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Introduction 
The increased intensity and severity of droughts within the Amazon Basin region has emphasized questions of 
vulnerability and resilience of tropical forests to water limitation.  During the recent 2015-2016 drought caused by 
the anomalous El Niño episode, we monitored a large number of trees in the Tapajos National Forest, Brazil, in the 
footprint of the K67 flux tower. The observed trees exhibited differential responses in terms of stem water potential 
and sap flow among the species: their regulation of ecophysiological strategies varied from very conservative 
(‘isohydric’) behavior, to much less restrained, atmosphere-controlled (‘anisohydric’) type of response. While much 
attention has been paid to forest canopies, it remains unclear how the regulation of individual tree root systems and 
root spatial interactions contribute to the emergent individual behavior and the ecosystem-scale characterization of 
drought resilience.  

Model and Simulation Design 
Given the challenges to monitoring below-ground phenomena, physically-based models are needed to explore the 
contributions of different traits and to reduce parameter uncertainty. In this work, we use a modified version of the 
parallelized PFLOTRAN model [1, 2] to simulate three-dimensional variably saturated flows and root water uptake 
for over one thousand individuals within a two-hectare area.  Simulation scenarios explore axes of trait variability 
including rooting depth, lateral spread, and root hydraulic properties. Root morphology and intrinsic hydraulic 
properties are assigned based on statistical distributions developed for tropical trees, accounting for the spectrum of 
hydraulic traits found in biodiverse environments. To disentangle individual trait contributions, these scenarios are 
compared to a control scenario in which key traits are held static. 

Individual and Community Responses 
Root water uptake is simulated for the 2015-2016 El Niño dry season and the preceding wet season. Results 
demonstrate the dynamic nature of water uptake in response to local soil water potential gradients and individual 
traits. The onset of the dry season and the El Niño drought decreases precipitation input and causes a depletion of 
soil water. For individual trees, as shallow soil moisture is depleted, uptake shifts to deeper soil layers. The degree 
of this shift depends not only on assigned hydraulic properties but on the spatial orientation and size of the root 
system relative to other community members. We developed a root competition index that weights root zone overlap 
by tree size to quantify the degree of spatial interaction among community members. Preliminary analyses show a 



	

	

positive correlation between shifting uptake and root system interactions. This response highlights the importance of 
examining an individual’s traits in the context of community organization.  Exploring further scenarios, we aim to 
disentangle the impact of root traits on both individual and community drought resilience. 
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