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Challenges for the Hazard Assessment

• It has to cover a very large domain  
• 4300 km of coast, plus several Pacific Islands and Archipelagos 

• Well exposed to tsunamis in the Pacific, though most of the time we are the 
culprits 

• Catalog is huge  

• High computational cost ? 

• It has to consider a wide range of tsunami behaviors 
• Large first arrivals ( PTHA? ) 

• Large late arrivals  ( PTHA? ) 

• Long lasting activity 

• Multiple inundation phases ( PTHA? ) 

• Landslides ? 

• Energy funneling (fjords, estuaries, bays) 

• Energy trapping (resonance, edge waves)
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Amenaza, Peligro

• Evolución desde 
modelos deterministas 

• Recurrencia 

• Incertidumbre 

• Cuáles son nuestros 
objetivos
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Guía para la Estimación
de Peligro de Tsunami

Proyecto de Investigación para el Mejoramiento de 
Tecnología para desarrollar una Comunidad Resiliente 
ante los Tsunamis (Proyecto SATREPS Tsunami)

2015 V.1 
¿2022 V2?



Ejemplos
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Fig. 11  Spatial distribution of flow depth a mean, b standard deviation, c coefficient of variation and d 
maximum estimated based on tsunami inundation of all stochastic scenarios modeled in Iquique
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What we know now (12 years and several tsunamis in between)

• The tsunamis 
• Large variability of Tsunami Intensity Metrics among events
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Geophysical Research Letters 10.1002/2015GL063333

Figure 2. (a and d) Spatial domain of Levels 1 and 4 numerical grids. Boxes denote Levels 2 and 3 domains. Color map are tsunami amplitudes maxima obtained
using the An et al. [2014] rupture. (b and e) Measured (bars) and modeled runup values (magenta) [An et al., 2014]; (gray) [Hayes et al., 2014]. (c) Measured
inundation.

maximum 2.97 m runup (not colocated), no damage was recorded to the feeble constructions in the area,
similar to Chipana, where the inundation reached 280 m and a maximum 3.33 m runup.

Regarding main cities, most of the damage was concentrated in Caleta Riquelme, in Iquique. This is a fishing
pier where several boats were destroyed due to tsunami currents. Here traces of the tsunami were found
up to 100 m inland, with a maximum runup of 2.50 m along moderate flow depths, and no indication of
strong currents nor erosive patterns in the inundation zone. Similarly, Cavancha beach in Iquique showed an
inundation of about 90 m and maximum runup of 2.51 m (see Figure 2e for zoomed-in runup data in Iquique).
In Arica, the maximum runup of about 2.76 m was observed in the rocky peninsula south of the port.

These observations show a good correlation between tide gage amplitudes and the runup distribution
observed. Moreover, these runup values show a good level of agreement with those reported by [Fritz et al.,
2008] in open coasts for southern Peru, for the comparable magnitude Mw 8.0 Pisco earthquake, and are
significantly smaller than those of the 2010 Maule tsunami [Fritz et al., 2011].

3. Numerical Modeling

To improve understanding of the observed tsunami hydrodynamics, numerical simulations of the tsunami
were performed using the Non-hydrostatic Evolution of Ocean WAVEs model [Yamazaki et al., 2009, 2011].
This model has been used to simulate the 2010 Chile tsunami at regional [e.g., Yamazaki and Cheung, 2011],
and local scales [Martínez et al., 2012].

Four levels of nested grids with 120, 30, 6, and 1 arc sec resolution were set up to model the tsunami from gen-
eration to inundation at Arica, Iquique, Patache, and Mejillones. The bathymetric data included the 30 arc sec
GEBCO08 data for the Level 1 grid, while Levels 2, 3, and 4 grids were built from higher-resolution bathymetry
data from SHOA Nautical Charts. Other localities used only the two coarser nested grids. The finite rupture
models by Hayes et al. [2014] and An et al. [2014] were used to generate the initial sea surface elevation fol-
lowing the Okada [1985] formulation. Simulations considered 10 h of elapsed time, with a fixed tide level.
Figures 2a and 2d show the modeled tsunami amplitude maxima for the An et al. [2014] model. Maximum
amplitudes concentrate near the area of maximum slip and decay rapidly both inshore and offshore. Large
coastal amplitudes concentrate in the area northward of Iquique, close to the maximum slip patch, and at bays.

CATALÁN ET AL. PISAGUA TSUNAMI: DATA AND MODELING 4
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What we know now (12 years and several tsunamis in between)

• The tsunamis 
• Very different behavior even 

for the same event among 
neighboring locations

8

Matarani,PE

Arica

Pisagua

Iquique

Patache

Tocopilla

Mejillones

Antofagasta

Longitude, deg
286.5 287 287.5 288 288.5 289 289.5 290 290.5

La
tit

ud
e,

 d
eg

-24

-23

-22

-21

-20

-19

-18

-17

El
ev

at
io

n,
 m

-8000

-6000

-4000

-2000

0

2000

4000

6000

0 60 120 180 240 300
-0.2

0
0.2 DART 32401

1020305070100
0

2

4

0 60 120 180 240 300
-2

0

2 Arica

1020305070100
0

500

1000

0 60 120 180 240 300
-2

0

2 Pisagua

1020305070100
0

500

1000

0 60 120 180 240 300
-2

0

2 Iquique

1020305070100
0

1000

2000

0 60 120 180 240 300

Fr
ee

 S
ur

fa
ce

 E
le

va
tio

n,
 m

-2

0

2 Patache

1020305070100

Po
w

er
 S

pe
ct

ra
l D

en
si

ty
, c

m
2  s

0

500

1000

0 60 120 180 240 300
-1

0

1 Tocopilla

1020305070100
0

200

400

0 60 120 180 240 300
-1

0

1 Mejillones

1020305070100
0

200

400

Elapsed Time, min
0 60 120 180 240 300

-0.5

0

0.5 Antofagasta

Period, min
1020305070100

0

100

200

Hayes et al.,(2014)

An et al.,(2014)

Vert. Displ., m
-1 0 1

Late arrivals

Large first arrivals

Sustained activity



Contexto – Las Preguntas Clave
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 se producirá el siguiente 
terremoto

Dónde

será el terremoto?  
Magnitud, distribución de deslizamiento

Cómo

un tsunami ?Generará

será el tsunami?  
Dónde puede ser peligroso?

Cómo



PTHA 
ARE WE THERE YET?
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PTHA

¿falta 
mucho?



¿Estamos listos?
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Partes y piezas
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Condiciones de BordeCondiciones Iniciales: 
 Interevento

El modelo numérico

El modelo de generación La integración

Condiciones Iniciales: 
 Intraevento

PTHA



Partes y piezas
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El modelo de generación

Condiciones Iniciales: 
 Intraevento



Condición Inicial: EQ Subducción : Inter variabilidad

• Mucho aprendizaje 

๏ Complejidad y rol de la fuente 

๏ Catálogos más completos 

๏ Modelos simples ya no se usan “tanto”
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What we know now (12 years and several tsunamis in between)

• The EQ source: 

• Even with time,  estimations of EQ slip are not certain 
enough for tsunami characterization.

15
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What Can We Do to Forecast Tsunami Hazards in the Near Field
Given Large Epistemic Uncertainty in Rapid Seismic
Source Inversions?
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Abstract The variability in obtaining estimates of tsunami inundation and runup on a near-real-time
tsunami hazard assessment setting is evaluated. To this end, 19 different source models of the Maule
Earthquake were considered as if they represented the best available knowledge an early tsunami warning
system could consider. Results show that large variability can be observed in both coseismic deformation
and tsunami variables such as inundated area and maximum runup. This suggests that using single source
model solutions might not be appropriate unless categorical thresholds are used. Nevertheless, the tsunami
forecast obtained from aggregating all source models is in good agreement with observed quantities,
suggesting that the development of seismic source inversion techniques in a Bayesian framework or
generating stochastic finite fault models from a reference inversion solution could be a viable way of dealing
with epistemic uncertainties in the framework of nearly-real-time tsunami hazard mapping.

Plain Language Summary Owing to recent advancements in rapid seismic source
characterization and tsunami simulation, nearly-real-time tsunami hazard forecasts in the framework of
tsunami early warning systems are starting to be within reach. However, in this study we bring a note of
caution regarding its future operational implementation since the level of uncertainty associated to a single
rupture inversion is high and thus calls for the use of multiple realizations of seismic inversions to forecast
inundation maps and assess their uncertainty bounds.

1. Introduction

Characterizing rupture processes during subduction earthquakes is a critical phase to determine initial con-
ditions for tsunami forecast models, both for long-term hazard analysis and during the early stages of an
actual event. Regarding the latter, the initialization of operational tsunami early warning systems (TEWS) is
mostly based on estimations of earthquake location, magnitudes, and focal mechanisms (e.g., Bernard & Titov,
2015; Tatehata, 1997). These systems have been fundamental in preventing casualties, particularly in the far
field, whereas for near-field tsunamis, the outcomes of operational systems have been less conclusive due to
reported inaccuracies in fast seismic source estimations (e.g., Bernard & Titov, 2015; Okal, 2015).

Recently, notable progress has been achieved in inversion modeling for characterizing the rupture and the
distribution of slip. This scientific progress has largely contributed to improve the resolution of slip models
required to understand the link between near-surface deformation and earthquake ruptures and to provide
initial conditions for tsunami forecasts. This positive input has motivated new methodological developments
to capture earthquake signals and ultimately to improve TEWS in the near field. Accordingly, important efforts
have been devoted in recent years to densify teleseismic, GPS, and sea surface observation networks, which
may benefit both earthquake detection and TEWS.

Complex descriptions of the coseismic rupture processes through rapid finite fault inversion can be obtained
from seismic data (e.g., Benavente et al., 2016; Melgar, Allen et al., 2016), tsunami data (e.g., Tang et al.,
2016; Tsushima et al., 2011, 2012), geodetic observations (e.g., Crowell et al., 2012; Melgar & Bock, 2015),

RESEARCH LETTER
10.1029/2018GL076998

Key Points:
• We provide an empirical assessment

of the variability of finite fault
inversions and its consequences for
rapid tsunami hazard mapping

• The variability in modeled tsunami
maximum amplitudes, runups,
and inundated 16 areas is of the
same order as their median values
evidencing a high inherent
uncertainty

• Combining the available knowledge
to build a distribution of the tsunami
source allows to obtain sound
predictions of tsunami variables
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Figure S2. Slip distributions for each rupture model
used in this study. Labels indicate corresponding entries
in Table S2.

Geophysical Research Letters 10.1029/2018GL076998

Figure 3. Histograms for coseismic vertical deformation and tsunami intensity variables at the three locations. (first
column) Coseismic vertical deformation. (second column) Maximum amplitude tsunami waves in coastal waters. (third
column) Maximum tsunami runup. (fourth column) Maximum inundated area. Black solid lines represent the median
values (P50%) of forecast variables. Black dashed lines represent forecast values estimated from propagating the MS
source. Magenta dashed lines represent observed values when available (for uplift and maximum runup). MS = median
surface.

for each model is included in the simulation grids for the tsunami hazard assessment phase following Borrero
et al. (2006).

3. Results

In order to quantify the uncertainty levels, the median values (P50%) and the 95.5% confidence intervals
(CI95.5%) of coseismic deformations and tsunami intensity variables are estimated. These are preferred over the
mean and standard deviation because it is expected that the data would not be Gaussian distributed. Thus, a
coefficient of variation, ! = CI95.5%∕P50%, is defined and used as a standardized measure of the data dispersion.

The variability in the initial free surface conditions obtained from the inverted earthquake sources is presented
in Figure 2, where the median (P50%) value of the coseismic deformation and its 95.5% confidence interval
are plotted in the left and right panels, respectively. The median surface deformation, henceforth termed MS,
shows a mild variation across the rupture area, reaching up to 3 m in the northern part. Variability estimates
can double this value, with large patches concentrating around two areas which coincide with the maximum
estimated slips, located north and south of the epicenter. These results highlight differences between mod-
els, which generally agree regarding the presence of two main slip patches but show slip values that vary
significantly (cf. Figure S2).

Considering that coseismic deformations affect tsunami propagation and inundation (e.g., Borrero et al., 2006;
Goda et al., 2015; Tanioka et al., 1995), geodetic measurements of the vertical deformations are compared
with model predictions, as shown in Figure 3 (first column), where histograms of the predicted deforma-
tion are presented. Measured data showed that San Antonio subsided −0.2 ± 0.1 m (Vigny et al., 2011);
Constitución also subsided −0.4 ± 0.1 m (Quezada et al., 2010), whereas Talcahuano was uplifted 0.5 ± 0.1 m

CIENFUEGOS ET AL. 5



Initial Condition: “Un” evento

• Asumiendo se puede modelar el terremoto…hay que tomar 
otras decisiones 

๏ Cómo modelar la Interface 

๏ Slab 1.0, 2.0, Aproximado 

๏ Qué modulos de corte 30 GPa 

๏ Límite inferior de la zona de generación 

๏ (Berryman et al, m 2015) 

๏ Largos de Correlación 

๏ Qué leyes de escalamiento 

๏ Se limita el máximo slip? 

๏ Goda, Davies, Lavalle, Hayes?
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Partes y piezas
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Condiciones Iniciales: 
 Interevento

El modelo de generación

Condiciones Iniciales: 
 Intraevento



Zonificación: Recurrencia de largo plazo
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Modeling: Tsunami HySEA (Macias et al., 2017)
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Sample: Viña del Mar

offshore LowRes inland HiRes



Modeling: Tsunami HySEA (Macias et al., 2017)

19
Sample: Viña del Mar

offshore LowRes inland HiRes



Condiciones Iniciales: La variabilidad de largo plazo

• Como incluirla a bajo costo 

๏ FAUS was the preferred model of choice (VAUS is tempting) 

๏ HS full swing 

๏ Long Term 

๏ Karhunen-Loeve (Leveque et al., 2016) 

๏ Cholesky-expansion (*,Crempien et al., 2020) 

๏ (there are others….) 

๏ Emergency 

๏ Phase Variation (*, unpublished)

20



Partes y piezas
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Condiciones de BordeCondiciones Iniciales: 
 Interevento

El modelo de generación

Condiciones Iniciales: 
 Intraevento



What we know now (12 years and several tsunamis in between)

• Causes: Resonance, Edge Waves, Bathymetric control

22

In contrast, Iquique shows several peaks in the background spectrum that correspond to two different reso-
nating areas. At relatively long periods, (T> 22 min), the spectrum shows distinguishable peaks but with sig-
nificantly less energy than at Arica in the same energy band. In contrast, at shorter periods clearly defined
peaks are found that show larger energy than Arica. Two sets of modes can explain this response. First, a
set of low energy modes that respond to large-scale features in the section of coast between 2198S to
2218S. Here the shelf exhibits a narrow width that runs parallel to the relatively open coast between Pisa-
gua and Iquique, and then widens gradually until reaching a maximum width south of Punta Gruesa, to
decrease to a minimum width in front ot Tocopilla (see Figure 1). A first peak in the background spectrum
at Iquique is found at T ! 54 min, correlating well with eigenvalue 1B. The spatial structure of the corre-
sponding eigenmode indicates a pair of standing waves in this section of coast, with an antinode where the
shelf is the widest. The northern lobe, which encompasses Iquique, ends where the shelf is again wider just
north of Pisagua. This lobe shows significantly less energy than its southern counterpart. The next spectral
peak, at T ! 42 min coincides with eigenvalue 3B, where a mode consisting of three nodes is found
between Pisagua and Tocopilla. Then, a mode at T ! 33 min is found matching the eigenvalue of 4B. Simi-
larly, to the cases above, this mode shows a set of five smaller standing waves between Pisagua and Toco-
pilla. Most of the waves are confined to the inner shelf. Another mode is found at T ! 25.6 min (matching
eigenvalues of 6B and 1Li) with similar characteristics as before: eight standing waves, mostly confined to

Figure 4. Normalized (top) amplitude and (bottom) phase map for the first four eigenmodes for the local domain at Arica. Thin gray line indicates the 200 m depth curve and green cir-
cle indicates the tide gauge location. Note that local domains are zoomed in to improve presentation (cf. Figure 1).

Journal of Geophysical Research: Oceans 10.1002/2017JC012922
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Respuesta frente a eventos 
 

 
Eventos 

Pico 
espectral 

[min] 
1994 1995 2004 2006 2010 2011 2014 2015 

48.76       2.5% 16.2% 6.7%     
37.93 Sin Sin 

   
13.9% 7.4%   

32 Registro Registro 22.1% 29.1% 2.1% 55.9% 4.8% 17.0% 
26.95   

 
5.1% 31.3% 6.6% 7.1% 23.2%   

22.26     9.9% 3.0% 0.7% 3.4% 13.6%   
 

Tabla 3.-Picos resonantes para Arica y su aporte porcentual en distintos eventos de tsunami. 

 
 

 
Figura 3.-Espectros normalizados para Arica. 

 
x Campo Lejano (2004, 2006, 2010, 2011): los eventos de 2006 y 2011 

concentran energía principalmente en la banda 40-20 [min] (Figura 3). El 
evento de 2006 reparte en forma equitativa la energía entre dos picos 
resonantes (32 y 27 [min]) mientras que 2011 concentra más de la mitad de la 
energía en 32 [min] (Tabla 3), repartiendo energía hacia períodos no 
resonantes de mayor valor. El espectro de 2004 presenta una alta 
concentración energética en 41 [min], que no es un período resonante. Sin 

DATA DRIVENFREE OSCILLATION MODELS



Comportamiento varía mucho

• Time series
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Condiciones de Borde: Topobatimetría

• Calidad de la batimetría 
๏ Sepúlveda et al, 2020 

๏ Qué usar? DEM, DTM 
๏ Gibbons et al, 2021, Kaiser et 

al, 2011, Gayer et al, 2010 

๏ Cómo modelar la 
fricción, 

๏ CRM, ERM, DEM 

๏ Mareas? 

• RSLR:  
• Largo plazo

24

a) b)
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Partes y piezas
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Condiciones de BordeCondiciones Iniciales: 
 Interevento

El modelo numérico

El modelo de generación

Condiciones Iniciales: 
 Intraevento
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Modelo numérico

• Dependencia en el modelo 

๏ LSWE, NLSWE, Boussinesq 

๏ Depedencia del Algoritmo 

๏ Modelo en sí mismo 

๏ Resolución de las celdas 

๏ Capacidad de modelar corrientes 

๏ Cuanto modelar

27



Partes y piezas
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Condiciones de BordeCondiciones Iniciales: 
 Interevento

El modelo numérico

El modelo de generación La integración

Condiciones Iniciales: 
 Intraevento

PTHA



La integración

• Qué fuentes 

๏ Locales, regionales, 
telesísmicas 

๏ Qué procesos 

๏ subduction, 
deslizamientos, volcanes 

๏ Cuanto modelar? 

๏ Todo, SROM, etc.

29

• Qué queremos modelar 

๏ ¿Altura, corrientes? 

๏ ¿Para qué? 
๏ Vidas 

๏ Evacuación 

๏ Infraestructura



VALPARAISO-VIÑA
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una historia difícil



¿PUEDEN HABER TSUNAMIS EN 
VALPARAÍSO?

31



Un caso: Valparaíso 1906

• Un terremoto que causó mucho daño en la ciudad puerto 
de Valparaíso, y fue considerado por mucho tiempo el 
terremoto más grande que ha afectado dicha zona 

• No generó un tsunami que causara daño!

32



Ejemplo: Valparaíso 1906

• Sabemos de otros tsunamis originados en Chile que 
causaron daño en Japón 

• Se puede inferir a partir de ellos

33
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Valparaíso, reanalizado

• Datos de inundación histórica en Penco 

• Datos de inundación paleotsunami en Quintero 

• Datos de mareógrafos en Japón 

• Un estudiante motivado

36
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9.1 - 9.3



Y….¿QUÉ PODRÍA PASAR?
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Ejemplo: Tsunami:  
Incorporating arrival time

40

Zamora et al. Tsunami Microzoning

http://www.shoa.cl/php/citsu.php), which was elaborated using seismic scenarios source-based on earlier320

estimates of the 1730 earthquake, which considered a range of magnitudes between Mw 8.8–9.1. This321

is lower than the current Mw 9.1–9.3 assessment based on near-and far-field tsunami evidence (Carvajal322

et al., 2017).323

Figure 5. Maps of inundation statistics at Valparaı́so and Viña del Mar. a) Envelope of the maximum
flow depth dm(x, y); b) Pdm,95% of the flow depth; c) Variability range of the flow depth, defined as
Pdm,95% � Pdm,5%; d) Variability ratio (VRR) of the flow depth defined as Eq. 2; e) minimum arrival time
at each cell; and f) fraction of events that inundate each cell. Values of flow depth are provided in meters,
and arrival time in minutes.

However, it is possible to notice that these results are dominated by a few scenarios, as seen in Fig. 5f,324

which shows the fraction of scenarios that inundate each cell. Typically, less than 20% of the modeled325

scenarios are capable of inundating beyond the shoreline in Valparaı́so. In Viña del Mar, typical values326

are 30% of the scenarios inundating part of the floodplain, and a few more inundate the river bed and327

propagate upstream. Consequently, our definition of variability range (Pdm,95% � Pdm,5%) shows large328

values, dominated by these few events, which resemble the structure of the maxima (envelope that shows329

the maximum flows), as seen in Fig. 5c. This variability can exceed 40% of the maximum value, as shown330

in Fig. 5d, where a variability range ratio is defined as331

VRR =
Pdm,95% � Pdm,5%

dm
. (2)
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Microzoning Tsunami Hazard Assessments
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ABSTRACT1

Tsunami hazard is routinely assessed from inundation flow depths estimated from one or many2

earthquake scenarios. However, information about the exact time when such inundation occurs3

is seldom considered, yet it is crucial for pedestrian evacuation planning. Here, we propose an4

approach to estimating tsunami hazard by combining tsunami flow depths and arrival times to5

produce a nine-level, qualitative hazard scale that is translated into a simple tsunami hazard6

map. To do this, one of the most populated regions of the coast of Chile is considered as the7

sample site, using a large set of 2800 tsunamigenic sources from earthquakes with magnitudes8

in the range Mw 8.6-9.2, modeled from generation to inundation at high resolution. Results9

demonstrate that incorporating different sources of variability such as different earthquake10

magnitudes and locations as well as stochastic slip distributions is essential. Moreover, this11

proof-of-concept exercise clearly shows that the qualitative hybrid categorization of the tsunami12

hazard mapping allows for a more effective understanding of the hazard, which could be13

beneficial for designing mitigation strategies such as evacuation planning, and its management.14

Keywords: Tsunami hazard, micro-zoning, arrival times, evacuation, central Chile15

1 INTRODUCTION
Tsunamis are natural events that can have a range of disastrous consequences, such as loss of life (Doocy16

et al., 2013), damage to infrastructure (Charvet et al., 2017; UNISDR, 2018), and triggering morphological17

changes that can affect the sustainability of coastal environments and communities (Morton et al., 2011;18

Atwater et al., 2013; Catalán et al., 2015; Hoang et al., 2018; Imamura et al., 2019). Moreover, tsunamis19

can spread over large portions of the ocean basins where they occur, and their hydrodynamic behavior can20

vary significantly along the affected coasts. The triggering of a tsunami can be due to several processes,21

1



41



Is simpler better?

• Two-criteria: 
• flow depth 

• arrival time 

• Ej: 2800 scenarios 
modeled with HySea 
with magnitudes 
8,6-9,2

42

Zamora et al. Tsunami Microzoning

Figure 6. Application of categorization thresholds to qualify hazard. Top row: Hazard levels based on
tsunami flow depth; middle row: Hazard levels based on tsunami arrival time; bottom row: Hybrid hazard
levels. Thresholds for each case are defined in Table 1.

Frontiers 21



¿Estamos en condiciones de lanzarnos?
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Resumen

• Hemos avanzado mucho en apenas 10 años 

• Pero el progreso y aplicación de las herramientas 
desarrolladas debe ser cauto, reconociendo que aun hay 
mucha incertidumbre
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La tentación
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La tentación
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Puertos…el problema de las corrientes
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6

FASTER Analytical Tool: To determine 
the full impact of  tsunami inundation, 
other variables such as tidal and storm 
conditions must be considered. An 
analytical method has been created which 
incorporates important variables that will 
impact the ultimate tsunami flood level. 
The simplified components of the 
calculation are shown to the right. The 
FASTER calculation, which will be 
provided by the local jurisdiction or the 
regional NOAA NWS Weather Forecast 
Office to the harbor during a tsunami 
event, is used on Page 7 to determine if 
piles will be overtopped and inundation 
of dry land will occur.

DIFFERENCE BETWEEN FORECAST TSUNAMI AMPLITUDE/WAVE 
HEIGHT AND FASTER TSUNAMI FLOOD HEIGHT

RELATIONSHIP BETWEEN TSUNAMI CURRENT 
SPEED AND HARBOR DAMAGE: Analysis of 
recent tsunami damage indicates a relationship 
between current speed and harbor damage. 
The Damage Index to the right has been used 
in the analysis to determine the following 
relationship (see color codes here and on 
maps):

CURRENTS  =  DAMAGE

0-3 knots  =  No Damage
3-6 knots  =  Minor/Moderate Damage
6-9 knots  =  Moderate/Major Damage
>9 knots  =  Major/Complete Damage

Damage 
Index:

Damage Type:

0 no damage

1 small buoys moved

2
1-2 docks/small boats damaged, 

large buoys moved

3
Moderate dock/boat damage, 
mid-sized vessels off moorings

4
Major dock/boat damage, large 

vessels off moorings

5 Complete destruction

Forecast Tsunami Amplitude/Wave Height: Within the first couple hours after an 
earthquake and the generation of a tsunami, the National Tsunami Warning Center will 
provide an estimate, or forecast, of the potential amplitude/wave height of the tsunami 
for over 50 locations along the California coast.  This amplitude is the height of the 
tsunami above existing ocean conditions and helps determine the official Tsunami Alert 
level for each region. For the purposes of the Playbook, the forecast tsunami amplitude 
is used on the “Response Reference” page 7 or 22 to determine if piles will be 
overtopped and inundation of dry land will occur. 

9

Current-Threshold Map

15

Current-Threshold Map

17

Current-Threshold Map

Cortesía P. Lynett



pero…

47

28 P.J. Lynett et al. / Ocean Modelling 114 (2017) 14–32 

Fig. 9. Summary of inter-model spatial statistics. Top left (a): inter-model mean of predicted maximum speed in m/s as taken from the 5-m resolution runs. Bottom left 
(b): inter-model standard deviation of predicted maximum speed in m/s as taken from the 5-m resolution runs. Right column: inter-model standard deviation of predicted 
maximum speed scaled by model-mean maximum speed as taken from the 5-m resolution runs (c), 10-m resolution runs (d), and 20-m resolution runs (e). 
area are near 2 m/s, and represent 50–150% of the model-mean 
speed. This inter-model comparison indicates that it is reasonable 
to expect large differences between models in areas affected by ed- 
dies, and thus velocity predictions from any single model in such 
locations must be carefully and conservatively interpreted. 

There are two additional important observations from the speed 
deviation in Fig. 9 (b). First, in areas not affected by eddies, the 
models show excellent convergence with inter-model standard de- 
viations less than 0.2 m/s, often representing 10–20% of the mean 
speed. Thus, where currents are coupled with the wave (and not 
de-coupled in the form of eddies), models converge precisely. Sec- 
ond, deviations along the immediate shoreline and in areas of in- 
undation are large. While not the focus of this study, this obser- 
vation points out that speed predictions for overland flow, among 

the models tested here, are highly divergent. As model predictions 
for overland flow speed are being increasingly used for structural 
loading calculations, additional study is needed to quantify errors 
and variability in inundation velocities. 

The properties of a modeled eddy (e.g. tangential speed, ra- 
dial speed gradient) are dependent on the magnitude of the shear 
in the eddy generation area, or separation area. Numerically, this 
shear magnitude may be limited by the numerical resolution, as 
relatively coarse resolutions are unable to resolve strong velocity 
gradients. Thus, there may be a strong connection between the 
numerical signature of an eddy and the numerical resolution. Fig. 
9 (c)–(e) show the relative inter-model deviations, scaled by the 
inter-model mean speed, for three different resolutions. Clearly, the 
local speed deviations grow with decreasing grid size. The rea- 



48

“No es lo que no sabes o desconoces lo que te mete en 
problemas, 

Es lo que crees es cierto,  

y resulta no serlo”

https://thetimes.cl/download/multimedia.normal.8d36b37477a7be6d.5453554e414d495f6e6f726d616c2e6a706567.jpeg


