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Abstract. Water mass properties and sea ice history have a significant impact
on the vertical distribution of phytoplankton in the Marginal Ice Zone of the
northern Barents Sea. A method is suggested to identify the phase and
magnitude of the phytoplankton bloom based on satellite observable values of
chlorophyll-a, temperature, salinity and sea ice history. For each bloom phase,
formulae are provided for calculation of the chlorophyll-a column from satellite-
equivalent measurements of chlorophyll-a.

1. Introduction
The onset of plankton blooms in the Marginal Ice Zone (MIZ) of the Barents

Sea is directly related to the seasonal availability of incident light and stratification

of water masses due to melting of sea ice. Following the receding ice edge, these

algal blooms sweep across the entire northern Barents Sea. The total annual

production for this area can become relatively large (40–50 g C m22, Hegseth 1998),

i.e. comparable to that of the North Atlantic shelf and Norwegian fjords.

Estimates of water column phytoplankton biomass and biomass-dependent

primary production are important biological parameters derived from interpretations

of water-reflected radiance, measured by ocean colour satellite sensors. However, only

measurements of near-surface concentrations of chlorophyll-a are available oper-

ationally from satellite data. In order to estimate the full chlorophyll-a column (as a

measure of total phytoplankton biomass) from satellite measurements, assumptions on

the overall vertical chlorophyll-a distribution must be made.

In this study the vertical distribution of chlorophyll-a in relation to the sea ice

and water mass properties in the MIZ is determined. In contrast to previous studies

(e.g. Moline and Prézelin 2000), the focus is on different bloom phases and ways are

proposed to identify them from surface conditions observable from satellite.

Equations for calculation of the chlorophyll-a column from satellite-equivalent
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values are presented for the different bloom phases: homogeneous water masses (no

bloom), pre-bloom/bloom and post-bloom.

2. Materials and methods

In situ data were collected during cruises in the Barents Sea in the MIZ from

March to October, dating back to 1986 (Hegseth 1992, 1997, Falk-Petersen et al.

1999, 2000, Engelsen et al. 2002). The vertical distribution of chlorophyll-a was

determined fluorimetrically from water samples. Temperature and salinity were

recorded with CTD (conductivity–temperature–density) sondes.

Satellite-equivalent chlorophyll-a (Csat) was approximated as (Gordon and

Clark 1980):
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where all necessary chlorophyll-a values, C(z), at all depths z were interpolated

from the measured chlorophyll-a profiles. Profiles of the irradiance attenuation

coefficients (Kz) were computed at 445 nm wavelength according to Morel and

Maritorena (2001) using C(z).

Sea ice concentrations originate from Special Sensor Microwave Imager (SSM/I)

data. The National Aeronautics and Space Administration (NASA) Team

Algorithm (Cavalieri et al. 1997) was used in the computation of mean sea ice

concentrations from daily brightness temperatures. By collecting a time-series of

SSM/I data from the Barents Sea, the history of the total ice concentrations was

determined for each station before the in situ measurements.

3. Data analysis

The different phytoplankton bloom phases had the following characteristics. In the

homogeneous phase, the water masses are not yet stratified and little chlorophyll-a

exists in general. The water column salinity is typically around 34.7–35.2 psu and the

temperature near the freezing point (21.8‡C). During the bloom phase, the

phytoplankton biomass is concentrated near the surface (figure 1(a)). In the transition

from bloom to post-bloom, the phytoplankton biomass sinks downwards and is also

grazed by zooplankton. This results in a decrease in surface concentration and a deep

chlorophyll maximum near the pycnocline (figure 1(b)).

The history of sea ice cover partly explains the shape of vertical chlorophyll-a

profiles (figure 2). Homogeneous conditions occurred when ice concentrations were

either increasing or were high and stable. At the onset of blooms, the ice concentrations

inside the ice zone had decreased over time. Blooms occurred in the low density upper

melt water layer, with higher sea surface temperature (SST) and lower sea surface

salinity (SSS) than for homogeneous water masses. Post-bloom scenarios generally

occurred after the ice had receded. The ambient conditions of the different bloom

phases are discussed thoroughly in Engelsen et al. (2002). Bloom stages may be roughly

separated by analysing parameters measurable from satellite, such as chlorophyll-a, ice

concentration, ice concentration history (gradient), SST and SSS (table 1).

(1)
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Figure 1. Examples of vertical profiles of chlorophyll-a, temperature and salinity inside the
Marginal Ice Zone (MIZ). Solid line: chlorophyll-a (mg chl-a m23); dashed line:
salinity (psu); dashed-dotted line: temperature (‡C). (a) Bloom: N76‡48.9’ E32‡49.2’.
Date: 11 May 1999, inside the MIZ. (b) Late bloom: N76‡29.6’ E27‡42.7’. Date:
21 May 1999, near open water.

Figure 2. Total ice concentration history for the homogeneous water column, pre-bloom/
bloom and post-bloom scenarios. The star (*) on each plot indicates the actual time
of measurements.

Table 1. Synthesis of levels and gradients (D) of sea ice concentration, surface temperature
(SST), sea surface salinity (SSS) and chlorophyll-a for different bloom stages in the
Marginal Ice Zone of the northern Barents Sea.

Growth phase
Ice conc./D SST/D SSS/D Chl-a/D

(%) (‡C) (PSU) (mg m23)

Homogeneous water masses [0, 100]/z v21.6/0 w34.1/0 v4/0
Pre-bloom/Bloom/Late Bloom [0, 70]/2 w21.8/z v35.0/2 w2/z
Post-bloom 0/0 w21.8/0,z v35.0/0,2 v1/2
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Given that the particular bloom phase is identified, the next step is to estimate

the chlorophyll-a column (Ccolumn) from satellite equivalent chlorophyll-a

measurements (Csat). This is followed by determination of the regression parameters

a and b in the equation Ccolumn~aCsatzb, based on in situ chlorophyll-a

measurements for the three phases (figure 3). In the case that a bloom phase cannot

be determined, an overall regression equation for the column chlorophyll-a is

provided. This formula is likely to yield good results except for the summer

conditions when post-blooms prevail; in this case total biomass tends to be

underestimated.

4. Conclusions

Phytoplankton blooms occur in different phases: homogeneous water column

(i.e. no bloom), pre-bloom/bloom and post-bloom. From satellite measurements of

near-surface chlorophyll-a, ice concentration, ice concentration history, SST and,

possibly, SSS, the three bloom phases can be identified. For each bloom phase,

Figure 3. Relationships between satellite-equivalent chlorophyll-a concentrations Csat

(mg Chl-a m23) and chlorophyll columns Ccolumn (mg chl-a m22), measured at
different times of the year in the Barents Sea. The dotted lines illustrate
95% confidence interval. (a) All data both in open and ice-covered water
[Ccolumn~36.0856(Csatz25.142), R2~0.941]. (b) Homogeneous water masses
[Ccolumn~44.0766(Csatz13.343), R2~0.997]. (c) Pre-bloom/bloom phase [Ccolumn~
27.6766(Csatz20.075), R2~0.961]. (d ) Post-bloom phase [Ccolumn~75.9816
(Csatz27.686), R2~0.829].
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formulae are provided to derive chlorophyll-a values for the water column from

satellite-equivalent measurements.
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