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ABSTRACT: Lakes are natural water bodies, where flow from
single or various rivers is impounded by a natural impediment.
Lake water environmental problem has severe effect on human
health and the socio-economic sustainable development. So, it’s
very important to find the more effective way of controlling the
water pollution. Dynamics of lakes is the vast topic, which
includes important concepts such as circulation of lakes,
pollutant transport and interaction between lakes and hydrology.
The hydrological dynamics of lake has been influenced by land
cover modification, climate change, and increase in population
and development activities within the catchment. Due to less
velocity, lake impounds water for some time, and a significant
characteristic of a lake is its retention time. Wind is the prevalent
force in driving the circulation and in developing turbulent
mixing in the lakes. Vertical mixing is caused by this turbulence.
During circulation, summer and winter has different wind
patterns. Strong wind would cause storm surge, which results in
increased, mixing and transport in the surface water systems. Air
temperature influence surface waters through heat flux and
evaporation exchange between the air and the water. The
Coriolis force is certain in large lakes due to earth rotation.
Precipitation, tributaries inflow, runoffs, etc are lake water
inputs. During numerical simulation of lakes, generally
Boussinesq approximation and hydrostatic approximation are
considered due to actual density distribution variations in water
depth concepts respectively. It is essential to calibrate and verify
the model before predictive applications anywhere. A simple
numerical hydrodynamic model of a lake includes wind stress,
bottom friction, Coriolis force, inflow, outflow, and the bottom
topography of the lake. The hydrodynamic model has to be tested
for stability, convergence, and sensitivity to parameters such as
wind shear, wind direction, and vertical eddy viscosity effects. In
this paper, the numerical simulation of lake dynamics has been
discussed in detail.
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I.

INTRODUCTION

For the past five decades, lake dynamics have been in the
important hotspot in the field of water environment research.
The study of lake water quality has grabbed considerable
attention because of its atmospheric and ecological
importance. The quality of lake also affects the groundwater
quality [7]. Climate change is already started to influence
the plants and animals that exist in freshwater lakes and
rivers [16]. Inter-governmental Panel on Climate Change
(IPCC) anticipate the increases in world’s average surface
temperature of 1.4 to 5.80C in 2100 [12].
Numerical simulation is the effective way to predict the
flow pattern and pollutant transformations within the lake.
Most commonly used numerical techniques are Finite
Difference Method (FDM) and Finite Element Method

(FEM) in lake modelling. Finite Difference Method is a
traditional numerical method of computation, which is
represented by a rectangular grid or orthogonal curvilinear
grid to the computed area. Every computed variables are
arranged on a grid node and differentiate to approximate.
Even though FDM has some limitations, it can be overcome
by advanced mesh generation techniques, proposed
boundary coordinates fitting method, etc [15]. In this paper
numerical simulations of lake dynamics model along with
pollutant transport has been reviewed.
II. CIRCULATION OF LAKES
Review of numerical modelling of large-scale wind driven
circulation in lakes was explored by Cheng et al, 1976. The
governing equations which detail this motion are discussed
along with the suitable numerical techniques need to solve
them in lakes. The numerical simulation models can be
primarily classified into: the layered models, the Ekman-type
models, and the other three-dimensional models. Lake surface
temperature (LST) is the most important factor in the
precipitation pattern over the lake. Sun, et al, 2015, applied a
coupled atmosphere-lake model, which consists of the
Weather Research and Forecasting (WRF) model and the
Princeton Ocean Model (POM) to understand LST over the
lake. Sensitivity analysis had been done for the selection of an
optimum mix of physics options including cumulus,
microphysics, and planetary boundary layer schemes for
simulating precipitation over the lake. Podsetchine et al, 1999,
formulated the hydrological sub component of the Lake
Tanganyika Research (LTR) Program, blending computer
modelling and field measurements. The objective of this
modelling work is to compute the role of the important factor
affecting water currents in the lake and to comprehend the
peculiarities of spatial and temporal variations of its
hydrophysical characteristics. Wind-induced shear stresses is
the the main driving force of the lake dynamics. Beletsky et
al, 1999, depicted the mean circulation in 100 lakes with longterm current observations for 20 years. This information is
essential for addressing ecological and management issues,
since it provides a hint of transport pathways of nutrients and
contaminants on longer time scales. Zhang et al, 2007,
comprehend the current observations into a two-dimensional
circulation model of the lake, based on the Princeton Ocean
Model (POM) and steered by observed winds. While surface
level measurements are not available, appropriate covariance
models of this stream function, the current updates are
calculated by kriging interpolation using the observations and
the corresponding model forecast.
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RESEARCH ON NUMERICAL MODELLING IN LAKE DYNAMICS
A three-dimensional general circulation model has been
developed to estimate mixing processes in the lake with icecovered for a certain time. The impacts of spatial patterns of
snow and ice transparency on circulation pattern and
temperature are investigated. Generated temperature profiles
comply well with in situ measurements and specifically
successful in simulating mixing processes in the lake. Ice
covered simulations are density driven [13]. Beletsky and
Schwab, 2001, applied 3D primitive equation numerical
model to analyze the seasonal and inter-annual variability of
circulation and thermal framework in the lake. Large-scale
circulation patterns tend to be counter clockwise with
cyclonic circulation within each sub-basin. The largest
currents and maximum cyclonic vorticity develop in the fall
and winter when temperature gradients are less, but wind
stresses are strongest. The smallest currents and minimum
cyclonic vorticity develop in spring and summer when
temperature gradients are more, but wind stresses are
weakest. A 3D primitive equation numerical ocean model
was used to simulate hydrodynamic conditions during the
sediment resuspension event in the lake due to storm winds
up to 20 m/s. Hydrodynamic model results utilizing the
meteorological model winds as the driving function
exhibited significant improvement over model results which
were based on observed winds proving the importance of
mesoscale winds for current modelling in large lakes [5]. Pal
et al, 2017, analyzed the circulation pattern in lake during
the wind flow. The previously established wind induced
three dimensional lake circulation numerical models has
been applied to the lake, where a typical sigma co-ordinate
system was applied for the bathymetry of the lake more
precisely. Simulation results were compared with measured
velocity profile of the lake and the analysis reports a fair
agreement between them. Ibrahim and McCorquodale, 1985,
simulated the hydrodynamics of the transporting flow as
well as the transformation processes of the pollutant in the
lake, using the numerical model. Before prediction
applications of the model, it should be calibrated and
verified. The hydrodynamic model which includes wind
stress, bottom friction, Coriolis force, inflow, outflow, and
the bottom topography of the lake has to be developed and
verified with field data. The hydrodynamic model was tested
for stability, convergence, and sensitivity to parameters such
as wind shear, wind direction, and vertical eddy viscosity
effects. The lake circulation patterns for different steady
state wind and ice conditions have been generated. The
depth average velocities were used in a finite element
pollutant transport model. An upwind finite element
formulation was used to get a stable solution for the
convective transport phenomena. Simulated pollutant
concentration was compared with the observed field data
and fairly good agreement was found. Research done by
various modellers indicates the importance of circulation of
lakes in the concept of lake dynamics.
III. POLLUTANT TRANSPORT & RESULTS
Pollutant transport of lake is done using structured
discretization of the geometry of lake, together with the
finite difference method (FDM) and the finite elements
method (FEM). Hydrodynamic model (HD) incorporates
Navier-Stokes and pressure equations in FDM and
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connected with the fourth order Runge-Kutta numerical
scheme [18]. In the velocity flow of hydrodynamic field,
pollutant transport model with advective and diffusive
processes has been associated. Numerical scheme for
transport model is resolved by semi discrete formulation of
FEM. Rahaman and Andallah, 2014, simulated using
advection diffusion equation incorporating explicit central
difference scheme in space and forward difference method
in time. Zabadal et al, 2006, proposed a new analytical
method for solving 2D advection-diffusion equation
depicting the dispersion of bacteria and chemicals in lakes
and rivers. This method results in low processing time,
while comparing with available experimental data.
Application of Environmental Fluid Dynamic Code (EFDC)
model and numerical source-apportionment model to predict
the contributions of various pollution sources to the lake at
any time and position exhibits good results. The observed
hydrodynamic and water-quality parameters of lake for one
year have been considered for both calibration and
validation. Pollution-control plan can be implemented by
optimizing the pollution load reduction in the lake.
Ferhat et al, 2014, proposed the physical basis and the
mathematical detail of the various components of the
climate system and the derivation of differential equations
which describe the most important climatic processes. The
modelling of the horizontal transport of pollutant has been
done by considering the basic assumptions for the wind
velocity, mass burning rate of pollutant from the source.
Concentration in horizontal direction of flow of pollutant
has also done. Leon and Escalante, 1993, simulated the flow
patterns and pollutant transport in lake by considering, three
different FDM computational models [22]. The different
models are (a) explicit scheme in rectilinear coordinates
without convection, (b) implicit scheme in rectilinear
coordinates including convection, and (c) implicit scheme in
curvilinear coordinates including convection. These models
were assessed for inter-calibration purposes contemplating
account convection, wind and bottom stresses, Coriolis
forces and balance between inflow and outflow in the lake.
Johari et al, 2017, modelled a 1D advection diffusion
equation for predicting the pollution concentration transport.
Implicit Crank Nicolson scheme has been used in
approximating the advection diffusion equation. Bai et al,
2018, presented effective on the optimization of pollution
load reduction in the lake and can be utilized to evaluate the
most useful implementation of its pollution-control plan.
Results are used to forecast the transportation of water
pollution concentration by employing the velocity and
diffusion parameters.
Andreadakis et al, 2003, applied EUTRO-SEL
(Eutrophication-Dissolved Oxygen Mathematical Model) to
analyze the three water management scenarios to describe
the good water quality with acceptable minimum operational
water level in the lake. The water level of 786 m ensures
very good water quality characteristics pertaining to the
recent standards and trends within the European
Commission. Jing and Kang, 2017, simulated source-sink
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term in water temperature models exemplify the net heat
absorbed or released by the lake. Source-sink term is very
significant in lakes, because it considers solar radiation
which affects water temperature. A vertical one-dimensional
heat conduction equation depicts the water temperature
changes adopting two-step operator-splitting method.
Romeiro et al, 2017, analyzed the concentration of
biochemical oxygen demand, BOD5 to evaluate the water
quality of the lake. The numerical simulation was done by
aid of discretization in curvilinear coordinates of the
geometry of lake, combining with FDM and FEM. The
performance of the proposed model for water quality was
performed by comparing the experimental values with the
numerical results. Numerical outcome identifies the
pollutant sources, optimal treatment for the recovery and
betterment of the society.
IV. CONCLUSION
Finite Difference Method and Finite Element Method are
the effective way to simulate lake dynamics. The paper
detailed about the input data, parameters to be considered
and numerical techniques to be adopted for the lake flow
and pollutant transport. This paper also shows the two
important aspects such as circulation and pollutant transport
to be considered in simulating the dynamics of lake. To
obtain the accuracy in the numerical model, advanced
numerical schemes are to be incorporated in the model.
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