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Abstract

In the face of the social technological revolution the sharing of information has led cities evolving
towards always more complex systems. Social media have indeed a strong capacity of connecting
people, and several urban self-organized initiatives have been emerging from virtual communities
impacting on urban activities organisation. By enhancing communication opportunities, social media
could be taken into account to improve urban planning decision making processes, and so they can
also play a significant role in flood risk management.

In dealing with urban flooding it is important to know how quickly and efficiently a city can recover
from a flood event. Before the event, social media can help increasing awareness by enabling wider
risk communication. During and after the calamity, creating easily accessible information sharing
platforms, social media are able to increase the disaster recovery capacity of the affected urban
system, as a sort of social recovery rate.

Many sets of indicators have been proposed in the literature analysing the social perspective of flood
vulnerability and urban resilience. Nevertheless, in these it is not easy to include the impact of using
social media coping with floods.

In June 2013 during the flood of the river Elbe, citizens of Dresden (Germany) created a spontaneous
Facebook network to require offer aids and assistance.

Building on the experience, we propose a methodological approach aiming at evaluating how the use
of social media can affect social flood resilience, and in this way assessing the effectively social
function of the media.

1. Introduction

In the today s society, social media -such as blogs, Twitter, Facebook-and other information portals
have emerged as dominant communication mechanisms, overcoming any other previous technology.
Sharing information, forming connection, communicate interesting contents (Chui et al., 2012), these
media mainly operate in a similar way to traditional human community and they are transforming
dynamics, behaviours, and structures of our society (Kaewkitipong et al., 2012). Hence, they are
significantly becoming powerful drivers in the current social technological transition. These digital
platforms are effective and efficient communication channels (Palen et al., 2009), they are affecting
how citizens communicate, collaborate, and coordinate with each other. Social media have indeed the
capacity of linking individuals beyond geographical proximity, increasing their ability of instant
connectivity for ideas, knowledge and information sharing. Moreover, these communications can be
mostly realized with a minimum or non-existing cost. As such, social media can be also considered as
a powerful democratization force (Lai and Turban, 2008).

In the last few years social media have been used more and more during disasters, and in particular
during extreme flood events. Being powerful instruments for immediate communications and easily
accessible information, social media represent a key tool during all disaster phases, from risk
communication to recovery. In other words, they have been used as an instrument to increase the
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ability of a system to cope and to reorganise itself after the perturbations generated by the flood, hence
the system resilience. The need of quantitatively measure such system property has led over the time
to several indicators able to reproduce and evaluate social resilience main parameters. However, few
works have been found regarding the role played by new digital communication ways during flood
disasters.

This paper presents an analysis of the use of Facebook during extreme flood events. Established in
February 2004, Facebook currently has more than 800 million users globally, it is available in 70
languages and is growing at around 150% per year. It is a web-based social networking service,
allowing registered users the ability to connect and share contents with friends, family and co-workers.

An assessment of the use of Facebook regarding to flood events is presented using an explorative case
study. In this paper we try to give an answer to the question: how the use of Facebook can influence
the social resilience of a urban system affected by an extreme flood event? The paper is organised as
follow: in section 2 the conceptual framework is illustrated; a review of the concept of social resilience
and the state of the art of the literature about social media and flood resilience is presented. In section
3 the method and outcomes of the case study analysis are described and discussed. In section 4 the
conclusions are described.

2. Conceptual framework

2.1 Social flood resilience

Natural calamities, such as floods, earthquakes and hurricanes, often affect the stability of urban
settlements. Cities are defined as complex adaptive system, where physical elements, activities and
city users interact one with others in different ways. As complex adaptive systems, cities are not linear
cause-and-effect systems, but rather dynamic systems: Variables, the different system s compone
and the elements of each component (e.g. people, businesses, governments), are constantly interacting
and changing, for better or worse, in response to each other, creating non- linear feedback loops that
either promote or deplete the energy upon which their futures depend(Sanders, 2008).This
complexity makes extremely difficult the evaluation of the effects critical events could have on the
urban system. In fact, both extreme natural events and disasters linked to human activities (e.g. nuclear
incidents), can affect a urban system in several respects, determining significant changes in its
structure and organisation. Focusing on flood events in urban areas, presence of flooded areas can
result into a wide range of related impacts: infrastructural damages, urban functionalities and space
perception. A multi-sectorial approach, to be applied to a well defined study area, is needed to achieve
an adequately complete overview of flood effects and city's behaviour once affected (Esposito and Di
Pinto, 2014).

Social dynamics influence all flood disaster phases, from risk perception and preparedness up to
recovery. Social phenomena represent inherent communities' features or long term dynamics, often
slowly developing. This circumstance leads to consider that flood duration - on the basis of flood
related impacts- actually lasts beyond the time period during which urban areas are flooded.

Even not claiming to fully analyse related impacts, it needs to be asserted that calamitous events affect
cities not only in their physical elements (causing damages in infrastructures or buildings), but also in
the social structure made up by city users and human activities.

As adaptive systems, cities have the ability to adapt to changes and learn
co-evolve, self-organize and give rise to emergent patterns (Frantzeskaki, 2011). Hence, they show the
ability to cope with a perturbation by properly re-organising themselves. UNISDR (2009, p. 24)
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defines resilience as the ability of a system, community or society exposed to hazards to resist, absorb,
accommodate to and recover from the effects of a hazard in a timely and efficient manner, including
through the preservation and restoration of its essential basic structures and functions. In the field of
urban flood the term resilience is often also to define the capacity of the urban system to absorb
disturbances and perform changes without fundamentally altering its functional structure (Walker et
al., 2004). Reflecting the several components that set up a urban system, resilience can be evaluated
from different perspectives: social and economic resilience (Cutter et al., 2010; Boon et al.,2012;
Adger, 2000); infrastructural resilience (de Bruijin, 2004; Cutter et al., 2010); ecological resilience
(Holling, 1973, Adger, 2000).Social resilience is closely linked to community and social vulnerability
concepts. Social vulnerability can be defined as a characteristic of a person or group in terms of their
capacity to anticipate, cope with, resist, and recover from the impact of a natural hazard (Blaikie et al.,
2014). As such, it is one aspect of what is meant with the term community resilience, which has been
described previously starting from analysing four primary sets of networked resources: economic
development; social capital; information and communication; community competence(Norris et al.,
2008).

Social resilience can be assessed on different levels of analysis: individuals, human communities,
larger societies (Norris et al., 2008). Even remaining unchanged the main general features of social
resilience concept, a certain reference level of analysis has to be set. The literature presents several
works aimed at analyse the multiple factors which contribute to a proper assessment of social structure
reorganisation after an event. Table 1 reports a framework of some significant variables proposed in
the literature as indicators of resilience and recovery ability in relation to natural disasters.

Author(s) Indicator

Tapsell et al. (2002) "Social Flood Vulnerability Index"
(SFVI, based on different social groups and
financial deprivation indicators)

Cutter et al. (2003) "Social Vulnerability Index" (SoVI), based on:
-economy (income, rents, median house values;
percentage of employers in extractive industries)
- demography (age, ethnicity, race)

- buildings and infrastructures

Dwyer et al. (2004) Vulnerability indicators
Age
Income
Tenure type
Employment
English language skills
Household type - family composition
Disability
House insurance
Health insurance
Debt/savings
Car ownership
Gender
Residence type
Hazard indicators
Injuries sustained
Damage to residence
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FloodSite (2004) Age
Gender
Employment/ Unemployment
Occupation
Educational level
Family/household composition
Nationality/ethnicity
Type of housing
Number of rooms
Rural/urban

Messner, F., Meyer, V. (2006) "Susceptibility indicators", based on "social and
economic units and systems" and "ecologic units
and system" features

Cutter et al. (2008) Demographics (age, race, class, gender,
occupation);
Social networks and social embeddedness;
Community values-cohesion;
Faith-based organizations

Cutter et al. (2010) Baseline Resilience Indicators for Communities
(BRIC), based on social, economic, institutional,
infrastructural, physical and natural
characteristics and on community capital

Table 1. Social resilience indicators

The need of evaluating social resilience has led to point out indicators as representative measures. The

variety of indicators reported in technical literature reflects the effort to define and measure this broad

(un-measurable) issue. The main challenges when evaluating social resilience indicators can be that

there is no right and no wrong methodology. According to the need of the study, it is important to set

the scale on which applying the indicators (e.g. Household, neighbourhood, community, region,

nations);and choose the approach (e.g. national indices taxonomic approach , or household sur
situative approach ) (Schréter et al., 2005).

2.2 Social media and flood resilience

A number of studies about communication and information sharing during extreme events, including
floods, has been emerging in the scientific community in the last few years. The literature focuses on
three main issues (Ryan, 2013): studies on agency communication (Waymer and Heath, 2007); studies
on information seeking as part of a wider aim (Cohen et al., 2007; Hughes et al., 2007); and studies
about the use of social media (Kaewkitipong et al., 2012; Kongthon et al., 2014; Vieweg et al., 2010).
Social media, defined as internet-based applications that enable people to communicate and share
resources and information, are an always increasingly used instrument to ensure communication
schemes during flood events. More specifically the term social media is used to refer to the
broadcasting strategy used by different individuals, institutions and companies to communicate with
various stakeholders(Chui et al., 2012; Haegeman et al., 2012; Nielsen, 2012). Such strategies are
implemented by using tools know as social network sites (SNSs). SNSs are web-based services that
allow individuals to (1) construct a public or semi-public profile within a bounded system,
(2) articulate a list of other users with whom they share a connection, and (3) view and traverse their
list of connections and those made by others within the system(Boyd and Ellison, 2007, p.211). SNSs
have been used by billions of people all around the world (Hutton and Fosdick, 2011) for a wide
variety of purposes, including personal, community, business, politics, and public affairs (Hoffman
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and Novak, 2012). The use of SNSs emphasises the relations and the communication of an individual
within his existing extended social network. Using hastag form of keywords in the contents published,
SNSs make the shared messages searchable. As a result, SNSs become able to form online
communities, networking people who share similar interests (Lai and Turban, 2008). SNSs are also
being used as platforms where people talk about current environmental challenges and give
environmental tips (Haider, 2012). Raising awareness around current environmental challenges, such
as climate change and increasing urbanization, SNSs are also used to trigger citizens to actively
participate in civil environmental activities that are immersed in the everyday life (Bakardjieva, 2009).

Providing new sources of information and rapid communications, increasing social participation and
forming new networks, SNSs are also becoming a useful tool for victims, humanitarians, volunteers,
and the general public to communicate during disasters, especially during extreme flood events
(Kongthon et al., 2014; Starbird et al., 2010; Vieweg et al., 2010). One of the major issues in extreme
flood events is the inability to know on a real time base where help is really needed. The use of SNSs
as communication channel could be the answer to this need. SNSs have the characteristic of being
accessible via smartphones, which makes them available also when traditional communication
channels, such as radio, television but also phone calls and texts, are not able to cope with a higher
amount of data processed at the same time (Bird et al., 2012).

During extreme flood events good communication schemes could play a significant role to ensure that
the public will behave in a way where appropriate and effective steps to reduce and mitigate the risk
are taken(Yamada et al., 2011).

An emerging trend in the emergency management literature indicates the use of SNSs as a way to help

building a more resilient community. The basic concept of this tendency can be sought assuming that
improvements in communications, risk awareness and preparedness can lead to an improved social

resilience (Cutter, 2008). According to White (2011)community resilience should include a grassroots

effort where social media is utilized in a number of ways to support the safety of the community.

Dufty (2012)states that the use of social media by emergency agencies could assist in learning for
disaster resilient communities . The contribution of social media to community resilience lies in the
capacity of SNSs in forming the so called community of practices , defined as
share a concern or passion for something they do and learn how to do it better as they interact

regularly (Wenger, 2011). According to Dufty (2012)the development of such communities of

practices through SNSs helps in building a more resilient community in different ways. SNSs can help

in developing social capital (e.g. networks, leadership, support systems) for disaster resilience learning
communities; SNSs can be powerful instruments for informing others of the flood risks in their
community, discussing and planning what is being done to manage the risks and what they can do;

they can be used to provide support to people during and after the flood by communicating warnings

and other information to affected communities. In this way, SNSs contribute to coordinate community

response and recovery.

SNSs represent a platform to raise spontaneous networks useful in facing a disaster, disseminating
information and warning messages. Furthermore, the large ease of access of these platforms makes
them a powerful tool also during the recovery phase, as a collector of aid requests as well as to
organise relief distribution. As a consequence, they contribute to make the distribution of support both
based on the "rule of relative advantage" and inspired by the desirable "rule of relative needs".
"Relative advantage" refers to the advantage which could be connected to being part of a community,
having political connections and accessibility to resource; "relative needs" is more oriented to
distributing support proportionately to the requests(Norris et al., 2008).
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Acting across and within an affected community, these tools permit to share knowledge, information
and also to receive/give psychological support. Norris et al. (2008) pointed out three social dimensions
of "social capital": "sense of community", "place attachment" and "citizen participation”. Structuring
aids-network using SNSs improves all them and, in turn, the capacity of collectively react to
disaster induced perturbations. It actually means put up a community and lean on community

resilience.

3. Case study: the Elbe Flood in the city of Dresden. Methodology and analysis.

Between the 30"of May and the 3™f June 2013 extreme heavy rains affected large parts of Eastern
and Central Europe. The distribution of precipitations in the basin of the rivers Elbe, Moldau and Saale
reached values two to three times higher than the normal average of June. The heavy rain resulted in
surface runoff causing a severe flood situation. The city of Dresden was one of the flooded urban
areas. With some 500.000 inhabitants, Dresden is the capital city of Saxony. The city was already
flooded in 2002, when the whole city centre was invaded by the water. Different structural measures
taken after the 2002 flood helped the city to better cope with the 2013 flood. Although these
circumstances, the2013 flood determined significant impacts.

While the city was flooded, a spontaneous network of helpers was created using a Facebook page
called Fluthilfe Dresden. This work aims at investigating the effectiveness of Fluthilfe Dresden page,
aiming at estimating how it served in improving city' ability to arrange available resources in respect
to the needs, and how it helped in improving the resilience of the flood affected community.

The analysis can be summarised in the following steps:

1. data collection;
2. post processing;
3. dataset elaboration.

3.1 Data collection

In order to collect data to be elaborated, a survey has been carried out pointing out the total number of
posts, which represent the set of on-line published messages of Fluthilfe Dresden page. The
dissemination of each post has been analysed on the basis of three basic Facebook functions: "likes",
"sharing" and "comments". These functions allow Facebook users to show their support to published
messages by approving the contents ("/ikes"), by posting the said messages on the own Facebook
profile page ("sharing") or by adding comments giving reply and opinions ("comments").

The page has been liked by ca. 43.000 users, who used it to ask, to provide help or to be updated about
the flood. Data survey has led to observe that in the time frame from the 3™ of June to thel1™ of June
2013, 158 posts have been published on the page, with a total of 74652 sharing, 19602 likes and 4632
comments. The time frame has been chosen considering that it corresponds to the main operative
period of the page, and it corresponds to the days the city was flooded.

A further analysis has been performed regarding the content of all published messages, distinguishing
three main categories of contents: help requests, helping offers and communications. Although a wide
variety of posts contents has been founded, requests and offers have been also organised depending on
the typology of requested/offered resources (willingness/need to help or assist affected people as a
volunteer; material aid offers or requests, e.g.: food, accommodations, blades, blankets).

The whole set of 158 post has resulted being made up by 59 help requests, 41 helping offers and 58
general communications.
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Leaving aside communications, the set of offers and requests is resulted composed as follows:
— volunteers help: requests,28.7%; offers, 22.2%;
— material needs: requests, 30.6%; offers, 18.5%

3.2 Post processing

Likes, sharing and comments represent a way to virtually support, deal with and disseminate post
contents. In accordance with this consideration, during post processing operations ithas been assumed
that the more a post received likes, sharing, and comments, the more its contents were disseminated on
line. And hence, more likely the offer/request could be satisfied.

For each post, a response index (Ix)has been defined as the sum of relative likes, sharing and
comments. The I value has been assumed as a measure of the efficacy of a certain post in terms of its
spread within the Facebook users' community.

Dataset has resulted to hold both a large set of elements similar in their values and some others
significantly different from the previous regarding to Iz order of magnitude (Graph 1).
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Graph 1.Scatter plot of "Response index" (Ig) values Graph2.Boxplot of I values
in logarithmic scale

In order to substantiate the analyses, statistical based evaluations have been carried out. Iz has been
assumed as an observed variable and the set of its numerical value as a sample. Values dispersion has
been investigated starting from quartiles, using boxplot representation. More in details, defining ¢; and
q; respectively the first and the third quartiles, interquartile range /# can be obtained (k= g; - ¢q,).
Outliers have been identified as values exceeding the range [¢;-1.5 4; g5+ 1.5 h] (Graph 2).

3.3 Data elaboration and outcomes

Once identified the outliers, they have been kept out from the reference dataset. Having pointed out 23
outliers, the original set of 158 posts has been reduced to 132 posts. The updated dataset has allowed
not to taking into account outliers in all the following evaluations, ensuring an adequate significance to
processed values. Main statistical moments of Iz values for revised dataset have been evaluated
(Table 2).
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Minimum value 0

Maximum value 520

Average value 83.1

Mode 2

Standard deviation 128.2

Table 2. Main I statistical moments
n
B Reques® Offem Communicatio 45)’ B Request mOffer m Communication
o}
o}
W
o
[
8
>3
Z
Days

Graph 3.(a) Percentage of requests, offers and communication; (b) Posts by day classified in requests,
offers and communications

The outliers' elimination has made the whole dataset composed by: 59 help requests, 38 helping offers
and 33 general communications (table 4 and graph 3 (a)).Help requests represents a large part of the
whole dataset, higher than the two comparable quantities of help offers and communications.

Further consideration can be deduced from deeply examining how posts are geographically distributed
as well as within the chosen time frame.

Based on the posts' publishing date on Fluthilfe Dresden page, time trends have been deduced
(Graph 3 (b)).Globally, the highest number of activities on the page has been registered on the
4™ of June. As regards the Elbe River, the maximum water level was reached on the 6 of June. This
matching shows that several factors determine the number of page users, such as: hydraulic levels and
flooded zones localisation, number of affected people and their ability to be connected to Internet (as
regards help requests), fame and knowledge of Fluthilfe Dresden page within Facebook users (as
regards help offers and communications).

The distribution of these three categories through the different days is resulted to be not homogenous.
On the 3™ of June the number of registered helping offers is much higher, while in the other days the
number or requests is more relevant (Graph 3(b)).Help requests have resulted to be generally the most
significant rate of posts' contents.

Some posts included the exact location of the concerned request, offer or communications. Thus, data
collection has led to register the geographical position for the said posts. More in details, 82 posts have
been geographically placed according to Dresden city districts divisions ("Ortsamtsbereich") (Table 3;
Fig 1).
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Ortsamtsbereich Requests Offers Communications
Schonfeld-Weillig 0 1 0
Radebeul 2 1 0
Leuben 12 3 0
Neustadt 10 5 2
Plauen 1 1 0
Loschwitz 4 1 0
Pieschen 10 3 5
Cossebaude 2 0 1
Altstadt 7 2 2
Freital 1 1 0
Altfranken und Gompitz 0 1 0
Cotta 2 0 0
Pirna 0 1 0
Blasewitz 0 1 0
Total value 51 21 10

Table 3. Summary table on the basis of geographical available locations

Figure 1: Thematic map (Scale: 1:150000). Dresden city districts administrative boundaries
("Ortsamtsbereich™) (orange lines). Pie charts dimensions increasing with number of posts,
representing help requests (pink), help offers (green) and communications (blue); maximum flooded
area in June 2013 (light blue) based on PERILS data.

Being not possible to associate the exact place referring to all Fluthilfe registered posts, the
cartographic representation of dataset values has resulted limited. However, data allow to point out
that the webpage was especially used in the northern part of Dresden city (Pieschen and Neustadt
districts). This circumstance could be related to the characteristics of this district to be mostly
residential areas, easily accessible with public transport (e.g. Train station Bahnhof Neustadt and
several tram stops), and to their location very close to the city centre.
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A first measure of Fluthilfe Dresden page efficacy can be assumed as the response index average
value, equal to 83.1. Therefore, each post has resulted to be read by 83 Facebook users on average. It
has to be specified that this Iz average value is just an approximate estimate. Due to characteristics of
dataset values, I considers only likes, sharing and comments reported on Fluthilfe Dresden page, not
also all Facebook users that became aware of a certain post after the latter has been shared on users'
profile pages. It is clear that this observation not necessarily means that each help request or offer
received 83 replies. However, Izx mean value helps in highlight the high potentiality of a tool such as
Fluthilfe Dresden page in disseminating information and needs.

The response index has been calculated for each day (Table 4). Having defined Iy as indicative of the
web page global efficiency, the latter results more significant in the time frame from the 3™ of June till
the 5. Registering an I value of ca. 40 %, the 4™ of June can be identified as the most page efficiency
day (graph 3).

The response index has been also calculated for each of the three categories requests, offers and
communications (Table 4). The most efficient posts result those classified as communications, with a
Iz of ca. 60%.

Requests Offers Communications Tot. Ir (%)
June, 3 8 28 11 47 29.2
June, 4 24 8 16 48 41.6
June, 5 8 2 5 15 13.6
June, 6 13 1 1 15 10.6
June, 7 2 0 1 3 4.3
June, 8 3 0 0 3 0.7
June, 11 1 0 0 1 0.0
Tot. 59 39 34
Ir (%) 26.9 16.5 56.6

Table 4. Response index per day and per post category

Graph 4. Response index (%) daily distribution
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4. Conclusions

Besides economic losses and damage in infrastructures and buildings, flood events and related effects

act as a stressor for affected people in regard to psychological and social issues. Individuals can better

face a perturbation leaning on help and support that can come from the communities they are member

of. Being able to create virtual communities , SNSs holds a strong potent
instrument for disaster management.

This paper seeks to understand how the use of SNSs, such as Facebook, can influence the social

resilience during extreme flood events. More in details, the case of Fluthilfe Dresden Facebook page

has been deeply investigated. During 2013 Elbe River flood, this web page created a spontaneous

virtual network of Thelpers which turned into a real and effective aids network
requests, offers and disseminating useful information, Fluthilfe Dresden page served to coordinate aids

network and to provide a better and easily accessible communication network. The page has resulted

to have reached a large popularity among the Facebook users community. This fame has been in this

work estimated through a survey of all published posts, and defining a "response index" as a measure

of page effectiveness.

Even being an explorative case study, Fluthilfe Dresden page demonstrates that the creation of social
virtual communities via SNSs can generate effective platforms for informa
knowledge building. Both these aspects play a significant role during calamitous events. In fact, the
spontaneous Fluthilfe Dresden aggregation of people sharing problem/needs/opportunities turned into
a useful tool, serving to coordinate aids network and provide a better and easily accessible
communication network. As the case of Dresden shows, it can be stated that such virtual communities,
created form the spontancous aggregation of people sharing the problem/needs, can contribute to
provide support and give assistance to the real community during and after fl«

These observations lead to extend the already known wide potential of SNSs, as supporting
instruments for disaster management, they are able to contribute to globally improve recovery and
resilience of affected communities.

Optimising use and allocation of available resources (both materials and not) and contributing to
making the city system globally capable of responding to the emerging needs (acting as a community),
SNSs can represent a strategic element during and after the event. Fluthilfe Dresden page was
spontaneously created during the event recognising the considerable entity of the event and its
impacts. With reference to settlements located within flood prone areas, aids networks based on SNSs
could be properly arranged also before the event. Organising a web based platform able to collect
help's offers -before the event- and SOS messages and requests -during and after the event- results
considerable in defining community behaviour facing with the disaster.

SNSs based tools create bottom up aid networks which could integrate institutional measures.
Advantages could interest all actors involved in disaster management as well as affected people:
institution, organisation and bodies in the area of Civil Protection obtain a structured useful collection
of "helpers" availability and their location; affected people can communicate their needs and, at the
same time, receive support and help as well as real time information about the flood event and
operative issues.

Improving both efficiency and efficacy of aids networks, structuring SNSs based tools help in
improving community readiness to the risks they have to cope with, contributing to building flood
resilience communities. This view descends from and has its roots in considering community
resilience as a process to be suitably made up before the perturbation occurs, ready to be performed
during emergency situation.
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