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Abstract 
 

A stand by inundation model (SIM) was built for Nawiliwili Bay, Hawaii in support of the 
short term inundation forecast system for tsunamis (SIFT) system built for the NOAA 
tsunami warning center.  Three historical events were used to test the RIM and SIM for 
Nawiliwili Bay – the 1994 Kuril, 2003 Rat Island, and the 1996 Andreanov tsunami. With 
the lack of historical tide gauge data for the Nawiliwili area, SIMs and RIMs were 
developed using synthetic data to simulate the run up values noted during the 1964 
and 1996 tsunamis. A larger magnitude (Mw 9.5) event was simulated to test the 
stability and sensitivity of the Nawiliwili SIM. Synthetic mega tsunami events were run 
to test the stability and sensitivity of the SIM.  

 

1.0 Background and Objectives 
The NOAA Center for Tsunami Research (NCTR) at NOAA Pacific Marine Environmental 
Laboratory (PMEL) is developing a tsunami forecasting system known as Short-term 
Inundation Forecasting for Tsunamis (SIFT) for NOAA’s Tsunami Warning Centers (Titov 
et al., 2005). The primary goal of the system is to provide NOAA’s Tsunami Warning 
Centers with operational tools that combine real-time deep-ocean tsunami 
measurements from the Deep-ocean Assessment and Reporting of Tsunami (DART) 
buoys (Gonzalez et al., 2005; Bernard et al., 2006, Bernard and Titov, 2007), with 
Method of Splitting Tsunami (MOST)  model, a suite of finite difference numerical codes 
based on nonlinear long wave approximation, (Titov and Synolakis, 1998, Titov and 
Gonzalez, 1997, Synolakis, et al., 2007), to produce efficient forecasts of tsunami 
arrival time, heights, periods and inundation. To achieve accurate and detailed forecast 
on the likely impact of incoming tsunami on specific sites within certain time limits and 
to reduce false alarms, Stand-by Inundation Models (SIMs) are being developed for 
U.S. coastal communities that are potentially most at risk, and integrated as crucial 
components of the forecast system.  

The report describes the development and testing of the Nawiliwili SIM including the 
data set up, validation with historical events, sensitivity testing and additional testing 
using the Desktop SIFT tool to validate previous results. 

The objective of SIM development is to provide real-time tsunami predictions for 
selected coastal locations while the tsunami is propagating through the open ocean, 
before the waves have reached many coastlines. SIMs will be incorporated into the U.S. 
tsunami warning system for use at the Pacific and West Coast-Alaska Tsunami Warning 
Center.  Synolakis et al. (2007) and Tang et al. (2008) describe the technical aspects of 
SIM development, stability testing and robustness. 

 

2.0 Forecast Methodology 
The methodology for modeling these coastal areas is to develop a set of 3 nested grids 
(A, B, C) each of which is successively finer in resolution until the near shore details 
can be resolved to the point that tide gauge data from historical tsunami in the area 
match reasonably with the modeled results. The procedure is to start with large spatial 
extent grids at high resolution (referred to as ”reference SIM”) and then after a 
reasonable data fit is achieved to ”optimize” these grids (by coarsening and shrinking) 
till the model runs in under 10 minutes for the significant portion of the modeled 
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tsunami waves (typically 4 to 10 hours of modeled tsunami time) to pass through the 
model domain, without too much signal degradation (this final model is referred to as 
the ”optimized SIM”).  

The 10 minute run time limit is based on the optimized SIM running on one of 4 Intel 
Xeon 3.6 GHz processors without competition under Red Hat Linux.  

2.1 Study Area – context  
 

Nawiliwili Bay is in the South Eastern corner of the island of Kauai (Figure 1). Nawiliwili 
Bay serves as the main seaport for Kauai and is directly southeast of the town of Lihue, 
the capital of Kauai. The harbor was established in 1930. Cruise ships visit the 
Nawiliwili harbor to embark and disembark passengers. The harbor is located at the 
mouth of the Hule'ia Stream which creates a natural channel for the large ships. 

 

 

Figure 1 Nawiliwili, Hawaii context map 

 

2.2 Historical Events  

Availability of tide gauge data for the 1994 Kuril, 1996 Andreanov and 2003 Rat Island 
tsunamis were modeled. Simulated data for the 1964 Alaska earthquake, the 1946 
Unimak earthquakes was created to test the reliability of the RIMs and SIM  
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2.3 Tide gauges/Water level data 

 

A NOS tide gauge is located inside the Nawiliwili Bay.  It was first established in 
November 1954 and has been in its present installation since 1991.  The GPS verified 
location of the tide gauge is 21 57.2 N and 159 21.3’ W. The mean range at the station 
is 1.22 feet and the diurnal range is 1.83 feet. Mean sea level is calculated as 3.11 
feet.  The tide gauge is located in the inset figure in Figure 1. Tide gauge records 
collected during the 1996 Andreanov, 1994 Kuril Island, and 2003 Rat Island tsunamis 
were used to for model validation.  

2.4 Bathymetry and Topography 

Eight, three, one arc second merged bathymetry and topography data built by NCTR 
were used to create the grids used for developing the RIMs and SIMs for Nawiliwili. 
Plots of the modified bathymetry files for the reference and the optimized grids are 
located in Appendix A. There are some differences in grid A, but close to the region of 
interest the bathymetry in the computational grid compares very well with the original 
bathymetry.  

2.5 Model Setup 

The model used to estimate tsunami amplitude is the MOST model (Titov and Gonzalez 
1997, Synolakis et al. 2007,. Tang et al. 2008) which is a finite difference method of 
characteristic model which takes input from propagation run data base and then, via a 
series of nested grids, resolves the near shore bathymetry and topography to estimate 
the water level at coastal sites. Adjustable parameters include: time step, number of 
time steps, near shore wet/dry boundary depth, coarse grid wet/dry boundary depth, 
run down or not in coarse grids friction coefficient, output time, grid size, grid 
resolution and grid position. 

Once tested these parameters remain fixed from run to run, under the assumption that 
the parameters may be location dependent (sharp bathymetric changes, high resolution 
needed for channels, bars etc.) but should not depend on the flow field for example, 
the particular tsunami being modeled.  

For Nawiliwili, the grid resolution and extents for the reference and optimized grids are 
given in Table 1. Figures of the model extents for reference and optimized grids are 
found in the attached Appendix A (Fig. 5 and 6).  These grid parameters are not unique 
to the stand by inundation model and could be modified considerably as the results 
indicate. They are sufficient to show that the model reproduces historical tsunami, and 
that the model is stable enough with these grids to handle a large tsunami simulation. 
Results of model testing metrics are summarized in Table 2.
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Grid  Ref 
Res  

Reference Extent 

Lat.  [oN] Lon. [oW] 

 

Opt 
Res  

Opt Extent  

Lat.  [oN] Lon. [oW] 

 

A  36 sec  17-25 

163-155 
120 sec  18-23 

161-154 

B  6 sec 21.6-22.5 

160-159 
18 sec  21.6-22.5 

160-159 

C  1 sec  21.92-21.98 

159.37-159.3 
2 sec  21.92-21.98 

159.37-159.3 

Table 1 Nawiliwili Bay, Hawaii grid bathymetry/topography characteristics 
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Grid Region 

Reference Inundation Model 

(RIM)  

Stand-by Inundation Model 

(SIM) 

  Coverage Cell Time  Coverage Cell Time 

  Lat.  [oN] Size Step  Lat.  [oN] Size Step 

    

Lon. [oW] 

 

["] [sec]   Lon. [oW] 

 

["] [sec

] 

A Hawaii  17-25 36   18-23 120 

13.6

8 

  163-155   161-154  

         

B Kauai 21.6-22.5 6   21.6-22.5 18 2.16 

  160-159   160-159  

         

C 

Nawiliwi

li 21.92-21.98 1   21.92-21.98 2 0.72 

  159.37-159.3   159.37-159.3  

Minimum offshore depth [m] 1   1  

Water depth for dry land [m] 0.1   0.1 

Manning coefficient  0.0009 0.0009 

CPU time for a 6-hour simulation 129.5 minutes   
5.5 minutes 

(3.97 minutes for 4 hours)1 

 
1 Yong Wei, testing of SIM for re-verification – March 2009 

Table 2 MOST model set up parameters for Nawiliwili, Hawaii 
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3.0 Results  

3.1 Model Validation 

The model was validated with five historical events (Table 3). Where applicable, 
Nawiliwili harbor tide gauge records were used for model result verification. 

 

Event 
Time 

(UTC) 
Zone Mw Lat Lon Source 

Rat Island 
2003.11.17 

06:43:07 
AASZ 7.8 51.13N 178.74E 2.81×b11 

Andreanof 
1996.06.10 

04:03:35.4 
AASZ 7.8 51.478N 176.847E 2.4×a15+0.8×b16 

Kuril 
1994.10.04 

13:22:58.3 
KISZ 8.1 43.706N 147.328E 9.0×a20 

Alaska 
1964.03.28 

03:36:14 
AASZ 9.0 61.04N 147.73W Tang et al. 

Unimak 
1946.04.01 

12:28:56 
AASZ 8.5 52.75N 163.5E 

1.6×b22+8.4×b23 

+17.8×b24 

 

Table 3 Historical tsunamis used for testing SIMs  

 
3.2 Results of tested events  

3.2.1 Tsunamis verified with tide gauge data 

Figure 2 shows the comparison between computational results and tide gauge data for 
these three events.  In all the cases the models show good agreement with the data. In 
at least two of these events it seems that the optimized results are closer in agreement 
to the data than the reference simulation results (Kuril 1994 and Andreanof 1996). 
These results improve our confidence in the model’s ability to reproduce historic 
tsunamis.  
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Figure 2 Time series comparison at Nawiliwili for three events. Red is tide gauge data. Black is reference 
grid run and Blue is optimized grid run. Elevation (y axis) is in cms and time (x-axis) is in hours after 
earthquake event. 
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3.2.2 Simulated Historic tsunamis  

Apart from comparing against small tsunamis for which data is available, simulations 
were also carried out for historic damaging tsunami events. Figure 3 shows the 
maximum elevation plots for the 1964 Alaska earthquake and the 1946 Unimak Island 
earthquake tsunami events. The aim here was to see if the optimized SIM will work 
with some of the larger historic tsunamis. A more detailed comparison with the 1964 
event (for which there is some time series data) is currently under progress. 

 

Figure 3  Maximum elevation (in cms) at the 3 grids for the Optimized runs and time series (bottom graph) 
at specific locations in grid C (black line in the time series corresponds to the physical gauge location 
denoted by the magenta triangle in the grid C plot). Time is in hours and elevation in cms. In the grid C plot 
bathymetric contours are denoted by thin black lines and topographic contours by thin red lines. The 0, 10 
m, 20 m and 30 m contours are denoted by the thick black, red, green and magenta lines respectively   
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3.3 Model stability and reliability   

To test if the optimized SIM will work under a significantly large tsunami (of the order 
of magnitude of the 2004 Indian Ocean event), the SIM was run with several 9.5 Mw 
artificial tsunami events generated at some of the major fault locations around the 
Pacific Rim. Figure 4 shows the maximum elevation and time series plots for the 
artificial event that had the most significant impact at Nawiliwili Bay. This event was 
generated by creating a 150 m slip over a 300 km by 100 km region. Maximum 
elevation on the order of 10 m is observed at Nawiliwili Bay without the SIM breaking 
down. In general; each simulated earthquake involves 20 unit sources (10 pairs) and a 
uniform slip of 29 m. (Tang et. al 2008)  

 

Figure 4  Maximum elevation (in cms) of an Optimized SIM for an artificial 9.5 Mw tsunami event originating 
in the Kuril -Kamchatka/Japan trench. Time is in hours and elevation in cms. In the grid C plot bathymetric 
contours are denoted by thin black lines and topographic contours by thin red lines. The 0, 10 m, 20 m and 
30 m contours are denoted by the thick black, red, green and magenta lines respectively.
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4.0 Summary and Conclusions 

A stand by inundation model (SIM) was built for Nawiliwili Bay, Hawaii in support of the 
short term inundation forecast system for tsunamis (SIFT) system built for the NOAA 
tsunami warning centers.  Three historical events were used to test the RIM and SIM 
for Nawiliwili Bay – the 1994 Kuril, 2003 Rat Island, and the 1996 Andreanov tsunami. 
With the lack of historical tide gauge data for the Nawiliwili area, SIMs and RIMs were 
developed using synthetic data to simulate the run up values noted during the 1964 
and 1996 tsunamis. A larger magnitude (Mw 9.5) event was simulated to test the 
stability and sensitivity of the Nawiliwili SIM. Synthetic mega tsunami events were run 
to test the stability and sensitivity of the SIM. In all cases tested, the SIM remained 
stable. 
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6.0 Appendix A 

 

 

Figure 5  Bathymetric differences for the Reference SIMS (positive values refer to greater depths in the 
computational grid in comparison to the original bathymetry). The solid contour line refers to the MSL 
position) 

DRAFT



 

 9

 

 

 
 

Figure 6  Bathymetry differences for the Optimized SIMS (positive values refer to greater depths in the 
computational grid in comparison to the original bathymetry). The solid contour line refers to the MSL 
position).
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7.0 Appendix B 

SIM *.in file  

0.0001 Minimum amplitude of input offshore wave (m): 

1 Input minimum depth for offshore (m) 

0.10 Input "dry land" depth for inundation (m) 

0.0009 Input friction coefficient (n**2) 

1 runup flag for grids A and B (1=yes,0=no) 

300.0 blow up limit 

0.72 Input time step (sec) 

50000 Input amount of steps 

19 Compute "A" arrays every n-th time step, n= 

3 Compute "B" arrays every n-th time step, n= 

57 Input number of steps between snapshots 

1 ...Starting from 

1 ...Saving grid every n-th node, n= 
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8.0 Appendix C 
 

The Nawiliwili SIM was revisited in 2009 using the SIFT 3.0 software.  One 
megatsunami event (9.3 Mw) was used for stability testing and the May 2006 Tonga 
were used to validate the model in SIFT 3.0. The results are presented in the following 
set of view graphs and tables.  

 

Event Time 
(UTC) Zone Mw Lon Lat Source 

       

Tonga 

2006.05

.03 

15:26:3

9 

NTSZ 8.0 174.164W 20.13N 8.44×b29 

Kamchatka   KISZ 9.3    

Table 4 Events tested for Nawiliwili, HI using SIFT 3.0. 

 

Figure 7 Propagation forecast of a simulated 9.4 Mw tsunami originating from the Kamchatka source.  The 
panel in the top right hand side of the image denotes the sources and their relative contributions to the 
event. 
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Figure 8 Right panel displays the inundation forecast for Nawiliwili (C grid) from the simulated 9.4 Mw 
tsunami originating from a Kamchatka source.  Left top panel shows the source region and the bottom left 
panel displays the simulated water level record for the Nawiliwili tide gauge using this source. 
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Figure 9  Propagation forecast for the 2006 Tonga tsunami.  The panel on the right denotes the sources and 
their relative contributions to the event
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Figure 10  Right hand panel shows the inundation forecast results for the Nawiliwili SIM region (C grid) for 
the 2006 Tonga tsunami.  The left hand top panel shows the source region and the bottom left hand panel 
shows the time series at the Nawiliwili tide gauge.  
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