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California agriculture

Farms and ranches cash receipts in 
2023: over $59.4 billion dollars

oDairy, Milk: $8.13 billion

oGrapes: $6.52 billion

oCattle: $4.76 billion

oLettuce: $3.93 billion

oAlmond: $3.88 billion

oPistachios: $2.98 billion

oStrawberries: $2.97 billion

oTomatoes: $2.01 billion

oCarrots: $1.67 billion

oBroilers: $1.24 billion

Sources: CDFA,2023 



Regional scale/Basin scale water management



English to Metric Unit Conversion

1 acre – 0.406 ha

1 inch – 25.4 mm

1 acre-ft – 1233.4 m3

1 US ton – 0.907 metric ton

1 Ibs – 0.454 kg



California 

water supply

Temporary variability between supply and demand

DWR, 2024



Spatial variability in precipitation

DWR, 2024



Climate variability

DWR, 2024
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water supply

DWR, 2024
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Water is stored in reservoirs and 

transported using a network of canals
DWR, 2024
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Management Act (SGMA)

DWR, 2024



Statewide Airborne Electromagnetic (AEM) Survey: 

Underground Aquifer Mapping

Developed by the state to help local water managers determine the best places to implement

groundwater recharge projects

DWR, 2024



Resistivity from AET is 

transformed into a coarse 

fraction.

Red areas on the map have 

high coarse fraction and are 

good for groundwater 

recharge

https://stanford.maps.arcgis.com/apps/instant/atlas/index.html?a

ppid=46573c5fd37a401a8dbca384b19cb8a0

https://stanford.maps.arcgis.com/apps/instant/atlas/index.html?appid=46573c5fd37a401a8dbca384b19cb8a0
https://stanford.maps.arcgis.com/apps/instant/atlas/index.html?appid=46573c5fd37a401a8dbca384b19cb8a0
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supply strategy for 

adapting to 

climate change

DWR, 2022



Farm level water management



Recharged: 275,000 acre –ft by 
February 2024
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water supply

Water Year Allocation Cap

2022 1.3 AF per acre

2023 1.3 AF per acre

2024 1.2 AF per acre

2025 1.1 AF per acre

2026 1.0 AF per acre

2027 0.9 AF per acre

2028 0.8 AF per acre

2029 0.7 AF per acre

2030 0.6 AF per acre

• Sustainable yield of 305,000 AF/year

• ~525,000 acres eligible to receive allocation

• Starting 2022,  “Transition Period”

• 1.3 AF/acre taper to 0.6 AF/acre allocation (from 396 to 183 mm)

Groundwater Allocation and Transition Period

Febbo, 2023



Westland Water 

District: Surface 

water allocation 

and land fallowing

Febbo, 2023



Penalties for exceeding groundwater allocation

Madera County GSA



Compare ETAW from 
IrriWatch and Land IQ
to AGW from
flowmeters

• Groundwater Allocation is
based off of

ETAW
• Flowmeters measure AGW

• IrriWatch measures ET
and calculates ETPR and
ETAW
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• Groundwater Allocation is
based on ETAW

• Flowmeters measure AGW

• Remote sensing measures
ET and calculates ETPR
and ETAW

Davids Engineering



Penalties for exceeding groundwater allocation

Madera County GSA



ETAW = ET -ETp

Groundwater Allocation Monitoring using Satellite-based Remote Sensing

Madera County GSA



Groundwater allocation monitoring using satellite-based remote sensing

Davids Engineering



Strategic water management at the farm level



Land-Water-Crop Allocation Optimization under water allocation and agronomic 
constraints

Linker and Kisekka (2024)

Sample farm with different zone 

types in each zone based on the 

NRCS soil survey

Optimization of water allocation

Water allocation constrain

Crop rotation constrains

What crop should I grow and how much land should I irrigate?



Land-Water-Crop Allocation Optimization under water allocation and agronomic 
constraints

Linker and Kisekka (2024)

Each zone has different soil types

What crop should I grow and how much land should I irrigate?



Tactical water management for tree crops



Adoption of irrigation scheduling technologies by 
almond growers in California

Source: Almond Board of California



Integration of remote sensing and ground-based ET measurements to 

reduce errors 
Without ground data assimilation

With ground data assimilation

Ghorbanpour and Kisekka, (2024)

Data driven Irrigation scheduling. Apply the right amount, at the right time in the right place.



LI-710 Low cost ET sensors



Low cost ET sensors

CitrusPistachio

AlmondProcessing  
tomatoes



Peddinti and Kisekka (2024)



Peddinti and Kisekka (2024)



Combining sap flow and ETa using transpiration ration (T/ETa) in 

pistachio. T/ETa < 1.0 indicates water stress



Automated stem 

water potential 

sensors

Microtensiometers

Osmometers



Stem water potential 

(SWP) is widely used 

as a water status 

indicator in woody 

perennial crops

Continuous SWP 

sensor provides 

feedback on tree 

response to water 

management

Kisekka et al. (2024)



Many citrus growers in 

California still use 

tensiometers to make 

irrigation scheduling 

decisions due to the ease 

of data interpretation, 

and familiarity

Uncertainty in Kc to 

guide ET-based 

scheduling

Kisekka et al. (2024)



Tactical water management for vegetable crops



✓ Provides site-specific recommendations for 

irrigation and nitrogen management based on 

soil type, climate, crop type, and crop 

development stage

✓ Uses science-based algorithms for 

developing recommendations

✓ Maintains records on water and nutrient 

management (export for regulatory 

compliance)

cropmanage.ucanr.edu

Michael Cahn





Soil management



• Need to develop simple decision support tools for 

assessing the impact of irrigation water salinity on 

yield and profitability

• Geospatial maps of salinity impacts on yield could 

be used to inform multi-benefit land repurposing 

decision making.

Salinity Management
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Crop response function to irrigation and salinity



Assessing salinity impacts on crop 

yield and economic returns in the 

Central Valley



1 2 3



Profits for a) alfalfa, b) almonds, c) table grapes, and d) processing tomatoes using the web tool. 

https://yieldprofit.ucdavis.edu/

https://yieldprofit.ucdavis.edu/


Soil health



50

Cover crop block

No-cover crop blockSoil Health: Cover Crops



NC had 
higher SM% 

above 5 ft

CC had higher 
SM% below 6 ft

Cover crops increased soil moisture storage below six feet 

Chen et al. (2024)



Conclusion
• Increase in water supply is needed to increase climate resilience 

• Enhance demand management is critical for sustainable irrigation

• Conservation practices and technologies exist that can help growers 
improve water use efficiency at the farm scale

• Where it exits, salinity poses a major threat to irrigated agriculture

• Irrigation management needs to be implemented to provide multiple 
benefits including crop production and soil health



Acknowledgments 

Groundwater SAS Project: USDA NIFA Grant Award # 2021-68012-35914




	Slide 1
	Slide 2: Advances in Water Limited Irrigation Management in California
	Slide 3: Outline
	Slide 4
	Slide 5: California agriculture
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52: Conclusion
	Slide 53
	Slide 54

