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 Chapter 1 Earth Science

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 

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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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 
on the Earth Simulator and tuned for long-term integration.  
We also started developing a model including stable isotope 
compositions of carbon and nitrogen to simulate the trophic 
position of consumers in the food web.  Using the observed data 
in the northwestern North Pacific, we evaluated the trophic level 
and material flow related with the food habit of one key species 
in the Oyashio region.  
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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-3) for the year, especially in the subpolar region and cyclonic eddies in the subtropical region.  The high 
chlorophyll (0.8-1.0 mg m-3) associated with the cyclonic eddies is at the same level as in the subpolar region. 

Fig. 2 (a) Number of cyclonic eddies (CEs) produced in the model, (b) 
areal average of the surface chlorophyll concentration within CEs 
(black line) and total surface area of CEs (grey bar), (c) the areal 
average of the surface chlorophyll concentration south of the KE 
jet (dashed line) and without CEs area (solid line).
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本プロジェクトでは、空間解像度や複雑さの異なる複数の海洋生態系モデル、海洋大循環モデルを用いて、現在の気
候条件における生態系変動再現実験、及び、温暖化気候における将来予測実験を通して、生態系の変動特性の定量化、
生態系の将来予測、海域による海洋生態系の違いや卓越種の再現を目指した生態系モデル開発を実施する。今年度は高
解像度海洋大循環・海洋生態系結合モデルを用いて、黒潮続流域における渦による海洋生態系へのインパクトを定量的
に調べ、低気圧性渦が黒潮続流の南の生物量に約 20%寄与していることを明らかとした。また、いくつかの鍵となる
生物地球化学過程（植物プランクトンの栄養塩取り込み過程や鉄循環の導入、沈降粒子の凝集過程など）を導入した新
モデルを開発し、中解像度の海洋大循環モデルに結合することで、国際研究計画MAREMIP（MARine Ecosystem Model 
Intercomparison Project）の Phase 1に対応して実験に着手した。さらに、オフライン版の 3次元海洋生態系モデルの ES2
への移植、テスト計算を実施した。
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