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Personal Introduction

• 10 Years with 

Reclamation

• Background 

– Bowen-Ratio calculated 

Evapotranspiration (ET)  

– Remote Sensing

• Current Projects

– Lead in Lower Basin CUL 

Reporting



History of Remote Sensing & 

Evapotranspiration in Lower Basin

• Early 1980’s Task Force on 

Unmeasured Return Flow

• Late 1980's USGS completes initial 

development

• 1995 First ‘LCRAS’

Report

• 2009 New report 

http://www.usbr.gov/lc/region/g4000/wtracct.html

http://www.usbr.gov/lc/region/g4000/wtracct.html


Diverters along the main stem of the 

Lower Colorado River from

Hoover Dam to the Southern 

International Boundary of Mexico

Areas Added in 2004 

- Wellton Mohawk Irrigation Dist. , AZ. 

- Imperial Irrigation Dist. , CA. 

- Coachella Valley Water Dist. , CA.

Represents approximately 870,000 

acres of irrigated lands, and 500,000 

acres of riparian area

Evapotranspiration Program Area 



Program Data

• Data Types
– Crops

• Type 
• Evapotranspiration
• Gross cropped
• Irrigable Acreage
• Fallow 

– Riparian
• Type 
• Evapotranspiration

– Open Water
• Evaporation
• Mainstream vs Backwaters

Riparian Vegetation – Cibola NWR



Program Data Reporting

• Data is Summarized Diverter and Reach 



Program Data Reporting

• Data is Summarized Diverter and Reach 



Supporting Activities

• Quantification of conserved water for various programs: 

• Fallowing Agreements and System Conservation

• Intentionally Created Surplus  

• Inadvertent Overrun and Payback

• Riparian habitat restoration and monitoring, 

• Economic impact analysis for land use conversions, 

• Develop consumptive use estimates for Decree Accounting, where 
gaged records are unavailable. 

• Maintain historical records of:

• Evapotranspiration for agriculture and riparian areas

• Evaporation from reservoirs, canals, and other open water areas



How Evapotranspiration Data is 

Generated
• Acreage Data

– Crop

– Riparian 

– Open Water

• Reference ET (ET0)

• Crop Coefficient (Kc)

Riparian crown closure map and relational database, Laguna Dam



Geo-Database Design

• Over 30,000 Fields 

Digitized

• GIS Database

– Unique field ID –

tracked and archived

– Updated on routine 

bases

Imperial Irrigation District – Field Borders over Landsat Image



Database Design

• GIS database locates, identifies, and quantifies:

– Crop Types

– Riparian Types

– Open Water Surface

• Provides for analysis at:

– Field level, Irrigation Diverter, 

River Reach, State Boundaries, or other required 

geographic area

– Multi-temporal database allows for historical analysis

Crop database - CVWD



Database Design

NAIP Imagery with Field Borders – IID, CA



Populating Database - Procedures

• Ground Reference Data Collection

• Spectral Crop Signature Development

• Automated Crop Classification

• Classification Accuracy Assessment



Ground Referenced Data - Crops
• Ground Truthing

– 4 Times Annually

– 4 Individuals

– 2 Weeks

• Sample approximately 

12% of fields

• Collect
– crop type 

– condition representing 

spectral variability



Spectral Crop Signature Development
• 10% of Ground sample reserved for accuracy 

assessment

• Segmentation algorithms generate spectral 
signature “objects”

Signature Objects over TM imagery

Signature Objects in a single training field



Automated Crop Classification
• Signature “Objects” used to classify individual 

pixels

• Fields receive crop label based on plurality rule 

Crop label assigned to each fields based on plurality ruleIndividual Pixels classified from signature objects



Classification Accuracy Assessment
• Independent accuracy field (10% reserved) aid 

in assessing accuracy of classification  

February 2014 Accuracy Table for Yuma Area



Classification Overview
Multispectral Imagery

Landsat TM (30 meter resolution)

NAIP (1 meter resolution)

Data Classification Procedure
Crops: 4 times per year. Automated Classification. 

Riparian: Object-based Classification & Annual 
Change Detection

Open Water : Annually. Visual Classification

Riparian Vegetation – Cibola NWR



ET and Evaporation Calculation

• AZMET & CIMIS 

stations

– Reference ET

• Crop Coefficients 

developed using FAO 

standard procedures

AZMET, Mohave area, AZ



Developing Activities
• Data is being integrated into water 

management activities requiring 

crop, riparian, and associated ET 

information

• Integration of emerging remote 

sensing technologies such as 

energy balance (SEBAL, 

METRIC, and SSEBop) to 

improve or enhance current 

methods

• Development of web-based 

applications to allow broader 

access to data



Discussion

Topock Marsh – 1 foot CIR


