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This communication guide is intended to support institutions, scientists and practition-
ers who are communicating earthquake information to the public. The guide provides
general recommendations on how to prevent and fight misinformation about earth-
quakes, an overview of when different types of earthquake information are available and
a timeline that allows strategic planning of the communication during all phases of the
seismic cycle. Further, we advise on how to deal with misinformation around commonly
debated topics: how earthquakes are generated (“Creating earthquakes”), whether earth-
quakes can be predicted (“Predicting earthquakes”), and whether there is a link between
earthquakes and climate (“Earthquakes and Climate”).
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When an emergency occurs, information is as critical to people as food or shelter. With
the development of mobile and digital communication networks, the expectation to re-
ceive real-time, accurate information is high for a significant share of the world popula-
tion. As a result of the rapid evolution of information and communication technologies,
the majority of people around the world have access to online information [1] that can
be shared quickly. Informing the people threatened by an imminent danger as soon as
possible can save lives. Yet rapid, reliable, and efficient communication during an emer-
gency situation comes with its own challenges due to information overload and lack of
content moderation, which can lead to the spread of misinformation. This in turn can
lead to unsuitable behaviour, with consequences for both human and economic losses.

Research shows that misinformation appears and is spread quickly because of both
socio-psychological and technical reasons. At any one time, humans can store about
three to four pieces of information in their minds [2],[3]. To help us manage the volume
of information in the world, we have evolved to use shortcuts, or ‘cognitive heuristics,
that help us to focus on key pieces of information whilst ignoring those which are less
relevant [4]. These typically aid us in making quick decisions, however such heuristic
thinking can be susceptible to biases that result in irrational judgements compared to
what would result from a slower, more deliberate process of thinking [5],[6].

During crises, when anxiety and stress are high, we are often even more limited in
our mental capacity since stress uses mental resources [7]. This can lead us to rely
more heavily on these heuristics, and increase the chance of biases occuring. In addi-
tion, time to check information is reduced during crises. These two things combined can
cause people to believe and share misinformation that gives them certainty and helps
the sense-making process [8]. This holds especially true when communication by for-
mal institutions is lacking or the trust in the institutions communicating information is
low. In addition, misinformation belief and spread can be linked to a lack of science and
information literacy, and lack of communication from institutions setting expectations,
which means that people may not know what information can be produced and at what
time it can be available [9]. Therefore, in many cases misinformation, in contrast to dis-
information (see ), is spread with no malicious intent. Regarding the technical
reasons, first, most social media, contrary to traditional ones, are unmoderated, which
eases the dissemination of unverified information. Additionally, the sociotechnical de-
sign of these platforms prioritise content (e.g,, algorithms, bots) that is likely to get users’
engagement and that have already been liked, commented or shared by others, mean-
ing that misinformation which is fulfilling a need in the audience for certain information,
can be amplified [10]. As a result, misinformation is likely to be prioritised over more
reliable content.

Since damaging earthquakes and their effects are rare and outside of most people’s ex-
perience, they can generate anxiety, fear and even panic and hence are prone to give
rise to the spread of misinformation. For instance, fake predictions about aftershocks
flourish on social media after significant earthquakes, sometimes leading to hazardous



behaviour. For example, following the M5.8 earthquake in Albania in 2019, fake news was
spread about a M6.0 aftershock prediction, which led people to flee the city in panic
[11]. However, earthquake misinformation is not limited to predictions: it also covers
false information regarding earthquakes causes, or links between seismicity and other
natural or manmade events. Despite often not being intentionally spread or created,
misinformation should still be prevented or mitigated against where possible because
of its effects.

To tackle this issue, we, an international group of social scientists, seismologists and
statisticians, sought to address the questions i) what can be done generally to fight mis-
information and ii) how can the most common myths related to earthquakes be individ-
ually addressed. To this end, we first elicited expert input from a group of seismologists
and geologists to better understand the current research on the most common earth-
quake myths. Secondly, we conducted a survey with 167 earth scientists. In the survey,
the scientists were asked to rate statements about potential earthquake myths on a scale
from completely false to completely true. We discussed the survey results with a smaller
group of seismologists to contextualise the scientific statements. Because communica-
tion is key to fight misinformation, we used these insights to compile this communication
guide which should help institutions, scientists and practitioners working in the field of
hazard and risk communication to combat earthquake misinformation.

The structure of the communication guide is as follows: First, we provide general rec-
ommendations and strategies on how to fight misinformation. Second, we introduce a
communication timeline and situate the most common myths along this timeline. This
communication timeline is needed to strategically plan your communication. Third, we
summarise which information is actually available, where and when. Finally, we pro-
vide specific recommendations for the three most common myth topics - Creating earth-
quakes, Predicting earthquakes, and Earthquakes & Climate.



information that is false or misleading according to the
best available evidence at the time and that is communicated regardless
of an intention to deceive [12]. We focus here on misinformation that is
specific to earthquakes, their causes and consequences.

false information spread deliberately to deceive [12,13].

false information shared although both the original
author and the propagator are aware of its false nature [12].

type of disinformation. Fake news is the deliberate presenta-
tion of (typically) false or misleading claims as news, where the claims
are misleading by design (e.g., the intention to deceive an audience, to
manipulate public opinion) [14].

strategy consisting in “inoculating” people against misinforma-
tion before they are exposed to it. It includes a forewarning and preemptive
refutations [15].

strategy consisting in exposing a fact as being false or exaggerated
[15].



Sharing data and raw scientific knowledge is almost never sufficient to prevent and fight
misinformation. Based on general theories of how to combat misinformation, we identi-
fied three key communication principles that can contribute to setting up a more efficient
and effective communication process (Figure 1).

Understanding your audiences’ perspectives and perceptions is crucial to design a com-
munication that meets their needs and interests both in terms of what, how and when
they receive information. This also includes trying to understand why and how the audi-
ences could be exposed to misinformation. What could be the source and types of false
information they may believe in and share, and why? What are the best communication
methods to respond to that? To this end, adapting to the audiences’ risk, scientific and
information culture and considering the diversity of your audiencies is key.

To avoid the appearance of misinformation, we also identified specific methods to refine
messaging. For instance, visuals and examples were found to help message comprehen-
sion, especially in cases of emergency. We have collected resources to help you develop
these tips & tricks.

Finally, trust is essential when it comes to science and risk communication so make
sure you establish a good relationship with your audience before the earthquake hap-
pens (e.g., engage in regular exchanges with authorities responsible for decision-making
and communication who need information to make their decisions, engage in commu-
nity events, work with local stakeholders to craft information products,..). Manage au-
diences’ expectations beforehand so that they know what kind of information they can
and cannot expect from you and from different authorities, when to expect it, and on
which channel.

By following these general recommendations you will get ready to face earthquake myths
and misinformation that you did not specifically prepare for.



preparedness level

information needs

risk culture .
expectations
beliefs KnOW Your
Audience interest

science literacy
risk perception

psychology of risk

Understand Your Audience

Assess the needs of your audiences through, i.e., questionnaires
or interviews and directly address them.

Ask public experts (first responders, sociologists,
communicators) about the audience.

Reflect on the experience: assess their effective behavior and
level of knowledge during and after the event.

Ti/)&’ & Tricks

Use a combination of both numerical and verbal descriptions of
probability and uncertainty. Verbal descriptions should not be
used alone as they are often interpreted in different ways by
different audience members.

Use different formats so that people with different abilities can
consult the ones they are most familiar with.

Icons and terminology can vary between cultures. Colour
( B schemes can produce misperceptions & visual artifacts.

Tailor your messages: different target audiences have different
information needs and levels of expertise. Provide context and
use comparisons. Test your communication material in advance.

acknowledge limitations
& uncertainties

be inclusive provide examples

Refine Messaging

avoid information use visuals
overload

be empathetic

How to /Ma«agze E»/)eotat/o«@

be clear and consistent
manage expectations
Establish a Relationship

collaborate with all

actors build trust

be transparent

What kind of information they can expect.

What is not possible to cover.

Why they cannot receive or access certain information.
Where they can find the information (i.e., which channel).
When the information will be available.

When they will receive the information.

Who is going to disseminate the information.

Figure 1: General recommendations on fighting misinformation.



When it comes to seismic communication, the timing is critical. Information needs
and expectations will evolve throughout the earthquake cycle (before an earthquake
sequence, after a mainshock, during aftershock sequences,...), and so will the informa-
tion available.

In order to combat misinformation efficiently, effective communication should be based
on the seismic communication timeline. We thus developed a timeline summarising how
to communicate and at what stage in the earthquake cycle the different myths are often
shared. In addition, we explain in more detail when and what kind of earthquake infor-
mation is available to be communicated.

On the seismic communication timeline (Figure 2) we represent a typical example of
when the most common myths and misinformation tend to appear during an earthquake
sequence, which includes time before a major earthquake, right after a significant earth-
quake (crisis) and after, during the aftershock sequence. For instance, based on our
expert experience working in earthquake risk communication, we observed that earth-
quake predictions often appear long before, or soon after a major shock, while content
related to a potential link between earthquakes and climate and earthquake creation
pop up a bit later, often after a series of aftershocks. Therefore, the content of com-
munication and the communicators’ attention must be drawn towards the most likely
myths.

Because misinformation belief and sharing can be linked to a lack of science literacy and
a lack of understanding of what seismic information is available at what time during an
earthquake sequence, we gathered this knowledge into the list below (see information
box). We distinguish, for the three main information phases (Pre-earthquake, Earth-
quake, and Post-earthquake), what can scientifically be known about potential earth-
quakes. This aims to clarify what seismology can and cannot know, and is specifically
relevant to clearing up the confusion between earthquake prediction, forecasting, early
warning and rapid impact assessment.

However, because technologies, knowledge and resources are not the same for all coun-
tries and regions, this only represents what is theoretically known, and must be adapted
to the local context. For instance, if in your region a public Earthquake Early Warning
System is not in place, you will need to adapt your communication efforts accordingly
and explain to your audiences why you do not have such a system and, thus, why they
cannot expect this kind of information at the moment.
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estimates the likelihood that an earthquake of a certain
magnitude will happen in a certain area during a time window ranging
from a few years (short-term) to a few decades (long-term). To obtain
this estimate, seismologists review the historical seismicity of the area of
interest and include detailed information on the local geological-tectonics
factors.

when an earthquake occurs, Secondary and
Surface waves (S-waves) carry most of the energy and cause most of the
damage, compared with the Primary waves (P-waves). The P-waves always
travel faster than the S-waves, hence they are detected first by seismic
instruments. A warning system based on P-wave arrivals can thus allow
people in more distant areas to be alerted in advance and thus protect
themselves from the imminent arrival of destructive shaking as soon as
the earthquake originates. Thus, earthquake early warning is a very fast
dissemination (a few seconds) of information after the occurrence of an
earthquake, but before it strikes an area with damage.

a rapid message with general information
about the earthquake, i.e. magnitude, epicenter, time and affected area, Is
available some seconds to a minute after the earthquake.

estimates the likelihood that, after a mainshock,
following seismic events (aftershocks) of a certain magnitude will happen
in the mainshock area within a time window of the order of some days
or weeks. Aftershocks are unpredictable. However, their rate, occurrence,
and magnitude tend to follow well-established empirical, statistical laws: i)
there tend to be fewer aftershocks as time goes on, on average; ii) a larger
earthquake tends to produce more aftershocks than a smaller earthquake;
iii) a larger earthquake tends to produce aftershocks distributed over a
larger area than a smaller earthquake; and iv) the magnitude of the largest
aftershock is, on average, 1.2 units smaller than the magnitude of the
mainshock.

M



involves the assessment of the distribution of
ground shaking intensity (so-called ShakeMaps) and of the building dam-
age, casualties and economic losses. Immediate post-event information is
used to guide rescue and prioritize the emergency response effort to the
areas most impacted. Efforts have been made in recent years in the attempt
to find cost-effective alternatives and innovative strategies to rapidly assess
the earthquake’'s impact in terms of felt shaking and observed damages. Ex-
amples are the USGS “Did You Feel It?” system or the EMSC “LastQuake” app.

mainshock
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Figure 3: Available earthquake information before, during, and after the earthquake on-
set.
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The most common myths about earthquakes can be classified into three themes: “Cre-
ating earthquakes”, “Predicting earthquakes” and “Earthquakes and Climate”. For each
of these themes, we first list the questions that are commonly asked and then provide
a general statement about the current scientific knowledge, which has been validated
by various experts. Further, we describe the scientific knowledge in more detail and give
explicit examples. Afterwards, we explain the reasons why these beliefs exist and pro-
vide specific recommendations on how to fight them. These specific recommendations
complement the general recommendations provided in the section “What can you do to

fight misinformation?” and do not replace them.
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Creating earthquakes

Common questions
e Can earthquakes be created by human activities?
e Can earthquakes be created by governments?

e Can earthquakes be created by individuals with
malicious intent?

Details

Human activities such as oil, gas or geothermal heat
exploitation, extraction of groundwater, wastewater
disposal, gas storage, carbon sequestration as well as
mining activities can induce earthquakes [16, 17].
Whereas most of these earthquakes remain unnoticed,
some are widely felt or even cause significant
damage [18, 19].

Recent examples of large, damaging induced
earthquakes include the magnitude 5.8 earthquake in
Oklahoma (US) in 2016 likely caused by wastewater
disposal [20] and the magnitude 5.5 earthquake in
Pohang (South Korea) in 2017 induced by geothermal
stimulation [21]. In Europe, a recent example is a
sequence of induced earthquakes with magnitudes up
to 3.5 near Strasbourg in 2019/2020, triggered by
geothermal operations.

Specific recommendations

Current scientific knowledge

Most of the time, human activities only cause earthquakes that
are not felt or only slightly felt. Yet, in some cases, large technical
interventions in the deep underground (e.g., geothermal heat
exploitations, waste water disposal, oil and gas exploitation) can
trigger felt or even damaging earthquakes. Individuals, operators,
and the government cannot control the precise location, size and
timing of these earthquakes.

Reasons for misinformation & conspiracy theories

e Uncertain side effects: Seismologists themselves cannot
always predict whether a certain operation will cause a smalll
or a large earth tremor, or none at all. This uncertainty can
make it impossible to communicate a precise risk level [22].

e Loss of control: People perceive induced earthquakes as
worse (i.e., more worrying, damaging) compared to natural
earthquakes [23] and a loss of control [24].

e |Intervention in nature: People are generally critical of
technologies that interfere with nature and thus are more
likely to protest against it [25].

e Lack of immediately available information after an event: The
physics of induced and natural earthquakes does not differ
[26, 27]. Thus, it can take experts some time to analyse
whether the earthquake has occurred naturally or was
induced/triggered. Sometimes, operators initially deny
responsibility, undermining trust.

e An independent institution should monitor seismic activity in the area the activities take place in before, during and after a

project which has the potential to cause earthquakes.

e The responsible institution should communicate what can and should be expected as side effects of certain activities,

including as low probability high-consequence events [19].

 The responsible institution should inform and establish a relationship with key stakeholders and the local population before

starting any activity and continue informing, involving and updating them throughout the project [28, 29].

e The responsible institution should provide the interested audiences (e.g. media) with comprehensive yet understandable

information on the technical aspects of projects and the economic, political and territorial objectives of the projects [30].

 Directly after an event, the responsible institution should communicate that seismologists/ scientific experts are evaluating

the origin of the earthquake and will keep the public up to date. They should use the format: what we know; what we don't
know; what we're doing to find out; what we can all do in the meantime; when and how we will come back with an update.

e A risk management approach is needed to define how to assess and handle the potential risk of induced seismicity to

human activities [27, 31].

» As a policy recommendation, one should think about compensation mechanisms for public infrastructure degraded by

seismicity and against other environmental damages [32].



e Can earthquakes be predicted? We can calculate probabilities which can provide a forecast of

e Can aftershocks be predicted? when and where earthquakes might occur, but we cannot
e Can small earthquakes prevent big ones from predict precisely the magnitude, location and time of future
happening? earthquakes.

e |s seismicity increasing?

There is a belief and hope among people that earthquakes can be predicted (e.g., by monitoring the seismicity over a given
area or by studying animal behaviour, the moon cycle, etc). Conspiracy theories about earthquake prediction are present all
over the world, especially on social media. However, scientists can only estimate the probability of experiencing a seismic event
in a specific geographic location within a given time window. This is known as a forecast [33].

It is a commonly held misbelief that small magnitude earthquakes prevent big ones from happening. While minor earthquakes
can relieve pressure from small faults or fault patches, this is only a tiny fraction of the plate-tectonically-stored energy
available and is not enough to prevent a larger magnitude earthquake from happening on main faults. In fact, the smaller
earthquakes can actually trigger bigger ones. From a hazard perspective, a region does not become safer after smaller events,
and even after a large earthquake the seismic risk remains higher due to the high likelihood of numerous aftershocks. An
illustrative example is the earthquake sequence in I'Aquila in ltaly in 2009. Even though several smaller earthquakes occurred
beforehand, there was a bigger event (M=5.9) afterwards causing severe damages and causing many fatalities [34].

So far natural seismicity has on average not been increasing globally since we have been able to monitor earthquakes (around
100 years). However, for certain time periods, the number of earthquakes can increase at a certain place, as seismicity is
spatially and temporally clustered. In addition, due to denser seismic sensor networks, more earthquakes are registered by the
seismological institutions worldwide. Earthquakes have only been registered instrumentally since 1900, and earlier in history, one
can only consult media reports, books and pictures, which mainly refer to significant earthquakes in inhabited areas with written
histories. In comparison, through human activities such as fracking or geothermal operations, human-induced earthquakes have
increased in recent years and may increase in the future (see section “Creating earthquakes”). The seismic risk (as compared to
the hazard) has also increased in recent years, because more and more people and buildings are exposed to seismic hazard
due to population growth and urbanisation.

o Self-proclaimed experts: There are people who actively

communicate on (social) media that they can predict ¢ Explain the specific terms (e.g. forecast) that

earthquakes. are used to communicate earthquake

Knowledge gap: People do not know what seismology can and
cannot achieve.

Not commonly-used terms: People do not know what the
different terms seismologists use to communicate earthquake
information mean, e.g. forecast vs. prediction.

Technical misconceptions: People, for example, tend to believe
that earthquake early warning systems can predict earthquakes
because they give a warning (just) before the earthquake is felt
in a particular region.

Multi-hazard context: For all other natural hazards (e.g.,
hurricanes, tsunamis) forecasts some hours to days before the
event are possible- because they can be seen from satellite
imagery - which is not the case for earthquakes.

Personal experience: After long-lasting earthquake sequences,
affected people tend to believe that seismicity is increasing
overall.

information.

Transparently communicate what seismology
can do and what not.

Plan the release of newly available
information together with a communication
team so that appropriate products/services
tailored to the different target audiences can

be offered.

Continuously communicate throughout an
earthquake sequence what is known about
what happened and what can be expected in
the short and long term.



Earthquakes and Climate

Common questions

e Are earthquakes more common during particular
types of weather?

* Does climate change lead to more and larger
earthquakes?

e Are earthquakes more common at particular times
of the day (e.g. night) or of the year (e.g. spring)?

e Are earthquakes more common during certain
tides?

Details

‘Earthquake weather’, in the sense that more or larger earthquakes occur
due to certain climatic or meteorological conditions, does not exist.
However, heavy rainfall has been shown to lead to an increase in shallow
seismic activity. There is evidence that, in specific cases, significant changes
in climate and consequential alterations of meteorological phenomena can
influence seismicity [35, 36].

Climate change has been causing significant temperature increases, which
can trigger rapid deglaciations. Such changes in the load on a bedrock due
to deglaciation can cause earthquakes [37]. Climate change also influences
the atmosphere and in consequence can affect the frequency and intensity
of major storms such as typhoons. Such storms in turn can initiate large
pressure changes that activate episodes of slow slip resulting sometimes in
significant earthquakes [38]. Slow slip events are fractures of the Earth's
crust that propagate very slowly without generating considerable ground
shaking. In addition, the frequency and the intensity of precipitation can be
affected by climate change. There are a couple of documented cases of
heavy rainfall [39] and hydrological loading (e.g., filling a dam) [40]
inducing small, local earthquakes.

Some of these meteorological phenomena occur more often during certain
seasons, e.g. deglaciation in spring. However, there is no evidence that
significantly more earthquakes occur in certain seasons than in others, as
tectonic causes remain the most common trigger of earthquakes. This is
underpinned by the fact that the processes relevant for earthquakes usually
take place in depths of the earth which are out of range for climatic
influences [41]. In addition, there is also no evidence that earthquakes occur
more often at particular times of the day. One of the reasons why some
people believe that more earthquakes happen at night is due to the fact
that there is less background noise/tremor (e.g. due to traffic) and so weak
earthquakes are more felt during the night.

More debated is the influence of tides. Certain types of earthquakes have
been linked to tidal activity. Specifically, earthquakes that occur in the
middle of the ocean, at what scientists call “oceanic ridges”, can be
affected by the tides. At low tide, there is less water pressing on magma
chambers at these oceanic ridges, allowing the chamber to expand. This
causes strain on the surrounding rocks, which can cause the earth to move.
This movement may result in earthquakes [42].

Overall, the effects of climate, rainfall and tides can be shown in very
specific cases, but tectonic loading is by far the main driving force of
seismic activity.

Current scientific knowledge

Tectonics is by far the most common cause of earthquakes.
However, there is evidence that in some cases, climate
change-induced ice melting can cause (or often only
prematurely trigger) earthquakes due to a reduced load on a
bedrock. Increased seismicity has also been observed in
relation to heavy rainfalls, which could occur at some
locations more frequently due to climate change.

Reasons for misinformation

& conspiracy theories

o Retrospective  evidence:  Climate

change is a long-term process and its
impacts often only become evident
retrospectively, after some years or
decades.

Complex dynamics: The different
natural processes are interconnected,
complex and dynamic, which can
lead to unexpected changes in the
system (i.e. the butterfly effect).

Emotions: The effects of climate
change are often  emotionally
debated, which can lead to emotion-
loaded conclusions, trying to support
his/her own beliefs and concerns.

Specific recommendations

e Clearly communicate that science has

shown that the weather on a
particular day does not significantly
affect seismicity.

Clearly communicate that specific
weather phenomena such as heavy
rain or typhoons can occasionally
trigger earthquakes.

Stress that various, independent
scientific groups are continuously
monitoring the processes caused by
climate change and its effects on
earthquakes. Communicators should
link  through to  the  current
independent sources of information,
such as the IPCC.

Communicate  openly that the
interactions between climate and
seismicity are complex and currently
only poorly understood.



Misinformation has always existed in the form of rumours, conspiracies or malicious gos-
sip. It can be found in all cultures and at all times in human history. Nonetheless, new
communication channels have amplified misinformation to a new level allowing more
people to share such information very easily and rapidly with a potentially enormous
audience. Misinformation, as focused on in this communication guide, relates to mis-
leading and false information about earthquakes, their causes, and consequences. This
communication guide deals with the question of what institutions, scientists and prac-
titioners who are communicating earthquake information to the public can do to fight,
debunk, or counter misinformation. The short answer is, there is no simple solution. The
longer answer is, when considering a set of different aspects, institutions can counter
misinformation provided their engagement is long-lasting and constant.

Before taking any actions, it is important to eliminate a potential misconception. People
who believe in or spread misinformation do not necessarily have malicious intentions
nor are they stupid. Misbeliefs often arise due to the tremendous desire of humans to
make sense of something. Particularly in situations with high uncertainties, misinforma-
tion often just fills the void. In other cases, the scientific facts are uncertain or complex
and poorly understood. Understanding the nature and origins of misinformation, as well
as the reasons for its spread, is at the basis of any counter or debunking strategy. It also
involves establishing a relationship with different target audiences and building trust.
Thereby, common misbeliefs should be taken seriously and addressed proactively. The
aim should be to establish a dialogue of equals with the target audiences, also acknowl-
edging the limits of scientific knowledge. To this end, one needs to know one’s audiences.
Only then can their needs be addressed, adequate communication materials designed,
and suitable communication channels used. For example, a traditionally-rooted com-
munity, located in a rural area, with mostly elderly people holding misbeliefs about the
earthquake hazard in their area will not be reached with a social media campaign.

As misinformation can spread at any stage of the earthquake cycle: before, during, and
after an event, fighting it becomes a permanent task. Even though countering misinfor-
mation should not dominate all your communication activities, providing information
that is relevant, understandable, and accessible for different target audiences at any
time helps to stay on track. To reach this aim, we suggest regularly talking to different
target audiences and testing potentially widely-used communication products before
their dissemination. We believe that this can only be achieved via a transdisciplinary
process with trained personnel and sufficient resources. This is of course challenging,
and, for most institutions, a long-term process. However, this should not discourage you
from communicating at all, because not speaking out is also a statement and even en-
gaged individuals can make a difference.

Misinformation predominantly spreads during a crisis when resources are anyhow lim-

ited. Therefore, it is recommended to explicitly address communication issues in emer-
gency plans helping you to guide your outreach activities in these times. In addition,

7



a permanent issue monitoring helps to quickly detect rising misbeliefs and to define
counter strategies. As mentioned beforehand, without engaged and trained personnel
who are willing and keen to engage with different target audiences, these strategic mea-
sures remain worthless.

6 Do you want to learn more?

We list here some tools and references as an inspiration to dig deeper into how to best
fight misinformation and to communicate hazard and risk information. The list is not
exhaustive but considered as a good starting point.

1. To learn more about debunking techniques:
Debunking Handbook

2. To learn more about why misinformation spreads and how to counter it:
Countering misinformation in the information age

3. To learn more about automated tools to fight misinformation:
A value-driven approach to addressing misinformation in social media

4. To choose adequate formats for uncertainty visualisation:
Uncertainty Visualization

Evaluating the effect of visually represented geodata uncertainty on decision-making:
systematic review, lessons learned, and recommendations

Visualizing Uncertainty in Natural Hazards

Difficulties in explaining complex issues with maps: evaluating seismic hazard com-
munication - the Swiss case

5. To choose adequate colours for your designs:
The misuse of colour in science communication
ColorBrewer

Colour-gorical

18


https://www.climatechangecommunication.org/wp-content/uploads/2020/10/DebunkingHandbook2020.pdf
https://app.us.lifeology.io/viewer/lifeology/scicomm/countering-misinformation-in-the-information-age#6eb2be082bcf
https://www.nature.com/articles/s41599-020-00702-9
http://space.ucmerced.edu/Downloads/publications/Uncertainty_Visualization_Padilla_Kay_Hullman_2020.pdf
https://www.tandfonline.com/doi/full/10.1080/15230406.2015.1089792
https://www.tandfonline.com/doi/full/10.1080/15230406.2015.1089792
https://link.springer.com/chapter/10.1007/978-3-540-71158-2_12
https://nhess.copernicus.org/articles/19/2677/2019/
https://nhess.copernicus.org/articles/19/2677/2019/
https://www.nature.com/articles/s41467-020-19160-7
https://colorbrewer2.org/#type=sequential&scheme=BuGn&n=3
http://vrl.cs.brown.edu/color

1. KEPIOS. (2021).

2. Shiffrin, R. M. and Nosofsky, R. M. (1994). Seven plus or minus two: A com-
mentary on capacity limitations. Psychological Review, pp. 357-361. doi:
101037/ /0033-295%101.2.357.

3. Kane, M. J. and Engle, R. W. (2003). Working-Memory Capacity and the Con-
trol of Attention: The Contributions of Goal Neglect, Response Competi-
tion, and Task Set to Stroop Interference. Journal of Experimental Psychol-
ogy: General, 132(1), pp. 47-70. doi: 101037/0096-3445132.1.47.

4. Tversky, A. and Kahneman, D. (1974). Judgment under Uncertainty: Heuris-
tics and Biases. Science, 185(4157), pp. 1124-1131.

5. Van Vugt, M., Griskevicius, V. and Schultz, P. W. (2014). Naturally green: Har-
nessing stone age psychological biases to foster environmental behavior.
Social Issues and Policy Review, 8(1), pp. 1-32. doi: 10.1111/sipr12000.

6. Van der Linden, S. (2017). Determinants and Measurement of Climate
Change Risk Perception, Worry, and Concern. Oxford Research Encyclope-
dia of Climate Science. doi: 101093 /acrefore/9780190228620.013.318.

7. Qin, S, Hermans, E. J., van Marle, H. J, Luo, )., and Fernandez, G.
(2009). Acute psychological stress reduces working memory-related ac-
tivity in the dorsolateral prefrontal cortex. Biol. Psychiatry 66, 25-32. doi:
10.1016/].biopsych.2009.03.006

8. Huang, V. L, Starbird, K, Orand, M., Stanek, S. A, & Pedersen, H. T. (2015).
Connected through crisis: Emotional proximity and the spread of misin-
formation online. In Proceedings of the 18th ACM conference on computer
supported cooperative work & social computing (pp. 969-980).

0. Scheufele, D. A, Hoffman, A. J.,, Neeley, L., & Reid, C. M. (2021). Misinfor-
mation about science in the public sphere. Proceedings of the National
Academy of Sciences, 118(15).

10. Marwick, A. E. (2018). Why do people share fake news? A sociotechnical
model of media effects. Georgetown Law Technology Review, 2(2), 474-512.

1. Mero, A. (2019).

12. Komendantova, N., Ekenberg, L., Svahn, M, Larsson, A, Shah, S. I. H,, Glinos,
M., Koulolias, V., & Danielson, M. (2021).

19


https://datareportal.com/global-digital-overview
https://datareportal.com/global-digital-overview
https://www.voanews.com/a/europe_quake-rattled-albania-journalists-detained-fake-news-charges-after-falsely-warning/6176290.html
https://www.voanews.com/a/europe_quake-rattled-albania-journalists-detained-fake-news-charges-after-falsely-warning/6176290.html
https://doi.org/10.1057/s41599-020-00702-9
https://doi.org/10.1057/s41599-020-00702-9
https://doi.org/10.1057/s41599-020-00702-9

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

Wardle C, Derakhshan H (2017). Information disorder: toward an interdis-
ciplinary framework for research and policymaking. Council of Europe Re-
port 27.

Gelfert, A. (2018). Fake news: A definition. Informal Logic, 38(1), 84-117.

Abrams, Z. (2021). Monitor on Psychology.

Westaway, R, & Burnside, N. M. (2019). Geofluids, 2019, 1-23.

Foulger, G. R, Wilson, M. P, Gluyas, J. G, Julian, B. R, & Davies, R. J. (2018).
Earth-Science Reviews, 178, 438-514.

Alghannam, M., & Juanes, R. (2020). Nature Communications, 11(1), 1-6.

Rubinstein, J. L, & Mahani, A. B. (2015). Seismological Research Letters,
86(4), 1060-1067.

Hincks, T, Aspinall, W, Cooke, R, & Gernon, T. (2018). Oklahoma’s in-
duced seismicity strongly linked to wastewater injection depth. Science,
359, 1251-1255.

Chang, K. W., Yoon, H., Kim, Y., & Moo, Lee, Y. (2020).

Knoblauch, T. A. K., Stauffacher, M., & Trutnevyte, E. (2018). Risk Analysis,
38(4), 694-7009.

McComas, K. A. (2016). Public perceptions and acceptance of induced
earthquakes related to energy development. Energy Policy, 6.

Leucht, M. (2012). Medienresonanzanalyse—Zu Projekten der Tiefen
Geothermie in Landau, Bruchsal, Brihl und Unterhaching (EIFER - Euro-
pean Institute For Energy Research). Im Auftrag von Enerchange (Freiburg
DE).

Stauffacher, M., Muggli, N., Scolobig, A., & Moser, C. (2015). Technological

Forecasting and Social Change, 98, 60-70.

Giardini, D. (2009). Nature, 462(7275), 848-849.

20


https://www.apa.org/monitor/2021/03/controlling-misinformation
https://www.apa.org/monitor/2021/03/controlling-misinformation
https://doi.org/10.1155/2019/1280721
https://doi.org/10.1155/2019/1280721
https://doi.org/10.1155/2019/1280721
https://doi.org/10.1016/j.earscirev.2017.07.008
https://doi.org/10.1016/j.earscirev.2017.07.008
https://doi.org/10.1038/s41467-020-16860-y
https://doi.org/10.1038/s41467-020-16860-y
https://doi.org/10.1785/0220150067
https://doi.org/10.1785/0220150067
https://doi.org/10.1038/s41598-020-58881-z
https://doi.org/10.1038/s41598-020-58881-z
https://doi.org/10.1038/s41598-020-58881-z
https://doi.org/10.1111/risa.12872
https://doi.org/10.1111/risa.12872
https://doi.org/10.1111/risa.12872
https://doi.org/10.1016/j.techfore.2015.05.018
https://doi.org/10.1016/j.techfore.2015.05.018
https://doi.org/10.1038/462848a
https://doi.org/10.1038/462848a

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37

38.

39.

Grigoli, Francesco, Cesca, S., Priolo, E., Rinaldi, A. P, Clinton, ). F, Stabile, T.
A, Dost, B, Fernandez, M. G., Wiemer, S., & Dahm, T. (2017). Reviews of Geo-
physics, 55(2), 310-340. Current challenges in monitoring, discrimination,
and management of induced seismicity related to underground industrial
activities: A European perspective.

Chavot, P, Heimlich, C, Masseran, A, Serrano, Y, Zoungrana, J., & Bodin,
C. (2018). Geothermal Energy, 6(1), 26. Social shaping of deep geothermal
projects in Alsace: Politics, stakeholder attitudes and local democracy.

Trutnevyte, E, & Ejderyan, O. (2018). Journal of Risk Research, 21(10),
1287-1294. Managing geoenergy-induced seismicity with society.

Chavot, P, Ejderyan, O., Puts, H., Cees, W., Serrano, Y., Masseran, A, Bodin,
C., Ruef, F, Heimlich, C, Van Engelenburg, B., & Zoungrana, J. (2019). Deliv-
erable D3.3: Risk governance strategy report. DESTRESS - Demonstration
of soft stimulation treatments of geothermal reservoirs.

Ejderyan, O, Ruef, F, & Stauffacher, M. (2019). In A. Manzella, A. Allans-
dottir, & A. Pellizzone (Eds.), Geothermal Energy and Society (Vol. 67, pp.
239-257). Springer International Publishing. Geothermal Energy in Switzer-
land: Highlighting the Role of Context.

Kunze, C., & Hertel, M. (2017). Energy Research & Social Science, 27, 174—180.
Contested deep geothermal energy in Germany—The emergence of an en-
vironmental protest movement.

Banna, Md. H. A, Taher, K. A, Kaiser, M. S.,, Mahmud, M., Rahman, Md. S.,
Hosen, A.S. M. S., & Cho, G. H. (2020). IEEE Access, 8, 192880-192923. Appli-
cation of Artificial Intelligence in Predicting Earthquakes: State-of-the-Art
and Future Challenges.

Alexander, D. E. (2010). Journal of Natural Resources Policy Research, 2(4),
325-342. The LU'Aquila Earthquake of 6 April 2009 and Italian Government
Policy on Disaster Response.

McGuire, B. (2016, October 16). How climate change triggers earthquakes,
tsunamis and volcanoes. The Observer.

Brandes, C. (2018, August 15). Can Climate Change Cause Earthquakes? Sci-
entia.

Van Loon et al.(2016). Journal of Palaeogeography, 5(4), 363-380. Seismites
resulting from high-frequency, high-magnitude earthquakes in Latvia
caused by Late Glacial glacio-isostatic uplift.

Liu, C, Linde, A. T, & Sacks, I. S. (2009). Slow earthquakes triggered by
typhoons. 459, 5.

Husen, S, Bachmann, C., & Giardini, D. (2007). Geophys. J. Int, 171, 1126-1134.
Locally triggered seismicity in the central Swiss Alps following the large
rainfall event of August 2005.

21


https://doi.org/10.1002/2016RG000542
https://doi.org/10.1002/2016RG000542
https://doi.org/10.1002/2016RG000542
https://doi.org/10.1186/s40517-018-0111-6
https://doi.org/10.1186/s40517-018-0111-6
https://doi.org/10.1080/13669877.2017.1304979
http://www.destress-h2020.eu/export/sites/destress/stay-informed/.galleries/pdf/DESTRESS_D3.3-Risk-governance-strategy-report.pdf_2063069299.pdf
http://www.destress-h2020.eu/export/sites/destress/stay-informed/.galleries/pdf/DESTRESS_D3.3-Risk-governance-strategy-report.pdf_2063069299.pdf
http://www.destress-h2020.eu/export/sites/destress/stay-informed/.galleries/pdf/DESTRESS_D3.3-Risk-governance-strategy-report.pdf_2063069299.pdf
https://doi.org/10.1007/978-3-319-78286-7_15
https://doi.org/10.1007/978-3-319-78286-7_15
https://doi.org/10.1016/j.erss.2016.11.007
https://doi.org/10.1016/j.erss.2016.11.007
https://doi.org/10.1109/ACCESS.2020.3029859
https://doi.org/10.1109/ACCESS.2020.3029859
https://doi.org/10.1109/ACCESS.2020.3029859
https://doi.org/10.1080/19390459.2010.511450
https://doi.org/10.1080/19390459.2010.511450
https://www.theguardian.com/world/2016/oct/16/climate-change-triggers-earthquakes-tsunamis-volcanoes
https://www.theguardian.com/world/2016/oct/16/climate-change-triggers-earthquakes-tsunamis-volcanoes
https://www.scientia.global/dr-christian-brandes-can-climate-change-cause-earthquakes/
https://www.scientia.global/dr-christian-brandes-can-climate-change-cause-earthquakes/
https://doi.org/10.1016/j.jop.2016.05.002
https://doi.org/10.1016/j.jop.2016.05.002
https://doi.org/10.1016/j.jop.2016.05.002
https://doi.org/10.1111/j.1365-246X.2007.03561.x
https://doi.org/10.1111/j.1365-246X.2007.03561.x

40.

41.

42.

Hsu, Y.-J,, Kao, H,, Burgmann, R, Lee, Y.-T,, Huang, H.-H., Hsu, Y.-F, Wu, Y.-M,,
& Zhuang, ). (2021). Science Advances, 7(16), eabf7282. Synchronized and
asynchronous modulation of seismicity by hydrological loading: A case
study in Taiwan.

Buis, A. (2019, October). Can Climate Affect Earthquakes, Or Are the Con-
nections Shaky? Global Climate Change: Vital Signs of the Planet.

Scholz, C.H., Tan, Y.J. & Albino, F. Nat Commun 10, 2526 (2019). The mecha-
nism of tidal triggering of earthquakes at mid-ocean ridges.

22


https://doi.org/10.1126/sciadv.abf7282
https://doi.org/10.1126/sciadv.abf7282
https://doi.org/10.1126/sciadv.abf7282
https://climate.nasa.gov/news/2926/can-climate-affect-earthquakes-or-are-the-connections-shaky
https://climate.nasa.gov/news/2926/can-climate-affect-earthquakes-or-are-the-connections-shaky
https://doi.org/10.1038/s41467-019-10605-2
https://doi.org/10.1038/s41467-019-10605-2

ACKNOWLEDGEMENT
The authors would like to thank all seismologists, statisticians, physicists, social scien-
tists and practitioners who were involved throughout the development of this commu-
nication guide. We especially thank Prof. Dr. Stefan Wiemer, Dr. Rémy Bossu and Dr.
Alexandra Freeman for their valuable feedback on the final draft.

CONTRIBUTIONS
Dallo, Corradini, Fallou, and Marti conceived and wrote the communication guide. Corra-
dini further realised the visualisations. Dryhurst, Schneider, Luoni, Mulder, McBride, and
Becker provided feedback on the content and the visualisations.

FUNDING

This investigation is part of two Horizon-2020 projects: Real-time Earthquake Risk Reduc-
tion for a Resilient Europe 'RISE’ project that has received funding from the European
Union’s Horizon 2020 research and innovation programme under grant agreement No
821115 and Towards more Earthquake-resilient Urban Societies through a Multi-sensor-
based Information System enabling Earthquake Forecasting, Early Warning and Rapid
Response actions ‘TURNkey’ project hat has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant agreement No 821046.

RIGHTS AND PERMISSIONS
This communication guide and all the visualizations are licensed under a

23


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

S
MSC

TURNke

24

Schweizerischer Erdbebendienst
Service Sismologique Suisse
Servizio Sismico Svizzero

Swiss Seismological Service

e Rea/,,.
57

&
?

5 £ - %
=L . 3
% 2
A &
"9{ o s\sm
"°!J:>npa""



