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Abstract Meteorological information used for disaster

prevention has developed rapidly in terms of both type and

specificity. The latest forecasting models can predict

weather with very high resolutions that can characterize

disaster risk at the local level. However, this development

can lead to an overdependency on the information and a

wait-and-see attitude by the public. At the same time,

residents share and use various types of information for

disaster response, such as local conditions, in addition to

official disaster information. Our research in Japan verified

the practicality and efficiency of synergistically integrating

these types of information by examining actual evacuation

cases. The current numerical forecasting models suffi-

ciently identify locality from the viewpoint of various

administrative scales such as prefectures, municipalities,

and school districts, but the improvements to these models

have failed to improve residents’ judgment in successful

evacuation cases. We therefore analyzed the relationship

between meteorological information and residents’ disaster

response and confirmed that they were strongly correlated

and were contributing factors in preventing disasters. We

revealed differences between a community’s disaster pre-

vention culture and the disaster information provided. This

led us to propose a new concept in community disaster

prevention that we call the ‘‘disaster response switch,’’

which can serve as a data-driven risk management tool for

communities when used in combination with advanced

meteorological disaster information.

Keywords Community disaster prevention � Disaster

response � High-resolution forecasting
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1 Introduction

As the increased sophistication of early warning systems

shows, the use of various types of disaster information is a

crucial facet of recent measures against wind and flood

damage. Most such systems collect and aggregate public

information from specialized governmental and other

organizations for information sharing, provide that infor-

mation to the public, and help people respond to disasters

(Zhu et al. 2011; Fang et al. 2015; Takahagi et al. 2015;

Gojmerac et al. 2016; Usuda et al. 2017). Recently, there

have been increasing opportunities for users to assist in the

creation of relevant disaster information through the uti-

lization of big data from social media and crowdsourcing

(Aulov and Halem 2012; Xiao et al. 2015; Asakura et al.

2016; Qadir et al. 2016). Generally, however, there is a

passive relationship between disaster information and the

residents who receive disaster information and use it to

take actions.

In Japan, a wide variety of disaster information has been

generated under a basic structure in which public organi-

zations transmit information (Japan Meteorological

Agency 2018a), and residents receive and act on this

information as appropriate. However, such a system is not

necessarily effective in actual disaster scenarios.

Improvements in disaster information exacerbate the

problem of information dependency, in which people fail to

act in the absence of disaster information (Katada et al.

2005; Yamori 2009). No matter the extent to which disaster
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information is improved and properly implemented, there

are cases in which responses according to the assumptions

described above do not materialize, and blame for the

disaster is placed on the government, with victims claiming

that the outcome was not as expected or that the adminis-

trative response was inadequate. In contrast, there have

also been many successful evacuations during disasters.

Investigations of such successful cases often reveal effec-

tive judgments made by local residents (community-

specific judgment criteria).

Based on the present situation in Japan, this study aimed

to effectively apply disaster information—represented in

particular by meteorological information at the local

level—to search for methods of coordination with local

disaster response situations. In general, the improvements

in disaster information have been discussed by government

officials or academic experts. This approach from the

official disaster information could not improve the issues

enough. This study did not aim to just consider improve-

ments of meteorological information at the local level, but

to research the possibility of improvements through resi-

dents’ participation in providing meteorological informa-

tion, and through the coordination of the two information

sources for effective evacuation in communities.

Section 2 describes the methods used in this research,

and Sect. 3 presents the results. In Sect. 3.1, we review the

current status of the spatial resolution of weather fore-

casting models—that is the horizontal distance between

grids of the models, which is the basis for improvements in

meteorological information—and address the possibility of

expressing various administrative scales such as country

and city. In Sect. 3.2, we present some successful examples

of residents evacuating during a disaster and examine how

meteorological information was utilized for disaster pre-

vention in these communities. In Sect. 3.3 we analyze the

relationship between meteorological information and local

disaster responses to investigate the role of high-resolution

meteorological information in the response of residents to a

disaster. In Sect. 4, we outline the importance of con-

necting meteorological information with community-

specific judgment criteria, propose a ‘‘disaster response

switch’’ to promote effective coordination of response

efforts, and discuss the improved application of meteoro-

logical information in future disasters.

2 Methods

This research examined how meteorological information is

used in the coordination of local disaster responses from

three viewpoints—expression of locality in meteorological

information, the utilization of meteorological information

by communities in successful disaster evacuations, and the

applicability of the above coordination.

First, we reviewed the current status of horizontal res-

olution in weather forecasting models. The horizontal

resolution is generally discussed in terms of the scales at

which a meteorological phenomenon can be resolved. In

this research, we applied administrative scales to meteo-

rological information, focusing on what administrative

divisions the models can resolve (for example, countries,

prefectures, municipalities, school districts, and commu-

nity associations). We investigated changes in the hori-

zontal resolutions of the Japan Meteorological Agency

(JMA) numerical forecast models over time and considered

how current meteorological information can be used for

disaster responses in communities (Sect. 3.1).

Next, we looked at how communities use meteorologi-

cal information in disaster responses and investigated

advancements in meteorological information through an

examination of some recent disasters in Japan. We

reviewed information that could be used to efficiently

determine the necessity for evacuation in communities and

compared the situation with actual cases. By examining

successful evacuations during the heavy rainfall in northern

Kyushu in 2017 and in western Japan in July 2018, we

examined the factors considered when the decision to

evacuate was made and whether meteorological informa-

tion directly informed these judgment calls or not

(Sect. 3.2).

Finally, we examined the relationship over time between

meteorological information and disaster responses based on

interviews with residents about the heavy rainfall in

northern Kyushu in 2017. We used real-time hazard risk

maps that show flooding, inland flooding, and landslides as

examples of advanced meteorological information that can

express locality, and compared when interviewees began to

evacuate with this information. We attempted to improve

disaster evacuations by adjusting their timing with respect

to the disaster risk levels in the hazard risk maps. We also

considered some issues related to residents’ disaster

responses and confirmed the applicability of more

advanced meteorological information to disaster response

at the community level (Sect. 3.3). Based on these three

approaches, this research considered the importance and

applicability of utilizing meteorological information when

coordinating local disaster responses.

3 Results

Weather forecast models are used for meteorological

information that can show possibilities of disasters. The

meteorological information is expected to function effec-

tively for residents’ actions in disasters. In this section, we

123

Int J Disaster Risk Sci 763



checked how weather forecast models can reflect local

situations and how meteorological information was used

for residents’ action through actual disaster cases. In

addition, we analyzed how the meteorological information

could function for residents’ evacuations.

3.1 Locality of High-Resolution Weather Forecast

Models

Among the various types of information used during a

disaster, meteorological information—primarily in the

form of predicted and observed data—plays an effective

role in advance disaster response. Improvements in weather

forecasts play an important role in enhancing disaster risk

management. With respect to the prospects of utilizing

meteorological information for residents’ disaster response,

this section begins with a review of recent advancements in

meteorological predictions from the perspective of spatial

resolution.

Figure 1 shows the change over time in the horizontal

resolution of the numerical forecast models used by the

JMA for weather forecasting. The JMA computer predic-

tions began in 1959. The horizontal resolution of the

weather forecasting model used at that time was about

381 km and covered the northern hemisphere. A global-

scale model with a horizontal resolution of 280 km came

into use in 1987, and a mesoscale model with a horizontal

resolution of 10 km began to be used in 1998. Today, the

JMA uses its Global Spectral Model (GSM), Meso-Scale

Model (MSM), and Local Forecast Model (LFM), with

resolutions of 10, 5, and 2 km, respectively. The JMA has

also developed various forecast models such as the One-

Week Ensemble Prediction System (WEPS) and the

Typhoon Ensemble Prediction System (TEPS) (Japan

Meteorological Agency 2017).

Figure 1 also shows the relationship between the spatial

scale of meteorological phenomena and the administrative

scales of prefectures, municipalities, school districts, and

community associations in Japan. Administrative scales

vary with the country or region. Surface areas that repre-

sent scales for the country, prefectures, municipalities,

school districts, and community associations are approxi-

mated as squares for calculations. Actual scales are 615 km

at the national level, 43–124 km for prefectures, and

2–47 km for municipalities. School districts and commu-

nity associations are averaged according to the number of

schools and community associations in each prefecture,

resulting in approximations of 1.3–8.7 km and 0.4–2.3 km,

respectively. Due to this overlap in scales, Fig. 1 uses

maximal average coverage rates. Administrative scales

largely differ according to the country or region, so we

limit discussions here to the case of Japan. Numerical

prediction models at the school district and community

association scales have appeared only recently in the

development of weather forecasting models in Japan, and it

has been possible to use numerical forecasting models and

meteorological information as information for evaluating

local characteristics. The horizontal resolution of opera-

tional short-term forecast models in other countries is also

approximately several kilometers (Saito et al. 2007; Dudhia

2014; GDPFS 2015).

Advanced computing environments have greatly

improved the spatial resolutions of current numerical

forecasting models, and in the near future it will be pos-

sible to use results from weather forecasts for smaller

geographic regions. The spatial resolution of meteorolog-

ical information in Japan is as fine as 1 km for hazard risk

maps and 250 m for high-resolution ‘‘nowcasts’’ created

using radar information, so that locality can now be suffi-

ciently resolved. Accordingly, advanced meteorological

information can be taken into account when considering

local disaster risk. These increases in the resolution of

weather forecasting models are expanding the application

range for forecasting results. Benefits have been realized in

a wide variety of fields, including energy, urban planning,

climate science, and agriculture. To meet customer needs,

these fields do not merely provide meteorological infor-

mation—they also provide meteorological information as a

service, including consulting that incorporates this

information.
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Fig. 1 Change over time of the spatial resolutions in the Japan

Meteorological Agency (JMA) numerical weather forecasting models

and the relationship between meteorological phenomena and admin-

istrative scale Source Forecast models (Japan Meteorological Agency

2020); prefectures and municipalities (Geospatial Information

Authority of Japan 2014); school districts (Ministry of Education,

Culture, Sports, Science and Technology 2015); community associ-

ations (Ministry of Internal Affairs and Communications 2013). Note

Administrative scales are calculated in such a way that areas are

approximated as a square and average coverage rates are maximized.

Prefectural scales in Hokkaido are calculated for each subprefectural

office (Hokkaido is much larger than other prefectures). School

district and community association scales are calculated by averaging

data for each prefecture. School districts use elementary schools as

units
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3.2 Utilization of Meteorological Information

in Successful Community Disaster Responses

In disaster response, many surveys on disaster awareness

have been conducted (Siebeneck and Cova 2012; Alcán-

tara-Ayala and Moreno 2016; Castro et al. 2017), and

factors of risk perception and its processes have been dis-

cussed (Kurokawa and Seiwa 1986; Oikawa et al. 2005; Ho

et al. 2008; Gierlach et al. 2010; Su et al. 2015; Tanaka

et al. 2015; Wei et al. 2016). While many disaster risk

awareness studies have discussed the importance of

understanding disaster risks within the community, such

assumptions often do not hold in actual disaster cases,

which show weak relationship between the understanding

and disaster responses.

Floods occur every year in Japan at varying scales

(Ministry of Land, Infrastructure, Transport and Tourism

2018). However, the evacuation rate is often less than 10%,

and the low level of evacuation awareness has been

regarded as a big issue in disasters. To improve this situ-

ation, several surveys have been conducted regarding the

effectiveness and utility of meteorological information

during disasters in Japan, and generally positive results

have been obtained (Fukunaga et al. 2014; Japan Meteo-

rological Agency 2018b, and other earlier surveys on the

utility of meteorological information conducted by the

Japan Meteorological Agency). Other studies have inves-

tigated the degree of intent to respond based on meteoro-

logical information (Katada et al. 1998; Kodama et al.

2014; Ushiyama 2014; Oikawa and Katada 2016), but these

surveys have only been conducted during normal times, so

it remains unknown whether they are applicable to actual

disasters. Other studies have examined what information

could be applied to evacuations during actual disasters. A

survey on the 2013 Izu Oshima sediment disaster reported

that the rate of evacuation based on meteorological infor-

mation was about 10% (Kaziya et al. 2018). In a survey

conducted to investigate the response to the heavy rainfall

in July 2018, less than 10% of the respondents answered

that they used meteorological information when deciding

whether to evacuate, and 46% answered ‘‘none in partic-

ular’’ (Working group on evacuations from water-related

disasters, landslides, and debris flows caused by the heavy

rainfall in July 2018). Not enough utility of meteorological

information was also reported in other cases (Kakimoto

and Fujimi 2013; Kusano et al. 2015; Yasumoto et al.

2018). Kobayashi and Tanaka (2017) analyzed the rela-

tionship between residents’ responses and knowledge

related to each disaster process through a questionnaire

survey during the 2015 Kinugawa River flood, and espe-

cially how the low knowledge level led residents not to

show any increase of evacuation intention even if they got

disaster information.

Improved meteorological information does not appear to

be effective enough, despite the fact that most people

believe it is useful information to have during a disaster

(Japan Meteorological Agency 2018b). Some survey

results related to the use of meteorological information

during actual disasters have been confirmed, but there are

few cases where meteorological information has actually

been used to determine local disaster responses. We need

to consider what factors contribute to determinations

regarding local disaster responses, especially those related

to evacuations. Disaster surveys cover regions in which

human casualties occurred, but also indicate regions in

which evacuations were successful and resulted in no

human casualties.

Table 1 presents some examples of successful evacua-

tions during two recent disasters, both of which resulted in

extensive damage. Cases 1 and 2 are from flooding due to

heavy rainfall in northern Kyushu that occurred on 5 July

2017. During that disaster, sustained heavy rainfall

(100 mm/h) caused flooding damage, primarily along

tributaries to the Chikugo River (Japan Meteorological

Agency 2018c). Muddy streams containing driftwood and

soil flooded villages, resulting in 43 dead or missing per-

sons. While evacuation information is important in such

localized and short-lived heavy rainfall disasters, it is also

important for residents themselves to be aware of and

quickly respond to dangers in the area. In Case 1, muddy

waters that contained sediment flooded the Hiraenoki dis-

trict of Asakura City in Fukuoka Prefecture (Fig. 2a).

During that crisis, however, evacuations started as a result

of ground-floor flooding of houses adjacent to a small

stream in the district, and all 92 people in 37 households

survived. In Case 2, rains in the Fukiage district of Hita

City in Oita Prefecture on 5 July 2017 grew stronger in the

afternoon and continued until evening, causing areas

around the Kagetsu River to flood. The Fukiage district had

experienced flooding due to heavy rainfall five years ear-

lier, so thorough response actions had been put in place and

the district acted accordingly. As a result, the district

experienced only minimal damage.

Cases 3–5 describe successful evacuations during heavy

rainfall that occurred on 5–8 July 2018. This heavy rainfall

event featured long-lasting rain over an extended time

across the whole of western Japan, with record 72-hour

rainfalls recorded at 123 locations (Japan Meteorological

Agency 2019). Landslides and flooding resulted in 232

dead or missing persons. In Case 3, local fire brigades in

the Kamiotomi district of Kyotamba-cho in Kyoto Pre-

fecture realized they were experiencing unprecedented

rainfall, and evacuated residents in crisis. As Fig. 2b

shows, a small river flows immediately next to the homes

in the community. The river quickly flooded at 6:00 a.m.,

presenting a dangerous situation. In Case 4, an upstream
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landslide in the Kawaharada district of Shiso City in Hyogo

Prefecture caused an accumulation of fallen trees. This

information was shared within the district, leading to an

evacuation before a large flood occurred. In Case 5, resi-

dents in the Takahama district of Matsuyama City in Ehime

Prefecture, which had seen no recent disasters, evacuated

after noticing small-scale anomalies the day before any

damage occurred, saving them all.

Many successful cases of evacuation during disasters are

the result of some type of trigger that prompted the start of

evacuations. While various kinds of meteorological infor-

mation were announced in these cases as well, there were

few cases where early evacuations in communities were

triggered by information indicating the potential for dis-

aster. Evacuation information from local government

(evacuation order, evacuation advisory, and evacuation

preparation information in Japan) is issued when local

government judges the necessity of residents’ evacuations.

However, most residents do not tend to evacuate, even if

evacuation information is issued. The evacuation rate is

low in most cases. At present, evacuation information is

mainly judged based on a guideline for evacuation infor-

mation issues. In Japan, it is a basic procedure that local

governments judge evacuation information based on

Table 1 Cases of successful community evacuations in Japan

Case

No.

Area Overview

1 Hiraenoki, Asakura City in Fukuoka

Prefecture (Fig. 2a)

Rain suddenly began falling on the afternoon of 5 July 2017. A stream in the village crested

its banks, flooding the ground floors of adjacent houses. This was similar to what happened

during heavy rainfall five years before, but the rains were even heavier this time, and the

residents themselves decided to evacuate. The village was inundated with muddy water a

few hours later.

2 Fukiage, Hita City in Oita Prefecture In the evening of 5 July 2017, continual rains caused the adjacent Kagetsu River to overflow.

Residents had already established a thorough response as a result of flooding five years

before. Considering the current situation to be similarly dangerous, residents evacuated,

including assisting the elderly, and as a result the only damage was partial flooding.

3 Kamiotomi, Kyotamba-cho in Kyoto

Prefecture (Fig. 2b)

At 6:00 a.m. on 7 July 2018, the local fire brigade took note of abnormal rain and began a

door-to-door call for evacuation. A landslide caused evacuation parties to split in two, but

all remaining residents were successfully evacuated to a temple on higher ground and no

lives were lost.

4 Kawaharada, Shiso City in Hyogo

Prefecture

On 7 July 2018, a telephone call from a resident living in the upstream area notified officials

of an accumulation of fallen trees, so evacuees at a community center were relocated to

higher ground. The community center was inundated immediately afterward (NHK 2018).

5 Takahama, Matsuyama City in Ehime

Prefecture

Volunteer disaster prevention organizations that began patrols in the afternoon of 6 July 2018

noticed landslides and the like, and began a door-to-door call for evacuations. Further

landslides occurred at 35 locations in the district the following morning, but no lives were

lost (Isouchi 2018).

*Cases 1, 2: Heavy rainfall in northern Kyushu in 2017; Cases 3–5: Heavy rainfall in July 2018

Fig. 2 Areas with successful evacuations in Japan. a Hiraenoki, Asakura City in Fukuoka Prefecture (Case 1); b Kamiotomi, Kyotamba-cho in

Kyoto Prefecture (Case 3). Photograph by a Takenouchi, 7 September 2017; and b Takenouchi, 30 August 2018
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meteorological information and residents evacuate based

on this information, but this flow is likely to stop at the step

of residents’ evacuations. The consideration of coordina-

tion between meteorological information and residents’

evacuations is very important to ensure that residents are

able to evacuate smoothly.

Takenouchi et al. (2018) surveyed the disaster response

in areas affected by the heavy rainfall in northern Kyushu

in 2017 and analyzed factors related to successful evacu-

ation in Cases 1 and 2. The Hiraenoki district (Case 1) is a

village (population 94 in 2015) located in a mountainous

region alongside the medium-sized Hira River. From the

survey results of the Hiraenoki area, we first confirmed that

no disaster prevention activities such as evacuation training

had been conducted in the area. The proportion of elderly

residents was high, and the responses from the interviewees

suggested that the residents had relatively low disaster

awareness in day-to-day lives. How is it, then, that we see a

successful evacuation case, with no human casualties,

coming from a community with such low disaster aware-

ness? The survey indicated that the successful case of

Hiraenoki is related to several factors.

The stream in Hiraenoki had previously flooded during

heavy rainfall five years before, causing adjacent houses to

be flooded at the ground-floor level. The damage was even

more severe in the 2017 event, with several houses washed

away by the muddy water. In that event, however, the level

of the stream flowing through the town and the flooding of

adjacent houses served as judgment criteria for evacuation.

The ground-floor inundation of houses along the stream,

together with the continued rainfall, served as a trigger for

evacuation, during which the community cooperated and

everyone was saved.

We also confirmed a social environment in Hiraenoki

district in which the experience from five years before was

not easily forgotten, in particular the sense of community

developed through daily interactions with others in the

community. In Hiraenoki, there is regular agricultural

collaboration related to persimmon agriculture. During the

heavy rainfall five years before, community residents

worked together to stack sandbags to prevent the flooding

of homes alongside the stream, which later served as a

judgment criterion for evacuation—having performed that

coordinated task, the residents’ awareness of this heavy

rainfall experience had not eroded five years later, and the

inundation of houses became a community-specific judg-

ment criterion for disaster response leading to awareness of

the need to evacuate.

The Fukiage district (Case 2) is a village (population

931 in 2015) alongside the medium-sized Kagetsu River.

When revising its disaster response plan to better respond

to an actual disaster, this district applied its experience

from five years before when the Kagetsu River overflowed.

As a result, each group within the district was able to

conduct their own organized response, relying on their

sense of the normal flow of the Kagetsu River through the

district as a judgment criterion when the water began to

rise. Regional cooperation has long been an important

cultural characteristic of the Fukiage area, and residents are

very conscious of this. Through this sense of unity, resi-

dents quickly mobilized when they sensed danger, when

the normal behavior of the Kagetsu River suddenly

changed.

However, meteorological information itself has not been

directly applied to determining evacuation behavior in such

areas. In the Fukiage area we heard remarks like ‘‘we don’t

need water level information; we can see the river from our

windows.’’ While this is an understandable sentiment, such

statements are indicative of low awareness with respect to

the utilization of meteorological information for disaster

response activities. When considering local flood disaster

response, community-specific judgment criteria potentially

exist in these areas and function accordingly during

disasters.

Even when meteorological information is not com-

pletely effective, there are cases where local disaster pre-

vention culture plays a major role in coping with disasters.

Efforts are being made at various locations in Japan to

respond to local flooding (Cabinet Office 2005). Examples

of local initiatives conducted in the past include those

slightly different from typical disaster prevention efforts,

such as the distribution of manjū (bean cakes) in Nagasaki

in remembrance of past disaster victims (Takahashi 2014),

as well as more conventional ‘‘hard’’ efforts such as the

creation of emergency supply stores located on higher

ground (Kayano 2001). In addition, while disaster infor-

mation has been enhanced as a ‘‘soft’’ measure in recent

years, there are also efforts toward creating community-

specific information in an attempt to produce a modern

version of a disaster prevention culture. Examples include

reconsidering the importance of community-specific

information to identify local precursory phenomena of

disasters and thereby establish evacuation rules (Katada

and Kanai 2010), appointing observers to monitor the local

situation (Sayo-cho Tropical Storm Etau Disaster Investi-

gation Committee 2010), and examining locally important

meteorological information (Takenouchi et al. 2015).

Community-based disaster management (CBDM) and

public participation are becoming more important as

approaches to promote community involvement in disaster

management (Buckland and Rahman 1999; Pearce 2003;

Chen et al. 2006; Zhang et al. 2013; Chou and Wu 2014;

Engel et al. 2014; McLennan 2018). However, in recent

years in Japan there have also been fears of a worsening

local disaster prevention culture due to declining birthrates,

an aging population, and the improvement of disaster
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information from specialized organizations. In some cases,

successful evacuations can be regarded as the functioning

of one form of local disaster prevention culture. When

considering local disaster response support based on

meteorological information, it is important to investigate

what factors were present at that time and why evacuations

in that area were successful. Individuals’ evacuations are

influenced by various factors such as age, gender, family,

health condition, or area, so that practical decisions to

evacuate are complex. However, common judgements in

communities’ evacuations are based on disaster prevention

culture, past disaster experience, and evacuation rules.

3.3 Relationship between Meteorological

Information and Residents’ Disaster Responses

When using high-resolution meteorological information to

produce meteorological information at resolutions close to

the community association scale, how can these high res-

olutions be applied to disaster response in these commu-

nities? The successful evacuation cases reviewed above

present major issues related to how refinements of meteo-

rological information, which have previously been pursued

without question, can actually be utilized in disaster

responses in local communities. The question is how

meteorological information can be effectively applied to

local communities.

In this section, we focus on seven cases in the heavy

rainfall in northern Kyushu in July 2017 (including Hir-

aenoki and Fukiage districts) based on our interviews with

residents to determine the relationship between meteoro-

logical information and residents’ decision to evacuate. We

also focus on differences in considerations of meteoro-

logical information and local disaster response, allowing us

to predict forms of meteorological information that can be

effectively applied during disasters by analyses of the

relationship between high-resolution meteorological

information and residents’ actual disaster response. We

organized the relationship by district based on the resi-

dents’ responses to the survey conducted by Takenouchi

et al. (2018).

The survey was conducted on 7–8 September 2017, two

months after the heavy rainfall. The first author visited

residents’ houses and conducted face-to-face semistruc-

tured interviews for about one hour with residents who

were well acquainted with the regional situation at the

time. The primary survey items were ‘‘community-specific

initiatives and judgment criteria during the disaster’’ and

‘‘response states during the disaster.’’ Because this survey

was not conducted to quantitatively analyze local disaster

response, but to grasp the state of regional efforts and

disaster response at the time, we placed no particular limits

on the number of people surveyed, including for gender or

age. However, interviews focused mainly on those resi-

dents who grasped the situation of the overall district at the

time, and as a result participants were primarily resident

association leaders and welfare commissioners. Resident

associations in Japan play roles in community disaster

prevention, so the association members were selected as

interviewees as much as possible to grasp the situations of

disaster responses in the communities. The survey area is

shown in Fig. 3 and the survey participants and damage

situations are listed in Table 2. The survey areas, except for

Fukiage district, are located in mountainous areas, and

about 40% of the population was over 65 years old.

We examined the relationship between survey responses

and improved meteorological information—in particular

the relationship between increased resolution of meteoro-

logical information and local disaster prevention—and

considered three types of disaster prevention-related

meteorological information that represent the highest res-

olution meteorological information currently available in

Japan: hazard distribution information of flood warnings;

heavy rain warnings (inland flooding damage); and

Fig. 3 Study survey area in

Japan Source Created by the

authors based on Geospatial

Information (GSI) tiles

(Seamless photo maps)

(Geospatial Information

Authority of Japan 2018)
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landslide disaster warnings (collectively referred to below

as ‘‘hazard risk maps’’). This high-resolution hazard risk

map currently has a spatial resolution of 1 km (although

only 5-km resolution for hazard risk maps for landslide

warnings was available at the time), so this information can

represent hazard levels for each area. The information is

divided into five levels, with darker colors indicating

increased hazard (Fig. 4). This information is normally

used for issuing advisories and warnings, generally with

advisories issued at the second level, warnings issued at the

third level, evacuation information issued at the fourth

level, and actual disaster occurrence or its extremely high

possibility at the fifth level.

Based on the survey results from the seven districts,

Fig. 5 shows a time series of when interviewees began

evacuating, together with each risk level from the hazard

risk maps. Interviewees in the Otsuru, Kamifukui, and

Imakuwa districts did not evacuate.

The status of the hazard risk map for each district and

the evacuation start times for the interviewees (green color)

are confirmed, with a focus on the time at which the dis-

aster risk reached Level 4 or higher (light or deep purple

colors), which is the standard for evacuation. In Fig. 5, the

evacuation times in the Hiraenoki, Fukiage, and Tsuru

districts were around or a little later than the times that

some risk surpassed Level 4. In the Matake district, evac-

uation began much later. The Hiraenoki and Matake dis-

tricts are located near each other, so the hazard risk maps

for these districts show similar changes. According to the

interviewees in each district, the residents in the Hiraenoki

Table 2 Outline of the survey participants and damage situations in the communities in the study survey area in Japan

Area (Population in

2015)

Survey Participants Damage Situations in Communities

(1) Hiraenoki district in

Asakura City (94)

1 welfare commissioner and 1 general resident Some houses inundated, directly damaged by

landslides, or washed out by overflow

(2) Matake district in

Asakura City (34)

1 welfare commissioner and 2 general residents Some houses inundated, directly damaged by

landslides, or washed out by overflow

(3) Otsuru district in

Hita City (1531)

A president of a resident association Some houses inundated, directly damaged by

landslides, or washed out by overflow

(4) Fukiage district in

Hita City (931)

A president of a resident association and 1 general resident Some inundated houses around a downstream area

(5) Kamifukui district

in Toho-mura (207)

A president of a resident association Some houses inundated and directly damaged by a

landslide

(6) Imakuwa district in

Toho-mura (73)

1 member of a resident association and 1 general resident Landslides, but no direct damages to houses

(7) Tsuru district in

Toho-mura (100)

1 resident who assumed supports for nearby aged people to

evacuate, 1 supported resident, and 1 general resident

Some houses inundated by water stream from

mountains and directly damaged by a landslide

Fig. 4 Hazard risk maps for

a landslides; b inland flooding

(short-term heavy rainfall); and

c flooding (small and medium

rivers) in the Asakura City,

Japan area as of 17:30 on 5 July

2017

123

Int J Disaster Risk Sci 769



district began to discuss the disaster risk around 13:00 and

began evacuation around 15:00, but in the Matake district

evacuation began later, between 16:00 and 18:00,

depending on individuals. The resident association in the

Fukiage district called for evacuation to general residents

upon checking local situations after 16:00. The residents in

the Tsuru district began to discuss the disaster risk around

early 13:00 and took some evacuation response measures

such as moving some cars to safe areas or helping older

neighbors to evacuate. The interviewees in other districts

could not evacuate. The interviewee in the Otsuru district

was unable to evacuate due to his delayed action. In the

Kamifukui district, the decision to evacuate was made by

individual residents, only a few of whom actually evacu-

ated. The interviewees in the Imakuwa district explained

that the situation around the district was dangerous at 14:00

for aged people. The Imakuwa and Tsuru districts are

located near each other, but differences of residents’

evacuations were confirmed as the Hiraenoki and Matake

districts. In all these districts, after certain risks surpassed

Level 4, residents observed phenomena that indicated one

or more of the disasters listed in Table 2, including over-

flow from gutters or inundated houses.

This confirms that disaster types and degrees of danger

are represented according to the unique characteristics of

each district, even those that are separated by only a few

kilometers. In the Hiraenoki, Fukiage, and Tsuru districts,

it was possible to begin evacuating safely when one or

more risks were at a relatively low level. In other districts,

however, it was confirmed that evacuation was not possible

because one or more risks had reached the dangerous Level

5 stage.

The hazard risk map was deep purple, indicating ‘‘Level

5: extreme risk,’’ in all regions at stages when evacuation

became difficult. Light purple, indicating ‘‘Level 4: high

risk,’’ provided information that was effective up to the

point at which evacuation became necessary. This shows

that with the hazard risk maps, evacuations were conducted

under less dangerous conditions in areas where evacuation

measures were encouraged before risks reached Level 5.

Evacuation behavior can be improved if hazard risk maps

with high local resolution are appropriately used. The

examined cases indicate that if hazard risk maps are suc-

cessfully used, it becomes possible to conduct evacuation

responses in advance, even when there are no community-

specific judgment criteria or when such criteria are not

shared. However, we confirmed no situations in which the

hazard risk map was actually used. The interviews in

Takenouchi et al. (2018) mention virtually no cases in

which meteorological information for disaster prevention

was applied to local disaster response, the only exceptions

being rainfall forecasts in the Hiraenoki district and live

cameras showing the upstream state of the Kagetsu River

in the Fukiage district. Use of the hazard risk map was not

Fig. 5 Relationship between meteorological information and evacu-

ation timing in the affected area during the disaster from heavy

rainfall in northern Kyushu, Japan on 5 July 2017. E: evacuation

(green); F: flooding; L: landslides; I: inland flooding. Empty

evacuation columns indicate that interviewees did not evacuate.

Black indicates particularly related disasters (see Table 2). Cell colors

in the flooding, landslide, and inland flooding columns indicate the

risk level for the respective area at the time (see Fig. 4)
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confirmed, and even where it was used, such use was likely

limited to personal utilization by an extremely limited

segment of the local population.

4 Discussion

Current high-resolution meteorological information may

effectively facilitate local evacuation behavior during an

actual disaster. However, most successful evacuation cases

in our study were not based on meteorological information,

and meteorological information is not being fully utilized

for regional disaster prevention at present. In this section,

we use these results to indicate differences between

meteorological information and local disaster response

from the viewpoint of local utilization, to propose measures

for mutual cooperation and to discuss what role improve-

ments in meteorological information should play.

4.1 Fundamental Differences

between Meteorological Information

and Community-Specific Judgment Criteria

What factors allowed some districts to carry out emergency

responses leading to evacuations at the early stages of a

disaster? Takenouchi et al. (2018) presented ‘‘community-

specific judgment criteria’’ as one such factor, describing

the effects of differences in existing meteorological infor-

mation and local criteria. In regions where evacuations

proceeded early, there existed some criteria for regional

judgments. These characteristics are considered as ‘‘the

existence of a shared recollection of a disaster and a social

environment conducive to subconsciously passing on that

recollection’’ (Takenouchi et al. 2018, p. I_37) and are

important elements for awareness of disaster risk within an

area. However, the characteristics of disaster information

are very different from the characteristics of local disaster

prevention culture and include ‘‘disaster risk recognition

that relies on personal understanding and an information

environment that emerges only during disasters’’ (Take-

nouchi et al. 2018, p. I_37). If disaster information is not

used in a way that represents the common disaster risk

awareness in the community, its use is basically left to

individual judgments, and those judgments define recog-

nitions of disaster risk. These judgments are forced upon

individuals along with the announcements of disaster

information. This results in different disaster responses

within the community, as shown in delayed actions or no

evacuations in Fig. 5, which rely on individual judgments.

The successful evacuations identified in our study con-

firm another characteristic. Community-specific judgment

criteria functioned in each case listed in Table 1, but Cases

3-5 are districts that have experienced no major disasters in

recent years, so while some precursory phenomena similar

to ‘‘the existence of a shared recollection of a disaster’’

were confirmed, the factors of ‘‘a social environment

conducive to subconsciously passing on that recollection’’

were weak. This region can be characterized as one in

which persons who are trusted in the region—such as

firefighters, local acquaintances, and members of volunteer

disaster prevention organizations—function as a communal

knowledge reservoir instead. In areas like those in Cases 1

and 2 that experienced disasters five years ago, the resi-

dents have internalized objective experiences related to

past disasters as information worth acting on. Areas like

those in Cases 3–5 have not experienced disasters in recent

years, but indications from persons and organizations that

are trusted by local residents turn out to function as sub-

stitutes for objective past experience. The fact that mete-

orological information does not function as a community-

specific judgment criterion suggests that this information is

not trusted or not recognized as worth acting on.

4.2 The Role of Coordination and the Proposal

of a Disaster Response Switch

Elaborated spatial resolution of meteorological information

allows the expression of phenomena at the community

association scale. Early warning systems and other forms

of official evacuation information continue to be improved

and enhanced. However, while meteorological information

from some actual disaster cases can be put to good use, we

can find few cases where meteorological information could

be utilized for disaster responses in communities. This

situation is the result of differences between meteorologi-

cal information and residents’ responses. When commu-

nity-specific judgment criteria are effective, response

actions are taken in accordance with those criteria, even

when disaster information is not announced or is difficult to

obtain, leading to evacuation actions at a relatively early

stage. In contrast, when regional response activities are

unclear, leaving disaster response up to individual judg-

ment, differences in the timing of disaster recognition

among individuals may delay evacuations. The intervie-

wees in the Matake district, for example, began disaster

evacuations not according to the judgment of the commu-

nity but based on the judgment of individuals. This led to

differences in when residents began to evacuate. Accord-

ingly, some residents were able to evacuate early, whereas

others were not able to evacuate at all. The interviewees

explained that the situation in the area was extremely

dangerous when the evacuation was started (see Fig. 5). In

contrast, we confirmed a certain correspondence between

meteorological information and response behavior based

on community-specific judgment criteria in cases such as

the Hiraenoki and Fukiage districts (see Fig. 5). Based on
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these results, high-resolution meteorological information

can be applied to support disaster responses in communi-

ties. However, simply relaying meteorological information

as natural science information may not have a sufficient

impact on the local response behavior during disasters.

What is important is the construction of a social system

that links the two. We suggest a ‘‘disaster response switch’’

as a candidate for such a system. The disaster response

switch is what will trigger a local transition from daily-life

mode to disaster-response mode. For self-preservation,

various members including residents (for example, local

governments, resident associations, general residents, and

so on) would consider the timing of local disaster responses

in advance by utilizing local disaster signs (past experi-

ences and precursor phenomena that portended past dis-

asters) and various types of current disaster information

(meteorological information, hydrological information, and

so on). If as in the case of the Hiraenoki district, for

example, we use house inundation as an indicator for

evacuation, we would consider the state of risk distribution

information in such a situation, and if the risk of flooding

rises or surpasses Level 4, we can predict that the result

will be flooded homes and thus it is time to begin evacu-

ating. In this way, a combination of unique local charac-

teristics and meteorological information can be used as

criteria to begin disaster responses. While enhanced dis-

aster information in Japan has raised the issue of overre-

liance on information, resulting in people not acting until

information reaches them, the disaster response switch

would reestablish the lost independence of local judgment-

making by residents who have neglected considerations of

the relationship between the area and regional meteoro-

logical information, and promote the use of meteorological

information for disaster response in the region. It can also

mutually complement community-specific judgment crite-

ria and meteorological information.

Judgments based only on past cases and the experiences

of residents may lead to a sense of false security and failure

to update local disaster risk assessments. Yet in recent

years, we have experienced unprecedented disasters due to

100-year rainfall events, and there are fears that global

climate change will lead to other extreme phenomena

(IPCC 2012). Therefore, it is important to consider actions

in the event of a disaster beyond that which has previously

been seen. Meteorological information can play an

important role in this regard because it can provide advance

warning of disasters that exceed local judgment criteria,

and even when the content and accuracy of judgment cri-

teria are unclear due to a lack of experience with disasters,

it is still possible to convey the potential for danger with

some accuracy. Reliability as ‘‘information worth acting

on’’ can be expected from information based on objective

evaluations.

In contrast, it is difficult to use meteorological infor-

mation alone to determine the characteristics of a region

that qualify as community-specific judgment criteria. When

residents use the disaster response switch to indicate highly

localized disaster features, it becomes possible for those

creating meteorological information to consider what types

of information should be provided for regional disaster

prevention.

4.3 The Role of Improved Resolution

of Meteorological Information in Disaster

Response

Improvements in meteorological information have so far

been achieved through approaches such as refining models,

enhancing resolutions, and increasing the number of

members in ensemble forecasts. Enhanced resolution

improves prediction accuracy, further refines expressible

natural and social phenomena, and can greatly change the

perception of meteorological information. The fact that we

can discuss a coordination policy such as the disaster

response switch is greatly influenced by improvements in

the spatial resolution of meteorological information.

Recent operational weather forecast models have resolved

meso-alpha-scale phenomena, which will undoubtedly lead

to discussion about the relationship between such infor-

mation and community-specific judgment criteria. Reso-

lution at the meso-gamma scale cannot convey differences

between communities, limiting discussion to the munici-

pality level. Continuous efforts toward developing weather

forecast models have resulted in coordination between

meteorological information and disaster responses in each

community, leading us to the present situation where we

can discuss a new coordination system such as the ‘‘dis-

aster response switch.’’ Previously, improved resolution of

meteorological information aimed to meet resident needs

that could not be sufficiently achieved by conventional

means.

It is important to investigate further resolution

improvements, but with regard to local disaster response,

and it is also important that local communities be able to

evaluate the expressiveness of community-specific disaster

risks as shown in high-resolution meteorological informa-

tion. To that end, it is necessary to consider how to use

meteorological information to support the establishment of

a disaster response switch. Different areas contain various

risks, not all of which are observed and understood by

administrators. Local residents themselves may be the most

suitable observers for some risks, as seen in the successful

evacuation cases. Increased resolution of meteorological

information would be a form of technology that would

support local disaster response by evaluating community-

specific risk information that may be difficult for
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administrators to understand and support. The establish-

ment of a disaster response switch should lead to the

investigation of the relationship between improvements in

meteorological information and local disaster prevention,

and is a process for extracting the significance of and

problems related to increased resolution. In this respect, the

role of high-resolution weather forecasting in local disaster

prevention is more important than ever.

There are also issues related to enhanced resolutions.

One such problem is the accuracy of predictions. It is

important to verify whether the results of a high-resolution

prediction model can properly evaluate regional charac-

teristics. Regarding the hazard risk map in the Imakuwa

district, there was information that the risk for a landslide

disaster had risen strongly at Level 4, so risk level was not

appropriately shown for some regions. This is related to the

issue of standards setting, but also to the extent to which

meteorological information can express locality. Another

problem is increased reliance on meteorological informa-

tion. Enhancing information increases reliance on that

information, thereby possibly precluding discussions based

on subjective observations in the region. All of these issues

can be addressed through the creation of disaster response

switches. This is because discussing disaster phenomena in

the area can increase residents’ understanding and aware-

ness of hazard risk maps, thereby leading to an under-

standing of what each level means for that district. In this

way, the disaster response switch can be linked to local

criteria and meteorological information while compensat-

ing for other shortcomings.

5 Conclusion

In this research, we focused on meteorological information,

a type of disaster information that plays an especially

important role in storm, flood, and landslide response, and

we evaluated improvements in the spatial resolution of

meteorological information. We confirmed that while

detailed hazard information is currently being released at

the community association scale, meteorological informa-

tion is at present insufficiently used in local disaster

response. We performed analyses of the relationship

between meteorological information and the response

action of residents during heavy rainfall in northern

Kyushu in 2017, showing the potential for coordination

between meteorological information and local disaster

response.

Based on our results, we propose a social system that we

call the ‘‘disaster response switch,’’ which can work as a

data-driven risk management tool for communities. It can

be developed through the coordination of meteorological

information and local-judgment criteria for disaster

response. The disaster response switch can improve resi-

dents’ understanding of how risks in their district relate to

specific meteorological information, as well as promote the

development of the very meteorological information nec-

essary for improving future disaster response. We showed

that improvements in meteorological information can

support the establishment of a local ‘‘disaster response

switch’’ by evaluating community-specific disaster risks,

and that the role of meteorological information will be

more important than ever when considering disaster

response support in local communities.

Various forms of diversity are also seen in local com-

munities. We must consider disaster response switches that

can express the unique characteristics of each district so

that they can function effectively in their respective dis-

tricts. The issue is what meteorological information should

be provided for residents to more easily and intuitively

understand the relationship between the information and

their local disaster risks. In addition to conventional

improvements in meteorological information, further

development of this concept will be necessary in future

research.
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