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Abstract

Data collected during well-observed eruptions can lead to dramatic increases in our understanding of volcanic processes.
However, the necessary prioritization of public safety and hazard mitigation during a crisis means that scientific opportunities
may be sacrificed. Thus, maximizing the scientific gains from eruptions requires improved planning and coordinating sci-
ence activities among governmental organizations and academia before and during volcanic eruptions. One tool to facilitate
this coordination is a Scientific Advisory Committee (SAC). In the USA, the Community Network for Volcanic Eruption
Response (CONVERSE) has been developing and testing this concept during workshops and scenario-based activities. The
December 2020 eruption of Kilauea volcano, Hawaii, provided an opportunity to test and refine this model in real-time
and in a real-world setting. We present here the working model of a SAC developed during this eruption. Successes of the
Kilauea SAC (K-SAC) included broadening the pool of scientists involved in eruption response and developing and codifying
procedures that may form the basis of operation for future SACs. Challenges encountered by the K-SAC included a process
of review and facilitation of research proposals that was too slow to include outside participation in the early parts of the
eruption and a decision process that fell on a small number of individuals at the responding volcano observatory. Possible
ways to address these challenges include (1) supporting community-building activities between eruptions that make con-
nections among scientists within and outside formal observatories, (2) identifying key science questions and pre-planning
science activities, which would facilitate more rapid implementation across a broader scientific group, and (3) continued
dialog among observatory scientists, emergency responders, and non-observatory scientists about the role of SACs. The
SAC model holds promise to become an integral part of future efforts, leading in the short and longer term to more effective
hazard response and greater scientific discovery and understanding.
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Introduction

Significant leaps in understanding volcanic eruptions and
their consequences often occur during and shortly after
well-observed eruptions. For example, the 1980 Mount
St. Helens eruption highlighted the hazards from a large
flank failure and a lateral blast (Miller et al. 1981), the
1991 eruption of Pinatubo enabled the climatic effects of
large eruptions to be quantified (Minnis et al. 1993) and
emphasized that secondary hazards such as lahars last far
longer than the primary eruptions (Major et al. 1996), and
the 2022 Hunga Tonga—Hunga Ha’apai eruption revealed
the rich array of waves generated by explosive eruptions
(Matoza et al. 2022). Many critical data sets and samples
can be collected only during an eruption, and studies of
these can lead to more effective hazard mitigation. How-
ever, during a crisis, there is the potential to miss science
opportunities as priorities focus on public safety and haz-
ard mitigation, and field access for observations and sam-
pling or installation of instrumentation becomes restricted
by authorities. Scientists responding to the eruption under
the auspices of long-standing formal roles recognized by
authorities (e.g., scientists affiliated with a volcano obser-
vatory) have less time to interface with scientists from
other institutions who are not yet directly involved in the
eruption response. To this end, the National Academy of
Sciences ERUPT report (National Academies of Sciences,
Engineering, and Medicine 2017) highlighted “Develop
a coordinated volcano science community to maximize
scientific returns from any volcanic event” as one of three
grand challenges for the volcano science community.
Among the elements required to advance our understand-
ing of volcanic systems and improve forecasting are a coor-
dinated response by the entire research community to help
overcome observational bias (e.g., large eruptions are rare
in the historical record and a small number of volcanoes
have been the subject of intense study), and developing
synergistic partnerships between academic institutions and
volcano observatories. The most damaging recent volcanic
crisis in the USA, the 2018 eruption of Kilauea, Hawaii,
demonstrated both the opportunities for and challenges of
maximizing the scientific returns of volcanic eruptions.
The US Geological Survey (USGS) Hawaiian Volcano
Observatory (HVO), charged with the eruption response,
deployed unprecedented levels of instrumentation for erup-
tion monitoring and made round-the-clock field observa-
tions in order to inform their primary mission—to evaluate
and communicate hazards and support public safety (Neal
etal. 2019). At the same time, there was a flood of requests
by non-observatory researchers to obtain rock samples and
field access, and/or to deploy equipment. These requests
could not be realistically or equitably addressed in near-real
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time due to both access restrictions and the limited available
time of observatory staff and emergency managers. Data
collected by scientists during the eruption have produced
many important scientific discoveries, (e.g., Neal et al.
2019; Anderson et al. 2019; Gansecki et al. 2019; Patrick
et al. 2019, 2020; Namiki et al. 2021) yet, based on this
experience, a more robust, transparent system for facilitat-
ing scientific collaboration will provide opportunities to
learn even more from future events.

The Community Network for Volcanic Eruption Response
(CONVERSE) began as a Research Coordination Network
funded by the National Science Foundation (NSF) to facili-
tate collaboration between scientists at the USGS volcano
observatories, National Aeronautics and Space Administra-
tion (NASA), universities, and other scientific organizations,
to advance our ability to monitor volcanoes and volcanic
eruptions, to collect critical data and samples, and to develop
a new generation of physical and chemical models of vol-
canoes. Primary responsibility for monitoring, eruption
response, and assessment and communication of hazards at
US volcanoes falls on the USGS Volcano Science Center
and its volcano observatories, part of the US Geological
Survey’s Volcano Hazards Program. The challenges of
coordinating efforts between observatory scientists and non-
observatory scientists during an eruption crisis have long
been recognized (e.g., Fiske 1984; Newhall 1999; Lowen-
stern et al. 2022; Saarinen and Sell 1985). The model of a
Scientific Advisory Committee (SAC) to help coordinate
between observatory and non-observatory scientists grew
out of efforts during past eruptions and discussions during
workshops organized by CONVERSE during 2019-2020.
The SAC concept was tested in a scenario-based workshop
in November 2020 that was focused on a simulated eruption
at Mount Hood, Oregon (Fischer et al. 2021). A new erup-
tion at Kilauea that began on 20 December 2020 provided a
real-world opportunity to test this model as a framework for
a coordinated response of observatory staff and the broader
research community. This manuscript summarizes lessons
learned from this opportunity, describes policies and pro-
cedures developed during the eruption, and assesses what
worked well, remaining challenges, and suggestions for
future SAC implementation.

Scientific communication and coordination
in previous eruptions

The need for, and advantages of, communication and coor-
dination among scientists during eruptions has long been
recognized, along with challenges associated with these
efforts (e.g., Fiske 1984; Newhall 1999; Lowenstern et al.
2022; Saarinen and Sell 1985). Past committees have been
convened around the world to coordinate scientific and field
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activities as well as to assess hazards to inform eruption
response. Different committees have had different goals
and mandates. Here, we briefly review a few examples to
highlight the challenges posed by the different goals and
responsibilities of observatory and non-observatory scien-
tists during previous eruptions.

In 1976, accelerating seismic activity at La Soufriére,
Guadaloupe, culminated in explosive activity that triggered
a four-month evacuation and bitter disputes among both
civil authorities and scientific groups working on eruption
response (Fiske 1984). Problems were related to the ambigu-
ous nature of the event itself combined with a lack of base-
line data, the inexperience of many scientists involved, and
the public nature of disputes between scientific groups. As
a result, government authorities in Paris convened a Comité
Scientifique International sur La Soufriére to assess the sci-
entific data and prepare a final report, the immediate conse-
quence of which was to terminate the evacuation.

The scientific response to the 1980 eruption of Mount
St. Helens was handled primarily by the USGS in coor-
dination with the primary land manager, the US Forest
Service (USFS), and the emergency management author-
ity, the Washington Emergency Management Division.
Academic involvement was initially via the University of
Washington, which was responsible for the Pacific North-
west Seismic Network and therefore closely involved with
the eruption monitoring and response. A key challenge for
the USGS was a shortage of trained personnel and the need
to establish a volcano observatory from the ground up dur-
ing the crisis. Given the rapid acceleration of activity at
the volcano, the need to coordinate with federal, state, and
local agencies, and the jurisdiction of the state over area
closures, the USGS was unable to adequately respond to
requests from non-observatory scientists for access to the
volcano (Saarinen and Sell 1985). As a result, Professor
John Elliot Allen of Portland State University and Ralph
Mason, Oregon State Geologist (retired), with representa-
tives from regional universities and the state Geologic
Survey, formed the ad hoc Mount St. Helens Research
and Education Coordinating Committee (SHCC) to screen
academic and other access requests and issue access per-
mits. The stated goals of the committee were to (1) help
coordinate requests for field access (for both scientific and
education purposes) and (2) to keep records on ongoing
projects to reduce duplication. During the 5 months over
which it was active, 121 permits were issued, after which
the land manager, the USFS, took over the permitting
process. Although Allen’s commission was appreciated
by the USGS and by some academic scientists (Nelson
1980), others were frustrated because of the perceived
monopoly by the USGS, a perception that the USGS was
turning away local experts, and the experience of some
researchers who were refused entry to the restricted zone

by the USFS despite having permits from Allen’s commit-
tee (West 1980). The 1981 USGS Professional Paper on the
eruption (Lipman and Mullineaux 1981) presents research
conducted during and shortly after the eruption.

There was a concerted attempt by the USGS Cascades
Volcano Observatory (CVO) to involve a broader scientific
community during the unrest and eruption of Mount St.
Helens in 2004. Partly as a consequence of the larger pool
of scientists involved in the response, the USGS Professional
Paper describing the eruption (Sherrod et al. 2008) reflects
the participation of scientists from the USGS, other federal
and state agencies, and academic and museum scientists
from 16 institutions in the USA, Canada, and the UK. Of
course, compared to the 1980 eruption, the 2004 eruption
was relatively small, remained relatively non-threatening,
and was conducive to sampling large amounts of new lava
that could be shared easily, which aided the involvement of
non-observatory scientists.

Evolving activity at Soufriere Hills Volcano, Montserrat,
following its re-awakening in 1995, prompted an evolving
effort at hazard assessment, including the formal appoint-
ment of a UK Government Scientific Advisory Committee
(SAC) in 2003. The primary charge of this SAC was a twice-
yearly meeting with the Montserrat Volcano Observatory
(MVO) to perform a quantitative assessment of volcanic
hazard and risk (Wadge and Aspinall 2014). Importantly,
the risk assessment responsibilities of the SAC were separate
from the MVO operations and included handling requests
from academic scientists for research access.

After 40-year hiatus in eruptive activity in the Canary
Islands and a 200-year hiatus at El Hierro, El Hierro began
erupting in October 2011 (Marrero et al. 2015; Solana et al.
2018). Partly in response to unrest in 2004 at Tenerife,
a Canarian Volcanic Emergencies Plan (PEVOLCA) had
previously been created in 2008 and approved in 2010
(Marrero et al. 2015). This plan established a Scientific
Advisory Committee, which would be responsible for
scientific decision-making, and communicating informa-
tion to the civil authorities. Within the legal framework
of PEVOLCA, scientific information is linked strictly to
response: the Volcanic Activity/Alert Levels (VAL), set
by the scientific decision-makers, are directly linked to
Emergency Response Levels. As a result, specific color
codes for the VAL will trigger particular responses in the
Emergency Response Levels, and those responses can-
not proceed without the color code having been set by the
scientific decision-makers (Marrero et al. 2015). It was
recommended in the original plan that representatives
of scientific institutions involved in volcanic research in
the Canary Islands be included. However, the 2010 plan
instead created an advisory committee composed of repre-
sentatives from the National Geographical Institute (IGN),
the Spanish National Research Centre (CSIC), the National
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Meteorological Agency (AEMET), and the Canarian Civil
Protection (Solana et al. 2018). This approach created sev-
eral challenges. For example, the exclusion of some mem-
bers of the scientific community created tensions and led
to a difficult legal and financial position for scientists in
the broader community who provided advice, and some
scientists outside the SC disseminated information that
was more speculative and led to unnecessary concern in
the public (Solana et al. 2018). In addition, a lack of coor-
dination between the SC and the external scientists led to
a lack of data sharing and conflicts over access to moni-
toring resources and data. As a result, the Canarian Civil
Protection has proposed that a new Scientific Committee
for the Assessment and Surveillance of Volcanic Phenom-
ena (CSEV) should be created. This committee would be
coordinated by Civil Protection and would include repre-
sentatives from external researchers from universities and
research organizations as well as the PEVOLCA advisory
committee groups (Solana et al. 2018).

During the 2018 eruption of Kilauea, different approaches
to coordinating access to the eruption by non-observatory
scientists were used in the two eruption locations based on
contrasting systems of land management. The US Federal
Incident Command System (https://www.ready.gov/incid
ent-management) operated at the active effusive eruption in
the lower East Rift Zone (LERZ; see Fig. 1 inset), and as a
result, access by scientists to the eruption was largely limited
to HVO staff. Access was broadened somewhat later in the
eruption as activity stabilized at Fissure 8. Because of this
restricted access, science-focused field deployments with-
out immediate value to hazard assessment were essentially
impossible in the first month of the eruption, a time when
hundreds of homes were destroyed and official evacuations
of the residents were taking place. At the summit, access
was also restricted by the emergency closure of Hawai‘i Vol-
canoes National Park. The Hawaiian Volcano Observatory
received numerous requests for scientific access, including
requests directly from researchers and others forwarded by
the National Park Service. At the same time, the National
Science Foundation (NSF) stated that any funding propos-
als linked to rapid response to the eruption would require
a letter of support from HVO in order to ensure that PIs
had coordinated with HVO about any necessary access or
HVO involvement. Scientific activities using remote meth-
ods (crewed airborne missions, satellite), or based offshore
or downwind, were able to be conducted without restrictions
by emergency or land managers, both with and without HVO
involvement.

To help manage incoming requests for scientific
access to both the LERZ and the summit areas, the HVO
Scientist-in-Charge (SIC) set up an ad hoc committee
of two scientists, one drawn from USGS and one from
academia, to oversee a review process for these requests.
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The committee sought four single-page evaluations of the
merits and feasibility of each project (two USGS review-
ers and two from academic institutions). Their comments
were summarized by a committee member and forwarded
to the SIC for endorsement. The rate-limiting step in
assessing requests in this way was obtaining the reviews
from the people with necessary knowledge and perspec-
tive and who also had heavy commitments to the eruption
response. A post-eruption analysis of the response recog-
nized this issue and suggested a standing steering com-
mittee to evaluate outside research (Williams et al 2020).
This experience was a major contributing factor to the
formation of the Kilauea Scientific Advisory Committee
(K-SAC, which has now evolved into H-SAC, a broader
Hawai‘iScientific Advisory Committee).

These examples from previous eruptions provide impor-
tant context for the concept and implementation of a SAC
and show some of the challenges of coordinating efforts in
a rapidly evolving and hazardous situation. Our model of a
SAC was developed to mitigate some of these challenges
through a focus on coordination between observatory and
non-observatory scientists, which can lead to their mutual
benefit and would advance volcano science, and an effort to
minimize conflicts of interest and maintain the trust of both
communities. The 2020-2021 eruption of Kilauea provided
an opportunity for developing and testing this framework
for SAC operation.

The 2020-2021 eruption of Kilauea

Following the LERZ eruption and summit collapse in 2018,
Kilauea’s summit crater began filling with water in July
2019 and a water lake almost 50 m deep was present when
the 2020 eruption began. On 20 December 2020 at approxi-
mately 9:30 pm HST, fissures opened within Halema uma'u
crater in Kilauea’s summit caldera. Lava effusion contin-
ued to fill the crater over the eruption’s 5-month duration,
creating a 229-m deep lava lake by the end of the eruption
on 26 May 2021 (Fig. 1). The onset of this eruption raised
or emphasized several important questions: Why did the
eruption begin where and when it did? Would there be an
explosive eruption from the interaction of magma with the
ephemeral water lake? Was this renewed activity a prelude
to another long-lived eruption?

Activity remained confined in Halema uma'u crater
within a closed area of Hawai‘i Volcanoes National Park
throughout this eruption, limiting the potential risks. Its
location within the 400 + meter deep 2018 collapse crater
(Neal et al. 2019) meant that most of the eruptive material
was contained within the crater. Direct access to the lake
was not possible due to safety considerations, logistical
challenges, and access restrictions established by Hawai‘i
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Fig. 1 Eruption site map, with areas of closures/access restrictions
marked. This map of Halema'uma'u at the summit of Kilauea shows
20 m (66 ft) contour lines (dark gray) that mark locations of equal
elevation above sea level (asl). The map shows that the lava lake filled
229 m (752 ft) of the crater, to an elevation of 747 m (2450 ft) asl,
from the beginning of the eruption on 20 December 2020, through
13 May 2021. The graphic at the bottom shows topographic profiles
from west to east across the caldera before 2018, shortly after 2018,

Volcanoes National Park. The lava lake surface remained
hundreds of meters below the crater rim (Fig. 1) for the
duration of the eruption and the paucity of tephra deposits

and as of May 13, 2021, along with the 2019-2020 Halema uma’u
water lake. The last activity on the lava lake surface was observed on
23 May. Polygons with diagonal ruling indicate the closed area within
Hawai‘i Volcanoes National Park and the high-hazard area at the time
the eruption began in December 2020. Map modified from the USGS
website (https://www.usgs.gov/volcanoes/kilauea/december-2020-
may-2021-eruption). Sources/usage: Public Domain

from minor explosive activity at the onset of the eruption
restricted the type of studies that could reasonably and
safely be performed.
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How the K-SAC was set up and its process

As soon as the Kilauea 2020 eruption began, USGS and
CONVERSE leadership recognized the opportunity to
apply the SAC model in a real-world scenario. The goals
of CONVERSE in this case were to facilitate communi-
cation and coordination of activities between HVO and
non-observatory scientists and to broaden the participation
of non-observatory scientists in the response. Within days
of the start of the eruption, CONVERSE and USGS lead-
ers met to discuss a SAC and criteria for the selection of
committee members with diverse expertise, having more
than one member from the USGS in order to distribute
the workload, and avoiding possible scientific conflicts of
interest. Based on these criteria, a SAC was set up con-
sisting of seven members: three from the USGS and four
from academia, with an additional USGS communications
liaison (Table 1). Meetings of the Kilauea SAC (K-SAC)
began within a week of the start of the eruption. The pri-
mary functions of K-SAC were as follows:

1. Evaluate proposals for academic research activities that
were time-sensitive and/or required coordination with
HVO staff and provide recommendations to the HVO
SIC, ideally in less than 48 h.

2. Facilitate communication and collaboration by compil-
ing and sharing information about planned or ongoing
research activities within the broader community.

These functions dictated K-SAC priorities during the
eruption and provided a framework for the HVO SIC to
evaluate research activities proposed by the academic
community. K-SAC was envisioned to assist with evaluat-
ing projects that required access to closed areas or samples
collected by the USGS, that involved HVO researchers, or

that required National Park Service permits and/or alloca-
tion of HVO staff time, each of which required decisions
made by the National Park Service, the land manager, and
by the HVO SIC, respectively. A key point is that K-SAC’s
purpose was to facilitate coordination of scientific work
between HVO and non-observatory scientists by providing
advice to the HVO SIC as to whether proposed research
was (i) time-sensitive (i.e., needed to happen during the
course of the eruption), (ii) feasible given the constraints
of the nature of the eruption, safety considerations, and
access to closed areas, and (iii) likely to improve under-
standing of volcanic processes and eruptions and/or
inform the ongoing eruption response. Research that did
not require access to closed areas and that did not require
the involvement of HVO scientists (e.g., remote sensing
studies), did not need to go through the K-SAC process.
Proposals to K-SAC that did not require the collection of
time-sensitive data or samples were not prioritized, as they
could be pursued after the eruption ended.

Coordinating the broader scientific community response
was especially challenging at this time because Covid-19
policies put in place by the State of Hawaii (including a
mandatory two-week quarantine period for people arriving
in Hawaii) largely prevented outside partners from arriving
to conduct their own research whether or not HVO helped
to facilitate it. Thus, proposed research activities required
a greater commitment of HVO time and resources than
might otherwise have been the case. However, the modest
number of requests for research activities and samples
allowed the SAC to develop policies and procedures
for operation while simultaneously facilitating research
activities.

In addition to the primary functions listed above,
K-SAC identified several activities that could help facili-
tate communication and coordination of efforts, including
the following:

Table 1 Membership of the

Affiliation

Notes

o Name
2020-2021 Kilauea Scientific
Advisory Committee Kyle Anderson
Kari Cooper
Kathy Cashman

Hannah Dietterich
Bruce Houghton
Ingrid Johanson
Kendra Lynn
Michael Manga
Christelle Wauthier

USGS California Volcano Observatory

University of California Davis

University of Oregon

USGS Hawaiian Volcano Observatory

Rotated onto committee 2/2021

Committee Chair 12/2020—
8/2021; co-chair 8/2021-
3/2022

Committee co-chair 8/2021-
3/2022; Chair 3/2022
-present

USGS Alaska Volcano Observatory
University of Hawai‘i Manoa

Rotated off committee 1/2021

USGS Hawaiian Volcano Observatory
University of California Berkeley
The Pennsylvania State University
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1. If HVO personnel identified a need for expertise or
instrumentation beyond their current capabilities, K-SAC
communicated that need to the broader community and
facilitated collaborations.

2. K-SAC provided information to the broader community
on access restrictions related to proposed activities
(complexities regarding conducting research on National
Park Service lands) and advised on alternative options to
achieve scientific goals.

3. K-SAC worked on protocols for sample collection and
access with input from the broader USGS and CONVERSE
communities, resulting in USGS HVO implementing a
“sample sharing agreement” for tracking and enhancing
data sharing for distributed USGS samples in concordance
with NPS rules for samples from NPS lands.

4. K-SAC made recommendations on how to improve
operations for future SACs.

K-SAC was envisioned as the formal link between the
academic scientific community and the USGS for the eruption
ongoing at that time, but it continued to operate for Kilauea’s
2021-2022 eruption as well and it has now evolved into a
broader Hawai ‘i Scientific Advisory Committee (H-SAC) that
is independent of a specific eruption.

K-SAC process

K-SAC advertised the process for submitting and evaluating
proposals by posting information to the CONVERSE website,
to the Volcano listserv (Volcano@lists.asu.edu), and by
communication through individual professional networks.
Information about proposal guidelines and evaluation criteria
was posted on the CONVERSE website (Online Resource 1;
Online Resource 3). A key point is that K-SAC’s purpose was
to facilitate the coordination of scientific work between USGS
and non-observatory scientists. However, all decisions involving
the use of USGS resources (including staff person-hours)
were made by the HVO SIC, and the SAC had no authority or
ability to fund projects. Thus, the K-SAC acted as a facilitator,
gathering information to inform the SIC who was prioritizing
limited HVO resources. Also, as noted above, scientific projects
that did not require access to HVO resources or personnel did
not need to go through the K-SAC proposal process, although
K-SAC encouraged all scientists working on the eruption to
provide information to the community about their projects in
order to facilitate collaborations (see below).

Submission and evaluation of proposals to K-SAC followed a
multi-step process (illustrated schematically in Fig. 2).

1) Interested scientists wrote a one-page proposal following the
K-SAC guidelines and submitted it via email to the K-SAC
Chair.

2) The Chair assigned at least three K-SAC members
(including one USGS scientist and one non-USGS scientist)
to review the proposal based on the following criteria (not
listed in order of importance):

A. Potential to identify critical gaps in data collection or
scientific response to advance volcano science.

B. Time-sensitivity of data/sample collection: does this
project require data, samples, or analyses that must be
completed on a time scale of weeks to months?

C. Direct contribution of the results to mitigating volcanic
and related hazards to life and property, augmenting HVO
work.

D. The likelihood of success (is the project feasible with the
resources in hand? Is it likely to enhance hazard mitigation
and/or volcano science?).

E. Familiarity of the PIs with logistics of and constraints on
working on the island of Hawai‘i.

F. Ability to be performed without interfering with ongoing
€mergency response.

G. Safety of personnel in performing the work.

H. Identification of an HVO or other USGS collaborator, if
applicable.

3) The K-SAC Chair compiled and summarized the feedback
from reviewers, gathering additional information from
proponents if needed.

4) The K-SAC Chair sent a packet consisting of the proposal,
K-SAC summary, and reviews to the K-SAC USGS
committee member who had reviewed it. This person then
determined the feasibility of the work and whether there was
an HVO staff member who was interested in collaborating
and whether they had sufficient time available to do so.

5) If an HVO scientist agreed to support the project, the
complete packet was sent to the HVO SIC, who determined
whether the needed USGS resources could be allocated.

6) The SIC notified the K-SAC chair of the decision, and the
K-SAC chair notified the proponents. Between December
2020 and February 2021, eight proposals were submitted
to K-SAC, of which seven were ultimately approved by the
HVO SIC (one proposal was not recommended to proceed
due to lack of physical samples needed to conduct the
research and significant overlap of the proposed project with
work already in progress at HVO).

Another function of K-SAC—to facilitate longer-
term collaboration by compiling and communicating
information about research interests and activities—was
addressed through several approaches. First, information
was solicited from both HVO and external scientists about
research activities and interests related to the eruption
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Fig.2 Flow chart of the

2020 K-SAC proposal process,
with boxes color-coded by role.
This decision process evolved
from the initial workflow for
K-SAC committee approval of a
proposal submitted by a primary
investigator (PI) to incorporate
the necessary USGS subject
matter expert (SME) whose
collaboration was needed for
proposal success and approval
by the USGS HVO Scientist-
in-Charge (SIC). As proposals
were reviewed, this workflow
was also amended to reflect

the need for revision of the
initial proposal to incorporate
any changes necessary for final
approval. Online resources:
documents outlining procedures
and policies for K-SAC. OR_1,
proposal guidelines and evalu-
ation criteria; OR_2, proposal
evaluation procedure; OR_3,
proposal evaluation form used
by K-SAC reviewers

K-SAC decision process

Proposal submitted
to K-SAC by PI

v

K-SAC chair assigns 3
reviewers incl. one
USGS K-SAC rep

Is proposal recommended based on
science/hazard value, basic feasbility?

Yes

USGS K-SAC rep identifies SME group,
sends proposal for internal review for
interest, feasibility, supervisor approval.
Recommended?

No
Yes

Yes

SME + USGS K-SAC
rep make recommen-
dation to SIC.
Final decision?

No

K-SAC informs PI

Can Pl amend to do
work that is relevant,
timely, and feasible?
Revision submitted?

Yes

SIC sends endorsement to K-SAC
chair (copying SMEs + K-SAC rep).

No

SIC informs K-SAC,
K-SAC informs PI

K-SAC informs PI. Data/sample
agreements sent. Work proceeeds.

Legend

and was compiled in a spreadsheet that was available on
the CONVERSE website, which was updated as new
information was received. Second, K-SAC members
participated in several CONVERSE-run open-house
events online, providing information to the broader science
community about updates on the nature of the eruption
and the status of access to closed areas and availability of
samples and data. Third, an instant messaging workspace
(Slack) was set up, and all interested scientists were invited
to participate. Information about eruptive activity, datasets
that were being collected and by whom, and activities such
as open-house events were posted to the site, and it also
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Proposer task

K-SAC task USGS task

provided a forum for scientists to communicate with each
other about research and share plans and results.

The 2021-2022 Kilauea eruption

In September 2021, Kilauea provided a second opportunity
to put K-SAC into practice. At approximately 3:30 pm HST
on 29 September 2021, another summit eruption began
in Halema® uma’u Crater with similar characteristics and
limitations as the 2020-2021 eruption. The only physical
samples that were available for study were of an initial
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basaltic pumice deposit on 29 September, as the eruption
remained confined deep within Halema uma'u Crater.
Through the end of the eruption in December 2022, activity
was confined to a lava lake on the floor of Halema'uma'u
Crater. Nonetheless, K-SAC (reformulated as Hawai‘i
Scientific Advisory Committee, H-SAC) approved within
2 days of the request a sample-based proposal that was an
extension of one that had been previously authorized by the
SIC for the 2020-2021 eruption, using the same submission
and evaluation process described above.

What worked well?

One of the goals of CONVERSE broadly, and K-SAC in
particular, was to broaden the group of academic scientists
involved in science during a volcanic eruption response. We
feel that this goal was met during the 2020-2021 eruption
response for two reasons: outreach to the broader community
prior to the eruption and a proposal submission process that
did not require previous contact with HVO scientists. For
example, a relatively high proportion of proposals submitted
(approximately half) were from early-career researchers,
one of which became part of a successful NSF RAPID
proposal. Through the online open house meetings and Slack
channel, K-SAC’s USGS representatives provided several
timely updates and presentations of eruption progress and
response. The resulting new connections between HVO and
non-observatory scientists resulted in more collaborative
work being done than would otherwise have been the case
(see Rader et al. 2021). In addition, having designated
USGS K-SAC members made it easier for HVO staff to
communicate about K-SAC matters and largely avoided
overwhelming observatory staff involved in eruption
response activities with large numbers of outside inquiries.
The K-SAC developed a number of documents and
materials for handling science requests and proposals,
including those outlining procedures for proposal submission
and review (Online Resources 1-3), and information about
protocols for sample sharing and the process of requesting
research permits from the National Park Service. The size of
the committee and the diversity of expertise among committee
members helped in evaluating and coordinating activities.

What were the limitations and challenges
and how could these be addressed
in the future?

Despite many successes, a number of challenges were
encountered in the process of implementing the K-SAC
model during the Kilauea 2020-21 eruption. Four broad and
interrelated areas of challenges remain and are described below:

1) The process of proposal submission, review, and
decision-making was slow and would not have been
effective during a faster-moving or larger-scale, more
hazardous eruption such as, for example, the Kilauea
2018 eruption or Mauna Loa 2022 eruption.

2) The goals of maximizing basic science during an
eruption and of further broadening participation likely
require activities and planning with USGS and non-
observatory scientists that starts well before an eruption
begins.

3) More could be done to help scientists identify priority
scientific questions and propose activities that are
practical, safe, and feasible given access restrictions and
that respond to the changing nature of an eruption.

4) There is a sometimes difficult balance that must be
maintained between providing information and advice
to the SIC to help manage requests for science activities
during an eruptive crisis on the one hand and the
potential (or perceived potential) for this process to limit
the science that can be accomplished during an eruption
on the other hand.

In the following, we examine each of these challenges
in more detail and provide some initial suggestions for
changes that may improve the operation and utility of
SACs. One of the main goals of CONVERSE and the
SAC concept is to facilitate and promote science activities
during an eruption response when conditions are often
dynamic, hazards are present, and there are often demands
on observatory staff to prioritize work that directly
supports public safety. The rapidly evolving nature of
many eruptions means that activities must move quickly
to gather ephemeral data or deploy instrumentation to
capture the entire event. The K-SAC goal was to finish the
committee evaluation of proposals and to send information
to the HVO SIC within 1 week of receipt, and the average
turnaround time for the initial K-SAC review (from step 1
to step 5 above) was 6 days. However, once proposals were
passed on to HVO, it was often difficult to move quickly
through the rest of the approval process. One factor that
impeded a quick resolution was that the K-SAC proposal
process was designed to be open to those who did not
have pre-existing collaborations with HVO staff. As a
result, a significant amount of time and effort on the part
of the USGS K-SAC member responsible for handling
the proposal was needed in order to identify potential
collaborators and for those collaborators subsequently
to assess whether they had the time and interest to
participate in the research. A second factor was that many
proposals were not entirely feasible as written, requiring
an additional amendment step in consultation with HVO
staff and the USGS K-SAC member to adequately take into
account the eruption conditions and available resources.
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At best, this led to some new collaborative relationships,
but at worst, it made HVO scientists feel pressured into
collaborations that may not have been their priority
given limited time available during a response. This was
particularly challenging because public health measures
in place during the Covid-19 pandemic meant that there
was no opportunity for additional personnel to travel to
the eruption site to assist, and all outside collaborations
required HVO staff to conduct any necessary fieldwork. In
addition, this proposal process required a final review and
decision by the HVO SIC, which presented a bottleneck
due to the many other demands on the SIC’s time during
the response. For the 2020-2021 eruption, this bottleneck
was exacerbated by a change of SIC during the course
of the eruption. As a result, some proposals were not
approved rapidly enough to be implemented.

Based on our experience, it is clear that the two K-SAC
goals of maximizing scientific return during an eruption
response and of broadening participation in eruption
response may be at odds during an eruptive crisis. In
practice, pre-existing collaborative relationships tended to
lead to more rapid science proposals and implementation.
One solution that could help mitigate both of these
challenges would be to conduct community-building
efforts aimed both at broadening participation and seeding
scientific collaborations during the time periods between
eruptions. For example, CONVERSE and/or SACs could
run community workshops aimed at building networks
and facilitating scientific planning during non-eruptive
periods. In order to make the scientific response more
equitable and diverse, such workshops would need to be
open to all researchers interested in conducting science
during a volcanic eruption response and would likely require
proactive efforts and financial resources to reach out to
early-career scientists and scientists from underrepresented
groups. Part of the goal of these workshops would be to
make connections between USGS observatory scientists and
those from other institutions around specific science goals
and plans to be implemented during different styles and
locations of eruptions. For example, developing lists of high-
priority data and samples to be collected during eruptions
(e.g., Wilson and Head 1981), preparing research plans in
advance that outline specific research questions that could
be addressed (contingent on the availability of necessary
samples and/or data types for a particular eruption), and/
or written agreements outlining some plans for instrument
deployment and data gathering, could all be done between
eruptions. Of course, observatory staff time is finite and not
all potential collaborations can be supported, but a workshop
model would offer the potential to make connections beyond
what can be accomplished by individuals acting alone.

These community-building efforts would need to be
tailored to account for the differing eruptive frequency
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and eruptive style characteristic of different regions,
along with discussion of location-specific constraints
such as remoteness or permitting processes. For example,
developing specific research plans is likely to be effective in
regions with frequent eruptions, such as Hawaii or Alaska,
but in areas such as the Cascade Range, where eruptions may
happen only once or twice per century, such plans are likely
to become obsolete before they are ever implemented. More
discussion among the US volcano observatory scientists and
the broader scientific community is necessary in order to
address these regional differences and to maximize scientific
opportunities during an eruption. One possible approach in
areas with less-frequent eruptions is to have SACs facilitate
collaborative studies of past eruptions, evaluating knowledge
gaps that could lead to more effective hazard assessment,
volcano monitoring, and eruption forecasting. In the
absence of eruptions, these data gaps could be the targets of
collaborative research, building the community of interested
and knowledgeable scientists in advance of eruptions.

An additional challenge both to effective scientific response
and to rapid proposal evaluation in 2020-2021 was that not
all proposed work was relevant (or even possible) given the
way in which the eruption proceeded. During the 2020-2021
eruption, activity was confined to Halema umau Crater and
time-series sampling of lava from the lava lake and eruptive
vents was impossible, ruling out a number of potential lines
of scientific inquiry. Although frequent eruption updates
and real-time monitoring data were presented on the HVO
website and social media during the course of the eruption,
in some cases, the level of detail was insufficient to assess the
feasibility of scientific projects, and in other cases, PIs were
not aware of how to access the necessary information.

In addition, the logistics of field access, permitting, and
deployment combined with COVID-19 safety protocols
precluded many projects or limited them to activities that
HVO staff could do on an external researcher’s behalf. A
number of activities could mitigate this in future eruptions.
For example, increasing the information shared with non-
observatory researchers through additional activity updates
or presentations/Q&A sessions like those run by K-SAC
in 2020-2021 could provide more detailed and up-to-
date information on which to base proposals. In addition,
although it is unclear whose responsibility it should be to
gather this information, outlining constraints on feasibility
could encourage more realistic proposals from non-
observatory researchers. Information on access/permit
limitations (especially for eruptions located in national
parks or monuments), field access, and HVO staff scientific
expertise could be provided through these activity updates
and/or through Slack or a similar platform. More broadly,
creating some regional frequently asked questions (FAQ)
documents for each area served by a SAC could be a way
to convey information about permitting requirements and
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procedures, general information about access to different
areas around the volcano, etc. and could be prepared in
advance of an eruption. In addition, requiring specific
information in the proposals (such as field sites, HVO staff
needs, permitting status), and using an online form with
required fields, would make the proposal review process
more streamlined. Finally, the SAC could take a more
active role in working with PIs during the early stages
of the proposal review process to address some of the
feasibility concerns before the proposals are evaluated by
the observatories, which would also streamline the process.

A broader challenge concerns the role of the SAC
in decision-making about what scientific projects may
be conducted during an eruption response. From the
observatory perspective, one of the primary advantages
of a SAC (in addition to the overall goal of advancing
volcano science) is to have a single point of contact for
non-observatory scientists who would like to be involved in
the science response. In addition, although it was less of a
concern in the Kilauea 2020-2021 eruption than in more
significant volcanic crises in the recent past (e.g., Kilauea
2018 eruption), another potential function of the SAC could
be to reduce the workload for the SIC in reviewing requests
for collaboration during a very demanding time. The SIC
has the ultimate decision-making responsibility for science
that will be supported by the observatory, but SACs can
streamline this process by providing information and expert
opinions to the SIC about proposal feasibility and potential
scientific gains. Balanced against the needs of the SIC to have
assistance managing proposals by non-observatory scientists
are the goals of CONVERSE and the SAC to facilitate as
much science as possible. In addition, SAC members do not
make decisions beyond the committee’s authority—during
an eruption response the SIC authorizes decisions about the
deployment of USGS resources, but the incident command
structure (if in place) or land manager makes decisions
about access to the eruption site. How best to handle this
challenge of structuring a SAC that can facilitate science
activities within the bounds of the decision-making structure
requires more discussion between USGS and CONVERSE
leadership. Some options to consider would be for the SIC to
empower the SAC to make some types of decisions regarding
prioritizing science goals and activities, and/or for the SIC
to designate an alternate individual within the observatory to
make decisions about SAC proposals. For instance, a senior
USGS researcher could have this authority, because they
would be likely to have the expertise both in the scientific
and operational realms to make these decisions.

Beyond these broad challenges, some other insights were
gained during the K-SAC process. For example, although
we did not develop a formal conflict of interest (COI) policy
for the committee in 2020-2021, this will be important for
future success because those scientists with the most relevant

knowledge for serving on a SAC are often the same scientists
involved in science activities related to the eruption. Having
members drawn from the broader community of people with
research interests in the erupting volcanic system (in this case,
Kilauea) but whose research does not require data collection
during the actual eruption and/or access to the eruption while
in progress would be beneficial, though other models are
possible. During the 2020-2021 response, the informal COI
policy was that K-SAC members from outside the USGS were
expected not to engage directly in research activities on that
eruption during the response. In addition, for the USGS K-SAC
members, it was useful to have several members to distribute
the workload of SAC-related tasks that required USGS
personnel and to have those members not all be from HVO so
that not all of them were involved in the day-to-day response
efforts. Other conflicts of interest are possible (and even likely,
given the small size of the volcano science community);
therefore, it is important to develop explicit COI policies for
SAC:s in the future. For example, if a conflict of interest were to
arise during a new crisis—such as a SAC committee member
becoming involved in a related National Science Foundation
RAPID proposal—an alternate member could be called upon
to temporarily join the committee to replace the conflicted
member. A list of such alternate members would need to be
identified during the staffing of the SAC.

Finally, implementing the SAC structure for volcanoes
across the USA will likely require multiple committees because
no single SAC can be expected to have the regional expertise
necessary and because different USGS volcano observatories
are responsible for different areas. Furthermore, as discussed
above, the differing eruptive frequency and style together
with differing access and logistical restrictions between
regions means that SACs would need to tailor their approach
and operations to each region. Rather than forming a SAC
for each eruption, these regional SACs could be in operation
continuously, coordinating scientific efforts during eruptions
and coordinating planning and community-building during
non-eruptive times. In addition, the focus of each SAC might
vary from region to region: areas with more frequent eruptions
(Hawaii, Alaska) could have SACs that spend relatively more
time coordinating scientific efforts during eruption responses,
whereas areas with infrequent eruptions (e.g. Cascade Range,
Yellowstone Caldera) might have SACs that are focused more
on community-building and seeding research collaborations
that would contribute information to future eruption response.

Some observatories in the USA (e.g., the Alaska and
Yellowstone Volcano Observatories) already have annual
review and planning meetings that SAC representatives could
join on behalf of the larger science community. In some ways,
this planning between eruptions is even more important in
areas with infrequent eruptions, because fewer people are
familiar with the important science questions and the logistics
and challenges associated with response to eruptions in
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these areas. Assuming that eventually multiple SACs are in
operation across the country, they will be most effective if
there is a structure that fosters information exchange among
them and if general policies are developed that are consistent
across all SACs but which can be tailored in detail to local
conditions. Such information transfer and consistency of
approach could be aided by having regular meetings and
workshops involving multiple SACs and encouraging
members of SACs to rotate through different SACs over time.

Although this article has focused on insights about the
SAC concept as applied in the USA based on our experience
in Hawaii, many of the observations could be relevant to
maximizing scientific gains from volcano response efforts
at volcanoes worldwide. For example, the overarching goal
of maximizing science during eruptions is broadly relevant,
and the need to collect diverse data and samples to facilitate
scientific studies applies to any volcanic eruption. Volcano
science is a global field, and scientific advances from studies
in one location will inevitably lead to a greater understanding
of volcanic systems in general. Furthermore, we suggest that
diverse groups of people who have pre-existing trusting
relationships are most effective at coordinating science
during a crisis and that this concept applies globally, although
cultural differences will certainly affect the ways in which
each community develops and how it is structured. Common
elements necessary for the most effective scientific response
include having a decision-making structure for eruption
science that is viewed as objective and open, and in which
the decision-makers take into account the local conditions,
threats to life and property, investigator safety, access
restrictions, and regulations or laws governing response in
different countries. Most importantly, we argue that building
community and connections between scientists prior to an
eruption will be key regardless of where the eruption occurs.
Whether the SAC concept will be useful elsewhere depends
on the nature (or existence) of a region’s volcano observatory
and emergency response structure. It may be useful to have
discussions or workshops where information and approaches
can be compared across countries, perhaps facilitated by
international scientific organizations such as IAVCEI, EGU,
or AGU. The more the global volcano science community
can learn from each eruption, the more rapidly the science
will advance, leading to a greater understanding of volcanic
phenomena, to more effective eruption response efforts, and
to reduced societal risk in the face of volcano hazards.

Summary
As demonstrated by the Kilauea 2020-2021 eruption, the

facilitation of science between observatories and non-
observatory scientists by a Scientific Advisory Committee
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(SAC) has the potential to maximize science and critical
data collection during an eruption response. The 2020-2021
Kilauea SAC applied lessons from the 2018 Kilauea
response and provides a foundation for future efforts. In
order to be most effective, planning and community-building
must occur well before an eruption begins. Informative and
timely communication from observatory responders to the
interested scientific community regarding the situation on
the ground is needed in order for non-observatory scientists
to effectively contribute to any given eruption response.
In addition, more inter-eruption discussion between the
broader scientific community and volcano observatories is
needed to refine the goals and mandates of SACs so that
these committees will meet the shared and disparate needs
of both. Fortunately, all of these objectives are eminently
possible, as long as there is sufficient support, resources,
and long-term commitment to do so. Such efforts would also
benefit from sharing information and approaches among the
broader global volcano science community. Continuing to
improve the volcano science community’s effectiveness in
maximizing the scientific gains from future eruptions will
have long-term benefits to both science and society.
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