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Abstract

:

This study aims to clarify the impact of the COVID-19 pandemic on home range. The home range is the area that individuals traverse in conducting their daily activities, such as working and shopping. In Japan, the central government declared the first state of emergency in April 2020. This study analyzed the panel data for mobile phone GPS location history from April 2019 to April 2020 in Ibaraki City, Osaka Metropolitan area. The study applied the minimum convex polygon method to analyze the data. The results show that the home range decreased significantly between April 2019 and April 2020. Specifically, the home range in 2020 decreased to approximately 50% of that in 2019 because of COVID-19 infection control measures, preventing people from traveling far from their homes and only allowing them to step outside for the bare minimum of daily activities and necessities. The results suggest that the emergency reduced people’s home ranges to the neighborhood scale. Therefore, it is necessary to consider designing new walkable neighborhood environments after the COVID-19 pandemic era.
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1. Introduction


1.1. Background


A significant social problem in Japan is population decline, with a rapidly increasing number of older adults. In 2019, the Japanese aged population (65 years old and over) was 35.89 million, constituting 28.4 percent of the total population [1]. For an aging society, the home range is an essential indicator in planning a “community-based integrated care system” to support the daily activities of older adults [2]. The home range is defined as the area that individuals traverse in conducting their daily activities, such as working and shopping [3]. In other words, the home range is one of the essential considerations for policymakers and urban planners in Japan. Therefore, the government has introduced enhanced policies that allow citizens to conduct their daily activities on a neighborhood scale. For example, in the field of urban planning, many local governments developed the “Location Optimization Plan” [4].



One of the aims of planning is to improve walkability by designing walkable neighborhoods. Walkability is defined as a property of a residential environment that promotes walking or cycling with safety, comfort, and the attractions of daily life [5]. Designing walkable neighborhoods could contribute to reducing the burden on the environment [6]. Additionally, the design could contribute to promoting the health of older adults [7,8]. Chen et al. [9] found that older adults living in high walkability areas tend to be healthier, with higher physical activity levels. The contribution could help to keep healthcare costs under control and maintain sustainable financial balances in local governments.



The Coronavirus Disease 2019 (COVID-19) pandemic might accelerate the change as the “new normal” lifestyle. For example, the mayor of Paris, Anne Hidalgo, proposed the realization of a 15-min city by 2024, in a move toward the design of walkable neighborhoods after the COVID-19 pandemic era, where people can live without using cars [10]. There has been an increase in research on the progression toward the realization of the 15-min city [11]. In Japan, the first recorded case of COVID-19 occurred in January 2020, and the Japanese central government declared the first state of emergency on 7 April 2020 [12]. In Osaka Metropolitan area, the state of emergency lasted until 21 May 2020. Since then, the number of infected people has continued to fluctuate in Osaka [13]. During the first state of emergency in Ibaraki City in Osaka Metropolitan area, Kato [14] reported that dense human space-times were formed in the parks as well as in the stations. Similarly, Kato et al. [15] reported an increasing number of bicycle trips. Those studies suggest that the home range might be decreased to the neighborhood scale due to the state of emergency. Therefore, this study focuses on changes in the home range during the COVID-19 pandemic.




1.2. Purpose


This study aims to clarify the impact of the COVID-19 pandemic on home ranges in suburban Ibaraki City, Osaka Metropolitan area. The study primarily employed the minimum convex polygon (MCP) method using mobile phone GPS location history (LH) data. The analysis was conducted on panel data from April 2019 to April 2020 using the case study of Ibaraki City. The period and area of the LH data are the same as that of the studies of Kato [14] and Kato et al. [15]. Using the LH data, this study clarified the home range by utilizing MCP.



Ibaraki City is a suburban city in the Osaka Metropolitan suburban area located midway between Osaka City and Kyoto City, as shown in Figure 1. Ibaraki City frequently collaborates with neighboring municipalities in the metropolitan suburban area. Residents of this city frequently commute about 30 min to neighboring cities, such as Osaka City or Kyoto City, because of the city’s extensive train network. The population of Ibaraki City is approximately 280,000, and its area is 10 km east-west and 17 km north-south. Similar to other cities, it experienced an increase in COVID-19 infections during the state of emergency. However, during April 2020, only zero to three Ibaraki citizens were infected with COVID-19 [13]. This number of cases was small compared to other cities in Osaka Prefecture.




1.3. Novelty


The impact of the COVID-19 pandemic on the home range is still being studied. For example, the COVID-19 pandemic has led to the widespread adoption of telecommuting among adults and remote learning among children [16]. In order to understand daily activities more accurately, mobile phone GPS data is used. Lee et al. [17] clarified that equitable policy decisions could be made based on the LH data because the LH data thus obtained can provide more accurate population data than census data in emergencies. Oliver et al. [18] pointed out the effectiveness of using mobile phone data for analysis in the COVID-19 pandemic. Using GPS data, the spatial distribution of COVID-19 infected people has been verified in China [19]. In the United States, it was confirmed that there was an association between mobility patterns and COVID-19 transmission by using mobile phone location data [20]. Using mobile phone data, Chang et al. [21] simulated the spread of the infection and pointed out the necessity of controlling the movements of a few super spreaders. In addition to mobility-related information, mobile phone data can also allow researchers to determine which citizens stayed at home [22]. These studies suggest the effectiveness of mobile phone GPS LH data during the COVID-19 pandemic.



However, the impact of the state of emergency varied from country and region. In particular, the Japanese state of emergency was called a “soft lockdown” [23]. This is because the Japanese government restricted the activities of companies and other organizations but not of individuals [24]. Therefore, most citizens could go out, at least minimally, even under the state of emergency declaration. In fact, Anzai et al. [25] reported that widespread travel projects could spread the infection. In Tokyo, Yabe et al. [26] found that human mobility decreased by more than 50% and social contact by more than 70% between January and April 2020. By contrast, unexpectedly high population densities had been reported in suburban cities [27]. Therefore, the population may have decreased in urban centers but increased in suburban cities. Kato [14] obtained a similar result using the case of Ibaraki City. Therefore, this present study’s novel contribution is to quantitatively clarify changes in home ranges using LH data in the suburban city. The study’s results will allow us to consider designing a new neighborhood environment after the COVID-19 pandemic era.





2. Materials and Methods


2.1. Mobile Phone GPS Location History Data


The present study used LH data comprising GPS location data obtained at regular intervals from mobile phones with users’ consent. The time interval for data collection was approximately every 15 min, depending on the mobile phone type. In Ibaraki City, there are approximately 1,600,000 LH data logs per day for approximately 12,000 individuals. The LH data can be considered as that of approximately 4.2% of its citizens. In Japan, the Agoop Corporation collects daily mobile phone location data and provides anonymized data for research purposes [28]. Governments and municipalities have used GPS data provided by Agoop Corporation for the control of the COVID-19 infection [29]. In addition, Kato [14] and Kato et al. [15] studied human mobility using the LH data provided by Agoop Corporation. Therefore, the LH data was validated as high-quality data used in policymaking and research to control the pandemic. This study complies with the “Guidelines for the Use of Device Location Data,” a common regulation for location data in Japan [30]. For example, the guideline prohibits using GPS data for any purpose that involves identifying individual users. The data were collected by obtaining consent from the mobile phone users, all of whom installed specific applications based on the type of data to be collected, the purpose of use, the provision to third parties, and the privacy policy. One of the applications is “WalkCoin,” which uses pedometers to help users earn e-coins [31]. Therefore, the LH data provided by Agoop have been acquired mainly from ordinary citizens. Additionally, users can stop sending the GPS location data by changing their phones’ basic settings. The data were obtained through contracts between Agoop Corporation and the Graduate School of Life Sciences at Osaka City University, where the authors work.



The LH data mainly comprises the following variables: daily ID, user ID, year, month, day, day of week, hour, minutes, latitude, longitude, operating system (Android/iOS), country, GPS accuracy, speed, mesh ID, estimated transportation methods, and gender. User IDs are anonymized 96-digit alphanumeric codes, including information that protects personal privacy such as names, ages, and addresses. The user ID is a permanent ID assigned to each device and enables panel data analysis. Among these variables, this study used user ID, year/month/day, hour/minutes, and latitude/longitude.



The study extracted data on people living in Ibaraki City. Therefore, data relating to people who only passed through Ibaraki City—for example, people going from Osaka to Tokyo by train or car—were excluded. The study extracted user IDs with LH data that started after 03:00 AM and were obtained from users located in Ibaraki City. This means that the time the mobile phone was turned on and GPS data was collected was after 3:00 AM. The time of 03:00 AM was selected because it had the lowest amount of LH data on traveling by walking, cycling, trains, or cars, as observed by analyzing the estimated travel methods at each hour, as shown in Figure 2. This study analyzed the home range from 3:00 to 27:00. Moreover, it assumed that the users were asleep and in the same location when the smartphone was turned off after 3:00 and before 27:00.



The LH data provided by Agoop were not obtained from all mobile phones in Japan. As mentioned above, the dataset in this study represents approximately 4.2% of Ibaraki City’s population. An equation to estimate the population by analyzing the relationship between actual traffic surveys and LH data was proposed [32]. However, it is possible to analyze the home range distribution without using LH data from the entire population. Furthermore, the penetration rate of mobile phones in Japan is high across all generations. Therefore, this study’s utilized data were considered adequate for giving an accurate picture of the changes in the home range.




2.2. Panel Data Analysis for the COVID-19 Pandemic


This study performed panel data analysis during the first state of emergency. It compared the panel data for one month from when Japan implemented the state of emergency in April 2020 with the panel data for April 2019. Many cities worldwide were also in lockdown in April 2020. On 7 April 2020, when the emergency was declared, Osaka Prefecture requested people to stay at home and cancel any events, as shown in Figure 3 [33]. On 14 April 2020, a week later, the government requested restrictions on the unnecessary use of facilities such as community centers, public libraries, and gymnasiums [34]. Compliance with these requests might lead to the gradual narrowing down of residents’ home ranges. Therefore, it is valid to analyze the periods of April 2019 and April 2020.




2.3. Minimum Convex Polygon


This study analyzed home ranges using the MCP method. The MCP method is an established radio–telemetric analysis method for estimating animals’ home ranges. The radio–telemetry analysis involves tracking individual animals using GPS. This analysis has contributed significantly to animal ecological research development since the 1960s. The kernel density method is another well-known radio–telemetric home range estimation method [35,36]. This method describes the utilization probability of points through a probability density function. However, the advantage of MCP is its simplicity and intuitive use. MCP analyzes zones that connect the outermost observation points [37]. It generally calculates the home range area. However, it was used in this study to calculate the home range length (HR-length), which is the distance to the farthest point moved from the home. This is because local governments used distance when considering infection prevention measures during the COVID-19 pandemic.



Specifically, the HR-length was calculated in three phases. First, a personal space-time path between 3:00 and 27:00 was drawn. Then, this study identified the starting home point after 3:00, and the farthest point moved from the home between 3:00 and 27:00. Secondly, the home range distance for each mobile phone user was calculated from the latitude and longitude difference between the starting home point and the farthest point moved from the home. Thirdly, based on the space-time paths of multiple mobile phone users, their HR-length were calculated. Then, the averages of their HR-length for each day were calculated. Figure 4 presents the schematic diagram of the equation used to analyze the MCP.



This study performed a series of analyses using HR-length data. First, the change in the average HR-length was analyzed for April 2019 and April 2020. Next, the average value of the HR-length for each week was calculated. Finally, municipalities with the farthest points moved from homes were analyzed.





3. Results


3.1. Change of Daily Home Range Length


The analysis results of the HR-length of each day, calculated by applying the MCP method, are shown in Figure 5. Figure 5 shows the analysis of the average and 95% intervals of the HR-length in a time series. In Figure 5, “d” means weekday and “e” means weekend. It shows that the HR-length decreased significantly between April 2019 and April 2020 because of the COVID-19 pandemic. Next, the changes in HR-length in April 2019 and April 2020 were examined separately. In 2019, the HR-length tended to be higher on weekdays than on weekends and holidays. However, at the end of April, Japan has a long holiday called “the Golden Week.” In 2019, this was a 10-day holiday, when many people went on trips or returned to their hometowns. Therefore, the HR-length increased significantly from 26 April 2019, when the holiday started.



In 2020, the HR-length at the beginning of April was approximately two-thirds of what it was in April 2019. Since mid-March, Osaka Prefecture had requested that residents refrain from leaving the prefecture. Therefore, as of 1 April 2020, the HR-length had already decreased. Subsequently, the length at the end of April 2020 fell to approximately half of that in April 2019. After 7 April when the state of emergency was declared, the length decreased further, reducing daily, particularly between 7 and 12 April. The government did not impose any penalties on those who broke the rules; therefore, many people gradually changed their home ranges even after the state of emergency was declared. However, from the third to fourth week of April 2020, the HR-length did not change significantly because people’s behavior had changed sufficiently and the government had asked residents to refrain from traveling during the Golden Week.




3.2. Change of Weekly Home Range Length


Next, the weekly averages of the home range length were analyzed, and the results are shown in Figure 6. Significant differences in the average values for each week are indicated by the student t-test. Figure 6 shows the analysis of the average and 95% intervals. In Figure 6, blue is each week of April 2019 and red is each week of April 2020. There was a significant increase in the average value of the HR-length for each week (abbreviated as     HR − length  ˜   ) from the third to fourth week of April 2019 (    HR − length  ˜   2019w3 = 16.88 km;     HR − length  ˜   2019w4 = 19.25 km), which verifies that the Golden week increased the     HR − length  ˜   . However, there was a significant decrease in     HR − length  ˜    in the first week of April 2020 compared with the fourth week of April 2019 in order to analyze the impact of the COVID-19 pandemic. The     HR − length  ˜    in 2020 was found to have decreased to approximately half that of 2019 (    HR − length  ˜   2020w1 = 9.86 km). After that, the     HR − length  ˜    continued to decrease significantly over the second (    HR − length  ˜   2020w2 = 7.86 km) and third (    HR − length  ˜   2020w3 = 6.99 km) weeks of 2020. This result validates the daily change of HR-length in Figure 5, which shows a significant decrease in     HR − length  ˜    with the declaration of a state of emergency.




3.3. Municipalities of the Farthest Points


Subsequently, the municipalities comprising the farthest point moved from the residents’ homes were analyzed, and the results are shown in Figure 7. These results reveal that the distribution of the farthest points did not change significantly from the first to the fourth week of April 2019. For example, the ratio of Ibaraki City as the farthest point moved from residents’ homes went from approximately 45% to 48%. However, the ratio of Ibaraki City as the farthest point moved from residents’ homes was significantly different between the fourth week of April 2019 and the first week of April 2020. In particular, this changed significantly between the first and second weeks of April 2020. In the first week of April 2020, before the state of emergency was declared, the ratio of Ibaraki City as the farthest point was approximately 60%. However, in the second week of April 2020, after the state of emergency was declared, this ratio increased to approximately 65%. Figure 7 shows that the ratio of Takatsuki, Suita, Settsu, and Minoh Cities, which neighbor Ibaraki City, as the farthest point did not change significantly between April 2019 and April 2020. However, travel to urban centers such as the north and central wards in Osaka City decreased significantly.





4. Discussion


This study clarified that the HR-length decreased to approximately half during the COVID-19 pandemic in the suburban city of Ibaraki City in the Osaka Metropolitan area. Specifically, the HR-length between April 2019 and April 2020 decreased rapidly, with a significant difference observed. The     HR − length  ˜    in 2020 was found to have decreased to approximately 50% that of 2019. Travel to the urban center of Osaka City decreased significantly because of the state of emergency, which prevented people from traveling far from their homes and only allowed them to go out for the bare minimum of daily activities. The results suggest that the COVID-19 pandemic reduced people’s home ranges on a neighborhood scale. Specifically, in the suburban city, people did not go to urban centers but rather lived in their own and neighboring cities. The results are surprising in a suburban city where many residents live in wide home ranges.



The results are logically matched with two previous studies in Ibaraki City in April 2020, which is the same period and area of this research. First, Kato [14] clarified that dense human space-times were formed in the parks as well as in the stations. This means that they did not go from the stations to the urban centers but rather visited the neighborhood parks. In Ibaraki City, the information distributed by the government frequently warned of increased population density in its parks [38]. Second, Kato et al. [15] reported an increased number of bicycle trips, which suggests that people moved around the neighborhood. As in Houston and parts of Seattle, Doubleday et al. [39] found that the number of people who walked and rode bicycles increased with the government’s stay home order. In Ibaraki City, the police department reported that the number of injuries in traffic accidents related to cycling increased [40].



A limitation of this study is that it focused only on the variable of distance. Although this study confirmed that people’s travel distances to the farthest location were reduced, the activities near their homes might have increased slightly. MCP, which is the study method, could analyze the space-time area of zones that connect the outermost observation points. Kato [14] reported that dense human space-times were unexpectedly formed in the parks. The risk of infection with COVID-19 increased as they contacted others. However, in New York, Oishi et al. [41] found that the higher the walkability of districts, the lower the number of COVID-19 infections and deaths. Therefore, the place and duration of stay should be clarified in future studies. Furthermore, by including the data of infected individuals, causal relationships between the number of infected people and home ranges could be examined.




5. Conclusions


The study’s results show that the HR-length decreased to approximately half during the state of emergency, which suggests that we should consider the design of new neighborhood environments after the COVID-19 pandemic era. Paris [10] proposed 15 min cities, and Portland [42] proposed 20 min neighborhoods. Japan, with its aging society, also needs to redesign its cities strategically. Such a design is expected to contribute to Goal 11 of the Sustainable Development Goals (SDGs): “Make cities and human settlements inclusive, safe, resilient and sustainable.” The COVID-19 pandemic has indeed accelerated the need to enrich neighborhood environments.



As Japan’s population continues to decline, neighborhood stores and hospitals have tended to cluster around urban centers and neighborhood environments are beginning to lack necessary urban facilities. However, to support the lives of the increasing number of older adults, walkable neighborhoods are essential in planning a “community-based integrated care system” [2]. In the short term, during the COVID-19 pandemic, placemaking projects were practical for enriched neighborhood environments. It has been noted that “with community-based participation at its center, an effective placemaking process capitalizes on a local community’s assets, inspiration, and potential, and it results in the creation of quality public spaces that contribute to people’s health, happiness, and well-being” [43]. During the COVID-19 pandemic, well managed outdoor placemaking projects were effective in preventing COVID-19 infection [44]. Short-term placemaking projects are more effective in collaboration with local governments and citizens. In the long term (i.e., after the COVID-19 pandemic), in order to maintain the citizens’ daily activities, there is a need for urban planning that diversifies the land use of the neighborhood environment. The central government needs to take the initiative in changing long-term urban planning as part of a national strategy. It is essential to have urban facilities such as stores and hospitals within walking distance. Though cities with growing populations have simplified land uses, shrinking cities need to diversify land uses for walkable neighborhoods [4].



Worldwide, the number of infected people has continued to fluctuate, and the number of new variants of SARS-CoV-2 has been increasing. The impacts of the COVID-19 pandemic are predicted to be long-lasting, and we will continue to live in coexistence with the virus for some years. In April 2021, the Japanese government declared a third state of emergency in Osaka Prefecture. A limitation of this research is that we only compared April 2019 and April 2020. Another limitation of this research is that we only analyzed Ibaraki City. The residents’ home ranges might constantly be changing, depending on the infection situation. After the COVID-19 pandemic era, future studies should research the design of walkable neighborhoods, increasing the research periods and areas after the state of emergency.
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Figure 1. Location of Ibaraki City in the Osaka Metropolitan Area. 
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Figure 2. Estimated travel methods at each time in one day. 
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Figure 3. The number of COVID-19 infections in Osaka Prefecture from February to May 2020. 
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Figure 4. Analysis Process to analyze the minimum convex polygon. 
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Figure 5. Change of daily HR-length in April 2019 and April 2020. 
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Figure 6. Change of weekly     HR − length  ˜    for April 2019 and April 2020. 
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Figure 7. Changes in the farthest point moved from residents’ homes for each week of April 2019 and April 2020. 
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