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Abstract: The computation of wind-induced fluid circulation in seas, bays and lakes is important for construction 

and commercial activities. Future scenarios under different conditions can be analyzed using a mathematical model 

and appropriate solution methods, which can be a guide for design and operational processes. In this study, a two-

dimensional mathematical model for wind-induced surface circulation is developed by considering the bottom and 

surface boundary conditions, flow conditions and wind-fluid interaction. The general form of the equation is 

adapted for numerical analysis using finite difference expansion. Unlike the approaches in the literature that focus 

only on packaged circulation models, this study presents finite difference expansions and a solution method to 

enable researchers to perform similar analyses in different water masses. The model is customized using Lake Van 

data, including the digital depth map. Then, fluid circulation under varying wind directions and intensities is 

analyzed. The mathematical model examines surface change patterns and flow velocities based on predefined 

initial and boundary conditions. The obtained results are given with diagrams and graphs. This method applied to 

Lake Van can be applied to lakes, bays and seas of different sizes and plans.  

 

Keywords: Fluid mechanics, Hydromechanics, Wind-generated circulation, Finite difference analysis, Lake Van 

circulation 

 

 

Rüzgâr Kaynaklı Dolaşım ve Su Yüzeyi Değişimlerinin Sayısal Analizi: Van Gölü 

Örneği 
 

 
Öz: Deniz, koy ve göllerde rüzgâr kaynaklı akışkan sirkülasyonunun hesaplanabilirliği, inşaat ve ticari faaliyetler 

için önemlidir. Farklı koşullar altındaki gelecekteki senaryolar, matematiksel bir model ve uygun çözüm 

yöntemleri kullanılarak analiz edilebilir ve bu da tasarım ve operasyonel süreçler için bir kılavuz olabilir. Bu 

çalışmada, taban ve yüzey sınır koşulları, akış koşulları ve rüzgâr-akışkan etkileşimi dikkate alınarak rüzgâr 

kaynaklı yüzey sirkülasyonu için iki boyutlu bir matematiksel model geliştirilmiştir. Denklemin genel biçimi, 

sonlu fark genişlemesi kullanılarak sayısal analiz için uyarlanmıştır. Literatürdeki yalnızca paketlenmiş 

sirkülasyon modellerine odaklanan yaklaşımların aksine, bu çalışma araştırmacıların farklı su kütlelerinde benzer 

analizler yapmalarını sağlamak için sonlu fark genişlemeleri ve bir çözüm yöntemi sunmaktadır. Model, dijital 

derinlik haritasını da içerecek şekilde Van Gölü verileri kullanılarak özelleştirilmiştir. Daha sonra, değişen rüzgâr 

yönleri ve şiddetleri altındaki akışkan sirkülasyonu analiz edilmiştir. Matematiksel model, önceden tanımlanmış 

başlangıç ve sınır koşullarına dayalı olarak yüzey değişim desenlerini ve akış hızlarını incelemiştir. Elde edilen 

sonuçlar diyagram ve grafiklerle verilmiştir. Van Gölü için uygulanan bu yöntem, farklı ölçülerdeki ve plandaki 

göller, körfezler ve denizler içinde uygulanabilir. 

 
Anahtar Kelimeler: Akışkanlar mekaniği, Hidromekanik, Rüzgâr kökenli sirkülasyon, Sonlu farklar analizi, Van 

Gölü sirkülasyon 
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1. Introduction  

 

Lakes and seas are water masses that are subject to important hydrodynamic processes under 

the influence of winds. The mobility on the surface of these water masses directly affects ecosystem 

dynamics by affecting the distribution of temperature, salinity, and other physical parameters. Wind-

driven circulation is a motion/process that spreads from the surface layers of the water mass to its depths, 

and changes especially depending on the direction, speed, and continuity of the wind. The force that 

causes the circulation movement is the shear stress between the free water surface and the wind due to 

the movement of the wind, and circulation occurs with the movement of the fluid water surface 

(Csanady, 2001; Holthuijsen, 2007). This circulation, which occurs under the influence of wind, leads 

to various changes on the water surface and especially affects factors such as surface currents, wave 

sizes, water level increase and evaporation, which develop parallel to the direction of the wind (Figure 

1). Circulation dynamics are of critical importance for various environmental sustainability and 

engineering applications. The effects of wind on the water surface can have important consequences in 
a wide range of areas such as marine ecosystems, fisheries, and climate change. It should also be noted 

that these movements in the water mass are of critical importance for monitoring water quality and the 

accuracy of hydrological models. In this context, a more detailed study of the effects of wind-induced 
dynamics on the physical properties of the water mass is of great importance for environmental 

management and sustainable use. This article aims to examine the mechanisms of wind-induced 

circulations and dynamic changes on the water surface in lake and marine ecosystems and to discuss the 

effects of these processes on environmental interactions. It conducts research on the multifaceted effects 

of wind irregularity, wave interaction, eddy viscosity distribution and shear stress on circulation patterns. 

 

   

Figure 1. Storms in seas and lakes, a) Wind-generated waves (URL-1, 2024), b) Waves in Lake Van 

(URL-2, 2024). 

 

Literature studies conducted to investigate wind-induced circulation processes and changes in 

water surface in lakes and seas were reviewed and summarized below. 

Kiran et al. (1995) created a two-dimensional single-layer hydrodynamic model of the Black 

Sea in which currents are driven by the wind forcing effect. He used an open finite difference scheme 

where the equations are separated on a regular 128 x 79 grid. As a result, it was stated that some of the 

well-known circulation patterns in the seas were successfully simulated. Koçyiğit et al. (2004) presented 

the results of various circulation scenarios for wind-induced currents in a small lake with constant depth 

and changing topography. The numerical model developed can simulate wind-driven circulation in 

shallow, enclosed water masses, and the influence of topography and wind stress on the circulation 

pattern is of primary importance, while the non-hydrostatic pressure component has little effect. 

Bennington et al. (2010) used a hydrodynamic model over Lake Superior. As a result, surface circulation 

patterns mimic wind directions in winter, but become organized by the presence of thermal gradients in 

summer. Model results show that the increase in lake surface temperature (0.37°C/decade) is 

significantly associated with increases in wind speed over the lake (0.18 m/s/decade), increasing current 

velocities (0.37 cm/s/decade), and decreasing ice cover (-886 km2/year). Zafirakou et al. (2014) 

presented a method for the optimization of stations combating oil spills in the coastal basin. He based 

a b 
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his methodology on annual simulation of circulation in the basin according to climatic data and many 

choices such as oil spill simulation with Lagrangian particle method. Schoen et al. (2014) stated in their 

study that wind-driven circulation patterns and associated water exchanges drive important bio-

hydrodynamic interactions in shallow lakes and estuaries. He stated that water exchange time scales are 

not homogeneous, with some basin ends having relatively long residence times. Zafirakou, et al. (2015) 

in their study, have discussed in detail the oil spill numerical model and a 3D hydrodynamic model that 

simulate the transport and erosion of an oil spill (due to a series of physio-chemical processes that 

develop over time) in a coastal area. The findings of the present study emphasize the experience on the 

subject and show that such models can be applied in tracking the source of a spill or predicting its path 

and propagation, thus being valuable in real-time crisis management. Santo et al. (2017) in their study 

investigated the wind-induced circulation in a peri-alpine lake. The analysis of eddy viscosities showed 

significant differences compared to the oceanic case characterized by the absence of coastal boundaries 

and homogeneous, steady wind. In the case of non-homogeneous wind, the up flow and downflow areas 

are not only limited along the coastline, but also generated in the water mass due to significant horizontal 
velocity deviation, and the eddy viscosities indicated that turbulent mixing measured by the dissipation 

ratio appears to be more enhanced than in the case of homogeneous wind. Swatridge et al. (2022), in 

their study, indicated that the wind-driven nature of large lakes makes accurate meteorological inputs 
essential for hydrodynamic modelling. To investigate large lakes under wind influence, they applied a 

model to simulate the fluctuations and circulation in two different storms. Simulations that included 

vertical density gradients provided a better representation of current speeds with depth, allowing better 

prediction of peak storm wave magnitudes and surface water level behaviour following storms. Dangin 

et al. (2024) reported that surface water currents and waves are largely driven by the shear stress exerted 

on the water surface by the wind. In his study, he simulated the hydrodynamics of the Bay using high-

resolution wind data as input and compared the results with the use of uniformly directed wind. As a 

result, he stated that global weather inputs can be used in areas with sparse monitoring stations, if they 

are validated. Zhang et al (2024) stated that wind is a critical driver in hydrodynamic and water quality 

modelling of large shallow lakes. He stated that contemporary empirical formulas for estimating the 

drag coefficient Cd are inadequate in inland lake models and often lead to underestimation of water 

speed. In general, the wave-dependent Cd formula provides an improvement in the surface circulation 

in the model and will improve the management of lake ecosystems. 

Although there are biological, chemical, seismic, and geological studies on Lake Van in the 

literature, it has been observed that research on wind-based fluid circulation is limited. In this context, 

it is hoped that this study will pioneer circulation research on Lake Van.  

 

2. Material and Methods 

 

2.1. Coastal circulation 

 

The driving force behind circulation in geophysical domains lies in the shear stresses exerted by 

wind on the water surface. These shear stresses are fundamental components of the model, manifested 

as free surface boundary conditions. In smaller-scale geophysical domains, characterized by lengths on 
the order of 104 m, the assumption of uniform wind velocity allows for the treatment of shear stress 

components (𝜏𝑠𝑥 and 𝜏𝑠𝑦) as spatially constant but temporally variable (Gill, 1982; Cushman-Roisin, & 

Beckers, 2011). However, as domain sizes increase, this assumption becomes less tenable, necessitating 

a rigorous examination of wind nonuniformity effects. 

While this study does not provide a comprehensive solution to the general circulation problem, 

it offers valuable insights into the distribution of eddy viscosity across the vertical domain. Notably, 

stronger velocity gradients near both the bed and the water surface intensify turbulence and vertical 

momentum diffusion (Pope, 2000). This relationship is intricately linked to both the bottom velocity 

(𝑢𝑏
∗ ) and the velocity at the water surface (𝑢𝑠

∗ = √𝜏𝑠 𝜌⁄ ) (Koutitas, 1988). 

 

The distribution of eddy viscosity, derived from higher-order turbulence closure, provides a 

nuanced representation of the wind-generated profile. An important observation is the maximal eddy 

viscosity occurring at a distance of 
1

3
ℎ from the water surface, with h representing the water depth (Rodi, 
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1993). The value of maximal eddy viscosity is proportionally tied to Equation 1, encapsulating the 

intricate relationship between wind characteristics and water circulation (Koutitas, 1988). 

 
𝜈𝑚𝑎𝑥 ∝ 𝜆𝑢𝑠 × ℎ,                       𝑂[𝜆] = 0.1 (1) 

 

In geophysical areas laterally bounded by coastal boundaries, the direction and intensity of 

currents vary significantly with depth. At the surface, currents align with the prevailing wind direction, 

a phenomenon characterized by a deflection to the right in the northern hemisphere due to the Coriolis 

effect (Gill, 1982; Pedlosky, 1987). Below the surface, however, a significant reversal in current 

direction occurs due to return flows caused by coastal boundaries. 

 

2.2. Mathematical model development 

 

Observations of the general morphology of wind-generated current profiles highlight the need 

for careful consideration when using simple depth-averaging techniques. Historically, the simple 

approach of applying a two-dimensional horizontal (2DH) model to the wind-generated circulation has 

been common (Koutitas 1988; Falconer, 1992). However, it is imperative to exercise caution and 
recognize the limitations inherent in such methodologies. 

In contrast to the simple depth averaging commonly used in models, the complexities inherent 

in wind-generated current profiles require a more nuanced approach. The two-dimensional horizontal 

model frequently used in operational contexts, as in the following equations (Falconer, 1992; US Army 

Corps of Engineers, 2016): 

 
𝜕𝑈

𝜕𝑡
+ 𝑈

𝜕𝑈

𝜕𝑥
+ 𝑉

𝜕𝑈
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= −𝑔

𝜕𝜁

𝜕𝑥
+ 𝑓𝑉 +

𝜏𝑠𝑥

𝜌ℎ
−

𝜏𝑏𝑥

𝜌ℎ
 

(2) 

 
𝜕𝑉

𝜕𝑡
+ 𝑈

𝜕𝑉

𝜕𝑥
+ 𝑉

𝜕𝑉
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(3) 

 
𝜕𝜁

𝜕𝑡
+

𝜕(𝑈ℎ)

𝜕𝑥
+

𝜕(𝑉ℎ)

𝜕𝑥
= 0 

(4) 

 

In Kutitas (1988) work, detailed programming was made by considering the free surface 

condition, bed condition and depth average speed condition. As a result, the horizontal momentum 

distribution for wind-driven circulation and the improved 2DH model for bearing friction are given 

below. 
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𝑎𝑦
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𝜕𝑈

𝜕𝑦
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(6) 

 
Coastal boundary conditions are given in detail in the study of Koutitas (1988). The only 

variation appears in the statements for the computation of 𝑈, 𝑉 (the velocity components) and in the 

application of the open-sea boundary condition. The wind influence is assumed constant over the 

circulation. A time series of wind velocity components could be introduced in the case of wind varying 

with time. The initial condition is one of a cold start and the transient development of the hydrodynamic 

conditions to steady flow is followed. The printed results display 𝑈, 𝑉 and  values at the mesh centers. 

Equation 7 permits the computation of the current pattern at any depth.  

 

𝑢(𝑧) = (
3

4
𝑎 −

3

2
𝑈) [(

𝑧

ℎ
)

2

− 1] + 𝑎 (
𝑧

ℎ
+ 1) 

(7) 
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2.3. Modelling with finite differences 

 

The application is a comparative presentation of the numerical solutions of the two 2DH models 

of wind generated circulation, the modified one and the classical one without correction of the 

𝑢(𝜕𝑢 𝜕𝑥⁄ ), 𝜏𝑏/𝜌 terms. In Figure 2.a (𝑥, 𝑦) shows the change in position, (𝑡) shows the change in time. 

Here; 𝑈(𝑥, 𝑦, 𝑡): shows the speed value in x direction, 𝑉(𝑥, 𝑦, 𝑡): shows the speed value in y direction, 

(𝑥, 𝑦, 𝑡): shows the change in water surface for stagnant water level (SWL). 

 

   

Figure 2. a) Orthogonal staggered grid for spatial and time discritisations, b) Morphology of coastal 

and typical boundary meshes (Koutitas, 1988). 

 

The finite difference forms according to the current open scheme are given below. In the present 

study, the term ‘open scheme’ refers to the explicit finite difference method (FDM) employed for time 

integration, following the approach described by Koutitas (1988).  

 

Representation of velocity change in x-direction by finite difference method; 

 
VV = V(i,j) + V(i−1,j) + V(i,j+1) + V(i−1,j+1) 4⁄  (8) 

 

AD = (1.2 U(i,j) + 0.4 sign(x)√│x│) (
U(i+1,j) − U(i−1,j)

2Dx
)

+ (1.2 VV + 0.4 sign(y)√│y│) (
U(i,j+1) − U(i,j−1)

2Dx
) 

(9) 

 

BF = (0.18 U(i,j)√s −
x
2

) (
H(i,j) + H(i−1,j)

2
)⁄  

(10) 

 

𝑈𝑁(𝑖,𝑗) = 𝑈(𝑖,𝑗) − 𝐷𝑇 (𝐴𝐷 + 9.81 (
(𝑖,𝑗) − (𝑖−1,𝑗)

𝐷𝑥
) − 𝐹𝑉𝑉 + 𝐵𝐹 − 𝑥 (

𝐻(𝑖,𝑗) + 𝐻(𝑖−1,𝑗)

2
)⁄ ) 

(11) 

 

Representation of velocity change in y-direction by finite difference method; 

 
UU = U(i,j) + U(i+1,j) + U(i,j−1) + U(i+1,j−1) 4⁄  (12) 
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AD = (1.2 U(i,j) + 0.4 sign(y)√│y│) (
V(i,j+1) − V(i,j−1)

2Dx
)

+ (1.2 UU + 0.4 sign(x)√│x│) (
V(i+1,j) − V(i−1,j)

2Dx
) 

(13) 

 

BF = (0.18 V(i,j)√s −
y

2
) / (

H(i,j) + H(i−1,j)

2
) 

(14) 

 

VN(i,j) = V(i,j) − DT (AD + 9.81 (
(i,j) − (i,j−1)

Dx
) − FUU + BF − y (

H(i,j) + H(i−1,j)

2
)⁄ ) 

(15) 

 

Representation of the level change on the water surface using the finite difference method; 

 

(i,j)
= (i,j)

−
DT

2DX

(
 U(i+1,j)(H(i,j) + H(i+1,j)) − U(i,j)(H(i,j) + H(i−1,j))

             −V(i,j+1)(H(i,j) + H(i,j+1)) − (V(i,j)(H(i,j) + H(i,j−1))  
) 

(16) 

 

Where: 𝑥 = 𝐶𝑠 ∗ 𝑊𝑥√𝑊𝑥
2+𝑊𝑦

2 , 𝑦 = 𝐶𝑠 ∗ 𝑊𝑦√𝑊𝑥
2+𝑊𝑦

2 , 𝑠 = √𝑥
2 + 𝑦

2  , 

 𝐷𝑇: time discretization steps (in seconds), 𝐷𝑋 : space discretization steps (𝑚, 𝐷𝑋 = 𝐷𝑌), 𝐶𝑠: wind 

friction coefficient 𝐾, 𝑊𝑋: wind velocity components along 𝑂𝑥 (𝑚/𝑠), 𝑊𝑌: wind velocity components 

along 𝑂𝑦 (𝑚/𝑠), 𝐼𝑀: maximum values of 𝐼 grid indices along x direction, 𝐽𝑀: maximum values of 𝐽 

grid indices along y direction, 𝐹 : Coriolis coefficient, 𝐾𝐵: number of boundary (coastal+open sea) 

meshes to be specially treated, 𝑁𝑀: maximum number of time steps. To perform analysis with the finite 

difference method, an algorithm was created in the Matlab prog. using the above equations (Eq. 8-16). 

 

2.4. Features and boundary conditions 

 

In order to distinguish between a terrestrial area and a lake or sea, the boundaries must be 

determined and the speed values at these boundaries must be introduced to the computer program 

(Figure 2.b). For this reason, the 𝑈 and 𝑉 speed boundary conditions that must be met for special grid 

cells (NB) are given in Table 1, taken from the study of Koutitas (1988). 

 

Table 1. Special grid cell numbers (NB) and boundary conditions 

NB Velocity Limit Conditions 

1 𝑈𝑁(𝑖,𝑗) = 0; 

2 𝑉𝑁(𝑖,𝑗) = 0; 

3 𝑈𝑁(𝑖,𝑗) = 0;                                                 𝑉𝑁(𝑖,𝑗) = 0; 

4 𝑈𝑁(𝑖,𝑗) = −
(𝑖,𝑗)√9.81/𝐻(𝑖,𝑗);       𝑉𝑁(𝑖−1,𝑗) = 𝑉𝑁(𝑖,𝑗) 

5 𝑈𝑁(𝑖+1,𝑗) = 
(𝑖,𝑗)√9.81/𝐻(𝑖,𝑗);       𝑉𝑁(𝑖+1,𝑗) = 𝑉𝑁(𝑖,𝑗) 

6 𝑉𝑁(𝑖,𝑗+1) = 
(𝑖,𝑗)√9.81/𝐻(𝑖,𝑗);       𝑈𝑁(𝑖+1,𝑗) = 𝑈𝑁(𝑖,𝑗) 

7 𝑉𝑁(𝑖,𝑗) = −
(𝑖,𝑗)√9.81/𝐻(𝑖,𝑗);        𝑈𝑁(𝑖−1,𝑗) = 𝑈𝑁(𝑖,𝑗) 

8 𝑈𝑁(𝑖,𝑗) = −
(𝑖,𝑗)√9.81/𝐻(𝑖,𝑗);                      𝑉𝑁(𝑖,𝑗) = 0; 

9 𝑈𝑁(𝑖+1,𝑗) = 
(𝑖,𝑗)√9.81/𝐻(𝑖,𝑗);                     𝑉𝑁(𝑖,𝑗) = 0; 

10 𝑈𝑁(𝑖,𝑗) = 0;                     𝑉𝑁(𝑖,𝑗+1) = 
(𝑖,𝑗)√9.81/𝐻(𝑖,𝑗); 

11 𝑈𝑁(𝑖,𝑗) = 0;                      𝑉𝑁(𝑖,𝑗) = −
(𝑖,𝑗)√9.81/𝐻(𝑖,𝑗); 
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3. Case Study 

 

3.1. Chosen lake description 

 

Lake Van is a volcanic dam lake formed approximately 200 thousand years ago as a result of 

the 60 km long lava that closed the tectonic depression area in the region as a result of the eruption of 

the Nemrut volcanic mountain within the borders of Van and Bitlis provinces (Figure 3.a,b). Lake Van, 

which has many bays, has a surface area of 3,713 km2. Lake Van is an aquatic ecosystem that is different 

from both freshwater and marine ecosystems. Its waters are salty and soda. The salinity rate of the lake 

water is 19‰ and its pH is 9.8. For this reason, Lake Van does not freeze despite its high altitude and 

harsh winters. The lake water level rises and falls depending on the climate. However, its average height 

above sea level is 1646 meters. The average depth of the lake is 171 m and its deepest point is 451 

meters. Recent studies have determined that the age of the lake is 600,000 years (Stockhecke et al. 2012; 

Stockhecke et al. 2014). Lake Van is the largest soda lake in the world and also the largest lake in 
Türkiye (Figure 4.a.b). The salty-soda waters of the lake limit biodiversity (Düzen, 2011; Akköprü et 

al. 2019). 

 

   
 

Figure 3. a) Van Lake and Akdamar Church (URL-3, 2024), b) Van Lake view (URL-4, 2024). 

 

 

 

Figure 4. Map of the Republic of Türkiye and Lake Van detail (Cukur et al. 2014). 

a b 
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In this study, analyses were conducted for 8 different wind conditions that are likely to occur in 

the main and intermediate directions on Lake Van, given in Table 2. In all these cases, the wind speed 

was taken as a constant value to facilitate comparison. In Figure 5.a, the borders of Lake Van were 

determined, and the grid area was created. With the help of Figure 5.b, the change in the depth of the 

lake with the location was determined approximately and Table 5. was prepared. 

 

Table 2. Analysis cases 

Cases Wx Wy Wind Direction 

Case 1 10 10 Northeast 

Case 2 -10 -10 Southwest 

Case 3 -10 10 Northwest 

Case 4 10 -10 Southeast 

Case 5 0 10 North 

Case 6 0 -10 South 

Case 7 10 0 East 

Case 8 -10 0 West 

 

  
a)       b) 

Figure 5. a) Grid system and plan of Lake Van, b) Three-dimensional representation of Lake Van 

(Sarı, 2000). 

 

3.2. Material properties and finite difference method boundary conditions 

 

The accepted properties for lake water and wind in the modeling are given in Table 3 below. In 

addition, the properties such as position increment, time increment and number of steps required for the 

finite difference model are presented in the table. The lake boundaries required in the finite difference 

model are determined from Figure 5.a for each vertical grid (J) and the starting (IS) and ending (IE) 

points are given in Table 4 below. The depth values of Lake Van are read from Figure 5.b and written 
in Table 5. The boundary conditions (NB) for the special grid cells shown in Figure 2.b were given in 

Table 1 before. Accordingly, the determined boundary condition numbers are given in Table 6. 

 

Table 3. Material properties (Yiğit & Yıldırım, 2025; Yiğit & Tuncer Uysal, 2023; Koutitas, 1988) 

DT (s) DX=DY 

(m) 

CS WX 

(m/s) 

WY 

(m/s) 

IM JM F KB NM 

30 6000 5x10-6 -10, 10 -10, 10 18 13 1x10-4 23 1000 

 

Table 4. Finite difference grid boundaries of Lake Van 

J 1 2 3 4 5 6 7 8 9 10 11 12 13 

IS 10 9 9 5 1 1 2 2 3 12 13 12 15 

IE 11 12 14 14 14 12 12 12 13 14 17 18 17 
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Table 5. Depth values of Lake Van (H(m)) 

13               25 25 25  

12            25 25 25 50 50 50 25 

11             50 75 25 25 25  

10            25 75 25     

9   25 25 25 50 50 50 50 50 50 100 25      

8  25 50 50 75 150 150 200 150 125 75 100       

7  25 100 100 150 250 350 350 300 225 125 100       

6 25 50 50 50 150 250 250 350 450 300 150 100       

5 25 25 25 25 75 150 150 200 300 225 125 100 25 25     

4     25 50 50 50 150 150 100 75 50 50     

3         50 100 75 50 25 25     

2         25 50 50 25       

1          25 25        

J / i 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

 

Table 6. Special meshes and their features 

KB 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 

IB 1 5 9 10 2 3 4 6 7 8 11 12 13 14 15 16 17 18 1 2 2 3 9 12 12 13 15 

JB 5 4 2 1 5 5 5 4 4 4 1 2 3 3 11 11 11 12 6 7 8 9 3 10 12 11 13 

NB 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 2 2 2 2 2 2 2 

 

4. Results 

 

The computer-aided analysis of finite difference equations with the Matlab Program revealed 

two different findings. The first is the contour maps showing the changes in water level differences with 

location due to the circulation on the lake surface due to winds blowing in different directions (Figures 

6-7). The second is the graphs showing the temporal changes of water levels (maximum decrease or 

maximum increase) at the control points (Figure 8-9). The computer program can also calculate the 

velocity components (U,V) and energy (E) of the fluid on the lake surface. However, these outputs are 

not visualized in order to keep the number of pages of the study short.  

The results of the numerical analyses performed according to the assumption of constant wind 

speeds show that the circulation and surface level amplitudes reach a steady state after a certain 

processing step (Figure 8-9). The accuracy of the model should be checked in longer processing times. 

When the analyses performed for the cases representing the intermediate directions (Case 1-4) are 

examined, it is calculated that the water level on the lake surface rises by approximately 0.126 m under 

the effect of the northeast wind (Case 1), while the other region drops by approximately -0.054 m. It is 

calculated that the water level on the lake surface rises by approximately 0.062 m under the effect of the 

southwest wind (Case 2), while the other region drops by approximately -0.110 m. It is calculated that 

the water level on the lake surface rises by approximately 0.083 m under the effect of the northwest 

wind (Case 3), while the other region drops by approximately -0.047 m. It is calculated that the water 

level on the lake surface rises by approximately 0.051 m under the effect of the southeast wind (Case 

4), while the other region drops by approximately -0.078 m. 

When the analyses performed for the cases representing the main directions (Case 5-8) are 

examined, it is calculated that the water level on the lake surface rises by approximately 0.046 m under 

the effect of the north wind (Case 5), while the other region falls by approximately -0.009 m. It is 

calculated that the water level on the lake surface rises by approximately 0.006 m under the effect of the 

south wind (Case 6), while the other region falls by approximately -0.045 m. It is calculated that the 

water level on the lake surface rises by approximately 0.062 m under the effect of the east wind (Case 

7), while the other region falls by approximately -0.035 m. It is calculated that the water level on the 

lake surface rises by approximately 0.046 m under the effect of the west wind (Case 8), while the other 

region falls by approximately -0.044 m. 
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Figure 6. Isobath curves formed by wind for the determined intermediate direction cases (Case 1-4). 

 

 

Figure 7. Isobath curves formed by wind for the determined main direction cases (Case 5-8). 
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..  

   
 

Figure 8. For cases 1-4, the maximum rise and fall changes of the water surface during the analysis 

period under intermediate wind conditions. 

 

..  

   
 

Figure 9. For cases 5-8, the maximum rise and fall changes of the water surface during the analysis 

period under main wind conditions.  

 

5. Discussion and Conclusion 

 

In this study, the interaction between the wind and the lake surface was investigated extensively 

and the mathematical model explaining the level differences along the water surface was examined with 

updated computer program codes. In addition, the level differences occurring at different points of the 

water surface were determined numerically. When the contour diagrams and time-varying graphs were 

examined, it was calculated that the rise or fall in the water level in the regions where the lake was 
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shallow was greater than in the regions where the water was deep. When the time-varying graphs were 

examined, it was seen that the results reached a steady state after 40E3 seconds. It was determined that 

the highest water level rise occurred as a result of the wind blowing in the northeast direction, and the 

highest fall occurred as a result of the wind blowing in the southwest direction. The fact that the axis of 

the lake is in the northeast-southwest direction contributed to these results. On the northwest-southwest 

axis, the lake is approximately symmetrical. This caused the rise and fall in the water levels to be 

approximately similar values in the winds blowing in this direction. Since the calculation was made with 

the resultant speed in the intermediate directions, the results were greater than in the main directions. In 

addition, it has been determined that the decreases or increases in the areas where the surface of the lake 

is narrow, depending on the wind direction, are greater than in other areas where the surface is wide. It 

is understood that decreases or increases in large water masses have great effects on the small water 

masses connected to them. This shows that wind-based circulation will affect the bay or river 

connections in similar lakes more. As a suggestion for future research, mathematical models can be used 

to investigate the effects of water level changes in lakes for different wind speeds and to calculate the 
possible increase/decrease amounts. The accuracy of the mathematical model can be tested with longer-

term analyses. In addition, calculations can be made with the mathematical model for wind speeds and 

directions that change over time, and the protection of coastal structures from possible floods can be 
examined. 
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