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Abstract: Bushfires are an integral part of the forest regeneration cycle in Australia. However,
from the perspective of a natural disaster, the impact of bushfires on human settlements and the
environment is massive. In Australia, bushfires are the most disastrous natural hazards. According
to the records of the Parliament of Australia, the recent catastrophic bushfires in NSW and Victoria
burnt out over 10 million hectares of land, a figure more significant than any previous bushfire
damage on record. After the deadly 2009 Black Saturday bushfires, which killed 173 people in
Victoria, public attention to bushfires reached a new peak. Due to the disastrous consequences of
bushfires, scientists have explored various methods to mitigate or even avoid bushfire damage,
including the use of bushfire alerts. The present study adds satellite imagery and GIS-based semi-
real-time bushfire contents to various bushfire warnings issued by government authorities. The
new product will disseminate graphical bushfire contents to rural Australians through social media,
using Google Maps. This low-cost Media GIS content can be delivered through highly popular
smartphone networks in Australia through social media (Facebook and Twitter). We expect its success
to encourage people to participate in disaster mitigation efforts as contributors in a participatory
GIS network. This paper presents a case study to demonstrate the production process and the
quality of media GIS content and further discusses the potential of using social media through the
mobile network of Australia while paying attention to mobile blackspots. Media GIS content has the
potential to link with the public information systems of local fire management services, disseminate
contents through a mobile app, and develop into a fully automated media GIS content system to
expand the service beyond bushfires.
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1. Introduction

Bushfires (a local term for forest fires) have been an integral part of the dynamics in
the Australian environment for all its known history. Australian natural ecosystems have
evolved with fire, and the landscape, along with its biological diversity, has been shaped by
bushfires [1]. Some Australian flora and fauna have evolved to coexist with bushfires, and
in eucalypt forests, fire functions as a vital part of the regeneration cycle of the vegetation.
The Australian climate is predominantly hot, dry, and prone to drought. In the country’s
southeast, strong winds often associated with summertime cold fronts can lead to very high
fire danger. According to the Australian Bureau of meteorology, vast areas of Australia
suffer from bushfire threats [2]. These bushfires have become a critical phenomenon as
part of Australian natural hazards. According to the records, from 1967 to 2013, major
Australian bushfires resulted in over 8000 injuries and 433 deaths. Figure 1 shows the
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number of fatalities caused by major fires in Australia between 1926 and 2019/2020 [3,4].
During 1976-2013, bushfires caused approximately AUS 4.7 billion (excluding most indirect
losses) in damages [1]. Public attention to bushfire disasters reached a new peak after
the deadly Black Saturday bushfire in Victoria in 2009. The Black Saturday disaster killed
173 people (Figure 1), injured 500 more, and caused over AUS 2.5 billion in damages while
destroying over 2000 homes [5,6].
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Figure 1. Civilian fatalities due to major bushfire disasters in Australia (data: CSIRO, 2012, statista.com, 2021, accessed on

22 August 2021).

Bushfires in Australia often start when dry winds blow from central Australia toward
the coastal areas where forests are located. Most of these fires occur in the hot summer
months of January and February [3]. Eucalypt varieties in Australian forests are especially
prone to fire due to the highly flammable oil in their leaves. The increasing trend of higher
than the average annual temperature in Australia indicates the possible adverse impact of
the temperature to cause more bushfires [7]. However, the dry winds and the increasing
temperatures are not the only cause of bushfires. According to the Australian Institute of
Criminology data, in 2008, 13% of bushfire incidents were caused by deliberate actions,
while 37% were suspicious.

The geographic orientation of some Australian residential areas increases the risk
to the residents from bushfires. Over the last 100 years, large cities in Australia have
expanded into the surrounding bushland. Moreover, the closer proximity of residential
areas to the forest is particularly critical in many isolated rural communities. Most of the
forest regions and grasslands in regional Australia are prone to bushfires and there is a
positive relationship in the distance from houses to forests and grasslands [8] to fatalities
and damage that occur. The CSIRO'’s life and loss database analysis of 110 years of deaths
in bushfires found that 85% of fatalities were recorded within 100 m of a forest [3]. The
closer proximity of houses to bushlands in regional Australia is visible in high-resolution
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Google Earth images. The impact of this was proven by the increased bushfire damage in
the long, disastrous bushfire season of 2019. Figure 2 shows one of the regions severely
burnt in the 2019/2020 bushfires in NSW, Australia. The images of the region show that
Nymboida is fully surrounded by the forest and that homes are in close proximity to the
bush. About 80 homes were destroyed in the hamlet of Nymbodia, 700 km northeast of
Sydney, by the 2019/2020 bushfire [9]. The latest Google Earth image shows the burnt-out
forest in brown.

Nymbodia, before fire
{Google l;;%;lh)

'y v

" Image Credit:
Image Credit: MODIS Google Earth

Figure 2. The proximity of houses to the forest in Nymbodia, NSW, is less than 100m. Images show the location of Nymbodia
in the forest and the impact of the 2019/2020 fire.

According to an Australian government report, about 1.7 million people in 25 local
government areas live in high-risk residential areas, and Logan and Sunshine Coast in
Queensland top the list.

To mitigate bushfires, Australia has a wide range of activities. All state governments
have local fire risk mitigation programs; for example, the NSW fire service is well es-
tablished and uses social media to deliver information [10]. Government authorities are
engaged in robust field operations in every bushfire event, and electronic and print media
cover fire events and disaster mitigation efforts. However, the present study investigated
the information available in bushfire warning systems and found a lack of real-time satellite
imagery in use. To fill the information gap, this study presents media GIS contents based
on remote sensing and GIS and delivered in near-real-time to support rural communities.
The meaning of “near-real-time” comes from the near-real-time satellite image availability
from the MODIS (Moderate-resolution Imaging Spectroradiometer) system, which is the
primary source for media content we produced. The term semi-real time used in this
study can be defined as the time gap between acquiring daily satellite images to release the
content to media, which is 1-2 days. To locate bushfire hotspots, the NASA FISMS database,
which updates in real-time, phase is used. The time to produce the media GIS content
adds to the process, but the prospects of this study suggest an automated data processing
step. The methodology, case study, and discussion sections explain how to implement the
proposed approach to support fire mitigation in rural Australia. The goal in this project
is for Media GIS contents to be shared through social media with rural communities and
to attract their participation in bushfire mitigation efforts. Media GIS contents will guide
them to understand the nature and developments of the fire and directions of the smoke
and other relevant information such as nearby towns where possible rescue and service
facilities may available, the extent of forest cover, and proximity to high-risk areas. The
content provides the direct link to access Google Maps. The GIS analysis of the process
is based on available government information, fire warning, satellite data, Google Earth
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images, geographic (elevation, road network, etc.) and social (rescue centres, hospitals,
etc.) information.

The present study has two research objectives to address the information gap in
bushfire warning contents, 1. introduce a unique method to produce “bushfire Media
GIS contents” using semi-real time MODIS satellite imagery and GIS, 2. disseminate
those contents to rural Australians to provide visually appealing bushfire information
for familiarising status of the bushfire based on satellite data among rural communities.
Media GIS can be counted as a sub-section of GIS that produces scientifically accurate
spatial content while optimising data visualisation standards. The present system should
be treated as supplementary graphic content for rural communities to follow bushfire
development in satellite data, supported with GIS information. Other objectives of the
study are, linking rural communities through social media to promote participatory GIS
(PGIS) to attract community participation for mitigation efforts, and educating the public
about how semi-real-time satellite data are used in bushfire monitoring.

2. Data and Methods

Australia has various programs at the federal and state levels to combat bushfire dis-
asters [1,11,12]. This research aims to provide the latest bushfire information in graphically
appealing spatial contents through social media to the people in bushfire risk areas. User
groups can be formed when the bushfire media contents reach people in areas of great risk
to encourage broader participation in exchanging local bushfire information. The schematic
presentation of the media content production process is presented in Figure 3. Four primary
data types are required to produce Media GIS contents, i.e., MODIS satellite data, Google
Earth, open-source GIS data, and other GIS data. Section 2.1 explains how MODIS data are
applied in bushfire contents. MODIS imagery combined with Google Earth images and
applicability of open source and other GIS data is discussed in Sections 2.2 and 2.3.
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Figure 3. The production process of Media GIS contents and attract rural community for bushfire mitigation through PGIS.
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2.1. NASA Active Fire Data in Bushfire Monitoring

MODIS sensors mounted on Terra and Aqua satellites delivering satellite imagery
are useful for a range of applications, including forest fire monitoring and damage assess-
ments [13-18]. Terra MODIS and Aqua MODIS monitor the entire Earth’s surface every 1
to 2 days, acquiring data in 36 spectral bands [19]. NASA provides global scale real-time
active fire data for earth surface fire monitoring using three beneficial data formats: Shape-
files, KML, and Text file. NASA also offers active fire information through VIIRS (Visible
Infrared Imaging Radiometer Suite) data [20,21].

The data from NASA'’s Visible Infrared Imaging Radiometer Suite (VIIRS) are used to
measure cloud and aerosol properties, ocean colour, sea and land surface temperature, ice
motion and temperature, fires, and Earth’s albedo [21]. Figure 4 is compiled with NASA's
FIRMS (Fire Information and Resource Management Service) data from Sept to Dec 2019
with Google Earth images. FIRMS is one of the most reliable fire spot data products NASA
published globally, including GPS reading of the fire and probability percentage of correct
identification of fire.

:..\,‘

Figure 4. NASA FIRMS data over NSW and Victoria during the heavy bushfire months in 2019 (source: FIRMS, NASA, 2019).

To perform fire detection, NASA examines each pixel of the MODIS swath and ulti-
mately assigns it to each of the following classes: missing data, cloud, water, non-fire, fire,
or unknown. The confidence value was added to help users gauge the quality of individual
fire pixels included in the Level 2 fire product. However, the confidence level of fire spot
identification varies in meaning in different parts of the world. According to NASA, the
end-users have found such fire spots useful after excluding false fire occurrences. For
MODIS, the confidence value ranges from 0% to 100% and can be used to assign one of the
three fire classes (low-confidence fire, nominal-confidence fire, or high-confidence fire) to
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all fire pixels within the fire mask. The likelihood of detecting a fire under the tree canopy is
unknown. Users can receive fire email alerts by subscribing to the NASA’s email alerts [22].
The present study has been built on reliable access to NASA’s FIRMS data.

2.2. Method and Standards to Produce Media GIS Contents

A Geographic Information System (GIS) is a computer system that analyses and dis-
plays geographically referenced information. It uses data that is attached to a unique
location [23]. A GIS’s power comes from combining information in a spatial context to
find relationships among used data layers. Media GIS introduced in this report can be
considered as a sub-division of GIS. Creation of Media GIS content involves; collect, store,
analyse, produce, and distribute the contents of natural disasters and other significant envi-
ronmental incidents. The Media GIS content production has to optimise six basic standards:
accuracy, high esthetic quality, speed, low cost, reusability [24] and encouragement of user
participation. To maintain these standards, the content maker must know GIS, remote
sensing, graphics, and multimedia portals. The web-based data visualisation methods
regularly improve [25,26], and the content producer must study new technological devel-
opments regularly. At the implementation level, the production process can be established
by government authorities or through volunteer participation. The media content and
image/GIS data layers must be archived under the topic, geographic region, and date
(metadata) of bushfire content production. The production standards are explained in the
following sections.

2.2.1. Accuracy of the Contents

Geometrically rectified MODIS imagery is acquired from NASA’s worldview [27]
site together with the respective KML (Keyhole Markup Language) file. KML is the data
format used by Google Earth Pro and Google Maps [28]. The KML files open in Google
Earth to extract finer image data from smoke-free areas, together with GIS data and to link
the bushfire content with google maps. The geographical accuracy of the content is set to
WGS84 datum, which is standard for Google Earth and MODIS products. The accuracy of
the bushfire contents depends on the content creator’s knowledge in GIS, satellite image
interpretation and computer graphics.

2.2.2. High Aesthetic Quality in Media GIS

Presenting landscapes in graphic content influences people’s acts and behaviour in
the landscape environment [29]. The landscape is a complicated concept, but it can be
defined as the appearance of land and water from a certain distance [30]. Visualisation and
complexity had received extensive scientific attention since early 2000 [31], when complex
satellite images and GIS data started to merge. Visualising the complexity in the landscape
while maximising the presentation accuracy and content delivery speed is a challenge.
The use of colours (hue), fonts (type, size, colour, and orientation), and symbols in Media
GIS contents must be carefully selected to optimise the authentic quality. Graphics should
be produced in full-colour TIF (Tag Image File Format) and end products in JPG (Joint
Photographic Experts Group). MODIS offers a spatial resolution of 250 m x 250 m pixels
in its Natural Colour image [27]. MODIS KMZ formatted data has been used to extract
super-resolution images from google earth to carry out image sharpening (Figure 5).

2.2.3. Production Speed

The data mining, GIS data generation, and graphic production efficiency optimise
the speed of content production. To undertake these tasks, some skills in GIS (ArcGIS,
QGIS) and graphics (Photoshop) software and Google Earth are necessary. Knowledge
about natural disasters and local conditions is also useful. Building an automated process
to extract MODIS images and setting the primary graphic product facilitate an increase in
the production speed.
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2.2.4. Cost-Effectiveness

The primary data sources that should be freely accessible are MODIS satellite data,
Google Earth, and open-source Geographic data. There are free computer graphic packages
such as GIMP or Pixar with cognitive capabilities. QGIS (Quantum GIS) is a free alternative
for ArcGIS for GIS operations. The cost for Photoshop is relatively small compared to its
excellent functionality. A CS version of Photoshop is around AU$350 (2021). The case
study in this project used MODIS (250m spatial resolution) satellite data, Google Earth,
QGIS, and Photoshop CS3. Data processing was conducted on windows 64-bit desktop PC,
which has 8GB internal memory. The cost for the content production was negligible if the
time factor was excluded.

Figure 5. Before (left) and after sharpening (right) the 250 m MODIS image using a high-resolution Google Earth image

and several techniques of normalising colours.

2.2.5. Encourage User Participation (PGIS)

Promotion of the participation of the local community in bushfire mitigation in the
future is the target of Media GIS content. Figure 3 shows the expected establishment of
PGIS through disseminating media GIS content among people in the affected area. The
case study content and a Twitter of a parallel bushfire study was posted on Facebook (FB)
and the response of people was positive. Media GIS content must be popular on social
media to attract more local people. The present report describes the value and production
methodology of media GIS contents and the content of the case study. It is expected that a
user group will be established after a mobile app is developed to bring content to users.
The satellite image and GIS based media GIS content production process is explained for
the user to follow the methodology straightforwardly.

Figure 3 shows How the content production flow links with the PGIS flow. PGIS is a
collective term that describes the community application of a diverse range of geographic
information technologies and systems [32]. PGIS can be used to fill the communication
gaps for affected people, rescue operations, and policymakers. It uses digital maps, satellite
imagery, sketch maps, and other items to help with involvement and awareness on a
local level [33]. In this study, Media GIS contents aim to engage with the affected rural
communities in bushfire disasters through PGIS to widen awareness on a local level. The
involvement of the local community is an integral part of the research objectives since the
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overall aim of the study is to promote the safety of the local community from bushfire
disasters. Participation of the local community is the PGIS arm of this project.

2.3. Graphic Production
2.3.1. Geometric Registration

The media GIS content production has several steps, i.e., satellite image and GIS data
collection, geometric registration, image sharpening, image analysis, design of the content,
and final graphic compilation. The content creation must be done by the Media GIS content
producer optimising the usefulness of the content and production speed. Satellite images
are collected from the MODIS website [19], using a process that was briefly explained in
Section 2.1.

Geometric registration of imagery and GIS data is a fundamental data processing step
in any GIS project. However, geometric registration was unnecessary for the present study
since all gathered data are in the WGS84 datum.

2.3.2. MODIS Image Fusion with High-Resolution Google Earth Imagery

Image sharpening is an image enhancement technique used to increase the visual
quality of low-resolution images. There are two widely used sharpening methods. The first
is the spatial filtering approach, which extrapolates edge information from a high spatial
resolution panchromatic band at 10 m and adds it to the low spatial resolution narrow
spectral bands [34]. The second method is the colour normalising approach, which is based
on the ability to separate image hue and brightness components in spectral data [35]. This
study used a combined approach to sharpen the low-resolution MODIS image using a very
high-resolution Google Image and colour normalising methods. Since the bushfire smoke is
visible in near-real-time data, the MODIS image was first enhanced by colour normalisation.
Then in Photoshop, only the smoke and clouds free land area in the MODIS image was
masked and replaced manually with the high-resolution Google image. Photoshop has
tremendous capabilities to improve image quality, and even NASA uses it for various
image and photo analysis tasks [36]. A section of the MODIS image before and after
sharpening is presented in Figure 5.

The image analysis for the content is based on the objectives of the respective media
GIS content. The case study image of this research was analysed by highlighting bushfire
smoke and sharpening the rest of the area land cover.

3. The Case Study—New South Wales Bushfire, November 2019

The case study shows the media GIS content of the bushfire incident in NSW, Aus-
tralia, in late 2019's summer dry season. The Media GIS graphic contains: enhanced
MODIS visual band combination (Figure 6), Google high-resolution image portion to show
the forest cover around bushfires, road network and airports (open-source maps), and
significant cities /townships. Roads and surrounding cities and towns are marked for the
user to identify local areas easily. The graphic was compiled in Photoshop with a size of
640 x 480 pixels. The basic standards to follow to produce Media GIS contents explained
in Section 2.3 were applied throughout the process.

Figure 7 presents the completed Media GIS content of the NSW bushfire. The priority
of the content is to present the MODIS bushfire image with the high-resolution Google
Earth base image. The figure contains cities and towns in the pathway of the bushfire
smoke. According to the content creating procedure explained in Section 2, the media GIS
content has qualities such as simplicity, geographic accuracy, and authenticity. The user
can access the same region in Google Map through the embedded clickable icon (CLICK
& GO Google Map). The access from media GIS content to Google Map works using an
iframe, which can be customised to match the smartphone interface.
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Figure 6. The selected original MODIS satellite image of the NSW bushfire shows smoke.

The MODIS image was sharpened with Google Earth’s super-resolution image to
produce perhaps the most detailed landscape information available as semi-real-time
bushfire content. Wind direction is given, and possible affected cities and towns are
marked. The user can click on the “CLICK & CO GOOGLE MAP” to directly access the
content of the google map since the graphic content is embedded into a web page with an
ifram to google map.
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Disastrous Bushfires
in Northeast NSW, 15 Nov 2019

Image Credit - NASA MODIS, Google Earth, Open Street Map

Australia

Armidale O

Figure 7. Media GIS content (MODIS image + Google Image + Major roads in yellow + Area information) of NE NSW
bushfire, Australia. Names of smoke threatened cities and towns are available in the content text.

4. Publishing Media GIS Contents on Social Media
4.1. Status of Social Media in Australia

In media GIS content production, fire-spots and the direction of smoke will show with
a combination of other relevant information such as nearby towns, the extent of forest
cover, and where mobile blackspots are located. Detailed local information can be accessed
through the link to Google Maps. The GIS analysis will be based on available government
information such as weather forecasts, fire warning for local regions, any super-resolution
satellite data, Google Earth, geographic data (elevation, slope) and other social media
information (roads, hospitals). The depth of the information included in media GIS content
depends on the data availability and the objectives of the content producer. The Media GIS
contents deliver to rural communities to attain two objectives. One is to provide graphic
bushfire warnings enriched with semi-realtime satellite data. The other objective is to
attract the participation of local people to input information to the warning system and
exchange ground conditions with fellow community residents. The participation of rural
communities can be linked through already well-established electronic communication
facilities in Australian society. Once a method is established to connect local communities,
positive feedback from people can be assumed to support bushfire mitigation efforts.

When considering the recent developments and the flexibility in handling information
technology, the Internet, including social media, is becoming an integral part of the daily
life of Australia. The country’s population on 28 July 2021 [37], was 25,815,741 by and
about 10.8% of this population was in rural areas. According to the Australian Bureau
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of Statistics, as of 30 June 2018, there were approximately 27.0 million mobile handset
subscribers in Australia, an increase of 1.1% since December 2017. International market
and consumer data providers such as Statista published smartphone penetration data,
and Australia’s figure was 79.6% in 2020, while the US it was 81.6% and in Germany it
was 77.9% [38]. According to another market survey, by 2020, 92% of Australians owned
smartphones [39]. Therefore, FB is becoming a valuable social media to deliver disaster
information and attract attention from local communities. In Australia, there are 16 million
FB accounts and 5.3 million Twitter accounts active in 2021. There were 18.00 million social
media users in Australia as of January 2021. The number of mobile social media users has
increased by +4.3% within the last ten months, and data indicate 1 in every 3 min online
is spent on social media in Australia [40], making social media use in portable devices in
Australia an ideal platform to deliver bushfire media contents.

4.2. A Significant Barrier for Bushfire Content Delivery

Even regular internet communication may be disturbed or terminated; modern WiFi
technology can establish mobile WiFi hotspots to maintain communication. Technically,
this activity starts with tethering or phone-as-modem, connecting PC’s internet connection
with other devices. People can connect through WiFi hotspots and participate in PGIS
to support bushfire mitigation efforts in a disaster situation. However, Australia’s rich
electronic media environment has some concerns about signal transfer to mobile and
internet users. The Department of Communications and the Arts collects nominations of
regional locations with poor or no mobile coverage from public members, State, Territory
and Local Governments and Members of Parliament [41]. In Figure 8, these mobile black
spot data are combined with bushfire affected regions in Figure 7. The distribution of
mobile blackspots shows, despite the large rural population who use FB and Twitter and
are keen on environmental disasters may face difficulties in accessing the bushfire contents
due to signal dropping at various spots in the disaster zone.

»
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2 #Q Coffs Harbour

S iooiie
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Cities and
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99" smoke threat

Figure 8. The spread of mobile-blackspots (in purple) in bushfire-hit areas. The figure is compiled
with MODIS, Google Earth, Open Street Map, and National Mobile Black Spot Database, Australia.
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It is hard to make residential areas visible below the smoke; however, smoke-free
areas show the land cover clearly. Figure 9 presents a large-scale media content around
Taree, NSW, to demonstrate the capability of media GIS contents to variable the scale
according to the presentation objectives. However, the close-up media-GIS content is still
not showing the micr0-level ground information since the sky is mostly covered by smoke
from the bushfire. Mobile blackspots are gradually diminishing according to the expansion
of new mobile base stations. In mid-2021, the Australian government established 67 new
mobile base stations (15 Field Solutions Group, 4 Optus and 48 Telstra) which will address
coverage issues across regional and remote Australia, including in bushfire-prone areas
and along major highways [41].

Bushfires Ardund v 5 ﬁ'
Taree, NSW, 10 Nov 2019 __ "M% sy , . 3 |
Data Credit: MODISt,_‘G.(iogvle Earth, OSM 3 < - Shoked e = \
. 2497 sqkm ¢ 8 . ‘

.
Wauchope
o

Figure 9. A large-scale bushfire media content represents the region around Taree township, located
near the southern border of Figure 7. The user can access local infrastructure information in Google
Map through the clickable icon. Purple dots represent mobile blackspots reported in the area.

5. Discussion

The Australian authorities and local residents are taking various measures to combat
one of the worst natural disasters in Australia, bushfires. Apart from direct engagements
with fires, altering the natural environment to reduce the fire hazard is another action
considered by authorities as mentioned in a study; “Because fuel reduction burning is the only
feasible means of fuel reduction on a landscape scale, it is widely used throughout Australia” [42].
The knowledge about the fire-resisting vegetation conditions by Australian indigenous
people and non-indigenous research communities has been widely applied for fire mitiga-
tion activities throughout the country. However, when bushfires occur, the direct impact
on local communities, fauna, and flora is massive. Therefore, the collective participation
of all related people in bushfire mitigation is timely important. Australian fire prevention
agencies and NASA make available various bushfire related data sources for the public. In
this background, the involvement of rural communities in bushfire mitigation is crucial.
However, the flow of information to these communities is not smooth because of a variety
of technical and social reasons. “I could see the real value of us educating the locals,” said
Glenn O'Rourke, Deputy Captain and Community Safety Officer at the Wollombi Rural
Fire Brigade [43] in NSW.
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Media GIS contents we introduced in this study can be promoted as a useful informa-
tion source for rural communities in bushfire-prone regions. From the content production
point of view, media GIS content is a combined product of web GIS and near-real time
satellite data based content. The user views the latest bushfire image in the content with
some related information such as wind direction, and the area covered by smoke in sq
km. Then, for detailed local infrastructure information, the user can access Google Map
through a web map interface set by an iframe link. The overall production process was
introduced to develop the content at least cost and with easy-to-understand methodology
for interested users to participate. As explained in Sections 3 and 4, the production cost
is minimal for the media GIS content, while the accuracy is set to the global standard
WGS84 datum. Near-real-time spatial data-based bushfire contents and updates can be
disseminated through local newspapers, TV, and social media, encouraging participatory
user cohort and online forums to discuss the ongoing bushfires. The daily updates of NASA
MODIS fire products, user-friendly Google Earth functions such as placemarks, and open
source GIS data, provide opportunities for interested participants to input information into
image maps directly. Bushfire contents contain direct links to open Google Maps, which
helps the user to explore local geography in detail. Similarly, it is possible to cloud clickable
image links to fire warnings of state authorities and weather forecasts. Future research
prospects of a mobile app can be developed for users to provide a greater convenience
to navigate through media GIS content and participate in disaster mitigation actions by
contributing local information. By establishing a PGIS network, individuals and groups in
disaster affected communities can participate in bushfire information exchange.

The media GIS content carries the latest map and quantitative information (e.g., the
approximate area affected by smoke in Figure 9) extracted through the MODIS satellite
data analysis, providing additional spatial information on bushfires. An experimental
level display of bushfire content produced in a parallel study was published in FB and
Twitter. During the trial period of May 2018 to June 2019, FB reached 896 people, and
during May—June 2019, Twitter recorded 644 impressions [44]. Participatory comments
on the respective bushfire hazard can be expected when regularly publishing the content
in electronic media, including FB and Twitter. To build an effective service, the content
producer should establish a system to collect responses and update the content regularly.

PGIS inputs from local people can enrich the bushfire GIS database to improve the
strength of Media GIS contents. Editable image maps can be developed for the users to
add local information and convert Media GIS content into valuable and practical products.
The next stage of this study will discuss how to link with PGIS information, coordinate
with local bushfire warnings, and existing fire services. The overall process aims to educate
rural communities in semi-real time use of satellite images and geographic data to promote
PGIS and expand public awareness and involvement in disaster mitigation.

6. Conclusions and Future Research Prospects

MODIS satellite imagery can successfully produce “semi-real-time” Media GIS con-
tents to display most of the natural disasters, especially when the disaster continues for
several days and effects large areas. This paper has presented the production process of
media GIS contents rich in spatial information taken from MODIS imagery sharpened with
Google Earth super-resolution images and other GIS data. The inclusion of a link within
the media content map to access google map enables the user to check all available map
information at street level. The advantage of media GIS contents is the inclusion of the
latest conditions extracted from MODIS on a semi-real time basis. Production of Media GIS
needs maximisation of several standards, i.e., high aesthetic quality, geographic accuracy,
and production speed. In this research, Media GIS content on bushfires are introduced
to increase the awareness of bushfire information captured by satellite images for rural
communities. The production process involves the background of remote sensing, GIS,
digital mapping, computer graphics, and electronic media.
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When the bushfire media content provides valuable semi-real time map-based infor-
mation in a graphically attractive and geographically accurate manner, a response from
people in the affected area (PGIS) can be expected for fire mitigation efforts. Residents in
local communities interested in environmental disasters can be targeted as the primary
group of residents to participate in disaster mitigation efforts by exchanging local informa-
tion. The well-established electronic media platform in Australia will ensure the success of
media GIS content delivery and will assist in establishing local community participation.

Apart from some forest regions with no or poor internet connection, most populated
localities are connected by the Internet [45] in Australia. If landline communication is
disrupted in a critical bushfire disaster situation, WiFi technology can establish mobile
WiFi hotspots to maintain the network communication. In a crucial situation, people can
connect through WiFi hotspots and participate in PGIS to support bushfire mitigation
efforts. However, when bushfire content is disseminated through electronic social media,
the signal access capacity to mobile phones depends on the density of the local mobile
antenna network and the distribution of mobile blackspots. The distribution of mobile
blackspots could be one of the major obstacles for bushfire content delivery when people
need internet access in remote areas. Future research directions will comprise two paths:
improving the qualitative aspect of media content and applying the same methodology
to produce content for other natural disasters such as floods and droughts in Australia.
Adding a PGIS request into the bushfire GIS content and developing a mobile app will help
improve the qualitative aspect of bushfire media content. Establishing content user groups
and linking content with government disaster mitigation networks are other essential
actions to increase the use of semi-real-time media GIS content.
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