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Project Approach

• Construct valley-wide recharge suitability map –
comprising both surface and subsurface variables

• Incorporate detailed mapping of almonds

• Overlay the two and specify the relative groundwater 
recharge suitability

• Incorporate orchard age as a site selection criteria



Project Cooperators



Statewide Almond Mapping

• Primary Cooperators
– Almond Board of California (ABC)
– Land IQ, LLC

• Mapping Main Resources
– United States Department of Agriculture 

(USDA) National Agricultural Imaging 
Program (NAIP) imagery

– Landsat and other imagery
– California Department of Water Resources 

(DWR) County Crop Mapping
– USDA-National Agricultural Statistics Service 

(NASS) CropScape Mapping
– USDA-NASS Tabular Records
– California Department of Pesticide 

Regulation (DPR) Records
– County Agricultural Commissioner Crop 

Reports
– Grower Knowledge
– Agronomic and Remote Sensing Expertise



Development Timeline

• Over Half a Decade of Research and 
Development
– Idea Development in 2010 and before – Were 

average yields slightly elevated?
– Initial Pilot Study in Madera County in 2011
– Secondary Pilot Study in Madera County in 2013
– Statewide almond mapping in 2014 including other 

crops
– Retrospective 2010 and 2012 mapping
– Current analyses – derived from most up-to-date 

mapping
• Age Analysis
• Recharge Potential

– Future analyses
• Previous Crop Analysis
• Regulatory Compliance and Risk
• Renewable Energy Analysis
• Water Supply Reliability

– 2016 mapping complete at the end of 1st quarter of 
2017
• Waiting on imagery to become available



Almond Groundwater Recharge Suitability

• Overview of Data Inputs

• Explanation of Suitability Rating Methods

• Statewide Almond Mapping

• Almond-Specific Groundwater Recharge Suitability Results



Application – Groundwater Recharge Potential

• Question: Given increased interest in winter 
recharge by ABC and state regulations, can you 
tell which orchards are most suitable for 
intentional recharge?

• Answer: Yes
– Developed a Central Valley wide suitability index 

utilizing:
• University California Davis (UCD) Soil Agricultural 

Groundwater Banking Index (SAGBI)
• California Department of Water Resources (DWR) 

Groundwater Levels
• United States Geological Survey (USGS) Central Valley 

Hydrologic Model (CVHM) well logs
• California Department of Water Resources (DWR) 

Irrigation District Coverage
• Hydrology & Points of Diversion

– The index provides a locating tool for 
determination of suitable areas for intentional 
groundwater recharge in any crop



Application – Recharge Potential

• Approach
– Overlay almond orchard mapping on top                                      

of recharge suitability index
– Inherit the recharge classification to the                              

specific almond orchard itself
– Result is a new map product that shows                           

recharge classification specifically for                                  
almond orchards

• Significance: 
– Resulted in approximately 670,000 acres of suitable almond 

orchards
– Allows growers and water providers the ability to locate most 

suitable orchards in relation to water supply infrastructure
– Prioritizes land for recharge opportunities
– Does not replace site-specific investigations
– Allows for interaction with other researchers for assessing 

impact on crop, soils, leaching, etc.



Input Data – Soil Agriculture 
Groundwater Banking Index (SAGBI)

• Soil infiltration rate

• Soil drainage capacity

• Topography 

• Soil salinity

• Soil surface condition (propensity to 
erode or form crust)



Input Data – Soil Agriculture 
Groundwater Banking Index (SAGBI)

• Identified about 3.6 million acres with good 
potential for groundwater banking 

• Focused on surface soils (top 5 feet) 

• Did not account for subsurface factors



Input Data – DWR Groundwater 
Levels

• Deeper groundwater allows greater capacity for 
storage

• Even with excellent SAGBI scores, shallow 
groundwater can be a concern



Input Data –
USGS CVHM 

Sediment Data

• Purpose is to 
include deeper 
sediment analysis

• Consider depth (if 
any) to restrictive 
horizons or less 
permeable 
sediments below 
the root zone



Input Data – Irrigation Districts, 
Hydrology, and Points of Diversion

• Areas served by water districts are more 
likely to have infrastructure needed for 
recharge implementation

• Areas solely served by groundwater were 
assumed to not have surface water 
supplies



Results – Soil Agricultural 
Groundwater Banking Index 

(SAGBI) Surface

• Surface Soil Suitability Index

• Can you infiltrate and percolate water through 
the root zone



Results – Land IQ Subsurface

• Sequential Approach – Top to Bottom

• Once you infiltrate and percolate water 
through the root zone, can it be stored?



Surface or Subsurface – Limiting 
Index Result

• Groundwater recharge requires suitable 
conditions in both surface and 
subsurface soils

• Start from top and work down

Subsurface Limited

Surface Limited



Results – Combined Suitability Index

• Combines both surface and subsurface 
conditions in a sequential and logical approach

• Provides a conservative approach

• Classifies into six categories



Results – Statewide Almond 
Mapping – Orchard by Orchard

• Performed for the 2010, 2012, and 2014 
growing seasons

• 2016 update occurring now to assess 
change

• 96.7+% accurate



Results – Almond-Specific 
Groundwater Recharge Suitability

• Overlay and assignment of suitability with 
almond mapping

• Combination of the two datasets result in an 
orchard by orchard spatial map for suitability

• Acres Suitable

– Very Good (4,119 acres)

– Good (271,509 acres)

– Moderately Good (396,790 acres)

– Total (over 670,000 acres)



Results – Almond-Specific 
Groundwater Recharge Suitability

• Zoomed In area east of Modesto showing 
diversity of suitability

• Detail of classification can be seen according 
to surface soil type and underlying conditions

• Overlay of water supply infrastructure and 
communications with irrigation districts is 
ongoing



Refinement - Age Analysis

• Question: Can you also determine and 
incorporate the age of each orchard?

• Answer: Yes
– Once orchards are mapped, only then can age 

be determined
– A backwards looking approach (through 1984) 

at various imagery sources is conducted
– Once “signature” appears as open ground, then 

this establishes planting date
– +/- 1-2 years
– Accuracy = 90-95%

• Significance: Potential Uses
– Intentional Recharge Refinement
– Yield forecasts/enhancements
– Biomass/carbon accumulation



Conclusions

• Almond Board of California proactively commissioned a map-
based (spatial) format to better understand statewide acreage 
and agricultural issues

• The mapping that has been completed for 2010, 2012, and 2014 
is greater than 96% accurate as to orchard location and acreage

• 2016 mapping will be completed at the end the first quarter of 
2017

• There are multiple uses of the base layer information for analysis 
purposes, including age determination, intentional almond 
recharge potential, regulatory compliance, water supply 
reliability, crop forecasting, etc.
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