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Abstract. This scoping review examines peer-reviewed research on volcanic hazard communication during periods of quiescence,

when immediate crisis pressures are absent but opportunities for long-term preparedness are substantial. While much existing work

focuses on communication during eruptions or in specific regions, we examine how volcanic hazards are communicated when a

volcano is quiet, a time suited for building awareness, understanding, and sustained public engagement. We yeviewed relevant

studies and grouped /6 resulting articles into three categories: formal educational materials, informal education approaches, and

informal communication tools. Within the reviewed literature, common themes include clear and accessible language, participatory

strategies, and trust built through two-way communication. JThese themes align with broader science and risk communication

research, which emphasizes that effective communication requires more than the delivery of accurate scientific information.

Rather, communication during quiescence should be locally relevant, responsive to audience needs, and connected to preparedness

actions, while also building familiarity with long-term risk, scientific uncertainty, preparedness actions, and trusted information

sources. Few reviewed studies evaluate communication effectiveness, and existing research is geographically uneven, highlighting

Jmportant gaps in volcano-communication research. This review adds to the literature,about how volcanic hazard communication

hli

during quiescent periods can support hazard awareness and understanding, and it also hi hts the need for more evaluated.

participatory, and context-specific strategies that help scientists, educators, communicators, and decision-makers strengthen

preparedness before unrest or eruption occurs.

1 Quiescence: A Communication Opportunity

Communication of geohazards requires translating complex, often times uncertain, and technical information into messages that

help people understand risk, prepare before events occur, and take appropriate action when conditions change. These geohazards

include earthquakes, tsunamis, landslides. volcanic eruptions, and related processes, each of which can affect different audiences

across different timescales, warning systems, spatial footprints, and social contexts. Because the timing, predictability, uncertaint

and available protective actions vary between hazards, communication strategies cannot be assumed to transfer unchanged from

one geohazard setting to another or even within a given geohazard across social and cultural contexts. Natural hazard risk

communication research emphasizes that communication should be adapted to the hazard type, audience, decision context, and

phase of the risk cycle (Hoppner et al., 2010; Doyle and Becker, 2022).

Volcanic hazards represent one specific context within this broader geohazard landscape, and communication needs vary across

stages of volcanic activity, including quiescence, unrest, eruption, post-eruption, and recovery (Becker et al., 2024; Das et al.

2025). This variation is partly driven by the contrasting timescales of volcanic systems: volcanoes develop over vast geologic

timescales, yet individual eruptions and periods of unrest can unfold abruptly, disrupting landscapes, infrastructure, livelihoods.

and communities. Communities may therefore live with volcanic risk for generations without experiencing an eruption, but when

unrest begins, decisions may need to be made quickly, and preparedness and planning efforts should already be in place.
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Quiescent periods are important because they provide time for communication before the pressures of crisis. During unrest or

eruption, communication often must focus on immediate warnings, rapidly changing information, and urgent protective actions

(Barclay et al., 2008; Bretton et al., 2018). These circumstances require clear, timely, and action-oriented messages that respond
2019). Durin;

to immediate information needs (Mileti and Sorensen, 1990; Sutton & Kuligowski uiescence, communication can

instead support longer-term goals: building baseline awareness of volcanic processes and hazards, developing relationships

between scientific institutions and the public, understanding audience needs, strengthening trust in information sources, and helping

communities prepare before decisions become time sensitive. These quieter intervals are critical opportunities for sustained

_—— (Deleted: between eruptions offer strategic

education, engagement, and preparedness, and can contribute to,more informed decision-making, enhance public trust, and foster
cooperation when future crises arise (Stone et al., 2014; Weichselgartner & Pigeon, 2015).
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hazard communication during quiescence. While an overview or synthesis of these large bodies of literature is beyond the scope

of this paper, there are key elements that can inform the context of volcanic hazard communication. Early approaches to science

communication often reflected a deficit model, in which experts assume that the public primarily lacks scientific knowledge and

that providing more information will lead to better understanding, acceptance, or action. However, science communication research

has increasingly recognized the limitations of this one-way model and focused on approaches that recognize context, audience

needs, local expertise, and public participation (Bauer et al., 2007; Brossard & Lewenstein, 2010). Similarly, risk communication

has developed from a focus on producing accurate risk estimates with a recognition that audiences need information that is

understandable, decision-relevant, and connected to opportunities for engagement or participation in risk management (Fischhoff,

1995:; Bostrom, 2014). These approaches and bodies of literature recognize the role of accurate scientific information, however,

they also recognize that information alone is rarely sufficient when people are asked to understand uncertain risks, evaluate

preparedness actions, or trust institutions responsible for public safety.

Risk communication literature further emphasizes that effective communication must address what audiences actually care about,

not only what experts think they need to know. Public response to risk is shaped by values, prior experience, social context, trust

perceived control, uncertainty, and the credibility of the information source (Frewer, 2004; Kasperson, 2014). These factors

influence how people interpret risk information and whether they view it as relevant, credible, and useful for decision-making.

Rather than treating uncertainty, public concern, or disagreement as barriers to communication, risk communication research

highlights the need to understand how different audiences interpret uncertain information, what concerns they want addressed, and

what kinds of information are useful for the decisions they face (Frewer, 2004; Kasperson, 2014). Kasperson (2014) further argues

that successful risk communication often requires persistent, long-term effort rather than a small communication push at the end

of a technical assessment. These lessons are directly relevant to volcanic hazards, where communication and education efforts seek

to raise awareness, explain uncertain future activity, support preparedness, and build trust before crises occur (Mossoux et al.

2016; Urlaub et al., 2013; Bandecchi et al., 2019).

Eruptions are often infrequent, uncertain, and unfamiliar to exposed communities. For low-familiarity hazards, people may have

limited direct experience to guide preparedness decisions and may rely more heavily on trust in the agencies, scientists, and

communicators providing information (Paton, 2007). This makes quiescent periods especially important. They provide time to

build relationships, understand audience needs, develop trust, and support readiness before unrest or eruption increases uncertainty

and urgency. Community Engagement Theory similarly suggests that preparedness communication is more likely to support action
when it builds outcome expectancy, community participation, collective efficacy, empowerment, and trust, rather than simply

delivering information to passive audiences (Paton et al., 2024). Despite this importance, quiescent periods remain less directly

examined in volcanic hazard communication syntheses.
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Previous syntheses of volcanic hazard communication have largely focused on periods of volcanic crises or on specific geographic

regions, leaving overall quiescent periods underexplored. Similarly, the American Geophysical Union volume Observing the

( Deleted: This study )

Volcano World: Volcanic Crisis Communication compiles many of these case studies and lessons learned from major volcanic

events, but remains centered on periods of elevated volcanic activity.

Barclay et al. (2008) reviewed yisk communication duringyolcanic crises and emphasized the need to integrate social and physical
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crisis communication because it must puild awareness and motivate risk-reducing behavior before public attention is heightened

by unrest or eruption. They also note that, although scientific information has a clear role in disaster risk reduction, less is known * "

about the most effective strategies for communicating volcanic risk during guiet periods. ,
Subsequent reviews have focused more directly on communication at the hazard-risk interface during periods of volcanic unrest.
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Earlier syntheses

Bretton et al. (2018) argue that hazard communication should be iterative, structured, and guided by standards that promote
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contextualization, which they define as “the negotiated product of open and transparent deliberation with stakeholders for the
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purpose of their risk-related uses,” (p. 12). Jn this framing, effective communication requires meaningful deliberation among
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More recent work has begun to identify research gaps across the full spectrum of volcanic activity. Das et al. (2025) review volcano

communication in New Zealand and find that most studies focused on communication during eruptive periods and quiescence

while neglecting unrest and post-eruptive stages. They call for more research on how decision-makers use volcano-related *

Deleted: crises when attention is heightened. They note that
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information from different periods of activity and for broader documentation of existing practices. [n their review, they find that
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short-term warnings and long-term adaptation using the goals “Act,” “Prepare,” and “Aware.” They find that strategies vary across

hazard groups, that geophysical hazards are commonly addressed through hybrid approaches combining warning and preparedness

and that purely long-term communication strategies are rare despite their importance for resilience. This reinforces the need to
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sustained public engagement before unrest or eruption occurs. This scoping review clarifies how volcanic hazard communication

CDeleted: these foundations

during guiescent periods can support hazard awareness and understanding, while also identifying the need for more evaluated,

(Deleted: times

participatory, and context-specific strategies that help scientists, educators, communicators, and decision-makers strengthen

\ :(Deleted:.

preparedness before future volcanic crises.

[ Deleted: systematically map peer-reviewed literature on these
approaches and synthesize common findings across studies.
Strengthening

;(Deleted: of volcanic processes and hazards

2 Methods

: (Deleted: quiescence

k(Deleted: contribute to

JThis study uses a scoping review approach to characterize peer-reviewed literature on volcanic hazard communication during -

‘(Formatted: English (UK), Not Expanded by / Condensed by

NN ANAAA L AAAA L A AANANAAA L A A NAAL

periods of quiescence. Grant and Booth (2009) describe a scoping review as a preliminary assessment of the potential size and

h (Deleted: q

scope of an available body of literature, intended to identify the nature and extent of the existing evidence. This approach is

.(Formatted: Footer, Line spacing: single

%
N




115

120

125

130

135

140

appropriate because communication during volcanic quiescence spans diverse study types, audiences, settings, goals, and products.

Munn et al (2018) note that scoping reviews can be useful for reporting “on the types of evidence that address and inform practice

in the field and the way research has been conducted” (p. 2). Our purpose is not to synthesize evidence on the effectiveness of a

defined intervention, as in a systematic review, or to critically evaluate the quality of the literature and develop a new conceptual

model, as in a critical review. Rather, this review characterizes the peer-reviewed literature with a focus on one dimension of

volcano communication literature and identifies areas where further volcano-specific research and evaluation are needed. The

review was designed to examine what peer-reviewed literature exists on volcanic hazard communication and education during

periods of quiescence; which audiences, geographic settings, and communication goals are represented; what recommendations

and limitations recur across the reviewed studies; and the extent to which the strategies suggested have been empirically evaluated.

These questions guided the selection of search terms related to communication, engagement, outreach, education, public awareness

audiences, and volcanic settings. This review is not intended to provide an exhaustive assessment of all volcanic hazard

communication or broader risk and science communication literature; rather it maps the quiescence-focused studies captured by

our search terms and inclusion criteria. Consequently, relevant strategies discussed primarily in crisis, unrest, warning, or response

literature may not be included. and the absence of a topic from the reviewed studies does not indicate it is absent from the broader

hazard communication literature.

We conducted the scoping review in consultation with a university research librarian to develop and refine the search strategy. Our

search strategy emphasizes terms related to communication, engagement, outreach, education, and public awareness in connection
with volcanoes, while excluding studies focused on crisis communication:

1 AB ( communicat* OR engag* OR outreach OR educat* OR "public awareness" ) OR TI ( communicat* OR engag* OR outreach

OR educat* OR "public awareness" ) OR SU ( communicat* OR engag* OR outreach OR educat* OR "public awareness" ) ] AND
[AB volcan* OR TI volcan* OR SU volcan*] AND [public OR audience OR resident* OR stakehold* OR communit* OR student*
OR indigenous* OR touris* OR curricul* OR tool] NOT crisis (TI)

The primary author searched five databases: Georef, Web of Science, ERIC, Academic Science Premier, and the first 100 results
from Google Scholar on August 5th, 2024. All references were uploaded to Covidence systematic review software (Covidence
systematic review software, 2024). After deduplication, the search yielded 1,222 results (Figure 1). Following recommendations

from Peters et al. (2020), the authors first pilot tested the screening process on 25 articles to ensure that the screening criteria were

being interpreted consistently. After confirming consistency in the application of the criteria, two authors independently screened

the remaining abstracts and full texts against the inclusion criteria outlined below, resolving disagreements through discussion.

After all screening was complete, 76 articles were selected for inclusion in this review.
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Communication during eruption, not
quiescence (n =13)

Figure 1. PRISMA diagram of screening process.

‘We bound the review by specific inclusion and exclusion criteria, filtering for articles that are peer-reviewed, volcano focused, and

during quiescence. During screening, we interpreted education and communication broadly, while excluding crisis-specific efforts.

For inclusion, the article must be:

1. Published after 1980

2. A peer reviewed academic journal or book chapter

3. Describing a tool, approach, or communication system; not another volcanic hazard communication synthesis

4. Communication focused, must explain a technique or tool (this can include educational tools or communication tools)

5. Volcano focused, about communicating volcanic hazards (educational material must have volcano specific recommendations
6. Not focused on workforce development (STEM Careers)

7. Not a communication approach for crisis situations (unrest and eruption phases)

8. Not a personal perspective piece

9.

No ashfall, air quality, water quality or other public health studies
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For each of the 76 final articles, the first author catalogued key aspects of the study. These include the article’s authors, institutional

affiliations, volcano or region of focus, study objectives, major findings, and any explicit recommendations.

# of articles
N

w

2025

2005 2010
year published

1990 1995 2000 2015 2020
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Figure 2. Distribution of publication years for the 76 articles included in this review. Articles published before 1980 were gxcluded |1 |

during the database search. The literature search was completed on August,, 2024,

To organize the reviewed literature, we drew on distinctions between science education and science communication. Researchers

have noted areas of overlap and divergence in the two fields’ histories, operationalization of key concepts, goals, and approaches

(eg.. Baram-Tsabari & Osborne, 2015; Lewenstein, 2015; Kohen & Dori, 2019); Baram-Tsabari and Osborne (2015) describe

science education as Jearning that occurs in formal and informal environments, and science communication as interactions between |

the scientific community and diverse publics. They note thatscience education is often oriented toward learning and understanding,

while science communication more often emphasizes engagement, interaction, and exchange. Because the reviewed articles

included both structured classroom materials and broader public-facing communication efforts, we grouped the studies into three

categories: formal educational materials, informal education and communication approaches, and informal communication tools.

1. Formal educational material refers to any structured resource or program designed for use in a classroom or other formal learning

environment, such as curricula, lesson plans, laboratory exercises, or other materials aligned with educational standards.

2. Approaches to informal education and communication encompass broad, often multi-faceted strategies for conveying hazard-
related information outside of formal education contexts. These may address particular topics or audiences, and often consider
multiple dimensions of engagement, sometimes drawing on case studies of specific regions or events. They emphasize overarching

methods, frameworks, or guidelines rather than the development of a single product.
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3. Tools for informal education and communication are specific, tangible products or media, such as hazard maps, interactive
games, virtual outcrops, photographs, artistic works, or films. These are accompanied by practical guidance for their creation or

implementation and intended to be deployed as discrete components within broader communication efforts.

The first author assigned articles to the category most closely aligned with their main emphasis, though some articles include

elements spanning multiple categories. Studies are referenced by number, with a full numbered list provided in the supplementary

materials.

3 Results

Here we provide an overview of the reviewed literature, including publication history, geographic focus, and recurring themes.

and then presents the three thematic categories used to organize the reviewed studies: formal educational materials, informal

education approaches, and informal communication tools. Our review identified 76 peer-reviewed articles on volcanic hazard

communication and education during quiescence. The 76 articles span 41 different journals, published between 1990 and 2024

with a general increase over time, including a sharp rise in the 2010s (Figure 2). This increase suggests communication and

education research during quiescent periods has continued to gain more focus as science communication research has evolved. ,The

most frequently represented journals are Bulletin of Volcanology (6 articles) and Advances in Volcanology (5). Of the 76 articles.

42 focus on a specific volcano or volcanic area, while the remainder address volcanic communication more broadly (Figure 3).

Most geographically focused studies concentrate on Vesuvius, Etna, Katla, and the Taupo Volcanic Zone, all of which are close to

substantial population centers and have long histories of monitoring and research. In contrast, many volcanoes that threaten

similarly large or even larger nearby populations, including Mount Nyiragongo in Goma, the Hainan Volcanic Field in China, and

Popocatépetl in Mexico, receive little attention in the literature reviewed here. This skewed geographic coverage is significant

because communication needs, trusted messengers, cultural relationships to volcanoes, and preparedness priorities can vary widely

between volcanic regions.

Across all articles, only 26 empirically evaluate the effectiveness of their tool or approach, making it difficult to determine which

strategies work best in practice. This gap highlights the need for more structured evaluation to strengthen research-informed

volcanic _hazard communication during periods of quiescence. Across the reviewed studies, recurring themes include the

importance of audience-specific communication, participatory strategies, and trust-building before periods of unrest or eruption.

As we describe results in the following sections, we situate those results within broader hazard and risk communication literature.

Reviewed articles are identified with an asterisk (*) throughout the Results, tables, and reference list to distinguish them from

references cited in the broader literature.
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w' tane, A, Leanard, wnmm:p’ P Miroy, K, & Smith, B.(2022). Use science and hazards education while promoting
Aotearoa New Zedand. Scence Activies, 59(2),84-96 bicultural a ga Ma
o 11 Aotearoa, Ni land ___virtualfield trips (VFTs) to support classrooms Just present a andWestern scien
Schipper, S., & Mattox, S. (2010). Using Google Earth to study the basic none stated; just to use this tool that they display and
’ Scope, 34(3), 28-37. na gle earth to educate olcanoe: Justpresent a explain
Use real volcano-monitoring data in guided training
Teasdle, . van der Hoeuen Krat, K. & Poland, M.P. (2015). Using near.real time e
monitorng data rom Pu'y 3 vent at Kilauea Volcano fo training and educational S activities, paired with role-playing when possible, and
purposes. Journalof Appiied Volcanology, 4, Article 11 ightime for P
Hawail Evaluate data without
o - 5. (1996) votamore Use a step-by-stepvolcano-buildingactivity to help
explosiv leaming experience. Science and Chidren, 33(6), 16-19, 44
170861 na Educational activity for elementary tudent Justpresent a esses.
Design outreach that explains unrest, false alarms,
eruption size and style, evacuation timing, gas
Todesco, M, Ercolan, . Brasii, F, Modonesi, ., Pessina V. Nave, . & Camassi, . hazards, and family decision-making, while
(2022).The maginary eruption: Volcanic aciviy through ks’ eyes. Geoscience a P lcan P
italy Evaluate data trust unity
Us provid
Wighting, M. Lucking. . A, & Christmann, . P. (2005) classroom activities on volcanic processes and
Scope,26(6),54, 181589 na g Justpresent a hazards

Table 1. Articles reviewed placed in the formal education category.
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3.1 Formal education

Twenty-one articles focus on formal educational activities designed for classroom settings. These studies include lesson plans, .-

curriculum units, hands-on experiments, online activities, games, videos, and other learning tools. Nine articles evaluate their

materials in some way, most commonly through pre- and post-tests of student learning pr questionnaires assessing student and

- (Deleted:

a

(Deleted :

setting. Eight evaluate their materials by either using

,(Deleted:

to assess

- {Deleted:

over the course of the activity or using

teacher perceptions of interest, usability, or effectiveness. The formal education studies generally emphasize that school-based

activities can help sustain awareness,of volcanic hazards during long periods between eruptions. Because students may share what

they learn with families,and communities, classroom education can be used to extend hazard awareness beyond the school setting

(Ronan & Johnston, 2001; Shaw et al., 2004; Todesco et al., 2022).

(Deleted :

to gauge

NN AN AN AN

: [Deleted:

and effectiveness from both students and teachers. Most

o

present either interactive activities or online media, such as g{", . [5

) (Deleted:

community hazard

NNV AN

] 'CDeleted: . By sharing knowledge with their
WMany studies emphasize the importance of active and engaging learning. In classroom settings, students may be present for the CDeIEted: - students help maintain understanding and preparedness
. . X . : 'CDeleted: In a classroom setting, you have an audience with(" 6] }
activity, but engagement is still needed for hazard information to be understood, remembered, and connected to preparedness -
il il - T CDeleted: to make sure that the message will be )
(Farley et al., 2013). Hands-on experiments and activitiesare commonly presented as ways to increase student interest and attention ( e )
(*Albin, 1993: *Conway et al., 2023; *Erdogan, 2005: *Gates, 2017: *Musacchio et al.. 2015), while more developed gurriculum o (Deleted: help ensure students are captivated by the activitym
units are used to build deeper understanding of volcanic processes, hazards, and impacts across different regions (*Bachri et al. "‘(Deleted: activities and )
2024: *Buber & Unal Coban, 2020; *Mattox, 2000; *Thompson & Thompson, 1996: *Wighting et al., 2005). Online activities ‘(De'eted: may promote a )
. . . . . . . ( Deleted: hazards and their i t d th 1d (#6, 10
Jave also become increasingly common, including web-based resources, videos, interactive modules, and games (*Lang et al. % azards and their impact around the world ( ... [8]
o ) ) ) " Deleted: becoming
2012; *Nasution et al., 2023; *Penatas et al., 2024; *Saha et al., 2022; *Schipper & Mattox, 2010; *Teasdale et al., 2015). Several
(Deleted: popular (#34, 49, 55, 63, 65, 67). Cross
studies recommend cross-curricular learning { *Bachri et al., 2024; *Jolley & Ayala, 2015; *Kirstein & Owens, 2023; *Pardo et ,(r leted: is commonly suggested (#6, 31, 32, 51, 63) o help
al., 2015; *Saha et al., 2022), allowing students fo connect volcanic hazards with broader social, historical, geographic, and (Deleted: receive an overarching view of
' CDeleted: disasters

community jmpacts. For example, *Jolley and Ayala (2015) integrate geoscience and archaeology into a single unit, finding that

Jhis approach broadens coverage of standardized learning goals, helps students yiew both disciplines through a new lens, and

increases student interest in the material.

Some formal education studies use student responses to identify misconceptions and guide future educational design. *Todesco et

al, (2022a) analyzed children’s stories about volcanic eruptions,and jdentified common patternsgn how students imagined volcanic

: (Deleted:

what they mean for a

“CDeleted :

facing one

11 #32),

it

activity. They found that glementary school students rarely recognized precursory unrest and pften underestimated the size and

wariability of eruptions, The authors suggest that future educational, materials should give more attention to periods of volcanic

enables

b ; CDeleted:

to

(Deleted :

to gain fresh insights

unrest, jncluding how dormant volcanoes may reactivate, how long unrest can last, and how the same volcano can produce different

eruptive styles. They recommend interdisciplinary collaboration to develop visual materials that petter yepresent the different

eruptive styles volcanoes can display.
Broader disaster education literature supports the value of school-based hazard education while also showing that learning does

not automatically translate into preparedness. Johnson et al. (2014a) find that evaluations of children’s disaster education programs

commonly measure short-term knowledge gains, while fewer studies assess whether education leads to household preparedness

protective behavior, self-efficacy, adaptive capacity, or long-term resilience. Similarly, Ronan et al. (2016) emphasize that child-

C Deleted:

. (2022, #72

C Deleted:

of

C Deleted:

written by children

.b ( Deleted:

used the most

\ (Deleted:

found to identify misconceptions.

( Deleted:

find

Deleted:

children

: had misconceptions about
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centered disaster risk reduction should move beyond basic safety messages toward interactive, problem-solving, and skill-building ( Deleted; ,St:l:y all tonded 1 be very small in he stadents (@
approaches that connect students, households, schools, and communities. This suggest that formal volcanic hazard education during (Deleted: . (W
quiescence is valuable because it can sustain awareness when volcanic risk is not immediately visible, but its usefulness depends ‘(r leted: could focus )
on whether students are supported in connecting volcanic knowledge to preparedness actions and local decision-making. ( Deleted: helping students understand what it takes, and h(ﬁ
Additionally, producing educational materials is only one part of effective disaster education. Johnson et al. (2014b) found that ( Deleted: a dormant volcano. They also suggest )
uptake of a voluntary disaster preparedness education resource in New Zealand primary schools depended on teacher awareness :;(Deleted: deViSve sketches of volcanic eruptions )
teacher training, school-wide use, curriculum support, and engagement with local emergency management staff. This is especially "Ez::::::; z:::ja:ding of %
relevant for volcanic hazards during quiescence, when the absence of recent activity may make disaster education feel less urgent (Deleted: size of big explosive events, and that the same V(ﬁ

or harder to prioritize. Without sustained implementation support, even well-designed volcanic hazard curricula or classroom
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activities may have limited reach because effective formal education therefore requires more than the creation of materials. It also

requires integration into school systems, support for teachers, and connections between schools and the agencies or scientists

responsible for hazard information.
Formal education must also account for the diversity of students and learning contexts. Ronoh et al. (2017) show that children with

disabilities may have substantial hazard knowledge and capacities, but still require accessible language, adapted drills, participatory

tools, and opportunities to contribute to disaster planning. This reinforces that school-based volcanic hazard education should not

assume a single student audience or a single model of preparedness. Instead, educational materials and activities should be designed

so that students with different abilities, experiences, cultural contexts, and local hazard exposures can understand the risk and

participate meaningfully in preparedness.
It is critical that these materials be culturally grounded, place-based, and student-centered. Kaiser and Boersen (2020) show that

disaster education can be more meaningful when it is developed around local hazards, cultural knowledge, student participation,

and community priorities. The materials identified in this review provide one valuable reference for scientists, educators, and

communicators seeking classroom materials for volcanic hazard education during quiescence, but they should not be treated as

ready-made solutions but instead be adapted and evaluated for the specific audience and context. However, the results of this

literature search provide less evidence for whether these classroom activities translate into broader volcanic hazard preparedness

beyond the lesson itself. Because many of the reviewed materials are not empirically evaluated, it remains unclear which

approaches are most effective, for which student audiences, and under what educational or cultural conditions. Future studies

should evaluate whether formal education improves preparedness understanding, accessibility, family or community discussion,

trust in hazard information, and long-term retention in volcanic settings.
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3.2 Approaches

/

Twenty-seven articles found in this review describe approaches for volcanic hazard communication outside formal education . (Deleted: of
settings. These approaches are often audience-specific, with six articles focused on communication with tourists and ten focused
on communication with Indigenous populations. Other studies provide general communication frameworks, propose strategies s (Deleted: Others
for eruption planning and preparedness exercises, or pffer guidance on terminology. Few of these approaches are empirically S CDeIeted: a
evaluated, instead offering practices and processes that can be adapted, (Deleted: framevork
3.2.1 Tourists ‘CDeleted: incorporating
) o ) ) o o N ‘(Deleted: provide
Tourists are a distinct audience for volcanic hazard communication because they may enter hazardous areas with limited local » “CD eleted: based on audience and topic
knowledge, limited time to seek information, and varied familiarity with volcanic processes. The studies focused on tourists, 5 ""CDelete d: For
emphasize that hazard information must be visible, engaging, and easy to interpret within the crowded information environment - (Deleted: , recommendations
of tourism. Recommendations include creating bold, attention;seeking jnaterials (*Bird et al., 2010; *Bird & Gisladottir, 2020; - CDeleted: and
*Vegas et al., 2019) and using pictures, drawings, and video footage to yeduce reliance on scientific terminology (*Bird et al. S (Deleted:
2010; *Erfurt-Cooper, 2018). Several studies also emphasize the value of place-based communication. Presenting hazard ‘ [&:I;ﬂ;ﬂ) ?ﬁi‘}:;i:’gsmnd outin the crowded sector that is tourism

information at past eruption sites can make the hazard more fangible by helping visitors visualize what occurred there (*Megerle

avoid confusion with

N

2020). Learning about an event where it happened can reinforce its significance, especially when paired with brief, informative (Deleted

1 (#7,18).

titles and high-quality photographs on interpretive panels {*Megerle, 2020; *Migon & Pijet-Migon, 2019; *Vegas et al., 2019). '(Deleted

: has greater impact than elsewhere,

’(Deleted

: easily creating a visual in people’s minds (#42).

These studies also suggest that tourist communication should not rely only on signs or isolated materials; instead, the tourism

. L. . . . | L. . o CDeleted: occurred reinforces
sector as a whole must be jnvolved in risk reduction strategies (*Bird & Gisladottir, 2020; *Megerle, 2020). Tourists are a distinct "(Deleted: o
audience because they are temporary visitors to volcanic landscapes and may differ widely in background knowledge, language ‘(Deleted: (#42, 43, 74). More broadly
risk perception, and familiarity with local hazards or warning systems. In potentially hazardous volcanic areas, tourists need clear. (r leted: actively
visible, and accessible safety information, including where to find official updates and what to do if conditions change (*Bird et ‘[Z:‘:;:;:: (#8, 42). Bird et al., (2020) study this in detail by
al., 2020). *Bird et al. (2020) examine risk communication initiatives in Iceland, and argue that risk reduction requires whole; O_ leted:  They sugzest
community involvement, including the dissemination pof risk information by travel agents and tour guides pefore tourists enter ‘ (r leted
potentially hazardous environments. Guides should be trained for disasters, clear protocols should be in place, and community “ - [Deleted: is necessary, stating that risk reduction efforts must
officials should maintain a long-term commitment to risk communication initiatives. For warnings and preparedness information ) C:(::(::: and sharing
to be effective, tourist-focused risk communication should be visible, accessible, and integrated into everyday tourism practices ‘ (,. leted: prior to booking and taking
{hrough visual materials, interpretive panels, trained guides, travel agents, emergency protocols, and consistent messaging across B : (Deleted: into
websites, social media, brochures, signs, short films, and other common visitor channels (*Bird et al., 2010; *Bird & Gisladottir. ‘ CDeleted: must
; *Erfurt-Cooper. 2018; *Megerle, 2020; *Migon & Pijet-Migon, 2019; *Vegas et al., 2019). These findings align with ' ,_(Deleted: and have a well-known protocol

broader risk communication research emphasizing that communication must be designed around audience needs and decision ‘%% (Deleted: must ensure

X . . . (Deleted: and ongoing
contexts rather than expert assumptions about what information is important (Frewer, 2004; Fischhoff, 1995 Doyle and Becker. } (Deleted: _—
2022). ': (Deleted: (#7, 8). This means regularly distributing
Puring quiescence, tourism also provides an opportunity for informal education. When immediate hazard risk is low, visitors may "(Deleted: information through all channels e.g.,
already be interested in the landscape, making place-based interpretation useful for raising awareness of volcanic processes, past ™ (Deleted: and short films.
eruptions, and long-term hazards (*Megerle, 2020; *Migon & Pijet-Migon, 2019; *Vegas et al., 2019). These efforts can improve ‘(Deleted: For
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general volcanic literacy and reduce confusion if visitors later encounter warnings, closures, or future unrest. Future research

should evaluate the effectiveness of tourist-focused communication across different visitor groups, including whether materials are

noticed, understood, trusted, and connected to appropriate safety actions during changing volcanic conditions.

3.2.2 Indigenous Populations

’(Formatted: Footer, Line spacing: single
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In the reviewed studies focused on Indigenous populations, gommunication often emphasizes disaster risk reduction and .- [Deleted: studies focus on creating a plan of action for disasters
rather than developing a

preparedness actions rather than increasing scientific understanding of yolcanic processes. Several articles argue that gffective

(Deleted: the volcano. Many
( Deleted: emphasize

( Deleted: itis

communication does not yequire reconciling all differences between local and scientific explanations of volcanism, becaus

attempting to replace local knowledge systems can create disagreement or distrust (*Cronin et al., 2004a; *Cronin et al., 2004b;

*Gabrielsen et al., 2018: *Marin et al., 2020). Instead, the reviewed studies suggest that communication should focus on shared (Deleted: necessary to reconcile belief systems

goals, such as recognizing warning signs, understanding potential consequences, and developing locally meaningful plans for what (Deleted: viewpoints with respect to the causes and generation
" (Deleted: (#13, 14, 20, 37), which

to do if precursory signals pccur. Oral storytelling is frequently identified as an important way to communicate past volcanic

activity, preserve community memory, and convey the severity of rare but catastrophic eruptions (*Cronin & Cashman, 2008;

*Gabrielsen et al., 2018; *Holmberg, 2023; *Marin et al., 2020; *Petterson et al., 2008). As *Cronin and Cashman (2008) note,

reduction, the focus should be

[ Deleted: disagreements and distrust. With the goal of disaster risk

(Deleted: and having a plan for when they

“The dramatic, but highly sporadic, nature of volcanic activity may promote longevity of these oral traditions for the specific [Deleted: To help identify these precursory signals and emphasize

how catastrophic these eruptions may be, the use of oral

purpose of helping future descendants avoid a similar disaster” (p. 198). Effective communication with Indigenous gommuni ‘(" Deleted: suggesed by authors (15, 20. 25,37, 56
(Deleted: Cronin and Cashman, 2008,

'(Deleted: populations

requires fime fo understand local social context, cultural values, customs, and

, political, and governance structures,

relationships to volcanic landscapes (*Cronin et al., 2004a; *Cronin et al., 2004b; *Gabrielsen et al., 2018; *Garcia & Mendez-

Fajury. 2018; *Hicks et al., 2014; *Marin et al., 2020; *Petterson et al., 2008; *Saha et al., 2023). The Indigenous communities

Deleted: that communicators invest

Deleted: in understanding the unique

represented in these studies are not a single, uniform audience. Cultural values, knowledge systems, governance structures

. | Deleted: and dynamics to identify the most relevant elements of
relationships to volcanic landscapes, and experiences of past hazards vary substantially, meaning that strategies developed in one '} | the social system, and in integrating this understanding with

‘ knowledge of the volcanic system (#13, 14, 20, 21, 27, 37, 56, 64).
To achieve this understanding of culture,

setting cannot be assumed to transfer directly to another without locally grounded engagement and adaptation. This requires

Indigenous involvement throughout the communication process, so that scientific knowledge of the volcanic system can be s (Deleted: values,
integrated with local knowledge. priorities, and decision-making_ structures (*Cronin et al., 2004a; *Cronin et al., 2004b; | ;(Deleted: and
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( Deleted: -

*Gabrielsen et al., 2018; *Garcia & Mendez-Fajury, 2018; *Hicks et al., 2014; *Marin et al., 2020; *Petterson et al., 2008; *Saha
etal.. 2023). ‘

Jhese findings are consistent with broader risk communication literature showing that effective disaster risk reduction

communication should treat local and Indigenous knowledge as expertise and create structured opportunities for communities,
scientists, and authorities to discuss values, goals, information needs, and actions together (Bidwell, 2009; Doyle and Becker,

2022). However, participation must be carefully designed. Glicken (2000) cautions that poorly planned processes can exclude key

groups, treat public input as symbolic, or increase distrust if stakeholders do not see how their knowledge is used. This is especially

important when working with Indigenous communities, where different knowledge holders, governance structures, social roles

and community members may shape how risk is understood and how preparedness actions are developed. Communication with

Indigenous communities should therefore be approached as a long-term relationship-building and partnership process rather than

a one-time translation of scientific information, and quiescence is the best time to establish this relationship. Hicks et al. (2019)

note that the goals of participatory DRR can range from having participation be a key sign of success to more co-creative

approaches “where both scientists and citizens use and generate different forms of knowledge to integrate new understandings and

create a shared agenda” (para 9).In this context, oral traditions and local histories are not only communication tools: they are

knowledge sources that can preserve memory of rare volcanic events, identify locally meaningful warning signs, and connect

preparedness actions to community experience. Future volcano-specific research should evaluate how co-developed and culturally

grounded communication approaches affect trust, preparedness actions, warning interpretation, and long-term risk awareness

Gl ... [13]
within Indigenous communities, while also documenting how these approaches vary across different volcanic, cultural, and " -

( Deleted: of Indigenous people )
governance contexts. ( Deleted: (#13, 14,20,21,27,37, 56, 64 )
3.2.3 Community networks Deleted: Using local actors to convey your message can help

and understanding with your audi (#11). This may be (.., [14]

’,(Formatted: Footer, Line spacing: single

14



360

365

370

375

380

385

390

395

Several reviewed articles address the design of broader communication systems at the community level before unrest occurs. One

recurring recommendation is to work with local actors who already have relationships with the intended audience, such as

emergency managers, community leaders, popular local figures, educators, or other trusted members of the community (*Cadag

et al., 2018). Involving these actors in message design can help communicators understand local concerns, identify appropriate

language and channels, and increase trust in the information being shared. This reflects broader risk communication research

showing that trust depends not only on message content, but also on the perceived credibility, motives, and relationships of the

information source (Frewer, 2004; Paton, 2007; Kasperson, 2014).

Volcanic observatories and scientific institutions also play an important role in building communication capacity during

quiescence. The reviewed observatory-focused articles emphasize outreach during quiet periods as a way to educate communities.

establish relationships, and maintain visibility before unrest begins (*Graham et al., 2022; *Horii et al., 2024; *Nakamichi, 2024;

*Todesco et al., 2022a). This is consistent with Community Engagement Theory, which suggests that preparedness is more likely

when communication supports outcome expectancy, empowerment, collective efficacy, and trust, rather than simply delivering

information to passive audiences (Paton et al., 2024). For observatories, this means that outreach during quiescence should not be

limited to occasional public education products but should help establish durable channels for communication and informal

learning. Feng et al. (2018) argue that informal disaster education can build community resilience by using everyday social

networks, local activities, and trusted facilitators to support localized learning and preparedness. Observatories can contribute to

these networks by providing consistent scientific information, supporting local communicators, and creating opportunities for

ongoing dialogue. Social media, for example, can provide regular contact with audiences and can be adapted to volcano activity

level, but it requires sustained management and clear decisions about what information should be posted during quiet, unrest, and

crisis periods (*Todesco et al., 2022a). Citizen science can extend this role by involving community members in knowledge

generation ranging from data collection to deeper co-production and empowerment, especially when projects provide participant

benefits and support long-term engagement (Hicks et al., 2019). However, citizen science efforts are not well documented or

evaluated in the articles reviewed here.

Other reviewed articles focus on preparedness resources that can support communication before future activity. Hazard-specific

articles synthesize communication needs for particular volcanic hazards, including ballistics and lahars (*Fitzgerald et al., 2018;

*Pierson et al., 2014), while database-focused studies propose centralized volcanic information resources for stakeholders and

communicators involved in disaster planning (¥*Nasaruddin et al., 2011; *Stix & Heiken, 2022). These approaches suggest that

quiescence is a useful time to prepare communication materials, clarify terminology, organize hazard information, and build shared ;(Deleted: and
resources before time-sensitive decisions are required. Future work should evaluate how these communication systems, including ",(Deleted: into other

local messengers, observatory outreach, social media strategies, hazard-specific guidance, and information databases, affect trust,

J(Deleted :

(#24, 25). When translating across languages,

,(Deleted :

. p. 57,425)

preparedness, and the ability of different audiences to find and use volcanic hazard information when volcanic activity level

(Deleted :

(1) obey

changes.

;(Deleted :

formats, (2)

3.2.4 Probabilities and Uncertainty

‘(Deleted :

lexigraphically

Two articles in the reviewed dataset provide resources for communicating probabilities or translating volcanic terminology across

(Deleted :

3)

languages, *Harris et al. (2017) focus on terminology translation and emphasize that translations must follow alphabet and accent (Deleted: (4) still maintain the intended meaning of the term.
. . . . . . .. . | Deleted: , #24
conventions, be Jexicographically accurate, be grammatically correct, and preserve the intended meaning of the original term. This / g oted
/ { Deleted: of
is important for volcanic hazard communication because direct translation may not be sufficient if the translated term changes the Deleted:
meaning, tone, or clarity of the hazard information. : they find
*Harris (2015) examines how probabilities and uncertainties are communicated, using case studies from newspaper reporting on  the use of

severe weather systems and volcanoes. In the volcanq;focused section, Harris argues that terminology is critical when reporting

'(Deleted :
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wuncertainty and probability because evocative words or dramatic imagery may prompt unintended interpretations. *Harris (2015)

- (Deleted: uncertainties
(Deleted: probabilities, and that

illustrates this issue in their Table 2, collated from Sink (1995) and earlier work by Doyle et al. (2011), which shows that scientists '

and_members of the public often assign different numerical values to the same qualitative probability phrases. Although these

results are not volcano-specific, they illustrate a broader communication challenge that is relevant to volcanic hazards: commonly

used terms such as “unlikely” or “possible” may not convey consistent numerical meanings across audiences. Because of these

discrepancies, *Harris agrees with Gill (2008) that uncertainty is often best conveyed through objective numerical measures, such

as probabilities, paired with clearly defined plain language. The reviewed article therefore emphasizes that both numerical

information and word choice require careful design when communicating volcanic uncertainty.

The reviewed studies show that terminology. probability, and uncertainty communication receive limited attention within

quiescence-focused volcanic communication research, even though these topics are well developed in broader risk communication
and volcanology literature. Risk communication research shows that uncertainty communication is more complicated than simply

deciding whether uncertainty should be included or omitted. Effective uncertainty communication depends on the audience

decision context, type of uncertainty, and actions available despite uncertainty (Fischhoff and Davis, 2014; Frewer, 2004;

Kasperson, 2014; Bostrom, 2014; Doyle and Becker, 2022). Fischhoff and Davis (2014) provided practical guidance on

communicating uncertainty by focusing on what types of decisions need to be made with the information: “(i) Decisions about

action thresholds: Is it time to act? (ii) Decisions with fixed options: Which is best? (iii) Decisions about potential options: What

by identifying the issues most relevant to the choice; (ii) assessing uncertainty, by summarizing that information in a useful form;

and (iii) conveying uncertainty, by creating messages that afford decision makers the detail that their choices warrant.” (p. 13664).
Dhungana and colleagues (2025) used qualitative interviews in a Disaster Risk Management (DRM) context and highlight how

scientists and decision-makers face different pressures and have different perspectives on how uncertainty information can be best

communicated, with scientists focusing more on the technical dimensions of uncertainty due to their scientific training, while

decision-makers are more concerned with how uncertainty plays out in real-world scenarios. They recommend that uncertainty

information be presented in visually engaging formats that have been tested for comprehension.

further shows that the most effective numerical framing may depend on the communication goal, with frequency formats

potentially increasing emotional salience and preparedness motivation, and probability formats better supporting other forms of

risk judgment.
Volcano-specific research has examined uncertainty communication in the context of unrest and crisis decision-making, explaining

why these studies were not captured by the quiescence-focused search used here. This literature shows that providing scientifically

windows can influence perceived likelihood, and verbal probability terms may be understood as more ambiguous than equivalent

numerical probabilities, leading to different evacuation decisions (Doyle et al., 2014a, b). Similar challenges arise when complex
aps. Th

monitoring data and scientific uncertainty are condensed into volcano alert levels or probabilistic hazard m:

support decision-making, but their meaning is shaped by audience needs, local context, and design choices, and they are most

useful when accompanied by dialogue and supplementary communication (Fearnley, 2013: Fearnley and Beaven, 2018 Thompson

et al., 2015). Marti (2015) argues that communication should remain ongoing even when a volcano shows no signs of alarm, so

that audiences already have some familiarity with volcanic hazards, forecasts, and uncertainty when information must be

interpreted more quickly during a crisis.

Uncertainty communication is especially important for volcanic hazards because uncertainty is central to both the science and the

communication challenge (Tadini et al, 2025; Mani et al, 2025). Mani and colleagues (2025) note that while significant progress

16

"(Deleted: with daunting images
) ‘(Deleted: illustrates

NN AN A

~(Moved (insertion) [2] )

(Moved (insertion) [5] )
(Deleted: These results are based on previous studies of weather )

(Deleted: but may apply to other )

Deleted: scenarios. The variation across audiences demonstrates
that interpretation depends strongly on the reader, and that
commonly used terms such as unlikely or possible do not convey

i numerical i Because of these discrepancies,
Harris agrees with Gill (2008) that “an effective way to convey
uncertainty was to use objective numerical measures (such as
probabilities) coupled with plain language that is clearly defined”
(page 21). The choice of this plain language is critical, and they
provide suggestions in

,.(Formatted: Footer, Line spacing: single )



440

445

450

has been made in volcanic risk communication, many challenges remain due the dynamic nature of crisis events and the multiple

potentials breakdown points for communication. Volcanoes can remain quiet for long periods before unrest begins, unrest does not

always lead to eruption, and the timing, location, size, and style of future activity may remain uncertain even when monitoring

data are available. During quiescence, communities may be asked to understand hazards that are possible but not imminent and to
prepare for events that may occur beyond everyday planning horizons. In this setting, uncertainty communication is not only about

explaining probabilities; it is also about helping audiences understand what is known, what is not known, what changes in activity

might mean, and why scientific uncertainty does not make hazard information unreliable. Yet within the quiescence-focused

volcanic communication studies captured by this review, probability and uncertainty communication were not central themes. The

reviewed studies provide little volcano-specific evidence for how different audiences interpret probabilistic volcanic information,
qualitative likelihood terms, long recurrence intervals, changing alert levels, or uncertainty around unrest and eruption forecasts

during quiet periods. This is a notable gap because quiescence may be the best time to build familiarity with this language before

crisis conditions increase urgency and stress. Future volcano-specific research should therefore evaluate how uncertainty can be

communicated during quiescence in ways that support understanding, preparedness, and trust.
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Table 3. Articles reviewed placed in the tools category.
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460 al., 2016; *Rapprich et al., 2017; *Ravi & Malathy, 2010; *Wang et al., 2022). Together, these studies show that communication

tools can support awareness and understanding during quiescence, but their usefulness depends on whether audiences can access

interpret, trust, and apply the information they provide.
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mapmakers understand what information communities value, how they interpret.

with more
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atial risk, and what map formats are most useful

470 for preparedness and decision-making (*Nave et al., 2010; *Parra & Cepeda, 1990; *Preppernau & Jenny, 2015; *Thompson et
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mapping can help connect scientific and local knowledge, make risk more tangible, and support disaster risk reduction actions

475 when communities are actively involved in the mapping process. Glicken (2000) similarly emphasizes that stakeholder

participation must be purposeful and carefully designed so that the right people are included, the right questions are asked, and the

resulting information is useful for decision-making. Volcanic hazard maps should therefore be adapted to the intended audience

tested with intended users, and, where possible, developed through participatory processes that clarify what information different

users need, how they interpret spatial hazard information, and which map formats best support preparedness, decision-making,

480  trust, understanding, and use of hazard information.
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hazards. Articles focused on virtual reality (VR) tools similarly describe their development process in detail, often providing step-

by-step guidance so that similar tools can be recreated or adapted elsewhere (*Bonali et al., 2022; *Pasquaré Mariotto et al., 2021;

*McGowan & Scarlett, 2021; *Pasquaré Mariotto & Bonali, 2021; *Tibaldi et al., 2020). Many of these digital tools are presented 'y ‘(Deleted: that walk the audience
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490  disabilities, or large, classroom groups unable to participate in field trips (*Bonali et al., 2022; *Pasquaré Mariotto et al., 2020;
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scientifically accurate, games can support understanding of volcanic processes while engaging users through interactive learning.

These digital tools are valuable for expanding access to volcanic landscapes and hazard information. Ronoh et al. (2017) emphasize

495  that disaster education must account for diverse access and support needs, including for children with disabilities, and that

participatory, adapted tools can help make DRR education more inclusive. In this context, online media, VR, virtual outcrops, and
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serious games may help reach audiences who cannot physically visit volcanic sites, including students, people with disabilities,

distant communities, or classrooms without the resources to conduct a field trip. However, the existence of a digital tool does not

guarantee that it will be used, understood, or connected to preparedness. For volcanic hazard communication during quiescence.
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future research should therefore evaluate not only whether online tools are engaging, but whether different volcano-focused

audiences can access them, interpret them accurately, trust the information provided, and connect what they learn to preparedness

before unrest or eruption occurs.

3.3.3 Creative and place-based media
Creative media like photos, paintings, and film (*Hicks et al., 2017; *Korinth, 2024; *Piccione, 2012) are ways to help raise

awareness of volcanic hazards in a passive setting. These studies emphasize the yalue of interdisciplinary collaboration, between

scientists, artists, filmmakers, educators, and communicators. Creative media can make volcanic hazards more emotionally

resonant and accessible, helping audiences connect with risk information in ways that technical products alone may not (*Korinth.

2024). While studies caution against fear-based nessaging because jt can produce fatalism rather than preparedness (Sanquini et

- (Deleted: (#28, 33, 57

-( Deleted: articles highlight

h (Deleted: importance

‘( Deleted: , and the use of this media to more easily elicit an
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interpretive materials, can make volcanic hazards more tangible and personally meaningful by connecting hazard information to

visible landscapes, past eruptions, and visitor experience (*Alessio & De Lucia, 2017; *de Vita et al., 2021; *Miklin & Lenart,

2016; *Pasquaré Mariotto et al., 2022; *Punturo et al., 2019).

Overall, the tools identified in this review provide a useful baseline for scientists, educators, and communicators developing

volcanic hazard communication materials during quiescence. Many of the reviewed articles document the design process in enough
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detail that the tools could be recreated, adapted, or used as models for future efforts. The usefulness of these tools depends on

audience needs, decision context, trust in the information source, accessibility, and evaluation. Their adaptability is one of their

strengths, provided they are adapted intentionally rather than applied unchanged across settings. Ideally, tool development should

for the specific volcanic context and communication goal.
4 Conclusion

immediate crisis pressures are absent but opportunities for long-term preparedness are substantial. The limitations of this study

include the narrow focus on quiescence and volcano-specific communication, which limit the representation studies included in

the larger bodies of literature on geohazard risk communication and science communication, that data was only charted by the first

author, and results do not include grey literature. Additionally, this review is limited to peer-reviewed literature identified through

specific databases and therefore does not provide a comprehensive assessment of volcanic hazard communication during

quiescence. Acknowledging these limitations, the 76 articles reviewed here document a broad range of formal educational

materials, informal education approaches, and informal communication tools designed to raise awareness and understanding of

volcanic hazards before unrest or eruption occurs. The reviewed literature has grown over the past two decades, showing increasing

attention to communication outside crisis settings. Future work should examine grey literature and communication efforts outside
the peer-reviewed literature to provide a more complete picture. This scoping review provides insight into research-informed

strategies, and identifies priorities for future volcano-specific communication research during periods of quiescence.

Across the reviewed articles, several recurring themes emerged. Communication during quiescence should be locally relevant.

audience-specific, accessible, and connected to preparedness rather than limited to general awareness or information delivery.

Formal education materials, informal approaches, and communication tools each provide useful models for future work, including

classroom activities, participatory engagement, observatory outreach, community networks, hazard maps, digital resources

creative media, and place-based interpretation. However, these strategies should not be treated as ready-made solutions that can
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be transferred unchanged across settings. As noted throughout this paper, their usefulness depends on audience needs, accessibility,

trust in the source, decision context, cultural and geographic setting, and evaluation.

The reviewed volcano-specific studies are consistent with broader science communication and DRR literature showing that

effective communication is context-specific, participatory, and connected to decisions and actions. However, communication

during volcanic quiescence poses distinct challenges compared to other geohazards: volcanoes may remain quiet for generations

unrest may or may not lead to eruption, and future activity can involve substantial uncertainty in timing, location, style, and impact.

Our results highlight that empirical evaluation during quiescence remains limited. Only 26 of the 76 articles evaluate the

effectiveness of their tool or approach, and many evaluations focus on interest, usability, or knowledge rather than preparedness

behavior, trust, long-term retention, or decision-making. Geographic coverage is also uneven, with several well-studied volcanoes

represented repeatedly while many volcanic regions with large, exposed populations receive little attention in the quiescence-

focused communication literature. This matters because communication needs, trusted information sources, cultural relationships

to_volcanoes, educational systems, and preparedness priorities vary widely between volcanic settings. More volcano-specific

research is therefore needed to evaluate how different audiences interpret, trust, and use hazard information across volcanic settings

and activity phases.

For educators, the reviewed studies suggest that volcanic hazard education is most effective when classroom materials are active,

place-based, inclusive, and connected to preparedness actions beyond short-term knowledge gain. Scientists and observatories can

support communication during quiescence by maintaining trusted information channels, developing accessible hazard resources

supporting local communicators, and creating opportunities for dialogue before unrest begins. Communicators or scientists

working with tourists, residents, or Indigenous communities should adapt messages to the audience’s context, using visual

multilingual, place-based, and participatory approaches rather than assuming that technical information will transfer unchanged

across settings. Emergency managers and decision-makers can use quiescent periods to coordinate with schools, tourism networks,

community leaders, observatories, and other trusted actors so that preparedness messages, terminology, protocols, and information

pathways are already established before activity changes. Across these groups, the reviewed literature suggests that communication

is strongest when the audience is not treated only as recipients of information, but as active participants in shaping, translating,

sharing, and evaluating volcanic hazard communication.

Quiescence is not a gap between meaningful communication moments, but a period when awareness can be built, relationships

can be established, uncertainty can be explained, and preparedness can become part of everyday community knowledge. To fully

use this opportunity, volcanic hazard communication needs more evaluated, participatory, and context-specific strategies that help

different audiences understand volcanic hazards and prepare before the pressures of unrest or eruption begin.
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