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Biogeochemical responses to the Arctic sea-ice decline have become an important topic for a variety of communities: not
only natural science researchers but also social and economic communities. In this project, the high-resolution sea ice—ocean
modeling studies on ocean heat transport, acidification, and ecosystem in the Arctic are progressing. The coupled sea ice—
ocean general circulation model is the COCO (Center for Climate System Research Ocean Component Model) version 4.9.
The lower-trophic marine ecosystem model is based on the NEMURO (North Pacific Ecosystem Model for Understanding
Regional Oceanography). Activities in the fiscal year 2019 are categorized to three themes: 1) river water and shelf-origin
sea-ice transport, 2) resuspended particle in sea ice, and 3) multi-decadal hindcast experiments for collaboration with habitat

modeling.

Keywords: Arctic Ocean, sea ice—ocean model, river water, resuspended particle, tracer experiment

1. Research Background

Massive river water inflow into the Arctic Ocean is
important for the stratified structure and ocean acidification as
primary freshwater source. It can be considered that riverine
heat and nutrient inflow also influences the Arctic sea ice and
marine ecosystem. Whereas primary productivity of
phytoplankton becomes restricted by nutrient reduction due to
anomalous sea-ice meltwater and wind-driven Ekman
pumping in the central Canada Basin, the down-stream
regions of nutrient-rich shelf-origin water around the Chukchi
Plateau are still preferable environments for biological activity.
Our previous modeling studies in collaboration with sediment
trap measurements near the Chukchi shelf break since 2010
have produced notable outcomes [1, 2]. Now, we are
examining impacts of riverine heat/material inflow and
resuspended particle on various marine environments (e.g.,
sea ice, sea surface temperature, primary productivity, and
ocean acidification) using a pan-Arctic sea ice—ocean model.

According to an analysis of changes in the Arctic Ocean
over the past two decades using satellite data, sea surface
temperature continued to increase from 1997 to the recent
years with sea ice decline. The chlorophyll-a concentration at
the ocean surface has also increased since 1997 but it turned
to decrease after 2010. It has been suggested that multiple
factors, such as changes in rainfall and river discharge, caused
this decadal variation [3]. To clarify long-term variability of
lower-trophic  level productivity, we also performed
multi-decadal experiments from 1958 to 2018 using a global
sea ice—ocean model.

2. Model and Experimental Design

The detailed model description and experimental design
were presented in our previous publications [1, 2, 4, 5, 6]. The
brief summaries of two frameworks are described below.

The pan-Arctic regional modeling framework has two
versions with their grid size of 25 km (28 layers) and 5 km
(42 layers). Both of those models cover the entire Arctic
Ocean and the northern North Atlantic. Atmospheric forcing
was obtained from the National Centers for Environmental
Prediction—Climate Forecast System Reanalysis
(NCEP-CFSR) dataset. Water properties at the Bering Strait
were prescribed to idealized seasonal cycles. Riverine
freshwater inflow has been given by monthly climatology of
the Arctic Ocean Model Intercomparison Project (AOMIP)
and is now replaced to interannually variable data produced
by the land surface model “CHANGE” in some cases. In the
5-km grid version, sea ice—ocean flux of resuspended
lithogenic material (RLM) is newly incorporated using the
same formulation as nutrients.

The global modeling framework has a grid size of 50-100
km (63 layers). A 6l-year experiment (1958-2018) was
performed for five cycles (i.e., total 305 years) following the
Ocean Model Intercomparison Project (OMIP) protocol [7].
The Japanese 55-year atmospheric reanalysis for driving sea
ice-ocean models (JRA55-do) version 1.4.0 dataset [8] is
adopted for atmospheric forcing. The simulation results for
the last 61 years are used for the analyses.
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3. River Water Transport

Passive tracers were continuously given in mouths of the
major 13 rivers (Pechora/Ob/Yenisey/Olenek/Yana/Indigirka/
Kolyma/Mackenzie/Dvina/Lena/Khatanga/Taimyra/Pyasina).
The simulation result shows that the river water tracers spread
over wide area of the Siberian shelves and are transported
toward the Fram Strait along the Transpolar Drift stream
(Figure 1). The Mackenzie river water is distributed mostly in
the southern Canada Basin.

Figure 1: Distribution of the simulated river water tracers.
The 2018 annual mean value in the ocean surface layer.
Black contours show isobaths of 100, 1000, and 3000m.

Next, to investigate the transport of sea ice influenced by
riverine heat, the passive tracer was continuously given in sea
ice over the Kara, Laptev, and East Siberian seas. Most of this
shelf-origin sea ice was also transported toward the Fram
Strait. This result supports that negative anomaly of sea-ice
thickness relative to that in no riverine heat case reaches the
marginal ice zone in the northern North Atlantic within
several years. The impact of riverine heat on sea ice will be

documented in the 2020 annual report.

4. Resuspended Particle in Sea Ice

To clarify background mechanisms of spatial and temporal
variability in particle sinking captured by our sediment trap
measurements, numerous interannual experiments for
2001-2018 have been performed with a variety of model
settings. In the fiscal year 2019, sea ice—ocean flux of particle

originally resuspended from seafloor (RLM) was incorporated.

The simulation result shows that the larger amount of RLM
was distributed near the Barrow Coastal Polynya region.

5. Global Hindcast Experiment

The standard deviation of interannual variability in the
simulated sea surface temperature for 19792018 (40 years)
showed the greater changes especially in the shelf regions
such as the Beaufort, Chukchi, Laptev, and Kara seas. The
simulated primary productivity also showed an increasing
trend in those regions. The positive trend appeared even in a
part of the central basin due to the enhanced light condition
under less sea ice cover. On the other hand, the primary
productivity decreased in the Bering, Barents, and Norwegian

seas. The environmental condition in those regions is
expected to depend on the transport and nutrient concentration
of the Pacific and Atlantic water masses. Therefore, we need

to clarify the mechanism including ocean circulation.
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