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Introduction and aim

Presently, much of the sub-tropical environments around are rapidly changing due to direct human influences and recurrent droughts. Among
them, the Mediterranean region of Chile (MC; 30°-37°S) in western South America is considered as part of the hotspot of earth biologically
richest and most endangered terrestrial ecosystems (Mittermeier et al. 2011). Several studies have reported a significant increase in the risk factors
that threaten this ecoregion, especially the sclerophyllous forests ecosystem, due to land-use change, forests dieback (Miranda et al., 2020), human-caused fires
(Urrutia-Jalabert et al., 2018; Bowman et al., 2019), and the present mega-drought (MD) since 2010 (Garreaud et al., 2017, 2019) which is partially driven by
human-forced causes (Boisier et al., 2016). The soil moisture (SM) is a crucial variable that controls the energy balance between the soil and the
atmosphere. Given the lack of in situ and long-term SM measurements, satellite-based information and reanalysis data emerge as valuable tools, especially in semi-arid
regions of the World as MC. Tree-ring in semi-arid regions is known for its ability to record hydroclimatic conditions in their growth rings (Cherubini et al., 2003), where
previous dendrochronological studies in MC have showed the high capacity of tree-rings such as Austrocedrus chilensis ancient conifer to reconstruct precipitation
variations during the last millennia (LeQuesne et al., 2006), Kageneckia angustifolia to perform hydroclimatic studies along MC (Barichivich et al., 2009), and
Beilschmiedia miersii and Cryptocarya alba to study ecological impacts of dry intervals as MD in MC region (Venegas-González et al., 2022). However, the role of soil
moisture on the terrestial ecosystems as the MC region has not been quantified to date.

The aim is to study the relationships between spatial and temporal tree growth patterns and soil moisture variations inferred by satellite and
climate reanalysis multi-products

Methodology, results and discussion

For this study, new and different woody species (11 species and 35 tree-ring sites) were selected along the MC latitudinal and longitudinal gradient,
including high-andean regions (sub-region of the Mediterranean Andes, with andean sclerophyllous shrubland and high-andean steppe). In the field, samples of trees and
shrubs were collected between 2015 and 2021. Samples were visually cross-dated and tree ring widths were measured using a Velmex measuring system with an accuracy
of 0.001 mm. The dating quality of the growth ring series was statistically validated by cross-dating techniques using the COFECHA software (Holmes, 1983). To
evaluate the relationships between tree-ring growth and soil moisture (SM) we used two products. The first SM product used was the Global Land
Evaporation Amsterdam Model (GLEAM v3.5a; Martens et al, 2017), from where we considered the surface soil moisture variable. The second SM product was the Skin
Reservoir content SRC from the ERA5-Land reanalysis product (Muñoz-Sabater et al., 2021). This parameter represent the amount of water in the vegetation canopy
and/or in a thin layer of the soil. We used PCA to determine the spatiotemporal patterns of the multispecies tree-ring growth date set of chronologies during 1962-2015.
Relationships betweeen tree-growth patterns and SM were obtained using Pearson correlations and bootstrap simulations during 1980-2015.

Our results indicates a high total variance concentrated in PC1 tree-growth pattern (38.7%; fig.1a). The loadings PC1 showed a high contribution of tree-ring sites
located between 32°-34°S (fig.1b). Overall, tree-ring sites in MC present an a positive and significant relationships with both SM products and a nested SM during annual
year (fig.1c). Both SM records exhibits a high and significant correlations values, in spatiotemporal terms, with PC1 tree-growth pattern (fig.1d:g). In addition, a nested
regional SM average from MC indicates an strong relationship with PC1 tree-growth, greather than annual total precipitation during 1980-2014 (fig.1h). New tree-ring
chronologies are added to one geographical gap in South America. MC forest decline observed during recent decades is strongly forced by soil
moisture variability.. Tree-ring chronologies are very sensitive to SM, with a high capability to reconstruct past hydroclimatic variations in MC.
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