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Abstract

In this paper objectively analyzed data as well as simulated results are presented for
the area of the Kotychi lagoon. A 3-D hydrodynamic model was used to describe the
velocity, temperature and salinity fields. Simulation results are in good agreement
with the observed data illustrating the role of the atmospheric forcing in determining
the variability of the circulation.

1. Introduction

Kotychi is the largest and most significant lagoon in Peloponnisos. The lagoon is of
great ecological and economic interest and is protected by the Ramsar International
Convention. It is a very shallow lagoon with a depth of 30 to 40 cm which receives
considerable freshwater inputs from the adjacent streams causing significant seasonal
salinity fluctuations. The water depth is reduced by the deposition of suspended mat-
ter brought into the lagoon by these streams. The lagoon is considered eutrophic to
hypertrophic. At the centre of its western side there is an opening almost 30m in
width linking the lagoon to the Ionian Sea. On the bottom of the lagoon channels of
Im depth were constructed converging in front of the opening where is the deepest
area of the lagoon (approx. 5m deep). This human intervention contributes to the cir-
culation of the water masses and the renewal of the lagoon water. The climate is gen-
erally mild with an average annual precipitation of 833 mm and an average annual
temperature of 16°C. The coldest month is December (approx. 10 °C) and the hottest
is August (approx. 25°C).

2. Objective analysis

According to this method data fields are calculated from individual observations on a
grid of sampling stations. The scheme used in this study is similar to that described by
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Levitus (1982) which is an interactive difference-correction scheme (Cressman, 1959)
with a weight function developed by Barnes (1964). First the area is divided into
equally spaced boxes (grid), which in this case were 30m and the first guess F is de-
termined by setting the initial value of the analysis grid to the arithmetic average of
the observations in the area. Then the difference between the raw observed data R and
the first guess F'is computed:

Qi =Ry - K ey

at grid point 1,j
Following the smoothed analysis increments are calculated:

n
D W
_ s=1
n
2 W
s=1

where Wy is the Barnes weight function: W, = exp(—4r2R_2) for r<R where 1 is
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the distance between the S™ data point and the grid point (i,j) and R the radius influ-
ence.

Once the smoothed analysis increments have been computed they are used to up-
date the first guess:

E; = F; +C;; 3)

Finally a 5-point linear filter (Shapiro, 1970) was used according to which the
smoothed value at a grid point is:
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where a is a smoothing parameter. Two passes with the filter are suggested with a=0.5
for the first pass and a=—0.5 for the second pass. Since the amplitude of the large
scales may be dumped in the first pass it is restored with the second pass. The filter is
not applied to grid points located on the land as well as if any of four adjacent grid
points is located over land.

The above sequence was repeated with a different radius of influence R that de-
creased with each pass. The reason for this is that large R makes small corrections in
the large gaps between stations while with smaller values more spatial resolution is
retained in regions with densely spaced stations. Four passes were performed in total
with radii of influence of 240, 150, 120, 90 and 60 m respectively.
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3. The modelling system

The modeling system is the Princeton Ocean Model (POM), a free surface primitive
equation general circulation model using curvilinear orthogonal horizontal coordi-
nates and a sigma layers system in the vertical. It uses two sub-models for the
computation of the eddy mixing (second order turbulence closure scheme) and
horizontal non-linear viscosity. It also uses a time splitting technique for the external
(barotropic) and internal (baroclinic) modes. POM has been extensively described in
the literature (Oey, 1985a,b, Blumberg and Mellor 1987, Galperin and Mellor 1990,
Mellor and Ezer, 1991) and is accompanied by a comprehensive User’s guide (Mellor
and Ezer, 1991). It has been successfully applied in a variety of systems from La-
goons (Petihakis et al., 2000) to coastal and enclosed areas (Petihakis et al. 2001,
Petihakis et al. 2002, Triantafyllou et al. 2003, Triantafyllou et al. 2003) and to off-
shore deep systems (Petihakis, et al. 2002, Triantafyllou et al., 2003) to list some of
them.

Potential temperature, salinity, velocity and surface elevation, are prognostic vari-
ables of the model. It solves the following equations for the ocean velocity U; =
(U,V,W), potential temperature T and salinity S:

oU.
a_x-l:O (5)
) 0
g(U, V) +87[Ui (Ua V)] + f(_V’U) =

i (6)

1|op op| o 0

aT o[ aT] aR 1
—+—[UT]==—| Ky — |+ —+Fp + —(Tey o = T 7
at+axi[ ] 82[ Haz}raz+ T+r(z)<CLIM ) v
S 9 0 oS 1
at+aXi[ S] az{ Haz:|+ s+r(z)(CLIM ) ®)

The hydrostatic approximation yields:
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where n is the free surface elevation, p, is a reference density and
p = p(T, S, p) is the density calculated by an adaptation of the UNESCO
equation of state by Mellor (1991).

The horizontal diffusion terms (Fy, Fv), Fr and Fs in (6), (7) and (8) are evalu-
ated using the Smagorinsky (1963) horizontal diffusion formulation. The fourth term
on the r.h.s of equations (7) and (8) represents a depth-dependent nudging towards the
climatology.

The vertical mixing coefficients Ky, and Ky in equations (6) - (8) are computed
according to the Mellor-Yamada 2.5 turbulence closure scheme (Mellor and Yamada,
1982). Finally, the term R in (7) is the portion of the net shortwave radiation flux that
penetrates the sea surface.

4. The model grid, bathymetry and initial conditions

The model is implemented in the geographical Kotychi Lagoon Bathymetry
area that lies between 37.99° to 38.025° N and
21.275° to 21.317° E.

The horizontal grid contains 31x67 computa-

500
tional grid points. The model uses a bottom-

following, sigma coordinate system. It has 7 300
sigma levels in the vertical which follow a loga- 200
rithmic distribution near the surface in order to 170
correctly resolve the dynamics of the surface 150
mixed layer.

The model’s bathymetry was obtained from 120
coarse bathymetric maps by bilinear interpola- 100
tion. A Shapiro filter (1970) of third order was 80
also applied to the interpolated bathymetry in
order to perform the necessary smoothing (elimi- 60
nation of small scale noise). Figure 1 shows the 40
bathymetry of the computational domain (cm). 2

The model’s run was initialized with January
surface temperature and salinity fields. These
data were mapped on the model’s horizontal grid
using bilinear interpolation and the surface val-
ues were extrapolated to all sigma layers. Addi-  Figure 1. The Kotychi lagoon computa-
tionally, initial velocities were set to zero. tional domain and its bathymetry (in cm).
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-I Results and conclusions

Objectively analysed results

From the objectively analysed data (figures 2 and 3) there is an obvious influence in
the lagoon waters from the two irrigation channels as well as by the sea. Water
temperatures are higher at the inner part of the lagoon (15.8-16.4°C during winter and
25.2-25.35°C during summer), away from the communication point with the open sea
which provides cooler water (14.2-15.4°C during winter and 25.0-25.15°C during
summer). An interesting feature is that the water enters the lagoon rather than the
lagoon waters outflow into the sea, as indicated by the temperature differences.

Summer SSS Summer SST

41.6 25.35
41.4 25.3
41.2 25.25
41 25.2
40.6 25.15
40.4 25.1
40.2 25.05
40 25
39.6 24.95
39.4 249
39.2 24.85

3 6 9 121518 21 24 27 30 3 6 9 121518 21 24 27 30

Figure 2. Sea Surface Salinity and Sea Surface Temperature for the summer period.

Salinity distribution shows high values, as expected in very shallow water bodies,
especially during summer. Lower values are shown in the area close to the irrigation
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channels during the winter time (29-32 psu) and in the area close to the opening con-
necting the lagoon with the sea during the summer time (39.2-40.6 psu). Note that the
gradients in front of the opening (in both figures 2 and 3) are not well represented due
to the sparse observations in this area.

Winter SSS Winter SST

16.4
16.2
36 16
35 15.8
34 15.6
33 15.4
32 15.2
31 15
30 148
29 14.6
14.4
14.2
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Figure 3. Sea Surface Salinity and Sea Surface Temperature for the winter period.

Simulation results

The circulation field is shown in figure 4 for the winter period. Cyclones and anticy-
clones are a characteristic feature strongly related to the channels’ existence (human
intervention). The velocities exhibit high spatial variability that might be attributed to
the bottom topography developing a sequence of cyclones and anticyclones. There is
a major anticyclone covering almost the north part of the basin, exhibiting increased
velocities in the north-eastern part of the lagoon.
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Winter Mean Velocity field
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Figure 4. Simulation results: Winter mean velocity field.

Figure 5 shows model results for winter temperature and salinity. Temperature
ranges approximately from 15 to 16°C. Increased values are observed in the south part
of the basin and in the north part where a characteristic tongue is developed by the
major anticyclone existing there. The combination of those water masses of increased
temperature values squeeze the colder water coming from the open boundary in a
small area a little souther of the opening. Additionally the entrance of the fresh river-
ine water is nicely depicted in the north-eastern part of the lagoon.

Salinity concentrations of about 37.9 psu cover most of the basin with the excep-
tions of the north-eastern and the south-eastern parts where river fresh water inputs
are shown, exhibiting strong gradients in those areas.
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Winter SSS
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Winter SST

16.1

16.05

16

15.95

15.9
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Figure 5. Simulation results: Winter Sea Surface Salinity and Sea Surface Temperature.

-I Conclusions

In this work we have presented the implementation of the POM on the Kotychi la-
goon. The runs of the model have shown significant variability within the lagoon with
strong flow patterns and intense horizontal gradients, as it was expected due to
lagoon’s shallowness.

Opverall, the model in its basic run is characterized by a fairly good skill in repro-
ducing basic circulation features of the lagoon. However due to the sparseness of the
available observational data within the lagoon basin, several aspects of the general
circulation cannot be evaluated. To this end, a continuous monitoring program would
help to better understand the physical processes and would offer new insights to the
Kotychi lagoon seasonal variability.
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Furthermore, it should be interesting to couple an ecological model with the exist-
ing hydrodynamic one for the investigation of the ecosystem functioning. This work
is in progress and will be published elsewhere.
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