 
Q23(f )) capturing the out-of-phase (phase-shifted) relationships among these motions.

The vertical auto-spectrum was defined as 

∫π
τ τ= + π τ

−∞

∞ −C f X t X t e d( ) 1
2

( ) ( )
(7)

i f
11 1

2

where X1(t) corresponds to the vertical displacement. Similarly, C22(f ) and C33(f ) were computed using the east-
ward (X2) and northward (X3) components, respectively. The three co-spectra and three quadrature spectra were 
derived from the complex cross-spectra S12(f )48, defined as 

=
∆

S f
N t

X f X f( ) 1 [ ( ) ( )]
(8)12 1 2

This complex quantity was decomposed into its real and imaginary parts as S12(f ) = C12(f ) − jQ12(f ), where 
the real part C12(f ) represents the co-spectrum, and the imaginary part Q12(f ) corresponds to the quadrature 

Fig. 8  Comparison of significant wave heights measured by nearshore pressure sensors (Hs) and offshore buoys 
(H0). (A) Ausuittuq (Aug 2021–Sep 2022); (B) Kugluktuk (Jul 2021–Oct 2022); (C) Ikaluktutiak (Sep 2022–Aug 
2023). Coloured markers show observations from pressure sensors (RBR or PBR) that overlapped in time with 
the offshore buoy (see Fig. 2); data from both deployment years were combined to produce a single scatter plot 
per site. The solid black 1:1 line denotes perfect agreement; coefficients of determination R2 quantify the fit for 
each site.
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spectrum48. The same formulation applies to C13(f ), C23(f ), Q13(f ), and Q23(f ), by substituting the appropriate 
displacement pairs.

Bulk wave parameters were computed within the 0.05–0.5 Hz frequency range over one-hour segments. 
Non-directional parameters, such as offshore significant wave height (H0), mean period (Tm01, Tm02), and peak 
period (Tp), were derived from the vertical displacement auto-spectra C11(f ) using spectral frequency moments. 
Each spectral moment mn was computed as 

∫=
.

.
m C f f df( ) (9)n

n

0 05 Hz

0 5 Hz
11

where f is the frequency.
Directional wave parameters, including peak wave direction (Dp), mean wave direction Dm, peak directional 

spreading (PDS), and mean directional spreading (MDS), were estimated from the first-order Fourier moments 
a1(f ) and b1(f ), derived from the directional wave spectrum. These moments were calculated using the quadra-
ture spectra Q12(f ) and Q13(f ), and the auto-spectra of vertical and horizontal displacements, C11(f ), C22(f ), and 
C33(f ), as 

=
+
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The peak wave direction Dp was then computed at the peak spectral frequency fp following 

π
= −�

�

D b f a f270 180 arctan 2( ( ), ( )) (12)p p p1 1

Site Sensor Model Serial ID Freq. (Hz) Z* (m) Depth** (m) Period

2021

Ausuittuq RBRvirtuoso3D 205653 4 −1.64 3.12 03 Aug–12 Oct

Ausuittuq RBRvirtuoso3D 207769 4 −1.60 3.56 03 Aug–06 Sep

Ausuittuq RBRvirtuoso3D 206715 4 −1.23 2.82 11 Aug–06 Sep

Ausuittuq RBRvirtuoso3D 205651 4 −1.53 3.18 10 Aug–12 Oct

Ausuittuq Spotter–V2 SPOT–1030 2.5 — ~14 15 Aug–30 Sep

Kugluktuk RBRvirtuoso3D 207771 4 −0.90 1.20 11 Jul–14 Oct

Kugluktuk RBRvirtuoso3D 207770 4 −0.79 1.44 17 Jul–13 Oct

Kugluktuk Spotter–V2 SPOT–0814 2.5 — ~30 15 Jul–02 Oct

2022

Ausuittuq RBRvirtuoso3D 205651 4 −1.27 3.30 05 Aug–27 Aug

Ausuittuq RBRsolo3D 211186 4 −1.50 3.58 05 Aug–13 Sep

Ausuittuq RBRsolo3D 211185 4 −1.93 4.16 02 Aug –01 Sep

Ausuittuq RBRvirtuoso3D 205653 4 −1.36 3.32 06 Aug – 19 Aug

Ausuittuq RBRsolo3D 211189 4 −1.29 2.65 01 Aug–07 Aug

Ausuittuq RBRsolo3D 211187 4 −1.57 4.12 01 Aug–01 Sep

Ausuittuq Spotter–V2 SPOT–1030 2.5 — ~25 16 Aug–03 Sep

Kugluktuk RBRduet3TD 210818 8 −1.15 1.56 07 Jul–13 Jul

Kugluktuk RBRsolo3D 206599 8 −1.19 1.87 07 Jul–15 Jul

Kugluktuk PBR PBR001 4 −0.54 1.65 17 Jul–02 Oct

Kugluktuk PBR PBR003 4 −0.60 1.46 13 Jul–12 Oct

Kugluktuk Spotter–V2 SPOT–0814 2.5 — ~30 15 Jul–05 Oct

Ikaluktutiak RBRsolo3D 206258 4 −1.31 1.80 30 Jul–26 Oct

Ikaluktutiak Spotter–V2 SPOT–0813 2.5 — ~29 01 Sep–14 Sep

2023

Ikaluktutiak RBRsolo3D 206599 16 −4.41 4.78 31 Jul–28 Aug

Ikaluktutiak RBRsolo3D 206600 16 −2.61 2.74 31 Jul–28 Aug

Ikaluktutiak Spotter–V2 SPOT–0813 2.5 — ~12 01 Aug–27 Aug

Table 1.  Deployment details of pressure sensors and buoys across study sites (2021–2023). *Represents sensor 
elevation referenced to the Canadian Geodetic Vertical Datum 2013 (CGVD 2013). **Represents maximum 
water height above the seabed, including the vertical sensor offset (hd) where applicable (i.e., pressure sensors).
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while the peak directional spreading PDS was given by 
�

a f b fPDS 180 2(1 ( ) ( ) ) (13)p p1
2

1
2

π
= − +

The mean wave direction Dm was estimated by averaging a1(f ) and b1(f ) across the frequency band to obtain 
a1 and b1, then applying the following formula 

D b a270 180 arctan 2( , ) (14)m 1 1π
= −�

�

Similarly, the mean directional spreading MDS was calculated as 

a bMDS 180 2(1 ) (15)1
2

1
2

π
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�

For further details on the derivation of these directional parameters and the Fourier moment approach, the 
reader is referred to Kuik et al.49.

To quantify the impact of using only the Sofar online dashboard product for deployments where the SD card 
could not be recovered, we compared the dashboard significant wave height H0,dashboard with H0,processed recom-
puted offline from the raw displacement time series for one recovered buoy at Ausuittuq (2021), where both data 
sources were available (Fig. 9). The two estimates show very good agreement over the full deployment period 
(Fig. 9A), with a nearly one-to-one relationship between H0,processed and H0,dashboard (Fig. 9B). The best-fit linear 
regression is H0,processed = 0.93 H0,dashboard + 0.02 m, indicating only a small low bias in the dashboard product. 
We therefore expect that using dashboard data alone at Ausuittuq (2022) and Kugluktuk (2022) does not mate-
rially affect the conclusions of this study. However, the lack of SD-card data at these sites prevents full spectral 
re-analysis, temporal re-segmentation, and independent estimation of Tm02, which remains a limitation.

Site Source Mode Burst Duration Inter-burst Interval Parameters Interval

2021

Ausuittuq SD Card Continuous — — 1 h

Kugluktuk SD Card Burst 1 h 7 min 6 s 53 min 59 s 2 h

2022

Ausuittuq Onboard Burst 30 min 2 h 30 min 3 h

Kugluktuk Onboard Burst 30 min 5 h 30 min 6 h

Ikaluktutiak SD Card Burst 1 h 6 min 6 s 4 h 53 min 54 s 6 h

2023

Ikaluktutiak SD Card Burst 1 h 6 min 5 s 4 h 54 min 41 s 6 h

Table 2.  Configuration details of Spotter buoy deployments across Arctic study sites (2021–2023).

Fig. 9  (A) Time series of significant wave height H0 from the dashboard product (H0,dashboard, black) and 
from the processed dataset (H0,processed, blue) in Ausuittuq in 2021. (B) Scatter plot comparing H0,processed and 
H0,dashboard. The black line indicates 1:1; the red line indicates the regression fit.
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Data Records
The full dataset is openly available via Zenodo (https://doi.org/10.5281/zenodo.17049446)50. All processed wave 
and water properties parameters were structured and archived to facilitate reuse and ensure interoperability 
across Arctic study sites. The main variables retained in the final datasets are summarized in Table 3. It con-
tains 25 .csv files organized into a clear folder hierarchy. Files are structured by site (Ausuittuq/, Kugluktuk/, 
Ikaluktutiak/), sensor type (pressure or buoy), and year. Within each sensor folder, the corresponding .csv 
files are systematically named according to site, sensor serial ID, year, and parameter type (e.g., WP for wave 
parameters). Each .csv file is a flat table in which each measured variable is stored as a dedicated column, using 
column headers that match the variable names listed in Table 3. Raw data is also included.

The metadata for all deployments is compiled in a .csv file. This file includes detailed information for both 
pressure sensors and buoys. For pressure sensors, it contains the sensor model, serial number, installation and 
removal dates, location (latitude and longitude in WGS84), and vertical positioning (Zmembrane and Zbottom 
relative to CGVD2013). Zmembrane refers to the sensor elevation obtained via RTK-GPS, while Zbottom cor-
responds to the seabed elevation at the deployment site. For buoys, the metadata includes serial model, deploy-
ment and retrieval dates, geographic coordinates (WGS84), and estimated water depth measured using a gauged 
rope at 0.5 m intervals.

Technical Validation
Sensor calibration.  All pressure sensors from RBR were factory-calibrated before deployment, yielding a 
manufacturer reported accuracy of  ± 0.05% of full-scale (FS). Comparisons between buoys and pressure sensors’ 
data in overlapping deployments showed consistent wave patterns, confirming sensor agreement and no time 
drift. Quality control involved excluding periods during low tide for pressure sensors, verifying atmospheric 
pressure corrections, and visually inspecting spectral outputs.

The homemade PBR sensors were validated in the field in Ausuittuq in 2021, between August 11 and 
September 6 (Fig. 10A,B). The validation period took place at the sensor #205653 location (z = − 1.64 m, 
CGVD2013). The sensor was subsequently destroyed by an iceberg (Fig. 11F), but the recoverable data was only 
used for sensor validation.

During validation, the PBR sensor closely matched the RBR reference, with a linear regression yielding 
R2 = 0.9987 (p < 10−12), a slope of 1.0256, and an intercept of  − 0.0047. The root mean square error (RMSE) of 
0.0085 confirms excellent agreement between datasets.

Impacts of ice-infested waters on deployments.  The most difficult part of monitoring coastal ocean 
waves and water levels in the CAA is maintaining a steady sensor position over time under very harsh conditions. 
Sea ice and icebergs are the most damaging exterior forces acting against the sensors, and pressure sensors can 
be damaged by cold air temperature at low tide. During the deployment periods, the most common difficult sit-
uations were caused by drifting sea ice that would anchor at the seabed during low tides (Fig. 11A,B). Offshore, 
wave buoys were subject to sea ice drift that would lift the buoys and transport them further offshore. In 2022, the 

Sensor Model Parameters

RBRvirtuoso3D, RBRsolo3D Time (UTC), Hs (m), Hs,IG (m), Hs,SW (m), Tp (s), Tm01 (s), Tm02 (s), ABSOLUTE_WL (m), WL_CGVD2013 (m)

RBRduet3TD Time (UTC), Hs (m), Hs,IG (m), Hs,SW (m), Tp (s), Tm01(s), Tm02 (s), ABSOLUTE_WL (m), WL_CGVD2013 (m), 
WATER_TEMP (∘C)

Spotter-V2 Time (UTC), H0 (m), Tp (s), Tm01 (s), Tm02 (s), Dm (∘), Dp (∘), MDS (∘), PDS (∘), Descriptions

Table 3.  Parameters recorded by each sensor model.

Fig. 10  Validation of the PBR sensor in Ausuittuq in 2021. (A) Time series of significant wave height (Hs) from 
the RBR (blue) and PBR (black) sensors. (B) Scatter plot comparing RBR and PBR Hs. The black line indicates 
1:1; the red line indicates the regression fit.
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buoy was completely lost in Ausuittuq after a strong longshore current brought and destroyed the buoy offshore, 
120 km west of the site in Jones Sound (Fig. 11C). In some cases, the buoy would become stuck in ice water leads, 
or would get frozen on the top as a result of cold air temperature (Fig. 11D). Finally, in Ausuittuq, icebergs were 
commonly grounded in the nearshore area, forcing the retrieval of bottom-mounted sensors, and destroying 
others that were still anchored at the seabed (Fig. 11E,F). To avoid such situations, the collective group and local 
partners made efforts to retrieve all nearshore sensors and buoys before the sea ice freeze-up.

Data availability
The full dataset is openly available via Zenodo under the https://doi.org/10.5281/zenodo.17049446.

Code availability
Custom MATLAB scripts developed to read and process the raw data are available through the following GitLab 
repository: (https://gitlab.uqar.ca/lnar1/lnar-arctic-hydro).

Received: 19 September 2025; Accepted: 29 December 2025;
Published: xx xx xxxx

Fig. 11  Sea ice makes wave and water-level observations difficult. (A,B) Shore-fast ice can be grounded on the 
beach and directly impact sensors that are anchored in shallow areas. (B,C) Drifting sea ice causes the buoys to 
drift away, and cold air temperatures induce the formation of a thick layer of ice on the buoy’s top solar panel. 
The Ausuittuq buoy is indicated by the yellow x in panel D. (D,E) Grounded icebergs can destroy moored 
sensors down to several metres depth.
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