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Current surface water & groundwater situation

SNOWPACK







Liu et al., 2022, Nature Communications

What do we need to catch up on?

Central Valley 
overdraft rates:

1961–2021: 1.51 MAF/yr 
2003–2021: 1.95 MAF/yr
2019–2021: 6.95 MAF/yr





Groundwater Recharge – how to do it?

Recharge Ponds
Flooding unlined 
earthen canals

On-farm Recharge



Water Year 2023



Achievements

21  MAF

• During 2023 water year, DWR estimates 
3.8 MAF of water has been recharged.

• Water Board permitted 11 applications 
authorizing >180,000 AF to capture 
floodwater for groundwater recharge.

• Executive orders N-4-23 and N-7-23

• Recharge created flood relief for 
downstream communities

• Recharge created a rebound in 
groundwater levels

• Lots of recharge everywhere but mostly 
uncounted/uncredited

Map from March 10, 2023



Figure from Aaron Fukuda

Regional effect on groundwater

Tulare Irrigation District





How do we capture more flood water 
for drought years?



DWR, 2019

California Flood-MAR program

California Flood-MAR program



Executive orders N-4-23 & N-7-23

Allowed for diversion and recharge of flood flows with stipulations

• An agency must declare flood conditions in 

the region

• Must not apply to dairy lands, parcels with 

pesticide applications within 30-days, non-ag 

parcels, areas that could impact critical 

facilities

• Landowner must report diversions to State 

Water Resources Control Board (SWRCB) & 

the local Groundwater Sustainability Agency 

(GSA)



SB 122 – Trailer Bill

• Recharge done with flood flows does not require an appropriative 

water right (under certain conditions)

• Similar requirements to Executive Order

• Sunsets on Jan. 1, 2029

• State is not liable for damages from the application of flood flows

• SWRCB must post diversions 

• Recharger does not claim a water right



Join the Flood-MAR network

https://floodmar.org





On-farm recharge



Use agricultural landscape for recharge

Don Cameron, General Manager, Terranova RanchPhoto credit: PPIC 



Use agricultural landscape for recharge

Don Cameron, General Manager, Terranova RanchPhoto credit: PPIC 

Bio-physical factors

• Crop tolerance 

• Soil suitability

• Water availability

• Hydrogeology

• Conveyance capacity

Institutional factors

• Cost & incentives 

• Water rights

• Permits 

• Shared governance 

• Ecosystem services 

and benefits



Effect of Ag-MAR on groundwater nitrate?



Risk of groundwater contamination

Source: CV-Salts Coalition

Nitrate in shallow groundwater

Bastani & Harter, 2019, J Cont. Hyd

Low intensity crop

Winter recharge (irregular)

BAU

Winter recharge (regular)

Low int. & winter recharge (reg.)

Low int. & winter recharge (irreg.)



control vs. flooded

Kearney Research and Extension Center
Thompson seedless grapes (Vitis vinifera) flooded 2 and 4 weeks in Feb 2020, 2021 



Site-specific nitrogen management

Levintal et al. 2023, ES&T

Low N source water
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infiltration: ~4 in/d 
5.8 ft recharge

infiltration : ~8 in/d 
6.7 ft recharge



Site-specific nitrogen management

Low N source water
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Murphy et al. 2021, VZJ;  Levintal et al. 2022, Crit. Rev ES&T

Leaching of 
nitrate

Mineralization 
of new nitrate



Cover cropping

• Triticale TRICAL® 2700 planted on Nov. 15

• Flooding occurred from March 9-23, 2021

• Flooding did not affect the triticale’s 
biomass production 

• 75 kg/ha nitrogen uptake prior to flooding

• Nitrogen uptake continued during flooding

75 kg/ha 114 kg/ha



Recharge plot instrumentation
Almond orchard - Modesto

BWN5               BWN6              BWN4



Recharge plot instrumentation
Almond orchard - Modesto

4.83 kg of KBr 
tracer applied on 
each plot

Groundwater 
flow direction



Recharge plot instrumentation

4.83 kg of KBr 
tracer applied on 
each plot

8 in

2 ft

3.3 ft

9.8 ft

16 ft

Groundwater 
flow direction

Almond orchard - Modesto

Depth to groundwater: 21 ft in May 2022

30 ft



~ 16 ft horizontal 
distance to well



Groundwater response
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Nitrate leaching to groundwater

Data from Thomas Harter & Spencer Jordan

On-farm recharge event

Groundwater nitrate concentrations in monitoring wells
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Dilution effect



MODFLOW modeled and observed groundwater 
NO3-N concentrations across orchard

Data and model results from Spencer Jordan, Hanni Haynes, Thomas Harter

HYDRUS modeled NO3-N concentrations at wells LS, 
MS, and HS with 15%, 40%, 60%, 100% applied water

4.9 ft

13.1 ft

19.7 ft

32.8 ft



Mobilization of geogenic contaminants



How to site the best Ag-MAR locations?

DECISION SUPPORT TOOLS



Decision support

O’Geen et al. 2015, CalAg







Devine et al. 2021, J. of Soil & Tillage Research

Trafficability and risk 
of soil compaction

Median days to 
trafficability after 
flooding

January February

Soil trafficability after deep wetting



Soil trafficability after deep wetting

https://soilmap2-1.lawr.ucdavis.edu/
soil-trafficability/



Safe water application 
calculator

Ganot & Dahlke, 2021 AgWaterMgt https://soilmap2-1.lawr.ucdavis.edu/root-zone/

Root hairs



Thank you!
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