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Abstract

:

(1) Background: We aim to examine whether people activate initial protection behavior, adopt evacuation behavior, worry about the possibility of a tsunami, and consider natural hazard-triggered technological (Natech) situations in a sudden-onset earthquake. The literature suggests that risk perception is a significant predictor of people’s response to potential Natech threats. We aim to empirically verify the variables relating to people’s responses. (2) Methods: We conducted a household survey following a January 2018 earthquake in Indonesia. (3) Results: Immediately after the earthquake, almost 30% of the respondents assembled at the evacuation point. However, sequential steps of people’s response were not observed: evacuation immediately after the earthquake was due to worry about the possibility of a tsunami, but this worry was not related to Natech damage estimation. The relevant factors for evacuation behavior were information access, worry about the possibility of a tsunami, and knowledge of groups and programs related to disaster risk reduction (DRR). The survey location (two villages), perceived earthquake risk, and DRR activity participation are less relevant to the behavior of assembling at the evacuation point. (4) Conclusions: Contrary to the existing literature, our results do not support that higher risk perception is associated with evacuation behavior, or that immediate evacuation is related to foreseeing cascading sequential consequences.
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1. Introduction


1.1. Policy Background on Natech


The description “natural hazard-triggered technological” (Natech) for threats or accidents is an emerging technical term for comparison with familiar natural hazard types. Recently, it has become recognized globally in the context of the Sustainable Development Goals (SDGs) and Sendai Framework for Disaster Risk Reduction (SFDRR). The related SDG target addresses specific aspects of Natech in “3.D National and global health risks,” “11.3 Urbanization,” “12 Consumption and production,” and “13 Climate-related hazards.” Paragraph 15 of the SFDRR notes that its scope includes “related environmental, technological and biological hazards and risks.”



According to an Organisation for Economic Co-operation and Development survey [1] (p. 35, para. 59), there is low visibility of Natech events in risk communication systems. For example, 6 respondents out of 17 samples (14 countries and 3 institutions representing science and industry) stated that information had been “provided to the public in case of emergencies due to chemical accidents” [1] (p. 36). This result indicates that people do not find information provision to be sufficient and this lack of information may not cause preferable behavior for safety in a crisis.



The United Nations Office for Disaster Risk Reduction Asia-Pacific Science Technology and Academia Advisory Group [2] recommends the need for an early warning mechanism, awareness, and training as important activities for Natech risk management. The United Nations Office for Disaster Risk Reduction [3,4] emphasizes almost the same consideration. These policy papers implicitly indicate that warning development, awareness raising, and training opportunities have not been well organized so far. The Izmit Earthquake (also known as the Kocaeli Earthquake) that struck Turkey in 1999, causing a massive fire at the Tupras Izmit refinery and an acrylonitrile spill at the Aksa acrylic fiber production plant, was showcased by Girgin [5] to describe the complexities and great difficulties involved in the evacuation process. More than 20 years have passed since the Izmit Natech incident, and yet still the world has not developed well-prepared methods for people to react to Natech threats.




1.2. Case Description of a Potential Natech Threat


Even though policies have not yet been well standardized, in reality, industrial parks are exposed to potential Natech threats. As a case study, we adopt a city in Indonesia, Cilegon city, to analyze how local people respond to Natech threats.



Cilegon is located on the western edge of the Java islands and is known as one of the most well-known and significant heavy industrial areas in Indonesia [6,7,8,9,10,11]. The government of Indonesia and the Association of Southeast Asian Nations (ASEAN) have paid close attention to the potential threats of Natech scenarios in Cilegon. After the Indian Ocean Tsunami of 2004, the Indonesian government conducted a national tsunami simulation for Cilegon in 2007 taking full account of potential Natech threats [12]. In addition, the Cilegon city government developed a tsunami early warning system [13]. These efforts finally culminated in a large-scale preparation exercise in November 2018, the ASEAN Regional Disaster Emergency Response Simulation Exercise (ARDEX 2018), which was conducted in Cilegon [14]. For this reason, Cilegon was selected for our study.



While Jibiki et al. [15] revealed that the community surrounding the industrial facilities in Cilegon was aware of Natech risks, Pelupessy et al. [16] clarified that such awareness was not necessarily connected with organized behaviors in the case of the Anak Krakatau eruption and tsunami, which occurred on the night of Saturday 22 December 2018. Even though no huge tsunami reached the coastal areas in Cilegon in the Anak Krakatau case, great confusion and social disorder were observed [16].



Cilegon experienced an event prior to the Anak Krakatau case. An earthquake of magnitude 6.4 was recorded on Tuesday 23 January 2018, 13:34:50 (local time), and people felt the ground shaking in Cilegon. According to the Indonesian Metrological Agency (Badan Meteorologi Klimatologi dan Geofisika, BMKG), the nearest observation station of our survey area detected “MMI IV (Modified Mercall Intensity)” [17]. This intensity means that the perceived shaking is light and there is no potential damage [17]. However, the local media reported that hundreds of employees felt the shock at one of the major petrochemical factories in Cilegon and evacuated out of the building [18]. The earthquake did not cause a tsunami, and no tsunami warning was issued. We focus on this earthquake in the present study.



Considering the geographical and socioeconomic characteristics of Cilegon, a preferable action in relation to Natech seems to be identified. When shaking is felt in Cilegon, the most preferable action is evacuation to higher grounds after the initial protection behavior (drop, cover, and hold). Since it is difficult to determine whether the epicenters of earthquakes are located inland or are megathrust, it seems preferable to consider the likelihood of tsunamis associated with earthquakes. A warning may be issued, but it is better to save time for evacuation without waiting for a warning. In addition, Natech issues need to be considered. Such a sequential relationship of response is desirable for those living near the industrial park in coastal areas in Cilegon.




1.3. Literature Review


While the policy settings have not been well synthesized to achieve the desired evacuation behavior, as noted earlier, we can refer to some literature on the factors generating evacuation behavior specifically for Natech events. Yu et al. [19] used a case study of a fire at a refinery caused by the tsunami triggered by the Great East Japan Earthquake and analyzed factors influencing evacuation behavior. Yu et al. [19] stated that only a few studies [20,21] have examined risk perception of and protective actions against technological threats. According to Yu et al.’s [19] logistic regression analysis to predict households’ immediate evacuation, the first significant predictor is “respondents’ direction to the industrial park” and the second is perceived severity of the Natech threat once they had perceived that a Natech accident would occur. For other factors, Yu et al. [19] stated that households were more likely to evacuate immediately if they felt that their lives or property would be impacted by the Natech accident to a very great extent when they perceived its occurrence. Furthermore, with reference to some studies [20,22,23,24], they pointed out that demographic variables have weak and inconsistent correlations with risk perception and protective responses.



Although Lindell et al. [25] did not deal directly with Natech events, they comprehensively examined the immediate behavioral responses to earthquakes. They concluded that risk perceptions matter for immediate responses to earthquakes, but no previous studies appear to have addressed this matter [25]. Earthquake information and emergency preparedness were associated with lower levels of negative emotions and maladaptive behavior, as well as with increased levels of adaptive behavior; this is one of their most important findings because it supports the effectiveness of pre-impact training activities [25]. Furthermore, they argued that fear was positively related to immediate evacuation. Lindell et al. [25] connected this point to past research and theorized that fear does not necessarily produce loss of control or non-rational flight [26,27,28].



While Yu et al. [19] and Lindell et al. [25] paid attention to psychological aspects, there is also relevant literature in the discipline of safety science. Feng et al. [29] studied post-earthquake evacuation using verbal protocol analysis in immersive virtual reality. The results of their experiments show that participants had wait-or-flight responses in post-earthquake evacuation. They also revealed that people’s decision making tended to be driven, at least partially, by what those around them were doing in the greatest numbers [30]. In addition, Feng et al. [29] found that participant behavior was particularly influenced by those who appeared to be in authority positions, which has been observed in real-life evacuation cases [31,32,33]. Nascimento and Alencar [34] conducted a systematic review of the literature on Natech events, but their study provided few insights on people’s responses. A systematic literature review by Suarez-Paba et al. [35] identified that only 6.1% of the total studies analyzed dealt with risk communication and risk perception. Yu et al. [19] and Yu and Hokugo [36] highlighted the fact that inhabitants’ risk perception triggers their protective behavior (e.g., time to evacuate their house) during a disaster and that this is influenced by such parameters as location, demographic characteristics, and age.




1.4. Research Question and Hypothesis


As stated in Section 1.2, we primarily examine the sequential relationship of response as the research question, even though it is quite a hypothetical assumption: the evacuation action is required after the initial protection behavior (drop, cover, and hold). Worry about the possibility of a tsunami is also important, and such emotion needs to be linked with damage estimation, which could be induced by Natech events.



As summarized in Table 1, the existing literature provides relevant factors that seem to influence behavior. We employ proxy variables to verify whether we can obtain similar results to those in the existing literature. Our variables are set from a household-basis questionnaire survey, which we explain in detail in the next section. For the factor of “Direction,” we use “Village location” because almost all the villages in Cilegon are located to the east of the industrial facilities due to the topographical characteristics of Cilegon. As an alternative variable, we test whether the differences in villages may affect behavior (the two villages are coded as binary data). Regarding demographic data, we do not include individuals’ gender and age since we use a household survey in which each respondent provides answers on behalf of the household.



The rest of the paper is structured as follows. Section 2 introduces the survey design and data. Following the Method section, we verify our hypothetical assumption (sequential steps of people’s response) in Section 3.1. In addition, we examine whether risk perception plays a significant role in accordance with earlier works in Section 3.2. In addition to risk perception, other aspects are analyzed to clarify whether they are related to Natech damage estimation (Section 3.3). In contrast to the existing literature, village location, information access, and preparedness are investigated (Section 3.3, Section 3.4, Section 3.5). Section 4 summarizes the results of our analysis, concludes whether we find similar findings to the earlier works, and states the limitations of our study.





2. Method


2.1. Survey Design


A household survey was carried out at two sites in Cilegon city. The first survey was conducted in Lebak Gede village (“village” here is translation of “kelurahan” in the local language and context) during 14–18 February 2018, while the second survey was conducted in Gunung Sugih village from 6 to 9 March 2018. The sample size was determined in proportion to the total number of households in Lebak Gede (2907 households) and those in Gunung Sugih (1945 households). In order to collect the sufficient number that well represents the total households (4852) of the two villages, we initially planned to gather 500 samples. The samples were proportionally distributed in accordance with the number of households at the neighborhood association level (Rukun Tetangga, or RT) in each village. It was possible to specifically identify the number of households in each RT, and we calculated the composition ratio for each RT. For example, one RT in Gunung Sugih village has 107 households. The composition ratio was calculated as follows: the denominator was 4852 and the numerator was 107. Then, the composition ratio was 0.022052762. We multiplied the composition ratio in the RT by 500 samples (as the expected total number of samples), and we could determine the sample number (11.02638087) in the said RT. Technically, the calculated value was rounded off to the first decimal place, and we finally obtained 11 samples in this example. Finally, 497 samples (299 samples from Lebak Gede and 198 samples from Gunung Sugih) were collected. The enumerators (survey interviewers) were nominated and trained from Indonesian Red Cross volunteers and local residents.



The questionnaire used in this survey was constructed through an elicitation process learned from the interviews (including group interviews) with community leaders and members prior to the survey. Face validity of the questionnaire was acquired through enumerator training in which one session in the training was dedicated to obtaining feedback from the enumerators regarding the readability of the questionnaire items. Enumerator training was conducted to ensure that the enumerators followed the survey protocol and maintained its reliability.



The total number of the question items was 54 in our questionnaire. In the elicitation process for developing our questionnaire, we referred to the relevant literature for each factor. In risk perception, as one of the core factors in our study, we referred to Yu et al. [19] and Lindel et al. [25]. For evacuation behavior, we mainly referred to Yu et al. [19], Lindel et al. [25], and Feng et al. [29]. Insights from Jibiki et al. [15] and Yu et al. [19] were helpful for considering question items regarding Natech damage estimation.




2.2. Data Set


In our questionnaire, we included questions asking whether the respondents felt the shaking of the earthquake and whether they stayed in their villages. A total of 380 respondents (76.5% of the total samples; 231 from Lebak Gede, and 149 from Gunung Sugih) answered that they felt the shaking and that they stayed in the village when the earthquake occurred. Based on the chi-square test, we did not find a statistical difference between the two survey locations, and thus there was no need to deal with the data separately. After analyzing the data, we focused on the selected respondents (380 respondents) and those who experienced the earthquake. All respondents did not necessarily answer all questions. In analysis, the total number of the respondents does not reach 380 in some results due to the deficit values.



For reference, we introduced income information relating to our research target locations. Our targeted households in Cilegon city are located in Banten Province. Table 2 shows “Average of net wage/salary per month of formal employee by province and main occupation.” The income level of Banten Province in 2018 was approximately the same as the average level and lower than that of Jakarta Special Province.



For the data analysis, we used IBM SPSS Statistics 22 (IBM Cooperation, New York, the United States). Our study adopted a level of less than 5% to assess the statistical significance of the analysis.




2.3. Logistic Regression Analysis


In Section 3.3, we conduct a logistic regression analysis to examine whether some variables may be related to Natech damage estimation. In the analysis, the cases in which respondents answered “I don’t know” are listwise deleted. First, we input the following 16 independent variables: worry about the possibility of a tsunami, evacuation behavior, access to information sources (6 variables), participation in DRR activities, and PMI activities (7 variables). Subsequently, we identify the best model using the stepwise method based on the Akaike information criterion (AIC).





3. Results and Interpretations


3.1. Sequential Steps of People’s Response


As stated in Section 1.4, the primary purpose of this study is to verify whether sequential steps of the response can be observed. First, 29.2% (111 households) of the total respondents assembled at the evacuation point immediately after the earthquake. Among those who assembled at the evacuation point, 43.2% were “very worried” and 51.4% were “worried” about the possibility of a tsunami (see Table 3). Compared with those who did not assemble at to the evacuation point, those who assembled at the evacuation point had smaller proportions of being slightly worried (2.7%) and not worried (2.7%) than those who did not assemble at the evacuation point. The chi-square test showed a statistically significant relationship between evacuation and worry about a tsunami.



Next, we investigate the relationship between worry about a tsunami and Natech damage estimation. Our survey asked the following question about Natech damage estimation, “Do you think that a tsunami (2–3 m high) would damage industrial facilities?” The simple tabulation demonstrates that 53.7% answered “Yes,” 16.9% responded “No,” and 29.4% selected “I don’t know.” We employed a detailed cross-tabulation to investigate the relationship between worry about the possibility of a tsunami and damage estimation caused by a tsunami by dividing the sample into two groups (those who assembled at the evacuation point and those who did not; see Table 4). In both groups, we find no statistically significant relationship between worry about the possibility of a tsunami and the estimation of the damage. The respondents of both groups selected “I don’t know [the damage estimation],” even if they were worried about a tsunami. These results imply that it was difficult for the respondents to imagine the cascading consequences at the time the earthquake occurred.



These chi-square tests do not verify the sequential steps of the response from evacuation to Natech damage estimation.




3.2. Risk Perception


As many relevant studies (e.g., (19,25,35)) suggest that risk perception is one of the significant predictors for people’s response, we analyzed whether our survey shows similar findings to the literature. We asked respondents whether they considered their village to be prone to earthquakes. The simple tabulation demonstrates that earthquake risk perception is not very high (see Table 4). The sum of “not prone” (24.9%) and “slightly prone” (42.8%) is bigger than that of “very prone” (8.7%) and “prone” (23.7%). Such a low perception indicates that people felt the earthquake occurred suddenly, and thus we can identify the earthquake in our case study as a sudden-onset disaster.



There is no statistical significance between the two groups (those who assembled at the evacuation point and those who did not) for earthquake risk perception. This indicates that the perceived earthquake risk does not have a significant relationship with evacuation behavior (see the upper part of Table 5). In addition, we find no significant relationship between risk perception and Natech damage estimation (see the middle part of Table 5). However, statistical significance is detected in the relationship between risk perception and worry about a tsunami (see the lower part of Table 5). Our results do not clearly show that risk perception has a significant impact on people’s responses.




3.3. Significant Variables Related to Natech Damage Estimation


We perform chi-square tests to identify significant variables listed in Table 1 relating to Natech damage estimation. As a result, access to the website of the National Disaster Management Agency (Badan Nasional Penanggulangan Bencana, or BNPB), access to the BMKG website, and online news access are significant (see Table 6). Village location has no significant relationship with Natech damage estimation (see Table 7). Regarding preparedness, we employ the following three types of preparedness: disaster risk reduction (DRR) activity participation; knowledge of the Indonesian Red Cross (Palang Merah Indonesia, PMI) activities; and knowledge of DRR-related groups and programs. None of the three preparedness variables have a significant relationship with Natech damage estimation (see Table 8).



Furthermore, we conducted a logistic regression analysis to examine whether other variables may be related to Natech damage estimation. The value of AIC in the model that adopted all of the 16 independent variables was 290.72, while the smallest value of AIC among the examined models was 275.56. As it is considered that the smaller value of AIC indicates a more suitable fit in terms of the statistical model, the authors determined the latter model as the best model. The best model showed that BNPB website access and online news access were significant at the 5% and 1% levels, respectively, while neither worry about the possibility of a tsunami nor evacuation behavior appeared to be related to the Natech damage estimation (see Table 9). The results indicate that the respondents were likely not to estimate Natech damages if they had accessed the BNPB website or online news. This result can be interpreted as follows. Information on Natech might not have been available on both the BNPB website and online news because a tsunami was not generated in the earthquake of our case study. Therefore, it is understandable that those who accessed the BNPB website or online news did not estimate Natech damage.




3.4. Village Location


The chi-square test reveals that there is no statistically significant difference between village location and people’s responses (see Table 10). The result for Natech damage estimation is shown in Table 7.




3.5. Information Access


Almost 80% (79.3%) of respondents accessed a TV news program after the earthquake, and this percentage was remarkably the highest (see Table 11). The chi-square test showed statistical significance for this behavior.



Except for TV news program and radio access, we find a statistical significance in each information source based on the chi-square tests. Those who assembled at the evacuation point tended to access information sources more and this pattern is quite clear.



It is notable that access to social media (24.3%) is greater than access to BNPB (17.1%) and BMKG (21.6%) websites. These results seem to reflect the current Indonesian context. During the interviews, we exemplified to the respondents that social media refers to Facebook, Twitter, WhatsApp, Line, Path, and Instagram. Although we need to pay attention to fake news (locally often described as “hoax problems”), social media enables people to observe what people close to them are doing and to gather unassessed information quickly.



Compared with the results of Yu et al. [19], information access in our survey was more active. In Yu et al. [19], 12% of the respondents tried to search for information. Their study dealt with the Great East Japan Earthquake and many affected areas faced a shortage of electricity supply. By contrast, there was no black out in our case study. We consider that this is the reason we have a big difference in information access between the two surveys. In addition to the findings of Feng et al. [29], people accessed information provided by the BNPB and BMKG as authority positions and got to know other people’s responses through social media.



Based on a hypothetical assumption that information may cause worries about the possibility of a tsunami, although chi-square tests are different to cause–effect analysis, three types of information access are found to be related to the worry: the BMKG website access, TV news program access, and social media access (see Table 12). Those who accessed these information sources tended to be less worried about the possibility of a tsunami. Regarding the relationship between information access and Natech damage estimation, we demonstrate the results in Table 6.




3.6. Preparedness


In the survey, we asked whether the respondents had ever participated in any type of drill/simulation/exercise/activities on DRR. About 30% respondents stated that they had (32.8%) (see Table 13a). However, such participation does not have a statistical relationship with evacuation immediately after an earthquake. We find no statistical significance between DRR activity participation and worry about the possibility of a tsunami (see Table 13b).



In addition, we clarify whether the respondents knew about DRR-related groups and programs. At the survey sites, we identified that the local actors, such as PMI, DRR Forum, Youth Group for Disaster Preparedness (Taruna Siaga Bencana, Tagana), Disaster Response Village (Desa Tanggap Bencana), Disaster Prepared Village (Kampung Siaga Bencana), Alert Village (Desa Siaga), and Sultan Ageng Tirtayasa University, had been implementing DDR activities. Among them, the PMI was the most active. When we consider the group of respondents who assembled at the evacuation point, 42.3% knew about PMI activities (see the left part of Table 14), which was a significantly higher proportion than those who did not assemble at the evacuation point. For the other six groups and programs, the results show the same tendency (see the right part of Table 14). Those who assembled at the evacuation point knew more about DRR activities. Regarding the relationship with worry about the possibility of a tsunami, awareness of PMI activities showed statistical significance (see the left part of Table 15).



Lindell et al. [25] addressed the effectiveness of pre-impact training activities, while Nakaya et al. [39] provided evidence to advocate the administration of tsunami drills in seaside communities to enhance evacuation behavior immediately after the disaster onset. Our study does not show such a strong implication. It is not easy to interpret why activity participation is not significant, but knowledge is. One possible interpretation is that local people witnessed advertising banners of relevant activities even though they did not attend them. For more detailed analysis for identifying effects of activity participation and knowledge, qualitative methods, such as in-depth interviews and focused group discussions, would be complementary to quantitative approaches.



Moreover, aspects of preparedness in the present study were limited, and further analysis is required. Theoretical frameworks such as the Social-Cognitive Model (SCM) [40,41] and the Protective Action Decision Model (PADM) [42] argued, in detail, a variety of factors influencing the adoption of preparedness. The SCM analyzed preparedness by setting a three-stage reasoning process (motivation to prepare, forming intentions to prepare, and their conversion into actual preparation). Paton et al. [41] clarified that the mechanism of “Intentions to Prepare” and “Intentions to Seek Information” are qualitatively different and stressed “This distinction has significant implications for conceptualising the preparedness process.” Findings from the PADM research support encouraging emergency preparedness during the continuing hazard phase (the time between incidents). These arguments enable the present study to extend a more general understanding of preparedness.





4. Conclusions


4.1. Summary


Immediately after the earthquake, almost 30% of the respondents assembled at the relevant evacuation point. We explored, in detail, whether their evacuation action was related to worries about a tsunami and Natech damage estimation. In addition, to compare the key findings provided by the relevant literature, we assessed differences in location, information access, perceived risk, and preparedness.



Based on the survey results, no sequential steps of people’s response were observed: evacuation right after the earthquake was related to worry about the possibility of a tsunami, but not to Natech damage estimation. The factors relevant to evacuation behavior were information access (except TV news program and radio), worry about the possibility of a tsunami, and knowledge of the DRR-related groups and programs. Meanwhile, the survey location (two villages), perceived earthquake risk, and DRR activity participation were less relevant to the behavior of assembling at the evacuation point. The survey results do not support the finding from the existing literature that higher risk perception is associated with evacuation behavior, nor do they support the assumption that a life-saving quick action is related to foreseeing cascading sequential consequences. At least based on our survey results, we consider that the importance of risk perception should not be excessively emphasized and needs to be further empirically evaluated.




4.2. Implications


In the earthquake that we used as a case study, shaking intensity was not so strong, and people did not face building collapse, at least in Cilegon. In addition, the earthquake occurred during the day. In this situation, people were able to access several information sources and seemed to be able to decide whether to take actions or not. However, at the same time, they needed to process and digest a lot of information, and they were likely to have been confused because few people anticipated the earthquake (see the upper part of Table 5). Although further clarification is necessary, some information raised or mentioned concerns about a tsunami, which is why people were worried about it. The results of Natech damage estimation imply that the content of information provided after disasters needs to be improved to easily make people understand that Natech situations need to be considered.



Some studies suggested to utilize the critical moment right after the hazard event occurrence for science communication and education campaigns [43,44]. The affected people urgently look for vital information as long as the communication line works, while families and friends of the potentially affected people also urgently search relevant information. For those who do not have anyone to care for in the affected zones, it seems very effective to provide learning opportunities. Specifically considering the country contexts in Indonesia, there have been growing concerns about the fake news problems [45,46]. Possibilities of large-scale information dissemination after the incidents should be carefully considered.



Our key finding is that sequential steps of people’s response are not easily organized. However, it solely relied on one local study. For further verification, more studies are needed. There is a port area in Sendai city (Miyagi Prefecture, Japan), and the characteristics of the port area are similar to the case of the present study: the port area has some industrial facilities, and the residential area is located near the port. In the Great East Japan Earthquake (GEJE), the area experienced the Natech after the strong shaking and tsunami arrival [19]. After GEJE, at least, the Sendai Port area experienced two relatively bigger earthquakes. The first earthquake occurred in November 2016. Another earthquake happened in February 2021. While the epicenters of these two earthquakes were both located off Fukushima Prefecture, relatively strong shaking was observed around the Sendai Port area. We assume that higher risk perception and worries about a tsunami would be expected in the Sendai Port area based on its own experience. Preparedness might be a key factor for determining the Natech damage estimation, since a variety of practices have been carried out in that area.




4.3. Limitations


Our analysis was mainly limited to simple tabulations and statistical analysis using the chi-square test, except one trial of logistic regression analysis. In addition, we explored only the relationship between variables and did not analyze multiple variables concurrently (e.g., multi-variable analysis techniques). The reason that we did not conduct multi-variable analysis is that some answers to our questions are binary and categorical, and they are not suitable for multi-variable analysis. For example, when asking about information seeking, we simply asked if the respondents accessed the government agencies (Yes/No style). To test our initial hypothetical assumption, structural equation modeling and path analysis would be more suitable. The use of such approaches is essential to advance research in this area. Furthermore, our household survey made it difficult to include individual demographics in the analysis.








Author Contributions


Conceptualization, F.L. and F.I.; methodology, D.P.; software, D.S.; validation, D.S.; formal analysis, Y.J. and D.S.; investigation, F.L.; resources, D.S. and Y.J.; data curation, D.P.; writing—original draft preparation, Y.J.; writing—review and editing, D.S. and F.I.; visualization, D.S.; supervision, F.L. and F.I.; project administration, F.I.; funding acquisition, A.Z., D.S., and F.I. All authors have read and agreed to the published version of the manuscript.




Funding


This work was partially supported by the Japan Society for the Promotion of Science KAKENHI (grant number JP19K20540). The authors appreciate the financial support for the household survey implementation provided by Inter-Graduate School Doctoral Degree Program on Science for Global Safety, at Tohoku University. Financial support provided by International Research Collaboration of University of Indonesia enabled us to coordinate with local stakeholders (grant number NKB-1943/UN2.R3.1/HKP.05.00/2019). The collaborative research project of the International Research Institute of Disaster Science (IRIDeS), Tohoku University, supported us to complete the manuscript development.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Institutional Review Board of International Research Institute of Disaster Science, at Tohoku University (protocol code 2017–009, 22 January 2018).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Acknowledgments


The authors highly appreciate accommodation provided by the Lebak Gede and Gunung Sugih communities, the Indonesian Red Cross, the Pertamina, the city government offices of Cilegon, the provincial offices of Banten, and the Ministry of Health of Indonesia.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



OECD. Natech Risk Management: 2017–2020 Project Results, OECD Environment, Health and Safety Publications Series on Chemical Accidents. No. 32. 2020. Available online: http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono%282020%294&doclanguage=en (accessed on 17 March 2021).

	



UNDRR-APSTAAG. Asia-Pacific Regional Framework for NATECH (Natural Hazards Triggering Technological Disasters) Risk Management, United Nations Office for Disaster Risk Reduction—Asia-Pacific Science, Technology and Academia Advisory Group. 2020. Available online: https://www.undrr.org/media/48023/download (accessed on 17 March 2021).

	



UNISDR. Words into Action Guidelines: Man-made and Technological Hazards. 2018. Available online: https://www.preventionweb.net/publications/view/54012 (accessed on 17 March 2021).

	



UNISDR. Words into Action Guidelines: Implementation Guide for Man-made and Technological Hazards. 2018. Available online: https://unece.org/environment-policy/publications/words-action-guidelines-implementation-guide-man-made-and (accessed on 17 March 2021).

	



Girgin, S. The Natech events during the 17 August 1999 Kocaeli Earthquake: Aftermath and lessons learned. Nat. Hazards Earth Syst. Sci. 2011, 11, 1129–1140. [Google Scholar] [CrossRef]

	



Adiningsih, S.; Lestari, M.; Rahutami, A.I.; Wijaya, A.S. Sustainable Development Impacts of Investment Incentives: A Case Study of the Chemical Industry in Indonesia. 2009. Available online: https://www.iisd.org/publications/sustainable-development-impacts-investment-incentives-case-study-chemical-industry (accessed on 17 March 2021).

	



Moon, S. Justice, geography, and steel: Technology and national identity in Indonesian industrialization. Osiris 2009, 24, 253–277. [Google Scholar] [CrossRef]

	



Hudalah, D.; Viantari, D.; Firman, T.; Woltjer, J. Industrial land development and manufacturing deconcentration in greater Jakarta. Urban Geogr. 2013, 34, 950–971. [Google Scholar] [CrossRef]

	



Cahyandito, M.F. The effectiveness of community development and environmental protection program in oil and gas industry in Indonesia: Policy, institutional, and implementation review. J. Manag. Sustain. 2017, 7, 115–126. [Google Scholar] [CrossRef]

	



Lestari, F.; Pelupessy, D.; Jibiki, Y.; Putri, F.A.; Yurianto, A.; Widyaputra, G.; Maulana, S.; Maharani, C.F.; Imamura, F. Analysis of complexities in Natech disaster risk reduction and management: A case study of Cilegon, Indonesia. J. Disaster Res. 2018, 13, 1298–1308. [Google Scholar] [CrossRef]

	



Lestari, F.; Jibiki, Y.; Pelupessy, D.; Imamura, F.; Zulys, A.; Kadir, A.; Paramitasari, D. Exploratory study for strengthening education sectors for responding to complexities due to NATECH (Natural-Hazard Triggered Technological disasters) disasters. In IOP Conference Series: Earth and Environmental Science; IOP Publishing: Bristol, UK, 2021; Volume 630, No. 1; p. 012022. [Google Scholar]

	



Rahayu, H.P. Integrated Logic Model of Effective Tsunami Early Warning System. Doctoral Thesis, Kochi University of Technology, Kochi, Japan, 2012. [Google Scholar]

	



Wiryadinata, R.; Pratama, A.; Fahrizal, R.; Firmansyah, T.; Widyani, R. Design of linked sirens for tsunami early warning system using telecontrol system (case study at PUSDALOPS PB BPBD of Cilegon city). In IOP Conference Series: Materials Science and Engineering; IOP Publishing: Bristol, UK, 2019; Volume 673, No. 1; p. 012057. [Google Scholar]

	



AHA Centre (ASEAN Coordinating Centre for Humanitarian Assistance on Disaster Management). Press Release: Indonesia Hosts the 7th ASEAN Regional Disaster Emergency Response Simulation Exercise. Available online: https://ahacentre.org/press-release/press-releasethe-aha-centre-launches-the-first-asean-risk-monitor-and-disaster-management-reviewindonesia-hosts-the-7th-asean-regional-disaster-emergency-response-simulation-exercise/2018 (accessed on 24 August 2020).

	



Jibiki, Y.; Pelupessy, D.; Susilowati, I.H.; Putri, F.A.; Lestari, F.; Imamura, F. Exploring Community Preparedness for Complex Disaster: A Case Study in Cilegon (Banten Province in Indonesia). In Proceedings of the International Conference of Occupational Health and Safety ICOHS-2017, Bali, Indonesia, 1–2 November; KnE Life Sciences: Dubai, UAE, 2018; pp. 237–249. [Google Scholar] [CrossRef]

	



Pelupessy, D.; Jibiki, Y.; Lestari, F.; Zulys, A.; Imamura, F. Different vantage points amongst different stakeholders in NATECH (NAtural hazard-triggered TECHnological) disasters: A case from the 2018 Mt. Anak Krakatau eruption and tsunami. In IOP Conference Series: Earth and Environmental Science; IOP Publishing: Bristol, UK, 2021; Volume 630, No. 1; p. 012024. [Google Scholar]

	



BMKG. Ulasan Guncangan Tanah Akibat Gempabumi Kabupaten Lebak Banten 23 Januari 2018 (Review of Ground Shaking Due to the Lebak Banten Earthquake, 23 January 2018). 2018. Available online: https://www.bmkg.go.id/berita/?p=ulasan-guncangan-tanah-akibat-gempabumi-kabupaten-lebak-banten-23-januari-2018&lang=ID&tag=gempabumi (accessed on 17 March 2021).

	



Kabar Banten. Dilanda Gempa, Karyawan PT. Chandra Asri Berhamburan Keluar (Earthquake hit Chandra Asri Company Rushed into Exit). 2018. Available online: https://www.kabar-banten.com/dilanda-gempa-karyawan-pt-chandra-asri-berhamburan-keluar/ (accessed on 23 May 2019).

	



Yu, J.; Cruz, A.M.; Hokugo, A. Households’ risk perception and behavioral responses to natech accidents. Int. J. Disaster Risk Sci. 2017, 8, 1–15. [Google Scholar] [CrossRef]

	



Steinberg, L.J.; Basolo, V.; Burby, R.; Levine, J.N.; Maria Cruz, A. Joint seismic and technological disasters: Possible impacts and community preparedness in an urban setting. Nat. Hazards Rev. 2004, 5, 159–169. [Google Scholar] [CrossRef]

	



Mitchell, J.T.; Edmonds, A.S.; Cutter, S.L.; Schmidtlein, M.C.; McCarn, R.L.; Hodgson, M.E.; Duhe, S. Evacuation Behavior in Response to the Graniteville, South Carolina, Chlorine Spill; Quick Response Research Report 178; University of South Carolina: South Carolina, Columbia, USA, 2005. [Google Scholar]

	



Baker, E.J. Hurricane evacuation behavior. Int. J. Mass Emerg. Disasters 1991, 9, 287–310. [Google Scholar]

	



Lindell, M.K.; Perry, R.W. Household adjustment to earthquake hazard a review of research. Environ. Behav. 2000, 32, 461–501. [Google Scholar] [CrossRef]

	



Lindell, M.K.; Prater, C.S.; Gregg, C.E.; Apatu, E.J.; Huang, S.-K.; Wu, H.C. Households’ immediate responses to the 2009 American Samoa Earthquake and Tsunami. Int. J. Disaster Risk Reduct. 2015, 12, 328–340. [Google Scholar] [CrossRef]

	



Lindell, M.K.; Prater, C.S.; Wu, H.C.; Huang, S.K.; Johnston, D.M.; Becker, J.S.; Shiroshita, H. Immediate behavioural responses to earthquakes in Christchurch, New Zealand, and Hitachi, Japan. Disasters 2016, 40, 85–111. [Google Scholar] [CrossRef]

	



Quarantelli, E.L. The nature and conditions of panic. Am. J. Sociol. 1954, 60, 267–275. [Google Scholar] [CrossRef]

	



Aguirre, B.E. Emergency evacuations, panic, and social psychology. Psychiatry 2005, 68, 121–129. [Google Scholar] [CrossRef]

	



Mawson, A.R. Understanding mass panic and other collective responses to threat and disaster. Psychiatry 2005, 68, 95–113. [Google Scholar] [CrossRef] [PubMed]

	



Feng, Z.; González, V.A.; Trotter, M.; Spearpoint, M.; Thomas, J.; Ellis, D.; Lovreglio, R. How people make decisions during earthquakes and post-earthquake evacuation: Using verbal protocol analysis in immersive virtual reality. Saf. Sci. 2020, 129, 104837. [Google Scholar] [CrossRef]

	



Nilsson, D.; Johansson, A. Social influence during the initial phase of a fire evacuation—Analysis of evacuation experiments in a cinema theatre. Fire Saf. J. 2009, 44, 71–79. [Google Scholar] [CrossRef]

	



Donald, I.; Canter, D. Intentionality and fatality during the King’s Cross underground fire. Eur. J. Soc. Psychol. 1992, 22, 203–218. [Google Scholar] [CrossRef]

	



Gill, K.; Laposata, E.A.; Dalton, C.F.; Aguirre, B.E. Analysis of Severe Injury and Fatality in the Station Nightclub Fire; University of Delaware: Newark, NJ, USA, 2011. [Google Scholar]

	



Johnson, N.R.; Feinberg, W.E.; Johnston, D.M. Microstructure and panic: The impact of social bonds on individual action in collective flight from the Beverly Hills Supper Club fire. In Disasters, Collective Behavior and Social Organizations; University of Delaware Press: Newark, Delaware, USA, 1994; pp. 168–189. [Google Scholar]

	



Nascimento, K.R.D.S.; Alencar, M.H. Management of risks in natural disasters: A systematic review of the literature on NATECH events. J. Loss Prev. Process Ind. 2016, 44, 347–359. [Google Scholar] [CrossRef]

	



Suarez-Paba, M.C.; Perreur, M.; Munoz, F.; Cruz, A.M. Systematic literature review and qualitative meta-analysis of Natech research in the past four decades. Saf. Sci. 2019, 116, 58–77. [Google Scholar] [CrossRef]

	



Yu, J.; Hokugo, A. Understanding household mobilization time during Natech accident evacuation. J. Disaster Res. 2015, 10, 973–980. [Google Scholar] [CrossRef]

	



BPS—Statistics Indonesia (2021). Statistical Yearbook of Indonesia 2021. Available online: https://www.bps.go.id/publication/2021/02/26/938316574c78772f27e9b477/statistik-indonesia-2021.html (accessed on 17 March 2021).

	



BPS—Statistics Indonesia (2019). Statistical Yearbook of Indonesia 2019. Available online: https://www.bps.go.id/publication/2019/07/04/daac1ba18cae1e90706ee58a/statistik-indonesia-2019.html (accessed on 17 March 2021).

	



Nakaya, N.; Nemoto, H.; Yi, C.; Sato, A.; Shingu, K.; Shoji, T.; Sato, S.; Tsuchiya, N.; Nakamura, T.; Narita, A.; et al. Effect of tsunami drill experience on evacuation behavior after the onset of the Great East Japan Earthquake. Int. J. Disaster Risk Reduct. 2018, 28, 206–213. [Google Scholar] [CrossRef]

	



Paton, D. Disaster preparedness: A social-cognitive perspective. Disaster Prev. Manag. Int. J. 2003, 12, 210–216. [Google Scholar] [CrossRef]

	



Paton, D.; Smith, L.; Johnston, D. When good intentions turn bad: Promoting natural hazard preparedness. Aust. J. Emerg. Manag. 2005, 20, 25–30. [Google Scholar]

	



Lindell, M.K.; Perry, R.W. The protective action decision model: Theoretical modifications and additional evidence. Risk Anal. 2012, 32, 616–632. [Google Scholar] [CrossRef]

	



Gizzi, F.T.; Kam, J.; Porrini, D. Time windows of opportunities to fight earthquake under-insurance: Evidence from Google Trends. Humanit. Social Sci. Commun. 2020, 7, 1–11. [Google Scholar] [CrossRef]

	



Tan, Y.J.; Maharjan, R. What googling trends tell us about public interest in earthquakes. Seismol. Res. Lett. 2018, 89, 653–657. [Google Scholar] [CrossRef]

	



Zannettou, S.; Sirivianos, M.; Blackburn, J.; Kourtellis, N. The web of false information: Rumors, fake news, hoaxes, clickbait, and various other shenanigans. J. Data Inf. Qual. 2019, 11, 1–37. [Google Scholar] [CrossRef]

	



Kwanda, F.A.; Lin, T.T. Fake news practices in Indonesian newsrooms during and after the Palu earthquake: A hierarchy-of-influences approach. Inf. Commun. Soc. 2020, 23, 849–866. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Classification of variables influencing behavior.






Table 1. Classification of variables influencing behavior.





	Relevant Variables

from the Existing Literature
	Variables in the Present Study





	Risk perception
	Proneness of risk as perceived risk



	Emotion
	Worry about the possibility of a tsunami



	Direction
	Village location



	Impact estimation
	Natech damage estimation



	Information seeking

Reference to authority positions
	Information access, including social media and government agencies



	Preparedness
	Disaster risk reduction activity participation, knowledge
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Table 2. Average of net wage/salary per month of formal employee by province and main occupation (Indonesia rupiahs).






Table 2. Average of net wage/salary per month of formal employee by province and main occupation (Indonesia rupiahs).










	
	Year 2018
	Year 2020





	Banten Province
	3,468,768
	3,693,411



	Jakarta Special Province
	4,523,453
	4,224,720



	Average by Province
	3,592,501
	2,756,345







Source: BPS-Statistics Indonesia [37,38]. Note: As our survey was implemented in 2018, we introduce data of Year 2018. Data of Year 2020 are the latest information, but the value seems to be influenced by COVID-19.
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Table 3. Worry about the possibility of a tsunami.






Table 3. Worry about the possibility of a tsunami.





	

	

	
Worry about the Possibility of a Tsunami




	

	
Very Worried

	
Worried

	
Slightly Worried

	
Not Worried






	
Assembled at evacuation point (n = 111)

	
43.2%

	
51.4%

	
2.7%

	
2.7%




	
No (n = 267)

	
56.6%

	
35.6%

	
4.5%

	
3.4%




	
Sum (N = 378)

	
52.6%

	
40.2%

	
4.0%

	
3.2%




	
χ2 (3, N = 378) = 8.233, p < 0.05.
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Table 4. Natech damage estimation.






Table 4. Natech damage estimation.





	

	
Were You Worried about Whether the Earthquake Would Generate a Tsunami?




	
Very Worried

	
Worried

	
Slightly Worried

	
Not

Worried






	
Assembled at evacuation point

	
Do you think that a tsunami (2–3 metres in height) would cause damage?

	
Yes (n = 59)

	
42.4%

	
54.2%

	
1.7%

	
1.7%




	
No (n = 23)

	
47.8%

	
39.1%

	
4.3%

	
8.7%




	
I don’t know. (n = 28)

	
39.3%

	
57.1%

	
3.6%

	
0.0%




	
Sum (N = 110)

	
42.7%

	
51.8%

	
2.7%

	
2.7%




	
χ2 (6, N = 110) = 5.677, n.s.




	
No (did not assemble at evacuation point)

	
Do you think that a tsunami (2–3 metres in height) would cause damage?

	
Yes (n = 144)

	
59.0%

	
33.3%

	
3.5%

	
4.2%




	
No (n = 41)

	
70.7%

	
26.8%

	
0.0%

	
2.4%




	
I don’t know. (n = 81)

	
44.4%

	
44.4%

	
8.6%

	
2.5%




	
Sum (N = 266)

	
56.4%

	
35.7%

	
4.5%

	
3.4%




	
χ2 (6, N = 266) = 12.413, n.s.




	
Total

	
Do you think that a tsunami (2–3 metres in height) would cause damage?

	
Yes (n = 203)

	
54.2%

	
39.4%

	
3.0%

	
3.4%




	
No (n = 64)

	
62.5%

	
31.3%

	
1.6%

	
4.7%




	
I don’t know. (n = 109)

	
43.1%

	
47.7%

	
7.3%

	
1.8%




	
Sum (N =376)

	
52.4%

	
40.4%

	
4.0%

	
3.2%




	
χ2 (6, N = 376) = 11.650, n.s
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Table 5. Relationship between perceived earthquake risk and people’s response.






Table 5. Relationship between perceived earthquake risk and people’s response.





	

	
How Prone Is Your Village to an earthquake?




	
Very Prone

	
Prone

	
Slightly Prone

	
Not Prone




	
Assembled at evacuation point (n = 47)

	
8.5%

	
17.0%

	
48.9%

	
25.5%




	
No (n = 126)

	
8.7%

	
26.2%

	
40.5%

	
24.6%




	
Sum (N = 173)

	
8.7%

	
23.7%

	
42.8%

	
24.9%




	
χ2 (3, N = 173) = 1.801, n.s.




	

	
How prone is your village to an earthquake?




	
Very prone

	
Prone

	
Slightly prone

	
Not prone




	
Natech damage estimation—Yes (n = 103)

	
10.7%

	
25.2%

	
35.9%

	
28.2%




	
Natech damage estimation—No (n = 20)

	
15.0%

	
25.0%

	
35.0%

	
25.0%




	
Natech damage estimation—I don’t know (n = 50)

	
2.0%

	
20.0%

	
60.0%

	
18.0%




	
Sum (N = 173)

	
8.7%

	
23.7%

	
42.8%

	
24.9%




	
χ2 (6, N = 173) = 10.654, n.s.




	
Worry about the possibility of a tsunami

	
How prone is your village to an earthquake?




	
Very prone

	
Prone

	
Slightly prone

	
Not prone




	
Very worried. (n = 84)

	
10.7%

	
35.7%

	
41.7%

	
11.9%




	
Worried (n = 74)

	
8.1%

	
10.8%

	
41.9%

	
39.2%




	
Slightly worried (n = 8)

	
0.0%

	
37.5%

	
37.5%

	
25.0%




	
Not worried (n = 7)

	
0.0%

	
0.0%

	
71.4%

	
28.6%




	
Sum (N = 173)

	
8.7%

	
23.7%

	
42.8%

	
24.9%




	
χ2 (9, N = 173) = 27.5945 p < 0.01
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Table 6. Natech damage estimation and information access (N = 378).






Table 6. Natech damage estimation and information access (N = 378).





	

	
1. BNPB *1 Website Accessed

	
No

	
2. BMKG *2 Website Accessed

	
No




	
Natech damage estimation—Yes (n = 203)

	
7.4%

	
92.6%

	
7.4%

	
92.6%




	
Natech damage estimation—No (n = 64)

	
20.3%

	
79.7%

	
20.3%

	
79.7%




	
Natech damage estimation—I don’t know (n = 111)

	
8.1%

	
91.9%

	
8.1%

	
91.9%




	

	
χ2 (2, N = 378) = 9.706, p < 0.01

	
χ2 (2, N = 378) = 9.706 p < 0.01




	

	
3. TV news program accessed

	
No

	
4. Radio accessed

	
No




	
Natech damage estimation—Yes (n = 203)

	
78.3%

	
21.7%

	
0.5%

	
99.5%




	
Natech damage estimation—No (n = 64)

	
78.1%

	
21.9%

	
1.6%

	
98.4%




	
Natech damage estimation—I don’t know (n = 111)

	
82.0%

	
18.0%

	
1.8%

	
98.2%




	

	
χ2 (2, N = 378) = 0.658, n.s

	
χ2 (2, N = 378) = 1.362, n.s




	

	
5. Online news accessed

	
No

	
6. Social media*3 accessed

	
No




	
Natech damage estimation—Yes (n = 203)

	
4.4%

	
95.6%

	
14.3%

	
85.7%




	
Natech damage estimation—No (N = 64)

	
20.3%

	
79.7%

	
21.9%

	
78.1%




	
Natech damage estimation—I don’t know (n = 111)

	
0.9%

	
99.1%

	
20.7%

	
79.3%




	

	
χ2 (2, N = 378) = 28.860, p < 0.01

	
χ2 (2, N = 378) = 3.104, n.s








*1 Badan Nasional Penanggulangan Bencana (National Disaster Management Agency in English) *2 Badan Meteorologi Klimatologi dan Geofisika (Meteorological, Climatological, and Geophysical Agency in English) *3 In the survey, the authors explained to the respondents that social media means Facebook, Twitter, WhatsApp, Line, Path, and Instagram.
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Table 7. Natech damage estimation and village location (N = 378).






Table 7. Natech damage estimation and village location (N = 378).





	

	
Lebak Gede (n = 230)

	
Gunung Sugih (n = 148)






	
Natech damage estimation—Yes (n = 203)

	
58.1%

	
41.9%




	
Natech damage estimation—No (n = 64)

	
73.4%

	
26.6%




	
Natech damage estimation—I don’t know (n = 111)

	
58.6%

	
41.4%




	
χ2 (2, N = 378) = 0.116, n.s
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Table 8. Natech damage estimation and preparedness (N = 378).






Table 8. Natech damage estimation and preparedness (N = 378).





	

	
DRR*1 Activities Participation—Yes

	
No




	
Natech damage estimation—Yes (n = 202)

	
35.1%

	
64.9%




	
Natech damage estimation—No (n = 63)

	
27.0%

	
73.0%




	
Natech damage estimation—I don’t know (n = 111)

	
31.5%

	
68.5%




	

	
χ2 (2, N = 376) = 1.554, n.s




	

	
PMI*2 activities—Known

	
No




	
Natech damage estimation—Yes (n = 202)

	
31.0%

	
69.0%




	
Natech damage estimation—No (n = 63)

	
40.6%

	
59.4%




	
Natech damage estimation—I don’t know (n = 111)

	
28.8%

	
71.2%




	

	
χ2 (2, N = 378) = 2.787, n.s




	

	
DRR-related groups and programs—Known

	
No




	
Natech damage estimation—Yes (n = 202)

	
21.2%

	
78.8%




	
Natech damage estimation—No (n = 63)

	
34.4%

	
65.6%




	
Natech damage estimation—I don’t know (n = 111)

	
26.1%

	
73.9%




	

	
χ2 (2, N = 378) = 4.666, n.s








*1 Disaster Risk Reduction *2 Palang Merah Indonesia (Indonesian Red Cross in English).
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Table 9. Results of logistic regression analysis.






Table 9. Results of logistic regression analysis.





	

	
B

	
(SE)






	
(Constant)

	
1.493 **

	
(0.1710)




	
BNPB website access

	
−1.304 *

	
(0.5478)




	
Online news access

	
−1.492 **

	
(0.4903)




	
PMI activity

[Risk mapping with local community participation]

	
−1.079 †

	
(0.6482)




	
N

	
265




	
Akaike Information Criterion

	
275.56




	
Nagelkerke R2

	
0.125








** p < 0.01, * p < 0.05, † p < 0.1.
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Table 10. Evacuation behavior by village location.






Table 10. Evacuation behavior by village location.





	

	
Lebak Gede (n = 231)

	
Gunung Sugih (n = 149)




	
Assembled at evacuation point (n = 111)

	
59.5%

	
40.5%




	
No (n = 269)

	
61.3%

	
38.7%




	
χ2 (1, N = 380) = 0.116, n.s




	

	
Lebak Gede (n = 230)

	
Gunung Sugih (n = 148)




	
Worry about the possibility of a tsunami—Very worried (n = 199)

	
62.8%

	
37.2%




	
Worried (n = 152)

	
55.3%

	
44.7%




	
Slightly worried (n = 15)

	
80.0%

	
20.0%




	
Not worried (n = 12)

	
75.0%

	
25.0%




	
χ2 (3, N = 378) = 5.631, n.s
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Table 11. Information access after the earthquake (N = 380).






Table 11. Information access after the earthquake (N = 380).





	
1. BNPB *1 Website

	
Accessed

	
No




	
Assembled at evacuation point (n = 111)

	
17.1%

	
82.9%




	
No (n = 269)

	
1.1%

	
98.9%




	
χ2 (1, N = 380) = 36.889, p < 0.01




	
2. BMKG*2 website

	
Accessed

	
No




	
Assembled at evacuation point (n = 111)

	
21.6%

	
78.4%




	
No (n = 269)

	
4.8%

	
95.2%




	
χ2 (1, N = 380) = 25.200, p < 0.01




	
3. TV news programs

	
Accessed

	
No




	
Assembled at evacuation point (n = 111)

	
79.3%

	
20.7%




	
No (n = 269)

	
79.2%

	
20.8%




	
χ2 (1, N = 380) = 0.000, n.s




	
4. Radio

	
Accessed

	
No




	
Assembled at evacuation point (n = 111)

	
2.7%

	
97.3%




	
No (n = 269)

	
0.4%

	
99.6%




	
χ2 (1, N = 380) = 4.099, n.s




	
5. Online news

	
Accessed

	
No




	
Assembled at evacuation point (n = 111)

	
11.7%

	
88.3%




	
No (n = 269)

	
3.7%

	
96.3%




	
χ2 (1, N = 380) = 8.831, p < 0.01




	
6. Social media*3

	
Accessed

	
No




	
Assembled at evacuation point (n = 111)

	
24.3%

	
75.7%




	
No (n = 269)

	
14.9%

	
85.1%




	
χ2 (1, N = 380) = 4.836, p < 0.05








*1 Badan Nasional Penanggulangan Bencana (National Disaster Management Agency in English) *2 Badan Meteorologi Klimatologi dan Geofisika (Meteorological, Climatological, and Geophysical Agency in English) *3 In the survey, the authors explained to the respondents that social media means Facebook, Twitter, WhatsApp, Line, Path, and Instagram.
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Table 12. Information access and worry about the possibility of a tsunami (N = 378).






Table 12. Information access and worry about the possibility of a tsunami (N = 378).





	
Worry about the Possibility of a Tsunami

	
1. BNPB*1 Website Accessed

	
No

	
2. BMKG*2 Website Accessed

	
No




	
Very worried (n = 199)

	
4.5%

	
95.5%

	
6.5%

	
93.5%




	
Worried (n = 152)

	
7.2%

	
92.8%

	
10.5%

	
89.5%




	
Slightly worried (n = 15)

	
13.3%

	
86.7%

	
26.7%

	
73.3%




	
Not worried (n = 12)

	
0.0%

	
100.0%

	
33.3%

	
66.7%




	

	
χ2 (3, N = 378) = 3.454, n.s

	
χ2 (3, N = 378) = 14.855, p < 0.01




	
Worry about the possibility of a tsunami

	
3. TV news program accessed

	
No

	
4. Radio accessed

	
No




	
Very worried (n = 199)

	
78.9%

	
21.1%

	
1.0%

	
99.0%




	
Worried (n = 152)

	
83.6%

	
16.4%

	
1.3%

	
98.7%




	
Slightly worried (n = 15)

	
60.0%

	
40.0%

	
0.0%

	
100.0%




	
Not worried (n = 12)

	
58.3%

	
41.7%

	
0.0%

	
100.0%




	

	
χ2 (3, N = 378) = 8.330, p < 0.05

	
χ2 (3, N = 378) = 0.390, n.s




	
Worry about the possibility of a tsunami

	
5. Online news accessed

	
No

	
6. Social media*3 accessed

	
No




	
Very worried (n = 199)

	
7.5%

	
92.5%

	
19.1%

	
80.9%




	
Worried (n = 152)

	
3.9%

	
96.1%

	
12.5%

	
87.5%




	
Slightly worried (n = 15)

	
6.7%

	
93.3%

	
53.3%

	
46.7%




	
Not worried (n = 12)

	
8.3%

	
91.7%

	
16.7%

	
83.3%




	

	
χ2 (3, N = 378) = 2.065, n.s

	
χ2 (3, N = 378) = 16.153, p < 0.01








*1 Badan Nasional Penanggulangan Bencana (National Disaster Management Agency in English) *2 Badan Meteorologi Klimatologi dan Geofisika (Meteorological, Climatological, and Geophysical Agency in English) *3 In the survey, the authors explained to the respondents that social media means Facebook, Twitter, WhatsApp, Line, Path, and Instagram.
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Table 13. Preparedness (disaster risk reduction (DRR) activity participation) and (a) immediate evacuation (N = 378) and (b) worry about the possibility of a tsunami (N = 376).






Table 13. Preparedness (disaster risk reduction (DRR) activity participation) and (a) immediate evacuation (N = 378) and (b) worry about the possibility of a tsunami (N = 376).





	
(a) Immediate evacuation

	
Yes

	
No




	
Assembled at evacuation point (n = 110)

	
40.0%

	
60.0%




	
No (n = 268)

	
29.9%

	
70.1%




	
χ2 (1, N = 378) = 3.644, n.s




	
(b) Worry about the possibility of a tsunami

	
Yes

	
No




	
Very worried (n = 198)

	
31.8%

	
68.2%




	
Worried (n = 151)

	
35.1%

	
64.9%




	
Slightly worried (n = 15)

	
40.0%

	
60.0%




	
Not worried (n = 12)

	
16.7%

	
83.3%




	
χ2 (3, N = 376) = 2.207, n.s
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Table 14. Preparedness (knowledge) and immediate evacuation (N = 380).






Table 14. Preparedness (knowledge) and immediate evacuation (N = 380).





	

	
PMI*1 Activities

	
DRR*2-Related Groups and Programs






	

	
Known

	
No

	
Known

	
No




	
Assembled at evacuation point (n = 111)

	
42.3%

	
57.7%

	
37.8%

	
62.2%




	
No (n = 269)

	
27.9%

	
72.1%

	
19.7%

	
80.3%




	
χ2 (1, N = 380) = 7.539, p < 0.05

	
χ2 (1, N = 380) = 13.783, p < 0.01








*1 Palang Merah Indonesia (Indonesian Red Cross in English) *2 Disaster Risk Reduction.
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Table 15. Preparedness (knowledge) and worry about the possibility of a tsunami (N = 378).






Table 15. Preparedness (knowledge) and worry about the possibility of a tsunami (N = 378).





	

	
PMI*1 Activities

	
DRR*2-Related Groups and Programs




	
Worry about the Possibility of a Tsunami

	
Known

	
No

	
Known

	
No






	
Very worried (n = 199)

	
32.7%

	
67.3%

	
21.6%

	
78.4%




	
Worried (n = 152)

	
31.6%

	
68.4%

	
28.3%

	
71.7%




	
Slightly worried (n = 15)

	
53.3%

	
46.7%

	
46.7%

	
53.3%




	
Not worried (n = 12)

	
0.0%

	
100.0%

	
8.3%

	
91.7%




	
χ2 (3, N = 378) = 8.835, p < 0.05

	
χ2 (3, N = 378) = 7.655, n.s








*1 Palang Merah Indonesia (Indonesian Red Cross in English) *2 Disaster Risk Reduction.
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