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A B S T R A C T

People living in Australia are highly exposed to risks from extreme weather events including
floods, bushfires and tropical cyclones. Communication is crucial in emergencies, to prepare for
risks, warn people, reduce impacts, save lives and increase resilience. Social media has become
increasingly important for both sourcing and disseminating information during natural hazards.
The vast amount of data generated by social media users can be analysed for situational aware-
ness, impacts and community sentiments during natural hazards. The full potential for social me-
dia to fulfil these roles in Australia is not yet well understood. In this study, we provide a litera-
ture review about the use of social media during natural hazards in Australia. We then assess pub-
lic preferences for the use of social media during natural hazards using data collected through an
online survey (n = 1665). Results suggest that social media is still largely underutilised for emer-
gency communication. However, those with a high capacity to prepare for emergencies were
more likely to use social media during natural hazards than those who relied on decisions being
made by local authorities. Respondents’ age did not explain the use of social media during nat-
ural hazards, but gender did with women more likely to do so than men. The presence of children
in a household increased the use of social media during natural hazards, suggesting that the fam-
ily structure plays a role in disaster communication. Finally, the main barriers to using social me-
dia during natural hazards were the spread of conflicting information and rumours on social me-
dia.

1. Introduction
As climate change continues, natural hazards are becoming more frequent within the natural and built environment, at a greater

frequency and intensity [1]. Such natural hazards include severe, fast-onset floods, earthquakes, wildfires, cyclones, and storms.
Damages from natural hazards threaten lives, livelihoods and infrastructure. Wealth and population growth magnify the impact of
natural hazards [2–4]even without accounting for the long-term impacts on society [5]. Such is the case of Australia, the focus of this
study, a country prone to frequent, severe, and increasingly unpredictable natural hazards [6,7].

The need for strengthening personal and community resilience is increasing, changing the social and political landscape of disas-
ter management [8]. Household preparedness has been conceptualised as a disaster mitigation activity that helps individuals and
households to minimise impacts of natural hazards. Information is crucial in household preparedness [9,10] and effective disaster risk
communication can motivate individuals to take protective measures, heighten their preparedness and also speed up recovery [11,
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12]. Individual households have different informational needs and perceptions of information sources that they trust in times of emer-
gencies [13].

There is a shift to using digital platforms for seeking and disseminating information in emergencies [14] . Not only are agencies of
communities using social media increasingly to disseminate information, formally or informally, to the public and stakeholders such
as volunteers, but so, too, is the public turning to social media to share the latest information [15–17]. Many studies have shown that
the number of social media messages from people close to events increases substantially, immediately before and during their occur-
rence. Suggesting that social media use, and in particular, Twitter messages, are reliable indicators of the state of knowledge among
the public [16,18–20].

While information sharing through broadcast media such as radio and television is often still a backbone in disaster risk communi-
cation and early warning [13], many more modern information is through dissemination channels, such as short messages and social
media posts, which are being used to reach a vast population almost instantly [21–23].

Moreover, while it is becoming increasingly difficult to allocate enough trained staff and volunteers to disaster areas [24], digital
or virtual support and volunteering is becoming more prevalent [8,25]. This requires digital communication about the disaster, both
within a community and with people from outside, such as rescue teams, firefighters, support agencies and governmental organisa-
tions.

The strength of social media as an important new channel of public information presents the capacity to disseminate advice and
information about events such as cyclones, earthquakes and floods in ‘real time’ [26,27]]. Even with the evident limitations of web-
based technologies (access to a compatible device, sufficient power, data download limits, technical competence, language capabili-
ties), electronic media often has the capacity to deliver timely, up-to-date and localised content more efficiently than traditional me-
dia [28]. As a result, community-driven (informal) or authority-driven (formal) emergency communication is rapidly turning to web-
based technologies and social media to expand public accessibility for warnings and information [16,29,30]. The next generation of
authorities will likely rely on social media for decision-making and emergency communication, notwithstanding the many caveats at-
tached to the veracity of social media information, such as the spread of misinformation and rumours [22,31–33].

Researchers around the world are taking advantage of the increasing volume of social media data provided by the public to im-
prove understanding of how people respond to and recover from natural hazard events [19,34,35]. Social media has also been used
for early detection and tracking of such events [19], to assess the level of damage [18,36] and to guide resource allocation during and
after natural hazards have occurred [34]. Compared to other countries, however, crowdsourcing social media data to understand peo-
ple's behaviour during natural hazards is not yet widespread in Australia [37].

This is despite the ubiquitous social media use in Australia, with 80% of people over 13 having at least one social media account,
90% using Facebook and 31% Twitter (as of May 2021; [38]). Over the past two decades, social media has become a resource for com-
munities in Australia to share local information and advice, providing support with the quality of warnings and other information.
This is increasingly becoming both more effective and more complex [28]. However, although it has been concluded that, because of
its popularity, social media is a “promising vehicle to capture dispersed community knowledge on disaster management” in Australia
[39], there is limited research on what the public thinks about social media use during natural hazards and how, if, they communicate
through social media in emergencies.

Against this background, we aimed to 1) summarise existing literature on the use of social media during natural hazards in Aus-
tralia, 2) explore the share of Australians using social media during natural hazards, 3) understand how, when and who uses it for this
purpose, and 4) understand the barriers to the use of social media in disaster situations. We conducted a country-wide online survey
and obtained 1665 valid and complete responses. The results will help improve preparation, resilience and warning systems for local
government with practical implications for emergency agencies. The results can also inform the Australian National Disaster Risk Re-
duction Framework [40], which could put more emphasis on the growing role of social media during natural hazards.

2. Literature review
Two recent studies systematically reviewed global literature on the use of social media in disaster response and recovery [27,41].

The reviews found six studies on Australia, compared to an estimated 60 studies from the United States. While [41] did not include
any study from Australia in their review. These global studies point to the scarcity of social media and disaster studies in Australia.

2.1. Overview of studies
Initial literature was sourced using three databases (Scopus, Web of Science and Google Scholar), including a wide range of grey

literature and scientific papers. The keywords used were “Australia*” AND “social media” AND “disaster*” OR “natural hazard*“. Lit-
erature that was not an Australian case study or did not include a natural hazard was excluded. The use of the keyword ‘disaster’
proved to be helpful because many authors talk about natural disasters, a term that is contested [42]. We additionally conducted a
cross-checking of references on articles found through this search. Finally, we contacted peers about potential literature we might
have missed. Our study did not aim to conduct a ‘stand-alone’ exhaustive systematic review to reveal research gaps, since expecta-
tions consisted of very few results, but aimed to give an overview of the few peer-reviewed articles that are readily accessible (we ex-
cluded some publications, including potentially worthy book chapters, because access was too restricted).

Search findings resulted in access to 21 published case studies from Australia about the use of social media and natural hazards.
Eight publications were on bushfires, seven on floods, two on cyclones, one on an earthquake and two on multiple natural hazards
across Australia over time (Table 1).
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Table 1
Examples of literature on social media use in disaster and natural hazard situations in Australia.

No Authors Year Source Hazard Data, information source

1) Dissemination patterns
1 Ehnis and Bunker [43] 2012 Conference paper QLD floods 2010/11 Facebook posts (collected over 1 month)
2 Bird et al. [16] 2012 Aust J Emerg Manag QLD/VIC floods 2010/11 Online survey; Facebook group page
3 Cameron et al. [23] 2012 Workshop paper Melbourne earthquake 2011 Twitter tweets
4 Taylor et al. [44] 2012 Aust J Emerg Manag QLD Cyclone Yasi 2011 Online survey, Facebook group page
5 Whitelaw and Henson

[45]
2014 Aust J Emerg Manag Brisbane floods 2013 Multiple social media channels

6 Anikeeva et al. [17] 2015 Aust J Emerg Manag Multiple in QLD Workshop; Twitter tweets and Facebook group page
7 Paton and Irons [29] 2016 Front Commun Tasmania bushfire 2011 Online survey; Facebook page
8 Abedin and Babar [15] 2018 Inf Syst Front VIC bushfire 2014 Twitter tweets (collected over 1 week)
9 Yell and Duffy [46] 2018 Aust J Emerg Manag Hazelwood mine fire∗ 2014 Interviews; Facebook group pages
10 Kankanamge et al. [47] 2020 Int J Disaster Risk Reduct QLD floods 2010/11 Facebook groups and Twitter (collected over 12

months)
11 Willems et al. [30] 2021 Aust J Emerg Manag VIC bushfire 2009 Interviews; multiple social media channels
2) Content
12 Shaw et al. 2013 [48] 2013 Aust J Commun QLD floods 2010/11 Twitter tweets (collected over 1 week)
13 Kankanamge et al. [39] 2020 Int J Disaster Risk Reduct QLD floods 2010/11 Twitter tweets (collected over 1 month)
14 Weber et al. [33] 2020 Lect Notes Comput Sci Bushfires 2019/20 Twitter
15 Bec and Becken [49] 2021 J Risk Res QLD Cyclone Debbie 2017 Twitter tweets
16 Mirbabaie et al. [50] 2021 Inf Syst Front Bushfires 2019/20 Twitter tweets (collected over 1 month)
17 Willson et al. [51] 2021 J Tour Futures Bushfires 2019/20 Twitter tweets (collected over 4 months)
18 Bednarek et al. [52] 2022 Discourse Context &

Media
Bushfires 2019/20 Twitter tweets (collected over 6 months)

19 Yigitcanlar et al. [53] 2022 Sustainability Multiple in Australia Twitter tweets (collected over 18 months)
3) Spatial-temporal patterns
20 Cheong and Cheong [54] 2011 Conference paper QLD/NSW/VIC floods 2010/11 Twitter tweets (collected over 1 month)
21 Power et al. [37] 2015 Proceedings Multiple in Australia & New

Zealand
Twitter

VIC = Victoria; NSW = New South Wales; QLD = Queensland.
∗ This fire happened when a bushfire spread into the open-cut coalmine and then burned for 45 days.

Social media data provide researchers with four dimensions of information: content, network, space and time [19]. Similarly, [26]
categorised research into 1) content of social media use; 2) spatial-temporal patterns of social media posts; 3) dissemination patterns
of social media posts; 4) rumours and trust issues; and 5) public experience of social media use. Literature from Australia fell into the
first three categories (Table 1).

Half of the studies (11) were about dissemination patterns and how emergency authorities use social media to inform the public.
Eight publications were about social media content posted during natural hazard events in Australia. All studies analysing social me-
dia content used Twitter since this content is readily available to researchers [55], while studies on dissemination patterns primarily
analysed the use of Facebook pages.

Two publication considered spatial-temporal patterns and social network analysis. One study, examining Twitter tweets during
the 2010/2011 floods in Queensland, New South Wales and Victoria [54] aimed to identify users and reveal patterns of their interac-
tion through Twitter, but the study also analysed the content of tweets and how effectively tweets were disseminated. Another study
[37] also focused on methodological aspects and collected Twitter data during upcoming natural hazards (limited to bushfires, floods
and earthquakes) in Australia and New Zealand. The purpose of their study, [37], was to map these events in the application, Emer-
gency Situation Awareness (ESA) system, which is accessible upon subscription.

2.2. Studies on the dissemination of information through social media
About a decade ago, there was a pulse of publications on the practical application of social media to disaster risk reduction in Aus-

tralia, particularly from the perspective of emergency authorities and managers. Studies in this category mainly aim to examine com-
munity engagement with social media channels that allow rapid and widespread dissemination of essential information about natural
hazards to save lives and increase resilience. Such social media sites were owned and managed either by informal groups or the gov-
ernment, such as state emergency authorities.

One study described ongoing work with the Australian government to detect and analyse messages of interest posted on social me-
dia by the public during natural hazards [23]. They conclude that the government had realised that social media was changing the
way people communicate and that social media could be utilised to raise situational awareness and support crisis coordination in
emergencies and hazard situations. The authors also emphasised that social media does not replace other information channels.An-
other study summarised findings from a workshop on the strength and limitations of social media use by emergency services and re-
sponse agencies [17]. They concluded that Twitter is best suited for broadcasting frequent updates while Facebook is better suited to
establishing online communities where users can share their experiences and concerns. Similarly, [45] described the benefits of a tool
for social media aggregation – termed a social hub - developed by Brisbane City Council to deliver updates during a severe flood event
in 2013. The social hub, an interactive webpage where people could find relevant information about the floods from multiple emer-
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gency agencies, media, and the community, was very effective for disseminating relevant information during the flood by helping
users find the latest information.

One study, [43], investigated how emergency authorities adopted social media during the floods in Queensland in 2011, intending
to establish a framework for the use of social media in natural hazard situations in Australia. They manually collected notes posted by
the Queensland Police Service on their Facebook page. They analysed these for their content, finding that 59% of their posts were for
broadcasting information, 18% to broadcast warnings, 13% to encourage appropriate behaviours, 8% to appeal for information and
2% to fight rumours [47]. assessed community engagement with various social media channels from emergency authorities using five
indices: popularity, commitment, virality, engagement and utilisation. The authors also assessed which type of media was dissemi-
nated the most on social media and concluded that the public engaged the most with posts from emergency services which included
images and animated maps.

Similarly, [46] considered how 475 Facebook posts on three community-driven Facebook group pages were used by people af-
fected by fire, complementing their analysis with interviews. While they found that some information posted on these Facebook pages
was contradictory, making it challenging for users to know which information was trustworthy. Overall, they found that the commu-
nity Facebook pages empowered the affected communities given the shortcomings in any other emergency communication.

In one of the first studies of this kind in Australia, researchers examined how local people used community Facebook groups to
seek information about floods [16]. The authors conducted an online survey among users of these Facebook groups and found that
most trusted this information, and 74% of respondents also used additional social media from the government to access flood infor-
mation. They also found that, among the Facebook users, only 6% of respondents also used Twitter for the same purpose. In a similar
study [44], examined in an online survey distributed through Facebook, how the public used social media during a cyclone, particu-
larly the community-driven Facebook page ‘Cyclone Yasi Update’. The authors concluded that 75% of the respondents were likely to
go to Facebook and 31% to Twitter as a communication channel in a natural hazard, while 56% would use radio.

Another study, [29], investigated how a community-driven Facebook page, ‘Tassie Fires – We Can Help’, has been used by people
affected by bushfires in Tasmania in 2011. The authors distributed an online survey to 479 users of this Facebook page to gather infor-
mation about peoples' experience with the bushfire and their engagement with the Facebook page to assist response and recovery
processes. They found that people used this community-driven Facebook page because they needed guidance in the actions they
might have to take and that they encountered a gap in information provision by formal agencies. People also thought that the Face-
book page increased the “sense of community spirit and support”.

The authors of [15] also investigated how emergency services use social media during a bushfire. In the 8000 Twitter tweets they
collected and analysed, they found that both larger emergency service authorities (institutional) and smaller volunteering groups
(non-institutional) used Twitter proactively to disseminate and distribute fire-related information. The authors also analysed the con-
tent of the tweets by different groups and the frequencies of a tweet to be re-posted (re-tweets).

One study, [30],[ was slightly different from the other studies since the authors employed in-depth interviews with now adult peo-
ple who were teenagers when they experienced the 2009 Gippsland bushfires in Victoria. The results showed that social media was
important for the teenagers and their families during these fires, not just for obtaining information but also for support during and af-
ter the fires.

Although the previous research discussed also used online surveys to collect information on the use of social media during natural
hazards, our study differed because survey participants extended beyond users of a particular social media site (e.g., [16,44]). By
drawing from the general public through a random sample, results can be presented from a perspective broader than that of a few par-
ticular severe events.

2.3. Studies on the content of social media posts
Many of the most recent studies within this category used complex machine intense methods to analyse large volumes of Twitter

tweets. For example, [49] gathered Twitter data to show how the public assessed the risk of the category 4 cyclone Debbie, which hit
the Queensland coast in 2017. The authors analysed 463 geo-tagged tweets through Twitter API (application programming inter-
faces) from the affected region throughout the cyclone. These time frames included tweets posted before, during and after cyclone
Debbie. Analysis focused on understanding peoples’ emotions and risk perceptions. Conclusions from this data suggests that state-
ments revealing lower emotional stability were associated with amplified perceptions of risk, whilst increased emotional stability at-
tenuated perception of risk.

In another Twitter API analysis, [39] analysed approximately 12,000 geo-tagged tweets of Queensland floods in 2010/11 based on
keywords around ‘flood’ and ‘flooding’. Based on text mining, clustering, and sentiment analysis, the authors concluded that Twitter
is a promising tool for reflecting citizen knowledge and assessing disaster severity and changes over time. While mainly focusing on
the content of the tweets, the authors also undertook a spatial-temporal analysis to show hotspots of flood severity. Demonstrating
that partly, this study also captures aspects of category 3. Another study, [53], also transcends categories. The authors collected and
analysed approximately 100,000 Twitter tweets using content, sentiment, and spatial analyses to understand how social media ana-
lytics can assist government and emergency authorities in estimating the damage linked to natural hazards. This study explored an in-
novative method, i.e., primarily to advance methods, and highlighted the advantages of using Twitter data as an effective and mostly
unbiased source of information.

Another approach was adopted by [51] who gathered Twitter data with specific hashtags for the bushfires in 2019/20 (e.g., #aus-
tralianfires) and keywords important for wildlife tourism (e.g., animals and wildlife) to explore the potential impact of the bushfires
on tourism. The authors analysed nearly 110,000 tweets from Australia and overseas users for their content and clustered common
words into themes of ‘donations’, ‘support’, ‘helping’, ‘politics’, ‘emergency’, and ‘news’.
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To investigate the discursive aspects of Twitter, the authors of [48] manually analysed every 20th tweet out of 35,000 collected on
the 2010/11 floods in Queensland, finding that many tweets were expressing gratitude to emergency services, an essential element of
the flood discourse. Other authors adopted a similar approach, who manually analysed a subset (5%) of approximately 71,000 tweets
collected during the first peak of the 2019/20 bushfires in New South Wales [50]. They aimed to use social media data to assess peo-
ple's situational awareness during the fires and tested different digital forms of nudging to reduce barriers of effective communication
through social media during emergencies.

A study by [52] used social media data to investigate public opinions by examining the most-retweeted Twitter tweets across dif-
ferent time periods during the 2019/20 bushfires, combining quantitative and qualitative approaches to explore the impact of the
fires on climate change discussions. Through the Twitter API, the authors collected tweets with the keyword or hashtag ‘climate’ and
only filtered geo-tagged tweets from Australia, with 9000 tweets being analysed. The paper also briefly touched on the spread of mis-
information based on the hashtag #arsonemergency, which was used to spread the rumour that the fires were due to an arson attack
and not due to climate change. The authors of [33] also examined how the hashtag #arsonemergency spread across users in the
2019/20 bushfires, compared to hashtags using climate change narratives.

3. Data and methods
Australia is highly vulnerable to climate change [6]. The continent has already warmed considerably [56], and many parts of Aus-

tralia are projected to become hotter in the future [57]. The most severe natural hazards include floods (flush rain and storms) and
bushfires (referred to as wildfires in other parts of the world). Cyclones are predicted to become potentially fewer but more severe
[58]. This risk of exposure to natural hazards and the ubiquitous use of social media makes Australia a good case study for our survey,
which focuses on floods and bushfires.

3.1. Data collection
For data collection, a survey was designed through the online platform Qualtrics, which was distributed by a market research com-

pany (Dynata). The company comprises of a random sample of the Australian public, with around 400,000 members, who are re-
cruited through online and offline channels. Of this sample, our survey link was sent to 1800 members. Those members were ran-
domly selected, however maintained the desired gender balance, age structure and residential location representative of Australia. As
per ethics approval obtained from the xxx [information hidden for the review process] human ethics committee, we only sampled
adults. People who completed the survey were enumerated by the research company. The survey took approximately 15 min to com-
plete. Of the 1800 completed responses, we did not use 135 for the analysis because these were either answered in a short amount of
time deemed unacceptable (less than 4 min) or key questions were not answered correctly. The final sample included responses of
1665 adults living in Australia.

3.2. Questionnaire
The questionnaire was tested with 20 randomly selected employees at various levels and disciplines at Charles Darwin University.

This was to verify the clarity of the questions, logical flow and survey duration. After the testing, a soft launch was completed with
200 respondents from the market research company panel. Responses were checked for correct data collection and survey duration.
No adjustments were deemed necessary, and the main survey was undertaken over ten days in early December 2021.

The questionnaire consisted of five parts. Throughout the first part, respondents were asked about their risk perception of various
natural hazards in their residential location, and their personal experience with floods and bushfires. During the second part, respon-
dents were asked questions about seeking information on extreme weather events and disasters. This part also contained questions
about the use of social media in general, and natural hazard situations, specifically during floods and bushfires. The key question that
was only asked to those who indicated that they used social media was: “Have you ever used social media to find out about a natural haz-
ard or disaster or communicate about it with other people?” Following up with those answering “Yes” to this question, we asked whether
or not respondents used Facebook or Twitter to do so and whether or not they have ever used Facebook or Twitter to alert people
about a potential natural hazard or disaster.

The fourth part included a series of statement questions about trust and barriers to using social media in general and during nat-
ural hazards. Answers were on a 5-point scale (‘Strongly agree’, ‘Agree’, ‘Neither agree nor disagree’, ‘Disagree’, ‘Strongly disagree’).
In the last part we gathered information on respondents' demographic background (age, education, gender, income, employment,
place of residence). The flowchart in Fig. S1 in the Supplementary Materials shows the questions and number of respondents for each
question.

3.3. Data analysis
We estimated two binary logistic regression models: one model with the dependent variable coded 1 for those respondents who

are using social media, and 0 for those who do not. The second model with the dependent variable coded 1 for respondents who have
used social media to gather information during a hazard or to communicate about it with other people, and 0 for those you did not.
Explanatory variables were included as control variables, such as age, gender and education of respondents, as well as attitudinal and
risk perception variables, as collected through the survey and outlined before. The explanatory variables are included to explore what
affects the probability of using social media (model 1) and of using social media during natural hazards (model 2).

The software R was used to estimate the models and the stepwise function to obtain the best model, based on the Bayesian Infor-
mation Criterion (BIC).
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To avoid strong intercorrelations among the explanatory variables, we used Spearman correlation plot and the R library ‘corrplot’
[59] and did not include variables that were highly correlated (correlation coefficient of over 0.7). For categorical variables, we
graphically showed the relationships using mosaic plots.

4. Results
4.1. Sample description

The sample was gender-balanced (Table 2). Sixty-three percent of the sample were social media users (n = 1049). About a quarter
of respondents were personally affected by bushfires and 18% by floods. Approximately 34% (n = 564) were affected at least by one
of the two hazards. Approximately 44% of respondents perceived an at least moderate risk of bushfires, while this risk perception was
a bit weaker for floods (34%). Respondents’ locations represented the national distribution well with 74% of respondents living in the
three most populous states in eastern Australia (Table 2).

4.2. Use of social media
Of those 63% active social media users, most (86%) used Facebook, followed by YouTube (55%) and Instagram (40%) (Fig. 1). Ap-

proximately 20% used Twitter.
Logistic regression showed that younger people were more likely to use social media than older people and those who trusted in-

formation obtained from social media more likely than those who did not have that trust (Table S1 in the Supplementary Materials).
No other variables, as indicated in Table 2, significantly explained general social media use.

4.3. Preparedness and perceptions towards social media
A quarter of respondents did find it hard to inform themselves about what is happening from any source during emergencies (they

either strongly agreed or agreed; see Fig. 2), while a third did not find it hard and 42% were indifferent.
A third of respondents thought that themselves and their families were acquainted with the emergency system in their towns or

cities, while a quarter did not, with the remaining 41% not having an opinion. Many respondents (40%) could count on their social

Table 2
Sample description (n = 1665).

Characteristics %

Female 50
Age:
Young (18–35 years) 20
Middle-aged (36–60 years) 49
Older (above 60 years) 31
Identified as First Nation Peoples 4
Born in Australia 76
Education:
Low (at most secondary school) 32
Moderate (e.g. diploma or trade certificate) 33
High (university degree) 35
Income (in Australian $):
Low (less than $40,000 p.a.) 45
Low ($40,000 ‒ $100,000 p.a.) 40
High (more than $100,000 p.a.) 15
Use social media 63
Have used social media to seek information in natural hazard situations 26
Affected by bushfires 24
Affected by floods 18
Bushfire risk perception
Low 56
Moderate 26
High 18
Flood risk perception
Low 66
Moderate 24
High 10
Location (national distribution in bracketsa):
New Soath Wales, including Australian Capital Territory (34%) 30
Victoria (26%) 24
Queensland (20%) 20
Western Australia (10%) 12
South Australia (7%) 10
Tasmania (2%) 3
Northern Territory (1%) 1

a Source: Auatralian Bureau of Statistics ‒ Australian Population Census 2021. https://www.abs.gov.au/statistics/people/population/population-census/2021.

https://www.abs.gov.au/statistics/people/population/population-census/2021
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Fig. 1. Use of social media platforms (%) (n = 1049).

networks for help in emergencies, while 20% thought they could not, and the remaining 40% had no opinion. A similar proportion of
agreement and disagreement was found for respondents’ trust in their local decision-makers and the information they received from
local authorities (Fig. 2).

Approximately a quarter of respondents (26%) trusted social media platforms to deliver correct information in emergencies (Fig.
2), while a third did not form a firm opinion about it, and 40% did not trust social media. Approximately a third of respondents
thought that social media is the best place for people to find out what is happening in real-time during an emergency. In contrast, a
third of respondents had no opinion, and the other third declined this.

On the perceived downside of social media use, more than half (53%) of the social media users thought that there are too many ir-
relevant messages on social media to find what they are looking for, while 12% did not think so, and 35% were indifferent. In terms of
their capability to use social media, 45% found it generally easy to find current and relevant information on social media, while 18%
found it challenging.

4.4. Use of social media during natural hazards
Forty-one percent (n = 431) of respondents using social media (and 26% of the total sample) have used it to find out about a nat-

ural hazard or to communicate about it with other people (Fig. 3). Of those, nearly half (45%) were affected by either floods or bush-
fires, or both at the place they lived. Most people (389; 90%) used social media to gather information, and fewer people (218; 51%) to
alert people about a potential natural hazard, with some people (67) using it for both reasons. Most (90%) used Facebook, and 27%
used Twitter to seek or provide information during natural hazards (see Fig. S1). If they did so, it was more often in the case of bush-
fires than floods and cyclones (Table 3).

In the initial logistic regression model with all variables, we considered whether or not people were affected by a natural hazard
(flood or bushfire). Only the variable for flood effect was significant (see Fig. S2 in the Supplementary Materials for correlations
among all initially included variables). That is, people who were affected by floods were approximately twice as likely (OR: 2.29) to
have used social media during natural hazards than those not affected (Table 4). In case of bushfires, the perceived risk mattered,
with those perceiving higher bushfire risk in their location being more likely to have used social media during natural hazards (Table
4).

Respondents who had trust in their local decision-makers (e.g. councils) in an emergency were 24% less likely to have used social
media during natural hazards tan those who did not trust the local authorities (OR: 0.76). Respondents who trusted social media con-
tent were approximately 50% more likely to have used social media during natural hazards than those not trusting it (OR: 1.44).

Respondents who agreed that social media platforms are the best place for people to find real-time information in an emergency
were 75% more likely to have used social media during a natural hazard than those who disagreed (OR: 1.75). Those acquainted with
the emergency system in their towns were nearly twice as likely to have used social media in this situation than those who were not
familiar with the system (OR: 1.93).

Women were about 50% more likely (OR: 1.51) than men and those with children 30% more likely (OR: 1.29) than those without
to have used social media during natural hazards. Income, education, the place of birth (in Australia or elsewhere) and the location
were not significant explaining the use of social media during natural hazards.

While age was not significant in the model, having children in the household was. There was a correlation between these two vari-
ables explaining the use of social media to gather information during natural hazards. While being older was negatively correlated
with having children for those who used and who did not use social media during natural hazards (Fig. 3), this relationship was posi-
tive for the middle-aged and young people, but only for those who used social media during natural hazards. In other words, for the
younger and middle-aged people in the sample, using social media during natural hazards was positively correlated with having chil-
dren. Among those not using social media during natural hazards, there was a strong positive correlation between being older and
having no children.



Fig. 2. Respondents' perceptions about their coping capacity during natural hazards (degree of preparedness) and about social media use in general.

K.K.Zanderetal.
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Fig. 3. Mosaic plot showing the relationship between having children, age and the use of social media to seek information during natural hazards.

Table 3
Proportion (in %) of those respondents who used Facebook (n = 388) or Twitter (n = 117) in emergency situations to do so to seek information or alert other peo-
ple.

Facebook Twitter

Seek information in real-time during natural hazards 83 75
Very often 21 30
Often 20 23
Sometimes 42 27
Rarely 17 20
Alert people about potential hazards 45 37
In case of bushfires 23 20
In case of floods 21 13
In case of cyclones 12 11

Table 4
Results of a binary logistic regression model showing determinants of the use of social media during natural hazards (n = 431).

Variable Estimate Std. Error OR OR 95% CI

Constant −2.80*** 0.28
Trust local decision-makers (e.g. councils) in an emergency −0.27** 0.16 0.76 0.56–1.04
Trust social media platforms to deliver correct information 0.37*** 0.08 1.44 1.28–1.70
Agree that social media platforms are the best place for people to find real-time information in an emergency 0.56*** 0.16 1.75 1.27–2.42
Agree that their families and themselves are acquainted with the emergency system in their towns 0.64*** 0.16 1.89 1.37–2.60
Perceived risk from bushfires (coded 1 to 5) 0.18*** 0.06 1.20 1.07–1.35
Affected by floods 0.83*** 0.17 2.29 1.62–3.22
Female 0.41*** 0.15 1.51 1.13–2.00
Having children 0.26* 0.14 1.29 0.97–1.71

Summary statistics: Aiken Information Criterion = 1248.4; Bayesian Information Criterion = 1293.0; log likelihood function = −615.20; McFadden's pseudo R-
squared = 0.13; Nagelkerke's pseudo R-squared = 0.22; Hosmer and Lemeshow goodness of fit = 0.22.
OR = Odds ratio; CI = confidence interval.

5. Discussion and limitations
We undertook a literature review, yielding 21 studies from Australia on the use of social media during natural hazards with the

emphasis on bushfires and floods. Social media has been an increasing part of the emergency communication and management
throughout many natural hazards in Australia. The Tasmanian bushfires in 2011 and the Brisbane flood in 2013 established the foun-
dations for research on social media in the context of Australian disasters [29,45]. Despite previous research in Australia on the use of
social media to disseminate public information during natural hazards, including on preparedness materials, warnings, and post-
disaster advice, there is a gap in research that investigates the characteristics of social media users in Australia for risk reduction pur-
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poses. To-date, this kind of research from Australia is mostly limited to certain localised events, the use of qualitative methods and in-
formation dissemination through social media by emergency authorities and how people engage with those (see Table 1).

What we did learn from this literature review is that Twitter and Facebook are the two platforms utilised by researchers in Aus-
tralia, with different purposes. Twitter is predominantly used for content and spatial-temporal analyses (see Table 1). Facebook is
mainly used to analyse how information about natural hazards is disseminated. Informal Facebook community groups were most pro-
ficient in reaching people and were an important source of information for people affected by natural hazards. Facebook allows peo-
ple to share their concerns, feelings and ideas and therefore offers a sense of community [16,44,46]. There were no studies from Aus-
tralia showing that Twitter was used in the same way, which instead seems more suited to disseminate short and up-to-date informa-
tion, often from formal Twitter accounts (see ).

The challenge for researchers is that Facebook information, although providing more in-depth information, is harder to download
– this review showed that this was done manually, in a volume of hundreds of communications – while Twitter provides open-access
to thousands of communications which can be downloaded using predefined keywords.

5.1. Use of social media
Our survey results provide new insights about what the general Australian public thinks about the use of social media during nat-

ural hazards, their capacity to use it and most importantly, about who is not using it. While previous research focuses on data from
people who are currently using social media, this is one of the first studies on how many people have been affected by natural hazards
while unable to gain access to social media, or from people who do not use the online service for information.

We found that overall, the share of those using social media (65%) was lower across our sample than is the case in Australia. One
reason for this is that our sample contains many people in older age cohorts, whereas social media use is high among young people
(13–17 years) who were not included in our sample. Still, within our sample, age was negatively associated with the uptake of social
media which was expected and in line with previous research [60,61]. Because use of social media is currently highest among
younger people, social media, or variations of it which we cannot yet foresee, is therefore be likely to become an even more essential
tool in emergency communication as the cohort of young social media users ages.

Reflections were gained from the respondents on the social media channel in Australia most frequently used. Overall, Facebook
was used the most frequently whileTwitter was used by 20% of the population over 15 years [38]. Although only 20% of people in
Australia use Twitter, this is still a substantial number of people given that around 17 million people in Australia are over 15 years old
(ABS 2016). The dominance of Facebook might be the reason for most existent research investigated focus on Facebook pages, and
how they are being used in natural hazard situations [16,29,44,46] with limited yet emerging research on Twitter usage [30,47].

5.2. Information seeking during natural hazards
The share of respondents using social media to look for real-time information during natural hazards of 26% is a fair indicator that

there is potential for more uptake. While previous research from Australia showed how valuable users found social media in natural
hazard situations, in particular, to access information when formal information was not available (e.g. [29]), we found that 74% of re-
spondents have never used social media in these situations, including a high share of people (65%) who stated that they were affected
by either bushfires or floods, or both. This also implies that about half of respondents used social media in natural hazard situations
while they were not immediately affected themselves. This might have been during pre-disaster warning phases or to support others
who were affected. This is an important finding since most previous research from Australia has been limited to social media use by
those directly affected, while much more can be learned from communications by the wider community.

Those respondents who were directly affected by floods were more likely to have used social media to seek information about the
flooding than those not affected. Experience with floods events has previously been linked to higher risk perception and greater pre-
paredness for and management of future floods [62,63].

For bushfires, however, it was risk perception, not experience that was important. This could be because people in Australia are
more likely to have been exposed to information and warnings about bushfires than floods and are more aware of bushfire than flood
risks. Even if not affected personally, people might have used social media to communicate with others about the event, including
those affected. Moreover, a flood is more localised, and if not living in the flood zone, there is a lower risk being affected directly and
hence less need to seek information on social media. Bushfires, on the other hand, can spread, often unexpectedly, and constant warn-
ings and updates are issued by authorities, such as the Bureau of Meteorology. Hence, people who have not been personally affected
by a bushfire have nevertheless used social media to stay up to date. Therefore, our results suggest that social media use during nat-
ural hazards depends on the type of hazard itself.

Gender was important. Women were approximately 50% more likely to use social media during natural hazards (Table 4). This
might be because women are generally more risk-averse and more aware of disasters than men, often motivated by the protection and
needs of their families [63,64]]. A higher risk perception has been shown for women than for men in previous studies [63,65,66]. Pre-
vious studies have shown, for example, that women are more likely to have evacuation plans for their households [67]. Women have
been found to have higher risk perception and were better prepared than men in case of floods [62].

In addition, those with children were 30% more likely to use social media during natural hazards than a household with no chil-
dren. This points to the possibility of higher disaster risk awareness and communication capability among those with children. It has
previously been suggested that, besides gender, family structures contribute to the way in which people perceive disaster risks and in-
fluence their information seeking [62,63]. Some authors argued that women with young children had higher risk perception, which
could include higher information-seeking [63]. They suggest that this might be because women are more risk averse, partly motivated
by the fact that women are often the primary caretakers.
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More research is needed to improve understanding of natural hazard preparedness at the household level and the roles that young
people play in emergency communication. Even though we did not find a significant effect of age on the way people use social media
during natural hazards, having children in a household might mediate the significance of age. Older family members have been found
to be less acquainted with social media in certain families [61] but having young people in a family who use social media frequently
could increase older peoples’ resilience [68,69].

5.3. Household resilience and preparedness
We found that the behaviour of social media use during natural hazards is associated with people's disaster preparedness, which is

linked to their resilience [70,71]. Being acquainted with local emergency systems was positively associated with the use of social me-
dia during natural hazards. This finding resonates with similar studies that have indicated the link between the use of emergency in-
formation and a sense of belonging in a community [72,73].

At the same time, relying on other local decision-makers or authorities in emergency situations had a negative effect on the use so-
cial media during natural hazards. This could indicate a lack of self-efficacy among those not using social media during natural haz-
ards while people who do not trust their local decision-makers to handle emergencies use social media to compensate for this and to
bridge a potential communication gap [29,46]. People with higher trust in government also perceive a lower risk of potential disas-
ters and therefore tend to prepare less [74] which also means less perceived need for communication. It has been argued that when
government provides emergency information that fulfills the public's needs, the public is less likely to seek information from other
sources [75].

5.4. Barriers to social media use during natural hazards
More than half of the social media users in the sample (53%) thought that there were too many irrelevant messages on social me-

dia to find what they were looking for. These findings are similar to other studies showing the disadvantages of social media in emer-
gency communication, including encouraging the spread of false rumours, conflicting information, and politicisation of disaster
events [32,33]. In the Australian context, scholars argue that scarce internet and electricity infrastructure in remote and rural Aus-
tralia creates key barriers to the greater use of social media for emergency communication purposes [76,77].

Despite these barriers, other studies seem to encourage social media as they argue the benefits outweigh the disadvantages [78,
79]. Our results support this view. We showed that none of the negative perceptions about social media affected the use during nat-
ural hazards, while the positive aspects did. The more people trust social media content and the more they agree that it is the best
place to look for real-time information during emergencies, the more likely they are to use it themselves during natural hazards. This
is encouraging, indicating that as long as people trust a channel, such as is likely the case for the social media channels of formal au-
thorities, people will be likely to use it during natural hazards.

Cultural norms and values and ethnic identity also affect risk perception and disaster preparedness [80,81]. Our sample only in-
cluded 3% of respondents who identified as Indigenous Australians, which reflects the national share. Unfortunately we cannot make
any inferences from the survey results about how Indigenous people use social media during natural hazards. Our approach, an online
survey, is not suitable to do so. More on the ground research is needed to gather in-depth information about how Indigenous people
and people of other cultural minorities living in Australia use social media during natural hazards and what their barriers might be,
such as, for example, linguistic barriers. Our literature review showed that all examined community Facebook groups and Twitter
tweets were in English, potentially excluding people in Australia whose first language is not English. Given the multicultural nature of
Australian society, information on social media about natural hazards and disasters in general should be translated into other key lan-
guages, for example using natural language processing (see, e.g., [82]).

6. Conclusions
This study provides a literature review of case studies from Australia investigating how social media is used to gather and dissemi-

nate information in emergencies, and in particular during natural hazards. We found that ten years ago research there was a push to
understand how the public used social media pages provided by emergency authorities. However, although these studies concluded
that social media is well used in Australia and vital for disaster risk reduction, there has been little research since. Only recently have
some studies started to analyse large data collected from mainly Twitter conversations (tweets) during natural hazards and analysed
them using machine learning-based methods.

We also present results from an online survey conducted across adults living in Australia (n = 1665) about their perceptions to-
wards social media use during emergencies. Stepwise binary logistic regression models were estimated. We found that only 26% of re-
spondents had ever used social media to look for real-time information during natural hazards. A high share (65%) of those who were
personally affected by floods or bushfires, did not seek their information from social media. This result highlights that social media is
still largely underutilised as a source of information in emergencies.

While social media is not replacing conventional information dissemination channels such as text messages, television, radio and
sirens, it is expected to gain importance, helping to increase preparedness and resilience of the Australian public who will increas-
ingly be exposed to natural hazards. Our finding contributes to a wider understanding of household preparedness and the link to
emergency communication by showing that trust in local decision-makers and agencies affects people's information seeking behav-
iour on social media. We also showed that as long as people trusted social media content, the disadvantages of social media, although
perceived by most responses, did not affect the use of social media during natural hazards. Finally, we highlight the need for more re-
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search on how households use social media, in particular the role of older children, and how vulnerable people without a social net-
work and social media users within the household can be supported to use social media to gather information during natural hazards.
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