10

15

20

Mediterranean Sea heat uptake variability as a precursor to winter
precipitation in the Levant

Ofer Cohen', Assaf Hochman', Ehud Strobach?, Dorita Rostkier-Edelstein'?, Hezi Gildor', and
Ori Adam'

'Fredy and Nadine Herrmann Institute of Earth Sciences, The Hebrew University of Jerusalem, Jerusalem, Israel
2Holon Institute of Technology, Holon, Israel
3Agricultural Research Organization, Volcani Institute, Rishon LeTsiyon, Israel

Correspondence: Ori Adam (ori.adam @mail.huji.ac.il)

Abstract.

The Eastern Mediterranean is experiencing severe warming and drying, asseeiated-with-driven by global warming, making
seasonal prediction—of-precipitation—precipitation prediction in the region imperative. Given that the Mediterranean Sea is
the primary source of regional moisture and synoptic variability, here we explore the observed relation of Mediterranean Sea
variability to Levant land precipitation during winter — the dominant wet season. Using Self-Organizing Map objective analysis,
we identify three dominant modes of sea surface temperature (SST) and ocean heat uptake variability in the Mediterranean Sea.
Of these, two modes characterized by east-west variations are found to be statistically related to winter land precipitation in
the Levant. Based on these relations, we define an Aegean Sea heat uptake anomaly index (AQA), which is strongly correlated
with Levant winter precipitation. Specifically, AQA values during August are found to predict Levant land precipitation in the
following winter (December—February, ? = —0.60). Wetter winters over the Levant following negative August AQA values are
associated with more persistent eastward-propagating Mediterranean storms, driven by enhanced baroclinicity and a stronger
subtropical jet. The results present AQA as a useful seasonal predictor of Levant winter precipitation ;-and indicate that the
representations of processes affecting Mediterranean cyclones, the subtropical jet, and ocean-atmosphere heat exchange —are

key-for-are key to seasonal forecasting skill in the Levant.

1 Introduction

The Eastern Mediterranean (EM) is generally recognized as a global warming "hotspot", projected to experience significant
climatic changes, including rising temperatures and intensified droughts, as well as extreme precipitation events and flood-
ing
Seasenal-prediction-of preeipitation(Giorgi, 2006; Lionello et al. 2012; Cramer et al., 2018; Zittis et al.,
. Seasonal precipitation prediction in the Levant, a region prone to water stress, is therefore crucial for adaptation efforts. Given

2006; Lelieveld et al.,
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that the Mediterranean Sea is a critical source of moisture and a key driver of synoptic variability influencing precipitation in
the Levant, we investigate the observed impact of spatiotemporal variability in the Mediterranean Sea on winter precipitation

in the Levant.
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Figure 1. (a) Winter (December—February) minus summer (June—August) precipitation in the Mediterranean region; a black rectangle de-
marcates the Levant region considered in this study. (b—d) Pearson correlation coefficient of winter land precipitation in the Levant region
and global sea surface temperature (SST) in the preceding November (b), October (c), and September (d) months, for the period 1979-2023.
Data taken from the ERAS reanalysis (Hersbach et al., 2020, see Section 2.1). Correlation 95% confidence bounds are shown in gray con-

tours.

The EM lies in a transitional climate zone, subtended by temperate regions to the north and arid regions to the south
(Goldreich, 2003; Ziv et al., 2006). EM climate is marked by relatively dry summers and wet winters, with the majority
of precipitation occurring from December to February (Figure 1a). Seasonal synoptic patterns in the region result from the
interaction of large-scale systems, such as the subtropical jet, subtropical highs, and the Asian monsoon, with smaller re-
gional systems, and are modulated by the conditions in the Mediterranean Sea (Eshel and Farrell, 2000; Goldreich, 2003;
Alpert et al., 2004b; Ziv et al., 2006; Lionello et al., 2006; Saaroni et al., 2010; Hochman et al., 2022b). The interac-
tion of global and regional systems, therefore, critically affects precipitation predictability in the region Barach-et-al;2006)

Various indices based on surface and atmospheric conditions in the Mediterranean have been used to capture precipitation
and temperature variations in the Mediterranean basin (Conte et al., 1989; Palutikof, 2003; Martin-Vide and Lopez-Bustins,

2006; Criado-Aldeanueva and Soto-Navarro, 2013; Redolat et al., 2019). In particular, multiple versions of a Mediterranean



