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1. Background

Recently, effects of human aclivity are expanding
to the global ocean scale. Necessity of evaluating
anthropogenic effects is increasing. In the ocean,
phyteplankion is the most fundamental element which is
exposed to environmental deterioration. Satellite ocean
color data is one of the most efficient indicators of ocean
surface content of chlorophyll or phytoplankton, and is
becoming a more and more important measure of global
link between natural/anthropogenic physical and
biclogical change. Therefore we need to develop useful
satellite ocean data in order to evaluate the ocean
environment,

2. Objective

Satellite global data set accumulating in daily
basis so far reveals a clear relationship with physical
environment such as upwelling of ocean water and change
of sun light in the ocean surface layer. Anticipating future
massive storage of ocean color data through SeaWiF$§
(1994-) and OCTS/ADEQS (-1995), it is urgent Lo prepare
assimilation system which provides near-operational
mapping of global chlorophyll. Simulation of the past data
set should precedes this.

In the present study, the goal is set to re-evaluate
quantitatively the discussion of cause and effect of
phyloplankton to physical environment such as ocean
water upwelling and surface mixing with the use of global
water circulation numerical models. Present advantage is in
our availability of the past/near future ocean color data of
several years as scasomal climatology of global
chlorephyll distribution.

3. Method

A numerical model employed is a standard glabal
ocean circulation model driven by the climatological wind
stress (Hellerman & Rosenstein,1983(1Y), temperaiure and
salinity (Levitus,1982(2)) with realistic bottom and
coastal topography (Fig.1) and resolution of 2.5° x 2° x 21
levels. The distribution of vertical levels is shown in
Fig.2. Embedded in the model is a turbulent mixed layer
model which has a closure scheme of level 2 (Mellor &
Yamada, 1982(3)) with § meters resolution in the upper 20
meters. It gives a set of turbulent mixing coefficients of
temperature/salinity and momentum, which actually mixes
water in the vertical direction and predicts new
temperature/salinity -and current, As references,
climatological wind stress, temperature and salinity data
used to drive this model are shown in Fig.3,4 and 5,
respectively.
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Fig.1 Bottom and coastal topography of the model,
Contour interval is 1000m.
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Fig.2 The distribution of vertical levels of the
model.
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Fig.3 Annual mean wind stress field used in the
model. (Hellerman & Rosenstein,1983)
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Fig.4 Annual mean temperature distribution in the
ocean surface, (observed : Levitus,1982)

Contour interval is 1°C.
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Fig.5 Annual mean salinity distribution in the ocean
surface. (observed : Levitus,1982)
Contour interval is 0.2 psu.

4. Results

As a preliminary caleulation, the model with
annual forcing as mentioned above is integrated with time
for about 1000 years until it reaches 10 a quasi-steady state.
Fig.6 indicates a global distribution of surface upwelling.
This is practically determined by the local Coriolis
parameter (, a function of latitude) and the wind stress
distribution. Fig.6 corresponds very well 1o the global
view of the ocean chlorophyll concentration, for example,
produced from scenes of CZCS sensor aboard the satellite
Nimbus7. Especially, upwelling in the equatorial and high
latitude area explains the concentrated chlorophyll in each
corresponding area of the real ocean. Conversely,
downwelling in the middle latitude explains poor
chlorophyll region.

Fig.7 shows a diswribution of vertical mixing
coefficient produced in the mixing closure scheme in the

model. In general, the large value around 20 to 60 em?fs, is
found along the latitudinal bel: of strong ecasterlies and
westerlies.

Surface temperature and salinity distribution and
stream function are shown in Fig.8,9 and 10, respectively.
These and other variables such as horizontal currents,
conveclive mixing frequency and depth of surface mixed
layer show reasonable disiributions. Relatively small value
for the mixing is indicated due to the use of annual mean
wind swess. High latitude overshooting of the western

boundary currents in the model northern hemisphere results
in the too strong convective mixing in the high latitude,
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Fig.6 Upwelling (positive) distribution in the ocean
surface with the annual mean wind stress. Contour

interval is 2x10-*m/s. Shaded areas indicate
upwelling regions. Downwelling in the middle
latitude and upwelling in the equatorial and high
latitudinal area are evident.

Fig.7 Vertical mixing coefficients in the ocean

surface. Contour interval is 2x10m%s.
Large values are indicated in the latitudinal belts of
strong easterlies and westerlies of wind.

FOTENT 1AL TEAPERATURE

i

Cis  1.00 WG,

(51P» 357700
LU ¥
L

129€ 1208

Fig.8 Temperature distribution in the ocean surface.
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Fig.9 Salinity distribution in the ocean surface.
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Fig.10 Stream function. Contour interval is 5x106m3/5_

For improvements in the future, preliminary
calculation with seasonal forcing will be conducted.
Improvement in the closure scheme in the mixed layer
model to level 2.5 is planned. Closer study of related
physical variables is made along with preparation of the
global ocean color digital data to be compared directly with
the model results.

References

1. 5.Hellerman and M.Rosenstein, J.Phys.Oceanogr.
13,1093 (1983)

2. §.Levitus, NOAA Prof Papers . 13,173pp.(1982)

- G.L.Mellor and T.Yamada, Rev.Geophys.Space Phys.

20,851 (1982)

4. M.Endoh, Workshop on global environment study with
super computers. Oral presentation with abstract in
Japanese.(1993)

[P

33



	Foreword
	Preface
	1. Climate Modeling (GCM:Gneral Circulation Model)
	A Numerical Study on the Throughflow in the Indonesian Seas
	Stratospheric Climate Modeling - Especially QBO Modeling -
	Ultra-hight resolution Modeling of the Tropical Aymosphere
	An Accurate Calcullation Scheme of Radiativw Flux Transfer for General Circulation Model Studies
	Development of  an Atmospheric General Circulation Model for Climate Research
	Hadley Circulations in Radiative-Convective Equilibrium in an Axially Symmetric Atomosphere
	Spectral Analysis on Large-Scale Cloud Disturbances Associated with Equatorial waves
	A Climate Sensitivity Study by Use of a Coupled Atmosphere ocean Model
	Study of Mass Transport between the Troposphere and Stratosphere

	2. Atmospheric and Oceanic Environment Modeling
	Study of Oceanic Surface Mixed Layer and Current System for Evaluation of satelitee Ocean Color Data 
	Gloval Tracer Ttansport Model Analysis of the Methane Distribution in the Atmosphere
	Direct Numerical Simulation of Turbulence Structure and CO2 Transfer Mechanism at the Air-Sea Interface 
	Development of a Submodel of Global Material  Transport via Surface Water Circulation
	A Sutdy on the Development and Application of Prognostic Meteorological and Photochemical Models to a Regional Atmospheric Environment
	Three Dimensional Circulation in Persian Gulf

	3. Geophysical Fluid Dynamics
	Three-Dimensional Internal Gravity Waves Excited by a Mountain
	 Experimental Study on the Three Dimensional Spherical Convections with the Parameters of Planetary Amospheres
	Baroclinic Instability of Kirchhoff's Elliptic Vortex
	Time Spectral Analysis for the Natural Variability of the Barotropic Model Atmosphere

	4. Remote Sensing
	operational Data Retrieval Method of the Satellite Sensor ILAS for Polar Stratospheric Ozone Monitoring
	Comparison of Fast Calculation Codes for Voigt Function
	Classification of Wetland Vegetation by Texture Analysis Methods Using ERS-1 and JERS-1 Images

	5. Other Research
	Development on Quasi-Precipitation Model for Assessing the River Impact of Global Warming
	Development and Application of UNEP/GRID Global Environmental Datasets
	Natural Networks as Applied to SAR of Toxicity of Dioxins
	Thermal Insulation and Condensation on Reinforced Concrete Construction

	Supercomputer Overview
	List of Visiting Fellows of NIES

