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Guidelines 

This good practice report aims to summarise, in a practical and easy-to-read manner, advice on 
how to communicate Operational Earthquake (and/or Loss) Forecasts (OEFs or OELFs). This advice 
is the result of our review (literature and interviews with experts) of best practice in communi-
cating dynamic risks in other domains (deliverable D5.1), interviews and focus groups with over 
100 people: public, seismologists, first responders, journalists, civil protection etc, including views 
on draft OEF communications (deliverables D5.2, D5.3), and quantitative studies using 8,196 
members of the public across three countries (the U.S., Italy & Switzerland) (deliverable D5.4). 
 
We present 13 points of advice, and the evidence to support it in the appendices of the document. 

Before you start communicating OEF: 

1) Be clear about the difference between a forecast and a warning; between  
information and advice.  

This is about understanding the aims of your communication, because you can’t achieve your 
aims unless you are clear about them in your own mind. A warning aims to change people’s 
behaviour, through clear advice and messaging – a forecast aims only to give people infor-
mation which they can use in their own decision-making: there is no advice or message. The 
two require different communication techniques and would be evaluated very differently.  

Evidence base: Appendix 1 

2) Build relationships with those who might use your forecasts, and those who 
might help disseminate them. 

This will help you understand the needs of your audiences so that you can provide them with 
the information that they want and need, and not just the information that you want to give 
them or assume that they want. Different audiences might want different things, so you may 
have to prepare different outputs for them. You may also want to work with audiences to help 
them know how to respond to the forecast – what actions they may consider. This is particularly 
advised in schools, but also with others, such as infrastructure managers. When communicating 
to the public, use the channels that they are already used to using for similar information rather 
than trying to invent your own: work with journalists in all media, weather forecasters etc. 
They will also likely know their audiences well and be able to help. Regular meetings with those 
who are going to try to interpret and disseminate forecasts can also help ensure that any new 
people are familiar with the format and ready to help their audiences. 

Evidence base: Appendix 2 

When communicating OEF: 

3) Make the purpose of the forecast, and its limitations, clear to the audience 

Just as you as a communicator had to decide what the aim of your communication is, so your 
audience also needs to know this aim. If the audience are expecting a warning with a clear 
behaviour message, they will be confused and unhappy with a forecast that doesn’t give them 
that. Forecast information can help people make all sorts of decisions, depending on their own 
circumstances – it is useful even when absolute probabilities are low and there is no official 
‘advice’. For example, people might choose to practice an evacuation drill, test shut down 
procedures for power stations, identify diversion routes that avoid tunnels or bridges – all 
depending on their responsibilities. You’re not advising people to do any of those things as part 
of the forecast, but you can give people a sense of decisions that they or others might make. 
Making it clear why the forecast is being made public and how it might be of use to some people 
will help the audience know how to respond to it. 
 
Evidence base: Appendix 3 
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4) Minimise the number of variables that you allow the audience to change 

It is tempting to avoid making decisions on behalf of your audiences, and instead to allow every 
variable to be customised (e.g. the geographical area and time frame of the forecast, the 
threshold of event size being considered, metrics such as intensity or magnitude). However, if 
communicating with the public, this is not helpful for most and instead makes the forecast 
more complex and difficult to understand. Add as little customisation as possible to the main 
interface: if possible, allow the audience to vary only one thing - the location for which the 
forecast applies. For more experienced audiences you can allow more customisation via a ‘set-
tings’ option, but work with these audiences to identify the variables they need to change and 
keep the customisation via settings only to those. 
 
Evidence base: Appendix 4 
 
5) Ensure that the forecast is given out regularly & frequently, in the same con-

sistent format, to allow the audience to become familiar with it during quies-
cent times 

People find it increasingly easy to interpret formats as they become familiar with them, so it is 
useful to expose people to a format frequently. Additionally, familiarity with what ‘normal’ looks 
like in terms of the likelihood of a seismic event will help people interpret the likelihoods dis-
played in times where the risk level is higher and so make sense of it (which it is important 
that they are able to do). 
 
Evidence base: Appendix 5 
 
6) Don’t try to communicate forecast information to individuals via a geograph-

ical map representation. Only use a geographical map to illustrate the area 
over which the forecast is valid. 

Geographical maps are formats that are very familiar to most audiences, and so they frequently 
express a liking for information presented in that way. A geographical map can be useful to 
help them know the area over which a forecast is calculated and valid, but for individuals only 
interested in the forecast at one particular location, reading absolute risks off a map (illustrated 
as isolines) seems to be harder than simply displaying the absolute risk probability to them. It 
may also confuse people into thinking that the isolines on the map represent something other 
than the likelihood of an event of a set magnitude (e.g. the geographical distribution of intensity 
of, or damage caused by, a forecasted earthquake, since such maps are often used after an 
event to illustrate exactly that). 
 
Evidence base: Appendix 7 
 
7) Communicate information about what impact people might expect, as well as the 

likelihood/probability 
 

It’s easy to concentrate on communicating the difficult aspect of the numbers involved in the 
likelihood, but forget that the numbers involved in the impact (e.g. magnitude or intensity) 
also need to be given a context for people to know what this might mean for them. Although 
an earthquake of the same magnitude or even intensity can have very different effects de-
pending on the types of buildings in an area, just giving people a sense of what sort of effects 
different levels of earthquake might have, and in a way that references their experience (e.g. 
giving examples of earthquakes that they might remember reports from) rather than theoret-
ical (e.g. not through a description like ‘light damage likely’, which people found unhelpful in 
our interviews). 

Evidence base: Appendix 7: Communicating potential impact as well as likelihood 
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8) Present probabilities of events occurring as both percentages (e.g. ‘X% 

chance of an earthquake’) and expected frequencies (e.g. ‘out of 100,000 
towns with exactly the same chance of an earthquake as this one, we would 
expect an earthquake to happen in X of them.’) 

People shown a probability as a more solid and imaginable expected frequency perceive that 
probability to present a higher chance of happening than when shown a percentage. However, 
such expected frequencies also help people discriminate between low probabilities, which would 
have several decimal points if shown as a percentage (and where changes of whole orders of 
magnitude are difficult for people to discriminate). A percentage, though, even with decimal 
places, is seen as clearer and easier to read, so presenting the absolute risk as a percentage 
in a big, bold font as the main output seems sensible, whilst also showing the interpretation 
underneath as an expected frequency. Graphics such as bar charts or icons are not helpful for 
the low probabilities most often applicable to seismic events. 
 
Evidence base: Appendix 8 

 
9) Don’t give the baseline risk (the average percentage chance of an event occur-

ring) or a relative risk (how many times higher than average the current risk 
is) in an attempt to help people understand their current risk level. 

Giving context to the absolute risk of a seismic event is important to help people interpret the 
(otherwise fairly meaningless) probability of such an event. If they have become used to seeing 
the forecast regularly (see point 5 above) then they may already have an idea of what ‘normal’ 
(baseline) is, but the format should not rely on that knowledge. Experiments where people 
were given the baseline risk in an area as a piece of context to a forecast gave inconsistent 
results. Where people were given the relative risk between the current and baseline probabili-
ties (e.g. ‘twice as high as average’) people had a higher perception of the risk (if it was ele-
vated above baseline), but it also seemed to inhibit discrimination between different probabil-
ities.  We therefore don’t recommend using either a baseline or relative risk as a way to add 
context to an absolute forecast probability. 
 
Evidence base: Appendix 9 
 
10) Allow those who want further context to view a graphic which illustrates the 

current probability of an event happening in the selected geographical area on 
a risk ladder, compared with the average probability of the same event hap-
pening in a few familiar cities that illustrate a broad range of high to low risk 
levels. 
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What does seem to give people useful context to interpret the current probability of a seismic 
event however, is a graphical comparison of this probability against the average probability in 
other cities with which they are likely already to have some sense of the likelihood of an earth-
quake. These cities are likely to be within their country, but may be international in the case 
of some famously high hazard locations (e.g. Tokyo or Los Angeles). The scale on the risk 
ladder should be linear, not logarithmic (it can be cut off just above the highest baseline risk). 
We acknowledge that calculating these comparator risks is complex. Some members of the 
audience are likely to find the risk ladder ‘too much information’ – especially alongside both 
the percentage and expected frequency formats described in point 7 - so it is probably better 
as optional additional information. 
 
Evidence base: Appendix 10 

 
11) Allow those who want it to find information about how long events might last 

for if they happen, and what people might expect in terms of emergency sup-
port or communication 

Even if you don’t communicate this information as part of your forecast service, work with 
others who can provide this information to the relevant audiences. People want to know what 
to expect if an event occurs – how long an aftershock sequence might last, what sort of effects 
an earthquake might have, how long before things are likely to return to normal, and who has 
responsibility for different actions. 

 
Evidence base: Appendix 11 

 
12) Provide some explanation in normal language, and a personal interpretation 

service for those who want to be able to talk to a ‘real person’ about the fore-
cast and how to interpret it 

Although an automated forecast service might be cost-effective, in order to really support your 
audiences you should also provide alongside it a short (1-2 sentences) written explanation for 
the forecast, and a continually-available personal service for those who need to ring to have 
an explanation of the forecast. It may be worried members of the public, journalists, or key 
infrastructure managers or political decision-makers – all will need to be supported by a one-
to-one service, staffed by people who understand the technicalities of the forecast but are able 
to communicate about it at any level required. This is no small undertaking, but an important 
one. 
 
Evidence base: Appendix 12 
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13) Consider ‘prebunking’ misinformation or common misunderstandings without 
patronising the audience or showing lack of cultural sensitivity 

It is helpful to be able to pre-empt potential misunderstandings (such as the difference between 
a forecast and a prediction, or that large seismic events can happen without warning at any 
time even in ‘low hazard’ areas). However, it is important to approach this task with humility. 
Recognise that there is a great deal not known within the geosciences, and that a lot of infor-
mation is not ‘true’ or ‘false’ but a matter of degree, interpretation or debate. Also recognise 
that many different cultures have different views on the role of aspects such as fate and that 
insensitivity to this can easily create barriers between groups and foster mistrust – which can 
undermine all attempts at communication. 
 
Evidence base: Appendix 13 

 

The guidelines will hopefully allow different regions that are currently exploring the operationali-
sation of earthquake forecasting to move ahead with greater confidence. Concerns about the un-
certainties and potential liabilities involved in forecasting, which we heard several times whilst 
conducting this research, can be mitigated once these guidelines are followed. Key to this is un-
derstanding – and communicating - that it is information being given, not a warning. It should 
also be of considerable reassurance that there is an evidence base to suggest that the formats 
chosen are well understood by the public. This means that forecasters should not feel that they 
are providing information that might be misunderstood – in fact, it is more of an ethical concern 
if they are in possession of information which they are not sharing publicly. 

That is not to say that there are no remaining barriers to OEF. Firstly, we recognise that the 
probability calculations themselves need to be done, and then decisions and calculations done to 
create the probability comparators that we suggest. Each region wanting to launch OEF will need 
to do some user research to choose suitable comparator events and cities for their own local 
displays, and this is particularly true of regions where there have not been recent local seismic 
events to give people a reference (e.g. Switzerland). 

However, we hope that the Open Source code base (https://github.com/WintonCentre/rise-dash-
board) developed to produce a test OEF website demonstrating these guidelines (as well as other 
findings from user-testing) will be of use and allow relatively rapid implementation of OEF (see 
http://earthquake-forecast.wintoncentre.uk).  
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Above is a demonstration OEF website designed to take into account some of the best practice 
recommendations, including:  
- how best to present the probabilities (as percentage and expected frequencies) 
- how best to give context to these (by allowing a ‘click through’ which would reveal the risk 

ladder) 
- giving narrative context which explains the geological activity that has given rise to the 

forecast (and there should ideally be a phone number for those who want to understand 
more) 

- giving context to the potential impacts (through example earthquakes at different magni-
tudes), and making it clear why these are being given (to give people a sense of what such 
an earthquake might be like) 

- giving people easy access to information on what they can do before, during and after an 
earthquake (which may be on a different provider’s site) 

- making it clear what a forecast is and why it might be useful 
- minimising the choices people have to make to get a forecast (choosing their geographical 

location only) 
- Keeping the page clear and free from other, distracting information (although it is accessi-

ble via other menus) 
- Giving people clear links to things that they can do to prepare for earthquakes in general. 

 
A working version of this design is available at: http://earthquake-forecast.wintoncentre.uk (alt-
hough you can change map region and language, the examples chosen to give context are de-
signed for an Italian audience).  
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Appendix 1: Information versus advice 

Be clear about the difference between a forecast and a warning; between information 
and advice.  

A warning is a ‘message-based’ piece of communication which aims to give the audience a piece 
of advice and influence their behaviour (i.e. make them more likely to do something, or not do 
something). ‘Message-based’ communication is very common. 

A forecast is a form of ‘evidence communication’ which aims to give the audience information 
which they can use (or not) in their own decision-making. It does not give advice or recommen-
dations, or have a take-home message. Instead, it supports autonomy on the part of the audience. 
Evidence communication is much less common. 

To understand how forecast information might be used to inform decision-making very differently 
by different members of the audience, consider a forecast for rain in an area on the following day. 
For a local farmer, this might signal an excellent time to sow seed. For an outdoor local event, it 
might change their decisions around event organisation. For an indoor sports facility, it might 
have no impact on decision-making at all. The forecast is purely informational – and agnostic to 
how that information might be used. 

Operational earthquake forecasts can be purely informational in the same way as a rain forecast. 
They do not have to give rise to warning messages. The information they carry might be used by 
a whole range of audiences to make many decisions about which the communicator is entirely 
ignorant. What is important is that the communicator is communicating what they know, to allow 
others to use that information. 

Many people during our work have expressed the opinion that operational earthquake forecasts 
are of no use to anyone because they can very rarely or never give rise to probabilities that would 
be high enough to warrant a warning. But this ignores the many other decisions that various 
audiences might be making and into which OEF information – however uncertain – might feed. 
For example, even with only a slightly increased risk level, those in charge of power generation 
plants might want to test emergency shut-down procedures; those in charge of road infrastructure 
might want to inspect bridges and tunnels, and plan alternative route signage; those in charge of 
schools and places of work may want to practise earthquake safety drills or evacuation proce-
dures; members of the public may want to think through their own emergency preparations. These 
sorts of decisions do not have to be advised (or mandated) at particular thresholds – a forecaster’s 
job is not necessarily to ‘tell people what to do’. But these are examples of decisions that would 
be influenced by information given in a forecast. 

However, ‘not telling people what to do’ does not mean not giving them information about poten-
tial impacts as well as likelihoods. See Appendix 7. 
 
It is also common to hear from users that they would just like to be ‘told what to do’. This is 
natural – it is much easier for all of us not to have to make decisions for ourselves! This is why it 
is vital to ensure that the audiences know what the forecast aims to do (i.e. give the current state 
of knowledge so that people can make their own decisions based on it). Once people understand 
the purpose, use and limitations they will approach the information in a different way. See Ap-
pendix 3. 
 
You are likely to need to keep reminding yourself, and your audiences, of this important difference 
in aims – ‘informing’ rather than ‘giving a message’ is a much rarer type of communication. 
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Appendix 2: Relationships with users and communicators 

Build relationships with those who might use your forecasts, and those who might 
help disseminate them. 

Groups working on various forms of forecast communication who might be expected to face similar 
challenges to earthquake forecasters, such as flood risk forecasters (Morss et al., 2015) and storm 
risk forecasters (our own interviews, reported in RISE deliverable D5.1 (Dryhurst et al., 2020)) 
have highlighted the need for close working between forecasters and those who would be com-
municating and/or acting on any information regarding a raised risk level, in order that everyone 
understands the information in enough depth, has rehearsed procedures for communicating on-
wards when necessary, and has understood what decisions others in the communication and ac-
tion chain are making based on the information being communicated.  
 
Involving relevant stakeholders in the design of communications ensures not only that appropriate 
and well-understood language and graphics are used, but also that such stakeholders have ‘buy 
in’ and that the communications suit their needs. During our interviews (Dryhurst et al., 2020), 
the UK’s flood forecasters told us how important it was that their audiences had good awareness 
of the hazard, and as forecasters they saw their role as helping people understand the risk, pre-
pare for floods, and ensure that they were prepared to deal with the aftermath of them. They call 
this suite of skills in the public ‘flood resilience’, and achieve it through local community work in 
which ‘resilience engagement advisors’ work locally with schools, businesses and communities to 
help people prepare for floods, and to understand the daily forecasts.  
 
We found a similar approach during our interviews with storm forecasters in the US. They ex-
plained how, with a fast-onset hazard like a storm, it’s vital that the audience already know how 
to respond to any forecast storm. Like the flood resilience preparation in the UK, training is done 
in schools in the US in areas where tornados or hurricanes are likely. Evidence suggests that this 
school training is effective: in one district, when a storm struck, no one of school age or who had 
left school in the area in the past 5 years was killed, and only one parent of a child who had been 
in school during that time died. Fatalities were much higher in those who had not received school 
training, or exposure to it through their child. Given that during a seismically active period, schools 
may well be closed and (especially in the case of an aftershock sequence) communication lines 
disrupted, it is important that audiences are familiar with ‘what to do’ in advance. 
 

Forecasters at the Storm Prediction Center in the US told us that they not only have a contact list 
of emergency managers, schools, infrastructure managers and broadcasters whom they contact 
if there is a heightened risk, but twice a year they have a media workshop training journalists and 
broadcasters on how to interpret forecast information and report it. 
 
These relationships also help identify what information is useful to communicate. Research sug-
gests that there is a gap between what scientists think is useful information and what users actu-
ally find useful for their decision making, even in mature forecasting domains such as weather 
(Klemm & McPherson, 2017; Lemos et al., 2012). There is considerable evidence that services 
that are co-developed between producers and their audience are those which are most useful 
(Dilling & Lemos, 2011; Steynor et al., 2016; Vaughan et al., 2016). As such, during the RISE 
project, we interviewed and held focus groups with over 100 stakeholders, from seismologists to 
the public; civil protection to journalists, in Iceland, Italy and Switzerland in order to co-design 
communications of operational earthquake forecasts (see Appendix 14). We also mapped the 
communication pathways in each of these countries – see deliverable D5.2 (Luoni et al., 2021). 
Forecasters will need to decide how best their forecasts should be disseminated to the different 
audiences within the existing communication pathways, although we suggest that it is sensible to 
have a single central authoritative forecast website to ensure that the public and other communi-
cators always know that there is a trusted source that they can check at any time. Additional 
communications should then flow from and reflect the content of that site (see Appendix 5). 
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Appendix 3: Clarity of purpose and use 

Make the purpose of the forecast, and its limitations, very clear to the audience 
 

Number one on our list of recommendations was to work out the aim of your communication (“Be 
clear about the difference between a forecast and a warning; between information and advice.”) 
– but it is then very important to make that aim clear to your audiences. 
 
Someone coming to the forecast expecting a clear warning with a behavioural take-home message 
will be confused and negative towards a forecast communication that is designed to give infor-
mation but not advice. 

In our focus groups (reported in RISE deliverable D5.3, (Dryhurst et al., 2021)), participants were 
specifically not told the aim or purpose of the (draft) OEF communications that we were designing 
and testing, and we found that some participants came with expectations that were not being 
met: 
 
“I thought [the dashboard] was made to alert people. Curiosity is ok but I am not sure why [the 
chart] is inserted into the project you are working on.” (Participant in public focus group 1) 
 
It’s therefore important to set people’s expectations clearly at the top of the forecast, and also to 
explain the point of each piece of information you are giving: 
 
“With this [bar chart] I do not know what information I need to understand. There are 23 earth-
quakes in January, but I don’t know what I can do with this information.” (Participant in seismol-
ogist focus group 2) 
 
 “Knowing the past [earthquakes], I will not know the future ones. It is simply data that is inter-
esting but it does not tell you anything about the future.” (Participant from public focus group 2) 
 
This is why we suggest wording such as “to put this chance in context…” when giving contextual 
information - it lets the audience know why that information is being communicated to them. 
 
It is also important to be very clear about the limitations of forecasting.  Some members of the 
public in our interviews and focus groups expected OEF to provide precise predictions (or at least 
high probability forecasts) of when and where an earthquake would occur – and expressed desires 
for the communicator to turn the probabilistic forecast into categorical information and advice: 
 
“It would be nice to have a monthly calendar because if you tell me that within the next week you 
expect less than one earthquake, it means that you do expect an earthquake but maybe not within 
the next week, so if you give me the month, I don’t know, a widget of the month with a red week, 
a yellow week, a green week, if you give me an opinion that is updated in time, I know which 
week I should be more careful, so if I need to choose whether or not to sleep in the car, I choose 
the initial week instead of the last one.” (Participant in public focus group 2) 
 
“It is implied in the concept of forecasting the idea that they can be false, and if the likelihood is 
80% you think that tomorrow it will surely rain.” (Participant in public focus group 1) 
 
Equally, people who were aware that earthquakes could not be predicted doubted the credibility 
of the forecasts because they thought they were “predictions”.   
 
We all want certainty but converting a chance to an implied certainty to satiate the desires of the 
audiences rather than respect the limitations of forecasts (and the unpredictable nature of seismic 
events), will inevitably create problems, as was the case in L’Aquila, where uncertainties were 
absent from communications. Forecasters must try to set the audiences’ expectations of what a 
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forecast can and cannot do, and the sorts of decisions that it can and cannot support. When 
attempting to set expectations however, beware adding unnecessary information and text, as the 
more text there is on a page, the more will go unread, which could end up undermining the efficacy 
and perceived credibility of the communication further. 
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Appendix 4: Minimising variables 

Minimise the number of variables that you allow the audience to change 

Designing an informative communication – particularly one as complex as OEF – requires the 
communicator to make decisions about what to communicate on behalf of the audience: what 
information do they want or need, and in what format(s)? 
 
For example: what size earthquake is the forecast valid for? Over what geographical area? Over 
what time frame? Is that size expressed as a magnitude or intensity? Is it better to communicate 
OEFs or OELFs? How should the probabilities be expressed? Should they be visualized, and if so, 
how? 
 
There may be strong arguments both for and against different options for these sorts of questions; 
different audiences might express different preferences; different individual forecasters or audi-
ence members might disagree. The result can be that no decisions are made, and that instead the 
audience is given the option to customize the outputs themselves (e.g. https://www.rich-
terx.com/?go=forecast). Indeed, such broad customisation might be requested during discussions 
with audience members when they are asked their preferences on difficult decisions like those 
above. We came across this ourselves during our interviews and focus groups. However, the prob-
lem with allowing such customisation is that it makes the communication itself complex and can 
present barriers to large portions of the audience understanding it at all. 
 
When we started designing OEF communications we gave our audiences multiple options for cus-
tomisation, but we found that when they were asked what part of the communication they noticed 
first, different people said different things. This is not a sign of good design. Audience members 
did not know where to look for the actual forecast on the page.  For example: 
 
 “I start to ask myself, but where am I, what is the forecast?” (Participant in public focus group 
1) 
 
We therefore strongly suggest keeping the main OEF communication as simple as possible, and 
then giving relatively subtle links to allow people to find more information if they wish: 
 
“I would try to distinguish the topics according to their importance... the order is consequential, 
so once I was informed about the forecast, then later I looked for information about the history 
of the earthquakes.” (Participant in public focus group 1) 
 
The comment above again highlights the need to make clear why each piece of information within 
a communication is being provided (in this case a chart of historical events was being given as a 
means of suggesting the baseline rate of events of that magnitude in the area, but participants 
often did not understand that – it needed to be labelled clearly to make the purpose salient). 

In the case of seismic forecasts, changing the parameters of the forecast (such as the intensity 
threshold or area over which the forecast is calculated) can create confusion:  it is not necessarily 
intuitive that probabilities increase as areas of interest increase, or time periods increase. 
 
On the basis of our co-design with different stakeholders in different countries we suggest that 
forecasters: 
 

- Choose a single threshold magnitude (or intensity) to communicate the likelihood of, and 
make it very clear to participants that it is ‘this size or larger’ (and what the impacts of 
such an event might be). Our research suggests that magnitude 4+ is a good threshold 
for Italy. If you want to allow audiences to vary this threshold, make this a subtle and 
non-distracting menu option for interested/expert users. 
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- Choose a single geographical area over which the forecast is valid (e.g. a 20km diameter 
circle or hexagon, which was frequently mentioned by seismologists in our focus groups 
as a reasonable size) and illustrate that area with a map. Allowing the user to choose the 
geographical location of interest to them is, of course, important. Make it clear whether 
your forecast means the likelihood of an event being FELT within that area, or if it means 
the likelihood of having an EPICENTRE within that area. 

 
- Choose whether you want to use magnitude or intensity. Audiences (both public and seis-

mologist) were not unanimous during our discussions, although magnitude was more fa-
miliar to non-seismologists and was preferred by most. People were easily confused be-
tween the two and so we advise avoiding using both.  If you choose to communicate 
intensity, beware people interpreting it as magnitude and also be clear whether you mean 
the intensity as felt at that geographical location, or the epicentral intensity. 

 
- Give the forecast as the probability of that size of event occurring in that area ‘within the 

next 7 days’ (stating the dates of the start and end of that 7 day period). Our different 
stakeholders were generally in agreement that a 7 day period was the most useful. 

 
- Give the probability as a number, with context given as an optional link (more on this 

later). 
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Appendix 5: Regularity, frequency and consistency 

Ensure that the forecast is given out regularly & frequently, in the same consistent 
format, to allow the audience to become familiar with it during quiescent times 

 
Many seismologists question the usefulness of OEF outside of a period of heightened activity. 
However, experience from other domains suggests that consistency is important. Audiences need 
to be used to the format, and how to interpret it, as well as knowing ‘what normal looks like’. OEF, 
remember, is not a warning or message-based communication: it is information. And information 
is useful at all times. 
 
In the UK, for example, the Environment Agency and Meteorological Office’s joint flooding website 
shows the flood forecast for the coming 5 days, every single day, even during drought times 
(https://check-for-flooding.service.gov.uk/?v=map-outlook). This ensures that everyone knows 
where to go for flood information, at any time, and can spend time getting used to the system in 
place. 
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Appendix 6: Avoiding putting forecast information on a map 

Don’t try to communicate forecast information to individuals via a geographical 
map representation. Only use a geographical map to illustrate the area over which 
the forecast is valid. 

In previous research on the use of maps in OEF, in New Zealand, Becker et al. (2019) found that 
displaying OEF probabilities on maps did not help the public in their decision-making. To investi-
gate this further, we carried out a quantitative experiment, with 683 participants per experimental 
arm in each of three countries: Switzerland, Italy, and USA (California, specifically). We compared 
people’s perception of the risk of an earthquake when the probability was shown as a number 
pointed out on a coloured scale and only a geographical map (left hand side below), and when 
that same number on a coloured scale was accompanied by a map showing that same forecast 
information as coloured isolines (right hand side below) (details in RISE deliverable D5.4 (Dry-
hurst, Dallo, et al., 2022)): 

 

 

We found there was no difference between people’s perceptions of the risk (at either of two prob-
ability levels – 22% and 44%) in these two conditions. This suggests that people were not using 
the isolines on the map as a cue, and instead were likely to be using the probability they could 
read off the scale. This is given more credence by the results from a third experimental group 
shown the same information on the coloured scale, but a different isoline map – again the map 
did not seem to affect people’s perceptions of the risk (except for one hazard level in the Califor-
nian group only). 

 

Furthermore, during our interviews with participants, we suspected that some were mistaking 
isolines on the map we included in our trial OEF communications as representing the forecast 
epicentre of an earthquake and/or the forecast extent of damage and level of impact, rather than 
as representing forecast probabilities, since similar-looking maps are often used in the aftermath 
of an event to indicate exactly that. 

Given the potential for misunderstanding, and the fact that audiences don’t appear to use an 
isoline map to read off probabilities when they are given clearly alongside it in another form, we 
recommend avoiding trying to represent probabilities of forecast events on a map, and instead 
just use a map to represent the area that the forecast relates to (something that a geographical 
map is useful for, and which our participants expected).  
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Appendix 7: Communicating potential impact as well as likelihood 

Communicate information about what impact people might expect, as well as the 
likelihood/probability 

 
It is easy for a forecaster to concentrate on communicating the ever-changing probabilities and 
forget that their audience also needs help understanding the likely impacts of the forecast event. 
A classic example of the problem was the winter storm of 1993 in the Eastern US that killed 
hundreds of people despite strong forecasts and even storm warnings. The public knew from the 
forecasts that a winter storm was coming. What they didn’t know was what the impact of that was 
likely to be – the fact that driving conditions would be so lethal, the electricity supply would be 
likely to go down etc. This has also been seen in other fields: while researching flash flooding in 
Colorado, US, (Lazrus et al., 2016) found that whilst people might hear a forecast for a flash flood, 
they didn’t know what that might mean and what they might do. Research in the aftermath of 
Hurricanes Sandy and Ike in the US again showed the same (David P. Rogers & Tsirkunov, 2013; 
Morss & Hayden, 2010). The impact had not been communicated as effectively as the likelihood. 
 
So, although the job of a seismic researcher might not be to give warning messages advising 
people to do a particular thing in light of the current forecasts, what they can – and indeed prob-
ably should – do, is to explain the expected impact of the event they are forecasting, and the 
sorts of things that people could do to mitigate that impact. This is standard for ‘risk communica-
tion’ which is not about giving warnings but giving information (Mileti & Sorensen, 1987; Tierney 
et al., 2001).   

The desire for information about the impact was clear from some of the participants in our inter-
views and focus groups: 

“What I am saying is that I don’t care about the likelihood.  This morning a likelihood was given 
and it is not raining. I want to know the intensity [of the rain forecast] as I want to know the 
millimetre of water. Because the percentage then can say anything or nothing. It is of little use” 
(Participant in public focus group 1) 
 

“It is better to have other information, not how likely it is to happen, but if it does happen, what 
can happen?” (Participant in public focus group 1) 
 
Both these participants’ sentiments could be interpreted as wanting more certainty than a forecast 
can deliver (we all do!), but actually providing clear information about the likely impact of a seis-
mic event above the threshold whose likelihood is being communicated, alongside the probability, 
would probably help address their needs. Both likelihood and impact need to be communicated, 
and in a meaningful way i.e. put in an understandable context. 

In order to give context to an impact, for example, UK flood forecasters try to relate the forecast 
event to a recent historical one that the audience might remember. Our attempts at something 
similar – giving examples of earthquakes of different magnitudes that the audience were likely to 
be familiar with – seemed to work: 

“To me - and I am talking as a person who doesn’t really know earthquakes - what helped me the 
most is the example. Because if you give me ‘magnitude 4’ - I don't know what it involves. […] 
But for example, I got an idea of it reading ‘Amatrice’.” (Infrastructure manager in round 3 inter-
view) 

This is called ‘impact-based forecasting’: talking about the likelihood of what a hazard will be like 
alongside what a hazard might do (Red Cross Red Crescent & UK Met Office, 2018).  It’s found 
particularly in meteorology, although seismology has made moves towards it. (e.g. (Chioccarelli 
& Iervolino, 2016; Iervolino et al., 2015)). We recommend the “Impact Based Forecasting Guide” 
by the (Red Cross Red Crescent & UK Met Office, 2018). See below for an example of information 
from this guide which is explicit about impact (although not in this case, likelihood), whilst not 
giving a message or advice. 
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Appendix 8: Using both percentages and expected frequencies 

Present probabilities of events occurring as both percentages (e.g. ‘X% chance of 
an earthquake’) and expected frequencies (e.g. ‘out of 100,000 towns with exactly 
the same chance of an earthquake as this one, we would expect an earthquake to 
happen in X of them.’) 

We expect that forecasters will be presenting the numeric probability of a seismic event happening 
(rather than trying to use words like ‘high likelihood’).  
 
Although there is a lot of literature suggesting that people don’t interpret probabilities in proba-
bilistic weather forecasts the way that forecasters intend, and in fact that forecasters themselves 
can differ in interpretation (De Elía & Laprise, 2005; Gigerenzer et al., 2005), many of the issues 
picked out by those studying weather forecasts are in fact to do with a lack of clarity about what 
the probability actually refers to rather than misinterpretations of the numerical probability itself 
(Fischhoff, 1994; Handmer & Proudley, 2007; Joslyn et al., 2009; Juanchich & Sirota, 2016).  
 
Having said that, there is also research suggesting that people can misinterpret probabilities, 
particularly small probabilities (Hertwig, Barron, Weber, & Erev, 2004; Kahneman & Tversky, 
1979; Rottenstreich & Hsee, 2001; Stone, Yates, & Parker, 1994).  Indeed, some interviewees in 
our work expressed concerns about interpreting probabilities, for example: 
 
“I don’t care about the likelihood… the percentage then can say anything or nothing. It is of little 
use.” (Participant in public focus group 1) 
 
This issue has been tackled in health communication by converting the probability of a one-off 
event happening in the future into what is called an ‘expected frequency’: how often an event 
might be expected to happen out of a large number of opportunities. For example, a 10% proba-
bility would be an expected frequency of 10 in 100 times – or, in health terms, we might expect 
it to happen to 10 out of 100 patients with the same characteristics. For a single or rare event 
such as an earthquake, the expected frequency format is not quite so easy to construct (or pos-
sibly to interpret) as it really involves imagining multiple potential ways in which the future might 
play out.  
 
However, in order to discover how people reacted to such a format, we constructed two potential 
phrasings of an expected frequency for a seismic event: “imagine 100,000 possible ways in which 
the week could turn out in your town” (we call this the ‘future frequency’), and “out of 100,000 
towns with exactly the same chance of an earthquake as your town” (we call this the ‘geographical 
frequency’). We investigated whether either of these (on their own, or in combination with the 
percentage) would help people interpret the probability better than a percentage alone (as re-
ported in RISE deliverable D5.4, (Dryhurst, Dallo, et al., 2022)). 
 

In order to measure how people reacted to the format, we needed to use measures to tell us how 
people interpreted the probability. Several authors have worked on criteria of success for such 
information provision (e.g. (Michie et al., 2002; Weinstein, 1999; Weinstein & Sandman, 1993). 
We looked at measures of subjective feelings of comprehension to compare the formats (for ex-
ample how easy they thought the format was to understand), along with the ability to be able to 
tell the difference between two hazard levels (‘discrimination’). 
 
We showed each of 683 participants five different hazard levels in one of four numerical formats 
(each participant seeing the five numbers in the same format, in a random order). We did this 
experiment across three countries: Switzerland, Italy, and USA (California, specifically), changing 
the formats shown in each country slightly to cover more combinations. 
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The two expected frequency formats gave participants a higher perception of the risk of each 
probability than the percentage format, as we expected from the existing literature (Freeman et 
al., 2021; Peters, Hart, & Fraenkel, 2011): the ‘future’ frequency format was perceived as slightly 
less risky than the ‘geographical’ frequency format – possibly because it is less easy to imagine 
psychologically (imagining “100,000 ways in which the week could turn out” perhaps feels less 
concrete than imagining “100,000 towns like your town”) (Keller et al., 2006; Siegrist, 1997; 
Slovic et al., 2000).   

This in itself is not necessarily helpful – it is not increasing discrimination of probabilities. However, 
combining a percentage and an expected frequency apparently did: it heightened discrimination 
between the lower risks (where the many decimal points made the percentages hard to distin-
guish). 

When it came to subjective comprehension measures1, the expected frequency formats were rated 
harder to understand (not surprisingly, as they are quite verbose), but participants that saw both 
the percentage and the frequency together rated this more easily understood than just the fre-
quency phrasing alone. Given that this combined format has more words on it than any other 
makes this rating particularly interesting. 
 
Our advice, then, is that an institution providing “only” a percentage, even with several decimal 
places, is not necessarily serving their audiences poorly as these are relatively well understood. 
However, given the need for discrimination between low percentages in OEF, we would recom-
mend combining the percentage with an expected frequency format to help audiences interpret 
the probability. 
 
Our recommended combined percentage and ‘geographical expected frequency’ format is shown 
below: 
 

 
 
 
  

                                             
1 Subjective comprehension measures asked participants how much effort they felt they had to 
make to understand the information, how easy or hard it was to understand etc. Their objective 
comprehension of what the information meant is measured via their risk perception: whether 
they felt a higher level of risk for higher probabilities etc. 
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Appendix 9: Avoiding either baseline or relative risks as ways of  
giving context 

Don’t give the baseline risk (average percentage chance of an event occurring) or a 
relative risk (how many times higher than average the current risk is) in an attempt 
to help people understand their current risk level. 

Is a 10% risk high or low? In some contexts, it may be high, in others low. Every number needs 
context in order to be interpretable. Experts may know the context through experience. Most of 
the audience of an OEF will not be an expert. 
 
Since the job of a forecaster is often not to interpret the forecast for the audience (in terms of 
telling them that the risk is ‘high’ or ‘low’ in the forecaster’s own opinion) which might stray into 
message-based communication. Instead, it is to provide information to allow the audience to in-
terpret it for themselves. To do that, it can be important to provide context in the form of com-
parator risks. 
 
Two common ways to do that is either to present the current risk alongside some kind of baseline 
or average risk for the audience to mentally compare, or to provide a relative risk (how much 
higher or lower than the baseline or average the current risk is). 
 
Of course, comparing a higher current risk to a lower baseline risk – especially via a relative risk 
- can make people think the current risk is higher than if they viewed that current risk alone 
without context (Sandman et al., 1994; Siegrist et al., 2008). Theoretically, this may helpfully aid 
discrimination, particularly where low percentages with many decimal places are difficult to tell 
apart. However, in our own experiments (reported in deliverable D5.4 (Dryhurst, Dallo, et al., 
2022)), we found that the effects were more complex. 
 
We showed 683 participants (per experimental arm) in Switzerland and Italy four risk levels in a 
format with either the absolute risks alone, or the absolute risk combined with the baseline. In 
California, we showed 683 participants per experimental arm three risk levels in a format with 
either the absolute risks alone, or the absolute risk combined with the relative risk: 

 
It is perhaps no surprise that our results showed that participants seeing the forecast probability 
represented as both an absolute and a relative risk together (‘x times higher’) perceived the haz-
ards to be riskier than those who saw the absolute risk alone with no comparators. This combina-
tion of absolute and relative risk did not, however, enhance participants’ ability to discriminate 
between risk levels. 
 
The effects of giving the absolute baseline hazard level for comparison alongside the current, 
forecast absolute risk were more complex. In Italy, it appeared to dampen down risk perception 
for the higher hazard levels shown; in Switzerland it appeared to give a higher risk perception for 
all hazard levels. This is probably due to differing perceptions of the risk of earthquakes that we 
saw in these two countries. In neither case did it enhance discrimination between the different 
hazard levels.  
 
We therefore do not recommend either of these approaches as useful ways to give context to a 
probability in OEF communications. 
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Appendix 10: Using a risk ladder of familiar cities and their seismic 
hazards for optional context 

Allow those who want further context to view a graphic which illustrates the current 
probability of an event happening in the selected geographical area on a risk ladder, 
compared with the average probability of the same event happening in a few familiar 
cities which illustrate a broad range of high to low risk levels. 

Another possible way to give context to a probability is to provide for comparison a range of 
probabilities for other events (Covello et al., 1988; Fischhoff et al., 1978; Keller et al., 2006; 
Kunreuther et al., 2001; Pighin et al., 2013; Wilson & Crouch, 1987). Savadori and colleagues 
(Savadori et al., 2022) found that comparator risks increased the sensitivity of UK participants to 
different levels of seismic risk in particular.  
 
A graphical ‘risk ladder’, positioning the comparator risks along a scale, can help people contex-
tualise the magnitude of the risk (Sandman et al., 1994; Siegrist et al., 2008).  
 
We chose to test risk ladders with two different sets of comparators (reported in deliverable D5.4). 
One used other fatal risks, similar to (Savadori et al., 2022). The other, based on the experience 
of Kunreuther et al. (2001) and Freeman et al. (Freeman et al., 2021) used comparators that 
were closer to the risk being communicated: seismic risks in other areas that the audience might 
have a sense of. We carried out this experiment on 683 participants per arm in California (U.S.), 
Italy, and Switzerland. 

 
Neither risk ladder had the effect of increasing discrimination between risk levels reported by 
Savadori et al. (2022), but instead shifted the risk perception upwards. They were also rated as 
difficult to understand (not surprisingly, given the amount of information they carry). 
 
When shown a variety of potential ways of putting context around a probability and asked which 
they preferred, and why, for some people, the risk ladder with comparisons of the seismic hazard 
in different cities was appreciated as the most informative and suitable contextual addition.  
 
“Comparison is good. You can get a better picture. But only earthquake comparison. One should 
not compare apples with pears” (Swiss online survey participant) 
 
“I find it especially interesting if you have a comparison. Because otherwise you don't really know 
how to classify the numbers” (Swiss online survey participant) 
 

Its complexity, though, was noted: 
 

“I would prefer to see a simpler and more immediate graph, less technical” (Italian online survey 
participant) 
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“Charts are too complicated, as they take too long to be understood correctly. A more concise 
information I think can reach more people” (Italian online survey participant) 
 
Out of all the formats that attempted to give context to the probability, this risk ladder probably 
enhanced people’s risk discrimination the most and gave them the most useful context. However, 
given its complexity and heavy information content, we advise that it is offered as optional, addi-
tional content rather than being combined with the absolute risk presentation already advised. 
 
We also advise care is taken over the choice of the comparator cities: they must be as familiar as 
possible for the chosen audience, but be careful with those with large emotional saliency (such as 
L’Aquila for Italian audiences). We report the perceived relative hazard levels of different cities for 
public participants in Italy, Switzerland, and California in deliverable 5.4 (Dryhurst, Dallo, et al., 
2022) which may prove useful for the choice of comparator cities in those countries. We realise 
that identifying the baseline or average probability (and choosing the area over which to calculate 
it) is a challenge. We also suggest the use of the word ‘typical’ to describe this probability, after 
research during interviews with the public in different countries (‘average’ and ‘baseline’ were not 
easily understood). 
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Appendix 11: Giving links to information on what to expect during an 
earthquake sequence 

Allow those who want it to find information about how long events might last for if 
they happen, and what people might expect in terms of emergency support or com-
munication 

Previous research by Becker and her team (Becker et al., 2019; Wein et al., 2016) has suggested 
that another piece of information requested by the media and public alongside probability and 
likely impact of forecast events was a likely duration for any earthquake sequence. Although this 
is not possible to forecast, it may be useful for audiences to know how long aftershock sequences 
usually last, and how long they should wait after an earthquake or felt tremor before leaving a 
place of safety (our interviews revealed that US tornado forecasters were asked this about leaving 
safety after a tornado as well), or starting emergency support etc. (as was found by USGS in their 
trials of operational earthquake forecasting). 
 

Another request was for information on what to do during the aftershock sequence, including 
protective actions people could take (Becker et al., 2019): 
 

 
 
The information that members of the public requested from OEF, from Table 3 in Becker et al. (2019) 
 
 

Although for some seismic forecasters, it may feel uncomfortable to stray into the territory of 
‘giving advice’, this is not advice in the light of the forecast, but background information about 
the duration of past events and standard advice about what to do in an emergency. If a forecaster 
feels unable to carry such information on their own site, they should consider linking to the sites 
of agencies that do.  
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Appendix 12: Providing a narrative explanation behind the forecast 
and access to a person who can be called to explain it 

Provide some explanation in normal language, and a personal interpretation service 
for those who want to be able to talk to a ‘real person’ about the forecast and how 
to interpret it 

Whilst testing our prototype communications, it became clear that one of the well-appreciated 
aspects of the later designs was the addition of a sentence under the heading “What’s happening 
here and now?” which gave a single sentence explaining the geological reasons for or evidence 
behind the forecast (e.g. “This region is seeing higher chances than normal because of increased 
seismic activity around the Mount Vettore fault system.” Or “In the last month this region has 
seen no seismic activity above the expected normal level. However, an earthquake can always 
occur with no warning.”). This verbal context was important for some participants to help them 
interpret the forecast (and could link through to further information), and they advised that it 
should be prominently displayed: 

“I am very interested in the reason of why there are some problems so the "what is happening 
here and now" is something very interesting.” (Italian public, 3rd round) 

“The first thing I thought when I read it was how it was possible to connect the … the weekly 
chance …. And the below information gives me an answer.” (Italian public, 3rd round) 

“I would give emphasis to the information regarding the faults, that is an information that normally 
is not given and that could be of interest to everyone.” (Engineer, 3rd round) 

In our interviews with storm forecasters in the U.S. (reported in deliverable D5.1 (Dryhurst et al., 
2020)), they also stressed the importance of providing a 24hr service whereby anyone could ring 
and speak to an expert who could help interpret the forecast for them. This allows people with 
potentially vital decisions to make to be able to access the best information possible (note that 
this is NOT an advice or warning line – just a service to be able to help explain the forecast to 
anyone who wants the information in more detail or a verbal description).  
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Appendix 13: Prebunking common misinformation or pre-empting 
misunderstandings 

Consider ‘prebunking’ misinformation or common misunderstandings without pat-
ronising the audience or showing lack of cultural sensitivity 

It is easy for people to misunderstand information, especially about topics that they have little 
background knowledge of. Background knowledge of seismology was relatively high in Iceland, ac-
cording to our interviews with members of the public, but much lower in Switzerland and Italy. If 
there are important pieces of information that might be misunderstood (e.g. that earthquakes can 
happen even where there is no known fault line, or that a damaging earthquake can occur with no 
pre-warning at all) then it is helpful to pre-empt those misunderstandings clearly and obviously as 
part of the forecast. 
 
As well as misunderstandings, there can be misinformation. False rumours are a problem around 
all sorts of events, but research suggests that fast, credible debunking can help (McBride et al., 
2020). For example, researchers following false rumours on social media (that evacuation centres 
were checking people’s immigration status as they arrived as Hurricanes Harvey the US coast in 
2017) found that government and verified news agencies’ corrections were heavily retweeted. The 
same rumours subsequently had far less traction when, shortly afterwards, they were spread 
again in advance of Hurricane Irma (Hunt et al., 2020). Similarly, after the Great East Japan 
Earthquake in March 2011, a false rumour about a chemical contamination event was quickly and 
overtly refuted by the local City Hall on social media, and the correction (“After the LPG tanks 
explosion, there are rumors that harmful chemically contaminated rain may fall. However, the 
Earthquake Disaster Prevention Division of the City Fire Department confirmed that there is no 
scientific basis for these rumors. Please be careful not to be confused by the rumors”) was more 
re-tweeted than the original (Takayasu et al., 2015). 
 
‘Prebunking’ potential misinformation is something that can be done to help protect people from 
common rumours (Lewandowsky & van der Linden, 2021; Roozenbeek et al., 2020). However, 
tone and sensitivity is required: it is important to avoid the tone of ‘we know best’ and ‘you are 
wrong’. Seismology is a relatively young science and there is much that is still debated within the 
expert community (Dryhurst, Mulder, et al., 2022). Additionally, attitudes to seismological events 
are affected by cultural factors such as beliefs in the role of fate. Challenging such beliefs, even 
unintentionally, may be divisive and undermine trust. See Fallou et al. 2021 for a guide to fighting 
misinformation in the seismic domain {Formatting Citation}. 
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Appendix 14: Participants and acknowledgements 

This work is based on a series of interviews and focus groups and we would like to extend our 
thanks to all the participants and those who helped us get in touch with and interview them. We’d 
especially like to thank our collaborators Irina Dallo & Michele Marti at ETH Zurich. 

To understand current communication practices, focus groups/interviews with: 

7 experts in communicating dynamic risks in different domains 

4 experts on earthquake early warning from 3 countries 

6 experts on operational earthquake forecasting from 5 countries 

7 experts on rapid loss assessment from 7 countries 

3 experts on long term hazard maps from 2 countries 

2 experts on seismic risk perception from 1 country 

2 experts on ShakeMaps from 2 countries 

To understand communication needs and chains of communication and iterative deisgn 
of the communications, focus groups/interviews with: 

Round 1: 

6 people from national civil protection in Italy 

10 people from regional/local civil protection and emergency response in Italy 

9 people from civil protection/emergency response in Iceland 

1 journalist from Iceland 

11 members of the public from L’Aquila, Italy 

10 members of the public from Reggio Calabria, Italy 

8 members of the public from Modena, Italy 

10 members of the public from Busto Arsizio, Italy 

9 members of the public from Iceland 

9 members of the public from Basel/Valais, Switzerland 

9 members of the public from Zurich, Switzerland 

Round 2: 

6 seismologists from 4 countries 

13 members of the public from Italy 

Round 3: 

3 seismologists from Italy 

3 journalists from Italy 

5 first responders/civil protection from Italy 

1 engineer from Italy 

19 members of the public from Italy 

Quantitative studies, online surveys with:  

8,196 members of the public across three countries (the U.S., Italy & Switzerland) 
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