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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 2020 are categorized to three themes: 1) impacts of
river heat inflow on the Arctic marine environments, 2) transport of particle resuspended from seafloor along the Chukchi
Sea northern slope, and 3) multi-decadal variability in primary productivity and zooplankton biomass.

Keywords: Arctic Ocean, sea ice—ocean model, river heat inflow, resuspended particle, multi-decadal variability

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. In the Lena River of Siberia, August water
temperature increased from 12-13°C in the 1960s, when the
effects of global warming were not yet conspicuous, to nearly
20°C in recent years, with a high amount of riverine heat
entering the Arctic Ocean. 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 the
western Arctic sediment trap measurements since 2010 have
produced notable outcomes [1, 2]. Now, we are examining
impacts of riverine heat/material and particle resuspended
from seafloor on various marine environments (e.g., sea ice,
sea surface temperature, primary productivity, and ocean
acidification) using a pan-Arctic sea ice—ocean model.

In the Arctic Challenge for Sustainability (ArCS) II ocean
research program, we aim to provide information on
vulnerability and resilience of marine ecosystem in response
to rapid sea-ice retreat. To clarify long-term variability of
lower-trophic level productivity related to global climate
change, we also performed multi-decadal experiments from
1958 to 2018 using a global sea ice—ocean model and
examined primary productivity and zooplankton biomass.

2. Model and Experimental Design

The detailed model description and experimental design
were presented in our previous publications [1, 2, 3]. 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 was replaced to interannually variable data produced by
the land surface model “CHANGE” including river water
temperature [4] in the 25-km grid version. The simulation
results with/without river heat inflow were compared to
estimate its impact on the Arctic marine environments. In the
5-km grid version, transport of resuspended lithogenic
material (RLM) was also calculated with its sinking speed of
0-5 mday ..

The global modeling framework has a grid size of 50-100
km (63 layers) [5, 6]. A 61-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 (JRAS55-do) version 1.4.0 dataset [8] was
adopted for atmospheric forcing. The simulation results for
the fifth cycle were used for the analyses.
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3. River Heat Impact

The simulation results provided the first quantitative
evidence showing that river heat inflow contributed a
maximum of more than 10% to regional sea ice thinning in
the Arctic Ocean (Figure 1) [9]. The result suggests not only
sea-ice bottom melting by warm river water flowing into the
Arctic Ocean, but also ice-albedo feedback processes. A
quantitative evaluation also revealed increases in sensible and
latent heat energy released into atmosphere from the warmer
ocean surface following sea-ice retreat, causing an increase of
0.1°C in summer air temperature during the past 36 years.

(a)

e

(b)

Figure 1: (a) Major Arctic river basins, riverine heat
inflow into the Arctic Ocean (Qm), and sea-ice
thickness anomaly caused by river heat (AIV). (b)
Sea ice decline caused by river heat inflow (%). All
values are averages for 1980-2015.

4. Resuspended Particle Transport

To clarify background mechanisms of spatial and temporal
variability in particle sinking captured by our sediment trap
measurements, numerous interannual experiments for
2001-2020 have been performed with a focus on lithogenic
materials originally resuspended from seafloor (RLM). In the
fiscal year 2020, we found that the Chukchi Slope Current
played an important role in the RLM transport over four
mooring areas. Besides, local resuspension event on the slope

region contributed to the particle sinking in autumn 2017.

5. Multi-decadal Variability in Marine Ecosystem
We investigated the simulated primary productivity and
zooplankton biomass averaged in the Chukchi Sea and the
Barents Sea. Those variables show the positive (negative)
trend with decadal variability for 1980-2018 in the Chukchi
Sea (Barents Sea). The variability in the Chukchi Sea, where
the Pacific water inflows, seems to be influenced by the
Pacific Decadal Oscillation (PDO) with a lag of several years.
On the other hand, the variability in the Barents Sea was in
phase with the Arctic/North Atlantic Oscillation (AO/NAO).
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