Water Availability and Use Science Program
ET: FY 2017 End-of-Year Report


(1) PROJECT ACCOMPLISHMENTS/CONTRIBUTIONS (FY 2017)

There are two main components of this project:
1) Actual evapotranspiration (ET) estimation (led by Gabriel Senay)
2) Cropland classification and crop water productivity studies (led by Prasad Thenkabail)

Actual ET Estimation
Senay’s group uses satellite temperature data to estimate actual evapotranspiration (ET) using the Operational Simplified Surface Energy Balance-operational model (SSEBop).  The SSEBop ET model has been evaluated against flux tower data and other models and the results are encouraging, showing stability and good accuracy (< +/- 20% error at the monthly scale).  Details on ET evaluation studies can be found in the recent publications listed in section 4 of this report.

Satellite data used thus far includes MODIS and Landsat. MODIS-based ET appear to underestimate ET depths in sparsely irrigated regions from early evaluation assessments in Montana. This can be attributed to the coarse resolution of MODIS (1 km2) which is 100 times less than Landsat (0.01 km2) in area terms. This points to the importance of using Landsat based approach, at least in combination with MODIS for more accurate representation.  

The ET estimation project is directly supporting water use estimation in Water Census Focus Area Studies and nationally.  Some specific products developed this year include:

· SSEBop V4 monthly ET estimates for the CONUS have been updated at the USGS Geoportal with 2016 data, bringing archive list to 17 years (2000-2016)
· Updated Landsat-based  Rio Grande River Basin ET with new parameters for 2015.
· Evaluated Landat ET using 6 flux tower sites in New Mexico using 8 years (2007-2014) of eddy covariance data.
· Provided new Mexico Water Science center with 10 years of Landat ET  (2006-2015) for 10 HRU (hydrologic response unit) basins.
· Implemented the SSEBop ET model on google earth engine cloud computing platform, creating the first proof-of-concept  CONUS-wide LandatET for 2015
· Continued to update and post monthly and seasonal drought monitoring products at https://earlywarning.usgs.gov/useta  
· Participated in phase III “remote sensing ET modeling evaluation” for the Upper Colorado River Basin that is organized by the US Bureau of Reclamation.
· Published papers and presented results at conferences and workshops.


 
Cropland classification and crop water productivity studies
The main objectives of Thenkabail’s group is to develop automated cropland classification algorithms using data obtained from multi-sensor, multi-date remote sensing using machine learning algorithms on cloud computing platforms.  The group is further working towards crop water productivity modeling and mapping.

Thenkabail’s group has developed a model called the Fallow-land Algorithm based on Neighborhood and Temporal Anomalies (FANTA) model. The model uses MODIS data to capture cropland dynamics and response to drought.  FANTA model provided good accuracies based on field data collected in California’s Central Valley during the year’s 2014 and 2015. The model asks four questions: 
· Does the pixel LOOK like a crop relative to its history? 
· Does the pixel ACT like a crop relative to its history? 
· Does the pixel LOOK like a crop compared to its neighbors? 
· Does the pixel ACT like a crop compared to its neighbors? 
If the answer is "No" for at least two questions, then the pixel is considered fallow.  In this way, all the different expressions of fallowed cropland are captured. Sometimes cropland that is left unplanted is still managed, and will remain free of vegetation -- with low greenness. In other cases, cropland that is left fallowed and unmanaged may become filled with weeds, giving a strong greenness signal. In both cases, however, the field will not be very dynamic -- i.e., will not go from bare soil to vibrant crop to harvested field.  

FANTA has been applied to the State of California and results were published for 2001-2015:
· Wallace, C.S.A., Thenkabail, P.S., Rodriguez, J.R., and Brown, M.K. 2017. Fallow-land Algorithm based on Neighborhood and Temporal Anomalies (FANTA) to Map Croplands versus Cropland Fallows using MODIS Data to Assist in Drought Studies Leading to Water and Food Security Assessments. Special Issue on Advances in Remote Sensing and GIS-based Drought Monitoring. GIScience and Remote Sensing. 54(2): 258-282. http://dx.doi.org/10.1080/15481603.2017.1290913. 

A paper on crop classification for entire USA was also published, mapping broad categories of crop types for 2001-2014:
· Massey, R., Sankey, T.T., Congalton, R.G., Yadav, K., Thenkabail, P.S., Ozdogan, M., Sánchez Meador, A.J. 2017. MODIS phenology-derived, multi-year distribution of conterminous U.S. crop types, Remote Sensing of Environment, Volume 198, 1 September 2017, Pages 490-503, ISSN 0034-4257, https://doi.org/10.1016/j.rse.2017.06.033. IP-081309. 


 (2) PROJECT WORKPLAN AND BUDGET FOR FY 2018

Evapotranspiration estimation, Senay:

	
	
	
	Item, $K
	Group, $K

	I
	Model Application and Production
	
	105

	
	A
	Complete and update MODIS scale 2017 ET and stage data to the CIDA Geo Portal sever, using SSEBop V4.
This will include any model re-runs of previous years (since 2000) if a new version of the model is developed.
	30
	

	
	B
	Produce Landsat -based ET for the CONUS  using  google earth cloud computing platform for two complete years. This requires processing more than 16,000 images for one year. 
	70
	

	
	C
	Collaborate with Bureau of Reclamation to leverage WaterSMART funding to produce Historical ET for the lower Colorado River basin.
	5
	

	
	
	
	
	

	II
	Model Algorithm Enhancement and Performance  Evaluation
	
	200

	
	A
	One of the two key model parameters is the differential temperature (dT) between surface and air temperature that varies as a function of space and day-of-year.  Algorithm improvement and evaluation will be carried out to improve the accuracy and representation of this theoretically derived key parameter.  This will require algorithm reformulation and evaluation of the spatially explicit dT datasets against satellite-observed dT values.

	150
	

	
	B
	Continue to improve model implementation efficiency using high computing platforms. This is key for the success of a CONUS-wide Landsat ET. 
	20
	

	
	C
	Evaluate the performance of CONUS-wide Landsat ET produced on google earth engine using available data such as eddy covariance and water balance ET sources.  
	     30
	

	IV
	Synthesis and Reporting: Manuscript Development and Presentations
	
	44

	
	A
	Manuscript preparation and publication for  (1) “HUC-based water budget analysis and evaluation” using GRACE data and other water balance terms and (2)  “satellite psychrometry”, a reformuation of SSEBop model for improved understanding and explanation of the model.
	30
	

	
	B
	Work with New Mexico Water Science centers to evaluate the performance of SSEBop ET on HRU-based PRMS modeing effort and collaborate with USBR on the remote sensing ET evaluation for the upper colorado river basin.
	10
	

	
	C
	Presentations at annual meetings such as AGU and WaterSMART  workshops.
	4
	

	TOTAL
	
	
	349





Croplands classification and crop water productivity studies, Thenkabail:
Thenkabail’s group plans to continue refinement of their crop classification systems over the next year. In particular, they intend to work on:

1.      Peer-reviewed articles:
A.    Write a peer-reviewed manuscript on global cropland extent @ 30-m;
B.     Review article on cropland water productivity (“crop per drop”) bringing a global perspective.
2.      Data and algorithm release to public:
A.    30-m cropland extent of North America on NASA’s LP DAAC including the algorithm;

Future work will include research on estimating crop water productivity (“crop per drop”) for 5 major crops (wheat, rice, corn, soybeans, cotton) in the U.S. This is planned using multi-sensor remote sensing data. Crop types, crop yields, and crop water use will be mapped in US and some other countries of the world taking the above 5 world crops. The study will result in determining “crop per drop” (crop water productivity) of these major crops worldwide. Work is ongoing in California and will be extended to other irrigation-dependent agricultural regions of the U.S.  

The long term (~5 years) workplan for Thenkabail’s group includes:
1. Extend fallowed-land work to CONUS;  
2. Create 30-m baseline cropland extent product for CONUS (FY18 product planned);
3. Create 30-m baseline rainfed versus irrigated product for CONUS;
4. Create a dataset of cropland extent versus fallowed-land extent starting from 2001-2022, year after year, using an automated cropland-fallowland algorithm (ACFA) that includes:
a. Cropland versus fallowed-land within rainfed croplands (2001-2022 using ACFA);
b. cropland versus fallowed-land within irrigated croplands (2001-2022 using ACFA);
5. Continue research on crop water productivity ("crop per drop") using multi-sensor remote sensing focused on 5 leading world crops (Wheat, rice, corn, soybeans, cotton) and publish peer-reviewed articles.


	FISCAL YEAR: 
	
	2018

	
	
	

	DIRECT EXPENSES
	
	

	Prasad Thenkabail
	
	$62,122

	Jesus Rodriguez, Post doc (replace by Itiya Aneece): crop water productivity researcher
	
	$50,000

	Adam Oliphant, cropland mapping
	
	$33,212

	Student Programer-Foley, Student researcher
	
	$18,468

	Travel, publications, IT
	
	$5,055

	   Sub Total Direct Exp.
	 
	$168,857

	
	
	

	
	
	

	INDIRECT EXPENSES: 
	
	

	USGS Prop: 
	26.20%
	$44,240

	   Sub Tot USGS Expenses
	 
	$213,097




(3) NOTEWORTHY COLLABORATIONS, MEETINGS, TECHNICAL TRANSFER ACTIVITIES, SPIN-OFF PROJECT DEVELOPMENTS, AND ACKNOWLEDGEMENTS

Senay made a presentation at New Mexico State University with the presence of the NMWSC director on the mapping of Landsat-based ET for Rio Grande.

Senay has been working with Meredith Reitz and Ward Sanford on evaluation of ET products and refining remote-sensing based ET through assimilation of other data sources.

Senay will be working with the Water Census flow estimation team in FY2018 to further evaluate ET in the context of the water budget.

(4) Report Products, Bibliographic Update, Data Releases

ET:
Senay, G. B., Schauer, M., Friedrichs, M., Velpuri, N. M., & Singh, R. K. (2017). Satellite-based water use dynamics using historical Landsat data (1984–2014) in the southwestern United States. Remote Sensing of Environment. 202:98–112

Reitz, M., Senay, G. B., & Sanford, W. E. (2017). Combining Remote Sensing and Water-Balance Evapotranspiration Estimates for the Conterminous United States. Remote Sensing, 9(12), 1181.
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Massey, R., Sankey, T.T., Congalton, R.G., Yadav, K., Thenkabail, P.S., Ozdogan, M., Sánchez Meador, A.J. 2017. MODIS phenology-derived, multi-year distribution of conterminous U.S. crop types, Remote Sensing of Environment, Volume 198, 1 September 2017, Pages 490-503, ISSN 0034-4257, https://doi.org/10.1016/j.rse.2017.06.033. IP-081309. 


 (5) PROJECT TEAM DIRECTORY - 
Gabriel Senay
EROS
Co-located with Climate Science Center in Ft. Collins, CO
Phone: 605-594-2758
senay@usgs.gov
ET project lead

Prasad Thenkabail
Western Geographic Science Center
Flagstaff, AZ
Phone: 928-556-7221
pthenkabail@usgs.gov
Croplands classification project lead

(6) PHOTOS, ANIMATIONS, AND GRAPHICS – 
This website provides a view of up to date ET anomalies:
http://earlywarning.usgs.gov/useta

These two fact sheet have nice illustrations of the detail available from Landsat scale ET estimates.
http://eros.usgs.gov/udall50thanniversary/documents/fs20163037.pdf
https://pubs.usgs.gov/fs/2015/3080/fs20153080.pdf

This website allows comparison of the Eta Anomaly with the U.S. Drought Monitor:
http://csurams.maps.arcgis.com/apps/StorytellingSwipe/index.html?appid=fd77a80bd55b4e9486e115858cbbb76a#

Figure showing Landsat-scale ET for CONUS for 2015:
[bookmark: _GoBack][image: ]
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Landsat SSEBop ET (CONUS)





