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We involve two big projects, and will describe separately. First project is on Arctic Ocean and second one is on ecosystem model
comparison program.

The impact of sea ice decline on biological regime associated with Pacific water transport in the western Arctic basin is examined
using a pan-Arctic eddy-resolving coupled sea ice-ocean model including a lower-trophic marine ecosystem formulation. The
model results suggested that local primary production and following food chain can explain a summertime peak of sinking mass
flux observed by sediment trap measurements at the Northwind Abyssal Plain that were deployed by JAMSTEC. On the other hand,
another maximum during winter would be caused by advection processes via combination of warm shelf-break eddies and the anti-
cyclonic Beaufort Gyre.

Vertical profile of diatom in global oceans is associated with nutrient distributions affected by physical characteristics and
dynamics of seawater, and links to efficiency of biological pump down to deep oceans. Here we compared the vertical profile of
diatoms derived from the state-of-the-art global marine ecosystem models to see how it changes over the coming century. Numerical
simulations using the Earth Simulator show that the present-day vertical profile may change in the future except high latitudes, so that

a diatom-specific chlorophyll maximum layer will be found at a greater depth by the end of the 21* century.
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1. Process modeling on Arctic marine ecosystem shelf, and Beaufort shelf-break eddies. To address biological

A pan-Arctic ice-ocean model was redesigned to address responses to these physical backgrounds, a lower-trophic marine
the western Arctic basin ecosystem in the viewpoint of Pacific ecosystem model NEMURO was coupled to the COCO (Fig. 1),
water transport with heat and biogeochemical materials. The as same as our previous work [1]. Since dissolution from sea
physical part of model is CCSR Ocean Component Model bottom sediments is an important nutrient source in the Chukchi
(COCO) version 4.9. The model domain is composed of the shelf, nitrogen and silicate fluxes from shelf bottom were also
entire Arctic Ocean and the northern North Atlantic. In this considered. As a first step, quasi-uniform nutrient distribution
study, two experimental designs with different horizontal in bottom sediments was assumed accounting for bio-turbation.
resolution were set up. First, a decadal experiment from 1979 In addition, to visualize the transport of shelf bottom water,
to recent years was conducted using a 25-km grid version. The a virtual passive tracer was provided in the deepest layers
seasonal run with an eddy-resolving version (grid size of 5-km)  just above the entire sea bottom. The model results suggested
was then integrated from the results of decadal experiment. that local primary production and following food chain can
The atmospheric forcing components were constructed from explain a summertime peak of sinking mass flux observed
the NCEP/NCAR reanalysis daily data. The COCO model in the Northwind Abyssal Plain (NAP). On the other hand,
demonstrated realistic performances of physical fields, such as another maximum during winter would be caused by advection
sea ice volume in the entire Arctic, sea ice export through the processes via combination of warm shelf-break eddies and the

Fram Strait, major branches of northward current in the Chukchi anti-cyclonic Beaufort Gyre.
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Fig. 1 (a) NEMURO configuration. (b) Image of modeled bottom processes. (c) Modeled surface phytoplankton concentration on July 1 in the 2010

case [mmol-N/m’*]. White contours show 1000m isobaths. Pink contours show modeled sea ice edge. Station NAP is located at label “N”.

2. Modeling the present-day and the future vertical

structure of diatoms
The COCO-MEM is a Marine Ecosystem Model (MEM,

Shigemitsu et al., 2012) developed by Hokkaido University and
JAMSTEC that explicitly represents phytoplankton functional
types such as diatoms. The MEM can be coupled with the
3D general circulation model, COCO version 3.4, with 1x1
degree spatial resolution for global oceans. Historical (1985-
2007) and future (2010-2100) experiments were conducted
in this this study to model a vertical structure of diatoms.
NCEP/NCAR re-analysis data were used for the atmospheric
forcing in the historical runs, whereas outputs from the earth

system model MIROC using RCP8.5 scenario were used in
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Fig. 2 Surface distributions of diatoms derived from MAREMIP models.

the future runs. Vertical structure of diatoms derived from
the MEM was compared to other marine ecosystem models
under the international project, MARine Ecosystem Model
Intercomparison Project (MAREMIP). Figures 2 shows an
average pigment biomass of diatoms at the surface for the decade
of 1997-2006 and 2091-2100 derived from several MAREMP
models; ESM2M by Geophysical Fluid Dynamics Laboratory
(GFDL, USA), COCO-MEM by Hokkaido University/Japan
Agency for Marine-Earth Science and Technology (HU/
JAMSTEC, Japan), MRI.COM by Meteorological Research
Institute (MRI, Japan), NASA Ocean Biogeochemical Model
by National Aeronautics and Administration (NASA, USA),
BEC by Woods Hole Oceanographic Institution (WHOI, USA).
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Fig. 3 Global distribution of pigment biomass at a depth where the biomass reaches its maximum, for three models selected from MAREMIP models.
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Fig. 4 Vertical profiles of pigment biomass of diatoms averaged over different latitudinal zones (>60°N, 60°N to 60°S, >60°S).

All models analyzed here predict a decrease of diatoms at the
surface in equatorial waters, whereas an increase in sub-tropical
waters. However, pigment biomass of the diatoms remains very
low both in the present-day and the future. Similar tendencies
were found for the pigment biomass at a depth where the
biomass reaches its maximum in the vertical profile as depicted
in Fig. 3 (therefore not all models shown), except in the Arctic
oceans by WHOI model where a significant decrease.

Figure 4 show vertical profiles of pigment biomass of
diatoms averaged over different latitudinal zones (>60°N, 60°N
to 60°S, >60°S). The vertical profile may be classified into
two types, one showing a subsurface maximum of the pigment
biomass (defined as Type 1), and the other showing a monotonic
decrease of the pigment biomass with depth (Type 2). It was
found from the MAREMIP models that the vertical profile type
changes from Type 2 in the present-day oceans to Type 1 in the
future oceans in most of the oceans (i.e. 60°N to 60°S) except at
higher latitudes, or more diatoms is found in a relatively greater
depth in the future for these waters, thus implying a potential of

habitat sift of the diatoms vertically.
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