
Integrated hydrologic modeling at the 
continental scale

Laura Condon
University of Arizona Department of Hydrology and Atmospheric Sciences



Integrated hydrologic models can be used to 
explore groundwater surface water 
interactions

Traditional land surface models simplify
processes but are efficient

Integrated hydrologic models are 
comprehensive but expensive



Integrated models as a tool to characterize the role of 
groundwater in hydrologic systems
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D) T/ET Fraction Mixed Forests
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E) T/ET Fraction Shrubs
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F) T/ET Fraction Savannas
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Hyper-resolution 
(1km2) ParFlow-
model covering 
~6,000,000 km2 of 
the continental US
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Model Inputs: From 
national datasets but 
with customizations
• Topograph
• land cover
• soil properties 
• hydraulic 

conductivity 
• atmospheric 

forcings



This is a data and 
computationally 
intensive problem

• 500,000 core hours
• 2,000 cores
• 1 week wall clock
• 3TB input
• 13TB total output
• 200GB summarized 

output



~1.2 million 
observations 
available for 
a one-year 
simulation

• 378 SNOTEL Stations
• 3,050 USGS gages
• 29,385 USGS Wells
• Varying temporal 

resolution

Model Evaluation



The ParFlow project has a diverse user community 
and distributed development

• 200 users from academia, research and industry 

with a range of backgrounds, HPC and 

modeling experience

• Ten developers from academia and national 

laboratories worldwide

• Range of priorities with no centralized funding
• Open source, community development with 

best software practices

https://www.parflow.org



IDEAS-Watersheds
Interoperable Design of Extreme-scale 

Application Software (IDEAS)





ParFlow - CLM
Surface water bodies 

develop and evolve 

dynamically  based on 

topography and 

moisture content

Variably saturated 

flow is solved 

throughout the 

subsurface (i.e. no a 

priori specification of 

vadose zone)

Land energy fluxes 

controlled by soil 

moisture and 

atmospheric 

variables







Questions?
lecondon@arizona.edu


