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Relevant previous and ongoing projects
• 2014 Marginal Ice Zone (ONR)
• 2015 Arctic Sea State (ONR)
• 2018 Stratified Ocean Dynamics in the Arctic “SODA” (ONR)

• 2019-2020 Coastal Ocean Dynamics in the Arctic “CODA” (ONR,NSF)
• 2021-2023 Coastal Ocean Distributed Acoustic Sensing “CODAS” (NSF)
• 2022 SASSIE (NASA)
• 2025-2026 Coastal Freeze (NSF)
• 2025-2028 Arctic-PISCES (ONR)
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Seasonal sea ice cycles along the North Slope
June July

Gibbs et al (2019)

(recent years)

Michael Lawson, 
Alaska Sea Ice Program



Surface waves in the Arctic coastal ocean

1. Waves are increasing
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2. Waves attenuate in ice 

3. Waves drive transport 
and cause mixing
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Figure 1. Time series of the turbulence-induced wave attenuation !t (black), the observed total wave attenuation
!0 (red) and ice concentration cice (blue) during the deployment of SWIFT 14, WE3, on 11–13 October. Note
that cice (obtained from AMSR2) does not always agree to visual observations of ice concentrations by camera images.

4. Results and Discussion
4.1. Example Time Series of !t and !0
Figure 1 shows a comparison of observed total wave attenuation !0 and estimated turbulence-induced wave
attenuation !t for a deployment during WE3 on 11 October. Close agreement between !t and !0 is observed
up to t = 24 hr from the start (r2 = 0.80, in contrast, r2 = 0.54 for the full time series). Beyond t = 24 hr,
both !t and !0 vary considerably in time but remain, nevertheless, similar in order of magnitude. Although
correlation between !t and cice is weak for the time series, comparable trends can be observed during the
first 12 hr, where an initial decrease in wave attenuation corresponds to a decrease in ice concentration,
after which both !t and cice seem to increase till around 24 hr from the start. Estimates of ice concentrations
after t = 24 hr do not follow trends of !t; however, such estimates should be interpreted with caution, as ice
cover heterogeneity can occur at scales smaller than the resolution of AMSR2. For instance, while no ice
is present around t = 36 hr according to AMSR2 approximations (see also Figure S1), images captured by
the SWIFT buoy suggest a mixture of frazil and pancake ice to be present from t = 29 hr till t = 40 hr (see
Figure S2 for images captured during the deployment). Although daylight limits observations of conditions
throughout the entire deployment, based on daytime images, it is hypothesized that ice conditions at the
air-ice interface remain relatively constant after t = 24 hr. This would be consistent with the trend of !t
during this time. The correlation between !t and !0 seen for this deployment demonstrates that turbulence

Figure 2. Comparison of the turbulence-induced wave attenuation
!t (equation (5)) against the total wave attenuation !0 (based on the
mean of buoy-pair observations). Markers identify the different wave
experiments. Best fit to the data is given by the dash-dotted line.

generated through wave-ice interactions can explain wave energy dissi-
pation in the MIZ.

4.2. Overall Comparison of !t and !0
The total wave attenuation is then compared against the
turbulence-induced wave attenuation for all wave experiments over
half-hour periods (Figure 2). Good agreement is observed across the
wave experiments and over a wide range of wave attenuation coefficients
(r2 = 0.74). The results include a correlation associated with scaling both
axes by wave energy; however, this correlation only explains 19% of the
variance of the signal. Thus, it suggests that turbulence-induced wave
attenuation may be an important dissipation mechanism of wave energy
in the MIZ.

Central in this study is the assumption that the dominant source of
measured turbulence under the ice is from wave-ice interactions. A few
physical processes could be responsible for the production of TKE below
the ice layer, including turbulence generation by ice floe collisions (which
can lead to jet-like injections of fluid into the ice layer), overwash, wake
flow around ice formations, keel ridges, and TKE production by the mean
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River plumes in the Arctic coastal ocean

31 Aug 2025
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River plumes in the Arctic coastal ocean

Coastal Freeze moored SWIFTs (2025)
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River plumes in the Arctic coastal ocean

Coastal Freeze moored SWIFTs (2025)
31 Aug 2025
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Emily Eidam 

Salinity [PSU]

0 5 10 15 20 25 30 35

T
e

m
p

 [
C

]

-4

-2

0

2

4

6

8
SWIFT mooredSWIFT, color is time



River plumes in the Arctic coastal ocean

31 Aug 2025

Colville 
delta

Remnant ice in the domain: reduced SSTs… and mooring risk

SWIFT 09 recovered from the barrier islands

Coastal Freeze project 
with Maddie Smith and 
Emily Eidam 



River plumes in the Arctic coastal ocean

31 Aug 2025
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SIZRS project with 
Mike Steele
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Onshore-offshore connections (SASSIE 2022)
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FORTE measurements

• Sep 2026 deployments of seafloor 
moorings 
• 4 with temperature, pres., OBS, DO
• collaboration with OSU

• June 2027 aerial deployments of 
drifting microSWIFTs
• 30 each year with temperature, drift 

velocity, waves, and PAR
• 10 also have salinity (costly)
• Chl-A and OBS pending

• August 2027 vessel deployments of 
moored SWIFTs (v4) + WW
• 6 each year with temperature, salinity, 

velocity profiles, waves, dissolved 
oxygen, met.

FRESH measurements

• Sep 2027 shipboard surveys

• Sep 2027 drifting SWIFTs (v3)
• surface & 1 m temperature, salinity
• current profiles
• surface met, waves

• Sep 2027 Wave Glider survey
• surf. & 1 m temperature, salinity
• current profiles
• surface met, waves

• Sep 2027 moored SWIFT+ WW 
recoveries
• 6 each year with temperature, 

salinity, velocity profiles, waves, 
dissolved oxygen, met.



FORTE science targets

• Map the coastal plumes of North Slope rivers 
during the spring freshet and distinguish their 
freshwater signal from the meltwater of landfast 
ice. 

• Quantify mixing during the freshet and the 
heating of coastal waters.

• Quantify the surface wave forcing and seawater 
temperatures that drive erosion of the 
permafrost coastline.

• Constrain land-ocean fluxes by measuring 
optical backscatter along surface pathways 
from the rivers and deltas to the coastal ocean. 

• Measure vertical profiles in the coastal ocean to 
infer settling and mixing.

• Measure PAR and Chl-a fluorescence 
throughout the domain to inform phytoplankton 
studies.

FRESH science questions to target

• Determine the fate of river water entering the 
coastal Arctic ocean

• Map the offshore extent of momentum-driven 
river plume transport and the transition to 
buoyancy-driven plume spreading. 

• Understand wind and wave influence on the 
plume extent, especially in fetch/ice-limited 
conditions.

• Quantify the mixing processes important to river 
waters entering the coastal Arctic ocean. 

• Understanding the impact of river water on the 
summer ice minimum and subsequent autumn 
freeze up



Planning UW + OSU joint over-winter moorings for FORTE



SWIFTs (moored and drifting)

Public (open) API for hourly telemetry data access-- easy to integrate and automate in variety of online systems, 
including Backyard Buoys 

SWIFT river plume example
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microSWIFTs (drifting)

Public (open) API for hourly telemetry data access-- easy to integrate and automate in variety of online systems, 
including Backyard Buoys 

Measurements:
• Iridium telemetry
• Waves (including spectra)
• Temp and salinity 
• OpenOBS (with E. Eidam)
• Radiance (with B. Light)
• Chl-A (pending RBR integration)

Drone deployment option

A-sized tube deployment

Highlights
• Developed and produced at 

APL (Thomson et al, 2023)
• two-month endurance
• 225 produced to-date
• 25 hurricane deployments
• 55 ice deployments



WireWalker x SWIFT (moored)

1-2 profiles per hour in 20 m depth with moderate wind-waves.   SWIFT telemetry via public API (excludes CTD profiles).


