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ABSTRACT Earthquakes are natural phenomena that can strongly affect the human popula-
tion, infrastructure, and the environment. Croatia is part of a tectonically and seismically ac-
tive area so its habitants and relevant institutions should be aware of possible hazardous events,
which can be devastating. Therefore, crisis communication is extremely important, and in the
event of natural disasters such as earthquakes, it must be clear, timely and concise. Scientific
institutions dealing with earthquakes should also be involved in crisis communication. The in-
formation on two strong earthquakes in 2020 that shocked the area of Zagreb and Petrinja and
the wide surrounding area, have shown how relevant institutions can deal with information
on earthquakes and their consequences and share them publicly. This paper adopts a mixed-
methods research design, combining both qualitative, and quantitative data on the Zagreb and
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Petrinja earthquakes from various sources of scientific and professional institutions in the field
of geology, geophysics, seismology and civil engineering in Croatia. Empirical data suggest that
interactive communication that strives to address local contextual concerns, explain actions,
and provide honest, timely, accurate and reliable information is most effective. In the future,
institutions have to find a way to react or share their information to help in the crisis.

Key words: earthquakes, social media, content analysis, crisis communication.

1. Introduction

Earthquakes are the shaking of the Earth’s surface that results from seismic waves cre-
ated in a sudden release of elastic energy in the Earth’s lithosphere. These natural phe-
nomena can strongly affect the human population, infrastructure, and the environ-
ment. Their consequences can be devastating, especially in areas where buildings are
not adequately constructed and where the public is not educated about the possibility
of earthquake occurrence, and trained to avoid earthquake-related risks. Therefore, we
must be aware that earthquakes can happen, especially in areas where they were previ-
ously noted, and be prepared to react with as little panic and fear as possible.

On 22" of March 2020, a local magnitude (M) 5.5 earthquake shocked Zagreb, the
capital of Croatia, the neighbouring counties, and was felt even in the surrounding
countries. Nine months later, on 29 of December 2020, an even stronger earthquake
of My 6.2 struck central Croatia. Its epicentre was between Petrinja and Glina, ap-
proximately 50 km from Zagreb. In these two natural disasters, the number of casual-
ties was relatively low (8 in total), but the number of damaged buildings and evacu-
ated people was counted in tens of thousands. The estimated damages and losses for
both events are more than 15 billion euros. These two events can be described as crisis
events affecting an extremely large number of people.

According to Lerbinger (1997), there are three categories of crisis: crises of the physi-
cal world (natural disasters and catastrophes such as landslides, tornados, tidal waves,
storms, floods and earthquakes); crises of the human climate and crises of manage-
ment failure. Natural disasters “present an extraordinary difficult context for inter-or-
ganizational and inter-jurisdictional coordination” (Sellnow, 2011). They also require
immediate responses from multiple organizations that typically do not communicate
with each other to achieve the common goal of alleviating threats to a community.
Natural disasters, including earthquakes, have a strong impact on the safety of indi-
viduals (Becker et al., 2012). Therefore, reporting at the right moment with the aim
of saving lives is extremely important.

Earthquake crisis communication is significantly underestimated in Europe. An excep-
tion of good communication and crisis responses is related to the CAquila earthquake
(Italy) in 2009, with a significant number of papers dealing with communication
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channels (Alexander, 2010; Marincioni et al., 2012; Sellnow et al., 2017; Benassia &
Marchi, 2017). Furthermore, very few papers even on the global level deal with this
topic (Chen, 2009; Acar/Muraki, 2011; Cho et al., 2013; Seyle, 2013, Tekeli-Yesil et
al., 2019). The empbhasis is on official government communication channels (Boing,
20006), which have the priority role of saving lives and reducing property damage. Even
though the secondary goal of communication is to increase public safety and under-
standing of the current situation (Fraser, 2004), scientific institutions are commonly
not recognized as important stakeholders in crisis communication, despite confidence
in their knowledge (Cheng, 2009). On the contrary, in the case of the 2009 earth-
quake in Italy, scientists were accused of allegedly giving out misleading and incorrect
information to the public before the earthquake on 6 of April 2009 (Alexander, 2014;
Benasia & Marchi, 2017). However, crisis communication of scientifically based facts
through the official channels of scientific institutions can positively impact crisis be-
haviour of the general population (Chen, 2009). Our review of scientific papers on
the topic of crisis communication of scientific facts in times of natural disasters should
give clues on how to (better) react in this type of situation in the future.

Strong earthquakes, such as the Zagreb and Petrinja 2020 earthquakes, are extreme
geohazards with unpredictable timing, that require a rapid response from all stake-
holders. The main objective of this paper is to analyse the communication modalities
(content and frequency of visits) of scientific and professional institutions in the field
of geology, geophysics, seismology and civil engineering in Croatia during and after
two massive earthquakes in the Zagreb and Petrinja area.

2. Communication in time of natural crisis

A crisis is an unexpectedand unwanted process that lasts for a certain period of time,
which can be alleviatedonly partially and can end in different ways (Mirosavljevié,
2008). It is a serious incident that endangers the safety of people, environment and
products, and can be caused by human activities and by natural disasters. Also, it is
possible to distinguish internal and external crises, depending on where they happen.
In periods of natural disasters, the importance of scientifically based facts in crisis
communications is strongly emphasized. In analysing the impact of scientific facts,
the largest number of papers is committed to weather disasters, especially hurricanes
(Spence et al., 2007; Garnett and Kouzmin, 2007; Patric et al., 2015; Spence et al.,
2015; Sadri et al., 2018; Lachlan et al., 2019)

To understand the disjuncture between practices that are adopted to mitigate per-
ceived risks and those that are not has been one of the primary focuses within the
natural hazards field (Whyte, 1986; Mileti, 1994). Much of the focus of this effort has
been on helping individuals and communities to be better prepared for a particular
hazard. Efficient communication of scientific facts is often detected as a key practice
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to move toward the desired goal — more disaster resilient communities (Steelman and
McCaffrey, 2013) Furthermore, it is important to connect risk management and crisis
communications which are inseparable. Communication has often been seen at the
center of improved response during the disaster management cycle. Disaster manage-
ment cycle is in essence a process by which governments, businesses, and civil society
plan for and diminish the impact of disasters, react during and immediately following
a disaster, and take steps to recuperate after a disaster has happened (Sawalha, 2020).
Risk communication and crisis communication focus on separate points in the disas-
ter management cycle (Steelman and McCaffrey, 2013). It was revealed that, in some
cases, through time-series relevant scientific information became less prevalent as the
crisis moved from the prodromal to acute phase, and information concerning specific
remedial behaviors was absent (Patric et al., 2015)

Risk management theory also points out that crisis teams are composed of diverse
combinations of emergency management personnel, health specialists, scientific ex-
perts and others. Among these teams and through their interactions with other net-
works involved in the crisis, interorganizational networking also occurs (Garnett and
Kouzmin, 2007). Traditionally associated with environmental management, public
health, and emergency management traditions, risk communication strives to inform
people about a possible future harm and the associated dangers so that they might take
the risk mitigation measures through science based procedures (Seeger et al., 2003;
Seeger 2006). To understand how natural disasters can be managed through crisis
communication, crisis communication framework is going to be described.

Crisis communication framework

In its broadest conception, crisis communication is any communication under the
state of crisis, which is distinct from normal communication by individual organiza-
tions. Crisis communication could be viewed as the “methods and policies used by
a corporation for the distribution of information during an uncomfortable situation
affecting the public” (Cutlip et al., 2003). In order to maximise effectiveness, gain
authority amongst an audience and continue to communicate regularly throughout
the lifespan of an event, it should begin as soon as possible (Collins et al., 2016). Crisis
communication can perform three functions: instructive information, which informs
people on how to react regarding personal protection; adjustive information, which
helps people to deal with uncertainty; and internalizing information, which refers to
information that helps an organization administer its reputation (Sturges, 1994).

Credible crisis communication begins with understanding how to properly structure
and deliver emergency messages. The language used by a crisis communication team
should address both the stage and seriousness of the situation; during a low-intensity
event, crisis communication should be informative, distinct and clear but not aggressive
and pushy in order to avoid inducing panic in the public, and as the severity becomes
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stronger, direct public health recommendations should be delivered in clear, regular
intervals via media. Messages should empower groups and individuals to take positive
action to help reaffirm a sense of crisis control (Collins et al., 2016). To present the
right information as soon as possible, within 24 hours from the moment of the crisis is
the most important point for every crisis situation, from the company’s point of view
(Puska et al., 2014:94). Without information, people often create a picture of the situa-
tion themselves — which can be incorrect and favour the development of public opinion
in the wrong direction. Rather than passively waiting for the situation to develop, it is
necessary to be proactive and communicate in organization’s favour. It is necessary to
maintain information security, to provide access to information, the communication
process should be directed, diverse adequate communication channels should be used,
as well as accessibility to all media, public and employees, and connection with them
should be maintained. Information has to travel fast, and has to be accurate and spe-
cific, with the minimum of irrelevant supporting information (Bulaji¢, 2010).

Collins et al. (2016:162) have gathered the guidelines on best practice principles for
risk communication:

*  Reduce inappropriate public actions (rioting, looting or overwhelming infrastruc-
ture).

*  Deliver clear and consistent messages across all media (news and social media).

*  Ensure that selected media channels are diverse enough to reach the widest popu-
lation, including minorities and marginalised groups.

*  Be regular to reduce the formation of rumours or inaccurate information getting
out from unofficial sources or social networks.

*  Empower the public and responders to make better decisions.

¢ Be accurate and reflect the exact level of risk, don’t be too extreme or too casual in
communication of seriousness of situation.

*  Be flexible enough to fit every scenario.

Listening to feedback, adjusting the message and provoking an audience into action
can help in solving all stages of the disaster/emergency management cycle (Collins et
al., 2016:162). Coombs (2014:6) has presented the best research-based evidence from
crisis communication research:

* If possible, publish the information about a crisis before it is reported in tradi-
tional or digital media.

*  Report information about a crisis on the organization’s online communication
channels.

*  Whenever there are victims or potential victims, immediately tell people how to
physically protect themselves from the crisis, and immediately provide them with
information and actions designed to help them cope mentally with the crisis (this
includes details about the crisis event, expressions of sympathy, corrective action,
and counselling).
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*  Organizations recover reputations and stock prices quicker when they commu-
nicate frequently and through many channels, than when they release very little
information.

*  Denial should only be used when an organization faces a rumour or misinforma-
tion about the crisis.

Puska and Maksimovi¢ (2014:94) suggest:

*  The public should come first.

*  Organizations should take responsibility to solve the problem.

*  Organizations should have an honest relationship with the stakeholders — without
concealing facts and trying to deceive.

*  Never say “No comment”.

* Appoint one spokesperson.

*  Organize a central information centre.

*  Constantly provide information— when information is withheld or hidden, it be-
comes news in itself.

*  Get acquainted with the needs and deadlines of the media.

* Beavailable.

*  Supervise news and telephone inquiries coverage.

*  Have an active communication with key public groups.

In the past, people generally relied on the mainstream media for information during
crises because they could obtain clues and information about safety and welfare of their
acquaintances’ only through the news, regardless of their access to telephone services,
and could share emotional support indirectly (Perez-Lugo, 2004). The emergence of
social media has answered the public’s need for personal and direct communication as
well as for information about their safety and welfare during crises. Although people
still rely partly on the mainstream media to acquire crisis information, gradually they
have increased their reliance on social media such as Twitter and Facebook (Cho et
al., 2013:30).

3. Current scientific findings about earthquakes in Zagreb and Petrinja

Croatia is part of a tectonically and seismically active area, due to a constant thrusting
of the Adriatic microplate under the Euroasian tectonic plate in the boundary zone
between the African and Euroasian tectonic plates (Ivanci¢ et al., 2018). These move-
ments are present in the whole Mediterranean, with a velocity up to 5 mm/year in the
Croatian part (McClusky et al., 2000; Weber et al., 2010). Seismic activity in Croatia
is most pronounced in three areas: coastal and hinterland part of Dalmatia, northern
part of the Adriatic coast between Ilirska Bistrica in Slovenia and the city of Senj, and
in northwestern Croatia (Herak et al., 2011, Croatian Standards Institute, 2011).
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The most known and devastating earthquakes noted in the last 400 years include
magnitudes (M) estimated to be between 5.1 and 7.1 (Dasovi¢ et al., 2020), with the
strongest one being the 1667 Dubrovnik earthquake, which had a devastating effect
on the city of Dubrovnik and marked the end of the Dubrovnik Republic. Earth-
quakes from the end of the 19th century in Klana near Rijeka (1870, M 5.5) and in
Zagreb (1880, M 6.2) brought the awareness about earthquakes and enabled their
scientific exploration in our part of the world. The research culminated with a signifi-
cant geophysical discovery of Andrija Mohorovici¢ on the discontinuity between the
Earth’s crust and the upper mantle, after an M 5.8 earthquake struck the Pokupsko
area in 1909 (Mohorovici¢, 1910).

Strong earthquakes in 2020 once again reminded the general public about seismic
activity in our area. The first earthquake series, with a M 5.5 and subsequent M
5.0 earthquake on March 22" 2020, which occurred during the first COVID-19
lockdown, affected the wider area of the City of Zagreb, caused significant material
damage and one human victim (Bogdan, 2020). The details about the earthquake and
its effects and consequences are described in Dasovi¢ et al. (2020), Savor Novak et al.
(2020) and Herak et al. (2021). The second series started on December 28 2020 in
the wider area of the Petrinja city with a M; 5.0 earthquake, which was followed by a
much stronger event of M; 6.2 on December 29*. These strong quakes were largely
felt in all parts of Croatia, as well as in the surrounding countries. Material damage
after the largest earthquakes and still ongoing aftershock sequence has been enormous,
with seven people losing their lives during the main strike.

Geophysicists (especially seismologists), geologists, civil engineers, and everybody
that could help and contribute to the understanding of the earthquakes and possible
subsequent events immediately started with the research and provided information
to the general public to prevent the spread of fear and false information. The first
information about the earthquakes were given by the Seismological Survey and the
Department of Geophysics of the Faculty of Science in Zagreb. Their information
was regularly released by the media (TV, radio, Internet, newspapers). Further steps
included data collection and interpretation which enabled publishing papers in several
scientific (Markusi¢ et al., 2020) and popular magazines (Bogdan, 2020; Dasovi¢ et
al., 2020).

4. Methodology

A mixed-methods research design was adopted to analyse both qualitative and quanti-
tative data from various sources in order to gain close insight into virtual information’s
activity during the crisis communication following the Zagreb and Petrinja earth-

quakes (Table 1.)
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Table 1.
Research design
Qualitative research approach Quantitative research approach
To gain insight into the characteristics of
crisis communication of the scientific and
professional institutions’ communication To analyse the difference in frequency of
Aim(s) channels. visits to the Facebook pages of the analysed

institutions before and after the earthquake
To assess and classify the content available

on those communication channels.

Content analysis according to the following
Method target groups: general population, media, Descriptive analysis
and academic community.

1. February, 21 — March 21+, 2020
(before the earthquake)

2. March 22, 2020 — April 2272020
(after)

3. November 27%, 2020 — December 27,
2020 (before)

1. March 22" — April 22", 2020

Period 2. December 28, 2020 — January 29,
2021

4. December 28%, 2020 — January 29,
2021 (after)

Data sources

(communication Websites, Twitter, Facebook group and Facebook pages, websites with Google
channels) Facebook pages Analytics data available
University of Zagreb:
Faculty of Science: University of Zagreb:
e Department of Geophysics Faculty of Science, Department of
Geophysics

e Department of Geology
Faculty of Mining, Geology and
Petroleum Engineering

Data owners

Faculty of Mining, Geology and
(institutions) g & &

Petroleum Engineering

Croatian Geological S
Croatian Center for Earthquake roatian Lueological sutvey
Engineering; Croatian Geological Society

Croatian Geological Survey Croatian Center for Earthquake Engineering

Croatian Geological Society

Quantitative research (descriptive statistics) was applied to analyse the frequency of
virtual visits to official web pages and Facebook pages/groups. The analysis of the web
pages included those pages only, for which Google Analytics data had been available at
the time (the Croatian Geological Survey, Faculty of Mining, Geology and Petroleum
Engineering from the University of Zagreb and the Croatian Geological Society).
Facebook visitation data was obtained and analysed for all listed institutions. The
frequencies of visits to the official web pages and Facebook pages/groups are presented
graphically for the two periods - before and after the earthquake, separately for the
Zagreb and Petrinja earthquake.
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Content analysis was used as a qualitative data analysis approach. The aim of the
content analysis was to classify the content and gain insight into the characteristics
of crisis communication of the scientific and professional institutions, supported by
relevant literature, to show the potential challenges and opportunities in crisis com-
munication during an earthquake. The content analysis was applied on the content
published on the social media channels and websites of the following institutions:
University of Zagreb, Faculty of Science, Department of Geophysics (website, Twitter,
Facebook group and Facebook page), and Department of Geology (website, Facebook
profile), Croatian Geological Survey (website, Facebook page), Croatian Geological
Society (website, Facebook page), Faculty of Mining, Geology and Petroleum En-
gineering in Zagreb (website, Facebook page), and Croatian Center for Earthquake
Engineering (website, Facebook page). The unit of the analysis was a published post
on social media channels and/or the websites of the above mentioned institutions,
during the two time periods corresponding to the Zagreb and Petrinja earthquakes,
respectively: (i) between March 22" and April 22", 2020, and (ii) between December
28%,2020 and January 29%, 2021. A total of 600 published posts on the institutions’
social media, and 34 posts on their websites were collected and analysed.

The content analysis was performed from February 22" to March 7%, 2021. Following
the review of all the content, it was classified according to target audience criteria, and
the content topic criteria. The content communicated on these channels was catego-
rized according to the target audience it primarily addresses into the following three
main groups: (i) content for the general population, (ii) content for the media, and
(iii) content for the academic community.

In accordance with the paper objectives, the content was classified according to the
topic criteria into the following groups:

*  Official report (press release) and / or more detailed explanation of the event
(which is also published on the website).

*  Useful information (how to behave, how to physically protect yourself, how to
psychologically protect yourself, posts aimed to reduce panic in the general pub-
lic).

* Additional information (preliminary reports on the epicenter, magnitude and in-
tensity of subsequent earthquakes, activities performed on the field, shared media
articles).

*  Dortals whose topic is the earthquake in Zagreb or Petrinja that contain accurate
and useful information, citizen experiences and photos.

*  Other content unrelated to the earthquakes in Zagreb or Petrinja.

Attention has been paid to the date of publication as well. Finally, two independ-
ent researchers reviewed the content published through the mentioned channels and
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evaluated whether the institutions communicated the content in line with the recom-
mendations on crisis communication from literature. In a case of disagreement, the
content was re-evaluated until an agreement was reached.

5. Quantitative research results and discussion
Website traffic — The Zagreb earthquake

All the mentioned sites in the period before the earthquake had some average at-
tendance, without any special peaks observed. As expected, in the post-earthquake
period, all sites recorded higher traffic. It should also be noted that not all of the sites
published an official statement about the earthquake. In this period only the Croatian
Geological Survey published one (Fig. 1). The most obvious increase in the number
of visits can be seen for the Croatian Geological Survey website with an increase of
925% compared to the previous day, while the RGNF website had a constantly higher
number of visitors, primarily due to regular content for its students.

Figure 1.
Number of visits to selected websites before and after the Zagreb earthquake
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Website traffic — The Petrinja earthquake

Similar to the Zagreb earthquake, in the period before the Petrinja earthquake, all
sites had recorded regular traffic without significant peaks observed (Fig. 2). After
the earthquake itself, traffic on all analysed websites increased significantly. All pages
were late with the official announcement of the earthquake, with (HGI) having the
earliest announcement that was mostly shared on other pages. The number of visits to
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the pages is, of course, the highest in the days of the publication of official announce-
ments. According to the analysis of these pages, we can conclude that the higher traffic
is directly related to the official announcements of individual institutions. Therefore,
attention should be paid to the clearly stated information regarding the content of
such announcements, as well as their timely publication.

The analysis of the Facebook pages clearly shows that in the case of both earthquakes,
the frequency of daily visits increased exceptionally in the days of the earthquakes,
especially to the Department of Geophysics. This is expected, especially in the case of
the Zagreb earthquake, which was an unprecedented event in the age of modern com-
munications in the Republic of Croatia. Other institutions have only had a slightly
increased number of visits (Fig. 2)

Figure 2.
Number of visits to Facebook pages of relevant institutions in the month before, and after the Zagreb
earthquake.

Zagreb earthquake
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engineering
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On the other hand, the frequency of visits to the Department of Geophysics website
was significantly lower at the time of the Petrinja earthquake compared to the pre-
vious time period (Fig. 3), possibly because a large number of citizens installed an
earthquake monitoring application by that time. Nevertheless, in the post-earthquake
period the number of visits to all analysed institutions’ Facebook pages increased. We
assume that the increase of interest is due to more obvious and long-term consequenc-
es, such as the opening of collapsing sinkholes, liquefaction, and other.
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Figure 3.
Number of visits to Facebook pages of relevant institutions in the month before, and after the Petrinja
earthquake. Note the number of visits on the vertical axis.
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From the performed analysis we can conclude that the frequency of visits to Facebook
pages is higher than the frequency of visits to the official web pages. This is partially
influenced by the fact that more information was shared on social media. In addition
to sharing posts from the official website, posts from other sites and portals have been
shared on social networks.

It can also be noticed that after the Zagreb earthquake the interest in seismological
and geological information increased and most of the pages recorded a steadily higher
traffic. The trend of attendance continued even before the Petrinja earthquake, al-
though the announcements were not related to earthquakes. Of course, as it could be
expected, due to a great number of post-earthquake geological phenomena, the long-
term interest was much higher after the devastating Petrinja earthquake (Fig. 3). This
is also related to the official announcements for the public and the increased interest
of other media.

6. Content analysis results and discussion

Most of the published content falls into the category of Additional Information that
provides a more detailed insight into the crisis event(s) and informs the public about
relevant facts. The language is simplified and adapted to the target group.
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Given the target audience, the vast majority of the published content is aiming at the
general population. Only a handful of the published content (content that is catego-
rized as official report or more detailed information) is intended for the media, but
this content is also essentially intended for the general population. The number of
published posts aimed exclusively at the academic community is negligible; this kind
of content targets students affected by the earthquake, or is about informing the aca-
demic community about the conducted scientific research, invitations to workshops,
other events, etc.

Regarding the regularity of publishing the content and providing information on a
constant level, for the purposes of this analysis, regularly published content is consid-
ered to be an up-to-date post, i.e. the publication of information within a reasonable
time from the occurrence of the event. In this sense, almost all institutions behaved
uniformly: they reacted on social media channels on the day of the earthquake hit,
while the official press release came a few days later, after the information was already
placed in the media. In today’s age of the Internet and social networks, the media
starts reporting on natural disasters just after they occur. It is quite understandable
that institutions cannot publish more detailed information at the same time they
happen, but it is recommended to react (publish more detailed and official informa-
tion) within 24 hours of the event for the following reason: in the absence of verified
information, the media often publishes unverified and unreliable content in order to
attract attention of the audience, which can create a distorted picture of reality and
upset the public. Having this in mind, the recommendation would be to cooperate
with (especially local) media while reporting.

When looking at the mentioned institutions as a whole, in the first month after
the earthquake(s), it is evident that the vast majority of content is related to the
earthquake(s) and subsequent earthquakes. The number of earthquake-related pub-
lished content slightly decreased over time, and non-earthquake related content is
being published. Also, it can be seen that the social networks and the websites of the
institutions (viewed as a whole) are partially harmonized. For example, some institu-
tions have only official reports visible on their website, and there are no clear instruc-
tions on how to act properly if the earthquake hits, while all those information can be
found on their social media channels. It can also be seen in Table 2 that all institutions
posted more often on social networks than on their websites.

On the other hand, if looking at the relevant institutions individually, the Department
of Geophysics has much greater activity and more detailed reports, which is not sur-
prising since seismology is a branch of geophysics where the causes and properties of
earthquakes are investigated. Other institutions often shared the Department of Geo-
physics’ content on their social media channels. In addition, the Department of Geo-
physics also created a relationship with their audience — they “listened® to stakehold-
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ers’ questions and answered them, thus reassuring the public and reducing the panic,
informing them and putting them first. Direct communication with the stakeholders
has certain challenges, mostly related to determining which comments and questions
are useful and should be taken into account. An increase in trust in the institution has
been observed after giving information in regular time intervals and taking stakehold-
ers’ comments into account. The Department of Geophysics’ website includes most
details about the two earthquakes and how to behave in this “new situation®. Two
categories have been set up on their website: “About the Zagreb earthquake®, and
“Earthquakes near Petrinja“. A category “About earthquakes“ has also been opened,
where answers to the most frequently asked questions, more detailed explanations and
information have been placed. This category was not significantly updated during the
Petrinja earthquake, but it already contained important information that people were
interested in after the Zagreb earthquake, so it was applicable in the case of Petrinja.
The only literature recommendation that has not been followed completely is the ad-
vice of publishing an official report (in the form of an official press release) within 24
hours. A short report containing relevant seismological information about the event
has been published on the Seismological Survey official website, in a standard form
of communication for all earthquakes felt in the Republic of Croatia. Relevant infor-
mation has been presented regularly and in a timely manner in new forms of short
reports. This is a good example of crisis communication protocols designed for urgent
population informing.

As seen in Table 2, the results of the Content Analysis indicate that certain recom-
mendations from literature were followed by scientific and professional institutions.
However, releasing official information (in the form of an official press release) about
the earthquakes before it is reported in traditional or digital media is missing. Social
media channels have proven to be a channel through which information can be sent
quickly and efficiently, since today almost everyone uses social networks. It should be
emphasized that, during the crisis, social media channels served as a primary commu-
nication channel that provided earthquake information from damaged areas directly.
Social media provided two-way communication with the stakeholders and an excel-
lent way of gathering information from the public. The amount of published content
varies from institution to institution — each institution decides for itself what is rel-
evant and important for them and their occupational area.

This analysis has some limitations: it is subjected to the author’s interpretation, and it
has not been established which sources of information stakeholders use while inform-
ing about earthquakes, and what type of information they demand. Given these limi-
tations, future research should provide a clearer understanding of crisis communica-
tion during an earthquake by focusing on the relevant type and source of information.
Furthermore, future research should expand the knowledge on crisis communication
by focusing on the users’ needs, i.e. what kind of information citizens search for dur-
ing and after such crisis, what sources of information citizens consider reliable etc.
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7. Conclusion and implications

A review of scientific papers on the topic of crisis communication of scientific facts in
times of natural disasters showed that this topic is significantly underestimated. Our
research has shown that science can empower the public and responders through crisis
communication to make better decisions, and to minimise the formation of rumours
or inaccurate information getting out from unofficial and unreliable sources or social
media.

Closing the gap between desired practice and current practice requires effective com-
munication which is well recognized in crisis communication studies, but neglected
in natural sciences. In this paper, we address how current communication practices of
scientific institutions have been adapted during the two earthquakes. The earthquakes
in Zagreb and Petrinja have shown that social media channels served as a primary
communication channel through which earthquake information from the damaged
areas was provided directly. Social media provided two-way communication with the
stakeholders and an excellent way of gathering information from the public. Given
the target group, the vast majority of the published content was aiming at the general
population. Immediately after the earthquake, the number of visits to the Facebook
pages of the analysed institutions (with an emphasis on the Seismological Survey at
the Department of Geophysics) was growing significantly, indicating that people trust
scientific institutions in times of crisis.

Our empirical data suggest that interactive communication that strives to address
local contextual concerns, explain actions, and provide honest, timely, accurate and
reliable information is most effective, as has been found in previous studies. It is,
therefore, important to address existing issues in practice to achieve appropriate levels
of crisis communication (Table 3).

Table 3.

Potentials for enhancing crisis communication

Detected issue Possible improvements Desired state
. Determining a protocol for
crisis situations communi-
cation Reaction within 24 hours of the

Delayed reaction
event

. Sharing information from the
Seismological Survey

Non-existent analysis of visits by . Enabling monitoring tools Incorporated analytics tools and
institutions (Google analytics/Audit o) monthly reports




I. Markovic¢ Vukadin et al.: Importance of Scientifically Based Facts in Crisis Communication...

Detected issue Possible improvements Desired state
. Creating user-friendly sites
. Forming a protocol for news
Insufficient use of official websites creation on websites Up to date reporting on websites

. Technically reliable website
creation

. Forming a press release team
L . . Forwarding inquiries on a
Lack of communication aimed ing mq .
. relevant interlocutor Press releases page on website
towards media
. Proactive attitude towards
media

Beyond the main issues detected in this research, we need to emphasize the positive
and negative effects which arose from the studied crisis events. The negative effects
can generally be explained through the unpreparedness of every institution (and per-
son in general) to a crisis of this scale. Everybody had to manage in the best possible
way, despite the difficulties that occurred (such as power outages that occurred after
the earthquakes). The Seismological Survey was the first to react and give informa-
tion about what had happened and how to behave. This was to be expected as they
regularly cooperate with the Ministry of Interior Affairs, Civil Protection Service and
some local authorities. Other institutions had to find a way to react or share their in-
formation to help in the crisis and needed more time to investigate the consequences
of the events. Generally, most of the events connected with the studied crisis brought
long term positive effects. The communication between different institutions (Faculty
of Science, Croatian Center for Earthquake Engineering, Faculty of Mining, Geology
and Petroleum Engineering, Croatian Geological Survey, Croatian Geological Society,
and even Institute for Tourism) has been increased, which can be seen through a reci-
procally shared content of other institutions, and especially data of the Seismological
Survey. This practice needs to be continued, together with constant improvements of
the data given on the websites of relevant institutions. These events revealed what can
be improved for future events, what information was missing from certain institutions
and what data needs to be collected in more detail. Furthermore, they opened new po-
ssibilities for research and projects dealing with earthquakes and their consequences.
The media have been highly interested in these crisis events, which is a new possibility
to engage scientists in discussions about different elements of natural disasters. In
the future, this communication should be continuous, by sharing scientifically based
information through media reports. Each institution should establish a protocol with
determined steps in case of crisis (especially concerning natural disasters) as a part of
their communication strategy, along with the assigned person (or team) that would be
in charge for the communication with the media. This would enable all members of
institutions to react with as little panic and fear as possible, and deal with the crisis in
the best possible way.
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Sazetak

Potresi su prirodni fenomeni koji mogu snazno utjecati na zajednice, infrastrukeuru i okolis.
Hrvatska je dio tektonski i seizmicki aktivnog podruéja, tako da bi njezini stanovnici i nad-
lezne institucije trebali biti svjesni mogudih opasnih dogadaja, koji mogu biti razorni. Stoga je
krizna komunikacija izuzetno vazna, a u slucaju prirodnih katastrofa poput potresa mora biti
jasna, pravodobna i saZzeta. Znanstvene institucije koje se bave potresima takoder bi trebale biti
uklju¢ene u krizno komuniciranje. Podaci o dva snazna potresa 2020. godine koji su potresli
podrudje Zagreba i Petrinje te $iru okolicu, pokazali su kako se relevantne institucije mogu
nositi s informacijama o potresima i njihovim posljedicama i javno ih dijeliti. Ovaj rad usvaja
mjeSoviti dizajn istrazivanja, kombinirajudi i kvalitativne i kvantitativne podatke o potresima
u Zagrebu i Petrinji iz razli¢itih izvora znanstvenih i stru¢nih institucija iz podru¢ja geologije,
geofizike, seizmologije i gradevinarstva u Hrvatskoj. Empirijski podaci sugeriraju da je naj-
ucinkovitija interaktivna komunikacija koja nastoji rijesiti lokalne kontekstualne probleme,
objasniti radnje i pruziti iskrene, pravodobne, to¢ne i pouzdane informacije. Ubudude institu-
cije moraju pronadi nacin da reagiraju ili podijeliti svoje informacije kako bi pomogle u krizi.

Kljucne rijeci: potresi, drustveni mediji, analiza sadrZaja, krizna komunikacija.
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