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ABSTRACT

Hazard and risk communication requires the design and dissemination of clear messages that enhance people’s
actions before, during, and after volcanic crises. To create effective messages, the communication components
such as message format and content, must be considered. Changes in technology are changing the way people
communicate at an ever-increasing pace; thus, we propose revising the basic components of the communication
process to improve the dialogue between scientists and the public. We describe communication issues during and
outside volcanic crises in Ecuador and assess possible causes and consequences. These ideas were discussed during
the short-duration “Volcano Geophysical Principles and Hazards Communications” Workshop in Bafnos, Ecuador
in 2019. We review and propose communication strategies for volcanic hazards and risks that resulted from the
workshop discussions and experiences of experts from the Instituto Geofisico (IG-EPN), local and international
professors involved in volcano research and communication, and students from universities across Ecuador.

ABSTRACT

La comunicacién de peligros y riesgos requiere el diseno y difusiéon de mensajes claros que mejoren las acciones de
las personas antes, durante y después de crisis volcanicas. Para crear mensajes efectivos, los componentes de comu-
nicacién como formato y contenido deben ser considerados. Cada vez mas, la tecnologia cambia la forma en que
las personas se comunican, entonces proponemos revisar los principios del proceso de comunicaciéon para mejorar
el dialogo entre cientificos y publico. Describimos problemas de comunicacion durante y fuera de crisis volcanicas
en Ecuador y analizamos posibles causas y consecuencias. Las ideas se discutieron en el Taller de Comunicacién
de Peligros y Principios Geofisicos Volcanicos 2019 en Banos, Ecuador. Revisamos y proponemos estrategias de
comunicacién sobre peligros y riesgos volcanicos producto de discusiones y experiencias de expertos del Instituto
Geofisico (IG-EPN), profesores locales e internacionales involucrados en investigacion y comunicacion de volcanes,
y estudiantes de universidades del Ecuador.

Keywords: hazard communication; volcanic crises; communication processes;
citizen engagement; multidisciplinary workshops; Ecuadorian volcanoes

INTRODUCTION

nated is constantly changing, either because of techno-

One of the primary goals of volcano hazard and risk
communication is to provide people with adequate in-
formation to improve their ability to recognize and re-
spond to the threat of volcanic hazards, as well as to
understand the current state of volcanic activity, the
current monitoring status, and projections for the near
future. While this goal seems straightforward, difficul-
ties often arise during the communication process. For
instance, people take different actions depending on
their understanding of the content, style, format, and
delivery of messages, and their personal experiences
[Paton et al. 2008]. The way information is dissemi-
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logical advances or because of evolving local or global
circumstances that require rethinking and replacement
of old paradigms. Nevertheless, fundamental princi-
ples of communication remain, and therefore, adapting
to change is a matter of reviewing those concepts and
combining past and current experiences with available
and potential future tools. In this paper, we describe
the results of a 3-day workshop focused on communi-
cations challenges faced in Ecuador, along with discus-
sion and proposed strategies to improve and comple-
ment traditional communication methods [Ortiz 2018].

The “Volcano Geophysical Principles and Haz-
ard Communication Workshop” was held in Banos,
Ecuador (25-27 June, 2019) to share knowledge of geo-
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physical and geological principles, discuss communi-
cation experiences, and visit key field sites. Follow-
ing guidelines described in the “Volcano Observatory
Best Practices 2: Communication of Volcanic Hazards”
[Pallister et al. 2019], the workshop aim was to better
understand the difficulties in the communication pro-
cess between the general public and academic and vol-
cano observatory scientists [Paton et al. 2001; McGuire
et al. 2009], as well as to investigate solutions to rele-
vant scenarios that may occur during crises [Mei et al.
2013; Hicks and Few 2015]. An important part of this
workshop was discussion of the various impacts on the
people living near Tungurahua volcano and other vol-
canoes in Ecuador and abroad. Researchers from five
national and international universities, the local mon-
itoring agency (Instituto Geofisico de la Escuela Politéc-
nica Nacional—IG-EPN), and undergraduate students
of various academic disciplines from seven universities
across Ecuador came together to discuss local and inter-
national experiences and different perceptions of risks
and hazards. Other workshop activities ranged from
visits to local volcanic deposits and monitoring sites, to
lectures on the country’s geodynamic context, in order
to contextualize the local hazard and risk communica-
tion issues.

1.1 Geological context of Ecuador

Ecuador has diverse volcanic activity, from the conti-
nental subduction volcanism of the Andes to the hot-
spot volcanism in the Galapagos islands. Galapagos
volcanoes are basaltic, resulting from the interaction
of the Galapagos hotspot with the Galapagos Spread-
ing Centre and give rise to the islands with frequent
effusive volcanism [Geist et al. 1986]. In contrast, the
widespread, mostly andesitic, continental volcanism is
generally explosive and results from the convergence
of the Nazca and South American plates and the for-
mation of the Northern Volcanic Zone of the Andean
Volcanic Arc [Stern 2004; Hall and Mothes 2008]. The
Ecuadorian Andes span a 650 km-long, 150 km-wide
segment of the Andes Cordillera. In northern Ecuador,
two mountain chains with parallel NNE-SSE strike are
separated by the Inter-Andean Valley [Stern 2004; Hall
and Mothes 2008; Inguaggiato et al. 2010; Bablon et
al. 2020]. Of the 77 Quaternary volcanic centres iden-
tified within the Ecuadorian Andes, at least 20 have
been active in the Holocene and eight have been ac-
tive since 1533 [Santamaria 2017]. The most recent no-
table activity began with the eruptions of Tungurahua
and Guagua Pichincha in September and October 1999,
respectively, and since then three additional volcanoes
(EI Reventador, Cotopaxi, Sangay) have erupted in con-
tinental Ecuador [Hall and Mothes 2008; Robin et al.
2008; Hidalgo et al. 2018; Almeida et al. 2019; Ortiz et
al. 2020; Valverde et al. 2021]. These volcanoes showed
different eruptive styles and eruption durations and led
to different impacts on the population: Guagua Pichin-
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cha’s eruption mainly resulted in ashfall on the capital
city of Quito and the consequences (especially on the
younger population) lasted for a few months [Naumova
et al. 2007]; Tungurahua’s eruption lasted 16 years
with explosions that occasionally caused significant ash
emissions and pyroclastic density currents (PDC) that
impacted local communities in various forms [Few et al.
2017]; El Reventador and Sangay volcanoes continue to
erupt almost without interruption to this day, with out-
bursts of explosions and small to medium PDCs and
a relatively rapid landscape change [Ortiz et al. 2021;
Valverde et al. 2021]; Cotopaxi volcano’s brief reactiva-
tion in 2015 lasted for a few months with a paroxysm
with a volcano explosivity index (VEI) of 2 and a low-
level ash plume that caused social distress in nearby
(~14 km) communities [Hidalgo et al. 2018; Gomez-
Zapata et al. 2021]. The high spatial density of ac-
tive Holocene volcanoes and associated volcanic haz-
ards has impacted pre-Columbian populations [Isaac-
son and Zeidler 1999; Hall and Mothes 2008; Vallego
Vargas 2011; Le Pennec 2013] and continues to impact
contemporary populations [Le Pennec et al. 2008; Biass
et al. 2012; Le Pennec et al. 2012] in the region. Pop-
ulation growth, particularly in the large urban centres
of the Inter-Andean Valley [Villacis et al. 2011], is in-
creasing exposure to volcanic hazards and thus there
is a need for more effective and continuously evolving
hazard and risk communication, especially with vul-
nerable communities.

2 THE COMMUNICATION PROCESS

In general, while many variations exist on the commu-
nication process, one of the most basic models involves
four components: 1) emitter or source, 2) message or
information, 3) medium or channel, and 4) receptor or
receiver of the information [Berlo 1960]. While this
model has been modified and expanded to include the
many aspects of communications (e.g. the existence of
noise in the message, feedback and actions taken after
communication), the scheme is valid for many types
of communication processes. In human communica-
tion the final interpretation is key because the response
is directly related to the understanding of the mes-
sage. Communication processes can be imperfect, and
its components can suffer from complications such as
coding/decoding of the message, noise, multiple com-
peting sources, etc. [e.g. Stephens et al. 2013].

The message, and most importantly, actions derived
from the interpretation are crucial in hazard and risk
communication. In this work we focus on the effective-
ness of communication with the public [e.g. McGuire et
al. 2009] rather than the “contextualization” problem
involving the interface between volcanologists and risk
governance decision makers [Bretton et al. 2018a]. In
an ideal scenario to communicate efficiently, we need
to understand and identify people’s needs and their
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current knowledge and mental models (e.g. concepts,
awareness, and causal connections of possible events)
of volcanic risks [Cardona 2004]. One approach re-
quires surveying a statistically significant sample of
each of the subpopulations within a region to assess
their current knowledge, however, this is often logisti-
cally challenging. For instance, surveys can take many
months [Few et al. 2017] and require a large number of
surveyed subjects who sometimes only partially com-
plete the poll, do not collaborate at all [Paton et al.
2001], or are hard to reach [Christie et al. 2015]. More-
over, the topics and elements of surveys must be chosen
carefully [Paton et al. 2001] and in-depth studies may
seek to incorporate past cultural experiences or tradi-
tions of the population [Cashman and Cronin 2008]
to capture potential useful information on risk percep-
tion.

We look to improve communications by examining
only components 1 and 3 of the current hazard and risk
communication process: the source and the channel.
This involves revising and rethinking aspects on the
format and terminology of the message rather than is-
sues in the content of the message [McGuire et al. 2009].
Thus, we study a few instances of the current state of
the message reception and the efficacy of different com-
munication channels for different audiences within the
population, by reviewing past and current experiences
of volcanic hazards communicators in Ecuador and
around the world. As a starting point, we examine and
identify problems that appear during the communica-
tion between official sources and potentially vulnerable
people in the local context (Figure 1) and provide some
relevant examples of similar situations abroad. We em-
phasize that we do not study scenarios where members
of the population can become “sources” of informa-
tion as they can create messages and narratives based
on their own perceptions and ideas, or scenarios where
members become channels (messengers) for messages
at any point during a volcanic hazard since those cases
are beyond the capabilities of the official entities. Ad-
ditionally, we acknowledge that not all newsletters pro-
duce false or inaccurate information, and most share
verified information. However, we focus on cases of
newsletters or other media acting as sources of flawed
information that go beyond their primary role as chan-
nels of communication (see Section 2.2).

Figure 1 shows a simplified scheme of the commu-
nication process in Ecuador. The official source of in-
formation related to volcanic hazards is IG-EPN, it pro-
duces daily bulletins on the status of active volcanoes,
issues automatic alerts for significant earthquakes or
unusual events, and generates reports of changes in vol-
canic activity to communicate with the media, other
governmental entities, and subsequently the public.
Since natural hazards are perceived by different actors
in the population at different moments, and each can
have their own interpretations or intentions, the dis-
semination of inaccurate information and other prob-
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Figure 1: Simplified summary of the communication
process during a volcanic hazard in Ecuador. The
dashed lines indicate the potential for inaccurate infor-
mation dissemination.

lems can occur (dashed arrows in Figure 1) during the
communication process.

2.1 Problems associated with the message source
The source (origin) of the information has two ele-
ments: the hazards and producers of information about
the hazards. We summarize different aspects of each el-
ement and common misinterpretations that may result
in problems in the collective imagination and disturb
communications. Below we identify and discuss a few
issues using local examples and experiences along with
some similar occurrences abroad.
2.1.1 The hazard as a source
As hazards occur, the features and activity of volcanoes
become sources of information: people experiencing
volcanic hazards or other changes in volcanic activity
process the information and make decisions based on
their interpretation of those observations. Since volca-
noes can behave in various ways that may imply dif-
ferent hazards, they require different responses from
the population. Consequently, people need to be able
to appropriately interpret all information related to the
threats from volcanoes (directly from the natural haz-
ard or from other sources).

Several aspects that can impact effective hazard com-
munication locally (and internationally) were identi-
fied and discussed at the workshop:

1. Volcanoes can have different eruptive styles and
impacts, and these could be unknown to the gen-
eral public. For example, some groups think that
Cotopaxi volcano is dangerous because of possible
lava flows [Christie et al. 2015], while the greater
danger during an eruption comes from the po-
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tentially devastating primary lahars or mudflows
[Mothes et al. 2004]. People in the vicinity of Co-
topaxi even consider the occurrence of lahars to
be impossible within their lifetimes while still ac-
knowledging the volcano as the major local haz-
ard [Gomez-Zapata et al. 2021]. Others are un-
aware that the volcanoes in the Galapagos pose lit-
tle hazard to the population as they have mostly
effusive eruptions with lava flows that extend for a
few kilometres from the volcanoes [Naumann and
Geist 2000].

2. Misconceptions of the status of volcanic activity -
people consider a volcano to be active based on
superficial signs of activity (e.g. degassing) but
are unaware of the subsurface volcanic processes,
timescales (weeks to years), and uncertainties asso-
ciated with geophysical processes leading to erup-
tions. For example, near Cotopaxi, many residents
believe they can evaluate the activity and threat
of the volcano through regular visual observations
[Christie et al. 2015], and in general, either locally
or abroad, the assessment of volcano activity dif-
fers substantially between the general public and
scientists [Haynes et al. 2008; Bachri et al. 2015].

3. Terminology, conventions, and derived interpreta-
tions [McGuire et al. 2009] - some people do not
fully understand the differences between pyroclas-
tic flows, lava flows or lahars; often these terms are
grouped in one category, leading to inadequate ac-
tions [Marti 2015].

4. Hazard map literacy and specificity [Thompson
et al. 2015; Marti et al. 2019] — people can be-
come overwhelmed by hazard maps, and they usu-
ally require specific design considerations such as
colour-blind sensitive palettes, or cultural conven-
tions [Thompson et al. 2015]. People may be un-
able to read a map and locate their surroundings,
interpret symbols, landmarks, or topographic fea-
tures such as contour lines. Near Cotopaxi volcano
for example, only about half of the respondents of
a recent survey know if they live in a hazard zone
[Gomez-Zapata et al. 2021].

5. Permanence of knowledge - although people might
learn about volcanoes during specific events, as
time passes, the acquired knowledge tends to fade;
this phenomenon has happened locally as well as
abroad [Mothes et al. 2015; Syahbana et al. 2019].
Additionally, lived experiences do not necessarily
translate to a more prepared state [Paton et al.
2008].

The origin of these problems is in part derived from
popular knowledge about volcanoes. Academic or tech-
nical references are not readily accessible to the general
public in Ecuador, and most information they receive
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comes from the media, which itself typically lacks ba-
sic knowledge of Earth sciences. There is no school cur-
riculum for local volcanology and thus volcanic hazards
are often misunderstood, and potentially inaccurate or
misleading information can spread through rumour-
based intra-community tales. This is a major prob-
lem because as people age, they become less likely to
learn or remember topics outside of their work settings
or personal interests [Howard and Howard 2013]. In
addition, volcanic processes are complex, and the de-
tails cannot easily be learned in a short time to have a
lasting impact. It is thus important to understand how
each community receives information and to find ways
to summarize and effectively deliver that information
with the goal of teaching proper actions before, during
and after volcanic crises.

2.1.2 The message producer as a source

Another issue related to the source or origin of informa-
tion is the lack of public knowledge about the scientific
and technical entities that are officially responsible for
monitoring, investigation, and reporting on the nature,
timing, and likelihood of volcanic activity. In Ecuador,
the IG-EPN is responsible for the monitoring and first-
hand communication of most geophysical processes
(including volcanic eruptions) while the civil response,
warnings, and evacuation protocols are the responsibil-
ity of the Servicio Nacional de Gestion de Riesgos y Emer-
gencias (SNGRE, formerly Secretaria de Gestion de Ries-
gos). Researchers and monitoring personnel at these
national agencies create the official information—the
message—which has different complexity levels and
scopes that can be misunderstood by the public (e.g.
difficulties in identifying between an instantaneous re-
port, a follow up, an update or correction, or an evalua-
tion report of the activity of a volcano). However, while
volcanologists and other scientists are increasingly be-
coming legally required to communicate precisely and
clearly, especially after events in ’Aquila, Italy [Benes-
sia and De Marchi 2017], in the end it is the people who
identify the sources, decode the messages, internalize
the information, and make informed decisions. Thus,
effective communication requires proper source iden-
tification and expectations. Problems that undermine
this communication can come from: 1) A general lack of
knowledge about which official agencies are responsi-
ble for hazard and risk communications and what their
roles and responsibilities include. Members of the gen-
eral public often confuse names and responsibilities of
the entities, demanding information or actions from the
wrong entity. For example, some think that the Instituto
Geogrdfico Militar (IGM) is the same institution as the
IG-EPN, but the IGM has the goal of developing geo-
graphic information products mostly unrelated to geo-
physical hazards. 2) Confusion about where to find of-
ficial information. For example, different groups think
that channels (see Section 2.2) such as social networks
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and online published articles are the actual sources
(origin) of official information, thus sometimes peo-
ple read, believe and/or take action based on inaccu-
rate or false information (e.g. people wrongly believe
in claims of eruption predictions), which can rapidly
spread or become “viral” on social networks [Vosoughi
et al. 2018]. 3) Unofficial sources of information with
potentially inaccurate content can include individuals
with saviour complex, imposters, politicians, etc. There
have even been cases of fake institutional webpages or
misinformed public figures in social networks leading
to unnecessary panic or actions in the population; this
has been observed in other countries [Newhall et al.
1999; Sennert et al. 2015; Krippner 2018; Rubin 2018]
and can complicate the response to crises [Syahbana et
al. 2019]. Within unofficial platforms such as social net-
works or articles of varying levels of rigour, individuals
or groups seeking self-promotion or recognition have
made inaccurate statements (e.g. by making claims of
the ability to predict earthquakes that have been later
disproven [Yepes et al. 2020]); or that have issued in-
opportune critiques that have harmed the perception
of the primary information source. This can lead to 4)
lack of trust in official sources and authorities by cer-
tain communities or groups [Lane et al. 2003; Mothes
et al. 2015]. The lack of trust may be towards the in-
stitutions or specific individuals that represent them
[Haynes et al. 2007] and can result in poor decisions or
interpretations made by the population. This confusion
or uncertainty can further create friction between the
population and the volcano observatories [Mothes et al.
2015] and may lead to (potentially harsh) criticism or
disagreement with the content of the messages. Scien-
tists can feel undermined when their message does not
reach the population in the planned way further un-
dermining communication overall, therefore positive
reinforcement could be needed to mitigate the scien-
tists” possible “impostorism” or self-doubt [Vergauwe
et al. 2014; Gardner et al. 2019]. An example of mis-
trust towards IG-EPN occurs regarding the automatic
reports of earthquake information issued when a pre-
set magnitude threshold is surpassed: People mistrust
this procedure when an earthquake is felt locally but it
is not large enough to be reported. In a similar fashion,
some people are confused and suspicious when the lo-
cal earthquake magnitude reports differ from interna-
tional reports such as those provided by the USGS; peo-
ple often express their concerns in social media plat-
forms. 5) Different scenarios for volcanic eruptions
and other hazards are best expressed probabilistically
by the scientists and official sources, yet the concept
of “probability” is non-intuitive and not fully under-
stood by the general public [Fischhoff 2013; Doyle et al.
2014; Marti 2015]. Inability to communicate or digest
the probabilistic scenarios has caused people to ignore
instructions when crises have occurred in Ecuador or
abroad, either because they deem the situation less dan-
gerous than it really is, or because they insist their per-
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sonal belongings, livelihood or lifestyle are more im-
portant than evacuation in case danger is “not immi-
nent” [Tobin and Whiteford 2002; Haynes et al. 2008;
Sharma and Patt 2011; Bowman and White 2012; Mei et
al. 2013; Christie et al. 2015; Mothes et al. 2015; Armi-
jos et al. 2017; Syahbana et al. 2019]. This fact also
affects trust in the official sources whenever there are
difficulties in clearly expressing the uncertainties of the
different eruptive scenarios [Haynes et al. 2007; 2008].

2.2 Problems associated with the message channels

Message channels are any means through which infor-
mation is delivered to receptors, with special attention
to those who live in areas at risk. The channels range
from traditional media such as television, newspapers,
radio, to internet-based channels predominantly in the
form of social media (e.g. Facebook, WhatsApp, Twit-
ter); they may also include blogs and on-line bulletins,
and those transmitted word-of-mouth. All channels are
in principle open, therefore different sources (official or
unofficial) can use them depending on the scope and
reach. We recognize the following difficulties with the
message channels around the world. 1) A lack of clear
differentiation between source and channels. For in-
stance, social media is increasing as a resource for news
and information [Chen 2021], and the distinction be-
tween verified and unverified information is also be-
coming increasingly fuzzy. This can lead people to re-
ceive misleading and inaccurate information [Gupta et
al. 2013] and possibly take inappropriate or danger-
ous actions [Krippner 2018; Syahbana et al. 2019]. 2)
The various communication channels have restrictions
in format and content length causing the original mes-
sage to become abbreviated or modified, diminishing
its efficacy (e.g. Twitter). 3) Local context, information
accessibility [Jones et al. 2013] and speed can delay a
timely delivery of information to the people. For many
parts of Ecuador, including whole communities, tradi-
tional and social media are inaccessible due to the lack
of Internet and cell phone coverage, which limits crit-
ical information dissemination and adequate commu-
nication of evacuation protocols. The consequences of
insufficient accessibility to updated information were
experienced during the Cotopaxi volcano crisis in 2015,
which caused social chaos even with a low magnitude
VEI 2 eruption [Gomez-Zapata et al. 2021]. Similar
information accessibility problems are currently affect-
ing the rural communities near Sangay volcano which
continue to suffer the effects of the largest eruptive
episode in ~50 years. The speed of the message is criti-
cal so that people can make informed decisions in time.
However, the fastest channels of communication are
usually social networks (social media) while also of-
ten being the least curated and controlled [Williams
and Krippner 2019], thus fake information tends to
spread faster [Vosoughi et al. 2018] and this leads to
the next problem. 4) In general, channels still have lim-
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ited curation/arbitration of content. For instance, the
press or other traditional media are somewhat more re-
liable than social media due to presumed verification
of sources; however, it is often much slower and uni-
directional compared to social media and there are nu-
merous examples where official information was mis-
represented in the press for political or economic gain,
resulting in undue panic [Sennert et al. 2015; Kripp-
ner 2018; Rubin 2018; Williams and Krippner 2019].
A recent example was the release of news [e.g. Prim-
icias 2020] that sparked some panic in Ecuador re-
garding the possible flank collapse of Tungurahua vol-
cano. The public media (national and international)
exaggerated—probably unintentionally—the title and
conclusions from a scientific publication by Hickey et
al. [2020], which stated as one of several possible sce-
narios that the west slope of Tungurahua could suffer
a collapse. The press claimed that a collapse was im-
minent, causing confusion, unnecessary concern, and a
subsequent scientific clarification by the IG-EPN [IG-
EPN 2020a]. Similarly, during the COVID-19 global
pandemic crisis, due to increased exposure to news,
people thought the occurrence of elevated activity at
tens of volcanoes around the world was “anomalous”
given widespread and inaccurate diffusion in social me-
dia and shocking web news [Nacion 2020].

3 WORKSHOP DESCRIPTION

3.1 Conception

Some studies have collected personal experiences of
scientists to understand the communication interface
with risk management institutions and the public (e.g.
in the form of a survey as in Bretton et al. [2018b],
or in academic meetings as in Pallister et al. [2019]),
while other studies focus on the understanding and
perceptions of the public for which the message is in-
tended [Paton et al. 2001; Bird 2009; Christie et al.
2015; Few et al. 2017]. Many approaches must be tried
since creating an effective communication mechanism
or style can be difficult due to the economic and cul-
tural conditions of each region [Gaillard and Dibben
2008; Haynes et al. 2008; Jones et al. 2013], and in-
volvement of a diverse population can result in better
communication strategies and risk reduction in general
[Haynes et al. 2020]. In Ecuador, many surveys have
recorded the experiences and perceptions of inhabi-
tants near volcanoes [e.g. Tobin and Whiteford 2002;
Christie et al. 2015; Few et al. 2017; Czerny and Cz-
erny 2020; Gomez-Zapata et al. 2021], to achieve higher
participation of the communities for the crisis manage-
ment and for tailoring custom messages to better reach
the public. Furthermore, a balance in the amount of re-
sponsibility that is shared between agencies and public
must also be considered to avoid normalization of vul-
nerability and individualization of responsibility, i.e.
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to appropriately define and distinguish resilience and
autonomy of the people from abandonment from state
agencies [Gladfelter 2018]. Consequently, we leveraged
the relatively simple logistics and fast format (3 days)
of the 2019 Volcano Geophysical Principles and Haz-
ards Communications Workshop to quickly examine
the current state of hazard and risk communications in
Ecuador. Rather than surveying a large portion of the
population, our focus was on revising the principles of
the communication process while incorporating diverse
inputs and perspectives; the workshop combined expe-
riences from scientists who have expertise in both as-
sessing and communicating hazard and risk, with the
students’ perspectives to identify knowledge gaps or
preconceptions while learning how to more effectively
communicate scientific knowledge.

3.2 Participants

Participants consisted of local and international uni-
versity professors with varying experience in volcano
monitoring and hazard communications and 19 un-
dergraduate students from 7 universities from across
Ecuador. The participants were invited to share ex-
periences, knowledge, and perspectives on geophysi-
cal activity, hazards and risk communication to further
advance the communication capabilities in Ecuador as
part of a multi-institutional collaboration. Participant
universities are located in Coastal, Andean, and Ama-
zon regions and students represented various disci-
plines including geology, physics, risk management,
and civil engineering. The institutions involved and
number of participants from each are summarized in
Table 1.

The format of the workshop included open discus-
sions, in combination with lectures, to encourage active
participation about the fundamental principles in the
process of communication, ranging from the creation of
a message to the means of delivering it. The workshop
integrated participants with heterogeneous experiences
(in terms of confronting and communicating volcanic
hazards). Students from the Amazon and Coastal re-
gions seldom interact with the effects of the active An-
dean volcanoes, students in risk management or geol-
ogy are more familiar with hazards and risk commu-
nications than physics students, and the professors all
hold positions with varying levels of involvement in
academic research, monitoring, and hazard and risk
communication.

3.3 Activities

Before opening the discussions about how to improve
hazard communication in the Ecuadorian context, we
reviewed scientific and social concepts in the venue and
in the field. We consider that the concepts encompass
important parts of the knowledge that must be contin-
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Table 1: Summary of institutions and workshop participants.
Institution Participants Country/Region

Pontificia Universidad Catdlica del Ecuador — PUCE

Instituto Geofisico — Escuela Politécnica Nacional / IG-EPN & EPN
Universidad Yachay-Tech - YACHAY

Boise State University — BSU

Simon Fraser University — SFU

Universidad de las Fuerzas Armadas ESPE — ESPE

Escuela Politécnica del Litoral - ESPOL

Universidad de la Amazonia — IKIAM

Universidad Estatal de Bolivar — UEB

2 professors — 2 students
3 professors (1 online) - 6 students
2 professors — 7 students

Ecuador (Andean Region)
Ecuador (Andean Region)
Ecuador (Andean Region)

1 professor USA

1 professor (online) Canada

1 student Ecuador (Andean Region)
1 student Ecuador (Coastal Region)
1 student Ecuador (Amazon Region)
1 student Ecuador (Andean Region)

uously considered and updated for effective communi-
cation, and we detail the activities around them below.

3.3.1 Field observations

We visited several field sites to help with the under-
standing of the geological and physical characteristics
of volcanic hazards. This included a few field stops
along the road between Quito and Banos to show stu-
dents how to recognize volcanic deposits and their
characteristics (e.g. origin, dynamics, material, trans-
port mode, size, source distance, etc.; Figure 2A, B),
and their past and potential impact on nearby commu-
nities. The main field sites were located on Tungurahua
volcano, where we examined several outcrops exhibit-
ing recent and past eruptive deposits. The aim was to
emphasize the large spatial-temporal scales and mag-
nitudes of volcanoes and their corresponding hazards.
Another goal was to raise the awareness of the partic-
ipants about the tightly spaced volcanoes forming the
Ecuadorian Andes and their proximity to populated ar-
eas; all of which is crucial for relevant hazards commu-
nication.

3.3.2 Perception and experiences of the public

Knowing the perception and experiences of the public
is valuable to understand how best to communicate the
local volcanic hazard and risk. We listened to the ex-
periences of a local “vigia” [watchmen; Mothes et al.
2015] living on the upper foothills of Tungurahua who
operates his own volcano interpretation centre. This
visit consisted of a short talk by the watchman, Carlos
Sanchez, who recounted his personal experience of be-
ing a vigia for over 20 years, observing audio-visual ma-
terial, and inspecting volcanic samples from the recent
eruptions of Tungurahua volcano (Figure 3A, B). Mr.
Sanchez helped the IG-EPN with local volcano monitor-
ing and hazard mitigation when the volcano was erupt-
ing and continues to support IG-EPN along with other
vigias to communicate anomalies in the region related
to weather, anomalous sounds and odours, secondary
lahars, etc. While his experience is only one of many
from around the volcano, exchanging ideas personally
leads to increased awareness of the people’s different
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languages, perspectives, and needs.
3.3.3 Lectures on scientific knowledge

Another aspect we took into consideration for volcano
risk and hazards communication is holistic knowledge
of the geological, geophysical, and general scientific
aspects of the volcanic hazards. The workshop in-
structors held various lectures about volcano monitor-
ing advances in Ecuador. Lectures included a review
of the work of the IG-EPN over more than 37 years,
the history of volcanism in Ecuador including eruptive
styles, geophysical instrumentation, monitoring prin-
ciples (Figure 4), and hazard and risk communication
elements. Additionally, we held two video conferences
on the experiences of one local and one international
volcano science communicator.

3.3.4 Comprehensive discussions

Extensive discussions reconciling the reviewed knowl-
edge components with the problems associated with
the sources and channels of communication described
in Section 2 were held throughout the workshop. Dis-
cussions focused on the current state of hazard and risk
communication in Ecuador but included examples of
similar situations around the World. The discussions
included personal experiences and views of lecturers
and students so that all participants had an equal op-
portunity to express their ideas and knowledge. Dy-
namic debate on many concepts and perceptions of-
fered a rich environment to assess different subtleties
related to volcano science and public communication.
While this is only one of the many ways that produc-
tive discussions can be held for the improvement of
hazard and risk communication, the possible enhance-
ments and solutions identified for some of the problems
are novel, at least for the local context.

4 PROPOSED COMMUNICATION STRATEGIES

Here we summarize some strategies implemented in
Ecuador and other countries and discussed during the
workshop. We also present new approaches that could
be implemented to address some of the previously
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- Francisco Romerg |

Figure 2: On the flanks of Tungurahua volcano, [A] students study deposits, and [B] pose near a levee from a
pyroclastic density current deposit from the latest eruptive period.

Figure 3: [A] Carlos Sanchez, a local “vigia” at Tungurahua Volcano, shares his experiences and [B] participants

review footage from Tungurahua’'s most recent activity.

Professor Ana Foster from Universidad
Yachay Tech, hands worksheets to students to review
concepts on geophysical and monitoring principles.

Figure 4:

Presses universitaires de Strasbourg

s

identified communication problems (see Section 2) and
to improve hazard and risk communication. These
approaches include personal interactions, technology-
based communication, the creation and dissemination
of hazard and impact map tools, scientific reports, and
research results, and the use of sharing methods that
are becoming standard practice such as social media
[McGuire et al. 2009; Pallister et al. 2019; Haynes et
al. 2020].

As discussed earlier, the lack of education about vol-
canic hazards is the main obstacle for people to ade-
quately understand the information they receive and
to respond in an informed manner during a crisis. An
ideal solution is to promote national educational pro-
grams that include basic geology or volcano hazards in
elementary school curricula. However, this pathway is
unlikely as addition of education programs are unreal-
istic due to limited budgets or little political support
for change. Therefore, we review two different mech-
anisms to further share knowledge with the public,
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by engaging the community in on-line and in-person
forums [McGuire et al. 2009; Williams and Krippner
2019].

4.1 Interpersonal communication strategies

An effective strategy for community education is di-
rect contact with the people [Pallister et al. 2019].
One activity currently performed by experts at IG-
EPN is to visit communities and present information
on the nearby volcanic hazards (e.g. from Tungu-
rahua, Cotopaxi, Chiles-Cerro Negro, El Reventador,
Sangay volcanoes). They also organize free summer
courses for youth to learn basic volcanology concepts
as well as public meetings and scientific presentations
at the IG-EPN headquarters. In addition, they run vol-
canology workshops where high school students play
roles of people involved in a volcanic crisis (e.g. af-
fected population, authorities, scientists, etc.) [[G-EPN
2020b]. However, these options require physical at-
tendance, which can impact participation because of
limited personnel, facilities capacity, and transporta-
tion to the class. Nevertheless, in-person activities can
lead to better learning outcomes due to personaliza-
tion and contextualization of the way the information
is shared [Bernacki and Walkington 2018] and trust-
building. Due to the necessity to self-isolate during
the COVID-19 global pandemic, these courses are now
implemented in a virtual format and offered to ~300
students (between 10 and 13 years old) and to elemen-
tary school teachers. Since personal engagement is two-
way communication, it allows for information about
the possible hazards to be better delivered to the peo-
ple (i.e. doubts and terminology can be explained im-
mediately), so informed decisions can be made towards
evacuation or sheltering [Bird 2009; Thompson et al.
2015].

One of the most successful experiences in Ecuador
is the joint work of the community with IG-EPN
supported by the Observatorio del Volcdn Tungurahua
(OVT), the local volcano observatory [Mothes et al.
2015]. While Tungurahua volcano was in eruption, IG-
EPN along with foreign collaborators, provided train-
ing to inhabitants near the volcano. In addition, the
Civil Defence and now Servicio Integrado de Seguridad
ECU911 (ECU911) continue to supply the community
with radios for rapid communication. The “vigias” re-
port any observations of the volcano’s state of activity
(e.g. ashfall characteristics, unusual sulphur smells,
possible presence of secondary lahars, heavy rains, etc.)
to the IG-EPN seeking guidance if needed, thus leading
to a more rapid and dedicated channel to exchange in-
formation with the local population. This solution en-
courages the community to engage in the volcano mon-
itoring and the communication process, enhances trust
in the institutions and information, and finally the of-
ficial guidance provided during a crisis are likely to be
followed [Stone et al. 2014; Mothes et al. 2015; Armi-
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jos et al. 2017; Few et al. 2017]. The Center for Vol-
canology and Geological Hazard Mitigation (CVGHM)
in Indonesia applies a similar strategy. In Indonesia,
communication requires the use of the many local di-
alects to be effective, and thus CVGHM created a net-
work of in-situ observatories staffed by local commu-
nity members [Andreastuti et al. 2017] with multiplex
radio-based systems to issue instant warnings to com-
munity officials, and pass information on how to best
respond during volcanic crises [Syahbana et al. 2019].
As another recent example in a developing country,
a strategy related to earthquake risk reduction is cur-
rently being initiated in Haiti with the integration and
exchange of information between scientists and local
citizens. They do this through the installation of low-
cost seismometers inside private homes and the cre-
ation of a web portal designed for the people to view
earthquake locations on a map [Calais et al. 2020]. Cit-
izen science initiatives such as this are becoming more
and more prevalent with the use of emerging technolo-
gies and the incorporation of strategies from the social
sciences that can prove useful not only to enhance haz-
ard and risk communication, but for disaster risk re-
duction in general [Hicks et al. 2019].

A key strategy discussed during the workshop aimed
at encouraging the local population to follow evacua-
tion instructions during crises. We review a success-
ful approach implemented during flooding and land-
slide events in Ecuador. Sometimes people may refuse
to follow evacuation notices because of fear that their
belongings will be stolen or that their livestock may
die during the disaster. During 2017, in response to
a river overflow event, the people of the Chimbo area
in the province of Bolivar (Ecuador) had to be evacu-
ated from a zone at high risk of landslides. Community
members only agreed to evacuate after the central gov-
ernment and local authorities decided to relocate their
farms to safe areas. Days later, many families were
saved as the ground failed in the area destroying sev-
eral houses. While actions such as this one (persuad-
ing people to relocate to a new area) could be consid-
ered extreme, they can nevertheless reduce the casu-
alties during severe crises. Again, clear and engaging
communication is fundamental for hazard and risk mit-
igation and should reduce unnecessary drastic actions
by enabling people to respond appropriately to immi-
nent hazards.

4.2 Technological strategies

Technological strategies use many of the currently
available tools and platforms for remote communica-
tion. Varied internet content complementary to the of-
ficial channels in the form of a social network profile
[Bernard 2013b], a YouTube channel [Bernard 2017],
and a blog [Bernard 2013a] are currently being used
by the personnel from IG-EPN for communication and
education purposes, even if it requires access to Inter-
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net and thus may not reach the same local audience as
the official channels. This approach has the advantage
of providing very succinct and visual information for
people to learn about volcanoes and to improve com-
munication. Since the information is not focused on
news but rather on volcanology education, the audience
is not polarized towards criticism of the message and its
content. Thus, comments and feedback tend to be more
positive than those on the official channels. This cre-
ates a “safe space” free of harsh or biased criticism that
also enhances the learning process. The Facebook pro-
file [Bernard 2013b] has accumulated 56,568 followers
from 2013 to June 2021. This profile generally attracts
more men (55 %) than women (45 %). Almost half of
its followers (44 %) are in the 25-34 age range and 87 %
of them are from Ecuador. Most of the Ecuadorian fol-
lowers (63 %) come from the major cities (>100,000 in-
habitants) such as Quito, Guayaquil, Cuenca, Ambato,
Ibarra, and Riobamba. In addition, the daily average
of views from June 2020 to June 2021 is 20,957, gen-
erating 347 reactions (97 % like+love), 91 shares and
17 comments. During this period, the daily average of
negative actions (unfollow/hide content) was less than
1. These metrics show a healthy level of interaction and
reach for the local context.

The use of curated social media for hazard and risk
communication by experts (either local or through in-
ternational collaborations) is currently being imple-
mented in other countries [Sennert et al. 2015; Syah-
bana et al. 2019] and increasingly a topic of discus-
sion in volcano observatory best practices [McGuire et
al. 2009; Pallister et al. 2019]. The implementation of
social media involves the use of two-way communica-
tion that enriches the process and increases coherence
between various members of the society, including the
public, stakeholders, and scientists [Beech 2015]. A
notable recent case is the modelling of an earthquake-
generated tsunami in Palu-Indonesia in 2018 by using
videos from social media [Sepulveda et al. 2020] to help
explaining the tsunami’s origin from the earthquake as
well as associated landslides; this highlights the poten-
tial positive feedback of strengthening two-way com-
munication on social media because it engages the com-
munity in providing scientific content necessary for un-
derstanding the hazards near them. In addition to these
strategies, the use of movies, where the experiences of
older generations are shared with the less experienced
(and often less-engaged) younger people can be more
widely spread [Hicks et al. 2017].

Based on their experiences and perspectives, the stu-
dents attending the workshop presented other sugges-
tions to improve the communication and learning pro-
cesses. Considering that younger generations are more
likely to learn using visual technology [Annetta 2008;
Bekebrede et al. 2011], one idea discussed is the use of
virtual or augmented reality to simulate different ob-
jects, environments, and hazards [Glowatz et al. 2017;
Papanastasiou et al. 2018, pers. comms. from work-

Ss

Presses universitaires de Strasbourg

shop students]. As an example, the concept of scale
of eruptive products and volcanoes is difficult to grasp
with little or no first-hand experience. Since virtual re-
ality can emulate various spatial dimensions [Durlach
et al. 2000] and interactions [Kalawsky 1996], it can
be used to educate while also being a novelty and at-
traction to increase attendance. The use of virtual re-
ality representations of geological features is also lo-
gistically much easier than field trips for thousands of
people, while delivering realistic ideas on the magni-
tude of eruptions and their impacts. Panoramic photos
posted in the “Volcanes del Ecuador” Facebook profile
are successful steps towards virtually visiting the vol-
canic sites with the addition of adding multiple dimen-
sions to the field of view. These images have reached
more than a million people and are the main attraction
for the Facebook profile. In addition, IG-EPN in col-
laboration with the Red Cross, has used these images
with virtual goggles in several events with very posi-
tive reception. A possible future use of virtual reality is
to navigate through hazard maps, which the public of-
ten find difficult to understand [Thompson et al. 2015;
Marti et al. 2019], especially while receiving an expla-
nation of the possible evacuation routes or potential
affected areas. Similar strategies can be implemented
in a local fashion to tailor specific information and to
progressively enhance communication. For example,
the RIESGO demonstrator web tool [Gomez-Zapata et
al. 2021] allows integration of local expert knowledge
(e.g. data from IG-EPN, and provincial entities) and
scenario-based models for multi-risk analysis in Lata-
cunga (a city near Cotopaxi). This tool seeks to enhance
interactive communication and understanding of haz-
ard scenarios and intensities. An example on a differ-
ent scale is currently implemented by the Instituto Ge-
olégico Minero y Metalargico del Pert (INGEMMET)
in the form of a virtual web service for the public [IN-
GEMMET 2019]. This user-friendly website allows peo-
ple to visualize, download, and explore data of various
geotechnical nature, in particular a navigable 3D map
of the hazards associated with the Misti volcano.

Another activity conveyed at the workshop was the
use of games to enhance and diversify the learning
processes. For instance, as part of a summer course,
one of the authors created a card game called Uchilla
Urkukuna (“pocket volcanoes” in Quichua or kichwa,
the main local indigenous language) that includes no-
tions of geography, hazard, and exposure. The game
showed very good educational outcomes in the final
course evaluation when participants answered ques-
tions adequately. The workshop students also men-
tioned how they had assignments to create games to
teach mathematics to school students, and after de-
signing and using these games, the children showed
improvements in their math skills in just a few gam-
ing sessions. Games could be developed to recreate
different eruptive scenarios for local volcanoes so that
children learn and retain evacuation routes and geol-

Page 318



VoLcANICA

4(2): 309 -324. por: 16.30909/VOL.04.02.309324

ogy concepts [Mani et al. 2016]. These games could
be delivered to a broader audience in the form of sur-
vival, quiz, or knowledge games through free smart-
phone apps. Another idea is the dissemination of infor-
mation through humour since people are predisposed
to remember positive and happy thoughts or to learn
with humorous rewards [Huang et al. 2016]. Comics,
“memes,” or humorous videos could be used if pre-
pared carefully so that they are not misunderstood or
underestimated [Sharpe and Izadkhah 2014].

Evacuation routes and safe sites could be automati-
cally displayed in Google Maps and other apps, permit-
ting easy access and dissemination of evacuation infor-
mation. Just as owners can mark different business lo-
cations in Google Maps, experts and civil defence mem-
bers could provide the locations of safe areas. While the
successful implementation of some of these strategies
still requires access to the Internet and other techno-
logical devices, they are nonetheless proven tools that
accelerate, motivate, and engage the population in the
learning process.

4.3 Integrating interpersonal & technological com-

munication strategies

While these strategies can be modified to reach differ-
ent populations across the country (e.g. with the cre-
ation of mobile training groups or commercial distri-
bution of games), one approach to combine in-person
and education through technology could be the cre-
ation of the “Ecuadorian Volcano Museum”. Histori-
cal and past eruptions, diverse eruptive styles, materi-
als from across the country, and knowledge of the geo-
dynamic processes in Ecuador, are so varied that they
could be presented in a stand-alone interactive mu-
seum. This museum would include samples of vol-
canic deposits, photographs, testimonial videos, his-
torical data records, scaled experimental models, and
novel ideas such as virtual reality, cards, video games,
etc. In the long term, a museum of this kind would at-
tract people from across the country to visit and learn
about volcanoes while reducing knowledge gaps in or-
der to more effectively understand future hazard com-
munications and preserve the collective memory of past
eruptions. The content in the museum would also be
translated to Quichua which is the language of hun-
dreds of thousands of people in the country [Aschmann
2005] to increase reach and inclusivity. This long-term
project would require a significant investment and re-
sources, including infrastructure, new personnel, and
permanent funding. However, an initial step could be
the creation of a “virtual museum” that would share
existing information using novel virtual reality and
highly interactive displays on a single website. Steps
towards a physical museum could include curation and
access to real world volcanic samples or data records
complementing the work already being carried out by
IG-EPN and could also provide opportunities for stu-
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dent internships and free data access for research. Stu-
dents in geosciences could volunteer to work as guides
in the museum [e.g. Vulcania park, France; Vulcania
2021]. Together, these communication ideas will con-
stitute a permanent source of visual and attractive in-
formation that will represent a beacon where new gen-
erations receive the education that they need in an ac-
cessible and timely manner. An initiative currently be-
ing enacted for a second consecutive year is the “Vir-
tual training of Volcanic Observers (2021)” in which
members of the public are encouraged to become part
of a “National Volcano Observers Network” by receiv-
ing free certified training from experts of the IG-EPN
[IG-EPN 2021]. The first year the training had 570 as-
sistants from governmental institutions, academia, and
the general public of which 150 were certified as vol-
canic observers. The volcano observers collaborate on
the collection of volcanic ash at their locations with
homemade ash-collectors designed by the IG-EPN, and
help communicate real time observations of the nearby
volcanoes through a WhatsApp group. A mobile appli-
cation is being developed so that the reports are easier,
more precise, and backed with evidence.

We consider that initiatives such as those described
here, will prove to be valuable tools to enhance not only
hazard and risk communication, but also, in a relatively
short period of time, to reflect and improve on general
monitoring practices.

5 CONCLUSIONS

In June 2019, a three-day long workshop was held in
Banos, Ecuador, where scientists, students, and locals
shared and discussed different experiences and aspects
of volcano hazard and risk communication. The goal
was to identify issues in the communication process be-
tween the official agencies (IG-EPN and SNGRE) and
the people during a volcanic crisis; especially problems
associated with knowledge of the sources and channels
of information (Sections 2.1 and 2.2). The most preva-
lent communication problem identified by the work-
shop attendees is the lack of education and access to in-
formation on volcano hazards, which prevents the cor-
rect interpretation of messages from the official agen-
cies. This problem can be addressed in part by in-
creasing the engagement and presence of scientists and
communication professionals with vulnerable commu-
nities. To this end, two types of strategies are proposed:
1) interpersonal training or interaction with the public
and 2) self-learning through engaging on-line or physi-
cal resources such as cards or video games. Both strate-
gies have strengths and weaknesses, for instance dur-
ing interpersonal interactions it is easy to gain trust
from the community but often requires difficult logis-
tics, while on-line resources can be delivered rapidly
via social media but requires access to the Internet. We
suggest novel strategies that include the use of tech-
nology such as virtual reality, or smartphone apps, use
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of games and video games, and even the creation of
an interactive and initially virtual or mobile “Volcano
Museum”. Implementation of some of these strategies
by IG-EPN, such as volcanology blogs in social me-
dia, have met with great success, while others like vir-
tual environments and simulations are plausible candi-
dates to complement traditional communication meth-
ods. The strategies presented here aim to pave the way
for people to better receive and respond to volcano (and
possibly other) hazard and risk information. Initiatives
like this workshop open the possibility of tackling lo-
cal hazard and risk communication problems by ex-
ploring different points of views and enhancing holistic
approaches. Future work should also include members
of local communities and other stakeholders if allowed
by logistic constraints. We recommend these as activi-
ties to be considered by other institutions in other coun-
tries.
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