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Abstract 

The effective use of those local wisdoms is strongly desired, especially in developing countries, because it is quite difficult for 
those countries to allocate enough budgets for constructing hard-type countermeasures against tsunami. Among local wisdoms 
against tsunami hazard, this study evaluated the efficiency of a hollow topography which can be seen on the beach along Lampon 
village in Indonesia. These artificial hollows are arrayed on the beach as one of the local wisdoms in Lampon village to reduce 
the intensity of inundated tsunami flow. The numerical simulation of tsunami inundation energy was conducted to evaluate the 
efficiency of this hollow topography. In order to investigate the effect of artificial topography and vegetation belt, this study
conducted a numerical simulation utilizing CADMAS-SURF 3D. Furthermore, this study evaluated the efficiency of some 
contrivances, such as combination of vegetation belts and a multiple-use of hollow and embankment topography, in order to 
enhance the performance of a countermeasure based on the local wisdom. 
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1. Introduction  

The aim of this study was to investigate tsunami disaster mitigation with the approach of local wisdom in 
Indonesia. There are a lot of local wisdoms as soft-type measures or hard-type ones to mitigate tsunami damages. 
Some of those wisdoms seemed to be useful under the limited budget for disaster prevention strategy in developing 
countries, and the effect of local wisdoms should be evaluated technically. Among local wisdoms to encounter 
tsunami hazard, the effect of topography modification that can be seen on the beach along Lampon village was 
evaluated in this study. 

The relatively low death toll on the Indonesian island of Simeuleu, which is close to the earthquake’s epicenter, 
has been attributed partly to the surrounding mangrove forests and their local wisdom. Yanagisawa et al. (2009) 
reported their research techniques within their site survey analysis and produced analytical results. They showed that 
with a 400m forest width, 26% of the inundation depth was reduced while a 1.000m of forest width would reduce 
about 45% of the inundation depth at a maximum current velocity of 5 m/s and tsunami heights between 4 and 8 m 
[1].  

On March 11, 2011, Great East Japan Tsunami discovered that the pine tree forests in Rikuzentakata, Iwate 
unfortunately could not prevent or reduce the tsunami energy. This means that there is a limit of the performance of 
coastal vegetation against tsunami of this size. However, mangrove forests are entirely dissimilar to pine trees in 
terms of the vegetation physical characteristics and anatomy [2]. At beach forests, sufficient forest width is 
necessary to absorb enough tsunami’s energy to reduce flow velocity and depth before exiting the forest. In West 
Java of Indonesia, for example, 40 meters of beach forest were effective in reducing tsunami of 6-7 meter waves to 
just 1.6 meters in 2006 [3]. In Sri Lanka, Pandanus sp and Cocus nucifera sp reduced the 2004 tsunami of 100 
meters to 4.5-5.5 meters wave [4], and elsewhere of 155 meters to 6.0 meter wave [5].  

Lampon village in Banyuwangi on Java Island experienced an earthquake with magnitude of 7.6 in 1994. A 
sizeable tsunami hit this coast 50 minutes after the main shock. The tsunami height in Lampon village was measured 
of 5.4m. On the other hand, 9.1m tsunami height was also measured at another point on the seaside for about 1km 
east of the village [6]. Between these two points, there is a vegetation area and an artificial hollowed area. When 
earthquake occured, those topographic features might reduce the tsunami energy in Lampon village. 

An aerial photo in Fig.1.a introduces a typical coastal area in Lampon village, Banyuwangi, Indonesia. A 
vegetation area and a hollow topography can be seen in this photo. There are some artificial hollows on this beach 
with the size of 100m in length, 20m in width and 2m in depth. Fig.1.b shows another type of coastal area in 
Southern Java Island which is Telengria beach, Pacitan. There are sand dunes, grass area and vegetation area on this 
beach with the sand dune of about 60m in width, grass area of 50m and vegetation area of about 75m in width.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1(a) Typical coastal area in Lampon village, Banyuwangi; (b) Typical coastal area in Telengria beach, Pacitan. 
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This study evaluates the efficiency and the effectiveness of the topography modification in reducing tsunami 
inundation depth and velocity. Two-dimensional numerical analysis is conducted in this study to investigate the 
inundation flow over the hollow topography. Furthermore, this study evaluates the efficiency of some contrivances, 
such as combination of vegetation area, multiple uses of hollow and embankment topography in order to enhance 
the performance of countermeasure based on the local wisdom. 

2. Methodology 

Numerical analysis was conducted to analyze several types of beach topographies and configurations in this study. 
This study employs CADMAS-SURF/3D to conduct a numerical simulation. The basic equations in this direct 
numerical simulation are the continuity equation and momentum equation, known as the Navier-Stokes equations. 
This study employs a system of such equations, discretized with the finite difference method to simulate tsunami 
flow around three-dimensional obstacles on topography. 

2.1. Numerical Simulation Method 

The governing equations used in this study are continuity equation expressed in Eq. (1) and momentum equation 
from Eq. (2) to Eq. (4). This system of equations was proposed by Sakakiyama and Kajima (1992) [7], where the 
area porosities x, y, y in x, y and z projections were introduced in order to investigate the interaction between 
waves and the modification of topography.  

 
         
    

 
 
 
 
 
         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Where t was the time, x and y were the horizontal coordinates, z was the vertical coordinate, u, v, w were the 

velocity components in the x, y and z directions respectively. ρ was the density of the fluid, ρ* was the relative 
density of the fluid, p was the pressure. ve was the kinematic viscosity (the sum of molecular kinematic viscosity and 
eddy kinematic viscosity), g was the gravitational acceleration, v was the porosity, x, y, z were the real porosity in 
x, y and z projections. S was the source of mass for wave generation, Sx, Sy, Sz were the momentum sources in x, y, z 
directions respectively, Dx, Dy, Dz were the coefficient for energy damping in the x, y, z. The next step was to track 
the interfaces by solving an advection equation, for the function, F, in time series.  
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No Cases width of veg width of hollow
1 Simple slope - -
2 Vegetation 100 -
3 Vegetation 200 -
4 Lampon 150 -
5 Hollow - 100
6 Vegetation + Hollow (front) 100 100
7 Vegetation + Hollow (back) 100 100
8 2 Vegetation + 2 Hollow 2 x 100 2 x 100

The three-dimensional advection equation for fractional function was given as Eq. (5) where SF was the source of 
F due to the wave source method. The sharp gradient of VOF function F needed to be conserved at the surface; 
otherwise, the interface between air and water would lose its definition. 

2.2. Numerical Wave Flume 

Fig. 1.a and Fig. 1.b showed the longitudinal profile and the plane view of typical beach in Southern Java Island. 
Fig.1 showed a sandy beach with 30m to 60m in width that can be seen along Lampon village. There is a vegetation 
area after sandy beach. The width of vegetation area is about 60m to 120m. The hollow topography is located 
between vegetation and residential areas and the hollow topography has length of 120m, width of 20 m and depth of 
2m.  Fig. 1.b showed a sandy beach and grass area with 100m to 150m in width that can be seen along Telengria 
beach in Pacitan. The width of vegetation area is about 60m to 120m after sandy beach. According to the 
configuration of coastal topography on Lampon village and Pacitan city, this study set the numerical wave flume as 
shown in Fig. 2. The flume had 750m in length and 34.0 m in height. The offshore wave depth was maintained at 5 
m as shown in the upper figure of Fig. 2. A uniform sea bottom slope with 1/25 was set in the flume, and hollow 
topography was also set on a flat section. 

Table 1 showed the list of numerical experiments conducted in this study. Eight cases consisted of two groups; in 
group 1, there were Case-2, 3, and 4, while in group 2, there were Case-5, 6, 7 and 8. Case-1 had a simple slope 
without any special topography. The effectiveness of vegetation belts investigated in group 1. In the vegetation cases, 
the vegetation belts had two variants in width of 100 and 200m, and the density of trees was nine trees/100 m2 
(distance between tree was 5 meters). Case-4 was the case which was similar to Lampoon topography. Case-5 was 
the single hollow topography, where the width of hollow topography was 100m. Case-6 and 7 were the single 
combination of hollow and embankment topography, where the Case-6 was hollow topography which set on the 
seaside of the vegetation belts and the Case-7 was the vegetation belts which set on the seaside of hollow 
topography. Numerical experiments of Case-8 investigated the combination case of double hollows and double of 
vegetation belts. 

Table 1 List of numerical simulations in this study 
 
 

 
 
 
 
 

 
 
According to the report of tsunami height which was observed in Lampon village (Tsuji et al, 1995) and based on 
the height of inundation on the landward from the local government (Bappeda Pacitan, 2002), this study generated a 
bore type tsunami with 6 m in height. This bore wave would generate inundation depth of about 5.5 m on the 
landward. 
  
 
 
 
 
 
 
 
 
 

Fig. 2(a) Schematic of numerical flume; (b) snapshot of numerical simulation result (Case-8) 

240                                                            600 

34.0 m 

750.0 m 

a 

b 



646   Fadly Usman et al.  /  Procedia Environmental Sciences   20  ( 2014 )  642 – 650 

CADMAS-SURF/3D requires time history of water surface elevation and fluid velocity on an input boundary to 
generate waves with arbitrary profile. This study assumed the bore profile on the offshore region at first and the 
velocity profile related to this bore profile was obtained by utilizing the following equation [8]. 

 

In this equation, U meant the depth averaged velocity and g meant the gravity acceleration. H=h+ζ meant the total 
depth from datum and ζ also meant the temporal bore height. η was a coefficient obtained from the ratio between the 
initial water depth on a propagation area and the total depth of the propagating bore, and it was set as 1.03 in this 
study. 

3. Analysis and Results 

In this study, both water surface elevation and flow velocity were measured at two locations, i.e. 240m and 600m 
from the input boundary as the reference points in order to evaluate the reduction effect of tsunami inundated flow 
on the inundation section as shown in Fig. 2. 

3.1. Numerical Results Case-1, 2, 3 and 4 

Coastal vegetation belts have economic benefits and these benefits can be extended if vegetation belts are 
planned according to tsunami disaster mitigation. In developing countries, budgets for tsunami hazards are very 
limited. On the other hand, the existing coastal vegetation does not provide maximum protection from tsunami 
hazards. Numerical experiments in this group investigated the effectiveness of vegetation belts in reducing 
inundated flow energy and compared it with the case that is similar to the Lampon case. The important parameter of 
vegetation cases is the width of the vegetation belt. Fig. 3 and Fig. 4 showed the snapshot of tsunami inundation in 
Case-3 and Case-4. The results of this group showed that the effect of vegetation belts in reducing the intensity of 
inundation flow seemed to be small in this study.  
 
 
 
 
 
 
 
 

Fig. 3 Snapshot of numerical simulation result in Case-3 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 Snapshot of numerical simulation result in Case-4 

 
(6) 
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240 600 240 600
1 5.50 2.72 5.87 6.92
2 5.50 2.20 5.87 5.98
3 5.50 2.19 5.87 6.11
4 5.50 1.67 5.87 5.20

Case wave height (m) velocity (m/s)

Due to the smaller effect of vegetation area on reducing tsunami energy, the water surface profiles and velocity 
ones in each case seemed to be similar, even when the simulation conducted in different width of vegetation belt 
setup. Table 2 showed the maximum values of the inundated flow depth and velocity obtained from the profiles in 
Fig. 5 and Fig. 6. In this group, Case-4 had the highest efficiency in reducing inundated flow depth and velocity. 
 

Table 2 Maximum inundated flow and velocity at 240m and 600m 
location (Case-1, 2, 3 and 4) 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Fig. 5 Profiles of inundated flow depth at 600m location (Case-1, 2, 3 and 4) 
 
 
 
 
 
 
 
 
 
 

Fig. 6 Profiles velocity at 600m location (Case-1, 2, 3 and 4)  
 

As shown in Case-4, larger flow reflection could be observed in front of the embankment which was set after 
vegetation and in the hollow topography. It seemed that the topography with embankment and hollow diminished 
the inundated flow at first, and landward topography reduced the intensity of tsunami inundation again due to the 
flow reflection significantly. It is clear that the multiple-use of hollow and embankment reduced the inundated water 
depth and velocity better in comparison with the previous numerical results in cases of vegetation belts. 

3.2. Numerical Results Case-1, 5, 6, 7 and 8 

Numerical experiments of Case-5 investigated the effectiveness of hollow topography according to the previous one 
in Lampon Village case.  
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240 600 240 600
1 5.50 2.72 5.87 6.92
5 5.50 1.92 5.87 6.23
6 5.50 1.65 5.87 5.35
7 5.50 1.52 5.87 4.67
8 5.50 1.26 5.87 3.35

Case wave height (m) velocity (m/s)

Table 3 Maximum inundated flow and velocity at 240m 
and 600m location (Case-1, 5, 6, 7 and 8) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 7 Profiles of inundated flow depth at 600m location (Case-1, 5, 6, 7 and 8) 
 
 
 
 
 
 
 
 
 
 

Fig. 8 Profiles velocity at 600m location (Case-1, 5, 6, 7 and 8) 
 

Case-6 and Case-7 investigated the multiple-use of embankment, vegetation and hollow in the case with 
limitation of land available at coastal area. Case-6 set the combination of topography beside the shoreline and Case-
7 before residential area. Case-8 investigated the multiple-use of embankment, vegetation and wider hollow area in 
reducing inundated flow energy.  

The effect of the embankment in reducing the intensity of inundation flow seemed to be better in decreasing 
water flow and depth. Table 3 showed the maximum values of the inundated flow depth and velocity obtained from 
the profiles in Fig. 7 and Fig. 8. Fig. 7 showed the water surface profiles and velocity ones at 600m location from 
Case-5, 6, 7 and 8. Fig.9 and Fig. 10 showed the snapshot of tsunami inundation in Case-5 and Case-8. It is clear 
that the multiple-use of hollow, vegetation and embankment reduced the inundated water depth and velocity better 
in comparison with the previous numerical results.  

As shown in Fig. 10, larger flow reflection could be observed in front of the embankment which was set between 
vegetation and hollow topography. It seemed that the topography with embankment and hollow on shore side 
diminished the inundated flow at first, and landward topography reduced the intensity of tsunami inundation again 
due to the flow reflection significantly. Case-8 had the highest efficiency in reducing inundated flow depth and 
velocity in this group. Regarding the limitation of beach width, combination of hollow and embankment topography 
might be arrayed without eliminating the vegetation belts before the residential area for better trapped effect from 
the embankment and hollow configuration.  
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Case WL U U2 α
1 2.72 6.92 47.89 1.00
2 2.20 5.98 35.76 0.92
3 2.19 6.11 37.33 0.97
4 1.67 5.20 27.04 0.92
5 1.92 6.23 38.81 1.15
6 1.65 5.35 28.62 0.99
7 1.52 4.67 21.81 0.81
8 1.26 3.35 11.22 0.51

Furthermore, the multiple-use of hollow and embankment extremely shortened the duration of inundation as well. 
This means that the mass of water inundated into landward might be reduced extremely by the multiple uses of 
hollow and embankment topography.  
 
 
 
 
 
 
 
 
 

Fig. 9 Snapshot of numerical simulation result in Case-5 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10 Snapshot of numerical simulation result in Case-8 

4. Horizontal Force due to Inundated Flow 

Reduction of the inundated flow depth and velocity led the smaller hydraulic force acting on some structures on 
landward area. Fig. 11 showed the ratio of hydraulic force caused by the inundation flows in all cases. The index, i, 
in this figure meant a ratio of the hydraulic force, and it was defined as i= (ui2/hi)/ (u12/h1). In this equation, i 
meant a case number, and u1 and h1 meant the inundated flow velocity and water depth in Case-1 which had a 
uniform simple slope and flat section. 

This study found that trap effect of hollow topography due to tsunami was effective to decrease the horizontal 
force. These results meant that the use of local wisdom, which was a modification of coastal topography developed 
in Lampon village, could be one of the favorable countermeasures against tsunami attack. Furthermore, the multiple-
use of embankment and hollow topography enhanced the efficiency of reducing hydraulic force as seen in Case-8. 
Table 4 showed numerical results of wave height (WL), velocity (U) and hydraulic force against inundated flow ( ) 
at 600m measurement point. 
 

Table 4 Numerical results of WL, U and  
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Fig. 11 Ratio of hydraulic force against Case-1 
 

5. Conclusion 

This study evaluated the efficiency of topography modification, which was developed in Lampon village, 
Indonesia as one of the local wisdoms in reducing tsunami energy. This study evaluated the efficiency of other 
contrivances, such as parallel use of embankment and hollow topography, combination of vegetation area, and a 
multiple-use of hollow and embankment topography in order to enhance the performance of countermeasures 
introduced as a local wisdom. This study cleared that the configuration of Lampoon topography had the function of 
reducing tsunami inundation energy. Case-4 (Lampoon topography) reduced the hydraulic force of about 90% on 
inundation area in comparison with the case without any measures in Case-1. Furthermore, the parallel use of 
embankment and hollow topography could enhance the reduction of hydraulic force due to the flow reflection. 

The multiple-use of embankment, vegetation and hollow topography extremely lowered the hydraulic force, more 
than 50%, against the case without any measures. This system also shortened the duration of inundation as well, and 
the system could check with the mass of water inundate into landward area. Effectiveness of vegetation area on 
reducing tsunami inundation energy seemed to be very small in this study, according to wide of the vegetation belt. 
The vegetation area with enough width had the function of reducing tsunami energy, and the parallel use of 
vegetation area with embankment and hollow topography was better in comparison to the other cases in this study. 
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