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Abstract

:

On 8 July 1730, a great earthquake struck metropolitan Chile, causing extensive damage 1000 km along the country and focused in Valparaíso. Due to the date of occurrence of this event, large uncertainties about the earthquake’s magnitude have been discussed among the scientific community, and the earthquake and tsunami have remained unknown for most of the population. The purpose of this paper is to describe joint efforts undertaken by organizations, academia, and authorities to rescue the forgotten memory of an event that occurred almost three centuries ago and that may be repeated in the near future. In line with the Sendai Framework, we focus on one of the four priorities for action, which is to understand disaster risk, with the premise that the memory activation and raising awareness can save lives in the future. We designed outreach strategies to communicate this knowledge to the community in a participatory way. The latter involves scientific talks, earthquake simulators, tsunami projection mapping on relief scaled models (mock-up), and a public debate including the participation of academia, politicians, authorities, and the local community. The emulation of such activities and the constant work of regional and national authorities, academia, and non-governmental organizations dealing with risk mitigation encourage involving the community to build safer cities against the tsunami hazard.
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1. Introduction


The metropolitan area of Chile, including the main harbor city of Valparaíso, have historically suffered several large earthquakes (Figure 1). Since the 18th Century, at least four interplate earthquakes greater than Mw8.0 (1730, 1822, 1906, and 1985 events) have been generated in this area [1]. The accumulated death toll, caused by the earthquakes and secondary effects (e.g., tsunami), for these four events was 4830 casualties [2]. More recently, two large earthquakes in the immediate neighborhood affected Valparaíso, in the south in 2010 (Mw 8.8) and in the north in 2015 (Mw 8.3).



On the morning of 8 July 1730 at 4:30 a.m. local time, an earthquake struck along the Valparaíso area, causing damage for at least 1000 km of the coast and triggering a Pacific-wide tsunami that affected a large area of Chile and was even recorded in Japan [1,6]. This event is considered as the largest earthquake that has ruptured along the Valparaíso seismo-tectonic segment in the historical period [7]. The work based on historical records, estimated the magnitude of this earthquake as surface-wave magnitude Ms 8.5 and 9.0 based on the tsunami effects [8]. A recent study, based on the tsunami effects, suggested a moment magnitude between Mw 9.1 and 9.3 [1].



The historical letters sent by bishops and governors to the King of Spain, Felipe V, described the impact of the event. According to these historical documents, the work in [7] described the damage caused by the earthquake that completely destroyed the village of Valparaíso. This earthquake was felt in most of the country, also causing damage between Copiapó and Concepción [4] and even beyond the Andes, in the Argentinian city of Mendoza.



In particular, in Valparaíso, tsunami heights (herein, as the vertical distance between the maximum inferred flood level and the mean sea level) were in the order of 10 m [1]. Descriptions found in historical records preserved from the religious convents located in Valparaíso (Figure 1 and Figure 2) and Penco (Concepción) indicated that the 1730 tsunami flooded inland a distance between 350 and 850 m, respectively. These buildings were located about 11 m and 9 m above sea level in Valparaíso and Penco, respectively [1], on sites that are today inland of the official tsunami inundation limits.



Although the Chilean population has experienced several earthquakes that have changed their perception of risk [10,11], knowledge of potential mega-earthquakes and their possible effects in the region may not be well recognized yet [11]. This is particularly true for the Valparaíso area owing to several aspects that have helped in establishing an erroneous local narrative among its residents. It is often argued that no tsunamis can occur in the area, because the Valparaíso bay is too deep and naturally protected by its shape. The origin of this false perception is uncertain, but several factors can be inferred to explain its deep-rooted belief among the population. First and foremost, Valparaíso has not been affected by destructive tsunamis in its recent history, despite the large number of earthquakes that have occurred. Most notably, the two most recent local events were conspicuous because of the minor associated tsunami. The 1906 earthquake [12] is well remembered due to the sheer level of destruction of the city, but no records of the tsunami exist, at least in the collective memory. Similarly, for the 1985 event, despite the tsunami reaching 1.5 m at the tide gauge in Valparaíso, it did not cause damage. Even regionally, large magnitude events have not caused noticeable effects in Valparaíso, such as in the 1960 Valdivia, 2010 Maule, and 2015 Illapel earthquakes and tsunamis. Moreover, the latter did cause damage in the nearby town of Concón (≈20 km north of Valparaíso), which could be further reinforcing the notion of no tsunami hazard in the area.



The reasons for these behaviors are multifold. First, the 1906 and 1985 earthquakes ruptured way too deep along the megathrust zone to generate large tsunamis [12]. Second, the low areas both in Valparaíso and Viña del Mar are located slightly above sea level (≈4 m). The 1906 and 1985 events occurred during moderate tidal levels, all between 0 and 0.5 m, as estimated here with harmonic analysis. Hence, tsunami waves need to exceed the tide range (1.9 m) to become noticeable, and even so, they may not cause damage to infrastructure. Lastly, ongoing research suggests that the multiple bay system transfers more tsunami energy to nearby bays such as Concón, while Valparaíso bay experiences less energetic behavior [13,14].



This notion, that the Valparaíso bay is not commonly subjected to tsunamis, contrasts the reality. Actually, from a technical standpoint, the Valparaíso bay has seen several tsunamis in the intervening years, as a consequence of very smaller seismic events that occurred every few years (e.g., the small tsunami associated with the Mw 6.9 Valparaíso earthquake in 2017). However, most of these tsunamis have only been noticed by instruments (tide gauges), but not by people due to their small size. This is a problem, enhancing the perception of the population of metropolitan Chile who are used to feeling earthquakes on a regular basis, but not being affected by any associated tsunami. The consequences of this situation could be severe if the area is hit by earthquakes occurring along the outer rise, or by a special class of earthquakes, known as tsunami earthquakes [15]. The tsunami earthquakes that occur in the shallowest portion of the megathrust zone cause very slight shaking, but are accompanied by large tsunamis [16,17]. Therefore, if one of these events occurs in Valparaíso, people may not evacuate because of (1) their false perception of tsunami immunity and because (2) their natural association between the intensity of shaking and tsunami size. Hence, eradicating these misconceptions is of utmost importance to saving lives in a future event.



In this paper, we describe the activities and outreach material developed to do away with these misconceptions through transferring findings about earthquakes and tsunamis and the effects of the 1730 event in the communities of Valparaíso and Vinã del Mar, which together hold a population of over 600,000 people. In this work, Section 2 describes the role of education for understanding the threat and risk; Section 3 presents several projects and materials developed as part of the outreach programs and particularly for the commemoration; Section 4 describes the outcomes of the commemoration day; and Section 5 sets future perspectives of this joint work to mitigate risk through transferring scientific knowledge to the community.




2. Understanding the Risk


The joint efforts to commemorate the 1730 earthquake and tsunami arose from the need to increase awareness among the local Valparaíso community about the tsunamis that may recur. Spurred by new scientific evidence [1,4], the non-profit Proyecta Memoria Foundation, together with research centers and authorities, organized several activities to commemorate the anniversary of the 1730 event. The goal was to preserve the memory of past disasters as an element of education and preparation for future disasters, based on the notion that memory activation and awareness can save lives. The premise behind this is that preparedness against future events is more effective when education and awareness activities are built over experiential disaster memories (e.g., [18]).



New knowledge about this earthquake and associated tsunami is already changing the way authorities and technical institutions are undertaking the earthquake and tsunami risk along the coast of the Valparaíso region. For instance, the new evidence has led to updating the inundation maps developed by the Hydrographic and Oceanographic Service of the Chilean Navy (SHOA). The earlier versions of its maps were based on the 1906 Valparaíso earthquake, a deeper than average earthquake that triggered a minor tsunami [8]. The hazard posed by an earthquake and tsunami like the one in 1730 supposes a greater risk due not only to the increased hazard, but also to the high level of exposure and enhanced coastal development with homes, high rise buildings, commerce, services, and port infrastructure. Moreover, the area is a renowned hotspot for tourism, thriving during summer with beach goers from elsewhere in the country and other Latin American countries, with possibly limited education on tsunami threats and how to respond to these.



In this sense, the dissemination of these historical events to the local community through awareness, education, and commemoration activities of the 1730 earthquake is of great importance. The ultimate goal of this series of activities is to build a bridge between scientific knowledge and communities exposed to risk. How can this be conducted has been widely explored [19,20,21,22]. In particular, the work in [21] described the contributions of education in the National Tsunami Hazard Mitigation Program of the United States, where education has been identified at the top of the mitigation strategic planning area for resilient communities.



In Chile, national organizations have been traditionally in charge of developing risk mitigation measures and public policies, and academia and other organizations have also played a crucial role in framing the gaps and providing technical information. Furthermore, dissemination and education about the tsunami hazard have been commonly addressed by national authorities [23]. In the aftermath of the 2010 event, a shift in the way of thinking has been more noticeable, whereby a closer relationship and synergy between authorities and academia has led to a strengthening of capabilities and procedures; for example, by enhancing the tsunami early warning systems [24] and assessing the impact of a tsunami worst-case scenario in the region [25]. Transferring this knowledge to the local community can mitigate future disasters by increasing awareness and risk perception [10,11]. Hence, a series of activities were planned and co-organized by authorities such as the National Emergency Office of the Ministry of the Interior and Public Security (ONEMI, in Spanish), SHOA, and the Ministry of Education; academic and research centers such as the Research Center for Integrated Disaster Risk Management (CIGIDEN, in Spanish) and The Sesimic Cycle Along Subduction Zones Millennium Nucleus (CYCLO); NGOs such as Proyecta Memoria; and local authorities (municipality, police department). Notably, the leading role was undertaken by Proyecta Memoria and CIGIDEN, with the support of the authorities. This joint effort allowed a more effective coordination and helped to broaden the scope of the activities planned.




3. Materials and Methods


Commemorations are public activities in which individuals and organizations are invited to learn, remember, and share reflections on how the tragic experiences of past disasters can become positive learning experiences for current and future generations [18]. Activities can consider a wide range, including educational, cultural, and urban intervention. These must be supported by historical and scientific evidence to support their validity.



For this, the main activities developed started with material that could be easily adapted for different members of the public, such as talks to students, educational material for different ages, a mobile earthquake simulator (Figure 3), interactive activities, brochures, handouts, and projection mapping tsunami inundation models. The local agents of ONEMI have a channeling role in these kinds of events as an entity in charge of emergencies at the regional and national levels. In this case, ONEMI was in charge of the earthquake simulator and disseminated information for a community drill issued for 30 September 2019, where at least 110,000 people participated in Valparaíso and Viña del Mar. The commemoration ended with a round table discussion (public debate) where the policy paper “Vertical evacuation as a measure to mitigate the risk of tsunamis in Chile” [26] was presented and discussed with invited Chilean authorities.



In the following subsections, we show the education material developed for such activities with the community. Furthermore, we describe the scientific results that shed light on the need for vertical evacuation structures. The latter was key data for the policy paper and round table discussions presented as part of the results of the commemoration activities.



3.1. Outreach Material for Scientific Exhibitions


Several materials were developed for the different activities throughout the country. Particularly, CIGIDEN used two different tools to show to the public the physical processes of tsunami generation, propagation, and inundation. The first one was TsunamiLab (http://tsunamilab.cl, last accessed 10 April 2020), which is an interactive platform for simulation and visualization of tsunamis, based on geophysical models (Figure 4). It allows the user to create virtual tsunamis or recreate historical tsunamis and watch their impact in various digital and augmented reality formats. There are four presentation formats: web application, hologram, touch screen, and the pool format. In this case, CIGIDEN employed the pool format; based on cameras and projectors, the pool allows children and adults to interact using both hand and special finger movements. In this way, a tsunami can be generated anywhere over the ocean, propagating over the ocean basins, and using the time counter, the tsunami time of arrival at different places can be seen. This allows the instructor to teach and involve several children simultaneously, while being entertaining and clear for the public.



The second tool is a tsunami inundation simulation on a 3D scaled relief model. This mock-up is made of wood, carved by a computer numerical control (CNC) machine, following a high resolution surface model, and then painted white, as shown in (Figure 4). To date, CIGIDEN has developed mock-ups for eight cities for tsunami inundation: Valparaíso, Viña del Mar, Talcahuano, Chañaral, Iquique, Antofagasta, Constitución, and Cartagena. Additionally, there are videos of tsunami inundation, floods (e.g., La Chimba and Chañaral flood), and volcanic eruptions (e.g., Chaitén Volcano), which can also be projected on these kinds of models.



In order to depict the impact of the 1730 event in the Valparaíso region, tsunami propagation and inundation were modeled using the well-known tsunami modeling software Geoclaw [27,28]. The modeled earthquake scenario was obtained from [1], with an estimated moment magnitude between Mw 9.1 and Mw 9.3. High resolution topography and bathymetry were used, and tsunami wave heights and flow depths for the finest grid were stored every 10 s in order to generate high resolution videos to be projected on the Valparaíso and Viña del Mar mock-ups, as shown in (Figure 4). The maximum tsunami flow depth for Valparaíso and Viña del Mar obtained from the simulation are shown in Figure 5. Based on numerical simulation of an expected worst case scenario, we showed the potential threat of an earthquake similar to the one of 1730 [1], with maximum flow depths of 12 m and 18 m on the lower elevations of Valparaíso and Viña del Mar, respectively (Figure 5). The aforementioned videos and the parameters used in the simulation are described in Supplementary Material 2.



The projection mapping of tsunami inundation allowed students and the general public to understand the tsunami process and the extent of inundation in different cities around the country. In Table S2, CIGIDEN’s outreach activities related to tsunami risk during 2019 are summarized, reaching approximately 30,400 visitors throughout the country. In particular, for this event, the simulations shown in Figure 5 were used for projection over the scaled relief mock-ups (Figure 6). They allowed the participants to envision the extent of the inundation in Valparaíso and Viña del Mar.




3.2. Tsunami Evacuation Simulation Using Agent Based Models in Viña del Mar


Viña del Mar’s downtown elevation is less than 10 m above sea level (Figure 6) and concentrates about 10% of the resident population of the county, reaching approximately 35,000 inhabitants for this area [29]. During the summers and long weekends, Viña del Mar’s downtown also holds a great variation of floating population, because it receives a large amount of tourists and seasonal visitors. The Statistics National Institute (INE, in Spanish ) reports [30] 200,000 overnight stays in tourist accommodations during the summer tourist season in Metropolitan Valparaíso, including the coastal cities of Valparaíso, Viña del Mar, and Concón, corresponding to an increment of 30% of the inhabitants of these three cities.



According to the web map services of ONEMI (https://www.onemi.gov.cl/visor-chile-preparado/ accessed on 12 April 2020.), in the downtown of Viña del Mar, there are 10 established security areas to gather people in case of a tsunami, all of them located over 30 m.a.s.l., and 25 evacuation routes are recommended, some of them having paths longer than 2.5 km from the origin to the assembly areas, as shown in (Figure 7).



Simulations of the downtown’s pedestrian tsunami evacuation [31] were done using an agent-based model developed with the PARI-AGENT software, coupling evacuation and tsunami flooding parameters [32]. The tsunami inundation was previously modeled with the aid of STOC-ML software [33], using a worst-case earthquake scenario similar to the 1730 event. Results obtained showed that the estimated tsunami arrival time was about 15 min, and the maximum flow depth was 5 m. For the agent-based model, two population scenarios were simulated: night-time with 28,296 agents and the rush-hour case (53,743, [34]), located in the yellow area in (Figure 7). Four shelters were located in safe zones (the locations of the shelters were updated since they were first proposed) and are shown as red dots in (Figure 7). Results from this study and then summarized in the policy paper [26] showed that about 38% of the agents within the first 20 minutes after the earthquake occurred could not reach safe zones. Between the areas most exposed to the tsunami, near the casino (Figure 7), and the assembly point, the pedestrian evacuation may take more than 30 min.



Viña’s downtown concentrates a large amount of tourists, especially during the summer season. This study showed the high exposure of the population to huge and near-field tsunamis like the 1730 event, and it highlighted the need for establishing vertical evacuation as an effective disaster risk reduction mechanism. Agent-based model results from [31] have been exposed only in scientific conferences. We did not include agent-based models in the projections during these activities. For now on, we only emphasize, through the 3D projections, the need for self-evacuation immediately after shaking if its duration lasts more than 30 s and if it is strong enough for one to become off balance. We are still exploring how representing agent-based simulations in 3D projections may help with reinforcing the most important message for the general public: be prepared. This information is crucial, and we are working on the ethical concerns on how to address this kind of issue to create awareness without generating fear. However, there was a need to open these results to the general public through the policy paper [26].



To date, vertical evacuation is not yet considered as an official alternative to mitigate tsunami risks; therefore, it is important to start presenting this alternative to the decision makers.





4. Results


4.1. The 1730 Great Valparaíso Earthquake and Tsunami Commemoration


Two main activities were developed for the 1730 commemoration day. The first one was a simultaneous scientific talk given in schools in Valparaíso and Viña del Mar by university professors and researchers from different institutions, all of them with much experience in different approaches to tsunami research. The schools were randomly selected using only the criteria that they should be located in or near tsunami inundation areas, as shown in Figure 1. Using the same presentation called “Why are we interested in tsunamis?” and oriented toward primary and high school students, the speakers presented the physics of tsunamis, historical tsunamis in the world and Chile, the 1730 Valparaíso event, instructions of what to do in case of an earthquake, and also what scientist do and their challenges in tsunami research. The talks were given at nine schools in Valparaíso and Viña del Mar by nine professors and researchers from different institutions. Nearly 1000 persons were reached by this activity, counting students and teachers. The participant schools are shown in Figure 1 and in Table S1 in the Supplementary Materials.



The second activity was a small scientific exhibition, with stands for ONEMI, SHOA, and CIGIDEN, and also a scientific presentation that explained to local authorities and the general public the physics of tsunamis, the 1730 event, and future risks in the region.



ONEMI brought its seismic simulator vehicle (donated by the Japanese government in 2016), as shown in Figure 3. The vehicle simulated a dining room, and in this case, it moved according to the 2010 Mw 8.8 Maule event. SHOA showed real tide gauge equipment and also exhibited tsunami inundation charts (CITSU, in Spanish), which are the official inputs to define the maximum expected flood levels for the main urban and port areas of coastal Chile, in case of a near-field tsunamigenic seismic event. CIGIDEN mounted an exhibition with TsunamiLab and projection mapping of tsunami inundation on the Valparaíso terrain relief mock-up where the 1730 tsunami inundation was projected, as described in Section 3.1 and shown in Figure 4.



Scientific talks were given by researchers of diverse universities, and the aim of the presentations was to explain the general concepts of tsunamis, also emphasizing the importance of scientific research and its connection with decision makers and society at large. While these activities took place at schools in Viña del Mar and Valparaíso, the public exhibition was mounted near La Matriz Church Square, inviting citizens and children to interact with researchers and the different modules. A broad scientific talk (Figure 8) was introduced by experts who have greatly contributed to the study of paleotsunamis and tsunami hazard. In particular, they brought to the community the main aspects of the footprints of the 1730 earthquake and tsunami, as well as putting in context the frequency of other great earthquakes across Chile [1,12,35,36,37,38].



At La Matriz Square, there was an exhibition where students and the public could benefit from interactive explanations of the hazard and the risk from state organizations as ONEMI and SHOA and academia (Figure 8). It was estimated that approximately 300 people attended this talk and exhibition. Furthermore, it is relevant to mention that each institution contributed with journalists who interviewed those involved in the planning and the assistants in La Matriz Square. The impact of such activities and the role of the media needs further analysis. However, regarding media coverage, one local and two national newspapers, three expositions on TV shows, and seven websites covered the news, spreading this information and showing the supporting material to thousands of viewers nationwide. The main message of the media was the warning that the 1730 event was huge, and it could happen again. Detailed information about the media coverage is shown in Table S3 (Supplementary Materials).



Finally, ONEMI, Proyecta Memoria Foundation, and CIGIDEN together with academia have run several initiatives that are intended to be extended to a national scale. Furthermore, an important role of the media has been to generate interviews and documentaries that periodically bring up the effects of different recent and historical earthquakes and tsunamis that occurred in Chile and elsewhere. Following the proposed World Tsunami Awareness Day United Nations General Assembly in December, Chile and Japan have implemented binational tsunami drills and shared the outcomes. In fact, the first experience was developed in 2016 in Valparaíso.




4.2. Launch of the Policy Paper about Vertical Evacuation Measures


The commemoration and dissemination activities were aligned with the CIGIDEN recommendations associated with vertical evacuation [26] as an alternative to safeguard people’s lives from a tsunami. International experiences in Indonesia and Japan show that a feasible way of reducing the potential number of casualties caused by near-field tsunamis in severely exposed areas relies on vertical evacuation.



Taking into account the possibility of facing an earthquake with similar characteristics of the event of 1730, CIGIDEN aimed at gathering the center’s ongoing research about tsunamis and evacuation into a policy-oriented guidebook [26]. With this objective, a team of researchers worked out a document addressing this problem in Chile, with an emphasis on the case study of Viña del Mar. The policy paper, called “Vertical evacuation as a measure to mitigate the risk of tsunamis in Chile” [26], includes a description of the current tsunami threat for central Chile and an examination of current evacuation scenarios in Viña del Mar. This led to the description of global examples of vertical evacuation facilities, and the assessment of an improved scenario in Viña del Mar including vertical evacuation buildings, which showed noticeable reduction in potential death rates among the population.



The policy paper was launched on 8 July 2019, the same day the 1730 event occurred, as a closure activity for its commemoration day (Figure 9). The activity was a brief talk of the main ideas developed through the paper. Following the presentation, a scientific-citizen round table was done, including the head of the Instituto de Geografía of the PUCV, the director of the Disaster Risk Reduction and Reconstruction Program of the Minister of Housing and Urban Development (MINVU, in Spanish) , the national deputy director of ONEMI, the vice president of the Neighborhood Council of Viña del Mar, and a parliamentarian from the Valparaíso Region. Approximately 100 people attended this event. Regarding media coverage, one local and four national newspapers, four expositions on TV shows, and six websites published articles about the vertical evacuation, highlighting that it was an option to reduce the death toll in the case of large tsunamis. Detailed information about the media coverage is shown in the Supplementary Materials (see Table S3).



The booklet provides a strong case for the development of vertical evacuation strategies in Chile. It delivers a number of guidelines for implementing these policies, including design, management, structural, and public-engagement aspects, which can be used to both assess existing buildings and project new ones. In line with this, vertical evacuation has been suggested as a tsunami risk mitigation strategy that, if social, political, and juridical consensus is achieved, might lead to a great decrease in the number of human casualties, in case an event like the 1730 one affects the Chilean coast again. Moreover, most of the requirements suggested by CIGIDEN for vertical evacuation structures could be fulfilled by already existing buildings in exposed Chilean cities.



There are two key points that have been under analysis, both from the legal frame and the structural safety of buildings. This implies that the existing legal framework should allow people access to private or governmental buildings, but also it has to be assessed whether the selected buildings for vertical evacuation are able to resist the strong shaking and people can be saved. So far, one of the solutions is to work with structural engineers on a case-by-case basis to decide which of those buildings, selected as shelters for vertical evacuation, could withstand strong ground shaking. This approach, however, requires access to each building’s portfolio of construction blueprints and technical specifications, which may not be always available.





5. Final Remarks and Future Perspectives


Chile is an area prone to mega-earthquakes that trigger large tsunamis. Following the 2010 Mw 8.8 Maule earthquake, the government has invested in different aspects of risk mitigation based on the Sendai framework for risk reduction. However, people’s risk perception varies throughout generations, time, and circumstances. Following these guidelines, we are convinced that civil society and organizations can jointly collaborate to comply with the guidelines established to mitigate risk while transferring scientific knowledge to the population.



In order to raise awareness that a major tsunami could affect Valparaíso as happened in 1730, organizations, research centers, and authorities such as Proyecta Memoria, CIGIDEN, ONEMI, CYCLO, UTSFM, and the Valparaíso local government organized a scientific day on 8 July 2019, exactly 289 years after that historical event occurred. One of the main aspects of the commemoration day was to generate scientific information to explain the potential that the Valparaíso region has to host tsunamis with wave heights of about 20 m. People need to make decisions to mitigate risk, guided by authorities, but also their own perception of risk. By providing clear information to the population, including the associated uncertainties (what we know and do not know), the expected reaction during such events will mitigate the risk. This is especially true for tsunami earthquakes, which may not generate strong ground shaking, but could be accompanied by devastating tsunamis.



The second approach was to discuss the possibilities of vertical evacuation in a touristic city that has such a transient population and incipient development along the seaside. This is an open debate, and some facts have been discussed; yet, there is a need for consensus that has to come from the authorities’ perspective.



Finally, with these outreach activities, it is intended to close the bridge between academia, authorities, and the population. It is expected that their replication every year, with diverse activities for all the population, including material that can be addressed to handicapped people, will contribute to increasing awareness of the population.




6. Data and Resources


Bathymetry: GEBCO, The General Bathymetric Chart of the Oceans www.gebco.net



ALOS: https://www.eorc.jaxa.jp/ALOS/en/aw3d30/index.htm, and from SHOA via the CENDHOC program: http://www.shoa.cl/n_cendhoc/



Tsunami inundation map CITSU from SHOA: http://www.shoa.cl/php/citsu.php



Seismic source: the input model for numerical simulation is based on [1].
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Figure 1. Left panel: Map showing the extent of maximum tsunami inundation according to the Tsunami Inundation Chart for Valparaíso and Viña del Mar [3]. Yellow triangles show the data of the tsunami inundation extent based on historical records along Valparaíso. P1 stands for the location of La Matriz church where historical records indicated the maximum wave height of 9 m. P2 stands for the location of the Augustinian convent where historical records reported the maximum wave height of 11 m. P3 stands for Mercedarian convent where the maximum wave height reported in historical records was 9 m [1,4]. The contour line of 30 m above sea level (m.a.s.l.) is shown in black. The numbers refer to the schools where talks were given. The right panel shows the location of selected coastal cities in Chile. Blue circles stand for approximated earthquake epicenters greater than Mw 8.0 in the year 1500–2020 (the year of occurrence is given for selected events). The earthquake locations are based on ComCat [5]. 
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Figure 2. (a) Map showing the extent of maximum tsunami inundation and flow depths according to the Tsunami Inundation Chart for Valparaíso and Viña del Mar (CITSU, in Spanish) according to [3], as well as the location of the maximum tsunami height reported in historical records (yellow triangles) shown also in Figure 1; the profile line is shown in magenta, and the colonial coastal line [1] is shown in red. (b) The topographic profile along La Matriz (P1), where tsunami records suggested a 9 m tsunami height (light blue line), modified from [1]. (c) Photo of La Matriz Church (provided by Google Maps [9]), where light blue lines indicate the estimated position range of the maximum tsunami height recorded for the 1730 event and the red arrow shows where a plate was supposed to be located (refer also to the first section of Supplementary Material 1). 
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Figure 3. Setup at La Matriz square and the earthquake simulator brought by ONEMI. 
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Figure 4. TsunamiLab simulation (left panel) and projection mapping of the tsunami inundation model on the Viña del Mar scaled relief mock-up, where numerical simulations are projected (right panel). 
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Figure 5. Resulting maximum wave heights in Viña del Mar (left panel) and along the coastal city of Valparaíso (right panel). The seismic source used as the initial condition was based on [1]. Red points stand for the locations of schools shown in Figure 1. 






Figure 5. Resulting maximum wave heights in Viña del Mar (left panel) and along the coastal city of Valparaíso (right panel). The seismic source used as the initial condition was based on [1]. Red points stand for the locations of schools shown in Figure 1.



[image: Geosciences 10 00246 g005]







[image: Geosciences 10 00246 g006 550] 





Figure 6. Projection mapping of tsunami inundation on scaled relief models (mock-ups) for Viña del Mar (left panel) and Valparaíso (right panel). Refer to videos 1 and 2 that can be accessed in Supplementary Material. 
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Figure 7. Map of Viña del Mar’s downtown. Green dots are the assembly areas in case of a tsunami; green lines demarcate the safe zone; blue lines are the tsunami evacuation routes; these three have been established by the municipality to date. Brown lines are contours every 2.5 m. The gray scale indicates the number of floors of existing buildings. The Población Vergara neighborhood (yellow colored area) maximum tsunami inundation extent [31] is delimited by the red line. Four assembly areas are shown (red dots). 
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Figure 8. Authorities, students of the Santa Ana school, and the public attending the scientific talks (left panel). Invitation poster of the great 1730 Valparaíso earthquake and tsunami commemoration (right panel). 
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Figure 9. Photos of the round table discussions at UTFSM. Refer to the meeting’s introductory video with views of Valparaíso (shown in video S3). 
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