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Ocean circulation response to rapid climate change
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Abstract. In recent years, the trend of global warming has been significant, with changes
occurring in the atmosphere, oceans, wind fields, and other areas due to climate change. To
predict the future response of ocean circulation to climate change under the influence of global
warming trends, this work is based on the response of ocean circulation to ancient climate change.
Through research and analysis of three factors, including The Atlantic Meridional Overturning
Circulation(AMOC) index, salinity and temperature, combined with various data and chart
analysis, the response mechanism of ocean circulation to climate change is explored. Explore the
possibility of ocean circulation responding to future climate change. At the same time, fully
analyze the advantages and disadvantages of this study to prepare for further research.

Keywords: ocean circulation, climate change, The Atlantic Meridional Overturning Circulation,
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1. Introduction

1.1. Research Background

The ocean is not in a static state but in constant motion. However, the movement of seawater is not
completely disorderly. There is a large-scale, relatively stable flow of seawater, and the large-scale
relatively stable flow of seawater formed in the sea area is called ocean circulation. Ocean circulation
plays a crucial role in the energy transfer and balance of the Earth’s atmospheric system. Energy is
transported through ocean circulation in the Earth’s oceans, affecting marine life and salinity, and even
having a huge impact on the atmosphere. Therefore, studying ocean circulation has always been an
important direction for studying climate change. At present, the trend of global warming is significant,
and the demand for studying the changes in oceans, organisms, and atmosphere under the influence of
climate is further increasing. To guide future environmental protection, production, electric power
generation [ 1], autonomous underwater vehicles [2], and even ocean transportation, it is necessary to
study the response of future ocean circulation to climate change in the context of global warming.
Therefore, it is necessary to combine the response of ocean circulation caused by ancient climate change
with five factors such as AMOC index, salinity, temperature, etc., combined with data and charts, to
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analyze the response mechanism of ocean circulation to climate change, to more effectively evaluate
and predict the changing trend of ocean circulation in global warming trends, and guide work
arrangements in environmental protection, production, and other aspects.

1.2. Research Status

At present, the main approach is to analyze the changes in ocean currents caused by ancient climate
change to understand the response of ocean circulation to climate change. Studying the changes in ocean
circulation caused by freshwater forcing during the Younger Dryas event has guiding significance for
studying the response of ocean circulation to freshwater forcing [3]. Study the relationship between
glacier changes and rapid changes in the North Atlantic ocean circulation to understand the response of
ocean circulation to glacier changes [4]. Studying the relationship between water sources at different
temperatures and ocean circulation reflects the connection between water masses at different
temperatures and ocean circulation [5]. Study the changes in sea ice and the impact of sea surface and
deep water temperatures to establish the relationship between sea ice cover and ocean circulation [6].
Study the ventilation situation in deep sea areas to reflect changes in deep circulation and understand
the relationship between circulation changes and climate change [7]. Study the impact of surface and
groundwater on ocean circulation, thereby understanding the magnitude of the impact of different water
sources in the circulation [8]. Through research on sediments and fauna, we have gained an
understanding of the response of the Holocene ocean circulation and cryosphere [9]. Through the study
of wind correction data and the coordinated ocean-ice reference experiments test data, the relationship
between ocean circulation and wind correction was understood [10]. Study the response of ocean
circulation in the 20th century to human activities, providing some support for modern ocean circulation
prediction [11].

1.3. Research Significance
In general, the main research object is the melting of glaciers and freshwater compression during the
Younger Dryas event, and the ocean circulation phenomenon during this period is studied. Due to the
warming period of the Earth during this period, climate change has caused changes in the ocean
circulation, causing changes in the heat transfer of seawater and, ultimately a rapid decrease in
temperature. Due to the similarity between the Younger Dryas event and the current global warming
state, it can effectively predict the future response of ocean circulation to climate. However, due to issues
such as pollution and changes in the composition of seawater after the Industrial Revolution, the living
environment of organisms has undergone certain changes. Under the influence of multiple factors, it is
difficult to study the changes in ocean circulation in detail. Although the Meteorological Bureau
currently uses ocean analysis and prediction systems, modern ocean circulation measurements are more
accurate [12], but there is no more detailed analysis of various factors. Therefore, it is necessary to
analyze and explore the response of ocean circulation under the influence of various factors and analyze
the impact of various factors. Therefore, starting from the five factors of AMOC index, freshwater
forcing, IRD, salinity, and temperature, we will delve into the response of ocean circulation to changes
in each factor to gain a more detailed understanding of the response mechanism of ocean circulation to
climate change, and provide more accurate indicators for predicting future changes in ocean circulation.
In this work, we conducted research on five factors: AMOC index, salinity, and temperature. Through
exploration and analysis of data and charts, we ultimately analyzed and obtained a more accurate
response mechanism of ocean circulation to climate change.

2. Research Content

2.1. Study Area

The Atlantic Meridional Overturning Circulation (AMOC) is a crucial component of the Atlantic Ocean
circulation system, primarily concentrated in the North Atlantic region, specifically around Greenland,
the Svalbard Archipelago, and the Norwegian Sea. The North Atlantic can be considered the “engine”
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of the AMOC, as it serves as the main region for the formation of North Atlantic Deep Water. The waters
surrounding Greenland are particularly susceptible to impacting the stability and strength of the AMOC
due to enhanced freshwater forcingl”. In this area, variations in seawater salinity and temperature
directly influence the generation of deep-sea currents, thereby affecting the circulation of the entire
Atlantic Ocean.

2.2. Research Methods
In paleoclimate studies, comprehending past climatic conditions often requires the integration of various
data sources. These sources encompass literature, specialized data collection techniques, and methods.

2.3. Studied Variables

In this research, several crucial oceanic and climatic variables were investigated to comprehensively
understand the historical changes of the Atlantic Meridional Overturning Circulation. These variables
include salinity, temperature, and elements.

3. Dates

3.1. Temperature

Temperature is another crucial factor in the AMOC. Historical data indicates that surface and deep-sea
temperatures of the Atlantic Ocean have shown an upward trend over the past few decades based on
various sources such as satellite observations and buoy measurements. Figure 1 shows how sea surface
temperatures in the Atlantic Ocean have changed over the past 5,000 years.
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Figure 1. Atlantic Ocean surface temperature variations
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Figure 2. Atlantic Ocean salinity changes
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Salinity is a key factor in the AMOC. The study conducted a detailed analysis of its historical changes.
Utilizing long-term observational data from the North Atlantic, salinity trends were traced over periods
exceeding 50 to 5000 years old. Figure 2 shows how ocean salinity varies at different depths and we can
see an overall trend.

3.3. Oxygen isotopes

Oxygen isotopes are a key factor in the AMOC. The study conducted a detailed analysis of their
historical changes. Recent progress in the evolution of the East Asian summer monsoon has been
achieved through the analysis of sediments from the Northwest Pacific marginal seas and deep-sea
sediments on orbital timescales. Figure 3 shows the variation of oxygen 18 in the ocean at different
depths and we can see an overall trend.
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Figure 3. Atlantic Oxygen 18 Change
4. Comprehensive Analysis

4.1. Relationships Among Variable Changes

In the preceding sections, this study meticulously explored the key variables of the Atlantic Meridional
Overturning Circulation (AMOC): salinity, temperature, and oxygen isotopes. These variables do not
exist in isolation; instead, they interact across different temporal and spatial scales, collectively
influencing the stability and variability of the AMOC.

Salinity and temperature are the two primary factors controlling seawater density. When salinity
increases, or temperature decreases, seawater density rises, prompting vertical mixing and downward
flow, thus impacting the strength and extent of the AMOC. According to research by Hua Wanjun et al.,
long-term changes in salinity and temperature have already influenced the overall structure and velocity
of the AMOC [5].

Furthermore, freshwater forcing, as an external factor, also exerts a significant influence on the
AMOC. The research highlighted in “Response and Mechanisms of Northward Reversal Circulation
under Enhanced High-Latitude Freshwater Forcing” by Yu Lei et al. indicates that freshwater inputs,
such as glacial meltwater or precipitation, can reduce seawater salinity, thereby affecting seawater
density and the AMOC [1].

Oxygen isotopes and Mg elements, as more microscopic factors, reveal historical changes that reflect
subtle variations in the marine environment and climate system. Particularly, oxygen isotopes are
frequently used to reconstruct past oceanic and climatic conditions, thus providing valuable information
about the historical changes of the AMOC.

Within this intricate network of interconnected variables, the AMOC functions as a responsive
mechanism, adjusting based on the combined effects of these variables. For instance, as freshwater
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forcing increases, the AMOC might weaken to accommodate the new oceanic state. Conversely, when
salinity and temperature conditions favor density augmentation, the AMOC might intensify.

4.2. Comparison with Other Studies

By thoroughly analyzing the key variables of the AMOC—salinity, temperature, freshwater forcing,
oxygen isotopes, and Mg elements—this study has arrived at a series of conclusions regarding how these
variables influence the AMOC. In this section, these findings will be compared to existing literature,
attempting to elucidate observed discrepancies.

Firstly, concerning salinity, this research aligns with the results presented in “Long-term Changes
and Estimations of Ocean Circulation” by Hua Wanjun et al. [5]. Both studies underscore the pivotal
role of salinity in controlling the AMOC. However, in terms of specific numerical values, this research
finds differences in the rate of long-term salinity changes compared to the study by Hua Wanjun et al.
This divergence could stem from variations in temporal scales, spatial scopes, or employed models and
datasets [5].

In the context of temperature, data reveal a more intricate trend of temperature changes. This
complexity might arise from the consideration of additional influencing factors, such as atmospheric
circulation and oceanic mixing. Furthermore, while the study by Wang Zhixiang et al. primarily focused
on the Northeastern Basin, this research covers a more extensive geographical region [4].

The impact of freshwater forcing is also a significant focus of this study. The research predicts that
under certain specific conditions, freshwater forcing could lead to a substantial weakening of the AMOC.
This differs from the results of Yu Lei et al., possibly due to variations in parameter choices when
simulating freshwater forcing [1].

The historical variations of oxygen isotopes and Mg elements have also undergone in-depth analysis
in this research. It reveals distinct discrepancies in the changes of these two variables across different
regions and temporal scales. These differences might be attributed to varying environmental conditions
and geological histories in different regions.

4.3. Impact of Variable Changes on AMOC and Climate

As a vital component of the Earth’s climate system, the Atlantic Meridional Overturning Circulation
(AMOC) directly affects global climate patterns. By analyzing the historical variations of salinity,
temperature, freshwater forcing, oxygen isotopes, and Mg elements, this study offers a comprehensive
perspective to comprehend how these variables influence the AMOC and their broader impact on global
climate.

Salinity: Salinity plays a critical role in the AMOC. The high salinity of the Atlantic Ocean prompts
denser seawater that, in turn, drives the circulation by promoting sinking. Research findings suggest that
over the past few centuries, the increasing salinity of the Atlantic Ocean could lead to an enhanced
AMOC. A reinforced AMOC could potentially induce warming in the Northern Hemisphere, as more
warm water is transported from equatorial regions to the North Atlantic.

Temperature: Research indicates that, similar to salinity, temperature significantly affects the AMOC.
With global warming, rising sea surface temperatures may decrease seawater density, thereby slowing
down the sinking flow. This could lead to a weakening of the AMOC, further influencing global climate,
particularly in the Northern Hemisphere, where it might trigger colder winters.

Freshwater Forcing: The injection of freshwater, whether from glacial melt or other sources, reduces
seawater salinity and density. Data suggest that during specific time periods, significant increases in
freshwater forcing could result in a transient weakening or even collapse of the AMOC. Such events
could have a profound impact on global climate, potentially leading to cooling in Europe and North
America.

Oxygen Isotopes and Mg Elements: By analyzing the records of oxygen isotopes and Mg elements,
researchers can trace past changes in oceanic temperature and salinity. These two indicators provide a
window for studying how past marine environments influenced the strength and stability of the AMOC.
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The research underscores the complexity of the Atlantic Meridional Overturning Circulation and its
significance for global climate. The intricate interactions among various variables ensure the stability of
the AMOC but also render it highly sensitive to external changes. As global climate change intensifies,
understanding these relationships becomes increasingly crucial, given their far-reaching implications for
future climate predictions.

5. Conclusion

Salinity and temperature play pivotal roles in the Atlantic Meridional Overturning Circulation system.
Historical data reveals that the salinity trend in the Atlantic can be tracked over periods as long as 60 to
100 years using observational data from the North Pacific and North Atlantic basins. Simultaneously,
various sources such as satellite observations and buoy measurements indicate that surface and deep-
sea temperatures of the Atlantic Ocean have experienced an upward trend over the past few decades.
CMIP5 model predictions suggest a certain level of error in predicting both salinity and temperature;
however, the overall agreement with observed data is substantial. For example, between 1960 and 2018,
the Atlantic’s salinity and temperature increased by approximately 0.46% to 0.51% and around 0.5°C,
respectively, attributed to global climate change and increased atmospheric carbon dioxide
concentrations17”. Freshwater forcing is also a crucial factor influencing the Atlantic Meridional
Overturning Circulation. Analysis of sediment and ice core data reveals that during certain periods, the
rate of freshwater input into the Atlantic has significantly increased, likely in connection with climate
change and glacier melting. CMIP5 model predictions further anticipate a continued increase in
freshwater forcing, which could impact the stability of the Atlantic Meridional Overturning Circulation.
Additionally, oxygen isotopes and magnesium (Mg) elements provide critical information about the past
climate and oceanic environment of the Atlantic.

Meridional Overturning Circulation System. Notably, the oxygen isotope record from the U1429
sediment core reveals the absence of the precession cycle in the evolution of the East Asian summer
monsoon, linked to changes in solar radiation and greenhouse gas concentrations. Changes in Mg
element concentrations may be related to ocean salinity, temperature, and crustal activity.

However, this study does present some limitations. Due to constraints in observation data, certain
time periods’ data might lack completeness or precision. Looking forward, acquiring observation data
with longer temporal scales and higher resolution is desirable to further refine and enhance the
conclusions of this study. Additionally, the ongoing evolution and refinement of climate models are
anticipated to yield more accurate predictions.
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