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Abstract. The Atlantic Meridional Overturning Circulation (AMOC) is a vital component of the
global climate system, playing a crucial role in transporting heat and salinity from the equator to
the North Atlantic, which in turn keeps Europe significantly warmer than other regions at the
same latitude. Despite the fact that long-term observations and models have demonstrated an
AMOC slowdown in response to global warming since the industrial revolution, detecting this
slowdown in the brief observational record has proven to be challenging. In this study, the author
investigates the relationship between short-term variability and the weakening AMOC by
analyzing satellite remote sensing data of sea surface salinity collected over a decade. As a
consequence of global warming, the weakened AMOC transports less heat and salt from the
equator to sub-polar regions, causing heat and salt anomalies. This evidence further corroborates
the slowing of the AMOC in response to human-caused warming and emphasizes the variability
on a scale of half a decade caused by the deceleration.

Keywords: Atlantic Meridional Overturning Circulation (AMOC), satellite remote sensing, sea
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1. Introduction

The Atlantic Meridional Overturning Circulation (AMOC) is one of the most significant oceanic systems
in the world, playing a crucial role in global heat and salinity distribution [1]. The AMOC has a
substantial impact not only on the climate of Europe [2], but also on the sea temperature and salinity in
the Atlantic. Figure 1 illustrates gridded global SST anomalies from 1856 to the present, derived from
UK Met Office SST data, with the Pacific and Atlantic Oceans at 60N highlighted. It is evident that the
SST in the North Atlantic is substantially higher than that in the Pacific [3]. Numerous studies have
demonstrated that the weakening of AMOC [4], a crucial component of the global climate, is responsible
for this phenomenon, which enables Europe to remain sufficiently warm to support a large population
and agricultural industry [5]. As shown in Figure 1, the weakening of AMOC is predominantly the result
of human-caused global warming due to greenhouse gas and aerosol emissions since the Industrial
Revolution [6-8]. Long-term observations and models have provided abundant evidence of AMOC
deceleration. As depicted in Figure 2, the SST in the North Atlantic, particularly in the sub-polar region,
is decreasing despite a global warming trend. Figure 3 depicts long-term observations of salinity
accumulation in the Atlantic, which have been observed to be more extensive and significant than in
other oceans. Both Figures 2 and 3 provide compelling long-term observational evidence of the effects
of a slowed AMOC. Nonetheless, short-term salinity variability is still mainly unexplored [9].
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Figure 1. Warming distribution showing humans are responsible [6].
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Figure 2. Map of the linear trends 1900-2019 of observed sea surface temperature (SST, °C/120 years)
[10].
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Figure 3. Linear trends in SSS (psu century—1) for 1950-2017 (EN4) SST (K century—1) [11].

This study analyzes a decade's worth of satellite remote sensing data of sea surface salinity and
investigates the 4-year-scale variations to investigate short-term variability and its connection to the
weakening AMOC. Using observational data, our analysis verifies a short-term increase in Atlantic
salinity and provides evidence of an AMOC slowdown under anthropogenic warming. Nonetheless,
many concerns remain. For instance, insufficient continuous observational remote sensing data makes
it challenging to discern the trend of short-term variation. In addition, a global salinity variability has
been identified, which differs significantly from decadal or centennial SSS anomalies, indicating that a
second factor, other than the AMOC's intensity, is redistributing salinity globally over a relatively brief
period of time.

2. Methodology

Downloadable from SMAP sea surface salinity (SSS) V5.0 are monthly SSS data for the Atlantic and
Pacific encompassing 70-km fields from 2015 to 2022 [12]. Using a Backus-Gilbert type optimum
interpolation (OI), we were able to resample the 70-km product onto a 0.25° fixed Earth grid, thereby
making the 70-km product smoother and reducing random noise relative to other SMAP products. By
selecting data from the same month each year, we can ensure the data's consistency and avoid the effects
of seasonal variations. With SSS data of the same month, which is every June, from 2015 to 2022, a
smoothed and averaged 4-year variation data can be drawn using the equation,

2018 2022
555= — %5015 55S; + 23075 SSS;-

where sss represents the variation of the 4 years and sss; represents the sea surface salinity of the year
i, which varies from 2015 to 2022. The increase or decrease of sss can be more evidently presented by
limiting the range of the color bar between -1 to 1.

3. Results
After analyzing the available data on short-term Atlantic salinity accumulation, it is evident that this
phenomenon is a consequence of the AMOC slowing due to human-caused warming. As shown in
Figure 4, both the centennial and 4-year-scale trends in sea surface salinity (SSS) exhibit a similar pattern
of salinity accumulation in the North Atlantic region, indicating that this phenomenon can be detected
not only through long-term observations, but also through short-term observations. Salinity anomalies
were also detected in the Pacific region during both the 1950-2017 and 2015-2022 observation periods,
lending further credence to short-term observations.

Notably, the 4-year-scale salinity accumulation observed between 2015 and 2022 was found to be
comparable in amplitude to the century-long variation observed between 1950 and 2017. This indicates
that the salinity accumulation mechanism may have an impact that grows over time. To better
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comprehend the causes and effects of this phenomenon and to assess its potential effects on global
climate and ocean circulation, additional research is required.
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Figure 4. Linear trends in SSS. (a) Observational linear trends in SSS (psu century ') for 1950-2017.
(b)Observational 4-year-averaged linear trends in SSS (psu 4-year ') for 2015-2022 [12].

4. Discussion

The Atlantic Meridional Overturning Circulation (AMOC) performs an important role in the global
oceanic system by transporting warm, upper waters northward and cooler, deeper, and saltier waters
southward. In addition to being a significant source of heat transport to the north, the AMOC also
functions as a conveyor belt for salt. A weakening of the AMOC would result in a buildup of salt in the
subpolar regions because the AMOC would be less effective at transporting saline water southward. In
contrast, there would be a cooling effect close to the equator.

In this study, we present evidence of a salinity increase in the sub-polar south and north Atlantic, and
a salinity decrease near the equator. Our findings support the conclusion that subpolar North Atlantic
surface waters are becoming fresher and colder, while subtropical North Atlantic surface waters are
becoming warmer and saltier. This result is consistent with long-term observations and is likely
attributable to the same underlying cause.

A 2020 study used the Atlantic's alinity pile-up' as a salinity indicator to illustrate the remote response
of the AMOC decline [11]. The Atlantic salinity pile-up refers to a greater trend in basin-mean salinity,
which eliminates the effect of surface evaporation minus precipitation (E-P), indicating a salinity
increase from the surface to the thermocline in the subtropical Atlantic region compared to the Indo-
Pacific region. This confirms that the Atlantic salinity anomaly is indeed caused by the AMOC decline.

In addition, it is essential to note that the meridional overturning circulation of the ocean is governed
by density, which is determined by both temperature and salinity. Saltier water is denser while warmer
water is lighter. Consequently, the freshening and warming of the North Atlantic can impede the
AMOC's flow.

However, a global redistribution of salinity is also observed, indicating that there is a salinity
accumulation in the Pacific that cannot be attributed to a weakening AMOC. However, the driving force
behind the global redistribution of salinity will undoubtedly have an effect on the Atlantic and may even
exacerbate the salinity accumulation.

Although the function of AMOC deterioration in Atlantic salinity accumulation has been
acknowledged, additional research is required to determine its relative contribution. In addition, the
traditional pattern of salinity accumulation may not be solely attributable to AMOC response, but may
also be the result of intensified atmospheric hydrological cycles. Short-term observations imply a global
redistribution of salinity that is likely driven by factors other than the variability of the AMOC.

Freshwater flux, which is affected by the intensification of the global hydrological cycle due to global
warming, is one of the primary factors influencing SSS. Due to the "rich-getting-richer" precipitation
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response triggered by surface evaporation minus precipitation, this has resulted in decreasing SSS trends
at low and high latitudes and increasing SSS trends in subtropical Pacific regions.

Given the limitations of the observational period, future research should employ climate models to
supplement observations and obtain additional understanding of the relationship between salinity
anomalies and AMOC weakening.

5. Conclusion

After analyzing the available data on short-term Atlantic salinity accumulation, it is evident that this
phenomenon is a consequence of the AMOC slowing due to human-caused warming. However,
additional research is required to comprehend the relative contributions of AMOC and other factors that
influence salinity accumulation, particularly longer-term observations.

The accumulation of complementary salinity in the Pacific region suggests that the global
redistribution of salinity may also contribute to the observed alterations in the Atlantic region. When
analyzing the Atlantic salinity accumulation, it is therefore necessary to consider the broader context of
climate change.

Future satellite observations of SSS data with a higher resolution over an extended time period, as
well as modeling, will be essential for understanding the mechanisms underlying the observed changes.
These tools can shed light on the relationship between the anomalies and a weakening AMOC, as well
as enhance our understanding of the roles of other factors, such as the freshwater flux and the
intensification of the global hydrological cycle.

The findings of this study underscore the need for continued monitoring and research on Atlantic
salinity accumulation in order to gain a deeper understanding of the effects of climate change on oceanic
systems.
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