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Abstract — Argo drifiers provide information of the vertical
structure in the water column and have a potential for the
improvement of understanding phytoplankton primary production
and biogeochemical cycles in combination with ocean color
satellite data, which can obtain the horizontal distribution of
phytoplankton biomass in the surface layer. Our examples show
that using Argo drifters with satellite-measured horizontal
distribution of phytoplankton biomass at the sea surface allow
an improved understanding of the development of the spring
bloom. The other possible uses of Argo drifter are discussed.
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Ocean color remote sensing instruments such as the
Coastal Zone Color Scanner (CZCS), the Sea-viewing Wide
Field-of-view Sensor (SeaWiFS), and Moderate Resolution
Imaging Spectroradiometer (MODIS) have a major advantage
in overcoming the temporal and spatial limitation of ship
measurements. For about the last three decades, ocean
color remote sensing has contributed to understanding
primary productivity in the ocean as well as distribution
of carbon sources and sinks on the basin to global scale
(Platt et al. 1991; Sathyendranath et al. 1991; Longhurst
et al. 1995; Behrenfeld and Falkowski 1997). However, a
significant limitation of satellite-based data is that only
information on the surface layer can be determined. For
estimating more accurate biological production and
carbon distribution within the water column, information
on the vertical structure of parameters such as the
chlorophyll concentration and mixed-layer depth is required.

*Corresponding author. E-mail: oceancolor.son@gmail.com

Model studies have attempted to derive the profiles of
phytoplankton biomass from the remotely-sensed chlorophyll
concentration for thermally stratified waters (Platt et al.
1988; Morel and Berthon 1989; Mueller and Lange 1989).
Mixed-layer depth has also been derived from satellite
data such as AVHRR sea surface temperature (Yan et al.
1990) and GEOSAT satellite altimeter (Ali and Sharma
1994). However, the parameters are still poorly constrained
by satellite observations.

Argo drifters provide information on the vertical structure
of temperature and salinity. The Argo program has a
broad-scale global array of profiling floats for continuous
monitoring of the temperature and salinity of the upper
2000 m of the ocean. At present, about 2500 Argo drifters
are deployed over the global ocean (for more details, see
http://www.argo.ucsd.edu). A main purpose of the Argo
project is to monitor physical oceanographic features such
as the global heat balance and intermediate level circulation.
However, Argo drifters have a potential for the improvement
of understanding phytoplankton primary production and
biogeochemical cycles in combination with ocean color
satellite data, which can obtain the horizontal distribution
of phytoplankton biomass in the surface layer.

Profiles of an individual Argo drifter are used to supplement
ocean color images of chlorophyll-a concentration in the
southwestern region of the East Sea in Figure 1. In early
March (March 5"-12") of 2004, the spring bloom had not
started yet although there were several patches of high
chlorophyll-a concentration. The surface chlorophyll-a
concentration from MODIS is about 1.0 mgm™ at the
position of the Argo drifter. Temperature and salinity profiles
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Fig. 1. 8-day composites of MODIS chlorophyll-a provided by NASA GSFC Distributed Active Archive Center are used at 4x4 km
spatial resolution over the eastern sea of Korea for periods of (a) March 5" to 12" (day of year 65 to 72) and (b) April 14" to 21*
(day of year 105 to 112) in 2004. Profiles of temperature (red) and salinity (blue) observed by ARGO drifter in (a) March 2™ (day
of year 62) and (b) April 21" (day of year 112), 2004 are also shown. Red circle with black border on the MODIS chlorophyll-a

images indicate the position of the ARGO drifter.

of the Argo drifter show that the upper water column is
well mixed down to about 75 m. In mid-April (April 14"
21%) of 2004, the spring bloom was well developed in the
East Sea. The MODIS chlorophyll-a concentration is
2.19 mg-m™ at the position of the Argo profile. The water
column is stratified with a mixed layer depth of about 25 m.
These results are consistent with Sverdrup’s hypothesis

(Sverdrup 1953), which is that the spring bloom in mid-
latitude oceans occurs as the critical depth deepens with
increasing incident light while the mixed layer depth
shallows due to the strong stratification of the water column.

In addition to the temperature and salinity sensors,
active optical sensors have been installed on some Argo
drifters. Chlorophyll-a fluorescence and scattering of particles



potential of Argo Drifters in Estimating Biological Production

123

0.10 . 166 24.0

18

temperature chiorophyll-a
5 10 15 0 5 18

O T YT E Y 0 Yy

50+ E ~50r

1 -180

-200 Hu. i 1 Y
000 0.0t 002 003 004
scattenng

inity

temperature
5 10

QT

5 g e

Ty o T prryrreTSrTIpYY

15

-50

-200l. . .1 PR TP PO

i -200 1 i i
344 346 348 350 000 001 002 003 004
¥ scattering

salinity

Fig. 2. 8-day composites of SeaWiFS chlorophyli-a provided by NASA GSFC Distributed Active Archieve Center are used at 9x9 km
spatial resolution over the Labrador Sea for periods of (a) April 15" to 22™ (day of year 105 to 112) and (b) May 17" to 24" (day of year
137 to 143) in 2005. Profiles of temperature (red), salinity (blue), chlorophyll-a flucrescence (green), and scattering coefficients (purple)
observed by ARGO drifter in (a) April 13" (day of year 103) and (b) May 23 (day of year 143), 2005 are also shown. Red circle
with black border on the SeaWiFS chlorophyll-a images indicate the position of the ARGO drifter. Mixed-layer depth was
calculated as the depth at which sigma-t changes by less than 0.125 kg-m™ from the surface value (dotted lines).

measured by the sensors provide vertical estimates of
phytoplankton biomass and particulate concentration in
the water column. Profiles taken in spring 2005 in the
Labrador Sea from an Argo drifter which carries
biogeochemical sensors, as well as temperature and
salinity sensors, are shown along with 8-day composite
images of the SeaWiFS chlorophyll-a concentration (Fig. 2).
On the SeaWiFS image in mid-April (April 15"-22™), no
spring bloom has appeared over the northeastern area of

the Labrador Sea while it has already started in the
southwestern area. Mixed layer depth at the position of
the Argo drifter is to about 106 m showing that the water
column is vertically well mixed. Chlorophyll-a fluorescence is
relatively low and uniform within the mixed layer. Although
there are two small peaks, the vertical distribution of
scattering coefficient is similar to that of the chlorophyll-a
fluorescence since particulate concentration is mostly
from biogenic sources in the open ocean. One month later
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(May 17"-24™), the spring bloom has shifted to the
northeastern area of the Labrador Sea. Similar to the
result in the East Sea, strong stratification is shown in
the upper layer with mixed layer depth of about 27 m.
Pronounced high chlorophyll concentration and scattering
coefficient are shown in the surface layer. These results
also show that the spring bloom is associated with water-
column stratification (Sverdrup 1953).

Using Argo drifters with satellite-measured horizontal
distribution of phytoplankton biomass at the sea surface
allows an improved understanding of the development of
the spring bloom. Further, the vertical information from
the Argo drifter has a potential for more accurate estimates in
vertically-resolved primary production using satellite-based
primary production algorithm. Studies have shown that a
uniform biomass profile underestimates integral primary
production by 20-35% in the Kuroshio Current and
frontal regions of the East China Sea (Siswanto et al.
2004) and by up to 39% in the central Yellow Sea (Son et
al. 2005). Thus, the biomass profile from the Argo drifter
would reduce the errors in estimating integrated primary
production in the water column. In addition, sampling
from the Argo drifter is currently taken every 5 to 10 days
with about 10 m of depth interval. A future Argo drifter is
planned which is able to measure vertical profiles with
less than 1 m interval and whose floating cycle can also
be controlled remotely. So better understanding of small
scale variability in biological production would be expected.

Optical scattering coefficients have been shown to
covary with the particulate organic carbon concentration and
phytoplankton carbon biomass (Loisel and Morel 1998;
Claustre et al. 1999; Behrenfeld and Boss 2003). Therefore,
vertical profiles from the scattering sensor carried on the
Argo drifter could also provide more information on the
global carbon sources and sinks and how these are changing.
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