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Abstract

Climate projections indicate rising temperatures, decreasing precipitation, and increasing
drought frequency in dryland regions worldwide. These changes are already causing forest
desiccation and mortality in various parts of the world. Considering these trends,
monitoring forest water balance and implementing water-oriented forest management are
essential for the sustainable management of Israel’s forests. The objective of this study
was to develop an applied tool for large-scale monitoring of water balance in dryland
conifer forests, serving both as an ecological early-warning system and as a scientific basis
for defining thinning regimes adapted to water availability. The specific objectives of the
study were: (1) to develop a model for predicting water balance in dry forests based on
satellite remote sensing data integrated with in situ measurements from soil moisture
sensors and eddy covariance flux towers; (2) to examine the relationships between forest
water balance and ecosystem functioning, as reflected in gross primary production (GPP),
evaporation (E), transpiration (T), evapotranspiration (ET), the ratio of evapotranspiration
to precipitation (ETP), and water use efficiency at both the ecosystem (WUE.) and canopy
(WUECc) levels; and (3) to assess the relationships between forest stand structure (leaf area
index, LAI), under different thinning treatments, and forest functioning.

The implementation of such a “water-oriented forest management” approach requires
continuous information on forest water balance and functional status over large areas.
Satellite-based remote sensing enables broad forest coverage at high temporal resolution
and therefore represents a powerful tool for long-term monitoring of forest water balance.
However, its effective application has become feasible only in recent years with the launch
of new satellite missions, such as Sentinel, offering improved temporal, spatial, and
spectral resolutions. Nevertheless, obtaining reliable estimates of forest water balance and
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function from remote sensing requires careful calibration against ground-based
measurements of soil water content and carbon and water fluxes, as conducted in this
study. The research was based on existing infrastructure from two long-term ecological
research sites in the Yatir and HaKedoshim forests. It incorporated eddy covariance flux
measurements from the Yatir Forest, as well as data from additional conifer forests
worldwide with similar characteristics. These included two coniferous forest sites in the
Sierra Nevada, California, where flux tower data were available. In addition, soil moisture
sensor data were collected in the Yatir Forest, and a new soil moisture sensor network was
established in the HaKedoshim Forest during the study period. In the third year of the
study, we developed the ability to partition annual forest evapotranspiration (ET) into
three components: soil evaporation (Es), evaporation of intercepted rainfall from the forest
canopy (Ei), and transpiration by forest vegetation (T). This partitioning was achieved
using a model based on leaf area index and vegetation cover, allowing improved
understanding of how forest structure influences the different components of water
consumption. This approach enabled the separate evaluation of water-use efficiency at the
ecosystem level (WUE. = GPP/ET) and at the canopy level (WUEc = GPP/T).

The results demonstrate that forest thinning can reduce water consumption in Israel’s
coniferous forests and improve their WUE. We showed that mature, unthinned forests
reach precipitation consumption rates (ETP) of approximately 100% in both arid and
semi-arid conditions. Thinning reduced precipitation consumption to approximately 70%,
leaving a substantial fraction of rainfall that did not return to the atmosphere. It is assumed
that this excess water accumulates in the soil and may serve as a reserve for subsequent
years. Based on this framework, the optimal LAI of a forest can be defined as a function
of aridity, such that precipitation consumption does not exceed 80%. Furthermore,
thinning interventions can be implemented proactively based on projected future aridity
under climate change scenarios. In conclusion, the findings of this study provide a
scientific basis for adapting the structure of Israel’s conifer forests to regional climatic
conditions, with particular emphasis on water availability. Such adaptation can create
safety margins to mitigate the impacts of drought years and maximize WUE across
different regions. Water-oriented forest structuring offers a viable strategy to moderate
the effects of climate change on forests and promote their optimal functioning under
increasing aridity.

Keywords: Dryland forests, Forest water balance, Evapotranspiration partitioning,
Remote sensing, Water use efficiency
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