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High-resolution sea ice-ocean modeling studies were conducted to clarify sea ice variability, ocean heat transport, and ocean

acidification in the Arctic Ocean. Seasonal to decadal hindcast experiments were performed using a pan-Arctic physical and

biogeochemical model. Outcomes in this fiscal year are categorized to following three themes: 1) suppression of sea ice production

and formation of unique water mass in the Barrow Coastal Polynya, accompanied with ocean heat transport from intermediate

warm layers in the Arctic basin, 2) wintertime subsurface warm water transport along westward shelf-break jet under sea ice, and

3) evaluation of shelf-basin interaction associated with ocean acidification using carbonate chemistry modeling. As future works,
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1. Research Background

Arctic sea ice retreat is still remarkable, particularly in
the Pacific side. Changes in wind-driven export of Arctic sea
ice to the North Atlantic and atmospheric radiative fluxes are
known to be important factors for sea ice reduction. In addition,
ocean heat transport from subarctic seas is another candidate
to decrease sea ice volume. It has been indicated that vertical
hydrographic profiles in the Canada Basin were characterized
by three temperature maxima. The near-surface temperature
maximum was the shallowest one arising from summer solar
heat absorption and subsequent autumn Ekman downwelling.
The subsurface temperature maximum reflected intrusion of
the Pacific summer water. The deepest maximum was located
in the Atlantic layer. Substantial parts of upper ocean heat
would eventually affect sea ice freezing/melting. However,
spatial and temporal variabilities of these warm layers still
remain uncertainties. In this study, high-resolution pan-Arctic
sea ice-ocean modeling analyses are conducted to address 1)
interactions between sea ice and ocean heat transport and 2)
impacts of shelf water transport on marine ecosystem in the

Arctic basin.

2. Model and Experimental Design
The model used in this study is COCO (Center for Climate

System Research Ocean Component Model) version 4.9.

135

The model domain is composed of the entire Arctic Ocean
and northern North Atlantic. The horizontal resolution is
approximately 5 km so that mesoscale eddies and narrow
boundary currents can be resolved[1][2]. In this fiscal year,
several seasonal and interannual experiments were performed.
Initial sea ice and hydrographic fields were given by a decadal
experiment from 1979 using a 25-km grid version of the same
model. Atmospheric forcing was obtained from NCEP-CFSR
(National Centers for Environmental Prediction - Climate
Forecast System Reanalysis) datasets. At the Bering Strait,
volume, temperature, and salinity of the Pacific water inflow

were prescribed to idealized seasonal cycles.

3. Hybrid-type Barrow Coastal Polynya

The nature of the Barrow Coastal Polynya (BCP) formed
off the Alaskan coast in winter was examined using mooring,
atmospheric reanalysis, and the AMSR-E (Advanced Microwave
Scanning Radiometer - Earth Observing System) derived sea
ice concentration/production data. Whereas the BCP has been
considered to be a latent heat polynya formed by predominantly
offshore winds, it is recently suggested that sea ice production in
the BCP is suppressed by warm Pacific- and/or Atlantic-origin
waters distributed beneath the BCP.

In this study, we focused on oceanographic conditions such

as water mass distribution and ocean current structures beneath

8 — Earth Simulator JAMSTEC Proposed Project —
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Fig. 1 Spatial distribution of the simulated Atlantic Water tracer around
the BCP in February 2010.

the BCP, which have not been fully documented. A mooring was
deployed off Barrow, Alaska from August 2009 to July 2010.
During the freeze-up period from December to May, five BCP
events occurred in the same manner: 1) dominant northeasterly
wind parallel to the Barrow Canyon, with an offshore component
near Barrow, 2) high sea ice production followed by sudden
cessation of sea ice growth, 3) upwelling of warm (> 2 °C above
a freezing point) and saline (> 34) Atlantic Water (AW) beneath
the BCP, 4) strong up-canyon flow associated with density
fluctuations. A baroclinic current structure, established after the
upwelling, resulted in enhanced vertical mixing. The mixing
event and open water formation occurred simultaneously, once
sea ice production had stopped. Thus mixing events accompanied
by ocean heat flux from AW into the surface layer likely form/
maintain the open water area that is a sensible heat polynya.
These transitions from a latent heat polynya to a sensible one

were well reproduced by a seasonal experiment of the COCO
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Fig. 2 (a) Analysis target region and mooring locations. (b) Vertical profile of the simulated temperature along 75 °N in March 2013. (c) Interannual

variability of westward ocean heat transport across 160 °W.
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model from October 2009 (Fig. 1). We propose that the BCP is
a hybrid latent and sensible heat polynya, with both processes
driven by the same offshore wind[3].

4. Subsurface Temperature Maximum

Ocean heat transport is a possible important factor for recent
sea ice decline, especially in the western Arctic Ocean. Decade-
long observations revealed increasing potential temperature
and thickness of the Alaskan Coastal Water layer in the central
Canada Basin. Ocean heat content for a salinity range between
31 and 33 showed a clear subsurface warming trend. On the
other hand, a signal of the summer Bering Sea Water located
below 100 m was gradually shrinking in recent years. Therefore,
subsurface warm water pathway from the Chukchi shelf into the
central Canada Basin possibly changed according to external
forcing such as surface wind fields. However, there are not
so enough data under sea ice to evaluate exact pathway and
heat transport of subsurface warm water covering wide areas
of the western Arctic basin. In our field campaign, bottom-
tethered year-long moorings have been deployed in the Chukchi
Borderland since October 2010. The subsurface hydrographic
sensors detected mid-winter or spring peaks of potential
temperature above —1 °C every year. Based on this seasonality,
we investigated overwinter transport of subsurface warm water
toward the Chukchi Borderland by pan-Arctic sea ice-ocean
modeling analyses[4].

In the interannual experiments from 2001 to 2014, strong
easterly winter winds in the southern part of the prevailed
Beaufort High sometimes produced a westward shelf-break
jet along the northern edge of the Chukchi shelf. The shelf-
break jet strength accounted for the lateral ocean heat transport
and consequent subsurface temperature maximum in the
downstream region (Fig. 2). Warm eddies generated north of the

Barrow Canyon were still located east of the Northwind Ridge.
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Therefore, subsurface warming around the Chukchi Borderland
would have been attributed to lateral advection of shelf-
origin warm water via shelf-break jet rather than eddy-induced

transports.

5. Carbonate Modeling

Ocean acidification is an important problem for Arctic
marine biology. Now we need to know how and where
acidification will proceed in near future. For example, future
status of chemical properties was evaluated by intercomparison
of the Earth System Models. As expected, most CMIP5 (Coupled
Model Intercomparison Project Phase 5) models simulated
reduction in calcium carbonate saturation rate “Q” under global
warming scenario. However, the simulated vertical profile of
“Q” remarkably differed among these models, particularly
in subsurface layers. Several ship-based observations have
reported the complicated profiles of “Q” in the Arctic Ocean.
In the surface layer of Canada Basin, “Q” value is very low due
to large input of river water and sea ice meltwater. The second
minimum of “Q” is located in the Pacific winter water layer. The
Pacific winter water experienced cooling, convective mixing
with brine rejection, and remineralization of organic materials
over the Chukchi shelf. Thus intrusion of dense shelf water
with high pCO, would be a candidate producing climate model
biases. In this fiscal year, we coupled a carbonate chemistry
routine to the Arctic NEMURO (North Pacific Ecosystem
Model for Understanding Regional Oceanography) model and
started to investigate how shelf-basin interaction modulated

ocean acidification in our high-resolution modeling framework
(Fig. 3).
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Fig. 3 Spatial distribution of surface “Q” simulated by an interannual
experiment from 1979 to 2010.
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