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Requirements and Open Issues for ISs
Supporting Dynamic Community Bonding
in Emergency Situations

Tania Di Mascio, Federico Gobbo and Laura Tarantino

Abstract Studies show that in emergency situations, like in the aftermath of natural
disasters, people tend to self-organize into so-called ephemeral organizations and
transitional communities based on common problems, common places, etc. Strict
interactions among victims, fundamental to strengthen such small communities, may
be efficiently supported by a new generation of mobile-empowered disaster man-
agement systems based on the social networking approach, with crowd-generated
and geo-referenced data. In this paper we discuss how a shift of perspective in the
interaction, conceptual, logical and physical models adopted for the social network
can efficiently support the dynamic bonding/de-bonding/re-bonding of communities
that emerge based on alliances around shared problems and/or objectives.

Keywords Social network - Interaction - Emergency management

1 Introduction

As the European Environmental Agency (EEA) recently reported [13], the impact
of disasters due to natural hazards and technological accidents increased in Europe
in the period 1998-2009, with nearly 100,000 fatalities, more than 11 million
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people affected, and economic losses of about EUR 150 billion. In the observed
period extreme temperature events caused the highest number of human fatalities,
flooding and storms were the most costly hazards, while earthquakes ranked second
in terms of fatalities and third in terms of overall losses. EEA observes that the
increase in losses can be explained, to a large extent, by higher levels of human
activity and accumulation of economic assets in hazard-prone areas and underlines
the necessity of measures for risk reduction and management. Although some EU
policies have already been adopted or initiated, more effort is needed to implement
an Integrated Risk Management approach that includes prevention, preparedness,
response and recovery, the four main phases of a cyclic emergency management
process [1].

The study discussed in this paper refers in particular to the support that ICT, and
Information Systems (ISs) in particular, may provide to response and recovery after
natural disasters that cause a massive failure in essential infrastructures and the
disruption of the integrity of the affected community.

The subject of social and psychological impact of disasters is widely debated in
the literature (e.g., [3, 4, 6, 14, 16, 17, 23, 24, 29]) and it is generally agreed that
one of the most relevant effect of a disaster is the relaxation or, in the worst case, the
disruption of the social linkages upon which a community is based. Immaterial
damages are less evident (though often more relevant) than material ones and may
remain unnoticed for a long period of time. It has to be noticed that, in the
immediate aftermath of a disaster, the attention of rescuers is usually captured by
the material needs of the victims, leaving sociological and psychological needs
usually not addressed or addressed by means of standard protocols unable to reach
the entire population.

This standard approach for facing emergency is mirrored by the
emergency-related ICT proposals, which, in most cases, aim at providing support to
rescuers and institutions, mainly offering top down and push communication (from
institutions to citizens). Conversely, based on the literature on social recovery and
on field evidences (still being) collected after the major moment magnitude 6.3
earthquake that hit L’ Aquila and its neighboring territories on April 6, 2009, we are
interested in offering a peer-to-peer (among citizens) communication, in order to
directly supporting victims and the social dynamics that spontaneously arise in the
aftermath of a disaster.

Overall, the L’ Aquila earthquake caused 308 deaths and more than 1,500 injured
persons. L’ Aquila was devastated, both in its residential areas and in the historical
center, with massive damages to cultural heritage (churches, monuments, museums,
etc.) and fundamental public services (such as the City Government building and
even the main hospital). The whole city of L’Aquila was evacuated and the his-
torical center (now the so called “red area”) has been isolated. The earthquake made
L’Aquila (in particular its city center) a ghost town: all the social areas, the main
squares, the churches, the shopping areas were heavily damaged and made inac-
cessible to the citizens (and so are now). The municipal offices were moved to
different locations; factories, commercial areas, public utilities, infrastructures were
(and partly are still) unusable. In a handful of seconds more than 70,000 persons
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(counting just L’ Aquila, but the situation in the surrounding villages was not better)
lost not only the private sphere of their homes but also all ordinary work and public
environments.

The experience of the 2009 L’ Aquila earthquake clearly highlights the necessity
of online services and multimodal forums able to support social interaction not only
in the immediate aftermath of the disaster but also in the medium and long run, to
allow citizens to be active agents in the redefinition of their social connections. To
have an idea of the length and the pace of the process, one can compare the 2013
and 2014 official figures on the evacuated population [22]: on April 2013, while
waiting for the reconstruction of their homes, about 6500 persons were living in
self-arranged accommodations, about 250 were still housed in temporary shelters
(barracks and hotels), and about 15,000 were housed in more than 20 small new
villages built after the quake under the coordination of the Civil Defense and
located around the city territory, along an approximately 100 km closed path; in
April 2014 the same figures were about 4500, about 150, and about 14,000,
respectively.

Based on the experience in the post-earthquake in L’Aquila, our research group
launched a number of projects to study and evaluate complementary aspects of ICT
support to social dynamics arising in the aftermath of a disaster. While we refer to [5,
6] for discussions on a web 3.0 platform combining mobile computing, social web
and semantic technologies, with stress on the role of ontologies, semantic annotation
and natural language computing, in this paper we discuss Emepolis*, primarily
focused on a major re-thinking of social network models, at interaction, conceptual,
logical and physical viewpoint aimed at supporting community recovery.

The remainder of this paper is organized as follows: after discussing in Sect. 2
the social dynamics activated by a disaster, in Sect. 3 we reason on how and to
which extent existing ICT and ISs proposals provide support to these social pro-
cesses, singling out stakeholders and requirements; in Sect. 4 we discuss the fea-
tures of Emepolis*; in Sect. 5 we discuss the technical choices that allowed us to
attain our objectives; finally, in Sect. 6, open issues are discussed and conclusions
are drawn.

2 Social Dynamics in the Aftermath of a Disaster

Communities hit by large disaster have to face massive and evident material evi-
dence while also experiencing psychological and social wounds [14, 16, 17]. The
disaster causes a sort of “cultural mourning” in the community, i.e., the loss of the
world of meanings and social places that constituted the customs, the rituals, and
the geography of such a community; victims and witnesses of a disaster tell of a
community that is forever changed, no matter how effective the material recon-
struction is [14].

Similarly, after a disaster, many “transitional communities” emerge [14],
involving groups of displaced people, rescuers, people who shared a particular
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event, or share a particular problem or common places (e.g., temporary shelters, like
tent camps or barracks), etc. These new social communities become very useful in
supporting the process of development of new meanings and, ultimately, of a new
social order. Figure 1 schematically illustrates the community re-bonding process as
described by Gordon [16]: starting from a pre-disaster situation in which social
linkages shape the community as a network of inter-connected social subsystems
(Fig. 1a), the community then undergoes the sudden tearing of its structure in the
area immediately affected by the disaster with disturbance in surrounding areas
(Fig. 1b), followed by a first re-bonding—based on newly established linkages and
alliances—along the “impact line” in the immediate aftermath of the disaster

Fig.1 The community re-bonding process according to Gordon [16], a A community in a normal
situation. b A community when a disaster comes. ¢ A community in re-bonding. d A community
in de-bonding. e A commuinity in re-bonding
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Systems of belonging Strangers

Cohabitation

Rules of the game

Fig. 2 Cohabitation definition

(Fig. 1c); in this new structure, social ties tend be intense along the impact line and
quite loose with the enlarged context, leading to a de-bonding stage (Fig. 1d), after
which, gradually, new relationships are built in a second re-bonding stage (Fig. le).

As reported in [14], an additional vision useful for analyzing emergency situa-
tions is proposed by Carli, focused on the process that allows human beings to
achieve cohabitation. According to this vision, cohabitation is made possible by the
articulation of three factors (see Fig. 2): (1) development and attainment of systems
of belonging to the local community, (2) existence of external entities (“strangers”),
fostering self decentralization and opening to the diverse, and (3) writing of the
“rules of the game”, to define belonging and strangeness. In other words, cohabi-
tation is possible within the framework of a “glocal” model, able to assign value to
the local while envisioning the community in a global context. The emergency
situation, forcing a massive intrusion of strangers (e.g., rescuers), may become an
opportunity to redefine cohabitation through new, possible more advanced, rules of
the games.

3 Do Existing ICT Proposals Support Social Recovery?

Summarizing the discussion conducted so far, we can say that the reconstruction of
meanings is to be considered a social process that takes advantage of rich and
extensive interactions among actors that co-create a shared new universe of legit-
imate meanings. The adoption of strategies, techniques and tools to support i
nteraction between individuals is therefore vital to the process of sense-making.

From this consideration clearly emerges the golden role that ICT and ISs can
play in supporting the social dynamics that take place in the aftermath of a disaster.
The description of the scenario also highlights basic requirements for an ICT
platform able to provide effective support to victims:

Peer-to-peer communication;

Sharing of (geo-localized) information and resources;

Efficient support to intra- and inter- small networks interactions;
Dynamic bonding/de-bonding/re-bonding of social connections;
Mechanisms for re-writing the “rules of the game”.
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It is worth recalling that, as observed by [14], psychological studies recognize
four “levels” of victims, who should hence be considered possible stakeholders of
ISs supporting the re-bonding process:

Primary victims (people directly hit by the disaster);
Secondary victims (people having tight ties and links with primary victims);

e Tertiary victims (rescuers and people that have to deal with primary victims for
professional reasons);

e External victims (people that live in neighboring areas).

The inclusion among victims of rescuers, professionals, and people apparently
non involved in the disaster enlarge the view and identifies a context of use rich of
mutual influences among (people belonging to) different groups and interactions
that one expects that disaster-oriented ISs take into account and support. It is
therefore reasonable to analyze existing proposals under this perspective.

Over the years, many ICT-enhanced support tools, categorized as Disaster
Management Systems (DMSs), have been developed (e.g., [8, 20, 21, 25-28, 30]),
aimed at supporting institutions, formal organizations, and rescuers in one or more
phases of the emergency management process: besides systems mainly useful for
prevention and mitigation (like, e.g., NHSS'), other DMSs are designed to support
also management and coordination of resources and rescuers during response and
recovery (e.g., [21, 30]). A notable example is given by the suite of products offered
by the Sahana Foundation® [8]: in particular, Eden is a configurable platform,
allowing easy integration with maps, with the goal of coordinating and improving
the efficiency of rescuers activities through organization registry, project tracking,
messaging, scenario, and repositories for human resources, inventory and assets,
while Vesuvius, focused on disaster preparedness and response needs of the
medical community, contributes to family reunification and assistance with hospital
triage.

It has to be noticed that most DMSs are oriented to support organized aids (i.e.,
tertiary victims) and just a few offer citizens (i.e., primary and secondary victims)
the possibility to participate in the response/recovery phases by information shar-
ing, whereas the recourse to Internet resources and to virtual spaces is instead
expected and natural in a situation in which human relationships cannot take place
in their natural physical space. In this sense, an exception is provided by Ushahidi
[20, 26], a platform to easily crowd-source information using multiple channels
(i.e., SMS, email, Twitter and the Web). Ushahidi enables citizens, besides orga-
nizations, to collect and visualize real-time geo-referenced information. However,
the ultimate goal is to provide tools oriented to information collection and digestion,
rather than supporting people in the reconstruction of a social community.

General purpose social networks, like Facebook and Twitter, certainly prove
useful to this aim [18], but the unstructuredness of news feeds and the lack of

1http://nhss.cr.usgs.gov/.
2http://sahanafoundation.org/.
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effective tagging/search mechanisms of posts, along with a “friend-centered” rather
than “topic-centered” approach, concur to make both interaction and data man-
agement inefficient, particularly when posting rate is very high (as in emergency
situations). These are exactly the issues we are addressing in the Emepolis™ project.

4 From a Friend-Based to an Issue-Based Network

The aim of Emepolis* is to help local citizens in the reconstruction of their city and
in the recovery of their community through a mobile application available for the
major mobile platforms (i.e., Google Android, Apple iOS, and Windows Phone).
The first test-bed is the territory of L’Aquila. Emepolis*® was the concrete context
where to re-think mobile-empowered social networks from scratch, since it was
soon evident that we could not simply rely on existing social networks—as, for
instance, Facebook or Twitter—for the interaction and the data management if we
wanted to support efficiently the process of community re-bonding.

The current status of the project is the result of two stages of design and
development, respectively aimed and supporting: (1) a peer-to-peer exchange of
information among citizens through an efficient interaction with news feeds in
emergency situations, (2) the flourishing of “alliances” among citizens (the first
goal was attained within the Emepolis project financed by Fondazione Italiana
Accenture, whose proof-of-concept was preliminarily discussed in [9], under an
“interaction in third places” perspective).

With these goals in mind, and according to the indications elicited from the
literature and extensive field studies, differently from traditional social networks the
focus of Emepolis* was not put on user profiles, but rather on the issues posted by
the users themselves, which becomes the primary “locus of interaction”. In other
words, the information core is in the actual crowd-generated content, not in the
original author who proposed the content itself. Let us explain this view with an
example scenario.

4.1 An Example Scenario

In a profile-centered social network (like Facebook), Alice shoots a photo of a
dangerous hole in the road caused by the earthquake, with a sharp comment, raising
an issue potentially interesting for the community. This issue (actually, a post in the
data flow) can be seen only by Alice’s friends—in the sense of social network
friendship. Bob puts a “like”, Charles adds a comment while Dave shares Alice’s
issues in his wall. The point is that what happens to Dave’s copy of the original
issues (comments, likes, etc.) forms a new data flow which is completely inde-
pendent from Alice’s one, thus preventing the creation of a unitary network of
people based on the posted issue (e.g., in an emergency situation, the creation of a
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Fig. 3 The example scenario /'"
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transitional community). This is clearly a severe limit in the model of current social
networks with respect to the above-mentioned goals.

What happens if we change the perspective, shifting from user’s profiles to
user’s posted issues? If we consider the example scenario, Alice’s issue and the
associated photo becomes an issue node, with attributes, of the social network. The
node is created by Alice, whose user node represents the issue author or, better said,
initiator of the issue node. As depicted in Fig. 3 (which illustrates the scenario
without being yet a formal model) Bob’s like, Charles’ comment and Dave’s
sharing concur to form a sort of “micro-world” around the issue shaped by the
crowd-generated data flow testifying the vigor of the issue itself (similar to the
concept of narrative process in [7]).

With this new vision in mind, we find it more appropriate a different termi-
nology: sharing and likes actions become adoptions with votes. Therefore, issues
can be even evaluated and classified so to eventually form “alliances” of users
based on the similarities of goals and objectives, favoring the creation of linkages in
the re-bonding stages of the process illustrated in Fig. 1.

4.2 Main Interaction Features of Emepolis™

According to this scenario, the concept of issue is central in our system; the basic
idea is that an issue is defined along with a vector of attributes, among which, title,
description, and photo. While Table 1 summarizes at a conceptual level the main
actions that users (citizens and administrator) can do on issues, Figs. 4, 5, 6 and 7
illustrate them at interface level:

e Issue feeds User interacts with issues visualized either as customary news feeds
or on a map; Fig. 4 depicts the two cases along with the visualization of the
notifications following a user click on the corresponding status bar icon.

e Issue creation Creation/modification of issues can be performed through
familiar interactive forms; an example of creation is given in Fig. 5.
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Table 1 Main action on issues in Emepolis*

Role Name Description

Citizen Issue opening User inserts title, description, photo, category, date, status,
geo-tagging data

Citizen Issue adoption User adopts, possibly voting (5-star model), another
citizen’s open issue

Citizen Issue updating The initiator user modifies issue attributes, system notifies
adopters

Citizen Issue sharing User creates a message for Facebook, Twitter, g+ , etc.
with a referral link to one’s issue

Citizen Issue filtering User filters issue feed(s) according to preferences,
attributes, users, geo-localization options

Citizen Issue flagging User sends a message to an administrator when another
user’s issue/comment is inappropriate

Citizen Issue comment | User comments an issue

Administrator | — Besides all above citizens’ actions s/he handles flags

Hole in the street!

MNotify
[ Male in the streett @

‘ Air Pollution

Hole in the street!
L. 4

Fig. 4 Visualization of issues and system notifications

e Feed filtering The issue feed can be filtered according to user preferences
(Fig. 6). We notice in particular the possibility of restricting the geographic area
of interest around the user; this is, for example, particularly useful in the
immediate aftermath of a disaster when users are delocalized into tent camps,
barracks, temporary shelters, each with different needs and problems.
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Fig. 5 Issue creation/modification

My Profile

Issues Feed
Natural emergencies

My Issues

Followed Issues
Energy efficiency

Feed Settings

Proximity

Help Center
Terms & Privacy

Logout

Fig. 6 Filtering options
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Fig. 7 Feed selection
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e [ssue visualization When the user selects a particular issue, it is visualized as
depicted in Fig. 7, which highlights how the system visualizes possible changes
in the status of the problem the issue refers to.

In the next section we discuss how to efficiently support such interaction
environment from an implementation point of view.

5 Supporting the Issue-Based Interaction

On the system side, in order to implement the issue-based social network per-
spective, we decided to reverse the perspective directly into Emepolis* database
design, which influences also the kind of interaction that can be carried on. In
particular, we have chosen to use a graph database to model the social network
underpinning Emepolis* on the server side, instead of a relational database.
Actually, there has been much interest, recently, in data store that does not use SQL
exclusively, the so-called NoSQL movement (sometimes referred to as NOSQL—
Not Only SQL), based on the assumption that a relational data model may not be the
best solution in all situations. Besides new proposals, like Google’s BigTable [10] and
Facebook’s Cassandra,3 based on features from row-oriented and column-oriented

3http://cassandra.apache.org/.
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Fig. 8 The Emepolis* data G .
model " e

adopts
fo!gws - m_____
:- U | opens : .'\ I ;I !:I
T s 5 Nt/

comments
.l

K— txt

databases, also graph database models are regaining the relevance they had in the 80s
and the 90s (we refer to [2] for an extensive survey on graph databases).

This renewed interest in graph database models is motivated by real-life appli-
cations where information about connectivity of its pieces is a salient feature, like in
complex networks that can be found in social networks, information networks,
technological networks and biological networks [19]. Classical relational query
languages offer little help when dealing with the type of queries needed in these
areas, e.g., in social networks, determining distance, neighborhoods, shortest paths,
specific subgraphs, betweenness, size distribution of finite connected components
[12]. Graph database models, on the contrary, provide special storage graph
structures and efficient graph algorithms for realizing specific operations.

In particular, Neo4j" is the concrete graph database chosen for the implemen-
tation of prototypes of Emepolis and Emepolis*. In production for some years, it is
used for research and industrial purposes, also thanks to its convenient license
policy. Its query language Cypher is human-readable and far simpler than SQL if
graph traversals are needed. Furthermore, it is easily integrable in a RESTful
development environment, as the one used for Emepolis*client-side mobile appli-
cation, based on PhoneGap,” a framework supporting multiplatform mobile
application development.

Thanks to the features of graph databases, Emepolis™ is simply modeled by two
types of nodes, issue nodes and user nodes, and four relationships as depicted in
Fig. 8 (plain arrows denotes the relationships defined by the original Emepolis
project, while dashed arrows denotes the relationships added in Emepolis*). The
user node attributes are user name, password, e-mail, and flag, while the issue node
attributes are title, description, category, status, date, coordinates, and photo.

4http://neo4j .org/.
Shttp://phonegap.cony/.
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6 Conclusions and Open Questions

In this paper we discussed the main results of the Emepolis and Emepolis* projects,
aimed at developing a mobile social application able to support the social dynamics
taking place in the aftermath of a disaster. At this stage of the work, we have
released the Emepolis prototype (depicted in Figs. 3, 4, 5 and 6), which is being
evaluated on the L’Aquila territory in cooperation with no profit and no-gov local
organization involved in the community recovery, and we are implementing the
Emepolis™ prototype. The main challenge we brought in the design and develop-
ment of Emepolis and Emepolis™ is to support the response and recovery phases of
the emergency management process, which lead to a spontaneous yet not erratic
re-organization of the wounded community. In particular we discussed how a shift
of perspective in the interaction, conceptual, logical and physical models adopted
for the designed social network can more naturally and more efficiently support the
dynamic bonding/de-bonding/re-bonding of transitional communities and organi-
zations that emerge based on alliances around shared problems and/or objectives. In
term of Emepolis* concepts, this process translates into micro-worlds that arise
around issues. It may be noticed that Emepolis™ can also act as an accelerator of the
cohabitation re-definition process, discussed in Sect. 2, by adhering to a “glocal”
paradigm.

As to our technical choices, the flexibility offered by graph db-models, their
inherent capability of representing connectivity, their ability of keeping all the
information about an entity in a single node along with its connections, their natural
support to dynamic re-organization, along with their capability of defining data
manipulation by means of graph transformations, make them a first choice when
looking for a system able to reify the social dynamics typical of the post-disaster.

Actually, the balance between a stable framework of sense-making support and a
flexible and adaptive system is not trivial and some open questions have to be
solved in future studies. For example, one important problem is related to issue
tagging (necessary for allowing users to filter/searching issues). Comfort [11]
highlighted that the vital but elusive characteristic of self-organization is its
spontaneity. While influenced by the actions of other organizations or groups, it
cannot be imposed by external regulation. If a free folksonomy (i.e., a tagging
system decided by the crowd [15]) might therefore appear as the right solution to
the issue tagging problem, an uncontrolled folksonomy may lead to unfocused
practices of Emepolis* and/or prevent efficient searching mechanisms. On the other
hand the adoption of a (dynamically evolving) taxonomy raises the problem of who
—and with which criteria—should be responsible for it (presently, for the purposes
of the on-going system evaluation, we borrowed possible issue types from the
results of the EU-funded project Smart Cities®).

Actually, it remains open the role(s) that institutions can have in a system like
Emepolis™, besides being normal users of the application. On the other hand the

Shttp://eu-smartcites.eu/.


http://eu-smartcites.eu/

270 T. Di Mascio et al.

importance of some kind of monitoring is underlined by Gordon [16], who pro-
poses a view in which rescuers and organized aids not only “bring help” but also
favor the active role of primary victims while maintaining a global vision on how
the community is reacting and evolving. We believe that an issue-centered social
network like Emepolis* can provide valuable support also under this perspective, by
offering a sort of reification and “registry” of the dynamics of bonding/de-bonding/
re-bonding of social connections.

As a final remark, it is worth observing that the fact that a social network can be
a valuable support after a disaster is, on the other hand, already demonstrated by an
interesting population-based cross-sectional study conducted in L’Aquila after the
earthquake [18], in which authors proved that continual use of social network for at
least two years produced a positive effect on mental health and improved the quality
of life.
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