Global Changes in Sea Surface Salinity and Freshwater Flux Based on Ocean Data Assimilation Products
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Abstract
In theory, atmospheric water vapor is expected to increase in response to global warming, following the Clausius–Clapeyron relationship, at a rate of approximately 7% per 1 K increase in global mean temperature. Although climate models generally project a smaller rate of increase, they consistently indicate that, on a global scale, dry regions tend to become drier while wet regions become wetter, suggesting an intensification of the hydrological cycle under global warming.

In addition to these theoretical and modeling studies, observational studies have also been conducted. However, due to the difficulty of measuring precipitation over the global oceans, our understanding of global hydrological cycle changes remains largely dependent on atmospheric observations and is not yet well constrained. In contrast, studies focusing on ocean observations have advanced in recent years. These studies utilize sea surface salinity, which is strongly correlated with evaporation minus precipitation (E-P), i.e., the surface freshwater flux, and can be measured more accurately than E-P itself. Using a metric known as Pattern Amplification (PA), they have quantitatively characterized salinity changes over the global oceans. Furthermore, by combining salinity-based PA with climate models, previous studies have indirectly estimated changes in global E-P and assessed the intensity of hydrological cycle changes. However, this approach relies on climate models for estimating E-P changes, which remains a limitation.

In this study, we focus on ocean data assimilation as an alternative approach that enables a more direct estimation of E-P changes based on ocean observations. Using multiple ocean reanalysis products, we assess the capability of ocean data assimilation to estimate changes in E−P. The results show that ocean data assimilation significantly improves the estimation of E−P fields. At the same time, the choice of forcing data used to drive the assimilation system is found to be critical. In particular, the spatial resolution of prescribed E-P plays a key role in detecting changes in the hydrological cycle. Furthermore, the effectiveness of the 4D-Var ocean data assimilation approach is demonstrated. These findings suggest that further advances in ocean data assimilation systems, together with the development of more accurate freshwater flux datasets, will contribute to a better understanding of hydrological cycle responses to global warming.
