
Research Statement 

The physical and chemical weathering of rock in the critical zone drives life-sustaining 
processes such as the release of nutrients needed for plant growth and the development of pores 
in soil and rock that allows groundwater to be stored. As climate change increasingly disturbs 
critical zone function through a higher frequency of extreme weather events, long-term droughts, 
and landslides, research into the zone’s physical structure is needed for us to anticipate and 
mitigate some of its impacts.  

Located east of the California Coastal Range, near Leesville, is a series of hills formed by 
tectonic uplift and erosion. Their simple bedrock lithologies with constant bedding and the 
absence of major faults make them an ideal setting for imaging critical zone structure. In 
collaboration with  at the  I propose 
to combine near-surface geophysical and hydrologic data collection at the Leesville site with 3D 
finite-element modelling with the goal of understanding tectonic and hydrologic controls on 
weathering. I hope to determine large-scale controls on critical zone structure and to find 
relationships between subsurface and surface processes. Finally, I will use models and observed 
data to make predictions about future resource loss and landslide potential in response to a 
changing climate.  

As part of my senior integrative exercise, I performed seismic refraction along three 
hillslopes near Leesville in order to test leading hypotheses of deep weathering in the critical 
zone. My proposed project will expand on that work by creating a finite element model of 
hillslope evolution based on my seismic data and additional geologic and hydrologic 
measurements. This will entail analysis of geodetic and continuous GPS data to infer 
compressive stress at Leesville, in order to constrain tectonic influences on bedrock fracturing. 
To connect deep critical zone development to shallow weathering processes, I plan to compare 
the interactions of vegetation, moisture, and weathering profiles on north and south-facing 
hillslopes within the same geologic setting. At this latitude, differences in exposure to direct 
sunlight causes micro-climate regimes to form on hillslopes, affecting vegetation, hillslope 
strength, and hydraulic conductivity. I will perform Guelph permeameter measurements across 
both hillslopes to systematically test shallow saturated hydraulic conductivity. Seasonal moisture 
profiles are also currently being measured using neutron probe counts and electrical resistivity 
tomography by a research group at UT Austin in collaboration with  These shallow 
critical zone measurements are invaluable for making connections between our modelled critical 
zone structure and conditions in the near surface. 

 Critical zone science is crucial to understanding and preparing for the impact of climate 
change on human resources. Modelling critical zone structure and connecting subsurface and 



surface processes allows us to make predictions about changing resource availability. For 
example, change in water table depth with long-term draught or more extreme precipitation can 
be estimated from our finite element model. Landslides may also be linked to the depth of the 
weathered zone and its hydraulic conductivity, enabling us to make predictions about the 
location of future landslides from on-site measurements and landscape models. 




