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Abstract18

Arctic coastlines are known to be rapidly eroding, but the fate of this material in the19

coastal ocean (and the sedimentary dynamics of Arctic continental shelves in general)20

is less well-constrained. This study used summertime mooring data from the Alaskan21

Beaufort Shelf to study sediment-transport patterns which are dominated by waves and22

wind-driven currents. Easterly wind events account for most of the seasonal sediment23

transport, and serve to focus sediment on the inner shelf. This is a key finding because24

it means sediment is readily available for wave-driven resuspension and sea-ice entrainment25

during fall storms. Sediment-ice entrainment has been previously implicated as a major26

mechanism for Arctic Shelf erosion–and so the summertime focusing of sediment observed27

in this study may actually serve to enhance shelf erosion rather than promote shelf sediment28

accumulation. In a pan-Arctic context, the Alaskan Beaufort shelf is somewhat similar29

to the Laptev Sea Shelf, where previous work has shown that sediment is also focused30

during the summer months (but for different reasons related to estuarine-like circulation31

under the Laptev plume). The Alaskan Beaufort example contrasts with previous work32

on the Canadian Beaufort Shelf, where dominant winds from the opposite direction (northwest)33

likely promote strong seaward dispersal of sediment rather than inner-shelf convergence.34

This study thus highlights the importance of understanding dominant wind patterns when35

considering seasonal and inter-annual storage, transport, and erosion of sediments from36

Arctic continental shelves.37

Plain Language Summary38

Arctic coastal erosion is well-studied, but where does the sediment go in the ocean?39

This study investigates how waves and currents transport sediments on the Alaskan Beaufort40

shelf. The goal is to better understand whether sediment is removed from the continental41

shelf or stored on the shelf during the summer when sea ice retreats. Strong winds, which42

occur every few days, create downwelling (seaward) currents during westerly winds and43

upwelling (landward) currents during easterly winds. Because easterly winds are dominant,44

sediments are generally transported landward during the summer. Intuitively this should45

lead to long-term storage of sediment on the shelf, but other work has shown that the46

shelf (inshore of 15-20 m depth at least) is eroding. A likely explanation (building on47

previous researchers’ findings) is that sediment stored during the summer on the inner48

shelf is mixed into the water column and incorporated into new sea ice during autumn49
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storms – and then rafted into deeper water in ghe spring. In short, summertime transport50

of sediment toward shore puts the sediment in a good position to be eroded, entrained51

in sea ice, and removed from the shelf the following year – thus representing a likely mechanism52

for Arctic continental shelf erosion.53
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1 Introduction and Background54

From the perspective of marine sedimentology, Arctic continental shelves are unique55

among global systems. In the Alaskan and Siberian sectors, shelf breaks occur at ∼40-10056

m water depth in many locales, which make these systems shallow relative to a typical57

global shelf break depth of ∼130 m (a depth which corresponds to the sea-level lowstand58

during the Last Glacial Maximum; e.g., Harris & Macmillan-Lawler, 2016). Shelf widths59

vary around the Arctic from the relatively narrow Alaskan Beaufort Shelf at <100 km60

to the Laptev sector of the Siberian shelf, which is the widest in the world at ∼1200 km61

(Herman, 1974). Due largely to the wide Siberian shelf, continental shelves comprise 30-50%62

of the total area of the Arctic Ocean (Macdonald et al., 1998; Jakobsson et al., 2003).63

These shallow, low-relief ocean margins lie at an interesting intersection between wintertime64

ice forces, which may be of waning importance in the next decades to centuries due to65

Arctic reductions in sea ice (Perovich & Richter-Menge, 2009), and wave forces, which66

are gaining strength as a consequence of the reduced sea ice (e.g., Thomson et al., 2016).67

Sediment routing, storage, and erosion are presently influenced by both ice and wave forces,68

and so changes in these forces will have interesting ramifications for seabed properties69

and water-column (and related) dynamics.70

Globally, rivers are the dominant source (∼95%) of modern sediment to continental71

shelves (Syvitski et al., 2003). In most shelf environments, these sediments are reworked72

by fairweather waves, currents, storms, and sometimes sediment-gravity flows to form73

deposits on the shelf or off-shelf deep-sea archives (e.g., P. S. Hill et al., 2007). By contrast,74

fluvial sediment yields (the amount delivered per basin area) in the Arctic are quite low75

due to cold-weather conditions on adjacent landscapes and previous scouring of sediments76

by ice sheets (Milliman & Meade, 1983; Syvitski, 2002). However, rates of coastal erosion77

along soft-sediment coastlines (primarily in Siberia, Alaska, and parts of Canada) are78

some of the highest in the world, with mean rates of 0.5 m/yr and localized rates as high79

as 20 meters per year (Lantuit et al., 2012; Gibbs & Richmond, 2017). These fast rates80

are driven by degradation of ice-rich permafrost soils. Consequently, bluff erosion provides81

a substantial source of sediment which exceeds fluvial supply as much as tenfold in some82

regions (Rachold et al., 2000; Reimnitz et al., 1988). It is worth noting here that glaciers83

provide additional sediment supply to regional coastlines, notably in Greenlandic fjords84

and some regions of the Canadian Archipelago–but much of that sediment is trapped in85

fjords (which are not the subject of this paper).86
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Because temperatures in the Arctic are warming rapidly (Rantanen et al., 2022),87

it is logical to assume that sediment loads from eroding coasts and rivers will increase88

throughout the Siberian to Alaskan sector of the Arctic as well as soft-sediment coasts89

in the Canadian Archipelago. In the last few decades, erosion rates have already accelerated90

in some regions (e.g., Jones et al., 2009; Piliouras et al., 2023) with potential implications91

for nutrient release (Nielsen et al., 2022). Arctic river discharge is also increasing in many92

systems (e.g., Feng et al., 2021), and while there is debate about whether sediment loads93

have also increased (see Syvitski, 2002; Doxaran et al., 2015; Holmes et al., 2002), it is94

reasonable to assume this may happen since sediment load tends to scale with river discharge95

(Milliman & Meade, 1983) and sediment yields tend to scale with temperature (Syvitski96

& Morehead, 1999).97

But where does sediment derived from coasts and rivers go? This question has been98

relatively well-answered for systems at diverse other latitudes, but different processes are99

at work in the Arctic. Sea ice protects Arctic shelves from waves for 7-9 months per year,100

but sea ice also causes local wintertime gouging of the seafloor. Offshore pack ice and101

nearshore landfast collide over the continental shelf and create large pressure ridges; the102

subaqueous ”keels” below these ridges scour the seafloor to depths of a meter or more103

(Kovacs & Mellor, 1974; Barnes et al., 1984; Rearic, 1982). In the spring, rivers often104

deliver a majority of their sediment load to the coast while sea ice is still present, and105

river waters can flow over and/or under the ice (Arnborg et al., 1967; Reimnitz & Bruder,106

1972; Okkonen & Laney, 2021). Modeling work has shown that the remnant sea ice causes107

fluvial sediments to be routed and deposited farther offshore than if ice were absent (Cooper108

et al., 2024). During the summer, wind-driven currents together with waves (which are109

limited in size due to fetch limitations from pack ice in the basin) provide sediment-transport110

energy akin to a normal lower-latitude shelf environment. But in the fall (and occasionally111

in the winter), strong storms generate sediment resuspension at the same time that ice112

is forming, leading to sea-ice entrainment of sediment (e.g., Kempema & Reimnitz, 1989).113

These sediments are often rafted away to distal locations, causing a uniquely polar type114

of sediment advection. Recent work on bathymetric change detection and Pb-210 isotope115

profiles has demonstrated that the inner shelf is eroding at rates up to 3 m in 70 years116

in Harrison Bay (and slower rates elsewhere; Heath, 2024; Zimmermann et al., 2022).117

Reimnitz et al. (1988) hypothesized that entrainment of sediment in sea ice may be sufficient118
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Figure 1: Vicinity map and example plume images. A) Regional map. B) North Slope map. C)
Study area map showing locations of summer 2022 mooring deployments. Bathymetric contours were

derived from the International Bathymetric Chart of the Arctic Ocean (IBCAO); light lines are 2
m and dark lines are 10 m. D) Colville River plume image from May 2023. E) Colville River plume

image from July 2023. Scale bars in each satellite image represent 10 km. (Satellite images are from

Copernicus/Sentinel-2).

to remove the annual input of sediments from bluffs and rivers, but estimates of sediment119

budgets in sea ice have been historically difficult to make.120

This study presents summertime vessel-based and mooring observations collected121

in 2021 and 2022 from Harrison Bay, Alaska in order to better describe sediment-transport122

characteristics and sediment trajectories during the open-water season on the Alaskan123

Beaufort Shelf. The results are further contextualized based on a trend analysis of wind124

and wave dynamics from a 70-year ERA5 hindcast record. This expanded analysis highlights125

the dominance of easterly and northeasterly winds, with implications for sediment focusing126

on the inner shelf.127
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2 Regional setting128

The Alaskan Beaufort Shelf is a relatively narrow, low-gradient passive margin which129

borders the North Slope of Alaska, a broad coastal plain on the northern edge of the Brooks130

Range. In Harrison Bay, the shelf is approximately 70-90 km wide and has a compound131

(stepped) shelf break at ∼40-m and 70-m water depths (Fig. 1). The coastal plain, which132

comprises relict marine terraces from past high stands in sea level as well as old fluvial133

deposits, is characterized by permafrost soils and thermokarst topography (e.g., Farquharson134

et al., 2016). The presence of these ice-rich soils promotes rapid coastal erosion rates of135

∼2.5-18.6 m/yr (Reimnitz et al., 1988; Gibbs & Richmond, 2017). Bluff erosion can be136

mechanical (driven by wave energy) and/or thermal (driven by relatively warm seawater137

which thaws ground ice). Erosion is a somewhat cyclical process each year. Bluffs begin138

to thaw in the early summer, and material is released and removed by waves throughout139

the summer and fall – with the strongest removal generally occurring during large fall140

storms (Gibbs et al., 2019).141

The Colville River delivers an estimated ∼ 5.9×1010 kg of sediment per year to142

the shelf, and more than half of this load may be delivered within a period of weeks during143

spring breakup (Arnborg et al., 1967). Muddy plume waters emanating from the Colville144

are visible in satellite imagery from early spring (Fig. 1D), but by mid summer the fluvial145

sediment concentrations have decreased and coastal resuspension plumes in the western146

part of the bay exhibit stronger concentrations (Fig. 1E).147

The Beaufort Shelf is covered by sea ice for ∼8-9 months per year (October/ November148

to June), and sediment transport in this and similar regions is likely minimal during this149

time (Weingartner et al., 2017; P. R. Hill et al., 1991). The outer edge of the shelf is near150

the southern limb of the Beaufort Gyre, a cyclonic current (Rudels & Carmack, 2022).151

A shelfbreak jet flows counter to the gyre in an eastward direction (except during some152

storm events), but is generally located along the continental slope at depths greater than153

the shelf (Aagaard, 1984; Pickart, 2004; Pickart, Spall, & Mathis, 2013). During the open-water154

season (approximately late June through early October), winds can generate relatively155

strong currents. When storms in the North Pacific and Bering Sea drive easterly winds156

(at Pt. Barrow) greater than 4 m/s, upwelling is established on the slope (Schulze & Pickart,157

2012). Storms from the Bering Sea, Siberia, or Arctic basin episodically bring westerly158
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winds which drive downwelling (Foukal et al., 2019). The region is microtidal with tidal159

ranges <20 cm (Okkonen, 2016; this study).160

Winds are dominantly from the northeast or east (Fig. 2). This trend is illustrated161

in five years of Prudhoe Bay weather station data (Fig. 2A; NBDC, 2025) and corresponding162

ERA5 climate reanalysis data (Fig. 2B; Hersbach et al., 2023; Section 3.2), but the Prudhoe163

Bay observation data also illustrate some strong westerly storms which are absent from164

the ERA5 products. The wave climate builds throughout the open-water season (June165

to October) as a result of seasonal sea-ice retreat and the associated seasonal increase166

in fetch (Fig. 2C,D; e.g., Hošeková et al., 2021). Typical significant wave heights on the167

shelf (illustrated by mooring data) and farther offshore (illustrated by ERA5 data) are168

on the order of 0.5-2 m with occasional peaks of up to ∼4 m (Fig. 2C). Peak wave periods169

are ∼2-10 s (Fig. 2D).170

Seabed sediments are quite diverse in terms of texture and small-scale morphologies.171

Sediments at many nearshore sites are well-sorted sands, but mud is often present in the172

form of a mud drape, mud clasts and lenses within the sand, or mud balls (Reimnitz et173

al., 1977; Eidam et al., 2025). Sands also occur in sporadic locations across the shelf. The174

diversity is attributed largely to ice scouring effects which plow the seafloor. Based on175

clay mineralogy analyses, sediments are generally supplied by nearby sources with some176

mixing from the various regional rivers (Naidu & Mowatt, 1983).177

Researchers investigated shallow inner-shelf sediment transport dynamics in Harrison178

Bay to some degree during the 1970s and 1980s when oil extraction infrastructure was179

being developed. For example, strong bedload transport rates in water depths of <10180

m were inferred after an artificial gravel island lost 25% of its mass during the first winter181

after construction (Barnes & Reiss, 1983). Researchers also noted that 4-m-deep strudel182

scours (pits formed by jet-like flows of springtime river overflow through ice cracks) near183

the Colville Delta were infilled within 2-3 years. They estimated westerly bedload transport184

rates (dictated by dominant wind directions) of 40,500 m3/yr in a 4.5-km wide swath185

of the Harrison Bay nearshore zone (Reimnitz & Kempema, 1982).186

The fate of finer-grained sediments in Arctic shelf settings is more complex. In the187

Canadian Beaufort Sea (near the Alaskan border), northwesterly winds create sea-level188

setup and strong pressure gradients which drive downwelling flows of water and seaward189

transport of sediment on the inner shelf, especially where the shelf is backed by a bluff190
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Figure 2: Typical regional wind and wave conditions (between 2018 and 2022). A) Wind rose from
Prudhoe Bay weather station data. B) Wind rose from ERA5 hindcast data at an offshore site. C)

Significant wave heights from ERA5 data for 2018-2022 (gray) for an offshore site and from CODA
(Coastal Ocean Dynamics in the Arctic study) mooring data (Hošeková et al., 2021) in 2022 (black). See

text for details. D) Same as (C) but for peak wave period.

that can enhance the setup (as opposed to a barrier island which allows washover; Héquette191

& Hill, 1993; Hequette & Aernouts, 2010). On the Laptev Shelf in Siberia, the Laptev192

plume transports sediment seaward during the summer, but sediment settles into a landward-flowing193

bottom layer in what has been described as a ”quasi-estuarine sediment circulation” (meaning194

a two-layer flow with landward return flow near-bed; Wegner et al., 2005). This leads195

to focusing of sediment on the middle shelf during summer. Wind events can cause cause196

sediment transport in both on-shelf and off-shelf directions, however; strong northerly197

winds can drive southward transport, while strong southwesterly winds can drive northeastward198

transport (at ∼30-40 m depth; Wegner et al., 2013). The results presented in this paper199

address summertime sediment-transport dynamics on the Alaskan Beaufort shelf, which200

complement studies from Siberia and Canada to provide a panorama of similar wind-dominated201
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sediment transport across a range of pan-Arctic settings (including shelves of different202

widths subject to different dominant wind directions).203

3 Methods204

The primary data presented in this study are mooring data which were collected205

from six sites in Harrison Bay during August 2022. Moorings were deployed and recovered206

from the 14-m coastal vessel R/V Ukpik. Vessel-based ADCP data, water-column profile207

measurements, and water samples were collected in 2022 as well as an earlier survey in208

summer 2021; these data are described elsewhere (Eidam, Cooper, et al., 2023) and are209

referenced here for context about summertime water masses present in the bay. The same210

moorings deployed in 2022 were also deployed on the Colville Delta front for ∼9 days211

in 2021 (due to unfavorable ice conditions) but those data are not presented here (see212

Eidam et al., 2022).213

Other measurements were also collected in 2021 and 2022, including multibeam bathymetry,214

seabed grab samples, short sediment cores, and portable free-fall penetrometer measurements.215

These data are addressed in other publications (Heath et al., 2024; Eidam, Thomson,216

et al., 2023; Brilli, 2022; Eidam et al., 2025). Time-series data from agency archives are217

included for context where useful, including river discharge data (described in Appendix218

A), wind data (described in Appendix B), and ERA5 hindcast data of winds and waves219

(described in Section 3.2 and Appendix C).220

3.1 Mooring data221

Small moorings were deployed along two cross-shelf transects for a month-long period222

between early August and early September 2022 (Fig. 1). A brief summary of mooring223

locations and deployment dates is provided in Table 1, while detailed information about224

deployment schemes is provided in Table D1 (Appendix D). Mooring locations were chosen225

to capture ”inner,” ”middle,” and ”middle/outer” shelf dynamics (at sites denoted A,226

B, and C, respectively), while avoiding deployments in locations that were more than227

40 km from shore (presuming that sediment-transport signals would be weak beyond that).228

These locations corresponded to depths of approximately 8-9, 17, and 20-24 meters, respectively.229

The T1 line was located due north of the Colville Delta where some river influence was230

anticipated, and the T2 line was located near Cape Halkett (∼55-70 km west of the T1231
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line; Fig. 1). The goals of the mooring deployments were to assess cross-shelf and and232

along-shelf gradients and variability in suspended-sediment concentrations, transport vectors,233

and forcing mechanisms (wave- and current-driven advection and resuspension). Additional234

information about mooring configurations is provided in Appendix D).235

Table 1: Deployment locations, times, and parameters measured for small moorings (2022). The
parameters are as follows: S = salinity; T = temperature; P = pressure (depth); Tu = turbidity; TSS

= total suspended solids (derived from turbidity); Vel = velocity (profile).

Station Lat (◦N) Lon (◦W) Depth (m) Deploy date, time (UTC) Recover date, time (UTC) Days deployed Parameters measured

T1A 70.572 -150.400 8.8 8/1/2022 17:00 9/2/2022 21:15 32 S, T, P, Tu (& TSS)

T1B 70.695 -150.401 17.4 8/1/2022 18:30 9/2/2022 22:00 32 Vel, P, TSS

T1C 70.856 -150.381 24.3 8/1/2022 19:45 9/2/2022 23:15 32 P, Tu (& TSS)

T2A 70.869 -150.134 8.4 8/3/2022 19:00 9/3/2022 21:15 31 S, T, P, Tu (& TSS)

T2B 70.936 -151.999 17.0 8/3/2022 20:15 9/3/2022 19:30 31 Vel, P, TSS

T2C 71.025 -151.827 19 8/3/2022 21:45 9/3/2022 21:00 31 P, Tu (& TSS)

Bed stresses were calculated using Nortek-brand Aquadopp (ADCP) sensor data

from the T1B and T2B sites. The Madsen wave-current interaction model was used (see

Madsen, 1994), which applies the Law of the Wall when waves are absent and a non-linear

combined stress formula when waves are present. The wave-current interaction model

requires the wave orbital velocity (ubm), wave angular frequency (ω), current speed (uz)

at a known height above bed (z), angle between waves and currents (ϕ), and bed roughness

length (z0). For this study we calculated ubm as a function of the significant wave height

and peak wave period obtained from the Aquadopp, per the following equation (e.g., Soulsby,

1987; Wiberg & Sherwood, 2008):

ubm =
πH

T sinh(kh)
(1)

where H is the wave height (m), T is the wave period (s), k is the dimensionless wave236

number, and h is water depth (m). The wave angular frequency is simply 2×π/T . For237

ϕ, the exact value of the wave-current angle was not readily known, but values of both238

0◦ and 90◦ were tested and found to yield only ∼3-6% difference in the τ results. A value239

of ϕ = 0◦ was thus used which produced slightly higher values than for ϕ = 90◦ and240

thus more conservative estimates of the stress needed to mobilize sediments. The current241

speed at height z = 0.9 m above the bed was used for uz (this height corresponded the242

first good bin of velocity data).243
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In hydrodynamically rough flows, z0 is calculated from d50/12, where d50 is the median244

grain diameter measured using a bed sediment sample from the study site. Sediments245

sampled from across the bay exhibited a wide diversity of sediment sizes and textures246

including intercalated mud and sand, mud balls, and compacted sediments (Eidam et247

al., 2025). Sediments in the vicinity of T1B tended to be sandy, and sediments at T2B248

tended to be muddy. For T1B, 0.4 was assumed for z0; this value was suggested by Soulsby249

(1997) for unrippled sands, and lies between lower values of 0.2 for mud and 0.3 for sand/shell250

mixtures and a higher value of 0.7 for mixed mud/sand. For T2B, 0.2 was used to represent251

mud. These values could arguably be fine-tuned, but because no detailed sediment transport-rate252

calculations have been made from the data, these approximations seem adequate.253

Optical backscatter sensors were installed on each mooring at elevations of ∼20 cm254

or 54 cm within the bottom boundary layer (see Table D1). Sensors were calibrated in255

the laboratory using sediments collected from the study area (see Appendix E). Measurements256

from sensors mounted at 54 cm above bed (cmab) were converted to measurements at257

a reference elevation of 20 cmab using a Rouse profile, in order to allow for comparison258

of TSS values between sensors (see Appendix F).259

3.2 Historical wind and wave reanalysis data from ERA5260

In order to lend a longer-timescale context to the observational data presented in261

this study, ERA5 reanalysis data dating back to the 1940s-1950s were downloaded from262

the Copernicus data repository (Hersbach et al., 2023). Data were obtained from location263

151◦N, 71.5◦E which represents a site seaward of the study area on the continental slope264

at 1485 m water depth—in other words, a location where deep-water wave mechanics265

are in effect. Data included easterly and westerly wind speed at 10 m above the surface,266

peak wave periods, significant wave heights (of combined wind waves and swell), significant267

heights of wind waves, and significant heights of swell. Wind stresses were calculated from268

these data according to Equations B1 and B2 provided in Appendix B. Wave-driven bed269

stresses were calculated from the wave period and height data as described in Appendix270

G.271

–12–



manuscript submitted to JGR-Oceans

4 Results272

4.1 River, wind, and hydrodynamic conditions during the mooring period273

During the mooring period (30 Jul to 5 Sep 2022), the Colville River discharge ranged274

from ∼160 to 1720 m2/s at Umiat (Fig. 3A). Based on the rating curved derived from275

1960s in situ measurements (Appendix A), these discharges corresponded to sediment276

concentrations of approximately 3-100 mg/L. The estimated suspended-sediment flux277

from the river was 1.30×108 kg (∼1.4×105 tons).278

Winds were dominantly easterly or westerly with variables speeds of ∼5-10 m/s (Fig.279

3B). Between Aug 6 and 14, winds were primarily from the west/northwest with moderate280

speeds of <10 m/s (Fig. 3B). An easterly wind event (with speeds of up to 15 m/s) occurred281

around August 21-24 and generated the strongest wind stresses during the mooring period282

(directed westward). Water levels, which oscillated based on semidiurnal tides (with a283

tidal range of ∼20 cm), decreased to ∼30-40 cm below the mean water level for the period284

of record during this event (Figs. 3D, 4A). A coastal setdown of up to ∼10 cm was generated285

between mooring stations A and C on Transect 1 (Fig. 3C), and ∼7 cm between stations286

A and C on Transect 2 (Fig. 4A). In the along-shelf dimension, water levels were roughly287

7 cm lower at T1B than at T2B (Fig. H1). Following this event, winds reversed direction288

while river discharge remained somewhat high, and a somewhat smaller coastal setup289

was generated on both transects.290

Near-bed salinities ranged from 24 to 30 PSU at T1A (Fig. 3E) and 26 to 30 PSU291

at T2A (Fig. 3B). Temperature was inversely related to salinity; warmer temperatures292

accompanied fresher water. Temperatures at T1A ranged from -1 to 4◦C (Fig. 3E) and293

temperatures at T2A ranged from -1 to 6◦C (Fig. 3B).294

Water-column velocity profiles at T1B exhibited shearing ∼5-6 m and 10-11 m below295

the surface (Fig. 3F,G). Surface currents were generally directed eastward during coastal296

setup events (and westerly winds) and westward during coastal setdown events (and easterly297

winds). The maximum measured currents occurred during the late August wind event298

and were ∼0.7 m/s near the surface at T1B. Near-bed currents were <0.3 m/s throughout299

the mooring deployment, and were directed northeastward (slightly offshore) during setup300

events southwestward (onshore) during setdown events (Fig. 3F,G).301
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Figure 3: River, wind, and T1 mooring data (2022). A) Colville River discharge and sediment flux
(based on USGS gauge and rating curve; see text). B,C) Wind direction, speed, and stress from NWS

station PRDA2 at Prudhoe Bay (see text). D) Water-level changes at T1A and T1C. E) Near-bed salinity

and temperature at T1A. F,G) Up-looking east and north velocity profiles at T1B. H) Significant wave
height at T1B. I) Combined wave-current shear velocity at T1B. J,K) Near-bed TSS at T1A, T1B, and

T1C.

Water-column velocity profiles at T2B were truncated in the upper water-column302

due to limited range of the sensor, but currents in the lower half of the water column followed303

similar patterns as currents at T1B. Early in the record at T2B, setup events caused northeastward304

bottom current flow, and setdown events caused southwestward flow. The strong wind305

event in late August caused strong southwestward flow near-bed.306
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Figure 4: Mooring results from T2 (2022). A) Water-level changes at T2A and T2C. B) Near-bed
salinity and temperature at T2A. C,D) Up-looking east and north velocity profiles at T2B (note that

upper water-column data are truncated due to a range limit on the sensor). E) Significant wave height at

T2B. F) Combined wave-current shear velocity at T2B. G,H) Near-bed TSS at T2A, T2B, and T2C.

Significant wave heights at T1B and T2B were typically less than 0.2 m except during307

wind events. Westerly winds of ∼12 m/s on 11-12 August generated 0.5-m high waves308

at both sites. Strong easterly winds on 18 Aug and 23 Aug generated waves >1 m high309

at T2B, but interestingly only generated ∼0.5-m waves at T1B on 23 Aug.310

Combined wave-current shear velocities exceeded 1 cm/s (a nominal threshold of311

motion for sand; Miller et al., 1977) when wave heights exceeded ∼0.5 m at both sites.312
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During the rest of the record, u∗ was generally less than 0.8 cm/s (Figs. 3I, 4F). At T1B,313

bed stress was generally dominated by currents but waves helped create the strongest314

stresses (Fig. J1). At T2B, where wave energy was stronger, waves dominated the bed315

stress signal at most times.316

4.2 Suspended-sediment dynamics and transport during the mooring317

period318

Strong gradients in TSS were observed in both the across-shelf and along-shelf directions.319

On the T1 transect, TSS values sampled at 20 cmab at T1A exceeded 100 mg/L during320

strong wave events, while values at T1B were less than 10 mg/L (representing more than321

an order of magnitude reduction between the 9-m and 17-m isobaths; Fig. 3J, K). On322

the T2 transect, peak TSS values were >500 mg/L at T2A and ∼15 mg/L at T2B, which323

represented more than an order of magnitude decrease between the 9 and 15 m isobaths324

(Fig. 4G,H). TSS values at T2C (at 19 m water depth) were less than 10 mg/L and typically325

several times smaller those measured at T2A. It is worth noting that the strongest bed326

stresses at T2B did not necessarily produce the strongest TSS signals (Fig. 4F,G).327
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Figure 5: Sediment flux vectors. A) Cumulative sediment flux at site T2B during the mooring

deployment. The axes represent the sediment mass concentration (kg/m3) multiplied by the nearbed
velocity (m/s) (see text for more details). The red dashed arrow denotes the representative net transport

of a hypothetical particle that started at the origin. B) Same as (A) for site T1B. C) Map of net sediment

flux vectors from (A) and (B) plotted on the respective mooring sites with appropriate east/north scaling.

Sediment fluxes at each middle-shelf site (T1B and T2B) varied on timescales similar328

to the reversals in wind directions (Fig. 5). During westerly winds, sediment transport329

vectors (which were approximated as the TSS at 0.54 cmab times the velocity at at 0.9330

mab) were directed northeastward, or obliquely off-shelf (Fig. 5A). During easterly winds,331
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Figure 6: ERA5 wind and wave information. A) Time series of annual hours when wind speeds (W )

exceeded 10 m/s for easterly winds (blue) and westerly winds (orange). B) Scatterplot of significant wave
heights (for combined wind waves and swell) versus wind speeds (W ) for the same time period. Note that

for W>10 m/s, wave heights are typically 1-5 m.

sediment transport vectors directed southwestward, or obliquely on-shelf (Fig. 5B). The332

on-shelf transport generated by the August wind event dominated the signals at both333

sites, resulting in net landward transport during the entire mooring period (Fig. 5C).334

4.3 Historical context from wind and wave hindcasts335

Easterly winds have been a dominant wind pattern in the summer (and throughout336

the year) during the entire ∼80-year hindcast record from ERA5 (Figs. 6, C1). Wind337

roses from the open-water months (July, August, and September) for 1960-1979, 1980-1999,338

and 2000-2019 highlight a dominance of strong easterly winds (Fig. C1), in keeping with339

recent data (2018-2022) from Prudhoe Bay measurements and ERA5 hindcasts (Fig. 2A,B).340

The strongest winds during this season tend to arrive in September (Fig. C1).341

When binned into two categories–winds from the east (0-180◦C on the compass)342

and west (180-360◦C on the compass)–the annual hours when winds exceed 10 m/s is343

∼400-1800 for easterly winds (with a mean value 816 hrs per year; Fig. 6A). Westerly344

winds exceed 10 m/s for only ∼0-400 hours per year (with a mean value of 159 hrs per345

year).346

It is worth noting that for both westerly and easterly winds, significant wave heights347

are well correlated, meaning stronger winds bring stronger waves (Fig. 6B). For wind348

speeds greater than 10 m/s, offshore wave heights (at the location where ERA5 data were349

queried; Appendix C) are typically 1-5 m (Fig. 6B). Wave heights do exhibit a seasonal350

dependence; progressively larger waves (and swell) form in August and September (Appendix351
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C) as a consequence of increasing fetch during the season of ice melt (e.g., Thomson et352

al., 2016).353

5 Discussion354

5.1 Winds, waves, and hydrodynamics355

Harrison Bay is a shallow, low-relief, microtidal shelf where winds, waves, and coastal356

water-level changes dominate the hydrodynamics and resultant sediment transport. Westerly357

winds are routinely weaker than easterly winds (Fig. 6A), but they do drive eastward358

surface flows and a modest amount (∼7 cm) of coastal setup (Fig. 7A,C). Based on observed359

current patterns (Figs. 3, 4), setdown during westerly winds generates nearbed, off-shelf360

flow that could reasonably be called downwelling, in accordance with observations by Héquette361

& Hill (1993) during storms on the similarly shallow inner Mackenzie (Canadian Beaufort)362

shelf. In Harrison Bay, these downwelling events draw relatively warm, fresh water from363

nearshore coastal zones offshore through the boundary layer (Figs. 3E, 4B). These westerly364

winds also generate moderately sized waves which are bigger at T2 than T1–likely because365

T1 is more sheltered than T2. Combined wave-current shear stresses are modest (generally366

<1 cm/s at both T1B and T2B; Figs. 3I, 4F).367

During easterly storm events, strong wind-driven currents destroy stratification in368

the water column between the surface melt layer and colder bottom layers, and bring369

larger waves to both transects (Figs. 3, 4). Westward surface currents are accompanied370

by coastal setdown, and near-bed waters flow on-shelf in the boundary layer (i.e., shallow371

upwelling; Fig. 7). In contrast to the downwelling flows of warmer, fresher water observed372

during westerly winds, these easterly winds draw cold, salty water from depth onto the373

middle to inner shelf (Figs. 3E, 4B). This flow pattern is not surprising in light of observations374

of coastal setdown and associated upwelling on the slope at sites farther west (Okkonen375

et al., 2009). In Harrison Bay, these events generate strong combined wave-current shear376

velocities of more than 1 cm/s at T1B and >3 cm/s at T2B (Figs. 3I, 4F).377

It is interesting to note the frequency and strength of these upwelling and downwelling378

near-bed currents. In the period observed, these setup and setdown events occurred every379

few days (as highlighted by the mean currents; see Fig. I1 in Appendix I), and were generally380

accompanied by moderate to strong wave energy. However, even in the absence of waves,381
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Figure 7: Conceptual diagrams of observed flow patterns and sediment transport directions for

contrasting summertime wind directions. A) Nearbed and surface flow vectors for westerly winds.
(Note that surface flow vectors are inferred.) B) Nearbed and surface flow vectors for easterly winds.

C) Cross-shelf profile of coastal setup, relatively smaller wave heights, and nearbed seaward sediment

transport associated with westerly winds in (A). D) Cross-shelf profile of coastal setdown, relatively larger
wave heights, and strong nearbed landward sediment transport associated with easterly winds in (B).

the currents alone routinely produced u∗ values >1 cm/s at T2B (and values of >0.5 cms/382

at T1B; Fig. J1 in Appendix J).383

5.2 Sediment transport - forcing mechanisms and directions384

The wind- and wave-forced conditions on the shallow Beaufort Shelf create an interesting385

summertime convergence of sediment on the middle shelf. During westerly winds, bed386

stresses generated by winds and waves are sufficient to resuspended fine-grained bed sediments387

into the bottom boundary layer, and downwelling flows advect this material in an off-shelf388

direction (Fig. 7A, C). It is worth noting that this type of resuspension and transport389

is variable in strength, however, during different westerly wind events (e.g., Aug 7 vs Aug390

12). This may be an indicator that sediment availability on the inner shelf is patchy –391

which would be consistent with observations of patchy mud distributions (Eidam et al.,392

2025).393

During easterly wind events, strong winds destroy stratification, create upwelling394

currents, and bring large waves - all of which serve to increase near-bed shear stresses395

to values approaching 1.5 cm/s at T1B and 3.5 cm/s at T2B, which exceed a nominal396
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1 cm/s critical stress for sands (e.g., Miller et al., 1977. The resulting nearbed sediment397

concentrations are relatively large for a shelf environment: >100 mg/L at T1A and >500398

mg/L at T2A. Because these high TSS signals peak synchronously with u∗, it seems that399

much of this sediment was locally resuspended, meaning it was previously stored at the400

”A” sites (or between the ”A” and ”B” sites). In other words, sediment was stored between401

∼10-m and 15-m water depths (and possibly at shallower depths), despite seaward transport402

during the preceding westerly winds (Fig. 7B, D).403

Related work from the same project showed the presence of a 1-2 cm thick layer404

of high-porosity, light-colored, fine-grained sediment draped over coarser and/or more405

compacted sediments at various sites throughout the bay (Eidam et al., 2025). It seems406

plausible that this layer forms as a suspension deposit during the winter and/or (more407

likely) during spring breakup, when muddy water from the spring Colville freshet often408

spreads under the ice (see Reimnitz, 2002; Cooper et al., 2024). During the summer, these409

sediments may provide a source of easily resuspendable material that contributes to the410

high concentrations observed during mooring period. It is interesting that the dominance411

of easterly winds and upwelling currents, however, promotes retention of these sediments412

on the inner shelf rather than export (see Figs. 2, 5, 6, 7).413

5.3 Contextualizing inner-shelf sediment convergence in relation to other414

global shelf systems415

The net landward transport and strong convergence of muddy sediments on the416

inner shelf makes the Beaufort system different from diverse other shelf systems, but not417

entirely unusual. On many shelves (where rivers are the dominant sediment supply), advection418

in river plumes, wave energy, frontal processes, downwelling currents, and gravity flows419

serve to export sediment out of the nearshore zone to deeper sites (e.g., Nittrouer & Wright,420

1994). Terrestrially derived mud often deposits in a belt on the middle shelf – especially421

on high-energy or wave-dominated shelves (e.g., the Washington margin, USA, Sternberg,422

1986; Waipaoa margin, New Zealand, Kuehl et al., 2016; and Iberian margin, Portugal423

and Spain, Dias et al., 2002). In many cases, alongshelf transport is even stronger than424

across-shelf transport due to prevailing currents, and so muds which are delivered to the425

middle shelf are also advected along-shelf to form an extensive mid-shelf ”depocenter”426

spanning many kilometers down-drift of a fluvial source (e.g., Sternberg, 1986; Nittrouer427
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& Wright, 1994). In cases where wave energy is low (e.g., in a sheltered coastal setting)428

and/or sediment loads are quite high, muds may be found near shore (see McCave, 1972).429

Episodic on-shelf (landward) transport of terrestrially derived muds has also been430

observed in some shelf settings, however (even beyond the nearshore zone where wave431

dynamics can drive seasonal transport of sand toward shore in many systems). In coastal432

Louisiana, cold fronts can generate upwelling flows which promote landward transport433

of fluvially derived sediments (e.g., Kineke et al., 2006). Despite the net direction of transport434

being off-shelf and along-shelf in this region, these episodic onshore transport events provide435

enough sediment to the coastal chenier plan to allow for coastal progradation (Roberts436

et al., 1989).437

The Alaskan Beaufort Shelf is perhaps more analogous to a low-relief, fluvially dominated438

shelf like coastal Louisiana than to a high-relief, wave-dominated shelf where classic mid-shelf439

mud belts form While sediment loads from bluffs and rivers on the North Slope are much440

smaller than from large rivers like the Mississippi, sediments delivered to Harrison Bay441

are transported episodically by waves and currents during just a few months per year442

when sea ice has retreated. This means that the shelf may appear to be more sediment-dominated443

(like the Gulf Coast) than energy-dominated or wave-dominated (like the Washington,444

Waipaoa, and Iberian margins) because of a relative lack of energy rather than an abundant445

sediment supply.446

The net landward transport of sediment is also an interesting phenomenon. In coastal447

Louisiana, landward transport events - though not the dominant signal - promote some448

coastal progradation. By comparison, shorelines in Harrison Bay are net erosional (Gibbs449

& Richmond, 2017), and in fact the inner shelf is generally erosional to depths of ∼12-15450

m (Heath, 2024), as predicted by earlier conceptual models of shelf backstepping in response451

to shoreline retreat (Reimnitz et al., 1988). If sediments are generally retained on the452

inner shelf in summer and generally immobile in the winter, how do net export and thus453

net shelf erosion occur? There seem to be two possible explanations which are both related454

to the prevalence of autumn storms. First, strong storm energy in the fall (Fig. C1) may455

promote strong net off-shelf sediment transport, e.g., through wave-driven resuspension456

of inner-shelf muds and formation of sediment gravity flows (wave-supported fluid muds;457

see Traykovski et al., 2000). However, easterly storms dominate the weather patterns458

even in the fall (Fig. C1), and so fall storms should simply intensify inner-shelf convergence.459
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Furthermore, even if wave action was sufficiently strong to initiate wave-supported fluid460

muds, it is difficult (though not impossible) to picture these flows being sustained on the461

middle shelf where the bed roughness can be on the order of 1 m or more due to keel scours462

(see Eidam et al., 2025). The second and more plausible explanation is related to a theory463

by Kempema & Reimnitz (1989) that the entire annual budget of sediment supplied to464

the Beaufort Shelf by rivers and bluffs may in fact be removed each year by sea-ice entrainment465

and ice rafting. During autumn storms, strong wave energy creates strong resuspension466

of the sediments which were trapped on the inner shelf during summer (Fig. 8A, B). ”Frazil”467

ice (seed ice crystals) is also generated due to the loss of heat from the ocean. Sediment468

resuspended from the shelf (inshore of 30 m; Reimnitz et al., 1998) then becomes trapped469

within a buoyant layer of frazil ice at the surface which freezes to form new sea ice (Fig.470

8C, D; Kempema & Reimnitz, 1989). This ice is later rafted seaward in the spring, potentially471

displacing its sediment load to deeper waters if the ice is rafted off-shelf before completely472

melting (Barnes et al., 1982). While only limited data exist about sediment budgets in473

sea ice, the present study suggests that summertime wind and wave dynamics create ideal474

conditions to focus sediment in the zone where new, muddy ice is likely to form–thus enhancing475

off-shelf export, rather than promoting on-shelf trapping. If true, then this finding would476

help validate earlier predictions (Kempema & Reimnitz, 1989; Barnes et al., 1982) that477

ice can remove most of the annual sediment derived from bluffs and rivers – and would478

help explain the lack of coastal progradation in conjunction with landward shelf sediment479

flux in the summer.480

5.4 Comparisons to other Arctic shelf systems481

On the shallow and extremely wide Laptev Shelf, landward transport of sediment482

has also been observed during the summer – but as a result of estuarine-like circulation483

that is created under the large, seaward-flowing Laptev River plume (Wegner et al., 2005).484

Despite the different hydrodynamics, the net result of mid-shelf sediment trapping is similar485

to what has been observed here for Harrison Bay. Interestingly, convergence on the Laptev486

shelf is further enhanced by sediment resuspension and landward flux when polynyas (gaps487

in the ice) form during winter storms (Wegner et al., 2005).488

Evidence from the Canadian Beaufort Sea confirms that wind-driven dynamics are489

key to cross-shelf sediment flux, but suggests that dominant wind direction may be a major490

control on net storage or export of sediment from the shelf, at least in the summer months.491
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Figure 8: Conceptual diagram of observed summertime and hypothesized freezeup-season sediment

dynamics. A) During the summer, E/NE winds generate waves and upwelling, which together serve

to resuspend and advect sediment in a generally landward direction. This sediment converges with
settling coastal plume sediment on the inner shelf to form an ephemeral deposit. B) During the freezeup

season, strong storms resuspend this ephemeral deposit, making sediments available in suspension to be
incorporated into newly forming sea ice (typically together with frazil ice).

Near the Mackenzie River, northwesterly storms dominate the wind patterns, and create492

coastal setup – especially where the shoreline is backed by bluffs rather than barrier islands493

(barrier islands allow spillover and reduce the strength of the setup; Héquette & Hill, 1993;494

Lintern et al., 2013). These storms also bring waves, and the combination of wave-driven495

resuspension and ∼0.5-m/s downwelling currents is thought to accomplish seaward sediment496

dispersal, though direct measurements were not available (Héquette & Hill, 1993).497

The results of this study can thus be paired with work from the Laptev Sea Shelf498

and Canadian Beaufort/Mackenzie shelf to provide a picture of three styles of Arctic cross-shelf499

sediment dispersal:500

• Canadian Beaufort Shelf: Northwesterly storms are dominant and create setup501

(especially where bluffs rather than barrier islands border the shelf; waves and strong502

downwelling flows accomplish seaward sediment dispersal (Héquette & Hill, 1993);503
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• Alaskan Beaufort Shelf: Easterly storms dominate, and create setdown; waves and504

strong upwelling flows focus sediments that previously settled from suspension (likely505

during spring breakup) onto the inner shelf (inshore of the 15-m isobath) – but506

this simply makes them more available for sea-ice entrainment during fall storms507

(this study);508

• Laptev Sea Shelf: The Laptev River plume creates estuarine-like circulation on509

the shelf which advects sediments settling from the plume landward to become trapped510

on the shelf; landward transport also occurs during winter polynya events (Wegner511

et al., 2005). Summertime plume (and thus sediment transport) can vary in response512

to natural inter-annual variability in atmospheric forcing, however (Wegner et al.,513

2013).514

5.5 Historical context and future implications515

The mooring observations collected in this study span just one month. Are they516

representative of conditions throughout the open-water season? The answer is likely yes,517

because easterly wind events dominate both in summer months as well as throughout518

the entire year, based on many decades of climate reanalaysis data (Figs. 6, C1). One519

caveat to this interpretation is the potential occurrence of gravity flows, which would be520

an interesting problem to model since the keel scours present extremely large-scale bed521

roughness elements. Absent gravity flows, it seems plausible that during any given summer,522

sediments will be routinely focused on the inner shelf.523

How would the sedimentary regime change in the future if sea ice stopped forming524

but the wave climate increased? Storms are often cited as a mechanism which exacerbates525

coastal erosion, not least because rapid erosion has been documented during extreme storm526

events (waves cause mechanical erosion of permafrost-rich bluffs). However, on the Beaufort527

Shelf, stronger waves may simply lead to more inner-shelf sediment storage if easterly528

winds continue to dominate the weather patterns. This may in fact already be happening529

based on evidence of an increasing number of upwelling events on the outer shelf each530

year (see Pickart, Schulze, et al., 2013). If there is then no sea ice to remove this sediment,531

inner shelf erosion may be slowed and new coastal landforms may even develop.532
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6 Conclusions533

Net summertime sediment transport on the Alaskan Beaufort Shelf is regulated by534

easterly wind events which bring strong wave energy and upwelling flows. Waves resuspend535

sediments and the upwelling flows advect them landward, where they form an ephemeral536

summertime deposit on the inner shelf. Based on past measurements and predictions (Reimnitz537

et al., 1998; Kempema & Reimnitz, 1989; Barnes et al., 1982), it seems likely that this538

material is then resuspended by waves during fall storms and entrained into newly forming539

sea ice, some of which is rafted elsewhere during spring breakup. The wind- and wave-driven540

convergence of sediment on the inner shelf thus seems to be a key mechanism for off-shelf541

transport – rather than the formation of a shelf depocenter – because it makes sediment542

more readily available for sea-ice entrainment in the fall. The processes of up-slope sediment543

transport during the summer (observed in this study) and off-shelf export by ice (observed544

in other studies) set this system apart from lower-latitude systems where net transport545

is generally seaward. It is worth noting that in some lower-latitude coastal systems, on-shelf546

transport does occur – e.g., in coastal Louisiana, where upwelling conditions are occasionally547

created and lead to shoreline progradation through chenier plains (Kineke et al., 2006;548

Roberts et al., 1989). By analogy, if prevailing easterly winds remained the norm but549

sea ice disappeared and wave energy increased, the Alaskan Beaufort Shelf could potentially550

see an increase in sediment retention on the shelf (due to increased sediment convergence551

and a lack of ice entrainment and rafting to remove it). Could the system then develop552

prograding coastlines similar to some Gulf Coast regions? This is an interesting system553

to watch in light of predictions of sea-ice losses in the coming decades (e.g., Jahn et al.,554

2024).555

Within the context of pan-Arctic shelves, the Alaska Beaufort Shelf offers an example556

of strong summertime sediment convergence on the shelf - but other shelves seem to experience557

different sediment dispersal pathways. The Canadian Beaufort Shelf is dominated by northwesterly558

rather than easterly winds (Héquette & Hill, 1993), and thus strong off-shelf transport559

may dominate in contrast to the sediment convergence observed in the Alaskan Beaufort560

sector. On the Laptev Sea Shelf, which is a much wider shelf with stronger river influence,561

the Laptev River plume creates estuarine-like circulation which, together with wintertime562

polynyas, focuses sediment on the inner shelf (Wegner et al., 2005). These mechanisms563

of sediment focusing may make sediment more readily available for fall-season ice entrainment,564

as in the case of Harrison Bay–but for different reasons. Evaluating the storage, export,565
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and erosion of sediments (and related nutrients and pollutants) from Arctic shelves thus566

requires careful consideration of summertime wind and wave dynamics, and consideration567

of whether sediments are converging or diverging prior to winter storms and ice formation.568
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Appendix A Fluvial discharge and sediment-flux data862

In order to lend context to the mooring data, the sediment flux from the Colville863

River was estimated based on USGS discharge data. Discharge data was obtained from864

the USGS gauge at Umiat which is more than 150 km upstream (USGS, 2025). Corresponding865

suspended sediment concentrations were computed from a rating curve which Cooper866

et al. (2024) calculated from data provided in Arnborg et al. (1967). While these data867

are quite old, they are some of the best available in situ data concerning suspended-sediment868

concentrations at moderate to high discharges. The sediment flux was then calculated869

as the product of the river discharge and suspended-sediment concentrations.870

Appendix B Wind data871

Wind data were obtained from National Weather Service station PRDA2 located

at Prudhoe Bay (NBDC, 2025). Wind stress was calculated as follows:

τw = CdρaW (W − us) ≈ CdρaW
2 (B1)

where τw is the wind stress (Pa, or N/m2), Cd is a drag coefficient, ρa is the air density,

W is the wind speed, and us is the surface current speed aligned with the wind. If the

surface current speed is relatively small, which is a fair assumption in this environment,

it can be neglected as shown above (Simpson & Sharples, 2012). The drag coefficient was

computed as follows:

Cd = (0.63 + 0.066W × 10−3) (B2)

though it is worth noting that a value of Cd equal to 1.4x10−3 is also a reasonable assumption872

(Pond & Pickard, 1983).873
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Appendix C Wind and wave climatologies from ERA5 output874

ERA5 data were downloaded and processed as outlined in the Methods section. Fig.875

C1 illustrates the summertime/open-water season wind roses for three 20-year periods876

(1960s-1970s, 1980s-1990s, and 2000s-2010s). During the open-water season, the strongest877

winds generally occur in September. It is difficult to discern any strengthening in wind878

through time.879
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Figure C1: Wind roses by month and 20-yr period (from ERA5

Histograms of significant wave heights for wind waves and swell are provided in Figs.880

C2 and C3, respectively. Wind wave and swell heights both tend to increase throughout881

the summer, and heights have increased throughout the decades as well (as noted by others;882

e.g., Thomson et al., 2016).883
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Figure C2: Histograms of significant wave heights (for wind waves) during summer months. Data are

subdivided by 20-year periods.

As is expected, wave heights are correlated with wind speeds. In Fig. C4, significant884

heights of combined wind waves and swell show strong correlation to wind speed during885

the open-water season.886
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Figure C3: Histograms of significant wave heights (for swell) during summer months. Data are

subdivided by 20-year periods.
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Figure C4: Scatterplots of significant wave heights (for combined wind waves and swell) versus wind

speed during summer months. Data are subdivided by 20-year periods.
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Appendix D Mooring hardware and sensor configurations887

Each mooring deployed in 2022 consisted of a small weighted aluminum frame outfitted888

with sensors. The two moorings which hosted ADCPs (Nortek Aquadopps; sites T1B889

and T2B) were then connected by a 25-m ground line to a secondary anchor and an acoustic890

release/rope-tube assembly which floated about 1 meter above the bed with the aid of891

a seine float (to avoid fouling). This design minimized flow interference for the ADCP892

from the release assembly. The other four moorings were simply bottom frames with integrated893

acoustic release and rope tube, as well as 25-m ground line and secondary anchor to allow894

for recovery-by-dragging if needed. Moorings were not deployed during the winter due895

to hazards associated with ice keel scouring. Acoustic releases rather than surface floats896

were used because floating ice is often present through July and into early August, and897

can drag moorings and/or cut lines.898

Table D1: Sensors and deployment schemes for 2022 moorings (see Table 1). Abbreviations: S =
salinity; T = temperature; P = pressure; Tu = turbidity; Vel = velocity (profile); TSS = total suspended

solids (derived from turbidity); int = interval.

Station Parameter(s) Make SN Elevation (cm) Sampling scheme

T1A S, T, P RBR 200154 23 2 Hz, 30 sec, 10 min interval

T1A Tu RBR 200154 20 2 Hz, 30 sec, 10 min interval

T1B Vel, P Nortek 14938 11 60 sec. avg. int., 30 min samp. int.; waves 1024 samples at 2 Hz (1 MHz sensor)

T1B TSS Camp. Sci. T9110 20a 60 sec. avg. int., 30 min samp. int.

T1C P RBR 203193 19 16 Hz, 4096 samps, 30 min interval (Wave mode)

T1C Tu RBR 203193 22 16 Hz, 4096 samps, 30 min interval

T2A S, T, P RBR 200155 23 2 Hz, 30 sec, 10 min interval

T2A Tu RBR 200155 20 2 Hz, 30 sec, 10 min interval

T2B Vel, P Nortek 14993 20 60 sec. avg. int., 30 min samp. int.; waves 1024 samples at 2 Hz (2 MHz sensor)

T2B TSS Camp. Sci. T9096 20a 60 sec. avg. int., 30 min samp. int.

T2C P RBR 203194 22 16 Hz, 4096 samps, 30 min interval (Wave mode)

T2C Tu RBR 203194 21 16 Hz, 4096 samps, 30 min interval

aMounting elevation was 54 cm above the bed; data were transformed to 20 cm above the bed using a Rouse Profile (see text for discussion).
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Appendix E Moored optical backscatter sensor calibrations899

Optical backscatter sensors (OBSs) were deployed on all moorings (either packaged900

within RBR loggers or attached peripherally to Aquadopps). These were calibrated in901

the laboratory to obtain mass concentration values (in mg/L) from either voltage readings902

(from the Aquadopp OBSs) or turbidity/NTU readings (from RBR OBSs). To do this,903

a representative mud mixture collected from the seabed in the bay was mixed in increasingly904

large concentrations in a bucket, and the concentration of each solution was measured905

using the field sensors. Water subsamples were collected from the bucket for each concentration906

and filtered according to the same procedure used for field water samples (see Methods).907

Linear regressions were then performed with an intercept of zero and applied to the instrument908

data to obtain measurements of total suspended solids (in g/L) rather than the factory-calibrated909

nephelometric turbidity units (NTU) or scaled voltages.910
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Figure E1: Optical backscatter sensor calibration curves for A) T1A OBS; B) T2A OBS; C) T1C
OBS; D) T2C OBS; E) T1B OBS (peripheral to an Aquadopp); and F) T2B OBS (peripheral to an

Aquadopp). In A) through D), sensor measurements are reported in NTU in accordance with the RBR
supplied internal sensor calibration. In E) and F), sensor measurements are reported as a scaled voltage.
Calibrations were performed in July 2023 using sediment from the study area (see text).
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Appendix F Rouse Profile911

For the T1B and T2A moorings, the OBS data sampled at 54 cmab were converted912

to measurements at 20 cmab using the Rouse Profile equation. This was done to allow913

comparisons with OBS data sampled at ∼20 cmab at the ”A” and ”C” mooring sites.914

A Rouse profile of suspended-sediment concentration within the bottom boundary layer915

is simply means an idealized decay profile described by a parabolic diffusivity term (e.g.,916

Boudreau & Hill, 2020):917

C(z) = Ca(
z

h− z

h− za
za

)−ws/κu∗ (F1)

where C(z) is the suspended-sediment concentration (or total suspended solids concentration)918

at some elevation z, Ca is the measured concentration at some reference height za, h is919

the thickness of the bottom boundary layer (here assumed to be 1 m, though the results920

are relatively insensitive to this choice), ws is the sediment settling velocity, κ is von Karman’s921

constant (0.41), and u∗ is the total bed shear velocity (see Dey, 2014) which was calculated922

using a combined wave-current interaction model (see Methods). The sediment settling923

velocity was calculated using Stoke’s Law and a d50 value of 11 microns, which was selected924

based on in situ particle size data.925
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Appendix G Wave stress calculations926

In order to calculate wave-driven bed stresses from ERA5 wave heights and periods,

waves were first classified as deep, transitional, or shallow based the peak period and linear

wave theory. For deepwater waves, the wavenumber was calculated according to the basic

equation 2×π/L (where L is the wavelength). For transitional and shallow-water waves,

the wavenumber was solved using the standard Newton-Raphson iteration method. The

wave-driven bed stress was then calculated according to the following equation:

τw =
1

2
ρfwu

2
bm (G1)

where τw is the bed stress generated by waves, ρ is the water density (assumed here to

be 1026 kg/m3), fw is a friction factor, and ubm is the maximum wave orbital velocity.

The friction factor was calculated following Soulsby (1997):

fw = 1.39
A

z0

−0.52

(G2)

where A is the semi-orbital excursion (equal to ubmT/2π, where ubm is the maximum

wave-orbital velocity and T is the wave period). The term ubm is calculated as follows:

ubm =
πH

T sinh(kh)
(G3)

Helpful discussion of these equations is provided by Soulsby (1987) and Wiberg & Sherwood927

(2008).928
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Appendix H Detailed data from T2B mooring and comparison of water929

levels between T1B and T2B930
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Figure H1: Along-shelf water levels. A) Wind stress (east/west component in blue and north/south

component in black). B) Water depth changes at T1B and T2B (relative to the mean depth at each site).
C) Difference in water levels (i.e., difference between the two curves in (B)). Positive values mean that

water levels were higher at T1B. Negative values mean that water levels were higher at T2B.
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Appendix I Mean currents at T1B931

08/07 08/14 08/21 08/28
0

5

10

15

d
e
p
th

 (
m

)
A

-0.2

-0.1

0

0.1

0.2

e
a

s
t 

v
e

lo
c
it
y
 (

m
/s

)

08/07 08/14 08/21 08/28
0

5

10

15

d
e
p
th

 (
m

)

B

-0.2

-0.1

0

0.1

0.2

n
o

rt
h

 v
e

lo
c
it
y
 (

m
/s

)

Figure I1: Mean (A) eastward and (B) northward currents at T1B during the 2022 deployment. A

moving mean with window equal to four days was applied to velocity data in each depth bin.

–47–



manuscript submitted to JGR-Oceans

Appendix J Wave versus current contributions to bed stress932
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Figure J1: Components of u∗ at the ”B” mooring sites. A) Time series of wave, current, and combined

u∗ at T1B. B) Scatterplot of u∗waves and u∗currents versus total u∗ at T1B. C) Same as (A) for T2B.

D) Same as (B) for T2B. Note that waves were sampled less frequently at T2B than at T1B (hence the
reduced data density).
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