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Abstract

In recent years, an increasing number of studies have reported on forest declines and

shifts in species composition in response to changing climatic conditions (Rigling et al.

2012).  The  intensification  of droughts  through  rising  evaporative  demand  (i.e.,  vapor

pressure deficit or VPD) is a considerable concern because of their disastrous impacts on

natural  systems  (Grossiord  et  al.  2020;  Trotsiuk  et  al.  2021).  For  forests,  ecosystem

services such as wood provisioning and carbon sequestration are severely jeopardized

by  these  changes,  leading  to  significant  uncertainties  regarding  climate  regulation.

Climate-vegetation models are not only in need of data on atmospheric and soil drought

sensing mechanisms but are also critically challenged by insufficient understanding of

the  processes  driving  forest vulnerability  to  climate  change. Only  by  deciphering  the

single  vs. combined  VPD and  soil  moisture  effects will  we  be  able  to  improve  global

predictions.
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We  apply  a  scale  spanning  approach  to  disentangle  the  processes  affected  by

atmospheric (i.e., VPD) and soil droughts from the tissue to the tree and the ecosystem

level. We set up the first atmospheric humidity and soil moisture manipulative experiment

in a mature natural forest. We combine air humidity (and thus VPD) manipulation using a

humidification system in the canopy of adult Scots pine trees exposed naturally to high

summer VPD and  a  below canopy through-fall  exclusion  system (Schaub  2023). The

system is installed at the long-term Pfynwald irrigation experiment, which is since 2003 a

pivotal WSL long-term experimental monitoring site anticipated to be near its tipping point

with respect to climate change (Bose et al. 2022).

This experiment helps us understand how the soil moisture responses of trees, shrubs,

and microbial  communities are  altered by atmospheric dryness from the tissue- to  the

ecosystem-level. This novel manipulative VPD and soil moisture experiment provides an

empirical research platform to address the most critical questions in the context of climate

impacts in  temperate  forests. The  data  will  ultimately allow  the  development of novel

predictive  methods to  assess climate  change impacts on forests. Preliminary data  will

show the effects of altered atmospheric and soil drought on adult Scots pine trees.
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