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The Basinwide Climate Challenge  

• Hotter climate
• More extreme precipitation
• Earlier and more concentrated runoff
• Increasing flood, groundwater, water-

supply, and ecosystem risks  Every water-management sector is vulnerable



Two Adaptation Strategies

I-FIRM / FIRO-MAR
• Forecast-informed reservoir operations

• Flood risk reduction

• Ecosystem flows 

• Priority Recharge Management Areas 
– Benefits DACs 

– Support Groundwater-dependent ecosystems

– Has higher aquifer retention

– Reduce subsidence

MAR-90/20
• Recharge available high flows
• Streamlined permitting



MAR 90/20
96 taf/yr

I-FIRM
410 taf/yr
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400% greater recharge with I-FIRM



I-FIRM Reduces Peak Flows
Maximum simulated flow (thousand CFS)
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540% Increase in flood peak with Climate Change

54% Reduction in flood peak with I-FIRM



An Integrated Watershed Approach (FIRO-MAR)
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Constraints, and Tradeoffs

Every watershed is unique
• Different reservoirs, channels, aquifers, water rights, and infrastructure 

Where recharge occurs matters
• Subsidence-prone areas 

• Disadvantaged communities 

• Groundwater-dependent ecosystems 

• Aquifer retention

Reservoir reoperation involves tradeoffs
• Flood-storage requirements 

• Water-supply reliability 

• Environmental requirements 

Coordination is difficult but essential
• Local, State, and federal authorities

• Different missions, funding sources, 
and regulatory requirements



Partnerships, Pilots, and the Path Forward

Partnerships
• Irrigation districts 

• Groundwater sustainability agencies 

• Flood and ecosystem managers 

• Reservoir operators 

• State and federal agencies 

• Delta exporters and CVP-SWP operators

Pilots
• Conduct FIRO-MAR pilots 

• Test operations and forecasting

• Measure recharge and flood benefits

• Evaluate downstream and Delta 
effects

• Refine the strategy before broader 
implementation

Basinwide Implementation
• Coordinate across watersheds 

• Recognize groundwater and flood 
connections 

• Pursue cumulative benefits for the Lower 
San Joaquin River and Delta

The Watershed Studies provide the technical foundation. 
Partnerships and pilots are the bridge to implementation
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Thank you

Ajay  Goyal, DWR
Ajay.Goyal@water.ca.gov
916-873-5679 
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Average annual change in 
subsurface storage (TAF)

I-FIRM Improves Groundwater Storage
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