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I primarily research the role of groundwater in the 
terrestrial hydrologic cycle 

Past and future national 
hydrology from the 
bedrock to the 
treetops

The role of human 
management and 
groundwater in the Food-
Energy-Water Nexus

Energy required for
pumping varies with
groundwater depth

Groundwater
provides a
stable water
supply for
irrigated
agriculture

Energy requirements
influence operating costs
and choice of crops

Groundwater
demand
depends on
energy cost
of pumping

Energy demand
depend on irrigation
requirements

Irrigation changes
evaporative demand
and infiltration rates

Groundwater
demand is
closely linked with
surface water
availability

Groundwater
pumping is more
energy intensive
than surface
water delivery

Groundwater surface 
water interactions and 
watershed dynamics



1% Usable 
by Humans

All Water on Earth

Groundwater
99%

Groundwater is by far our largest groundwater 
resource, it is literally everywhere all the time



But it’s also 
old and slow. 

Do we really need 
to worry about 
groundwater 
dynamics? 

Yes! We really do. 



Groundwater and the 
Colorado River





What does Groundwater have to do with this?



“…56% of the streamflow in 
the UCRB originated as 

baseflow…”

Baseflow could decline by 
up to 33% in the future
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Groundwater is an important 
environmental gradient that 
helps shape landscape patterns

Kollet and Maxwell WRR (2008)

Maxwell and Kollet NGeo (2008)
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Groundwater is slow moving and buffering 

changes surface water dynamics 

• Hydrologic sensitivity to climate variability can vary with 
water table depth and groundwater dynamics

• Groundwater storage response to climate perturbations and 
streamflow response to groundwater storage changes are 
both asymmetric and can lead to persistent trends (Eltahir 
and Yeh, 1999; Istanbulluoglu et al., 2012)

• Baseflow decreases short-term variability and increases 
long-term autocorrelation (Kustu et al, 2010)



As the basin warms:
1. Increase forest water use 

reduces GW recharge 
2. Results in GW storage loss
3. Severe losses in dry years will 

not be made up for in wet 
periods

4. Groundwater depletion reduces 
streamflow



”Groundwater interactions 
with mountain streams are 
often simplified in model 
projections, potentially 
leading to inaccurate 
estimates of streamflow 
response to climate 
change.”



1% Usable 
by Humans

All Water on Earth

Groundwater
99%

We know that groundwater is by far our largest 
freshwater resource

Yet is is sparsely observed and highly uncertain



We build models 



CONUS 1.0 Domain

Expanded CONUS 2.0 
Domain

Our team develops a 
high resolution national 
ParFlow model 
spanning the entire 
contiguous US at 1km 
resolution from 
bedrock to treetops



Platform development is a big job 
that takes an interdisciplinary team 



Lumped Parameter 
Model

Land Surface Model Integrated  Model

We build models 
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Our national platform uses the integrated hydrologic 

model ParFlow

• 3D variably saturated groundwater flow
• Fully integrated surface water
• Parallel implementation
• Coupled land surface processes 

• Land-energy balance
• Snow dynamics
• Driven by meteorology

Maxwell (2013); Kollet and Maxwell 
(2008); Kollet and Maxwell 
(2006);Maxwell and Miller (2005); Dai et 
al. (2003);  Jones and Woodward 
(2001); Ashby and Falgout (1996)

Coupling with land surface 

processes (CLM) allows for 

simulation of interactions and 
connections



In the early teens we built a proof-of-concept, 
6.3M km2 domain covering much of the CONUS

• 1 km lateral resolution
• .1 – 100m vertical 

resolution over 102m 
depth

• ~32M unknowns
• The Miss and CO 

watersheds
• Fully integrated, 3D 

Richards’ EQ, Shallow 
Water Equations, Land 
Surface Processes

Maxwell, Condon and Kollet GMD (2015)



• Expanded simulation domain

• Improved subsurface 
representation

• Better topographic processing 
and overland flow simulation

• Incorporating groundwater 
pumping and other water 
management activities

CONUS 1.0 Domain

Expanded CONUS 2.0 Domain

CONUS 2.0 Model development advances 
our hydrologic representation



This model has been useful for building our 
understanding of groundwater land surface 
connections



Dr. Leonardo Sandoval
(Arizona)

Amy Defnet
(Princeton)

Precipitation

We are now running our model operationally too



Building and running this model is a huge 
investment so we built a platform to share it too!



The 
HydroFrame 
platform 
makes our 
national 
modeling 
datasets and 
tools 
accessible



We constructed the largest extensive and continuously updated 
database of hydrologic observations

• Continuously updated observations 
datasets currently on HydroData:
• Streamflow (USGS)
• Groundwater Levels (USGS)
• Soil moisture (SMAP)
• Snow (SNOTEL)
• Precipitation & Temperature 

(NOAA/NWS)
• All data processed for QA/QC 
• Public API this fall to allow external 

users to query and interact with all 
datasets. 

Nearly 900,000 wells with 24M individual water table depth observations



We also 
assemble and 
continuously 
update 
watershed 
conditions 
across the US 
for multiple 
variables 
simultaneously



HydroData
A national collection of ParFlow CONUS simulations as 
point observations from national observations

- networks that are continuously updated and processed 
for easy integration across datasets 

- API for public data access



A python package to subset inputs and 
outputs from the national ParFlow 
simulations and build watershed models. 

SubsetTools



You can use SubsetTools to clip any 
inputs from the national framework 
and to configure ParFlow run for any 
watershed in the contiguous US

SubsetTools



You can use SubsetTools to clip any 
inputs from the national framework 
and to configure ParFlow run for any 
watershed in the contiguous US

SubsetTools



All our 
resources are 
freely 
available data 
download just 
requires a 
user sign-up



Thank you for listening!

hydroframe.org
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