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Studies on Oceanic Primary Production using Ocean Color
Remote Sensing Data

Takahiko KAMEDA

Abstract This paper is intended to investigate of seasonal, annual and interannual
variation of oceanic primary production by ocean color remote sensing data. In chapter 2,
a two-phytoplankton community model based on the difference of productivity among the
phytoplankton cell size was developed. In chapter 3, oceanic primary production was cal-
culated by the two-phytoplankton community model and environmental data such as sea
surface temperature, chlorophyll concentration and solar radiation from September 1997
to June 2001. The spatial, seasonal, annual and interannual variations of this time series
of oceanic primary production were analyzed. Furthermore, relationships between pri-
mary production and El Nifio/Southern Oscillation in the Pacific Ocean were examined.
In chapter 4, seasonal variation of chlorophyll concentration and primary production in
the western North Pacific were analyzed. By cluster analysis of chlorophyll concentra-
tion, the western North Pacific was divided into eight areas which showed original sea-
sonal variation of chlorophyll concentration. Because these areas were corresponded to
the Subtropical gyre, Transition domain and Subarctic gyre, the seasonal variations of
chlorophyll concentration in western North Pacific was affected by physical conditions.

Key Words: ocean color remote sensing, primary production, two-phytoplankton com-
munity model, seasonal and annual variation
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Fig. 1. Geopraphic distributions of the stations included in OPPWG data and Japanese data.

Circles and squares represent respectively OPPWG data and Japanese data. Closed symbols designate the data

used for model development.
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Fig. 2. Same as Fig. 1. But for only Japanese data.
Table 1. Sources of all »C measurements included in the dataset
Source™* Period No.of Sta. Reference
KNOT Jun. 1998 Oct. 2000 37 Imai et al. (2002)
NOPACCS Aug.1992 Sep. 1996 30 Ishizaka and Ishida (unpublished)
SEA-COSMIC Dec. 1997 Sep. 1998 7 Ishizaka and Ishida (unpublished)
HNFRI Apr. 1997 May 1997 Kasai et al. (1998)
NRIFSF Sep. 1989 May 1997 66 Shiomoto (2000a, b)

Shiomoto and Matsumura (1992)
Shiomoto et al. (1994, 1996, 1998a, b)

* Sources of productivity:
KNOT: Kyodo North Pacific Ocean Time series
NOPACCS: Northwest Pacific Carbon Cycle Study

SEA-COSMIC: Study of Environmental Assessment for CO. Ocean Sequestration for Mitigation of

Climate change

HNFRI: Hokkaido National Fisheries Research Institute
NRIFSF: National Research Institute of Far Seas Fisheries
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Table 2. Categories defined with sea surface temperature and chlorophyll concentration and number of
data contained each categories.

Sea surface temperature Sea surface chlorophyll concentration category (mgChlm?)
category ( ) 0 0.1 0.1 0.2 0.2 0.5 0.5 1.0 1.0 2.0 2.0 5.0 5.0
3 3 8 2 3
0 4 6 4 6 17 27 23 14
0 13 28 59 58 57 18
12 2 6 31 83 70 39 7
12 16 19 44 140 117 94 55 13
16 20 63 90 154 65 51 40 25
20 24 16 36 47 26 14 13 7
24 28 46 22 27 1 2 1 0
28 20 18 12 1 0 0 0
— 10 1 1 1 | 1 1 | ] nqchlzﬂm-.‘
s 1 (a) : 0.1<Chiz,<0.2
- - 8 - - & 0.2<Chlz<0.5
5 ¥  0.5<Chizx1.0
o 6 - B 1.0<Chiz,<2.0
E *  2.0<Chiz<5.0
Q 4 - Y - 5.0<Chiz,
E,
LR .
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Q 4 - 20<Tz,<24
E, 24<T7 <28
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u T T
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Fig. 3. Median value of maximum carbon fixation rate within a water column, P%,.
a for 7 sea surface chlorophyll concentration categories, b for 9 sea surface tem-
perature categories.
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is 0.2, 0.5 and 1.0 mgChl m?, respectively. Data were
extracted from Saito et al. 1998 , Hashimoto and
Shiomoto 2000 , Shiomoto and Hashimoto 2000
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Table 3. Result of the regression analysis and goodness of the fit to hit model

Chl category RMSE €
[mgChl m”] TPCM* B&F® TPCM* B&F®
0.1 2.90 2.08 0.527 0.340
0.1 0.2 2.83 2.96 0.279 0.365
0.2 05 2.42 2.75 0.097 0.429
05 1.0 2.19 2.34 0.045 0.357
1.0 2.0 1.92 1.96 0.169 0.310
2.0 5.0 2.03 1.99 0.237 0.302
5.0 1.62 1.94 0.088 0.458
Total 2.21 2.30 0.035 0.356

* Calculated with the two-phytoplankton community model (equation 8 ) for P%,.
¢ Calcutaled with the function by Behrenfeld and Falkowski (1998b; equation 2 ) for P%,.

Table 4. Result of the regression analysis and goodness of the fit to hit model

Chl category RMSE €
[mgChl m™] m-VGPM* o-VGPM® m-VGPM* o-VGPM®
0.1 163 133 0.362 0.177
0.1 02 423 399 0.192 0.278
0.2 05 288 376 0.248 0.580
05 1.0 394 584 0.232 0.633
1.0 2.0 445 679 -0.003 0.476
2.0 5.0 794 1210 -0.020 0.520
5.0 1334 2656 0.186 0.731
Total 548 892 0.141 0.532

* Modified VGPM. Calculated with the two-phytoplankton community model (equation 8)

for P3,.

® Original VGPM. Calcutaled with the function by Behrenfeld and Falkowski (1998b; equa

-tion 2 ) for P%,..
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P? ot smar and P20 were estimated by equation 9 and 10, respectively. P%omar Was calcu-
lated in four cases for Chlmu, which were 0.05, 0.1, 0.2 and 0.5 mgChl m®.

Table 5. Comparison of global seasonal phytoplankton primary production [Pg season™]
between OCTS and SeaWiFS (After Kameda et al., 2000).

Season Jan. Mar. Apr. Jun.

Year 1997 1998 1997 1998
Sensor OCTS SeaWiFS OCTS SeaWiFS
Global Total 11.96 11.10 12.93 11.98
Pacific 5.09 4.82 5.64 5.29
Atlantic 3.37 3.14 4.23 3.92
Indian 2.23 2.10 1.76 1.60
Southern 1.15 0.87 0.41 0.35
Arctic 0.00 0.00 0.51 0.50

Mediterranean 0.13 0.13 0.18 0.18
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Fig. 7. Schematic view of primary production estimation in this chapter.

Input at the top and square marks are satellite sensor and satellite data, respec-
tively. Cloud and square with round corner marks are physiological parameters
and output of the model, respectively. Ellipse marks are the temporal output.
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Fig. 9. The definition of provinces for primary productivity integration.

The five major ocean basins Pacific, Atlantic, Indian, Arctic and Southern Ocean are defined by thick lines. The
Pacific and Atlantic Ocean are divided into the part of northern and southern hemisphere by the equator dotted
line . Furthermore, the Pacific Ocean is divided into five sub areas, namely, North Pacific East NPE , North Pa-
cific West NPW | Equatorial Pacific East EPE , Equatorial Pacific West EPW | and South Pacific SP ac-
cording to thin lines.
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Fig. 10. Temporal evolution of integrated monthly primary production values in the global and each ocean from
September 1997 through June 2001.
The definition of each province is shown in Fig. 9.
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Table 6. Global annual primary prodcuction [Pg year'] calculated with VGPM equa-
tion 1 and the two-phytolpankton community model equation 8 . Percentages of global
total primary production in each ocean were indicated in parentheses.
Year
Ocean 1998 1999 2000 Average
Global Total 40.1 41.5 41.8 41.1
Pacific 16.8 41.9 17.5 42.2 17.6 42.1 17.3 42.1
North 8.4 20.9 8.8 21.2 8.9 21.3 8.7 21.2
South 8.4 20.9 8.7 21.0 8.7 20.8 8.6 20.9
Atlantic 11.7 29.2 12.0 28.9 12.2 29.2 12.0 29.1
North 6.9 17.2 71171 7.2 17.2 7.117.2
South 4.8 12.0 49 11.8 5.0 12.0 49 11.9
Indian 6.8 17.0 71171 7.1 17.0 7.0 17.0
Southern 3.8 95 3.7 8.9 3.6 8.6 3.7 9.0
Arctic 1.0 2.5 1.2 2.9 1.3 3.1 1.2 2.8
® North Pacific # North Adantic 4 Indlan
—_ = South Pacific v South Atlantic
'.-E 10 | NS Y Y S Y A S A I A [ N I |
s 1.
[=]
=
o
£
5 i
B
2
o
&
]
E D-u rmrT 1T 17— 117 17 17 17 1 1T 1T 17 17 17 1T 1T 1T 1T 1T 17 1T 1T T 1T 1T 1T T T T T 1T 17 17T 1T T T T T T T T T T°1
o
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Fig. 11. Temporal evolution of integrated monthly primary production values in the northern and
southern part of Pacific Ocean and Atlantic Ocean, and in the Indian Ocean from September 1997

through June 2001.
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Fig. 12. Temporal evolution of integrated monthly primary production values in the Pacific Ocean

from September 1997 through June 2001. The definition of each area is shown in Fig. 9.



136

SST anomaly [°C]

Table 7. Global annual phytoplankton primary prodcuction [Pg year'] calculated with
the two-phytolpankton community model with Vertically Genelarized Producion Model

This study), VGPM Behrenfeld and Falkowski, 1997 , Laboratorie de Physique et
Chimie marines model LPCM, Antoine et al., 1996 and Bedford Production Model BPM,
Longhurst et al., 1995 . Percentages of global total primary production in each ocean were
indicated in parentheses.

This study VGPM LPCM BPM
Global total 41.1 43.5 36.5 50.3
Pacific 17.3 42.1 16.7 38.3 16.0 43.5 19.7 39.2
Atlantic 12.0 29.1 11.9 27.5 9.5 27.0 14.8 29.4
Indian 7.0 17.0 6.2 14.2 6.6 18.0 6.5 12.9
Southern 3.7 9.0 8.3 19.1 4.0 11.0 1.1 2.2
Arctic 1.2 2.8 04 0.9 02 05 8.2 16.3

1600

500 5 10K ,
mgC m~“day-
Fig. 13. Estimated integrated primary production in the equatorial Pacific

a in September 1997 during an El Nifio year, and b in September 1998
during an La Nifna year.

—
|
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Fig. 14. Temporal variation of the anomaly of Nifio 3 from September 1997 through June 2001.
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