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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. We have investigated the impact of climate variability on

the marine ecosystem in the northeastern tropical Pacific using our high-resolution model. We also have examined the mechanisms

of phytoplankton competition during the spring bloom in the first phase of Marine Ecosystem Model Intercomparison Project

(MAREMIP). We also work on the development of Arctic marine ecosystem model to investigate the impact of sea ice and ocean

dynamics on the polar ecosystem.
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1. High resolution modeling of biogeochemical

cycles and ecosystems

Using an eddy-resolving OGCM (OFES) coupled with a
simple ecosystem (NPZD) model, we have investigated the
seasonal and interannual variabilities of the chlorophyll in the
northeastern tropical Pacific during 2000-2007. The seasonal
variability of the surface chlorophyll concentration in the
model agrees well with satellite ocean color data, except for
the equatorial region [1]. High chlorophyll levels off the Gulf
of Tehuantepec, Papagayo, and Panama in winter and in the
Costa Rica Dome in summer are well reproduced. Production
in these areas is controlled by the supply of nitrate rich-waters
through vertical mixing and coastal and open ocean upwelling.
The variability of the thermocline depth is strongly connected to
the seasonal variability of surface chlorophyll. El Nifio Southern
Ocean (ENSO) variability has a marked effect on the marine
ecosystem in this region. The model reproduces the chlorophyll

variability corresponding to the observed ENSO variability.

2. Process modeling in marine ecosystems

In the first phase of Marine Ecosystem Model
Intercomparison Project (MAREMIP), we investigated the
mechanisms of phytoplankton competition during the spring
bloom, one of the most dramatic seasonal events in lower-

trophic level ecosystems, in four Plankton Functional Types
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(PFTs) models: NEMURO (JAMSTEC, Hokkaido Univ.),
PISCES (IPSL, France), PlankTOMS5 (UEA, UK) and CCSM-
BEC (WHOI, US). As a common feature of all investigated
models, the percentage of diatoms with respect to total
phytoplankton increases with the magnitude of the spring
bloom (Fig. 1). However, the mechanisms governing succession
differ among models, despite the fact that current PFT models
parameterize the same types of ecophysiological processes.
The differences in the mechanisms suggest that the response of
marine ecosystems to climate change could significantly differ
among models. Through this first model intercomparison of the

PFTs models, several key processes for further understanding
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Fig. 1. Percentage of diatoms (large group) with respect to total
phytoplankton at the peak timing of the bloom as a function of
the bloom magnitude in the North Pacific (right: model results,
left: observation). The shades are the spatial standard deviation
in the blooming region of each model and satellite estimations.
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have been made clear.

In order to assess model performance on spatial distributions
of PFTs, spatial patterns of PFTs derived from models were
compared to these derived from satellite observation [2, 3].
The model skill score for the advanced version of NEMURO
(i.e. Marine Ecosystem Model with Optimal Nutrient Uptake
Kinetics, MEM) are shown in Fig. 2 as functions of PFTs
pigment biomass (i.e. fractional Chlorophyll-a of PFTs) and
spatial scales of their patterns [4]. We found that the model
successfully reproduces spatial patterns derived from satellite
observation at the spatial scale > 1800 km’. Even at smaller
spatial scales (<200km®), spatial patterns in the model tends to
agree with those in the satellite, when the pigment biomass is
either small or large (but not “intermediate”). This tendency is
also found in another model such as the European Regional Sea
Ecosystem Model, ERSEM (not shown). Thus, the state-of-the-
art models are successful in reproducing spatial patterns when a

spatial contrast in pigment biomass is large enough.
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Fig. 2. Model skill score derived from wavelet analysis as functions
of the spatial scale (y) and pigment-biomass (x) for Total
phytoplankton community (Tchl), Diatoms (PL) and other small-
sized phytoplankton (PS). Colour tone shows the skill score (0
to 1), brighter being better and darker being poorer. ql, q2...q5
show quantiles (20%, 40%, ...,
distribution.

100%) in pigment biomass data
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3. Process modeling on Arctic marine ecosystem
Response of primary productivity to the Beaufort shelf-
break eddies is examined following eddy life stages using
an eddy-resolving sea ice-ocean model with a lower-trophic
marine ecosystem formulation [5]. During late summer and
early autumn, the shelf-break warm eddies initially transport
the Chukchi shelf water with high primary productivity toward
the southern Canada Basin (Fig. 3). In the eddy-developing
period, the anti-cyclonic rotational flow along the outer edge
of each eddy occasionally traps the shelf water. In the eddy-
maturity period, the primary production inside the warm eddies
is maintained by eddy dynamics, partly attributing to turbulent
vertical mixing with underlying nutrient-rich water. In the
eddy-decay period, light limitation before sea ice freezing shuts
down the primary productivity in spite of nutrient recovery.
These modeling analyses indicate that the time lag between
phytoplankton bloom following summertime sea ice retreat
in the Chukchi shelf region and eddy generation north of the
Barrow Canyon is an important index to determine biological
regimes in the western Arctic basin. Interannual variations
in eddy performances would have a significant impact on the

bottom-up control of food chains.
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Fig. 3. Surface phytoplankton concentration on (left) July 1 and (right) August 27 in the 2003 case demonstrated by the coupled sea ice-ocean model
with a lower-trophic marine ecosystem formulation [mmoIN/m®]. White contours show bottom bathymetry. Black contours in the left figure

correspond to the simulated sea ice concentration of 0.5.
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