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ABSTRACT

With the effects of Climate Change leading to adverse repercussions such
as soil erosion, flooding and coastal displacement, at a macro scale, it is
evident that our living spaces must be made resilient. With the detrimental
effects of climate change not yet fully appreciated, there is an urgent
need to model, illustrate and communicate climate change impacts. People
living in vulnerable regions and coastal areas are at the ones at greater risk
of climate change, particularly exposed small island developing states and
coastal areas. The argument for this paper is for real-time mechanisms
to help understand climate ramifications to mitigate and adapt the built
environment. Advancements in Cross Reality (XR) technologies, such as
Virtual Reality (VR) and Augmented Reality (AR), have led to
promising multidisciplinary applications. With their unique interactive
propensities, these technologies can be powerful
aids at bridging the gap between actual and theoretical understanding of
impending climate impacts. Drawing on experimental
psychology and environmental research, this novel medium of
visualisation can be utilised to strengthen communication and provide
future resiliency. By leveraging the benefits of immersive technologies, this
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novel communication medium can transcend traditional language and
accessibility barriers. This paper investigates the development of XR media
as an innovative visualisation and effective communication instrument for
climate resilience.
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INTRODUCTION

Global warming has altered weather patterns with many countries
experiencing some form of extreme climatic event, including flooding,
mudslides, heatwaves and fire (Lindsey, 2021). There is an urgent need for
quick and effective means of providing a clear understanding of the future
consequences of the climate crisis (Ripple et al., 2021). With traditional
media not necessarily driving the desired climate urgency, there is a call for
innovations that provide idiosyncratic experiences on such effects. Cross
Reality (XR) technology has the ability of replicating such encounters due
to its immersive nature. XR is an umbrella terminology for immersive
technologies which predominantly include Mixed Reality (MR), Augmented
Reality (AR) and Virtual Reality (VR) (Flavián et al., 2019). Immersive
technologies, traditionally used in the games industry, have begun to be
adopted in other fields of work, for instance to visualise land ecosystems
(Ahn et al., 2016), marine environments (Fauville et al., 2020), psychology
(Roswell et al., 2020) and in medical sectors (Burkhardt et al., 2016; Won
et al., 2017). Consequently, this investigative study will explore the
possibilities of XR, as a visual instrument, to raise urgent awareness about
critical climate action.

CLIMATE CHANGE AND THE IMPORTANCE OF VISUALISATION

The impacts of Climate Change will have long lasting repercussions on our
living environment. Coastal areas are the most vulnerable, with these areas
accommodating some 600 million people. With about 10% of the world’s
population living at less than 10 metres above sea level (United Nations,
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2017) livelihoods will need to be adapted to new norms. Coastal cities and
small island developing nations, which depend on limited resources for
their livelihood and rely on tourism for their economy, will require constant
infrastructure review and maintenance (Betzold, 2015). Furthermore, by
2100, a large number of homes in developed countries will be at risk of
flooding and evaluated as being ‘uninsurable’ by the end of the century
(Ting et al., 2020).

To build resiliency and extend communication to all stakeholders, urban
experimentation is encouraged with greater contextualisation and
collaboration (Madsen & Hansen, 2019). There are not enough questions
being asked by the diverse stakeholders to challenge the current
management of city and coastal assets. Valuable data can also be obtained
when local know-how is tapped into and combined with scientific
information (Bai et al., 2018). Learning from past climate occurrences can
help prepare for future disasters and adapting such techniques with
modern technology can provide improved mitigative nature-based
solutions to climate issues. In spite of extensive research interest, there is
limited real-world application of such knowledge (Robinson, 2020). Support
in visualising to develop contextual action plans are therefore imperative
to safeguard these nations (Petzold & Megnan, 2019).

Traditional methods of communicating phenomena to a population in the
form of text and imagery (Lehtonen et al., 2019) are not always effective,
especially with issues of magnitude like climate change (Ahn & Bailenson,
2011). Following calls, by distinguished organisations such as the National
Aeronautics and Space Administration (NASA) and National Oceanic and
Atmospheric Administration (NOAA), to improve climate literacy, it is
argued for rapid information propagation with multiple media formats
(Cooper, 2011). Having first-hand experiences have shown to increase
awareness and to have more of an impact (Ahn & Bailenson, 2011). Visual
anchors are a crucial element to climate literacy as they allow emotions to
be evoked by creating a connection with Climate Change literature and its
depictions (DiFrancesco & Young, 2011). With 65% of people being visual
learners (Bradford, 2011) perception has a significant role to play.

One area which can benefit from comprehensive frameworks and tools to
help make sense of climate change information is city planning (Sheppard
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et al., 2011). As such, disruptive and automated technologies can help
map our infrastructure and develop real time urban modelling data to
accelerate knowledge sharing of climate change repercussions (Bai et al.,
2018). Integration of traditional know-how with advanced technologies can
yield substantial benefits, especially with issues related to climate
adaptability.

HIGHLIGHTS OF XR TECHNOLOGY

New immersive technologies have the potential of improving accessibility
and reach of research information. XR technologies can better assist
collaborators in their decision making: envisioning risks by visually
stimulating natural calamities via computer-generated modelling
(Vamvakeridou-Lyroudia et al., 2020). The research work by Vamvakeridou-
Lyroudia et al. (2020) forecasted the erosion rate of beaches worldwide
until the year 2100 and this modelling technique showed the potential
dangers of future erosion and highlighted vulnerable areas. Similarly,
three-dimensional time-based visualisations, with the assistance of
Geographic Information System (GIS) (Seenu et al., 2019) and based on
historical data, have been utilised to simulate flood risks under a number
of scenarios. The study by Seenu et al (2019) used the city of Hyderabad,
in India, as a flood simulation location. Thirty years’ worth of rain data
was replicated using a Storm Water Management Model (SWMM) and a
four-dimensional geographic information system (4D GIS). When cross-
examined with a flooding event which occurred in 2009, the modelling
produced the same outcome, which demonstrated its efficacy. This method
of mapping can also be useful especially where tourism is of economic
importance (Chen et al., 2018). Immersive three-dimensional virtual
environments have shown to have a better influence on users (Fauville
et al., 2020) and immersive XR technologies can also offer a safer
environment to learn of a site’s challenges (Elghaish et al., 2020). To
enhance user retention and improve awareness, inclusion of virtual
interactions has proved to be advantageous (Markowitz et al., 2018) and
along with the synthesis of Building Information Modelling (BIM), digital
collaboration can be reinforced (Elghaish et al., 2020). Additionally, virtual
environmental mimicry has allowed for better public participation by
making complex infrastructural projects more approachable to the masses
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and has shown to provide sustainable outcomes (Stauskis, 2014). A
summary of the studies discussed can be found in Table 1.

XR devices have been used in other fields of work which can provide a
glimpse of their adaptability for climate action. The novel MR platform,
Microsoft Mesh, which makes use of a head mounted display (HMD), allows
individuals regardless of their geographical location to meet and
collaborate via ‘holoportation’, a state of virtual holographic representation
interacting with the same three-dimensional model (Langston, 2021).
OceanX, a non-profit organisation, has been using the Hololens MR
headset to help create awareness of ocean decay from the comfort of their
offices (Langston, 2021). This new storytelling medium can thus provide
immersive experiences without physically being on a hazardous site.

VR, a technology providing complete virtual immersion by means of a
headset and controllers, has several advantages over other digital
technologies. It possesses enhanced interactive attributes with its diverse
built-in sensorial technologies (Fauville et al., 2020) and VR also allows for
a technological dyad embodiment which enables the user to be physically
part of a hybrid virtual setting (Flavián et al., 2019). As such, VR can help
in fields which are highly technical and bring them to an understandable
visual form. This makes it accessible to the general populace and has
the benefit of providing experiences regardless of a user’s geo location
(Fauville et al., 2021). Additionally, VR can be used to increase empathy
(Herrera et al., 2018; Roswell et al., 2020) which can subsequently give rise
to positive behavioural changes (Nelson et al., 2020). This is attributed to
the increase in emotional engagement, as the 360 exposure brings forth
a unique point of view (Engberg & Bolter, 2020). Use of PC tethered VR
devices, such as the Oculus Rift combined with Leap Motion, a technology
which detects hand gestures, has shown multi-level immersion and
enhanced collaboration (Nguyen et al., 2016).

Where HMD-based XR experiences shields to some extent the real world,
AR overlays virtual assets over the physical environment (Klopfer &
Sheldon, 2011). Implementation of AR has been undertaken via serious
games such as TimeLab 2100. TimeLab 2100 is a multi-epoch game with
the goal of managing a population’s adaptation in a future affected by
Climate Change. The AR component attempts at connecting players with
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their surroundings, thereby increasing their educational propensity within
their environment by blending virtual and real worlds (Klopfer & Sheldon,
2011). Another such AR experiment is P.E.A.R, a serious game which aims
at raising awareness of climate issues via a series of mini-games (Wang et
al., 2021). These ecological mini-games allow participants to expand their
knowledge of sustainability and know-how on climate issues (Table 1).

Institutions have been experimenting and encouraging the use of XR
technologies to drive awareness of Climate Change through the
Sustainable Development Goals (SDGs) framework. One such event,
organised by the United Nations, is the SDG Global Festival of Action which
aims at highlighting predetermined global targets. The SDGs are a set of
17 predefined goals which countries will have to align with by the year
2030, for the safeguard of the planet (UNDP, 2022). Submissions and
presentations for this noteworthy yearly gathering range from serious
games, AR, VR and also two-dimensional media (United Nations, 2021). The
aim being to experiment with better methods of information sharing and
promote the actions being undertaken worldwide for the welfare of our
environment and people’s wellbeing.

Studies have shown that immersive technology constantly outperforms
its two-dimensional counterpart, in both assimilation and intuitive
interpretation (Coburn et al., 2017) and immersive technology should be
considered when the imperceptible needs to be made perceptible
(Pantelidis, 2009). Ultimately, XR technology has the ability to place the user
in situations which would otherwise be inconceivable or unfathomable
(Pan & Hamilton, 2018). One study showed that the ability to provide real-
time data can shorten time frames and improve participatory activities
when used in the context of master-planning (Jamei et al., 2017). The
experiment by Jamei et al. (2017) demonstrated enhanced engagement
with the public, crucial when designing climate adaptive cities (Table 1).
The proliferation of XR technologies has the potential of rapidly
democratising scientific data. These connected computer technologies
enhance the physical world by virtually enabling idiosyncratic experiences
(Ziker et al., 2021) and these digital devices allow improved information
assimilation to strengthen climate awareness (Markowitz et al., 2018).
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Table 1

Summary of key papers investigating the use of XR technology for climate
perception and for the creation of sustainable environments.
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CHALLENGES OF XR TECHNOLOGY

Despite the promises of immersive technology as an instrument for climate
change visualisation, the technology currently has some limitations. Real-
time engines are utilised for the development of immersive experiences.
As such, they proportionately possess similar visual elements to that of
video game design (Kitatus, 2019). The pessimistic connotations related
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to certain games including, aggression induced by gaming competition
(Dowsett & Jackson, 2019) and dangerous behaviours (Chang & Bushman,
2019) can potentially stimulate unconscious prejudice on behalf of users,
when attempting to use such a digital environment for education (Wilson
& Soranzo, 2015). Additionally, the experience associated with immersive
technology can negatively impact assimilation and critical thinking as a
result of its unfamiliarity (Velev, & Zlateva, 2017). The software used in
the creation of real-time experiences are game engines, such as Unreal
Engine and Unity. These have been predominantly developed with game
programmers as the main demographic (Brookes et al., 2020) and as a
result, the use of these software in cross-disciplinary fields can yield a
lengthy learning curve for scholars trying to create interactive
environments for research (Brookes et al., 2020).

Due to the novelty of XR systems, interactive frameworks within the virtual
environment can be complex. For instance, the current way to navigate in
VR is by the teleportation technique, where the user jumps to a chosen
location, which unfortunately detracts from real world movement
simulation (Ramirez, 2018). Screen latency is also known to induce nausea,
or sickness, (Korolov, 2014; Pan & Hamilton, 2018; Saredakis et al., 2020)
and disorientation (Kim et al., 2018). Besides, such avant-garde
technologies can take away from the actual message being presented,
especially among an audience not used to technology, thereby tempering
with the intended experiment’s outcome (Markowitz et al., 2018).
Furthermore, the novel factor and adaptation time for people to get used
to the technology can be a considerable hurdle (Ylipulli et al., 2013).

The intrinsic nature of most XR platforms is immersion via a wearable
HMD and this unequivocally shields the physical world from the user.
There is also growing evidence that shows a correlation of decreasing
capabilities and questionable credibility (Slater, 2009) when undertaking
simulated activities whilst being in a state of physical imperception (Pan
& Hamilton, 2018). There is additionally the issue of “uncanny valley”, the
condition of being preternatural, when attempting to digitally recreate
human bodies (Pan & Hamilton, 2018; Ashtari et al., 2020; Engberg &
Bolter, 2020). Compared to traditional experiments, certain XR devices
demand a new type of setup and its recommended limited exposure in

212
KATHLEEN YIN, GILLIAN VESTY, STEFAN SCHUTT, DALE LINEGAR, &

VIKTOR ARITY



maintaining virtual presence poses a challenge for lengthy experiments
(Pan & Hamilton, 2018). Correspondingly, AR compatible devices are not
made for prolonged use, which can result in the device overheating, battery
degradation and ergonomic issues with prolonged usage (Ilanković et al,
2020). As it is still early stages for certain XR technologies, some are either
too expensive (Karthika et al., 2017), require extensive setup times
(Karthika et al., 2017), solely intended for large organisations (Bohn, 2019)
or discontinued due to lack of consumer interest (Altman, 2015).

Software development is key when creating immersive experiences for XR
devices. However, these require specific knowledge and learning materials,
along with technical support, are often challenging for the uninitiated
(Ashtari et al., 2020). Additionally, frequent software updates often lead to
compatibility issues during development (Ashtari et al., 2020). Compared
with traditional two-dimensional media, immersive environments pose no
control over participant navigation and activities, which can be a problem
when attempting to predict a user’s virtual conduct (Ashtari et al., 2020).
Furthermore, there is a plethora of unknowns in XR development and
as a result, Ashtari et al. (2020) indicates that developers spend most of
their time bug fixing and attend to other technical complications, which
compromises end user evaluation and user experience.

FUTURE OF XR TECHNOLOGIES

Advancements within the realm of XR development is essential to
successfully adapt advanced environmental impact simulation on our
urban spaces. Good interactions within a virtual environment contribute
towards a positive immersive experience and as such, manoeuvering
within an XR space using input devices like controllers can be unfamiliar
for some. With Oculus Quest’s new update, the built-in camera can now
utilise hand tracking (Oculus Blog, 2020), without any additional piece of
hardware. Such an implementation can provide a better natural interaction
and be more appealing to the masses.

Use of other senses in XR environments can further enhance immersion.
For instance, the potential use of the olfactory system within the virtual
space can add an extra dimension of spatial perception, for instance the
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stench during a flooding scenario can accentuate specific emotions.
Ericsson is investigating enhanced sensorial communication by an ‘Internet
of Senses’ framework within the next decade (Ericsson ConsumerLab,
2019). This will allow integration of intangible abilities, such as detection of
digital aroma and flavour, to proliferate using rapid 5G data transfer.

A major limitation of XR, especially MR and VR, is that it is still a niche
product and unless it is widely adopted, dissemination of climate change
information via this immersive platform will remain restrictive. One way of
promoting public endorsement is by enhancing collaboration within an XR
environment. Enabling multi-user access within the same digital XR realm
can significantly drive mass adoption, thus promoting participation and
cooperation regardless of the user’s location.

Future development of XR points to a merger of technologies. In its current
form, AR is accessible either via smart devices or glasses. A ground-
breaking wearable tech from a company called Mojo Vision created and
tested a smart contact lens with the ability to display AR content (Koetsier,
2022). Such a seamless blend of wearable devices with the human body
could potentially make bulky XR headsets redundant and provide a
streamline content experience. Moreover, the visualisation potential of XR
can be further enhanced with the integration of Artificial Intelligence (AI).
Merging these two bespoke technologies can create new possibilities and
opportunities unfathomable by human minds, yet within the reach of AI
systems (Reiners et al., 2021). Such a system can have tremendous positive
impact and crucial time gain, especially with the current unpredictability of
future climate scenarios.

With the proliferation of digitised content, the creation of a digital twin
powerful enough to simulate the physical world can provide real-time
simulative solutions to climatic problems. This would allow opportunities at
finding answers to age old climate issues. One such programme is Nvidia’s
Earth2 project, which uses its Omniverse simulation engine (Sprinzen,
2022) and climate forecasting digital twin, ForeCastNet (Freund, 2022).
Earth2 could be the portal where future solutions to urgent climate issues
are harvested and subsequently assist with deployment. With the
convergence of AI, machine learning and XR technologies, an almanac of
Earth’s ersatz could be generated which has the potential of being the
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reference for climate explorations and investigations. As the Founder and
CEO of Nvidia, Mr Jansen Huang, framed it; With this technology, “what
takes a classical numerical simulation a year, now takes minutes”(Freund,
2022). Such a revolutionary merger of technologies can greatly assist with
the ever-growing urgency of Climate Change.

CONCLUSION

This paper explored the use of XR technologies and its potential as a
tool for climate change awareness. A range of current XR technologies
were explored, along with their advantages and constraints discussed.
Studies on the uses of XR showed that immersive technology can have
positive implications in the field of urban design, environmental planning
and education. The upcoming developments in XR technology were also
appraised, which offered a promising outlook on enhanced immersion
and information dissemination pertaining to climate action. However,
challenges to the adoption of such technologies revolved predominantly
around the cost of acquisition and expertise required for the creation of
digital applications for XR devices. It requires considerable time to custom
make digital assets and virtual environments for simulation, an uncharted
domain for many scholars.

Nonetheless, from the insights gathered there seem to be an opportunity
for XR technologies to be pivotal in driving awareness of climate action. As
such, prospective multidisciplinary investigations can explore integration of
historical data to assist with adaptive and mitigative designs for our living
environment, with future climate issues in mind. With the unique abilities
of immersive technologies, these simulation devices can be influencing
agents for climate change perception and can provide the required
impetus for the safeguard of our planet.
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