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Abstract—On September 16, 2015 a magnitude Mw 8.3

earthquake took place off the coast of the Coquimbo Region, Chile.

Three tsunami survey teams covered approximately 700 km of the

Pacific coast. The teams surveyed the area, recording 83 tsunami

flow depth and runup measurements. The maximum runup was

found to be 10.8 m at only one small bay, in front of the inferred

tsunami source area. However, it was observed that runup in other

locations rarely exceed 6 m. Tsunami runup was larger than those

of the 2014 Pisagua event, despite the similar earthquake magni-

tude. Moreover, tsunami arrival times were found to be shorter than

those of previous tsunamis along the Chilean subduction zone.

Numerical simulations of the tsunami event showed a good

agreement with field data, highlighting that tsunami arrival time

and the spatial variation of the tsunami amplitudes were strongly

influenced by the bathymetry, coastal morphology and the slip

distribution of the causative earthquake.

Key words: Tsunami, chile, runup, continental shelf, south

pacific ocean.

1. Introduction

On September 16, 2015, at 22:54:33 UTC

(19:54:33 local time) a magnitude Mw 8.3 earthquake

took place off the coast of the Talinay Peninsula in

the Coquimbo Region, Chile. The epicenter was

located at 31.570�S, 71.670�W (YE et al. 2015) with a

focal depth of 23.3 km (http://www.sismologia.cl/),

37 km Northwest of Los Vilos. The 2015 Illapel

Earthquake triggered a tsunami that reached the

nearest coastal areas very fast, within few minutes of

the earthquake initiation (some eyewitnesses suggest

the tsunami started immediately after the earthquake

at one coastal village). A tsunami threat message

from the PTWC was issued 7 min after the main

shock and the National Hydrographic and Oceanic

Service (SHOA), the organization in charge of the

Chile’s National Tsunami Warning System, issued a

tsunami alarm message 8 min after the earthquake

(SHOA 2015a). A preventive evacuation status for

the entire Chilean Coast was declared by the National

Emergency Office (ONEMI) 11 min after the earth-

quake (ONEMI 2015). Despite the prompt

evacuation, eight causalities were attributed to the

tsunami (ONEMI 2015).

The last significant subduction earthquake in the

area of the 2015 Illapel earthquake occurred in April

1943. The magnitude estimated for the 1943 earth-

quake was Mw 8.3 (LOMNITZ 1970) with a total

rupture length of 150–250 km (NISHENKO 1985). That

earthquake caused a minor tsunami, which mainly

impacted Los Vilos (31.912�S, 71.513�W, south of

the 2015 rupture area), where it damaged fishing

boats (LOMNITZ 1970; SOLOVIEV and GO 1975). North

of the location of the 2015 Illapel event, a large
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subduction earthquake in 1922 activated the adjacent

segment of the megathrust. This earthquake had an

estimated moment magnitude of 8.4 (LOMNITZ 1970)

and generated tsunami waves of 7–9 m in neighbor-

ing areas (SOLOVIEV and GO 1975).

In this paper, we report the result of a post

tsunami survey, which was conducted shortly after

the earthquake, between September 21 and 28,

2015. We covered approximately 700 km of the

Pacific coast between Chañaral (26.32�S) and Val-

paraiso (33.05�S). To understand the variation of

the tsunami parameters along the coast, we also

carried out tsunami numerical simulations. First we

give a brief description of the bathymetry and

coastal morphology, and then we present the tide

gages records along the Chilean coast as well as

the results of the post tsunami survey. The tsunami

numerical simulation is presented in ‘‘Numerical

Simulation’’. Then, we present a discussion and

final conclusions.

2. Bathymetry and Coastal Morphology

The bathymetric structure of the sea bottom and

the coastal morphology of the Coquimbo Region are

fundamental to explaining the variation along the

coast of the surveyed tsunami parameters. We pro-

vide a brief description of these two elements in this

section.

The coast of the Coquimbo Region (29.832�S)

shows two contrasting morphologies. From south of

Punta Teatinos (29.821�S) to the northernmost tip of

the Talinay Peninsula (Punta Lengua de Vaca,

30.317�S), the coast is characterized by three major

bays: Coquimbo Bay, Guanaqueros Bay and Tongoy

Bay (Fig. 1b). These bays open to the northwest,

providing natural protection against predominant

south-west swells, and are characterized by a lowland

topography with long sandy beaches. Typically, these

beaches exhibit seaward-concave plans typical of

beaches on the leeside of a barrier or peninsula. The

submarine part of these bays shows a nearly 10 km-

wide marine platform with a gently sloping sea bot-

tom. In particular, Coquimbo Bay shows depths that

do not exceed 50 m within the bay. In contrast, the

coast south of Talinay Peninsula is dominated by

abrupt coastal cliff morphology extending southward

to San Antonio. Several smaller bays are present,

with the exception of Los Vilos, Quintero, Concon

and Valparaiso, which are comparable in size to those

in the Coquimbo area. In this southern segment, the

marine platform is poorly developed and the bathy-

metry is dominated by isobaths deeper than 1000 m a

short distance from the coastline (Fig. 1a). Along this

segment some small beaches exist at the outlet of

small creeks, where fishing villages are located. The

inset in Fig. 1 shows the epicenter of the earthquake

and a preliminary slip distribution done in the context

of this work using 43 vertical component of tele-

seismic P-waveforms (Figure S1) downloaded

through the Incorporated Research Institutions for

Seismology Data Management Center (IRIS-DMC).

The slip distribution model is constructed with the

kinematic waveform inversion method developed by

YAGI and FUKAHATA (2011). A beneficial aspect of

this method is that the formulation takes into account

the uncertainty in Green’s function, which had been

the major source of modeling errors in waveform

inversion methods.

3. Tide Gages Data Analysis

Tsunami waves were instrumentally recorded by

all tide gages along the Chilean coast (www.ioc-

sealevelmonitoring.org), and the DART network

across the Pacific Ocean. Figure 2 shows the tide

gage records in Chile at the tide stations from 25�S to

36�S (Fig. 1a). The tide gage records show that the

earthquake took place shortly after low tide near the

epicenter (Fig. 2), meaning that maximum observed

tsunami waves arrived during the flood tide. The

tsunami arrived in Pichidangui, the tidegage closest

to the main rupture patch, in less than 15 min.

However, the maximum amplitudes did not exceed

2 m during first arrival. The arrival time at

Coquimbo, located just north of the main rupture

patch, occurred 23 min after the earthquake and

peaked for first time 30 min after the earthquake,

with 1.1 m of tsunami amplitude. This initial wave

was followed by a succession of larger tsunami waves

over a time span of 150 min. The maximum tsunami

amplitude (4.75 m) was measured with the fourth
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wave, after which tsunami oscillations were persis-

tent and periodic, but did not exceed 2 m in

amplitude. About 100 km south of the rupture, the

tsunami arrived at Quintero and Valparaiso within

23 min. The maximum amplitude of the first wave

was 1.5 m, 30 min after the shock at Quintero and

1.22 m, 34 min after the shock at Valparaiso. How-

ever, the maximum amplitude at Valparaiso was

Figure 1
a Location of the tide gages and DART buoy. The yellow star indicates the epicenter and the thin black lines are the -1000, -2000 and

-3000 m isobaths. Upper inset is the slip distribution of the 2015 Illapel earthquake. The red box is the enlarged area in the right frame.

b Bathymetry in the area of interest. The thin black lines denote the -50, -200 and -1000 m isobaths

Figure 2
Tide gage records of the 2015 Illapel tsunami at locations indicated in Fig. 1a. The red line indicates the predicted tide level during the

tsunami
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found to be much lower than at Coquimbo, reaching

1.90 m 108 min after the earthquake. Tide gage sta-

tions located farther north and south show a

significant decrease in tsunami amplitude, with

amplitude not exceeding 1 m. However, the behavior

was noteworthy at Chañaral (26.32�S, 70.60 W) and

Talcahuano (36.71�S, 73.11 W), where tsunami

amplitudes were larger than stations located closer to

the rupture patch, such as San Antonio and Consti-

tución. Talcahuano was one of the most affected

areas during the 2010 Chile tsunami (FRITZ et al.

2011) and large amplification due to tsunami reso-

nance has been identified (YAMAZAKI and CHEUNG

2011; ARANGUIZ 2015). This significant spatial vari-

ation of tsunami amplitudes at tide gage stations is

consistent with the near-field behavior reported for

the 2010 Maule and 2014 Pisagua tsunamis (FRITZ

et al. 2011; CATALAN et al. 2015), and observed for

the 2011 Tohoku far-field tsunami.

4. Post Tsunami Survey

Three different teams surveyed the area, recording

tsunami runup, flow depth, inundation area and eye-

witness testimonies. The field measurements were

surveyed from the waterline in accordance with

established post tsunami survey procedures (DENGLER

et al. 2003; SYNOLAKIS and OKAL 2005; DOMINEY-

HOWES et al. 2012). The area is characterized by a

microtidal regime of 2 m (SHOA 2015b), and data

were corrected for tide level at the time of maximum

inundation. Measurements were collected using both

Kinematic Global Positioning System and laser

rangefinders. All data measurements are given in

Table 1 in ‘‘Appendix’’.

Figure 3 shows the runup and inundation height

measurements. The highest measured runup of

10.8 m was found at the Totoral fishing village

(30.365�S, 71.67�W), located immediately shoreward

of the tsunami source area. The runup measured here

was somewhat of an outlier relative to nearby mea-

surements which were mostly in the 4–6 m range

(Fig. 3a). The high runup at Totoral may be

attributable to the deep offshore bathymetry and the

pocket beach morphology that funneled the tsunami

wave ashore. The tsunami penetrated over 200 m

inland and washed away several wooden houses,

leaving only their foundations (Fig. 4). According to

local residents, at least five large waves flooded the

bay in a slow manner, with an almost uniform inun-

dation height in the whole bay. In addition, the first

wave arrived a few minutes after the earthquake. As a

proxy for first tsunami arrival time, Fig. 4c shows a

clock found by the Chilean Navy at Totoral which

stopped at 8:06 pm, arguably due to flooding, sug-

gesting that the village may have been flooded

12 min after the initiation of the earthquake. How-

ever, doubts of the clock precision, the exact cause of

clock malfunction put uncertainties around that arri-

val time estimate. Despite the short arrival time, only

one person died due to the tsunami in Totoral Village.

The body was found at Caleta Hornos, some 90 km

north of Totoral (LA TERCERA 2015).

In general, it can be seen from Fig. 3a that the

runup heights vary between 3 and 6 m at both sides

of the rupture area with an asymmetric decaying

trend. However, the runup and inundation heights

show variable behavior along the southern section,

where many small bays (such as Pichidangui and

other bays south of Los Vilos) showed no significant

tsunami traces. Damage was concentrated at Los

Vilos, and Concon, 15 km north of Valparaı́so. In

both Los Vilos and Concon, runup reached *4 m. It

was observed that damage was concentrated in the

southern ends of these bays due to their being open to

the north and thus receiving direct tsunami impact.

Similarly, we documented a high variability of the

runup within Coquimbo, Guanaqueros and Tongoy

Bays (Fig. 3b). For example, in Coquimbo Bay runup

decreased progressively from west to east; on the

western border the runup was 6.41 m, while in the

middle section of the bay (near the tourist landmarks

the Lighthouse and La Serena Golf Club) the runup

was 3.31–2.98 m, respectively. A similar variation

was observed in Tongoy Bay. In Puerto Aldea,

located at the western border of the bay, runup

reached 6.09 m, while Playa Grande at the western

shore of Tongoy peninsula (eastern shore of Tongoy

Bay) runup reached just 3.89 m. Interestingly, in

Guanaqueros Bay runup at western and eastern shores

were modest with only 3.26–2.61 m, respectively.

Therefore, our data show that Coquimbo and Tongoy

Bays experienced the largest runup at the
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southwestern ends of their corresponding bays, while

Guanaqueros Bay did not experience significant

runup despite being located between the aforemen-

tioned two bays and having a similar orientation. One

relevant aspect of the runup distribution is that these

bays are located north of the main rupture area and

are exposed to the north; each also has a peninsula on

its western end. Therefore, they could have been

somewhat sheltered from the main tsunami propa-

gation path. In contrast, the area near Caleta Hornos,

on the northern end of Coquimbo Bay and directly

exposed to the main tsunami path, showed lower

runup (2.5 m) and inundation.

As a result of this variability and the low density

of dwellings in the area, damage was concentrated in

specific locations. Figure 5 shows the inundation area

of the three most affected locations, namely, Los

Vilos, Tongoy and Coquimbo. Los Vilos is located

south of the tsunami source area (Fig. 3), and the

maximum tsunami height was 4.13 m. The beach is

steeply sloped, relatively narrow (*70 m) and is

backed by an almost vertical cliff at the southern end.

Consequently, inundation extent was only about

150 m. Despite this, the tsunami inundated the first

line of houses and in some cases drifting boats from

the pier located at the southern end of the bay trav-

elled to the northern side and caused significant

destruction (Fig. 6a).

The greatest tsunami inundation distances were

found in the north-facing bays of Coquimbo and

Tongoy. In Coquimbo Bay we measured a maximum

inundation distance of 700 m. Near this area of

maximal tsunami penetration, tsunami waves over-

topped the coastal road as well as a railway

embankment, generating severe damage on the

landward (Fig. 6c, d). The tsunami reportedly arrived

from the north with at least three large waves. The

number of waves were confirmed during the survey

by the number of mudlines observed on sides of

flooded houses (Fig. 6e). In the town of Tongoy,

Figure 3
Results of the post tsunami survey. a Tsunami runup and inundation heights measured along 700 km of coastline from Chañaral to Concón.

b Tsunami runup and inundation heights in the enlarged area
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maximum inundation reached 600 m inland, tem-

porarily isolating the Tongoy Peninsula as an

offshore island, an effect also reported—albeit at

much larger scale—at the northern tip of Sumatra

Island during the 2004 Indian Ocean tsunami (BOR-

RERO 2005). In this locality, the maximum runup was

5.72 m, with a very narrow inundation extent,

indicative of splashing up, near the eastern shore of

the peninsula (Fig. 5) while it was 4.51 m in the

town. As mentioned earlier, runup at the western

shore of the peninsula reached only 3.89 m. Despite

the large inundation height, due to the topography the

flow depth ranged between just 1 to 2 m (Fig. 6b).

To better explain the tsunami inundation pattern

at Coquimbo, the transect A–A was measured and

indicated in the lowest panel of Fig. 5. The mea-

surements along the transect demonstrated that the

inundation height was almost uniform and bounded

by a vertical retaining wall (an image of the retaining

wall is given in Fig. 6f). It was found that the

urbanized area on the leeside of the railway had a

ground elevation of approximately 3 m (see transcect

A–A in Fig. 5), which is lower than the coastal road

and railway elevations. It is important to mention that

the railway decreases in height as it approaches the

coast westward while at the wetland it gets narrower

Figure 4
Tsunami impact in Totoral. a Remnants of destroyed houses located along the southern shore of the Bay. b Estimated inundation area (source:

Google Earth). The green triangle indicates the measured runup. c Clock found at Totoral with time indicating the arrival of the first flooding

R. Aránguiz et al. Pure Appl. Geophys.
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Figure 5
Inundation area at Tongoy, Los Vilos and Coquimbo. The lower panel shows a transect of the inundation profile at Coquimbo
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and the distance between the shore and the vertical

wall decreases. Subsequently, all the mentioned fac-

tors contributed to funneling the incoming tsunami

and increasing the inundation depth and runup com-

pared to sections a few hundred meters east.

Finally, along the coast of Talinay, south of

Totoral to Puerto Oscuro, the tsunami runup gradu-

ally decreased with tsunami inundation distance

typically of a few tens of meters (Fig. 3). An

exception occurred at the Limari River (40 km south

of Totoral) where tsunami penetrated 3.95 km upri-

ver with a runup of 3 m.

5. Numerical Simulation

To better understand the tsunami runup distribu-

tion, arrival time and other effects such as the seafloor

Figure 6
a Seaweed and tsunami debris in a fence at Los Vilos. b Water mark on a wooden house in Tongoy. c Damage on the coastal road in

Coquimbo due to tsunami overtopping. d Damage on the railway at Coquimbo. e Several water marks on a masonry house at Coquimbo.

f Retaining wall in Coquimbo

R. Aránguiz et al. Pure Appl. Geophys.
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vertical displacement, we performed a tsunami

numerical simulation by means of the NEOWAVE

model (YAMAZAKI et al. 2009, 2011). The tsunami

was simulated using 3 levels of nested grids with

resolutions of 12000(*3.6 km), 3000(*900 m) and

600(*180 m). The level 1 grid was built from

GEBCO bathymetric data, while the level 2 and 3

grids also considered nautical charts from SHOA.

The level 3 grid covered all bays from 29.1�S in the

north to 30.5�S in the south. The tsunami initial

condition was obtained from the OKADA (1985) for-

mulation with the finite fault model of the rupture

area of variable slip given in Fig. 1. We used a

200 km by 200 km region with 400 subfaults of

Figure 7
Results of numerical simulation. a Vertical displacement, red area is uplift while blue is subsidence. Continuous lines are uplift at 0.5 m

intervals, and dashed lines denote subsidence at 0.1 m intervals. b Modeled and measured tsunami waveforms at DART32402, Coquimbo and

Valparaiso. c Snapshots of tsunami propagation, the black lines denote the -1000 and -200 m isobaths
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10 km by 10 km each. The fault model considered

constant strike, dip and rake angles of 5�, 15� and

117�, respectively, consistent with the slab geometry

in the area.

The maximum slip was computed to be 8.62 m

and was located north of the epicenter (Fig. 1). Fig-

ure 7a shows the level 2 grid and the vertical

displacement of the sea floor. The maximum uplift

was found to be 2.7 m offshore from the mouth of the

Limarı́ River, while the model suggests that

Coquimbo, Guanaqueros, and Tongoy Bays experi-

enced subsidence between 30 and 45 cm.

Furthermore, we computed the mean water level from

the Coquimbo tide gage before and after the tsunami

from online data (www.ioc-sealevelmonitoring.org)

and the results showed a subsidence of 7–10 cm due

to the earthquake. For validation of the numerical

model, we used three records, namely the DART

buoy 32402, and the tide gages at Coquimbo and

Valparaiso (Fig. 1). The numerical simulation of

Valparaiso considered four levels of nested grids of

12000(*3.6 km), 3000(*900 m), 600(*180 m), and

100(*30 m) resolution. In all cases, the computation

considered 4 h of elapsed time and output interval of

10 s. The free surface elevation time series are shown

in Fig. 7b. A good agreement between the simulation

and records is seen considering both arrival time and

maximum amplitude, although the simulation pro-

duces tsunami arrivals 3–5 min earlier at Coquimbo.

Figure 7c shows snapshots of the tsunami propaga-

tion where it can be observed that the first tsunami

wave arrived to the Talinay Peninsula 8 min after the

initiation of the earthquake. In addition, the tsunami

continues to propagate into the Coquimbo Bay after

11 min, while the first ebb is already taking place

along the coast between Totoral fishing village and

Limarı́ river mouth.

Figure 8 shows the maximum tsunami runup

along the coast obtained from the level 2 and 3 grids.

In general, it can be seen that the numerical simula-

tion is in good agreement with the measurements.

However, the maximum runup at Totoral is under-

estimated by the model. A possible reason for this is

the relatively coarse modeling grid (*180 m) as

compared to the entrance of the bay which was

only *500 m across. Figure 8 shows that modeled

tsunami runup ranged from 2 to 6 m and resolved the

runup peaks at Los Vilos and Coquimbo Bay to the

south and north of the epicenter.

6. Discussion

The tide gage data shows that the tsunami arrived

quickly after the earthquake. The first tsunami wave

reached a maximum amplitude of 1.8 m 20 min after

the main shock at Pichidangui, and 1.1 m after

30 min at Coquimbo. These values are in good

agreement with previously reported arrivals times

during the 2010 Maule earthquake and tsunami

(LARRAÑAGA 2010; FRITZ et al. 2011). However, a

close view of the coastal area of Talinay, which is

located in front of the rupture, shows that this area

experienced much shorter arrival times. For example,

the Totoral fishing village eyewitness accounts and

stopped clock evidence suggest possible arrival even

earlier than 12 min. That evidence is corroborated by

the tsunami modeling results. The closeness of the

main rupture patch to the coast as well as the very

narrow continental shelf and steep bathymetry

allowed a rapid propagation of the tsunami toward

the coast. This short tsunami arrival time put the

tsunami awareness of coastal residents in Chile to the

test. However, it must be noted that the area located

just in front of the rupture is known for having a low

population density, and that the event occurred in the

evening, after the end of the work day, and during the

tourism off-season.

An interesting feature of the tsunami related to the

2015 Illapel earthquake was its regionally asymmet-

ric tsunami height distribution with respect to the

source region. Our field data showed that runup

decayed at a shorter distance to the north relative to

the south of the rupture. These results are in good

agreement with the numerical simulations, which

reproduced most of the local observations. The lack

of high-resolution bathymetric data and seismic

source uncertainties may explain the observed mis-

match between measured and modeled water levels.

In that regard, the regional scale asymmetry of tsu-

nami parameters can be explained by the bathymetric

configuration. Figure 1 shows that slope of the sea

bottom is gentler to the south of the source area

compared to the north. The gentler slope in the south
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can also affect resonance processes controlling the

observed slower decay of runup in the south with

respect to the northern section. As with other recent

tsunamis in Chile (FRITZ et al. 2011; YAMAZAKI and

CHEUNG 2011; CATALAN et al. 2015), both the runup

distribution and the phase of the maximum wave

varied considerably along the coast and seemed to be

significantly influenced by coastal morphology and

bathymetry. Local morphology plays a major role and

the analysis of tsunami hydrodynamics should be

studied in more detail. In addition, the rocky coastal

cliffs, the relatively steep bathymetries and narrow

bays oriented directly along the main tsunami prop-

agation path could funnel tsunami energy, which

would explain the high runup observed at Totoral.

Nevertheless, a similar situation may have occurred

at other places near the source of the tsunami, but the

low population density in the area, limited road

access to the coast and the lack of vegetation

prevented more traceable tsunami inundation evi-

dence from being found.

The 2015 event is comparable to the 2014 Pisagua

event in terms of magnitude, but the different

response of the tsunami is noteworthy. For the 2014

event, maximum runup did not exceed 4 m, whereas

for this event runup in the 4 m range was typical with

values exceeding 6 m at several locations as well as

the maximum of 10.8 m at Totoral. Consequently, the

magnitude of the earthquake is not sufficient to

explain these differences. Models of the co-seismic

slip distribution for these events (i.e. HAYES 2014;

OKUWAKI et al. 2015, this issue) suggest that the bulk

of the seismic slip from the 2015 Illapel earthquake

occurred at much shallower depths as compared to

the 2014 Pisagua event resulting in a relatively larger

initial tsunami amplitude. For this event, initial tsu-

nami heights were of the order of 2.5 m whereas

CATALÁN et al. (2015) modeled initial tsunami heights

Figure 8
a Maximum tsunami amplitudes from the numerical simulation. b Comparison of tsunami height measurements and numerical simulation
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of \2.0 m from the Pisagua event using the slip

distribution model of AN et al. (2014). Hence the

initial tsunami energy was significantly larger for this

event and is likely the result of the relatively shal-

lowness of the rupture, as suggested by GEIST (2002).

As we mentioned above, the April 1943 event was

the last significant earthquake in the area, and was

estimated at Mw 8.3 by LOMNITZ (1970), although

BECK et al. (1998) revised this to Mw 7.9 based on

their undiffracted teleseismic P-waves. However,

tsunami reports suggest just a minor tsunami impact

at Los Vilos and no tsunami inundation in Coquimbo

(LOMNITZ 1970; SOLOVIEV and GO 1975). This tsunami

arrived at Valparaiso 22.3 min after the earthquake,

which is a time similar to the present observations

(Figs. 2, 7). However, its initial tsunami amplitude

was just 80 cm (SOLOVIEV and GO 1975). The analy-

ses and data presented here indicate that the 2015

tsunami is markedly different from the tsunami from

the 1943 event suggesting differences in the earth-

quakes’ magnitude, location and/or slip distribution.

7. Conclusions

A field survey after the September 16 earthquake

and tsunami recorded valuable data on the tsunami

impact. Tsunami runup from this event was gener-

ally between 4 and 6 m near the source region with

a maximum of 10.8 m. This area was previously

impacted by a similarly sized tsunamigenic earth-

quake in 1943, although the tsunami generated by

that event was much smaller than the present day

event. An asymmetric variation of tsunami height

was observed to the north and south of the earth-

quake epicenter, while the runup and phase of the

maximum wave also varied considerably along the

coast. Furthermore, it was evident that local bathy-

metric and topographic features caused a remarkable

effect on tsunami amplification and the most sig-

nificant tsunami damage was concentrated in just a

few developed coastal areas. When compared to the

recent, similarly sized, April 2014 Pisagua earth-

quake and tsunami in northern Chile, runup from

this event was consistently larger and was likely a

result of the shallow nature of co-seismic slip

distribution as compared to the 2014 event. In terms

of public safety and hazard mitigation, arrival times

for the 2015 tsunami were found to be \12 min at

the closest coastal villages, in contrast to other near-

field tsunamis along the Chilean margin. However,

the low number of casualties can be explained by

the general tsunami awareness and self- evacuation

efforts among local residents as well as the low

population density along the affected area. However,

the short arrival time of the first inundation, as

reported by witnesses and confirmed by numerical

modeling, should warrant further discussion about

public priorities and investments in hazard mitiga-

tion that earthquake and tsunami prone countries

must undertake to reduce casualties due to future

tsunamis.
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R. Aránguiz et al. Pure Appl. Geophys.

230Reprinted from the journal



T
ab

le
1

T
su

n
a
m

i
d
a
ta

se
t

re
co

rd
ed

in
C

h
il

e
fr

o
m

2
1

S
ep

te
m

b
er

to
1

N
o
ve

m
b
er

2
0
1
5

N
o

.
L

o
ca

ti
o

n
D

es
cr

ip
ti

o
n

E
N

In
u

n
d
at

io
n

/r
u

n
u

p

h
ei

g
h

t
(m

)

d
is

ta
n

ce
fr

o
m

sh
o

re
(m

)

In
u

n
d
at

io
n

o
r

ru
n

u
p

M
ea

su
re

d
ti

m
e

(l
o

ca
l)

M
ar

k
s

1
C

o
q

u
im

b
o

P
al

m
tr

ee
-

7
1

.3
1

9
9

0
-

2
9

.9
6

0
3

6
5

.7
1

1
5

6
I

9
-2

2
-2

0
1

5
1

0
:3

0
A

lg
ae

2
C

o
q

u
im

b
o

B
u
il

d
in

g
-

7
1

.3
3

2
3

6
-

2
9

.9
6

0
1

5
6

.3
7

1
5

0
I

9
-2

2
-2

0
1

5
1

0
:3

5
W

at
er

m
ar

k

3
C

o
q

u
im

b
o

S
tr

ee
t

-
7

1
.3

3
7

0
0

-
2

9
.9

5
9

4
4

6
.4

1
2

3
8

R
9

-2
2

-2
0
1

5
1

0
:3

8
S

an
d
,

b
ro

w
n

v
eg

et
at

io
n

4
C

o
q

u
im

b
o

B
u
s

te
rm

in
al

-
7

1
.3

3
7

4
6

-
2

9
.9

5
6

6
7

6
.3

3
2

2
1

R
9

-2
2

-2
0
1

5
1

0
:4

5
S

an
d
,

ey
ew

it
n

es
s

5
C

o
q

u
im

b
o

P
ar

k
in

g
p

la
ce

-
7

1
.3

3
0

5
1

-
2

9
.9

6
4

9
5

6
.0

4
6

3
4

R
9

-2
2

-2
0
1

5
1

0
:4

8
B

ro
w

n
v

eg
et

at
io

n

6
C

o
q

u
im

b
o

P
al

m
tr

ee
-

7
1

.3
2

6
0

7
-

2
9

.9
6

0
6

8
5

.8
6

1
4

9
I

9
-2

2
-2

0
1

5
1

0
:5

1
A

lg
ae

7
C

o
q

u
im

b
o

B
u
il

d
in

g
-

7
1

.3
3

5
3

0
-

2
9

.9
5

4
9

1
6

.5
2

2
6

I
9

-2
2

-2
0
1

5
1

0
:5

8
W

at
er

m
ar

k

8
C

o
q

u
im

b
o

H
o

u
se

-
7

1
.3

3
2

4
5

-
2

9
.9

6
2

2
1

6
.0

2
3

8
0

I
9

-2
2

-2
0
1

5
1

1
:0

3
W

at
er

m
ar

k

9
C

o
q

u
im

b
o

B
u
il

d
in

g
-

7
1

.3
3

2
7

7
-

2
9

.9
6

0
9

7
6

.4
4

2
4

8
I

9
-2

2
-2

0
1

5
1

1
:1

1
W

at
er

m
ar

k

1
0

C
o

q
u

im
b

o
B

u
il

d
in

g
-

7
1

.3
3

3
8

3
-

2
9

.9
6

1
0

1
6

.3
8

2
7

5
I

9
-2

2
-2

0
1

5
1

1
:1

8
W

at
er

m
ar

k

1
1

C
o

q
u

im
b

o
H

o
u

se
-

7
1

.3
3

4
7

0
-

2
9

.9
6

1
2

3
6

.4
2

3
3

4
I

9
-2

2
-2

0
1

5
1

1
:2

3
W

at
er

m
ar

k

1
2

C
o

q
u

im
b

o
H

o
u

se
-

7
1

.3
3

4
1

9
-

2
9

.9
6

1
9

1
6

.1
5

3
8

0
I

9
-2

2
-2

0
1

5
1

1
:3

1
W

at
er

m
ar

k

1
3

C
o

q
u

im
b

o
W

al
l

-
7

1
.3

3
4

4
0

-
2

9
.9

6
1

9
8

6
.3

3
4

0
1

R
9

-2
2

-2
0
1

5
1

1
:4

3
W

at
er

m
ar

k

1
4

P
eñ
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