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Abstract: Although the scenario analysis has been extensively sudied in the area of emergency managnemt, the heteroge-
neous data and the lack of semantic meaning always hamper the performance of scenario inference in many emergency 
response systems. Aiming at this problem, we proposed a scenario inference model and implemented this model with Web 
Ontology Language (OWL) and Semantic Web Rule Language (SWRL). Furthermore, an algorithm of scenario inference 
was designed to assist the decision-makers to find the potential hazard scenarios. In order to testify the validity of scenario 
inference model, we employed some inference rules drawn from the historical emergencies to deduce the east Japan 
earthquake. The experimental result shows that our method is effective for emergency response system. 
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1. INTRODUCTION 

An emergency is an unexpected and dangerous situation, 
which happens suddenly and requires the quick response to 
deal with it. In order to help people to solve various issues in 
emergency, many emergency response systems based on 
information technologies have been designed and imple-
mented. As one of core technologies of emergency response 
system, the real-time scenario analysis is the indispensable 
module in these systems and can provide the basic infor-
mation for scientific decision-making. The scenario infer-
ence is a hotspot of scenario analysis research, and some 
achievements have been gained in recent years. On the basis 
of PSR model and Bayesian networks, Yuan et al. had done 
some researches on the scenario inference model to meet the 
requirements of emergency decision-making [1]. According 
to the periodic characteristics and constraints of emergencies, 
the paper [2] proposed a formal expression method of sce-
nario ontology and a scenario model with three levels (such 
as factor, state and event), and then analyzed the evolution 
relationships between and in these levels to design a descrip-
tion method of scenario evolution. Although some progress-
es have been achieved, there are some inevitable problems 
that all emergency response systems must face. For example, 
the heterogeneous data and the lack of semantic meaning 
may hinder the performance of scenario inference in these 
systems. 

Aiming at the problem above, more and more researchers 
had tended to employ the semantic technology to obtain the 
solution [3-5]. Recently, some semantic technologies had 
been applied to express knowledge in emergencies [6-8], 
integrate data from different sources [4], and model the  
 
 

formal plan for emergency management [9], but there are 
few researches on taking the advantage of the reasoning 
power of semantic web to infer the scenario evolution in 
emergencies. Although Li et al. had used SWRL [10] to ana-
lyze the emergency evolution, and the event chain model 
proposed by them cannot effectively describe the intricate 
relationships between scenarios in emergencies [11]. In order 
to make up for the above deficiencies, some works that we 
had done are listed in brief as the followings. First, we pro-
posed the architecture of emergency response system and 
designed the evolution model in the level of scenario infer-
ence, which can describe the complex relations between sce-
narios. Second, the scenario ontology for the architecture 
was implemented with OWL [12]. Third, we employed 
SWRL to define the rules of scenario inference on the basis 
of the core ontology of emergency, and then provided the 
algorithm of scenario inference to find the potential hazards. 
Finally, we verified the effectiveness of our method by ana-
lyzing the earthquake happened in east Japan. 

2. ARCHITECTURE OF EMERGENCY RESPONSE 
SYSTEM BASED ON SCENARIO 

In this paper, the architecture of emergency response sys-
tem based on scenario consists of four modules: data source, 
data processing, scenario inference and decision supporting. 
Fig. (1) is showing the relations between these modules and 
some sub modules in them. To ensure the extensibility of 
this architecture, the data source layer contains several fre-
quently-used data sets that have been employed in some 
emergency response systems, such as RDBMS, linked open 
data [13], social network and mobile equipment. As soon as 
the data processing layer retrieves data from various data 
sources, some operations for data transformation and identity 
resolution will be executed to solve the schema differences 
between these data sources. Then, the sub module of data 
fusion evaluates the credibility of various data and deal with  
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the data collisions so that it can provide some reliable data to 
the scenario inference layer. On the basis of scenario ontolo-
gy, evolution rules and the underlying data, the reasoning 
engine makes a deduction to find the potential scenarios that 
may come out in the future. Moreover, the scenario inference 
layer should provide some query interfaces for the decision 
supporting layer. Once these potential scenarios are queried 
upon, some sub modules in the decision supporting layer are 
triggered to provide a number of rational proposals for the 
decision-maker on the basis of responding plans, which are 
prepared in advance. For example, the sub module of re-
source scheduling can help people to allocate the limited 
resources scientifically. The highlight of this paper is the 
level of scenario inference, which is surrounded by a dotted 
box in Fig. (1). 

3. SCENARIO EVOLUTION MODEL 

Due to the complexity of internal and external factors, 
some emergencies usually derive a variety of hazard factors, 
the damage of which may be greater than the initial one. 
Here, we firstly give the formal definitions of scenario, sce-
nario evolution and event that are the basis of model of sce-
nario evolution.  

As far as scenario concerned, there are many different 
definitions about it. Kahn regards scenarios as a series of 
facts from the initial state to some certain states in the future 
[14]. In [15], scenarios are the comprehensive descriptions of 
possible events in the future. In this paper, we consider that 
scenarios are factors drawn from history events, just as the 
definitions listed as the following. 

 
 

Definition 1 Scenario is a certain factor that exists in the 
history events or the evolution rules. For example, earth-
quake, tsunami, unclear leakage and loss of life all are re-
garded as scenarios. In the later of this paper, a scenario and 
a set of scenario are denoted as s and S respectively. 

Definition 2 Scenario Attribute is used to describe the 
feature of scenario, which always includes multiple scenario 
attributes. For example, the features of earthquake contain 
magnitude, type and position, and so on. A(s) stands for the 
attribute set of a scenario s. 

Definition 3 Scenario Evolution Rule describes the trans-
formation relation between scenarios. Generally, a scenario 
evolution rule can be regarded as a function, so that the input 
is the set of causing scenario and the output is the set of re-
sult scenario. 

Definition 4 Event is the description of a series of sce-
narios. For example, the earthquake happened in the east of 
Japan is an event, which contains structural damage, tsunami, 
equipment damage and unclear leakage sequentially.  

On the basis of definitions above, the model of scenario 
evolution can be constructed by drawing the relations be-
tween different scenarios from some historical events and 
known rules of scenario evolution. Fig. (2) explains the pro-
cedure of model construction and the model structure of sce-
nario evolution, which is comprised of scenarios and the 
relations between them. Each scenario in the model always 
has several attributes, and the directed edges between scenar-
ios stand for the cause and effect between them. 

 

 

 

Fig. (1). Architecture of emergency response system based on scenario. 
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4. THE IMPLEMETATION OF SCENARIO EVOLU-
TION MODEL 

Just as the first section introduced, semantic technologies 
had been widely used in the construction of emergency re-
sponse system. In order to implement the scenario evaluation 
model, we followed this idea and take advantages of OWL 
and SWRL to construct the model. First of all, the core-level 
scenario ontology of emergency is built with OWL so that 
the scenario ontology for different domains can be construct-
ed by extending this core-level ontology. To make up the 
lack of expression power of OWL, SWRL is employed in the 
implementation of scenario evolution rule. At the end of this 
section, an algorithm of scenario inference was designed to 
find the potential hazard scenarios. 

4.1. The Core-level Scenario Ontology 

Considering PROTON [16] providing the coverage of 
general concepts necessary for a wide range of tasks, we 
implemented the core-level scenario ontology by extending 
PROTON. The core-level scenario ontology includes three 
modules: event module, scenario module and mitigation 
module. The event module describes the emergency classifi-
cation and some basic attributes. In the most studies, emer-
gency can be divided into four types: natural disaster, acci-
dent disaster, public health event and social security event. 
The scenario module defines a basic class, “Scenario”, which 
has three subclasses. Among them, “Context” is the class of 
environment information, such as weather, topography and 
social situation; the instances of “HazardFactor” may endan-
ger people, society or natural resource; “AffectedObject” 
includes objects that are affected by some certain hazard 
factors. The mitigation module contains some classes that 
will be used for the decision supporting. Fig. (3) shows the 
core-level scenario ontology in detail.  

4.2. SWRL-based Scenario Evolution Rule 

Although the OWL-based scenario ontology can use 
some axioms to infer some potential scenarios from existing  
 

scenarios, it is limited by the expression ability of OWL and 
cannot describe all relations between scenarios. Aiming at 
this problem, SWRL is adopted to define the scenario evolu-
tion rules in the level of scenario inference. Because SWRL 
combines OWL with RuleML, it can integrate the OWL-
based ontology with rules seamlessly. Consequently, SWRL-
based scenario evolution rules not only can interact with the 
scenario information described with OWL, but also can get 
maximum reuses from it. A SWRL rule is comprised of an-
tecedent and consequent, both of which consist of zero and 
more atoms. Hence, a SWRL rule implies that the conditions 
specified in the consequent must be true if all atoms in the 
antecedent are satisfied. Moreover, SWRL also provide a set 
of built-ins that can be used to judge the relations between 
objects of various types, such as String, Boolean, URIs, and 
so on. All features of SWRL introduced above can benefit 
the construction of scenario evolution rules. 

Formula (1), (2), (3) are three SWRL-based scenario evo-
lution rules about the domain of earthquake. The first rule 
describes that a building may be damaged if the building is 
in the effect area of earthquake and the anti-seismic level of 
the building is less than the magnitude of the earthquake. In 
formula (2), the rule of scenario evolution is that some haz-
ardous goods may leak if the hazardous goods are stored in 
the damaged  

Building which someone may be harmed if he is in the 
expansion area of the dangerous goods, shown as formula (3). 
It is noteworthy that “InAreaOf” is custom built-ins of 
SWRL for the domain of earthquake. 

 

Earthquake(?e)^HasMagnitude(?e,?em)^

Building(?b)^HasAntiseismic(?b,?ba)^

InAreaOf(?b,?e)^swrlb:lessThan(?ba,?em)^

->DamagedBuilding(?b)

  (1) 

 

DamagedBuilding(?db)^HazardousGoods(?hg)^

Storage(?hg,?db)->HazardousGoodsLeak(?hg)
  (2) 

 

 

Fig. (2). Scenario evolution model drawn from events and rules. 
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son(?p)InjuredPer?hg)p,InAreaOf(?^Person(?p)
^Person(?p)hg)^oodsLeak(?HazardousG

→
  (3) 

4.3. Algorithm of Scenario Inference 

Owing to the complexity and derivation of emergency, it 
is impossible to obtain enough information to deduce out the 
potential scenarios, especially at the initial phase. Besides 
that, the performance of scenario inference will be reduced if 
all scenario evolution rules are imports into the scenario evo-
lution model. To solve these problems, we proposed an algo-
rithm of scenario inference to assist the decision-makers to 
find the potential hazard scenarios quickly. According to the 
scenario instances and evolution rules that are provided by 
the user, the algorithm can keep inferring until the evolution 
is terminated. Furthermore, user can add some new scenarios 
and rules during the execution of algorithm. The detail of 
algorithm is listed as the following: 

Algorithm ASR 
Input: a set of scenario instance (siSet), a set of scenario 

evolution rule (serSet). 
Output: a set of potential hazard scenario (phsSet) 

1: initialize a scenario evolution model, seModel 

2: while (evolution is not terminated)  

3: lock siSet, lock serSet 

4: for each x in siSet 

5: import x into seModel 

 

 

6: remove x from siSet 

7: find rSet that includes x in the antecedent 

8: append serSet with rSet 

9: end for 

10: for each r in serSet 

11: import r into seModel 

12: remove r from serSet 

13: end for 

14: unlock siSet, unlock serSet 

15: hasNew = true 

16: while (hasNew == true) 

17:  execute the inference on seModel 

18: if (seModel has some new scenarios) 

19: find nrSet that includes new scenarios 

20: import nrSet into seModel 

21: else hasNew = false 

22: end while 

23: end while 

24: find all potential hazard scenarios in seModel and insert 
them into phsSet 

25: return phsSet 

 

 

 

Fig. (3). The core-level scenario ontology. 
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5. EXMAPLE OF SCENARIO INFERENCE 

In this section, the scenario ontology and evolution rules 
are drawn from some historical emergencies, and then are 
used to deduce the earthquake that happened at the east area 
of Japan in 2011.  

Since the earthquake and nuclear leakage were involved 
in the east Japan earthquake, the emergencies that we re-
ferred to should include some historical emergencies of these 
two types. Table 1 lists some emergencies that had great 
influence in the 20th Century. Obviously, the earthquakes 
share some same scenarios with the nuclear leakages, such as 
facility destruction and equipment failure. In addition, each 
emergency has some specific characteristics. For example, 
the earthquakes happened in Chile and Alaska both caused 
tsunami because the locations of earthquakes are nearby the 
ocean, the barrier lakes were formed by the landslides and 
rivers in the earthquake of WenChuan, the reactor cached 
fire in the nuclear leakage of Winders. By analyzing these 
common and specific characteristics, we constructed the do-
main ontologies of earthquake and nuclear leakage with 
OWL by extending the core-level scenario ontology intro-
duced above. 

According to the emergencies listed in Table 1, we con-
clude some scenario evolution rules. The following content  
 

 

demonstrates part of these rules. Formula (4) and (5) can 
reason out the barrier lakes when some mountains and rivers 
exist in the effect area of earthquake, just as the scenarios 
happened in the WenChuan earthquake. In the same way, the 
scenarios of tsunami and nuclear leakage can be achieved by 
inferring the formula (6-9). 

?m)Landslide(>n(?em,8)^-greaterTha:swrlb
?e)^m,InAreaOf(?m)^Mountain(?

?em)^de(?e,HasMagnitu(?e)^Earthquake
 (4) 

e(?r)BarrierLak>-
?r)Nearby(?m,(?l)^LandsllideRiver(?r)^

 (5) 

)Tsunami(?s>-
n(?em,8)^greaterTha:swrlb?em)^de(?e,HasMagnitu

?e)^s,InAreaOf(?Sea(?s)̂(?e)^Earthquake
 (6) 

d(?c)CityDamage>-
?t)Nearby(?c,)^Tsunami(?tCity(?c)^

 (7) 

maged(?f)FacilityDa>-
?e)f,InAreaOf(?f)^Facility(?(?e)^Earthquake

 (8) 

 
 

Table 1. Some emergencies in history. 

Type Emergencies Scenarios 

Earthquake 

In 1960 

Chile 

volcanic eruption 

tsunami 

facility destruction 

In 1964 

Alaska 

tsunami 

landslide 

ice-fall 

facility destruction 

In 1998 

WenChuan 

landslide 

barrier lakes 

facility destruction 

Nuclear Leakage 

In 1957 

Winders 

equipment failure 

reactor fire 

radiation leakage 

In 1979 

Three Mile Island 

human error 

equipment failure 

reactor meltdown 

In 1986 

Chernobyl 

human error 

reactor explosion 

radiation leakage 
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age(?n)NuclerLeak>?n)-?f,KeyPartOf(
?n)^erStation(NuclearPowmaged(?f)^FacilityDa

 (9) 

In order to testify the effectiveness of our method, the 
scenario ontologies and rules drawn from the historical 
emergencies were used to deduce the earthquake of east Ja-
pan. Before the task of scenario inference, some instances in 
the effect area of the earthquake were prepared and imported 
into the scenario evolution model. Then, Pellet [17] and the 
algorithm of scenario inference were used to reason out the 
potential scenarios. The experimental results show that the 
scenario inference based on OWL and SWRL can help the 
decision-maker find some potential hazards quickly, even at 
the early stage of emergency. Consequently, some disaster 
preventions and reductions can be done ahead of time to de-
crease losses in the emergency.  

6. CONCLUSION AND FUTURE WORKS 

In this paper, we researched the scenario inference of 
emergency based on OWL and SWRL. By taking advantage 
of the reasoning power of OWL and SWRL, our method can 
help the decision-maker find the potential hazards in advance. 
In the future, we will follow two directions to conduct our 
researches. One is the application of uncertain reasoning 
technology in the scenario inference; the other is the applica-
tion of semantic reasoning technology in the process of deci-
sion making. 
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