
ZACH FREED /  SUSTAINABLE WATER PROGRAM DIRECTOR /  TNC OR

Groundwater, Streamflow, & 
Sustainability in Central OR



Interconnected
G R O U N D WAT E R  &  S U R FA C E  F L O W S

Barlow and Leake 2012
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Groundwater 
Dependent Rivers

• Summer and fall flows
• Drought-resilient
• Cold-water refugia
• “Oases of the future”1

[1] Cartwright et al. 2021



Freed et al. 2022



Freed et al. 2022



Rohde et al. 2024



Climate and Recharge

All groundwater comes 
from precipitation.
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• Changes to timing and type of 
precipitation will affect groundwater 
recharge.

• Not all aquifers are equal: renewability vs.
climate-resilience depends on flow paths.

• Even climate-resilient aquifers are 
vulnerable to unsustainable use



Saito and Freed 2022



Saito and Freed 2022



Ecosystem Thresholds
F O R  G R O U N D WAT E R  L E V E L D E C L I N E S

Wetlands and springs: 
• 2.3 feet of drawdown for 100% 

mortality of indicator species 
(Aldous and Bach 2014)

Rivers and streams: 
• 1.6 feet to fall below ‘environmental 

flow limits’ in central Oregon
(de Graaf et al. 2019)

• 6.6 feet to transition 10% of gaining 
reaches to losing reaches in 
Oregon
(Jasechko et al. 2021)

Aldous and Bach 2014

Jasechko et al. 2021
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Thank you
Reach out: zach.freed@tnc.org



14

Changes to Supply 
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