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LAND IQ BACKGROUND



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

• Agronomic assessments/soil science

• Water quality and supply evaluations

• Salinity and nutrient management

• Agricultural reuse 

• Land stabilization and erosion control

• Soil reclamation and irrigation/drainage

• Research design studies and implementation

Spatial Sciences: Remote Sensing and GIS
• Consumptive use estimation and crop 

identification

• Large landscape evaluations

• Irrigation and drainage

• Production agriculture

Development 
• Data management tools



ESTIMATING WATER USE



APPLIED VERSUS CONSUMED WATER

• San Joaquin Valley experience:   
“Just tell me how much water I use”

• Applied Water
• Water that is pumped or diverted
• Measured via meters or other flow device

• Consumed Water
• Water that is evapotranspired
• Measured via knowledge of the crop type 

and crop coefficients, or
• Measured via remotely sensed methods

• Applied ≠ Consumed
• Applied + Precipitation > Consumed
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APPLIED WATER - METERS

• Different types of meters
• Requires appropriate installation
• Requires maintenance
• Requires updating and calibration
• Requires checking, downloading 

readings, interpreting readings, matching 
readings to a field, etc.

• Does measure water applied
• Does NOT measure the water lost from 

the system 



APPLIED WATER - METERS

• Default choice by some 
because it is familiar

• Not just water monitoring, 
but human monitoring too
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STATEWIDE LAND USE MAPPING

• Approximately 470,000 individual fields

• 10.7 million acres

• Minimum field size of 2.0 acres 

• Overall accuracy of 97.6% based on independent 
ground-truth validation dataset

• Approximately 50 crop legend categories, which 
represent 98% of all irrigated lands

• Over 23,000 miles of ground truthing each year

• 2014, 2016, 2018, 2019, 2020, 2021, 2022, 2023*

* In process

2022 Statewide Land Use



CA - DWR 
NORTHERN REGION

• Major crops include:
• Rice, Mixed Pasture, Almonds, Walnuts, Alfalfa, 

Miscellaneous Grain & Hay, Miscellaneous Grasses, 
Tomatoes, Olives

• Total Irrigated & Idle Land = 1,680,725



CA - DWR
NORTH CENTRAL REGION

• Major crops include:
• Grapes, Rice, Miscellaneous Grain & Hay, Mixed Pasture, 

Walnuts, Almonds, Corn, Alfalfa, Tomatoes, Wheat

• Total Irrigated & Idle Land = 1,896,015



• Overall accuracy of 97.6% based on independent ground-truth 
validation dataset for specific crop type.

• Overall accuracy of 98.3% based on independent ground-truth 
validation dataset for grouped crop type.

• Mapping completed for water years: 2014, 2016, 2018, 2019, 
2020, 2021, 2022, 2023 (in process)

• Publicly available for 2014, 2016, 2018, 2019, 2020, 2021 

INDEPENDENT GROUND TRUTHING ACCURACIES



VALUE-ADDED ATTRIBUTES EACH YEAR



NORTHERN CALIFORNIA LAND USE TRENDS



PERENNIAL CROPS – NORTHERN CALIFORNIA ACREAGE
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A DECADE CHANGE IN ALMOND FOOTPRINT
2014 2023
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ANNUAL CROPS – NORTHERN CALIFORNIA ACREAGE

 -

 10,000

 20,000

 30,000

 40,000

 50,000

 60,000

 70,000

 80,000

 90,000

2014 2016 2018 2019 2020 2021

Mixed Pasture Miscellaneous Grain and Hay Tomatoes Sunflowers Alfalfa and Alfalfa Mixtures



RICE – NORTHERN CALIFORNIA ACREAGE ONLY
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Rice 2016
541,993 acres

Highest Acreage



Rice 2022
252,980 acres

Lowest Acreage



FALLOW – NORTHERN CALIFORNIA ACREAGE
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CONSUMED WATER: EVAPOTRANSPIRATION

• Evaporation: Water evolved into the 
atmosphere from soil and plant 
surfaces after precipitation or irrigation 
(never goes through the plant)

• Transpiration: Water evolved into the 
atmosphere from translocation 
through the plant (goes from roots to 
leaves)

Evapotranspiration = Evaporation + Transpiration
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CROP ET – CROP COEFFICIENT APPROACH
• CIMIS Reference Crop ET x Crop Coefficient = Crop ET        

(ETo x Kc = ETc) – Traditional Approach
• Range in quality of CIMIS stations
• Must have crop mapping
• All walnuts have the same ET
• All pasture has the same ET
• There is differentiation between crop types
• There is not differentiation between actual water use 

from one grower to another within the same crop
• No differentiation by permanent crop age, more or 

less densely planted orchards, different irrigation 
management, etc.

• Some incentive for improved irrigation management
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REMOTELY SENSED APPROACHES
• Non-Field Calibrated
• A top down/sky down approach
• METRIC, Sebal, SIMS, etc.
• Image interpretation and analysis

• Ground Truthed – Field Calibrated
• A ground up approach
• Remotely sensed models are data driven and 

calibrated to a network of ET stations
• ET stations measure actual environmental 

conditions and impact on consumed water
• Accounts for crop and land use type
• Harder and takes more time to implement
• Only provides ET where ground truthing exists
• Cost depends on area analyzed and complexity
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GROUND TRUTHING FOR 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 80 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/market 
/fee-based approach

GROUND TRUTHING FOR CALIBRATION – WHERE?



DELIVERABLE 1 – FIELD BY FIELD ET
• Monthly results 

delivered to the GSA 
within 25-30 days of 
the previous month

• Calibrated and 
validated by ground 
truthing climatic 
stations

• Reviewed by 
independent advisors

• Used for tracking 
water use, water 
management, 
reporting, allocations, 
fee structures,  etc.



DELIVERABLE 2 – FIELD BY FIELD 
CROP TYPE
• Same methodology used to provide crop 

type to CA Dept of Water Resources as a 
requirement of SGMA

• Consistent with results for DWR
• Essentially real-time crop type for 

inclusion in modeling
• Can be used by GSAs/Districts for 

tracking irrigated acreage, customer 
base, in-season water planning and 
management



DELIVERABLE – FIELD BY FIELD 
PRECIPITATION

• Results collected by rain gauges at 
ground truthing stations

• Incorporation of other public rain 
gauge results (e.g. CIMIS, airports, 
cities, etc.

• Conversion of point data into a 
spatial precipitation map by month 
and by year

• Assignment of a field-by-field 
precipitation for rainfall 
contribution to ET, water budget 
tracking, allocations, modeling, etc.
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DELIVERABLE 4 – FIELD BY 
FIELD PERMANENT CROP AGE
• Same methodology used to provide 

crop type to CA Dept of Water 
Resources as a requirement of SGMA

• Consistent with results for DWR
• Highly correlated to consumed water
• Yet another line of evidence that 

people can use to refine their water 
management allocations and land use 
forecasting



DELIVERABLE 5 – GROWER SUPPORT
• Dedicated team of agronomic 

scientist and biometeorologists
• Grower emails/calls/field visit 

deferred by clients to our 
scientists
• Overall communication and 

outreach at grower meetings and 
field days
• Field by field questions addressed



INDEPENDENT ADVISORY GROUP

• Retired UC Cooperative Extension Agents 
and Farm Advisors:
• Allan Fulton, MS – 35 years in Northern CA 

Counties
• Blake Sanden, MS – 26 years in Kern County
• Review results every month offering 

suggestions for refinements
• Larger Advisory Group:

• Allan Fulton, MS – UCCE Emeritus
• Blake Sanden, MS - UCCE Emeritus
• Rick Snyder, PhD – UC Davis Emeritus
• Daniele Zaccaria, PhD – UC Davis
• Dan Howes, PhD – Cal Poly ITRC
• Khaled Bali, PhD – UC ANR
• Pasquale Steduto, PhD – UN-FAO



GROWER ACCEPTANCE

• ET is used to charge growers for their water 
or regulatory fees

• ET is used to determine pumping allocations
• ET is being integrated into long-term water 

management planning and decisions
• Few GSAs/Subbasins using meters although 

some allowing growers the option
• 3.3 million acres delivered each month for 

approximately 35-40 GSAs/Districts



CONCLUSIONS
• Accuracy matters
• Ground truthing provides:

• Calibration
• Validation
• Defensibility
• Confidence
• Independent analyses
• A data-driven approach

• Goal is to continually reduce variability
• Impactful on decision-making, water 

management, crop management, and 
allocation management
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ABOUT LAND IQ
Land IQ is a specialized Agricultural, Water 
Science, and Remote Sensing firm that pairs 
scientific knowledge of plant, water, and land 
systems with advanced remote sensing 
technologies, custom modeling, and analytical 
methods to develop detailed assessments of 
land and water resources.

We focus on large scale land systems and 
management applications.


