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Landsat 8
Launch 2/11/2013

Polar Orbit (16 day)

2 TIR bands (100 m)

VNIR from HLS-Landsat (30 m)

ECOSTRESS
Launch 6/29/2018

ISS Orbit (~4 day)

5 TIR bands (38x69 m)

VNIR from HLS (30 m)

VIIRS
Launch 8/28/2011

Polar Orbit (~1 day)

I5 band (375 m)

VNIR from HLS-Sentinel 2 (30 m)

ET 
DATACUBE
(daily/30m)

LAND-SURFACE TEMPERATURE
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Xue, J., Anderson, M.C., Gao, F., Hain, C., Sun, L., Yang, Y., Knipper, K.R., Kustas, W.P., Torres-Rua, A., & Schull, M.A. (2020). Sharpening ECOSTRESS and 
VIIRS land surface temperature using harmonized Landsat-Sentinel surface reflectance. Remote Sensing of Environment, 251, 112055



U.S. ET DATACUBE DEVELOPMENT SITES

USDA-ARS Long-Term Agroecosystem Research (LTAR) Sites
PRHP Platte River-High Plains LCB         Lower Chesapeake Bay
UMRB Upper Mississippi River Basin CA           Proposed site

RIPPERDAN, CA
GRAPEX

LODI, CA
GRAPEX

BARRELLI, CA
GRAPEX MEAD, NE

PRHP

AMES, IA
UMRB

BONDVILLE, IL
UMRB

CHOPTANK, MD
LCBBARC, MD

LCB
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Xue, J. et al. (2020). Evaluation of added value by Sentinel-2 and VIIRS data in mapping daily evapotranspiration at field 
scales,  In prep.
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Growing Season
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Landsat only
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Anderson, M.C., et al. (2020). Interoperability of ECOSTRESS and Landsat for mapping evapotranspiration time series at sub-field
scales. Remote Sensing of Environment, in review.
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… for application within-season

MULTI-SENSOR PHENOLOGY MAPPING
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Step 1: Gap-filling and Smoothing:   Modified Savitzky–Golay

Step 2: Extracting Transition Points:   Moving Average Convergence 

Divergence (MACD) & VI-test

(short) (long)(smoothed VI) (diff) (div from 
signal line)

SIGNAL
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VENmS and Study Sites

Launch August 2, 2017; Israeli Space Agency & CNESS

Polar Orbit (2-day samples);12 VNIR bands (5-10 m)

Beltsville
Agricultural
Research

Center (BARC)

Choptank River 
watershed 
(Choptank)

Gao, F., et al. (2020). A within-season approach for detecting early growth stages in corn and soybean using high temporal 
and spatial resolution imagery. Remote Sensing of Environment, 242
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June 17

A corn pixel near the BARC OPE3 Tower Site

5/6/2019 6/16/2019 6/21/2019



Observations and Green-up Momentum 
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Alfalfa field in BARC – HARVEST/TERMINATION

Gao, F., Anderson, M.C., & Hively, D. (2020). Detecting crop cover termination within the season using VENµS and Sentinel-2. 
Remote Sens., in review.



Alfalfa field in BARC – HARVEST/TERMINATION

Gao, F., Anderson, M.C., & Hively, D. (2020). Detecting crop cover termination within the season using VENµS and Sentinel-2. 
Remote Sens., in review.

R2       0.998
MAD   1.8 d

VENUS

R2       0.987
MAD   4.0 d

S2



clear value in increased overpass frequency

consistent resolution/registration over image

ECOSTRESS view angle < 20O, VIIRS < 50O 

near-simultaneous TIR and VSWIR acquisition

robust cloud/cloud shadow mask is critical

For operational ET monitoring
C

o
n

c
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si
o

n
s

USDA is an equal opportunity provider and employer.

For operational phenology mapping

high frequency (S2a+b may not be enough)

good consistency/harmonization critical

10m captures more fields than 30m 
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