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Abstract. The purpose of this paper is to illustrate the structure, process, interoper-
ability, and tools for the realization of the collaborative emergency management (EM)
platform using big data. First, it analyzes the characteristics, especially the processes be-
fore and after using big data in EM. Secondly, it defines a structure of a collaborative EM
with stakeholders of public, non-profit and private organizations, as well as social media
and personal citizens and communities. Finally, it discusses several key technologies and
implementing strategies to support the collaborative EM platform engaging and utilizing
big data. Above all, the platform it proposed can enable EM to utilize information both
from organizations and personal citizens, which means the data sources in EM will be
expanded from official data to social media data.
Keywords: Collaborative emergency management, Platform design, Big data, Scenario
analysis, Semantic Web

1. Introduction. In recent years, widespread service interruptions caused by a variety
of emergencies and disasters have brought a series of social safety and security problems.
Public increasingly expects better public sector leadership before, during and after cata-
strophic disasters, with adequate emergency management (EM) systems [1]. The massive
numbers of public, nonprofit, private organizations, media, citizens and community in-
volved in catastrophic disasters require extensive ability to have horizontal, as well as
vertical, coordination. It makes the decision process of EM more complex, and the con-
sequences of wrong decisions are far more serious and expensive. Especially, with the
rapid growth of intelligent and mobile devices and their applications, big data (data com-
ing from various channels including sensors, satellites, social media feeds, photos, video
and cell phone GPS signals) from social media, which is heterogeneous, is becoming in-
creasingly important and valuable. Social media and big data will have great impacts
on the process and effectiveness of EM services [2]. Therefore, it is necessary to develop
EM platforms for the support of flexible planning, emergency event detecting and rapid
responding using big data, both from the perspectives of process and methodology. The
development of these systems should include a new structure as well as process, and should
be based on some key information technologies, e.g., data collecting and storing, semantic
analyzing and emotional modeling to big data, and event detecting using big data. These
technologies will enable their adequate, efficient and effective functioning.

In EM, emergencies always mean those extreme events that can injure or kill large
numbers of people, do extensive damage to property, and disrupt community life. Con-
ventional EM systems are bureaucratic which means to rely heavily on relatively rigid
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Figure 1. Phases in an emergency management system

plans, exact decision protocols, and formal relationships that assume uninterrupted com-
munications. In such a conventional EM system, a typical process is more likely to involve
the following stages: planning, mitigation, preparedness, response and recovery [3], as de-
scribed in Figure 1(a). Under such a circumstance, the effectiveness relies on routine
attention to preparedness, agility in response to daily stresses and catastrophes, and the
resilience that promotes rapid recovery. We can find some achieved work focusing on sys-
tem design [4] and typical process of EM such as planning [5], and response [6]. The work
made contribution to conventional EM both in theory and practice. However, conven-
tional EM always focuses on official data from departments and organizations, and seldom
puts emphasis on personal data from social media. It is evident that social media can
enhance emergency situation awareness [2], which can simplify the efforts of the following
components.

(1) Preparedness & event detection. Compared with passive preparedness in traditional
EM, social media can enhance information sharing, which will improve emergency pre-
paredness more positive by monitoring and detecting emergencies as they occur or even
before they happen [7]. For example, using Twitter data and focusing on a real-life case of
forest fire, [8] aimed to demonstrate its possible role to support the activities of emergency
planning, risk and damage assessment. [9] thought Twitter as a distributed sensor system
and analyzed the spatial and temporal features of the Twitter feed activity responding to
a 5.8 magnitude earthquake.

(2) Response. Using big data, the effective responses in such situations are reliant on
the availability of archived information. And the availability of real-time location-aware
information, as well as the ability to effectively integrate and utilize information available
with different autonomous agencies are crucial to effective decision making and resource
deployment for responding to crises [10,11].

(3) Recovery. In recovery, big data can help to arrange rescue workers, routes and
relief supplies, so that the loss of the post-crisis will be minimized [12]. In addition, by
handling large personalized data and tracking the personality crisis-related needs, EM
can push more targeted assistance and services [13].

Therefore, the research objective of this paper is to present a system architecture for
leveraging social media to enhance EM. It provides definition of structures and processes
and key technologies and methodologies for diagnostics, supervision and detection and
prediction in the collaborative EM platform using big data. It differs from existing systems
in the following aspects.
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1) Data sources are expanded from office data to social media data.
2) Utilizing big data, the process is simplified to 3 stages, as shown in Figure 1(b).
3) Using data from social media, it supports more stake holders: public, nonprofit and

private organizations, and citizens and community.

2. System Architecture. The architecture of the collaborative emergency management
system is shown in Figure 2.

Figure 2. The architecture of collaborative emergency management system

The system comprises subjects and services for responding to emergency with appro-
priate infrastructure of information, the interoperability system and their mutual com-
munication.

Subjects for response to emergency can be found among the national emergency cen-
ter, local emergency center, and on-site decision center. It has been the key point of
emergency decision management that efficient and unified emergency joint mechanism
should be established. Especially, it is urgent to set up and improve effective commu-
nication and cooperation mechanism between departments for realizing resource sharing
and integration. China has enacted more than 60 laws and regulations for responding
to natural disasters, accidents, public health emergencies and social security incidents.
Certain provinces also issued local regulations and rules for EM. Multi-level regulations
indicate fundamental legal system for dealing with various emergencies has already been
established in China. It provides a legitimate basis and legal guarantee for the effective
implementation of collaborative EM.

Interoperability system is the basic module of the model and it enables a transparent
approach to data coming from different sources. Generally, interoperability refers to the
ability of two systems to inter-exchange information. In the process of emergency man-
agement, such ability is of paramount importance, concerning the fact that all subjects
for response to emergency possess their own information systems and that access to other
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subjects’ data is necessary for efficient quality-decision making within one subject. Never-
theless, it can lead to an enormous amount of information in the system. For solving the
problem, adequate informational and communicational infrastructure has to be built. It
is also necessary to apply efficient methods of storing, accessing, searching, and properly
using a large amount of knowledge and information.

3. Key Technologies Discussion.

3.1. Scenario analysis method. The scenario analysis technique is used to build the
scenario database for collaborative emergency management, identify and determine impor-
tant driving factors affecting future platform demand and ability level. Through analysis
and qualitative description of the factors, we can identify and distinguish what devel-
opment direction each scenario will represent. In the collaborative EM platform, the
procedure of scenario analysis includes the following 4 steps, taking an earthquake disas-
ter as example.

(1) Discover the fundamental operating mechanism of emergency system and build its
corresponding structure for earthquake, including common stages and rescue plans. This
may be handled by local or national response decision center.

(2) On the one hand, the trend of current earthquake situation is analyzed by data
management in Figure 2; thus, overall development situation could be deduced. On the
other hand, through the current analysis, uncertainties and key factors that will have
great influence on earthquake response (time, population, terrain, traffic, etc.) will be
explored, and the processing measures should be decided through case base in Figure 2.

(3) Through the above two aspects of work, the foundation for next scenario configu-
ration is established. Then, considering causal relationship between the factors, several
typical paths of system development are decided, and corresponding scenarios will be
emphasized. Meanwhile, the interrelationship of the factors that might have impacts on
the probability of each scenario should be analyzed and determined.

(4) Based on the scenario settings in the third step, for those links influenced more
greatly by uncertain factors, the mechanism of their actions to the subject should be
studied. And reasonable quantitative model for predicting all possible contingencies of
each link should be built. Based on the above, according to the consideration of all links
and probability of each scenario, prediction results can be acquired through the decision
support shown in Figure 2.

3.2. Mining and reasoning technologies of Semantic Web. The quickness and the
intelligence of search in scenario database and plan database are the primary requirements
for matching between scenario and EM activities. It is difficult for users to retrieve related
resources and realize the semantic information sharing of resources using traditional search
method. The application of data mining by Semantic Web should focus on the following
aspects.

(1) Data mining. Data from social media are characterized by complexity and hetero-
geneity. And the data contains complex relationships and dependencies, which imposes
strong limitations on the data models that can be used and the scope of information that
can be discovered.

(2) The development of a model of big data which captures its relevant features, prop-
erties and constraints. In particular, metadata such as replies, mentions, references, key-
words, timestamps and geo-location, have to share a common structure for information
mining and information quality processing. Through analyzing the features of information
resource in scenario database, standardized metadata extraction method could be estab-
lished, which can be used to extract the metadata for scenario and plan of an emergency
and store them in the metadata database.
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(3) The construction of ontology in various fields of emergency. It intends to firstly
develop an ontology to structure emergency-related data through big data from social
media sources (based on standards like SIOC, MOAC or FOAF) and then develop a
scalable Semantic Data Store that implements that ontology. Secondly, the development
of a model to describe domain-related information for emergency services is built. The
purpose is to model concepts like “incident descriptions”, “alerts” or “requests”.

(4) Establishing the intelligent inference mechanism. For effective semantic inference
and retrieval, domain ontology established needs to be imported as an internal expression
pattern of inference engine. The main task is the creation of a mapping between the two:
domain-related information to information from social media. This captures the associ-
ations between emergency-related information and processed social media data. Thus,
the ontology will enable semantic analysis and data mining for the detection of patterns,
incidents, unusual events and to discover correlations.

4. Conclusions. A collaborative emergency platform using big data has been built up,
which defines emergency services with appropriate infrastructure, characteristics of in-
teroperability and information process, as well as some key technologies (data mining,
ontology and semantic data store, scenario analysis) for implementation. The platform
can enable EM to utilize information both from organizations and personal citizens, which
means the data sources in EM will be expanded from official data to social media data.
The limitations are primarily related to model implementation and evaluation, since there
are no suitable emergency databases. And further research should result in the concrete
processes of emergency event detection and situation awareness in stage of emergency
preparedness and response.
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