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a b s t r a c t

The increased ease for individuals to create, share and map geographic information combined with the
need for timely, relevant and diverse information has resulted in a new disaster management context.
Volunteered geographic information (VGI), or geographic information voluntarily created by private
citizens enabled through technologies like social media and web-based mapping, has changed the ways
people create and use information for crisis events. Research has focussed on disaster response while
largely ignoring prevention and preparedness. Preparing for disasters can reduce negative impacts on life
and property, but despite strategies to educate communities, preparation remains low. This study as-
sesses the application and value of VGI in bushfire risk reduction through a participatory mapping
approach. It examines VGI as a social practice and not simply a data source by considering the user
experience of contributing VGI and the potential for these activities to increase community connect-
edness for building disaster resilience. Participatory mapping workshops were held in bushfire-risk
communities in Tasmania. Workshop activities included a paper-mapping exercise and web-based dig-
ital mapping. Survey results from 31 participants at three workshops indicated the process of mapping
and contributing local information for bushfire preparation with other community members can
contribute to increased social connectedness, understanding of local bushfire risk, and engagement in
risk reduction. Local knowledge exchange was seen as valuable, but the social dimension appeared even
more engaging than the specific information shared. Participants reported collaborative maps as effective
for collating and sharing community bushfire information with a preference for digital mapping. Some
limitations of online sharing of information were also reported by participants, however, including po-
tential issues of privacy, data quality and source trustworthiness. Further work is needed to extrapolate
findings from the study sample to the broader population.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction and background

1.1. Bushfire preparation and community engagement

Community preparation is a fundamental component of bush-
fire safety. Preparation can assist residents to protect houses and
property, and to evacuate safely. Recent studies have investigated
factors influencing preparation decision-making (Prior, 2010), the
importance of ‘mental preparedness’ (Eriksen & Prior, 2013),
measures of adequate preparedness (Dunlop, McNeill, Boylan,
g, The University of Sydney,

aworth).
Morrison, & Skinner, 2014; Penman et al. 2013), preparation costs
(Penman, Eriksen, Horsey, & Bradstock, 2016), gender (Whittaker,
Eriksen, & Haynes, 2016), and levels of preparedness in specific
bushfires (McLennan, Elliott, Omodei, & Whittaker, 2013;
Whittaker, Haynes, Handmer, & McLennan, 2013). Despite com-
munity education strategies and the impact of past events, active
disaster preparation remains low (Gargano, Caramanica, Sisco,
Brackbill, & Stellman, 2015; Hausman, Hanlon, & Seals, 2007;
Paton, 2003). There is increasing recognition in emergency man-
agement that information provision alone is insufficient to increase
community preparation and that more engaging, participatory
approaches are needed. This reflects a shift in disaster management
more broadly, where community participation is increasingly
considered a fundamental principle of disaster risk reduction (DRR)
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and resilience building (e.g. UNISDR, 2015). In Australia, the prin-
ciples of shared responsibility and community participation are
embodied in the National Strategy for Disaster Resilience (COAG,
2011).

In Australia, community participation in fire and emergency
management is a well-established practice. The Victorian Country
Fire Authority's ‘Community Fireguard’ program, for instance, was
established in 1993 to engage and educate groups of interested
neighbours about bushfire preparation (CFA, 2016). The community
development approach adopted by the Tasmania Fire Service (TFS)
involves a ‘Bushfire-Ready Neighbourhoods’ (BRN) program, in
which communities are selected based on bushfire risk, capacity
and community interest, and bushfire education events and activ-
ities are tailored to their local needs. The program aims to provide
information to enable people to develop their own bushfire survival
plan and be better prepared for the bushfire season (TFS, 2014).
Similar programs exist in Canada (‘FireSmart-ForestWise’) and the
USA (‘Firewise Communities’), with assessments suggesting that
neighbourhood programs help to reduce bushfire (or wildfire) risk
but also enhance social connectedness and resilience (MacDougall,
Gibbs, & Clark, 2014; McGee, 2011).

Community engagement and participation in disaster manage-
ment is typically initiated and managed by official agencies.
Increasingly, however, community capacities for initiating and
managing activities throughout the prevention, preparedness,
response, and recovery (PPRR) phases are recognised (e.g. Scanlon,
Helsloot, & Groenendaal, 2014; Whittaker, McLennan, & Handmer,
2015). Recent examples include the ‘Student Volunteer Army’ that
formed in the aftermath of the 2010e11 earthquakes in Christ-
church, New Zealand, to help residents clean up liquefaction
(Villemure et al. 2012), and the group of local volunteers that
travelled to Dalchowki village, 3 h from Kathmandu, following the
2015 Nepal Earthquake to distribute donated tarpaulins, food and
anti-diarrheal tablets (Rousselot, 2015). Key advantages of such
activities are that local volunteers often arrive on the scene before
official agencies, have considerable local knowledge, and are highly
responsive and adaptive to changing local needs. The greater
accessibility and sophistication of information and communication
technologies has seen considerable growth in digital volunteerism
in disaster management, with the emergence of volunteered
geographic information (VGI), in particular, changing the ways
impacted citizens, the broader public, and emergency management
agencies participate in disaster management (see Haworth& Bruce,
2015).

1.2. The emergence and promise of VGI

VGI refers to user-generated content with a spatial component,
which involves the voluntary collection, organisation and dissem-
ination of geographic information (Elwood, Goodchild, & Sui, 2012;
Goodchild, 2007; Tulloch, 2008). Technologies such as the Internet,
GeoWeb 2.0, global positioning systems, cloud storage, broadband
communication, social media and personal locational devices,
including smartphones, have enhanced the visibility of practices
involving the creation and sharing of geographic information by
private citizens (Goodchild, 2007; Palen & Liu, 2007). The wide
usage of smartphones with multimedia capabilities and increased
collaborative potential through the proliferation of social media
provides innovative opportunities for individuals to contribute to-
wards and consume a collective knowledge base, allowing users to
engage with geographic information systems (GIS) in an unprece-
dented social way (Jayathilake, Perera, Bandara, Wanniarachchi, &
Herath, 2011).

Researchers have reported on the promise of VGI to address
issues and provide opportunities for a range of fields and
applications. For example, as a resource for spatial data in-
frastructures, Genovese and Roche (2010) report on the opportu-
nities for VGI to empower citizens in developing countries by
making them part of collaborative local governance and enhancing
the information used by decision makers. Community participation
in local decision making has been recognised as fundamentally
important for regional democracy, and thus the potential contri-
bution of VGI is significant (Genovese & Roche, 2010). Elwood et al.
(2012) describe opportunities for GIS and geography scholars pro-
vided by the dense network of individual, intelligent observers
associated with VGI. Biggs et al. (2014) point to the opportunity of
VGI to harness traditional ecological knowledge (TEK) under
increasing climate and environmental pressures. TEK constitutes
the cumulative and dynamic knowledge, practices and beliefs of
local cultures about living things and the environment, and the
importance of its inclusion in analyses of community livelihood
security is gaining increased global recognition (Biggs et al. 2014).

Alongside the promise of VGI, there are important broader im-
plications. Changes to traditional authoritative systems catalysed
by VGI involve decentralisation of power and increased empow-
erment of citizens, where value is increasingly recognised in both
expert- and citizen-produced information, initiatives and practices
(Haworth, 2016).

1.3. VGI in disaster management

The increased ease of individuals to create, share and map
geographic information combined with the need for timely, rele-
vant and diverse information during disaster events has resulted in
a new disaster management context (Goodchild & Glennon, 2010;
Haworth & Bruce, 2015). Social media and web-based mapping
platforms have changed the way people create and use information
for crisis events (Liu & Palen, 2010; Ostermann & Spinsanti, 2011).
This includes basic use of sites like Facebook to share text, images
and videos (Bird, Ling, & Haynes, 2012; Taylor, Wells, Howell, &
Raphael, 2012) as well as more complex activities such as data
mining or crowdmapping (Meier, 2012). Bittner, Michel, and Turk
(2016) describe a continuum of participation in volunteer map-
ping for crises, ranging from passive viewing tomap establishment,
and argue crisis maps promise bottom-up participation and a de-
parture from hierarchical crisis communication and response.
Through rapid exchange of geographic information between au-
thorities and citizens for disaster response, and promoting com-
munity connectedness and engagement in disaster preparation
practices, VGI contributes to all PPRR phases of disaster manage-
ment (Haworth & Bruce, 2015).

VGI presents both opportunities and challenges for disaster
management (Haworth & Bruce, 2015; Haworth, 2016). VGI cost-
effectively increases the speed and reach of communications be-
tween authorities, affected-communities and the broader public,
and facilitates collection of large volumes of diverse information
from people in and outside disaster-affected areas. While local
knowledge is critical for understanding risk, vulnerability and
specific emergency strategies, VGI enables people outside the
disaster location to assist in managing disasters, as demonstrated
by volunteer involvement around the world in mapping impacted
areas following the 2010 Haiti earthquake (Meier, 2012). By giving
citizens more control over information mobility, technologies such
as social media, smartphones and the web empower people to be
more involved in disaster management, more connected to each
other, and potentially better-prepared to respond to an event. These
technologies are becoming increasingly familiar to large portions of
the global population. People in emerging and developing coun-
tries are more likely to engage in social media than developed
countries, even though internet use is lower (Poushter, 2016). For



B. Haworth et al. / Applied Geography 76 (2016) 115e127 117
smartphones, however, research indicates users are more likely to
consume locational information and services rather than contrib-
uting their own VGI (Ricker, Schuurman, & Kessler, 2015).

A priority challenge of VGI is data quality (see Senaratne,
Mobasheri, Ali, Capineri, & Haklay, 2016). As VGI is data from the
crowd and lacks the same standards and checks as authoritatively-
produced data, some have questioned its quality and therefore
usability in high risk scenarios such as emergencies. Reported is-
sues include erroneous or spurious postings, lack of contributor
credibility, and misleading information (e.g. Bird et al. 2012; Gupta
& Kumaraguru, 2012; Hung, Kalantari,& Rajabifard, 2016). Issues of
privacy, malicious data use, and personal and information security
have also been described (e.g. Shanley, Burns, Bastian, & Robson,
2013). Related are concerns over liability, particularly as VGI
spans the globe via the internet and legal parameters vary across
jurisdictions (Scassa, 2013; Shanley et al. 2013). Uncertainty also
exists regarding who will contribute VGI, and when, what, or how
they will volunteer. This is not to say VGI is unreliable, but that it
should be treated as a supplementary data source alongside others
rather than in isolation (Whittaker et al. 2015).

Increased volumes of data produced through platforms like
social media means data management is another key challenge,
withmany disaster agencies lacking dedicated resources to manage
VGI, limiting uptake and innovation (Anikeeva, Steenkamp, &
Arbon, 2015; Latonero & Shklovski, 2011). Further, the unstruc-
tured nature of VGI conflicts with emergency management's top-
down approach to information dissemination (Haworth, 2016;
Palen & Liu, 2007). Finally, some argue VGI contributes to the
digital divide (Norris, 2001), with those without access, time,
money or capability to utilise these ‘empowering’ technologies
becoming further marginalized (Crawford & Finn, 2015; Sui,
Goodchild, & Elwood, 2013).

Literature in this field has tended to focus on disaster response
while largely ignoring prevention and preparedness (Haworth &
Bruce, 2015). This study differs in that it focusses on assessing the
application and value of VGI in preparation for a potential bushfire.
VGI studies have also tended to be data- or technology-driven, with
a paucity of work on VGI theory or applications (Granell &
Ostermann, 2016). Through examination of VGI as a social prac-
tice, or as a human activity involving collaborative behaviour, and
not simply a data type, this research provides an alternative/novel
methodology for evaluating its role in disaster management. It
considers not only VGI data, but also the user experience of
contributing VGI and the potential for participatory mapping to
increase community connectedness. VGI conceived as a social
practice also involves considering how processes, relationships,
and products of VGI represent knowledge, and the social and po-
litical relations that shape, and are shaped by, VGI, including who is
included or excluded from VGI practices and why (Elwood et al.
2012).

1.4. Participatory mapping

Involving local communities is a prerequisite to sustainable DRR
(Gaillard & Maceda, 2009). Gaillard and Maceda (2009) note that
community-based DRR fosters participation by involving commu-
nities in the identification of risk (including hazards, vulnerabilities,
and capacities) and ways to reduce it. Although official information
is critical, such participation can provide more up-to-date and
locally relevant risk information (Jing, Liu, & Gang, 2013).

One approach to involving communities in DRR is through
participatory GIS (PGIS), or public participation GIS (PPGIS). PGIS
and PPGIS are both established fields, but with continuing ambi-
guity over their application in practice (Brown & Fagerholm, 2015).
Assigning greater privilege and legitimacy to local or indigenous
spatial knowledge, PGIS emerged in response to critiques of the
theoretical assumptions and social implications of GIS (Dunn,
2007). It involves providing skills and expertise for community
members to create maps themselves to represent their individual
spatial knowledge (Corbett, 2003), with the intent to facilitate
participatory decision-making processes, community advocacy,
and increased empowerment for communities involved (McCall,
Martinez, & Verplanke, 2015; Tulloch, 2007). The assumptions
underpinning PPGIS are that local people know their landscape, the
interacting socio-economic and environmental processes, the nu-
ances of social behaviour, local culture and institutional structures,
and can identifymechanisms for resilience and coping (McCall et al.
2015). It is not our intention in this paper to unpack the differences
between the two approaches (for analysis on this topic see Brown&
Kytt€a, 2014), but rather we adopt Brown and Fagerholm’s (2015)
clarification of ‘participatory mapping’ to describe any process
where citizens are involved in creating maps, which includes VGI.

Although there is overlap and connectivity between PPGIS and
VGI (Tulloch, 2008), the placement of VGI within the critical GIS
studies is contested (McCall et al. 2015; Sieber & Haklay, 2015). VGI
is considered less participatory and critical with an emphasis on the
volume of data collection rather than depth of information, and
provides opportunity for social empowerment at a macro scale but
is limited at an individual level (McCall et al. 2015). Based on
Borgmann's ‘device paradigm’, Sieber and Haklay (2015) consider
PPGIS as focused on cultural information while the mechanisms of
VGI further promote the provision of technological information.
There is a need for continued exploration of the relationship be-
tween PPGIS and VGI, areas of overlap and points of divergence
(Cinnamon & Schuurman, 2013; Tulloch, 2008). The current study
draws on PPGIS theory and collaborative practices in harnessing
local spatial knowledge and encouraging information sharing
through the use of VGI based techniques that extend beyond the
‘device paradigm’ as termed by Sieber and Haklay (2015) associated
with the proliferation of location-aware technologies.

Participatory approaches can be considered to offer commu-
nities an efficient, cost-effective method for making robust obser-
vations (Acker, Lukac, & Estrin, 2010), with technologies, such as
the GeoWeb, multimedia, and mobile GIS addressing issues related
to the traditionally uneven access to digital spatial data, GIS, and
the societal processes that incorporate them (Elwood, 2006).
However, Cavallo, Lynch, and Scull (2014) argue for critical evalu-
ation of the beneficial impacts of such technologies on citizens’
interaction with government institutions and potential for nar-
rowing the digital divide as their findings suggest that differential
participation in VGI initiatives will reflect demographic profile.

GIS and mapping have long been important for DRR and fire
management, with applications such as remote sensing for forest
fire hazard assessment (Chuvieco & Congalton, 1989), and com-
puter modelling methods for understanding fire behaviour and risk
(Keane, Drury, Karau, Hessburg, & Reynolds, 2010). Participatory
mapping, however, enables communities to delineate areas they
perceive as vulnerable and prone to hazards, and to plot desired
and useful risk reduction measures (Gaillard & Maceda, 2009). Jing
et al. (2013) describe a community-based systemwhich allows local
residents to report risk information for disaster mitigation, which is
both accessible to the community and useful for decision-makers.
In the specific case of fire, public participation science research
may lead to more effective wildfire management by increasing
knowledge and prominence of wildfire issues in communities and
providing opportunities for professionals to work with community
members (Ferster & Coops, 2014). Ferster and Coops (2014) eval-
uated the quality of data collected via participatory mapping by
tasking a group of volunteers to record forest fuel loading using
smartphones. They demonstrate the value of these techniques but
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also recognize the need for further investigation on the importance
of understanding the range of participant experience and motiva-
tions. Importantly, Corbett (2003) argues the participatory map-
ping process can contribute to building community cohesion, help
stimulate community members to engage in land-related decision-
making, raise awareness about pressing issues, and contribute to
empowering local communities.

Critique of PPGIS has traditionally focused on claims that
participatory GIS disempowers or marginalizes communities
through the complexity of the technology, the high associated
costs, the inaccessibility of data, and a lack of genuine community
participation (Corbett & Keller, 2005). VGI may address some of
these concerns but still presents limitations including participant
representational bias associated with disparity of access.

In this study we adopt a participatory mapping approach to
considering VGI for bushfire risk reduction through community
workshops. It has been shown that participatory mapping through
other methods, such as household surveys, produces more accurate
and complete spatial data, with workshop methods recognised as
being appropriate for planning processes rather than as producing
quality data for decision support (Brown et al. 2014). Workshops
tend to allow for more qualitative data (Brown et al. 2014; Mayoux,
2006), including through participant discussions and researcher
observations. Workshops facilitate interaction and collaboration
between participants, with greater emphasis on the participation
with others and the mapping process over data production, and
therefore are the most suitable method for this study. These
participatory approaches not only contribute to knowledge gained
by the researchers, but also from the development of participants’
knowledge and understandings gained (DeLyser & Sui, 2014). The
qualitative sampling approach adopted in this study was concep-
tually driven to support the research questions and allow analytical
generalisations rather than robust statistical generalisations
applied across broader populations (Curtis, Gesler, Smith, &
Washburn, 2000). However, it is important to consider the effects
of sampling when adopting workshop-based methods. Those who
participate in workshops as volunteers may be more likely to
introduce biases into the mapping process than participants
recruited through random sampling (Brown et al. 2014), which is a
significant consideration for evaluating VGI practice broadly.

1.5. Study aims

The aim of this study is to assess whether the process of map-
ping, contributing, and sharing local information for bushfire
preparation with other community members can increase an in-
dividual's social connectedness, awareness and understanding of
local bushfire risk, and their engagement in risk reduction. More
specifically, we asked the following questions:

1) Does the social practice of contributing and reviewing VGI in-
crease engagement in bushfire preparation?

2) Does the activity of collaborative mapping increase community
connectedness?

3) Is the local knowledge and understanding gained from the
mapping process of value to communities?

4) Is the map itself perceived as an effective medium for collating
and sharing community bushfire information?

2. Methods

2.1. Study sites and rationale

Participatory mapping workshops were held in four bushfire
risk communities in Tasmania, Australia (Fig. 1). Much of Tasmania
is covered by bushland and potential fire hazard. Bushfires are the
most economically disastrous of all natural hazards in the state and
the impacts on communities are long-lasting (Frandsen, 2012). The
Black Tuesday bushfires in 1967 around Tasmania's capital, Hobart,
caused 62 deaths and destroyed over 3000 buildings (EMA, 2011).
Disastrous bushfires impacted the south east of Tasmania in
January 2013, destroying 203 residential buildings with an overall
financial cost in the order of $100 m (and this estimate does not
include the additional costs of emergency response and recovery
operations or consequential costs to public and private sectors)
(DPAC, 2013). The 2015-16 Tasmania bushfire season exhibited
above-normal risk conditions as a result of recent warm years and
low rainfall (BNHCRC, 2015). Authorities recognize that a projected
250% increase in the area of Tasmania categorised as ‘Very High Fire
Danger’ during spring by 2081e2100 under a high emissions sce-
nario will shorten preparation and recovery cycles (Fox-Hughes
et al. 2015). Thus Tasmania is ideal for studies concerning bush-
fire safety.

Workshop locations (Fig. 1) were selected for their characteris-
tics listed in Table 1. While aspects of sites were common, such as
bushfire risk, diversity between sites was preferred to ensure
identification of a breadth of VGI application issues across com-
munities with differing geographies, existing levels of community
engagement, community profile, and known fire history.

2.2. Participant recruitment

Participants were recruited through: (1) approaching partici-
pants involved in a previous related study (see Haworth, Bruce, &
Middleton, 2015), (2) known local contacts, and (3) tailored in-
vitations to residents, community fire groups, local businesses,
community organisations and other local services including
schools. As Tolmans Hill is an entirely residential area, workshop
informationwas mailed to all households (n¼ 240) six weeks prior
to the event, and flyers placed in a random sample (n¼ 50) of letter
boxes oneweek prior to the event. Informationwas also mailed to a
random sample of households in St Marys (n ¼ 150) and St Helens
(n ¼ 150) as local contacts were limited. Workshops were adver-
tised more broadly in local council newsletters and online through
social media and other relevant websites (e.g. Tasmania Fire Ser-
vice, community organisations), and through targeted promotion
on Facebook (based on geography and age > 18).

2.3. Workshop process

Workshops were held in local venues over three weekends in
November and December 2015 over a 4e5 h period. Workshops
allowed participants to test multiple mapping methods with
hands-on activities tailored to their community, and enabled the
experience of undertaking these tasks together with other com-
munity members to be evaluated. Each workshop included a short
introductory presentation, a paper mapping activity (approxi-
mately 90 min), a lunch break (30 min), and a digital mapping
activity (approximately 75 min) before participants completed a
questionnaire (15 min). Present at each workshop was the lead
author, an assisting researcher, and a TFS representative from the
BRN program. While the fire service were represented at each
workshop, it was made clear to participants in advance that the
purpose of the workshop was to contribute to the research and that
information they contributed would not be utilised by the Tasma-
nia Fire Service or directly inform official emergency management
practices in their area.

The lead author introduced the facilitators, provided back-
ground on the research and study aims, and explained the work-
shop activities. The first activity involved paper mapping whereby



Fig. 1. Workshop locations within the state of Tasmania.
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participants in groups of 2e5 were given a hardcopy satellite image
(size A1), topographic map (size A1), community protection plan
(an official TFS document outlining ‘nearby safer places’ and other
relevant information) (size A2), blank paper, plastic overlays, and a
suite of coloured markers, stickers and other stationary. Partici-
pants were asked to add information to the maps they considered
relevant to bushfire preparation in their community, using any
combination of the provided-resources. With the focus of the ex-
ercise on the experience of collaborative mapping, the content
participants should map was not prescribed. However, facilitators
provided guidance through discussions during the activity on what
might be appropriate to include, such as local knowledge on areas
perceived as vulnerable to bushfire, community assets, resources
available to people for preparing their homes, community groups,
home-to-work travel routes, and potentially important sites in the
Table 1
Characteristics of workshop sites.

Region Bushfire riska Significant fire eventb Popul

Kettering South Extreme 1967 984
St Marys North East Extreme 2006 800
St Helens North East Extreme 2014 1498
Tolmans Hill Hobart Extreme 2014 490

a Tasmania Risk map, produced by Parks and Wildlife (PWS), 2010. Accessed 9/2/2016
b Significant: an event that at a minimum involved fire service attention. Emergency w

other way (e.g. road closure, closed businesses, injury or death). Various information/ne
c 2011 Census, Australian Bureau of Statistics (ABS).
d Did the community have pre-existing and visible operating community-led fire man

telephone trees.
e Bushfire-Ready Neighbourhoods: No, not part of BRN; some engagement works und

tas.gov.au/>.
event of disaster including alternatives to the TFS ‘safer places’. At
completion of the exercise participants presented their maps to the
other groups for discussion. Fig. 2 presents an example of a paper
map completed during the exercise.

The second activity (digital mapping) involved collating the
information from each group into a combined web map. Though its
GIS functionality is limited, the Zeemaps platform (www.zeemaps.
com) was used for its simplicity and accessibility. Base maps were
established for each community prior to the workshops to ensure
consistency in geographic coverage with the paper maps (though
participants could then zoom and pan), and a URL to the map
enabled participants to contribute through a web browser on
laptop computers, smartphones and tablets live in the workshop.
Participants could view a street map and/or satellite image base
layer. The platform allowed data to be added as points with
ationc Geography Engaged bushfire groupsd Part of BRN programe

Rural Yes Some works
Rural Yes Yes
Peri-urban No Some works
Urban No No

at <https://wikis.utas.edu.au/display/ext03/RiskþAssessmentþMapping>.
arnings may have been issued and/or community daily life was interrupted in some
ws sources.

agement-related groups? E.g. neighbourhood groups, annual meetings, established

ertaken; Yes, current core community. <http://www.bushfirereadyneighbourhoods.

http://www.zeemaps.com/
http://www.zeemaps.com/
https://wikis.utas.edu.au/display/ext03/Risk+Assessment+Mapping
https://wikis.utas.edu.au/display/ext03/Risk+Assessment+Mapping
https://wikis.utas.edu.au/display/ext03/Risk+Assessment+Mapping
http://www.bushfirereadyneighbourhoods.tas.gov.au/
http://www.bushfirereadyneighbourhoods.tas.gov.au/


Fig. 2. An example paper map produced during the Kettering workshop.
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different colours and icons and as regions in a choice of colours. A
short description and photo could be added to an entry, and a
description/attribute given to each entry automatically populated a
legend. Participants were able to add and edit their own points, but
administrative access was required to delete entries. Fig. 3 presents
an example of a completed digital map.

A questionnaire was completed by participants to capture
both quantitative and qualitative data regarding their views
on key topics, including the user experience of mapping
Fig. 3. An example digital map on the Zeemaps plat
community information, mapping methods, local knowledge in
community bushfire preparation, community connectedness,
potential concerns such as privacy and data security, and future
use of VGI. Questionnaire responses were collated and analysed
in Microsoft Excel alongside Australian Bureau of Statistics
(ABS) 2011 Census data. Key insights were gained through
observation and informal discussions with participants during
and following each activity that were later documented by the
researchers.
form produced during the Kettering workshop.
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3. Results

3.1. Participant demographics

Survey results from 31 participants are included in the following
analyses (Kettering, n ¼ 16; St Marys, n ¼ 9; St Helens, n ¼ 0;
Tolmans Hill, n ¼ 6). While more individuals attended workshops,
not all returned a completed questionnaire. An even distribution of
male (53%) and female (47%) participants attended. The age dis-
tribution of participants was skewed towards those over 35 (age
35e50 ¼ 20%; 51e70 ¼ 53%; >70 ¼ 27%). Fig. 4 presents a com-
parison between age representation in the study samples for each
workshop community and census population data. 90% lived in a
household without children or dependents, either alone (10%), as a
couple (67%) or with other adults (13%). Most participants had lived
in their community for over 5 years (76%), with 24% living in the
area for more than 20 years. 57% of participants had a tertiary
qualification and the majority were either employed (47%) or
retired (50%).
3.2. Workshop observations

3.2.1. Participant interactions
Participants appeared interested and motivated to learn and

contribute to bushfire preparation in their community. They
worked quickly and easily with others and discussions were lively.
In particular, the paper mapping activity yielded a high level of
participant interaction. Some participants described working with
Fig. 4. Graphs for study communities presenting the proportion of workshop par
others, discussions between community members, and the
increased community connections generated through the mapping
activities as the most valuable aspects of the workshop (as opposed
to the information gained or the maps produced).

Interaction appeared lower during the digital mapping activity.
This may reflect the sequencing of activities and subsequent
participant fatigue associated with the second activity. In some
instances a particular group member controlled the input device
(tablet, laptop computer, smartphone) leaving others in the group
with minimal opportunity for interaction with some participants
observed to be slightly intimidated by the technology. After initial
hesitation, most, however, did engage with the activity and com-
mented on the greater potential for mapping in their community
enabled through internet and computer devices.
3.2.2. Group discussions
Dominant discussion points included what content to map, the

differences between mapping methods, and how a VGI-derived
map may be useful and applied in the broader community
outside the workshop setting. Despite concerns about power out-
ages during bushfire events and limited computer access, map
ownership and administration, privacy, and the risk of malicious
intent, overall discussions on the use of web mapping were
positive.

Participants generally described a preference for digital map-
ping, in contrast to the observations described in Section 3.2.1. They
discussed how online mapping would be useful for people who are
less-engaged inmore traditional bushfire preparation activities and
ticipants for each age group compared to ABS 2011 Census population data.



B. Haworth et al. / Applied Geography 76 (2016) 115e127122
forums, including younger people, and vulnerable groups such as
travellers, new residents, and those whose first language is not
English. The web map was seen as preferable for examining finer
detail information (e.g. ownership of particular tools in a neigh-
bourhood), wider distribution, maintaining information relevance,
the convenience of contributing when/where people desire, in-
clusion of more detailed comments and photos, and the potential
for greater data use (e.g. GIS analyses).

3.2.3. The information contributed
The content participants chose to map focused on response to a

potential fire event, and included services and community assets
such as communications or food suppliers, potential hazards such
as fuel stores or one-way roads, areas of increased risk such as
dense bushland, ‘safer’ places to assemble and possible evacuation
routes.

Significantly, the activities also revealed to participants how
little they knew about other residents in their community, and how
disconnected and unprepared their community possibly is. In Tol-
mans Hill, some described feeling uncomfortable knocking on their
neighbour's door, which was in contrast to other communities
visited, such as Kettering where participants appeared well-
connected and were including neighbourhood-level bushfire
management groups on their maps. Participants discussed how
important sense of community might be for improving bushfire
preparedness in Tolmans Hill. Referring back to the community
map, they identified locations for a playground and a coffee shop
thatmay be useful in building community connections. Participants
regarded the content they mapped as more useful, and most
needed, for strengthening engagement in bushfire preparation
within their community than for use by emergency response
services.

3.3. Questionnaire responses

3.3.1. The user experience of mapping community information
Broadly, participants described the experience of mapping their

own information for their local community positively. 97% of re-
spondents stated the activities were useful for their bushfire
preparation, 97% thought maps in general were an effective way to
present and share their information, and 77% learnt something new
about bushfire preparation in their community through the map-
ping exercise. Participants stated discussions informed them of the
preparation approaches taken by others, and having access to a
broader range of community knowledge helped highlight how the
community may struggle to manage a large bushfire.

Undertaking the activities with other community members was
seen as important, with all participants reporting working with
others as a positive experience, and 94% confirming that it helped
them understand the broader bushfire risk and preparation activ-
ities in their wider community. Some participants commented on
the local knowledge of individuals, and how bushfire preparation
should be a collective effort. For example:

“If two brains are better than one, then 17 brains have to be even
better! Each person has personal knowledge of their own
environment and neighbours not necessarily known by others
in the overall community” (questionnaire response, workshops
2015).

Others commented they were not aware of each other's re-
sources, capabilities and fire safety concerns prior to the mapping
activities.

Fig. 5 presents participants’ perceptions of various aspects of the
participatory mapping activities, depicting strong modal scores of 4
(agree) for all items and overall positive feelings for the experience
of community mapping for bushfire preparation.

While a low percentage had concerns (26%), some points raised
by participants to consider in sharing information to a public
community map included the accuracy of information and how it
can be verified, privacy and awareness of who can access and use
the information, and security concerns. Despite this, 86% of par-
ticipants stated they would contribute to community maps similar
to those used in the workshop in the future.

3.3.2. Paper mapping versus digital mapping
In response to questions on the differences between paper

mapping for sharing community VGI and digital mapping, partici-
pants described strengths and weaknesses of each method
(Table 2). Fig. 6 shows participant preferences for either paper
mapping or digital mapping, and which method they perceived as
more useful for their broader community.

3.3.3. The information mapped
Participants described favourably the mapped information it-

self. 84% felt the informationwas personally relevant and 74% felt it
increased their understanding of community bushfire preparation.
93% felt VGI would be useful to emergency management author-
ities. 94% believed participatory VGI increased their awareness of
other community members and their preparedness, and all par-
ticipants reported the information would be useful to other
members of their community. One participant commented:

“People living in our area don't know what others have avail-
able. I.e. water, safer place. Not everyone is aware of particular
hazards” (questionnaire response, workshops 2015).

4. Discussion

This study provides evidence for the application and value of
participatory based VGI in community bushfire preparation. Results
indicate that the process of mapping and sharing local spatial in-
formation for bushfire preparation with other community mem-
bers can contribute to increased social connectedness,
understanding of local bushfire risk, and individual engagement in
risk reduction. However, the findings need to be considered in the
context of the study sample.

4.1. Study sample

The limited and potentially skewed sample of 31 participants
restricts extrapolation of the findings to the broader population,
with particular underrepresentation of people <35 years of age and
an overrepresentation of people >50 (Fig. 2). Vulnerable groups
such as those experiencing greater levels of social disadvantage,
supporting dependents, or visitors to the area are also underrep-
resented. In considering the broader application of VGI, if not
‘everybody’ in a community is contributing; can a map ever be fully
representative? The lack of participants in St Helens, as well as the
small sample size overall, reiterates the challenge of community
engagement in DRR, despite innovative and sustained efforts
through initiatives like BRN, which has also experienced variable
participation rates (DSA, 2016). While the link cannot be assumed,
if the lack of workshop engagement is related to a broader com-
munity disinterest in disaster preparedness this has relevance for
community safety efforts. Though, others have reported that
participatory mapping studies rarely result in representative sam-
ples and can exhibit biases towards older, more formally educated
participants with higher incomes (Brown, 2016), and thus our



Fig. 5. Likert Scale item responses to participatory mapping exercises, showing a modal score of 4 (agree) for all items. The values on each of the bars represent the number of
responses for each of either ‘Strongly disagree’, ‘Disagree’, ‘Neutral’, ‘Agree’, or ‘Strongly agree’ to the Likert Scale items, with the proportion of responses as a percentage
underneath.
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sample does not appear atypical.
Despite extensive recruitment efforts as part of the research

design in the current study, recruitment was problematic,
demonstrated by the lack of attendance at the St Helens workshop.
An exhaustive approach, including broad-scale, community-wide
promotion through digital and offline methods, as well as targeted
invitations to key community individuals and organisations with
tailored messaging, following the guidance of researchers at Ex-
CiteS - UCL (personal communication 2015), still failed to result in a
study sample representative of the broader community.

The limited study sample, however, does not devalorize results
reported on the experiences of those that did participate. Partici-
pants spent aminimumof 4 h participating in the study, developing
a deep engagement with the mapping activities, collaborating with
other participants, and discussing their responses with the re-
searchers, providing a rich dataset that includes a depth of under-
standing and appraisal of the participatory VGI methods proposed
for bushfire preparation engagement. While the study collected
quantitative data through the questionnaire, importantly it also
facilitated generation of rich qualitative data through observations,
Table 2
Strengths and weaknesses of VGI mapping methods identified by workshop participants

Strengths

Paper mapping Good for discussion/brainstorming
Inclusive activity
Good when technology is disrupted
More fluid input e e.g. sketching
Not reliant on power or internet access
Useful to issue to new residents or tourists

Digital
mapping

Higher resolution
Accessible to many
Collating various information
Increased accuracy and greater detail
Can zoom/pan to locations e changeable scale
Easier to edit and update
Storage
Mobile accessibility
Multiple layers of information, e.g. satellite imagery
Data can be combined and manipulated with other databases
Other stakeholders can contribute information, e.g. fire service, police
Ability to share easily
focussed discussions, as well as sections of the questionnaire, thus
further emphasizing the importance of ‘small’ contextual data and
methodological pluralism (DeLyser & Sui, 2014). The study is more
aligned with focus groupmethods, inwhich a typical useful sample
size is 6e12 (Griffith, 2013), than broad scale surveymethodswhich
involve less participation and requiremuch larger sample sizes. The
benefits of such qualitative research is information drawn through
experiences rather than the participant sample size (Sandelowski,
1995). If we accept the flaws in studies of this nature, such as
limited sample population and response biases associated with
surveys or workshops where participants self-select, we should
consider the results of this study as indicative rather than definitive.
We must recognize that the experience of those not represented in
the study sample may differ from the results we report here.
4.2. Insights gained

In response to the first study aim, the experience of workshop
participants suggests the social practice of contributing VGI was
.

Weaknesses

Difficult to maintain currency
Unlikely to carry around final maps
Resulting maps easily lost or damaged
Poor legibility
Limited scale/boundary of the page
Limited audience/not easily communicated or shared
Resource costs
Information needs to be translated to digital to be used in other ways, e.g. in a GIS
Technology difficult for some to use
Digital divide e not everyone has access
Technology failure
Inaccurate/false information
Information verification e managing malicious intent
Cluttering of data on the map
Ephemeral nature of GIS platforms
Dependent on power/internet access
Time needed to learn the technology/software
Who has access to the information mapped? E.g. the public, arsonists



Fig. 6. The number and percentage of participants preferring each mapping method for A: themselves, and B: their broader community.
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engaging for bushfire preparation. There was an understanding
that everyone had different knowledge to contribute and that
bushfires can affect all members of the community, thus managing
risk should be a shared experience. The social aspect of VGI, with
people connecting to each other through the mapping process,
appeared even more engaging than the specific content being
mapped. This should be a consideration for future DRR-
engagement efforts. Others have reported that empowerment in
PPGIS initiatives is linked to the participatory process, and the
emphasis for a successful project should be on participation rather
than technical components (e.g. Jordan, 2002).

Participants were observed to be most engaged in the work-
shops when theywere able tomap their neighbourhood fire groups
and details about individual streets, with information at the local
neighbourhood scale proving more personally relevant to partici-
pants. Mapping at broader geographic scales, such as the wider
community level, produced relevant information, but was limited
to content already available on existing maps, such as communi-
cation towers and dead-end roads, and failed to harness local
expertise and lived experience in the same way achieved by finer-
scale mapping. Gaillard and Maceda (2009) state while working at
larger scales allows household-level detail to be mapped, it also
requires more participants from a smaller area to gain enough data
for use. McCall et al. (2015) argue that the focus in participatory
mapping on smaller groups is its strength over most VGI projects
that tend to be broad in coverage. Goodchild (2007) also pointed to
the significance of scale, positing that the most value of VGI to
geographers may be what it can inform about life's activities and
the lived experience at local scales.

Regarding our second aim, the study suggests the act of group
mapping can contribute to increased community connectedness.
Greater analysis employing more complex psychological scaling
measures is required to further this understanding. Taylor et al.
(2012) show how social media helped people share information,
connect and assist each other in response to a cyclone event in
Australia in 2011, arguing that VGI activities promote connected-
ness and directly help reinforce social capital and community
competence for disaster resilience. Social capital has been
described as “the interconnectedness of individuals and organisa-
tions, in which strengths come through social support, sense of
community and attachment to place” (Norris, Sherrieb, &
Pfefferbaum, 2011; Taylor et al. 2012). Connectedness of
individuals and sense of community were shown in this study to
influence a community member's bushfire preparation, particularly
in Tolmans Hill. Participatory mapping initially revealed how
disconnected participants were, but then became a useful tool to
aid in discussing strategies to improve sense of community. VGI and
participatory mapping not only allowed communities to record
their concerns, but also had transformative capacities in contrib-
uting to change and increased community connectedness. Through
strong social networks, high levels of trust, and high civic partici-
pation, elevated social capital unites community members and is
important for information dissemination and building shared at-
titudes and behaviours (Hausman et al. 2007), leading to improved
disaster resilience (Murphy, 2007).

In the context of the third aim, local knowledge shared was of
value to study participants with 94% reporting VGI increased their
awareness of other community members and their preparedness
contributing to the ongoing process of building community resil-
ience. If disaster resilience and bushfire risk reduction is to be a
shared experience and a shared responsibility, those involved must
have a common understanding of each other's risks, responsibilities
and actions.

In addressing the fourth study aim, mapping was perceived as
an effective mechanism for collating and sharing community
bushfire information, especially in digital form (Fig. 6). Given the
study sample age bias towards older people, the preference for the
technological solution over offline methods was unexpected.
Research shows that Web 2.0 technologies are used more
commonly by youth (Haworth et al. 2015; Perrin, 2015). However,
given 57% of participants were tertiary-educated, the observed
openness to digital mappingmay in part reflect sample bias alluded
to by Sieber and Haklay (2015) whowarn of the potential for VGI to
become the diversion of those who have the time, knowledge and
education. Similarly, Bittner et al. (2016) question the promise of
VGI to represent and empower ‘ordinary people’ and argue that
those who can and do participate in crisis mapping often form a
privilegedminority. Our participatorymapping approach did reveal
potential for such biases and participant characteristics, but, unlike
involvement in other phases of disaster management, in the pre-
paredness phase, well designed VGI initiatives at a focused com-
munity level could foster broader uptake. Corbett and Keller (2005)
note as information technologies have proliferated and become
easier to use, the role of the tools themselves in the empowerment
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process has gained greater importance. For community bushfire
preparation, a combination of paper and digital mapping may be
appropriate in some instances to reduce the limitations outlined in
Table 2 and facilitate participation of those who do not use VGI
technologies.

Participants' concerns about potential inaccuracy of information
and trust of non-authorized data sources have been reported
elsewhere (Gupta & Kumaraguru, 2012; Haworth et al. 2015). So-
lutions offered include systems for determining a measure of
credibility or data quality (Hung et al. 2016; Ostermann& Spinsanti,
2011), or reasoning for why data quality should not be a major
concern, such as the evidence provided by Linus’ Law and the
Wikipedia model that demonstrates error reduction through col-
lective agreement (e.g. Haklay, Basiouka, Antoniou, & Ather, 2010).
However, we question whether numbers would reach a sufficient
critical mass in community-scale mapping projects for effective
self-correction. Other Web 2.0 platforms, such as eBay and
Couchsurfing, have employed systems of contributor reputation
ratings to increase information credibility and source trustworthi-
ness (McCall et al. 2015). McCall et al. (2015) argue that trust is built
over time in smaller participatory mapping groups, whereas vali-
dation is sought for broader scale VGI.

Privacy and consent issues were consistently raised, with par-
ticipants concerned in particular about who would have access to
information on a web-based platform. Information mapped about
vulnerable people, for instance, may be sensitive, particularly if
those formally classified as vulnerable do not view themselves in
that way. Access of shared information to people with malicious
intent (e.g. arsonists or thieves) also links the issue of information
privacy to compromised personal security. Sieber and Haklay
(2015) argue for the integration of societal value in system design
and the need to anticipate potential geolocational privacy viola-
tions through embedded techniques for location masking. VGI also
has potential to create or exacerbate conflict in communities. For
example, the identification of unmanaged properties or unprepared
households could generate tension or division, particularly if in-
formation is contributed without consent. The potential for VGI to
create conflict within communities, possibly undermining com-
munity connectedness and social capital, warrants further research.
Potential solutions for privacy and trust issues associated with VGI
more broadly also require further research, particularly as
addressing many of these matters will be dependent on policy and
legislative arrangements which may vary across jurisdictions.

4.3. Future considerations

It is important to recognize that this study has measured
increased community engagement based on survey responses and
workshop observations related to people's perceived preparedness,
rather than assessing change in actual bushfire preparation actions,
such as existence of a survival plan, or long term behavioural
change. This was beyond the scope of this paper and future analyses
would strengthen this work by investigating longer-term impacts
of participatory mapping as a bushfire preparation engagement
mechanism.

This study does not comprehensively address questions con-
cerning motivation, self-directedness and custodianship over VGI
initiatives. Reliance on coordination, whether by community or
authorities, may be required to ensure success of VGI applications
(Sieber & Haklay, 2015). This becomes increasingly important if
participatory maps are associated with funding or political agendas
(Gaillard & Maceda, 2009). Further, without the impetus of
research or an individual ‘champion’, would a VGI system be
implemented and would it be maintained? The short lifespan of
many web-based platforms, how seriously VGI maps are perceived
by the viewing public, and the relationship between volunteers and
emergency management authorities (Bittner et al. 2016) further
challenges the sustainability of VGI practices. Governments are
often restricted by top-down ‘command and control’ style frame-
works which give little flexibility for supporting alternative initia-
tives (Gaillard & Maceda, 2009). Brown (2012) argues that
government organisations' engagement with more inclusive
participatory initiatives in regional and environmental planning
has been limited due to a lack of specific incentives, the unpre-
dictability that accompanies engaging the general public, lack of
experience, the ‘expert-lay-divide’, and regulatory barriers. Longi-
tudinal studies are required to determine opportunities for and
barriers to sustaining participatory mapping initiatives maintained
by communities and the appropriate level of organisational
involvement and support.

5. Concluding remarks

Key contributions of participatory mapping in bushfire man-
agement include the promotion of social inclusion, capacity
building, and enabling democratic participation. This study has
demonstrated the role of participatorymapping, facilitated through
VGI, in providing opportunities for community connectedness, local
knowledge exchange, and individuals’ engagement and re-
sponsibility in DRR. Further work is needed, however, to extrapo-
late findings from the study sample to the broader population. The
lowworkshop attendance was a key finding in itself, reiterating the
question of how a community can achieve social connectedness
and disaster resilience if there are potential barriers to congre-
gating for a common cause, emphasizing the importance of
engagement with the broader population as an ongoing goal,
particularly diverse and/or under-represented groups. Evidence of
the benefits of involving community members in disaster man-
agement is mounting and emergency organisations should work to
determine how they can support participatory bottom-up ap-
proaches and ensure present organisational systems are not a
barrier to their success. Additional resources and funding may be
required to manage issues such as large volumes of data and
misinformation, but VGI-sharing in communities should be
encouraged to increase risk awareness, the use of local knowledge
and community engagement. In existing community engagement
strategies, mapping can be utilised to raise local spatial awareness
and for capturing, collating and distributing community bushfire
information. However, VGI is not a standalone approach and suc-
cessful community engagement will be achieved by employing a
range of strategies.
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