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Abstract. This paper explores the consequences of rising greenhouse gas
(GHG) emissions on global ecosystems and human well-being. It examines
the diverse effects of GHG emissions on climate change, biodiversity,
public health, and socio-economic systems, drawing on current research
and data. The interconnected nature of these impacts underscores the
urgent need for effective mitigation strategies. By analyzing these
dynamics, this study highlights the complex challenges posed by GHG
emissions and emphasizes the critical importance of coordinated action at
local, national, and international levels to address this escalating crisis. It
underscores the imperative of implementing sustainable practices and
policies to mitigate the adverse effects of GHG emissions and safeguard
the future of the planet and its inhabitants.

1 Introduction

Over the past decades, human activities, including fossil fuel combustion, land-use changes,
and agricultural practices, have significantly increased the concentrations of greenhouse
gases and aerosols in the atmosphere. These changes are projected to alter regional and
global climates, affecting parameters such as temperature, rainfall, soil moisture, and sea
level. Concurrently, growing human populations in vulnerable areas, such as river basins
and coastal plains, have heightened the risk of extreme weather events like storms, floods,
and droughts [1].

Since 1850, human emissions have been the primary driver of global warming, with
greenhouse gases persisting in the atmosphere and influencing climate over extended
periods. Climate change is expected to intensify the global hydrological cycle, impacting
regional water resources and exacerbating water scarcity issues, particularly in low-lying
coastal regions, deltas, and small islands.

Furthermore, rising sea levels, resulting from thermal expansion and ice melt, will
reshape ecosystems worldwide, affecting biodiversity and ecosystem composition.
Understanding these dynamics is crucial for implementing effective mitigation and
adaptation strategies to address the multifaceted challenges posed by human-induced
climate change.

Climate change is expected to have significant and predominantly adverse effects on
human health, leading to substantial loss of life [2]. Direct health impacts include an
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increase in cardiorespiratory mortality and illness, primarily attributed to the anticipated
rise in the intensity and duration of heatwaves and environmental pollution. Paradoxically,
warmer temperatures in colder regions may result in fewer cold-related deaths but also
facilitate the transmission of vector-borne infectious diseases like malaria, dengue, and
yellow fever, as well as certain viral encephalitis. Additionally, climate-induced disruptions
to freshwater supplies and food availability are likely to exacerbate air pollution and
malnutrition, further compounding human health challenges. Understanding and addressing
these complex health implications of climate change are essential for developing effective
mitigation and adaptation strategies to safeguard public health.

2 Research methodology

Greenhouse gas (GHQG) sinks play a crucial role in mitigating climate change by absorbing
and sequestering GHGs from the atmosphere. Natural sinks, such as oceans and forests,
employ biological processes to extract GHGs, particularly carbon dioxide (CO2), from the
atmosphere [3]. However, to enhance the process of carbon sequestration, there is a need
for the development of artificial techniques that can extract CO2 and store it in the Earth's
crust.

In certain circumstances, sinks can transition into sources, releasing stored carbon back
into the atmosphere. Common sources include the respiration process of plants and animals,
decomposition of organic matter, and forest fires. These processes contribute to the release
of CO2 and other greenhouse gases, such as methane (CH4) and carbon monoxide (CO),
into the atmosphere.

Despite efforts to develop artificial technologies for carbon sequestration, current
measures are not yet equipped to manage the profound changes necessitated by climate
change. In some cases, these technologies may even lead to carbon leakage, exacerbating
the challenges posed by GHG emissions. Addressing these limitations is critical for
effectively combating climate change and preserving the stability of Earth's climate system.

3 Results and Discussions

A 2017 report from the World Resources Institute emphasizes that a significant portion of
the world's greenhouse gas emissions can be attributed to the top three emitters: China, the
European Union, and the US. While these industrialized nations bear substantial
responsibility, it's essential to recognize the growing emissions from developing countries.
Establishing equitable targets for emissions reduction in these nations is a multifaceted
challenge. Such targets must strike a balance, neither impeding their economic progress nor
granting undue advantages [4]. Aligning new participants' goals with the emission
reduction trajectory set by industrialized nations at the Kyoto Protocol is crucial.

The Paris Agreement acknowledges the principle of common but differentiated
responsibilities, recognizing that emission reduction efforts will vary between developed
and developing nations based on their unique circumstances. Developing countries may be
allowed to emit more carbon temporarily as they strive to transition away from carbon-
intensive industries (Fig.1). However, several barriers hinder their adoption of renewable
energy solutions. These include competing priorities such as economic development and
poverty alleviation, along with challenges like limited technical expertise, financial
resources, and governance issues [5]. To address these challenges, tailored strategies for
each country, taking into account its specific context, are essential. A coordinated global
effort is needed to facilitate a smooth transition towards a sustainable and environmentally
friendly future. Additionally, considering factors such as per capita emissions can provide a
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more nuanced understanding of emission responsibilities, particularly given socioeconomic
disparities between developed and developing nations.

Who caused climate change historically?

The historical concentration of industry and wealth in developed countries means that they are r
of the emissions from 1850 to 2011. Source: CO2 emissions excluding LUCF, 1850~
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Fig. 1. Developed Countries Are Responsible for 79 Percent of Historical Carbon Emissions

The Sustainable Development Goals (SDGs), succeeding the Millennium Development
Goals (MDGs), compose a comprehensive framework of 17 interconnected objectives
aimed at fostering a more sustainable future for all inhabitants of our planet. Among these
goals, SDG 13, Climate Action, takes center stage in combating climate change and its
repercussions. Additionally, SDGs 11, 12, 7, 6, 14, and 15 are intricately linked, forming a
supply chain of remedial measures to address various environmental challenges.

SDG 13 underscores the urgent need for measures to mitigate climate change and
enhance resilience to its impacts. It calls for both adaptation efforts and mitigation
strategies to combat climate change's causes and effects.

SDG 7, Affordable and Clean Energy, intersects with climate action by emphasizing the
transformation of energy systems to be more sustainable. Addressing energy inefficiency
not only improves sustainability and access to electricity but also reduces resource
consumption and carbon-intensive energy production.

SDG 11, Sustainable Cities and Communities, aims to create inclusive, safe, resilient,
and sustainable urban areas. Efforts to achieve this goal align with climate-friendly
initiatives, especially regarding sustainable transport and reducing per capita environmental
impacts.

SDG 12, Responsible Consumption and Production, plays a crucial role in achieving
carbon neutrality and combating climate change by promoting sustainable consumption and
production patterns [9]. However, untangling unsustainable resource use may require
navigating trade-offs between livelihoods and environmental outcomes.

Success in these goals contributes to achieving SDGs 14 and 15, Life below Water and
Life on Land, respectively, in the foreseeable future. Thus, the attainment of these
interconnected SDGs hinges on concerted efforts to address climate change and promote
sustainable practices across various sectors.

In addressing climate change, a dualistic approach encompassing both mitigation and
adaptation strategies is essential [8]. Mitigation focuses on reducing the emission of heat-
trapping greenhouse gases into the atmosphere. This can be achieved by curbing the
sources of these gases or enhancing the sinks that absorb and store them. The overarching
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goal of mitigation is to prevent significant interference with the climate system, stabilize
greenhouse gas levels within a timeframe that allows ecosystems to naturally adapt to
climate change, safeguard food production, and foster sustainable economic development.

On the other hand, adaptation involves preparing for and responding to current and
anticipated future climate conditions [7]. Successful adaptation efforts rely not only on
government action but also on active and sustained involvement from various stakeholders.
This includes national, regional, and international organizations, as well as both the public
and private sectors, civil society groups, and other relevant stakeholders. Effective
knowledge management also plays a crucial role in facilitating adaptation initiatives. By
adopting a comprehensive approach that integrates both mitigation and adaptation
strategies, societies can better address the challenges posed by climate change and work
towards a more resilient future [6].

In recent times, there has been a noticeable global shift towards the adoption of net zero
emissions targets, particularly evident in many developing countries. According to a 2020
report by the UN Environment Programme, 126 countries, representing 51 percent of global
greenhouse gas (GHG) emissions, have either adopted, announced, or are considering net
zero goals. Given that the energy sector is the primary source of CO2 emissions,
implementing adaptive measures such as transitioning to non-conventional energy sources
and optimizing the energy supply chain to minimize wastage are crucial steps. Additionally,
innovative approaches to designing commercial buildings and manufacturing plants to
reduce energy consumption should be explored [10].

The agricultural sector also plays a significant role in GHG emissions, particularly
through the release of potent gases like methane and nitrous oxide from crop cultivation,
synthetic fertilizer use, and livestock activities [11]. In Asia, emissions from agriculture
have shown a cyclic pattern, with a decrease observed in 2000, followed by an increase in
2010, and by 2019, reaching levels comparable to those seen in 2000. Addressing emissions
from the agricultural sector is vital for achieving net zero targets and mitigating climate
change effectively.

4 Conclusions

While the agricultural sector emits substantial amounts of non-CO2 greenhouse gases,
particularly methane (CH4) and nitrous oxide (N20), which have been increasing over
time, it ranks third in overall greenhouse gas (GHG) emissions. This is primarily due to the
significant emissions of CO2 from the energy and electricity sectors. Therefore, it is crucial
to focus on reducing CO2 emissions, especially from the energy and transportation sectors.
Finding alternatives to ozone-depleting substances like chlorofluorocarbons is imperative,
given their high global warming potential (GWP). Individuals can contribute by reducing
the use of air conditioners and refrigerators.

Analyzing the pattern of GHG emissions from various sectors reveals that energy and
transportation, along with agriculture, are the main contributors. This insight is essential for
developing effective environmental policies and climate action measures. Understanding
the significant role of different sectors in GHG emissions is crucial for shaping a
sustainable future.
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