
Operational Evapotranspiration Data for Water Management in the West

Presenter Notes
Presentation Notes
Thousands of people across the West make decisions about water every day -- farmers, local and regional water managers, state and federal planners. And with water supplies becoming increasingly scarce, many of them are being asked to do more with less. This makes good data and information that much more important. Until recently, many of these decision-makers lacked a source for consistent, timely data on one of the most important pieces of information for water management - the amount of water that is consumed by crops and other vegetation as they grow.  
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https://openetdata.org

Presenter Notes
Presentation Notes
OpenET uses publicly available data from multiple satellites and weather stations and the Google Earth Engine platform to bring together several models for calculating ET onto a single platform for the first time. We have brought the scientific community behind those different ET approaches together and are using best available science to make consistent, near real-time, field-scale ET data easily accessible for the entire western US. 
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Founded on Open Science

Presenter Notes
Presentation Notes
A big strength of OpenET is the caliber and collaborative nature of the scientific community behind it. The technical team includes approximately 30 researchers and practitioners from NASA, DRI, the U.S. Department of Agriculture (USDA), the U.S. Geological Survey (USGS), University of Nebraska, University of Wisconsin, University of Maryland, Cal State University Monterey Bay, Google Earth Engine and the web development firm HabitatSeven, with leading expertise in satellite-based estimation of evapotranspiration, cloud computing, and user-driven website design. Forrest will talk a little bit more about the models later, but I’ll just say now that one of the reasons we pulled such a big team together was to tackle the issue of conflicting and competing numbers out there for ET. We sought to bring the more commonly utilized approaches, and the minds behind them, together in one place to try and resolve some of those differences and help practitioners and decision-makers gain confidence in the numbers. 



OpenET Us es  Data  from a Cons tella tion of Satellites

USGS-NASA Landsat 5/7/8/9
(TM / ETM+ / OLI /  TIRS)

30m/ 0.22 acres  | overpas s  every 8-16 days

ESA Sentinel-2A, 2B
20m/ 0.1 acres  | overpas s  every 5-10 days

NASA Terra /  Aqua
1 km | daily overpas s

NASA-NOAA Suomi NPP     
~ 300-375m | daily overpas s

NOAA GOES-15/16/17
0.5-4 km | < hourly

Image credit: NASA/Goddard Space Flight Center Conceptual Image Lab

Presenter Notes
Presentation Notes
The models incorporated into OpenET are all satellite-based. OpenET uses satellite observations from  Landsat in combination with other NASA and European Space Agency satellites  to estimate evapotranspiration. As everyone who has run through a sprinkler on a summer day knows, evaporation consumes energy and cools down surfaces. This cooling effect is visible to Landsat's thermal sensor,  which detects increases in ET as lower land surface temperatures. Cooler temperatures mean that more water is being used (transpired) by plants and evaporated from the land surface. Combining this satellite data with gridded meteorological data allows scientists to accurately calculate ET for every pixel in a satellite image. Each pixel is 30 meters x 30 meters, or approximately one-quarter of an acre, providing multiple measurements per field for most agricultural fields in the West. 



OpenET Ens emble Approach

Universidade Federal 
do Rio Grande do Sul

Presenter Notes
Presentation Notes
OpenET is incorporating most of the more commonly utilized approaches for estimating OpenET. Models selected for inclusion in OpenET are all models that have been used operationally by a state or federal agency, or that are advancing towards operational use in the near-term. A major goal of OpenET is to avoid the scenario where different agencies are using different numbers and obtaining different estimates of ET as a result. By bringing the science community together and using an ensemble approach, OpenET can provide a single value from the ensemble that represents a consensus-estimate from the scientific community, while also taking advantages of the strengths of each model.In addition, I think it’s fair to say that the state of the science itself is improving thanks to the unique opportunity OpenET provides for them to work together and learn from one another. OpenET provides documentation for each of these models and documentation for how the ensemble is generated, and access to results from the intercomparison study that is currently underway. 



OpenET Ens emble Approach

Presenter Notes
Presentation Notes
OpenET makes information available both from the individual models, and calculates an ensemble value after removing outliers.When viewing data for an individual field or location, the ensemble mean (the black line) provides a ‘consensus estimate’, while the range (the gray shaded area) provides a measure of the uncertainty, or expected error range. 



OpenET Ens emble Approach

Presenter Notes
Presentation Notes
Turning on results for individual models makes it easy to compare results from different approaches. Values that fall outside the shaded area for any given field or parcel are flagged as outliers for that field and are not included in the calculation of the ensemble value.Over the next year, the OpenET is also working on refining the ensemble value calculation to take advantage of the strengths of different models. For example, we’ve determined that some of the models perform better for for fallow fields and deficit irrigated fields. Other models perform better for well watered conditions, and some models currently have a low bias for smaller agricultural areas surrounded by arid lands. The OpenET ensemble value currently performs well across the West as a whole, but a key reason we are making the data public is to provide users with an opportunity to review the data and provide input on areas where users have questions about the ET data.



Accuracy of the OpenET Approach



Intercomparis on and Accuracy As s es s ment 

- Phase I comparison complete (70 flux tower s ites ; 24 ag s ites )
- Phase II comparison for 142 flux tower s ites ; 70 ag s ites



OpenET Ens emble Value: Croplands  (Phas e I)  

Accuracy Summary for Croplands  for the OpenET Ensemble ET Value

Time Period Slope Mean Bias  Error) Mean Absolute 
Error

Root Mean 
Squared Error

r-squared Mean flux 
tower ET 

Water Year: 
14 sites / 48 total water 
years

0.93 -71.6 mm
(-7.0%)

91.3 mm
(8.9%)

100.5 mm
(9.8%)

0.88 1024 mm

Growing Season: 38 
sites / 151 growing 
seasons

1.0 -10.1 mm  
(-1.7%)

80.3 mm
(13.2%)

92.7 mm
(15.2%)

0.88 609.5 mm

Monthly:
45 sites / 1,682 months

0.95 -3.6 mm
(-3.9%)

15.6 mm
(16.6%)

20.0 mm
(21.3%)

0.91 93.7 mm

Daily:
49 sites / 4,804 days

0.88 -0.3 mm
(-7.4%)

0.8 mm
(22.8%)

1. 1 mm
(29.7%)

0.82 3.6 mm

Melton et al., JAWRA, 2021



OpenET Accuracy: Croplands  (Phas e II)  
California wine grapes

• Ensemble ET
- Slope: 0.98
- RMSE = 10.62 mm
- R2 = 0.92

• DisALEXI ET
- Slope: 0.98
- RMSE = 9.69 mm
- R2 = 0.94



OpenET Accuracy: Croplands  (Phas e II)  
Oregon Alfalfa (Irrigated)

• Ensemble ET
- Slope: 1.00
- RMSE = 15.74 mm
- R2 = 0.93

• SIMS ET
- Slope: 0.99
- RMSE = 12.86 mm
- R2 = 0.95



OpenET Accuracy: Croplands  (Phas e II) 
California Almonds

• Ensemble ET
- Slope: 0.88
- RMSE = 28.71 mm
- R2 = 0.91

• SSEBop ET
- Slope: 1.03
- RMSE = 22.62 mm
- R2 = 0.93



OpenET Accuracy: Evergreen Fores ts  (Phas e II) 
Ponderosa Pines, OR (US-Me2)

• Ensemble ET
- Slope: 1.48
- RMSE = 41.18 mm
- R2 = 0.79

• eeMETRIC ET
- Slope: 1.02
- RMSE = 23.49 mm
- R2 = 0.55



Use Cases  and Pilot Projects



OpenET can help:

Rural communities to design locally driven water 
conservation and trading programs.

Policymakers to more accurately track water 
supplies, simplify regulatory compliance, and co-
develop solutions with local communities.

Water managers to develop more accurate water 
budgets, incentive programs and other innovative 
strategies. 

Farmers to expand use of data-driven irrigation 
practices to maximize “crop per drop” and 
reduce cos ts  for fertilizer, water, and energy.



OpenET Use Cases

Presenter Notes
Presentation Notes
OpenET has taken a user-driven design approach from the beginning. In addition to this work conducted by the OpenET team, we have also developed invaluable partnerships to test applications of OpenET. We’ve worked with partners on 10 use cases to demonstrate how OpenET can be used across a wide range of applications, including irrigation management, water trading and larger-scale watershed management. The use cases include local, state, federal and tribal government water management agencies, small family farms, and large agricultural organizations.   I want to return now to some of the ways we’re seeing OpenET data being used in decision-making on the ground. As you’ve heard throughout this presentation, OpenET has taken a user-driven design approach from the beginning, working with partners to test and demonstrate a wide range of applications, at a variety of scales. This map shows all of these use cases, many of which you’ve already now heard us or our partners describe in the videos and demo. One of the ongoing goals for OpenET moving forward is to continue to advance the underlying science, and to test and explore new applications for the data. 



Mark Owens
Farmer 
Harney County, OR

Irrigation Management in the Harney Bas in






Elvy Barton
Senior Water Policy Analyst
Salt River Project

Fores t Management in Arizona

Presenter Notes
Presentation Notes
OpenET also provides valuable information for forests, wetlands, and other land cover types outside of irrigation agriculture. One of the potential applications for ET data that relates to broader watershed and forest management. This is a particularly relevant application right now with all the wildfires that have been occuring across the West. In Arizona, the Salt River Project is using OpenET to study how forest management aimed at reducing wildfire risk affects hydrology. 






The OpenET Cons ortium

Presenter Notes
Presentation Notes
OpenET would not have been possible without the creation of a unique public-private sector partnership that includes three federal agencies - NASA, USGS and USDAI cannot overstate the value of this community effort and how important it is that so many different agencies and organizations have come together through a unique public-private partnership to deliver a consensus estimate and consistent data across the western US.We’ve asked our partners from USGS, USDA and the University of Idaho to say a few words. I’ll start by introducing Martha Anderson from the USDA.



Ques tions ? Questions?

forrest.s.melton@nasa.gov
openetdata.org



What’s  next for OpenET?
● Addition of OpenET Historic Data to the Earth Engine Public 

Data Catalog (Fall 2022  ongoing)

● Public release of the API (late 2022 / early 2023)

● Completion of the custom reporting tools (early 2023) 

● Best Practices Manual and updates to the ensemble ET value 
(2023)

● Further development in the underlying science 
○ Integration of TIR observations at different times of day from 

different platforms
○ Evaluating the models for mature tree crops, open water 

evaporation, and for forests, wetlands, and other non-
agricultural landscapes

○ Calculation of effective precipitation and ET of applied water
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