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Abstract

In order to improve the accuracy and efficiency of early warning system, the
incident chain model and the targeted dissemination technology are proposed
in this paper. Firstly, the occurrence probability, affected area and duration of
disaster are predicted with the incident chain model and GIS. According to
prediction results, the early warning system can accurately deliver early
warning information specifically to the affected areas through targeted disse-
mination. Moreover, dissemination performance can also be evaluated in real
time after early warning information dissemination, so that everyone in the
affected area can receive early warning information successfully. The incident
chain model and the targeted dissemination technology presented in this
study are of great significance for improving the information dissemination
ability of early warning system.
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1. Introduction

According to Sendai Framework for Disaster Risk Reduction, over 700 thousand
people have lost their lives, over 1.4 million have been injured and approximate-
ly 23 million have been made homeless as a result of disasters from 2005 to 2014
[1]. Timely and accurate dissemination for early warning information prior to
disasters is of great significance for reducing the loss of lives and property. At
present, most countries in the world have established early warning system [2]

[3] [4] [5], and those systems have played a very important role in the emergen-
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cy management and response. However, the current early warning system can be
further improved in a number of aspects. For example, the existing early warn-
ing systems tend to lack flexibly in defining dissemination areas. And as areas
affected by disasters are usually not aligned with administrative divisions, people
in the non-affected areas may also receive early warning information, which
could lead to confusions, waste of system resources and ultimately affect the
performance of the early warning services; Another potential issue is that au-
thorities responsible for early warning usually have limited means to gauge the
result of dissemination and whether people in the affected area have successfully
received the warning.

In order to solve these problems, in this paper we propose to introduce inci-
dent chain model and targeted dissemination technology to the early warning
system. This improved early warning system was implemented for Guangxi
Province, China, and the resulting service statistics demonstrate notable perfor-

mance enhancement.

2. Risk Analysis Based on Incident Chain Model

Disasters, whether natural or man-made, usually tend to cause one or more sec-
ondary disasters, a phenomenon referred to as the incident chain [6]. For exam-
ple, rainstorms may cause floods, and floods could lead to landslides, debris
flows, building collapses and other secondary disasters. In order to predict both
primary and secondary disasters at the same time, an incident chain model for
rainstorms is developed. According to incident chain model for rainstorms, 3D
GIS data in specific areas and meteorological forecast information, the occur-
rence probability, development trend, affected area and duration of the flood
caused by the rainstorms can be predicted. And then the flood predicted results
will be used as the initial conditions for the calculation of other secondary disas-
ters such as landslides, debris flows, building collapses and so on, Ze. the predic-
tion results of the secondary disasters in the previous stage are taken as the ini-
tial conditions of the secondary disasters in the next stage. In this way, iterative
calculation is carried out to predict all possible secondary disasters and their ef-
fects. Disaster impact prediction based on incident chain model is shown in
Figure 1.

In summary, the incident chain model can accurately predict the disaster
process, types and likelihood of secondary disasters, affected areas and impact.
The prediction results provide a scientific basis for formulating early warning
dissemination strategy, in other words, when a disaster occurs, the decision
maker will be very clear about what type of early warning should be issued, when

and where to issue this early warning information.

3. Targeted Dissemination Technology in Early Warning
System

According to prediction results based on incident chain model in Section 2, tar-

geted dissemination technology can recommend appropriate channels to quickly
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Figure 1. Disaster impact prediction based on incident chain model.

and accurately deliver early warning information specifically to the affected
areas, so targeted dissemination technology is an important technology in im-
proving the early warning system.

The targeted dissemination technology proposed in this paper allows for the
flexible definition for early warning area, the terminal performance monitoring
in the early warning areas and the performance evaluation after early warning
information dissemination. The details are as follows:

1) Flexible definition for early warning area

The affected area is determined based on predictions generated with the inci-
dent chain model. Then the early warning system can accordingly define the
early warning area in a flexible manner. The dissemination area may be defined
using various levels administrative divisions, or simply by plotting of polygons,
circles, or any user-defined shapes. In addition, the system also supports the dis-
semination of early warning information to entities such as roads and railways,
etc. Some types of the early warning area are shown in Figure 2.

As a result, this early warning system can specifically restrict the delivery of
given early warning information to user-defined areas, which enables fine-tuned
dissemination of multiple warning messages to different or even adjacent areas
whilst ensures other areas will not receive unintended warnings.

2) Terminal monitoring in the early warning areas

After the early warning area is determined, the system can automatically iden-
tify all dissemination terminals in the early warning areas. At the same time, the
information such as the operating status, location, and quantity of the dissemi-
nation terminals are also displayed on the map, as shown in Figure 3. In Figure
3, the red terminal icon means that this terminal is in a state of failure. If there
are some malfunctioning channels/terminals in the early warning area, the early
warning system will give a suggestion of substitute dissemination means. More-
over, the early warning system can also be able to locate and search for emer-
gency responders in the early warning area.

3) Performance evaluation after early warning information dissemination

The dissemination process of early warning information is monitored in real

time, as shown in Figure 4. According to Figure 4, the user can clearly know the
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Figure 2. The Type of the early warning area.
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Figure 4. Monitoring and display of the early warning dissemination process.

specific process of the early warning information dissemination. In addition, in
order to ensure that every person in the affected area successfully and timely
receives the early warning information, the system will evaluate the performance
after the early warning information dissemination. And the evaluation content
includes the spatial coverage rate, population coverage rate and timeliness of
early warning information dissemination, which is shown in Figure 5. Based on

the evaluation results, if some areas are not successfully disseminated, the system
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Figure 5. Performance evaluation after the early warning dissemination.
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Figure 6. Performance of Guangxi Province early warning information dissemination
system.

will re-disseminate the warning information to these areas, or select other chan-

nels to disseminate warning information to these areas.

4. Application in Guangxi Early Warning System

Guangxi early warning system for disasters and emergencies was implemented
and launched in May 2017, which has a three-tiered architecture, ie. provincial,
municipal and county levels. The system supports 16 channels to disseminate
early warning information, including TV, radio, website, SMS, fax, telephone,
loudspeaker, email, mobile apps, electronic display, smart terminal, etc.

In order to improve the efficiency and accuracy of early warning information
dissemination, the targeted dissemination technology has been built in this sys-
tem. Since applying the targeted dissemination technology, the ability of early
warning dissemination in Guangxi Province has been greatly improved. As
shown in Figure 6, 100% of the relevant emergency manager and social media
can receive early warning information within 1 minute; and 95% of the public in
the affected area can receive early warning information within 3 minutes. From
May 20, 2017 to August 6, 2018, Guangxi early warning system disseminated
21,758 warning messages, including 118,694,046 sent by SMS, 178,512 times via
loudspeaker, and 45,342 times sent to display screens.

5. Conclusion

In this paper, application of incident chain model and targeted dissemination
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technology in early warning system has been investigated. Key features of this
approach include flexible definition for early warning area, dissemination ter-
minal performance monitoring and evaluation. In addition, the targeted disse-
mination technology was adopted in Guangxi early warning system, resulting in

notably enhanced performance.
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