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ABSTRACT  
Communication of volcano information is critical for effective volcanic risk management. A 
variety of information is communicated to inform decisions and guide actions for planning, 
preparedness, and response. Such information needs to be reliable, and fit-for-purpose 
across different stages of volcanic activity (quiescence, unrest, short or long-term eruptive 
stages, and the post-eruptive stage). However, an understanding of communication across 
these different stages of volcanic activity remains limited. We undertook a narrative review 
of New Zealand literature to explore what information is communicated about volcanoes, 
across which stages of activity and by whom. Results highlight that NZ literature only 
documents certain aspects of volcano information and communication, specifically 
regarding certain locations, stages of volcanic activity (i.e. quiescence or unrest), or hazards. 
Literature gaps exist regarding volcano communication during unrest and post-eruptive 
stages, as well as how volcano information evolves between these phases, and how 
decision-makers use such information. Additional work would be useful to document 
existing examples of volcano information for different stages of activity. Further research 
could help in understanding the information needs of decision-makers during each of these 
stages to improve information and communication.
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Introduction

The North Island of New Zealand (NZ; known as 
Aotearoa in te ao Māori) is home to multiple active 
volcanic centres (Figure 1), which are closely moni
tored for activity (Miller and Jolly 2014). Over the 
past decades, eruptions have occurred at different vol
canoes generating explosions, lahars, landslides, ballis
tic ejecta, pyroclastic density currents, and ashfall 
(Table 1). These events have caused casualties, econ
omic losses, and damage to infrastructure and the 
environment, and have affected public health (Hick
ling et al. 1999; Johnston et al. 2000; Becker et al. 
2001; Newnham et al. 2010). The 2019 Whakaari 
(White Island) eruption was the most recent signifi
cant event, marked by violent blasts that resulted in 
22 fatalities and caused serious burn injuries to several 
survivors (Zanini and Bennett 2024).

To manage volcanic risks, a variety of approaches are 
adopted, with communication playing a crucial role. 
During pre-eruptive stages, communication improves 
understanding of hazards, educates on preventive 

actions, and supports planning and inter-agency relation
ships. During and after eruptions, communication guides 
decision-making and addresses short- and long-term 
needs of affected parties. Organisations like GNS Science, 
National Emergency Management Agency (NEMA), 
Civil Defence Emergency Management (CDEM) groups, 
councils, Department of Conservation (DOC), science 
advisory panels, indigenous Māori groups (iwi, hapū), 
environmental agencies, infrastructure agencies, health 
authorities, the aviation industry, research agencies, and 
other stakeholders are integral in this communication 
process – generating, receiving, reworking, and sharing 
volcano information to cater to diverse audiences with 
varying information needs.

Information about volcanic activity is communi
cated using multiple channels including meetings, 
presentations, publications, public lectures, radio, tel
evision broadcasts, and websites. Emails, fax, phone 
calls, emergency mobile alerts, and short text messages 
(SMS) are also used to quickly disseminate scientific 
information to different stakeholders and registered 
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end-users (Potter et al. 2014). Social media represents 
an emerging eruption communication avenue; how
ever, little is documented about it in NZ-specific litera
ture (Kotlarsky et al. 2022).

Ensuring consistent, reliable, and fit-for-purpose 
communication among the different agencies across 
different stages of volcanic activity is essential to mini
mise risks and reduce disruptions (García and Men
dez-Fajury 2018; Andreastuti et al. 2023). Yet, there 
is limited understanding of what communication is 
happening by whom and to whom in specific stages 
and how it affects decision-making and actions.

This paper synthesises existing literature in a narra
tive literature review to explore these questions. The 
insights gained from this study will help to improve 
hazard and risk communication and decision-making, 
enhance emergency communications and early warn
ings, and ensure that information provided is 

accessible and purposeful. It will contribute towards 
enhancing disaster preparedness for response, which 
is one of the goals of the Sendai Framework for Disas
ter Risk Reduction (SFDRR), to which NZ is a signa
tory (UNDRR 2015).

Organisations involved in volcano 
communication: An overview

GNS Science is responsible for providing scientific and 
technical information about volcanoes’ status (Depart
ment of the Prime Minister and Cabinet 2015). 
Through the GeoNet project, New Zealand’s geologi
cal hazards are continually monitored across all stages 
(Potter et al. 2018). GeoNet is a collaboration between 
multiple organisations including the Natural Hazards 
Commission Toka Tū Ake (previously Toka Tū Ake 
EQC), GNS Science, and Land Information New 

Figure 1. Location of New Zealand’s active volcanoes and volcanic centres or fields  – Bay of Islands  – Kaikohe Volcanic Field, 
Whangarei Volcanic Field, Auckland Volcanic Field, Tūhua Mayor Island, Whakaari White Island, Okataina Volcanic Centre, Rotorua 
Caldera, Maroa Volcanic Centre, Taupō Volcanic Centre, Tongariro Volcanic Centre, Taranaki Mt Egmont, Kermadec Group  – Raoul 
Island, Macauley Island-Brimstone Island, and the ‘Rumble’ submarine volcanoes (map excludes Raoul Island, Macauley Island- 
Brimstone Island, and the ‘Rumble’ submarine volcanoes, which are considered as part of the 14 active volcano areas).
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Zealand (LINZ), and is responsible for volcanic erup
tion monitoring (Potter et al. 2014). GeoNet commu
nicates the status of current activity for each volcano 
(Gentle et al. 2016; Potter et al. 2018). Volcanic alert 
levels (VAL) are assigned based on interpretation of 
observations (Potter et al. 2014). VALs range from 0 
to 5 and provide information on volcanic activity 
and most likely hazards in each level.1 This living 
information is available on a website and application 
but is only actively written about and broadcast 
when changes occur (i.e. when unrest begins, commu
nicated by a change to VAL 1) or to provide an update, 
via Volcanic Activity Bulletins (VABs), news stories, 
or YouTube videos, which often go out via social 
media. In addition to volcanic status, GNS Science, 
through its website (www.gns.cri.nz) provides a wide 
range of other information about volcanoes in NZ, 
like historical details, the hazards they pose, and pre
paredness and mitigation actions (including links to 
international information).

NEMA and local CDEM groups are the lead gov
ernment agencies at the national level and regional 
level, respectively, mandated through legislation to 
manage an emergency caused by natural hazards, 
including volcanic eruption (Ministry of Civil Defence 
and Emergency Management 2002; Department of the 
Prime Minister and Cabinet 2015). In the quiescence 
stage the agencies are involved in raising hazard 
awareness (e.g. through public education websites 
like GetReady (National Emergency Management 
Agency 2024)), and improving preparedness (e.g. 
through developing contingency plans), while during 
and post eruption they have active response roles 
and are involved in public information management 
(PIM) and co-ordination between different agencies 
through crisis incident management (CIM) (Auckland 
Emergency Management, March 2015).

DOC is responsible for managing volcanic risks 
within conservation areas, like Tongariro National 
Park where active volcanoes Mounts Ruapehu, Ton
gariro, and Ngauruhoe are located. DOC provides 
visitor safety information and up-to-date advice 
based on VAL and VABs, and works in close co-ordi
nation with different agencies like GNS Science, iwi 
and hapū, emergency management agencies, science 
advisory panels, and other stakeholders to reduce vol
canic risks within its jurisdiction (Department of Con
servation 2023).

Agencies, including the Civil Aviation Authority 
(ensures safe aircraft operations near volcanic ash, 
establishes volcanic hazard zones, publishes infor
mation and other relevant materials), MetService 
(provides volcanic ash advisories and graphics (VAA 
and VAG, respectively), significant meteorological 
information (SIGMET) and other information for 
aviation industry), Airways NZ (issues notices to air
men (NOTAMs), collects and disseminates Volcanic 
Activity Reports (VARs), and ensures updated volca
nic ash SIGMETs are passed to stakeholders), GNS 
Science (adjusts VAL and Aviation colour code 
(ACC) and issues VAB and Volcano Observatory 
Notices for Aviation (VONA)), and aircraft operators 
(provide VARs) have defined roles in monitoring, 
reporting, and managing volcanic ash hazards for 
aviation.2

Māori iwi and hapū are important partners in the 
volcano risk management process who work closely 
with governmental agencies to reduce risks for the 
local community (Murray et al. 2015; Gabrielsen 
et al. 2017). Regional and local councils, emergency 
service agencies (e.g. police, fire and emergency ser
vices, ambulance service), sector specific agencies 
(e.g. health, critical infrastructure) provide support 
to emergency management functions to minimise 
impact on life and property. Universities and research 
institutes (like the National Institute of Water & 
Atmospheric Research, NIWA) play a consultation 

Table 1. Summary of major eruptions, incidents, and impacts 
in New Zealand recorded over the last two hundred years. In 
addition to the above, multiple unrest and eruptive events 
have been recorded, like Ruapehu eruptions in 2007, unrest 
in Taupō volcanic zone from 1983 onwards, eruptions at 
Whakaari/White Island from 1960s onwards, Tongariro 
eruption in 1975, Ngauruhoe eruptions in 1974/75 and a 
small event in 1977, Ruapehu eruption in 1969, Mt. 
Ngauruhoe eruptions in 1954–55, and Tongariro eruptions in 
1896–97. These have not caused widespread impacts; 
however, they highlight the extent of volcanic activity in 
New Zealand (Barker et al. 2021; Kilgour et al. 2021; GNS 
Science 2024a).
Volcanic activity/incident Event type and impacts

Whakaari/White Island 
eruption, 2019

Explosive eruption, claimed 22 lives, 
impact on tourism, economic costs to 
organise rescue operations and 
compensation claims (Baker et al. 
2022).

Te Maari Craters eruptions, 
Tongariro Volcanic Centre, 
2012

Series of eruptions. Ash emissions. Small 
lahar near eruption site. Damaged 
sections of the Tongariro Alpine 
Crossing, affected vegetation. No 
fatalities reported (Department of 
Conservation 2012).

Ruapehu eruptions, 1995– 
1996

Major eruptions causing ashfalls, lahar, 
and pyroclastic fall deposits, damaged 
infrastructure like roads, disrupted 
local economy, tourism, agriculture, 
and electricity supply affected. No 
reported casualties. Economic costs of 
∼130 million NZD (Johnston et al. 
2000).

Tangiwai disaster, caused by 
lahar, 1953

A lahar triggered by Ruapehu crater lake 
wall collapse destroyed a railway 
bridge and caused a passenger train 
to derail. 151 persons were killed 
(Johnston et al. 2000).

Ruapehu eruptions, 1945 Eruption and ashfall, lasted months, 
impact on agriculture, water, and 
electricity supply, no casualties 
reported (Johnston et al. 2000).

Whakaari/White Island 
eruption, 1914

Explosive eruption and lahar, claimed 
10 lives (Kilgour et al. 2021).

Tarawera eruption, 1886 Massive eruption near Rotorua, 
estimated to kill about 120 people 
and caused significant economic 
losses (Rowe et al. 2021).
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role providing knowledge advice and scientific inputs. 
The media is another key stakeholder that relays infor
mation to the public.

To support agencies to work together in discussing 
and planning for volcanic activity, formally coordi
nated volcanic advisory panels or groups exist. The 
panels and groups typically comprise science agencies, 
universities, emergency managers, emergency respon
ders, infrastructure agencies, Maōri iwi and hapū, 
MetService, central government representatives like 
DOC, health agencies, and agriculture agencies 
(Smith 2009; Doyle et al. 2015). Such forums improve 
capacity and communication, as seen before, during, 
and after the 2007 Ruapehu Crater Lake breakout 
lahar (Becker et al. 2017). At present there are five 
main advisory panels or groups in NZ: New Zealand 
Volcanic Science Advisory Panel (NZVSAP), Central 
Plateau Volcanic Advisory Group (CPVAG), Caldera 
Advisory Group (CAG), Taranaki Seismic and Vol
cano Advisory Group (TSVAG), and DEVORA 
(Determining Volcanic Risk in Auckland). NZVSAP 
is the national level advisory group formed to improve 
communication between scientists and responding 
agencies (Leonard et al. 2014; Doyle et al. 2015). 
NZVSAP fosters relationships between scientists and 
different agencies; develops and maintains plans, 
guidelines, and standard operating procedures 
(SoPs) to support multi-agency cross-disciplinary col
laboration; and ensures timely and consistent science 
advice is provided during volcanic activity in order 
to inform government responses and public messa
ging (National Emergency Management Agency 
2023). The regional scientific advisory groups (e.g. 
CAG, CPVAG) bring different agencies together for 
information sharing, response planning, informing 
science and research needs, and maintaining ongoing 
communication among the key stakeholders (Central 
Plateau Volcanic Advisory Group 2018). A core goal 
of these groups is to improve communication coordi
nation and identify response processes in advance of 
an event, to prevent duplication or conflicting mess
ages between organisations (Doyle and Paton 2017).

Method

Information about volcanoes range from overviews of 
volcanoes (e.g. geographic profile, maps, hazard infor
mation) to impact and consequence information. 
Communication encompasses all communication 
happening before, during, and after a volcanic crisis, 
including exchanges between scientists, government 
agencies, various stakeholders, media, and the public 
(Pallister et al. 2019). Searches were conducted on Sco
pus and Web of Science databases using a combi
nation of keywords related to volcano (volcano, 
caldera, lava, ashfall, tephra, pyroclastic, lahar), com
munication (communication, warning, messages, 

forecast, model, scenario, decision, alerts, infor
mation), and New Zealand (New Zealand, Ruapehu, 
Tongariro, Te Maari, Ngauruhoe, Taupo, Whakaari/ 
White Island, Rotorua, Tarawera, Okataina, Taranaki, 
Auckland, Northland, Raoul Island, Tūhua/Mayor 
Island, Maroa, Macauley Island, Brimstone Island, 
and the Rumble). The search was limited to English 
language articles. No other limits were applied.

2775 articles identified from both databases were 
exported to a spreadsheet. After removing duplicates, 
we reviewed the information provided in the title and 
abstracts to exclude articles unrelated to communi
cation. This left us with 64 articles on which a full- 
text review was conducted and based on the exclusion 
criteria (articles that were not focused on New Zealand 
volcanoes, those that were solely about communi
cation technology, and those that were conceptual, 
experimental, or theory-based without reflecting cur
rent practice) were removed. 41 articles were selected 
for analysis. Reference lists of these articles were 
screened, and 13 additional articles selected for review.

During this stage we identified that academic litera
ture found in formal databases were inadequate to 
provide a comprehensive understanding of volcano 
communication. Hence, we draw on ‘grey’ literature.3

The websites of key agencies4 and online search 
engines (e.g. Google, Bing) were searched with the 
above-mentioned keywords for research and technical 
reports, theses and dissertations, presentations and 
posters, policy, standards, and guideline documents. 
Thirty-five documents were identified as relevant 
and included in the review (this, however, does not 
imply an exhaustive review of grey literature). In 
total, 89 documents were reviewed. The process used 
to identify the relevant articles for the narrative review 
is described by the Preferred Reporting Items for Sys
tematic Reviews and Meta-Analyses (PRISMA) 
flowchart (Figure 2). The articles were searched for 
themes (Gregory and Denniss 2018). Full text of the 
articles were read, the information relevant to the 
research questions were coded inductively,5 following 
which the codes were condensed into candidate 
themes before developing the final themes. The 
findings report on a range of topics related to infor
mation and communication and focus on two aspects: 
(1) different types of information related to volcanoes 
(e.g. products, tools, plans, scenarios); and (2) com
munication processes (e.g. which stakeholders are 
involved, how messages are exchanged).

We organised the data obtained from the review into 
five different stages of volcanic activity from quiescence 
through to post-eruption. Volcanic activity can be cate
gorised in five stages, (1) quiescence (period of inactivity 
when the volcano does not show signs of eruption); (2) 
unrest (increased seismic activity, deformation, indicat
ing possible eruptions), (3) eruptive phase (duration of 
eruption, including lava flows, ashfall, lahars, and 
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secondary hazards like landslides), (4) post-eruptive 
stage (immediate aftermath of eruption, which can 
include impact assessment and emergency response 
activities) and (5) longer term recovery (stage that 
involved restoration of assets and activities affected by 
the eruption) (Figure 3). As illustrated in Figure 3, the 
character of volcanic episodes varies considerably, ran
ging from brief, sporadic eruptions to prolonged, con
tinuous activity spanning months or years, e.g. the 
Pu‘u‘ō‘ō eruptions with lava flows in Kīlauea, Hawaii, 
continued for over 35 years (Garcia et al. 2021). 

Volcanoes may go from quiescence or minor unrest to 
heightened unrest and back to minor unrest or quies
cence without an eruption, e.g. Mt. Ruapehu in 2020– 
2021, where the VAL was raised from level 1 to level 2 
and then returned back to level 1 without an eruption 
(Department of Conservation 2021). Consequently, the 
communication approaches differ depending on the vol
cano type, its behaviour, and transition of stages in the 
volcanic episode.

Our focus is on understanding the common com
munication aspects observed during the different stages, 

Figure 2. Preferred reporting items for systematic reviews and meta-analysis (PRISMA) flow chart for how the literature review 
was conducted.

NEW ZEALAND JOURNAL OF GEOLOGY AND GEOPHYSICS 5



like quiescence or eruption, across these volcanic epi
sodes. The findings are presented in five groups, each 
corresponding to the stages of volcanic activity. Due to 
the scant literature on post-eruptive stage (4) and recov
ery (5), these two stages are discussed together.

Results

Information and communication during 
quiescence

The quiescence stage is marked by inactivity. A vol
cano can remain quiescent for thousands of years (Sie
bert et al. 2015). During this stage, the purpose of 
communication is to advance understanding of volca
nic hazards and risks, preparedness, mitigation, 
capacity building, and planning.

Public education is one of the key activities during 
quiescence. To advance public understanding of 

volcanic hazards and associated risks, maps, info
graphics, models, videos, fact sheets, and assessment 
reports are produced and disseminated by different 
agencies during this stage (Dohaney et al. 2015; Stew
art et al. 2018; Saha et al. 2022), e.g. volcanic hazard 
maps created to visually communicate information 
about locations that could be affected by future volca
nic eruptions (Civil Defence Taranaki Emergency 
Management 2022). Additionally, museums, obser
vatories, and visitor centres provide information 
about the volcanic systems for different audiences. 
Volcanic centres like Tongariro National Park 
(TNP) and Taranaki attract national and inter
national tourists (Erfurt-Cooper and Cooper 2010). 
In places like TNP, targeted information on possible 
hazards and mitigative actions are communicated 
through DOC signposts in exposed areas (Dhel
lemmes et al. 2016).

Figure 3. The figure presents three illustrative volcanic activity scenarios through time. The five stages of volcanic activity when 
the communication is happening are (1) quiescence, (2) unrest, (3) eruptive phase, (4) post-eruptive stage (directly after), and (5) 
longer term recovery. The first scenario shows a volcanic episode where the volcano shows unrest, followed by eruptions over a 
long time before entering the post eruption stage. The second scenario shows a short eruption stage without any unrest. The third 
scenario shows volcanic unrest without any eruption. We present three illustrative cases; there are many other variations in the 
progression of volcanic activity.
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Research to improve existing volcano communi
cation practices is an important aspect of this stage. 
Such studies include reviews of existing emergency 
communication and collaboration mechanisms 
(Becker et al. 2017; Doyle and Paton 2017), develop
ment and evaluation of warning arrangements (e.g. 
NZ’s volcanic alert level system (Potter et al. 2014), 
the eruption detection or lahar warning system (Leo
nard et al. 2008)), and trials of innovative approaches 
towards public education like role-play simulation 
(Dohaney et al. 2015) or virtual field-trips (Saha 
et al. 2022). Pre-emptive development of public edu
cation and communication products based on scien
tific findings that might be required closer to 
volcanic eruption are also undertaken during this 
stage, e.g. guidance materials for public on actions to 
adopt before, during, and after eruptions (Ministry 
for Primary Industry 2012). Although an upward 
trend is observed where scientists are communicating 
science to media and the public, most often the target 
audience of the publications are decision-makers, 
officials, or fellow academics and scientists. The 
findings from academic publications are used by gov
ernment agencies like NEMA or CDEM groups to 
produce simpler content like illustrative CDEM book 
series, infographic materials targeted at raising aware
ness of the public, or consistent messaging about vol
canoes (National Emergency Management Agency 
2023).

Capacity development initiatives for emergency 
preparedness enhance coordination capability of mul
tiagency teams and improve their communication 
processes, knowledge and skills (Doyle et al. 2015). 
Regular planning meetings (National Emergency 
Management Agency 2023) and multi-agency exer
cises are often driven by emergency management 
authorities and first responders, such activities being 
common within emergency service training. For 
example, Exercise Ruaumoko was conducted between 
2007 and 2008 and simulated the unrest through the 
eruption stage of an event in the Auckland Volcanic 
Field to practice co-ordinated inter-agency responses 
to an eruption, including the provision of coordinated 
science advice (Ministry of Civil Defence and Emer
gency Management 2008; Brunsdon and Park 2009). 
The outcomes of the exercise helped the stakeholders 
achieve a common operating picture, understand the 
coordination roles and processes, and identify areas 
for improvement (Doyle et al. 2015). Warning exer
cises, such as the lahar exercises conducted with staff 
and public regularly on Whakapapa ski field on Mt. 
Ruapehu, constitute opportunities for communicating 
risk, practicing, and building the capacity to respond 
(Leonard et al. 2008). Capacity development may be 
aligned with the aforementioned scenario planning, 
collaborative exercises, storyboarding, and simu
lations (Doyle and Paton 2017).

The quiescence stage is suitable for developing pol
icies, plans, and guidelines for volcano preparedness 
and response. These can cover a range of topics, like 
SoPs, response and contingency plans, and establish
ing emergency operation centre (EOC) functions 
and procedures (Auckland Emergency Management, 
March 2015; Central Plateau Volcanic Advisory 
Group 2018; Department of Conservation 2023). 
Land use plans are used by authorities to reduce 
exposure to hazards. Taranaki provides an example 
of a place where land-use planning has attempted to 
address the lahar risk (Becker et al. 2010).

Information delivered via scenarios showing likeli
hoods of unrest, eruptions, hazards, and impacts 
posed may be used to help guide policy and planning. 
Scenarios can encompass exercises and simulations of 
a mock event to enhance response capability; be a 
rationalisation tool to support decision-making, plan
ning or storyboarding to identify alternative futures; 
or be used as a form of communication product to con
vey potential futures (Doyle et al. 2015). Scenarios may 
be short or long term (from a short-lived eruption stage 
through recovery) and cover aspects such as the likeli
hood of a future scenario occurring, the hazards and 
risk that may occur, the geographic extent (e.g. through 
representation on a map), and impacts. Recent initiat
ives include the development of a suite of eruption 
scenarios for Auckland (Doyle et al. 2015; Deligne 
et al. 2017; Hayes et al. 2020; Cardwell et al. 2021; 
Wild et al. 2021), Taranaki (Weir et al. 2022), and scen
ario planning for calderas like Taupō Volcanic Centre 
(Calderon et al. 2020). These are used during quies
cence to help with planning and exercising for an erup
tion response and pre-planning for recovery (Doyle 
et al. 2015; Deligne et al. 2017; Hayes et al. 2020; Card
well et al. 2021; Wild et al. 2021).

Indigenous knowledge, or Mātauranga Māori, plays 
a key role in information, communication, and 
decision-making regarding volcanic risks. A case 
study from Ngāti Rangi, whose rohe (tribal area) 
includes Mt. Ruapehu, highlights the contribution 
Mātauranga Māori has on culturally relevant monitor
ing, information collection, and communication 
(Gabrielsen et al. 2017). Such contributions are rel
evant during times of quiescence, through involve
ment in unrest, response, and recovery. Perspectives 
on what could be communicated and how (e.g. via 
pūrākau, waiata, karakia / stories, songs, and prayer) 
differ from western perspectives, due to the intrinsic 
relationship that exist between Māori and the natural 
world such as their maunga and whenua (mountain 
and land), and constitute a unique communication 
consideration (Pardo et al. 2015). Thus, activities 
during quiescence include research on how indigen
ous knowledge and practices can inform volcanic 
risk management, co-creation of knowledge and 
resources, and formulation of partnerships to enable 
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agencies work collaboratively during eruptive events 
(Jolly et al. 2014; Mayall-Nahi et al. 2021).

Information and communication during unrest

Volcanic unrest is the interaction of magma or its 
associated fluids with rocks, groundwater, or hydro
thermal fluids to produce noticeable signs such as seis
micity, gas emissions, and surface deformation 
(Newhall et al. 2017). Unrest can be short or long- 
lived6 and may or may not culminate in an eruption 
(Phillipson et al. 2013; Illsley-Kemp et al. 2021; 
Machacca et al. 2023).

Information about volcanic phenomena and risks 
are featured more often in media and public discus
sions during unrest stages. For example, Potter et al. 
(2015) analysed media articles to determine periods 
of historical unrest for Taupo Volcanic Centre and 
found that these articles communicated descriptions 
of felt earthquakes, subsidence, and other phenomena 
such as increases in gas emissions or hydrothermal 
eruptions. These communications mainly focussed 
on physical changes in the environment but do men
tion impacts on society (Johnston et al. 2002). Aside 
from such instances of communication, no other sub
stantial communication about unrest periods has been 
documented in the NZ peer-reviewed literature. Inter
national unrest examples from volcanic centres such 
as Long Valley caldera, California, USA, (Peers et al. 
2021) or Mt. St Helens, Washington, USA, (Driedger 
et al. 2004) could help guide thinking within NZ on 
this issue.

The 2022 Ruapehu and Taupō Volcano unrest 
periods have provided new opportunities to explore 

communication during this stage. During the ongoing 
2022–2023 Taupo unrest episode, the need for com
munication focused on earthquakes and other unrest 
hazards, including possible ground movement, lake 
waves, landslides, and hydrothermal system responses, 
was recognised (GNS Science 2024a). Scientists have 
developed a series of scenario communication pro
ducts for unrest events to share a range of alternative 
futures to assist agencies with their decision-making 
(Figure 4). For each explicit scenario (e.g. from a 
decrease in unrest, to a major eruption occurring) an 
example of a previous event is provided as an analogy, 
alongside potential hazards and the likelihood of that 
particular scenario occurring. Supporting information 
is given for context (e.g. maps, photographs, data, 
results from event trees). Particular hazards may be 
of greater interest to some agencies (e.g. ash for the 
aviation or agricultural industries), and scenarios 
and information for these may be communicated in 
advance (Guffanti et al. 2009; Stewart et al. 2018). At 
present, detailed scenarios are primarily conveyed to 
agencies (e.g. emergency management, critical infra
structure providers), rather than directly to the public. 
However, the public do receive condensed infor
mation about these scenarios through avenues such 
as the GeoNet VABs, news media, emergency manage
ment agencies, or the DOC. The information in these 
messages is tailored to the needs and interests of 
diverse audience groups, improving the understand
ing of the scenarios. Event-specific hazard maps (Cen
tral Plateau Volcanic Advisory Group 2012) are 
created during unrest, once a likely vent and the 
potential eruption size becomes more certain (Potter 
et al. 2014). Unrest scenarios can inform exercising 

Figure 4. Ruapehu volcanic activity scenarios valid from 05/07/2022 to 05/10/2022 developed by GNS Science (2022).
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needs, as observed during the 2022 Ruapehu unrest 
period, when an informal ‘walkthrough’ exercise was 
conducted, or for exercise Ruaumoko in Auckland 
where unrest was injected as part of the exercise (Lind
say et al. 2010).

Information and communication during 
eruptive phases

Eruptions vary in style, size, extent, and duration even 
at the same volcano (Mastin et al. 2009; Kereszturi 
et al. 2014). Eruption hazards include ballistic projec
tiles, ash, pyroclastic surges and flows, gases, lahars, 
lava flows, landslides, and even seiches or tsunami 
where a large body of water is involved (Siebert et al. 
2015).

External communication during eruptive stages has 
two specific foci: (i) dissemination of eruption details, 
and (ii) sharing of information necessary for response 
actions. Scientific information about the eruption and 
its details are communicated by GNS Science, which 
includes changes to VAL and Aviation Colour Code, 
issuance of VAB, and other relevant information (Pot
ter 2014; Department of the Prime Minister and Cabi
net 2015). Response advice is provided by CDEM 
groups, DOC, and other emergency service agencies 
(Auckland Emergency Management, March 2015; 
Civil Defence Taranaki Emergency Management 
2022; Department of Conservation 2023). Depending 
on the extent of disruption, emergency management 
agencies (CDEM groups and NEMA) can declare a 
state of local or national emergency (Ministry of 
Civil Defence and Emergency Management 2002). 
Additional information, such as hazard maps, situ
ation reports (sitreps), incident reports, live updates, 
information on things to do, and more, is dissemi
nated by relevant agencies (Becker et al. 2001; Potter 
et al. 2014; Erfurt 2022). In the eruption phase the 
desire and need for science and response information 
by agencies increases, as does the public appetite. 
Messages targeted at the public are generated by key 
agencies, and these messages are then repeated by 
other communicators, like the media.

Additionally, information is shared within and 
between the different stakeholders responding to a cri
sis. For example, during the Ruapehu 1995–96 erup
tions, DOC, GNS Science, ski field operators, police, 
local and national CDEM, and Regional/District 
Councils were some of the stakeholders communicat
ing with each other (Johnston et al. 2000). In com
munication between these organisations, the 
information provided by the principal responding 
agency was used to generate further messages guiding 
decisions and actions. For example, this informed the 
DOC’s update of visitor safety related information 
(e.g. track and hut closure information and maps). 
Since then, the arrangement of such agencies into 

panels and advisory groups has provided a mechanism 
for coordinating this communication, which was uti
lised for the 2012 Tongariro eruptions (Jolly et al. 
2014).

In addition to these wider panels/groups, often sec
tor specific organisations cluster together and closely 
interact with each other. For example, the Civil Avia
tion Authority (CAA) and the Meteorological Service 
closely coordinate to make aviation-related decisions 
based on volcanic activity information provided by 
GNS Science through the New Zealand Volcanic 
Ash Advisory System (Scott and Travers 2009; Stewart 
et al. 2018).7 A substantial proportion of these inter
actions between the different stakeholders happen 
through telephone calls, emails, and face-to-face inter
actions (Stewart et al. 2018).

Warnings are a specific form of information and 
communication during eruptive phases. Mt. Ruapehu 
has an Eruption Detection System (EDS) in combi
nation with two public facing warning systems at 
both the Whakapapa Ski Field and Whakapapa Vil
lage. These are designed primarily to address and 
alert the public of potential lahar through the ski 
field and downstream village. The Eastern Ruapehu 
Lahar Alert and Warning System (ERLAWS) was 
designed to address the 2007 Ruapehu Crater Lake 
breakout lahar, and while recently decommissioned, 
the system was used collectively by agencies in 
response to the 18 March 2007 lahar that flowed 
down the Whangaehu catchment (Keys 2007; Massey 
et al. 2010). The public received notification via mobile 
phone text message (Becker et al. 2017), albeit some
what delayed due to network issues. A key to these 
effective responses, however, is ensuring communi
cation and public education take place during quies
cence, to build people’s understanding and capacity 
to respond correctly when the warning is issued (Leo
nard et al. 2008).

Hazard or eruption phenomena maps and visual
isations are key tools for supporting communication 
about potential danger and distribution of eruption 
products during different stages  – work is ongoing 
to understand the value of these maps as a communi
cation tool (Leonard et al. 2014; Thompson et al. 
2015; Thompson et al. 2017a; Clive et al. 2021). 
Additionally, future-focussed scenarios have not 
been widely used as an information and communi
cation tool during eruptive stages. An eruption scen
ario was trialled during the 2019 Whakaari eruption, 
several days after the main eruption had occurred on 
9 December, where the likelihood of one future scen
ario occurring was communicated to stakeholders 
and the public via GeoNet and risk maps were devel
oped for stakeholders to help responders with 
decision-making (Becker et al. 2023). However, we 
could not find any specific examples in the existing 
NZ literature.
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NZ literature on information and communication 
during the eruption phase is focused on TNP volca
noes, due to the impact of their recent eruptions. Little 
or no differentiation is made for communication 
related to sudden short-lived eruptions versus ongoing 
eruptions, which may be due to only one longer dur
ation eruptive episode occurring at TNP in the past 50 
years (Ruapehu 1995–96). It is noteworthy that an 
eruption does not necessarily mean a crisis (e.g. 
GNS Science 2006). In such cases, communication is 
used to maintain a close watch on the situation and 
inform about preparedness actions to be taken if 
there is escalation. Communication happening 
throughout the eruption stage has direct implications 
on how response and recovery unfold (Ronan et al. 
2000).

Information and communication during post- 
eruptive stages

Compared to other stages, provision of information 
and communication in the post-eruptive stages is the 
least researched. The studies that do exist indicate 
that discrete streams of information and communi
cation appear during this stage catering to emerging 
needs. These streams are often local in scale, centred 
around providing contextualised information for 
affected response agencies and communities. For 
example, after the 2012 Tongariro eruption, DOC 
held meetings in collaboration with GNS Science, 
civil defence teams, iwi, and other responding agencies 
(e.g. police, fire service, utility infrastructure provi
ders, NZ Transport Agency) to coordinate the 
ongoing response and provide information (Jolly 
et al. 2014). Health agencies, welfare agencies, insur
ance and compensation agencies, and other stake
holders assist in the preparation of post-eruption 
messages and advice specific to their responsibilities 
(Gisborne CDEM Group 2012).

Cascading or longer duration hazards in the post- 
eruption phase have required particular attention. 
One example includes the Ruapehu Crater Lake 
where different scenarios were modelled to determine 
the hazard and risk of a break-out lahar following the 
1995–96 eruptions (Hancox et al. 1997; Hancox et al. 
1998; Keys and Green 2008), and a lahar warning sys
tem was planned (Galley et al. 2004) and developed 
(Becker et al. 2017). Information and communication 
may be required for certain sectors such as agriculture, 
which may experience ongoing and potentially cascad
ing effects from ashfall (Thompson et al. 2017). 
Demand for information on ashfall clean-up (e.g. gui
dance on appropriate clean up methods, safe disposal 
of ash) is a big component of this phase (Hayes et al. 
2015; Stewart et al. 2018).

Post-eruption agency debriefs, and enquiries com
prise a component of information and 

communication during this stage, with a view to 
improving response and communication processes 
in the future. Debriefs regarding actual volcanic 
activity (e.g. Ruapehu 1995–96 in Keys and Williams 
(1996)) are used after exercises to understand how 
response, including information provision and com
munication might be improved in future (e.g. for the 
1992 Exercise Nga Puia, Okataina (Martin 1992); or 
the 2007–08 Exercise Ruaumoko in Auckland (Minis
try of Civil Defence and Emergency Management 
2008)).

Similar to the immediate post-event eruptive stage, 
there is a research gap on volcano communication in 
the recovery stage in NZ. NEMA and CDEM groups 
host information on their websites about short-term 
recovery actions after an eruption (National Emer
gency Management Agency 2022), which could be 
referred to for information and consistent messaging. 
Occasionally in the quiescence stage, scenarios have 
been used to inform recovery planning processes 
(Cardwell et al. 2020, 2021; Hayes et al. 2020). How
ever, in the post-eruption and recovery stages scen
arios have been less utilised, and if they have been 
used, it has been only in an ad-hoc way.

Given the limited research in NZ on volcano infor
mation and communication in the recovery stage, 
issues and lessons identified in international literature 
can be useful to inform recovery communication prac
tice in the country, e.g. how communication can 
address feelings of uncertainty (Sword-Daniels et al. 
2016), or considerations to ensure community partici
pation in recovery processes (Stewart et al. 2018).

Discussion

Figure 5 and Table 2 summarise the results of our 
review of volcano literature.

The review highlights the evolving nature of infor
mation and communication in different stages of vol
canic activity, in terms of topics, frequency, level of 
tailoring, and purpose. Although scientific infor
mation about the current physical status of a volcano 
is always available (e.g. via the VAL, VABs, and news 
items on GeoNet), the need for more frequent and 
detailed information increases throughout unrest, 
eruption, and post-eruption stages (Leonard et al. 
2014). During quiescence, communication focuses 
on public education and science communication, 
planning for volcanic events, building response 
capacity across agencies and the public, and improv
ing emergency communication and warning systems. 
During unrest, communication focuses on infor
mation regarding physical science, what might happen 
in future (e.g. via scenarios), and response planning. 
In the eruptive phase, communication provides 
updates on the volcano’s physical status, potential 
hazards, warnings, emergency declarations, situation 
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and incident reports, and advice for emergency man
agement decisions. In the post-eruption and recovery 
stages, communication is more tailored to the emer
ging needs of specific sectors. We note that scenarios 
in relation to volcano communication can refer to a 
range of initiatives across the emergency management 
sector (e.g. scenario planning, storyboarding and iden
tifying futures, exercising and training timeline scen
arios, decision aids, and communication products; 
e.g. Doyle et al. 2015) and outline their usage in the 
different stages.

Despite the diversity of material, our findings high
light some gaps worthy of future consideration. 
Firstly, most studies and documents report on infor
mation and communication during quiescence and 
eruption, focused on central north island volcanoes, 
probably because of their recent eruptive events. 
Scant literature exists on volcano information and 
communication during unrest, post-eruptive, and 
recovery stages. This gap is problematic because with
out relevant examples of how volcano communication 
unfolds during these stages, it is not possible to ident
ify the emerging communication needs, concerns and 
challenges and undertake necessary improvements. 
Given that information about communication during 
unrest does exist in supporting documents (e.g. VABs, 
reports, and grey literature), these documents could be 
collated and published as case studies. Additionally, look
ing at international examples through analogue volcanoes 
and global crises and drawing strategies from global best 
practices would help in informing communication 
during these stages (Doyle and Becker 2022).

Secondly, a related issue is the transition and evol
ution of information and communication between the 

different stages. Transition of information between 
volcanic stages has not been explored in the NZ litera
ture, particularly as volcanic activity escalates or de- 
escalates. For example, questions still exist around 
how we communicate changes in likelihoods or poten
tial hazards as stages of activity change, and what this 
means for decision-making and inter-agency com
munication networks. These transitional aspects 
would benefit from future research.

Thirdly, further research would be beneficial to 
understand the decisions made across different stages 
and the corresponding information needs. For 
example, during the 2022 Taupō Volcano unrest, 
questions arose from decision-makers regarding how 
deformation might impact infrastructure and how 
this could be communicated and acted upon, but the 
NZ and international literature gives no guidance on 
this. It is possible that impact-based forecasts might 
be useful in the volcano context to help decision- 
makers understand what the issues might be, and to 
guide their responses, as has been explored in a severe 
weather context (Potter et al. 2021). The Taupo 2022 
unrest, therefore, is but one example where emerging 
needs from decision-makers have provided an oppor
tunity to think about what additional information and 
communication might be required. This example 
highlights that more social science research about 
what is useful from a decision-maker’s perspective 
would be beneficial in filling in gaps about infor
mation and communication practices across different 
stages of activity.

Currently, evaluative research examining the effec
tiveness of existing communication practices in vol
cano risk management and prevention is limited. 

Figure 5. Information and communication activities across different stages of volcanic activity – Summary of findings from review 
of New Zealand-specific literature and supplementary grey literature (VAL = Volcanic Alert Level; VAB = Volcano Alert Bulletin).
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Table 2. Communication roles and responsibilities of different agencies across stages of volcanic activity.
Information and communication across stages of volcanic activity

Key stakeholders Subgroups/projects
Roles and responsibility in 

volcano communication

Key communication products/ communicative actions related to volcano 
communication (varies depending on location)

Quiescence (Business as Usual) Unrest Eruption
Post- 

eruption Recovery*

GNS Science GeoNet and other 
research 
programmes

Monitor volcanic activity and 
provide science advice 
regarding volcanic activity

VAL, VAB, ACC, VONA

Volcanic advisory 
groups

CAG, CPVAG, TSVAG 
and DEVORA

Discussion and information 
sharing, relationship building 
among agencies and 
stakeholders, response 
planning

Form collaborative networks, 
provide information, develop 
preparedness and response 
plans, guide research 
directions, maintain ongoing 
communication

Typically no role (except possibly for 
Taranaki)*

NZ Volcano Science 
Advisory Panel

Infrastructure, 
Health & Primary 
Industries 
subgroups

Event science advice and 
coordination among 
stakeholders.

Plan response including 
maintenance of documents 
like SoPs and contingency 
plans, conduct regular 
meetings, ensure 
interagency relationships are 
maintained, undertake 
relevant research

Provides scientific advice to response 
agencies, co-ordinate science decisions 
and actions, support consistent public 
messaging, international scientific 
liaison

Dept. of 
Conservation

Eruption Detection 
System, Lahar 
Warning System. 
(both Ruapehu)

Volcanic risk management in 
DOC area (Tongariro NP, 
Taranaki NP)

Provide visitor safety 
information and advice, 
install and maintain risk signs 
in DOC area, maintain 
contact, plan response by 
developing guidelines and 
SoPs, engage in multi-agency 
drills and exercises, form 
collaborative networks

Public information management (for 
DOC area) and initial response until (if) 
CDEM/a volcanic advisory group takes 
over

Emergency 
management 
agencies

NEMA, CDEM groups Emergency management 
across 4Rs, reduction, 
readiness, response and 
recovery

Provide public education; build 
relationships and form 
collaborative networks; plan 
response by sharing 
information and developing 
contingency plans, 
guidelines, SoPs; develop 
capacity building activities 
like undertaking drills, multi- 
agency exercises

Public information management and 
response co-ordination role 
Provide warning, alert, update, advice 
Emergency declaration (if required) 
Sitreps

MetService, CAA & 
aviation industry

Wellington VAAC, 
Air Traffic Control.

Ash advisory to aviation 
industry (International Civil 
Aviation Organization 
obligations) and airspace 
management.

Monitor ash from volcanic 
events, provide public 
education, develop response 
and capacity building 
activities

VAA, VAG, Notam, Sigmet, expert advice 
and information for aviation industry

Local Government Regional council 
District/city 
council

Support and assists in response 
Regional council are 
responsible to provide 
hydrological data and flood 
warning

Support actions by other 
agencies

Relay information shared by other 
agencies, adds location specific 
information

Sector specific 
agencies

Primary industry, 
health, 
infrastructure etc.

Support function based on 
sectoral requirements, e.g. 
provide information on 
status of networks to EOC/ 
ECC, taking appropriate 
response action etc.

Support actions by other 
agencies

Relay information shared by other 
agencies, adds sector specific 
information. Interact with NZVSAP 
subgroup. Interact with CDEM.

Emergency service 
agencies

Police, FENZ, 
St. Johns

During and post event support 
and assistance to minimise 
impact on life and property

Support actions by other 
agencies

Relay information shared by other 
agencies, adds location specific 
information to minimise impact on life 
and property.

Iwi Hapū Partners in volcano risk 
management

Integrate traditional 
knowledge (Mātauranga 
Māori) with scientific 
approaches, improve 
collaboration between 
community and agencies

Hazard communication to iwi and local 
community, extend support to 
different agencies

Universities & 
research institutes

Different 
universities, 
NIWA etc.

Consultation role, members of 
scientific communities

Provide knowledge, advice, and scientific inputs

Media Different media 
outlets

Disseminating news, 
information, and opinions to 
inform the public

Relay information shared by agencies; report on ground conditions, 
impacts, and issues; are typically more active during volcanic crisis

Note: VAL: Volcanic Alert Level; VAB: Volcano Alert Bulletin; ACC: Aviation Colour Code; VONA: Volcano Observatory Notices for Aviation; CAG: Caldera 
Advisory Group; CPVAG: Central Plateau Volcanic Advisory Group; TSVAG: Taranaki Seismic and Volcanic Advisory Group; DEVORA: DeTermining Volcanic 
Risk in Auckland; SoPs: Standard Operating Procedures; CDEM: Civil Defence Emergency Management; NP: National Park; DOC: Department of Conserva
tion; VAAC: Volcanic Ash Advisory Cenre; VAA: Volcanic Ash Advisory; NEMA: National Emergency Management Agency; CAA: Civil Aviation Authority; 
EOC: Emergency Operation Centre; ECC: Emergency Coordination Centre; Notam: Notices to airmen; Sigmet: Significant meteorological information; 
NZVSAP: New Zealand Volcanic Science Advisory Panel; FENZ: Fire and Emergency New Zealand. 

*Communication activities in recovery may include other agencies/aspects depending on the specific eruptive event.
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The studies that exist are mostly focused on emer
gency communication, warning, and response (e.g. 
Leonard et al. 2008; Doyle et al. 2015; Becker et al. 
2017). Future research could adopt a wider lens, com
prehensively examining how current communication 
practices correspond to the principles of different 
stages of emergency management  – reduction, readi
ness, response, and recovery (Gabrielsen et al. 2017). 
Additionally, studies could also investigate the suit
ability of existing approaches in communicating to 
diverse stakeholders utilising clear evaluation par
ameters (e.g. speed, accuracy, ease of use). These 
would help in identifying areas where enhancements 
are necessary. Given scenarios are a well-utilised 
form of information provision and communication, 
future research would also be beneficial to consider 
what elements of scenarios could be consistent across 
the stages of volcanic activity (e.g. a consistent use of 
likelihood/probability), what might need to be 
adapted across stages and/or type of volcano, and 
whether scenarios could be more usefully applied in 
a post-eruption context.

The infrequent nature of damaging volcanic events 
coupled with the complexity and variability of volca
nic hazards create unique challenges for volcano risk 
communication (Fearnley et al. 2018; Campbell 
2020). For example, perceptions and expectations of 
people about volcanic hazards, and emergency com
munication and warnings shaped by experiences of 
other hazards like floods, might be irrelevant or mis
leading in the case of volcanoes. Volcanic hazards 
can also affect areas farther away from the volcanic 
centre (as opposed to some other hazards), there are 
high levels of uncertainty in volcano communication, 
and alerts for other hazards like floods might be 
received beforehand while a volcanic eruption can 
occur at any Volcanic Alert Level. Future research 
would be beneficial to unpack these unique challenges 
in volcano risk communication and ways to address 
them.

Additionally, understanding what acceptable risk 
and risk tolerance levels are for people regarding vol
canic risks, and ensuring communication is adequate 
to meet people’s expectations, is important. While 
different agencies acknowledge that there will always 
be some residual risks (Department of Conservation 
2023) and individuals are responsible for managing 
their own risks in NZ (Ministry of Civil Defence and 
Emergency Management 2002), studies examining 
how residual risk and people’s responsibility is con
veyed to the public, how it is interpreted and under
stood, whether a shared understanding is achieved, 
and what gaps and concerns exist, warrants being 
undertaken. Particularly, in-depth qualitative studies 
with diverse groups of people (e.g. long term residents, 
tourists, culturally and linguistically diverse groups) 
would help in tailoring communication in ways that 

improves understanding and enables people to make 
informed decisions. This relates to the fundamental 
question of the role of risk communication in volca
nic risk management in NZ – whether communi
cation only provides science-based facts on hazards 
and advice on recommended actions, or whether it 
might aim to influence behaviour and actions to 
reduce hazard risks (Wardman 2008). A critical 
evaluation of existing communication practices 
exploring questions like what common consensus 
exists related to the communication role of different 
agencies, how it contributes to reducing volcanic 
risks beyond improving response capacity, and 
what the ethical obligations of different agencies are 
under the current emergency management regime 
in NZ (Dahlstrom and Ho 2012), would be beneficial 
to substantially enhance communication efforts for 
reducing volcanic risks. This would contribute to 
improving anticipatory actions to achieve effective 
disaster risk reduction (UNDRR 2023). Research 
rooted in risk perception and communication litera
ture would be valuable to answer these deeper ques
tions and inform current practice.

Conclusion

A narrative review of academic and grey literature on 
volcano communication in New Zealand was under
taken to investigate information provision and com
munication across different stages of volcanic activity. 
Most of the literature focused on information and com
munication in the quiescence stage where preparedness 
and planning were prevalent, and the eruption stage 
where information is generally tailored to support 
agency response decisions. Gaps exist in the literature 
about volcano information and communication during 
unrest and post-eruptive stages (including recovery), 
indicating that more effort could be undertaken in 
these areas. The review highlighted that information 
and communication tend to evolve over time, with 
increasing demand for information as stages of volcanic 
activity move from quiescence into unrest, and then into 
response. While some literature reported on infor
mation and how it linked to decision making, this was 
mostly for the eruptive stage, and consequently more 
work could be undertaken to better understand the 
needs of decision-makers across a range of stages so 
that such information needs are met ahead of a crisis. 
Additionally, the types of information available tended 
to differ across stages (e.g. numerical likelihoods are 
less used in quiescence, but well utilised in unrest) and 
it is possible that information developed in one particu
lar stage of activity could be applied across to another 
stage of activity (e.g. perhaps by using common tools 
such as scenarios). Given the gaps highlighted by this 
review, ongoing research could focus on identifying 
what is lacking and exploring potential improvements 
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to ensure future responses to volcanic crises are well- 
prepared.

Notes

1. No volcanic unrest, volcanic environment hazards; 1: 
Minor volcanic unrest, volcanic unrest hazards; 2: 
Moderate to heightened volcanic unrest, volcanic 
unrest hazards, potential for eruption 3: Minor volca
nic eruption, eruption hazards near vent; hazards; 4: 
Moderate volcanic eruption, eruption hazards on and 
near volcano; and 5: Major volcanic eruption, eruption 
hazards on and beyond volcano. Eruption hazards may 
include ‘explosions, ballistics (flying rocks), pyroclastic 
density currents (fast moving hot ash clouds), lava 
flows, lava domes, landslides, ash, volcanic gases, light
ning, lahars (mudflows), tsunami, and/or earthquakes’; 
Volcanic unrest hazards may ‘include steam eruptions, 
volcanic gases, earthquakes, landslides, uplift, subsi
dence, changes to hot springs, and/or lahars 
(mudflows)’; Volcanic environment hazards may 
include ‘hydrothermal activity, earthquakes, landslides, 
volcanic gases, and/or lahars.’ GNS Science (2024b).

2. Refer to Lechner (2022). https://www.aviation.govt. 
nz/assets/licensing-and-certification/meteorology/ 
living-with-volcanic-ash.pdf for further details.

3. Documents produced by governmental departments, 
academia, science agencies, and industry that are 
not published through academic publishers and are 
not indexed in academic databases.

4. GNS Science, National Emergency Management 
Agency (NEMA), Civil Defence Emergency Manage
ment Groups, council websites, universities and 
science agencies, Department of Conservation, sec
toral agencies (e.g., Ministry of Primary Industries, 
Ministry of Health), MetService, Civil Aviation 
Authority.

5. Data driven coding to capture patterns present in the 
data. It does not use pre-determined structure and 
codes for analysis.

6. A short-lived eruption is a volcanic event that lasts 
from minutes to days, whereas a long-lived eruption 
can persist for months to years.

7. Refer to Lechner (2022). https://www.aviation.govt. 
nz/assets/licensing-and-certification/meteorology/ 
living-with-volcanic-ash.pdf for details.

Acknowledgements

We thank our internal USGS reviewers for their comments and 
suggestions, as well as external reviewers. Any use of trade, firm, 
or product names is for descriptive purposes only and does not 
imply endorsement by the U.S. Government.

Disclosure statement

No potential conflict of interest was reported by the 
author(s).

Funding

This work was supported by Natural Hazards Commission 
Toka Tū Ake EQC Biennial Research Grant; New Zealand 
Government’s Strategic Science Investment Fund via GNS 
Science; Massey University Research Fund; Resilience to 

Nature’s Challenges Kia manawaroa - Ngā Ākina o Te Ao 
Tūroa.

Data availability statement

All data utilised for the nararative literature review can be 
found in the publications in the reference list. No additional 
data was collected for this paper.

ORCID

Julia S. Becker http://orcid.org/0000-0001-9989-4232
Craig Miller http://orcid.org/0000-0001-8499-0352

References

Andreastuti SD, Paripurno ET, Subandriyo S, Syahbana DK, 
Prayoga AS. 2023. Volcano disaster risk management 
during crisis: implementation of risk communication in 
Indonesia. Journal of Applied Volcanology. 12(1):3. 
doi:10.1186/s13617-023-00129-2.

Auckland Emergency Management. March 2015. Auckland 
volcanic field contingency plan. https://www. 
aucklandemergencymanagement.org.nz/media/ 
4nukjpof/auckland-volcanic-field-contingency-plan- 
march-2015.pdf.

Baker P, Locke M, Moazzam A, Taylor M, Stapelberg F, 
Wong She R. 2022. Burn lessons learned from the 
Whakaari White Island volcanic eruption. Journal of 
Burn Care & Research. 43(5):1105–1113. doi:10.1093/ 
jbcr/irab246.

Barker SJ, Wilson CJ, Illsley-Kemp F, Leonard GS, Mestel 
ER, Mauriohooho K, Charlier BL. 2021. Taupō: an over
view of New Zealand’s youngest supervolcano. New 
Zealand Journal of Geology and Geophysics. 64(2- 
3):320–346. doi:10.1080/00288306.2020.1792515.

Becker J, Saunders W, Robertson C, Leonard G, Johnston D. 
2010. A synthesis of challenges and opportunities for 
reducing volcanic risk through land use planning in 
New Zealand. The Australasian Journal of Disaster and 
Trauma Studies. 1:24.

Becker J, Smith R, Johnston D, Munro A. 2001. Effects of the 
1995–1996 Ruapehu eruptions and people’s perceptions 
of volcanic hazards after the event. Australasian Journal 
of Disaster and Trauma Studies. 2001-1. https://trauma. 
massey.ac.nz/issues/2001-1/becker.htm.

Becker JS, Doyle EEH, Charlton DH, Potter SH, Vinnell L, 
Das M. 2023. Understanding the utility of scenarios in 
volcano communication for Aotearoa New Zealand.

Becker JS, Leonard GS, Potter SH, Coomer MA, Paton D, 
Wright KC, Johnston DM. 2017. Organisational response 
to the 2007 Ruapehu Crater Lake Dam-Break Lahar in 
New Zealand: use of communication in creating an effec
tive response. In: Fearnley CJ, Bird DK, Haynes K, 
McGuire WJ, Jolly G, editors. Observing the volcano 
world: volcano crisis communication. Cham: Springer 
International Publishing; p. 253–269.

Brunsdon D, Park B. 2009. Lifeline vulnerability to volcanic 
eruption: learnings from a national simulation exercise. 
In: Tang AK, Werner S, editors. TCLEE 2009: lifeline 
earthquake engineering in a multihazard environment. 
Oakland (CA): American Society of Civil Engineers; p. 
1–12.

Calderon R, Wilson T, Leonard G. 2020. Potential hazard 
scenarios from Taupo Volcanic Zone: geological and 

14 M. DAS ET AL.

https://www.aviation.govt.nz/assets/licensing-and-certification/meteorology/living-with-volcanic-ash.pdf
https://www.aviation.govt.nz/assets/licensing-and-certification/meteorology/living-with-volcanic-ash.pdf
https://www.aviation.govt.nz/assets/licensing-and-certification/meteorology/living-with-volcanic-ash.pdf
https://www.aviation.govt.nz/assets/licensing-and-certification/meteorology/living-with-volcanic-ash.pdf
https://www.aviation.govt.nz/assets/licensing-and-certification/meteorology/living-with-volcanic-ash.pdf
https://www.aviation.govt.nz/assets/licensing-and-certification/meteorology/living-with-volcanic-ash.pdf
http://orcid.org/0000-0001-9989-4232
http://orcid.org/0000-0001-8499-0352
https://doi.org/10.1186/s13617-023-00129-2
https://www.aucklandemergencymanagement.org.nz/media/4nukjpof/auckland-volcanic-field-contingency-plan-march-2015.pdf
https://www.aucklandemergencymanagement.org.nz/media/4nukjpof/auckland-volcanic-field-contingency-plan-march-2015.pdf
https://www.aucklandemergencymanagement.org.nz/media/4nukjpof/auckland-volcanic-field-contingency-plan-march-2015.pdf
https://www.aucklandemergencymanagement.org.nz/media/4nukjpof/auckland-volcanic-field-contingency-plan-march-2015.pdf
https://doi.org/10.1093/jbcr/irab246
https://doi.org/10.1093/jbcr/irab246
https://doi.org/10.1080/00288306.2020.1792515
https://trauma.massey.ac.nz/issues/2001-1/becker.htm
https://trauma.massey.ac.nz/issues/2001-1/becker.htm


historical record of large silicic systems Quake CoRE. 
https://ir.canterbury.ac.nz/handle/10092/101499.

Campbell G. 2020. Hazard and impact scenario develop
ment for silicic volcanoes in New Zealand.

Cardwell R, McDonald G, Wotherspoon L, Lindsay J. 2021. 
Simulation of post volcanic eruption land use and econ
omic recovery pathways over a period of 20 years in the 
Auckland region of New Zealand. Journal of 
Volcanology and Geothermal Research. 415:107253. 
doi:10.1016/j.jvolgeores.2021.107253.

Cardwell RJ, McDonald GW, Wotherspoon LM. 2020. 
Simulation of post-volcanic eruption time variant land 
use and economic impacts in the Auckland region of 
New Zealand. Bulletin of Volcanology. 82(9):64. doi:10. 
1007/s00445-020-01400-9.

Central Plateau Volcanic Advisory Group. 2012. Te Maari 
Eruption Phenomena.

Central Plateau Volcanic Advisory Group. 2018. Tongariro 
volcanic centre contingency plan. https://www.mdc.govt. 
nz/__data/assets/pdf_file/0032/139658/Tongariro- 
Volcanic-Centre-Contingency-Plan.pdf.

Civil Defence Taranaki Emergency Management. 2022. 
Taranaki volcano – introduction to our local volcano 
and answers to some important question. https:// 
taranakiem.govt.nz/media/muxf40yu/1taranaki_ 
infographicseries_2022_v10_overview.pdf.

Clive MAT, Lindsay JM, Leonard GS, Lutteroth C, Bostrom 
A, Corballis P. 2021. Volcanic hazard map visualisation 
affects cognition and crisis decision-making. 
International Journal of Disaster Risk Reduction. 
55:102102. doi:10.1016/j.ijdrr.2021.102102.

Dahlstrom MF, Ho SS. 2012. Ethical considerations of using 
narrative to communicate science. Science 
Communication. 34(5):592–617. doi:10.1177/ 
1075547012454597.

Deligne NI, Fitzgerald RH, Blake DM, Davies AJ, Hayes JL, 
Stewart C, Wilson G, Wilson TM, Castelino R, Kennedy 
BM, et al. 2017. Investigating the consequences of urban 
volcanism using a scenario approach I: development and 
application of a hypothetical eruption in the Auckland 
Volcanic Field, New Zealand. Journal of Volcanology 
and Geothermal Research. 336:192–208. doi:10.1016/j. 
jvolgeores.2017.02.023.

Department of Conservation. 2012. Guidelines for doc vol
canic risk management in Tongariro National Park. In 
Department of Conservation. (2012). Mt Tongariro 
eruption.

Department of Conservation. 2021. Mount Ruapehu 
Volcanic Alert Level reduced to level 1. https://www. 
doc.govt.nz/news/media-releases/2021-media-releases/ 
mount-ruapehu-volcanic-alert-level-reduced-to-level-1/.

Department of Conservation. 2023. Guidelines for DOC 
Volcanic Risk Management in Tongariro National Park. 
https://www.doc.govt.nz/globalassets/documents/about- 
doc/role/managing-conservation/vocanic-risk/tnp- 
guidelines-doc-volcanic-risk-management.pdf.

Department of the Prime Minister and Cabinet. 2015. The 
guide to the National Civil Defence Emergency 
Management Plan 2015. https://www.civildefence.govt. 
nz/assets/Uploads/documents/publications/guide-to-the- 
national-cdem-plan/Guide-to-the-National-CDEM- 
Plan-2015.pdf.

Dhellemmes A, Potter S, Tovey J, Roux M, Leonard GS, 
Keys H, Smith B, Marsden R. 2016. Visitors preparedness 
for the Tongariro Alpine Crossing (GNS Science Report 
2016/56), Issue.

Dohaney J, Brogt E, Kennedy B, Wilson TM, Lindsay JM. 
2015. Training in crisis communication and volcanic 
eruption forecasting: design and evaluation of an auth
entic role-play simulation. Journal of Applied 
Volcanology. 4:1–26. doi:10.1186/s13617-015-0030-1.

Doyle EE, Becker JS. 2022. Understanding the risk communi
cation puzzle for natural hazards and disasters. In: Oxford 
research encyclopedia of natural hazard science. Oxford 
University Press. https://oxfordre.com/naturalhazard 
science/view/10.1093/acrefore/9780199389407.001.0001/ 
acrefore-9780199389407-e-208.

Doyle EE, Paton D. 2017. Decision-making: preventing mis
communication and creating shared meaning between 
stakeholders. In: Fearnley CJ, Bird DK, Haynes K, 
McGuire WJ, Jolly G, editors. Observing the volcano 
world: volcano crisis communication. Cham: Springer 
International Publishing; p. 549–570.

Doyle EE, Paton D, Johnston DM. 2015. Enhancing scientific 
response in a crisis: evidence-based approaches from emer
gency management in New Zealand. Journal of Applied 
Volcanology. 4:1–26. doi:10.1186/s13617-014-0020-8.

Driedger C, Neal CA, Knappenberger TH, Needham DH, 
Harper RB, Steele WP. 2004. Hazard information man
agement during the autumn 2004 reawakening of 
Mount St. Helens Volcano, Washington. In: Sherrod 
DR, Scott WE, Stauffer PH, editors. A volcano rekindled: 
the renewed eruption of Mount St. Helens, 2006. Reston 
(VA): U.S. Geological Survey; p. 505–519.

Erfurt P. 2022. Volcano tourism and visitor safety: still play
ing with fire? A 10-year update. Geoheritage. 14(2):56. 
doi:10.1007/s12371-022-00691-y.

Erfurt-Cooper P, Cooper M. 2010. Volcano and geothermal 
tourism: sustainable geo-resources for leisure and recrea
tion. London: Earthscan.

Fearnley C, Winson AEG, Pallister J, Tilling R. 2018. 
Volcano crisis communication: challenges and solutions 
in the 21st century. In: Fearnley CJ, Bird DK, Haynes 
K, McGuire WJ, Jolly G, editors. Observing the volcano 
world: volcano crisis communication. Cham: Springer 
International Publishing; p. 3–21.

Gabrielsen H, Procter J, Rainforth H, Black T, Harmsworth 
G, Pardo N. 2017. Reflections from an indigenous com
munity on volcanic event management, communications 
and resilience. In: Fearnley CJ, Bird DK, Haynes K, 
McGuire WJ, Jolly G, editors. Observing the volcano 
world: volcano crisis communication. Cham: Springer 
International Publishing; p. 463–479.

Galley I, Leonard G, Johnston D, Balm R, Paton D. 2004. 
The Ruapehu lahar emergency response plan develop
ment process: an analysis. Australasian Journal of 
Disaster and Trauma Studies. 2004:1–27.

García C, Mendez-Fajury R. 2018. If I understand, I am 
understood: experiences of volcanic risk communication 
in Colombia. In: Fearnley CJ, Bird DK, Haynes K, 
McGuire WJ, Jolly G, editors. Observing the volcano 
world: volcano crisis communication. Cham: Springer 
International Publishing; p. 335–351.

Garcia MO, Pietruszka AJ, Norman MD, Rhodes JM. 2021. 
Kīlauea’s Pu ‘u ‘Ō ‘ō Eruption (1983–2018): a synthesis of 
magmatic processes during a prolonged basaltic event. 
Chemical Geology. 581:120391. doi:10.1016/j.chemgeo. 
2021.120391.

Gentle P, Gledhill K, Blick G. 2016. The development and 
evolution of the GeoNet and PositioNZ GNSS continu
ously operating network in New Zealand. New Zealand 
Journal of Geology and Geophysics. 59(1):33–42. doi:10. 
1080/00288306.2015.1127821.

NEW ZEALAND JOURNAL OF GEOLOGY AND GEOPHYSICS 15

https://ir.canterbury.ac.nz/handle/10092/101499
https://doi.org/10.1016/j.jvolgeores.2021.107253
https://doi.org/10.1007/s00445-020-01400-9
https://doi.org/10.1007/s00445-020-01400-9
https://www.mdc.govt.nz/__data/assets/pdf_file/0032/139658/Tongariro-Volcanic-Centre-Contingency-Plan.pdf
https://www.mdc.govt.nz/__data/assets/pdf_file/0032/139658/Tongariro-Volcanic-Centre-Contingency-Plan.pdf
https://www.mdc.govt.nz/__data/assets/pdf_file/0032/139658/Tongariro-Volcanic-Centre-Contingency-Plan.pdf
https://taranakiem.govt.nz/media/muxf40yu/1taranaki_infographicseries_2022_v10_overview.pdf
https://taranakiem.govt.nz/media/muxf40yu/1taranaki_infographicseries_2022_v10_overview.pdf
https://taranakiem.govt.nz/media/muxf40yu/1taranaki_infographicseries_2022_v10_overview.pdf
https://doi.org/10.1016/j.ijdrr.2021.102102
https://doi.org/10.1177/1075547012454597
https://doi.org/10.1177/1075547012454597
https://doi.org/10.1016/j.jvolgeores.2017.02.023
https://doi.org/10.1016/j.jvolgeores.2017.02.023
https://www.doc.govt.nz/news/media-releases/2021-media-releases/mount-ruapehu-volcanic-alert-level-reduced-to-level-1/
https://www.doc.govt.nz/news/media-releases/2021-media-releases/mount-ruapehu-volcanic-alert-level-reduced-to-level-1/
https://www.doc.govt.nz/news/media-releases/2021-media-releases/mount-ruapehu-volcanic-alert-level-reduced-to-level-1/
https://www.doc.govt.nz/globalassets/documents/about-doc/role/managing-conservation/vocanic-risk/tnp-guidelines-doc-volcanic-risk-management.pdf
https://www.doc.govt.nz/globalassets/documents/about-doc/role/managing-conservation/vocanic-risk/tnp-guidelines-doc-volcanic-risk-management.pdf
https://www.doc.govt.nz/globalassets/documents/about-doc/role/managing-conservation/vocanic-risk/tnp-guidelines-doc-volcanic-risk-management.pdf
https://www.civildefence.govt.nz/assets/Uploads/documents/publications/guide-to-the-national-cdem-plan/Guide-to-the-National-CDEM-Plan-2015.pdf
https://www.civildefence.govt.nz/assets/Uploads/documents/publications/guide-to-the-national-cdem-plan/Guide-to-the-National-CDEM-Plan-2015.pdf
https://www.civildefence.govt.nz/assets/Uploads/documents/publications/guide-to-the-national-cdem-plan/Guide-to-the-National-CDEM-Plan-2015.pdf
https://www.civildefence.govt.nz/assets/Uploads/documents/publications/guide-to-the-national-cdem-plan/Guide-to-the-National-CDEM-Plan-2015.pdf
https://doi.org/10.1186/s13617-015-0030-1
https://oxfordre.com/naturalhazardscience/view/10.1093/acrefore/9780199389407.001.0001/acrefore-9780199389407-e-208
https://oxfordre.com/naturalhazardscience/view/10.1093/acrefore/9780199389407.001.0001/acrefore-9780199389407-e-208
https://oxfordre.com/naturalhazardscience/view/10.1093/acrefore/9780199389407.001.0001/acrefore-9780199389407-e-208
https://doi.org/10.1186/s13617-014-0020-8
https://doi.org/10.1007/s12371-022-00691-y
https://doi.org/10.1016/j.chemgeo.2021.120391
https://doi.org/10.1016/j.chemgeo.2021.120391
https://doi.org/10.1080/00288306.2015.1127821
https://doi.org/10.1080/00288306.2015.1127821


Gisborne CDEM Group. 2012. Gisborne CDEM Group 
Volcanic Contingency Plan. https://www.gdc.govt.nz/__ 
data/assets/pdf_file/0021/8544/volcanic-contingency- 
plan.pdf.

GNS Science. 2006. Science Alert Bulletin RUA-2006/04 – 
Ruapehu Volcano. https://www.geonet.org.nz/vabs/ 
4eByiGOAzuKwymseo8sYee.

GNS Science. 2022. GNS Science Ruapehu Volcano Unrest 
Update [Presentation]. Bay of Plenty Civil Defence 
Emergency Management Group Joint Committee, Bay 
of Plenty; [accessed 2025 January 27]. https:// 
infocouncil.boprc.govt.nz/Open/2022/07/CDEM_ 
20220708_MAT_3490.htm.

GNS Science. 2024a. New Zealand’s volcanoes. https://www. 
gns.cri.nz/our-science/natural-hazards-and-risks/ 
volcanoes/new-zealands-volcanoes/.

GNS Science. 2024b. Volcanic alert levels; [accessed 2024]. 
https://www.geonet.org.nz/about/volcano/val.

Gregory AT, Denniss AR. 2018. An introduction to writing 
narrative and systematic reviews—tasks, tips and traps for 
aspiring authors. Heart, Lung and Circulation. 27(7):893– 
898. doi:10.1016/j.hlc.2018.03.027.

Guffanti M, Mayberry GC, Casadevall TJ, Wunderman R. 
2009. Volcanic hazards to airports. Natural Hazards. 
51:287–302. doi:10.1007/s11069-008-9254-2.

Hancox G, Nairn I, Otway P, Webby G, Perrin N, Keys J. 
1997. Stability assessment of Mt Ruapehu crater rim fol
lowing the 1995–1996 eruptions. Institute of Geological 
and Nuclear Sciences Ltd Client Report B, 43605.

Hancox G, Otway P, Webby M. 1998. Possible effects of a 
lahar caused by future collapse of the tephra barrier 
formed at the Mt Ruapehu Crater Lake outlet by the 
1995–96 eruptions. Client Report 43711B Insitute of 
Geological and Nuclear Sciences Limited.

Hayes JL, Wilson TM, Deligne NI, Lindsay JM, Leonard GS, 
Tsang SW, Fitzgerald RH. 2020. Developing a suite of 
multi-hazard volcanic eruption scenarios using an inter
disciplinary approach. Journal of Volcanology and 
Geothermal Research. 392:106763. doi:10.1016/j. 
jvolgeores.2019.106763.

Hayes JL, Wilson TM, Magill C. 2015. Tephra fall clean-up 
in urban environments. Journal of Volcanology and 
Geothermal Research. 304:359–377. doi:10.1016/j. 
jvolgeores.2015.09.014.

Hickling J, Clements M, Weinstein P, Woodward A. 1999. 
Acute health effects of the Mount Ruapehu (New 
Zealand) volcanic eruption of June 1996. International 
Journal of Environmental Health Research. 9(2):97–107. 
doi:10.1080/09603129973236.

Illsley-Kemp F, Barker SJ, Wilson CJ, Chamberlain CJ, 
Hreinsdóttir S, Ellis S, Hamling IJ, Savage MK, Mestel 
ER, Wadsworth FB. 2021. Volcanic unrest at Taupō vol
cano in 2019: causes, mechanisms and implications. 
Geochemistry, Geophysics, Geosystems. 22(6): 
e2021GC009803. doi:10.1029/2021GC009803.

Johnston D, Scott B, Houghton B, Paton D, Dowrick D, 
Villamor P, Savage J. 2002. Social and economic conse
quences of historic caldera unrest at the Taupo volcano, 
New Zealand and the management of future episodes of 
unrest. Bulletin of the New Zealand Society for 
Earthquake Engineering. 35(4):215–230. doi:10.5459/ 
bnzsee.35.4.215-230.

Johnston DM, Houghton BF, Neall VE, Ronan KR, Paton D. 
2000. Impacts of the 1945 and 1995–1996 Ruapehu erup
tions, New Zealand: an example of increasing societal vul
nerability. Geological Society of America Bulletin. 

112(5):720–726. doi:10.1130/0016-7606(2000)112<720: 
IOTARE>2.0.CO;2.

Jolly G, Keys H, Procter J, Deligne N. 2014. Overview of the 
co-ordinated risk-based approach to science and manage
ment response and recovery for the 2012 eruptions of 
Tongariro volcano. New Zealand. Journal of 
Volcanology and Geothermal Research. 286:184–207. 
doi:10.1016/j.jvolgeores.2014.08.028.

Kereszturi G, Németh K, Cronin SJ, Procter J, Agustín- 
Flores J. 2014. Influences on the variability of eruption 
sequences and style transitions in the Auckland 
Volcanic Field, New Zealand. Journal of Volcanology 
and Geothermal Research. 286:101–115. doi:10.1016/j. 
jvolgeores.2014.09.002.

Keys H, Williams K. 1996. Eruption debriefing: a workshop 
to discuss the management of the 1995 eruptions of Mt. 
Ruapehu in Tongariro National Park.

Keys HJ. 2007. Lahars of Ruapehu volcano, New Zealand: 
risk mitigation. Annals of Glaciology. 45:155–162. 
doi:10.3189/172756407782282390.

Keys HJ, Green PM. 2008. Ruapehu lahar New Zealand 18 
March 2007: lessons for hazard assessment and risk miti
gation 1995–2007. Journal of Disaster Research. 
3(4):284–296. doi:10.20965/jdr.2008.p0284.

Kilgour G, Kennedy B, Scott B, Christenson B, Jolly A, 
Asher C, Rosenberg M, Saunders K. 2021. Whakaari/ 
White Island: a review of New Zealand’s most active vol
cano. New Zealand Journal of Geology and Geophysics. 
64(2-3):273–295. doi:10.1080/00288306.2021.1918186.

Kotlarsky J, Kishore S, Branicki L, Sullivan-Taylor B. 2022. 
How the world understood the White Island eruption: 
the tales that different social media actors tell us. The 
University of Auckland Business School Research Paper 
Series, Forthcoming, European Conference of 
Information Systems (ECIS).

Lechner P. 2022. Living with volcanic ash episodes in civil 
aviation – The New Zealand Volcanic Ash Advisory 
System (VAAS) and The International Airways Volcano 
Watch (IAVW). https://www.aviation.govt.nz/assets/ 
licensing-and-certification/meteorology/living-with- 
volcanic-ash.pdf.

Leonard GS, Johnston DM, Paton D, Christianson A, Becker 
J, Keys H. 2008. Developing effective warning systems: 
ongoing research at Ruapehu volcano, New Zealand. 
Journal of Volcanology and Geothermal Research. 
172(3-4):199–215. doi:10.1016/j.jvolgeores.2007.12.008.

Leonard GS, Stewart C, Wilson TM, Procter JN, Scott BJ, 
Keys HJ, Jolly GE, Wardman JB, Cronin SJ, McBride 
SK. 2014. Integrating multidisciplinary science, model
ling and impact data into evolving, syn-event volcanic 
hazard mapping and communication: a case study from 
the 2012 Tongariro eruption crisis, New Zealand. 
Journal of Volcanology and Geothermal Research. 
286:208–232. doi:10.1016/j.jvolgeores.2014.08.018.

Lindsay J, Marzocchi W, Jolly G, Constantinescu R, Selva J, 
Sandri L. 2010. Towards real-time eruption forecasting in 
the Auckland Volcanic Field: application of BET_EF 
during the New Zealand National Disaster Exercise 
‘Ruaumoko’. Bulletin of volcanology. 72:185–204. 
doi:10.1007/s00445-009-0311-9.

Machacca R, Lesage P, Tavera H, Pesicek JD, Caudron C, 
Torres JL, Puma N, Vargas K, Lazarte I, Rivera M. 
2023. The 2013–2020 seismic activity at Sabancaya 
Volcano (Peru): long lasting unrest and eruption. 
Journal of Volcanology and Geothermal Research. 
435:107767. doi:10.1016/j.jvolgeores.2023.107767.

16 M. DAS ET AL.

https://www.gdc.govt.nz/__data/assets/pdf_file/0021/8544/volcanic-contingency-plan.pdf
https://www.gdc.govt.nz/__data/assets/pdf_file/0021/8544/volcanic-contingency-plan.pdf
https://www.gdc.govt.nz/__data/assets/pdf_file/0021/8544/volcanic-contingency-plan.pdf
https://www.geonet.org.nz/vabs/4eByiGOAzuKwymseo8sYee
https://www.geonet.org.nz/vabs/4eByiGOAzuKwymseo8sYee
https://infocouncil.boprc.govt.nz/Open/2022/07/CDEM_20220708_MAT_3490.htm
https://infocouncil.boprc.govt.nz/Open/2022/07/CDEM_20220708_MAT_3490.htm
https://infocouncil.boprc.govt.nz/Open/2022/07/CDEM_20220708_MAT_3490.htm
https://www.gns.cri.nz/our-science/natural-hazards-and-risks/volcanoes/new-zealands-volcanoes/
https://www.gns.cri.nz/our-science/natural-hazards-and-risks/volcanoes/new-zealands-volcanoes/
https://www.gns.cri.nz/our-science/natural-hazards-and-risks/volcanoes/new-zealands-volcanoes/
https://www.geonet.org.nz/about/volcano/val
https://doi.org/10.1016/j.hlc.2018.03.027
https://doi.org/10.1007/s11069-008-9254-2
https://doi.org/10.1016/j.jvolgeores.2019.106763
https://doi.org/10.1016/j.jvolgeores.2019.106763
https://doi.org/10.1016/j.jvolgeores.2015.09.014
https://doi.org/10.1016/j.jvolgeores.2015.09.014
https://doi.org/10.1080/09603129973236
https://doi.org/10.1029/2021GC009803
https://doi.org/10.5459/bnzsee.35.4.215-230
https://doi.org/10.5459/bnzsee.35.4.215-230
https://doi.org/10.1130/0016-7606(2000)112%3C720:IOTARE%3E2.0.CO;2
https://doi.org/10.1130/0016-7606(2000)112%3C720:IOTARE%3E2.0.CO;2
https://doi.org/10.1016/j.jvolgeores.2014.08.028
https://doi.org/10.1016/j.jvolgeores.2014.09.002
https://doi.org/10.1016/j.jvolgeores.2014.09.002
https://doi.org/10.3189/172756407782282390
https://doi.org/10.20965/jdr.2008.p0284
https://doi.org/10.1080/00288306.2021.1918186
https://www.aviation.govt.nz/assets/licensing-and-certification/meteorology/living-with-volcanic-ash.pdf
https://www.aviation.govt.nz/assets/licensing-and-certification/meteorology/living-with-volcanic-ash.pdf
https://www.aviation.govt.nz/assets/licensing-and-certification/meteorology/living-with-volcanic-ash.pdf
https://doi.org/10.1016/j.jvolgeores.2007.12.008
https://doi.org/10.1016/j.jvolgeores.2014.08.018
https://doi.org/10.1007/s00445-009-0311-9
https://doi.org/10.1016/j.jvolgeores.2023.107767


Martin R. 1992. Exercise Nga Puia Post-Exercise 
Report. T. Bay of Plenty Regional Council.

Massey CI, Manville V, Hancox GH, Keys HJ, Lawrence C, 
McSaveney M. 2010. Out-burst flood (lahar) triggered by 
retrogressive landsliding, 18 March 2007 at Mt Ruapehu, 
New Zealand—a successful early warning. Landslides. 
7:303–315. doi:10.1007/s10346-009-0180-5.

Mastin LG, Guffanti M, Servranckx R, Webley P, Barsotti S, 
Dean K, Durant A, Ewert JW, Neri A, Rose WI. 2009. A 
multidisciplinary effort to assign realistic source par
ameters to models of volcanic ash-cloud transport and 
dispersion during eruptions. Journal of Volcanology 
and Geothermal Research. 186(1-2):10–21. doi:10.1016/ 
j.jvolgeores.2009.01.008.

Mayall-Nahi M, Williams E, May K, Kainamu A, Ratana K. 
2021. Navigating risk within iwi/hapū environmental 
decision-making – potential pathways based on the pub
lished literature. https://www.sustainableseaschallenge. 
co.nz/public/assets/dms/Reports/Navigating-risk-within- 
iwi/hapu-environmental-decision-making-Potential- 
pathways-based-on-the-published-literature/Navigating- 
risk-within-iwi-hapu.pdf.

Miller CA, Jolly AD. 2014. A model for developing best 
practice volcano monitoring: a combined threat assess
ment, consultation and network effectiveness approach. 
Natural hazards. 71:493–522. doi:10.1007/s11069-013- 
0928-z.

Ministry for Primary Industry. 2012. Volcanic eruption! 
Impacts and hazard mitigation for New Zealand’s pri
mary production industries. https://www.mpi.govt.nz/ 
dmsdocument/137/direct.

Ministry of Civil Defence and Emergency Management. 
2002. Civil Defence Emergency Management Act 2002. 
https://www.legislation.govt.nz/act/public/2002/0033/51. 
0/DLM149789.html.

Ministry of Civil Defence and Emergency Management. 2008. 
Exercise Ruaumoko ‘08, Final Exercise Report. https:// 
dpmc.govt.nz/sites/default/files/2019-11/dpmc-roiar-oia- 
2019-20-0222-exercise-ruaumoko-final-report.pdf.

Murray C, McDonald G, Cronin S. 2015. Interpreting 
Auckland’s volcanic governance through an institutional 
lens. Natural Hazards. 75:441–464. doi:10.1007/s11069- 
014-1340-z.

National Emergency Management Agency. 2022. Consistent 
messages for CDEM. https://www.civildefence.govt.nz/ 
cdem-sector/consistent-messages.

National Emergency Management Agency. 2023. New 
Zealand Volcanic Science Advisory Panel (NZVSAP) 
Terms of Reference. https://www.civildefence.govt.nz/ 
assets/Uploads/documents/nzvsap-tor-dec-2023.pdf.

National Emergency Management Agency. 2024. Volcanic 
activity. https://getready.govt.nz/emergency/volcanic- 
activity.

Newhall CG, Costa F, Ratdomopurbo A, Venezky D, 
Widiwijayanti C, Win NTZ, Tan K, Fajiculay E. 2017. 
WOVOdat – an online, growing library of worldwide volca
nic unrest. Journal of Volcanology and Geothermal 
Research. 345:184–199. doi:10.1016/j.jvolgeores.2017.08.003.

Newnham RM, Dirks KN, Samaranayake D. 2010. An inves
tigation into long-distance health impacts of the 1996 
eruption of Mt Ruapehu, New Zealand. Atmospheric 
Environment. 44(12):1568–1578. doi:10.1016/j. 
atmosenv.2009.12.040.

Pallister J, Papale P, Eichelberger J, Newhall C, Mandeville 
C, Nakada S, Marzocchi W, Loughlin S, Jolly G, Ewert 
J. 2019. Volcano observatory best practices (VOBP) 
workshops – a summary of findings and best-practice 

recommendations. Journal of Applied Volcanology. 
8(1):1–33. doi:10.1186/s13617-019-0082-8.

Pardo N, Wilson H, Procter JN, Lattughi E, Black T. 2015. 
Bridging Māori indigenous knowledge and western geos
ciences to reduce social vulnerability in active volcanic 
regions. Journal of Applied Volcanology. 4:1–20. doi:10. 
1186/s13617-014-0019-1.

Peers JB, Lindell MK, Gregg CE, Reeves AK, Joyner AT, 
Johnston DM. 2021. Multi-hazard perceptions at long 
valley caldera, California, USA. International Journal of 
Disaster Risk Reduction. 52:101955. doi:10.1016/j.ijdrr. 
2020.101955.

Phillipson G, Sobradelo R, Gottsmann J. 2013. Global volca
nic unrest in the 21st century: an analysis of the first dec
ade. Journal of Volcanology and Geothermal Research. 
264:183–196. doi:10.1016/j.jvolgeores.2013.08.004.

Potter S, Harrison S, Kreft P. 2021. The benefits and chal
lenges of implementing impact-based severe weather 
warning systems: perspectives of weather, flood, and 
emergency management personnel. Weather, Climate, 
and Society. 13(2):303–314. doi:10.1175/WCAS-D-20- 
0110.1.

Potter SH. 2014. Communicating the status of volcanic 
activity in New Zealand, with specific application to cal
dera unrest: a thesis presented in partial fulfilment of 
the requirements for the degree of Doctorate in 
Emergency Management at Massey University, 
Wellington, New Zealand. Massey University.

Potter SH, Jolly GE, Neall VE, Johnston DM, Scott BJ. 2014. 
Communicating the status of volcanic activity: revising 
New Zealand’s volcanic alert level system. Journal of 
Applied Volcanology. 3(1):1–16. doi:10.1186/s13617- 
014-0013-7.

Potter SH, Scott BJ, Fearnley CJ, Leonard GS, Gregg CE. 
2018. Challenges and benefits of standardising early 
warning systems: a case study of New Zealand’s volcanic 
alert level system. In: Fearnley CJ, Bird DK, Haynes K, 
McGuire WJ, Jolly G, editors. Observing the Volcano 
world: volcano crisis communication. Cham: Springer 
International Publishing; p. 601–620.

Potter SH, Scott BJ, Jolly GE, Johnston DM, Neall VE. 2015. 
A catalogue of caldera unrest at Taupo Volcanic Centre, 
New Zealand, using the volcanic unrest index (VUI). 
Bulletin of Volcanology. 77:1–28. doi:10.1007/s00445- 
014-0893-8.

Ronan KR, Paton D, Johnston DM, Houghton BF. 2000. 
Managing societal uncertainty in volcanic hazards: a mul
tidisciplinary approach. Disaster Prevention and 
Management: An International Journal. 339–348.

Rowe MC, Carey RJ, White JD, Kilgour G, Hughes E, Ellis B, 
Rosseel J-B, Segovia A. 2021. Tarawera 1886: an inte
grated review of volcanological and geochemical charac
teristics of a complex basaltic eruption. New Zealand 
Journal of Geology and Geophysics. 64(2-3):296–319. 
doi:10.1080/00288306.2021.1914118.

Saha S, Tapuke S, Kennedy B, Tapuke K, Hersey S, Wright F, 
Tolbert S, Macfarlane A, Leonard G, Tupe R. 2022. Use of 
“Our Supervolcano” virtual field trip to support bicultural 
classrooms in Aotearoa New Zealand. Science Activities. 
59(2):84–96. doi:10.1080/00368121.2022.2056115.

Scott BJ, Travers J. 2009. Volcano monitoring in NZ and 
links to SW Pacific via the Wellington VAAC. Natural 
hazards. 51(2):263–273. doi:10.1007/s11069-009-9354-7.

Siebert L, Cottrell E, Venzke E, Andrews B. 2015. Earth’s 
volcanoes and their eruptions: an overview. In: 
Sigurdsson H, editor. The encyclopedia of volcanoes. 
London: Academic Press; p. 239–255.

NEW ZEALAND JOURNAL OF GEOLOGY AND GEOPHYSICS 17

https://doi.org/10.1007/s10346-009-0180-5
https://doi.org/10.1016/j.jvolgeores.2009.01.008
https://doi.org/10.1016/j.jvolgeores.2009.01.008
https://www.sustainableseaschallenge.co.nz/public/assets/dms/Reports/Navigating-risk-within-iwi/hapu-environmental-decision-making-Potential-pathways-based-on-the-published-literature/Navigating-risk-within-iwi-hapu.pdf
https://www.sustainableseaschallenge.co.nz/public/assets/dms/Reports/Navigating-risk-within-iwi/hapu-environmental-decision-making-Potential-pathways-based-on-the-published-literature/Navigating-risk-within-iwi-hapu.pdf
https://www.sustainableseaschallenge.co.nz/public/assets/dms/Reports/Navigating-risk-within-iwi/hapu-environmental-decision-making-Potential-pathways-based-on-the-published-literature/Navigating-risk-within-iwi-hapu.pdf
https://www.sustainableseaschallenge.co.nz/public/assets/dms/Reports/Navigating-risk-within-iwi/hapu-environmental-decision-making-Potential-pathways-based-on-the-published-literature/Navigating-risk-within-iwi-hapu.pdf
https://www.sustainableseaschallenge.co.nz/public/assets/dms/Reports/Navigating-risk-within-iwi/hapu-environmental-decision-making-Potential-pathways-based-on-the-published-literature/Navigating-risk-within-iwi-hapu.pdf
https://doi.org/10.1007/s11069-013-0928-z
https://doi.org/10.1007/s11069-013-0928-z
https://www.mpi.govt.nz/dmsdocument/137/direct
https://www.mpi.govt.nz/dmsdocument/137/direct
https://www.legislation.govt.nz/act/public/2002/0033/51.0/DLM149789.html
https://www.legislation.govt.nz/act/public/2002/0033/51.0/DLM149789.html
https://dpmc.govt.nz/sites/default/files/2019-11/dpmc-roiar-oia-2019-20-0222-exercise-ruaumoko-final-report.pdf
https://dpmc.govt.nz/sites/default/files/2019-11/dpmc-roiar-oia-2019-20-0222-exercise-ruaumoko-final-report.pdf
https://dpmc.govt.nz/sites/default/files/2019-11/dpmc-roiar-oia-2019-20-0222-exercise-ruaumoko-final-report.pdf
https://doi.org/10.1007/s11069-014-1340-z
https://doi.org/10.1007/s11069-014-1340-z
https://www.civildefence.govt.nz/cdem-sector/consistent-messages
https://www.civildefence.govt.nz/cdem-sector/consistent-messages
https://www.civildefence.govt.nz/assets/Uploads/documents/nzvsap-tor-dec-2023.pdf
https://www.civildefence.govt.nz/assets/Uploads/documents/nzvsap-tor-dec-2023.pdf
https://getready.govt.nz/emergency/volcanic-activity
https://getready.govt.nz/emergency/volcanic-activity
https://doi.org/10.1016/j.jvolgeores.2017.08.003
https://doi.org/10.1016/j.atmosenv.2009.12.040
https://doi.org/10.1016/j.atmosenv.2009.12.040
https://doi.org/10.1186/s13617-019-0082-8
https://doi.org/10.1186/s13617-014-0019-1
https://doi.org/10.1186/s13617-014-0019-1
https://doi.org/10.1016/j.ijdrr.2020.101955
https://doi.org/10.1016/j.ijdrr.2020.101955
https://doi.org/10.1016/j.jvolgeores.2013.08.004
https://doi.org/10.1175/WCAS-D-20-0110.1
https://doi.org/10.1175/WCAS-D-20-0110.1
https://doi.org/10.1186/s13617-014-0013-7
https://doi.org/10.1186/s13617-014-0013-7
https://doi.org/10.1007/s00445-014-0893-8
https://doi.org/10.1007/s00445-014-0893-8
https://doi.org/10.1080/00288306.2021.1914118
https://doi.org/10.1080/00368121.2022.2056115
https://doi.org/10.1007/s11069-009-9354-7


Smith R. 2009. Research, science and emergency manage
ment: partnering for resilience. Tephra. 22:71–78.

Stewart C, Wilson TM, Sword-Daniels V, Wallace KL, 
Magill CR, Horwell CJ, Leonard GS, Baxter PJ. 2018. 
Communication demands of volcanic ashfall events. In: 
Fearnley CJ, Bird DK, Haynes K, McGuire WJ, Jolly G, 
editors. Observing the Volcano World: Volcano Crisis 
Communication. Cham: Springer International 
Publishing; p. 23–49.

Sword-Daniels VL, Twigg J, Rossetto T, Johnston D. 2016. 
Unpacking long-term disaster recovery processes: a case 
study of the healthcare system in Montserrat, West Indies. 
International Journal of Mass Emergencies & Disasters. 
34(1):113–142. doi:10.1177/028072701603400106.

Thompson MA, Lindsay JM, Gaillard J-C. 2015. The influ
ence of probabilistic volcanic hazard map properties on 
hazard communication. Journal of Applied 
Volcanology. 4:1–24. doi:10.1186/s13617-015-0023-0.

Thompson MA, Lindsay JM, Leonard GS. 2017a. More than 
meets the eye: volcanic hazard map design and visual 
communication. In: Fearnley CJ, Bird DK, Haynes K, 
McGuire WJ, Jolly G, editors. Observing the volcano 
world: volcano crisis communication. Cham: Springer 
International Publishing; p. 621–640.

Thompson MA, Lindsay JM, Wilson TM, Biass S, Sandri L. 
2017b. Quantifying risk to agriculture from volcanic ash
fall: a case study from the Bay of Plenty, New Zealand. 
Natural hazards. 86:31–56. doi:10.1007/s11069-016- 
2672-7.

UNDRR. 2015. Sendai framework for disaster risk reduction 
2015–2030. https://www.undrr.org/media/16176/ 
download?startDownload=20240822.

UNDRR. 2023. Understanding disaster risks – anticipatory 
action. https://www.preventionweb.net/understanding- 
disaster-risk/key-concepts/anticipatory-action#:~:text= 
Anticipatory%20action-,Anticipatory%20action%20allows 
%20humanitarians%20and%20affected%20communities% 
20to%20make%20informed,the%20dignity%20of%20those 
%20affected.

Wardman JK. 2008. The constitution of risk communi
cation in advanced liberal societies. Risk Analysis: An 
International Journal. 28(6):1619–1637. doi:10.1111/j. 
1539-6924.2008.01108.x.

Weir AM, Mead S, Bebbington MS, Wilson TM, Beaven S, 
Gordon T, Campbell-Smart C. 2022. A modular frame
work for the development of multi-hazard, multi-phase 
volcanic eruption scenario suites. Journal of 
Volcanology and Geothermal Research. 427:107557. 
doi:10.1016/j.jvolgeores.2022.107557.

Wild AJ, Bebbington MS, Lindsay JM, Charlton DH. 2021. 
Modelling spatial population exposure and evacuation clear
ance time for the Auckland Volcanic Field, New Zealand. 
Journal of Volcanology and Geothermal Research. 
416:107282. doi:10.1016/j.jvolgeores.2021.107282.

Zanini S, Bennett SA. 2024. The Whakaari/White Island dis
aster. An analysis informed by sociological theories of 
risk. New Zealand Journal of Health and Safety 
Practice. 1(1):1–13. doi:10.26686/nzjhsp.v1i1.9074

18 M. DAS ET AL.

https://doi.org/10.1177/028072701603400106
https://doi.org/10.1186/s13617-015-0023-0
https://doi.org/10.1007/s11069-016-2672-7
https://doi.org/10.1007/s11069-016-2672-7
https://www.undrr.org/media/16176/download?startDownload=20240822
https://www.undrr.org/media/16176/download?startDownload=20240822
https://www.preventionweb.net/understanding-disaster-risk/key-concepts/anticipatory-action#:~:text=Anticipatory%20action-,Anticipatory%20action%20allows%20humanitarians%20and%20affected%20communities%20to%20make%20informed,the%20dignity%20of%20those%20affected
https://www.preventionweb.net/understanding-disaster-risk/key-concepts/anticipatory-action#:~:text=Anticipatory%20action-,Anticipatory%20action%20allows%20humanitarians%20and%20affected%20communities%20to%20make%20informed,the%20dignity%20of%20those%20affected
https://www.preventionweb.net/understanding-disaster-risk/key-concepts/anticipatory-action#:~:text=Anticipatory%20action-,Anticipatory%20action%20allows%20humanitarians%20and%20affected%20communities%20to%20make%20informed,the%20dignity%20of%20those%20affected
https://www.preventionweb.net/understanding-disaster-risk/key-concepts/anticipatory-action#:~:text=Anticipatory%20action-,Anticipatory%20action%20allows%20humanitarians%20and%20affected%20communities%20to%20make%20informed,the%20dignity%20of%20those%20affected
https://www.preventionweb.net/understanding-disaster-risk/key-concepts/anticipatory-action#:~:text=Anticipatory%20action-,Anticipatory%20action%20allows%20humanitarians%20and%20affected%20communities%20to%20make%20informed,the%20dignity%20of%20those%20affected
https://www.preventionweb.net/understanding-disaster-risk/key-concepts/anticipatory-action#:~:text=Anticipatory%20action-,Anticipatory%20action%20allows%20humanitarians%20and%20affected%20communities%20to%20make%20informed,the%20dignity%20of%20those%20affected
https://doi.org/10.1111/j.1539-6924.2008.01108.x
https://doi.org/10.1111/j.1539-6924.2008.01108.x
https://doi.org/10.1016/j.jvolgeores.2022.107557
https://doi.org/10.1016/j.jvolgeores.2021.107282
https://doi.org/10.26686/nzjhsp.v1i1.9074

	Abstract
	Introduction
	Organisations involved in volcano communication: An overview

	Method
	Results
	Information and communication during quiescence
	Information and communication during unrest
	Information and communication during eruptive phases
	Information and communication during post-eruptive stages

	Discussion
	Conclusion
	Notes
	Acknowledgements
	Disclosure statement
	Data availability statement
	ORCID
	References

