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Course Structure

New Lightning format: One 1-hr
session

Earth Sciences Division Applied Sciences Capacity Building Program

ARSET

NASA
e Applied Remote Sensing Training

The webinar recording and
PowerPoint presentation can be | pooa- | o v
found at:

— https://arset.gsfc.nasa.qov/land/we
binars/ECOSTRESS

* No homework or certificate

Land Management

Online Trainings ~

In-Person Trainings ~

Upcoming Training

Land
New Sensor Highlight:
ECOSTRESS

Nov 20, 2019

Q&A: Following today’s session
and/or by emaill

e amberjiean.mccullum@nasa.qov et il it O

Registration Closes: Wednesday, November 20, 2019 Dec 03, 2019, Dec 04, 2019,

[ ] O r i u a n R | R tO rre S D e re Z @ n aS a R q OV Please join us for ARSET’s first lightning style training, designed to support high demand and interest from

Disasters
Advanced Webinar: SAR

Dec 05, 2019

NASA’s Applied Remote Sensing Training Program 2
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Agenda

ECOSTRESS at a glance
Data and products

Applications and case study
examples

An introduction to the LP
DAAC

Resources for working with
ECOSTRESS data

Question and Answer Session

12:13 UTC. The image has been processed with a decorrelation stretch
algorithm with bands 5, 3, 2 displayed in RGB. Image Credit: NASA

NASA’s Applied Remote Sensing Training Program 3
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Christine Lee (JPL)

Guest Speaker



ECOSTRESS at a Glance

N ECOSTRESS L3 (ET PT-JPL) 2018-07-29 18119 CDT

» Selected July 30, 2014

« Launched June 29, 2018 to the ISS

 Began operations August 20, 2018

* 30 M$ Cost Capped, on schedule, on budget

Has acquired 37,000 x 400x400 km scenes to date
First use of Wi-Fi for a science mission

Delivers L1-L4 products

More information at: https://ecostress.|pl.nasa.gov

Image Credits: Provided by Dr. Joshua Fisher

. NASA’s Applied Remote Sensing Training Program 5
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stem Spaceborne Thermal Radiometer Experiment on Space Station
TRESS) will measure the temperature of plants and use that information to better

information to manage

water resources and monitor droughts. Evapotranspiration (ET) derived from ECOSTRESS

can infer plant stress before any physical degradation is observed with the naked eye.

@ & =

How do plants How do changes in Can we use ET
respond to evapotranspiration (ET) measurements to
changing water throughout the day optimize agricultural

availability? affect vegetation growth? water use?

NASA’s Applied Remote Sensing Training Program
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ECOSTRESS Data Products
(higher level products resampled to 70 x 70-m)

Level 1 — Calibrated Radiance and Geolocation
Level 2 — Land Surface Temperature and Emissivity
Level 3 -- Evapotranspiration

Level 4 — Water Use Efficiency

Level 4 — Evaporative Stress Index

Land Surface Temperature, along with other ancillary inputs, are used to derive ET
at high spatial resolution and accuracy using two ET models (PT-JPL and ALEXI)

L3 and L4 products will be used to address the mission science objectives

NASA’s Applied Remote Sensing Training Program 7 NPy
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Natural Color vs. Thermal Images
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Evapotranspiration
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What Is Evapotranspiration?

AN,

carbon
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What Is Evapotranspiration?
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Water Stress Drives Plant Behavior
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ECOSTRESS Has a Large Swath (400km) + High Spatial Resolution (70m

ECOSTRESSL3 (ET PT-JPL) 2018-07-2918119 CDT

I e Credits: Provided by Dr. Joshua Fisher

NASA’s Applied Remote Sensing Training Program
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Plot-scale Insights into Plant Water Use

Image Credits: Provided by Dr. Joshua Fisher

NASA’s Applied Remote Sensing Training Program
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Water Use Efficiency in the Amazon

Capturing Water Use Efficiency in the Amazon
2018-07-21 ECOSTRESS Orbit 234 Scene 10

g Ckg'! Hp0

g Strong WUE gradient
1| detected by ECOSTRESS
' ke

Image Credits: Provided by Dr. Joshua Fisher
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Drought in Costa Rica N

COSTRESS

Pacific Ocean

f 1o, £U1Y9

0

Image Credits: Provided by Dr. Joshua Fisher
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ECOSTRESS Leverages the Variable Overpass of the ISS to Study
How ET Varies at Different Times of Day

NASA’s Applied Remote Sensing Training Program
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Diurnal Field-scale ET Now Seen, ISS Acquires Data at Different
Times of Day

Morning Afternoon

&4 Pivot Irrigation |
in the

Nile Delta

2018-08-24

Image Credits: Provided by Dr. Joshua Fisher
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ECOSTRESS is Being Used to Advance Understanding of How ET ﬂ
Changes Throughout the Day, and How This Relates to Plant Health

ECOSTRHESS Diurnal Cycle
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Wm?ET A
Image Credits: Provided by Dr. Joshua Fisher
NASA’s Applied Remote Sensing Training Program 21
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USDA is Using ECOSTRESS to Bridge Temporal Gaps in ET
Assessments in Support of Agricultural Applications

VARIABLE RATE DRIP IRRIGATION (VRDI)
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ESA Living Planet - May 2019

Image Credits: Provided by Dr. Martha Anderson
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ECOSTRESS Observes Fires in the Amazon B

¥ "

Bolivia

10 mi

Provided by: Dr. Kerry Cawse-Nicholson

| nl 5 ; . ‘ i 7 ‘... ‘ ". _I.. 5 T g X ‘,: LN \ ‘ i
Image Credits: Provided by Dr. Kerry Cawse-Nicholson
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Examining the Relation Between Biodiversity and Surface
Temperature Regimes in Localized Coastal Upwelling Zones

Remote Sensing of Environment 233 (2019) 111366

Contents lists available at ScienceDirect L
25
Remote Sensing of Environment
\"‘*‘- Monterey
journal homepage: www.elsevier.com/locate/rse 205
i ) California
Half a century of satellite remote sensing of sea-surface temperature A i
P.J. Minnett™", A. Alvera—Azcérateb, T.M. Chin“, G.K. Corlett”, C.L. Gentemann®, L. Karagali‘\, uuuuuuu
X. Li%, A. Marsouin”, S. Marullo’, E. Maturi, R. Santoleri®, S. Saux Picart”, M. Steele', L5
J. Vazquez-Cuervo® : Los Angeles
-15

122°W 121°W 120°W 119°W 118°W

Image Credits: Provided by Dr. Daniel Otis
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ECOSTRESS Used to Assess Heat Vulnerabillity in Urban Studies

. remote sensi ng mw

Article

New ECOSTRESS and MODIS Land Surface
Temperature Data Reveal Fine-Scale Heat
Vulnerability in Cities: A Case Study for Los Angeles
County, California

Glynn Hulley *, Sarah Shivers %, Erin Wetherley 2 and Robert Cudd *

1 Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA, 91109, USA

2 Department of Geography, University of California Santa Barbara, Santa Barbara, CA 93106, USA

¥ Institute of the Ervironment & Sustainability, University of California, Los Angeles, CA 90005, USA
*

Correspondence: Correspondence: ghynm hulley@jpl.nasa gow; Tel: +1-8158-354- 2979
check for

Received: 17 July 2019; Accepted: 10 September 2019; Published: 13 September 2019 updates

Image Credits: Provided by Dr. Glynn Hulley
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Water Flow Operations Impacts on Turbidity and Temperature in San #

Francisco Bay and Delta Ecosystems Using Satellite Remote Sensing

marking a half-century of failed California
water policy

By MIEHADL HILTEIE

Grey: days thatl could cause
thermal stress (20-25 deg C)

=
=
=
-
ECOSTRESS | ECOSTRESS
. - 11:44 AM POT B27/2018 £:22 AM PDT 3/28/2078
50 | Light grey: days that could S e S : ) =

impact spawning (15-20 deg C) jonuss mortality (P25 C) |

o i
2000 2020 2040 2060 2080 2100

WAGNER 2011

Agency Partners: California Department of Water Rescurces, Metropolitan Water District
Pl. ChristineLee, Image: Gregory Halverson
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C b

ECOSTRESS Has over 260 Members in our Community of Practice
(Formerly Early Adopters)

e TO join our community, visit ecostress.|pl.nasa.gov/cop

.-. . NASA’s Applied Remote Sensing Training Program 28
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ECOSTRESS Selected 15 New Members to Join the Science and
Applications Team Family in 2019

« See the updated team here: ecostress.|pl.nasa.gov/team

 Science and Applications investigations include agriculture, ecosystems,
water quality, coastal systems and aquaculture, public health and urban
heat, geothermal resources, and wildfire impacts!

e Abstracts available here: https://tinyurl.com/ecostress-science-team-2019

 There will be an open Science and Applications Team meeting in February
2020 in Southern California. A training with LP DAAC will likely be included.
More information can be found here: ecostress.|pl.nasa.qov/cop

NASA’s Applied Remote Sensing Training Program 29 \Tmi
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Surface Biology and Geology (SBG) Mission

 New instrument in development: Guidance from the 2018 Decadal Survey

 Hyperspectral and thermal data under consideration

« Applications could include:
— Water cycle and anthropogenic impacts
— Biodiversity
— Carbon fluxes
— Land surface/atmosphere interactions
— Volcanos
— Landscape change
 The Applications Working Group is coordinating
and integrating applications needs
— Emaill list for updates: sbg@jpl.nasa.gov

 For more info: https://sbag.jpl.nasa.gov/

Mount Kilimanjaro Image Credit: JPL SBG

.-. . NASA’s Applied Remote Sensing Training Program 30 N\TH
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Guest Speaker: Cole Krehbiel (LP DAAC)

LP DAAC Remote Sensing Scientist v
KBR, contractor to USGS EROS f‘ﬁ

U.S. Department of the Interior Sioux Falls, South Dakota . .
U.S. Geological Survey *Work performed under USGS contract G15PD00766 science for a Cha"g’"g world




An Introduction to the LP DAAC, ECOSTRESS
Data, and Resources for Working with
ECOSTRESS Data




NASA’s Land Processes Distributed Active Archive Center (LP DAAC)

e Located in Sioux Falls, SD at the U.S. Geological Survey (USGS) Earth
Resources Observation and Science (EROS) Center

 NASA Earth Observing System Data & Information System (EOSDIS) DAAC
e https://lpdaac.usgs.qgov

e R Pro
- . — . Sea k

Goddard Earth Sciences
Data and Information
Services
Gi

L Crustal Dynamics
Physical : Data Information
Oceanography - System
DAAC .

Oak Ridge
National Laboratory

. . NASA’s Applied Remote Sensing Training Program
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What does the LP DAAC do?
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i Management

Systems Engineer

Scientist

Data Manager

Data Scientist

“Process, archive, and distribute
publicly-available land-data
products to advance the access,
understanding, and use of data for
large and diverse user communities”
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LP DAAC Data Collections
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ECOSTRESS Characteristics

Characteristic

Temporal Coverage July 09, 2018 — Present

Spatial Coverage CONUS, key biomes/agricultural
zones, selected FLUXNET sites

Spatial Resolution ~ 70 m (USDA dis-ALEXI 30 m)
Temporal Resolution Variable, dependent on ISS
Spectral Resolution 5 (3) bands spanning TIR

Data Types Swath
File Type HDF-EOS
Unigue Products 12
Version 001

.-. . NASA’s Applied Remote Sensing Training Program 36 \T
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ECOSTRESS Products
ECO1BATT ECO

; L

1BGEO ECO1BRAD

Xy

Attitude/ephemeris data Geolocation parameters Calibrated Radiance Resampled Radiance

LEVEL1

ECO3ETALEXIU

ET dis-ALEXI USDA
ECO4ESIALEXIU

ESI dis-ALEXI USDA

NASA’s Applied Remote Sensing Training Program
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ECOSTRESS Data in AppEEARS

Subset data-

o Spatially

Temporally

By band/layer

Output options

NASA’s Applied Remote Sensing Training Program

Extract Area Sample

Enar 3 namwe i enaly your sample
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Output Cptiom.
File Format:

Projecsan:

Visualizations

Feature: 240001 * | &
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Tennessee Energy: Assessing the Hydrothermal Outputs of Nuclear
Power Plants with ECOSTRESS

WHO: Staff from the TVA Hydrothermal Group

WHAT: Tasked with monitoring water temperature downstream from nuclear sites to
ensure water temps meet federal regulations

WHERE: Upstream and downstream from TVA'’s three nuclear power plants (TN/AL)

WHY: Recent expansions in power production (spring 2018) potentially increased
temp of river via thermal discharge in TN River, which can harm fluvial ecosystems

WHEN: January 2017 — July 2019

HOW: Supplement models with products assessing water surface temp before/after
expansion at upstream and downstream locations (+ seasonal comparison) using
Landsat 7 ETM+, Landsat 8 OLI, Aua MODIS, Terra ASTER, and ECOSTRESS LST

Q Problem: Many different data sources to blend together

NASA’s Applied Remote Sensing Training Program 40 N\,
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Live Demos

1. LP DAAC Website Walk
Through:
https://Ipdaac.usgs.qgov

2. Point Example Walk
Through: Generating
Hydrothermal Output Time
Series

3. Area Example Walk
Through: Extracting
ECOSTRESS LST over the
Tennessee River

.-. . NASA’s Applied Remote Sensing Training Program
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LP DAAC Data Prep Scripts

Launch Data Prep Scripts

! Toolz [ Data Prep Scripts

Description https://Ipdaac.usgs.gov/tools/data-prep-scripts/

This collection of R and Python scripts can be used to download data and perform basic data processing functions such as georeferencing, reprojecting,

converting, and reformatting data. Scripts are available in Python and/or R and each have a README that provides additions’ . - i —
E LP DAL Data User Resources [/ ECOSTRESS swathdgrid

far downleoad from the LP DA, icket Code Repository
) Source
i muster ¥ o+ ECOSTRESS swath2grid / Eiller
Ecosystem Spaceborne Thermal Radiometer Experiment on Space Station (ECOSTRESS) = s =3
o = ,C ,___‘.E__'t_ =) 'at"- t a Sol:r{c. N N Deseriprion Last Modified
O ECOsTREsS swathagriapy Updated package dependencies for Windows and corrected buid 5.0 Fill value issue . days aga
el s acsis s St a0
o 4 S GDAL-2 3 2-cp5-cp3Gmewan_amdidwhi Mo graronment st up for windows 25 Oct 2018
Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER)
< D hipy-28.0-cp3b-cpatm-win_amdbdwhi Mew environment set up for windaows
0 macdSyml Changid md padkage versmn
0 ReADMEmMd Updated list of layers for ECO3ANCOALO
0 WwndowsErmmenmentip Updated package dependencies for Windows and corrected budd 6.0 Fill Value msue
D windowsOSymi Updated package degendencies for Windows and cormected build 6.0 Fill vValue issue
O REACMEMd

ECOSTRESS Swath to Grid Conversion Script

Objective:

i ECOSTRESS swanth clata products as command lne
o resarngile e swath datiret 10 a gad wsang
THA Zeines aned Geographic (EPSE4328). There i an
it will |(.{||J [ m..-p. and prefoem the alorementioned stops for each scence dataset (SD5) i thie HOFS fle. The s an optional

The ECOSTRESS, sty sanp comsts, ECOSTRESS sauath it prchucts, davect i Hrarchucal Bt Formal vessaon § (4DE5, 1) it \:an|||-(r|-|l GerTIFF Whlnl-xlwlmq thessonpl, s il bt 2 esited ovdput progection and mpul direcony conk
by th

How to DownLoad Lp DAAC Data argumients, The fexcept for L34 ALEX]_USDA and FCO1BMAPRAD prody

meaghber neampling ree . Mot that you wil need to e " Aevence
.rmrr-=| | By detaull he

e prcscusct e chietinls bedow). The resulling GeaTIFF s can be mpored wih spatid reference into GIS ard Rer
b cutgeut will b s, and for produicts that includde i Gl vaue in the file metadata this will be cirred over inte

rest

¢ systin (ERS) input by thee uses {options include
aptional aiguaent b owemd the d

At LITRA zaane salicted by the seript (ee belon) if needid. Ultioate ?_e_ the scrpt exprarts the grdded array
arument that allows you 1o select a subset of SOS keyers within a
For ECOATRESS products that include a scake factor in the metadon,
i for the given datatype of an 505

s How fo Acce

P DAAC Data Pool

ervang soflware prograrns. The scmpt ako wall bateh process all ECOSTRESS swath les contaned in the mput deedory prowded.
THEF cutpists. Fox bayers that do not contasin i Il vakue in the fle metadata, the il vl wi be defined a5 the highest possibie
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LP DAAC E-Learning

E-Leamning

Frequently upgated presentations, Webinars, tutorials, andvideo tips on 2ECessing,

managing; and processing LEDAAC daia using a vanely of software, wely applications,

custom tools, and scripis.

Homepage / Resources | E-Learning

https://lpdaac.usgs.qgov/resources/e-learning/#ecostress

View All Presentations

Tutorials

Video Tips

Webinars

Q, ecostress

S
o i LK.
ECO;?ES;E "‘?‘SA;::*" Hands-on Workshop for Working with ECOSTRESS
&1 on Misson asu Accessing, Processing, and Evapotranspiration Data
Evapotranspiration from the ISS Analyzing ECOSTRESS Data

MARCH 14, 2019
APRIL 2, 2019

MARCH 27, 2019
DATA PREP SCRIPFTS ECOSTRESS
DATAFOOL  NASA EARTHDATA SEARCH
NASA EARTHDATA SEARCH

EVAPOTRANSPIRATION [ET)
DATA PREP SCRIPTS  ECOSTRESS
DATA PREP SCRIPTS  ECOSTRESS
EVAPOTRANSPIRATION [ET)
EVAPOTRANSPIRATION [ET)
LAND SURFACE TEMPERATURE (L5T)
SURFACE RADIANCE
Video Tip Materials Tutorial Jupyter Notebook

Provided in collaboration with the ECOSTRESS Science Team at JPL: https://ecostress.jpl.nasa.gov/

NASA’s Applied Remote Sensing Training Program

In [26):

Jupyter Notebook

Firsally, compare the ECOSTRESS E

# set the figure size, create o subplot
fig = ple.figure(1, figsizes(12, 7))
ax « fig.sdd_subplot{111)

# Plat the flue tower abservatisans fol lowed
aw.plot{towerfnta. Tise, towerlata.LE, k",
ax.plot{overpass, ETmedian, 'bo',

='darkgreen' )
ax.errorbar{overpass, Elaedian, yerr-iMmedisn, lu-d.8, <=’ lightgreen’, fat='o’, capsize3, capthicke2)

ecostress median ET and median uncertainty

¥ Set afy ares and Labels

ax.set_xlabel(f ' Tine of Day
ax.set_xticks{np.
e set_xticklabels(s ¥ sea12);
ac. g6t ylabel{"Latent weat Flus (um2)" f-nm tals, fenm\r ightabald")

4dd a title and expart figure o
"

z
ax

nee Data at Site US-CT3An vs. [title] ([SDSnasc]}”, fontsizes2z)
Luxtower.prg”. format (ecolame, SDSname))

mmJ

tight

print{*figure {ilenase:
ig.savefig{figure_filename, bbox_inche

figure filensme: C:VCUSTRESS\output\ECOSTRESS_LI_ET_PT-IPL_UUSGU_0U7_ZT0100805T220014 0902 02 ETinst_vs_fluctower.png

Time Series of Eddy Covariance Data at Site US-CZ3
vs. ECO3ETPT]PL Evapotranspiration (ETinst)

Latent Heat Flux {WmZ2)
B g B |

PEPPPOLE PPOEE PP ¢ & FE
Q%ue\%mj PPf PIPFEPFF o -? P

Time of Day (2018-08-05)
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https://arset.gsfc.nasa.gov/
https://ecostress.jpl.nasa.gov/
https://lpdaac.usgs.gov/resources/e-learning/#ecostress

Questions?

e User Services

— https://lpdaac.usgs.qov/lpdaac-
contact-us/

e Try out AOOEEARS:

— https://lpdaacsvc.cr.usqs.gov/app
eears

e Subscribe to the LP DAAC Listserv:

— https://lists.nasa.gov/mailman/listi
nfo/lpdaac

NASA’s Applied Remote Sensing Training Program
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Contacts

« ARSET Land Management & Wildfire Contacts
— Amber McCullum: AmberJean.Mccullum@nasa.gov
— Juan Torres-Perez: juan.l.torresperez@nasa.gov

 General ARSET Inquiries
— Ana Prados: aprados@umbc.edu

« ARSET Website:
— http://arset.gsfc.nasa.gov

.-. . NASA’s Applied Remote Sensing Training Program
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YEARS
OF TRAINING

Thank Youl!
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