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Editorial on the Research Topic
 Impact of Deep Oceanic Processes on Circulation and Climate Variability: Examples From the Mediterranean Sea and the Global Ocean




INTRODUCTION AND SUMMARY

The ocean is a crucial component of the Earth's climate system. Storing heat and carbon, the ocean stabilizes global climate, nurtures biodiversity, and directly supports human well-being through food and energy resources. Today it is well-known that ocean warming is the result of an interplay of many complex processes that, in spite of the key role in the Earth's energy budget, are still far from being fully understood. More than 93% of the heating since the 1970s due to the greenhouse effect and other human activities has been absorbed by the ocean (Rhein et al., 2013). The intake of heat and CO2 in the ocean's surface is redistributed throughout the ocean depths by the overturning circulation. Exchange across the ocean's turbulent surface boundary layer can happen rapidly, in hours or days, and significant exchange of water between the boundary layer and the stratified main thermocline occurs over timescales of years to decades. Deep water takes many decades to millennia to return to the surface, acting as long-term storage for heat and CO2 and thereby mitigating the short-term impacts of climate change. The understanding of mechanisms and rates that control the bottom flows is essential to quantify re-transfer toward the upper layers of the energy stored at the bottom layers. These processes are significantly affecting the ocean system as a whole and could contribute to accelerating the rising climate trends (thermohaline circulation, sea-level rise, and ocean acidification).

The Research Topic about “Impact of Deep Oceanic Processes on Circulation and Climate Variability” happens during an exceptional time for ocean studies. In fact, the decade from 2021 to 2030, has been declared as the Decade of Ocean Science for Sustainable Development by the United Nations, aimed at providing a common framework to ensure that ocean science can fully support countries to achieve the 2030 Agenda for Sustainable Development. The Ocean Decade gives a “once in a lifetime” opportunity to create a new foundation across the science-policy interface to strengthen the management of our oceans and coasts for the benefit of humanity.

This Research Topic aims at stressing the urgent need of improving knowledge about the impacts of key deep processes, for better contributing in the assessment of climate variability and change. For a long time, classical theories about the abyssal ocean (Stommel and Arons, 1960; Munk, 1966) supported the general idea that ocean deep circulation was characterized by quasi-stationary motions, excluding the study of deep processes from the mechanisms that can affect global circulation and climate variability. The underestimation of the abyssal ocean variability has continued to persist for decades (Bagnell and De Vries, 2021), due also to the difficulty to obtain reliable observations below 2,000 m depth, as Artale et al. (2018) demonstrated for the Mediterranean Sea. The awareness of the unsteady state of the deep ocean is a fairly recent achievement. These recent assumptions (Ferrari et al., 2016; MacKinnon et al., 2017; McDougall and Ferrari, 2017; Holmes et al., 2018; Polzin and McDougall, 2021) are shedding light on the rising need to fully understand the mechanisms that can induce instability of the deep layers with a particular look at the role that seafloor roughness and shape have in triggering bottom mixing processes (de Lavergne et al., 2016; Naveira Garabato et al., 2019; Spingys et al., 2021). Observational datasets over many decades are required to document, understand, and predict the climate system as a whole. This is key to explain the role of the deep ocean as an energy reservoir, and how deep processes can redistribute such energy affecting ocean circulation and, afterwards, giving consequences on the future climate. Also, it represents an essential requirement to detect and attribute changes driven by human activities and to predict how the climate system will likely behave in the future.

The Mediterranean Sea, due to its peculiar ocean circulation characteristics, can be considered, among all marginal seas, a suitable laboratory for investigating almost all oceanic physical mechanisms of global interest, such as deep water formation/deep convection, mixing processes along the entire water column (including bottom mixing), strait dynamics, advective-convective feedbacks driving the ocean variability, and abyssal dynamic internal exchange mechanisms (Ferron et al., 2017; Vladoiu et al., 2019). All these studies are facilitated in the Mediterranean Sea, thanks to its easy accessibility, to its mild climate and weaker storms, and also to the scales of variability (in time and space) that are shorter compared to the global ocean: here the typical Rossby radius and/or the size and time of variability of mesoscale gyres are one order of magnitude less compared to those of the global ocean.

On the whole, to understand past and future climate changes, the characterization of the still unexplored deep dynamics aims to provide crucial results to support new interpretations of the paleo circulation and of those processes that have influenced ventilation and water masses overturning in the past. These new insights will also be essential for leading, in the near future, new tailored parameterizations for new generation climate numerical models taking into account adequately the dynamics below 2,000 m depth.



CONTRIBUTION TO THE FIELD, GAPS, AND PERSPECTIVES

This article collection was conceived in the framework of MedClivar (http://www.medclivar.eu/), a scientific network to promote better cooperation among different scientific disciplines, to develop a multidisciplinary vision of the evolution of the Mediterranean climate. Extending this concept also to the global ocean, the aim is to investigate the impacts associated with climate evolution, and to provide knowledge through studies that integrate all components of the climate on time scales ranging from paleo-reconstructions to future climate scenarios for contributing in the development of new adaptation strategies.

As assumed by von Schuckmann et al. (2018), the improvement of our understanding of the climate system also passes through the monitoring of heat content, including that below 2,000 m. However, the needs for and uses of deep ocean data extend well-beyond closing the heat budget in the global ocean as well as in the Mediterranean Sea. Deep ocean data is needed to initialize and constrain ocean models and improve their representation of mixing of heat downwards/upwards within the deep layers.

In this Research Topic, several studies addressing the study of deep processes through in situ observations and modeling spanning over different geographic areas have been collected. The collected papers get a varied overview of methodologies today used to investigate the impact that deep processes can have on climate variability, pointing out the importance of multidisciplinarity in addressing this kind of issue. They focus on the Mediterranean as a whole (Sampatakaki et al.; Amitai et al.; Li and Tanhua; Bouzaiene et al.), or just regions of the Western (Durante et al.; Ferron et al.; the two works by Vargas-Yáñez et al. (2021); García-Lafuente et al.) or Eastern (Mihanović et al.; Menna et al.; Sisma-Ventura et al.; Cardin et al.) Mediterranean Sea. But there are also examples of deep oceanic processes coming from other areas of the global ocean, i.e., the Western Pacific Ocean (Wang et al.), the Southern Ocean (Mizuta et al.), and the Japan Sea (Shin et al.). This collection also provides a variety of approaches to investigate the oceanic processes. The lagrangian approach, which is typically adopted for the surface ocean (Menna et al.; Bouzaiene et al.), with inferences for the deeper layers, or in combination with a multiplatform and integrated model experiment (such as in Mihanović et al.), has potential to be applied to deeper layers as well, with the more and more expanding (deep) Argo network. Other papers rely on eulerian data (from moorings and buoys, Wang et al.; Mizuta et al.; García-Lafuente et al.; Shin et al.) or CTD/rosette data collected by Research Vessels (Durante et al.; Ferron et al.; Li and Tanhua; the two works by Vargas-Yáñez et al. (2020); Sisma-Ventura et al.) or both (Cardin et al.). Purely modeling studies are also represented, see for instance (Amitai et al.; Sampatakaki et al.), the latter one being a paleoceanographic application.

Although the topic was addressing deep ocean processes in a broad geographical sense, it is worth noting that most of the papers focused on the Mediterranean area, confirming this area as most accessible for studying such kinds of topics and many other fundamental oceanographic processes.

Overall, the papers in this collection have evidenced that observations in the deep ocean, both in the Mediterranean Sea and in the open ocean, are still too sparse and fragmentary and that a huge gap still exists between modeling and observational approaches both in the physical and biochemical field. Especially for this latter, the lack of data in the deep ocean is due not only to the big challenge in observation, but also to the sensor technology, which is still not fully reliable for this extreme environment (Bindoff et al., 2019).

The existing gaps highlight how much the integrated and multidisciplinary approach in the study of deep ocean processes is now an urgent question, both for the knowledge improvement and for the efficient streamlining of the existing observational infrastructures such as EMSO and Deep-Argo (Gasparin et al., 2020; Lo Bue et al., 2021). Besides, due to its intrinsic characteristics and considering its short-scale variability (Malanotte-Rizzoli et al., 2014), the Mediterranean area results in a suitable area for developing new integrated strategies able to link theory, observations, and implementation of new numerical models in the near future.
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