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Abstract. Wave propagation from the deep water to the shoreline experiences a transformation 
process. Their transformation, frequently, affects coastal processes such as erosion and 
sedimentation. In addition, their wave force can also damage the coastal infrastructure. There are 
three processes of wave transformation that should be modelled, namely, shoaling, refraction, 
and wave breaking. It is difficult to calculate the wave transformation manually due to the 
complexity of computation. Therefore, it should be handled using such commercial software, 
which is mostly very expensive. In order to cope with the problem, a simple numerical model of 
wave transformation, based on the finite difference method, is carried out using VBA Excel as a 
programming language. The advantage of using VBA Excel is the easy accessibility due to its 
integration with Microsoft Office. The aim of this project is to create a simple software for 
modelling refraction and shoaling waves that can be developed for educational purposes. The 
outcome of making this software is to meet the availability of wave modelling software in 
supporting the development of education and teaching in the ocean engineering field. The results 
of the numerical model are verified using the modelling results of Horikawa and Koutitas. 

1. Introduction  
In this paper, wave transformation modelling of combined refraction and shoaling based on a mild slope 
equation is carried out using time-independent finite difference method written in Visual Basic for 
Application (VBA). The aim of this paper is to develop a simple software that is useful for educational 
purposes in learning and understanding the wave propagation process in the open sea. In general, it can 
be admitted that developing software by the lecturers for commercial purposes is quite rare in Indonesia. 
Only a few people devote themselves to it. One of them, for example, is Triatmadja, who developed 
commercial software Waternet for pipe network modelling [1]. Therefore, an effort to start making and 
developing software products is an important task.  

Koutitas and Radianta have developed a two dimensional numerical model for the refraction and 
shoaling wave using finite difference methods based on the wave number and wave energy conservation 
[2,3]. Koutitas applied simple iterative calculation for obtaining wave length (L), while Triatmadja used 
an explicit equation to estimate wave number (k) proposed by Hunt[2–4]. Le Roux, et al. developed 
WAVECALC software, i.e., an Excel-VBA spreadsheet to calculate the parameters using linear-Airy 
equation without using partial waves differential equation discretization [5]. Hutahean conducted 
various simulation related to 2D wave refraction and difcraction based on linear and nonlinear term in 
unsteady state condition [6,7]. 
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2. Methods 
The governing equation of the wave refraction and shoaling is the modified form of the mild slope 

equation [2,3,8]. The two-dimensional numerical method used in this present software is time-
independent finite difference for giving the steady state solution [2,3]. The model is designed only for 
refraction, shoaling, and breaking in the open sea without any obstacles during its propagation from the 
deep sea to the shoreline.  

An iterative Newton Raphson method is applied to compute the wave number, where the first 
derivative of wave dispersion relation is required. The wave breaking criterion uses simple 
approximation, where the maximum possible steepness is H/d=0.78 [2]. The wave height and angle on 
the open boundary should be assumed, whereas the value of the shoreline boundary is set as zero (null). 
In addition, the bathymetry data must be in positive value. This program is written using VBA which is 
integrated in Microsoft Excel as part of the registered Office 365. The model result is then compared 
and validated to other models from the previous researchers [2,9]. Figure 2 illustrated the flow chart of 
the program. 

 
Figure 1. Flowchart of software  

 
The angle of wave propagation is in degrees (°) due to more convenience for the users. The angle of 

perpendicular to the coastline is set as 90° as the axis. An angle less than 90° means that the direction 
of the wave is tilted from the left of the axis, while an angle which is greater than 90° denotes that the 
direction of the wave is tilted from the right of the axis.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The scheme of computational domain. Boundary condition setting and wave angle rule. 
Figure 3 illustrates that each cell (A1 to K11) represents a grid of discretization. The first column 

(A1-A11) and the last column (K1-K11) denote the deep sea (deep water boundary) and shallow water 
depth (shoreline boundary), respectively. Therefore, in this present software, the wave propagates from 
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the left to the right, whereas the top and bottom row represent lateral boundaries. In the spreadsheet, A1 
denotes (1,1), whereas A11 and K11 denote imax and jmax, respectively. 

 

 
Figure 3. Bathymetry data. Cells represent the grid of discretization. Left and right columns represent 
the deep sea and the near shoreline. Imax =11, jmax =11 

 
3. Result and Analysis 

The first validation is to compare the present model result with Horikawa’s result [9]. Figure 3 shows 
three panels consisting of the bathymetry data, and the results, i.e., wave height and wave angle. Figure 
4 illustrates the vectors of wave height that represent the transformation process, i.e., refraction, 
shoaling, and breaking wave. The parameter data input for the first validation are: H0 = 0.02 m, T= 1.2 
s, dx = dy = 0.1 m, bottom slope = 1/50, deep sea = 0.12 m, wave angle = 60°. The columns and rows 
presented in Figure 4 were reduced in order to fit and easily read in this paper size. 
 

 

1.2288 1.1727 1.1121 1.0464 0.9745 0.8948 0.8049 0.7011 0.5757 0.4094 0.1679
1.2288 1.1727 1.1121 1.0464 0.9745 0.8948 0.8049 0.7011 0.5757 0.4094 0.1679
1.2288 1.1727 1.1121 1.0464 0.9745 0.8948 0.8049 0.7011 0.5757 0.4094 0.1679
1.2288 1.1727 1.1121 1.0464 0.9745 0.8948 0.8049 0.7011 0.5757 0.4094 0.1679
1.2288 1.1727 1.1121 1.0464 0.9745 0.8948 0.8049 0.7011 0.5757 0.4094 0.1679
1.2288 1.1727 1.1121 1.0464 0.9745 0.8948 0.8049 0.7011 0.5757 0.4094 0.1679
1.2288 1.1727 1.1121 1.0464 0.9745 0.8948 0.8049 0.7011 0.5757 0.4094 0.1679
1.2288 1.1727 1.1121 1.0464 0.9745 0.8948 0.8049 0.7011 0.5757 0.4094 0.1679
1.2288 1.1727 1.1121 1.0464 0.9745 0.8948 0.8049 0.7011 0.5757 0.4094 0.1679
1.2288 1.1727 1.1121 1.0464 0.9745 0.8948 0.8049 0.7011 0.5757 0.4094 0.1679
1.2288 1.1727 1.1121 1.0464 0.9745 0.8948 0.8049 0.7011 0.5757 0.4094 0.1679
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Figure 4. Cells represent of wavelength (top row), wave celerity (second row), wave height (third 
row), and wave angle (bottom row). 

 
 
Figure 5 shows that the wave travels incline at 60° from the open sea to the coastline. As a result, the 

transformation process such as refraction, shoaling and breaking can be clearly seen due to inclined 

1.024 0.9772 0.9268 0.872 0.8121 0.7456 0.6708 0.5843 0.4798 0.3412 0.1399
1.024 0.9772 0.9268 0.872 0.8121 0.7456 0.6708 0.5843 0.4798 0.3412 0.1399
1.024 0.9772 0.9268 0.872 0.8121 0.7456 0.6708 0.5843 0.4798 0.3412 0.1399
1.024 0.9772 0.9268 0.872 0.8121 0.7456 0.6708 0.5843 0.4798 0.3412 0.1399
1.024 0.9772 0.9268 0.872 0.8121 0.7456 0.6708 0.5843 0.4798 0.3412 0.1399
1.024 0.9772 0.9268 0.872 0.8121 0.7456 0.6708 0.5843 0.4798 0.3412 0.1399
1.024 0.9772 0.9268 0.872 0.8121 0.7456 0.6708 0.5843 0.4798 0.3412 0.1399
1.024 0.9772 0.9268 0.872 0.8121 0.7456 0.6708 0.5843 0.4798 0.3412 0.1399
1.024 0.9772 0.9268 0.872 0.8121 0.7456 0.6708 0.5843 0.4798 0.3412 0.1399
1.024 0.9772 0.9268 0.872 0.8121 0.7456 0.6708 0.5843 0.4798 0.3412 0.1399
1.024 0.9772 0.9268 0.872 0.8121 0.7456 0.6708 0.5843 0.4798 0.3412 0.1399

0.02 0.0202 0.0205 0.0208 0.0213 0.022 0.0229 0.0242 0.0187 0.0094 0.0016
0.02 0.0202 0.0205 0.0208 0.0213 0.022 0.0229 0.0242 0.0187 0.0094 0.0016
0.02 0.0202 0.0205 0.0208 0.0213 0.022 0.0229 0.0242 0.0187 0.0094 0.0016
0.02 0.0202 0.0205 0.0208 0.0213 0.022 0.0229 0.0242 0.0187 0.0094 0.0016
0.02 0.0202 0.0205 0.0208 0.0213 0.022 0.0229 0.0242 0.0187 0.0094 0.0016
0.02 0.0202 0.0205 0.0208 0.0213 0.022 0.0229 0.0242 0.0187 0.0094 0.0016
0.02 0.0202 0.0205 0.0208 0.0213 0.022 0.0229 0.0242 0.0187 0.0094 0.0016
0.02 0.0202 0.0205 0.0208 0.0213 0.022 0.0229 0.0242 0.0187 0.0094 0.0016
0.02 0.0202 0.0205 0.0208 0.0213 0.022 0.0229 0.0242 0.0187 0.0094 0.0016
0.02 0.0202 0.0205 0.0208 0.0213 0.022 0.0229 0.0242 0.0187 0.0094 0.0016
0.02 0.0202 0.0205 0.0208 0.0213 0.022 0.0229 0.0242 0.0187 0.0094 0.0016

60 61.497 63.089 64.792 66.63 68.637 70.867 73.407 76.431 80.385 86.05
60 61.497 63.089 64.792 66.63 68.637 70.867 73.407 76.431 80.385 86.05
60 61.497 63.089 64.792 66.63 68.637 70.867 73.407 76.431 80.385 86.05
60 61.497 63.089 64.792 66.63 68.637 70.867 73.407 76.431 80.385 86.05
60 61.497 63.089 64.792 66.63 68.637 70.867 73.407 76.431 80.385 86.05
60 61.497 63.089 64.792 66.63 68.637 70.867 73.407 76.431 80.385 86.05
60 61.497 63.089 64.792 66.63 68.637 70.867 73.407 76.431 80.385 86.05
60 61.497 63.089 64.792 66.63 68.637 70.867 73.407 76.431 80.385 86.05
60 61.497 63.089 64.792 66.63 68.637 70.867 73.407 76.431 80.385 86.05
60 61.497 63.089 64.792 66.63 68.637 70.867 73.407 76.431 80.385 86.05
60 61.497 63.089 64.792 66.63 68.637 70.867 73.407 76.431 80.385 86.05
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wave direction and bathymetry effect. Moreover, the comparison between the present program and 
Horikawa’s result is in good agreement. 

In order to further verify the comparison, the location of the breaking line should be investigated. 
Therefore, the wave height profile along the wave propagation is retrieved and presented in Figure 6. It 
can be seen that the breaking line, where the wave height starts to break, is located at 4.5 m from the 
open sea boundary, which is consistent with the Horikawa’s result [9].  
 

 

 
Figure 5. Comparison between model result (top) and Horikawa model result (bottom). 

 
 
 

 
Figure 6. Simulation of shoaling and breaking waves. The breaking line is located at 4.5 m. 
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The second validation is to compare the present model result with Koutitas’s result [2]. Figure 7 
shows the bathymetry as input data and the model results, i.e., wavelength, wave height, and wave angle 
that has been calculated numerically in VBA and shown in Excel spreadsheet. The parameter data used 
are: H0 = 1 m, T= 10 s., dx = dy = 10 m, deep sea = 10 m. 

Figure 8 displays the vector of wave height that represents the wave transformation from the deep 
sea to the shoreline, i.e., refraction, shoaling, and breaking wave. 

 

 
Figure 7. Cells represent the grid of discretization contain bathymetry (top left), wavelength (top 
right) wave height (bottom left), and wave angle (bottom right). 

 

  
Figure 8. Comparison of refraction, shoaling and breaking between the model result (left) and 
Koutitas’s model result (right). 

 
4. Discussion 

The model performance shows that the present program is reliable, where from the comparison to 
others researcher’s results shows a relatively good agreement. Those results indicate that the present 
software is capable of modelling refraction, shoaling, and breaking waves. 

 The advantage of using the present software compared to other software is that the users can see all 
parameters results which were calculated in each grid, which is represented by the cell of the sheet in 

10 9 8 7 6 5 4 3 2 1 0 92.37 88.26 83.81 78.96 73.62 67.68 60.96 53.15 43.7 31.11 0
10 9 8 7 6 5 4 2 1 0.5 0 92.37 88.26 83.81 78.96 73.62 67.68 60.96 43.7 31.11 22.07 0
10 9 8 7 6 5 3 2 1 0 0 92.37 88.26 83.81 78.96 73.62 67.68 53.15 43.7 31.11 0 0
10 8 7 6 5 4 2 1.5 1 0 0 92.37 83.81 78.96 73.62 67.68 60.96 43.7 37.97 31.11 0 0
10 8 7 6 5 4 2 1.5 0 0 0 92.37 83.81 78.96 73.62 67.68 60.96 43.7 37.97 0 0 0
8 7 6 5 4 3 1 1 0 0 0 83.81 78.96 73.62 67.68 60.96 53.15 31.11 31.11 0 0 0
10 8 7 6 5 4 2 1 0 0 0 92.37 83.81 78.96 73.62 67.68 60.96 43.7 31.11 0 0 0
10 8 7 6 5 4 2 1.5 1 0 0 92.37 83.81 78.96 73.62 67.68 60.96 43.7 37.97 31.11 0 0
10 9 8 7 6 5 3 2 1 0 0 92.37 88.26 83.81 78.96 73.62 67.68 53.15 43.7 31.11 0 0
10 9 8 7 6 5 4 2 1 0.5 0 92.37 88.26 83.81 78.96 73.62 67.68 60.96 43.7 31.11 22.07 0
10 9 8 7 6 5 4 3 2 1 0 92.37 88.26 83.81 78.96 73.62 67.68 60.96 53.15 43.7 31.11 0

1 1.016 1.036 1.06 1.09 1.129 1.182 1.257 1.38 0.78 90 90.07 90.14 90.2 90.26 90.31 90.34 90.37 85.22 78.29
1 1.016 1.036 1.053 1.068 1.082 1.097 1.233 0.78 0.39 90 90.07 90.14 90.21 90.3 90.43 90.62 87.62 85.29 81.23
1 1.016 1.036 1.054 1.072 1.091 1.185 1.275 0.78 90 90.07 88.62 87.05 85.33 83.46 82.48 75.73 77.05
1 1.036 1.047 1.064 1.088 1.121 1.276 1.17 0.78 90 90.07 88.73 87.33 85.86 84.34 84.07 80.6 79.91
1 1.036 1.061 1.099 1.155 1.233 1.469 1.17 90 87.34 85.83 84.16 82.28 80.1 79.77 70.58
1 1.023 1.079 1.159 1.272 1.434 0.78 0.78 90 90.07 90.14 90.2 90.26 90.31 90.26 90.35
1 1.036 1.061 1.099 1.154 1.231 1.464 0.78 90 92.72 94.3 96.03 97.97 100.2 100.5 106.1
1 1.036 1.048 1.065 1.089 1.122 1.279 1.17 0.78 90 90.07 91.46 92.92 94.43 95.98 96.2 99.69 105.9
1 1.016 1.036 1.055 1.074 1.094 1.189 1.283 0.78 90 90.07 91.58 93.21 94.97 96.87 97.81 104.6 103.2
1 1.016 1.036 1.053 1.069 1.084 1.101 1.241 0.78 0.39 90 90.07 90.14 90.19 90.2 90.16 89.95 92.82 95.04 99.05
1 1.016 1.036 1.06 1.09 1.129 1.182 1.257 1.38 0.78 90 90.07 90.14 90.2 90.26 90.31 90.34 90.37 95.44 102.2
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Excel. As a result, the users are not only able to see the result of the wave height that is symbolised in 
vector arrow format, but also see the other parameters such as wave number, wavelength, wave celerity, 
wave group celerity, and the wave angle. In that way, the users can easily observe the transformation of 
wave propagation from deep water to the shallow water until reaching the coastline. 

On the other hand, the output of other software is usually only one parameter such as wave height or 
wave celerity, and they do not have facility or tool to observe all parameters in the computational 
domain. 

 
5. Conclusion 

The development of simple software for modelling refraction, shoaling, and breaking was carried out 
based on a mild slope equation using two-dimensional finite difference method, written in VBA Excel. 
Based on the performance, the software is capable of modelling refraction, shoaling, and breaking 
waves. The comparison result between the present programs with the other previous researchers’ result 
is in close agreement.  

 

References 
[1]  Triatmadja R 2007 Manual dan Dasar Teori WaterNet versi 2.1 : Software untuk Perancangan 

dan Pengelolaan Jaringan air Minum (Yogyakarta: Nafiri) 
[2]  Koutitas C. G. 1988 Mathematical Models in Coastal Engineering vol 2 (Pentech Press) 
[3]  Triatmadja R 2016 Model Matematik Teknik Pantai (Yogyakarta: Beta Offset) 
[4]  Dean R G dan Dalrymple R A 2013 Water Wave Mechanics For Engineers And Scientists vol 

53 (Singapore: World Scientific) 
[5]  Le Roux J P, Demirbilek Z, Brodalka M dan Flemming B W 2010 WAVECALC: An Excel-

VBA spreadsheet to model the characteristics of fully developed waves and their influence on 
bottom sediments in different water depths Geo-Marine Letters 30 549–60 

[6]  Hutahean S 2009 Model Refraksi-Difraksi Gelombang Air oleh Batimetri dengan 
Mengerjakan Persamaan Kekekalan Energi Jurnal Teknik Sipil 16 39 

[7]  Hutahean S 2010 Pemodelan Dinamika Gelombang dengan Mengerjakan Persamaan 
Kekekalan Energi Jurnal Teknik Sipil 14 59 

[8]  Southgate H N dan Goldberg D G 1989 An Efficient COmputational Model For Wave 
Refraction and Diffraction Using Finite Differences (Wallingford) 

[9]  Horikawa K 1988 Nearshore Dynamics and Coastal Processes: Theory, Measurement, and 
Predictive Models (Tokyo: Tokyo Press) 

 
 
Acknowledgments  
This research is financially supported by the DIPA of the Engineering Faculty of Universitas 
Tanjungpura.  

 


