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Abstract

:

The present study aimed to describe the utilization of Information and Communication Technology (ICT) as a digital infrastructure concerning disaster countermeasures in Japan. Specifically, the study introduced development cases of the systems integrating social media and Geographic Information Systems (GIS), and presented the utilization potential as a digital infrastructure. Additionally, taking up Twitter as a familiar digital infrastructure, the study also presented its utilization potential based on the case of the heavy-rain disaster in Western Japan in 2018. As a result, due to the close relationship between the reality and virtual spaces, the issue is how to make the information circulating in the virtual space efficiently and effectively aid in the rescue and support activities in the reality space. The above systems are effective in order to solve such an issue, because these can efficiently consolidate the essential information on the digital map of Web-GIS. Additionally, it is necessary to set rules for the utilization of social media, and sift through information and share only the necessary information to the affected local governments and those involved in the rescue and support activities. Furthermore, various information communication methods including verbal calls in addition to ICT are necessary especially for people who are vulnerable to information.
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1. Introduction


In recent years, countermeasures for natural disasters have become a high priority all around the world due to the global increase in weather disasters such as typhoons and local torrential rainfall, as well as volcanic eruption, drought, heat waves and earthquakes. According to the White Paper on Disaster Management 2018 [1], among disaster countermeasures such as “self-help”, “mutual help” and “public help”, the most fundamental method is “self-help” which is a countermeasure individually conducted. It is important for each individual to have a high disaster prevention awareness in everyday life in order to minimize the damage through countermeasures, as rescue teams are not able to immediately reach all disaster victims during a disaster. Therefore, it is important to enhance the government’s “ability to inform” and the public’s “ability to become aware” by widely and appropriately providing disaster information, accurately grasping hazardous areas as well as evacuation centers in case of a disaster before it occurs, and accumulating disaster information with location information (Yamamoto, 2016) [2]. In order for this to lead to “mutual help” and “public help”, sufficient accumulation and sharing of disaster information within the local community including residents, corporations and the local government are essential during normal times.



On the other hand, in recent years in Japan, a cloud computing society where the internet can be reached from various information tools has been established, and Japan has entered the age of Internet of Things (IoT) and Internet of Everything (IoE) in which various things can be connected to the internet. Based on such current conditions, the realization of a “super-smart society” was clearly set up ahead of other countries as the first pillar in the 5th Science and Technology Basic Plan (Cabinet decision, January 2016) [3], and a series of initiatives towards this realization is called the “Society 5.0”. The society mentioned above is able to efficiently gather and accumulate disaster information as local knowledge made up of knowledge from the experience and everyday life of residents as well as the expertise based on scientific findings through the effective use of Information and Communication Technology (ICT) (Science Council of Japan, 2008; Yanagisawa et al., 2012; Okuma et al., 2013) [4,5,6].



Based on the background above, the present author and her co-researchers worked together with local communities during normal times to develop a disaster information system as a countermeasure for damage reduction in disasters by integrating social media and Web-GIS in order to promote the utilization of disaster information as local knowledge (Yamamoto et al., 2015) [7]. Additionally, multiple information systems were integrated to develop a spatiotemporal information system. With the function of social media mapping, which is one of the most important functions, the submitted data on social media with location information were consolidated on a digital map of Web-GIS, indicating the utilization potential of using such information during disasters (Makino et al., 2018; 2019) [8,9].



Considering these circumstances, the present study aims to describe the utilization of ICT as a digital infrastructure concerning disaster countermeasures in Japan. Specifically, the present study will present the utilization potential of the above two types of systems which were developed integrating social media and GIS. Additionally, taking up Twitter as a familiar digital infrastructure, the present study will also present its utilization potential based on the case of the heavy-rain disaster in Western Japan in 2018 (from June to July in 2018). For this, Section 2 will introduce the results of preceding studies in the related academic fields, and demonstrate the novelty of the preset study. Section 3 will review the changes in the information communication environment in Japan from the 1990s onwards. Section 4 will introduce various information communication methods for disasters in Japan, and mention the significance of ICT as a digital infrastructure concerning disaster countermeasures. Section 5 and Section 6 will respectively introduce two types of system development cases, and indicate the utilization potential of ICT as a digital infrastructure concerning disaster countermeasures. Section 7 will consider the cases of social media utilization during the heavy-rain disaster in Western Japan in 2018, and indicate the utilization potential of Twitter as a familiar digital infrastructure for disaster countermeasures. Lastly, Section 8 will summarize the conclusion of the present study and mention future research projects.




2. Related Work


The preceding studies on ICT as a digital infrastructure concerning disaster countermeasures are divided into three study fields, namely: (1) studies on the development of a new digital infrastructure; (2) studies on the utilization of an existing digital infrastructure; (3) studies on the proposal of a new digital infrastructure in the future. The following will introduce the major preceding studies in the above three academic areas, and demonstrate the novelty of the present study in comparison with the others.



In (1) studies on the development of a new digital infrastructure, Molina et al. (2011) [10] developed a pioneer system (Andean Information System for Disaster Prevention and Relief: SIAPAD) for sharing spatial information for the Andean Community (Bolivia, Colombia, Ecuador and Peru). Wan et al. (2014) [11] developed a public cloud-based flood cyber-infrastructure (CyberFlood) that collects, organizes, visualizes and manages several global flood databases for authorities and the public in real-time. Ogata et al. (2016) [12] developed a Twitter-based safety confirmation system which is available when other digital infrastructure is disrupted. Bhattacharjee et al. (2019) [13] developed a post-disaster map builder which is a crowdsenced digital pedestrian map construction system over smartphone based Delay Tolerant Networking (DTN), using battery powered mobile handheld devices in the disaster affected areas. Cao et al. (2019) [14] developed a rapid assessment system for seismic intensity area using the data related to mobile base stations in China.



In (2) studies on the utilization of an existing digital infrastructure, targeting the affected areas of the great East Japan earthquake, Inomo et al. (2012) [15] verified the usefulness of disaster prevention administration radio system, Harada et al. (2012) [16] reported the effective use of a cognitive wireless router in a chaotic state of digital infrastructure, and Hamaguchi et al. (2014) [17] proposed and demonstrated the utilization potential of a wireless telecommunication system. Targeting the use of Twitter at the time of the great East japan earthquake, Yoshimura et al. (2012) [18] investigated the logs of 34 governmental accounts and summarized the operating guideline for governments, and Enomoto et al. (2013) [19] proposed a method to extract false rumors from tweets. Additionally, Yamada et al. (2019) [20] grasped the characteristics of tweets submitted at the times of past large-scale natural disasters in Japan. Nakano et al. (2019) [21] proposed the role of digital infrastructure based on the survey on the heavy-rain disaster in Western Japan in 2018.



In (3) studies on the proposal of a new digital infrastructure, Alazawi et al. (2014) [22] proposed emergency response systems for disasters of various scales with a focus on transportation systems for future cities in Philippine. Freeman (2017) [23] showed the need to develop alternative infrastructure to assist Disaster Risk Reduction and Recovery construction (DRRR) as an energy and communication infrastructure for disaster resilience in rural and regional Australia. Fan et al. (2019) [24] presented a paradigm of a disaster city digital twin, which will be developed integrating artificial and human intelligence for disaster management.



The present study is located in (2) studies on the utilization of an existing digital infrastructure, and there is a rich accumulation of preceding studies in this academic area. Comparing the preceding studies mentioned above, the present study demonstrates the novelty, verifying the utilization potential of ICT as an existing digital infrastructure concerning disaster countermeasures in Japan. Additionally, in this academic area, Yoshimura et al. (2012) [18], Enomoto et al. (2013) [19] and Yamada et al. (2019) [20] just targeted twitter among social media. However, as explained in the latter sections, the present study takes up social media and GIS of ICT as a digital infrastructure, and indicates their utilization potential in disaster countermeasures, considering the characteristics of information communication environment and methods, and referring to the results of survey on the utilization of ICT at the times of past large-scale natural disasters in Japan.




3. Change in the Information Communication Environment in Japan from the 1990s Onward


3.1. Development of the Advanced Information Communication Network Society


In Japan, the Basic Act on the Formation of an Advanced Information and Telecommunications Network Society (Basic Act on IT) became effective in 2000, and the advanced informatization was initiated (Ministry of Internal Affairs and Communications, 2002) [25]. Additionally, Japanese society was transformed from a ubiquitous society to a cloud computing society which was conducted by means of a sequence of advanced information strategies from the year 2000 onwards including “e-Japan” in 2000, “u-Japan” in 2006 and “i-Japan 2015” in 2010. These advanced information strategies respectively aimed at the realization of the world’s most advanced information technology (IT) nation, ubiquitous network society, and digital society for security and vitality. Therefore, anyone in an internet-accessible environment as well as anyone with an information terminal can access the internet regardless of the time or place, realizing a society where information systems can be easily utilized.



Further, as mentioned in the previous section, in recent years, Japan has come to an age of IoT and IoE where various things can be connected to the internet. As a result, Japan specifically set up the “Development of future industry and social transformation (realizing a world-leading ‘super-smart society’)” as a first pillar in the latest 5th Science and Technology Basic Plan (Cabinet decision, January 2016) [3]. This new society is positioned after the “hunter-gatherer society”, the “agrarian society”, the “industrial society” and the “information society”, and a series of initiatives towards the realization of this society is called “Society 5.0”. In Part 1 of the White Paper on Science and Technology 2016 published based on the 5th Science and Technology Basic Plan [26], the “super-smart society” is straightforwardly defined as a society that is “achieved by integrating the reality and virtual spaces through the advancement of networks, and the development of technology for big data analysis and Artificial Intelligence (AI)”. The technology needed to realize this new society is mostly related to the information field. Therefore, a digital infrastructure is an important fundamental infrastructure that supports various other infrastructures, and its importance will increasingly grow in the new society.




3.2. Changes in the Information Communication Environment from the 1990s Onward


Figure 1 shows the penetration rate of the PC, internet and mobile information terminal over the last 20 years (1993–2012). The great Hanshin-Awaji earthquake was in 1995, the Mid Niigata Prefecture Earthquake in 2004 and the great East Japan earthquake in 2011. As shown in Figure 1, the progress of the advanced information communication network is significant since the great Hanshin-Awaji earthquake up until the present day, and has greatly changed the information communication environment surrounding the general public. At the time of the great Hanshin-Awaji earthquake, the internet was used from PCs and mobile information terminals were also becoming increasingly common. In contrast, the information communication environment today is more complex and anyone can easily spread information, as the internet can be accessed from mobile information terminals such as smartphones and tablets in addition to PCs.



According to the data for recent years, which is obtained from the White Paper on Information and Communications 2016 [28], due to the restrictions on obtaining data, the penetration rate in 2015 was 95.8% for mobile phones and PHS, 72.0% for smartphones, 76.8% for PCs and 33.3% for tablets. The rapid spread of mobile information terminals such as smartphones and tablets in recent years has diversified communication methods, and enabled individuals to easily send and receive interactive information right then and there as well as search for information.





4. The Significance of ICT as a Digital Infrastructure Concerning Disaster Countermeasures


4.1. The Various Information Communication Methods Used during Disasters


According to Yamamoto (2017) [29], various initiatives have been taken to minimize information vacuums as the great East Japan earthquake (2011) caused immense damage to a digital infrastructure, and a broad area was left blank in terms of information communication immediately after the earthquake. Due to the widespread and immense damage caused, a new type of media such as social media, where individuals can send detailed information without the limitations of mass media, was utilized. In particular, individuals on social media can send information from both PCs and mobile information terminals enabling the damage situation to be widely communicated before mass media can enter the damaged area. This is made possible by the spread of various social media in which individuals can send and receive information in multiple forms by combining images, videos, voice recordings in addition to texts. In this way, social media has become part of the disaster information sharing system (L-Alert), and has fulfilled a big role in the diversification and layering of information communication methods. However, various issues have emerged regarding the utilization of the internet during disasters such as the massive amount of communication traffic, communication blackouts, as well as measures to deal with false information and chain emails. This is one of the biggest differences to when the great Hanshin-Awaji earthquake (1995) occurred.



At the time of the great Hanshin-Awaji earthquake, telephones and transportation were disrupted in the damaged area as well as its surrounding areas creating a donut-shaped information vacuum in the center of the damaged area. Additionally, information was one-sidedly provided through mass media such as newspapers, magazines, radio and television. Furthermore, the information reported immediately after the earthquake was mainly provided through radio and television, while the internet was mainly used after the rescue and relief stage. However, the usefulness of GIS has come to be positively recognized after the great Hanshin-Awaji earthquake. Specifically, the database compilation of the damage situation was created using GIS, and this was used to support restoration plans in the affected areas.



In the heavy-rain disaster in Western Japan in 2018, various disaster information was provided by national institutions and private corporations related to surveys and GIS using digital maps, and satellite images and aerial photos. Additionally, various entities cooperated in consolidating activities concerning disaster countermeasures using ICT including Web-GIS. Because ICT was effectively used in such disaster countermeasures, a wide variety of information was transmitted and updated in real-time, and the voluntary provision of information by various entities or industry-academia-government collaborations increased. Furthermore, these various disaster countermeasures were widely made known through both mass media and social media.




4.2. The Significance of ICT as a Digital Infrastructure


The preconditions for using ICT as a digital infrastructure for disaster countermeasures is that the information communication environment (internet connection, electricity, and the use of information terminal) must be well-maintained all throughout Japan. The probability of issues concerning the information communication environment during disasters being solved in the near future is high, as technological development in the related fields are making rapid advances such as the establishment of mobile internet bases mounted on cars or balloons during disasters, the establishment of additional internet base stations during normal times, the supply of electricity using hybrid cars, and the implementation of battery saving mode in emergencies as well as battery extension of mobile information terminals. Additionally, the utilization of satellite communication networks can now be used in case the overland information network cannot be used immediately after a disaster.



The Committee for Policy Planning on Disaster Management Final Report of the Central Disaster Management Council (2012) [30] indicated the need to gather information from private media including social media, as the government has its limitations in gathering information. Similarly, as the utilization of geographical space information (G space information) can be extremely effective in the coherence in situational awareness and decision-making support, the necessity of progressing maintenance and sharing of static information during normal times as well as development of a system to promptly gather dynamic information were also indicated. Additionally, the development of GIS is considered to be promoted in order to support disaster countermeasures in the Master Plan for Disaster Prevention (2016) [31] as well. Therefore, social media, which has been deeply rooted into our daily life and can rapidly spread information, and GIS, which enables the consolidation and sharing of information using digital maps, have become an important foundation of all general infrastructures as a digital infrastructure in modern-day Japan and are considered to fulfill a vital role in disaster countermeasures. In recent years, GIS has especially been useful in the work of information volunteer and GIS volunteer where disaster countermeasures are conducted using GIS.





5. Utilization Potential of Social Media GIS for Disaster Information System as a Digital Infrastructure


Yamamoto et al. (2015) [32] considered the changes in ICT as well as the role of a digital infrastructure in disaster countermeasures as mentioned in the previous sections, and indicated that it is possible for GIS to have an interactive communication function to be used between users as shown in Figure 2. It further proposed this new GIS called “social media GIS”, differentiating it from the conventional Web-GIS. It developed the social media GIS which incorporated the accumulating and displaying functions of submitted information according to the location information and content with the system combining 3 Web applications including social media (social networking service (SNS) and Twitter) and Web-GIS, and utilized it in the operation in Mitaka City, Tokyo Metropolis, as a disaster information system for both disasters and normal times. The system design took the local characteristics of Mitaka City into consideration, and reflected the requests of various entities in the local community mainly for earthquakes.



The system has 3 kinds of interfaces for users’ PCs and mobile information terminals, and administrators’ PCs. Figure 3 shows the interface for users’ PCs. The system enables users to accumulate and share their knowledge from experience and everyday life as residents, which can be considered “implicit knowledge”, by changing it into explicit knowledge. Specifically, residents can help themselves strengthen their “ability to become aware” by submitting information on hazardous or safe locations that may not be listed in detail on hazard maps provided by the government during normal times, and submitting disaster information after securing one’s safety during a disaster. Additionally, the government can improve its “ability to inform” by accumulating disaster information (“expert knowledge”) such as the general degree of risk and support facilities during a disaster provided from normal times in advance in addition to gathering and accumulating disaster information provided during disasters. The disaster information provided through the submissions of residents and the government, as described above, are accumulated into the same database and categorized according to the location information and content. Furthermore, such disaster information is all integrated into the Web-GIS, combined and visualized on a digital map. Additionally, since the system was designed to be used both on PCs and mobile information terminals with the assumption that users will use the system outdoors as well, it can be used regardless of whether a user is inside or outside during both normal times and disasters.



Figure 4 shows the distribution of submitted information to social media GIS on a digital map of Web-GIS. During the 2 months’ operation test period from November to December in 2015, there were 260 submissions and 6 submissions from Twitter which were all sent from mobile information terminals. 81% of the total number of submissions had images attached, and 4% of those submissions received comments. As there was communication between users using the comment function, it can be anticipated that the function can also be used during disasters as well as normal times. Information regarding hazards was 20%, information regarding safety was 68% and other information including disaster prevention storages, water stations and wells used during a disaster was 12%. It can be presumed that users were not concentrated in one area, because the submitted information was dispersed throughout Mitaka City as shown in Figure 4. However, there were areas, especially around stations, with a slight concentration of submitted information. This may be because people come and go every day in such areas and the narrow streets become even narrower in some parts due to bicycles and luggage.



Figure 5 shows an example of submitted information with an attached image. This submission is for potential hazards, and it explains how a location may be hazardous during a disaster due to boxes and bicycles left on both sides of a narrow street.




6. Utilization Potential of Social Media Mapping as a Digital Infrastructure


Makino et al. (2018, 2019) [8,9] integrated multiple systems including social media and Web-GIS to develop a spatiotemporal information system. The following will introduce case examples related to the function of social media mapping. The spatiotemporal information system is categorized into education and tourism depending on the intended use, and the function of social media mapping is part of the tourism system. By using the function, submitted information with location information from all over the world is gathered from 5 social media platforms (Instagram, Twitter, Flickr, YouTube and Webcams), and consolidated to be displayed on a two-dimensional digital map of Web-GIS. Though disaster countermeasures are not the original purpose of the system, much disaster-related information could be gathered during the heavy-rain disaster in Western Japan in 2018. Moreover, the heavy-rain disaster in Western Japan in 2018 was caused by Typhoon Prapiroon and heavy rainfall during the rainy season resulting in great damage in 15 prefectures in Western Japan.



Figure 6 shows a screen displaying the Setouchi Region using the function of social media mapping. The number of submissions during the heavy-rain disaster in Western Japan in 2018 rapidly increased, and Figure 6 reveals that this number was especially high in the worst-hit areas. Figure 7 shows the submitted information in Mabi-cho, Kurashiki City, Okayama Prefecture, Figure 8 and Figure 9 respectively show those of Fukuyama City, Hiroshima Prefecture and Ozu City, Ehime Prefecture. As shown in Figure 7, Mabi-cho is on the outskirts of Kurashiki City and suffered enormous damage due to the floods leading to videos of the damage situation submitted on YouTube. There are many reservoirs distributed throughout Western Japan, and when one of these in Fukuyama City collapsed due to the heavy rain, a video of the situation was submitted on YouTube as shown in Figure 8. In central Ozu City, flood damages caused by the flooding of the Hijikawa River have frequently occurred in the past, and images of the damage situation from the heavy-rain disaster in Western Japan in 2018 were submitted on Instagram as shown in Figure 9.



It has become evident that disaster-related information can be efficiently gathered during disasters by not only consolidating the submissions with location information to the digital map but also by searching for submissions using the search function of each social media platform, with the function of social media mapping. Additionally, it was also found that the location information attached to submissions could become “life-saving information” during a disaster.




7. Utilization Potential of Twitter as a Digital Infrastructure Based on the Cases of the Heavy-Rain Disaster in Western Japan in 2018


7.1. Utilization of Twitter during the Heavy-Rain Disaster in Western Japan in 2018


As the situation during disaster constantly changes, Twitter, which is a platform where users can submit short texts, images and videos, was the most used platform in Japan and was used for various purposes. Additionally, referring to Nishikawa et al. (2018) [33] and Yamada et al. (2019a, 2019b) [34,35], Twitter was used as the most powerful tool for information communication during the heavy-rain disaster in Western Japan in 2018. Therefore, the present study focuses on the use of Twitter among social media.



Twitter, released in the U.S. in 2006 and in Japan in 2008, is a blog service in which users can submit what they are currently doing or feeling as well send short messages in the form of texts within 280 words (140 letters in Japanese) called “tweets”. A big feature of Twitter is the hashtag function which serves as a symbol used to group tweets that can be searched and displayed. Hashtag is a word or phrase with the # symbol in front, and users can see a list of tweets with the same hashtag like a bulletin board. Adding a hashtag makes it easier for others to see “what the tweet is about”.



The used hashtags in tweets related to the heavy-rain disaster in Western Japan in 2018 can be organized as shown in Table 1. Table 1 clearly indicates that the attached hashtags changed with the passing of time. In terms of the characteristics of hashtags, (1) multiple different hashtags indicating the same content were created, (2) almost all tweets had hashtags and many had multiple hashtags, (3) most tweets contained hashtags of specific local governments affected by the disaster in addition to hashtags related to the disaster situation and calls for help, and (4) there were many tweets with hashtags of specific areas within Mabi-cho, Kurashiki City, Okayama Prefecture, which suffered severe damages and was frequently covered by media. Additionally, there were many cases where users with good intentions voluntarily organized rescue request information and retweeted such information even without hashtags to be spread.




7.2. Rescue Requests Using Twitter during the Disaster of the Heavy-Rain Disaster in Western Japan in 2018


Regarding the heavy-rain disaster in Western Japan in 2018, the utilization of rescue request tweets was proposed by Twitter right after the disaster on July 10th. An example of a rescue request tweet was shown to clearly explain the items that must be included in the tweets. The examples indicated that users must enter specific rescue requests, their address, the hashtag “#rescue”, and (if possible) an attachment of images. Additionally, there was a cautionary note to immediately delete the tweet after being rescued. This was to prevent the tweets of those still waiting to be rescued from being buried among other tweets, and protect personal information such as an individual’s address. Twitter has implemented similar support activities during other disasters such as the great East Japan earthquake in 2011 in addition to the Typhoon Krosa and Typhoon Hagibis in 2019.



A tweet related to the elderly person rescued by the Self-Defense Forces (SDF) was submitted during the heavy-rain disaster in Western Japan in 2018. This tweet contained appreciation to the SDF who were able to rescue the elderly person after her family members living away from the area submitted a rescue request tweet on her behalf. Many similar tweets were seen after the heavy-rain disaster in Western Japan in 2018.




7.3. Utilization Potential of Twitter as a Familiar Digital Infrastructure Concerning Disaster Countermeasures


Based on the utilization of Twitter in the heavy-rain disaster in Western Japan in 2018 described in this section, the following suggests the utilization potential of Twitter as a familiar digital infrastructure during disasters. However, consideration is required when setting rules for the utilization of Twitter during disasters as the freedom of utilization outside the affected area should not be restricted.



First, the format of the texts for tweets can be created according to its purpose of transmitting information such as evacuation, rescue request and cooperation, support, donation and contribution. In the disasters in recent years, Twitter has encouraged users to use the hashtag “#rescue”, and instructed them on the specific content of rescue requests leading to some tweets aiding in successful rescues. Accordingly, if text formats for tweets according to the purpose are prepared beforehand, the convenience of information senders, rescuers, and supporters will be improved.



Second, the unification of disaster-related hashtags can be raised. There is a possibility of confusion caused by information overload, as multiple types of hashtags indicating the same content are created during a disaster. Therefore, in the early stages of a disaster, the generation of various hashtags can be prevented by preparing unified hashtags and its utilization method that can be easily used by the general public. The background for this is the information gathering and rescue activities using Twitter in Nagano Prefecture during Typhoon Hagibis in October 2019. Nagano Prefecture used their official account for disaster prevention information as a tool to gather rescue request information, and encouraged users that need be rescued to submit tweets with images, location information, and the hashtag “#TyphoonHagibisDamageinNagano” resulting in 50 cases of tweets leading to successful rescues (Yamamoto, 2020) [36]. Based on these real cases during disasters, each local government can promote the setting of rules for utilizing Twitter according to the local situation beforehand.



Lastly, the improvement of information literacy for each individual user can be raised. It is ideal to have users refrain from submitting personal tweets (opinions, thoughts, and vague personal comments) as well as tweets that may not be reliable or valid, and voluntarily delete old tweets related to disasters as the situation is constantly changing. Especially for tweets related to rescue requests and cooperation, it is essential to delete the tweet right after the situation is resolved. This will prevent the tweets of those still waiting to be rescued from being buried among other tweets as well as protect personal information such as an individual’s address. Additionally, users must give serious thought to the information they are retweeting with the awareness that retweets made with good intentions may also cause confusion due to information overload. In this regard, Sato et al. (2019) [37] pointed out the difficulty in searching for and extracting the important tweets related to rescue requests and cooperation during the heavy-rain disasters in North Kyusyu in 2017 and in Western Japan in 2018.





8. Conclusions


The present study focused on social media and GIS of ICT as a digital infrastructure, which play important roles in disaster countermeasures. The present study also introduced development cases of the system developed integrating these, and presented the utilization potential as a digital infrastructure. Additionally, Twitter, which is the most-used social media platform for disaster countermeasures in Japan, was focused on, and its utilization cases during the heavy-rain disaster in Western Japan in 2018 were considered as well as the utilization potential of Twitter as a familiar digital infrastructure in disaster countermeasures was indicated.



As mentioned in Section 3.1, as the reality and virtual spaces are closely related and integrated in super-smart societies such as Japan, everyday events in either space influences the other space. Therefore, if a disaster in reality occurs, the transmission and reception of disaster-related information in the virtual space using various information communication methods such as mass media and social media start almost simultaneously. As explained in Section 7.2, while this can lead to real activities such as evacuation, relief and support, it can also cause problems such as confusion due to information overload. Therefore, the issue is how to make the information circulating in the virtual space and especially on social media efficiently and effectively aid in the rescue and support activities in the reality space.



In order to solve such an issue, as mentioned in Section 7.3, it is necessary to not only set rules for the utilization of social media but also to sift through information and share only the necessary information to the affected local governments and those involved in the rescue and support activities. In doing this, if the social media GIS for disaster information system and the function of social media mapping of the spatiotemporal information system which were introduced in Section 5 and Section 6 are utilized, the essential information can be efficiently consolidated on the digital map of Web-GIS. Additionally, while Section 7 indicated the utilization potential of Twitter alone during disasters, the same utilization potential of other social media platforms based on their characteristics should be considered.



Furthermore, various information communication methods including verbal calls in addition to ICT are necessary in order to prevent people who are vulnerable to disasters from becoming people who are also vulnerable to information. Though prompt evacuation may not be realized, due to the normalcy bias where an individual has the “I’m okay” mentality during disasters, finding a way to effectively use ICT to encourage individuals to evacuate is an issue. It is necessary for individuals who are not used to using ICT to familiarize themselves with utilizing it in their daily life.



Regarding future research projects, increasing the utilization performance of the systems as introduced in Section 5 and Section 6 as well as investigating the utilization potential of various social media platforms using the same methods adopted in Section 7 can be raised.
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Figure 1. Penetration rate of the PCs, internet, and mobile phones (1993–2012). Note—created based on the Consumer Behavior Forecasting Survey 2014 [27]. 
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Figure 2. The various functions of Geographic Information Systems (GIS) and their involvement in society. 
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Figure 3. The interface of social media GIS for disaster information system for users’ PCs. 
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Figure 4. Distribution of information submitted to the social media GIS for disaster information system. 
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Figure 5. An example of submitted information on the social media GIS for disaster information system. 
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Figure 6. A screen of the Setouchi Region displayed using the function of social media mapping. 
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Figure 7. Submissions on YouTube concerning Mabi-cho, Kurashiki City, Okayama Prefecture. 
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Figure 8. Submissions on YouTube concerning Fukuyama City, Hiroshima Prefecture. 
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Figure 9. Submissions on Instagram concerning Ozu City, Ehime Prefecture. 
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Table 1. Utilization of hashtags in tweets related to the heavy-rain disaster in Western Japan in 2018.
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Hashtags during and Immediately after the Disaster






	
Disaster situation

	
#disaster #landslidedisaster #landslides #mudslides #pouringrain #heavydownpour #Hiroshimalandslides #disasterinHiroshima #flooddamage #riverflooding #torrentialrain #heavyrainfall #raindamage #heavyraindisaster #heavyraindamage #flooding #heavyrain #submergence #onthevergeofsubmergence #submergedcar #house




	
Evacuation

	
#evacuation #(affectedlocalgovernment(prefecture/city/town))evacuation #evacuationcall #evacuationorder #emergencywarning #heavyrainfallwarning #heavyrainfallemergencywarning




	
Rescue requests and cooperation

	
(Including tweets obviously on someone’s behalf based on the context)

#rescuerequests #rescuerequestsforOkayama #rescuerequestsforHiroshima #rescuerequestsforEhime #rescuerequestsforMabicho #(disaster)rescue #(disaster)relief #SOS #Pleasehelp #HELP #Landslideshelp #helplandslides #helpheavyrain #missing(person) #safetyunknown




	
Specific locations of the affected areas

	
#affectedareasoftheheavyraindisasterin westernjapanin2018 #(affectedlocalgovernment(prefecture/city/town))

#Mabicho(KurashikiCity) #(specific areas or rivers)

#(specificlocations(schools and other facilities that are designated as evacuation centers and hospitals))




	
Name of the specific locations within Mabi-cho

	
#147ofTsujitaMabicho #YataMabicho #KawataMabicho #OkadaMabicho




	
Information communication

	
(Including tweets without hashtags but contain requests to be retweeted)

#pleaseretweet #retweet #RT #PleaseRT #warnings #currentsituationnotreported




	
Hashtags from Immediately after the Disaster




	
Name of the disaster

	
#HeavyraindisasterJuly2018 #HeavyrainJuly2018 #disasterfrom2018JapanFloods #2018JapanFloods #WesternJapandisaster #heavyrain2018




	
Support

	
#(disaster)restoration #(disaster)recovery #medicalcare #DMAT #watersupply #(disaster)volunteer #volunteerswanted #evacuationsite #(specificevacuationsite) #(disaster)support #reliefsupplies(specific supplies)

#wewillsendsupplies #bath #shower #onsen#disastervictims #affectedareas #Letthisreachthedisastervictims #helpingeachother #SDF(dispatched)




	
Encouragement

	
#StaystrongWestJapan #Staystrong(affected local government (city/town)) #StaystrongMabicho #Wecanbeattheheavyrain




	
Donation and contributions

	
#2018JapanFloodsfund #2018JapanFloodsdisasterrestorationsupportfund




	
Designated disasters

	
#tremendouscatastrophe #designatedtremendous catastrophe #designatedspecifieddisaster




	
Post-disaster issues

	
#wateroutage #poweroutage #heatstroke #severeheat #infections #sterilization #traffic #lackofmanpower #lackofwater #roadclosures #(disaster)theft #trafficin(affected local government (city/town) #donationfrauds #chainemails #falserumors #Mabiheatstroke #Mabitraffic




	
Gratitude

	
#Iwasrescued #gratitude #thankyou




	
Pets

	
#pets(in affected areas) #(pet food)








“#” mark means a hash tag used for SNS such as Twitter, Instagram and Facebook.














© 2020 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file13.jpg





media/file4.png
Reflection on the reality space

Use of diverse
data sources

Decision-making support function

Data input

and database
Comprehensive development
lnteg.raltmnd‘?'lth oo Discussion forum data management, Database
e between diverse processing and
o : development
Communication entities updating function
function Analysis of big data —
accumulated by =—==
O communication function
) s ) A— |
W Virtual space —
>
\\ —
Information provision
/ sharing function
Use of data
Information provision
for decision-making in Information

discussion forum analysis function

Vlsuahzatlon, analysis, simulation





nav.xhtml


  information-11-00434


  
    		
      information-11-00434
    


  




  





media/file18.png
s & A1>RF—TFOYS... W Masatoshi Gindiz Iked... §]Web 2S5/ Z Fv5... v G| BTTOHA b v

= VAT AT I

& ‘; :

| -+ ] Bl g 4“3

instagram | -4 fr

flickr N ] LR pc
(| e L7 3] g

twitter ‘ﬁ1 % f/ %(;_ = )
e ) e Ty | 248 248 Instagram

youtube

<

webcams

N
Y
oo

AT LAY >
I ) ODEORRTAT LETY
TECRRLET,

T

Inst < (& ;
bl ttagram ¢ ¢ 0 ISEEA THREL WS ERED> Torl, V20D o s, 508
. | BEAATTEBR T WED A & 7 == 09, (
ST O fr] T ! BRI o TR AGESH R o AN 2

' PERTEBLRI BT | | BB i y

Twitter

o
k-
i

€ UnTAFGRL ! ! AEEES. B &
N B SRR GBLDLTRVER | | TE
ABETL W AETTHLL DS T B

adioe 120 MR, FRIR. (B, WA, & ASX T, 1

@)
g

0 = % ) ‘
EAtH Web 1145 234 Al e T R
4 0 i 44 e
oy / } < A
2 A !





media/file16.png
5 € XA >2F—5TOY5... | W Masatoshi Giindiz Tked... &) Web 252 £75... v EBTTOHA v

48

LAY
instagram
flickr

twitter

youtube

| YouTube O x|
webcams

RaET RBR mlk NEo®R
h
ATAT LAY

: 433
| °.. t" —
IS ) TDOOIRR 7 AT LETY : a7
ZECRTET, . w )
. "
| IE. BigLLmAES m: : L 4 sl LI0DD) .‘ \'\
Instagram SR BRI, : ety
d- 1 A \ .
| miyachi5$—54— . \ v
Flickr £ \ !
| 4741 -7 11,2018 . :
1 A
Twitter A=l . |
e ’ 1 A
» 1
YouTube = "'H '.' |
- - 1
I ‘5fr. fr ﬂ | K
EH Web 1145 T J . '
47 s fr™ :
385 DL " .-

Map data ©\OpenStreetMap contributors, CC-B.Y-SA @ l'h






media/file2.png
(%)
100
90

Great Hanshin Earthquake Mid Niigata Prefecture Earthquake Great East Earthquake

80 N——
70

60
50
40
30

el P(Cs

==de==|Nternet
20 —
10 / ==4==Mobile information terminals | |
O 1 1 ] | | 1 1 1 1 1 ] l I | 1 1 I | 1 l 1
D o> D O N PO AL DO >H AN DO O DN
D7 D D D DN D D » S
CHEC I QIR JRR QNG QR A I i S PSSP SIPNGPNAS






media/file5.jpg
e i1






media/file3.jpg
Reflecton on the reaiy space

Information proviion
" sharing functon

Information provision
for deciion-making In
discussion forum

iy, simulation

Useof

Tnformation
analyss function






media/file1.jpg
%) Great Hanshin Earthquake
100

%
80
7

id Niigata Prefecture Earthquake _Great East Earthquake

50
w0
30
20
10

—a—pCs -

e Internet

—+—Mobile information terminals | |
T T

SIS SPESELSESE LSS






media/file7.jpg
3-:;‘".:'8 %3
8 8
s 1






media/file10.png
BEOKEMRE -

SamR ‘
3 FA Y FEEIT B0 IESARI0D B (1pon

:Z i stRe .

XFRE 50 K2 poirt

AMHEEOENOEARTT . ERYEI RV TEV. B THET. R
ENCRACRTT.

Ak
DI ALT ) i 6

AAVPTED

N
rEVAT
(\‘> Snw 3 n
= > 7
. .
T «
)

N
) ~
Pr——i) ’
B

2om BDF=2 005 aga IDEN MERn

copyriont (C12015 EMFICRLLE: V- Ip)NF 4T G2 Al rights reserved

Description

User profile publication

The five most recent items of submitted information

The five most important items of submitted nformation

The number of users

Submitted mformation and image

Comment column

N QNN | W BN -

Disaster mformation 1s displayed on Web-GIS digital map n the region of operation (Mitaka City)






media/file12.png
instagram

flickr

twitter

youtube

webcams

AFAT7 LAY
JTVYINSORMT AT LE
Ry T LICRRUET,
Instagram

Flickr

Twitter

YouTube

B Web DA S






media/file9.jpg
D






media/file0.png





media/file14.png
5 € X(>RF-=T055... W Masatoshi Gindiiz Iked... §]Web 2542 Fv5... v ) HTIDYAb v

L1
El instagram
» E] flickr
. @ twitter
. @ youtube

@ webcams

?‘

X747 LAY
I ) ORI T AT LETY
JLEERRET,

EUMERITOZMATTT, (SUSNGLE
| BOENYELL.
2AZFA -5
B 12:04%5i-7H 12,2018

Instagram

M Flickr

@ Twitter

EIEIEE:

@ YouTube

M #5¢tH Webh5=

-

2 Iz ' |
\%\“ If'{/L SN W -
Y W NP






media/file8.png
T2y - o — T
= Eds 1| * k' -‘I_‘ EIH g ﬁ'?g E AR = '::'I‘;?'_;!-I. e
I A S =l 3

L1

r R L4 T T . L117]

m : : b X I:F' B X H“-_ El‘jt-ﬂ
: . h ks .- 33

= 1 ¥ __-\"'

LRy

=1 [ 5
e
i T 8

—EEE N

3@:3

mihNE
X
g

_i*.
X
WETe
BIRBIIE
RN = A :
. — o
3’ N /i aIma - e
i BImE L L
£ 08 UL ERT
fm *]_,I"
= Im—

e

“:'-l BilMmLr





media/file11.jpg





media/file6.png
RO T HRA -

SR
* - #8 kumaneko P i
= " SRR KERRE VL EL £ @
- Bxe
A Web*s {+ DB
112-28 104328 FRRETRSBLE:. WeD-GISTRB LANSNSH (PTT,
ill% RERTMNOMBANTXBTILCENENLL TVET.
112:29 10:42:29 M2 EMDDENC. EROR L THISHUIH - BEUSHERRLTHEL BN ET,
*
;%:?:9!,2555' Web*} -+ DFFE8
S o - BN EXERBHRDTES
AvLAE RECVEROBRFICEMID. ERORE HFTVTHI REXBRR I NRETEET,
firmbenidng - RIS EHE D THE T, HHH S TERDILEW

VAFLIRRMBLEN TIRL ABCTLTECRL2Y. ERRNORTRRERLET.

RENR S ¥Y EJNOTTRD MBS TEEORLVARE TERCRE 0N IR TT.
@ i - BURHES DAL KM TR BET T35

* 22 WANPH( point R - chemnok 5 tR T tRlB K U MO BIENTEET,
5 0 SRS Pt L. FE SR~ DORERRIC OF PO LTVET ., —~ERTERIUNARET,

Web* (+ OF B AE

EROR TN ACBUSTE. R2NBIHRCRALTOELEFNFEENWET,

* 4 XRBESY T/ K2 point

* S EMRROORNEAVOEN2

TR EANBRTERTT. )

FZZREASYELOT ERONBELCENDBNET, )
YL EREERLLET. TEIOSECALT YAFAERTRERECSELET.
VAFLARTES2 IV SR SRV EEEBELTT, Cho B ¢S URREBRLLET,

- BLREA

Fooaes, )

HKERUODRBENONEENA AT
Fr=. Tomer DS RET ABS(CE. Qe oL T LERRB S ITORREERLLET .

nE ‘C’?"‘fﬁénk = BP0 KB

" m 3 weza !

. xoe
WAT S R e/ .-.not,-c-..' N4 FE LSRN "(
AR XN
~ = : WA Tw LM Y™ L\g gﬁ-’::'suag;::-—an ﬂﬁ
[ TR R EIRR s k1SR
IS YO RS e ‘
(R EIERIEE - ;(\'20&?3&] 9 mume
" —
H— @ memcurznmns
7 - - i
=y @ mrrcarznmts

copyright (€)2015 =M (TIIEL= U= Dl i5 «7GIS All rights resenved

No. Description
1 User profile publication
2 The five most recent items of submitted information
3 The five most important items of submitted information
4 The number of users
S Go to my page
6 Go to the page where information can be submitted from computers
7 List of submitted information
8 Go to the page where support facilities mn times of disaster can be checked
9 Go to the page where change and registration of personal data can be made
10 Logout
11 Explanation to use this system
12 Disaster information 1s displayed on Web-GIS digital map in the region of operation (Mitaka City)
13 General degree of risk
14 Explanation of disaster information submitted by users






media/file15.jpg





media/file17.jpg





