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Harney Basin Groundwater Model
(HBGM)

• What is a groundwater model?

• Harney Basin model development

• What can we learn about the basin hydrologic system?

• Example future scenarios
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Why a groundwater model?
• Common method to understand complex physical processes using equations 

that describe the physics of the process

• Numerical modeling used in many applications: aerodynamics of planes, 
weather forecasting, smoke-plume drift, mining, heating, etc.

• Used to test systems that can’t be built in a laboratory

• Can be used to estimate flows and aquifer characteristics for which direct 
measurements are not available

• Ideal for evaluating various future scenarios
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https://www.usgs.gov/software/modflow-6-usgs-modular-hydrologic-model



Some important concepts
• Aquifer--a geologic formation(s) that is water bearing; a geological formation 

or structure that stores and/or transmits water, such as to wells and springs. 

• Transmissivity, hydraulic conductivity, permeability--the capacity of a porous 
rock, sediment, or soil for transmitting a groundwater (different precise 
definitions but I may interchange them today). 

• Recharge—Water reaching the groundwater system (rain/snow melt/stream 
infiltration, irrigation return…)

• Discharge—Water leaving the groundwater system 
(springs/streams/evapotranspiration/pumping…)

• Steady state—Recharge equals discharge in a groundwater system; no change 
in storage and no long-term water-level changes
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Modified from Masbruch and others (2010)
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MODFLOW 6 model grid

each cell about 2,000 ft per side

74,840 cells x 10 layers→740,840 total cells

480,016 cells are active in the model 



Hydrostratigraphic units and 
well locations are generalized
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Discharge
Stream network represented by more than 9,000 model cells

Gingerich and others (2024)
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Upland monitoring wells used for 
calibration to 2018 water-level conditions

Gingerich and others (2024)
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Calibration results in the Weaver Spring area
 median water-level match  = -1.7 ft

Measured groundwater-level altitude, in feet
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Drawdown 
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1930–2018



We now have a calibrated model……So what 
can we learn about the hydrologic system?

• Components of the water budget

• Effects of historic withdrawal

• What if we continue current stresses?

• How quickly can the system recover?
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Decrease in stream and spring 
discharge from 1988–92 through 
2014–18

(example of a hydrologic condition 
that can be difficult or impossible to 
measure)       
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When you pump groundwater from the system, 
what happens to the other types of discharge?

• Simulation using 1930–2018 water budget but no withdrawal

• 3,400,00 acre-ft of water not withdrawn from groundwater system

is balanced by:

• 1,200,000 acre-ft of increased lowland evapotranspiration (35%)

• 1,100,000 acre-ft of increased stream and spring discharge (32%)

• 1,100,000 acre-ft of additional groundwater storage (32%)
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Harney Basin Groundwater Model
(HBGM)

• What is a groundwater model?

• Harney Basin model development

• What can we learn about the basin hydrologic system?

• Example future scenarios
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Future Scenario 1: continue 2018 
pumpage until 2100

Gingerich and others (2024)
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Future Scenario 1: continue 2018 
withdrawal until 2100

Gingerich and others (2024)
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Future Scenario 2: discontinue all 
irrigation withdrawal after 2018

Water table will recover to 1990 condition, 
depending on location, in times ranging from 
less than 10 years to more than 60 years 
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Future Scenario 2: discontinue 
all irrigation withdrawal after 
2018

Spring and stream discharge in the 
Western region is still recovering 80 
years after withdrawal stops

The Northern region recovers the 
most

The Southern region recovers the 
fastest
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Future Scenario 2: 
discontinue all irrigation 
withdrawal after 2018

Increase in stream and spring 
discharge by 2100

Increase in discharge
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Take home messages

• The Harney Basin Groundwater Model is able to match 80 years of historic 
measurements of upland base flow and lowland water-level decline

• Historic withdrawal captured natural discharge and reduced storage: 
• Evapotranspiration (35%),
• Stream and spring discharge (32%), 
• Groundwater storage (32%)

• Continued withdrawal at 2018 rates will lead to deeper and more 
widespread declines

• If all irrigation pumping stops, timing of water-table recovery varies 
spatially
• At least 60 years to recover in areas with heavy pumping and little recharge
• 10 years in areas under recharge sources
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• The Harney Basin Hydro-Economic model: linking the 
dynamics of the groundwater system with crop 
irrigation decisions and farm economic outcomes

• Collaboration between USGS and OSU Dept. of 
Applied Economics (Bill Jaeger, John Antle, Dan 
Bigelow)

• We simulate 30-yr future scenarios using alternative 
management choices
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Coming 
Soon!



Questions?

Check out the new report 
for more details
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Future Scenario 1: continue 2018 
withdrawal until 2100

Gingerich and others (2024)
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