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We have comprehensively revised the ECOSTRESS data products with improved 
algorithms and a new more accessible data format. 

These products will contain additional key data layers required for modeling surface 
energy balance, including NDVI, albedo, soil moisture, air temperature, humidity, and net 
radiation. 

L2T_LSTE L2T_STARS L3T_SM L3T_MET L3T_SEB

L3T_ET_PTJPL L4T_ESI_PTJPL L4T_WUE L3T_ET_ALEXI L4T_ESI_ALEXI



https://hls.gsfc.nasa.gov/products-description/tiling-system/

The Collection 2 products use the Sentinel tile grid, following Harmonized Landsat Sentinel. This tile grid is a 
modification of the Military Grid Reference System, with each tile covering 100 km by 100 km with an additional 4.9 
km overlapping edge (109.8 km x 109.8 km total). The Collection 2 products use a 70 m grid in local UTM projection 
for each tile.



The ECOSTRESS Collection 
2 products will be 
distributed using the 
Cloud Optimized GeoTIFF
file format, following the 
standard established by 
Landsat Collection 2. The 
GeoTIFF files can be 
dragged and dropped into 
GIS software like ArcGIS 
and QGIS to become an 
interactive map layer for 
exploration, analysis, and 
mapping.



The tiled products also 
include GeoJPEG preview 
images that can be 
dragged and dropped into 
Google Earth.



A major challenge in 
using a thermal sensor 
to estimate 
evapotranspiration is 
co-incident high-
resolution NDVI and 
albedo. These land 
surface properties are 
highly sensitive to 
abrupt changes, such as 
harvest and fires, so 
any temporal lag in 
these inputs can result 
in large errors in 
evapotranspiration 
output.



To mitigate this problem, we have developed a new data fusion technique called STARS that allows us to combine the 30 m 
spatial resolution of Harmonized Landsat Sentinel with the daily temporal resolution of VIIRS to generate 70 m daily products.



We’re using the STARS 
data fusion algorithm to 
produce 70 m daily NDVI 
images corresponding to 
ECOSTRESS overpasses.

Harmonized Landsat 
Sentinel 30 m 
Reflectance

VIIRS Daily 500 m 
Reflectance

STARS Daily 70 m 
NDVI

L2T_STARS
NDVI



We’re also 
applying the 
STARS data fusion 
algorithm to 
produce 70 m 
daily albedo.

Harmonized Landsat 
Sentinel 30 m 
Reflectance

VIIRS Daily 1 km 
Reflectance

STARS Daily 70 m 
Albedo

When ECOSTRESS 
passes over a 
Sentinel tile, the 
NDVI and albedo 
output from STARS 
are distributed as 
the L2T_STARS 
product.

L2T_STARS
ALBEDO



We have revised our 
evapotranspiration algorithm to take 
soil moisture into account. The 70 m 
soil moisture product is downscaled 
from GEOS-5 FP based on soil 
evaporation efficiency calculated from 
ECOSTRESS surface temperature and 
STARS NDVI. This downscaling method 
was developed as a part of SMAP. Our 
soil moisture images are being 
distributed as the L3T_SM product.

A. Colliander et al., "Spatial Downscaling of 
SMAP Soil Moisture Using MODIS Land Surface 
Temperature and NDVI During SMAPVEX15," 
in IEEE Geoscience and Remote Sensing Letters, 
vol. 14, no. 11, pp. 2107-2111, Nov. 2017, doi: 
10.1109/LGRS.2017.2753203.

L3T_SM
Soil Moisture

Soil Moisture



We are statistically 
downscaling GEOS-5 FP 
near-surface air 
temperature, using 
ECOSTRESS surface 
temperature, to generate 
70 m air temperature 
images. These images will 
be distributed in the 
L3T_MET product.

L3T_MET
Air Temperature

Air Temperature



We are also downscaling 
GEOS-5 FP relative humidity 
based on the relationship of 
soil moisture and humidity. 
These 70 m images of 
relative humidity will also be 
distributed in the L3T_MET 
product.

L3T_MET
Relative 

Humidity

Relative Humidity



Global Land Analysis and Discovery https://glad.umd.edu/dataset/gedi

The global map of canopy height produced by the GEDI mission facilitates improved estimates of 
evapotranspiration and gross primary production. 



ECOSTRESS Collection 2 will use the PT-JPL-
SM model of evapotranspiration, which 
ingests soil moisture and canopy height to 
produce a more robust ET product than the 
PT-JPL model used in Collection 1. We are 
now also processing water surface 
evaporation using the AquaSEBS model of 
water heat flux. These enhanced estimates of 
instantaneous and daily evapotranspiration 
will be distributed in the L3T_ET_PTJPL, and 
normalized indices of Evaporative Stress 
Index will be distributed in the L3T_ESI_PTJPL 
product.

PT-JPL-SMAquaSEBS

Purdy, A.J., Fisher, J.B., Goulden, M.L., Colliander, A., 
Halverson, G., Tu, K., Famiglietti,J.S., (2018), SMAP soil 
moisture improves global evapotranspiration. Remote 
Sensing of Environment 219: 1-14 
https://doi.org/10.1016/j.rse.2018.09.023

Abdelrady, A.; Timmermans, J.; Vekerdy, Z.; Salama, M.S. 
Surface Energy Balance of Fresh and Saline Waters: 
AquaSEBS. Remote Sens. 2016, 8, 583. 
https://doi.org/10.3390/rs8070583

L3T_ET_PTJPL
Instantaneous 

Evapotranspiration

https://www.sciencedirect.com/science/article/pii/S0034425718304401
https://doi.org/10.1016/j.rse.2018.09.023


L3T_ET_ALEXI
Daily 

Evapotranspiration

ECOSTRESS Collection 2 will also 
produce daily evapotranspiration and 
Evaporative Stress Index using the 
DisALEXI-JPL algorithm, limited to tiles 
within the continental United States. 
This algorithm will be further 
elaborated on in Dr. Cawse-
Nicholson’s talk.

DisALEXI-JPL



L3T_SEB
Net Radiation

We would like to cultivate a 
community of end-user surface 
energy balance modeling and 
enable downstream processing of 
additional evapotranspiration 
models. We invite you to consider 
the ECOSTRESS Collection 2 
products as inputs to your 
evapotranspiration algorithm. In 
addition to the land surface 
properties, near-surface 
meteorology and soil moisture that 
we are distributing as products, we 
will also distribute instantaneous 
net radiation in the L3T_SEB 
product.

Net Radiation



Water Use Efficiency (WUE) is the ratio of carbon that plants gain to the water that they lose. The 
ECOSTRESS Collection 1 Water Use Efficiency product used the MOD17 500 m 8-day Gross Primary 
Production product as its measure of carbon, effectively limiting water use efficiency analysis to 
the 500 m scale.



The BESS model of 
photosynthesis estimates 
70 m images of 
instantaneous gross 
primary production (GPP), 
distributed in the 
L4T_WUE product. 

Breathing
Earth
Systems
Simulator

L4T_WUE
Gross Primary 

Production

Multi-scale evaluation of global gross primary 
productivity and evapotranspiration products 
derived from Breathing Earth System Simulator 
(BESS)C Jiang, Y Ryu
Remote Sensing of Environment 186, 528-547

To provide spatially 
and temporally 
matching carbon 
estimates for 
ECOSTRESS, we 
adapted the 
Breathing Earth 
System Simulator 
(BESS) model.

https://scholar.google.com/citations?view_op=view_citation&hl=en&user=4p5ooX4AAAAJ&citation_for_view=4p5ooX4AAAAJ:fPk4N6BV_jEC


From the ratio of BESS 
GPP to PT-JPL-SM 
transpiration (T), we can 
now provide 70 m field-
scale images of water use 
efficiency, mapping how 
much carbon plants take 
in for the water they 
release.

L4T_WUE
Water Use 
Efficiency

𝑊𝑈𝐸 =
𝐺𝑃𝑃
𝑇



We will be releasing a provisional form of the new products to an early user community 
this fall. Please inquire about joining our community to find points of contact between 
the ECOSTRESS Collection 2 products and your research and help us further refine these 
provisional analysis-ready products into research-grade products.

L2T_LSTE L2T_STARS L3T_SM L3T_MET L3T_SEB

L3T_ET_PTJPL L4T_ESI_PTJPL L4T_WUE L3T_ET_ALEXI L4T_ESI_ALEXI



The development of these 
improved algorithms and 
implementation of these tiled data 
products demonstrates a feasible 
and cloud-enabled work-flow for 
the future SBG suite of surface 
energy balance products. 

These tiled products facilitate 
new opportunities for near-real 
time monitoring of high-resolution 
temperature and plant stress and 
allow greater ease of use for data 
analysis and science.



External Acknowledgements
• Joshua Fisher (University of California, Los Angeles)

• PT-JPL model

• Adam Purdy (University of San Francisco)
• PT-JPL-SM model

• Youngryel Ryu (Seoul National University)
• BESS model

Internal Acknowledgements
• Maggie Johnson

• STARS data fusion model

• Andreas Colliander
• Soil moisture downscaling method



Improvements to ECOSTRESS 
Algorithms and Products in 

Collection 2
Gregory Halverson1, Kerry Cawse-Nicholson1, Joshua Fisher2, Maggie Johnson1, Glynn Hulley1, Robert Freepartner1, Adam Purdy3, Youngryel Ryu4, Andreas 

Colliander1, Christine Lee1, Dana Freeborn1, Simon Hook1

1Jet Propulsion Laboratory, California Institute of Technology
2University of California Los Angeles

3University of San Francisco
4Seoul National University

© 2021. All rights reserved


