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ABSTRACT

This paper proposes an information integrated visualization system
for heavy rainfall risk analysis. It utilizes multiple sensor data,
such as weather data obtained from two kinds of weather radars
and event information extracted from Twitter data, and visualizes
the extracted risks from each sensor data. We show the effective-
ness of the system by demonstrating a case study where a risky
situation caused by a typhoon was analyzed using real data. The vi-
sualization results show the typhoon caused many problems, some
of which continued after the downpour. Our visualization system is
useful to judge risks that cannot be understood by visualization of
only one kind of data.

1 INTRODUCTION

Various sorts of disasters, such as sudden downpours, typhoons,
tornadoes, and thunderbolts, occur almost every day in the world
and cause various kinds of risks in our lives. It is necessary to un-
derstand disasters and their risks to determine how we act in such
situations. To understand those risks, we need to observe the current
situation and what kind of things will happen in the future from var-
ious viewpoints. For example, in a situation where sudden down-
pours occur, we need to observe the following things to decide our
action: 1) information on the place where it is currently raining, 2)
prediction of where the next storm will occur, and 3) what kind of
problems, such as floods, landslides, blackouts, and traffic obsta-
cles, happen on the ground. Therefore, we require an environment
where various sensor data can be integrated and observed.

We have been developing an information integrated visualiza-
tion system for analyzing risks caused by heavy rainfalls and/or
typhoons using multiple kinds of data from radars and social media
such as Twitter. Several systems have been proposed to visualize
multiple kinds of sensor data complementarily [1,2, 4, 5]. How-
ever, these systems have some limitations: the system did not sup-
port the fusion and visualization of results from multiple data in the
same visualization space [2], the data that could be integrated was
limited [2, 4, 5], or a user could not observe the details of events
such as traffic jams [4]. Itoh et al. have proposed a framework for
designing 3D visualization applications to compare multiple data
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Figure 1: Architecture for our integrated visualization system for rain-
fall risk analysis. XRAIN is real-time rain observation system using
high-performance weather radar. PANDA is phased array weather
radar enabling prediction of occurrence of localized torrential rain.
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and/or different times [1], but they did not consider the mechanism
for risk analysis.

This paper proposes an information integrated visualization sys-
tem for heavy rainfall risk analysis. Moreover, we show the effec-
tiveness of the system by demonstrating a case study where a risky
situation caused by a typhoon is analyzed using real data.

2 INTEGRATION FOR ANALYZING RISKS OF DOWNPOURS

The proposed system integrates multiple kinds of data using loca-
tion and time as clues, extracts risky situations from such data, and
visualizes them in the same visualization space (Figure 1).

We utilize three kinds of data resources in this paper: (1) data
from XRAIN (eXtended RAdar Information Network), which is a
real-time rain observation system using high-performance weather
radar, (2) data from PANDA (Phased Array weather radar and
Doppler lidar Network fusion DAta system), which predicts the oc-
currence of localized heavy rainfall, and (3) data from Twitter as
a social sensor. From these data, we extract information on risky
situations.

This paper introduces the first prototype that extracts locations
and times with high risk independently from each type of data and
visualizes the location and time at which all the risks extracted from
each data overlap.

2.1 Extracting risky situations from precipitation radar
data

The number of disasters caused by localized torrential rain has in-
creased dramatically, and this has become a serious issue because of
global warming and heat-island phenomena. The National Institute
of Information and Communications Technology (NICT) has been
developing a decision support system for localized torrential rain.
This system uses phased-array weather radar (PANDA) installed in
Osaka and Kobe for early detection of vortexes that indicate de-
velopment of cumulonimbus clouds (localized torrential rain baby
cells ). It then predicts areas on the ground where rainfall exceeding
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Figure 2: Visualization of changes in situation in Osaka and Kyoto on day when Typhoon Malakas struck on September 20, 2016. (a) - (c)
visualize the changes in rainfall area per minute obtained from XRAIN data, predicted heavy rainfall warning circles per minute obtained from
PANDA data, and changes in word-clouds extracted from Twitter every ten minutes.

50 mm/h will occur within 30 minutes, and this is visualized on a
digital map (localized torrential rain early detection) !.

In addition to the localized torrential rain early detection by
PANDA, data from X-band precipitation radars (XRAIN) is also
utilized for discovering torrential rain. XRAIN is a rainfall observa-
tion network composed of 38 X-band dual polarimetric radars built
by the Ministry of Land, Infrastructure, Transport, and Tourism
(MLIT). It features a 250 m radial resolution for improved obser-
vation of local downpours. We conducted integrated analysis of
PANDA data and XRAIN data for discovering torrential rain disas-
ter areas, each of which has a rainfall exceeding 30 mm/h for more
than 10 minutes in daytime. For example, the red circles in Figure
2 indicate the discovered areas.

2.2 Extracting risky situations from Twitter data

We first extracted data about the events and corresponding tweets
related to the heavy rainfall that was concentrated in specific places
and at specific times through the method proposed by Itoh et al. [3]
to extract information about risky areas caused by a downpour de-
tected by the social sensor. We extracted the events using key-
words such as “strong wind,” “downpour,” “pouring,” and “rain” in
this paper. We utilized the Twitter data collected by Kitsuregawa-
Toyoda Lab., the University of Tokyo.

We extracted the areas and times with a particularly high num-
ber of extracted tweets related to the keywords as places and times
with high risk. The extracted events are visualized on the map as
word-clouds (Figure 2). The sizes of the words represent the im-
portance of the events, which were calculated based on the total
number of their occurrences [3]. By selecting a word, a user can
display the original tweets that are related to the word and explore
more detailed information (Figure 2 (c)).

3 CASE STUDIES

Figure 2 shows the changes in the situation in Osaka and Kyoto on
the day Typhoon Malakas? struck on September 20, 2016. Typhoon
Malakas brought torrential downpours to western Japan.

Figure 2 (a) - (c) visualize the changes in rainfall area per minute
obtained from XRAIN data, the heavy rainfall warning circles per
minute obtained from PANDA data, and the changes in the word-
clouds every ten minutes. In Figure 2 (a), the visualization re-
sults of XRAIN data show that there was extremely heavy rainfall
in Osaka. The word-clouds show that many people tweeted that
evacuation recommendation due to heavy rainfall was announced

't also sends warnings to pre-registered e-mail addresses, indicating ar-
eas such as water catchments that rainfall will flow into and underpasses and
other areas susceptible to flood damage, before the localized torrential rain
occurs. We are currently conducting a field test of this system in cooperation
with the Kobe city office.

Zhttps://en.wikipedia.org/wiki/Typhoon_Malakas_(2016)

in Osaka, and the strong wind affected the operation of the railway
in Kyoto. In Figure 2 (b), the visualization result of XRAIN shows
that heavy rain had already passed through Osaka, but it was still
raining hard in Kyoto. Moreover, we can see that PANDA’s warn-
ing circles appeared over a wide range, which means the possibility
of heavy rainfall still remained. The word-clouds and tweets show
that the water level of the Kamo River in Kyoto rose a great deal.
The visualization result of XRAIN in Figure 2 (c) shows that the
rain went to the east. However, the event about flooding is still dis-
played in Kyoto. The tweets about the event show that “Katsura
River is a terrible muddy stream now, so I remember the flooding
three years ago” is a topic.

4 CONCLUSION

This paper proposed a system for risk analysis of heavy rainfall
through integrating and visualizing multiple sensor data, such as
weather data obtained from two kinds of weather radars, and event
information extracted from Twitter data. The visualization results
actually show the heavy rain caused many problems, some of which
were continuing after the downpour finished. It is useful to judge
risks that cannot be understood only by visualization of XRAIN
data. We can understand or predict when and where and what will
happen from the situations of rainfall by observing and understand-
ing the visualization results of past disasters. Our visualization sys-
tem is useful for setting up the action guidelines for municipalities
and organizations for disaster prevention.

We plan to provide methods for automatically detecting risks and
determining their importance from multiple sensor data. We intend
to extend our method to extract information from social media in
accordance with the situation and purpose such as information for
drivers or for people who want to go out to have fun.
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