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Abstract  

Lateral groundwater flow redistributes moisture through the subsurface, supporting direct exchanges with surface 
water bodies and evapotranspiration at the land surface.  While there is a growing focus on the importance of 
groundwater flow and groundwater surface water exchanges, there are still many uncertainties regarding the role of 
groundwater-surface water interactions within watersheds experiencing stress.  Here we use an integrated hydrologic 
model to systematically evaluate two widespread trends impacting hydrologic systems, unsustainable groundwater 
pumping and increasing temperatures. We contrast the impacts of increasing evaporative demand at the land surface 
with decreasing water supplies (i.e. depleted storage) in the subsurface to identify functional differences in system 
response to these two types of stress.  We evaluate behavior using a high-resolution (1km2 lateral resolution) 
simulation of the majority of the contiguous US (roughly 6.3 million km2). Results are generated from transient 
simulations generated using hourly historical observed meteorology from a gridded reanalysis product. For the 
groundwater depletion simulation, the steady-state groundwater configuration is adjusted to reflect storage depletions 
that occurred over roughly the previous century due to unsustainable agricultural pumping.  The warming 
simulations start from the pre-development steady state groundwater configuration and use the same meteorological 
forcings, but with a series of constant temperature perturbations applied for a range of warming levels.  The depleted 
groundwater simulation demonstrates systematic declines in surface water flow consistent with observations, as well 
as decreased evapotranspiration particularly in water limited seasons. Using the continental scale model, we illustrate 
spatial patterns in the sensitivity of land surface dynamics to shallow groundwater perturbations that vary with 
groundwater depth and aridity. The groundwater depletions scenario is compared to the warming scenarios to 
contrast surface water response to water and energy stressors. Our results highlight the utility of integrated modeling 
tools for diagnosing system behavior over large heterogeneous domains at high spatial and temporal resolution.     

 


