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Abstract—Many researchers have studied the properties of
chlorophyll-a vertical distribution in open ocean waters by now,
and little is found for coastal waters. In the study, the
chlorophyll-a vertical distribution of Yantai coastal waters is
analyzed and a polynomial model is used to appraise the trend.
Furthermore, the Gaussian model according to open waters is
used to testify the practicability for coastal waters. The ratio
between chlorophyll-a and turbidity is also discussed in order to
predict the distribution trend. Finally, some conclusions could be
achieved: A chlorophyll-a maximum in vertical direction could
be seen and the maximum appears at about 6~8 meter depth in
our research areas. The chlorophyll-a vertical distribution is
similar to open ocean waters. Secondly, the euphotic layer is
about 6~8 meter depth. Thirdly, under the depth of maximum
chlorophyll-a concentration, chlorophyll-a concentration has
negative correlation to the turbidity concentration in vertical
direction. Based on above conclusion, the total chlorophyll-a
could be achieved by calculating definite integrate of the
simulation functions. This verifies the relationships of the surface
and total chlorophyll-a concentration, which is the basis of
primary production by the method of remote sensing.

Index Terms—chlorophyll-a; vertical distribution; Yantai
coastal waters; Gaussian model; ratio of chlorophyll-a vs
turbidity

|. INTRODUCTION

Phytoplankton in the world ocean is the main contributor to
the primary production, especially in the coastal water because
of the input of nutrients substance. And photosynthetic carbon
fixation by phytoplanktonic algae in the euphotic zone of the
ocean remains controversial, but is thought to be comparable in
magnitude to that affected by the terrestrial phytospheref.
With the development of satellite sensors, the concentration of
chlorophyllous pigments within upper layer could be
anticipated by some methods®® . Besides the horizontal
distribution of chlorophyllous pigments concentration, the
phenomenon of vertical distribution of them is outstanding.
The error of traditional marine primary production assessment
could arrive to 30% ~ 120% if vertical distribution of
chlorophyll is neglected™ *,

In most ocean areas, the distribution of chlorophyllous
pigments is uneven in the vertical directions although different
specific species as well as different seasons and different sea
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areas, have different depth distribution pattern’®. And there is a
maximum value of chlorophyll concentration in the vertical
directiont”®. The relationship between the total amounts and
surface concentration of chlorophyll is pursued ™, and some
models have been built. Even under this circumstance, the
assessment of primary production remains some uncertainty
considering the pigment attenuation length (penetration depth)
and vertical profile of pigments ™. In the research of Morel
and Berthon, 1989 (abbreviated as MB 89 in following text in
this article), they give a formulation about the relationship of
total and surface chlorophyll concentration, as follows:

chl,, = Axchl ®

Where SN the total

concentration; Chl, is the surface concentration of chlorophyll;
A, B is the empirical coefficients varying according to bio-
optical properties of specific ocean areas. This model has been
verified by following research.

Lewis et al®? put forward to the Gaussian models of
vertical distribution of chlorophyll concentration of Case 1
waters. The formulation is described as follows:

J

h
Chl(z) =Chl, + exo{(
o2 (2)

Where h, Zax, 0 is the parameters varied with bio-optical
situations in special areas; z is the depth; chly is the surface
concentration of chlorophyll; Chl(z) is the chlorophyll
concentration at z depth.

Ondercin et al™® give a semi-analytical model about the
vertical distribution according to the Rrs value. Most of
parameters needed in this model are hardly achieved, so the
application of this model is limited. But it gives a perspective
about the research on chlorophyll vertical distribution from
remote sensing reflection (Rrs).

In this article, we analyze the chlorophyll vertical
distribution of coastal water of Yellow Sea. The aim is to find
the characteristics of wvertical distribution of chlorophyll
concentration in Case 2 waters.
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Il. DATA AND METHODS

All data are obtained during the same cruise on 14th July
2007. The location of sampling sites (Fig.1) is along the Yantai



coastal zone of Yellow Sea. The parameters of water quality

achieved by YSI instrument.
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Fig.1 The distribution of sampling sites
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Fig.2 The trend of chlorophyll from different depth
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Fig. 3 The vertical distributioh of chlorophyll at different depth
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2.1 data processing

The chlorophyll concentration at different depth is
rearranged according to certain interval depth, 50cm exception
for surface layer: 25cm. And the data that have been used to
describe the vertical profile is an average of 50cm to the
vertical direction, respectively. The surface concentration is the
average of chlorophyll concentration above the depth of 25cm
below the sea surface.

From Fig. 2, the trends of all sites have similar curves
except site 1. There is a chlorophyll maximum at the depth
profile. The data of Site 1 is excluded because of its abnormal
chlorophyll concentration and the depth. The same situation
happens to site 2 and we regard it as a reference site comparing
to other sites. The vertical distribution characters of
chlorophyll are described in Fig.3.

2.2 Methodology

The polynomial model is applied to simulate the trend of
chlorophyll vertical distribution. From the Fig. 2, the value of
chlorophyll concentration steadily rises to a maximum, and
then goes down with varied depth. A simulation of this trend is
as follows:

Chi(2) =3 (A, +AZ")
@)

is the chlorophyll concentration at z depth;

Where Chi(z)
AO' A is empirical parameters according for the special area.

We also testify another simulation about chlorophyll
concentration in vertical direction: Gaussian formulation. First,
the model of Gauss is automatic achieved according to the
statistic software. Then we set an initial value to train the
model to get better simulated parameters. And the chlorophyll-
turbidity ratio is also used in this paper to testify the
relationship between the chlorophyll and turbidity.

I11. DISCUSSION

3.1 The comparison to MB 89

In the mode of MB 89, the euphotic depth Ze that is defined
as that where the downwelling photo-synthetically available
radiation (PAR) irradiance is reduced to 1% of its value at the
surface is used to describe the model. In our research,
chlorophyll maximum occurs at the bottom of euphotic layer,
so as to say that the maximum chlorophyll depth is
approximate to the euphotic layer depth, Ze. According to the
polynomial formulation, the degree of fitting is higher
(R>81%) than that of MB 89. The total concentration of
chlorophyll is the values of definite integrate from zero to the
maximum depth according to the polynomial model. The total
concentration is the value of definite integral of formulation 3.

From Table 1, the total chlorophyll measured by the
polynomial model could be comparative to that of results of
formulation in MB 89. There is a common trend between the
values that simulated by polynomial and that of MB 89.

3.2 The verification of Gaussian model

According to Lewis et al'*?, the Gaussian model is verified
in these cases(in table 2.). There are two parts in the Table 2,
one is that the parameters are automatic obtained according to
the Gaussian model of statistic software and the other is that



the initial values of y0 and xc are manual restrained according
to the observation. The model is represented as follows:

= 2
A _lx xzc)

y yO + W\/T/Z
Where vy is the chlorophyll concentration at x depth; yO0 is
the surface chlorophyll concentration; x is the depth; xc is the
depth of maximum chlorophyll concentration; A and w is the
empirical parameters in special sea areas.

(4)
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TABLE 1 COMPARISON OF TOTAL CHLOROPHYLL TO SIMULATED VALUE IN MB
89

Surface+ Totals Simulated value according to formulation in MEB 89+ -

RIe
concentration”  concentrations

Sites

3a¢  2Ibe  3be 2ed 3cd 44 3a

T.078
3060
2647

3030
3180
2.64¢

T8¢
3.174.

7.06¢
3.06¢
2.64¢

2120

3320

0.90
0.98~
0.97¢

2744
1.38¢
0.98+

4300

21128

Site2+
Site3+

Sited 2634,

%,

185¢

2720 2720 2820
2167
2030

2067

281s
2160
204
2060

0.96+
0.81¢
0.85¢
0.96¢

0.92¢

1.33+¢
1.07#
0.70+
0.71+
041+

133# 2.

3

Site3+
SiteG+
Site7#
Site8+

Site9+

4

152¢

£

1.06¢
118«

=]
)

o A -]
— b2 b2 b2

kS

2
1435¢ 2.
2
1

1330 1334

TABLE 2 THE PARAMETERS ACCORDING TO GAUSS MODEL
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Note: [ denotes the automatic calculated according to the statistic software; Il denotes the values that
have got through restrained parameters.

From the two series of simulated parameters, residual error
of surface chlorophyll concentration of 1 and II is 0.36, 0.03
respectively. But the residual error of maximum chlorophyll
depth is 1.90 and 3.69, respectively. The automatic simulated
value, y0, and the surface concentration are closer than that of
refined model exception for site4. According the simulated
results, we could conclude that the automatic Gaussian model
is better than the restricted Gaussian model.

From Fig4, the vertical distribution of chlorophyll is
qualified with Gaussian model. But if some restrained
conditions are added to this model, the fitting degree will
change drastically. A great deal of data is needed to predict this
trend in future research. And other models should be build to
test these factors ™31,

3.3 The relationship to the turbidity

Carrick et al™ think there is no necessarily correlation
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Note: the dotted black lines are the measured data in situ; the red lines are the simulated curve of
Gaussian model;

Fig. 4 The simulated Gauss curves of all sites
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Fig. 5 The relationship between the chlorophyll concentration and turbidity

between chlorophyll concentration and turbidity in shallow,
productive aquatic systems. From the parameters that observed,
a closer relationship lies between chlorophyll and turbidity (Fig
5). Above the chlorophyll maximum depth, the turbidity is
relative steady, but below this depth, there is a negative
correlation. The difference between the results is mainly
because of different research areas. Although our areas belong
to Case 2 waters, there is only a little nutrient input and the
impact of land is less than that of the lakes. The waters of our
research areas belong to transition type between the common



Case 2 waters and specific Case 1 waters. In our research areas,
the concentration of chlorophyll is constrained to the light
because of the increasingly turbidity and the depth!*®.

The black curves are chlorophyll concentration and the
colored curves are turbidity. The horizontal axis denotes
concentration and the vertical axis denotes depth.

According to Irigoien and Castel™ we get the trend
between the chlorophyll-turbidity ratio and depth. From Fig 6,
the ratio rapidly goes down from 6~8 meter depth.
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Fig.6 The trend between the chlorophyll-turbidity tario and depth

1V. CONCLUSION

From the discussion above, we could get: Firstly, the
chlorophyll profiles of coastal waters are similar to that of Case
1 waters. The characteristics of wvertical distribution of
chlorophyll are obvious and there is a maximum value in the
chlorophyll vertical profiles. The depth of the maximum
chlorophyll concentration is about 6~8 meter deep in our
research areas. Secondly, the euphotic layer is about 6~8 meter
depth. Thirdly, under the depth of maximum chlorophyll
concentration, chlorophyll has negative correlation to the
turbidity in vertical directions. We also could conclude that the
waters of our research areas have the characteristics of both
Case 1 and Case 2 waters. This point represents good
environment in these water areas. Although the data that have
been collected from situ satisfy the models of MB 89 and
Gauss, lots of data, such as seasonal and annual data, will be
needed to further testify this trend in future research.
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