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Abstract

The large tsunami earthquake that occurred off the Pacific coast of Nicaragua in 1992 generated
a large tsunami, causing significant damage along the coast. Since then, the importance of
developing a real-time tsunami forecast method, particularly for tsunami earthquakes, has been
recognized. In this study, a near-field tsunami inundation forecast method (NearTIF) for the
Pacific coast of Central America is developed and tested on the basis of the 1992 Nicaragua
tsunami earthquake case. The appropriate source model of the 1992 Nicaragua earthquake,
estimated using the W-phase inversion with a depth dependent rigidity curve from a previous
study, is used as a reference model to test the proposed NearTIF method. The tsunami inundation
along the Pacific coast of Nicaragua is computed from the reference model of the 1992 Nicaragua
earthquake. The tsunami inundation obtained using the NearTIF method matches the tsunami
inundations computed from the reference model. The tsunami heights and the tsunami inundation
of the 1992 Nicaragua tsunami surveyed by a previous study are roughly matched by the tsunami
inundations obtained using the NearTIF method in this study. Although the computational time
for the tsunami inundation from the reference source model is about 95 min, the computational
time plus the database search time for the NearTIF method is approximately 2-4 min. The method
presented in this study can be used as a near-real time tsunami inundation forecast method for the

Pacific coast of Central America.

Key words: Tsunami inundation forecast, The 1992 Nicaragua Tsunami, Central America

1. Introduction
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In 1992, a large earthquake occurred off the Pacific coast of Nicaragua and generated a
large tsunami causing significant damage along the Nicaragua coast (Abe et al., 1993).
The tsunami was much larger than that expected from its surface wave magnitude of Ms
7.2. Therefore, the earthquake is classified as a ‘tsunami earthquake’ (Satake et al., 1993).
After the 1992 Nicaragua tsunami earthquake, a seismic network and the National
Tsunami Warning System (NTWS) was developed in Nicaragua (Strauch et al., 2018).
However, real-time tsunami forecasts using the surface wave magnitude still have a
possibility to underestimate tsunami heights for tsunami earthquakes such as the 1992
Nicaragua earthquake. In 2016, the Central American Tsunami Advisory Center
(CATAC) was established at the Nicaraguan Institute of Territorial Studies in Nicaragua
with Japanese cooperation. This center should be completed in 2019 (Strauch et al., 2018).
It is important to develop a real-time tsunami forecast method that could forecast tsunamis
from tsunami earthquakes such as the 1992 Nicaragua earthquake.

Gusman and Tanioka (2014) developed a method to estimate an appropriate source
model for a real-time tsunami forecast using the result from the W-phase inversion which
was originally developed by Kanamori and Rivera (2008). They applied their method to
the 2011 Tohoku-oki earthquake and found that the observed tsunami inundation areas
and run-up heights were well explained by those numerically computed from the source
model, estimated by the W-phase inversion using the first 10 min of seismic waveforms.
Recently, Tanioka et al. (2017) improved their method by using the depth dependent
rigidity curve and applied it for four large earthquakes that occurred off the Pacific coast

of Central America, including the 1992 Nicaragua Tsunami earthquake. They showed
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that the tsunami run-up heights and inundation areas for those earthquakes were well
explained by those computed from the estimated source models.

Although the appropriate source models for tsunami computation are estimated, a
numerical computation of tsunami inundation still requires a longer computational time
than typical tsunami propagation times, unless the computation is undertaken on
supercomputers, as described by Oishi et al. (2015) or Musa et al., (2018). Gusman et al.
(2014) developed a reliable near-field tsunami inundation forecast method using a pre-
computed tsunami inundation and pre-computed tsunami waveform database. They tested
their method for the 2011 Tohoku-oki tsunami and found that the forecast results were all
reliable for tsunami early warning purposes. The method was also tested at Pelabuhan
Ratu in Indonesia (Setiyono et al., 2017).

In this paper, the near-field tsunami inundation forecast method developed by Gusman
et al. (2014) and Tanioka et al. (2014) is improved for application to the Central America
tsunami forecast system and tested for the 1992 Nicaragua tsunami earthquake. The
appropriate source model of the 1992 Nicaragua earthquake estimated using the W-phase
inversion with a depth dependent rigidity curve by Tanioka et al. (2017), is used to test

the tsunami inundation forecast method.

2. Method

A near-field tsunami inundation forecast method (NearTIF) (Gusman et al., 2014)

assumes that if different earthquakes produce the same tsunami waveforms at nearshore

locations, regardless of their source mechanism, location, or arrival time, the inundation
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in coastal areas from those tsunamis will have the same characteristics. The NearTIF
algorithm consists of three components: (1) a pre-computed database for tsunami
waveforms and tsunami inundation; (2) a near-real time tsunami numerical computation
that solves the linear shallow water equations; (3) a tsunami database search engine. We

describe each component in the following subsections.

2.1. Pre-computed database
The first component of the NearTIF, a pre-computed database for tsunami waveforms

and tsunami inundation, is described in this section.

2.1.1. Fault models for a pre-computed database

Simple rectangular fault models of large underthrust earthquakes along the plate
interface of the subducted Cocos plate off Nicaragua are used to build the tsunami
waveforms and the inundation database. We distribute 10 reference points, the southern
edges of those fault models, along the plate interface as shown in Figure 1. For each
reference point, seven fault models with a magnitude (Mw) range from 7.0 to 8.2 are
located as shown in Figure 1. In total, 70 fault models are used to construct a pre-
computed database. The fault length, L (km), and fault width, W (km), are calculated from
the magnitude (Mw) of the fault models using scaling relationships determined by Blaser
et al. (2010), logL = —2.28 + 0.55Mw and logW = —1.8 + 0.45Mw. The strikes of
the fault models are set to be parallel to the trench axis (Table 1). The dip angles of the
fault models are set to be 10 degrees for the shallower fault models and 15 degrees for

the deeper fault models along the plate interface. The rake angle is fixed to be 90 degrees,
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the pure thrust type mechanism.
The slip amounts, D (m) of the fault models are calculated from the following

equation:

p=2b
uLw

, MO — 101.5MW+9.1 (1)

where M, (Nm) is the seismic moment, L is the fault length in m, W is the fault width in
m, and u is a rigidity in N/m?2. The rigidities, u, of the shallower and deeper faults are
set to be 0.7 x 10'° N/m? and 1.0 x 10* N/m?, respectively, and are obtained from a
depth dependent rigidity curve, Figure 2, suggested by Tanioka et al. (2017). They
concluded that to estimate the appropriate source model for tsunami early warning using
the seismic analysis, called W-phase inversion, it is important to use the depth dependent
rigidity curve for the slip estimation, particularly for tsunami earthquakes. Therefore, we
also used that rigidity curve for the slip estimation of fault models to construct a pre-
computed database of tsunami waveforms and inundation maps. This is an improvement

over the NearTIF method developed by Gusman et al. (2014).

2.1.2. Numerical simulations for a pre-computed database of tsunami inundations
Tsunamis are numerically computed from the above 70 fault models. The vertical
deformation due to each fault model is computed using the equations of Okada (1985).
This vertical deformation is used as the tsunami initial surface deformation. The tsunami
propagation is numerically computed by solving the non-linear shallow water equations
using the finite different scheme (Goto et. al., 1997). The tsunami inundation is
numerically computed using the moving boundary condition (Imamura, 1996). A

Manning’s roughness coefficient in the non-linear shallow water equations is assumed to
6
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be 0.025 m™3. Four nested grid systems (Figure 3) are used for this tsunami simulation.
For Region 1 (R1), the General Bathymetry Chart of the Oceans (GEBCO) at 30
arcsecond grid spacing is resampled to generate a 1 arc-minute (~1860 m) grid
bathymetry. For Regions 2 and 3 (R2 and R3), it was interpolated to make 1/3 arc-minutes
(~620 m) and 1/9 arc-minutes (~205 m) grid bathymetries, respectively. For Region 4
(R4a-e), the interpolated GEBCO 30 arcseconds bathymetry data are combined with the
3 arcseconds topography data of the Shuttle Radar Topography Mission (SRTM) to make
a 1/27 arc-minutes (~69 m) grid system to compute the tsunami inundation. The tsunami
inundation is computed only in five R4 regions, shown in Figure 3, to construct a tsunami
inundation database. A time step of 0.5 s is used to satisfy a stability condition of all grid
systems. In a case study of the 1992 Nicaragua tsunami earthquake, the tsunami survey
data of the 1992 Nicaragua event (Abe et al., 1993) in five R4 regions are compared to

select the best tsunami inundation.

2.1.3. Numerical simulations for a pre-computed database of tsunami waveforms

The main assumption of the NearTIF method (Gusman et al., 2014) is that tsunami
waveforms at multiple virtual observation points off a tsunami inundation region
represent the characteristics of tsunami wave-fields of a nearshore area including the
tsunami inundation region, such as Region 4 in this study. Gusman et al. (2014) indicated
that 5 to 7 virtual points are needed to capture the characteristic of the tsunami wave-field
along a long coast line of about 70 km of Sendai bay. This means that if different fault
models generated the same tsunami waveforms at those virtual observation points, the

tsunami inundation caused by those fault models should be identical. In this study, to
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capture the characteristics of the tsunami wave-field along the nearshore area, 3 - 6 virtual
observation points, VOPs, in five R4 regions (Figure 4) are selected along the ocean at a
depth of about 30 m because the lengths of the coast lines in five regions are between 50
km and 15 km. The tsunami waveforms at those virtual observation points are computed
numerically by solving the linear shallow water equations using the finite different
scheme (Goto et. al., 1997). The tsunami initial conditions for the 70 fault models and the
nested grid systems are the same as for those in the previous section describing the
numerical simulation for tsunami inundation. Then, the computed tsunami waveforms at
those virtual observation points from 70 fault models are stored with the computed

tsunami inundations in the database.

2.2. Near-real time tsunami computation

The second component of the NearTIF, a near-real time computation, is described in this
section. As soon as the source model was determined using the W-phase inversion
(Tanioka et al., 2017), tsunami waveforms at the virtual observation points in Figure 4
were numerically computed from the source model by solving the linear shallow water
equations in near-real time. The source model determination takes about 10 - 15 min.
After that, it only takes about 1 - 2 min to compute tsunami waveforms at the virtual

observation points.

2.3. Tsunami inundation search engine
The third component of the NearTIF, a search engine of the database, is described in this

section. For each R4 region, the first wave cycle, or the first 2000 s, of the computed



183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

tsunami waveforms at the virtual observation points are compared with those waveforms
in the database to find a fault model that generated the most similar tsunami waveforms
at those points. At first, fault models that produced the maximum amplitude of within
+30% of the computed ones for all virtual observation points are selected. Then, a root
mean square error (RMSE) analysis is applied to those selected fault models to find a
fault model that generated the most similar waveforms. For this analysis, one optimal
time shift (t) is applied for the tsunami waveforms at all virtual observation points to
obtain the minimum RMSE of the waveforms. By this time shifting, the location of the
fault model does not matter for the selection of the fault model as long as the tsunami
waveforms at virtual observation points are similar to each other. Finally, the pre-
computed tsunami inundation of the best site-specific fault model is selected as the
tsunami inundation forecast. The selected fault model is site specific, i.e., the selected
fault model is only valid for a specific site with a set of virtual observation points. For

each five R4 region, the searching process needs to be carried out independently.

3. Case study of the 1992 Nicaragua tsunami earthquake

The 1992 Nicaragua tsunami earthquake generated a large tsunami causing significant
damage along the coast of Nicaragua. The detailed tsunami heights along the coast were
surveyed by Abe et al. (1993). The tsunami was much higher than that expected from the
surface wave magnitude of 7.2 or even from the moment magnitude of 7.6 - 7.7. Recently,
Tanioka et al. (2017) showed that the appropriate source model for the 1992 Nicaragua

event was determined using W-phase inversion with a depth dependent rigidity curve.
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The tsunami height distribution and inundation surveyed by Abe et al. (1993) were
explained well by those computed from the source model.

In this paper, the source parameters, strike = 315.8°, dip = 9.6°, rake = 106.9°, fault
length = 79.4 km, fault width = 41.7 km, slip amount = 15.2 m, and central depth of 15.5
km, estimated by Tanioka et al. (2017) were used as the reference source model for the
1992 Nicaragua earthquake. Using the NearTIF method described above section, the
tsunami inundation at five R4 regions in Figure 4 are selected from a pre-computed
tsunami inundation database. The tsunami inundation was also numerically computed
from the reference source model solving the non-linear shallow water equations with a
moving boundary condition in five R4 regions. The tsunami inundation obtained using
our NearTIF method are compared with those directly computed from the reference

model to verify that our NearTIF method works well.

3.1. Results for the Gulf of Fonseca

Figure 5 shows that the tsunami waveforms at four virtual observation points (VOP1-4
in Figure 4a) computed from the reference model are well explained by those selected as
the best scenario from the pre-computed database with a time shift of -105 s. Figure 6
also shows that the tsunami inundation computed from the reference models is well
explained by that selected as the best scenario from the database. There are small
differences of maximum tsunami height distribution along the coast (such as red ellipses
in Figure 6) which indicate limitation of our forecast method. The maximum tsunami
heights at Jiquilio in Figure 6, which were computed from the reference model and

selected as the best scenario from the database are 4.80 m and 4.33 m, respectively. These

10



229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

are similar to each other. The maximum tsunami height surveyed at Jiquilio by Abe et al.
(1993) is 2.5 m, smaller than the computed and selected scenarios. This overestimation
compared to the surveyed maximum height could be caused either by the accuracy of the
reference source model or that of the topography along the coast, but not by the tsunami
forecast method presented in this study. The reasons for the discrepancy are discussed

more in discussion section.

3.2. Results for Corinto

Figure 7 shows that the tsunami waveforms at four virtual observation points (VOP1-5
in Figure 4b) computed from the reference model are well explained by those selected as
the best scenario from the pre-computed database with a time shift of -80 s. Figure 8 also
shows that the tsunami inundation and tsunami height distribution computed from the
reference models are well explained by those selected as the best scenario from the
database. The maximum tsunami heights at Corinto in Figure 8, which were computed
from the reference model and selected as the best scenario from the database are 4.11 m
and 3.91 m, respectively. These are also similar to each other. The maximum tsunami
height surveyed at Corinto by Abe et al. (1993) is 3.9 m, consistent with the computed

and selected scenarios.

3.3. Results for El Transito
The most affected area by the 1992 Nicaragua tsunami is in El Transito (Figure 4c).
Figure 9 shows that the tsunami waveforms at four virtual observation points (VOP1-3 in

Figure 4c) computed from the reference model are similar to those selected as the best
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scenario from the pre-computed database with a time shift of -25 s. However, the
maximum amplitudes of waveforms from the reference model are all slightly
underestimated by those selected as the best scenario. Figure 10 shows that the tsunami
inundation area computed from the reference models is slightly underestimated by that
selected as the best scenario from the database. The maximum tsunami height distribution
from the reference model (Figure 10 right) is also slightly underestimated by that from
the best scenario (Figure 10 center). The maximum tsunami height at ElI Transito
computed from the reference model, 14.1 m, is slightly underestimated by that selected
as the best scenario, 12.8 m. Those results are expected because the maximum amplitudes
of tsunami waveforms were slightly underestimated at virtual observation points (Figure
9). The maximum tsunami height surveyed at El Transito by Abe et al. (1993) is 9.9 m,
slightly smaller than both the computed and selected scenarios. The tsunami inundation
surveyed by Abe et al. (1993) is also shown Figure 10 and explained by those computed

from the reference model and also selected as the best scenario from the database.

3.4. Results for Masachapa

Figure 11 shows that the tsunami waveforms at four virtual observation points (VOP1-
5 in Figure 4d) computed from the reference model are explained by those selected as the
best scenario from the pre-computed database with a time shift of -5 s. However, the
maximum amplitudes of waveforms from the reference model are all slightly
underestimated by those selected as the best scenario for Masachapa, too. Figure 12 also
shows that the tsunami inundation computed from the reference models is explained by

that selected as the best scenario from the database. The maximum tsunami height

12
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distribution from the reference model (Figure 12 right) is slightly underestimated by that
from the best scenario (Figure 12 center). Therefore, the maximum tsunami heights at
Masachapa computed from the reference model, 8.36 m, is also underestimated by that
selected as the best scenario, 6.58 m. The maximum tsunami height surveyed at
Masachapa by Abe et al. (1993) is 6.2 m, which is slightly smaller than that from the

reference model and is consistent with that from the best scenario.

3.5. Results for El Astilleo

Figure 13 shows that the tsunami waveforms at four virtual observation points (VOP1-
6 in Figure 4e) computed from the reference model are well explained by those selected
as the best scenario from the pre-computed database with a time shift of 75 s. Figure 14
also shows that the tsunami inundation computed from the reference models is explained
by that selected as the best scenario from the database. However, there are small
differences of maximum tsunami height distributions along the coast (such as red ellipses
in Figure 13) which indicate limitation of our forecast method. The maximum tsunami
heights at La Salinas in Figure 11 which were computed from the reference model and
selected as the best scenario from the database are 4.66 m and 4.22 m, respectively. These
are slightly smaller than the maximum tsunami height of 6.7 m surveyed at by Abe et al.
(1993). The maximum tsunami heights at Popoyo computed from the reference model
and selected as the best scenario from the database are 4.05 m and 3.77 m, respectively,
again slightly smaller than the maximum tsunami height of 5.6 m surveyed at by Abe et
al. (1993). The reasons for those discrepancies are discussed in the following discussion

section.
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4. Discussions

In this paper, the simple rectangular fault model estimated by Tanioka et al, (2017) was
used as the reference model for the 1992 Nicaragua tsunami case study because the
surveyed tsunami inundation data (Abe at al., 1993) were roughly explained by the
tsunami inundation computed from the model. Tsunamis computed from complicated
source models can be explained more detail of tsunami inundation pattern. However, in
Central America, it is still difficult to estimate an appropriate slip distribution of a large
earthquake before a large tsunami hits the coast. Therefore, the rectangular fault model
(Tanioka et al., 2017) should be the best choice for this study.

The maximum tsunami heights selected as the best scenario from the database were
similar to those computed from the reference model. The differences are within 22% of
those computed from the reference model (Table 2). However, the observed tsunami
heights by Abe et al. (1992) were slightly different from those computed from the
reference model, especially at Jiquilio in Gulf of Fonseca region and La Salinas. The
observed maximum tsunami height at Jiquilio, 2.5 m, was overestimated by the computed
heights from the reference model, 4.80 m, and the selected heights as the best scenario,
4.33 m. The observed maximum tsunami height at La Salinas, 6.7 m, was underestimated
by that from the reference model, 4.66 m, and that from the best scenario, 4.22 m. First
reason for these discrepancies is that the actual source model of the 1992 Nicaragua
earthquake was not completely represented by a single rectangular fault model. It will be

improved in future when more appropriate source models of large earthquakes are quickly

14
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determined for tsunami early forecast purpose in Central America. Second reason may be
that the SRTM topography data are not accurate enough to represent the topography in
those tsunami inundation area. It can be improved if the accurate local topography data
are available.

The limitation of the method in this study which indicated by the differences between
tsunami heights selected as the best scenario from the database and computed tsunami
heights from a reference fault model (Table 2) can be improved by using larger number
of the various scenarios in the database. Various tsunami waveforms at virtual
observation points from scenarios are needed to improve an accuracy of our forecast
method. However, the computational time to select the best scenario becomes also larger
when the number of scenarios becomes larger. It is important to make an appropriate
database which efficiently includes the most probable scenarios. This study clearly
indicates that scenarios of which slip amounts were estimated using the depth dependent
rigidity should be included in a database to forecast tsunami heights of tsunami

earthquakes such as the 1992 Nicaragua tsunami earthquake.

5. Conclusions

The tsunami inundations along the Pacific coast of Nicaragua computed from the
reference source model of the 1992 Nicaragua earthquake were explained by the tsunami
inundation selected by the NearTIF method using pre-computed tsunami waveforms at
virtual observation points near the coast of inundation and pre-computed tsunami

inundation constructed in the database. The tsunami heights and the tsunami inundation

15
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of the 1992 Nicaragua tsunami surveyed by Abe et al. (1993) were roughly matched by
the tsunami inundation selected by the NearTIF method in this study. Although the
computational time for the tsunami inundation from the reference source model was about
95 min, the computational time plus the database search time for the NearTIF method
should be about 2 - 4 min. To obtain the appropriate source model using the method
suggested by Tanioka et al. (2017), it may take about 10 - 20 min depending on the station
distribution of the broadband seismometers. The survey data by Abe et al. (1993)
indicated that the 1992 Nicaragua tsunami arrived at the coast about 44-55 minutes after
the earthquake. Computed tsunami from the reference model arrives at the virtual
observation points about 43-60 minutes after the origin time. Therefore, the method is
feasible for near-real time tsunami inundation forecasting along the Pacific coast in

Central America.
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Table 1 The fault parameters and rigidity for fault models shown in Figure 1.

fault | location at the southern corner shallowest | strike dip rigidity
no | of fault model depth (km) ©) ) (x 10** N/m?)
longitude (°W) | latitude (°N)
1 86.69 10.31 10.0 321.0 10.0 0.7
2 87.03 10.73 10.0 318.0 10.0 0.7
3 87.44 11.09 10.0 315.0 10.0 0.7
4 87.85 11.73 10.0 309.0 10.0 0.7
5 88.31 11.73 10.0 301.0 10.0 0.7
6 86.49 10.52 15.0 321.0 15.0 1.0
7 86.82 10.95 15.0 318.0 15.0 1.0
8 87.20 11.34 15.0 315.0 15.0 1.0
9 87.62 11.68 15.0 309.0 15.0 1.0
10 88.07 11.99 15.0 301.0 15.0 1.0

Table 2 Comparison of the maximum tsunami heights surveyed by Abe et al. (1993),

those computed from the reference model (A), and those selected as the best scenario

(B).
location Maximum tsunami heights (m) Percentage of
measured computed from the selected as the best | difference,
reference model (A) scenario (B) (A-B)/A*100
Jiquilio 2.5 4.80 4.33 9.79%
Corinto 3.9 411 3.91 4.87%
El Transito 9.9 14.1 12.8 9.22%
Masachapa 6.2 8.36 6.58 21.3%
La Salinas 6.7 4.66 4.22 9.44%
Popoyo 5.6 4.05 3.77 6.91%

19



421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

Figure Captions

Figure 1. Map of the fault models to construct the pre-computed tsunami waveforms and
inundations. Ten orange dots show the location of the southern corner of fault models.
The red rectangles show the fault models from M7.0, 7.2, 7.4, 7.6, 7.8, 8.0, and 8.2

for the orange dot 1.

Figure 2. The depth dependent rigidity curve suggested by Tanioka et al. (2017). Red

lines show the rigidities for 10 km and 15 km depths.

Figure 3. Four nested grid systems (R1, R2, R3, and R4) for the tsunami numerical
simulation. Five areas were selected for tsunami inundation simulation, Gulf of
Fonseca (R4.a), Corinto (R4.b), El Transito (R4.c), Masachapa (R4.d), and El Astilleo

(R4.e)

Figure 4. Locations of virtual observation points, red triangles, where pre-computed
tsunami waveforms were stored in the database for a) Gulf of Fonseca (R4.a), b)
Corinto (R4.b), c) El Transito (R4.c), d) Masachapa (R4.d), and e) El Astilleo (R4.e)

in Figure 3.

Figure 5. The results for Gulf of Fonseca (R4a). (left and center) Comparison of tsunami
waveforms at four virtual points computed from the reference fault model of the 1992

Nicaragua earthquake (blue) and those selected as the best scenario from the pre-
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computed database (red). (right) Optimum time shift and RMSE.

Figure 6. The results of tsunami inundations for Gulf of Fonseca (R4a). (left) Bathymetry
and topography. (center) Tsunami inundation selected as the best scenario from the
pre-computed database. (right) Tsunami inundation computed from the reference fault

model.

Figure 7. The results for Corinto (R4b). (left, center, and right top) Comparison of tsunami
waveforms at five virtual points computed from the reference fault model of the 1992
Nicaragua earthquake (blue) and those selected as the best scenario from the pre-

computed database (red). (right bottom) Optimum time shift and RMSE.

Figure 8. The results of tsunami inundations for Corinto (R4b). (left) Bathymetry and
topography. (center) Tsunami inundation selected as the best scenario from the pre-
computed database. (right) Tsunami inundation computed from the reference fault

model.

Figure 9. The results for El Transito (R4c). (left, and right top) Comparison of tsunami
waveforms at three virtual points computed from the reference fault model of the 1992
Nicaragua earthquake (blue) and those selected as the best scenario from the pre-

computed database (red). (right bottom) Optimum time shift and RMSE.

Figure 10. The results of tsunami inundations for El Transito (R4c). (left) Bathymetry and
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topography. (center) Tsunami inundation selected as the best scenario from the pre-
computed database. (right) Tsunami inundation computed from the reference fault
model. Solid lines show the limit of the tsunami inundation surveyed by Abe et al.
(1993). The detailed tsunami inundation and run-up heights due to the 1992 Nicaragua

earthquake (Abe et al., 1993) are shown in the bottom.

Figure 11. The results for Masachapa (R4d). (left, center, and right top) Comparison of
tsunami waveforms at five virtual points computed from the reference fault model of
the 1992 Nicaragua earthquake (blue) and those selected as the best scenario from the

pre-computed database (red). (right bottom) Optimum time shift and RMSE.

Figure 12. The results of tsunami inundations for Masachapa (R4d). (left) Bathymetry
and topography. (center) Tsunami inundation selected as the best scenario from the
pre-computed database. (right) Tsunami inundation computed from the reference fault

model.

Figure 13. The results for El Astilleo (R4e). (left, center, and right top) Comparison of
tsunami waveforms at five virtual points computed from the reference fault model of
the 1992 Nicaragua earthquake (blue) and those selected as the best scenario from the

pre-computed database (red). (right bottom) Optimum time shift and RMSE.

Figure 14. The results of tsunami inundations for El Astilleo (R4e). (left) Bathymetry and

topography. (center) Tsunami inundation selected as the best scenario from the pre-
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490 computed database. (right) Tsunami inundation computed from the reference fault
491 model.
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