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Abstract: The purpose of this research is to show the possibility of developing an information 

management system for supporting residents to evacuate from their home to evacuation centers and help 

them inquire safety of their family members, relatives or friends. In order to overcome the sensitive 

subject of utilizing personal information, which is definitely needed to support residents, especially those 

who are vulnerable to disaster, in the case of emergency, we propose local governments to cooperate with 

local autonomous organizations such as “Jichikai” or “Chonaikai” or voluntary disaster prevention 

organizations. In this paper, we introduce some results from experiments conducted in a series of 

earthquake drills in which procedure of registration at the evacuation center was automated by using QR 

code and evacuation status of registered residents are shown real-time on a digital house map called 

“residents and household map”. Evaluation by residents for effectiveness of the proposed information 

system is also presented. 

1. Introduction 
Although further studies will be needed, with the 2011 March 11th gigantic earthquake and 

accompanying tsunamis that struck the Tohoku region of Japan it became clear that disaster mitigation 

based solely on strengthening of social infrastructures such as construction of dams and dykes and 

promotion of earthquake resistant buildings is insufficient in wake of such large scale disasters. Further, 

the large number of deaths caused by the tsunamis showed that quick evacuation based on the residents’ 

own judgments, and accurate safety inquiries is necessary for mitigating damage and conducting prompt 

rescue missions. 

We have been developing a dispersed evacuation and safety inquiry support system in a joint study 

with Shingu town (2005) and Miki city (2006 to present) in Hyogo prefecture based on our assumptions 

that evacuation support led by local residents such as residents’ voluntary disaster prevention associations 

is necessary along with traditional disaster mitigation and evacuation schemes conducted by local 

governments. We have focused on local residents’ evacuation to designated evacuation centers and 

management of evacuation centers immediately after the disaster, and have constructed a GIS based 

prototype evacuation status monitoring and evacuation management system supposing that personal 

information such as gender, age, address, family members, and contact address is registered in advance 



and is available for use. Using this prototype system we have conducted a series of empirical studies at 

Miki city’s evacuation drills, and verified the effectiveness of our proposed system by conducting 

questionnaire surveys to participants of the drills (Arima and Kawamukai [1], [2]). 

In this paper we will report on our further development of evacuation support and safety inquiry 

system which formerly targeted a single evacuation center. Our improved prototype system will now send 

the status of evacuation to counter-disaster headquarters—established in every municipalities in case of 

disaster based on the Basic Act on Disaster Control Measures’ article 23rd—from multiple evacuation 

centers and support its decision making process by providing evacuation status on the entire municipal 

area.

2. Overview of our System 
There are 4 core components that make up the system developed in this study: 1. A database that 

houses pre-registered personal information of residents including people requiring assistance during 

disasters; 2. Identification of evacuating residents using RFID or QR codes or telephone number and 

acquisition of according personal information; 3. GIS which displays each residents’ residence and their 

status of evacuation by painting different colors on the map and display pre-registered information for 

those who have not yet evacuated and those whose safety is not confirmed; and 4. Communication 

network utilizing WiFi internet or satellite network which will help in case cabled communication 

network is disabled (Arima and Kawamukai [1], Arima and Arima [3]).  

Regarding these components we have already developed an evacuation support system aimed at 

people requiring assistance during disaster using non-contact type IC cards in 2008 as a result of our joint 

study with Miki city continuing from 2006 (Arima and Kawamukai [1], [2]). The system utilizes data 

from Basic Residents Register and digitalized land parcel number reference map to search, locate and 

display addresses and pre-registered information of 85,000 residents of Miki city. Using this system we 

have created a “Residents and Households Map” of Miki city and also developed an application for 

updating changes accompanying residents moving in and out, and childbirth. The application and 

methods can be applied to any local governments. 

Using these procedures of creating a “Residents and Households Map” we have constructed a system 

for Miki city in 2008 in which consent forms for supporting people requiring assistance during disasters 

collected using the consent method can be displayed on a map, linked with the submitters’ addresses as 

shown in Figure 1 (Arima and Kawamukai [1]). Also, evacuation center registration and turning over of 

schoolchildren to parents drills using individual identification by RFID were conducted in 2009, verifying 

the capabilities of automated registration in enabling prompt, simple, and accurate procedures, and 

grasping the numbers of evacuees and their personal attributes real-time (Arima and Kawamukai [1]).  

Also in 2009 tanking into concerns raised by users that they can’t see what is written on the RFID IC 

cards, we have constructed a similar system using QR codes which can be made into stickers,  



Figure 1 A sample screen of our prototype system using “Residents and Households Map” 
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Figure 2 Overview of the Developed System 

(Cloud computing shown in bottom left is under consideration) 



cards, or standby screens of mobile phones and verified its effectiveness in a disaster drill conducted by 

Union of Residents’ Voluntary Disaster Prevention Associations of Miki city’s Jiyu-ga-Oka district in 

which 700 residents participated (Arima and Arima [3]). In this empirical study the possibility of using 

XML is also considered in recording personal data in addition to personal identification numbers. 

Based on these results from 2010 we have been testing the effectiveness of a system in which 

evacuation status can be sent real-time from different evacuation centers to a counter-disaster headquarter 

usually set in municipal office by using the Internet including Wi-Fi connection to be used if wired 

connection is disabled. The test was conducted in Miki city’s 2010 Sep 26 emergency drill conducted 

simultaneously at two locations. 

The overview of the system is illustrated in figure 2. During the usual times registered information of 

consenting residents are recorded in the database to show their records on a digital map using address as a 

key. Registered residents will be given a unique identification number in forms of QR codes made into 

cards, stickers or image file for mobile phones so they can carry them daily. Meanwhile disaster 

mitigation section or crisis management section of local governments will keep a copy of the residents’ 

registered information and check its consistency by comparing it to name lists prepared by local 

governments. Digitalization and overlay of various hazard maps will also be necessary. 

With these preparations it will be possible in cases of disaster to quickly and accurately proceed with 

the registration process at evacuation centers, and gather necessary information for operating evacuation 

centers such as total number of evacuees and the number and details of evacuees requiring special 

assistance. At the municipal counter-disaster headquarter the use of “Residents and Households Map” 

will be beneficial in monitoring the situation of evacuation based on data sent from each evacuation 

centers by showing each residents’ status of evacuation and the locations of residents who have not yet 

evacuated on a digital map. This information will be vital in checking the status of evacuation for areas 

that have been issued evacuation orders and sending support teams to assist evacuation, as well as sending 

out supplies to each evacuation centers. 

3. Empirical Study and Evaluation at Miki City Disaster Mitigation Drills 
3.1 Overview of the Drill 
   We have tested the effectiveness of our system we have been developing with Miki city in the 2010 

Sep 26 disaster drill aimed at “lifting awareness towards disaster mitigation, minimizing human damage, 

and coordinating between related sections by conducting local government led emergent counter-disaster 

drill and residents led disaster drill”. Disaster drills in Miki city in the past has been limited to one site at 

a time, but the drill of 2010 was conducted in Miki-Yama Park close to the municipal office of Miki and 

Higashi-Yokawa elementary school which is located in a mountainous area and needs more than 30 

minutes of driving from the central part of Miki city. In the Miki-Yama Park site drills for evacuation 

center registration, rescue and first-aid was conducted with executives of residents associations and 



welfare commissioners from all over Miki city participating. On the other hand, in Higashi-Yokawa 

elementary school where there are a number of vulnerable communities within the school district, first the 

methodology of notifying residents of evacuation information (evacuation preparation information and 

evacuation advisory) and safety inquiries were discussed and shared between residents in two workshops 

conducted prior to the drill. In the actual drill residents first evacuated to temporary evacuation sites such 

as meeting halls of each community and then evacuated in groups to the designated evacuation center of 

Higashi-Yokawa elementary school gymnasium by walk or car. At the evacuation center a drill for 

evacuation center management was conducted in four functional groups: general affairs and information, 

materials and facility management, cooking and distribution of food, and health and sanitation. 

   In addition to residents’ associations of Miki City a number of disaster prevention related parties 

including Kansai Electronic Power Company, Osaka Gas, NTT (Nippon Telegraph and Telephone) West, 

and the Japan Self Defense Force participated in these drills. Approximately 250 participants each joined 

the drills at Miki-Yama park and Higashi-Yokawa elementary school. 

3.2 Overview of Evacuation Registration Drill 
   Prior to the conduction of the comprehensive disaster mitigation drill participants were given 

explanation of the evacuation registration drill’s overview and were asked to submit necessary personal 

information such as name, gender, date of birth, address, phone number, belonging residents’ association, 

and emergency contact address—for participants of Miki-Yama park through Miki City’s Union of 

Residents’ Associations and for participants of Higashi-Yokawa through the second pre-drill workshop 

conducted on August 18th. 

   As a result 275 participants of drill at Miki-Yama park and 169 participants of drill at Higashi- 

Yokawa elementary school in addition to 66 schoolchildren and 103 parents of Higashi-Yokawa 

elementary school provided us their personal information. Among these pre-registered participants, those 

who did not agree to provide us their phone address were given unique 7 digit identification numbers, and 

others were given identification numbers created by adding one digit individual identification number to 

participants’ 6 digit phone numbers. The identification numbers were translated into QR codes, and were 

printed on a business card size card as shown in Figure 3, and were handed out through residents’ 

association for participants of Higashi-Yokawa elementary school. Participants of Miki-Yama park were 

given their card on the day of the drill at opening ceremony. 

   Also, for the pre-registered participants a personal information database was created for each of the 

drill sites with location data provided from Miki city which already has created a “Residents and 

Household Map”. Additionally, a map based on ESRI ArcGIS which displays the address and information 

of residents’ with an input of personal identification number, a communication function using NTT 

DOCOMO’s Wi-Fi router which allows the uploading of evacuation status to a mock headquarters tent 

set up in Miki-Yama park from evacuation centers located at both Miki-Yama park and Higashi-Yokawa  



Figure 3 An Example of Evacuation 

       Card with QR Code              Figure 4 A Sample Screen for Registrant at Registration  

  

elementary school at a chosen interval (the interval was set to 5 minutes in this drill), and a function in the 

headquarters side to request the uploading of evacuation status, was integrated with the database to build 

an evacuation support and safety inquiry system. The system was tested prior the drill took place. 

   The weather was clear on September 26th the day of the drill, and in Miki-Yama Park the opening 

ceremony was conducted from 9:00 AM. From 9:30 evacuation drill simulating people with wheelchairs 

began, and from 9:40 evacuation drill for all participants commenced. In Higashi-Yokawa elementary 

school evacuation dill was conducted on the following schedule: on 7:30 evacuation preparation 

information was sent to the president of each residents’ disaster prevention association; on 8:00 the 

evacuation preparation information was replaced by evacuation advisory and residents following the 

notification by residents’ disaster prevention association evacuated to the nearest temporary evacuation 

centers; and from 8:15 about 10% of evacuated residents, schoolchildren and parents of Higashi-Yokawa 

elementary school moved to Higashi-Yokawa elementary school’s gymnasium in order to participate in 

the evacuation center registration drill. 

   Upon registration at both evacuation centers, system operators from University of Hyogo and PASCO 

Corporation handled the digitalized registration procedures using registration systems composed of a 

2-dimensional barcode reader and a PC with 2 monitors, one for operators and the other for registrants. 

Figure 4 is a sample screen for registrants to confirm their pre-registered personal information and 

residing address on GIS. Non-pre-registered participants were given an A4 size registration form and 

were asked to fill out the form by hand. Also, a paper explaining the overview of the registration system 

and a questionnaire survey asking the residents’ evaluation of the system and what they think about 

protection of personal information was handed out to participants, and were collected at the end of the 

drill. 



Figure 5 Change in number of evacuation center registration completion 

   Figure 5 shows the change in number of completed evacuation registration as drills proceed. The 

drills at the two sites were conducted in a different manner—in Miki-Yama park the drill started with 

participants already lined in front of the registration desk while in Higashi-Yokawa elementary school 

participants walked from their assigned temporary evacuation centers. The difference can be observed in 

the figure. 

3.3 Evaluation from Drill Participants 
   We have been in the past conducting empirical studies accompanied with questionnaire surveys for 

evaluation on simplified evacuation processes in which the procedure can be completed quickly with 

accurate registration using evacuee’s pre-registered personal information in Miki City on January 17th 

2009 and January 16th 2010. In this study we conducted a questionnaire survey using the same questions 

we have used on January 16th 2010 in order to evaluate the effectiveness of our system. 

   The questions included in the questionnaire survey are: gender; age; position within residents 

associations; name of registered residents’ association; whether the respondent participated in the 

evacuation dill; and whether the respondent used evacuation identification card for registration. 

Respondents were also asked to evaluate on the following criteria: simplicity of registration; accuracy of 

registration; capability of the system to support the management of evacuation centers; capability of the 

system to display the evacuation status of the entire city; capability of the system to display evacuation 

status for each individuals on a map; and use of phone numbers in identification. Respondents were also 

asked regarding their concern for leakage of registered information, whether respondents wish to register 

to the system, whether respondents will recommend the registration to their friends and families, what 

respondents think about residents’ disaster prevention associations handling personal information, and 

which do respondents think is better to collect personal data; local government or residents’ association. 

Number of valid responses to the survey were 217 in Miki-Yama park and 146 in Higashi-Yokawa 

elementary school, and participants’ responses to the survey is shown in figure 6. The dark coloured part  



Figure 6 Evaluation of the System by Drill Participants 



of the figure indicates responses from participants of Higashi-Yokawa elementary school who are mostly 

members of Higashi-Yokawa elementary school’s Parent-Teacher Association and ordinary residents 

while participants of Miki-Yama Park mostly consists of ranking members of residents’ associations and 

welfare commissioners. 

   From figure 6 it can be seen that regarding our system’s capability in enabling prompt, simple and 

accurate registration, supporting the management of evacuation centers, and providing an overview of the 

entire city’s evacuation status, over 90 percent of respondents answered that they “strongly approve ” or 

“somewhat approve”, verifying the effectiveness of our system. Also, more than 80 percent of 

respondents agreed to use phone numbers as means of identification which can be used even if the 

residents did not carry identification cards. However, regarding leakage of personal information 66 

percent have responded “very concerned” or “concerned”. Although handling of personal information is 

an issue, when asked on the pre-registration of personal data through residents’ disaster prevention 

association 28 percent responded “should do it” with an additional 53 percent responded “should consider 

doing it”, while only 9 percent responded “should not do it”. This suggests that people are not so negative 

in letting residents’ disaster prevention associations collecting data related to evacuation support and 

managing of evacuation centers. 

4 Concluding Remarks 
   In this study we have proposed the use of member lists of existing organizations such as residents’ 

disaster prevention associations and parent-teacher associations as a solution to the slow progress of 

supporting people requiring assistance during disasters, promoted based on the “Evacuation Support 

Guidelines for People Requiring Assistance During Disasters” issued in March, 2005. We have also 

proposed the use of QR codes or phone numbers as means of personal identification and conducted a 

series of empirical studies and questionnaire surveys at evacuation drills conducted in Miki City. As a 

result, it has been discovered that residents approve of constructing and running a dispersed evacuation 

support system by letting organizations such as residents’ disaster prevention associations to gather and 

utilize personal information in order to support evacuation and safety inquiries. 

   The Great Tohoku Earthquake that brought massive damage to a wide area around the Tohoku (East 

North Part of Honshu island) region of Japan has instantly destroyed residents’ information such as Basic 

Residents Register and family register recorded on computer based information systems or kept in 

register in municipal office, causing disruption in evacuation support and safety inquiries activities 

conducted by local municipalities. With this event the expectations for residents’ disaster prevention 

associations is on the rise while the need for technological and informational systems to support the 

activities of residents’ disaster prevention associations is mostly ignored. 

   In the future we believe that in addition to support of people requiring assistance during disasters led 

by local government and public promotion of disaster mitigation targeted at residents, an “evacuation 



support and safety inquiries system of the residents, by the residents, and for the residents” utilizing cloud 

computing—a possible solution to information leakage and loss—will be necessary. 
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