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• monitoring drought in major 
river basins, such as the Rio 
Grande and Pecos

• improving water budget 
modeling

• comparing ET data with other 
models 

• evaluate water 
consumption changes 
associated with vegetation 
restoration efforts

• invasive species removal
• forest thinning

Vision

Objectives

Project Partner

Potential Stakeholders 
& Decisions

Operational Evapotranspiration for the State of New Mexico

• Help New Mexico access more comprehensive, timely information on water use and 
drought conditions; support their use of this info in determining state-level water 
priorities and dissemination to other NM agencies for decision-making

• Operationalize production of NASA EOS-based drought monitoring data for NM
• Develop access and dissemination mechanism of the drought product suite
• Apply and demonstrate utility of products in decision-making and WR planning
• Transition system to operational use by NM

• New Mexico is among the most arid states and consistently suffers drought conditions
• New Mexico disseminates information about landscape / drought / water conditions 

to multiple agencies, to help them manage agriculture, ranching, grazing, fire 
response, and other water related activities 

• New Mexico develops a State Water Plan to inform water management priorities and 
strategies within the state
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Satellite ET Algorithm: PT-JPL





P T- J P L  E T  VA L I D AT I O N

y = 1.07x
r2 = 0.90

PT-JPL has been independently validated at hundreds of sites, 
shown repeatedly to be the top-performing algorithm



The data dissemination system uses a
combination of GeoServer, Django, and
Leaflet to provide a WebGIS platform for
Decision Support System development.

Dissemination System

This WebGIS and automated data analytics system will be developed 
to the applications needs of stakeholders through collaboration



Prototype Development

Iterative Development through 
Automated Analytics Needs 
Assessment

Deployment to Decision Support 
System for Long-Term Support



App Features: 

- Drought, hydrology, and vegetation products
- New and innovative visualization methods
- Current location enabled maps
- Form your own area of interest
- Location search
- Time and duration search
- Download and sharing of screenshots

RHEAS
DROUGHT 
MOBILE 
APPLICATION



NMOSE

New Mexico State Forestry

New Mexico State Climatologist

New Mexico Department of Agriculture

National Weather Service

United States Geological Survey

United States Bureau of Reclamation

United States Army Corps of Engineers

USDA Natural Resources Conservation Service

Decision Web

protection of 
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irrigation

protection of 
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preparation for 
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monitoring 
climate 
change

weather 
forecasting

water 
availability 
monitoring

New Mexico Game & Fish

bioremediation 
and conservation





Drought Monitoring Working Group (DMWG)
Molly Magnuson, Water Use and Conservation Bureau Chief, Office of the State Engineer, molly.magnuson@state.nm.us
Royce Fontenot, Senior Service Hydrologist, National Weather Service, royce.fontenot@noaa.gov
The NMOSE participates in the DMWG with other state and federal agencies, and regularly assesses drought conditions for the 
State. Drought classification can impact federal assistance given to agricultural lands. Improved ET data provided to the National 
Weather Service (NWS) would feed into the US Drought Monitor (USDM) and improve drought assessments for the State.

Decision
• Statewide declaration of Drought

Impact
• Federal financial assistance ($$$)

Data Requirements
• Spatial: State-wide (1 km)
• Temporal: Daily
• Historical: Anomalies
• NRT: Yes

Data Delivery
• Map images and summary statistics
• Data format input to NWS?



Active Water Resource Management
John Romero, Water Rights Division Director, Office of the State Engineer, john.romero2@state.nm.us
Active Water Resource Management (AWRM) manages water shortages without solely following priority administration and 
cutting people off. AWRM allows for compromises, such as shortage sharing agreements, rotational and deficit irrigation. The 
OSE needs to ensure compliance (ET) when these agreements are in place. This program currently relies on gauge data, which is 
sparse, and in some parts of the state completely unavailable. Remotely sensed ET can fill this need.

Decision
• Arbitrate water needs (ET) claims from users and managers
• Shortage sharing agreements during scarcity
• Ensure compliance (ET)
• Select farms for deficit irrigation (ET)

Impact
• Maximize production and sustainability under water 

shortage ($$)
• Ensure compliance (💧)
• Improve relations between water masters and farmers (👬)
• Reduce litigation ($$$)

Data Requirements
• Spatial: Field scale (30 m)
• Temporal: Weekly?
• Historical: 1 year?
• NRT: Yes

Data Delivery
• Potential phone app for quick access
• Map images showing irrigation “light up”
• Review ET on a timeline



Water Rights Transfer
John Romero, Water Rights Division Director, Office of the State Engineer, john.romero2@state.nm.us
The OSE reviews applications (currently backlogged, especially in southeastern NM) to transfer the place and purpose of use for 
water rights. The OSE must assess the historic continuous beneficial use of water (ET) for each water right application in 
question. Long-term historical records of field scale ET will be highly beneficial.

Decision
• Accept, deny, or reappraise water rights transfer 

applications based on historical beneficial use (ET)

Impact
• Re-appraisal of over-valued water rights, reducing waste ($)
• Hundred of thousands of dollars in applications ($$$)
• Expedite application processing ($)
• Improve economic activity ($$)

Data Requirements
• Spatial: Field scale (30 m)
• Temporal: Monthly?
• Historical: As long as possible (decades)
• NRT: None

Data Delivery
• Time-series browser quantifying beneficial use over a long 

historical record
• Map images for a parcel showing ET light up over time, or 

NOT light up



River Realignment Monitoring, San Acacia Reach of the Rio Grande 
Page Pegram, Acting Basin Manager of the Rio Grande, Interstate Stream Commission, page.pegram@state.nm.us
Engineered river realignments (e.g., on the Rio Grande, San Acacia reach) affect riparian habitats. We need to know how this 
affects total streamflow. Is there more or less ET within a basin/sub-basin when a river is moved? When the ISC finds a depletion 
in the river, the USBR has to cover it and figure out who pays for the water.

Decision
• Determine where there is a depletion based 

on change in basin/sub-basin ET

Impact
• Save water (💧)
• Protect endangered species  (🐟)
• Avoid litigation from Endangered Species Act ($$$)
• Save labor with less people needed to do fieldwork and 

review data

Data Requirements
• Spatial: Riparian scale (30 m); or basin scale (1 km)?
• Temporal: Monthly?
• Historical: No (except for research demonstration)
• NRT: Yes

Data Delivery
• GeoTIFF, UTM 13 N?



Fire Risk Mitigation
Susan Rich, Forest & Watershed Health Coordinator, NM Energy, Minerals & Natural Resources Dept., SusanE.Rich@state.nm.us
Identify forest areas drying (anomalously low ET) for fire prevention, management, mobilization. May be due to disease (bark 
beetle).

Decision
• Identify dry areas (anomalously low ET)
• Select areas of forest for treatment (thinning, prescribed 

burn)

Impact
• Prevent catastrophic fire, preserve ecosystem health, reduce 

fire-fighting costs, save lives, improve air quality ($$$, 👬, 
🌿)

Data Requirements
• Spatial: 1 km
• Temporal: Daily
• Historical: Decade for anomalies
• NRT: Yes

Data Delivery
• GeoTIFF linked to monitoring system?



Case Study
Monitoring drought in the Fort Sumner Water Basin

Bureau of Reclamation via NMOSE
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Case Study: Drought Monitoring and Water Budget Refinement
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The Pecos River Basin Study has recommended increased water use data 
collection. The Pecos River is a low volume system where pumping can 
impact flows. Evapotranspiration improves water management decisions 
through knowledge of surface water loss and availability. Having a long-term 
record of refined surface water availability aids in monitoring climate 
change and planning resilience to geographic changes in water distribution.

1. Develop climate scenarios
2. Update groundwater model
3. Update surface water model
4. Strategize adaptations to 

reduced water supply
5. Develop drought contingency 

strategies

https://www.usbr.gov/watersmart/bsp/do
cs/fy2012/FactSheet-
PecosRiverBasinStudy.pdf

https://www.usbr.gov/watersmart/bsp/docs/fy2012/FactSheet-PecosRiverBasinStudy.pdf


Fort Sumner Evapotranspiration 
Baseline 2002-2016

Daily Rate of Evapotranspiration Averaged by Year 
then Averaged Together from 2002 to 2016
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Fort Sumner Evapotranspiration Anomaly
Daily Rate of Evapotranspiration Averaged by Year then Subtracted by Baseline
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Case Study
Reducing water consumption from the invasive Russian 

Olive along the San Juan River

New Mexico State Forestry via NMOSE
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Case Study: Drought Monitoring and Water Budget Refinement
1. Identify areas of invasive 

water consumption
2. Assess reduction in 

consumption due to removal
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Invasive species in riparian areas consume water and deplete the 
river as a source of potable water for human use. This example 
uses remotely sensed evapotranspiration to measure the 
effectiveness of invasive species removal.

“This riparian corridor was laden 
with invasive Russian Olive 
(Elaeagnus angustifolia). 
Treatment included mechanical 
cutting to include mastication and 
herbicide stump spray. Treatment 
was completed in March of 2017. 
Follow-up treatments will include 
foliar treatments for two growing 
seasons to eliminate re-sprout or 
germination of target species. 
Pending future funding, native 
cottonwood poles will be planted.”

Jose Carrillo
Timber Management Officer



San Juan River
Russian Olive 
Removal Site

• This site is about the size of one MODIS pixel.
• Landsat is needed to map at this scale.

Removal of Russian Olive took place at this site 
within the yellow boundary in March 2017.



https://believesteve.files.wordpress.com/2014/07/riverview14jul27_2552.jpg

Russian Olive Elaeagnus angustifolia

• Thrives on poor soil
• Low seedling mortality rate
• Matures in a few years
• Outcompetes native 

vegetation
• Invades riparian areas and 

consumes water
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Stakeholder Engagement Plan
• Collaborative development of automated, ready-made visualization 

and reports of data for Decision Support System
• Adaptive schedule for collaboration, including weekly to bi-weekly 

meetings between JPL and NMOSE as needed
• Monthly meetings between NMOSE and State and Federal agencies
• Providing stakeholders opportunity to influence project planning 

and decision making
• Providing data and obtaining feedback from state and federal 

agencies as needed
• Providing feedback to software developers on user needs and user 

experience



Project Milestones

Objective 1 [Year 1-2]: Develop a seamless, 
operational ET system that meets the
requirements of the data user and is ready 
for integration into the decision making 
process. 

Objective 2 [Year 1-2]: Test and improve 
the system prototype in the water 
management environment and fully integrate 
into the decision making process.

Objective 3 [Year 3]: Deploy the system to 
a low maintenance, operational environment 
for sustained use in water management 
decision making. 

Task/Milestone
Year 1 Year 2 Year 3

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
Operations
Proof of application concept matching with user interests
Automated daily data ingest and run
Completion of version 1.0 software system at JPL ★
Database interface with web front end
Prototype of WebGIS with accessibility to partner ★
Development of web front end
Initial operational system ready for integration and verification ★
Integration
Outreach to interested parties/downstream users
Present draft prototype of system to interested parties for feedback ★
Applications development through review of suite of case studies
Stakeholders involved in development of decision support system
Document case studies involving scenarios ★
System exploration, validation, matching to decision environment
Iteration for refinement of system
Integration and demonstration in decision-making process
Full integration of application prototype into decision-making ★
Transition
Routine communication keeping partner informed of technical developments
Document partner technical capabilities and potential for system transition
Partner has knowledge of technical functioning of decision support system ★
Code migration
Peer reviewed papers describing system
Testing, validation, verification
Code development for future scenarios
Final approved transition to operational deployment complete ★
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