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LAND IQ TECHNICAL DISCIPLINES
Land-Based Sciences: Land and Water Resources

• Agronomic assessments
• Plant/Soil/Water dynamics
• Water quality and supply evaluations
• Salinity and nutrient management
• Agricultural reuse 
• Soil reclamation and irrigation/drainage

Spatial Sciences: Remote Sensing and GIS
• Consumptive use estimation and crop identification
• Large landscape evaluations
• Irrigation and drainage
• Production agriculture

Development 
• Data management tools



THE ASK:
• Looking for new approaches in 

agricultural water management to be 
shared with the CRWUA audience.

• Those can be new and innovative tools 
that can be used to monitor and measure 
land change and water use in a more 
comprehensive, timely, and accurate 
manner. 



TWO EXAMPLES:
Both based on data-driven, 
ground truthing approaches for 
the purpose of calibrating and 
validating remotely sensed 
approaches:

1. Field-by-field crop type 
mapping

2. Field-by-field crop water 
consumptive use



AGRICULTURAL LAND USE MAPPING
• Advanced methods developed over 

last 12 years
• Implemented on large projects 

spanning CA, AZ, NM, TX, OK, LA, 
GA, FL, MO, MS, AL, AR, KS, NC, 
SC, regions of Mexico and Australia
• Leverages a spatial & spectral crop 

library 
• Results in accurate crop maps, 

statistics, and crop change





STATEWIDE LAND USE MAPPING
• Driven by: Regulations (SGMA), Commodity 

Groups, Water Managers/Planners, 
Government Agencies, Water Modelers, Etc. 
Etc.
• Approximately 460,000 individual fields
• 9.55 million acres
• Minimum field size of approximately 1.0 acre 
• Nearly 60 crop legend categories, which 

represent 98% of all irrigated lands
• Continuous mapping including multicropping
• Completed a decade of statewide mapping: 

2014, 2016, 2018, 2019, 2020, 2021, 2022, and 
2023



NORTHERN
REGION

Rank Crop Acres
1 Almonds 210,943 
2 Walnuts 158,821
3 Mixed Pasture 148,963 
4 Alfalfa and Alfalfa Mixtures 128,717
5 Rice 128,137 
6 Miscellaneous Grain and Hay 98,000
7 Miscellaneous Grasses 78,384 
8 Mixed Pasture - Fallow 59,902
9 Wheat 34,955 

10 Tomatoes 31,283

Total 1,995,678 
Total Agriculture 1,795,389 
Total Fallow 351,793 
Total Urban 200,289 



NORTH
CENTRAL
REGION

Rank Crop Acres
1 Grapes 278,141 
2 Almonds 192,702
3 Walnuts 170,044 
4 Miscellaneous Grain and Hay 161,684
5 Mixed Pasture 135,837 
6 Rice 119,422
7 Corn, Sorghum and Sudan 115,323 
8 Alfalfa and Alfalfa Mixtures 97,834
9 Wheat 79,267 

10 Tomatoes 66,969
Total 3,306,946 
Total Agriculture 1,939,039 
Total Fallow 237,275 
Total Urban 1,367,907 



SOUTH
CENTRAL
REGION

Rank Crop Acres
1 Almonds 1,178,168 
2 Pistachios 530,013
3 Grapes 436,937 
4 Corn, Sorghum and Sudan 429,096
5 Wheat 335,773 
6 Citrus 251,843
7 Miscellaneous Grain and Hay 235,720 
8 Lettuce/Leafy Greens 193,698
9 Alfalfa and Alfalfa Mixtures 186,767 

10 Tomatoes 136,129
Total 6,497,818 
Total Agriculture 5,794,354 
Total Fallow 863,462 
Total Urban 703,464 



SOUTHERN
REGION

Rank Crop Acres
1 Alfalfa and Alfalfa Mixtures 208,280 
2 Miscellaneous Grasses 103,270
3 Corn, Sorghum and Sudan 69,139 
4 Lettuce/Leafy Greens 67,520
5 Cole Crops 63,371 
6 Miscellaneous Truck Crops 62,356
7 Citrus 58,591 
8 Wheat 53,661
9 Avocados 48,738 

10 Golf Course 48,111 
Total 3,849,291 
Total Agriculture 1,202,522 
Total Fallow 205,657 
Total Urban 2,598,658 



GROUND TRUTHING & ACCURACY
• Standardized approach for independent 

validation of calibrated remotely sensed 
approaches
• Over 23,000 miles of ground truthing in 

2023
• Captured approximately 90,000 data points
• Use a set aside portion of ground truthing 

results as an independent validation 
dataset
• What did we see on the ground versus 

what did the models predict
• Overall accuracy of 97.6% based on 

independent ground-truth validation 
dataset



• 2023 DWR Class had an overall 
accuracy of 98% based on 
independent ground-truth 
validation dataset for specific 
crop type.

• 2023 Subclass (Land IQ) overall 
accuracy of 97% based on 
independent ground-truth
validation dataset for grouped 
crop type.

• Publicly available for 2014, 2016, 
2018, 2019, 2020, 2021, 2022, and 
2023 (Provisional). 

• 2024 statewide mapping being 
completed now. Some commodity 
groups already completed in 
expedited mapping





MAPPING AND ET PROJECT WORK
OUTSIDE OF CALIFORNIA

• Arizona Projects:
• Central Arizona Project – Fallowing program 

includes ET estimates and crop mapping
• Yuma Mesa IDD
• Welton Mohawk IDD

• Mojave Valley IDD – includes ET estimates and 
crop mapping

• Resolution Copper/New Magma IDD
• Almond Mapping – Almond Board of California
• Pistachio Mapping – American Pistachio Growers
• Pecan Mapping – American Pecan Council



ARIZONA STATEWIDE CROP-SPECIFIC MAPPING – FIELD LEVEL



NEVADA STATEWIDE CROP-SPECIFIC MAPPING – FIELD LEVEL



NEW APPLICATIONS: PERMANENT CROP AGE
Separate approach to 
determine when field 
was last fallow.

Permanent crop age can 
help predict:
• Water Usage
• Crop removals and 

replanting
• Yield Estimations



DELIVERABLE - FIELD BY FIELD ALFALFA AGE AND ET
• Distinct correlation to 

age of the alfalfa field 
and ET

• Consumptive use 
declines over time in 
alfalfa

• 34% reduction in this 
example

• Some fields more than 
others

• Alfalfa-specific age x ET 
results as an additional 
attribute with crop 
mapping
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NEW VALUE-ADDED ATTRIBUTES EACH YEAR



NEW APPLICATIONS: IRRIGATION METHOD DETERMINATION

• Crop type
• Statewide ground truth results
• Irrigation district records
• Previous records
• Source water supply
• Agronomic knowledge
• Known regional differences
• Temporal differences (e.g. crop age)
• Topography

Incorporation of various lines of evidence to 
create irrigation method distribution 



Proximity analyses can be 
conducted to determine impacts on 
water use and production systems 
from:
• Regulatory compliance
• Environmental impacts
• Adjacent agricultural operations

NEW APPLICATIONS: PROXIMITY ANALYSES



Land IQ currently provides 
monthly, field by field 
consumptive use, land use, and 
precipitation results for:
• 35 GSAs or Districts
• Over 3.5 million acres

• 35-40 different crops
• Multiple water sources
• Field-by-field ET and Precipitation
• Supports various allocation methods 

and water management strategies
• Monthly reports with accuracies
• Delivery within 25-30 days

• Integration to on-line platform results

NEW APPLICATIONS: FIELD-SCALE CONSUMPTIVE USE



Water Use

Applied Water

Meters

Consumed Water

Land Use

Single 
Value/Acre

Irrigated v 
Non-Irrigated Crop Type

Crop ET

Evapotranspiration

Crop 
Coefficient

Remotely 
Sensed

Non-
Calibrated

Ground 
Truthed –
Calibrated

Increasing Accuracy and Equitability

Water Use - A Decision Tree Approach



GROUND TRUTHING FOR ET CALIBRATION – WHY?

• Defensible
• Independent validation
• Calibration to actual conditions
• Avoiding interpolation during lengthy 

cloud and smoke cover
• Understanding specific field conditions 

and management
• Allows for crop-specific modeling
• Stations used are a combination of 

eddy covariance and surface renewal 
approaches developed through 
collaboration with DWR (Delta) and UC 
Davis researchers
• A “ground up” approach



• Approximately 85 stations installed in the San 
Joaquin Valley

• Establishment of spatial precipitation with 
multiple rain gauges

• For the purpose of understanding crop 
specific and repeated measurements

• Collaboration with UC Davis, UC 
Cooperative Extension and USDA 
Agricultural Research Service

• Necessary for more accurate estimation of 
consumed water in any: 
• Water allocation programs
• fee-based establishment
• Demand management programs
• Grower collaboration and outreach

GROUND TRUTHING FOR CALIBRATION – WHERE?



RESPONDING TO THE ASK
Q: What’s New? 

A: Ground Truthed Solutions

Previous Crop Mapping Approaches:
• Survey based – numeric only

• Intermittent and Infrequent (county by county)
• Non ground truthed (USDA CropScape Crop Data Layer),

• Generally less accurate, less timely, and less 
comprehensive (e.g. many times doesn’t include 
multicropping)

New Crop Mapping Approaches:
• Continuous

• Accurate

• Comprehensive



RESPONDING TO THE ASK
Q: What’s New? 

A: Ground Truthed Solutions

Previous Crop Water Use Approaches:
• Crop Coefficient (ETc = ETo x Kc)
• Research-based methods
• Mass balance methods
• Micrometeorological (plant specific) methods

New Crop Water Use Approaches:
• Remotely sensed ET – data driven, ground calibrated
• At least provide relative differences in water use and are 

now providing accurate estimation of water use across an 
entire landscape on a field by field basis

• Coupled with crop mapping (knowing what is grown 
where and how much) is a powerful combination
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DEVELOPMENT TIMELINE
Over a Decade of Research, Development, and Mapping

• Idea Developed in 2010 and before

• Were average yields slightly elevated in almonds?

• Initial Pilot Study - Madera County in 2011

• Secondary Pilot Study - Madera County in 2013
• Statewide tree crop mapping in 2014 including walnuts, pistachio 

and dried plums

• Retrospective almond mapping for 2010 and 2012 

• Statewide land use mapping for DWR for 2014, 2016, 2018, 2019, 
2020, 2021, 2022 and 2023 (in progress)
• Delta land use mapping for DWR and SWRCB in 2015, 2016 and 2017
• Various commodity groups (ABC, CWB, Rice, PRB, APC, ACP, CPB, 

CAC, )



ACCURACY ASSESSMENT
• Standardized approach for 

remote sensing
• Use a set aside portion of 

ground truthing results as an 
independent validation 
dataset
• Evaluates omission and 

commission errors
• Accuracies calculated for all 

crops with adequate data (>5 
records)





Almonds
• Reduction in total acreage beginning in 2022

• Reduction in bearing acreage beginning in 2024
• Significantly impacted by SGMA
• More change likely to occur in San Joaquin Valley



Walnuts
• Peak in total acreage beginning in 2022

• Reduction in total acreage in 2023 and again in 2024
• Significantly impacted by SGMA
• More change likely to occur in San Joaquin Valley



Pistachios
• Non-bearing – 25-35%
• 2023 recent mapping includes non-bearing estimate
• Conversion from almonds (recent) and annual crops
• Approximately 75% of water use of almonds and walnuts



Prunes
• 2023 acreage not completed
• More acreage in the Sacramento Valley
• More change likely to occur in San Joaquin Valley

• Decent prices somewhat recently



Plums
• 2023 acreage not completed

• More acreage in San Joaquin Valley
• Usually smaller blocks



Apricots
• Small acreage crop
• Primarily around the Patterson area
• Consistent decline over the past decade



Other Deciduous
• A catchall for remaining deciduous tree crops
• Pecans – 6,069 acres in 2022
• Persimmons, Figs, Hazelnuts, Chestnuts, Jujube



Dates
• Grown in the southeastern desert areas of CA
• Increased in popularity
• Still smaller acreage crop



Raisins – Dried Grapes
• Growers were concerned the acreage 

was over-estimated, affecting markets
• 97,774 acres mapped and validated in 

2022
• Differs from USDA (127,000) and CDFA 

(132,000) estimates

Bearing raisin acreage estimates, 1984 to 2021 (CDFA, 2022)



Other CA Crops/Land Use

• Grapes (all):                                 762,311

• Citrus:                                            311,389
• Peaches/Nectarines:                 64,282
• Olives:                                               56,006
• Avocados:                                        52,204
• Cherries 39,848
• Pomegranates:                              21,607
• Pears:                                                   8,554
• Apples:                                                8,378

• All CA Agriculture:                 9,661,716
• All CA Urban:                           4,995,733



APPLICATIONS: YIELD FORECASTING On-line calculator 
requires:
• Acreage
• Age
• Location
• Environmental 

variables
• User defined



FIELD-BY-FIELD RESULTS

Crop Type

Monthly ET

Online Viewer and Data Download 
Tool

Monthly Precipitation

Age

Visalia

Tulare

Hanford

Wasco



ARIZONA STATEWIDE CROP-SPECIFIC MAPPING – FIELD LEVEL



ARIZONA STATEWIDE CROP-SPECIFIC MAPPING – FIELD LEVEL


