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Abstract: Since the industrial revolution, human activities have significantly contributed to
the Earth's pollution, in particular the continued emission of greenhouse gases (e.g., carbon
dioxide and methane). These emissions are contributing to climate change, with accelerated
melting of glaciers, increased acidification of the oceans, an increase in extreme weather
events and, ultimately, rising sea levels. Climate change, however, is not just a change in
temperature, but involves changes in a number of complex interacting systems within the
Earth, of which the biosphere is an important part. The biosphere acts as a buffer against
changes in the atmosphere through the carbon cycle, water cycle and energy exchange.
Therefore, the main objective of this study is to reveal how the coupling between the
biosphere and the atmosphere affects the process of sea level rise, and to explore the coupling
mechanism between the two in the carbon cycle and energy exchange, as well as their driving
roles in sea level change.
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1. Introduction

Through the Industrial Revolution period onwards, human activities have exponentially contributed
to the pollution of Earth and, above all, to the continuous spread of greenhouse gases (like carbon
dioxide and methane). These emissions have resulted in serious changes in the world's climate —
glaciers melting at a speed faster than ever, oceans increasing acidity, and bigger and more frequent
extreme weather events all leading to rising sea levels. Moreover, these issues will become
increasingly significant in the future. However, the climate changes taking place are not just about
how temperatures are changing. Instead, these changes depict several levels of complex, mutually
interacting systems that interact within the Earth. Perhaps a major one is the biosphere. Recent
reviews explain that the relationship between the biosphere and the atmosphere affects important
processes like the carbon cycle and water cycle [1]. For example, aquatic ecosystems are very
vulnerable to climate change; small changes in temperature and oxygen levels can greatly affect their
balance [2]. Nevertheless, the importance and the intricacy of the functioning of the biosphere are
commonly disregarded. Instead of examining the direct relationship between the alterations in the
physical and chemical characteristics of the atmospheric layer and the effect on the global climate,
the biosphere, which acts as a buffer between the changes in the atmosphere, should be researched
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instead. Such an in-depth analysis of the biosphere function will help illuminate the mechanisms and
the causes of the atmosphere transformations.

This study proposes a main purpose: to illuminate how the coupling of the biosphere and the
atmosphere governs the method of sea-level rise. In fact, this research will evaluate the interrelation
between the carbon cycle and the biosphere and the atmosphere energy exchange system. In this case,
the effects of these processes on sea-level rise will be discussed. In that sense, the research seeks to
unravel the ways biosphere-atmosphere interactions contribute to climate change not only due to their
localized importance but also due to the bigger picture they depict. To do so, it is imperative to
comprehend how dependent sea-level rise is on these compounded interactions and to find
intervention strategies as early as possible.

The main objective of this study is to explore how the coupling between the biosphere and the
atmosphere affects the process of sea level rise. Specifically, the study will analyze the coupling
mechanisms between the biosphere and the atmosphere in carbon cycling and energy exchange and
explore their roles in driving sea-level rise. On the other hand, this study will help to shed light on
the relationships between the biosphere and the atmosphere in the context of global climate change.
If these mechanisms of coupling are studied, it will finally lead to unravelling the whole picture
regarding the natural drivers of climate change. Initially, it will enable scientists to learn more about
interactions of the biosphere and the atmosphere, thus contributing to more adequate predictions on
the amount of sea-level rise in the future. Additionally, it can serve as a theoretical basis that will help
with the drafting of clear climate change strategies, such as in the areas of ecosystem protection and
carbon emission control. Finally, as the provider of diverse ecosystems and therefore the stabilizer of
the quite immediate environment, the biosphere will be seen as a highlighted variable in global
climate dynamics and thus will contribute to efforts in the conservation of ecosystems and the natural
management of resources.

Recent research is of utmost importance when it comes to why it is necessary to understand the
long-term consequences of climate change. First, scientists would thereby gain knowledge of the
biosphere-atmosphere interactions so that future prediction of sea-level rise would be more
comprehensive. Second, it studies the factors that may be used as a basis for composing effective
climate changes response methods and domestic ecosystems conservation and carbon emissions
control. Additionally, looking into these interactions is not just an academic interest; it has important
consequences for creating strategies to reduce climate risks and safeguard vulnerable ecosystems
[3].Among many things, this study will bring a lot of attention to the contribution of the biosphere to
the harmony of Earth's ecosystems and show the significance of maintaining the delicate balance of
these ecosystems, particularly for the conservation of some species.

2.  Theoretical Basis of Biosphere-Atmosphere Coupling

Interactions between the biosphere and atmosphere are important for understanding climate change,
especially sea level rise. Key processes like carbon and water cycles show how these systems are
linked. The biosphere manages greenhouse gas levels through photosynthesis and respiration,
affecting atmospheric temperatures and ocean conditions [4]. The atmosphere impacts the biosphere
by influencing weather patterns, which affect how plants grow and the availability of moisture in the
soil. Research by Jun-Young Park et al. 2020 highlights that these interactions can change ice mass
balance and significantly contribute to rising sea levels, as shrinking ice sheets lead to ocean thermal
expansion and alter regional water cycles [5]. Additionally, Mokhov and Smirnov 2020 stress the
need for precise climate models to predict these dynamics, pointing to a complex relationship that
requires continuous research and adaptive strategies given the changing climate (Roger A. Pielke et
al.).
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Carbon cycle, which regulates the biosphere-atmosphere coupling, is one of the main causes of the
carbon transfer between the biosphere and atmosphere. The following contribution reflects the
concentration in atmospheric COx:

d(‘;% = Femission — Fuptake (1)
The term C,, in this case stands for the atmospheric CO: level, Femission consists of CO:
emissions from natural and human sources (for example, respiration, forest fire, and fossil fuel
combustion), while F . refers to CO: uptake by the biosphere mostly due to photosynthesis. Upon
the alteration of the biosphere, which includes deforestation and wetland degradation, the system's
ability to absorb COs: is compromised, and the emissions are increased consequently (i.e. greenhouse
gases accumulation in the atmosphere).
This accumulation has a direct impact on surface temperatures, which can be described by the
planetary energy balance equation:

1

T = (u) 2)
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Where T, is the surface temperature, a is the Earth's albedo, S, is the solar constant, and o is the
Stefan-Boltzmann constant. The changes in the biosphere, like the loss of forests or glaciers melting,
lead to diminishing of the Earth's albedo, o. For instance, if forests are replaced by agricultural areas
or urban areas, albedo will increase, which will cool the surface initially. In the long-term, although
the CO: concentration will increase when carbon is not entrapped, the greenhouse effect will be
enhanced, leading to warming.

The interaction of the biosphere and the atmosphere in the water cycle is also very close. The rate
of evapotranspiration (ET), a key process for water to move from the universally biophysical sources
to the atmosphere, can be expressed as follows:

— (Rn _G)A
A ) ®

Where R, is the net radiation, G is the soil heat flux, A is the slope of the vapor pressure curve, A
is the latent heat of vaporization, and v is the psychrometric constant. Deforestation and other land-
use changes can affect ET, thereby altering the local air humidity and precipitation patterns. The
alterations will also trigger the alteration of the wide atmospheric circulation and weather system,
which could actually cause the transformation of the regime of global precipitation.

Such simulations outline biosphere's modifications, like reduced carbon sinks (negative impact),
increased emissions, and some new evaporation processes (positive effect) that eventually will control
greenhouse gas concentrations, surface temperatures, and precipitation patterns and cause global
warming.

3.  Sea Level Rise
3.1. Driving Mechanisms of Sea Level Rise

Different natural processes work together to cause the rise in sea levels. One major factor is the
melting of glaciers and ice sheets, which adds a lot of freshwater to the oceans, raising sea levels
significantly. The ice sheets in Antarctica and Greenland are the main contributors to this melting,
worsened by higher global temperatures that increase surface melting and ice loss. Moreover, the
thermal expansion of seawater, caused by warmer ocean temperatures, further increases sea levels.
As the oceans take in heat from the atmosphere, they expand, which raises sea levels [6]. Changes in

126



Proceedings of the 4th International Conference on Computing Innovation and Applied Physics
DOI: 10.54254/2753-8818/84/2025.22317

how water is stored on land, like the reduction of groundwater, also contribute, since less water on
land can flow into the oceans, making the problem worse This complex range of elements highlights
the complicated reasons for sea level rise influenced by human-caused climate changes[7].

3.2. Influence of Climate Change on Sea Level Dynamics

The way climate change and sea level changes work together is a tough issue that needs understanding
from different angles. As temperatures around the globe go up, the main factors that impact sea level
are the warming of ocean waters and faster melting of glaciers and ice sheets, especially in the poles.
For example, the Antarctic ice sheet could add between 0.2 m and 1.4 m to sea level rise by 2150,
depending on various climate situations, showing there are big uncertainties about how ice mass loss
happens [8]. Moreover, changes in ocean processes, caused by higher greenhouse gas levels, greatly
affect sea level changes because more evaporation and different rainfall patterns alter where water is
stored on land . Knowing these changes is important, as they affect how much coastlines are at risk
of flooding and also influence eco-hydrological connections that are vital for the health of the
environment [9].

4.  Effects of Biosphere-Atmosphere Coupling on Sea Level Rise

The connection between the biosphere and the atmosphere plays a big role in sea level rise, mainly
through carbon cycling and water movement. When greenhouse gas emissions increase CO2 in the
atmosphere, the biosphere struggles to store carbon, which worsens ocean acidification and thermal
expansion. Both of these are important factors in rising sea levels [10]. Additionally, changes in
vegetation, like deforestation and loss of wetlands, disrupt local water cycles, leading to more runoff
and changes in sediment patterns that can affect coastal areas. These changes are linked to increased
melting of glaciers in polar regions, which adds more water from melting ice and speeds up sea level
rise . In short, it is crucial to understand how biospheric and atmospheric processes work together to
predict future changes in sea levels and to develop effective climate adaptation plans. This combined
approach will help us reduce the negative impacts of global climate change on coastal communities
at risk.

The relationship between the carbon cycle and changes in sea level is important for understanding
climate change effects. As carbon dioxide in the air goes up, mostly from human actions, the Earth’s
temperature rises, which makes ocean water expand and adds to sea level rise. At the same time, more
CO2 leads to faster breakdown of organic material in the oceans, raising levels of greenhouse gases
that connect to changes in ocean and air movements. Also, the melting of ice sheets and glaciers,
caused by warmer global temperatures, makes sea level rise go even faster, creating a cycle that
worsens the main issues [11]. It is vital to understand these links, as they help in predicting future
changes and in creating strong policies to lessen the effects of climate change on coastlines and human
communities [12]. In the end, the carbon cycle is key to the factors that affect sea levels, highlighting
the need for ongoing study of its functions and effects on future climate stability.

Land cover change significantly impacts ice melting, which leads to the increase in sea level.
Deforestation and development of cities, for instance, change the natural albedo. The result is that
more light is absorbed instead of being reflected, which, in turn, causes faster melting of ice in the
polar areas. When covers of land change, like forests being cut down to make farmland, there are
more areas that do not have soil covering them. This in turn leads to more heat in the area and faster
melting of glaciers and ice sheets. For instance, research shows that the local water cycles are
disturbed once plants are removed, thus the amount of evaporation increases and rainfall patterns
change. With the comments, it can be seen that the ice movement in the adjacent areas can be
disturbed, as well as the melting rates can be increased. Likewise, when the permafrost is disturbed,
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it releases greenhouse gases, which is methane, that influences the atmosphere's temperature and
produces a symmetry that aggravates the melting of the ice. Therefore, the changes in land cover not
only act locally but also interact with large climatic changes, which in turn represent the complicated
associations between changes in environments and sea levels in the context of global climate change.

5. Conclusion

The relations linked to the biosphere and atmosphere play an essential role in imaging how global
climate change occurs, particularly for sea level rise and others. These biospheric-atmospheric
relations, like the carapace and water cycles, are key players in determining surface temperatures and
precipitation patterns, as the relation is much responsible for the global greenhouse effect. Such shifts
bring about repercussions such as melting polar ice and heating large masses of water, which
eventually make sea levels rise. Ongoing research has been embracing new strategies, such as models
and data scrutiny, to illuminate the key players of the interaction in sea level change. Nevertheless,
there remain hurdles, such as the lack of data and the inherent nature of variations from region to
region in developing models. Future research should encompass integrating diverse data sources as
well as rendering the models more understandable, with a purpose of getting specific plans about
responding to and mitigating the threats from rising sea levels. The need for thoroughly understanding
the complicated linkages between the biosphere and atmosphere in order to cope with the ecological
and social consequences of climate change is stressed in the sense of urgency with this topic.
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