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Can we understand the water-growth relationship linking tree-ring record
to soil moisture in semiarid forests?
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In Mediterranean areas, where water is a limited resource, an accurate knowledge of soil water balance and growth
response to climatic and hydrological variables would contribute to improve the management and stability of
forest resources. Above all in a context of changing climate. The main goal of this study is to determine which
climatic or hydrological variable could be used to better understand water-growth relationship. In order to achieve
this objective we used HYDROBAL ecohydrological model to simulate soil moisture and dendrocronological
techniques to calculate growth. We have selected two sites in the south-eastern of Spain, Ventós site in a Semiarid
Mediterranean area and Mela site in a dry Mediterranean area, with 300 and 609 mm of annual precipitation
respectively. In Both sites, the predominant vegetation are afforestations with Pinus halepensis. In 2013 we selected
15 to 20 trees per site and extracted 2 cores per tree at breast height, totally 70 samples were studied. The earlywood
width (EW), latewood width (LW) and total tree-ring width (RW) of each annual tree ring were measured, then tree-
ring data was transformed into basal area increments (BAI). HYDROBAL estimates at a daily resolution the water
flows throughout the vegetation canopy and estimates daily soil moisture. Model inputs include climatic variables
(daily rainfall and temperature), as well as soil and vegetation characteristics (soil field capacity and soil wilting
point). Calibration was done by means of Montecarlo simulations using observed soil water content from the
two hydrological years (2012-2014). The validation was done by a linear adjust between simulated and observed
data from 2015 hydrological year. Soil water balance was determined in each site for 20 hydrological years (1992-
2012). Finally we have correlated BAI (early wood and late wood) to Temperature, Precipitation and Soil moisture.
Results highlight that the best variable to understand growth in pine afforestations for semiarid conditions is soil
moisture, showing a Pearson’s correlation on average higher for both sites. To conclude: as a result of the water
balance, soil moisture takes into account losses of water derived from Interception, deep percolation and runoff,
furthermore the use of this hydrological variable represents in a most accurate way, which is the amount of water
available for trees.


