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In this project we will improve the ability to simulate the present status of ocean climate and ecosystems and clarify effects of

climate variability on marine biogeochemical cycles and ecosystems by using multiple ocean general circulation models (GCMs)

with multiple ecosystem models including marine biogeochemical cycles. Taking advantage of our high-resolution general

circulation model, we have investigated the impact of fine scale physical variability on the marine ecosystem and found that cyclonic

eddies affected approx. 20% of biological production in the Kuroshio Extension region. We also have developed an advanced

ecosystem model including some key biogeochemical processes, e.g., optimal nutrient uptake kinetics of phytoplankton, iron cycle

and aggregation processes for sinking particles. The new model is used for an international project on model intercomparison "The

MARine Ecosystem Model Intercomparison Project (MAREMIP)". We have also begun developing a model including stable isotope

compositions of carbon and nitrogen to simulate the trophic position of consumers in the food web.
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1. High resolution modeling of biogeochemical cycles

and ecosystems

This study has made progress by using a high resolution
model, the Ocean general circulation model For the Earth
Simulator (OFES) including a simple ecosystem model
(Nutrient-Phytoplankton-Zooplankton-Detritus, or NPZD
type), with a horizontal resolution of 0.1 degrees. Using the
OFES-NPZD model, we have published scientific results on the
effects of the mesoscale eddies on the marine ecosystem in the
Kuroshio Extension (KE) region [1]. The model reproduces
high chlorophyll concentration corresponding to low sea surface
height (SSH) associated with cyclonic eddies (Fig. 1), because
the cyclonic eddies lift nutrient-rich water into the euphotic
zone. The number of the cyclonic eddies and area-averaged
surface chlorophyll concentration within the cyclonic eddies
are shown in Fig. 2. On average two cyclonic eddies per year
are detached to the south of the KE jet and they propagate
westward. The area-averaged surface chlorophyll concentration
within the cyclonic eddies is considerably higher (by two to
seven times) than that outside the eddies (Fig. 2b, c¢). This
gives an indication of the impact of the eddies on the overall

chlorophyll concentration. The cyclonic eddies contribute about
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20% of the area averaged surface chlorophyll concentration in

this region.

2. Process modeling in marine ecosystems

Using a 3-D marine ecosystem model NEMURO (North
pacific Ecosystem Model for Understanding Regional
Oceanography), we published scientific results on the projection
of marine ecosystems under global warming climate [2].
Maximum biomass during the spring bloom under global
warming climate is found to occur 10 to 20 days earlier than
under the pre-industrial climate. A study on the impact of
global warming on Japanese common squid in the Sea of Japan
was also published [3].

To improve the ability of the model to simulate marine
ecosystems, we have advanced the model formulation for
nutrient uptake by phytoplankton based on physiological
acclimation. The optimal uptake kinetics describes observed
nitrate uptake rates over wide ranges of nutrient concentrations
better than the widely applied classical Michaelis-Menten
equation [2]. We also improved the particles sinking process to
simulate the dependence of aggregation on the size of particles.

The iron cycle in the model is also revised. Implementing these
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Fig. 1 Snapshots of surface Chlorophyll-a (color) and SSH (contour) from April 2003 to March 2004. In spring, the chlorophyll concentration
reaches its highest value (2.0 mg m™) for the year, especially in the subpolar region and cyclonic eddies in the subtropical region. The high
chlorophyll (0.8-1.0 mg m”) associated with the cyclonic eddies is at the same level as in the subpolar region.

new formulations and schemes in a 3-D model, we performed

numerical experiments to investigate the performance of

the new model. Using the new model we started a hindcast

experiment for the MARine Ecosystem Model Intercomparison
Project (MAREMIP) Phase 1. The offline version of the 3-D

model developed in Hokkaido University [5] was transplanted
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