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Citizen science for disaster risk reduction (DRR) holds huge promise and has
demonstrated success in advancing scientific knowledge, providing early warning of
hazards, and contributed to the assessment and management of impacts. While many
existing studies focus on the performance of specific citizen science examples, this
paper goes beyond this approach to present a systematic global mapping of citizen
science used for DRR in order to draw out broader insights across diverse methods,
initiatives, hazards and country contexts. The systematic mapping analyzed a total of
106 cases of citizen science applied to DRR across all continents. Unlike many existing
reviews of citizen science initiatives, relevance to the disaster risk context led us to
‘open up’ our mapping to a broader definition of what might constitute citizen science,
including participatory research and narrative-based approaches. By taking a wider
view of citizen science and opening up to other disciplinary practices as valid ways
of knowing risks and hazards, we also capture these alternative examples and discuss
their relevance for aiding effective decision-making around risk reduction. Based on this
analysis we draw out lessons for future research and practice of citizen science for DRR
including the need to: build interconnections between disparate citizen science methods
and practitioners; address multi-dimensionality within and across hazard cycles; and
develop principles and frameworks for evaluating citizen science initiatives that not only
ensure scientific competence but also attend to questions of equity, responsibility and
the empowerment of those most vulnerable to disaster risk.

Keywords: citizen science (CS), participation, narrative, disaster risk reduction, knowledge

INTRODUCTION

Citizen science, or the participation of people from outside professional organizations in the
gathering or analysis of scientific data, is now a well-established field of research and an important
trend in scientific practice (Bonney et al., 2009b; Haklay, 2013). From its origin, citizen science
has included participatory practices in shaping and guiding scientific and social scientific research
to local needs (Irwin, 1995), as well as the provision of ‘amateur’ observational data to facilitate
scientific understanding and create improved public understanding of science (Bonney, 1996).
A large evidence base exists of the positive contribution of people from all walks of life to
diverse scientific fields from, for example, improving understanding of avian biological patterns
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(e.g., Sullivan et al, 2009) to galaxy classification (e.g.,
Fortson et al, 2013). Consequently, Strasser et al. (2018)
contend that current practices and expectations of citizen
science most closely resemble those which follow the norms
and values of institutional scientific approaches. However,
while citizen science applied in this way is a useful tool
for collection and analysis of large datasets, it also has a
potentially valuable role in the rapid generation and sharing
of information. This needs to draw not only on its origins
and subsequent development as a tool for opening up
discourse, and scientific data-gathering, but also to include
experiential knowledge and knowledge situated in the
socio-cultural context in which it is gathered (Irwin, 1995).
Perhaps none more so than in hazard-prone settings where
people can provide authorities with ‘ground truth’ of the
occurrence and impact of hazardous natural events such
as landslides, floods and severe weather. Not only can this
information act as an early warning, which may help to save
lives and livelihoods, it also has the potential to generate
shared understandings of hazardous phenomena, improve
communication and help communities at risk take actions to
build their resilience during, after, and in preparation for future
hazardous events.

To understand where practice and advances in citizen science
might be most effective in this context it is necessary to
consider the context of the disaster risk reduction (DRR)
agenda. DRR broadly aims to anticipate and reduce the damage
caused by natural hazards (for definitions please refer to a
glossary in the Appendix). This is typically achieved through
disaster risk management (DRM) which is the implementation
of measures that create an ethic of prevention, and can involve
systematic efforts to analyze and reduce the causal factors
of disaster risk. More recently, these risks are understood
to be social and culturally constructed in hazard-prone areas
(e.g., Desai and Lavell, 2015). Disasters disproportionately
impact those in developing world settings, and often the most
vulnerable sectors of society in those settings (UNISDR, 2015)
and currently there is growing recognition that successful
DRM should be integrated within sustainable development
by offering a contribution to social well-being and positive
development of individuals and communities. This is most
clearly conceptualized through three avenues: the prospective
avoidance of further risk creation, the corrective mitigation
of existing risk, and strengthening measures that can support
the absorptive capacities of individuals and societies against
the shocks generated by hazardous events. There is therefore
strong potential for the contribution of citizen science in
resource-constrained settings to support these goals, but
particularly where it draws on citizen science traditions that
encourage the integration of scientific-technological knowledge
with experiential and contextual knowledge. In particular it
should be aligned with the seven global targets' of the

The seven global targets are to: (a) Substantially reduce global disaster mortality
by 2030, aiming to lower average per 100,000 global mortality rate in the
decade 2020-2030 compared to the period 2005-2015; (b) Substantially reduce
the number of affected people globally by 2030, aiming to lower average global
figure per 100,000 in the decade 2020-2030 compared to the period 2005-2015; (c)

Sendai Framework for Disaster Risk Reduction (UNISDR, 2015)
and should clearly consider how it intersects or complement
participatory methodologies associated with inclusive action on
disaster risk. However, this alignment and the emphasis on
the social and cultural construction of risks as well as the
occurrence of the associated hazards suggests approaches in
citizen science that engage with these multiple dimensions to risk
may be more effective.

Hazard-centered, technology-led citizen science for
DRR (e.g., utilizing sensors to collect data about hazards)
are the most conventional initiatives and have been
very effective in many disaster contexts. Yet, the use of
Information and Communication Technologies (ICT) does
not always guarantee high data quality and participant
engagement (Wiggins, 2013). There has been appeal for
citizen science scholars and practitioners to embrace
tools used in other disciplines, such as social sciences
(Hecker et al., 2018).

Although not currently aligned with or related to citizen
science, DRR scholars and practitioners (e.g., Wisner et al., 2004;
Kelman et al., 2011; Maskrey, 2011; Mercer et al., 2012; Scolobig
et al., 2015a), as a consequence of the emphasis on the social
construction of risk, advocate approaches that put those at risk
at the center of risk reducing initiatives. These approaches are
sometimes referred to as ‘people-centered’ DRR and are often
focused at the community scale and emphasize the empowerment
of individuals within a community to ‘own their risk’ in the longer
term and, where appropriate, act to reduce it. In comparison
to projects that overtly label themselves as citizen science,
participatory approaches to DRR typically focus more squarely
on empowering people to foster longer-term preparedness
development of their own mitigation strategies, and influence
on decision-making processes at multiple scales. Nonetheless
there is clearly strong potential for intersection and learning
between these two knowledge traditions. There are examples
of ‘people-centered” DRR where communities threatened by
hazards have successfully mapped their risk environment to
articulate and generate knowledge of long-term impacts (Cronin
et al., 2004a; Cadag et al., 2018), or where communities have
influenced decision-making processes (e.g., Stone et al., 2014).
There are, however, fewer that deal with immediate hazard
threat or that work across multiple scales. The argument for
considering these different epistemologies in parallel is clear:
it is already recognized that the integration of ‘local’ people-
centered DRR with risk management plans and processes at other
scales could lead to a ‘sustainable reduction in disaster risks
over time’ (Maskrey, 2011). This would be further reinforced

Reduce direct disaster economic loss in relation to global gross domestic product
(GDP) by 2030; (d) Substantially reduce disaster damage to critical infrastructure
and disruption of basic services, among them health and educational facilities,
including through developing their resilience by 2030; (e) Substantially increase
the number of countries with national and local disaster risk reduction strategies by
2020; (f) Substantially enhance international cooperation to developing countries
through adequate and sustainable support to complement their national actions
for implementation of this Framework by 2030; (g) Substantially increase the
availability of and access to multi-hazard early warning systems and disaster
risk information and assessments to the people by 2030. UNISDR 2015. Sendai
Framework for Disaster Risk Reduction 2015-2030.
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by deepening collaboration between citizens at risk and those
responsible for scientific information gathering or emergency
response. This could benefit both participants and scientists,
which should generate sustained involvement in community-
based risk reduction projects. Further, by considering the
intersection of more traditional citizen science projects with
participatory processes associated with DRR there is also
the potential to more explicitly work to equalize access to
scientific data and knowledge regardless of wealth, status
or gender, consistent with the Global Goals for Sustainable
Development (UNISDR, 2015).

If there is potential benefit from looking beyond hazard-
focused citizen science and integrating tools from participatory
research for DRR, there may also be advantage in cross-
fertilization of techniques more commonly used in the arts
and humanities. Such interdisciplinary approaches are often
applied in DRR research, and examples also exist from citizen
science (frequently under the header of ‘Digital Humanities’).
We know that scientific, socio-scientific, cultural and political
knowledge can all contribute to the reduction of disaster
risk but are often considered in isolation, or underutilized
in practice. We have also established that successful DRM
demands improved experiential and situational knowledge and
means to empower the citizens at risk, both of which can
be offered by drawing on methods and techniques from the
humanities. Attempts to understand the crucial ingredients
for success in citizen science should also draw on these
knowledge traditions.

In this paper, which attempts to understand how citizen
science is and could be applied to DRR, we extend our
characterization and analysis of citizen science from purely
science and technology-led initiatives to include projects which
adopt participatory methods and explore the role of vernacular
and narratives for DRR. As more interdisciplinary fields are
emerging applied to the prevention of disastrous outcomes
from natural hazards, we consider it timely to map out the
range of activities across a broader suite of citizen science
techniques and consider lessons and synergies across diverse
fields. This is already in line with some interpretations of
citizen science (Irwin, 1995; Peoples Knowledge Editorial
Collective, 2016). We argue that the field of practice (or
epistemology) from which the technique draws is of secondary
importance to identifying how and when positive outcomes
occur for communities at risk. We review citizen science
initiatives for DRR by mapping >10 vyears trends across
disciplines, hazard and location in an attempt to understand
the components of citizen science projects that determine
success, and as a corollary, what citizen science initiatives
have to offer DRR.

We begin by providing some context to our suite of citizen
science techniques followed by a description of the approach
to our global mapping, and the interdisciplinary workshop
that informed it. We then present our global mapping results
and analysis followed by a discussion of the challenges that
DRR poses to citizen science and the benefits of taking a
broader approach by ‘opening up’ citizen science initiatives to
diverse disciplines.

CITIZEN SCIENCE SUITE OF
TECHNIQUES: CONTEXT

Traditional Scientific Technological

Approaches to Citizen Science

Technological developments have facilitated a rapid rise in
citizen science initiatives, often labeled as crowdsourcing - a
voluntary activity by a large, unsolicited group of people (the
crowd) who contribute information, ideas or services, usually
via the internet. In citizen science initiatives applied to DRR,
this type of information is sometimes referred to as Volunteered
Geographic Information. The ‘crowd’ can use their digital
devices to capture photos and record real-time observations of
hazardous events or damage, and/or analyze images post hoc.
This information can support emergency responders at the
time, as well as relieve pressure on disaster analysts post-event.
Smartphone accelerometers and Global Positioning Systems can
detect earthquakes and potentially provide warnings (Ervasti
et al, 2011; Minson et al, 2015; Kong et al, 2016), for
example, the proof-of-concept MyShake smartphone seismic
network harnesses smartphone sensors to detect magnitude five
earthquakes and above at distances of 10 km or less. This
information could be used to support early warning systems
in regions with traditional seismic and geodetic networks by
helping to confirm earthquake detection, and in regions without
traditional seismic networks (which often have high smartphone
ownership), and could be used to deliver alerts (Kong et al., 2016).
Games, apps and online activities such as mapping (e.g., via
OpenStreetMap) are becoming more popular with the public and
researchers to be able to record observations, monitor hazards
and provide early warning (Palen et al., 2007, 2015; Mani et al.,
2016; Mossoux et al., 2016). Web-enabled databases are used for
the public to submit observations directly about hazards, such
as volcanic ash distribution (Wallace et al., 2015) and about
hazard impacts on, for example, infrastructure (Baum et al,
2014). This information is useful for monitoring agencies to
assess the characteristics of, for example, a volcanic eruption
plume, which can be used to update ashfall advisories for aviation.
Social media data can be leveraged and transformed into useful
and useable information for both the public at risk, emergency
responders and decision makers. This was the central hypothesis
of the PetaJakarta.org project which collected verified reports
of flooding from residents of Jakarta via Twitter. The geo-
located tweets provided a valuable real-time ‘knowledge network’
of flood events of unparalleled spatial and temporal resolution
(Holderness and Turpin, 2015).

Participatory Approaches in DRR and

Their Intersection With Citizen Science

While traditional citizen science approaches are likely to stem
from science and technology, by definition the involvement of
the wider public makes citizen science initiatives a participatory
activity. Indeed, one of the terms that can be used for this
field is Public Participation in Scientific Research (Bonney et al.,
2009a). Within the context of DRR, participatory activities are
typically classified via their framing or originator from ‘bottom
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up’ or ‘grassroots, i.e., conceived, planned and driven by citizens,
through to ‘top down, i.e., organized campaigns usually driven
by non-governmental organizations, local political actors or
researchers, framings familiar to citizen science. Depending
on the research goal, approaches across the spectrum can
achieve success, but most participatory activities do not have
new information about hazards or hazard impacts as their
core goal and so would not usually be regarded as closely
aligned with citizen science. In DRR, participation is usually
a core principle or perceived as a key dimension of success.
For example, the guiding principles of the Sendai Framework
for Disaster Risk Reduction requires “all-of-society engagement
and partnership,” for participation to be empowering, inclusive,
accessible and non-discriminatory, and that “special attention
should be paid to the improvement of organized voluntary
work of citizens” (UNISDR, 2015, p. 13). There are, however,
increasing numbers of ‘participatory DRR’ projects that take a
more mid-ground, co-creative approach where both scientists
and citizens use and generate different forms of knowledge
to integrate new understandings and create a shared agenda.
Numerous examples of participatory initiatives exist that align
with these guiding principles and the wider aims of citizen
science, from the development and evolution of a community-
based volcano monitoring network at Tungurahua volcano in
Ecuador (Stone et al., 2014; Armijos et al., 2017), to the initiation
of ‘slope watchwomen’ to inspect the landslide-prone slopes
in the city of Manizales, Colombia (Mejia Prieto et al., 2006;
Hermelin and Bedoya, 2008).

Use of Narratives in Citizen Science for

Disaster Risk Reduction

Developing the idea that citizen science in the context of DRR is
the generation of any relevant new knowledge, there is mounting
evidence that narrative (social and/or historical) has a role to play
in preparedness and recovery. For example, on Simeulue Island
in Indonesia, thousands of lives were saved from the impacts
of the 26 December 2004 tsunami by people shouting Smong
(meaning ‘tsunami in’). This is a story told in lullabies, poems
and songs, inherited and shared over generations. On hearing the
word following an earthquake, people move to higher ground
(Syafwina, 2014). The ‘Strengthening Resilience in Volcanic
Areas’ (STREVA) project created oral history films to capture
community experience of volcanic eruptions in Colombia and
St. Vincent and the Grenadines, which proved not only to be
a cathartic act for survivors sharing their experiences on film,
but also motivated audiences to consider ownership of risk and
potential actions to reduce it (Hicks et al., 2017). Similarly in
New Zealand, the production of a dance performance assisted
the recovery of those that had been affected by the Christchurch
earthquake (Egan and Quigley, 2015).

Beyond these examples, narrative could have a number of
functions in relation to citizen science more broadly, and not
only for DRR: (1) as a data source from which information
can be extracted (Stone et al.,, 2014); (2) as a data object, e.g.,
for bonding and social connection (social capital) (Chamlee-
Wright, 2017); (3) as a tool for communication e.g., storytelling
(Hicks et al., 2017); (4) as a resource to challenge dominant

narratives; and (5) as a tool to evaluate a project or intervention
(Constant and Roberts, 2017).

RESEARCH METHODOLOGY

Context and Framing

This paper stems from a 14-month® research project called
“Harnessing ‘citizen science to reinforce resilience to
environmental disasters: creating an evidence base and
community of practice.” The aim of our project was to
understand how citizen science is currently applied to DRR
objectives in the face of natural hazards, and how it might
be more effectively applied in the future. We also aimed to
create an outward facing network of researchers interested in
evidence-based approaches to applying a broad suite of citizen
science techniques to environmental hazards. In this context,
and drawing on the different knowledge traditions outlined
above, our definition of citizen science is as follows: “Citizen
science places citizens at the center of a process that generates
new knowledge for disaster risk reduction®.” In a recent review
of citizen science terminology, Eitzel et al. (2017) concluded
that no single term is appropriate for all contexts and in trying
to develop a new epistemic framework for citizen science
(Strasser et al, 2018) argue that opening up definitions of
knowledge and participation in citizen science could ‘result in
a different kind of science and a different kind of knowledge’
that has the potential to transform understandings of the natural
world. In parallel, we conclude that the application of citizen
science to DRR needs to be appropriate to that context, so we
deliberately gathered evidence widely across disciplines and
epistemologies. Our definition uses the word ‘knowledge’ instead
of ‘science’ to acknowledge this widening from scientific norms
to define the landscape of DRR-focused citizen science projects
across the world.

Initial Project Workshop

In April 2017, our first project workshop was held with 27
researchers* and international project partners® working across
the physical and social sciences, arts and humanities, many of
whom had been or were actively involved in citizen science
projects, or came from knowledge traditions of relevance to
citizen science in DRR contexts or the improvement of DRR
outcomes. The aims of the workshop pertinent to this paper
were: (a) discuss the synthesis of citizen science literature to date,
particularly asking, “are there conceptual crossovers between the

2Project duration: January 2017 — March 2018.

3The United Nations Office for Disaster Risk Reduction (UNISDR) defines disaster
risk as the potential loss of life, injury, or destroyed or damaged assets which could
occur to a system, society or a community in a specific period of time as a function
of hazard, exposure, vulnerability and capacity. So, disaster risk reduction is aimed
at preventing new and reducing existing disaster risk and managing residual risk.
4Researchers (United Kingdom-based) were from University of East Anglia
(representation from five schools), British Geological Survey, University of Bristol,
University of Durham (representation from two schools), University College
London (representation from two departments), University of Oxford, University
of Essex, Kings College London and the University of Leeds.

®International partners were from Trinidad and Tobago, Nepal and Ecuador.

Frontiers in Earth Science | www.frontiersin.org

September 2019 | Volume 7 | Article 226


https://www.frontiersin.org/journals/earth-science/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/earth-science#articles

Hicks et al.

Citizen Science for DRR

wider [as we are defining it] suite of citizen science projects?”;
and (b) discuss the questions, “what lessons can we learn from
existing initiatives?” and “how can the design of future initiatives
be improved?” Key findings from region-specific analyses were
introduced and we used breakout groups and plenary discussion
to think about the development of our mapping framework and
what makes an ‘effective’ citizen science project. After producing
an initial list, we used a ‘fantasy’ citizen science project exercise
based in St. Vincent and the Grenadines, to test and converge on
key principles for successful citizen science that conforms to the
wider goals of DRR (see section Discussion).

Global Citizen Science for DRR Project
Mapping

Following the workshop, a literature mapping scoping note
was sent to the project team for suggestions of potential
cases to be included in our expanded review corpus. We
requested that each case must involve some kind of citizen
engagement with natural hazards (e.g., recording observations or
participatory mapping), but could be from any disciplinary area.
However, our deliberately broad definition of citizen science,
differing epistemologies within the multi-disciplinary team and
the breadth and number of studies made it challenging to bound
our literature mapping. As a result we drew on a systematic
mapping method which has been developed to map across
diverse forms and systems of public participation in science and
environmental issues (Chilvers et al., 2018). This method involves
the following steps: (i) scoping the literature, framework for
analysis and search terms; (ii) expert panel feedback, in this case
from workshop participants; (iii) searching and screening through
systematic searches of academic literatures based on key terms
and synonyms relating to the ‘how’ (i.e., method), ‘who’ (i.e., who
participates) and the object (e.g., hazard or problem) of citizen
science initiatives; and (iv) document and case study analysis of
cases screened into the literature corpus to identify key patterns
and trends in citizen science for DRR.

Drawing on this approach we developed a list of search
terms which were synonyms of ‘how; i.e., the model of citizen
science or the means through which citizens engage (the process),
to be searched alongside synonyms of ‘who, i.e., who are the
participants, synonyms of ‘what, i.e., what is the object of citizen
science or what problem is it addressing, and synonyms of
outcomes or products of citizen science. Originally a project-wide
collaborative exercise, it resulted in a long list of synonyms that
generated 1.26 million results from peer reviewed sources alone.
Acknowledging that it would be beyond the scope of the project
to review this many sources, the authors™ final selected search
terms were: “citizen science,” crowdsource®, particip*, narrative,
story®, disaster and hazard. Restricting the search terms was
necessary to make the global scope of the mapping workable,
although it will have restricted attention to particular meanings
of citizen science to some degree and led to the exclusion
of some studies from our searches. However, this allowed
us to sample representative projects that might demonstrate
effective approaches in achieving broad goals aligned with current
challenges in DRR and management. It is also important to
note that we restricted the search to the academic peer-reviewed

literature. Firstly, in this literature, there was more likely to be
descriptions of framing rationalization, measures of success and
analysis of the outcomes from the project. Secondly, although
there are many more cases within the gray literature, for example
in World Bank reports (GFDRR, 2018), the scale of this initial
mapping made their inclusion difficult. While this means that
some cases will therefore have been excluded, it does signify
the need to explore diverse forms of citizen science and obtain
evidence for citizen science projects that push beyond codified
documentation of practice. We completed our searches through
the academic search engines Web of Knowledge and Scopus® and
filtered by subject in order to reduce the number of irrelevant
cases. There was no restriction imposed on date of publication
as our preliminary searches established that most citizen science
projects related to hazards were conducted, or at least published,
in the last 10 years. Duplicates generated from the two search
engines were filtered, conference proceedings were omitted and
then the results were manually screened to identify relevant cases.
A total of 305 studies were identified at the first screening stage.

We then categorized the corpus of cases in order to map
the diversities and patterns of projects across a set of variables
(Table 1). The initial set of variables for our first iteration of
coding were: (1) project country focus (division into developing
or developed countries); (2) whether it was a ‘new’ citizen science
project, as compared to a review of a project or set of projects, and
(3) whether it was in fact a citizen science project for DRR, as per
our agreed definition. Coding against variables 2 and 3 condensed
the number of relevant publications considerably, making a final
corpus of 106 in total. Once the relevant publications had been
screened we conducted a second round of coding to explore
the projects in more depth. These variables broadly addressed
the who, what, why, where, when and how and were chosen to
help us identify geographical and hazard focus (and potentially
patterns) of projects, the broad methodological approach and
the proportion of projects initiated at particular times along the
disaster continuum (i.e., before, during and after). Along with
other data such as project aims, specific methodologies, project
participants and funding bodies (gathered in case interesting
patterns emerged), we collected this information to help us
understand the trends and landscape of citizen science projects
and how they aligned with current challenges or best practice
in DRM, and the ingredients for and barriers to success. It is
important to understand this was not to critique any individual
study (which may have only serendipitously included goals
associated with DRM as a result of another chief aim) but to use
them to collectively understand current practice and knowledge
and project framing.

Where available, we also coded information about the
nature of the association between scientist and participants
(Table 2), i.e., were both scientists and citizens outside of
the region/country where the hazard occurred? Were scientists
outside and participants experiencing the hazard? Were both
inside the country? Were they collective movements (grassroots)?
Related to this, we documented the type of interaction between
the two (collaborative, collaborative but with strong direction

SWeb searches were conducted between the 25-27th February 2018.
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TABLE 1 | Inclusion criteria and variables for global mapping of citizen science for DRR projects.

Justification for testing

Variable Subdivision

Coding #1 Project country focus Developing or developed
Primary research New or review
Definition consistency Yes or no

Coding #2 Broad methodological category e Participatory activities in DRR

e Crowdsourcing/tech-led

To identify concentrations and absences of country
focus.

Exclusion of reviews — had to be an original project
Exclusion of projects not satisfying our agreed definition
To analyze quantity of projects attributed to each
category and enable comparisons with other variables.
Projects can be classified under more than one
category

e Narratives used to interpret physical behavior from

past events

o Narratives used to interpret social behavior

Hazard type o Air quality

e Cyclone

e Earthquake

o Fires (wild/bush)

e Flood

e Hurricane

e Lahar

e Landslide

e Rain

e Space Weather

e Storm

e Storm surge

e Tsunami

e Typhoon

e \Volcanic eruption

o All hazards

e Multiple hazards

e Hazard not specified
Project location

Disaster continuum position

e During (response phase)
o After (recovery phase)

Multiple locations (see Results for details)

o Before (preparedness phase)

To identify patterns in hazard focus and compare
against other variables.

To identify patterns in project location and compare
against other variables. To help answer the question:
To identify patterns in project position in the disaster
continuum. We also noted when projects crossed
multiple phases.

from scientists, extractive, and analytical). These variables relate
closely to the ‘contributive; ‘collaborative’ and ‘co-created’ models
of cooperation in citizen science projects (Bonney et al., 2009b;
Shirk et al., 2012) and acknowledge the power relationships
between participants, an important dimension of participatory
methodologies in DRR. They also allow us to reflect on the extent
to which apparently different knowledge traditions have potential
to intersect or learn from one another. The variables ‘extractive’
and ‘analytical’ refer to instances where participants are data
subjects (with no direct benefits to them for participation)
and where the participants explore and interpret information
they, or others, have gathered, respectively. If documented,
we recorded measures of success, acknowledged pitfalls of the
project(s) and whether the project(s) met or expressed parallel
principles to those that we had synthesized as a consequence
of the first workshop (see section Discussion for details on the

principles). The details of our corpus of cases are in a spreadsheet
in the Supplementary Materials, and on the project website
citizensciencedrr.com.

RESULTS AND ANALYSIS

This section details the characterization of our cases by country
focus, by hazard focus, by stage along the disaster continuum
and by model of cooperation between scientist and citizen.
As stated above, we take our global mapping beyond existing
reviews of the citizen science literature (e.g., Conrad and Hilchey,
2011) by opening up our mapping to include projects using
methodologies more commonly associated with social sciences,
arts and humanities (i.e., participatory research and narrative
based approaches). These cases are also characterized.
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TABLE 2 | Typology of relative locality between scientist and participant to the hazard (A) and a typology of the nature of association between scientist and participant in

citizen science projects/initiatives for DRR (B).

(A

Relative locality between scientist and participant to the hazard

Definition

‘In-In’ Both scientist and participant were located in the same region/country experiencing the
hazard

‘Out-In’ Scientists were outside the region/country and participants were inside

‘Out-Out’ Both scientist and participant were outside of the region/country experiencing the
hazard

Grassroots Collective movements devised and driven completely by participants experiencing the
hazard

(B)

Nature of scientist/participant association Definition

Collaborative (also known as co-created with reference to Shirk et al.,
2012)

Collaborative but with strong direction from scientists (collaborative,
with reference to Shirk et al., 2012)

Extractive
Analytical

Participants and scientists equally share and own the research question(s), project
design, data gathering, analysis, and interpretation.

Participants contribute to data collection, analysis and interpretation but do not direct
research questions.

Participants are data subjects with no direct benefit from participating.
Participants explore and interpret information either they, or others, have gathered.

Characterization of Cases per Country

Of our corpus of cases (#106) there were relatively equal numbers
of citizen science for DRR projects based in both developed and
developing countries. Figure 1 shows a global map of country
focus for the projects we identified in our analysis. While there is
a relatively high diversity of study areas in which citizen science
for DRR projects were focused — with a notable exception of
the African continent - there are no examples of follow-on or
iterative projects in any one location. There is one example where
the lead author used a participatory approach in one location,
developed and applied it in another (Cronin et al., 2004a,b).
Three out of four publications from Ecuador also have a single
citizen science ‘case’ as the focus (Stone et al., 2014; Mothes et al.,
2015; Armijos et al., 2017). It is also important to note that some
projects did comparative studies involving two or more countries,
which have all been included in the characterization.

For most developing countries, there were projects that
addressed one or more of the top three hazards contributing
to average annual reported losses (EM-DAT). For the United
States, which had the highest number of projects, this was
storms (including hurricanes), flood and wildfire. The suite
of projects also included examples from each stage along the
disaster continuum and each of our four ‘method’ categories
(Table 1). The hazard focus of Australia-based projects were
fires and flooding, despite storm surge being their second
largest contributor. New Zealand-based projects were focused
on flood, storms and volcanic eruptions, and projects were
almost always initiated after a disaster. Of developing country
examples, the Philippines had relatively high numbers of projects
focusing on wind, storm surge, and earthquakes, as did the
Caribbean, albeit with a dominance of projects based in Haiti.
For Indonesia, projects focused on volcanic eruptions, floods,
and earthquakes. While India has one of the highest occurrence
of disasters in Asia - with flooding making up 76% of the

hazard contribution to the average annual losses - there was
only one project example from our mapping. Our mapping
also only highlighted only two examples from Africa (note that
the Aalst et al., 2008 study adopted the same approach in two
African countries). This could be due to differences in the
historical and social relationship with what constitutes ‘science’
and ‘knowledge’ (Leach and Fairhead, 2002), although arguably
given our ‘opened up’ approach to the literature search, examples
rooted in indigenous knowledge theory and practice, rather than
citizen science, should have been captured.

Methodological Characterization of

Cases

Against our four ‘method’ categories (Table 1), 52 projects
used participatory approaches as the core methodology, 59
were related to crowdsourcing and/or science/technology-led,
14 projects used narratives to interpret physical behavior from
past events, and 12 used narratives to interpret and understand
social behavior and response to past events. Note that several
projects were coded against more than one category. For example,
the study by Armijos et al. (2017) was coded against all four
categories. Seven of the 36 publications that reviewed citizen
science projects for DRR were additionally a discrete study
adopting one or more of these methodological categories, so were
included in the dataset.

Characterization of Cases by Hazard

Hazard characterization of the projects reveals that flooding
and earthquakes are the most frequent focus of citizen science
for DRR projects, with more than double the number of
earthquake and flood projects based in developed countries
than developing. For earthquakes particularly, this is likely
because of the prevalence of crowdsourcing-related projects for
earthquake reporting (e.g., Wald et al., 2012; Kong et al., 2016;
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FIGURE 1 | Global map showing numbers of published citizen science projects with a DRR focus. Argentina (Le Coz et al., 2016), Australia (Madsen and O’Mullan,
2013; Yates and Partridge, 2015; Haworth et al., 2016; Hung et al., 2016; Zhong et al., 2016; Haworth, 2018), Belgium (Mossoux et al., 2016), Brazil (Marchezini

et al., 2017; Hirata et al., 2018), Canada (Tappenden, 2015; Diaz et al., 2016; Rieger, 2016), Montserrat (Loughlin et al., 2002), Chile (Uso6n et al., 2016), China
(Peng, 2017; Qi et al., 2017; Svensson, 2017), Colombia (Hermelin and Bedoya, 2008; Loaiza et al., 2017), Cambodia (Aalst et al., 2008), Costa Rica (Aalst et al.,
2008), Czech Republic (Raska and Brazdil, 2015; Panek et al., 2017), Denmark (Frigerio et al., 2017), Democratic Republic of the Congo (De Albuquerque et al.,
2016), Ecuador (lbadango et al., 2007; Stone et al., 2014; Mothes et al., 2015; Armijos et al., 2017), Europe (Bossu et al., 2012; Wehn et al., 2015a; Maltoni et al.,
2017). Finland (Frigerio et al., 2017), Global (Tapia et al., 2014; Bossu et al., 2016; Kong et al., 2016; Ramchurn et al., 2016; Jones et al., 2017; Ludwig et al., 2017),
Grenada (Canevari-Luzardo et al., 2017), Haiti (Ghosh et al., 2011; Corbane et al., 2012; Liu, 2014; Palen et al., 2015; Saganeiti et al., 2017), India (Murthy et al.,
2014), Indonesia (Karnawati et al., 2011a,b; Chatfield et al., 2013; Syafwina, 2014; Holderness and Turpin, 2015; Carley et al., 2016), Iran (Omidvar et al., 2011), Italy
(Ginige et al., 2014; Scolobig et al., 2015b; Wehn et al., 2015b; Saganeiti et al., 2017), Japan (lkeda and Nagasaka, 2011; Yamori, 2012; Appleby, 2013), Kenya
(Aalst et al., 2008), Netherlands (Aalst et al., 2008; Wehn et al., 2015b), New Zealand (King et al., 2007; Bateman and Danby, 2013; Mutch and Marlowe, 2013;
Carlton, 2015; Cretney, 2016; Le Coz et al., 2016; Marek et al., 2017), Philippines (Delica, 2003; Maceda et al., 2009; Abon et al., 2012; Palen et al., 2015;
Fernandez and Shaw, 2016; Mejri et al., 2017), Saint Lucia (Joseph et al., 2015), Saudi Arabia (Al-Saggaf and Simmons, 2015), Solomon Islands (Cronin et al.,
2004b), Taiwan (Liang et al., 2017), United Kingdom (Pennington et al., 2015; Wehn et al., 2015b; Kornakova and March, 2017), United States [All states (Palen

et al., 2007; Baum et al., 2014; Murthy et al., 2014; Wallace et al., 2015; McCormick, 2016; Kornakova and March, 2017; Kirkpatrick, 2018); California (O’Brien and
Mileti, 1992; Goodchild and Glennon, 2010; Ervasti et al., 2011); Florida (Godschalk et al., 2003); Gulf Coast (Kar, 2016); Louisiana (Chamlee-Wright and Storr,
2011); Minnesota (Kweit and Kweit, 2004); New York (Dailey and Starbird, 2014; Smith et al., 2015); Texas (Lue et al., 2014; Richardson and Maninger, 2016);
Washington (Godschalk et al., 2003)]; Vanuatu (Cronin et al., 2004a), and Zambia (Aalst et al., 2008).
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Liang et al., 2017; Peng, 2017), which usually (though not always)
rely on a broad user group with access to a smartphone and
the internet. There are more projects on landslides and volcanic
eruptions in developing countries, likely to be due to the
disproportionately severe impact of these events in developing
countries (Dowling and Santi, 2014) resulting from a number
of contributing factors such as development patterns, access to
health care and emergency services and lack of early warning.

Characterization of Cases by Stage of

the Disaster Continuum

A third of projects take place in the aftermath of disaster, likely
attributable to the focus of financial and societal support for
disaster response (e.g., Aldrich, 2012). The Sendai Framework

for Action advises proactive planning and investment in DRR
(UNISDR, 2015), but this is often challenging due to a lack of
political commitment to resource DRR efforts for prioritization
of other development problems (Lassa et al., 2019). Our mapping
shows that most citizen science projects initiated before an
event are participatory and collaborative in nature and in
general tend to be focused around community-centered activities
such as hazard mapping, monitoring or mitigation. Those
projects concurrent with disaster are almost all associated with
more traditional technology-driven citizen science, mostly using
crowdsourcing via online mapping to support humanitarian
efforts. Citizen science projects conducted after an event are
a mixture of traditional citizen science using ‘sci-tech’ and
participatory activities. Interestingly almost all of the projects
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that applied methods from the arts and humanities (particularly
narratives) to generate new knowledge and understanding
occurred after the event.

Characterization of Cases by Model of
Cooperation Between Scientist and
Participant

In terms of the relationship between scientist and participant,
approximately 50 projects (47% of total) were classified as ‘in-
in’ (i.e., both scientist and participant were located in the
same region/country experiencing the hazard). Approximately
18 (17%) were coded as ‘out-in’ (i.e., scientists were outside
the region/country and participants were inside), one as ‘out-
out’ (i.e., both were outside of the region/country), and six
as grassroots (i.e., collective movements devised and driven
completely by participants experiencing the hazard). For some
projects, it was not possible to determine the model of
cooperation between scientist and participant. The majority
of ‘in-in’ projects were either extractive in nature (i.e., where
participants are data subjects) or collaborative, but with strong
direction from scientists. The majority of ‘out-in’ projects were
also collaborative but with strong direction from scientists. Of
the grassroots initiatives we identified, there were relatively equal
numbers of projects that were collaborative (none with strong
direction from scientists), analytical or extractive.

DISCUSSION

Our global mapping shows that citizen science for DRR initiatives
are being conducted across the world to help address some of
the global challenges associated with disasters. While short-term
success and sustainability of projects is variable, nonetheless, the
discrete nature of the methods and cases is limiting opportunities
for methodological innovation, active and broader networking
of participants, and flexibility to adapt initiatives as conditions
change. A key outcome from our mapping is that we can
do much more to move beyond discrete methods and cases
of citizen science for DRR to build linkages, connections and
relationships more broadly. This would more closely align
projects with DRR and help to address some live challenges
(e.g., Desai and Lavell, 2015) in using DRM s as a tool to afford
positive development trajectories. This finding is concurrent with
evidence from other citizen science reviews in related fields (e.g.,
Hecker et al., 2018; Marchezini et al., 2018). For the remainder of
this paper, we reflect on three key issues raised from our global
mapping exercise.

Citizen Science for DRR Needs to Be

Multi-Dimensional

Examining DRR-focused citizen science projects in a more
holistic manner along the disaster continuum shows the
significance of the temporal aspect of the initiatives, and
how this affects success. During a disaster (or the response
phase) is, generally speaking, the only part of the cycle that is
relatively temporally constrained. Our mapping shows that most

initiatives concurrent with disaster are technology-led citizen
science designed to support humanitarian efforts. Whether this is
volunteer mapping of hazards and impacts by altruistic ‘outsiders’
motivated to help people, or crowdsourced ‘ground-truthing’ by
affected citizens themselves, volunteering to add to a dataset and
generate new knowledge is often a passing interest during the
time of crisis. This is not necessarily a detriment to any one
particular initiative, and there are few examples of opportunities
to nurture long-term loyalty to an initiative once the disaster
has passed (Turk, 2017). Our mapping shows that there is a
need to consider the application of citizen science for DRR in
a more multi-dimensional way, particularly the connections and
interrelations of methods throughout the disaster continuum.

Our mapping also shows that most citizen science initiatives
are compartmentalized around specific hazards (Figure 2).
Taking a multi-hazards approach to observing the world around
us to account for differing rates of hazard occurrence and
documenting the cumulative or even cascading impacts of most
relevance to the communities at risk may help to foster continued
citizen engagement in observing and monitoring environmental
change, whether that be driven by rational egoism and/or
collectivism (Baruch et al., 2016; Tipaldo and Allamano, 2016).
This would align more clearly with prospective approaches to
DRM that could anticipate and reduce the creation of new
risks, or identify means to adapt to ongoing hazards. Our
analysis shows that current initiatives tend to be bi-modal.
Those underway before disasters occur tend to be participatory
and collaborative in nature, and focused around community-
centered activities such as hazard mapping, monitoring or
mitigation. Those initiated afterward are more extractive or
technology-led citizen science. Projects that apply methods
from the arts and humanities tend to be associated with
the recovery phases, or with the generation of knowledge of
the impacts of past events. In both preparatory and recovery
phases, there is often - but not always - more time for
participants and designers of citizen science projects (it is noted
that these can be the same) to develop initiatives that have
more subtle, yet important, ingredients for ongoing success,
for example, a longer project lifespan to help foster sustainable
preparedness, or the flexibility to evolve and adapt to changing
environmental and/or socio-economic conditions, which may
include scaling up initiatives.

In a DRR context, the value of spatial and temporally focused
citizen science initiatives could be strengthened by being part of
a multi-method approach (Pelling, 2007) addressing all phases
along the disaster continuum. A blending of citizen science
initiatives applying successful, evidence-based methods across
disciplines that are contextually appropriate before, during and
after a disaster may help to influence decision-making processes
at multiple scales although this is a challenging task that requires
appropriate resources.

Cross-Fertilization of Communities Will

Bring Innovation
We identified that similar numbers of projects took either
a technology-led approach or a participatory approach
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FIGURE 2 | Methodological characterization of cases.

= Projects applying participatory activities for DRR
m Projects applying crowdsourcing and/or informations and communication technology
= Examples of the use of narrative to interpret physical behavior from past events

= Examples of the use of narrative used to interpret social behavior

to their initiatives (some projects took both). Where we
could identify the relationships between the participants
and the researchers there was a rough equivalency between
projects that were largely extractive (where participants were
data subjects or providing data with no direct benefits to
them beyond altruism) or collaborative. Comparatively few
projects explored the role of narrative in knowing hazard
and risk, and the majority of those were extractive in nature.
Relatively few projects had been initiated and mobilized by
the communities themselves [referred to as ‘grassroots’ in
our analysis (Supplementary Materials)]. This reflects the
broader pattern of research in both citizen science research
more generally, which has been dominantly science-centered
(largely driven by scientists and of benefit to scientists), and
DRR research which is dominantly people-centered (although
this is not to say that DRR research is not scientific). Bridging
these two parallel fields of research specifically for citizen
science for DRR requires consideration about the crossover
between them. Citizen science requires the participation of
citizens in the scientific process, and while participatory
approaches also requires the participation of citizens, it need
not necessarily involve science or scientists. This is why, for

this study, we use the word ‘knowledge’ in place of ‘science.’
If we consider citizen science as knowledge making, and
we know knowledge is relevant if it reduces disaster risk
(promoting an ethic of prevention), then citizen science is
a subset of all development participation, but one with a
troublesome relationship with equitable partnerships and
empowerment. At the moment, citizen science Iinitiatives
more clearly reflect the experience and documentation of
individual hazards rather than understanding the creation of
disaster risk. There is compartmentalization into initiatives
focused on individual hazards (Figure 3), or designed for
specific ‘moments’ in the disaster continuum (Figure 4).
This compartmentalization clearly reflects the specific goals
of any one study, and it is important to recognize that the
strong compartmentalization of our review papers is also a
reflection of the academic audience intended for the peer-
reviewed literature, but it signals the more focused immediate
goals of citizen science in hazard settings. We contend that
bringing together the core principles of citizen science with
those of participatory DRR could create opportunities to
address current challenges in DRR where future ‘success’
is defined against the reduction of future societal damages
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associated with natural hazard. So, for example, with this
framing it then becomes important to reconcile knowledge
generated by multiple human perspectives (not strictly
scientific knowledge) or inherent vulnerabilities as it is
to describe single hazardous events. However, important
conversations are needed about the comparative importance
of empowerment and involvement measured against the value
of the data generated toward reducing future risk, whether
this is the politicization of citizen science, or encouraging
the creation of scientific activism. The creation of these
communities of practice requires space, time and, perhaps
crucially, the curiosity of researchers themselves. The measure
of success we develop below need not necessarily have been
the primary goal of the studies reviewed here, but should
some DRR benefit always be clear and transparent when
working on and with communities at risk? It is not easy
to bring different communities of practice together but
the common goal or aim framed around the reduction
of disaster risk could provide the momentum to generate
these conversations and this analysis points to some of the
gaps in evidence.

Stimulating Cross-Community
Collaboration via an Evidence-Based

Framework?

To further explore how a multi-dimensional framework centered
around DRR might look in practice, we now consider the
agreed principles from our project workshop. Participants

here represented those with direct experience of citizen
science initiatives, particularly in developing world and
multihazard contexts, those from the knowledge tradition of
participatory DRR, experts in technological citizen science
(sensor design and remote sensing), hazard scientists and
those with experience of narratives, nature writing and literary
criticism. Our aim was to make these principles as simple but as
comprehensive as possible.

The key argument that emerged was that through connecting
and linking citizen science for DRR contexts, communities,
methods and practices, we can improve our initiatives and also
broaden the principles for effectiveness to include criteria of
equity, justice, and empowerment.

Our project team developed six common key principles
that determine a multi-dimensional citizen science project for
DRR:

(1) Active benefits for all participants

(2) Clear attempts to ensure legacy and longevity

(3) Responsible engagement in both quiet times and during
active hazard moments

(4) Framed around DRR goals

(5) Careful definition of partners (to ensure equitable
outcomes)

(6) Equitable and empowering

These principles, which draw on a variety of knowledge
traditions pertinent to DRR, are not designed to supersede the ten
principles of citizen science developed by the European Citizen
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Science Association (Robinson et al., 2018) but rather as exercise
of consensus building around the particular case of citizen science
for DRR. The addition of principles that speak to inclusion and
empowerment was seen as important in contexts where data
gathering might directly affect those who had experienced the
trauma of the impacts of natural hazard. Nonetheless, some of
the principles here are also more squarely aimed at generating
success in the project and drew on direct experience, for example
principle one is almost identical to ECSA’s principle 3 (Robinson
et al,, 2018), and is borne of experience that without benefits for
the scientists too, then projects can falter, while also speaking
to a more normative rationale. Thus they include some of the
broader aims associated with participatory DRR and broader
participatory methodologies, and draw on knowledge of what
drives success and good practice in broader citizen science
initiatives. Where our principles diverge most clearly from the
ECSA principles are around the use and definition of ‘science
outcomes.” Our broader definition of ‘science outcomes’ as
‘new knowledge for DRR’ enables a wider variety of research
to be incorporated into this type of work. We also did not
incorporate the ethical and legal dimensions of the work in
our principles or explicitly consider good practice in evaluating
and learning from citizen science (ECSA Principles 9 and 10,
Robinson et al.,, 2018). However, our goal in converging on
our principles was partly to create a framework against which
we could understand how current practice measured against
these principles and whether success was measured relative to

the reduction of disaster risk either directly or tangentially
(via, for example, improved knowledge of hazards). Is there
an emerging evidence base for how to be successful? Where
some principles were used, we wanted to evaluate the extent
to which these helped to drive the success of the project in
terms of tangibly reducing disaster risk. Thus, for each case study
analysis we investigated who was conducting the citizen science
project and how the interaction and data were gathered (see
Methods and Supplementary Materials) and whether benefits
to participants or equitable partnerships ensued. We also tried
to understand the extent to which a citizen science project
was deemed successful and how this success aligned with the
reduction of disaster risk. None of the projects analyzed provided
evidence for using all of the principles in any one project.
Principles that were most frequently articulated were those
around ensuring active benefits for participants and the careful
definition of partners.

These results suggest that there is considerable opportunity to
improve outcomes of citizen science in the context of DRR but a
clearer framing of projects around these principles is necessary.
Another striking feature is the extent to which studies in the
literature report on the implementation and design phase of the
research with rather less emphasis on the longevity or reflecting
on the success of the project against original objectives. Thus,
there is evidence that the principles of mutual benefits and
empowerment are important but at the moment the evidence for
how this ultimately creates success needs more work.

Frontiers in Earth Science | www.frontiersin.org

September 2019 | Volume 7 | Article 226


https://www.frontiersin.org/journals/earth-science/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/earth-science#articles

Hicks et al.

Citizen Science for DRR

CONCLUSION

Citizen science, or the participation of ‘non-specialists in
the gathering or analysis of scientific data, is playing an
increasingly important role in scientific research. In the context
of disasters, it is an excellent way for citizens to contribute
to the forecasting and warning of hazards that impact them,
and has great potential to be particularly helpful in low and
middle income countries. In these regions, citizen science also
has the potential to generate shared understanding of hazardous
phenomena, improve communication and help communities at
risk take actions to improve their resilience during and after
hazardous events.

We conducted a global systematic mapping of citizen science
for DRR projects in the academic literature, but ‘opened up’
our review to include projects that apply ideas and techniques
that might more normally be associated with the social sciences
and humanities as well as the traditional sciences. Our definition
of citizen science in this context uses the word ‘knowledge’
instead of ‘science’ to define the landscape of DRR-focused citizen
science projects across the world. This is because scientific, socio-
scientific, cultural and political knowledge can all contribute
to the reduction of disaster risk. Attempts to understand the
crucial ingredients for success in citizen science also needs to
draw on these knowledge traditions. It was beyond the scope
of our research to include gray literature in our mapping and
we recognize that further research is needed to truly ‘open up’
a review of citizen science for DRR to capture learning from
projects published outside of peer-reviewed literature.

Our mapping identified 106 articles reporting on citizen
science for DRR projects across the world. We identified:
(a) geographic clusters (e.g., United States) and gaps (e.g.,
Africa), (b) a global predominance of earthquake and flooding-
focused projects, (c) similar numbers of projects applying
either crowdsourcing or participatory approaches and rather less
applying methodologies from the arts and humanities, and (d)
a post-event project majority. We also gathered information
on the model of cooperation between scientist and citizen, and
evidence for success in relation to our principles of citizen
science. Based on our analysis, we conclude that interconnections
between citizen science methods and practitioners are needed to
strengthen and advance the field of citizen science, researchers
and practitioners need to address the multi-dimensional nature
of disasters and develop initiatives across the disaster continuum
and, lastly, that principles and frameworks for evaluating citizen
science initiatives are developed to tackle the challenges of
ensuring equity, responsibility and empowerment of those most
vulnerable to disaster risk. We identify scope for an international,
transdisciplinary community of practice in citizen science for
DRR to share lessons and inform grounded and relevant
research in this field.

DATA AVAILABILITY

All datasets generated for this study are included in the
manuscript and/or the Supplementary Files.

ETHICS STATEMENT

The research that produced this article was conducted in
compliance with the University of East Anglias Ethical
Guidelines. The process included an expert workshop to which
academics and practitioners with expertise relevant to the study
were invited. Participants from outside the project consortium
were informed of the aims of the research, including its
publication goals, prior to consenting to take part and these
aims were reiterated at the start of the workshop, this is in
compliance with University of East Anglia’s Ethical Guidelines,
separate consent beyond consent obtained during the workshop
was not necessary.

AUTHOR CONTRIBUTIONS

AH and JB led the conception and design of the manuscript, with
input from JC and MH in the final stages. AH conducted the
mapping and selected the studies, and with support from JB, JC,
MA, PS, and KO, analyzed and extracted relevant information
from the selected studies.

FUNDING

This project was funded by the UK’ Global Challenges
Research Fund: Building Resilience call. Small grants were
made available for the design of foundation-building activities
with a view to develop inter-disciplinary research communities
to address the issue of ‘Building Resilience’ to both sudden
and slow-onset environmental hazards (e.g., land-degradation,
deforestation, drought, hurricanes, climate change). This
was a joint UK research council call, led by the Natural
Environment Research Council (NERC), the Arts and
Humanities Research Council (AHRC), and the Economic and
Social Research Council (ESRC). JB was PI for this project, grant
number: NE/P016014/1.

ACKNOWLEDGMENTS

We wish to thank the interdisciplinary project team, particularly
visiting partners from the University of the West Indies.
We also wish to thank the National Emergency Management
Organisation of St. Vincent for supporting the project and
for facilitating related fieldwork in St Vincent. We are
grateful to the editor JP and the reviewers for their helpful
suggestions which considerably improved the framing of the
review and manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/feart.
2019.00226/full#supplementary-material

Frontiers in Earth Science | www.frontiersin.org

September 2019 | Volume 7 | Article 226


https://www.frontiersin.org/articles/10.3389/feart.2019.00226/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/feart.2019.00226/full#supplementary-material
https://www.frontiersin.org/journals/earth-science/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/earth-science#articles

Hicks et al.

Citizen Science for DRR

REFERENCES

Aalst, M., Cannon, T., and Burton, I. (2008). Community level adaptation
to climate change: the potential role of participatory community risk
assessment. Glob. Environ. Change 18, 165-179. doi: 10.1016/j.gloenvcha.2007.
06.002

Abon, C. C, Primo, C, David, C., and Tabios, G. Q. (2012). Community-
based monitoring for flood early warning system: an example in central Bicol
River basin, Philippines. Disaster Prev. Manag. 21, 85-96. doi: 10.1108/
09653561211202728

Aldrich, D. P. (2012). Building Resilience: Social Capital in Post-Disaster Recovery.
Chiago, IL: University of Chicago Press.

Al-Saggaf, Y., and Simmons, P. (2015). Social media in Saudi Arabia: exploring
its use during two natural disasters. Technol. Forecast. Soc. Change 95, 3-15.
doi: 10.1016/j.techfore.2014.08.013

Appleby, L. (2013). Connecting the Last Mile: Internews Europe Report on the Role
of Communications in the Great East Japan Earthquake. London: Internews
Europe.

Armijos, M. T., Phillips, J., Wilkinson, E., Barclay, J., Hicks, A., Palacios, P.,
et al. (2017). Adapting to changes in volcanic behaviour: formal and informal
interactions for enhanced risk management at Tungurahua Volcano, Ecuador.
Glob. Environ. Change 45, 217-226. doi: 10.1016/j.gloenvcha.2017.06.002

Baruch, A., May, A., and Yu, D. (2016). The motivations, enablers and barriers for
voluntary participation in an online crowdsourcing platform. Comput. Hum.
Behav. 64, 923-931. doi: 10.1016/j.chb.2016.07.039

Bateman, A., and Danby, S. (2013). Recovering from the earthquake: early
childhood teachers and children collaboratively telling stories about their
experiences. Disaster Prev. Manag. 22, 467-479. doi: 10.1108/dpm-10-2013-
0177

Baum, R. L., Highland, L. M., Lyttle, P. T., Fee, J. M., Martinez, E. M., and Wald,
L. A. (2014). “Report a Landslide” A Website to Engage the Public in Identifying
Geologic Hazards. Cham: Springer International Publishing, 95-100.

Bonney, R. (1996). Citizen science: a lab tradition. Living Bird 15, 7-15.

Bonney, R, Ballard, H., Jordan, R., Mccallie, E., Phillips, T., Shirk, J., et al. (2009a).
Public Participation in Scientific Research: Defining the Field and Assessing
its Potential for Informal Science Education. A CAISE Inquiry Group Report.
Washington, DC: Center for Advancement of Informal Science Education
(CAISE).

Bonney, R., Cooper, C. B., Dickinson, J., Kelling, S. Phillips, T,
Rosenberg, K. V., et al. (2009b). Citizen science: a developing tool
for expanding science knowledge and scientific literacy. BioOne 59,
977-984. doi: 10.1525/bi0.2009.59.11.9

Bossu, R, Gilles, S., Mazet-Roux, G., Roussel, F., Frobert, L., and Kamb, L. (2012).
Flash sourcing, or rapid detection and characterization of earthquake effects
through website traffic analysis. Ann. Geophys. 54, 716-727. doi: 10.4401/ag-
5265

Bossu, R., Steed, R., Mazet-Roux, G., Roussel, F., Etivant, C., Frobert, L., et al.
(2016). “The key role of eyewitnesses in rapid impact assessment of global
earthquakes,” in Earthquakes and Their Impact on Society, ed. S. D’Amico
(Cham: Springer).

Cadag, J. R., Driedger, C., Garcia, C., Duncan, M., Gaillard, J. C., Lindsay, J.,
et al. (2018). “Fostering participation of local actors in volcanic disaster risk
reduction,” in Observing the Volcano World: Volcano Crisis Communication,
eds C. J. Fearnley, D. K. Bird, K. Haynes, W. J. McGuire, and G. Jolly (Cham:
Springer International Publishing).

Canevari-Luzardo, L., Bastide, J., Choutet, I, and Liverman, D. (2017). Using
partial participatory Gis in vulnerability and disaster risk reduction in Grenada.
Clim. Dev. 9, 95-109. doi: 10.1080/17565529.2015.1067593

Carley, K. M., Malik, M., Landwehr, P. M., Pfeffer, J., and Kowalchuck, M.
(2016). Crowd sourcing disaster management: the complex nature of Twitter
usage in Padang Indonesia. Saf. Sci. 90, 48-61. doi: 10.1016/j.ss¢i.2016.
04.002 doi: 10.1016/j.s5¢i.2016.04.002

Carlton, S. (2015). Connecting, belonging: volunteering, wellbeing and leadership
among refugee youth. Int. J. Disaster Risk Reduct. 14, 160-167. doi: 10.1016/j.
ijdrr.2015.10.010

Chamlee-Wright, E. (2017). The power of narrative
entrepreneurial response. Rev. Aust. Econ. 31, 467-472. doi:
$11138-017-0395-y

in post-disaster
10.1007/

Chamlee-Wright, E., and Storr, V. H. (2011). Social capital as collective
narratives and post-disaster community recovery. Sociol. Rev. 59,
266-282. doi: 10.1111/j.1467-954x.2011.02008.x

Chatfield, A. T., Scholl, H. J., and Brajawidagda, U. (2013). Tsunami early warnings
via Twitter in government: net-savvy citizens’ co-production of time-critical
public information services. Gov. Inform. Q. 30, 377-386. doi: 10.1016/j.giq.
2013.05.021

Chilvers, J., Pallett, H., and Hargreaves, T. (2018). Ecologies of participation in
socio-technical change: the case of energy system transitions. Energy Res. Soc.
Sci. 42,199-210. doi: 10.1016/j.erss.2018.03.020

Conrad, C. C., and Hilchey, K. G. (2011). A review of citizen science
and community-based environmental monitoring: issues and opportunities.
Environ. Monitor. Assess. 176, 273-291. doi: 10.1007/s10661-010-1582-5

Constant, N., and Roberts, L. (2017). Narratives as a mode of research evaluation in
citizen science: understanding broader science communication impacts. J. Sci.
Commun. 16, 1-18.

Corbane, C., Lemoine, G., and Kauffmann, M. (2012). Relationship between the
spatial distribution of SMS messages reporting needs and building damage in
2010 Haiti disaster. Nat. Hazards Earth Syst. Sci. 12, 255-265. doi: 10.5194/
nhess-12-255-2012

Cretney, R. M. (2016). Local responses to disaster: the value of community led post
disaster response action in a resilience framework. Disaster Prev. Manag. 25,
27-40. doi: 10.1108/dpm-02-2015-0043

Cronin, S. J., Gaylord, D. R,, Charley, D., Alloway, B. V., Wallez, S., and Esau,
J. W. (2004a). Participatory methods of incorporating scientific with traditional
knowledge for volcanic hazard management on Ambae Island, Vanuatu. Bull.
Volcanol. 66, 652-668. doi: 10.1007/s00445-004-0347-9

Cronin, S. J., Petterson, M. G., Taylor, P. W., and Biliki, R. (2004b). Maximising
multi-stakeholder participation in government and community volcanic hazard
management programs; a case study from Savo, Solomon Islands. Nat. Hazards
33, 105-136. doi: 10.1023/b:nhaz.0000035021.09838.27

Dailey, D., and Starbird, K. (2014). Journalists as crowdsourcerers: responding
to crisis by reporting with a crowd. Comput. Support. Coop. Work 23,
445-481. doi: 10.1007/s10606-014-9208-z

De Albuquerque, J. P., Herfort, B., and Eckle, M. (2016). The tasks of the crowd: a
typology of tasks in geographic information crowdsourcing and a case study in
humanitarian mapping. Remote Sens. 8:859. doi: 10.3390/rs8100859

Delica, Z. G. (2003). “Community mobilisation for early warning in the
Philippines,” in Early Warning Systems for Natural Disaster Reduction, eds J.
Zschau and A. Kiippers (Berlin: Springer).

Desai, B., and Lavell, A. (2015). Future Challenges of Disaster Risk Management.
Global Assessment Report on Disaster Risk Reduction 2015. Geneva: United
Nations Office for Disaster Risk Reduction.

Diaz, P., Carroll, J., and Aedo, 1. (2016). Coproduction as an approach to
technology-mediated citizen participation in emergency management. Fut.
Internet 8:41. doi: 10.3390/f18030041

Dowling, C. A., and Santi, P. M. (2014). Debris flows and their toll on human life:
a global analysis of debris-flow fatalities from 1950 to 2011. Nat. Hazards 71,
203-227. doi: 10.1007/s11069-013-0907-4

Egan, C. J., and Quigley, M. C. (2015). Dancing earthquake science assists recovery
from the Christchurch earthquakes. Res. Dance Educ. 16, 161-183. doi: 10.
1080/14647893.2014.930819

Eitzel, M. V., Cappadonna, J. L., Santos-Lang, C., Duerr, R. E., Virapongse, A.,
West, S. E., et al. (2017). Citizen science terminology matters: exploring key
terms. Citiz. Sci. 2:1. doi: 10.5334/cstp.96

EM-DAT, EM-DAT: The OFDA/CRED International Disaster Database —. Brussels.
Belgium: Université Catholique de Louvain. doi: 10.5334/cstp.96 (accessed
March, 2019).

Ervasti, M., Dashti, S., Reilly, ., Bray, J. D., Bayen, A., and Glaser, S. (2011). “iShake:
mobile phones as seismic sensors — user study findings,” in Proceedings of the
10th International Conference on Mobile and Ubiquitous Multimedia, (Beijing:
ACM). doi: 10.1002/9781118396599.ch1

Fernandez, G., and Shaw, R. (2016). “13 - Urban disasters and risk communication
through youth organizations in the Philippines,” in Urban Disasters and
Resilience in Asia, eds R. Shaw, R. Atta Ur, A. Surjan, and G. A. Parvin (Oxford:
Butterworth-Heinemann). doi: 10.1201/b12994-2

Fortson, L. F., Willett, K. W., Raddick, M. J., Schawinski, K., Skibba, R. A.,
Simmons, B. D., et al. (2013). Galaxy Zoo 2: detailed morphological

Frontiers in Earth Science | www.frontiersin.org

September 2019 | Volume 7 | Article 226


https://doi.org/10.1016/j.gloenvcha.2007.06.002
https://doi.org/10.1016/j.gloenvcha.2007.06.002
https://doi.org/10.1108/09653561211202728
https://doi.org/10.1108/09653561211202728
https://doi.org/10.1016/j.techfore.2014.08.013
https://doi.org/10.1016/j.gloenvcha.2017.06.002
https://doi.org/10.1016/j.chb.2016.07.039
https://doi.org/10.1108/dpm-10-2013-0177
https://doi.org/10.1108/dpm-10-2013-0177
https://doi.org/10.1525/bio.2009.59.11.9
https://doi.org/10.4401/ag-5265
https://doi.org/10.4401/ag-5265
https://doi.org/10.1080/17565529.2015.1067593
https://doi.org/10.1016/j.ssci.2016.04.002
https://doi.org/10.1016/j.ssci.2016.04.002
https://doi.org/10.1016/j.ssci.2016.04.002
https://doi.org/10.1016/j.ijdrr.2015.10.010
https://doi.org/10.1016/j.ijdrr.2015.10.010
https://doi.org/10.1007/s11138-017-0395-y
https://doi.org/10.1007/s11138-017-0395-y
https://doi.org/10.1111/j.1467-954x.2011.02008.x
https://doi.org/10.1016/j.giq.2013.05.021
https://doi.org/10.1016/j.giq.2013.05.021
https://doi.org/10.1016/j.erss.2018.03.020
https://doi.org/10.1007/s10661-010-1582-5
https://doi.org/10.5194/nhess-12-255-2012
https://doi.org/10.5194/nhess-12-255-2012
https://doi.org/10.1108/dpm-02-2015-0043
https://doi.org/10.1007/s00445-004-0347-9
https://doi.org/10.1023/b:nhaz.0000035021.09838.27
https://doi.org/10.1007/s10606-014-9208-z
https://doi.org/10.3390/rs8100859
https://doi.org/10.3390/fi8030041
https://doi.org/10.1007/s11069-013-0907-4
https://doi.org/10.1080/14647893.2014.930819
https://doi.org/10.1080/14647893.2014.930819
https://doi.org/10.5334/cstp.96
https://doi.org/10.5334/cstp.96
https://doi.org/10.1002/9781118396599.ch1
https://doi.org/10.1201/b12994-2
https://www.frontiersin.org/journals/earth-science/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/earth-science#articles

Hicks et al.

Citizen Science for DRR

classifications for 304 122 galaxies from the Sloan Digital Sky Survey. Mon.
Notic. R. Astronom. Soc. 435, 2835-2860. doi: 10.1093/mnras/stt1458

Frigerio, S., Bianchizza, C., Schenato, L., and Del Bianco, D. (2017). A mobile
application to engage citizens and volunteers. Crowdsourcing within natural
hazard. Rend. Online Soc. Geol. It. 42, 70-72. doi: 10.3301/r0l.2017.17

GFDRR  (2018). Identifying Success Factors in Crowdsourced Geographic
Information Use in Government. Washington, DC: GFDRR.

Ghosh, S., Huyck, C. K., Greene, M., Gill, P. S., Bevington, J., Svekla, W,
et al. (2011). Crowdsourcing for rapid damage assessment: the global earth
observation catastrophe assessment network (GEO-CAN). Earthq. Spectra 27,
S179-5198.

Ginige, A., Paolino, L., Romano, M., Sebillo, M., Tortora, G., and Vitiello, G. (2014).
Information sharing among disaster responders - an interactive spreadsheet-
based collaboration approach. Comput. Support. Coop. Work 23, 547-583.
doi: 10.1007/510606-014-9207-0

Godschalk, D. R., Brody, S., and Burby, R. (2003). Public participation in natural
hazard mitigation policy formation: challenges for comprehensive planning.
J. Environ. Plann. Manag. 46, 733-754. doi: 10.1080/0964056032000138463

Goodchild, M. F., and Glennon, J. A. (2010). Crowdsourcing geographic
information for disaster response: a research frontier. Int. J. Dig. Earth 3,
231-241. doi: 10.1080/17538941003759255

Haklay, M. (2013). “Citizen science and volunteered geographic information:
overview and typology of participation,” in Crowdsourcing Geographic
Knowledge: Volunteered Geographic Information (VGI) in Theory and Practice,
eds D. Sui, S. Elwood, and M. Goodchild (Dordrecht: Springer).

Haworth, B., Whittaker, J., and Bruce, E. (2016). Assessing the application and
value of participatory mapping for community bushfire preparation. Appl.
Geogr. 76, 115-127. doi: 10.1016/j.apge0g.2016.09.019

Haworth, B. T. (2018). Implications of volunteered geographic information for
disaster management and GIScience: a more complex world of volunteered
geography. Ann. Am. Assoc. Geogr. 108, 226-240. doi: 10.1080/24694452.2017.
1321979

Hecker, S., Bonney, R., Haklay, M., Holker, F., Hofer, H., Goebel, C,, et al. (2018).
Innovation in citizen science - perspectives on science-policy advances. Citiz.
Sci. 3, 1-14.

Hermelin, M., and Bedoya, G. (2008). Community participation in natural risk
prevention: case histories from Colombia. Geol. Soc. 305, 39-51. doi: 10.1144/
sp305.5

Hicks, A., Armijos, M. T., Barclay, J., Stone, J., Robertson, R., and Cortés,
G. P. (2017). Risk communication films: process, product and potential for
improving preparedness and behaviour change. Int. J. Disaster Risk Reduct. 23,
138-151. doi: 10.1016/j.ijdrr.2017.04.015

Hirata, E., Giannotti, M. A., Larocca, A. P. C., and Quintanilha, J. A.
(2018). Flooding and inundation collaborative mapping - use of the
Crowdmap/Ushahidi platform in the city of Sao Paulo, Brazil. J. Flood Risk
Manag. 11, S98-5109.

Holderness, T., and Turpin, E. (2015). “From social media to geosocial intelligence:
crowdsourcing civic co-management for flood response in Jakarta, Indonesia,”
in Social Media for Government Services, eds S. Nepal, C. Paris, and D.
Georgakopoulos (Cham: Springer International Publishing).

Hung, K.-C,, Kalantari, M., and Rajabifard, A. (2016). Methods for assessing the
credibility of volunteered geographic information in flood response: a case
study in Brisbane, Australia. Appl. Geogr. 68, 37-47. doi: 10.1016/j.apgeog.2016.
01.005

Ibadango, C. E., Escarate, S., Jackson, L., and Sladen, W. (2007). Application Of
Landslide Studies for Risk Reduction in the Andean Community of Reinaldo
Espinoza, Southern Ecuador. Landslides and Climate Change: Challenges and
Solutions. London: Taylor and Franics.

Ikeda, S., and Nagasaka, T. (2011). An emergent framework of disaster risk
governance towards innovating coping capability for reducing disaster risks in
local communities. Int. J. Disaster Risk Sci. 2, 1-9. doi: 10.1007/s13753-011-
0006-7

Irwin, A. (1995). Citizen Science: A Study of People, Expertise, and Sustainable
Development. Abingdon: Routledge.

Jones, S. R., Barnard, L. A., Scott, C. J., Owens, M. J., and Wilkinson, J. (2017).
Tracking CMES using data from the Solar Stormwatch project; observing
deflections and other properties. Space Weather 15, 1125-1140. doi: 10.1002/
2017sw001640

Joseph, E. P., Beckles, D. M., Cox, L., Jackson, V. B., and Alexander, D. (2015). An
evaluation of ambient sulphur dioxide concentrations from passive degassing
of the Sulphur Springs, Saint Lucia geothermal system: implications for human
health. J. Volcanol. Geotherm. Res. 304, 38-48. doi: 10.1016/j.jvolgeores.2015.
07.036

Kar, B. (2016). Citizen science in risk communication in the era of Ict. Concurr.
Comput. 28,2005-2013. doi: 10.1002/cpe.3705

Karnawati, D., Fathani, T. F., Wilopo, W., Setianto, A., and Andayani, B.
(2011b). Promoting the hybrid socio-technical approach for effective disaster
risk reduction in developing countries. WIT Trans. Built Environ. 119,
175-182.

Karnawati, D., Fathani, T. F,, Ignatius, S., Andayani, B., Legono, D., and Burton,
P. W. (2011a). Landslide hazard and community-based risk reduction effort in
Karanganyar and the surrounding area, central Java, Indonesia. J. Mt. Sci. 8,
149-153. doi: 10.1007/s11629-011-2107-6

Kelman, I., Lewis, J., Gaillard, J. C., and Mercer, J. (2011). Participatory action
research for dealing with disasters on Islands. Island Stud. J. 6, 59-86.

King, D., Goff, J., and Skipper, A. (2007). Maori environmental knowledge
and natural hazards in Aotearoa-New Zealand. J. R. Soc. N. Z. 37,
59-73. doi: 10.1080/03014220709510536

Kirkpatrick, S. J. B. (2018). Pedaling disaster: citizen bicyclists in disaster
response—Innovative solution or unnecessary effort? Nat. Hazards 90,
365-389. doi: 10.1007/s11069-017-3048-3

Kong, Q., Allen, R. M., Schreier, L., and Kwon, Y. W. (2016). MyShake: a
smartphone seismic network for earthquake early warning and beyond. Sci.
Adv. 2:¢1501055. doi: 10.1126/sciadv.1501055

Kornakova, M., and March, A. (2017). The role of citizens in DRR planning
exercises: when to inform or consult. Int. J. Disaster Resil. Built Environ. 8,
209-222. doi: 10.1108/ijdrbe-12-2014-0077

Kweit, M. G., and Kweit, R. W. (2004). Citizen participation and citizen evaluation
in disaster recovery. Am. Rev. Publ. Admin. 34, 354-373. doi: 10.1177/
0275074004268573

Lassa, J. A, Surjan, A., Caballero-Anthony, M., and Fisher, R. (2019). Measuring
political will: an index of commitment to disaster risk reduction. Int. J. Disaster
Risk Reduct. 34, 64-74. doi: 10.1016/j.ijdrr.2018.11.006

Le Coz, J., Patalano, A., Collins, D., Guillén, N. F., Garcia, C. M., Smart, G. M., et al.
(2016). Crowdsourced data for flood hydrology: feedback from recent citizen
science projects in Argentina, France and New Zealand. J. Hydrol. 541, 766-777.
doi: 10.1016/j.jhydrol.2016.07.036

Leach, M., and Fairhead, J. (2002). Manners of contestation: “citizen science” and
“indigenous knowledge” in West Africa and the Caribbean. Int. Soc. Sci. J. 54,
299-311. doi: 10.1111/1468-2451.00383

Liang, W.-T., Lee, J.-C., Huihsuan Chen, K., and Hsiao, N.-C. (2017). Citizen
earthquake science in Taiwan: from science to hazard mitigation. J. Disaster Res.
12, 1174-1181. doi: 10.20965/jdr.2017.p1174

Liu, S. B. (2014). Crisis crowdsourcing framework: designing strategic
configurations of crowdsourcing for the emergency management domain.
Comp. Support. Coop. Work 23, 389-443. doi: 10.1007/s10606-014-9204-3

Loaiza, V. R., Hernandez, L. A. Z., Rodriguez, M. C. G., Diaz, A. C., and Burneo,
T. A. (2017). Treinta anos después de la erupcion del volcan Nevado del Ruiz:
memorias, voces, reparacion y escenarios de participacion. Rev. Colomb. Sociol.
40, 45-64. doi: 10.15446/rcs.v40n1.61948

Loughlin, S. C., Baxter, P. J., Aspinall, W. P, Darroux, B., Harford, C. L., and
Miller, A. D. (2002). Eyewitness accounts of the 25 June 1997 pyroclastic flows
and surges at Soufriere Hills Volcano, Montserrat, and implications for disaster
mitigation. Geol. Soc. Lond. Mem. 21, 211-230. doi: 10.1144/gsl.mem.2002.021.
01.10

Ludwig, T., Kotthaus, C., Reuter, C., Van Dongen, S., and Pipek, V. (2017).
Situated crowdsourcing during disasters: managing the tasks of spontaneous
volunteers through public displays. Int. J. Hum. Comput. Stud. 102,
103-121. doi: 10.1016/j.ijhcs.2016.09.008

Lue, E, Wilson, J. P, and Curtis, A. (2014). Conducting disaster damage
assessments with spatial video, experts, and citizens. Appl. Geogr. 52, 46-54.
doi: 10.1016/j.apgeog.2014.04.014

Maceda, E., Gaillard, J.-C., Stasiak, E., Le Masson, V., and Le Berre, 1.
(2009). Experimental use of participatory 3-dimensional models in island
community-based disaster risk management. Int. J. Res. Island Cult. 3,
72-84.

Frontiers in Earth Science | www.frontiersin.org

September 2019 | Volume 7 | Article 226


https://doi.org/10.1093/mnras/stt1458
https://doi.org/10.3301/rol.2017.17
https://doi.org/10.1007/s10606-014-9207-0
https://doi.org/10.1080/0964056032000138463
https://doi.org/10.1080/17538941003759255
https://doi.org/10.1016/j.apgeog.2016.09.019
https://doi.org/10.1080/24694452.2017.1321979
https://doi.org/10.1080/24694452.2017.1321979
https://doi.org/10.1144/sp305.5
https://doi.org/10.1144/sp305.5
https://doi.org/10.1016/j.ijdrr.2017.04.015
https://doi.org/10.1016/j.apgeog.2016.01.005
https://doi.org/10.1016/j.apgeog.2016.01.005
https://doi.org/10.1007/s13753-011-0006-7
https://doi.org/10.1007/s13753-011-0006-7
https://doi.org/10.1002/2017sw001640
https://doi.org/10.1002/2017sw001640
https://doi.org/10.1016/j.jvolgeores.2015.07.036
https://doi.org/10.1016/j.jvolgeores.2015.07.036
https://doi.org/10.1002/cpe.3705
https://doi.org/10.1007/s11629-011-2107-6
https://doi.org/10.1080/03014220709510536
https://doi.org/10.1007/s11069-017-3048-3
https://doi.org/10.1126/sciadv.1501055
https://doi.org/10.1108/ijdrbe-12-2014-0077
https://doi.org/10.1177/0275074004268573
https://doi.org/10.1177/0275074004268573
https://doi.org/10.1016/j.ijdrr.2018.11.006
https://doi.org/10.1016/j.jhydrol.2016.07.036
https://doi.org/10.1111/1468-2451.00383
https://doi.org/10.20965/jdr.2017.p1174
https://doi.org/10.1007/s10606-014-9204-3
https://doi.org/10.15446/rcs.v40n1.61948
https://doi.org/10.1144/gsl.mem.2002.021.01.10
https://doi.org/10.1144/gsl.mem.2002.021.01.10
https://doi.org/10.1016/j.ijhcs.2016.09.008
https://doi.org/10.1016/j.apgeog.2014.04.014
https://www.frontiersin.org/journals/earth-science/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/earth-science#articles

Hicks et al.

Citizen Science for DRR

Madsen, W., and O’Mullan, C. (2013). Responding to disaster: applying the lens of
social memory. Aust. J. Commun. 40, 57-70.

Maltoni, C., Rossi, C., and Sanchez, G. (2017). Improving resilience to emergencies
through advanced cyber technologies: the I-REACT project. Geomedia 21,
18-22.

Mani, L, Cole, P. D., and Stewart, I. (2016). Using video games for
volcanic hazard education and communication: an assessment of the
method and preliminary results. Nat. Hazards Earth Syst. Sci. 16,
1673-1689. doi: 10.5194/nhess-16-1673-2016

Marchezini, V., Horita, F. E. A, Matsuo, P. M., Trajber, R., Trejo-Rangel, M. A., and
Olivato, D. (2018). A review of studies on participatory early warning systems
(P-EWS): pathways to support citizen science initiatives. Front. Earth Sci. 6:184.
doi: 10.3389/feart.2018.00184

Marchezini, V., Trajber, R., Olivato, D., Mufioz, V. A., De Oliveira Pereira, F.,
and Oliveira Luz, A. E. (2017). Participatory early warning systems: youth,
citizen science, and intergenerational dialogues on disaster risk reduction
in Brazil. Int. J. Disaster Risk Sci. 8, 390-401. doi: 10.3390/ijerph1407
0749 doi: 10.1007/s13753-017-0150-9

Marek, L., Campbell, M., and Bui, L. (2017). Shaking for innovation: the
(re)building of a (smart) city in a post disaster environment. Cities 63, 41-50.
doi: 10.1016/j.cities.2016.12.013

Maskrey, A. (2011). Revisiting community-based disaster risk management.
Environ. Hazards 10, 42-52. doi: 10.4324/9781315067261-5

McCormick, S. (2016). New tools for emergency managers: an assessment of
obstacles to use and implementation. Disasters 40, 207-225. doi: 10.1111/disa.
12141

Mejia Prieto, B., Giraldo Valencia, G. L. and Trujillo Gélvez, L. M. (2006).
Guardianas de la Ladera: un Programa de Cultura Ciudadana en la Prevencién
del Riesgo, Manizales, Colombia: Taller Internacional Sobre Gestién del Riesgo
a Nivel Local: El Caso de Manizales, 28-29.

Mejri, O., Menoni, S., Matias, K., and Aminoltaheri, N. (2017). Crisis information
to support spatial planning in post disaster recovery. Int. J. Disaster Risk Reduct.
22,46-61. doi: 10.1016/j.ijdrr.2017.02.007

Mercer, J., Gaillard, J. C., Crowley, K., Shannon, R., Alexander, B., Day, S., et al.
(2012). Culture and disaster risk reduction: lessons and opportunities. Environ.
Hazards 11, 74-95. doi: 10.1080/17477891.2011.609876

Minson, S. E., Brooks, B. A., Glennie, C. L., Murray, J. R., Langbein, J. O.,
Owen, S. E,, et al. (2015). Crowdsourced earthquake early warning. Sci. Adv.
1:€1500036. doi: 10.1126/sciadv.1500036

Mossoux, S., Delcamp, A., Poppe, S., Michellier, C., Canters, F., and Kervyn, M.
(2016). Hazagora: will you survive the next disaster? — a serious game to raise
awareness about geohazards and disaster risk reduction. Nat. Hazards Earth
Syst. Sci. 16, 135-147. doi: 10.5194/nhess-16-135-2016

Mothes, P. A., Yepes, H. A., Hall, M. L., Ramon, P. A, Steele, A. L., and Ruiz,
M. C. (2015). The scientific-community interface over the fifteen-year eruptive
episode of Tungurahua Volcano, Ecuador. J. Appl. Volcanol. 4:9.

Murthy, M. S. R., Bajracharya, B., Pradhan, S., Shrestha, B., Bajracharya, R,
Shakya, K., et al. (2014). Adoption of geospatial systems towards evolving
sustainable himalayan mountain development. Int. Arch. Photogramm. Remote
Sens. Spat. Inform. Sci. 8, 1319-1324. doi: 10.5194/isprsarchives-xI-8-1319-
2014

Mutch, C., and Marlowe, J. (2013). Lessons from disaster: the power and place of
story. Disaster Prev. Manag. Int. ]. 22, 385-394. doi: 10.1108/dpm-10-2013-
0172

O’Brien, P. W., and Mileti, D. (1992). Citizen participation in emergency response
following the Loma Prieta earthquake. Int. J. Mass Emerg. Disasters 10,
71-89.

Omidvar, B., Zafari, H., and Khakpour, M. (2011). Evaluation of public
participation in reconstruction of Bam, Iran, after the 2003 earthquake. Nat.
Hazards 59, 1397-1412. doi: 10.1007/s11069-011-9842-4

Palen, L., Hiltz, S, and Liu, S. (2007). Online forums supporting grassroots
participation in emergency prepardness and response. Commun. ACM 50,
54-58.

Palen, L., Soden, R., Anderson, T. J., and Barrenechea, M. (2015). “Success
& scale in a data-producing organization: the socio-technical evolution of
openstreetmap in response to humanitarian events,” in Proceedings of the 33rd
Annual ACM Conference on Human Factors in Computing Systems, (Seoul:
ACM).

Panek, J., Marek, L., Paszto, V., and Valuch, J. (2017). The crisis map of the Czech
Republic: the nationwide deployment of an Ushahidi application for disasters.
Disasters 41, 649-671. doi: 10.1111/disa.12221

Pelling, M. (2007). Learning from others: the scope and challenges for participatory
disaster risk assessment. Disasters 31, 373-385. doi: 10.1111/j.1467-7717.2007.
01014.x

Peng, L. (2017). Crisis crowdsourcing and China’s civic participation in
disaster response: evidence from earthquake relief. China Inform. 31,
327-348. doi: 10.1177/0920203x17735668

Pennington, C., Freeborough, K., Dashwood, C., Dijkstra, T., and Lawrie,
K. (2015). The National landslide database of Great Britain: acquisition,
communication and the role of social media. Geomorphology 249,
44-51. doi: 10.1016/j.geomorph.2015.03.013

People’s Knowledge Editorial Collective (2016). Peoples Knowledge and
Participatory Action Research: Escaping the White-Walled Labyrinth. Rugby:
Practical Action Publishing.

Qi, W.H,, Su, G. W, Sun, L,, Yang, F., and Wu, Y. (2017). "Internet plus " approach
to mapping exposure and seismic vulnerability of buildings in a context of
rapid socioeconomic growth: a case study in Tangshan, China. Nat. Hazards
86, 107-139. doi: 10.1007/s11069-016-2581-9

Ramchurn, S. D., Wu, F., Jiang, W., Fischer, J. E., Reece, S., Roberts, S., et al. (2016).
Human—agent collaboration for disaster response. Auton. Agents Multi Agent
Syst. 30, 82-111. doi: 10.1007/s10458-015-9286-4

Raska, P., and Brézdil, R. (2015). Participatory responses to historical flash floods
and their relevance for current risk reduction: a view from a post-communist
country. Area 47, 166-178. doi: 10.1111/area.12159

Richardson, B. K., and Maninger, L. (2016). “We were all in the same boat™ an
exploratory study of communal coping in disaster recovery. South. Commun. J.
81, 107-122. doi: 10.1080/1041794x.2015.1111407

Rieger, C. (2016). Demonstrating the Capacity of Online Citizen Science
Mapping Software To Communicate Natural Hazards and Engage Community
Participation. Lethbridge, AB: University of Lethbridge.

Robinson, L. D., Cawthray-Syms, J. L., West, S. E., Bonn, A., and Ansine, J. (2018).
Ten Principles of Citizen Science. London: UCL Press.

Saganeiti, L., Amato, F., Murgante, B., and Nol¢, G. (2017). Vgi and crisis mapping
in an emergency situation. Comparison of four case studies: Haiti, Kibera,
Kathmandu, Centre Italy. GEOmedia 3, 26-29.

Scolobig, A., Prior, T., Schréter, D., Jorin, J., and Patt, A. (2015a). Towards people-
centred approaches for effective disaster risk management: balancing rhetoric
with reality. Int. . Disaster Risk Reduct. 12, 202-212. doi: 10.1016/j.ijdrr.2015.
01.006

Scolobig, A., Thompson, M., and Linnerooth-Bayer, J. (2015b). Compromise not
consensus: designing a participatory process for landslide risk mitigation. Nat.
Hazards 81(Suppl. 1), 45-68. doi: 10.1007/s11069-015-2078-y

Shirk, J. L., Ballard, H. L., Wilderman, C. C., Phillips, T., Wiggins, A., Jordan,
R., et al. (2012). Public participation in scientific research: a framework for
deliberate design. Ecol. Soc. 17:29.

Smith, J., Dubois, B., and Krasny, M. (2015). Framing for resilience through social
learning: impacts of environmental stewardship on youth in post-disturbance
communities. Sustain. Sci. 11, 441-453. doi: 10.1007/s11625-015-0348-y

Stone, J., Barclay, J., Simmons, P., Cole, P., Loughlin, S., Ramon, P., et al.
(2014). Risk reduction through community-based monitoring: the vigias of
Tungurahua, Ecuador. J. Appl. Volcanol. 3:11.

Strasser, B., Baudry, J., Mahr, D., Sanchez, G., and Tancoigne, E. (2018). “Citizen
Science”™? rethinking science and public participation. Sci. Technol. Stud. 32,
52-76. doi: 10.23987/sts.60425

Sullivan, B. L., Wood, C. L., Iliff, M. J., Bonney, R. E., Fink, D., and Kelling,
S. (2009). eBird: a citizen-based bird observation network in the biological
sciences. Biol. Conserv. 142, 2282-2292. doi: 10.1016/j.biocon.2009.05.006

Svensson, M. (2017). Digitally enabled engagement and witnessing: the Sichuan
earthquake on independent documentary film. Stud. Document. Film 11,
200-216. doi: 10.1080/17503280.2017.1338370

Syafwina, (2014). Recognizing indigenous knowledge for disaster management:
smong, early warning system from Simeulue Island, Aceh. Proc. Environ. Sci.
20, 573-582. doi: 10.1016/j.proenv.2014.03.070

Tapia, A. H., LaLone, N., MacDonald, E. A., Hall, M., Case, N. A., and Heavner,
famM. (2014). “Aurorasaurus: citizen science, early warning systems and space
weather,” in Proceedings of the Second AAAI Conference on Human Computation

Frontiers in Earth Science | www.frontiersin.org

September 2019 | Volume 7 | Article 226


https://doi.org/10.5194/nhess-16-1673-2016
https://doi.org/10.3389/feart.2018.00184
https://doi.org/10.3390/ijerph14070749
https://doi.org/10.3390/ijerph14070749
https://doi.org/10.1007/s13753-017-0150-9
https://doi.org/10.1016/j.cities.2016.12.013
https://doi.org/10.4324/9781315067261-5
https://doi.org/10.1111/disa.12141
https://doi.org/10.1111/disa.12141
https://doi.org/10.1016/j.ijdrr.2017.02.007
https://doi.org/10.1080/17477891.2011.609876
https://doi.org/10.1126/sciadv.1500036
https://doi.org/10.5194/nhess-16-135-2016
https://doi.org/10.5194/isprsarchives-xl-8-1319-2014
https://doi.org/10.5194/isprsarchives-xl-8-1319-2014
https://doi.org/10.1108/dpm-10-2013-0172
https://doi.org/10.1108/dpm-10-2013-0172
https://doi.org/10.1007/s11069-011-9842-4
https://doi.org/10.1111/disa.12221
https://doi.org/10.1111/j.1467-7717.2007.01014.x
https://doi.org/10.1111/j.1467-7717.2007.01014.x
https://doi.org/10.1177/0920203x17735668
https://doi.org/10.1016/j.geomorph.2015.03.013
https://doi.org/10.1007/s11069-016-2581-9
https://doi.org/10.1007/s10458-015-9286-4
https://doi.org/10.1111/area.12159
https://doi.org/10.1080/1041794x.2015.1111407
https://doi.org/10.1016/j.ijdrr.2015.01.006
https://doi.org/10.1016/j.ijdrr.2015.01.006
https://doi.org/10.1007/s11069-015-2078-y
https://doi.org/10.1007/s11625-015-0348-y
https://doi.org/10.23987/sts.60425
https://doi.org/10.1016/j.biocon.2009.05.006
https://doi.org/10.1080/17503280.2017.1338370
https://doi.org/10.1016/j.proenv.2014.03.070
https://www.frontiersin.org/journals/earth-science/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/earth-science#articles

Hicks et al.

Citizen Science for DRR

and Crowdsourcing (Palo Alto, CA: The AAAI Press), 30-32. doi: 10.13140/2.1.
4865.0563

Tappenden, K. (2015). The District of North Vancouver’s Landslide Management
Strategy: Role of Public Involvement for Determining Tolerable Risk and
Increasing Community Resilience. Ph.D Thesis. University of Albertam,
Edmonton.

Tipaldo, G., and Allamano, P. (2016). Citizen science and community-based rain
monitoring initiatives: an interdisciplinary approach across sociology and water
science: citizen science and community-based rain monitoring initiatives. Wires
Water 4:e1200. doi: 10.1002/wat2.1200

Turk, C. (2017). Cartographica incognita: ‘Dijital Jedis; Satellite Salvation and the
Mysteries of the ‘Missing Maps’. Cartogr. J. 54, 14-23. doi: 10.1080/00087041.
2016.1244323

UNISDR (2015). Sendai Framework for Disaster Risk Reduction 2015-2030.
Geneva: UNISDR.

UNISDR (2018). Open-Ended Intergovernmental Expert Working Group on
Indicators and Terminology Relating to Disaster Risk Reduction [Online].
Available at: https://www.preventionweb.net/files/50683_oiewgreportenglish.
pdf (accessed August 5,2019)

Usén, T. J., Klonner, C., and Hofle, B. (2016). Using participatory geographic
approaches for urban flood risk in Santiago de Chile: insights from a governance
analysis. Environ. Sci. Policy 66, 62-72. doi: 10.1016/j.envsci.2016.08.002

Wald, D. J., Quitoriano, V., Worden, C. B., Hopper, M., and Dewey, ]. W. (2012).
Usgs “did you feel it?” Internet-based macroseismic intensity maps. Ann.
Geophys. 56, 688-707.

Wallace, K., Snedigar, S., and Cameron, C. (2015). ‘Is ash falling?} an online ashfall
reporting tool in support of improved ashfall warnings and investigations of
ashfall processes. J. Appl. Volcanol. 4:8.

Wehn, U., Mccarty, S., Lanfranchi, V., and Tapsell, S. (2015a). Citizen observatories
as facilitators of change in water governance? Experiences from three European
cases. J. Environ. Eng. Manag. 14, 2073-2086. doi: 10.30638/eem;.2015.222

Wehn, U., Rusca, M., Evers, J., and Lanfranchi, V. (2015b). Participation in flood
risk management and the potential of citizen observatories: a governance
analysis. Environ. Sci. Policy 48, 225-236.  doi: 10.1016/j.envsci.2014.
12.017

Wiggins, A. (2013). “Free as in puppies: compensating for ict constraints in
citizen science,” in Proceedings of the 2013 Conference on Computer Supported
Cooperative Work, (San Antonio, TX: ACM).

Wisner, B., Blaikie, P., Cannon, T., and Davies, 1. (2004). At Risk: Natural

Hazards, peoples Vulnerability and Disasters. 2nd Edn. London:
Routledge.

Yamori, K. (2012). Using games in community disaster prevention
exercises. Group Decis. Negotiat. 21, 571-583. doi: 10.1007/s10726-011-
9227-9

Yates, C., and Partridge, H. (2015). Citizens and social media in times
of natural disaster: exploring information experience. Inform. Res.

20:659.

Zhong, X., Duckham, M., Chong, D., and Tolhurst, K. (2016). Real-time estimation
of wildfire perimeters from curated crowdsourcing. Sci. Rep. 6:24206.
doi: 10.1038/srep24206

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Hicks, Barclay, Chilvers, Armijos, Oven, Simmons and Haklay.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Earth Science | www.frontiersin.org

17

September 2019 | Volume 7 | Article 226


https://doi.org/10.13140/2.1.4865.0563
https://doi.org/10.13140/2.1.4865.0563
https://doi.org/10.1002/wat2.1200
https://doi.org/10.1080/00087041.2016.1244323
https://doi.org/10.1080/00087041.2016.1244323
https://www.preventionweb.net/files/50683_oiewgreportenglish.pdf
https://www.preventionweb.net/files/50683_oiewgreportenglish.pdf
https://doi.org/10.1016/j.envsci.2016.08.002
https://doi.org/10.30638/eemj.2015.222
https://doi.org/10.1016/j.envsci.2014.12.017
https://doi.org/10.1016/j.envsci.2014.12.017
https://doi.org/10.1007/s10726-011-9227-9
https://doi.org/10.1007/s10726-011-9227-9
https://doi.org/10.1038/srep24206
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/earth-science/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/earth-science#articles

Hicks et al.

Citizen Science for DRR

APPENDIX
Glossary (Based on UNISDR, 2018)

Disaster: A serious disruption of the functioning of a community
or a society at any scale due to hazardous events interacting
with conditions of exposure, vulnerability and capacity, leading
to one or more of the following: human, material, economic and
environmental losses and impacts.

Disaster Risk Management: The application of disaster
risk reduction policies and strategies to prevent new disaster
risk, reduce existing disaster risk and manage residual risk,
contributing to the strengthening of resilience and reduction of
disaster losses.

Disaster Risk Reduction: Is aimed at preventing new and
reducing existing disaster risk and managing residual risk, all of
which contribute to strengthening resilience and therefore to the
achievement of sustainable development.

Exposure: The situation of people, infrastructure, housing,
production capacities and other tangible human assets located in
hazard-prone areas.

Hazard: A process, phenomenon or human activity that
may cause loss of life, injury or other health impacts,

Preparedness: The knowledge and capacities developed by
governments, response and recovery organizations, communities
and individuals to effectively anticipate, respond to and recover
from the impacts of likely, imminent or current disasters.

Recovery: The restoring or improving of livelihoods and
health, as well as economic, physical, social, cultural and
environmental assets, systems and activities, of a disaster affected
community or society, aligning with the principles of sustainable
development and “build back better; to avoid or reduce
future disaster risk.

Resilience: The ability of a system, community or society
exposed to hazards to resist, absorb, accommodate, adapt to,
transform and recover from the effects of a hazard in a timely
and efficient manner, including through the preservation and
restoration of its essential basic structures and functions through
risk management.

Response: Actions taken directly before, during or
immediately after a disaster in order to save lives, reduce health
impacts, ensure public safety and meet the basic subsistence
needs of the people affected.

Vulnerability: The conditions determined by physical, social,
economic and environmental factors or processes which increase

property damage, social and economic disruption or the susceptibility of an individual, a community, assets or systems
>

environmental degradation. to the impacts of hazards.
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