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Plays a critical role in RATE OF CHANGE Important for coastal
communities

Annual September Minimum Extent
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Earth’s climate system Credit: NSIDC/NASA
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Mapping and predictions are
critical for Arctic marine
navigation and defense

Provides habitat for
marine animals and algae
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Seaice predictions are challenging due to
complex ice-ocean-atmosphere interactions

Sea surface salinity data remain
underutilized for sea ice predictions

THE ARCTIC INSTITUTE




Why Stu dy the Beanort Sea? Increased Freshwater In The Beaufort Gyre

2003-2007
Dominates trends in sea ice loss, freshwater A
accumulation, and sea levelrise
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Sty egion

Mackenzie River discharge is one of the main

: Aey
503 contributors to freshening of the Beaufort Sea’
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v | Beaufort . ' MODIS image of lower Mackenzie River delta
L " June 23, 2025

Mackenzie River Delta

Discharges warm
water in spring,
Initiating sea ice
retreat®3

How does Mackenzie River discharge
influence fall sea ice formation?

[1] Proshutinsky et al., 2019; [2] Dean et al., 1994; [3] Nghiem et al., 2014



Objective

To examine how freshwater from the Mackenzie River influences the
timing of fall sea ice onset in the Beaufort Sea

Hypothesis: P
Fresh Surface Layers - Stronger Stratification - Less Upward Heat > Earlier Sea Ice Formation >">°'t

Approach:

* Use satellite observations to characterize spatiotemporal variability in autumn seaice
formation in the Beaufort Sea

» Use coupled ocean-seaice model to analyze 3D ocean structure within and outside the
Mackenzie river plume



Investigating Sea Ice Advance Using Satellite Data

Sep 25, 2022
SSS and SIC SST and SIC
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plume =fresh |

20 40 60 80 100
SIC (%)

 Seaice concentration (SIC): NOAA/NSDIC CDR
* Sea surface salinity (SSS): RSS SMAP V6
 Sea surface temperature (SST): OISST



Investigating Sea Ice Advance Using Satellite Data

SST and SIC

SSS and SIC

Mackenzie River

v Sw] | * Observed the formation of an “ice bridge”
by from coastline to offshore ice edge within
the Mackenzie River plume

* Mackenzie river plume generates low SSS
and high SST anomalies throughout the

“Ice bridge” | summer

forms over

plume

* Plume waters reach freezing point faster
than adjacent waters and form ice earlier
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Mackenzie River
R Delta

MODIS Aqua Images from Oct 2, 2022 (left) and Oct 18, 2022 (right)




Thin seaice
formation over the
Mackenzie River
plume

MODIS Aqua: Oct 24, 2022




Employed Coupled Sea lce-Ocean Model to Analyze Ocean Interior

Model Domain

Beaufort Sea SSS and SIC >15%
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* High resolution model (~3.5 km
horizontal grid, 90 vertical levels)
* Daily means for 7 years (2014 - 2020)

26 29 25 50
Surface Salinity Sea Ice Conc (%)

Ice bridge observed in all years of model simulation



Analyzed Ocean Conditions Within
and Outside Mackenzie River Plume

* Calculated freshwater content (FWC) in the upper 10 m,
mixed layer depth (MLD), and ocean heat content (OHC) to
assess stratification and the vertical distribution of heat
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« Calculated OHC in two layers: . Jowe.
1. Between surface and MLD IS R N
2. Between MLD and base of pycnocline
E 40 -
E OHC,
29 8 60 -
OHC / p(2) cp(2) [T(2) — Tpy] dz "
<l S
N 2
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Plume waters have greater FWC, shallower mixed layers,
and lower OHC in surface mixed layer compared to
adjacent waters

y model index

October 25, 2020
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Mean SIC, Stratification, and OHC for
Plume and Adjacent Waters (2014-2020) 3

Defined two groups: plume and
adjacent waters

Used FWC threshold of 2 m
e  Plume waters: FWC >2 m
* Adjacent waters: FWC <2 m

Mackenzie River freshwater
plume freezes 3 weeks earlier

than adjacent saltier waters
* Freezing point depression:
1-2 day difference

Stratified plume layers trap heat
at depth, allowing the surface to
cool and freeze first

October 25, 2020
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Tracking Polar Bear Movement Across The Ice Bridge

Polar Bear GPS Track & SIC (Oct 18, 2008)
with 15% Contours from Oct 6, 9, 12
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e SIC from NOAA/NSIDC Climate Data Record
 Polar bear GPS track from USGS (Durner, 2019)



Summary

* Seaiceonsetoccurs earlierin the Mackenzie
River plume where freshwater promotes the
formation of an ice bridge

* The Mackenzie River plume has fresher surface
waters, stronger stratification, shallower mixed
layers, and less surface heat than surrounding
Beaufort Sea waters

* The plume forms seaice on average 3 weeks
earlier than saltier regions, primarily due to
enhanced salinity stratification

* Adding SSS observations to model forecasts may
improve sea ice predictions




Thank You

marie.j.zahn@jpl.nasa.gov
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Key Points:

o Sea ice onset occurs earlier in the
Mackenzie River plume where
freshwater promotes the formation of
an ice bridge

e Model simulations reveal that sea ice
forms on average 3 weeks earlier in the
Mackenzie River freshwater plume
than in adjacent, saltier areas

e The Mackenzie River freshwater
plume has stronger stratification,
shallower mixed layers, and less
surface heat than surrounding waters

Supporting Information:

Supporting Information may be found in
the online version of this article.
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Formation in the Eastern Beaufort Sea
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Abstract Arctic sea ice plays a critical role in Earth's climate system, and as it continues to thin and retreat,
understanding the processes driving its variability is increasingly important. Using satellite data and a coupled
ocean—sea ice model, we examined how freshwater from the Mackenzie River influences fall sea ice formation
in the Beaufort Sea. An “ice bridge” between the coast and offshore ice edge consistently forms over the river's
freshwater plume, with its location and extent varying interannually with freshwater distribution. Regions
influenced by the plume experienced sea ice onset an average of 3 weeks earlier than adjacent, saltier waters.
Earlier ice formation was associated with enhanced stratification, shallower mixed layers, and reduced upper
ocean heat content, all of which promotes faster surface cooling. Our findings highlight the importance of river
discharge in shaping sea ice formation and suggest continued Arctic freshening will impact future sea ice timing
and extent.

Plain Language Summary The Arctic Ocean has lost nearly half of its summer sea ice cover
over the past four decades. Understanding the mechanisms that control when and how sea ice forms is

critical for predicting future changes in the Arctic climate system. Freshwater from large Arctic rivers, like
the Mackenzie River in Canada, plays an important role in sea ice melt and formation by changing how
salt and heat are distributed in the ocean. Here, we used satellite observations and a computer model to
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SASSIEECCO
Datasets on
Earthdata
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SASSIE ECCO: A New High-Resolution Arctic Ocean

and Sea Ice State Estimate
Marie Zahn', Mike Wood?, lan Fenty', Severine Fournier!
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Backaround
In support of the NASA SASSIE (Salinity and Stratification at the Sea Ice Edge) campaign, a high-resolution pan-Arctic coupled sea ice-ocean
model was developed from the ECCO (Estimating the Circulation and Climate of the Ocean) project (Fig. 1). Model state estimates are

and consistent of the 3D

Model Summary

+ SASSIE ECCO is a 7-year simulation (2014-2020)
configured at a high resolution, with ~3.5 km
horizontal grid spacing and 90 vertical levels
(eddy-permitting)

« Produced by downscaling a multi-decadal global
ECCO state estimate from 1/3° to 1/12° grid cells

+ Uses the same native grid geometry as MITgem: a (@
staggered Arakawa C grid

and atmospheric forcing

Model Domai

Figure 1. SASSIE ECCO model domain and example
snapshot of daily mean sea ice concentration on
September 15, 2020.
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Home / Find Data / Data Catalog / SASSIE ECCO Ocean Temperature and Salinity - Daily Mean Llc1080 Grid (Version 1 Release 1)

SASSIE ECCO Ocean
Temperature and Salinity -
Daily Mean lic1080 Grid
(Version 1 Release 1)

SASSIE_ECCO_L4_TEMP_SALINITY_LLC1080GRID_DAILY_V1R1
VERSION VIR1
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CENTER/PROJECT  Physical Oceanography DAAC (PO.DAAC)

Overview Documents and Resources Variables

Data at a Glance O
Data Format NETCDF4
Location ARCTIC

Temporal Extent 2014-01-15 to 2021-02-08

Temporal Resolution 1Day

Vertical Extent Maximum Depth: 6760<br>Minimum Depth: 0.5

User Guide &
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152020

ocean, sea ice, and surface atmospheric states

Model Development
* The ECCO v5 Alpha (LLC270) global solution provided initial and boundary conditions

« Fields consolidated onto single pan-Arctic curvilinear grid face from the 5 faces of
ECCO model output (Fig. 2)
 Large data volume required all processing and analyses to be completed in the cloud

View Model
Animation
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Figure 2. (a) Daily mean surface salinity on Seplember 15, 2020. (b) Vertcal grid spacing and
corresponding grid-cell thickness in the upper 50 m. (c) Vertical transect along model grid y-index 495
across the Arctic Ocoan with overiaid isopycnals. Inses in (d) highiight eddies resolved in the model

[CCO state estimate

January 15, 2014 ~ February 7, 2021
Pan-Arctic

LLC1080 (1/12 degree), 0.4 - 5.7 km

90 levels (non-uniform spacing), 0 — 7000 m
Daily averages with monthly snapshots
NeICDF-4 + Cloud-Based Virtual Data Store
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