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Seasonal Variability of Phytoplankton Pigment Concentrations
at the Sea Surface of the Japan Sea Based on the Combined
Empirical Orthogonal Function Analysis

Sang-Woo KIM*' and Yutaka ISODA*'

Abstract

The present study discusses temporal and spatial variability of phytoplankton pigment con-
centrations of the Coastal Zone Color Scanner (CZCS-Chl), solar radiation at sea surface (Qs) and
surface mixed layer depth (MLD) in the Japan Sea based on the combined Empirical Orthogonal
Function (EOF) analysis. The data used were monthly mean composite data of the CZCS-Chl, Qs
and MLD at sixty—nine 1° latitude X1° longitude grid points. The first, second and third EOFs
explain 58.694, 1949 and 11.4% of the total variances, respectively. The spatial patterns of the
first three modes for CZCS-Chl are well corresponding to those for MLD rather than those for Qs.
It is suggested that a peak of CZCS-Chl may be affected by the deepening or shallowing of MLD,
whose temporal and spatial variations largely depend on the subsurface oceanic structures in the
Japan Sea.

The first mode shows the seasonal variability of CZCS—-Chl and suggests the increasing of
CZCS-Chl according to the deepening of MLD in the eastern part of the polar front in winter.
Second mode shows the spring and fall blooms, when the MLD rapidly changes due to the sea
surface heating or cooling. This mode variation dominates in the Tsushima Current region south
of the Japan Sea and the largest value in the time series appears in the spring bloom. Third mode
shows that the CZCS-Chl blooms are related to the shallow MLD and occur along the polar front
area from winter to early spring and in the both areas north and south of the polar front in early
winter.
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Fig. 1. Horizontal distribution of annual mean
temperature (°C) at a depth of 100m in the
Japan Sea reconstructed from LEeviTus and
GELFELD (1992).

The contour interval is 1°C and solid lines
represent 5°C..
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Fig. 2. Left panel: Means for surface phytoplankton pigment concentration (CZCS-Chl, £ g-1™", solar radia-
tion at sea surface (Qs, W » m™) and surface mixed layer depth (MLD, m) fields compiled from the 12
monthly composite data. Right panel: Standard deviations for the CZCS-Chl, Qs and MLD compiled from
the 12 monthly composite data. High CZCS-Chl, high Qs and deep MLD are hatched by a darkly gray color.
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Fig. 3. Horizontal distributions of phytoplankton pigment concentrations (¢ g - ™% at even number months.
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Fig. 8. (a) Monthly change in amplitude function. (b-d) Distribution maps of eigenvectors of CZCS~Chl, Qs
and MLD for the third EOF mode with 11.4% of variance. Positive values are hatched by a gray color and
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darkly (lightly) color. Solid (dashed) lines represent positive (negative) values.
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