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Abstract.  The Great Barrier Reef plays a vital role in protecting marine biodiversity,
mitigating climate change and sustaining coastal economies. However, the consistent rise in
global temperature and changes in seawater acidity have led to frequent coral bleaching
events in recent years. This phenomenon has seriously threatened the stability of ecological
balance so that it has become one of the most concerned environmental issues. This essay
examines the core impacts of climate change and ocean acidification on marine ecosystems,
taking the Great Barrier Reef's coral bleaching crisis as a typical case to analyze feasible
solutions. This paper mainly uses literature review and case study methods, focusing on
scientific research and environmental reports. The conclusion suggests that climate change
and ocean acidification do have a huge impact on the Great Barrier Reef, including both
physical and socio-economic impacts on the marine ecosystem. This emphasizes the
importance of proper governance strategies.
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1. Introduction

Marine ecosystems undeniably play a crucial role in maintaining global biodiversity and supporting
human economic activities. However, the dramatic increase in greenhouse gas emissions caused by
intensified human activities and industrialization has led to accelerated global warming, which is
seriously affecting marine ecosystems globally. Among various marine ecosystems, coral
ecosystems are notably vulnerable because they are extremely sensitive to temperature changes and
differences in acidity. As the world's most extensive coral reef system, the Great Barrier Reef has
suffered from multiple bleaching episodes over the past few years, drawing global concern.

This essay explores the primary causes of global warming and ocean acidification and analyses
their impacts on marine ecosystems based on the Great Barrier Reef's coral bleaching crisis. This
paper first explores the major reasons for global warming and ocean acidification such as
greenhouse gas emissions and deforestation. Subsequently, it investigates the environmental and
socio-economic impacts of these issues through the example of the Great Barrier Reef in Australia.
Finally, this study assesses existing mitigation measures and puts forward optimized practical
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solutions. This study primarily employs a literature review method, analysing academic studies,
official news and environmental reports.

This research could help improve the public understanding of the significant impacts caused by
global warming and raise the social awareness of the climate-related issues. This essay also
highlights the importance and necessity of sustainable development.

2. The cause of climate change and ocean acidification

Greenhouse gases absorb solar radiation, and this phenomenon is termed the greenhouse effect.This
natural mechanism maintains habitable temperatures on Earth and sustains human survival [1].
However, increasing human activities are slowing the heat loss to space, resulting in a growing
temperature on Earth, and this is leading to global warming [1]. These human activities usually
include burning fossil fuel, and increased respiration due to a growing population [1]. Rising
atmospheric CO2 concentrations strengthen the greenhouse effect and further elevate global surface
temperatures [2].

Ocean acidification is one critical problem exacerbated by climate change. It refers to the rise in
hydrogen ion concentrations in seawater through a series of chemical reactions driven by oceanic
CO2 absorption [3]. One of the main drivers of ocean acidification is the increase in anthropogenic
CO2 emissions from activities such as burning fossil fuels, manufacturing, and agriculture. As these
emissions increase, the concentration of carbon dioxide in the air rises [4]. The ocean absorbs about
30 percent of the CO2 that is released in the atmosphere, and as levels of atmospheric CO2 increase,
so do the levels in the ocean [3].

Chemical Equation of Ocean Acidification:
CO2 (aq)+ H2O ↔ H2CO3
H2CO3↔ HCO3

-+ H+

HCO3
-↔ CO3

2-+ H+

3. Impacts on marine ecosystems

3.1. Coral bleaching

The colorful appearance of coral reefs come from algae living within their tissues. However,
increasing greenhouse gas emissions trap atmospheric heat and raise both terrestrial and ocean
temperatures. Rising seawater temperatures force corals to expel symbiotic zooxanthellae, resulting
in coral whitening. A temperature increases of just one degree Celsius for only four weeks can
trigger bleaching [5]. Even though corals can recover from bleaching, they become vulnerable to
disease if exposed to warm seawater for too long, which can lead to death [6]. Although changes in
water quality, increased sun exposure and extreme low tides can also cause corals to bleach, the
warmer seawater is still the main factor for coral bleaching [5]. In March 2024, the Great Barrier
Reef experienced its fifth mass bleaching event, ranked among Australia's most severe coral
disasters during El Niño cycles [5].

Australia's heavy reliance on fossil fuels including coal, oil and gas continues to threaten the
survival of the Great Barrier Reef. Frequent mining and fossil fuel burning aggravate global
warming and cause more coral bleaching on the Great Barrier Reef [6].
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3.2. Decline of marine biodiversity

The ecosystem comprises all biotic components, associated habitats, and the complete array of genes
and species. Biodiversity is central to preserving and delineating the health of ocean ecosystems.
However, rising ocean temperatures and ongoing ocean acidification weaken marine environmental
stability, leading to continuous biodiversity loss [7]. For example, ocean acidification severely
endangers bivalves including clams, mussels and oysters, alongside various aquatic plants and
animals. It negatively affects shallow and deep-water corals, plankton, pteropods, molluscs and
crustaceans such as copepods, shrimps, crabs and lobsters, due to the growing corrosiveness of
seawater [8]. Moreover, a weakening trend is observed in coastal ecosystems like mangroves, salt
marshes, and seagrass meadows, despite their significant role in storm protection. This means that
sea-level rise events could become more frequent. The ocean acidification could also pollute the air
by releasing toxins, which causes the respiratory illness in coastal areas [7].

Figure 1. Impact of climate change on marine fisheries (source: E. Vivekanandan, CMFRI, 2006)

3.3. Socio-economic impacts on coastal communities

Besides the severe environmental issue, the coral bleaching caused by ocean acidification and
warming temperature would bring a series of socio-economic consequences for coastal communities
as well. In the case study of Great Barrier Reef, the reefs remain one of Australia's most valuable
assets, which could contribute $9 billion to the country's economy each year and provide
approximately 77,000 job opportunities. Consequently, the disappearing coral reef caused by
bleaching would greatly influence local employment opportunities and economic stability in many
coastal regions [5].

Previous studies have proved that the tourism industry is extremely vulnerable to coral bleaching
events. Research focusing on the 2016 and 2017 mass bleaching events verifies that reef ecological
conditions are strongly linked to tourism development in coastal towns including Cairns, Port
Douglas and the Whitsundays. This means the more and more serious coral bleaching caused by
warm seawater and ocean acidification would continuously threaten the local economy [9].

In addition to tourism, coral bleaching issue also threatens local fisheries. Coral reefs such as the
Great Barrier Reef provide vital habitats for a wide range of fish species. Rising coral mortality
reduces fishery productivity due to the destruction of marine habitats [10].
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4. Countermeasures and future solutions

4.1. Mitigate climate change through global greenhouse gas reduction

To mitigate the serious coral bleaching issue, one of the most important long-term solutions is the
reduction in greenhouse emissions. This is because climate change is the primary cause of
increasingly frequent coral bleaching, as rising greenhouse gas concentrations continuously elevate
ocean temperatures. In addition, the sea level rising, and storms caused by climate change could also
contribute to the destruction of coral reef [11]. NOAA has further pointed out that no mature rapid
technology can effectively stop coral bleaching under continuous global temperature growth. Most
coral reefs around the world will benefit the most from the reduction of greenhouse gases [12].
UNESCO's Resilient Reefs Initiative similarly argues that limiting future warming is essential for
the survival of coral reef ecosystems. By 2040, projections indicate that close to 90% of the 29 coral
reefs on the World Heritage list will experience severe bleaching twice every ten years.Without
significant emission reductions, many reefs may experience severe bleaching events so frequently
that recovery becomes impossible [13].

Therefore, international climate agreements, renewable energy development, and decarbonization
strategies remain fundamental to coral reef conservation.

4.2. Strengthen reef resilience through local management

Although highly efficient technology is not yet available to address coral bleaching, short-term
strategies can focus on ameliorating reef resilience by reducing local stressors, notably runoff from
land-based pollutants and the overharvesting of fish. NOAA is now helping local citizens and
communities to implement this local solution to improve the resilience of coral reefs. Local threats
must be kept to a minimum to reduce stress on the reef and improve its resilience [12]. Since 2000,
NOAA's Coral Reef Conservation Program has made efforts to conserve coral reef ecosystems. The
program focuses on resilience-based management, which will lead to thriving, diverse, resilient
coral reefs that are able to sustain valuable ecosystem services for current and future generations
[14].

In addition, coastal states are responsible for using MPAs for ecosystem-based adaptation and
mitigation as a climate change strategy. Countries can use processes such as Integrated Coastal Zone
Management (ICZM) and Marine Spatial Planning (MSP) to manage the MPAs and achieve
sustainable development, as well as biodiversity conservation and climate change mitigation.

UNESCO further highlights that successful reef conservation programs require cooperation
among everyone, including governments, scientists, local communities, and businesses [13].

4.3. Develop coral restoration and climate adaptation technologies

Coral restoration has several different forms which can range from simple growing, gardening, and
harvesting millions of naturally produced eggs and sperm to create millions of new genetic
individuals. NOAA is currently making efforts to plant nursery-grown corals back onto reefs, check
if the habitat is suitable for natural coral growth and build coral resilience to threats such as climate
change [15].

It is practical to collect detached corals—whether broken fragments or fully formed colonies—
and grow them in more suitable, dense coral nurseries. All the pieces of corals are then reattached to
reefs with materials such as cement, zip ties, and nails. What's more, it is necessary to notice the



Proceedings	of	the	10th	International	Conference	on	Economic	Management	and	Green	Development	
DOI:	10.54254/2754-1169/2026.35630

66

invasive species such as non-native, which covers coral and blocks light from getting to them.
Therefore, it is important to remove invasive species and reintroduce native predators into the coral
ecosystem. Besides that, the NOAA established a contract-based emergency response system to deal
with some issues about ship groundings and other physical impacts to corals. This system enables
local institutions to rapidly respond to emergencies and minimize coral reef damage [15]

NOAA's plan to save coral reefs mainly focuses on four parts: improving habitat quality for
corals, preventing loss of corals and their habitat, enhancing coral population resilience, and
improving coral health and survival [15]. The dripline of the plan is practical for Great Barrier Reef
as well so that the local government could use the similar strategy to address the coral issue.

5. Conclusion

In conclusion, this essay analyzes the impact of global warming and ocean acidification on marine
ecosystem through the case study of the Great Barrier Reef in Australia. The findings suggest that
anthropogenic factors, especially rising greenhouse gas emissions from fossil fuel combustion, are
the primary cause of rising atmospheric temperatures. This also leads to the issue of ocean
acidification. These environmental changes have significantly intensified coral bleaching in both
frequency and severity over recent decades.

The essay suggests three main impacts of global warming and ocean acidification on marine
ecosystems. Firstly, the loss of algae inside the coral would weaken coral health and turn its colour
into white, which is called coral bleaching. Secondly, coral reefs provide habitats for thousands of
marine organisms, so reef degradation reduces biodiversity and undermines the stability of the entire
marine food web. Furthermore, besides the environmental impact, the Great Barrier Reef supports
tourism, fisheries, and employment opportunities for coastal communities, meaning that the
continuous loss of coral reefs could result in significant economic and social losses.

This paper also evaluated several countermeasures and solutions to address the following issue.
Reducing global greenhouse gas emissions is the most effective solution to mitigate global warming
and ocean acidification because it appears to be the most direct strategy to target the root. At the
same time, local management tools including pollution control, Marine Protected Areas (MPAs) and
sustainable resource management can effectively improve reef resilience. Eventually, coral
restoration strategies may also contribute to reef recovery.

This study has several limitations. It mainly relies on secondary data from environmental reports,
which vary in research methodologies and theoretical frameworks. No primary data were collected
to verify all my findings. Furthermore, the study focuses on the sole case of Great Barrier Reef,
which limits the generalizability of the.

Future research will conduct primary data collection and quantitative analysis to evaluate the
impact of global warming and ocean acidification and the effectiveness of different countermeasures
across multiple regions.
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