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Abstract. Issuing appropriate evacuation information is a daunting task for municipalities during unprecedented
heavy rainfalls. Due to their limited experience, they will encounter greater challenges in responding appropri-
ately in future climate conditions, where the scale of floods will be greater. In this study, we proposed a method
to make flood scenarios based on a climate projection database. We also developed an exercise method for mu-
nicipalities to consider issuing evacuation information using the scenarios. Through a demonstration experiment
in Hokkaido, Japan, we conducted a simulation exercise based on the method for a municipality. As a result,
they considered specific response and provided valuable insights, thereby enhancing preparedness for potential
future flood disaster.

1 Introduction

In recent years, record-breaking heavy rainfalls frequently
occurred in Japan. Over Hokkaido, northern-most island of
Japan, severe flooding occurred due to four consecutive ty-
phoons, especially Typhoon Lionrock in 2016. After the dis-
aster, the central and local government established a com-
mittee to discuss flood-control measures based on specific
flood-risk assessments, such as the inundation probability in
past and future climate conditions based on climate projec-
tions (Yamada, 2019). Also, the Ministry of Land, Infras-
tructure, Transport, and Tourism of Japan (MLIT) launched a
project to promote the concept of “River Basin Disaster Re-
silience and Sustainability by All” for all class-A river basins
in Japan. The project aims to mitigate flood risks with three
type of measures: flood prevention (e.g., river levees), expo-
sure reduction (e.g., moving out of high risk area), and dis-
aster resilience (e.g., evacuation), in collaboration with all
stakeholders of the basin (Koike, 2021). If flood prevention
and exposure reduction measures are insufficient (e.g., dike
failure), disaster resilience measures become necessary. Mu-

nicipalities issue evacuation information, based on the lead-
time necessary for evacuation, first for vulnerable residents
(Evacuation of the Elderly, etc.), then Evacuation Instruction
is issued for every residents. However, during unprecedented
heavy rainfalls, municipalities are unable to evaluate the situ-
ation correctly, thereby limiting evacuation information (Sato
et al., 2011).

We discussed emergency response with municipalities us-
ing flood scenarios targeted at big rivers under future cli-
mate conditions, as calculated by Yamada (2019). As a re-
sult, it was suggested that municipalities are also concerned
about flooding of small rivers, and that to consider evacua-
tion information at specific times and areas, disaster-related
information, such as warnings, is necessary (Suzuki et al.,
2022). The objective of this study is to develop a disaster re-
silience method for potential future flood disasters. We pro-
posed a method for making flood scenarios, which encom-
pass small river flooding, based on climate projections. Addi-
tionally, we developed an exercise method for municipalities
to contemplate the issuance of evacuation information, uti-
lizing these scenarios to enhance their preparedness and gain
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Figure 1. Elevation of Tokachi Subprefecture, river channels, and
the location of the target area for the exercise method. (The eleva-
tion and river line data was provided by the Geospatial Information
Authority of Japan).

Figure 2. The target area includes information on maximum ex-
pected flood depths, river channels, water level monitoring points,
flood evacuation shelters, key public facilities, and areas with high
population concentration.

practical experience. The detailed procedures for conducting
such exercises based on this method have been outlined in
Suzuki et al. (2023). Furthermore, we conducted a simula-
tion exercise using this method in a demonstration experi-
ment in Hokkaido, Japan. In this paper, besides explaining
these methods, we elaborate on the results of the simulation
exercise and discuss the outcomes achieved, along with the
challenges and further utilization ideas.

Figure 3. Peak rainfall amount over Tokachi River basin for 72 h
in the target event and rainfall caused by Typhoon Lionrock (2016),
and the location of the basin and Obihro City.

2 Methods

2.1 Target area

The target area for the simulation exercises was Obihiro City,
in Tokachi Subprefecture, Hokkaido, and with the largest
population in the subprefecture. Figure 1 shows the elevation
and class A river channels, along with the target area. The
city is located between 2 big rivers the Tokachi River, flow-
ing on the north side, and the Satsunai River, flowing on the
east side. Figure 2 shows the target area along with the maxi-
mum expected flood depth simulated by MLIT. It also marks
river channels, water level monitoring point, flood evacuation
shelters, key public facilities, and the population concentra-
tion areas. The population concentration areas, defined by
the Ministry of Internal Affairs and Communications, have
a population density of over 4000 people per square kilo-
meter, including adjacent areas, with a combined population
exceeding 5000. Due to the high risk of significant flooding
in the city’s core, there is substantial flooding risk

2.2 Data

To make potential future flood scenarios we used 5 km spatial
resolution rainfall data under future climate conditions, with
an average global temperature increase of 4° compared to
pre-1850, from the Database for Policy Decision Making for
Future Climate Change (d4PDF) (Kawase, 2023). This me-
teorological dataset contains thousands of years of past and
future climate conditions, enabling the statistical inference
of the intensity and frequency of extreme weather events
(Mizuta et al., 2017; Yamada et al., 2021).

We selected a rainfall event with a route similar to that
of Typhoon Lionrock (2016) and a spatial distribution of
rainfall, but the scale of rainfall is greater. Figure 3 shows
the peak rainfall amount over the basin for 72 h in the tar-
get rainfall event and rainfall caused by Typhoon Lionrock.
The peak rainfall amount for the selected event is almost
1.5 times greater than that of Typhoon Lionrock. In Fig. 4,
the route of the typhoon in the target rainfall event and the
Typhoon Lionrock of 2016. In the d4PDF dataset, histori-
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Figure 4. The routes of Typhoon Lionrock (2016) and the typhoon
in the target rainfall event and sea-surface pressure in a weather
report provided at start of the exercise method.

cal experiments spanning 3000 years identified 37 typhoons
have similar route to Typhoon Lionrock, and in future ex-
periments covering 5400 years, 64 case were found. This
“similar route” is defined, following Hoshino et al. (2020),
as typhoon with path around the Tohoku region (35–40° N)
deviating by no more than 1° in longitude from Typhoon Li-
onrock’s route. Typhoons approaching and making landfall
in Hokkaido from the Pacific Ocean generally exhibit less
pressure drop, increasing the likelihood of significant rain-
fall, a concern by municipal officials (Kitano et al., 2017).

2.3 Potential future flood scenario

The flood scenario is composed of rainfall intensity, river wa-
ter level, and flood depth data at a 1 h resolution. The target
rivers include large rivers managed by MLIT (the Tokachi,
Satsunai Rivers) as well as relativity small rivers managed
by Hokkaido Prefecture (the Hakurindai, Utsubetsu, Obihiro,
and Shin-Obihiro Rivers), as shown in Fig. 2. For the rivers
managed by MLIT, where survey and observation are well-
developed, we calculated water level and flood depth based
on the storage function method, kinematic wave model, and
two-dimensional plane flow analysis (Yamada, 2019). For
the rivers managed by Hokkaido, we calculated flood depth
based on the two-dimensional plane flow analysis using the
Nays2DFlood solver of the International River Interface Co-
operative (iRIC) software, which allows for the unified anal-
ysis of river channels and floodplains (Shimizu, 2014). These
two methods are employed for rivers managed by MLIT and
Hokkaido for calculating the expected maximum flood depth,
which is utilized in the creation of flood hazard maps for
municipalities. The calculation model was provided by the
MLIT, and it was developed in accordance with a manual for
calculating the expected maximum flood depth (National In-
stitute for Land and Infrastructure Management, 2017). The

Figure 5. Water levels, and the water-level criteria of Tokachi and
Satsunai Rivers at the monitoring point.

flood depth for the flood scenario is obtained by superimpos-
ing the maximum flooding depth of the target rivers at the
same time.

Please note that all times listed in this paper are in Japan
Standard Time (JST). Also, in the d4PDF for future climate
conditions, the year number has no meaning and is not de-
scribed. Figure 5 shows the river water level at the mon-
itoring points as shown in Fig. 2 ,of the Tokachi and Sat-
sunai Rivers. As shown in Fig. 5, the water level of the two
rivers began to rise around 16 August at 18:00:00. Addition-
ally, water-level criteria are shown in Fig. 5, that is equiva-
lent to Alert Level that is a reference for issuing evacuation
information as bellow. Alert Level 1: Criterion for Flood-
Fighting Standby; Level 2: Advisory Water Level; Level
3: Evacuation-Warning Water Level (reference criterion for
Evacuation of the Elderly, etc.); Level 4: Hazardous Water
Level (reference criterion for Evacuation Instruction); High
Water Level (HWL): Water levels increase to this level when
the designed-maximum flow rate occurs. It is an index of
flooding, although river levees are generally designed higher
than this level.

Figure 6 illustrates flood depths in the target area, corre-
sponding to Fig. 2. In this scenario, around 06:00 on 17 Au-
gust, small to medium-sized rivers (Hakurinndai, Utsubetsu,
Obihiro Rivers) flowing through the city’s core rapidly over-
flowed, followed by the larger Satsunai River. The inundation
area resembles the expected maximum flood shown in Fig. 2.
However, as the expected maximum flood is a superposition
of potential inundation areas, the scenario’s inundation area
is relatively smaller.

2.4 Exercise method

Figure 7 shows the flowchart of the proposed method. We
summarized the method for implementing simulation exer-
cises for municipality to consider issuing evacuation infor-
mation for the flood scenarios that will potentially occur in
future climate conditions. In preparing for the simulation ex-
ercise, we analyzed and created the necessary information to
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Figure 6. Flood depth at the onset of flooding of each river and the areas around the Satsunai (purple lines) and Utsubetsu Rivers (pink lines)
considered for issuing evacuation information in the demonstration experiment.

Figure 7. Flowchart of the proposed method.

assist the officials in imaging the situation and making deci-
sions on issuing evacuation information for an unprecedented
scale and pattern of flood disaster (namely, using the poten-
tial future flood scenarios).

2.4.1 Information necessary for decision-making

First, we compiled the municipal disaster-prevention plan
and the manuals for issuing evacuation information to de-
termine the criteria used as a reference for decision-making
on issuing evacuation information. The criteria are detailed
below: (1) Heavy Rain Advisory and Warning announced by
the Japan Meteorological Agency (JMA), (2) Water level cri-
teria of the rivers, and (3) Flood Advisory and Warning an-
nounced by MLIT, which are determined based on observa-
tions and forecasts of the water levels. These advisories are
equivalent to Level 2 of Alert Level, and the warnings are
equivalent to Level 3.

Next, using a method for organizing events and informa-
tion among a disaster chronologically as Seki et al. (2016),
we compiled a chronological table containing all the disaster-
related information provided to Obihiro City and decision-
making of the municipality during Typhoon Lionrock (2016),
based on the disaster reports provided by MLIT. In consulta-
tion with the municipality and the river office of MLIT using

the chronological table, we identify the information neces-
sary for decision-making on issuing evacuation information.
The necessary information is as follows: (1) Weather reports
provided by JMA, which include sea-surface pressure, ty-
phoon route, accumulated rainfall at observation points from
the typhoon approached, forecasted daily rainfall over the re-
gion for the next 1–2 d, and Heavy Rain Advisory and Warn-
ing based on forecasted rainfall up to 6 h in advance. (2) Wa-
ter level information that reaches the criteria, as well as Flood
Advisory and Warning based on forecasted river water levels
up to 6 h in advance, and are provided by MLIT.

Finally, we created the necessary information based on the
flood scenario for the simulation exercise.

2.4.2 Implementation of simulation exercise

We set the period of the flood scenario for the simulation ex-
ercise from 09:00:00 on 16 August, a few days before the
typhoon reached Hokkaido, to 21:00:00 on 17 August, when
the inundation area is at its maximum. The figure suggests
that the typhoon is strong, with a sea-surface pressure of
970 hPa at its center, and it is forecasted to reach Hokkaido
in a few days. Figure 4 shows the sea-surface pressure and
the typhoon’s route in the weather report provided at the be-
ginning of the simulation exercise.

Proc. IAHS, 386, 101–107, 2024 https://doi.org/10.5194/piahs-386-101-2024



A. Suzuki et al.: Enhancing Municipal Disaster Resilience to Future Floods 105

In this exercise method, the scenario time is advanced by
the hour. The flood scenario and the information necessary
for decision-making on issuing evacuation information are
provided to the officials corresponding to the scenario time.
Then, the officials consult the disaster prevention plan and
manuals for issuing evacuation information. They decide on
specific areas and the level of evacuation information, which
may include emergency response measures such as open-
ing evacuation shelters and deploying patrols. Furthermore,
they discuss the rationale for these decisions. Finally, they
repeat all the processes in chronological order of the sce-
nario. The flood scenario is visualized in the same format
as during an actual disaster. Rainfall intensity is provided as
the forecast by JMA up to 6 h in advance, river water levels
are provided as the observation by MLIT, and flood depth is
provided as the forecast by the Integrated Disaster Response
Support System for Municipalities (IDR4M) up to 6 h in ad-
vance. IDR4M is a system that forecasts flooding risk based
on machine learning and physical forecasts (Mitani, 2021).
At Obihiro City, IDR4M provides trial forecasts of flooding
for the demonstration experiment.

3 Results

The results of a simulation exercise based on the proposed
method with the municipal officials of Obihiro City are pre-
sented as follows. The decision-making and the rationale on
issuing evacuation information are detailed.

(1) On 16 August at 09:00:00, the prevention officials
based on forecasted typhoon route, approaching Hokkaido,
and large amount of daily rainfall in the first weather re-
port notified all relevant agencies about the possibility of
patrols deployment and opening evacuation shelters. (2) At
15:00:00, the officials initiated the opening evacuation shel-
ters throughout the city to avoid opening the shelters at
night. Voluntary Evacuation Advisory was issued for the ar-
eas around the Satsunai River bounded by purple lines in
Fig. 6 after opening the shelters, because the daily rainfall
forecast was a potentially record-breaking amount, according
to a weather report. (3) At 18:00:00, the officials deployed
patrols because the water levels of the Satsunai River ex-
ceeded Level 1 (criterion (2) in Sect. 2.3.1). (4) On 17 August
at 00:00:00, the officials issued an Evacuation of Elderly, etc.
for the area around the Hakurindai, Utsubetsu, and Obihiro
Rivers bounded by pink lines in Fig. 4, because Heavy Rain-
fall Warning (criterion (1) in Sect. 2.3.1) was announced and
flooding was forecasted in 6 h by IDR4M. The area for Evac-
uation of Elderly, etc. was expanded because of Flood Warn-
ing (criterion (3) in Sect. 2.3.1) for the Tokachi River and a
heavy rainfall was predicted in the upstream part of the river
based on rainfall data. Moreover, flooding within a few hours
was a subject of concern Evacuation of Elderly, etc. was is-
sued for the area bounded by purple lines in Fig. 4. (5) At
05:00:00, the officials issued Evacuation Instruction for the

area bounded by pink lines in Fig. 4 because the river wa-
ter levels of the Hakurindai and Utsubetsu Rivers exceeded
Level 4. Moreover, Evacuation Instruction was issued for the
area bounded by purple lines in Fig. 4 because the water level
was rising rapidly and Flood Warning was announced.

4 Discussion

Based on the post-simulation exercise review, we describe
achievements of this method. Furthermore, we will discuss
the challenges and further utilization ideas.

4.1 Achievements

In the simulation exercise, prevention officials gained valu-
able experience and insight. Initially, officials believed that
Satsunai River would experience flooding based on their
past experiences and the forecasted daily rainfall. However,
sudden overflows occurred in smaller rivers like Hakurindai
River in this flood scenario, giving them new insights into
these flooding patterns. During the simulation exercise, the
flood scenario and necessary information were presented in
the same format and were as comprehensive as in an actual
disaster, enabling officials to compare it with established cri-
teria and manuals. This facilitated decision-making regard-
ing the issuance of evacuation information for specific areas
and times. Additionally, longer-term forecast information,
such as weather reports, allowed for considerations not only
in the immediate decision-making before a flood but also for
the early opening of evacuation shelters and flood-fighting
activities, including the deployment of patrols.

4.2 Challenges

4.2.1 Enhancement of model accuracy

Current flood analysis models, similar to the models used in
the creation of maximum expected inundation depth maps
employed in the development of flood hazard maps, do not
incorporate the influence of elevated water levels at conflu-
ence points downstream. Furthermore, the effects of inland
flooding, including runoff from sewage systems, have not
been considered. These factors may result in accuracy issues
in the calculation results.

4.2.2 Multi-hazard scenario incorporation

In actual emergencies during heavy rainfall, municipalities
must respond not only to river-based floods but also to sedi-
ment disasters. However, the current scenarios only consider
river-based floods and do not encompass other types of haz-
ards. Therefore, to avoid underestimating the necessary re-
sponses during emergencies, it is necessary to encompass the
various types of hazards caused by rainfall.
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4.2.3 Approximation to actual disaster conditions

Municipalities rely on consultations with the JMA observa-
tory and MLIT river offices, as well as reports from citi-
zens, as key sources of information for emergency decision-
making. To better reflect real conditions, additional situa-
tional information and participation of related organizations
are effective.

4.2.4 Scenario selection and prioritization

Comprehensive preparation for future floods requires exer-
cises involving numerous heavy rainfall scenarios. However,
conducting these exercises is impractical due to extensive
procedures, including scenario creation, coordination with
municipalities for simulation training, and prioritization of
representative scenarios. Addressing this challenge involves
selecting a subset of critical scenarios that must be experi-
enced at least and evaluating the effective order for simula-
tion exercises.

4.3 Further utilization ideas

4.3.1 Expanding for residents and companies

In the “River Basin Disaster Resilience and Sustainability
for All” project, it is crucial that all stakeholders within the
basin contribute to mitigation efforts. To enhance disaster re-
silience, residents and companies must actively prepare on
a daily basis and respond appropriately in emergency. Our
method has the potential to support them in creating emer-
gency plans, gaining practical experience, and enhancing
their preparedness. However, it is necessary to understand
that key actions for them during emergency response (e.g.,
issuance of evacuation information by municipalities) and
the necessary information for decision-making (e.g., weather
and river warnings for municipalities) are essential. Further-
more, developing methods of exercises to simulate as actual
emergency for them is equally important.

4.3.2 Testing new forecast and disaster information

Testing new forecasting and support information for munic-
ipal decision-making during the trial phase usually involves
assuming past disaster events. In our method, there is the po-
tential to assess the impact of this new information on future
floods within the context of real emergency situations, in-
cluding currently available forecasts and disaster-related in-
formation. Additionally, it can contribute to exploring the
optimal integration of new information with existing data
and determining when to utilize it in emergency decision-
making, all from the perspective of information recipients.

5 Conclusions

In this study, to enhance disaster resilience against potential
future flood disasters, we proposed a method to make flood
scenarios based on climate projections, considering the risk
of flooding in small rivers. Focusing on the information nec-
essary for decision-making on issuing evacuation informa-
tion, we also developed an exercise method for municipali-
ties using the flood scenarios. Moreover, we conducted a sim-
ulation exercise with municipal officials in Hokkaido using
this method. As a result, issuing evacuation information for
specific areas and times and providing valuable insights, in-
cluding knowledge of new flooding patterns and disaster pre-
vention issues, were achieved, thereby enhancing prepared-
ness for potential future flood disasters. Furthermore, we dis-
cussed the challenges in applying this method to municipal
disaster prevention strategies and explored additional ways
to utilize it in the future.
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