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Introduction
It is practically impossible to conduct long-term water quality
measurements across an entire lake. To overcome this problem,
simulation results can be used as measurements in the analysis
of cross sectional salt flux. A three-dimensional hydrodynamic
model is applied to study the dynamics of water and salt exchange
through cross-sections. The model is validated with field data. Then
the model results are used to study the characteristics of water
and salt exchange [1]. The goals of this approach are to examine
the mechanisms that drive water and salt transport in estuaries
and coastal lakes, and how they are influenced by different forcing
conditions. The approach can also be applied in the study of
pollutants.

The Validation of the Model

The agreement between simulation results and observed data
for the total, tidal and sub tidal components of the surface elevation
and current velocity at several stations in the computational domain
is important. The model needs to be checked if it has successfully
reproduced response of surface elevation and current velocity
to river discharge, atmospheric pressure and wind. The same
validation process is done for the simulation results of salinity and
pollutants.

The mean error (ME), mean absolute error (MAE), and
predictive skill (Skill) are used as quantitative assessments for the
comparison simulation results - observed data. They are defined
as [1]:
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Where Mn and On are the nth simulation result and observation,
respectively, O is the time mean data, and N is the number of
observations. On average positive ME indicates over-prediction
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and negative ME indicates under prediction. The average deviation
between simulation results and observed data is indicated by
the magnitude of MAE. Skill indicates the ability for the model to
reproduce observed data; a skill of one indicates perfect agreement
and zero indicates complete disagreement.

Salt Fluxes across a Vertical Cross Section

The equations originally derived by Hansen [2] are used in
conducting the analysis of the processes governing the flux of
materials along the longitudinal direction of an estuary or coastal
lake [3]. Many studies have applied these equations to analyze of
the longitudinal flux of materials [4-7].
The final simplified equation of the water flux (Fw) through the
section, assuming turbulent fluctuations and tidal fluctuations are
uncorrelated is

Fw = A u + Ap u p + A′ u′

Fw = A u + Ap u p + A′ u′

(4)

where is longitudinal velocity, subscript p denotes the major
harmonic variations, and primes denote turbulent fluctuations,
the angle brackets denote mean values over the tidal period T and
the bar denotes mean value of any variable over the cross section.
The term A u is the seaward water flux through the mean crosssectional area (A) carried by the mean flow, usually referred to as
the non-tidal drift. The flux A u is due to tides and is generally
landward. The turbulent flux, A′ u′ , represent water transport by
motions of less than semidiurnal period, is generally negligible.
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Instantaneous salt fluxes are a sum of cross sectional average
and deviations there from. Assuming non-stationary conditions,
the mean salt flux over a tidal cycle is
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The cross-sectional salinity averages, and deviations from
the mean salt flux can also be considered as the sum of a tidal
mean, a tidal fluctuation and a turbulent fluctuation. The velocity,
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salinity, mean deviation product of velocity and salinity, and crosssectional area vary with time. The shear effect can be separated into
lateral and vertical components [4,5]. Further, considering three
dimensional profiles the deviations of velocity and salinity from
the cross-sectional mean, can be separated into variations in the
vertical transverse directions. Thus, the mean salt flux over a tidal
cycle through a cross section is given by:
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where the bars indicate cross-sectional averages and angle
brackets indicate a time-average. Terms 1-5 quantify advection, and
terms 6-11 quantify the shear effect associated with the variation in
salinity and velocity within the cross section. Terms 1 and 2 provide
the flux on the “non-tidal” drift. Terms 2-5 account for what is called
“tidal pumping”, associated fluxes due to phase differences in the
cross sectional averages of the tidal variations in velocity, salinity
and cross sectional area [4]. Physical processes related with the
terms of equation (6) are listed in Table 1.
Table 1: Physical processes related with the terms of equation (6).
Term
1.
2.
3.
4.
5.
6.
7.
8.
9.

Physical Processes
The flux associated with the river discharge

The compensating flow for the inward transport on the partially progressive tidal wave, the stokes drift
The correlation of tidal period variation of tidal height and
salinity
The correlation of tidal period variations of salinity and
current

The third order correlation of tidal period variations in salinity, velocity and cross-sectional area
The contribution of the net transverse circulation
The net vertical circulation

The transverse oscillatory shear
The vertical oscillatory shear

10.
11.

The covariance of tidal fluctuations in cross-sectional area and
the transverse oscillatory shear.
The covariance of tidal fluctuations in cross-sectional area and
the vertical oscillatory shear.

Discussion and Conclusion

A model study of the dynamics of water and salt exchange
through cross-sections in Lakes Shinji and Nakaumi, Japan was
done using the approach discussed here [7]. The hydrodynamic
model in the STOC-LT (Ise Bay Simulator) was used [8]. The salinity
simulation results were not quite in agreement with observed
results (skill level of about 80%), however,

Interesting observations were made on the results of the mean
salt flux over a tidal cycle through a cross section. Analysis over 1.5year period reveals that the terms of equation (6) are not balanced.
The results indicate an overall increase of salinity within Lake
Shinji. The results also indicated that an increase in stratification
produces an outflow of salt associated with the vertical tidal
oscillatory shear. Huge river discharge suppresses vertical mean
shear, and gravitational circulation diminishes, resulting in salt
outflow. Tidal influence of salt flux is greater in winter. Gravitational
circulation strengthens on moderate river flows or westerly winds.
Future efforts to understand the biogeochemical response
to physical processes in estuaries and coastal lakes, requires the
use of coupled hydrodynamic, water quality and ecological model
combined with optimization model. And the analysis of water, salt
and pollutants fluxes across a vertical cross section can done with
the help of the analytical approach discussed here.
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