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ABSTRACT 

The numerical tsunami model NAMI-DANCE solving the equations of the nonlinear-dispersive theory 
of long waves is described. It is developed in cooperation of Turkish and Russian specialists and has 
been used to simulate tsunami characteristics since 2003. The basic model solver simulates the wave 
propagation with the well-known nonlinear shallow-water equations. The  numerical scheme is based on 
the Leap-Frog method. The long wave dispersion related to the finiteness of water depth is modeled 
with the help of numerical dispersion by using specific conditions for spatial and temporal steps. The 
equations are solved in spherical (geographical) coordinates on rotated Earth taking into account 
nonlinear quadratic friction in the near-bottom layer. The NAMI-DANCE model is adapted to simulate 
the generation and propagation of tsunamis of various origin from: underwater earthquakes, submarine 
landslides, and meteo-tsunamis. For the seismic origin tsunami waves, the initial conditions for 
hydrodynamic equations are found from the Okada solution; the model allows simulating several 
sources from different fault segments in the earthquake zone. In the case of the meteo-tsunami, the 
spatial and temporal distribution of the atmospheric pressure is used as external force. The process of 
generating the landslide origin tsunami waves, is analyzed in the framework of the two-layer model with 
a lower viscous layer modeling the submarine landslide motion and an upper layer is the water body. 
The boundary conditions on the open boundaries correspond to the free-wave passage. The run-up 
process is also computed using the bathymetry and topography at the coastal boundaries. The NAMI-
DANCE code has been verified with several benchmarks according to the NTHMP benchmarks. The 
difficulties of tsunami modelling connected with the lack of accuracy in the bottom bathymetry and the 
land topography are mentioned. The use of the developed code for the tsunami action analysis on the 
coasts and constructions is demonstrated. 

Key words: tsunami, underwater earthquake, submarine landslides, meteo-tsunami, shallow-water 
equations, long wave theory, tsunami action on coasts and constructions 
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1. INTRODUCTION 

The historical information analysis on the world tsunami shows that, on average, a tsunami happens 
about once a month, and a catastrophic event approximately happens once a year. Only in 2018, two 
devastating tsunamis occurred in Indonesia with human casualties. The first of them happened on the 
Sulawesi Island after a strong earthquake on September 28, when the wave height reached 11 m and 
more than 2000 people died (Omira et al, 2019). The second was generated  by the volcano Anak 
Krakatau eruption on 22 December 2018, which led to the wave up to 85 m high, which killed about a 
five hundred people; it was predicted in (Giachetti et al, 2012). Especially, we note the landslide origin 
tsunami that happened in Russia in December 2018 on the Bureya River with the wave up to 90 m high, 
fortunately it occurred in uninhabited places (Makhinov et al, 2019). Finally, the meteo-tsunami with the 
height of 1.5 m is worth mentioning, which occurred in Spain on July 16 (Science Global News, 2018). 
Even this simple event list for 2018 shows the whole variety of tsunami generation mechanisms. 

There is a huge amount of literature describing tsunami modelling with the use of various numerical 
models. Here we describe our numerical model NAMI-DANCE that solves the equations of nonlinear-
dispersive theory of long waves. We have been working with this model since 2003, and have applied it 
for modeling many historical and prognostic tsunami events. 

2. NONLINEAR SHALLOW-WATER EQUATIONS SOLVED BY NAMI-DANCE   

The catastrophic tsunami is often global in nature and, originating in one place, can remain very 
destructive at a distance of tens of thousands of kilometers from the source. Therefore, there is a need to 
solve the shallow water equations on the real Earth, taking into account its rotation, variable bottom 
bathymetry and the rugged coastline, as well as the friction influence in the turbulent bottom layer. 
Basic equations are those well-known nonlinear shallow water equations written on spherical 
coordinates with respect to flow discharges 

!                                  (1) 

!                                   (2) 

! ,                                                   (3) 

where η is the water surface displacement, t is the time, M and N are the components of the water flow 
(discharge fluxes) along the longitude λ and the latitude θ on the rotating Earth, D = h(x, y) + η is the  
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total basin depth, h(x, y) is the unperturbed water depth (defined by bathymetric charts), g is the gravity 
acceleration, f is the Coriolis parameter (f = 2Ω sinθ) and Ω is the Earth rotation frequency (the rotation 
period is 24 hours), R is the Earth radius. In spherical coordinates, the system of equations (1) – (3) is 
hyperbolic, so it is important to use the fast numerical algorithms. 

In practice, it is necessary to take into account the energy dissipation in the bottom turbulent layer in the 
near-shore zone. The simplest model here is the parametrization of the bottom friction by a quadratic 
formula (the last terms in the left side of Eqs. (1) – (3)) with a bottom roughness coefficient – n (the so-
called Manning formula). This parameterization is widely used in river hydraulics, where special 
laboratory experiments were carried out, and roughness coefficients were determined for various soil 
types. Tsunami waves are not stationary hydraulic flows, but their period is large enough for the quasi-
static Manning formula to be used. In calculations, as a rule, the constant value n = 0.015 m-1s is used, 
which is the natural bottom characteristic (sand, small pebbles). It should be noted that in the problems 
of the wave run-up taking into account real buildings, a variable value of the roughness coefficient is 
now used (see, e.g. (Choi et al, 2012)), it is important for detailed zonation of the coastal flooding by 
tsunami waves.  

The main advantage of the ‘spherical’ system (1) – (3) is that it is tied to geographical coordinates, 
which makes it easy to locate the computation results on the ground. In addition, the bathymetry is 
available in an electronic form and also in the marine charts in geographical coordinates, so that, in 
contrast, there is a problem of converting bathymetry to a “flat” Earth. The system of shallow water 
equations should be supplemented by boundary and initial conditions. At the sea boundaries of the 
computational regions (for example, in straits), the condition of free wave passage through open 
boundaries is set, which is exact in the framework of the linear theory of shallow water without taking 
into account the Earth rotation and the simplest geometry of the maritime border  

! ,                                                                       (4) 

where the derivative ∂η/∂n is calculated normally to the outer boundary of the computational domain. 
This condition allows us to carry out computations in a limited area, however, we should understand, 
that in reality any water basin is variable in depth, and the wave coming out from the computation 
region can return to it after the reflection in the outer basin. This circumstance imposes restrictions on 
the wave computation time in the basin (which, unfortunately, is not often paid due attention to), 
therefore, the maritime border should be moved as far as possible. 

The shoreline is generally mobile and moves along with the wave climbing the beach. This point is also 
singular for shallow water equations (the hyperbolicity of the water wave equations is violated in it), 
moreover, the dissipative term coefficient becomes infinite. The natural boundary condition of the 
moving shoreline is  

! ,                                                (5) 

that allows studying the wave run-up on the beach and calculating the characteristics of the coastal 
flooding caused by dangerous sea waves. To calculate the tsunami wave run-up in real water areas, it is  
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necessary to have a very good seabed bathymetry and topography. The effect of the quality of the 
bathymetry data  on the accuracy of tsunami computations is analyzed in (Kulikov et al, 2016). It is 
shown that modern digital bathymetry maps, for example, GEBCO, do not provide the adequate 
reproduction of the bottom topography in numerical models of the wave propagation, so it can lead to 
significant errors in estimating the maximum tsunami run-up on the coast. In the subsequent work 
(Ivanova et al, 2017), this effect was demonstrated by the simulation example of the 2006 and 2007 
Simushir tsunamis in the central part of the Kuril Islands. It is shown that computations performed on 
grids with a resolution of 30 arc seconds provide only a qualitative estimate of the distribution of 
tsunami heights along the coast. At the same time, a quantitative agreement between the simulation 
results and the observational data can be obtained only for grids with a spatial resolution of at least 10 
arc seconds. For instance, the resolution in 3 m is used for the created inundation map of Turkey 
(Dilmen et al, 2015, Tufekci et al., 2018). 

If cliffs are located on the shore that extends almost vertically into the water, the natural boundary 
condition is the full reflection one 

!    or  ! ,                                                                      (6) 

here n is the normal to the coastline. The artificial vertical wall is often used at a depth of 5 - 20 m (at 
the last sea points of the computational grid), on which the boundary condition is (6). This makes it 
possible to exclude the run-up zone, which is rather laborious in numerical computations (a very fine 
grid). To determine the run-up characteristics, the computed displacement distribution along the 
artificial vertical wall is matched with the analytical 1D solution (Choi et al, 2011). 

The system of shallow water equations described above is implemented in many numerical models. We 
chose the international code TUNAMI, described in (Goto et al, 1997) as the original numerical code. It 
is still widely used in different countries. The numerical scheme is based on finite differences of the 
“leap-frog” type. Due to the hyperbolicity of the shallow water equations, the time step is chosen from 
the Courant condition for the stability of the numerical scheme 

! ,                                                             (7) 

where Δλ and Δθ are the steps of the computational grid along the longitude and the latitude; Δt is the 
time step; hmax is the maximum basin depth. The TUNAMI code was improved by our team, in 
particular, the program was rewritten in C++ (it is a more advanced language compared to Fortran, in 
which the original TUNAMI program was written) and both the MPI (Message Passing Interface) 
parallel programming methods and the Open Multi-Processing were used, which significantly reduced 
the counting time. A new program interface was developed, (Fig. 1) which allows us not only to 
compute tsunami waves, but also to process the received data. In particular, it is possible to plot spatial 
distributions of the water level displacement at different time moments, the wave field maxima and 
minima (which, for simplicity, we call positive and negative amplitudes) and the wave heights along the 
coast. We called this code NAMI-DANCE, its documentation can be found in (http://
namidance.ce.metu.edu.tr/pdf/NAMIDANCE-version-5-9-manual.pdf; http://skbsami.ru/name-dance; 
http://lmnad.nntu.ru/ru/projects /namidance/). This numerical model is registered in Russia (the  
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certificate of the state registration of computer codes No. 2014611028 of January 22, 2014) and 
copyright held in Turkey. 

!  

Figure. 1. The interface of the tsunami numerical code NAMI-DANCE. 

3. NONLINEAR DISPERSIVE MODEL OF LONG WAVES IMPLEMENTED IN NAMI-
DANCE 

It is known that for relatively weak earthquakes or landslide tsunamis, the characteristic tsunami 
wavelength is comparable with the depth of the basin. In this case, the shallow water approximation is 
insufficient, therefore, it is necessary to use the dispersive long wave model. The same thing may be 
important for the strongest tsunamis too, if the tsunami source is highly anisotropic. So, the source of 
the 2004 Indonesian tsunami extended for almost 1000 km along the meridian and about 50 km along 
the longitude. Consequently, the wavelength varies roughly from 50 km to 1000 km, and in its lower 
limit it reaches the ocean depth, especially at large distances. The discussion of the dispersion 
importance for tsunami waves can be found in (Mirchina and Pelinovsky, 1982; Pelinovsky, 2007; 
Glimsdal et al, 2013; Nosov, 2017). 

Nonlinear dispersion long-wave models (the so-called Boussinesq systems) have been already widely 
used for a long time. Probably, the first of these is the Peregrine system, which is valid for weak 
nonlinearity and dispersion (Peregrine, 1967). Then a strongly nonlinear weakly dispersive model 
appears, and here we give some references (Madsen et al, 2003; Pelinovsky, 2007; Kirby et al, 2013; 
Fedotova et al, 2015; Shokin et al, 2015; Khakimzyanov et al, 2018). Some of them are implemented in 
the popular open-access codes FUNWAVE (Kirby et al, 1998) and COOLWAVE (Cheung et al, 2003), 
used to simulate tsunamis and storm surges. However, to implement numerical algorithms to solve the 
nonlinear dispersion theory equations we need smaller steps in space and time to calculate high-order 
derivatives. As a result, the computation time increases sharply and numerical errors are accumulated in 
the computation process over a long distance. It can be indicated, for example, that most of the  
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numerical schemes of nonlinear dispersion Boussinesq type equations turn out to be unstable (Lovholt 
and Pedersen, 2009). Another difficulty is the lack of bathymetric maps with a detailed resolution, and 
their interpolation to small scales is not accurate. 

Some other ways of dispersion generalization of shallow water equations that are not related to the 
introduction of explicitly high derivatives are suggested in (Yoon, 2002; Yoon et al, 2007). This 
approach is based on the use of numerical dispersion instead of the physical one. The main idea of the 
method is to change the numerical scheme of finite differences, discretizing the shallow water 
equations, for the value of the numerical error to lead to the water wave dispersion, as if the dispersion 
theory equations were strictly solved. It can be demonstrated on the example of one-dimensional 
Boussinesq equation, to which, in the simplest case, the dispersion long wave theory equations are 
reduced 

! ,                                                    (8) 

where  is the long wave velocity. If we now consider the wave equation (without the last term 
in (8)), solve it numerically by using the “leap-frog” method as it is done with the initial system of 
shallow water equations, we will get a different analogue of the wave equation. If we expand all the 
differences in a Taylor series and restrict them by the first few terms, the differential equation can be 
obtained again  

,                                       (9) 

where the last term appears, cr = c0Δt/Δx is the known Courant number, Δt and Δx are the temporal and 
spatial steps of the numerical scheme. It is important to note that the “leap-frog” scheme makes it 
possible to exclude the appearance of the third derivative in (9), which would lead to either energy 
dissipation or instability of the numerical scheme (this is where the requirement to the smallness of the 
Courant number is followed). However, it is not possible to exclude the terms of the fourth derivative, 
describing the wave dispersion. Comparing equations (8) and (9) now, we obtain their identity if the step 
size is chosen equal to 

 or ,                                            (10) 

which allows one to connect spatial and temporal steps between each other. This idea is also valid for a 
variable (but gradual variable) basin depth; in this case, it is necessary to use variable grids (Yoon, 
2002). Technically, in (Yoon, 2002) it was proposed to use a constant time step value. As a result, there 
is no freedom in choosing the spatial grid step because of (10). At variable depths, the spatial grid can 
be very inhomogeneous, and, therefore, not always convenient for computations. We suggested 
changing the time step, making the spatial grid more homogeneous. This strategy was implemented in 
NAMI-DANCE, what allowed us to significantly increase the efficiency of using the numerical 
dispersion. The description of the scheme is given in (Kian et al, 2018). 
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We would like to mention that both versions of NAMI-DANCE (with/without dispersion) demonstrated 
good accuracy on various benchmarks (Velioglu et al, 2016; Lynett et al, 2017; Sogut and Yalciner, 
2019). 

4. TSUNAMI GENERATION BY EARTHQUAKES 

In the case of the tsunami wave generation caused by underwater earthquakes, the seismic process in the 
source ends quickly enough, and the wave does not have time to leave the source. In this case, the 
seabed movements can be considered instantaneous, causing the same instantaneous water surface 
displacement. Then, the wave generation process is reduced to the setting of the initial conditions 

! , ! .                                (11) 

Some time ago, the information about the earthquake was very fragmentary (the coordinates of the 
earthquake and its magnitude were more or less given), so the initial conditions were determined 
through empirical formulas (see, for example, (Wells and Coppersmith, 1994; Pelinovsky, 1996)). Now 
the information is more complete (literally a few minutes after the earthquake) and includes the rupture 
plane position, the dislocation magnitude, etc. The characteristic parameters of the earthquake source, 
currently determined quite well, are shown in Fig. 2. They are the fault depth, the length (L) and the 
width (W) of the fault, the displacement (D), the angle between the meridian and the fault line (Strike 
angle, θ), the plate slope (Dip angle, δ), the shear angle of the plate (Slip angle, λ). Consequently, it is 
possible to perform a more complete calculation of residual displacements in the source, based on the 
theory of half-space elasticity; the corresponding formulas are given in a number of works. In most of 
our calculations, we use the formulas given in the paper (Okada, 1985) allowing us to determine the 
function η0(λ, θ) in (8) from the above earthquake characteristics (this approach is now generally 
accepted). Okada’s analytical formulas are very cumbersome (they occupy several pages), by now they 
have been computerized, therefore, the calculation of the initial water surface displacements can be 
fulfilled almost instantly. 

!  

Figure 2. The earthquake parameters 

During the strongest earthquakes with magnitudes of the order of 9, the source rupture occurs not 
instantly, but within several minutes and even tens of minutes. These times are comparable to the 
characteristic period of tsunami waves, so it is necessary to solve the shallow water equations with the  
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right-hand side. In theoretical aspect, this problem is discussed, for example, in books (Pelinovsky, 
1996; Levin and Nosov, 2009). In practice, however, the extended process of tsunami wave excitation is 
replaced by several ones, setting instantaneous movements in different time moments and in different 
points (obtained from the seismic data). The obtained solutions in the open part of the sea are added 
linearly, and then the general tsunami wave propagation process is analyzed. This procedure is 
implemented in the NAMI-DANCE model. There are other models used to describe the processes that 
occur under the influence of the earthquake, for example, a keyboard model developed in (Lobkovsky et 
al, 2006). 

To conclude this section, we list several recently published articles where the NAMI-DANCE model has 
been used to compute real tsunamis and prognostic inundation maps (Dilmen et al, 2015; Aytore et al, 
2016; Zaytsev et al, 2017; Kostenko et al, 2018; Tufekci et al, 2018). 

5. TSUNAMI GENERATION BY UNDERWATER LANDSLIDES 

According to the statistics, about 85% of tsunami waves are generated by underwater earthquakes, and 
only a small part is generated by landslides or rockfalls. Landslides often arise as a result of 
earthquakes, even weak ones, and they can already cause noticeable tsunamis. Such landslides were 
observed after the most famous catastrophic tsunamis of the seismic origin in recent years, including the 
last tsunami in Indonesia in 2018, which was mentioned in the Introduction (Sassa and Takagawa, 
2019). The viewpoint that tsunamis are caused mainly by landslides and not directly by bottom 
movements, is rather popular (Yalciner et al, 2003). 

In many cases, devastating landslides are produced by local processes in the absence of seismic events. 
Large amplitude waves associated with landslides were observed in Alaska, Japan and many of the 
fiords of Norway. Thus, the descent of the 300 million cubic meters avalanche to Lituya Bay (Alaska, 
July 10, 1958) led to the 60m high tsunami formation, the maximum run-up in the bay itself reached the 
record value of 524 m. It has already been said about the 40m high tsunami in the Bureya river valley in 
Russia in 2018. Even earlier, on September 1, 2017 in Baksan in the Caucasus (Russia), a landslide 
coming down into the river, had generated a wave of 1 m in height (one person died). A tsunami 
landslide often leads to catastrophic consequences, therefore, the problem of landslide generated waves 
is of great practical interest. 

The numerical simulation of tsunami generation by underwater landslides is a difficult problem, and a 
number of models have been developed which depend on the rheology of the landslide material; they 
are discussed in (Imamura and Imteaz, 1995; Pelinovsky and Poplavsky, 1997; Kulikov et al, 1998; 
Garagash et al, 2003; Pudasaini and Hutter, 2006; Beisel et al, 2010). One of these “shallow-water” 
models called a two-layer model developed in (Imamura and Imteaz, 1995) is implemented in the 
NAMI-DANCE code. In the framework of this model, a landslide is assumed to be viscous-liquid and 
the problem geometry is presented in Fig. 3. The basic equations of the two-layer model have the 
following form (in Cartesian variables, excluding the Earth rotation) 

Vol. 38, No. 4, page  158 (2019) 



! ,                  (12) 
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!     (16) 
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!  
Figure 3. The problem geometry: upper and lower layers correspond to water and landslide, 

respectively, 

Vol. 38, No.4, page  159 (2019) 

2 2
2 21 1 1 1 1 1

1 1 1 17/3
1 1 1

η 0
2

M M M N gm
gD M M N

t x D y D x D
⎛ ⎞ ⎛ ⎞∂ ∂∂ ∂

+ + + + + =⎜ ⎟ ⎜ ⎟∂ ∂ ∂ ∂⎝ ⎠ ⎝ ⎠

2 2
2 21 1 1 1 1 1

1 1 1 17/3
1 1 1

η 0
2

N N M N gm
gD M M N

t y D x D y D
⎛ ⎞ ⎛ ⎞∂ ∂∂ ∂

+ + + + + =⎜ ⎟ ⎜ ⎟∂ ∂ ∂ ∂⎝ ⎠ ⎝ ⎠

( )1 2 1 1η η
0M N

t x y
∂ − ∂ ∂

+ + =
∂ ∂ ∂

2 2
2 2 2 2 2

2 2

η η ηβ 0M N
t x y x y

⎛ ⎞∂ ∂ ∂ ∂ ∂
+ + − + =⎜ ⎟∂ ∂ ∂ ∂ ∂⎝ ⎠

( ) ( )
2

2 2 2 2 1
2 1 1 2 2 1

2 2 2

2
2 22

2 2 27/3
2

ρ η η η
ρ

                                                                             0,
2

M M M N
gD h h

t x D y D x x

gm
M M N

D

⎛ ⎞ ⎛ ⎞ ⎡ ⎤∂ ∂ ∂ ∂ ∂
+ + + + − + − +⎜ ⎟ ⎜ ⎟ ⎢ ⎥∂ ∂ ∂ ∂ ∂⎝ ⎠ ⎝ ⎠ ⎣ ⎦

+ + =

( ) ( )
2

2 2 2 2 1
2 1 1 2 2 1

2 2 2

2
2 22

2 2 27/3
2

ρ η η η
ρ

                                                                             0,
2

N N M N
gD h h

t y D x D y y

gm
N M N

D

⎛ ⎞ ⎛ ⎞ ⎡ ⎤∂ ∂ ∂ ∂ ∂
+ + + + − + − +⎜ ⎟ ⎜ ⎟ ⎢ ⎥∂ ∂ ∂ ∂ ∂⎝ ⎠ ⎝ ⎠ ⎣ ⎦

+ + =



where η1 is the water surface displacement; η2 is the landslide height; M1 and N1 are the water flows 
along the x and y axes; D1 = h1 + η1 is the total water depth  and h1 is the undisturbed water depth; M2 
and N2 are the landslide mass flows along x and y; D2 = h2 + η2 is the total landslide thickness and h2 is 
the undisturbed landslide thickness; m1 and m2 are the roughness coefficients of the landslide surface 
(“liquid” bottom) and solid bottom, respectively, ρ1 is the water density and ρ2 is the landslide material 
density; β  is the turbulent viscosity coefficient. It should be immediately noted that the landslide 
viscosity is taken into account phenomenologically only in one equation (15), providing the landslide 
spread and its surface smoothness. The vertical structure of the landslide flow is assumed to be uniform 
in the cross section as in the Savage – Hutter model (Pudasaini and Hutter, 2006). The applicability of 
such approximations is described in (Imamura and Imteaz, 1995).  

The initial conditions determine the landslide location 

,    M2 = 0,    N2 = 0,                                                 (18) 

the water surface remains unperturbed (zero initial conditions for η1, M1 and N1). As a result, it is 
possible to compute the landslide motion and the waves caused by its movement. 

Considering the fact that the wavelength of landslide tsunamis is usually much less than those caused by 
the earthquake, accounting for dispersion effects seems important. That is why we have improved the 
numerical scheme for the system of water layer equations (12) − (15), while the landslide is described 
by non-dispersive shallow water equations (16) −  (17). This procedure is also implemented into the 
NAMI-DANCE software. The inclusion of dispersion in the water layer was carried out according to the 
same methodology as in Sec. 2 with the replacement of the physical dispersion by a numerical one. 

This model was used to estimate the prognostic tsunami in the Nile Delta (Egypt) (Yalciner et al, 2014). 

6. METEOTSUNAMI 

Sometimes, large waves are generated by the sharp spatial and temporal changes in the atmospheric 
pressure. A low atmospheric pressure leads to an increase in the water level in the marine area part, and 
a high atmospheric pressure leads to a decrease in the water level of another zone (“the inverse 
barometer” law), so that the water level in the sea is distorted. The waves arising from it can be 
amplified due to the resonance properties of the coastal morphology (the Proudman and the Greenspan 
resonances). The observation review of the meteo-tsunami is given in (Pattiaratchi and Wijeratne, 2015). 
Meteorological long waves have the same wave period as conventional tsunamis (from a few minutes to 
2-3 hours), they can cause human casualties and destructive effects in coastal zones, like ordinary 
tsunamis. For the meteorological tsunami, such generation mechanisms as spatial and temporal pressure 
distributions (the atmospheric fronts) and the atmospheric gravitational waves are important. 

One of the widely known tsunami events of this kind was observed on June 23-27, 2014 in the 
Mediterranean and Black Seas from Spain to Ukraine (Sepic et al, 2015). In particular, on June 27, 
2014, 1-2m high waves suddenly came to Odessa coast. Since significant earthquakes in the  
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Mediterranean and Black Sea regions were not recorded during these events, the atmospheric 
disturbances are assumed to be a possible cause. 

The equations of the long-wave model now include atmospheric effects; in particular, equations (1) − 
(2) are modified 

! ,                        (19) 

! ,                          (20) 

and equation (3) remains unchanged. Here patm is the atmospheric pressure in Pascals, which is taken 
from meteorological maps, usually transmitted with an interval of one hour. Pressure distribution charts 
with an interval of 6 hours are available on the NASA website [https://gemini.gsfc.nasa.gov/aplo]. For 
computations, these maps are interpolated in time to obtain the pressure field at each time step.  

Unfortunately, in this case, tsunami events are actually missing when a sharp change in the atmospheric 
pressure occurs in the given place within a short period of time, it just leads to the meteorological 
tsunami generation. Therefore, it is rather difficult to obtain the agreement with the observed data, 
especially if there are no more frequent observations in coastal locations. A strong amplification of 
meteorological tsunamis occurs at resonance, when the velocity of the atmospheric front is close to the 
long wave celery in the basin (the Proudman resonance) and such effects are noted in a number of 
regions of the World Ocean. 

The NAMI-DANCE software modification with the atmospheric pressure inclusion in it is not difficult 
(the equation order does not change), with the exception of technical problems associated with the 
atmospheric maps described above. This modification has also passed verification on the well-known 
theoretical solutions of the linear theory of shallow water in basins with an idealized bathymetry (Metin 
et al, 2017). 

7. TSUNAMI WAVE IMPACT ON COASTS AND STRUCTURES 

The computations of wave characteristics (the water surface displacement and flow velocity) are now 
routine actions in tsunami modeling. The computation of tsunami force characteristics is only beginning. 
In the practice of wind waves loads, these characteristics are computed at the second stage, when the 
wave regime in the sea is known and it can be easily recounted to any point in the harbor. This way of 
work is not acceptable for a tsunami. Tsunami waves are long waves, the scale of which is comparable  
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to the size of coastal structures (harbors and ports), so it is impossible to recalculate the wave field from 
the open sea to the design area of construction using simple formulas in the framework of the ray tracing 
method. 

Therefore, the design of large objects (port, dam, etc) in the coastal zone should always be accompanied 
by the wave regime modeling taking into account the planned structures, since the resonant properties of 
the water areas and the locations of the wave extrema change. Only for relatively simple small-scale 
structures, it is possible to carry out wave field computations independently of the planned structures, 
and then calculate the load on them separately. Such situation, in particular, is realized in the case of 
single vertical piles of a small diameter (compared to the tsunami wavelength). In some cases, the pile 
diameter is so small that it is “subgrid” in numerical meshes, and the perturbation inserted by the object 
practically does not affect the wave field. In such cases, the classical formulas for forces and moments 
can be used. In particular, the pressure and drag forces are 

! ,         !                                                  (21) 

(ρw is the sea water density and S is the cross-sectional area of the structure against  the direction 
of the wave propagation). It can be seen that they are proportional to the kinematic characteristics of the 
tsunami waves (the water displacement and the flow velocity), and all construction characteristics (the 
pile diameter, the wall width) determine only the numerical coefficients in (21). Therefore, the 
calculation of the tsunami impact on the small diameter objects can be performed only after the wave 
field analysis in the water area is fulfilled. 

The calculation of changes in the seabed and coasts is more complicated, therefore, it requires 
using three-dimensional transport models. Meanwhile, the sediment transport can be roughly 
characterized by the Rouse number (Julien, 1995). It is a non-dimensional number in fluid dynamics 
used to define a concentration profile of suspended sediment and which also determines how the 
sediment will be transported in a flowing fluid. Mathematically, it is the ratio between the sediment fall 
velocity Ws and the upwards velocity on the grain as product of the von Karmán constant kand the shear 
velocity u* 

! ,                                                                 (22) 

where β is the ratio of vortex viscosity to vortex diffusion. The value of the particle fall rate Ws depends 
on their size and density, and is constant for each sediment type. The shear velocity can be roughly 
related to the water flow velocity u* ~ u, so that the Rouse number is inversely proportional to the water 
flow velocity. It is generally accepted that the sediment movement initiation occurs at Rouse numbers of 
about 7, and the bed-load movement occurs in the range 2.5 – 7.5. The movement of the suspended 
sediments corresponds to the Rouse numbers 0.8 – 1.2. At lower values of the Rouse number, a strong 
movement of the bottom sediments occurs, leading to significant bottom deformations. By calculating  
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the water flow velocity and determining the Rouse number, we can determine the character of the 
bottom processes. For areas of intensive changes in the bottom morphology, we can then perform a 
separate simulation of the quantitative characteristics of the sediment transport using various transport 
models. 

We would like to note also the estimates of the possible house and various construction destruction on 
the shore produced by tsunami waves. For many areas, when the character of the buildings are taken 
into account, the so-called fragility curves are given that relate the percentage of damage or the relative 
number of deaths to the tsunami height on the coast (Nanayakkara and Dias, 2016). Such curves are 
determined for some areas of Japan, Indonesia, Egypt and the United States. 

The calculation of all the parameters listed above is easily inserted into any computer model, and in 
particular, it has already been done in our NAMI-DANCE software (Ozer et al, 2015a,b; Kian et al, 
2016). Let us note here that since 2018 in Russia the Code of Rules No. 292.1325800.2017 “Buildings 
and constructions in tsunami-hazardous areas. Design Rules”, approved on June 23, 2017 by the 
Ministry of Construction and Housing and Communal Services of the Russian Federation has been used. 

8. CONCLUSION 

This brief review provides the hydrodynamic models used in the tsunami problem which are solved with 
the help of the NAMI-DANCE software. They are based on the well-known two-dimensional equations 
of the shallow water theory, adapted to the rotating Earth, the available bathymetry database and the 
land topography. The numerical model takes into account the basic mechanisms of tsunami wave 
generation and dissipation. In some cases, it is necessary to take into account the water wave dispersion 
leading to the increase in the order of differential equations. In our computations, the physical dispersion 
is replaced by a numerical one, which allowed us not to increase the computation time significantly. The 
developed NAMI-DANCE software is actively used to simulate real events, prognostic tsunamis, 
inundation maps and tsunami force characteristics.  
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ABSTRACT 
Beta testing is a final stage for product examination following a series of product development. 

Regarding this, beta testing performed for an increased accuracy of Indonesian tsunami early warning 
application (Ina-TEWA) was applied to real conditions of Indonesian earthquakes with magnitudes of 
6.0 or greater that occurred during a time period from January 1, 2018 to July 1, 2019. This stage was 
conducted in real-time for use of tsunami early warnings officially managed by Centre for Research 
and Development, The Indonesian Agency for Geophysics, Climatology and Meteorology (BMKG). 
It is frequently preceded by a series of preliminary tests known as alpha testing usually designed only 
for laboratory-scaled examination that is limited and offline. While implemented in real-time tsunami 
warnings, beta testing is considered as examination of acceptance given by and hence direct feedback 
from users. The launch for this tsunami early warning application is of great importance in the sense 
that it measures directly tsunami parameters from the earthquake source. The main aim of this stage is 
to identify possible errors, if any, and to make them the errors minimum for an increased accuracy in 
tsunami assessment to a maximum value possible. Based on beta testing applied to 35 events during 
the time period examined here, it was merely 7 errors occurred and found for tsunami false warnings. 
It follows that the Ina-TEWA prediction for accurate tsunami warnings reaches to a value of 80% or 
false warnings by this application remains relatively high of 20%. Therefore, tsunami early warning 
application for future use requires a further increase in terms of accuracy. 
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1. INTRODUCTION 

Accurate and quick release of tsunami early warnings following major tsunamigenic earthquakes 
generated by tectonic movement may prevent local communities and surrounding infrastructures from 
severe catastrophes (Satriano et al., 2011; Suppasri et al., 2015). Soon after tsunami wave generation, 
tsunami passage in the open ocean and its continuing arrival times at coastal regions both near and far 
from the epicenter need to be predicted accurately (Prastowo et al., 2018) using rapid assessment of 
observed waveforms recorded by instrument, such as ocean bottom electro-magnetometer deployed at 
the ocean floor, Deep-ocean Assessment and Reporting of Tsunami (DART) surface buoys offshore, 
or tide gauges onshore. Within this context, tsunami waveform analysis requires a reliable software or 
application, which is technically developed for this matter.  

Software development towards a reliable application or programming package includes a number 
of consecutive stages, that is, analysis of requirement, design of development, integration and testing, 
and deployment and maintenance. With respect to these, this study focuses on beta testing as part of 
sequential procedures for an increased accuracy and hence improved performance of the Indonesian 
tsunami early warning system (Ina-TEWS, a former system of tsunami warnings before Ina-TEWA), 
which has been operated since 2008 by the Indonesian Agency for Geophysics, Climatology and 
Meteorology (BMKG). However, as addressed by Madlazim and Prastowo (2016), the Ina-TEWS 
performance remains relatively low in terms of accuracy thereby requiring further improvement. 

Kocbek and Heričko (2013) argued for the quality of a system that is driven by software-assisted 
performance. The performance is determined by a number of factors, such as accuracy, time-lapse, 
completeness, consistency, maintenance, security, safety, reliability, and usability. During the stages 
of system improvement, there are opportunities to find possible errors in various stages of product 
examination and development. Testing is thus generally applied for a specific purpose as a main tool 
to ensure a software of high quality, providing specific methods and corresponding techniques for 
error detection in such a system (Budnik, 2012; Kocbek and Heričko, 2013). However, software bugs 
are always present because the complexity of a developed software in general cannot be fully solved. 
It follows that design limitation can never be completely avoided, in particular when dealing with 
complex software-supported systems (Pan, 1999; Mohd and Shahbodin, 2015).  

For improvement of performance, software testing in any stage of product development is carried 
out normally for the following main objectives: (1) quality assurance; (2) verification and validation; 
and (3) reliability estimation, where each of these refers to the suitability of specified product design 
requirement. When these are achieved, the high quality of product is attained in some circumstances. 
Debugging, a common way of software testing, is usually carried out to search for weaknesses of a 
program hence assuring the program being able to run well during performance. This process is of 
primary importance as it is impossible to produce an adequately complex program left uncorrected in  
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its first-time use. According to Madlazim et al. (2015), another important purpose of software testing is 
verification and validation. In the process of fulfilling this purpose, software testing is a measure of its 
applicability hence reliability. Software reliability is therefore directly connected to the number of  tests 
completed. Within the uncertainty during test measurements, software testing can therefore be used to 
effectively collect a set of data failures or unsuccessful performance for estimates of product reliability in 
future use (Pan, 1999; Madlazim et al., 2015). 

 As previously mentioned, software testing is complex, containing a series of tests. A preliminary 
test called alpha testing is performed by prospective users or independent programmers involved in 
the product development division. The primary aims of this test are to detect any error in early stages 
of development and to bring the corrected syntax embedded in a software to a further test for detailed 
examination, namely beta testing (Pradhan, 2012). In the present study, beta testing of the Ina-TEWA 
is reported. The primary purpose is to identify how many tests required for optimum performance to 
reveal a number of design defects in this tsunami early warning application and to reduce them all to 
a minimum since the application performance is measured in terms of its accuracy. We present here 
beta testing for 35 events during a time period from January 1, 2018 to July 1, 2019 in the country, 
recorded by a network of seismic stations managed by BMKG and then analysis all of the results. 
Discussions on these results are given before concluding remarks at the end of this work. 

1. INDONESIAN TSUNAMI EARLY WARNING APPLICATION (Ina-TEWA) 

Tsunami monitoring application in Indonesian territories, formally abbreviated as the Ina-TEWA, 
has currently used main earthquake-tsunami discriminants, such as rupture duration " , the duration 
exceed 65 seconds "  and the dominant period "  of the first arrivals of P-waves following a series 
of pioneering work by Lomax and Michelini (2009, 2011, 2012). The primary difference between the 
Ina-TEWA and these studies is the use of a network of local stations for the Ina-TEWA, rather than 
teleseismic observations, to record seismic activities generated by earthquakes of varying magnitudes. 
In the early stages before the Ina-TEWA was applied, the Ina-TEWS extracted seismic signals from a 
local network nearby an event and transformed it into a digital set of source parameters ready for 
analysis and assessment, including earthquake magnitude, origin time, epicenter and hypocenter. 
However, as claimed by Madlazim and Prastowo (2016), most Indonesian earthquakes with 
epicenters in the ocean with depths shallower than 70 km and magnitudes greater than 7.0 during 
2007-2010, were falsely announced as tsunamigenic events. This requires evaluation of earthquake 
parameters used in the Ina-TEWS as a result of inaccuracy in tsunami assessment. This inaccuracy 
led to false warnings either tsunami alerts were issued as rapid responses to earthquakes of adequately 
large magnitudes or likewise occurrences with relatively small magnitudes were left to generate 
tsunami hence a series of destruction on its way to beaches and lands with no warnings. In regard to 
all of these false warnings, quick action after the main shocks is not the only important issue since 
accuracy in providing information is also significant to earthquake-tsunami assessment. 
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To reduce the level of inaccuracy in false warnings formerly issued by BMKG for tsunami events 
in Indonesian regions, Madlazim et al. (2015) have then utilized numerical codes called Joko Tingkir 
for a better prediction of tsunami wave generation that may occur following ocean bottom ruptures by 
future events. These codes have incorporated the importance of geometry of a fault in parameterizing 
tsunami potential into play, which includes the length and width of a rupture. Since the length of a 
rupture is technically difficult to measure, "  that is proportional to the length of a rupture is then 
used for a discriminant. Together with this parameter, "  and "  (determined from seismograms), 
are likely being used for a set of earthquake-tsunami discriminants for effective tsunami warnings. In 
addition to tsunami importance reported by Lomax and Michelini (2011), for events in Indonesian 
regions, Madlazim et al. (2015) argued that the discriminants are as follows, "  ≥ 65 s, "  ≥ 10 s, 

 ≥ 1,  ×  ≥ 650 s2 and  ×  ≥ 10 s. If at least three of these inequalities are satisfied 
then a tsunami wave is possible and hence to issue tsunami alert. 

2. METHOD FOR BETA TESTING  

While being integrated into the existing monitoring system to support the Ina-TEWS performance 
with a direct supervision from BMKG, a programming package named Joko Tingkir application was 
validated using tsunami importance (Madlazim et al. 2015) and then tested using alpha testing during 
a period of 2014-2015 for early detection of possible errors. The results showed that the application 
has fulfilled requirement in an adequate level and confirmed that further improvement of performance 
for an increased accuracy hence perfectness is required. This is an essence of the current study, where 
beta testing of the Ina-TEWA is presented. 

In the process of improvement in terms of accuracy, Madlazim et al. (2018) developed a method 
called Mfilter used to reduce seismic signals from unexpected sources of dominant noises. Although 
this method was not directly specified to increase the accuracy, it helped the Ina-TEWS performance 
better in that automatic computation of P-waves run faster, making the calculation process efficient 
(see for further use of automation in Kirubakaran and Karthikeyani, 2013). Therefore, beta testing was 
performed during the progress of this study whereas such a direct method of computation was also 
implemented in the automated system. For completeness, beta testing utilized a total of 35 earthquake 
events throughout Indonesian territories and its surrounding regions for the last two-years occurrences 
having magnitudes of 6.0 or greater and sources of 10 to 600 km deep beneath the surface, as depicted 
in Figure 1 below, where the majority of the events were located in the Indonesian eastern provinces 
and some of these occurred in Philippine and Papua New Guinea (PNG). Real-time measurements of 
the 5 earthquake-tsunami discriminants were carried out during the test using methodology detailed in 
previous work of Madlazim et al. (2015). 
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Before going further into the next section, here we provide the saline points of what is referred to 
as tsunami false warning. By definition, a false warning used in this study means that the Ina-TEWA 
suggests TSUNAMI POTENTIAL for an event of a particular magnitude, either hypocentered below 
the ground or the sea surface at a great depth, from which a tsunami alert may then be publicly issued 
by the relevant Indonesian authorities although field observations confirm no tsunami generated or 
the application says NO TSUNAMI POTENTIAL even though monitoring instruments offshore and 
onshore confirm tsunami generation. It is relatively easy to understand that the two possible ways of 
false warnings have to be avoided for putting people living and all properties nearby local beaches in 
danger. Even in some cases, places far away from the source remains vulnerable to tsunami hazard as 
the wave may travel a great distance across the ocean (Prastowo et al., 2018). 

"

Figure 1. Distribution of epicenter of 35 earthquakes with magnitudes 6.0 or greater (marked orange 
circles) and varying depths from shallow to deep sources examined in this study during a time period 

of January 1, 2018 till July 1, 2019. 

3. RESULTS AND DISCUSSIONS 

The Indonesian tsunami early warning application project has recently been extended into three 
versions that are managed by BMKG to date. The first version of the application was published in 
June 2013, followed by the second implementation in March 2016,  and the third in November 2017. 
For each, a comprehensive computer testing was performed, as required. When the application is 
publicly used, there is no a turning point. Hence, this is why the process of internal-driven testing is 
of importance. For this reason, a group of people called an internal team responsible for beta testing 
(Buskey, 2005) has examined daily records on the use of the application, subsequently reviewing 
them all in detail. All errors, shortcomings, inconsistencies and feature requests were recorded by a 
Flyspray system, freely accessible at http://flyspray.org/ popularly known as a web-based bug 
tracking system, written in the form of a hypertext preprocessor for software development. The 
system allowed users to record few characteristics of the application, including a reported version, a 
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place of testing, a severity of test results, a priority of usability problems, and examiner names.  

The group contains researchers utilizing this system for beta testing routinely once within a 5-
days period of time. An external group named the Centre for Research and Development BMKG as 
the official authority responsible for beta testing obtains a weekly report. This group has examined all 
detected defects due to any imperfect design of the application. Before product release or launch for 
implementation in a real condition, it is required for the two groups to report all the problems found 
in a manner different from ways of guidelines and reporting engineering case studies recommended 
by Runeson and Höst (2008). 

As mentioned, an internal team for beta testing plays a key role in the software development. 
Examiners within the team carry out a number of automatic computer-based tests as well as manuals 
on the devices and for earthquakes occurring throughout Indonesian territories and its surroundings. 
The primary purpose of this step is to identify design defects as many as possible to ensure tsunami 
early warning application working with high performance hence high accuracy, as expected. In order 
to make it real, a number of people within the division of human resources capable of doing the job 
on demand are needed. These people have examined the application in details within a framework of 
previous studies (Nielsen and Landauer, 1993; Nielsen, 2000; Jiang et al., 2017), who suggested that 
the best result of beta testing for optimum performance is obtained from only 5 internal users.  

Adopting the formula for the number of usability problems found in a particular test (Nielsen and 
Landauer, 1993) and applying it in the context of tsunami assessment, the number of false warnings "  
given by the application under examination in beta testing with "  users is calculated from 

                                      "              (1) 

where "  is the total number of the problems detected in the software design and "  is the proportion of 
design defects found when a single user is on work. A typical value of "  is of 31% (Nielsen, 2000), 
on average, for a large number of projects under consideration.  

Using the above value for " , the following results are then presented and subsequently discussed. The 
surprising result from Eq. (1) is that zero users with "  give zero false warnings with " , as 
expected when there is no implementation. When the data were collected from a single test user with 
" , false warning rapidly increased to approximately one third of the total problems detected in 
the design. The large difference between a case of zero users and a few was deliberately shocking. 
When the second user was then in action (with " ), we found the same things being performed as 
the first single test user did, making an overlap in the learning process between the first two-users. 
However, there will always be something different from the two. For example, if the second user does 
a thing then the first user may not do it. Within this context, the second user provides new insight but 
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it is not as much a small amount of new data, relatively compared with the previous two users. 
Keep it in mind, more and more users involved, then less and less lessons learned because the same 
things occur as the first user does. The third user (with " ) would then do many things compared 
with the first or the second user and even things observed twice, and again, would generate 
repeatedly. It is not necessary to keep the same things observed multiple times, and there exists 
enough reasons for being back to the drawing board and redesign the application to eliminate the 
usability problems. In short, by adding more users fewer false warnings are found because the same 
situation is repeated. After the fifth user, it is a time waste to observe the same problems or common 
findings repeatedly but not providing better insight much (Nielsen and Landauer 1993; Nielsen 
2000). In other words, optimum performance of the test is achieved at a value of "  (meaning that 
5 users are involved) permitting us to set up the equal number of examiners for each group of internal 
and external origin during the test. Project on beta testing for the Ina-TEWA was carried out 
following such descriptions, where each group of examiners or testers was filled with 5 examiners or 
testers for the best results of optimum performance. Before testing was performed, the examiners or 
testers were knowledgeable by relevant instructions about which function of the application required 
to be tested. Each examiner or tester performed a number of tests, once every 5 days, where the 
Flyspray is the main logging tool. This device recorded a single design defect detected by an 
examiner or a tester during the test.  

To facilitate data analysis, we consider the records collected in a week before the latest version 
(the third one) of the Ina-TEWA was launched. False warnings were classified into whether they were 
related to a level of accuracy in the application or a technical problem. All examiners or testers found 
7 of 35 earthquakes examined in this study were falsely issued (5 problems of accuracy and 2 cases of 
inconsistencies). To validate this, we focus on the first 5 examiners or testers from the internal group 
and present the results in Table 1 below. 

In consecutive, tester A found 7 errors in tsunami alert with no new false warnings reported. The 
same situation for tester B with zero new false reports issued, followed by tester D and E having the 
same experiences. Different from the others, tester C observed 6 tsunami alerts mistaken and a new 
error was recorded. We then move on the second 5 examiners or testers from the external group and 
present the results in a different panel below. A clearly similar performance is shown by the two 
groups for the same total number of events examined in this study, where the two have found 7 cases 
of falsely issued warning. It follows that 7 of 35 cases considered is categorized as false in tsunami 
alert reported. There remains challenging for future use of beta testing whether optimum performance 
using 5 testers for each examiner, as is the case in the present study, being efficient and consistent 
with more cases of earthquakes (Jiang et al. 2017). 
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Table 1. False warnings reported by 5 testers from internal (FGHIJ) and external (ABCDE) groups of 
researchers responsible for beta testing using methodology of optimum performance. 

The occurrence of 20% false warnings found using the 2017 Ina-TEWA version remains relatively 
high. This is due to only the dominant period "  of the first P-wave arrivals as the main parameter for 
tsunami detection being filtered using techniques described in Madlazim et al. (2018). The other two 
crucial parameters, "  and " , have not yet been directly calculated from filtered seismic signals, 
making them remains consisting of unexpected noises and thereby reducing the level of accuracy.  

5. CONCLUSIONS 

Beta testing for improved performance of the Ina-TEWA in terms of accuracy has been carried out 
using a total of 35 relatively large earthquakes of varying source depths in Indonesian and its nearby 
regions, particularly in the Indonesian eastern provinces where seismic activities have been found to  
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increase lately. These events are all considered tsunamigenic considering their scales in 
magnitude. After a series of stages during the test, we analyze all the results and conclude that this test 
is proved to increase the level of accuracy and hence to improve the Ina-TEWA performance by 80% 
since only 7 tsunami warnings are falsely issued. However, further refinement of the existing tsunami 
warning application remains challenging for future work. In the light of perfectness within the 
uncertainty or possible errors permitted in the process of computation, upcoming research on this 
subject may then also install M-filter used for the other two main tsunami parameters ( �  and � ).
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ABSTRACT 

Indonesia is an archipelagic country prone to natural disasters, especially tsunami as the one that 
hit the Aceh Province in 2004 - which caused over 80,000 deaths and 125.000 injuries including 
elementary school children. A school preparedness survey in Indonesia indicated that among 
school-age children aged 7-12 years, their knowledge and preparedness in disaster emergencies 
was low. Consequently, dealing with disaster management, the government of Indonesia became 
responsible in determining the best strategies in building up preparedness. Given the existing 
problems, the present study aimed at developing and evaluating the effectiveness of the Game 
Model of Knowledge and Physical Fitness among Elementary School Children  in Tsunami 
Disaster Anticipation for six tsunami-affected schools in Banten and W. Sumatra Provinces. The 
intervention study applied qualitative and quantitative approaches to develop and evaluate the 
effectiveness of the game model. Qualitative data was obtained from observations, interviews and 
secondary data documentation. The quantitative data obtained from the sample of 240 students 
was analyzed in accordance with the study objective. SPSS trial version 17 was used for the 
analysis. The results of paired and independent t-test on knowledge and fitness of the students 
showed that the model was effective. The effectiveness of the model in terms of improved scores 
was better among the intervention group than the control (p < 0.05), even though significant  
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improvement was also observed among the control. In conclusion, the policy implication 
suggested that the model may be applied and disseminated in other tsunami vulnerable areas in 
other provinces of Indonesia. 

Keywords: Tsunami disaster management, effectiveness, game model, elementary school students. 

1. INTRODUCTION 

     Indonesia is an archipelagic country prone to natural disaster, especially tsunamis generated  by 
volcanic eruptions and earthquakes, resulting by collisions of three active tectonic plates which 
surround Indonesia. These are the Euro-Asian, the Indo-Australian, as well as the Philippine and 
the Pacific Ocean plates in the East,  north, and south. Therefore Indonesia has high vulnerability 
to natural disasters such as volcanic eruptions, earthquakes and tsunamis (Anam et al. 2018). Data 
from the 2015-2019 National Disaster Management Agency showed that Indonesia was hit several 
times by tsunamis from 1818 to 2014 (Renas, 2014). In 2004,  the Aceh province was hit by the 
biggest tsunami ever recorded, which resulted in over 80,000 deaths and 125.00 injuries, which 
including elementary school children. It was the fifth largest disaster in world history, after the 
1964 Alaskan earthquake and tsunami (Fitriawan, 2017). In accordance with the Indonesian Law 
Number 24 of 2007 concerning Disaster Management, the government is responsible for preparing 
the best strategies related to disaster relief efforts in the country. In building preparedness, 
knowledge and understanding of disaster phenomena in general, are very important for the formal 
education of students. Consequently, after the 2004 earthquake and tsunami, in order to reduce the 
risk of tsunami disasters in Indonesia the government formed a Tsunami Warning System under 
the name of  “Indonesian Tsunami Early Warning System” (Anam et al. 2018). It was obvious that 
tsunamis and natural disasters in general, have posed a social burden not only on the government 
but also on the communities. 

     The need to create a model that involves a learning process to enhance knowledge of tsunami 
disaster anticipation and of improving physical fitness of elementary school students has been 
supported by results of various studies. Research evidence from Malaysia showed that learning 
with new knowledge must include cultivating the value of a positive attitude, without leaving 
physical activity in order to stay fit, and able to continue the learning process (Horikawa and 
Shuto 2010). Results of research conducted by Stough and Sungyoon  (Stough and Sungyoon  
2018)  stressed the importance of safety practices facing global disasters in schools for children by 
providing knowledge of emergency natural disaster procedures and not accompanied by actual 
action. A study by Hidayati (2016) proves  that pusijump (Puzzle, Music and Magic) learning 
methods are effectively used in earthquake and tsunami disaster preparedness learning intended 
for mild mentally retarded students, While Burhany and Tendy (2016) found that discussing risk 
reduction in tsunami disasters is more suitable to be carried out by debriefing knowledge about 
anticipating the tsunami disaster. They stated that to reduce the number of fatalities due to natural 
disasters, one of the efforts is to provide knowledge in the form of information and of anticipated 
needed actions. 
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Students or school-age children are the most vulnerable population, and yet play an important role 
in disaster preparedness, both at home and school (Anam et al. 2018). Children must have  
knowledge about human behavior and the risks caused by natural disasters, especially tsunamis 
(Suppasri et al. 2016), (Seneviratne, Amaratunga and Pathirage 2010). However, only a small 
number of students understand the  preparedness that is needed for natural disasters, particularly of 
tsunamis   (Kongko and Hidayat 2014). Survey data on school preparedness in facing disasters in 
Indonesia is lacking. Of 55 school children between  7 to 12 years old, 20% recognized the 
existence of the natural disaster early warning system, 13.3% of them had the ability to know 
emergency preparedness plans and 10.6% had skills in natural disaster emergency alert simulation  
(Syarif and Irawan 2015). 

In addition, physical activity of children with appropriate training will benefit their cognitive 
abilities as well as their academic performance. Thus, participation of children in disaster 
simulation exercises not only involve cognitive intelligence, and are enhanced by their physical 
fitness. In brief,  skills in tsunami alert emergency simulations involve  cognitive knowledge, and 
physical fitness, both being prerequisites for success of  the simulation game. The physical fitness 
component consists of various activities such as running, jumping, crawling, jogging, squatting, 
push ups, sit ups, and other motor movements aimed at increasing physical fitness.    

The government provides students with the knowledge and skills through a formal educational 
syllabus, aimed at  improving cognitive abilities as well as skills in simulating emergency 
anticipation of a tsunami disaster. The school curriculum for physical education aimed at 
achieving  graduates with competence, i.e., the core competence (KIs) consisting of four 
competencies. KI-1 on faith and religion, KI-2 on character and personality, KI-3 on knowledge 
and KI-4 on skills. In accord with the 2013 Curriculum for Physical Education for Elementary 
School year 9, namely, KD 4.1 to 4.3, it was explained that students practiced a combination of 
locomotor and non-locomotor basic motion patterns based on the concept of motion in various 
simple forms of play (Kemendikbud 2013). Simple games in this case can be realized with a 
variety of fun activities without a coercive voluntary concept. The concept of the game is suitable 
for use in learning for elementary school age children (Singer 2015). All is required in the 
anticipated tsunami disaster activities.  

Up to now there was no research  in the development of tsunami disaster anticipation methods 
for primary school-aged children in tsunami-affected prone areas, as well as testing its 
effectiveness in improving cognitive abilities along with increasing physical fitness levels 
simultaneously. Therefore, the aim of the present study was to develop a tsunami disaster 
anticipation model for learning physical education and tested for its effectiveness in improving 
cognitive abilities and physical fitness among elementary school students in the tsunami prone 
areas. The outcome of this development study is a game model of tsunami disaster anticipation for 
elementary school children in the vulnerable areas of tsunami disaster.  
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2. METHODS 

     The development study uses qualitative and quantitative approaches.  The design for a model 
development adopted the ADDIE (Analysis, Design, Development, Implement and Evaluation) 
development step (Branch 2009) shown in Figure 1.  

 

Figure 1. Steps to develop a model (Branch, 2009) 

The study has been approved by the Ethical Committee of the Jakarta State University number 
081/RE-PORS2/EC/III/2019  dated 6 March  2019. On behalf of the students, informed consent 
was given by their teacher after they understood the explanation given by the researchers. The 
simple random sampling was applied to obtain a sample from a population of elementary school 
children in 6 tsunami-affected schools in Banten and West Sumatra Provinces. There were  240 
students randomly selected and consisted of 120 students assigned as the intervention group and 
120 students was assigned as the comparison group.  The intervention study design with two arms 
was implemented, in which the intervention group was compared with the control group. The 
intervention group received a developed model consisting of educational and learning module plus 
aerobic exercise, while the control group did not received development module but followed a 
conventional educational module given at the school. The aerobic exercise given was in aCcord 
with the 2013 Curriculum for physical education subjects in grade 3 elementary school, namely 
KD 4.1 to KD 4.3, whereas the knowledge-based educational and learning module was in addition 
to the existing standard module to achieve core competencies, namely KI-1 to KI-4. The KI-1 
covers faith and religion, KI-2 covers character and personality, KI-3 covers knowledge and KI-4 
covers skills.   

Prior to the intervention, a qualitative approach was implemented and aimed to develop a 
model of game anticipation of a tsunami disaster. During the development phase, having done the  
initial needs analysis, the design of a model was developed and validated by a national natural 
disaster management expert, two regional disaster management experts, one sports sociologist and 
one physical education expert and sports game evaluation expert. In the developed model there are 
thirty items to be delivered to the intervention group, in which the items were based on the 
storyboard developed previously. The design consists of the items and objectives seen in Annex 1.  
As indicated elsewhere (Palar et al. 2015),  a physical education learning process was an important 
element of the model and that the purpose of an exercise was to improve students' physical fitness 
by conducting one week of 2 to 3 meetings with an aerobic exercise duration of 60-90 minutes.   
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Annex 1. Objectives and 30 modules’ item in the model of simulation game in 
anticipation of a tsunami disaster. 

Objective 1: Understanding Preparedness and Anticipation Simulation 

Objective 2: Understanding the simulation of tsunami early warning system 
activities 

Objective 3: Understanding and translating BPBD information related to 
anticipating a tsunami disaster 

Objective 4: Understanding Evacuation Routes 

Objective 5: Understanding disaster foreign words 

Objective 6: Understanding post-disaster activities 
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1/. Preparedness 
simulation in 
anticipation of a 
tsunami disaster 

2/. Simulation 
looking for and 
heading to a safe 
place.

3/. Simulation of 
tsunami disaster 
preparedness with 
compact and 

4/. Eliminate 
feelings of panic, 
anxiety and worry 

5/. Simulation 
actions improve 
life safety during 

6/. Simulation of the tsunami 
early warning system according 
to tsunami disaster procedures

7/. Simulation of alertness and 
dexterity in the activities of the 
tsunami early warning system

8/. Learn and 
understand the 
BPBD 
information and 

9/. Implement the 
instructions of the 
Regional Disaster 
Management 

10/. Learn the  
BPBD 
information and 
instructions 

11/. Understand 
the safe 
evacuation routes 

12/. Finding 
someone else's 
safe evacuation 

13/. Make a 
tsunami 
evacuation route

14/. 
Understanding of 
foreign words in 
anticipation of a 

15/. Mention of 
foreign words in 
anticipation of the 
tsunami disaster

16/. Conduct 
activities from 
foreign words in 
anticipation of the 

17/.Simple action simulation 
after the tsunami disaster

18/. Simulations avoid puddles, 
hazardous substances after the 



Objective 7: The game that is applied contains the concept 

Objective 8: Improving Physical Fitness component 

The quantitative approach was implemented after the game model has been completed. The 
quantitative approach in terms of an intervention study was aimed at testing the model 
effectiveness through two outcome measures, namely, students’ knowledge and physical fitness 
before and after the intervention for about one month. The outcome was compared among the two 
groups at the end of the intervention (post and post test), as well as before and after (pre and post 
test) for each group.  To test the effectiveness of the model a paired t-test for both group during 
pre- and post-intervention period amongst intervention group on both students’ knowledge and 
physical fitness, was used. In testing the physical fitness, the Indonesian Physical Fitness Test 
(TKJI) aged 10-12 years for Indonesian child standards was used, in which a composite standard 
score was used as a reference (see Table 1). 

  
Table 1. Score of physical fitness in accord with TKJI (Indonesian Physical Fitness Test) 

To test the knowledge score of the elementary school children, a questionnaire consisting of 18 
questions in the model was evaluated to produce a composite score. The instrument was developed 
based on the indicators of tsunami early warning system and outdoor activity.The score was 
obtained from the test of knowledge on anticipation of tsunami disaster in the 18 questions with  
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19/. The process 
of learning 
physical education

20/. Active 
Motion In groups

21/. Competition
22/. Aerobic 
Exercise

3 to 4 times @ 
10-15 minutes

23/. Strength 24/. Muscle endurance 25/. Heart resistance

26/. Agility 27/. Speed 28/. Flexibility

29/. Balance 30/. Coordination Action Reaction

Composite	Score Classifica0on

22	-	25 Very	Good

18	-	21 Good

14	–	17 Moderate

10	–	13 Deficient

5	–	9 Poor



multiple choice answers. The correct answer was scored 1, whereas wrong answer was scored 
0. For each student the score range was from 0 to 18, and for each of either the intervention or 
control group, the score in percentage was obtained which was equal to [(correct answer/18) x 
100].  

3. RESULTS 

As shown in Annex 1, out of 30 items that have been developed, as many as 28 items were 
implemented and another 2 were aborted due to limited infrastructure for implementation, and for 
inability of replacement by other games. The outcome of the model effectiveness was measured 
using both a composite knowledge score and a composite physical fitness score before and after 
intervention to intervention group only. To do the analysis, SPSS v.22 was used. Characteristics of 
the sample are shown in Table 2. 

Table 2. Characteristics of the sample 

Before a paired t-test was conducted, normality test of Kolmogorov-Smirnov was performed 
before and after the intervention for both data on knowledge and physical fitness. All data showed 
a normal distribution, which made feasible the paired t-test being being conducted. Results of 
descriptive statistics and paired t-test on knowledge and physical fitness test are shown in Table 2 
and Table 3, respectively as follows. 

Vol. 38, No. 3, page  185 (2019)  

Characteristics

Location
Total

Banten West Sumatra

n % n % n % row

Age 10 year 55 22,917 65 27,083 120 50

11 year 61 25,417 59 24,583 120 50

Gender Boy 49 20,417 71 29,583 120 50

Girl 62 25,833 58 24,167 120 50

K n o w l e d g e 
Score

High 29 12,083 30 12,500 59 24.6

Medium 47 19,583 67 27,917 114 47.5

Low 32 13,333 35 14,583 67 27.9

P h y s i c a l 
Fitness Score

Good 17 7,083 12 5,000 29 12.1

Medium 97 40,417 82 34,167 179 74.6

Poor 21 8,750 11 4,583 32 13.3

Group Treatment 55 45,833 65 54,167 120 50

Control 65 54,167 55 45,833 120 50



Table 3. Mean of knowledge and fitness score before (pre-) and after (post-) intervention 
among intervention and control students  

KP : knowledge score among control group; IP : Knowledge score among trial group 
KF : fitness score among control group; IF : Fitness score among trial group 

It can be seen in Table 2 that the mean results of the pre-test and post-test knowledge of the 
anticipation of the tsunami disaster were 38,658 and 78,188. Meanwhile, as seen from Table 2 the 
average physical fitness composite score during pre- and post-intervention among the intervention 
group showed scores of 8.86 and 17.18, respectively. Merely looking at the scores classification as 
shown previously in Table 1, the intervention model resulted in a significant improvement from 
‘poor physical fitness’(range 5 – 9) to ‘moderate physical fitness’(range 14 – 17) .  

The results of paired t-test of knowledge and fitness score before and after intervention among 
intervention and control groups are shown in Table 3. On the knowledge score, the mean 
difference between pre and post intervention was 39.53 (37.11, 41.94) with statistic t-count(df=119) = 
32,368  and p-value = 0,00 (or <0.05), indicating that there was a 95% significance level 
difference in the knowledge score of anticipating the tsunami disaster before and after being given 
the treatment of the model game. It is therefore concluded that the game model is effective and can 
increase the knowledge of tsunami disaster anticipation among elementary school children.   

Meanwhile, on the physical fitness score the mean difference between pre and post test was 8,317 
(7,843-8.791) with a t-count(df=119) = 34,749 and p-value = 0.00 (or <0.05) with significancy level of 
95%.  Hence, it is concluded that the game model in the form of exercise is effective and can 
increase significantly the physical fitness of tsunami disaster anticipation among intervened 
elementary school children through a physical education learning module significantly.   

The next study questions to be answered were : 1). What was the results among the control 
group?; and 2). Given the results of post-test on knowledge test and physical physical fitness test 
among the intervention and control group, was the effectiveness of module given to the 
intervention group better than the control? 
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Group Module Pre & 
Post N Mean Std. 

Deviation
Std. Error 

Mean

Intervention Pair 1 
(Knowledge)

pre-IP 120 38,658 9,7079 ,8862

post-IP 120 78,188 9,8206 ,8965

Pair 2 
(Fitness)

pre-IF 120 8,86 1,920 ,175

post-IF 120 17,18 1,986 ,181

Control Pair 3 
(Knowledge)

pre-KP 120 40,878 9,5884 ,8753

post-KP 120 53,962 9,3413 ,8527

Pair 4 
(Fitness)

pre-KF 120 8,95 1,454 ,133

post-KF 120 11,17 1,687 ,154



Looking back at the Table 2, it can be seen that among the control group the mean of the pretest 
and post-test knowledge of the anticipation of the tsunami disaster were 40,878 and 53,962 
respectively. The average mean difference indicated that among the control students the 
knowledge on anticipation of tsunami disaster has increased significantly (p <0.05), as seen in 
Table 3.The mean difference between pre and post intervention showed that was 13,083 (11,57, 
14.59) with statistic t-count(df=119) = 17,175 and p-value = 0,00 (or <0.05), indicating that there was a 
95% significance level difference in the knowledge of anticipating the tsunami disaster before and 
after being given the treatment of the model game. It is therefore concluded that the game model is 
also effective and can increase the knowledge of tsunami disaster anticipation among control  
children.  Compared with the intervention group, it was noted the improvement in the control 
group was worse than the intervention group, namely,  8,3 and 39,5 respectively. 

Meanwhile, as seen from Table 2 the average physical fitness composite score during pre- and 
post-intervention among the intervention group showed scores of 8,95 and 11,17, respectively. 
Referring to the scores classification as shown previously in Table 1, the intervention model 
resulted in a slight improvement from ‘poor physical fitness’(range 5 – 9) to ‘deficient physical 
fitness’(range10 – 13) . The improvement was worse than that of the intervention group.   

Overall, it is concluded that the applied exercise model can significantly improve the fitness 
level of primary school children through a physical education learning module within the game 
model.  It also proves that the tsunami disaster anticipation among control students on physical 
education learning was also an effective effort to improve the physical fitness of control 
elementary school students who did not receive the module. 

From Table 2 and Table 3, paired t-test indicated significant differences on both trial and 
control group on the knowledge and physical fitness score before and after intervention (p < 0.05). 
From these tables it was indicated that the increased score among trial group was higher than the 
control group.The knowledge of score difference after the trial period among intervention group was 
50,56% as compared with 24.26% among the control group, indicating that the impact of the module given 
to the intervention group was greater than that of the control group. Similarly, the impact of the physical 
fitness module given to the intervention group was bigger than that of the control group, by as much as 
49.63 points versus 19,87 point respectively. Given the above data, the hypothesis formulated that there 
was a significant larger increase on both knowledge and physical fitness score after the trial period among 
the intervention group than the that of the control group. To test the hypothesis the paired t-test was 
conducted. The results are presented in Table 4 and 5. 
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Table 4. Significancy level of pre- and posttest on knowledge and fitness score before and 
after intervention among intervention and control students 

KP : knowledge score among control group; IP : Knowledge score among trial group 
KF : fitness score among control group; IF : Fitness score among trial group. 

Table 5. Summary of mean difference between trial and control student group on the 
increased score of knowledge and physical fitness   

KP : knowledge score among control group; IP : Knowledge score among trial group 
KF : fitness score among control group; IF : Fitness score among trial group 
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Group Module Post-
Pre

Paired Differences

t df
Sig. 
(2-

tailed)Mean
Std. 

Deviatio
n

Std. 
Error 
Mean

95% CI of the 
Difference

Lower Upper

Intervention

Pair 1 
(Knowledge)

post-IP 
- pre-IP 39,5292 13,3782 1,2213 37,1109 41,9474 32,368 119 ,000

Pair 2 
(Fitness)

post-IF 
- pre-IF 8,317 2,622 ,239 7,843 8,791 34,749 119 ,000

Control

Pair 3 
(Knowledge)

post-
KP - 
pre-KP

13,0833 8,3447 ,7618 11,5750 14,5917 17,175 119 ,000

Pair 4 
(Fitness)

post-
KF - 
pre-KF

2,217 2,026 ,185 1,850 2,583 11,986 119 ,000

Group Module Post & 
Post N Mean Std. 

Deviation
Std. Error 

Mean

Knowledge Pair 1 
(Intervention 
vs Control)

post-KP 120 53,962 9,3413 ,8527

post-IP 120 78,188 9,8206 ,8965

Fitness Pair 2 
(Intervention 
vs Control)

post-KF 120 11,17 1,687 ,154

post-IF 120 17,18 1,986 ,181



Table 6. Results of paired t-test of Posttest of knowledge score and physical fitness score 
among Intervention group versus control group 

KP : knowledge score among control group; IP : Knowledge score among trial group 
KF : fitness score among control group; IF : Fitness score among trial group 

It is evident that the intervention group on anticipation of tsunami disaster compared well with 
the control who did not received the intervention module. The null hypothesis that there was no 
significant differences between intervention and control group at the end of the trial was rejected. 
Therefore, it was concluded that there was a significant bigger increase on both knowledge and 
physical fitness score after the trial period among the intervention group than the control group. It 
proves that the module of anticipation of tsunami disaster among school children was effective. 

4. DISCUSSION 

Based on the evidence obtained from this study,  we were convinced that the developed game 
model was effective in significantly increases both the knowledge of tsunami disaster anticipation 
and physical fitness among elementary school children aged 10 to 12 years in Banten and West 
Sumatra Provinces. The magnitude of the improvement was significantly larger among the 
intervention group than the control. In other words, the game model developed has been proved 
effective in improving students' cognitive understanding of the anticipation of the tsunami disaster.  

The results of this study was supported by other studies written by Bluma and Malgorzata 
(2018) which concluded that the impact of sports on pre-adolescents' cognitive functions was 
enhanced by sport activities. They also stated that sports conducted regularly on pre-adolescent 
children can have an impact on the development of cognitive functions of  children. This can be 
explained by the fact that during playing, the children feel happy and enjoy beyond their conscious 
threshold. When the children are happy, the brain will issue reciprocity in the form of positive 
energy that is able to record information more quickly from outside to be recorded, processed and 
stored in the brain's memory in the long run (Al-Thaqib et al. 2018). Results of this study of model 
development infers that information obtained by individuals who carry out game-based activities  
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Module Module
Post 

& 
Post

Paired 
Differences 

of Mean

Std. 
Deviation

Std. 
Error 
Mean

95% CI of the 
Difference t df

Sig. 2-
tailed

Lower Upper

Knowledge

Pair 1 
(Interventio

n vs 
Control)

post-
IP 
VS 

post-
KP

24,22 12,47 1,138 21,97 26,48 21,27 119 ,000

Fitness

Pair 2 
(Interventio

n vs 
Control)

post-
IF 
VS 

post-
KF

6,00 2,68 ,245 5,52 6,49 24,52 119 ,000



will affect the long-term memory and other cognitive achievements much better than the 
individuals who obtained the information in a conventional manner. 

Referring to an observed significant increase in physical fitness among elementary school 
students, the  findings was also supported by another study conducted by Gabbett and Jenkis 
(2009) who stated that  athletes who practice accurate game concepts can also improve physical 
fitness. The explanation was quoted as "collectively, the findings demonstrate the value of game-
based training for sports team athletic skills and physical fitness"   

Other similar research also revealed that there are several types of physical activity that can 
reduce adipose fat levels when the children do certain type of activity involving playing and game 
concept (Grace and David 2013), such as endurance and aerobic activities, sports-based games, 
sports training, and active play. Their findings explained that game activities in sports were able to 
improve skills, cognitive abilities, and the fitness of individuals who do it proportionally.  

5. CONCLUSIONS 

In summary, it is concluded: 1) that the game model is able to increase the knowledge of 
Tsunami disaster anticipation and improve the level of physical fitness of elementary school 
children aged 10 to 12 years old in a learning process; 2) that the impact of the game model was 
bigger among intervention group than the control in terms of knowledge score and physical 
fitness; 3) that the tsunami disaster anticipation game model developed in the form of 30 types of 
games in physical education learning in the form of books with an explanation of the tsunami 
disaster anticipation consisting goals, rules and how to play game systematically, can be applied 
and be effective; 4). The results suggest that the model can be applied and be disseminated in other 
tsunami vulnerable areas in other provinces along the three tectonic plates surrounding Indonesia. 
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