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Abstract. Acquiring disaster information quickly after an
earthquake is crucial for disaster and emergency rescue man-
agement. This study examines a digital social network – an
earthquake disaster information reporting network – for rapid
collection of earthquake disaster information. Based on the
network, the disaster information rapid collection method is
expounded in this paper. The structure and components of
the reporting network are introduced. Then the work prin-
ciples of the reporting network are discussed, in which the
rapid collection of disaster information is realised by us-
ing Global System for Mobile Communications (GSM) mes-
sages to report the disaster information and Geographic in-
formation system (GIS) to analyse and extract useful disaster
information. This study introduces some key technologies for
the work principles, including the methods of mass sending
and receiving of SMS for disaster management, the reporting
network grouping management method, brief disaster infor-
mation codes, and the GIS modelling of the reporting net-
work. Finally, a city earthquake disaster information quick
reporting system is developed and with the support of this
system the reporting network obtained good results in a real
earthquake and earthquake drills. This method is a semi-real
time disaster information collection method which extends
current SMS based method and meets the need of small and
some moderate earthquakes.

1 Introduction

Earthquakes, an inevitable natural disaster for human be-
ings, are a serious threat to human security and come first
among all disasters in terms of casualties and economic loss
(Ma et al., 2010). For example, the Wenchuan earthquake
caused losses of RMB 8451 million and the death of about
87 000 people (Sun and Zhang, 2012). Within three days
after an earthquake is a vital period for earthquake rescue
and often named as “72-hour golden rescue period” (China
Earthquake Administration, 2010). The survival rate could be
sharply decreased after this period. The rapid and dynamic
collection of earthquake disaster information after an earth-
quake, especially within three days is a key in earthquake
emergencies (Nie et al., 2002) and it is also the foundation
of all the relief work. The size of the earthquake disaster can
be evaluated from the disaster information. In other words,
the disaster information from several minutes to several days
is much more important than other periods, which is also
named as semi-real time period to emergency response pe-
riod (Yamada et al., 2004).

In China, quick and dynamic collection of earthquake dis-
aster information has been given a high position with the
use of technology and applications. In the Chinese gov-
ernment file, “The Program for the Development of Na-
tional Earthquake Science and Technology (2007–2020)”
(http://www.cea.gov.cn/), quick acquisition and evaluation of
earthquake disaster information are listed as a priority devel-
opment project. However, collection of the disaster informa-
tion is a task which has wide aspects and a large workload
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and it has exposed many shortages in the practice of earth-
quake emergency response and rescue (Xu et al., 2010a).

There are many studies on the collection of earthquake
disaster information worldwide. In these studies, the pho-
togrammetry and remote sensing based method is the most
widely discussed one. The first use of this method can be
dated back to 1906 in the San Francisco earthquake (Liu
et al., 2004). With the rapid development of remote sens-
ing technology, by now it has already been applied in sev-
eral real earthquakes, for example, the Niigata earthquake in
Japan, the Chi-Chi earthquake in Taiwan, and the Wenchuan
earthquake in China (Li and Tao, 2009).

Many studies concerning this method have also been done.
For example, Hajime et al. (2002) studied the spectral char-
acteristics of damaged and undamaged buildings in the Kobe
earthquake. This method is expected to be used for early
damage assessment in earthquakes. Ronald et al. (2008) pro-
vide an overview of how remote sensing technologies have
or could be used in the management of natural disasters. In
general, studies of this method vary from the disaster evalua-
tion model (Tsai et al., 2008), extraction of damaged building
information (Wang et al., 2004), and other related key mod-
els to the application of different remote sensing platforms
such as SAR (Liao and Shen, 2009) and the hyperspectral
platform (Faulring et al., 2011). But this method also needs
to be further investigated with regard to several aspects, such
as the speed and accuracy of the disaster information evalua-
tion. For example, in the 2008 Wenchun earthquake in China,
the first image of the disaster area was obtained three days af-
ter the occurrence of the earthquake (China Earthquake Ad-
ministration, 2010). Moreover, the method does not cater for
small earthquakes: if an earthquake does not cause bad build-
ing damage, then it is difficult to evaluate the disaster infor-
mation.

The Internet based earthquake disaster information col-
lection method is also a very important method and has
been widely used. The “Did You Feel It?” system is
such a typical system that has been developed by USGS
(http://earthquake.usgs.gov/research/dyfi/). It collects dis-
aster information from the public via the Internet. The
main aim of this system is to collect people’s experi-
ences of earthquakes and to compile a map of the shak-
ing. The British Geological Survey (BGS) also use the
Internet to develop the “BGS E-Mail Earthquake Ques-
tionnaire” system to obtain earthquake disaster data from
the public (http://www.earthquakes.bgs.ac.uk/questionnaire/
EqQuestIntro.html). However, these methods are not a semi-
real time disaster information acquiring method. Hisada et
al. (2008) also put forward an earthquake damage informa-
tion quick collection method, which suggests the collabora-
tion between a local government and residents. This study is
a useful attempt in semi-real time disaster information col-
lection.

As a newly emerging and rapidly developing method, the
SMS based method has led to wide interest and studies.

Actually the mobile phone has already been widely used
in collecting information at local, regional, and continental
scales to help answer diverse questions in the geosciences
and environmental sciences (Graham et al., 2011). In earth-
quake engineering field, Corbane et al. (2012) explore the re-
lationship between the spatial patterns of SMS messages and
building damage, which provides direct support for search
and rescue teams. In China, a 12 322 platform has been de-
veloped by the China Earthquake Administration and used
to collect earthquake disaster information. In this platform,
voicemail and short messages are also used by calling the
number “12 322”. However, several issues related to these
methods should be considered, such as how to use SMS ef-
fectively to send disaster information quickly, how to extract
useful disaster information quickly, and how to determine
whether the source of the disaster information is reliable.

This paper will study a social network based earthquake
disaster information rapid collection method by using Ge-
ographic information system (GIS) and Global System for
Mobile Communications (GSM) technology and try to solve
the above problems. The social network is composed of
earthquake disaster information rapid reporters. So the social
network can also be called an earthquake disaster informa-
tion rapid reporting network.

2 Forming an earthquake disaster information
reporting network

2.1 Components of the reporting network

First we want to introduce the components of the earthquake
disaster information reporting network. The social network
comes from sociological theory and it typically refers to
the network relationship between persons (Newman, 2004).
With the development of Internet and wireless communica-
tions, social networks have been shown to be communities
formed through MSN, mobile telephones, and so on (Flake
et al., 2002). People are the theme of the social network,
and the various connections between people constitute the
relationships, which include static relationships and dynamic
context transformation based relationships, which are caused
by the action of interaction and activities. A digital social net-
work or community is a digitalized representation of a social
network. It has produced many applications in daily life and
work, such as Facebook and RenRen. It also produces a good
application effect in many professional fields. Just like the
earthquake field, Haubrock et al. (2007) have tried to estab-
lish a concept for a community-based map creation process
in the context of earthquake intensity estimation.

In China, such a social network has been established for
collecting earthquake disaster information, and its digital
representation can be called an earthquake disaster informa-
tion reporting network.
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The reporting network construction requirements include
the following:

1. The reporting network should be constructed in accor-
dance with the country level, provincial level, and city
level.

2. Each town or street is the smallest component of the
whole disaster information reporting network, and in
each town (street) there must be at least one earthquake
disaster information reporter.

3. In order to guarantee the reliability of the reported dis-
aster information, the reporter should be a formal lo-
cal government employee. The reporter can be occu-
pied part-time by a town (street) technology assistant or
a civil affair assistant. In areas with appropriate condi-
tions, the reporter should try to be occupied part-time as
a member of the earthquake knowledge dissemination
network or earthquake macro-phenomenon observation
network.

2.2 Structure of the reporting network

The structure of the reporting network is hierarchical as ex-
tracted from the construction requirements (Fig. 1). The up-
permost level is the country level, while the city level is cru-
cial for the whole network, as it is the basis for the collection
of earthquake disaster information. The provincial level bu-
reau just needs to confirm and check the disaster information
reported from the city level.

Since the city level reporting network is the foundation,
we should know its detailed structure. The structure of the
city level reporting network can be depicted as in the right
of Fig. 1. The network is composed of two kinds of nodes
(edge nodes and central nodes) and their connections. An
edge node is a disaster information reporter who is respon-
sible for collecting disaster information and sending it to the
central node, while the central node is the city earthquake
bureau. After the earthquake, the city earthquake bureau will
send an instruction to the reporters ordering them to collect
earthquake disaster information. After receiving the disas-
ter information reported from the edge nodes, the central
node will extract useful disaster information and report to the
provincial earthquake bureau. The city earthquake bureau is
also responsible for the regular training of the disaster infor-
mation reporters.

So the edge node is a person who actually collects disaster
information on the spot. Taking Changzhou city of Jiangsu
Province as an example, the earthquake disaster informa-
tion reporter positions are occupied by members of the street
or town civil affairs information staff who cover the whole
city. They act as disaster information reporters as a part-
time job. The Changzhou earthquake disaster information re-
porting network includes 1048 information members in total.
However, in Nanjing the disaster reporters work part-time for
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Fig. 1.Hierarchical structure of the reporting network.

the county or street administration as technology assistants.
There are only 147 members of Nanjing earthquake disaster
information reporting network.

The communication connection between the edge node
and the central node is also very important. The telephone is
a traditional tool of communication in China. This method is
not only time-consuming but also inconvenient. In this study,
short messages based on GSM have been used for disaster
information reporting. In China, the fee for sending SMS is
very cheap, at only 0.1 Yuan per message, and group mes-
sages can be even cheaper. Meanwhile it is free to receive a
short message. So SMS is widely used and reporters are very
accustomed to using short messages.

3 Working principle of the reporting network

3.1 Disaster information collection based on the net-
work

Taking Jiangsu province as an example, three criteria should
be taken into account for the reporting network to be acti-
vated:

1. An earthquake of aboveMs = 4.0 occurs in Jiangsu
province;

2. the earthquake occurs in the neighbouring provinces,
causing a great impact on Jiangsu province;

3. The shaking feeling caused by the earthquake in Jiangsu
province has a great social influence.

As long as any of the above conditions are met, the net-
work should be started up immediately. The reporters should
collect disaster information promptly and report the disaster
information to the city earthquake bureau.

So the reporters should be trained in earthquake emer-
gency and disaster knowledge in ordinary time. Once the
start conditions are met, the staff of the city earthquake bu-
reau will send short messages to those reporters who are lo-
cated in the earthquake region and order them to report the
disaster information which they have observed. Then, these
trained reporters will describe the disaster information in a
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previously specified format and report to the designated dis-
aster information collection system using short messages.
The city earthquake bureau will extract useful disaster infor-
mation from the messages and display it.

In the whole process, the disaster information collection
system is the key, and it is developed using the GIS sec-
ondary development tool. It manages and stores the reporting
network. It is used not only to send the disaster information
collection command but also to analyse the short messages
according to a predetermined format and to extract useful
disaster information. As time goes on, the number of disaster
information messages received will increase. Then, the tool
will analyse the disaster report messages from time to time
to realise the dynamic extraction and display of the disaster
information.

The working principle of the disaster information collec-
tion system based on the network is shown in Fig. 2, and
from left to right the system is composed of four parts:

1. The earthquake disaster information reporting network.
It realises the collection of disaster information on the
spot.

2. The disaster information short message gateway. It is
responsible for sending and receiving short messages
about the disaster.

3. Earthquake disaster information analysis and display
workstation. The disaster information short messages
analysis and effective information extraction will be re-
alised in the workstation. It extracts the information
from the reporting messages using the analysis mod-
ule, forms the earthquake information tables, and saves
the disaster information into the database. Then with the
support of related GIS mapping tools, the useful disaster
information will be dynamically displayed.

4. LED display. The dynamic disaster information display
can be watched by connecting it to the LED.

3.2 Mass sending and receiving of short messages about
disasters

The short message gateway realises the communication be-
tween the edge and central nodes by using short messages
based on GSM. So solving the problem of mass sending and
receiving of short messages about disasters is one of the key
technologies in the collection of disaster information. There
are two kinds of methods: one is the GSM modem pool
method; the other is the mobile agent server method.

The GSM modem pool is one kind of industrial mobile
short message communication hardware used. Usually a pool
can be composed of eight GSM modules, such as those from
WaveCOM and Siemens. The GSM modem pool usually
sends or receives short messages by using AT commands to
control each GSM module or to send or receive short mes-
sages. Now most GSM module hardware vendors have pack-
aged the AT command into a uniform interface program for
sending and receiving single short messages.

Usually about 0.5 s are required for a GSM module to
receive one message and about 6 s are required to send
one message. The GSM modem pool caters for those net-
works which do not contain a large number of reporters.
For example the Nanjing disaster reporting network has only
147 members, and so in this case the GSM modem pool can
be used.

But some reporting networks have a large number of re-
porters, such as the Changzhou network. A command from
the central node to 1048 network members requires 6×

1048= 104.8 min. Although the efficiency can be improved
by using a plurality of modules in parallel, on the whole
it is still difficult to fully meet the speed requirements of
the emergency response for the rapid collection of earth-
quake disaster information. When the number of reporters
increases, the reliability of the GSM modem pool decreases
and some short messages may be even lost.

Therefore, in this case a mobile agent server (MAS) should
be used to realise the mass sending and receiving of short
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messages about disasters. The MAS is an information tech-
nology application service provided by China Mobile Com-
munications Corporation (CMCC), which deploys mobile
agent servers for the user to provide SMS, MMS, and WAP
based services (http://baike.baidu.com/view/736443.htm).
The CMCC has set up a special mobile messaging server in
the Changzhou earthquake bureau and uses special fibres to
connect with the SMS server in CMCC. So a point-to-point
short message service has been established to send and re-
ceive short messages.

For example, to realise the mass sending and receiving of
short messages about disasters, Changzhou earthquake disas-
ter information short message gateway has been developed,
which encapsulates a special API of the mobile agent service
of CMCC and is dedicated to the receiving and sending of
short messages about disasters. Using the MAS to send short
messages can achieve sending rates of nearly 100 messages
per second, which greatly increases the speed at which short
messages can be sent and meets the need for rapid collection
of earthquake disaster information.

4 Managing and modelling the reporting network

After an earthquake, the quantity of data related to all kinds
of disaster information is very large in the disaster area and
there are various types of data; the data also contain a lot of
redundant and wrong information. How to effectively trans-
fer disaster information and quickly extract useful disaster
information is also very important. Modelling and manage-
ment of the reporting network is one of the key technologies
for solving this problem.

4.1 Coding disaster information

Using numbers to code disaster information is convenient
not only for quick reporting of disaster information by re-
porters but also for analysing and extracting effective disas-
ter information. With reference to GB/T17742-1999 (1999),
earthquake disaster information is classified into six kinds,
namely: the feeling of the earthquake shaking, number of
people dead, number of people injured, damage to buildings,
secondary disasters, and infrastructure damage. This disaster
information is what is most needed by the emergency com-
mand staff. These codes will be transferred by means of short
messages. We try to keep each type of disaster message to
below 70 words, which is the maximum length of a single
short message. So the code should be concise and have a
clear meaning.

At present, there are three main information coding meth-
ods: tree structure coding, chain coding, and hybrid structure
coding (Xu et al., 2010b). The tree structure is characterised
by a subordinate relationship between different code bits,
which contains more information with fewer codes, but it
cannot be easily coded and identified. For the chain structure,

each bit of the code has an independent meaning, which con-
tains less information than the tree structure but the structure
is simple and easily coded. The hybrid structure is a combi-
nation of these two coding methods.

Referring to common geographical information coding
methods and the existing information coding methods in
earthquake emergency field, the chain coding method is se-
lected and used to design disaster information codes. Taking
into account the information coding scalability, compatibil-
ity, the designed codes are shown in Table 1.

These codes are composed of two or three numbers. The
first number refers to the type of disaster information; for ex-
ample “1” refers to the “feeling of the earthquake shaking”
and “2” refers to fatalities. The second number represents the
disaster grade; for example in the “feeling of the earthquake
shaking”, “1” means “no shaking” and “4” means “strong
feeling”. In some types of disaster information, the disaster
scale should be described. In such cases, we express the in-
formation by using a small range and a large range. For ex-
ample, if the earthquake causes a small-scale power failure,
we will use 531, while for a large-scale power failure, 532 is
used. Similar codings can be used for gas stoppages, fire dis-
asters, and so on. According to theChinese Seismic Intensity
Scale(GB/T17742-1999), large scale means more than half
of infrastructure damaged and otherwise it is a small scale.

4.2 Grouping of the disaster reporting network
members

In order to effectively manage the reporting network, the dis-
aster reporters should be divided into several groups. There
are three reasons for the group management. The training
of disaster reporters can benefit considerably from group
management. For example, in Changzhou there are 1048 re-
porters. It is difficult to train 1048 reporters at the same time.
They should be trained in turn with different groups. And
some earthquakes only have an effect on part of a city, so
only some of the reporters need to report disaster informa-
tion. Thus only those groups in affected areas report the dis-
aster information. This can also speed up the collection of
disaster information. When using the GSM modem pool to
send short messages about disasters, dividing the reporters
into different groups can also increase the speed of collec-
tion of disaster information.

In order to divide up a disaster reporting network, two cri-
teria have been considered in grouping the disaster reporting
network, as follows:

1. The geographical location principle. It has been found
that different reporters are usually distributed through-
out different streets and communities in a city. And
according to the Chinese administration management,
streets and communities are the smallest administrative
units. The upper level is the area county. So the group-
ing can be done according to the area county to which
the disaster reporters belong.

www.nat-hazards-earth-syst-sci.net/13/385/2013/ Nat. Hazards Earth Syst. Sci., 13, 385–394, 2013
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Table 1. Earthquake disaster information codes.

Disaster information type Disaster information description and code

Feeling of earthquake shaking No shaking
(11)

Slight feeling
(12)

Moderate feeling
(13)

Strong feeling
(14)

Number of people dead None
(21)

A few people
(21)

More than a
dozen people
(23)

Dozens of people
(24)

More than 100
(25)

Number of people injured None
(31)

A few people
(32)

More than a
dozen people
(33)

Dozens of people
(34)

More than 100
(35)

Proportion of buildings
damaged

No damage
(41)

A few damaged
(42)

Most buildings
damaged
(43)

Large numbers
of buildings dam-
aged and partially
collapsed
(44)

Most buildings
collapsed
(45)

Secondary disasters None
(51)

Without water
(1= small range;
2= large)
(52)

Power failure
(1= small range;
2= large range)
(53)

Gas stoppages
(1= small range;
2= large range)
(54)

Fire disaster
(1= small range;
2= large range)
(55)

Infrastructure damage Accessible
(61)

Road damage
(62)

Road congestion
(63)

Bridge damage
(64)

Bridge collapse
(65)

2. The 150 data principle. This principle is also a basic
theory in social network theory (Wang, 2011) and the
research (Hill and Dunbar, 2003) shows the maximum
network size is 153.5 individuals in average, with a
mean network size of 124.9 for those individuals ex-
plicitly contacted (Hill and Dunbar, 2003). So the core
of the “150 rule” is that when a network gathers more
than 150 people, it should be subdivided. Namely, keep-
ing the size of the network of people to less than 150
seems to be the best and the most effective way to man-
age the network. Even with emergence of new mod-
ern communication methods like Facebook and Ren-
Ren, they still do not change the fact that the size
of the human brain allows stable networks of about
150. It has become famous as “the Dunbar number”
(http://en.wikipedia.org/wiki/Dunbar%27snumber). In
essence the disaster reporting network is also a kind of
social network. So this rule has provided an important
reference for the network grouping.

The Changzhou earthquake disaster reporting network has
been divided into several groups. In the process of grouping
the reporters according to the 150 rule, the size of each group
is kept at around 150. If the size of each group is smaller, this
will naturally lead to the creation of too many groups, which
is not good for the management. So for regions with smaller
numbers of reporters, we merge the reporters from nearby
areas into one group. Similarly, if the size of a group is too
large that is also unhelpful for the management. If there are
too many reporters in one area, the group should be divided
into two groups.

Based on the above principles, the Changzhou network
is divided into seven groups. On average each group has
149 people.

4.3 The GIS based modelling of the disaster reporting
network

In order to realise rapid extraction and display of useful dis-
aster information, it is necessary to store the disaster report-
ing network on a computer and to model it in GIS. GIS tech-
nology can integrate the geographic information of the dis-
aster reporting network with the content of the disaster infor-
mation and realise the integration of geographic information
and its mobile phone numbers. The basic component of the
disaster reporting network is a single reporter. So, the mod-
elling of the network needs to begin from the modelling of
each member. In the modelling process, the following meth-
ods are used:

1. The layer management method of GIS is used, in which
all the disaster reporters are organised into a GIS layer.
That means that a GIS layer (called a disaster informa-
tion reporters layer) is established to manage the disas-
ter reporting network. Then the street or community of
each reporter is found and matched to the correspond-
ing map location by using the geocoding functions of
GIS. So the transformation from the geographical po-
sition to the geographic coordinates is realised, which
lays the foundation for displaying the disaster informa-
tion. Because the disaster reporters belong to groups,
group information also needs to be designed in the layer
properties.

Nat. Hazards Earth Syst. Sci., 13, 385–394, 2013 www.nat-hazards-earth-syst-sci.net/13/385/2013/
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Figure 3. Disaster information distribution of the July 20, 2012 Ms 4.9 Yangzhou earthquake  4 
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Figure 4. Relationship between time and disaster information messages received 9 
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Fig. 3. Disaster information distribution of the 20 July 2012Ms =

4.9 Yangzhou earthquake.

2. GSM telephone number information is integrated with
disaster reporter information. SMS is the method used
to transfer disaster information in this paper. Therefore,
it needs to integrate the geographic information with
the mobile phone number information of the reporters.
The mobile phone number information is regarded as
attribute data and is managed with the geographic infor-
mation of each disaster reporter.

The Reporter Information Layer consists of the following in-
formation: “shape”, “name”, “work place”, “group Name”,
“mobile phone number”, “feeling of earthquake shaking”,
“number of people dead”, “number of people injured”, “pro-
portion of buildings damaged”, “secondary disasters”’, and
“infrastructure damage”. The shape type is a point, which
means that each disaster reporter is considered as one point
on the layer.

5 System development and application

5.1 Realisation of the disaster information reporting
system

By using ArcGIS Engine 9.3 and Visual Studio.Net 2008
C#, the city earthquake disaster information rapid report-
ing system is developed, which realises the management of
the reporting network and its application in disaster infor-
mation collection. The system includes two parts: the disas-
ter information short message gateway system and the earth-
quake disaster information analysis and display system. Tak-
ing Nanjing city as an example, the main interfaces of the
disaster information analysis and display systems are shown
in Fig. 3.

After an earthquake, a disaster information reporting com-
mand can be sent to the disaster information reporters by
using the function of the system. After a period of interac-
tion, the system will automatically extract effective disaster
information from the messages received and will use differ-
ent symbols and colours to represent the disaster information.
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Figure 6. Contents of the Changzhou drill scenes 7 

Fig. 5. Ratio of “feeling of earthquake shaking” disaster informa-
tion.

Figure 3 shows the disaster information collected regarding
the feeling of the earthquake shaking. In the system, symbols
of different shapes represent different types of disaster infor-
mation. For example, a circle is used to represent the “feeling
of the earthquake shaking” and a square is used to represent
“number of people injured”. Different colours represent the
different disaster grades. A dark red symbol means the disas-
ter is more serious. As shown in Fig. 3, from green to red, the
feeling of the earthquake shaking varies from “no shaking”
to “strong feeling”

5.2 Application of the reporting network

On 20 July 2012 at 20:11 LT aMs = 4.9 earthquake oc-
curred in Jiangsu province near to Nanjing. The epicentre
was located at Yangzhou (Lat. 33.0◦ N, Lon. 119.6◦ E), and
the depth was 5 km. The earthquake was felt in Nanjing. At
21:30 (about 1 h after the earthquake), the earthquake disas-
ter reporting system had been initiated and the disaster infor-
mation reporting command was sent out within 5 min. The
first disaster information was reported only about 5 min after
the command was sent.

From Fig. 4, we can see that the first disaster information
was reported at 21:40 on 20 July and the last disaster infor-
mation was reported at 00:22 on 21 July. The total number
of disaster information reports was 147. By 21:46, the num-
ber of disaster information messages received was 72 and the
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Figure 6. Contents of the Changzhou drill scenes 7 Fig. 6. Contents of the Changzhou drill scenes.

percentage of total messages was 49 %, which means that
half of the disaster information was reported within six min-
utes of the first disaster information report. At 21:51 the num-
ber of reported disaster information reports was up to 94 and
the percentage was up to 90.6 %. From 21:40 to 21:51, the
percentage of the disaster information reported changed from
0.85 % to 90.6 %. That also means that most of the disaster
information can be reported in about ten minutes. Only three
disaster information messages were reported on 21 July.

From the analysis of the disaster information content, only
the “feeling of the earthquake shaking” type of disaster in-
formation was reported. This is because that earthquake did
not cause other damage. The disaster information reported is
shown in Fig. 5. Disaster information code “11” was reported
by 36 % of reporters, which means that 36 % of disaster in-
formation reporters did not feel the earthquake. Disaster in-
formation code “12” was sent by 37 % of reporters, which
means that 37 % of reporters felt the earthquake slightly.
27 % of the reporters reported that they felt the earthquake
moderately. So, from the reported disaster messages, we can
conclude that in this earthquake most people noticed a feel-
ing of shaking and some people experienced a moderate
shaking feeling in Nanjing, but the earthquake did not cause
any deaths among people or damage to buildings. The distri-
bution of the disaster information is shown in Fig. 3. This dis-
aster information was quickly reported to the Nanjing gov-
ernment and then released to the public. The public quickly
knew the disaster information and did not worry about the
earthquake, which had a good effect on the earthquake emer-
gency.

The system has been used not only in the collection of
real earthquake disaster information but also in emergency
drills and training. Taking Changzhou system as an ex-
ample again, on 15 December 2011, the “Changzhou and
South Jiangsu Province Earthquake Emergency Collabora-
tive and Integrated Operation Area Earthquake Emergency
Drill” was held in the Changzhou earthquake emergency

preparation command centre. The participating units in-
cluded three Jiangsu government departments and more
than 30 Changzhou government departments. In the emer-
gency drill, a simulatedMs = 4.8 earthquake occurred in
Changzhou. There are three drill scenes: disaster informa-
tion response, initiation of the emergency plan, and the emer-
gency command. The more detailed information about these
drill scenes is shown in the Fig. 6. The system has been used
in the scene of disaster information response. 1048 reporters
took part in this drill and the simulated disaster information
was quickly acquired within 5 min from the reporting net-
work. In the drill, the system showed rapid collection of the
disaster information and gained the praise of the participants.
Currently, the system has become one of the key business
support systems in the daily duties of the Changzhou earth-
quake bureau.

6 Conclusions and future work

With the rapid development of modern science and technol-
ogy, many technology networks have also become an impor-
tant part of social networks. The paper explores a digital so-
cial network based on disaster information reporters and its
application in the rapid collection of earthquake disaster in-
formation. As a digital social network, the components of the
reporting network are introduced. We analyse the hierarchi-
cal structure of the network. Then the working principles of
the network are discussed in detail; that is, after an earth-
quake, the earthquake bureau quickly collects the disaster in-
formation by interaction with the reporting network through
a number of short messages.

In order to effectively extract disaster information from the
reported disaster messages, brief disaster information codes
are designed. The group management principles of the dis-
aster reporting network are described and the GIS modelling
method of the network is discussed. Then the disaster infor-
mation rapid reporting system is developed with the support
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of the reporting network. The system has been used to collect
disaster information quickly in a real earthquake. The use of
earthquake emergency drills and training is also described.
Now the system has become one of the core business systems
among the daily duties of some city earthquake bureaus, such
as Nanjing, Changzhou, Suzhou, and Shenyang.

As a new method, the aim of this study is mainly focused
on quickly acquiring disaster information. It is not perfect yet
and some topics need to be further studied:

1. The reporting network discussed is based on communi-
cation via short messages, which has some limitations.
For example communication may be interrupted after a
very large earthquake. This will affect the collection of
disaster information. Of course, if after an earthquake
no disaster information is reported from the entire re-
porting network, this also means the disaster may be
very serious. In such case, this method may fail. With
the development of communication technologies, there
are many other substitutable communication methods,
such as WiFi or Zigbee. Moreover, the cost of satellite
communication has become less expensive and it can be
more widely used.

2. In this study, the reporters use common mobile phones.
They report disaster information via short messages.
These messages are simple and plain. The development
of mobile device and mobile GIS makes complex mo-
bile applications easier. In the future more versatile re-
porting application software will be developed, which
will include the function of positioning, picture taking,
video recording.

3. In comparison to the Chinese city territory, the number
of reporters in a city is small. And in an earthquake,
some of them may fail to report disaster information.
The reporters mentioned in this study are all profes-
sional and official reporters. Volunteer GIS as a new
GIS technology considers everyone as a sensor, which
means everyone of the public could be a disaster infor-
mation reporter. So we will try to extend current study
by introducing volunteer GIS into earthquake disaster
information collection. In which some issues should be
studied, for example the data cleaning and quality con-
trol, volunteer network management based on GIS.

4. The disaster information acquired from different meth-
ods has different format and display methods. How
to merge the reporters’ disaster information into other
multi-source and heterogeneous disaster information is
also a subject that needs to be further studied. This is
also a way to solve the problem when one of the disas-
ter information acquiring methods has failed.

5. The reporters are occupied part-time by other official
staff. These staff’s duty may be changed sometimes, so

regular training for the reporters should be considered
as important work in future.
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