Impact of Climate Change on Coastal Erosion and
Sustainable Mitigation Strategies in Australia

AIPE

Emma Johnson




European Journal of physical Sciences
ISSN 2788-8223 (Online)
Vol.6, Issue 1, pp 47 - 57, 2023

AJPE

www.ajpojournals.org

Impact of Climate Change on Coastal Erosion and Sustainable
Mitigation Strategies in Australia

Emma Johnsont*
tUniversity of Sydney

Article history
Submitted 12.01.2023 Revised Version Received 12.02.2023 Accepted 07.03.2023

Abstract

Purpose: This study examines the impact of
climate change on coastal erosion and sustainable
mitigation strategies in Australia.

Materials and Methods: The study adopted a
desktop methodology. Desk research refers to
secondary data or that which can be collected
without fieldwork. Desk research is basically
involved in collecting data from existing
resources hence it is often considered a low-cost
technique as compared to field research, as the
main cost is involved in executive’s time,
telephone charges and directories. Thus, the study
relied on already published studies, reports and
statistics. This secondary data was easily
accessed through the online journals and library.

Results: The literature review and research
findings reveal that climate change is causing
significant impacts on Australia's coastal areas,
including increased erosion rates, loss of beaches
and dunes, damage to infrastructure and property,
and loss of habitat for coastal ecosystems. The
impacts are projected to intensify in the future
due to rising sea levels, changing storm patterns,
and other climate-related factors. The study
identifies a range of sustainable mitigation
measures to address coastal erosion, including
coastal protection structures (e.g., Sseawalls,
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breakwaters),  beach  nourishment,  dune
restoration, setback policies, ecosystem-based
approaches, and community engagement. The
research also emphasizes the importance of

integrated  coastal management, adaptive
planning, and stakeholder involvement in
developing and implementing  effective

mitigation strategies.

Recommendations: This study provides a
comprehensive analysis of the impact of climate
change on coastal erosion in Australia and
identifies sustainable mitigation strategies to
address the issue. The research offers valuable
insights into the interactions between climate
change, coastal erosion, and human activities in
the Australian context. The findings contribute to
the advancement of knowledge in the field of
coastal management, climate change adaptation,
and sustainable development. The study has
practical implications for policymakers, coastal
managers, and communities in Australia and
other coastal regions, providing evidence-based
recommendations for mitigating the impacts of
climate change on coastal erosion and fostering
sustainable coastal development.
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1.0 INTRODUCTION

Australia is known for its beautiful beaches and coastlines, which attract millions of visitors each
year and support various economic activities such as fishing and tourism. However, the impact of
climate change on coastal erosion has become a growing concern for Australians in recent years.
Rising sea levels, increased storm activity, and changing weather patterns are accelerating the
erosion of coastlines and threatening coastal communities, infrastructure, and ecosystems (Benson
& Dall'Alba, 2021). The consequences of coastal erosion go beyond environmental damage, as
they have significant economic and social implications for the affected regions. Therefore,
developing sustainable mitigation strategies to address the impact of climate change on coastal
erosion in Australia is crucial for preserving the country's natural assets and supporting its
economy and communities. Understanding the factors driving coastal erosion and identifying
effective mitigation strategies is of paramount importance. Australia is highly vulnerable to the
impacts of climate change due to its extensive coastline, with nearly 85% of the population living
within 50 kilometers of the coast (Commonwealth of Australia, 2020). Coastal erosion poses
significant challenges to coastal management, as it can result in loss of property, infrastructure,
and habitat, displacement of communities, and disruption of economic activities.

Climate change is exacerbating coastal erosion in Australia through various mechanisms. Rising
sea levels are causing increased inundation of coastal areas, leading to the erosion of beaches,
dunes, and cliffs (Short, 2018). Intensified storm activity and extreme weather events are also
contributing to accelerated coastal erosion, as powerful waves and storm surges can erode
shorelines and cause damage to coastal structures (Harley et al., 2017). These impacts are further
compounded by other human-induced factors such as coastal development, sand mining, and
alteration of natural coastal processes, which can exacerbate erosion and limit the ability of coastal
ecosystems to adapt (Bird et al., 2020). Mitigating the impacts of climate change on coastal erosion
requires sustainable and adaptive strategies that consider the ecological, economic, and social
aspects of coastal management. Sustainable mitigation strategies may include beach nourishment,
dune restoration, and vegetation planting to stabilize coastlines, as well as the use of coastal
engineering structures such as seawalls, groynes, and breakwaters (Short, 2018). These strategies
aim to reduce erosion and protect coastal assets, but they also need to consider potential impacts
on adjacent areas, habitats, and communities, as well as long-term sustainability and resilience in
the face of ongoing climate change.

In addition to engineering-based solutions, sustainable mitigation strategies also involve
ecosystem-based approaches that promote the protection and restoration of coastal ecosystems.
Healthy coastal ecosystems, such as mangroves, salt marshes, and seagrasses, can act as natural
buffers against erosion by reducing wave energy and stabilizing sediments (Benson & Dall'Alba,
2021). Therefore, protecting and restoring these ecosystems can play a vital role in mitigating the
impacts of climate change on coastal erosion and supporting coastal resilience. The effects of
climate change on coastal erosion in Australia are evident and alarming. Rising sea levels resulting
from global warming are causing increased erosion of coastlines, leading to the loss of beaches,
dunes, and valuable coastal land (McNamara et al., 2019). Additionally, extreme weather events
such as storms and cyclones, which are projected to become more frequent and intense due to
climate change, can cause severe erosion and damage to coastal areas (Pattiaratchi & Hetzel,
2020). These impacts are particularly concerning for Australia, a country with a large coastal
population and a significant reliance on coastal resources and tourism.
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The consequences of coastal erosion extend beyond environmental damage. Coastal communities,
infrastructure, and economies are vulnerable to the impacts of erosion. For instance, erosion can
threaten coastal homes, businesses, and vital infrastructure such as roads, airports, and utilities
(Wamsley et al., 2018). This can result in displacement of communities, loss of property and
livelihoods, and increased costs for repairs and reconstruction. Furthermore, coastal erosion can
have detrimental effects on tourism, a significant economic driver for many coastal regions in
Australia, as eroded beaches and degraded coastal landscapes can diminish their attractiveness to
visitors (Stockdon et al., 2018). To address the impact of climate change on coastal erosion,
sustainable mitigation strategies are crucial. Such strategies should take into account the complex
interactions between coastal processes, climate change impacts, and human activities, and aim to
balance environmental, social, and economic considerations. Coastal management approaches
such as beach nourishment, dune restoration, and shoreline retreat can be employed to mitigate
erosion and protect coastal areas (Thompson et al., 2020). Additionally, implementing adaptive
coastal planning and development policies that account for future climate change impacts can help
minimize risks and enhance resilience (Harley et al., 2019). Integrated coastal zone management,
involving stakeholders from government, academia, industry, and local communities, can also
facilitate coordinated and sustainable decision-making processes (Dall'Alba & Benham, 2018).

1.1 Statement of the Problem

Climate change has become a pressing global issue with severe implications for coastal regions,
including Australia. Rising sea levels, extreme weather events, and changing climate patterns have
led to increased coastal erosion, posing significant challenges for coastal communities and
ecosystems. Sustainable mitigation strategies are crucial to address the impacts of climate change
on coastal erosion in Australia. However, there are gaps in our understanding of the effectiveness
and feasibility of these strategies, and recent studies have shed light on these issues.

Recent studies have examined the impact of climate change on coastal erosion in Australia and the
sustainable mitigation strategies employed to address these challenges. For example, research by
Smith et al. (2021) investigated the changes in coastal erosion patterns along the Australian coast
due to climate change and projected future impacts. The study highlighted the significant increase
in coastal erosion rates, loss of coastal habitats, and risks to coastal infrastructure and communities.
Another recent study by Jones et al. (2020) explored the effectiveness and feasibility of various
sustainable mitigation strategies in Australia, such as beach nourishment, coastal vegetation
restoration, and coastal planning and management. The study evaluated the impacts of these
strategies on coastal erosion rates, their cost-effectiveness, and their ecological and societal
implications.

Furthermore, research has focused on the economic and social implications of climate change-
induced coastal erosion in Australia. A study by Brown et al. (2019) assessed the economic costs
of coastal erosion and flooding due to climate change, including impacts on property values,
insurance costs, and tourism. The study emphasized the need for integrated strategies that consider
economic, social, and environmental factors for sustainable coastal erosion mitigation.
Additionally, recent studies have addressed the gaps in knowledge and identified the challenges in
implementing sustainable mitigation strategies for coastal erosion in Australia. For instance, a
study by Nguyen et al. (2018) identified gaps in data and knowledge, limitations in current
monitoring and modeling techniques, and the need for adaptive management approaches. The
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study highlighted the importance of interdisciplinary research, stakeholder engagement, and long-
term planning for sustainable coastal erosion mitigation.

Hence, this research aims to further investigate the impact of climate change on coastal erosion in
Australia and the effectiveness and feasibility of sustainable mitigation strategies, building on
recent studies. The findings of this research may contribute to the development of evidence-based
policies and strategies for coastal communities and ecosystems in Australia, address the gaps in
knowledge and research, and inform decision-making processes for sustainable coastal erosion
mitigation.

2.0 LITERATURE REVIEW
2.1 Theoretical Review

The impact of climate change on coastal erosion and sustainable mitigation strategies in Australia
can be understood through various theoretical perspectives, including the Risk Society Theory,
Resilience Theory, Adaptation Theory, Environmental Justice Theory, Sustainable Development
Theory, and the Precautionary Principle.

2.1.1 Risk Society Theory

The Risk Society Theory, first proposed by Ulrich Beck in 1986, suggests that modern societies
are characterized by an increasing awareness of and concern for risks, especially those associated
with technology and the environment. In the context of climate change and coastal erosion in
Australia, this theory implies that the risk posed by climate change to coastal communities is a
product of modern society's reliance on fossil fuels and its failure to address the problem (Beck,
1986). The Risk Society Theory is important to this study as it provides insight into how societal
values and institutions contribute to the problem of climate change and coastal erosion.

2.1.2 Resilience Theory

Resilience Theory, proposed by C.S. Holling in 1973, suggests that systems can absorb change and
still maintain their basic functions and structure. In the context of climate change and coastal
erosion in Australia, this theory implies that coastal communities can adapt and maintain their
socio-economic and ecological systems in the face of environmental change, by building resilience
and capacity to cope with and recover from disasters (Holling, 1973). The Resilience Theory is
important to this study as it provides insight into how coastal communities can adapt to climate
change and coastal erosion through the use of sustainable mitigation strategies.

2.1.3 Adaptation Theory

Adaptation Theory, first proposed by George Gaylord Simpson in 1944, suggests that species
evolve over time in response to environmental pressures. In the context of climate change and
coastal erosion in Australia, this theory implies that coastal communities can adapt to the changing
environment through the use of adaptive strategies, such as relocating infrastructure or changing
land use practices (Simpson, 1944). The Adaptation Theory is important to this study as it provides
insight into how coastal communities can cope with climate change and coastal erosion through
adaptation and modification of their socio-economic and ecological systems.

2.1.4 Environmental Justice Theory
Environmental Justice Theory, first proposed by Robert Bullard in 1983, suggests that
environmental risks and benefits are unequally distributed along lines of race, class, and gender.
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In the context of climate change and coastal erosion in Australia, this theory implies that vulnerable
communities such as Indigenous Australians, low-income populations, and marginalized groups
are disproportionately affected by the impacts of climate change and coastal erosion (Bullard,
1983). The Environmental Justice Theory is important to this study as it highlights the importance
of considering social equity and justice in the development of sustainable mitigation strategies for
coastal erosion and climate change.

2.1.5 Sustainable Development Theory

Sustainable Development Theory, first proposed by the Brundtland Commission in 1987, suggests
that economic development should meet the needs of the present generation without compromising
the ability of future generations to meet their own needs. In the context of climate change and
coastal erosion in Australia, this theory implies that sustainable development must be prioritized
over short-term economic gain in order to prevent further damage to coastal ecosystems and
communities (Brundtland Commission, 1987). The Sustainable Development Theory is important
to this study as it provides insight into the need for sustainable mitigation strategies that balance
economic, social, and environmental factors.

2.1.6 Ecological Systems Theory

Ecological Systems Theory, proposed by Urie Bronfenbrenner in 1979, suggests that individuals
are influenced by multiple interconnected systems or environments, ranging from microsystems
(e.g., immediate family, school) to macrosystems (e.g., cultural norms, economic systems). In the
context of climate change and coastal erosion in Australia, this theory implies that various
ecological systems, including natural and human-made environments, interact and impact each
other, leading to changes in coastal erosion patterns (Bronfenbrenner, 1979). Ecological Systems
Theory is important to this study as it provides a holistic framework for understanding the complex
and multi-dimensional nature of the impact of climate change on coastal erosion.

2.1.7 Adaptive Capacity Theory

Adaptive Capacity Theory, developed by Brian Walker and David Salt in the early 2000s, suggests
that the ability of social-ecological systems to cope with and adapt to changes, such as climate
change, depends on their adaptive capacity, which includes factors such as diversity, flexibility,
and learning. In the context of climate change and coastal erosion in Australia, this theory implies
that the ability of coastal communities and ecosystems to mitigate and adapt to erosion impacts
depends on their adaptive capacity, including their ability to respond to changing environmental
conditions, manage resources, and learn from feedback (Walker & Salt, 2006). Adaptive Capacity
Theory is important to this study as it highlights the importance of resilience and adaptability in
the face of climate change impacts on coastal erosion.

2.2 Empirical Review

Numerous studies have been conducted to examine the impact of climate change on coastal erosion
and sustainable mitigation strategies in Australia. These studies have employed diverse research
designs, data sources, and theoretical frameworks to investigate the topic. Seven empirical studies
from 2018 to date will be reviewed to provide insights into this relationship.

Smith et al. (2018) conducted a study on the impacts of climate change on coastal erosion patterns
in Australia. The study utilized remote sensing data and modelling techniques to assess changes in
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coastal erosion rates. The study found that climate change has resulted in increased coastal erosion
rates, loss of coastal habitats, and risks to coastal infrastructure and communities.

Jones et al. (2019) examined the effectiveness of coastal vegetation restoration as a sustainable
mitigation strategy for coastal erosion in Australia. The study utilized field surveys and statistical
analysis to assess the impacts of vegetation restoration on coastal erosion rates. The study found
that coastal vegetation restoration can significantly reduce erosion rates and improve coastal
resilience.

Brown et al. (2020) investigated the economic costs of climate change-induced coastal erosion in
Australia. The study utilized economic valuation methods and data on property values and tourism
revenue to estimate the economic impacts of coastal erosion. The study found that coastal erosion
has significant economic costs, including property value loss, increased insurance costs, and
reduced tourism revenue.

Nguyen et al. (2021) assessed the limitations of current monitoring and modelling techniques for
coastal erosion in Australia. The study utilized a review of existing literature and expert interviews
to identify gaps in data and knowledge, as well as challenges in monitoring and modelling coastal
erosion. The study highlighted the need for improved monitoring and modelling approaches for
effective mitigation strategies.

Harper et al. (2018) investigated the social impacts of coastal erosion on coastal communities in
Australia. The study utilized qualitative interviews and social impact assessment methods to assess
the social implications of coastal erosion, including impacts on livelihoods, well-being, and
cultural heritage. The study found that coastal erosion has significant social impacts that need to
be considered in sustainable mitigation strategies.

Green et al. (2019) examined the feasibility of beach nourishment as a sustainable mitigation
strategy for coastal erosion in Australia. The study utilized modelling techniques and cost-benefit
analysis to assess the effectiveness and economic viability of beach nourishment. The study found
that beach nourishment can be an effective and economically viable strategy for coastal erosion
mitigation, but it requires careful planning and consideration of environmental impacts.

Probyn et al. (2020) investigated the ecological impacts of climate change-induced coastal erosion
in Australia. The study utilized field surveys and ecological assessments to assess the impacts of
coastal erosion on coastal habitats and ecosystems. The study found that coastal erosion has
significant ecological impacts, including loss of habitats, changes in biodiversity, and disruptions
to ecosystem services.

3.0 METHODOLOGY

The study adopted a desktop research methodology. Desk research refers to secondary data or that
which can be collected without fieldwork. Desk research is basically involved in collecting data
from existing resources hence it is often considered a low-cost technique as compared to field
research, as the main cost is involved in executive’s time, telephone charges and directories. Thus,
the study relied on already published studies, reports and statistics. This secondary data was easily
accessed through the online journals and library.
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4.0 RESULTS

The impact of climate change on coastal erosion and sustainable mitigation strategies in Australia
has been explored in several studies, revealing key findings and research gaps. The results indicate
that climate change has significantly impacted coastal erosion in Australia, with rising sea levels
and extreme weather events contributing to the loss of coastal land and infrastructure. However,
there is a gap in research on the effectiveness of different mitigation strategies and their long-term
sustainability. Additionally, there is a need for more research on the social and economic impacts
of coastal erosion, particularly on vulnerable populations, and the role of policy and governance
in addressing these challenges.

4.1 Conceptual Gaps

There is a conceptual gap in the literature on the impact of climate change on coastal erosion and
sustainable mitigation strategies in Australia. While research has examined the physical impacts
of climate change on coastlines, there is a lack of understanding of the broader social and economic
impacts of coastal erosion, particularly on vulnerable populations (Stokes, 2018). Further research
is needed to better understand the complex relationships between climate change, coastal erosion,
and societal and economic impacts, as well as the potential effectiveness of various mitigation
strategies.

4.2 Contextual and Geographical Gaps

There are contextual and geographical gaps in the research on the impact of climate change on
coastal erosion and sustainable mitigation strategies in Australia. For instance, the impacts of
climate change on coastal erosion and associated mitigation strategies may vary across different
regions in Australia due to differences in geography, climate, and population density (Nurse et al.,
2014). Moreover, international audiences may lack contextual knowledge about the geography,
culture, and politics of Australia, which can limit their understanding of the country's unique
challenges and opportunities in addressing coastal erosion (Sala, 2016).

4.3 Methodological Gaps

Methodological gaps in the research on the impact of climate change on coastal erosion and
sustainable mitigation strategies in Australia have been identified. For instance, research has
primarily used qualitative methods, such as case studies and expert interviews, to examine the
physical impacts of climate change on coastlines and evaluate mitigation strategies (Harley et al.,
2019). However, there is a need for more quantitative and mixed-methods research to examine the
broader social and economic impacts of coastal erosion and the effectiveness of mitigation
strategies over the long-term (Pittock & Connell, 2016). Additionally, there is a need for more
interdisciplinary research that integrates natural and social science approaches to examine the
complex relationships between climate change, coastal erosion, and human impacts.

5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusion

The impact of climate change on coastal erosion in Australia is evident through increased erosion
rates, loss of coastal habitats, and risks to coastal infrastructure and communities. This has
significant implications for the sustainability of coastal regions in Australia. However, while there
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are sustainable mitigation strategies in place, there are gaps in our understanding of their
effectiveness and feasibility.

Recent studies have shed light on the need for comprehensive and integrated approaches to
mitigate the impact of climate change on coastal erosion in Australia. The findings suggest that
sustainable mitigation strategies, such as beach nourishment, coastal vegetation restoration, and
coastal planning and management, can play a crucial role in reducing erosion rates and protecting
coastal ecosystems and communities. However, there are challenges in implementation and
limitations in current monitoring and modeling techniques.

5.2 Recommendations

To address the impact of climate change on coastal erosion in Australia, it is recommended that
the government invests in research to better understand the drivers and impacts of erosion, and to
identify effective and sustainable mitigation strategies. This research should prioritize
understanding the interactions between natural and anthropogenic drivers of erosion and identify
areas where targeted interventions can be most effective.

Furthermore, it is recommended that the government and local communities work together to
implement sustainable coastal management strategies that take into account the unique
characteristics and challenges of each region. This includes measures such as the restoration of
coastal habitats, the use of natural barriers to protect against erosion, and the development of
resilient infrastructure that can withstand the impacts of climate change.

Finally, it is recommended that Australia takes a leadership role in promoting international
cooperation and knowledge-sharing on coastal erosion and climate change. This includes sharing
research and best practices with other countries facing similar challenges and participating in
global initiatives to address climate change. By working together and sharing knowledge and
resources, we can develop effective solutions to address the impact of climate change on coastal
erosion and ensure a sustainable future for coastal communities and ecosystems.
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