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1. Research Background

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. 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]. Now, we should discuss interannual to decadal
variability at multiple locations. In this report, our modeling
effort on processes related to particulate organic materials is
focused on.

Ice algae are a key component of the Arctic marine
ecosystem, for example, as foods for zooplankton and benthos
species in early spring. In addition, the activity of ice algae
is important for biological pump, because sinking of their
assemblage from sea ice bottom to deep seafloors is considered
to be much faster than that of pelagic plankton species.
Widespread depositions of ice algal biomass were detected in
the deep Arctic basins. Generally, sea ice decline plays both
positive and negative roles in ice algal biomass. For example,
sea ice thinning enhances light penetration into the skeletal

layer at the ice-ocean interface. On the other hand, reduction in

190

net thermal ice growth restricts nutrient availability. Retreat of
sea ice margin causes shrinking of ice algal habitat. Numerical
modeling is a powerful tool to evaluate the impacts of sea
ice decline on ice algal productivity on the pan-Arctic and
decadal scales. Whereas ice algae models have long history of
development, most previous works have been conducted on
one-dimensional landfast ice ecosystem. In recent years, the
model domain was extended to include the entire Arctic Ocean,
and complex ice algal processes were numerically formulated in
various ways. The present study addressed seasonal and decadal
variations in ice algal biomass/productivity from 1980 to 2009,
which were simulated by pan-Arctic sea ice-ocean ecosystem
models participating in the Forum for Arctic Modeling and
Observational Synthesis (FAMOS) project. Preliminary analysis
of the multi-model intercomparison is introduced in this report.
Quantitative estimates based on scientific knowledges
are required to answer following questions: 1) what kind of
environmental changes will influence food chains from lower-
trophic levels (such as phytoplankton and zooplankton) to
higher-trophic levels (such as fish and marine mammals) and 2)
what kind of their impacts will be given to socio-economic sides
in the high-latitude regions. To provide environmental variables
as input data for a habitat model covering the Bering and
Chukchi Seas which is developed at the Hokkaido University,
we are now preparing hindcast and future experiments from
1948 to 2100 using a global lower-trophic marine ecosystem

model. In particular, we focus on multi-decadal responses of
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marine ecosystem in the Bering Sea and the Arctic Ocean under

global warming.

2. Model and Experimental Design

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). The detailed
model description and experimental design were presented in
our previous papers [1, 2, 3, 4]. The brief summaries of two

frameworks are described below.

2.1 Pan-Arctic Regional Model for POM and Ice
Algae Studies

The pan-Arctic regional modeling framework has two
versions with their grid size of 5 km (42 layers) and 25 km (28
layers). Both of them cover the entire Arctic Ocean and the
northern North Atlantic. In this fiscal year, interannual (2001—
2017) and decadal (1979-2013) experiments were performed,
respectively. Atmospheric forcing was obtained from the
NCEP-CFSR (National Centers for Environmental Prediction—
Climate Forecast System Reanalysis) dataset. Water properties

at the Bering Strait were prescribed to idealized seasonal cycles.

2.2 Global Model to provide Environmental Variables
for Habitat Model

The global modeling framework has a grid size of 50-100
km (63 layers) [7]. The spin-up experiment was performed
from 1948 to 2009 (62 years) following the OMIP (Ocean
Model Intercomparison Project) protocol [5]. First, 62-year
atmospheric forcing provided by the CORE-II (Coordinated
Ocean-ice Reference Experiments Phase II) was repeatedly
given for five cycles (i.e., total 310 years) using only the COCO
model. A subsequent experiment coupled with the NEMURO
model was then done for 124 years (62 years X 2 cycles) by the

end of this fiscal year.

3. Model Improvement of POM Processes

To clarify background mechanisms of spatial and temporal
variability in biogenic particle sinking, numerous interannual
experiments for 2001-2017 were performed with a variety of
model settings. The simulated sinking flux of biogenic particle
is comparable with the sediment trap value north of the Barrow
Canyon and seems to be related with mesoscale eddy generation
(Fig. 1), as indicated by our previous seasonal experiments [1,
6]. We then tried to estimate sensitivity of particle transport to
POM resuspension from sea bottom sediments as test studies.
In addition, it was confirmed that variable sinking velocity of
POM depending on bottom water tracer concentration possibly

represented “ballast effect”.

4. Multi-model Intercomparison of Ice Algal

Biomass

We collected model results which were produced by
collaborators at the Universities of Alaska Fairbanks, Victoria,
and Washington [8]. First, the variables from 1980 to 2009 were
averaged in the Chukchi Sea, Canada Basin, Eurasian Basin,
and Barents Sea, respectively (Fig. 2). Timing of spring ice
algal bloom was broadly similar, but peak values of the biomass
remarkably differed in these models. The fall bloom also
appeared in a few models. The common decadal trends were not
seen. Light and nutrient conditions at the sea ice bottom, model
formulation and parameter values, and mechanical convergence/
divergence due to sea ice advection would be factors for various
uncertainties. We plan to deepen the analysis in subsequent

fiscal years.

5. Global Hindcast Experiment

To provide environmental variables as input data for a
habitat model which treats higher-trophic level species in the
Bering and Chukchi Seas, we started hindcast experiments
from 1948 to 2009 using the global sea ice-ocean model. The
preliminary results are described in this report. The model

reasonably simulated seasonal melting (retreat) of sea ice and
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Fig. 2 Seasonal cycle of ice algal biomass averaged in the
Chukchi Sea, Canada Basin, Eurasian Basin, and
Barents Sea (1980-2009 mean) [mmol-N/m’]. The
result from a 25km grid version of our pan-Arctic
sea ice-ocean model (JAMSTEC) was compared
with those from the University of Alaska Fairbanks
(UAF-G: global version, UAF-R: regional
version), the University of Victoria (UVic), and
the University of Washington (UW).

spring bloom of phytoplankton (Fig. 3 a-b). In 2009 of the
second spin-up cycle, the minimum sea ice concentration and
the highest phytoplankton biomass were produced in August.
The simulated nitrate concentration in the Arctic Ocean was less
than 10 mmol-N/m’ throughout the year (Fig. 3c). In this model,
the nitrate concentration was underestimated relative to in-situ

observations in the western Bering Sea and the sub-arctic North

[(a) Sea ice concentration |
Jul.

Jul.

Jul.

Pacific. Lack of iron-limitation process in the photosynthesis
formulation would be a plausible factor.

We then checked decadal time series of annual mean sea ice
concentration, sea surface temperature (SST), and phytoplankton
biomass in the eastern Bering Sea (60°N, 170°W) and the
Northwind Abyssal Plain (Station NAP: 75°N, 162°W) from
1975 to 2009 (Fig. 4). The simulated sea ice concentration in the

Fig. 3 (a) Sea ice concentration, (b) surface Chlorophyll-a concentration [mgChl/m*], and (c) surface nitrate concentration [mmol-N/m’] from July to

September in 2009. All figures show spatial distributions simulated in the second spin-up cycle using our global sea ice-ocean model.



HERY I 2 L — Z TN — Earth Simulator JAMSTEC Proposed Project —

Eastern Bering Sea (60N, 170W)

NAP (75N, 162W)

Fig. 4 (a) Sea ice concentration, (b) sea surface temperature,
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eastern Bering Sea decreased from the late 1970s to the early
1980s, while it was higher in the early 1990s and the late 2000s.
The SST had its peaks in the late 1970s and the early 2000s.
The phytoplankton biomass was inversely correlated with the
sea ice concentration. At Station NAP, the simulated sea ice
concentration (SST) showed negative (positive) trends on the
decadal timescale. The phytoplankton biomass has also been

increasing, but its trend was not so simple.
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