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ABSTRACT
Social media provides channels of communication during emergency events such as earthquakes. Such
sites may be utilised for a range of emergency response strategies providing that data is processed
rapidly and management strategies employed effectively. The processing of social media data presents many challenges for emergency responders: information overload, organisational communication
and information reliability remain prevalent issues. Furthermore, there is a growing need to improve
the management of multi-hazard disasters (sometimes referred to as ‘cascading disasters’) due to an
increase in their frequency and severity, exacerbated by underlying global problems such as climate
change. This is especially important to geographical regions that are prone to particular hazards – New
Zealand for instance recorded nearly 33,000 earthquakes in 2016 alone. Similarly, there is an increasing
need to evaluate developments in technology and social media sites themselves as they are progressively being relied upon during emergency events. In this study, we examine the crisis communications
of the Kaikoura earthquake (New Zealand, 2016) using mainstream media content such as new stories,
and online content such as Twitter data. A mixed method approach was employed, which combined
content analysis with the application of a conceptual framework. The paper then presents (i) an analysis
of crisis communications during the event, focusing on changes in media content and theme, (ii) the
structure of online emergency response in the country and its affect on management and (iii) the barriers effecting emergency response in this case study.
Keywords: conceptual framework, content analysis, disaster management, earthquake, emergency
response, multi-hazard disaster, social media.

1 INTRODUCTION
Social media are increasingly utilised for the dissemination of information during emergency
situations [1–3]. Individuals may use social media as a source of information to make personal and complex safety critical decisions during such events [4]. Social media offer a range
of supporting features which may reduce risk during crises: real-time monitoring and evaluation can be used for targeted action purposes [1], generalized monitoring and evaluation
may support policy-making [5] and as a means to establish situational awareness [6]. Specific
to disaster management, social media may provide warning systems throughout the disaster
lifecycle phases [7], identify or track potential hazards or problems [8] and strengthen human
interaction, coordination and crisis communications [9].
Using social media to disseminate time-critical information does however face obstacles.
Information overload transpires when there are high volumes of accessible information which
may not be relevant or useful [10]. Often this occurs when information is not entirely related
to a situation, is not targeted at individuals or networks, or is simply outdated [11, 12]. Poor
communication and uncoordinated dissemination from emergency responders may exacerbate these problems [13]. Despite a rise in global connectivity through developments in
technology, such as the World Wide Web (‘the Web’), accessibility to social media remains a
significant obstacle [14]. Factors such as social class, gender, ethnicity, income and geographical location may all impact access to social media and other online resources [2, 15].
Reliability of information created or shared via social media during disasters can also be
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questionable as disseminating information requires little to no authentication, and often individuals do not site original sources of data [12, 16].
The challenges of using social media in emergency response evolve alongside the development
of new applications, services and uses either provided by or taken up by social media themselves
[10, 17]. Consequently, a number of emergency responders have sought to address such limitations. The American Red Cross for example launched a ‘Digital Operations Center’ dedicated to
global humanitarian relief by utilising social media [18]. The uptake of crowdsourcing public
information has in recent years offered emergency responders with valuable insight into disaster
situations, as well as empowering the citizens who experience a disaster [8, 19]. In such situations
the challenges of information reliability and credibility are prominent [20]. The inability to verify
information during crisis situations can be highly dangerous: especially as this may form the basis
for emergency decision making processes, both for individuals and organisations, where poorly
planned consequences may potentially be dire to citizens [2].
Utilising social media for emergency response additionally faces challenges presented by
complex, multi-hazard events. During such crises, it is even more difficult to provide reliable,
tailored, and time-critical information due to more unpredictable nature of the disaster and
subsequently triggered hazards. As a result, there is a growing need to analyse the causes of
high magnitude multi-hazard disasters especially as they are becoming more common and devastating than previously expected [21–23]. New functionalities, services, software and tools are
continually evolving to meet this demand, and often use social media as a lens for analysis.
Twitter in particular has been a popular focus for research in crisis communications, and remains
extensively used during emergency events by individuals and responders alike. Micro-blogging
platforms such as this offer rapid situational awareness – an aspect that has become vital to
many studies seeking to utilise online networks for effective information dissemination.
2 THE STUDY
2.1 The Kaikoura earthquake
According to the USGS Earthquake Hazards Program (2016) the Kaikoura earthquake
occurred on the 14th of November, 2016, on the South Island of New Zealand. The geographical setting of the earthquake is illustrated in Figure 1 below. It recorded a magnitude of 7.8
and a duration of roughly two minutes, making it the second largest earthquake to be recorded
in the country since its colonisation. The epicentre was recorded at 60 kilometres south-west
of the town of Kaikoura, thus providing its name, and at a depth of around 15 kilometres. The
intensity of the earthquake has partly been attributed to a series of ruptures occurring on
multiple fault lines in a complex sequence. The initial earthquake hazard then triggered
nearly 12,000 aftershocks along multiple fault lines, as well as causing a 5 m tall tsunami
wave which affected thousands of kilometres of coastline.
3 METHOD
3.1 Twitter data
Twitter data was collected for the Kaikoura earthquake case study using the Twitter streaming
API. Tweets were collected for featuring two or more of the terms ‘Kaikoura’, ‘Earthquake’,
‘New Zealand’ and ‘Tsunami’. The data collection ran from the 13th of November 2016 (the
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Figure 1: A map showing the epicentre and distribution of the Kaikoura earthquake, 2016. (Source:
USGS, 2016).

day the earthquake occurred, GMT), and ended on the 13th of December 2016. This produced a data set of roughly 30,000 tweets. The dataset is hosted on the Southampton Web
Observatory at a 100% sample size.
3.2 Content analysis
Manual content analysis was conducted on the dataset to indicate the most used hashtags,
phrases, and popular re-tweets. This demonstrated how online media content changed over
the duration of one month, and illustrated the larger picture of crisis communications on
Twitter. Following this, tweets for a 24-hour period were then systematically selected at
7-day intervals. This formed four smaller datasets throughout the course of the event. These
smaller datasets highlighted how specific hazards and micro-variations in hashtag and term
trends manifested on the social media site, providing a more detailed insight to the event.
Additionally, analysis of smaller datasets avoids common problems with the large size and
velocity at which content is created and re-tweeted on Twitter during crises [24]. Similarly,
manual content analysis was applied to indicate the most used hashtags, phrases and popular
re-tweets, where each smaller dataset could be compared with one another to determine
changes in content over time.
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3.3 Conceptual framework
The conceptual framework proposed by Gray et al. [25] shown in Table 1 was applied to the
systematically sampled datasets to show change in social media content over time. Application results indicated that the uses of social media, categorised from existing disaster
literature, were present in the case study.
Table 1: A conceptual framework of the uses and users of social media during the disaster
lifecycle phases.
Disaster lifecycle
phase

The uses of disaster social media

Evaluate the reliability of information
Identify and/or contain false information
Provide and seek general disaster preparedness information
Pre-event
Provide and receive general national and regional disaster warnings
Pre-event  During Detect and warn of disasters and specific hazards locally
Identify the differences between actual and potential uses of social
media
Send and receive requests for help or assistance
During event
Inform others about ones condition and location
During  Post-event Provide, receive and analyze big data generated by the event
Provide, receive and encourage information sharing in multiple formats
Document what is happening during a disaster online and offline
Consume or create news coverage of the disaster
Provide and receive location based real-time warnings
Express public and/or individual emotion or empowerment; reassure
others
Raise and develop awareness; donate and receive donations; list ways
to help or volunteer
Seek to inform and support existing disaster management strategies
Provide and receive specific disaster response, rescue and evacuation
information
Seek and assess mental, behavioral and emotional health support
Filter, categorize critically analyze information
Understanding how online and offline situations differ
Provide and receive information regarding disaster response, recovery and rebuilding; tell and hear stories from the disaster
Understand how ones access to the Web has had an effect on their
experiences
Discuss socio-political causes, implications and responsibility
Post-event
Re-connect community members
Discuss the accessibility of the Web as an intermediary to social media
Discuss the accessibility and reliability of specific social media;
discuss perceptions
Consolidate lessons learnt to develop new/improved social media
Post-event  Preapplications
event
All stages
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4 RESULTS
4.1 Crisis communications during the Kaikoura earthquake
Communications on Twitter during the Kaikoura earthquake, although generally following
an expected pattern for communications previously recorded by other studies (see for example Houston et al. [26] official, and scientific literature was carried out in 2012–13 to develop
a framework of disaster social media. This framework can be used to facilitate the creation of
disaster social media tools, the formulation of disaster social media implementation processes, and the scientific study of disaster social media effects. Disaster social media users in
the framework include communities, government, individuals, organisations, and media outlets. Fifteen distinct disaster social media uses were identified, ranging from preparing and
receiving disaster preparedness information and warnings and signalling and detecting disasters prior to an event to (re) were more focused on the recording and spread of news relating
to individual hazards within the overall, larger event. The hazard-specific news primarily
referred to a tsunami which followed the initial earthquake some two hours later, a large
aftershock recording a magnitude of 6.8, another aftershock at 6.2, and finally an aftershock
at 5.8: all of which occurring within one month of the first quake. The changes in online
content was noted in variations of popular hashtags, demonstrated in Table 2 below. The table
compares 24 hour systematic samples beginning on the day of the first quake. Although the
first three most popular terms in each dataset refer to generalised terms, the subsequent terms
illustrate the changes in events that are both represented online as well as offline.
The term ‘#Tsunami’ is more extensively used in the first dataset of Table 2 which corresponds with the occurrence of the hazard in the real world based on media content. Similarly,
the term ‘#Argentina’ is popular within the same sample. This refers to the fault triggering a
similar earthquake with roughly the same magnitude within quick succession of the Kaikoura
quake. In the second sample, ‘#HMCSVancouver’ recorded a high volume, which referred to a
series of offline events where HMCS Vancouver aided with unfolding of disaster management
strategies in the local area. Similarly to Argentina, in the second sample ‘#Japan’ become popular, representing a plethora of warnings through news and media channels warning of potential
risk to the country based on the recent seismic movements. In the third sample, ‘#BREAKING’
and ‘#waiau’ were prevalent, referring to particular large aftershocks in the area. Finally, in the
Table 2: The most used terms during a 24 hour period during the Kaikoura earthquake.
14/11/2016

21/11/2016

28/11/2016

05/12/206

#NewZealand
#earthquake
#nzearthquake
#Argentina
#sup
#eqnz
#Tsunami
#NuevaZelanda
#NZQuake
#supermoon

#NewZealand
#Kaikoura
#earthquake
#nznews
#eqnz
#HMCSVancouver
#imwithher
#Japan
#Erdquake2011
#Tsunami

#NewZealand
#Kaikoura
#Earthquake
#NZ news
#BREAKING
#prophecy
#Geology
#Waiau
#Wellington
#Kaikoura earthquake

#NewZealand
#earthquake
#Kaikoura
#geochat
#nznews
#weather
#wx
#cli
#Auckland
#humanitarian
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last sample ‘#geochat’ illustrated the transition of online activities from being heavily centred
on news stories, to shifting towards a lively online debate that considered the causes of earthquake and multiple hazards, as well as the socio-political and economic considerations.
4.2 The structure of emergency response in New Zealand
The Kaikoura earthquake experience relatively low levels of information overload. This may
in part be attributed to the set-up of online media channels, as there are a number of dedicated
news and media outlets specifically set up to distribute real-time information regarding earthquakes (for instance, @WeatherWatchNZ, @USGS, @LastQuake etc.). As this is most likely
due to the fact that the country, well-practised in coping with seismic hazards as a result of
their geographical location, has much higher preparedness and resilience strategies and infrastructure in place. This, combined with a comparatively strong global economic standing,
means that a large proportion of the public are able to access the Web during times of crisis,
access online resources, which include that of social media and are generally able to maintain
cohesion between offline and online sites.
The structure of New Zealand’s emergency response is arguably therefore well managed:
online media, as well as the dedicated Twitter accounts for specific geographic information
more often than not re-tweet and disseminate emergency warnings and responses from local
and Governmental authorities, as opposed to creating their own. This means that information
is often clear, structured to a particular platform, and automatically disseminated through
automatic systems set-up by certain twitter accounts (i.e. @LastQuake make the most recent
earthquake information publicly available as and when something occurs, adding other
time-critical information which is dictated by Governmental bodies and emergency responders). The application of the conceptual framework has demonstrated how online content
changed over the following four weeks of the disaster.

Figure 2: The count of framework categories during the first 24 hour sample of the Kaikoura
earthquake (14/11/2016). Framework category numbers are listed on the right hand
column.
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Figure 3: The count of framework categories during the second 24 hour sample of the
Kaikoura earthquake (21/11/2016). Framework category numbers are listed on the
right hand column.
5 DISCUSSION
As evidence by Figures 2–5, there are significant changes in the framework categories, which
indicate changes in the online content of twitter. The first sample shows a dominance of categories 10, 11, 12 and 14, demonstrating that although a large hazard had just occurred there
was relatively little online information actually created to help with decision-making processes. This, combined with the low death toll and casualty rate, suggests that time critical
information was instead disseminated effectively and across a range of media channels,
reducing the confusion often caused by information overload. In the second sample categories focused on smaller, regional hazards became dominant. This was an unexpected result as
often this occurs in the preliminary stages of a disaster as opposed to during. This indicates
that emergency responders were disseminating information regarding smaller specific
regional events and potential hazards at targeted areas, which proved to be an effective way
to mitigate the effects of the multi-hazardous nature of high magnitude seismic events.
In the third sample the framework category contents transitions into a well-documented
response to natural disasters: large volumes of people begin expressing emotions or stories
about the events, which often increases in volume once the larger triggered hazards have
subsided. Finally, following this in the final sample a full month after the initial earthquake,
the framework category content begins to shift back to the earlier stages of the life cycle
phase. This is reflective of geographical regions that experience frequent seismic events as
preparedness efforts and public information to effectively tackle these is highly encouraged
and supported. The quick transition back to these early stages is arguably one of the main
reasons that online emergency responders in New Zealand have reduced risk to the population in areas prone to risk.
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Figure 4: The count of framework categories during the third 24 hour sample of the Kaikoura
earthquake (28/11/2016). Framework category numbers are listed on the right hand
column.

Figure 5: The count of framework categories during the fourth 24 hour sample of the Kaikoura
earthquake (05/12/2016). Framework category numbers are listed on the right hand
column.
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6 CONCLUSION
In conclusion, multi-hazard disasters are becoming more frequent and devastating than previously expected. Social media and other forms of online crisis communication are increasingly
being used to help reduce risk and the negative associations of such events. New Zealand, as
an area prone to seismic hazards, has invested heavily not only in effective emergency
response in the physical world, but has also developed effective online strategies for information dissemination. In these, series of accounts are dedicated to passing on vital information,
while avoiding creating new information themselves. This avoids common issues such as
information overload. The ability of these channels to move from generalised time-critical
information to producing tailored, region-specific information means that smaller areas that
are more prone to particular hazards, for instances mud-slides, can be targeted to reduce risk
further. Finally, the ability of these channels to rapidly transition back into sharing information associated with the early stages of the disaster lifecycle phases ensures that preparedness
and mitigation is strongly supported online, thus making future hazards easier to respond to.
REFERENCES
[1] Ruggiero, A. & Vos, M., Social media monitoring for crisis communication: process,
methods and trends in the scientific literature. Online Journal Communication Media
Technologies, 4(1), pp. 105–130, 2014.
[2] Haddow, G. & Haddow, K.S., Disaster Communications in a Changing Media World,
Butterworth-Heinemann, 2013.
https://doi.org/10.1016/c2012-0-06592-1
[3] Alexander, D.E., Social media in disaster risk reduction and crisis management.
Science and Engineering Ethics, 20(3), pp. 1–17, 2013.
https://doi.org/10.1007/s11948-013-9502-z
[4] Carver, L. & Turoff, M., Human-computer interaction: the human and computer as
a team in emergency management information systems. Communication of the ACM,
50(3), pp. 33–38, 2007.
https://doi.org/10.1145/1226736.1226761
[5] Sobkowicz, P., Kaschesky, M. & Bouchard, G., Opinion mining in social media: modeling, simulating, and forecasting political opinions in the web. Government Information
Quarterly, 29(4), pp. 470–479, 2012.
https://doi.org/10.1016/j.giq.2012.06.005
[6] Dashti, S., Palen, L., Heris, M.P., Anderson, K.M., Anderson, T.J. & Anderson, S.,
Supporting disaster reconnaissance with social media data: a design-oriented case study
of the 2013 Colorado floods. Proceedings of the 11th International ISCRAM Conference. University Park: Pennsylvania, USA. pp. 632–641, 2014.
[7] Sweta, L.O., Early warning systems and disaster management using mobile crowdsourcing - MDIwMTMxNDI5.pdf. International Journal of Science Research, 3(4), pp.
356–365, 2014.
[8] Crooks, A., Croitoru, A., Stefanidis, A. & Radzikowski, J., #Earthquake: twitter as a
distributed sensor system. Transactions in GIS, 17(1), pp. 124–147, 2013.
https://doi.org/10.1111/j.1467-671.2012.01359.x
[9] Lindsay, B., Social media and disasters: current uses, future options, and policy considerations. Congressional Research Service, 2011.

322

B. Gray, et al., Int. J. of Safety and Security Eng., Vol. 7, No. 3 (2017)

[10] Bharosa, N., Lee, J. & Janssen, M., Challenges and obstacles in sharing and coordinating information during multi-agency disaster response: propositions from field exercises. Information System Frontiers, 12(1), pp. 49–65, 2009.
https://doi.org/10.1007/s10796-009-9174-z
[11] Lu, Y. & Yang, D., Information exchange in virtual communities under extreme disaster
conditions. Decision Support Systems, 50(2), pp. 529–538, 2011.
https://doi.org/10.1016/j.dss.2010.11.011
[12] Westerman, D., Spence, P.R. & Van Der Heide, B., Social media as information source:
recency of updates and credibility of information. Journal of Computer Mediated Communication, 19(2), pp. 171–183, 2014.
https://doi.org/10.1111/jcc4.12041
[13] Shklovski, I., Palen, L. & Sutton, J. Finding community through information and communication technology in disaster response. In Proceedings of the ACM 2008 Conference on Computer Supported Cooperative Work - CSCW ’08, p. 127, 2008.
[14] Wentz, B., Lazar, J., Stein, M., Gbenro, O., Holandez, E. & Ramsey, A., Danger, danger! evaluating the accessibility of Web-based emergency alert sign-ups in the northeastern United States. Goverment Information Quarterly, 31(3), pp. 488–497, 2014.
https://doi.org/10.1016/j.giq.2014.02.010
[15] Fothergill, A., Maestas, E.G.M. & Darlington, J.D., Race, ethnicity and disasters in the
United States: a review of the literature. Disasters, 23(2), pp. 156–173, 1999.
https://doi.org/10.1111/1467-7717.00111
[16] Laituri, M. & Kodrich, K., On line disaster response community: people as sensors of
high magnitude disasters using internet GIS. Sensors, 8(5), pp. 3037–3055, 2008.
https://doi.org/10.3390/s8053037
[17] Kaplan, A.M. & Haenlein, M., Users of the world, unite! The challenges and opportunities of social media. Business Horizons, 53(1), pp. 59–68, 2010.
https://doi.org/10.1016/j.bushor.2009.09.003
[18] Tapia, A.H. & Moore, K., Good enough is good enough: overcoming disaster response
organizations’ slow social media data adoption. Computer Supported Cooperative
Work, 23(4), pp. 483–512, 2014.
https://doi.org/10.1007/s10606-014-9206-1
[19] Goodchild, M.F. & Glennon, J.A., Crowdsourcing geographic information for disaster
response: a research frontier. International Journal of Digital Earth, 3(3), pp. 231–241,
2010.
https://doi.org/10.1080/17538941003759255
[20] Lu, Y. & Yang, D., Information exchange in virtual communities under extreme disaster
conditions. Decision Support Systems, 50(2), pp. 529–538, 2011.
https://doi.org/10.1016/j.dss.2010.11.011
[21] Kappes, M.S., Papathoma-Köhle, M. & Keiler, M., Assessing physical vulnerability
for multi-hazards using an indicator-based methodology. Applied Geography, 32(2),
pp. 577–590, 2012.
https://doi.org/10.1016/j.apgeog.2011.07.002
[22] Kousky, C., Informing climate adaptation: a review of the economic costs of natural
disasters. Energy Economics, 46, pp. 576–592, 2014.
https://doi.org/10.1016/j.eneco.2013.09.029

B. Gray, et al., Int. J. of Safety and Security Eng., Vol. 7, No. 3 (2017) 

323

[23] Lung, T., Dosio, A., Becker, W., Lavalle, C. & Bouwer, L.M., Assessing the influence
of climate model uncertainty on EU-wide climate change impact indicators. Climatic
Change, 120(1–2), pp. 211–227, 2013.
https://doi.org/10.1007/s10584-013-0825-1
[24] Hoeber, O., Hoeber, L., El Meseery, M., Odoh, K. & Gopi, R., Visual Twitter Analytics
(Vista). Online Information Review, 40(1), pp. 25–41, 2016.
https://doi.org/10.1108/oir-02-2015-0067
[25] Gray, B., Weal, M. & Martin, D., Social media and disasters: a new conceptual framework. Proceedings of the ISCRAM 2016 Conference, 28 February 2016.
[26] Houston, J., Hawthorne, M.F., Perreault, E.H., Park, M., Goldstein Hode, M.R.,
Halliwell, S.E., Turner McGowen, R., Davis, S., Vaid, J.A., McElderry, S.A. &
Griffith, S.A., Social media and disasters: a functional framework for social media
use in disaster planning, response, and research. Disasters, 39(1), pp. 1–22, 2012.
https://doi.org/10.1111/disa.12092

