
IOP Conference Series: Earth and Environmental Science

PAPER • OPEN ACCESS

Reconstruction of the 2004 Tsunami Inundation Map in Banda Aceh
Through Numerical Model and Its Validation with Post-Tsunami Survey
Data
To cite this article: Tursina and Syamsidik 2019 IOP Conf. Ser.: Earth Environ. Sci. 273 012008

 

View the article online for updates and enhancements.

This content was downloaded from IP address 58.17.125.215 on 11/10/2019 at 02:24

https://doi.org/10.1088/1755-1315/273/1/012008


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

AIWEST-DR 2018

IOP Conf. Series: Earth and Environmental Science 273 (2019) 012008

IOP Publishing

doi:10.1088/1755-1315/273/1/012008

1

 

 

 

 

 

 

 

 

 

 

Reconstruction of the 2004 Tsunami Inundation Map in 

Banda Aceh Through Numerical Model and Its Validation 

with Post-Tsunami Survey Data 

 
   Tursina

1,3 
and Syamsidik

1,2,* 

 

1
Tsunami and Disaster Mitigation Research Center (TDMRC), Syiah Kuala 

University, Jl. Prof. Dr. Ibrahim Hasan, Gampong Pie, Banda Aceh, 23233-Indonesia,  
2
Civil Engineering Department, Syiah Kuala University, Jl. Syeh Abdurrauf, No. 7, 

Banda Aceh, 23111, Indonesia  
3
PhD Student of Engineering Doctoral Program, Syiah Kuala University, Jl. Syeh 

Abdurrauf, No. 7, Banda Aceh, 23111, Indonesia  

 

*Corresponding Author: syamsidik@tdmrc.org 
 

Abstract. The National Oceanic and Atmospheric Administration (NOAA) recorded the 2004 

tsunami heights in the Indian Ocean using the DART buoy tool and survey field data in the 

land side of Banda Aceh. Furthermore, 85 tsunami poles around Banda Aceh and Aceh Besar 

were used to mark the tsunami flow depth. The flow depth of the tsunami data recorded plays 

an important role in fostering our understanding of the physical tsunami wave generation and 

inundation using tsunami modeling. This study is aimed at comparing the results of the tsunami 

flow depth modeling in Banda Aceh with some measurement data from NOAA and Tsunami 

Poles. The tsunami modeling process was applied using the Cornell Multi-Grid Coupled 

Tsunami Model (COMCOT) computational program.We used 6 nested grids and the innermost 

layer covering the Banda Aceh region. The Layer 6 used for the variable Manning roughness 

coefficient represents the surface land use before the tsunami. We put 139 and 67 observation 

points on land to observe tsunami flow depth data according to NOAA and Tsunami pole 

coordinates, respectively. The result shows that NOAA data gave poor agreement with 

numerical simulations. A better result was obtained when using tsunami poles. We recommend 

increasing the use of the tsunami poles data as they were produced with a rigorous validation 

process for the 2004 tsunami. 

 

Keywords: Tsunami Numerical Simulation; Flow Depth; Wave Height; Validation 

 

 

1. Introduction 

A tsunami inundation map was prepared to assist cities and countries in identifying their 

vulnerabilities to tsunamis. Banda Aceh City was one of the worst impacted areas due to the 2004 

Indian Ocean Tsunami. As the most populous city in Aceh Province, city planning based on disaster 

mitigation is important in this area. Numerical simulations are the most flexible method in generating 

inundations of the reconstruction process and in estimating future forecasts. This methodology would 

be valid if the numerical models could be validated using actual data. Numerical models may produce 

unreliable estimates if initial data used as an inputs in computational tools is unrealistic. This error in 

fact, would further influence policy makers to commit mistakes in providing decisions in disaster 

mitigation, and could undoubtedly lead to panic in the community.  
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The National Oceanic and Atmospheric Administration (NOAA) recorded the 2004 tsunami 

heights in the Indian Ocean using the DART (Deep-ocean Assessment and Reporting of Tsunami) 

buoy tool and field survey data measuring tsunami heights in Banda Aceh. Furthermore, 85 tsunami 

poles around Banda Aceh and Aceh Besar were used to mark the tsunami flow depth [1]. 67 of them 

were located in Banda Aceh [2]. The post-survey data of the tsunami wave heights plays an important 

role in fostering our understanding of the physical tsunami wave generation and propagation using 

tsunami modeling. Research conducted by [3] used data recorded in the DART buoys to verify the 

tsunami modeling data in the deep ocean, as well as to generate Estimated Times of Arrival (ETA) in 

several tsunami potential cities in the Aceh Province. Their tsunami modeling results show realistic 

findings with actual events [3]. When the tsunami is run-up on the mainland, instead the process 

becomes more complicated. The tsunami inundation phase is a highly nonlinear process [4]. 

Forecasting tsunami inundation requires high-resolution bathymetry and topographic data, and 

validation with observed data. In the post-tsunami field survey, the flow depth and wave height was 

the method applied to measure the tsunami height. The flow depth is the height of the water from the 

ground to the tsunami water level, and the wave height is the height of water from the mean sea level 

to the height of the tsunami surface. Tsunami water level on land is indicated by watermarks on the 

walls and debris on the trees [5]. 

All of the tsunami processes begins from tsunami generation, propagation and inundation, almost 

completely simulated by the COMCOT model [6]. However, to evaluate the accuracy of the 

simulation model, the data validation test is needed. The objective of this study is not to validate the 

COMCOT model performance, which has been systematically validated with analytical solution in 

many tsunami cases [7]. This study just aims at evaluating the tsunami height in Banda Aceh. The 

validation method was adopted from the Aida function [8]. The modeled tsunami height and the 

observed tsunami height were compared to assess the similarities and the differences between them. In 

2014, [7] and [9] validated the modeled tsunami height of the COMCOT model on the 2011 Tohoku 

Tsunami, and also validated the flow depth of the 2009 Samoan tsunami. They used the Aida function 

in order to validate the simulation result. 

 

2. Study Area 

A few days after the 2004 tsunami, a number of researchers conducted a field survey in Banda Aceh. 

Tsunami memorial Pole's (tsunami pole) is a tsunami monument that records tsunami flow depth on 

land, which was measured from the ground based on eyewitnessing. Moreover, the NOAA research 

team also conducted a survey that observed the tsunami height with measurements of tsunami wave 

height. The locations of the survey were scattered over the inundation area until the boundaries of the 

inundation (figure 1). Based on the satellites from Google Earth, the distance of the tsunami 

inundation range was computed to be 3.40 km. 

 

 

Figure 1. The distribution of post-tsunami survey location in Banda Aceh 
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3. Method 

3.1 Numerical Simulation COMCOT 

 

The tsunami modeling process was run using the Cornell Multi-Grid Coupled Tsunami Model 

(COMCOT) computational program. Six layers of grid resolution were used, and the innermost layer 

(Layer 6) covered the Banda Aceh region. The thrust fault event on the larger earthquake offshore 

Sumatra on 26 December 2004 was adopted from Koshimura [10]. Bathymetry data from Layer 1 to 

Layer 4 used GEBCO data with a 1-minute resolution for the outer layer. Details of topographic data 

at Layers 5 and Layer 6 were obtained from JICA's measurements. Layer 6 was the smallest grid with 

the grid cell size of 11.5 m x 11.5 m, and was run with a 1.0 second time step. The computational 

domain Layer 6 show in figure 2. 

 

 
 

Figure 2. Banda Aceh in computational domain simulation (Layer 6). The highest land elevation is 7.0 

m. Around the shore area, the topography elevation less than 3.0 m and cover half of the land side of 

Banda Aceh 

 

The calculation of the tsunami waves from the open ocean was performed using the shallow water 

equation (SWE). The SWE’s equation was applied from Layer 1 to Layer 5. Meanwhile, for the 

calculation of the inundation process at Layer 6, the nonlinear shallow water equation including the 

bottom friction effect was applied. The bottom friction of the Banda Aceh region represents the 

surface land use before the tsunami with Manning Roughness classification as mentioned in table 1. 

All of the level Layers were implemented in Spherical Coordinates. 

 

Table 1. Manning Coefficients based on land cover in Banda Aceh before the Tsunami base on [11] 

 

Land Use Manning’s Roughness Coefficient 

(n) 

Coastal Vegetation 0.035 

Fish Ponds 0.017 

Building 0.04 

Sea 0.013 

Soil 0.02 
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3.2 Validation and Verification Flow Depth 

The tsunami flow depth of the simulation results was compared with the results of the NOAA and 

Tsunami Pole surveys to evaluate the performance of the inundation models. There were 139 survey 

locations where to observe tsunami heights with NOAA data, and 67 points for Tsunami Pole data. 

Measurements from NOAA were based on wave height and tsunami poles were based on flow depth. 

The result of the COMCOT simulation is a tsunami flow depth. The illustration in figure 3 clearly 

delineates the definition of flow depth and wave height. 

 

Figure 3. A diagram illustrating some terms used for tsunami measurement modified from [12] 

 

The Aida function [8] was used as a formula to see the agreement between the simulated tsunami flow 

depth and the observed tsunami flow depth. The accuracy of the simulation results was calculated by 

using the geometric mean ratio K of the observed data (H-obs) and simulation data (H-sim), as well as 

the standard deviation of k.  

 

At the survey location i, the ratio of the tsunami flow depth observed (H-obs) to the tsunami flow 

depth simulated is represented by Ki 

 𝐾𝑖 = 𝐻𝑜𝑏𝑠−𝑖𝐻𝑠𝑖𝑚−𝑖, 
 

For n being a total number of observation points, geometric average value of K for all ratios is defined 

by the following equation. 

 log𝐾 = 1𝑛∑log𝐾𝑖𝑛
𝑖=1  

 

 

If K>1, its means that the simulation data is underestimated from the observation. However, if K<1, 

the simulation is overestimated from the observation data. The simulation results match better with the 

observed data if K=1. Takeuchi [13] suggests a range of values that indicates the model is a ‘good 

agreement’ if  0.8≤K≤1.2 and the value of k≤1.60. The equation of the standart devation of k as 

follows, 

 

 

log 𝜅 = √1𝑛∑(log𝐾𝑖)2 − (log𝐾)2𝑛
𝑖=1  

(1) 

(3) 

(2) 
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4. Results and Discussion 

The comparison of simulation models with measurement data is the focus of this study. The 2004 

tsunami flow depth simulation with points of survey location can be seen in figure 4. The inundation 

map results show a pattern that is closer to the post-tsunami survey boundary location with tsunami 

inundation limits. An average inundation distance of 3.5 km approaches the pattern that was recorded 

by the Google Earth satellite. This inundation occurs approximately at the ground elevation smaller 

than 3.0 m or about 70% of the area Banda Aceh. Tsunami inundation from COMCOT simulation 

results is the maximum flow depth value. 

 

 

Figure 4. The 2004 tsunami flow depth simulation in Banda Aceh with  several survey location by 

NOAA and Tsunami Pole 

 

The simulation results were then compared with the NOAA and Tsunami Pole measurements. 

NOAA observed the base on wave height, and tsunami pole recorded the flow depth. NOAA 

measurement data was converted to flow depth data by reducing the topographic elevation value in the 

survey location. Table 2 show the Aida validation test for validation flow depth. The results explain 

that K and k values for NOAA data are outside the range value, indicating poor agreement. However, 

the Tsunami Pole data shows instead good agreement, with K and k values closer to the threshold 

value. 

 

Table 2. K and k value for validation flow depth 

Model Results 

Aida parameters 

K k 

NOAA Data (n= 139  ) 1.44 1.86 

Tsunami Pole data (n= 67) 0.78 1.56 
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Figure 5. Tsunami flow depth compare by simulation and tsunami pole recorded 

 

 

Figure 6. Tsunami flow depth compare by simulation and NOAA survey 

 

Although some point locations were still overestimated and underestimated compared with the 

observed ones, the tsunami flow depth model comes much closer to the Tsunami Pole one (figure 5). 

Conversely, with NOAA most of the flow depth simulation values were underestimated compared to 

the observed ones (figure 6). This is likely due to the fact that the topographic data that interpolated 

into the 11.5 x 11.5 m grid size was not enough to represent the real elevation when surveyed. The 

pattern of the flow depth simulation can be observed in the two Figures above, showing quite similar 

patterns. The value of each point is in the range between 2.0 m and 6.0 m. The data from each point 

varies greatly compared with the observed one. There is a possibility that the splashing water cannot 

be modeled properly with the grid size in the model. Even though the determination of the flow depth 

is measured at the highest limit of water, higher traces caused by splash water can be found in the 

observed data.   

 

5. Conclusion 

High-resolution topographic data and numerical validation results with observed data will produce 

accurate results in inundation maps. NOAA data gave poor agreement with numerical simulations. A 

better result was obtained when we using tsunami poles. We recommend to increase the use of the 
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tsunami poles data as they were produced with a rigorous process of eyewitness validation after the 

2004 tsunami. Validation model is a continuous process. Even if the model has already been validated, 

additional testing is also required to constantly bring new knowledge to future studies. 

 

6. References 

[1] H. Iemura, M. H. Pradono, A. bin Husen, T. Jauhari, and M. Sugimoto. Information 

Dissemination For Reality-Based Tsunami Disaster Education The 14th World Conference on 

Earthquake Engineering October 12-17, 2008, Beijing. 

[2] Tursina, Syamsidik, S. Kato, 2017. Projections of tsunami inundation area coupled with impacts 

of sea level rise in Banda Aceh, Indonesia. AIP Conference Proceedings 1892, 100003 (2017); 

doi: 10.1063/1.5005735. 

[3] Syamsidik, T.M. Rasyif and S. Kato, Development of accurate tsunami estimated times of arrival 

fortsunami-prone cities in Aceh, Indonesia. Int. J. of Disaster Risk Reduction, 14(4) 403-410 

(2015). 

[4] L. Tang, Christopher D. Chamberlin, Vasily V. Titov, Developing Tsunami Forecast Inundation 

Models For Hawaii: Procedures And Testing, 2008, NOAA Technical Memorandum OAR 

PMEL-141. 

[5] USGS (2018).  Note from the field: USGS Scientis in Samoa and American Samoa Studying 

Impacts of Recent Tsunami October-November 2009. Access date October 2018. Link: 

https://walrus.wr.usgs.gov/news/tsu-terms.html 

[6] Liu, P. L.-F., Cho, Y.-S., Briggs, M. J., Synolakis, C. E., & Kanoglu, U. (1995). Run-up of 

solitary waves on circular island. J. Fluid Mech., 302:259-285, 1995. 

[7] W.L. Power, A. Barberopoulou, X. Wang and C. Muller. 2014. Validation of a deaggregation-

based approach for tsunami evacuation mapping. GNS Science Report 2014/36. 56 p. 

[8] Aida, I., 1978. Reliability of a tsunami source model derived from fault parameters. Journal of 

Physics of the Earth 26, 57-73. 

[9] H. Gokon, S. Koshimura, K. Imai, M. Matsuoka, Y. Namegaya, and Y. Nishimura, 2014. 

Developing fragility functions for the areas affected by the 2009Samoa earthquake and 

tsunami. Nat. Hazards Earth Syst. Sci., 14, 3231–3241, 2014. 

[10] Koshimura S., Oie T., Yanagisawa H., and Imamura F., 2009. Developing fragility functions for 

tsunami damage estimation using numerical model and post-tsunami data from Banda Aceh, 

Indonesia. Coastal Engineering Journal 51(3), 243-273. 

[11] Li, L., Qiu, Q., and Huang, Z., 2012. Numerical modeling of the morphological change in Lhok 

Nga, west Banda Aceh, during the 2004 Indian Ocean tsunami: understanding tsunami 

deposits using a forward modeling methodNat Hazards 64, 1549-1574. 

[12] Hill, E. M., et al. (2012), The 2010 Mw 7.8 Mentawai earthquake: Very shallow source of a rare 

tsunami earthquake determined from tsunami field survey and near-field GPS data, J. 

Geophys. Res., 117, B06402, doi:10.1029/2012JB009159. 

[13] Takeuchi H., Y. Murashima, F. Imamura, N. Shuto, and K. Yoshida (2005), Verification of 

tsunami run-up height records of Meiji Sanriku Tsu- nami and Showa Sanriku Tsunami on the 

coast of Iwate Prefecture using numerical simulation, Hist. Earthq., 20, 155–163. 

 

Acknowledgments 
We acknowledge the Partnership Enhanced Engagement in Research (PEER) Cycle 5 funded by 

USAID andthe National Academy of Sciences (NAS) for the sponsorship in this study. This PEER 

project under research title: “Incorporating Climate Change Induced Sea Level Rise Information into 

Coastal Cities’ Preparedness towards Coastal Hazards” (#5-395). We would like to thanks Prof. 

Anawat Suppasri (IRIDeS) for providing the NOAA post tsunami survey data and some discussion on 

numerical modelling. Also, thanks to Coastal Research Group Syiah Kuala University for the great 

help. A sincere thank you to Giordano Margaglio for his diligent proofreading of this paper. 


