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Abstract: Geovisualization can convert spatial and nonspatial data into an accurate visualisation of flood
models, but the visualised output is less realistic. By contrast, multimedia can produce realistic
visualisations by applying aesthetic parameters, but their visualised outputs are not based on data and are
therefore inaccurate. This research successfully combined geovisualization and multimedia design
techniques to create an accurate and realistic visualisation in flood modelling. An experimental
methodology was used to transform flood data via the geovisualization technique, and then the captured
objects were mapped in 3D through photogrammetry by using drones. Both modelling techniques were
combined by overlapping the X, Y and Z coordinates. Multimedia techniques were used to remodel and
animate the captured images, design the interface, prepare the action script, and apply the aesthetic
parameters. The success of this study was measured via comparative evaluation, particularly by comparing
the model of this research and two other models adopted by previous studies. Results showed that 84.6% of
the respondents prefer our research modelling. Then, Cronbach alpha’s reliability test with SPSS was
performed for validity checking. Results further showed a significant reliability of 0.935. In terms of
theoretical contribution, the proposed modelling can produce flood model visualisations based on accurate
data whilst promoting aesthetics. In terms of practical contribution, decision makers can use the proposed
modelling when planning for flood mitigation.
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1. Introduction

Climate change has become the centre of attention, and it has
been discussed worldwide (Ruiz et al., 2020; Bevan et al., 2020).
Climate change may alter weather components, such as rainfall,
temperature, and seasons, in several geographic locations
(Escarcha et al., 2018; Ochoa et al., 2018). One of the obvious
impacts of climate change is flood disaster. Thus, the public
should fully understand such impacts to help them cope with
related issues (Bevan et al, 2020). In recent years, many
environmental organisations have conducted climate change
campaigns to enable the global community to learn more about
the topic and ensure that information is widely distributed by
various disaster information media (Venter, 1999).

Disaster information media have an essential role in
disaster mitigation, as they are used to deliver disaster
information to the public through information and
communication technologies (Cai et al., 2020; Lou et al., 2020;
Ragini et al,, 2018). Information is often delivered in three
modes: before the occurrence of a disaster (pre-event), during
a disaster (actual event) and after the occurrence of a disaster
(post-event) (Prajarto, 2008).

As an element of multimedia, animation (and its
aesthetics) is one of the most realistic means to deliver
information to the public (Guo et al., 2019; Fujimi & Fujimura,
2020). However, the modelling results of multimedia
animation cannot be created from spatial and nonspatial
data, and the delivered message is usually inaccurate (Ruiz et
al., 2020; Rautenbach et al, 2016). The other type of
information conveyance is geovisualization whose modelling
procedure uses spatial and nonspatial data, so the disaster
information is exceptionally accurate (Wei et al., 2020; Atta,
2020). Nonetheless, as a technique, geovisualization does not
have an aesthetic value, and the visuals are less attractive;
furthermore, as its modelling is highly technical, the public
cannot easily understand the information being conveyed
(Manovich, 2021, Rautenbach et al., 2016; Zhang et al., 2020).

The purpose of this study is to combine the two methods
of geovisualization and multimedia design to model disaster
information with high levels of accuracy whilst ensuring its
aesthetic value. To identify the appropriate aesthetic
elements in the modelling, the appropriate information is
analytically identified, and then aesthetic parameters are
applied to the 3D modelling process. In the combined
modelling technique, the overlapping of X, Y and Z
coordinates was considered. Moreover, a user acceptance
survey was conducted to measure the success of the aesthetic
3D geovisualization of the flood disaster information, thereby
proving the real-world application of the proposed modelling.

In this research multimedia design concepts have been
adopted in the storyboards to emphasise aesthetic elements,
such as lighting, colour, 2D and 3D field areas, time/motion,

and sound. Thus far, aesthetic principles have not been
applied to the concept-making of disaster information using
storyboards (Fujino et al., 2019; Tallboy, 2021). Accordingly,
this research offers theoretical and practical insights. From a
theoretical perspective, this research adopts the overlapping
of X, Y and Z coordinates to combine geovisualization and
multimedia design techniques, thereby producing aesthetic
data-driven spatial and nonspatial flood information. The XYZ
coordinate method involves placing two different modelling
objects on the same coordinate (i.e., XYZ position) to produce
a new modelling object (Figure 9). From a practical
perspective, this research offers a modelling process for
conveying information about the height and extent of flood.
Decision makers can use the proposed modelling approach to
develop urban plans and concepts or forecast future flooding.

2. Materials and methods

This section describes the data that was used in research and
the process of making modeling aesthetics 3D
geovisualization for flood disaster based on the XYZ
coordinate.

2.1. Materials

The data collected from the literature review were used as
basis for ensuring the novelty this research. Past several
studies have explored the process of transforming spatial and
nonspatial data into flood geovisualization information.
Zhang et al. (2020) adopted geographical information system
(GIS)-based flood geovisualization modelling and successfully
provided accurate information. However, their approach was
extremely technical, hindering the public from easily
understanding the resultantinformation. Banerski et al. (2020)
used the multimedia technique and tested 3D animation to
visualise potential flood disaster scenarios. Their resultant
model was aesthetic, allowing the public to understand the
provided information, but the output was inaccurate because
spatial and nonspatial data were ignored.

If flood modelling only relies on geovisualization, then the
resultant information will be accurate but non-aesthetic. By
contrast, if flood modelling only relies on 3D animation, then
the resultant information will be aesthetic but inaccurate. In
this study, geovisualization and multimedia design
techniques were combined. 3D animation as a component of
multimedia allowed for the development of a modelling
approach based on the overlapped XYZ coordinate to convey
information that is both accurate and aesthetic.

2.1.1. Flood disaster due to climate change

Climate change has become a widespread concern because of
the threat it brings to humans and natural ecosystems
(Achakulwisut et al,, 2018; Kim & Hall, 2019). As a type of
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educational information system, the climate change
awareness system can help to raise the awareness of
communities about climate change adaptation and
mitigation, further allowing them to make the right decision
and adopt a sustainable lifestyle (UNESCO, 2020). Flooding is
one of the known impacts of climate change (Escarcha et al.,
2018; Kerns et al., 2018). Disaster information media can help
to provide flood information to the public, enabling them to
understand and acquire knowledge about flood disasters (Jun
& Lihong, 2017).

2.1.2. Currently used disaster information media

Disaster information media are one of the critical sources of
information that needs to be delivered before the occurrence
of a disaster; as a tool, they also help to build relationships
between disaster managers and the community, and they are
particularly utilised because affected communities cannot be
taught about the disaster whilst it is occurring (Fang et al.,
2019; Fujimi & Fujimura, 2020). In panic situations, people may
find it difficult to receive information, and they will not likely
have the time to watch the television, read newspapers or
even look for information on their mobile devices (Fang et al.,
2019; Kittipongvises et al., 2020). Media has the power to
influence public opinion, both nationally and globally,
because the information they deliver has a wide reach (Brien
etal., 2018; Zhou et al., 2018). Disaster information media can
be divided into two types: printed media (mainstream
newspapers, regional and local newspapers, knock-and-drop
newspapers, magazines, and journals) and electronic media
(mainstream radio, regional radio, mainstream television,
niche television and the Internet) (Venter, 1999).

In terms of the stage of delivery, media engagement can be
divided into three categories. The first category represents the
delivery of information before the occurrence of a disaster
(pre-event). At this stage, the role of the media is to convey
information about the importance of disaster risk reduction,
focusing on awareness and making the right decisions to
avoid future disasters. The second category represents the
delivery of information during a disaster (actual event). At this
stage, the media must provide information on early warning
and emergency operations and broadcast mitigation
information through multimedia services. The third category
represents the delivery of information after the disaster has
occurred (post-event). At this stage, the essential task of the
media is to integrate disaster risk reduction information into
rehabilitation and reconstruction information to further
reduce risk (Cheng et al., 2019; Hadimlioglu et al., 2020).

Today’s most widely used disaster information media are
electronic media, particularly social media on the Internet,
such as YouTube, WhatsApp, Facebook, Twitter, etc. The
information conveyed at the time of disaster (event) typically

focuses on response mechanisms, hence the reports about
ongoing events (Cheng et al, 2019; Fang et al, 2019).
Interestingly, any information shared after a disaster would
not reduce the number of casualties. Information shared by
the media before a disaster is much more useful, as it provides
details on how to reduce deaths and material losses. On this
basis, electronic media can be used to share flood
visualisations even before the occurrence of a disaster (pre-
event), in which visualised information can be acquired via
disaster simulations (Rezaldi et al., 2020).

2.1.3. Geovisualization for flood modelling

3D geovisualization modelling relies on the 3D visualisation of
the earth’s surface; it uses spatial and nonspatial data, which
eventually can be enhanced aesthetically (Atta, 2020;
Kittipongvises et al., 2020). Geovisualization is widely used to
describe flood events, and it supports discussions and
collaborative  thinking about flood risk management
(Matthews, 2017). 3D geovisualizations of flood models can
only be created using spatial and nonspatial data (Schaller et
al., 2020). Spatial data include geographic coordinates,
latitude/longitude or XYZ (Cartesian) square coordinates,
digital evaluation modelling (DEM) points, image data, maps,
altitude, and a projection of the earth’s dimension (Meng et al.,
2019). Nonspatial data comprise the attributes of a location,
including annual rainfall, water level, vegetation, population,
area, zip code, etc,, for revealing the conditions of the area
(Evangelidis et al., 2018; Kumar et al., 2019).

GIS data are often used to create 3D geovisualization
models of flood disasters, and the output information can be
conveyed in different media platforms (Zhang et al., 2020). As
3D modelling produces interactive and accurate information,
it is more preferred than 1D and 2D modelling, especially for
the risk management of floods or other disasters (Archterior,
2020; Hadimlioglu et al., 2020). Examples of software that can
geovisualize flood models are ArcGIS, FME, HEC-HMS, HEC-
RAS, ANUGA, XP-SWMM and  Google SketchUp (Khaghan &
Mojaradi, 2016; Lyu et al., 2018). By using these software, highly
technical spatial and nonspatial data can be transformed into
useful disaster information, usually in visual formats, for the
easy viewing of the public. Regarding flood disasters, the
process of transforming spatial and nonspatial data into 3D
geovisualizations starts from collecting the required data,
then creating a map of flood locations in 2D using ArcGIS and
finally importing the map file in Google SketchUp (i.e., a
requirement of 3D modelling). The details are shown in Figure
1. The final modelling results from the 3D geovisualization can
be saved as images (e.g., PNG, JPG, TIFF, etc.) or video clips
(e.g., QTFF, AVI, etc.). Figure 2 shows some examples of 3D
geovisualizations generated by previous scholars.
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Regional modeling flood (3D),
with Google Sketchup

L

|
Data Map creation flood (2D)
v : With 1S, FME, HEC-
( \Spali & Norrapebl) kHElcm(s; ANUGA. XP-SWHMM

Figure 1. 3D geovisualization process (Source: Amirebrahimi et al. (2016) and Yi et al. (2018)).

Figure 2. Example of 3D geovisualization
(Source: Amirebrahimi et al. (2016),
Adda et al. (2010), Bogetti (2012),
ESRI (2021), Diya et al. (2017) and Mufasu (2021).

2.1.4. Building multimedia modelling for floodinformation
media

Multimedia applications have been widely used in the
simulation and information delivery of natural disasters. They
are considered an effective information and education
delivery technique because information can be shared and
received (i.e., through hearing and sight, and even sense of
touch) in a simultaneous and realistic manner (Pushpalatha &
Ananthanarayana, 2017).

Multimedia design is the art of combining various media
elements using computers. Creativity and technical skills are
needed to integrate two or more media elements, such as
images and graphics, audio, video, animation, text, numerical
data, and illustrations (Zhao & Zhao, 2019). Multimedia
modelling is the process of aligning various media types and
systems, and it is considered an essential technology for
information processing, providing a framework for creating
next-generation human-centred information systems (Li et al.,
2014). The three techniques of multimedia modelling are the
2D, 3D and interactive approaches (Yi et al., 2018). Meanwhile,
multimedia can be divided into two types. The first type is
linear multimedia, which do not require navigation controls.
Users of linear multimedia are passive recipients because they
only accept the content presented to them. The second type
is nonlinear multimedia, which are accompanied by naviga-

gation controls. Users of nonlinear multimedia can select a
range of desired contents, indicating a two-way
communication between the presented content and the users
(Khillar, 2021; Palilonis et al., 2013).

The type of multimedia selected in this study was the
nonlinear multimedia. The navigation control of nonlinear
multimedia enables users to select the desired content, hence
the two-way communication. As for the multimedia products
related to flood disasters, education and training products
used for educational purposes were selected in this study. The
necessary information are the height and distribution of flood
areas within the research site, as obtained from databases of
past flood events. Information can be conveyed through
sound, animation and interaction, and appropriate
multimedia products can be created by exploring various
behavioural design ideas at the beginning of the design
process. Behavioural design ideas can be expressed through
storyboards in the form of sketches and computer-generated
images. Sketches allow designers to explore and
communicate ideas more quickly (Fujino et al., 2019; Neo &
Neo, 2013). In graphic illustration, concept-making through
storyboards is a planning process involving the creation of
blueprints for a final output. Storyboards display several
illustrations or images in sequence. After images or
illustrations have been selected, a script for narration can be
added, and then background sound or sound effects can be
included (Fujino et al., 2019; Tallboy, 2021). Here, the
analysis, design, development, implementation, and
evaluation (ADDIE) model (Carroll, 1999; Fedorov, 2015) of
instructional design was used as basis for developing a
framework, from prescriptive design to
manufacturing/construction.

2.1.5. Role of aesthetics of disaster information media in
flood modelling

Nowadays, 3D geovisualization for flood disaster is being
performed without applying aesthetics. However, good
visualisation cannot be separated from design quality and
visual aesthetics, and visual design also implies aesthetic
preferences (Guo et al,, 2019; Huang et al., 2020; Manovich,
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2021). Therefore, aesthetic elements should be considered in
the creation of 3D geovisualizations for flood modelling to
make thevisual outputs attractive, consequently giving a deep
impression to users (Cruz, 2021; Xu et al., 2018).

Practitioners conduct aesthetic analysis to decide whether
a design medium should be continued or terminated. If users
view the design as unattractive, they will not likely use the
medium (Shelley, 2009). Aesthetics comes from the Greek
words ‘aisthanomai,” which means ‘I saw’, indicating sensory
perception. The most common meaning of aesthetics is
beauty. By referring to design principles and techniques
combined with media studies, adopting aesthetic elements
means creating attractive information and experiencing
beauty through media (Kronig, 2018; Manovich, 2021). The
study of aesthetics relies heavily on sensing and feeling,
empathy and intuition (Eidinow & Ramirez, 2016). Adopting
more aesthetic concepts means media information can be
more easily understood and recalled by users (Lamarque &
Walter, 2019).

Applying the aesthetic concept in media involves the
process of adding several elements, such as light, colour, 2D
and 3D field areas, time/motion, and sound (Fedorov, 2015;
Matthews, 2021; Zettl, 2010). Light is a key element of visual
perception, directing users to view space and time in a certain
manner, further influencing their emotions. Colour represents
visible light in spectral waves; that is, eyes receive a specific
wavelength of light. As a design element, colour is crucial in
manipulating aesthetic preferences in visual arts. The 2D field
area is a screen area used as a frame for presenting the
media’s view. It helps to control space via the aspect ratio of
screen width to screen height. The 3D field area is a projection
of a 3D world onto a 2D surface. It represents the depth and
volume of a visualisation. Common examples of media
outputs depicting a 3D field area are videos and films,
computer displays, paintings and photography. Time/motion
is a measure of time of visual work, and it is commonly
depicted as duration, change, causality, repetitive
phenomena, cycles, rhythm, and movement. When conveying
disaster information through audio-visual media, sound and
image are two elements that cannot be separated and must
be treated as a single harmonious unit.

Natural disasters do not always have to be visualised as a
scary incident in multimedia. Hayao Miyazaki, an animation
director from Japan, created ‘Ponyo on the Cliff' to visualise
tsunami as a sinister and destructive force whilst ensuring
aesthetics and sensitivity. In Miyazaki’s opinion, describing
natural disasters as an evil elementis unnecessary (Cruz, 2021).
Noel Carroll, a contemporary art philosopher from the US,
presented natural disasters in subtle and beautiful forms whilst
presenting their destructive nature (Carroll, 1999). Although the
works have good aesthetic value, they are not based on real
events (i.e., spatial and nonspatial data are ignored); hence, the

visualisations have no accuracy value (Guo et al., 2019). On this
basis, this research focuses on the visualisation of flood
disasters. Accuracy is ensured by considering spatial and
nonspatial data, but aesthetics is also ensured by combining
3D and multimedia geovisualization techniques.

2.2. Methods

The proposed methodology can be generally described as
data processing and 3D geovisualization. Starting from the X-
axis (i.e., data points), we further process it using multimedia
tools to determine the overlap of X, Y and Z coordinates. Then,
we explore a creative design strategy that integrates the
aesthetic value and the hierarchical navigation structure. The
following subsections describe the method of aesthetic 3D
geovisualization to deliver flood disaster information.

2.2.1. Geovisualization

Firstly, the spatial and nonspatial data of past flood events of
the research site were collected. For the nonspatial data, we
used water level, river elevation, simulation comparisons and
error rates during floods, high rainfall, water overflow and
maximum flood height. The data were inputted on Fortran, a
software for processing the numerical data of maximum flood
height (Figure 3). Then, the data points shown in Figure 3 were
geovisualized in 2D by using ArcMap tools (Figure 4).
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Figure 3. Transformation of nonspatial data
(Source: Apip et al., 2019).

Figure 4. 2D modelling in ArcMap.
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Then, the spatial data of a flood location, including maps, Google
Earth screenshots and DEM (Figure 5), were processed using
ArcScene tools for 3D geovisualization. Figure 6 shows the 3D
modelling result. This layer would comprise the bottom part
of the 3D flood model in this research.

(a) Map of (b) Google (c) D
Jambi City Earth Screenshot EM

Figure 5. Spatial data used in the modelling.

Figure 6. 3D modelling result in ArcScene.

The top layer was created by incorporating buildings and
the surrounding environment. Drone-captured aerial
photographs were processed using Agisoft PhotoScan in the
creation of the model’s top layer.

Photogrammetry (e.g., using drones to capture aerial
photographs) can be used to accurately map flood locations.
Here, only a part of the area of the map was captured (Figure
5). The corresponding coordinate points of the photographs
shown in figure are listed in Table 1.

Two drones, namely, DJI Mavic 2 Pro-Type and DJI
Phantom 4 Pro Obsidian, were used to capture the mapping

area. DJI Mavic 2 was used to take aerial photographs, whilst
DJI Phantom 4 was used to take an aerial video. Both drones
were flown in autopilot setting by using the PIX4D Capture
software (Pix4D Training, 2021). The drone shots consisted of
hundreds of photographs at 1:1 scale, and all of them needed
to have the correct coordinate instrumentation. Figure 7
shows some of the successfully generated aerial photographs.

) |

Figure 7. Aerial photographs captured by the drone.

The next step was to build an orthomosaic 3D model by
using the 261 photographs captured by the drone. The
photograph resolution was 600 pixels/inch, and the pixel
dimensions were 5472 x 3648 pixels. The selected photograph
resolution and sizes were essential in ensuring the quality of
the final modelling result. The higher the resolution, the better
the image quality (Firoz et al., 2018). The Agisoft PhotoScan
professional software (Agisoft, 2018) was wused for
photogrammetry prior to 3D modelling. This full modelling
process is shown in Figure 8.

Figure 8. Result of orthomosaic building
process in Agisoft PhotoScan.

Table 1. Flood location coordinates.

No Coordinate Xvalue Yvalue Zone Latitude Longitude Range
1 Coordinate 1 345532 9824710 48 M -1.5873390° 103.615627° 1149 m
2 Coordinate 2 346292 9824717 48 M -1.5873390° 103.615627° 1149 m
3 Coordinate 3 346289 9824190 48 M -1.5873390° 103.615627° 1149 m
4 Coordinate 4 345543 9824190 48 M -1.5873390° 103.615627° 1149 m
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2.2.2. Setting the X-axis

The step of setting the X-axis is important in equalising the
position of the coordinates between two geovisualised objects
(i.e.,, the outputs of the previous stage). The 3D model from
ArcScene and the orthomosaic output of Agisoft PhotoScan are
shown in Figures 6 and 8, respectively. The process of setting
the X-axis was performed using Cinema 4D tools.

2.2.3. Multimedia process

The objective of this stage was to perfect the modelling and
orthomosaic stage whose results had been less than optimal
even though the size and shape of the images follow the original
coordinates. Several objects considered to be less than optimal
were remodelled without changing their volume, size, shape, or
coordinates. This stage was performed using the Blender
software. The results of this process are shown in Table 2.

3D Photogrammetry
(With medium resolution)

3D Remodelling
(Based on 3D
photogrammetry)

Table 2. Comparative images before and after
the 3D photogrammetry remodelling.

2.2.4. Overlapped XYZ coordinate

Identifying the overlap of the X, Y and Z coordinates is the
theoretical  contribution  of  this research. Here,
geovisualization and multimedia design techniques were
merged into a single process to determine the overlapping
position of a certain image on the same coordinates (i.e., the
overlapped XYZ coordinate). A preview of the overlapping
technique is shown in Figure 9.

Figure 9. 3D modelling by combining DEM and
photogrammetry into a single unit (Theoretical contribution).

The combination process of the 3D modelling based on
DEM (Figure 9) was continued by adding flood animation. On
this basis, the practical contribution of this research is the
integration of the height information of flood (Figure 10) and
its animation.

Figure 10 shows the core step of adopting the flood height
and flood distribution area from the DEM results. In
determining the flood height, a straight line was drawn from
the lowest pointin the field to the highest point of the building
located at the lowest end area. This approach implies that
flood height would differ in each area because of the uneven
ground contours. Ruler tools in Google Earth were used to
determine the height of the building. After the size of the
building was obtained, a scale comparison with the building
was performed to obtain each flood height (in metres).

Surtace (feer warer

4
s
4

Figure 10. Integrating the height of flood based on data. (Practical contribution).
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The final 3D geovisualized flood model can also be used to
show the flood height (i.e., its side view) and the flood
distribution area (i.e., top view), as shown in Figure 11.

Before flood happened 4 M height flood has happened

Figure 11. Rendered top view of 3D geovisualization
in the flood modelling.

2.2.5. Creative design strategy

This stage about creative design strategy represents the
content conceptualisation and the design of each page
display (Palilonis et al., 2013). Here, the ADDIE model was used
to specify the initial data and the generated ideas. As
previously mentioned, ADDIE refers to analysis, design,
development, implementation, and evaluation (Carroll,1999;
Fedorov, 2015).

e  Analysis: The target audiences/users (specifically,
community members living within the flood disaster site aged
between 17-35 years) were determined. According to the
literature (Matthews & Thorsen, 2020; Rachmad, 2017),
audiences aged 17-35 years are mentally and physically fit and
have a good memory, and they can easily understand and
recall the information presented to them. Besides, people at
this age not only can save themselves during a flood but also
the others around them (Rachmad, 2017). From a behavioural
aspect, audiences aged 17-35 years are the ones who often
search information through the Internet. In this research, the
dissemination period of the media information was six months.

e  Design: The design aspect in this research included
cognitive, psychomotor, and affective elements. Cognitive
orientation implies that audiences can understand, recall, and
apply the information given to them. On this basis, the design
concept centred on icon creation (lllustration 1). The
psychomotor aspect implies that members of the community
can be forged with skills and abilities to save themselves and
others during a flood. On this basis, the design concept
centred on pictogram creation (Illustration 2). The affective
aspect is associated to users’ behaviours, attitudes, and
emotions in relation to responding to situations and caring for
the environment. On this basis, the design concept centred on
symbol creation (Illustration 3).

e  Development: The development stage of the
production process is related to the conceptualisation stage of
the design process. Development consists of three phases: the
pre-authoring phase, which includes preparing, designing,
making decisions and executing the media elements; the
authoring phase, which includes transforming the analogue
designs into digital designs using a software to create features
and interactive links and integrating media elements into the
page design; and the post-authoring phase, which includes
finalising the design for application and distribution and
identifying the metrics to be used for evaluation and validation.

e  Implementation: Before distributing the application
to audiences/users, the modelling tool must be evaluated by
respondents with competencies in visual communication
design. YouTube and Google, which can be accessed using
smartphones or computers/laptops, were used in this stage.

e  Fvaluation: In this research, the results were initially
evaluated via a pilot survey to ensure that all procedures had
been correctly implemented. The aim of evaluation was to
further improve the outputs and processes of the proposed
modelling. Afterimprovement, the output was shown again to
the respondents, and a questionnaire was used as an
evaluation instrument to obtain their feedback. The last step
ofthe evaluation was to measure the success rate and validate
the enhanced modelling via Cronbach’s alpha reliability test.

The storyboard approach allows for the creative concepts
to be delivered as an interactive media content and the visual
concepts to be applied as a 3D model (Tallboy, 2021). The
storyboard developed in this research contained a detailed
explanation of each image and the aesthetic elements
corresponding to each image. Different aesthetic elements,
such as lighting, colour, 2D and 3D field areas, time/motion,
and sound, were considered in the modelling process. To the
best of our knowledge, using storyboards and integrating
aesthetic elements are a novel approach in presenting
disaster information. Figure 12 shows an example of the
storyboard developed in this research.

Anicon is a sign for visually presenting a reference source
(Chi et al., 2019). Several icons were used, including the
buttons for URLs linked to flood modelling pages. Then,
cognitive design was applied to allow the users to familiarise
themselves with the concept, hence making it easier for them
tounderstand, recall and apply the presented materials (Wertz
& Moya, 2019). The icon design used in this research was like
many URL link designs, and only a visual object of the clapper
building, and the picture of the flood height were added.
Through the icon, the flood height can be manipulated from 1
to 4 meters, as shown in Illustration 1.
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Figure 12. Storyboard used for the modelling design.

Icon implementation

Meaning of the visual
The location of a flood with | The location of a flood with
a height of 1 M, a heightof 4 M,
around Gentala Arasy around Gentala Arasy

lllustration 1. Sample icons used in the modelling.

Pictogramis a graphic symbol representing anidea (i.e., an
ideogram) to convey its meaning through images, mimicking
the physical state of the actual object (Rosa, 2015). The
pictogram design in this research was selected in accordance
with the Gentala Arasy Tower, a symbol of Jambi, Indonesia. A
pictogram design reflects the psychomotor design concept,
and users can respond appropriately based on the
information provided to them (Hoque, 2017). Here, the design
goal was to create a community around the Gentala Arasy
Tower, and residents need to save themselves and help others
during a flood. Examples of pictograms used in the modelling
are shown in Illustration 2.

Pictogram implementation

‘:@n m
i i
=53 =
Meaning of the visual

Flood a round Gentala Flood a round Gentala
Arasy, with a height of 1 M Arasy, with a height of 4 M

lllustration 2. Sample pictograms used in the modelling.

Symbol is a sign with a specific visual meaning (Fedorov,
2015). The symbol used in the modelling is shown in
lllustration 3. The design was created based on the concept of
an alert or warning being sent to audiences. This design
approach is an affective idea (Hoque, 2017), as the modelling
was also aimed at influencing the behaviour, attitudes and
emotions of audiences, particularly those who live near flood-
prone locations.

/\>

Symbol implementation

Meaning of the visual

The square shape Theareais Flood hazard
and color of susceptible to warning for
yellow are a floods disaster Jambi City,

symbol of marked on the precisely around
caution map, namely the Gentala Arasy
Jambi City area

lllustration 3. Symbols used in the modelling.

2.2.6. Implementation of aesthetic value

The visual attractiveness of a medium is influenced by its
applied aesthetic value (Huang et al.,, 2020). Currently, the
application of aesthetics in modelling is based on functions,
but planning the concept is often ignored. In this study,
aesthetics values were applied based on a clear planning
concept. Aesthetic elements (i.e., lighting, colour, 2D and 3D
field areas, time/motion, and sound) were applied at the
production stage using a multimedia software. Aesthetic
elements were also applied to 3D animated objects and basic
images using Blender and Adobe Photoshop, respectively.
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For the 3D animation, the aesthetic elements were utilised
as follows:

e  [ight: This element serves to direct space and time
and influences the audiences’ emotions. The lighting types
used in this research were meant to deliberately control light
and shadow. In this manner, audiences could easily
understand what objects needed to be viewed. The objects’
placing and texture could also affect the users’ feelings during
viewing,.

e  Colour: The primary attributes considered in this
study were hue and saturation. The brightness of colours was
adjusted accordingly to ensure that the objects would appear
like the original material. The colour settings applied in the
modelling process served as another form of information to
reinforce the shape of each created object.

e 2D field area: This element refers to the screen’s
scope, forming the image’s frame based on its width and
height. The 2D field area used in the modelling entailed a
magnetic frame for the display. Standard high-resolution
images (1920 x 1080 pixels) could be viewed on a computer
screen or monitor.

e  3Dfield area: The 3D plane area in the modelling was
based on the Z-axis of an image, and then the X, Y and Z
coordinates were overlapped to frame the image and
establish its lens depth characteristics. In camera view, this
method could give a sense of 3D depth.

e  Time/Motion: This element allowed for animation to
be utilised in the modelling. Blender was used as the
animation software, and the time aspects, such as the
animation motion per frame and the camera motion per
frame, were executed. The number of frames would affect the
animation duration.

e  Sound: The Jambi regional song entitled ‘Rang Kayo
Hitam’ was played in acoustic (guitar version without the
singer’s voice). The sound was processed using the CoolPro
editing software. Sound was also used to define the function
or orientation of the animation and geographic matching (e.g.,
a certain music was played for geographic area).

As for the image processing, the aesthetic elements were
utilised as follows:

e [ight: For the main page design requiring an
interactive visualisation media, a type of lighting and the corre-

corresponding function were used to deliberately control the
light and shadow. In this manner, users could easily recognise
the objects. The background was applied with a certain
texture.

e  (olour: The primary colour used to design the page
display was blue with hue, saturation, and brightness settings
(i.e., gradation from light blue to dark blue), as the
psychological meaning of blue is calmness. Meanwhile, yellow
was used to depict a psychological sense of carefulness and
alertness. In other words, colour was used to manipulate the
psychological meaning of the images, i.e., being cautious and
careful and staying calm in the face of a disaster.

e 2D plane: The screen or frame of the 2D plane served
as the magnet of the frame, constraining the image space, and
focusing on the centre point as the visual centre. The frame
size was adjusted to fit the best-resolution requirement of a
computer monitor screen, which is 1920 pixels (length) x 1080
pixels (width).

e  3Dfield area: 2D surfaces were presented with depth
and volume so that they would look like 3D images. The 3D
field area technique was used to visualise the depth of each
object, particularly by using effects such as drop shadows and
inner shadows in Adobe Photoshop.

2.2.7. Hierarchical navigation structure

The hierarchical navigation structure, also known as the linear
structure, is an interactive display technique for presenting
flood models (Binanto, 2013). In this system, the homepage is
positioned at the top part, followed by several category pages
below it that are broken down into different sub-category
pages. A back-link to the homepage also appears on each
page. With this type of interaction, users can explore the virtual
space’s appearance freely.

After creating the navigation structure followed by the
interaction production, design elements (video, sound, icons,
symbols, buttons, and graphics) were integrated. All these
items could be organised into a single-page design view and
assigned an action script for each control. In this manner, the
different pages could be linked to each other via the
navigation structure. This process was implemented in Adobe
Flash Professional. Some examples of the action scripts are
shown in Diagram 1.

Button Action Script
Enter on (press) {loadMovie("simulation_area.swf",0);}
1m height level of flood  on (press) {loadMovie("1 meter.swi",0);}
Main page on (press) {loadMovie("depan.swi”™,0);}
Simulation area on (press) {loadMovie("simulation_area.swf",0);}
Exit on (release) {fscommand ("quit",true);}

Diagram 1. Example of action script used in the modelling.
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After completing the action script, the flood modelling of
Jambi City would be ready for use. The result of the modelling
is an executable (*.exe) file application. The overall visual
appearance is shown in Figure 13.

Figure 13. Final visual design of the aesthetic 3D
geovisualization for flood disasters based
on the XYZ coordinate.

3. Results and discussion

After completing the aesthetic 3D geovisualization of the flood
disaster model and before distributing the application to
audiences, the modelling application must be fully and
completely executable. In other words, no errors should
appear one the application is distributed to users. Therefore,
evaluation and validation should be conducted.

3.1. Evaluation
The evaluation was implemented in two phases: (1) pilot
survey questionnaire and (2) actual questionnaire instrument.

3.1.1. Pilot survey questionnaire
The questionnaires were distributed to 100 students majoring
in visual communication design from several universities in
Bandung, Indonesia. The sampling technique was in
accordance with nonprobability sampling (Anson et al., 2017)
combined with purposive sampling (Poudel, 2016). The
respondents were gathered in a classroom in their respective
universities, and they were instructed to watch flood
modelling techniques and answer the questions displayed on
their computer monitors. The three flood modelling
techniques are shown in Tables 3(a) to (c). The first technique
refers to the aesthetic 3D geovisualization proposed in this
study, whereas the two remaining techniques represent those
from previous studies. The respondents were asked to answer
fifteen questions. The aesthetic parameters measured were
lighting, colour, 2D field area, 3D field area, time direction,
‘most preferred’ elements, sound effects and soundtrack. The
questionnaire results were then used as inputs to further
improve the modelling process.

According to the pilot survey results, lighting was the most
prominent element of the aesthetic 3D geovisualization.
Colour helped to distinguish the images and animation

outputs. For the images, building 3D geovisualization (Table
3(c)) outperformed the two other modelling techniques in
terms of colour contrast. For the animation, the aesthetic 3D
geovisualization (Table 3(a)) outperformed the other two
techniques in terms of colour contrast. For the 2D field area
elements, the map 3D geovisualization (Table 3(b)) attained a
better-balanced composition compared with the two other
techniques. However, the design was most balanced in the
aesthetic 3D geovisualization (Table 3(a)).

For the 3D field area elements, the images and animation
in the aesthetic 3D geovisualization (Table 3(a)) were the most
realistic than those of the two other techniques, and they were
even like the original objects, which is the surrounding
building that is in the actual environment, not an engineered
building model. For the time direction, the aesthetic 3D
geovisualization (Table 3(a)) was the most capable of
displaying information about the time of the flood event (pre-
, actual, or post-event). Most of the respondents selected the
visual images and animation of the aesthetic 3D
geovisualization (Table 3(a)) and even recommended them for
use and development in future research. Aimed at highlighting
the aesthetics, we added rippling water sound effects
accompanied by a traditional music soundtrack to offer a
better geographical impression of the area. The pilot survey
recommendations were considered in perfecting the
prototype of the aesthetic 3D geovisualization (Table 3(a)),
and then the technique was re-evaluated using the actual
instrument questionnaire.

3.1.2. Actual questionnaire instrument

The actual questionnaire consisted of 20 questions. As an
improvement of the pilot survey questionnaire, the actual
questionnaire instrument was used as an essential measuring
tool. For fairness in comparison, we used the same disaster
information media and the three modelling techniques (i.e.,
Tables 3(a) to (c)) to depict the improvements of the prototype
in relation to the pilot survey results.

Table 3. Comparative modelling.

a) Aesthetics b)Map ¢)Building

3D 3D 3D
Geovisualization

Geovisualization Geovisualization

The questionnaire, which was constructed using Google
Forms, was distributed through e-mail and WhatsApp to 100
respondents who are experts in visual communication design.
The aesthetic elements used in this actual survey were the
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same as those in the pilot survey (e.g., lighting, colour, 2D field
area, 3D field area, time direction, ‘most preferred’ elements,
sound effects and soundtrack. However, at this stage,
measuring elements were added, such as the ‘most liked” and

100

the ‘most recommended’ elements. The sampling technique
was the nonprobability sampling method (Anson et al., 2017)
combined with purposive sampling (Poudel, 2016). The actual
questionnaire results are shown in Figures 14 to 17.
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Figure 14. Questionnaire results for imaging.
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Figure 15. Questionnaire results for animation.
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Figure 17. Questionnaire answer for the soundtrack.

According to Figure 14, the aesthetic 3D geovisualization
(Table 3(a)) outperforms the other two techniques in terms of
lighting, as this element allows the shapes and textures of
objects to be highly visible. In terms of colour, building 3D
geovisualization (Table 3(c)) offers the best contrast. In terms
of 2D field area elements, the composition of map 3D
geovisualization (Table 3(b) was the most balanced. In terms
of 3D field area elements, aesthetic 3D geovisualization (Table
3(a)) was the most realistic. As for the time direction, aesthetic
3D geovisualization (Table 3(a)) was the most accurate in
terms of the time occurrence of floods. The ‘most liked’
elements were for aesthetic 3D geovisualization (Table 3(a))
given its integration of aesthetic principles.

According to Figure 15, lighting, colour, 2D field area, 3D
field area and time direction are the most liked and
recommended elements. Aesthetic 3D geovisualization (Table
3(a)) was the modelling technique most preferred by
respondents. This finding can be attributed to the highly
visible shapes and textures of objects. Aesthetic 3D
geovisualization (Table 3(a)) also attained the best contrasting
colours, balance composition and time direction, and its
images were the most realistic. The visual appeal of aesthetic
3D geovisualization (Table 3(a)) is the most recommended by
respondents given its integration of aesthetic principles.

Figure 16 indicates that using sound effects is appropriate
for animation because they clarify the atmosphere and
highlight the geographic location of flood occurrence. Here,
sounds of water ripples, rain and wind were utilised. Moreover,
Figure 17 indicates that using a soundtrack is appropriate for
animation. Here, the traditional music of the are affected by
flood was utilised, hence reflecting the geographical location
of the flood incident.

The results from the actual questionnaire (i.e., modelling
applied aesthetic values) can be described as follows. The
shape and the texture of visual objects appear clearer when
aesthetics principles are integrated, and they attracted the
deep interest of users and their better understanding. Visual
display should be centred on the screen, giving the impression

of a balanced composition. Lens depth and graphic depth also
allow aesthetic 3D geovisualization to present disaster
information in a more realistic manner.

The respondents’ answers also indicate that the use of
aesthetics enables the information to be conveyed more
effectively, especially when displaying visual cues for pre-,
actual, and post- flood events. Adding water ripples,
accompanied by traditional music, enhances the realistic
impression. Overall, the aesthetic 3D geovisualization of flood
disaster is the most preferred modelling technique and even
highly recommended by the respondents.

Different responses were found amongst images and
animation for the same measuring element, such as the 2D
field area element. All respondents liked the images in the
modelling; however, after seeing the animation, they changed
their minds and selected it as the better choice. Therefore,
images could not be compared with animation. For accurate
measurements, we recommend comparing between two
images or comparing between two animations.

The overall evaluation results showed that 84.6% of the
respondents agreed to the use of aesthetic parameters in
flood modelling because they convey more realistic disaster
information to users. The information conveyed include visual
cues that could be easily understood and accepted by users.
Aesthetic 3D geovisualization (Table 3(a) is highly
recommended for delivering information about flood events.

3.2. Validation

To validate the modelling, we performed Cronbach alpha’s
reliability test by using the SPSS software. Before evaluating
the modelling technique by using the actual questionnaire
instrument, we firstly validated the respondents’ answers from
the pilot survey to measure the questionnaires’ validity or
suitability to obtain data from respondents. For the validity
test, Pearson’s product-moment correlation was conducted
based on the principle of linking each question’s score to the
respondents’ answers (Isaac & Chikweru, 2018).

In the assessments, each question could be scored
different. For the techniques shown in Tables 3(a), (b), and (c),
the scores were 3,2 and 1, respectively.

The validation results for the questionnaire based on the
Cronbach’s alpha reliability test affirmed that the outputs are
trustworthy (Adeniran, 2019). For the reliability test, if the
Cronbach’s alpha value is >0.60, then the questionnaire is
dependable or consistent; if the Cronbach’s alpha value is
<0.60, then itis unreliable or inconsistent (Wiratna, 2014). The
questionnaires, which consisted of 15 questions, were
distributed to 100 respondents. The questionnaires were
calculated in SPSS. The summary of case processing,
reliability statistics and total-item statistics are shown in
Tables 4 and 5.
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Table 4. Case processing summary.

N %
Cases Valid 50 100,0
Excluded® 0 ,0
Total 50 100,0
Table 5. Reliability statistics.
Cronbach’s Alpha N of Items
,935 15

3.3. Discussion

Our findings present a new breakthrough in the field of
multimedia design. For instance, although many animators
can perform flood modelling with high aesthetic value, the
information they present are inaccurate because spatial and
nonspatial data are ignored. The overlapping XYZ coordinate
method used in this research can solve the gap. The
contributions of this research are further discussed in the
following subsections.

3.3.1. Findings

Several aesthetic parameters are being used in flood
modelling, and the approaches are even analysed. However,
the modelling techniques ignore the importance of a well-
planned concept, and the parameters are only used as
functions. The integration of 3D geovisualization and
multimedia design techniques through the overlapping XYZ
coordinate method allows for flood modelling to be based on
accurate data whilst ensuring the model’s aesthetic value.

Several creative strategies support the success of our
integrated modelling technique, including using storyboards,
adding aesthetic parameters, compiling initial ideas from
ADDIE modelling development and creating icon designs,
pictograms, symbols, and media delivery concepts.

The modelling was evaluated using a questionnaire that
then validated by Cronbach’s reliability alpha test whose
result was 0.935. This value showed a significant level of
reliability or consistency. Hence, the result of this
questionnaire is valid, and the aesthetic 3D geovisualization
modelling for flood disaster proposed in this study can be
implemented. The evaluation results showed that 84.6% of
the respondents prefer the aesthetic 3D geovisualization
modelling for conveying information about flood disasters.
The use of aesthetic parameters can ensure a more
communicative, realistic, easy-to-understand information
delivery about floods.

3.3.2. Research contribution
In the field of technology and multimedia, this research has
both theoretical and practical contributions. From a

theoretical perspective, the aesthetic 3D geovisualization of
flood disaster is a novel concept in the field of flood disaster
modelling. This study succeeded in combining 3D
geovisualization and multimedia design techniques to
produce visualisations based on spatial and nonspatial data
whilst promoting aesthetics values. The overlapping XYZ
coordinate method contributes to the modelling, especially
since spatial and nonspatial data are both utilised. In other
words, even if data-driven geovisualization is adopted,
aesthetics can still be applied when multimedia elements are
carefully conceptualised. Multimedia design through
storyboard creation is one of the notable contributions of this
study, particularly the addition of aesthetic elements, such as
lighting, colour, 2D and 3D field areas and time
direction/motion, in multimedia production.

As for the practical contributions, the overlapping XYZ
coordinate method can benefit geology and limnology
researchers who usually create flood modelling via
geovisualization techniques. This method is also helpful for
the animators in the multimedia field. Thus far, most
multimedia animators produce flood animations based solely
on estimation instead of data. Here, flood height data were
obtained through DEM, and flood animation was created
based on spatial and nonspatial data. This modelling
approach is highly recommended for delivering flood disaster
(i.e., pre-, actual, and post-event) information to people living
near flood areas. With the ability to determine the height and
distribution of flood areas, our prototype can be used as a
source of information by decision makers who are engaged in
mitigation planning and flood management.

4. Conclusion

When effectively combined, geovisualization and multimedia
design techniques contribute to the accurate and realistic
visualisation and enhanced conveyance of flood disaster
information. Flood models created using geovisualization and
multimedia design tools can help viewers to appreciate more
vividly what they see on monitors as the real thing. The
aesthetic 3D modelling technique proposed in this study,
which also entails validation and evaluation metrics, is more
effective than the modelling techniques reported in previous
studies. Moreover, realistic models help users to easily
understand and recall what they have viewed on monitors.
Our aesthetic 3D modelling adopts the overlapping XYZ
coordinate method, which may be regarded as a
geovisualization and multimedia design breakthrough.
Adding aesthetic elements, such as lighting, colour, 2D and 3D
field areas, time direction, sound effects and soundtracks,
enables the visualisation of flood disasters to be more
realistic, attractive, and interactive. A prototype of the
proposed modelling tool was successfully created in this
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study. Subsequently, the height and area of flood distribution
were realistically simulated. The aesthetic 3D geovisualization
modelling of flood disaster is an essential addition to the
advancement of geovisualization and multimedia design.
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