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Optical Properties of Ocean Water and Marine
Primary Production
—A Study on the Oligotrophic Zone in the Eastern Tropical Atlantic Ocean—

Hong-Joo YOON, Cheong-Ro RYu*, Ki-Tae KiM and Hyeon-Ju Kim*
Marine Science Institute, University of Yung Nam, Kyungsan 713-800, Korea
*Department of Ocean Engineering, National Fisheries University of Pusan, Pusan 608-737, Korea

Using the optical data from the EUMELI 3 and 4 missions, the optical properties are discussed in
relation to primary production in the oligotrophic zone of the Eastern Atlantic Ocean. The depth of
euphotic layer (Z.,), the total accumulated concentration of pigment (Cror) and the concentration of
pigment (C) are 88m, 12.dmgm~? and 0.14mgm™°, respectively for the EUMELI 3 mission, and 101.7m,
10.0mgm~? and 0.10mgm>, respectively for the EUMELI 4 mission. The concentration of pigment is
higher in autumn (EUMELI 3) than in spring (EUMELI 4). This indicates that the concentration of
photosynthetic pigment has a close correlation with vertical attenuation coefficient (K(1)) that changes
seasonally in the euphotic layer. While the spectral distributions of downward irradiance (E4) for the
wave length of 470nm increase with depth, those of upward irradiance (E,) for the wave length range
between 410nm and 490nm are constant, because the study area is covered with the blue and clear
oceanic deep waters. The vertical attenuation coefficients of downward irradiance (K;) and upward
irradiance (K.) have low values between 0.02 and 0.06m™" due to the low absorption and scattering
by the photosynthetic pigment of phytoplankton. Therefore this zone has the characteristics of the case
! waters with low concentrations of photosynthetic pigment, and can be classifed into 1B.

Key words : optical property, photosynthetic pigment of phytoplankton, oligotrophic zone, primary
production
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Fig. 1. Position of the oligotrophic zone in the

Eastern Tropical Atlantic Ocean.
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Fig. 2. Photosynthetically available radiation (PAR) in the oligotrophic zone during the two missions,
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Table 2. Value of Z., and of PAR with the maximal depth for every observations

Mission Date Depth of Value(%) of PAR with
(season) euphotic layer (m) the maximal depth
91. 10. 17 =90 (1%) =122 (0.19%)
EUMELI 3 91. 10. 18 =81 (1%) =106 (0.20%)
(autumn) 91. 10. 19 =92 (1%) =121 (0.23%)
mean =88.0
92. 6. 21 =101 (1%) =109 (0.70%)
EUMELI 4 92. 6.22 =100 (1%) =128 (0.28%)
(spring) 92. 6.23 =104 (1%) =131 (034%)
mean =101.7
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Fig. 3. Spectral distributions of the downward irradiance (E4) in the oligotrophic zone during the two

missions.
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Fig. 5. Variations of the coefficient of vertical attenuation (Ks) as function of the wave length for the
downward irradiance in the oligotrophic zone during the two missions.
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Fig. 6. Variations of the coefficient of vertical attenuation (K.) as function of the wave length for the
upward irradiance in the oligotrophic zone during the two missions.
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Table 3. Values of Co(mgm™2) and C(mgm™°) in
every observations

Mission Date  |Cuo(mgm 2| C{mgm %

91. 10. 17 11.8 0.13

EUMELI 3| 91. 10. 18 13.8 0.17
91. 10. 19 115 0.12

mean 124 0.14

92. 6. 21 10.1 0.10
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mean 100 0.01
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Table 4. The optical water type classification by the optical model

Values of the KAD(m™) in 450nm | 008 006 0.04 0.03 0.02
optical model in C(mgm™) 050 030 010 (005 003 (00D 000
the case I waters ‘optical waters types’ I = B = A = I
EUMELI 3 KA (m™) in 450nm 0.06 0.02
in the C(mgm™® 0.14
oligotrophic zone ‘optical waters types’ IB
EUMELI 4 KW (m™) in 450nm 0.06 -~— 0.02
in the C(mgm™) 0.10
oligotrophic zone ‘optical waters types’ IB
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