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The term "remote sensing,"” first used in the
United States in the 1950s by Ms. Evelyn
Pruitt of the U.S. Office of Naval Research, is
now commonly used to describe the
science—and art—of identifying, observing,
and measuring an object without coming into
direct contact with it.

- NASA Earth Observatory
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‘Boston, as the Eagle and Wild Goose See It”

Credit: James Wallace Black, 1860
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First Photograph of the Earth from Space

Credit: White Sands Missile Range/Applied Physics Laboratory, 24 October 1946
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First Photograph of the Earth from the Moon

Credit: NASA, Lunar Orbiter, 23 August 1966
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5 —?«/Hubble Space Telescope (HST) Ultra Deep Field Image
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* NASA, ESA, CalTech, Arizona State U.

Credit: NASA, ESA, and G. Bacon (STScl), 2014
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Credit: NASA, ESA, and G. Bacon (STScl), 2014

02 Nov 2017 NASA Remote Sensing 7



Jet Propulsion Laboratory
California Institute of
Technology

The James Webb Space Telescope (JWST), to launch in
2019, will see further back in time than any other any other
observatory before
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Credit: NASA, May 2017
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Until recently NASA spaceflight missions have generally
served a singular need

...that of science/research
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However,

...The times are a changin’

- Title of song by Bob Dylan,
2016 Nobel Prize for Literature
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A Concerted Effort at JPL

3 Combining system

= engineering expertise

< with advanced
technologies and
science expertise to
provide reliable and
accurate information
(e.g., science data
applications)

\
Nt

Credit: Caltech/Jet Propulsion Laboratory
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Credit: Caltech/Jet Propulsion Laboratory

(Basilio, Pollock, Hunyadi-Lay, 2014)
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Orbiting Carbon Observatory-
2 (0OCO-2)

Primary Instrument
Assembly (PIA)

> {Telescope Opening

Baffle/Calibration
Assembly (BCA)

Optical Bench

Assembly (OBA)

Remote Electronics
Module (REM)

NASA Remote Sensing 12

Credit: NASA/Jet Propulsion Laboratory



Jet Propulsion Laboratory
California Institute of

02 July 2014 Launch Technology

Credit: NASA

Credit: Orbital Sciences Corporation Credit: NASA
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Beautiful ‘First Light’ Spectra

From Ground Test (April 2012) In-Flight Data (06 August 2014)

(Basilio, Pollock, Hunyadi-Lay, 2014)
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Credit: ESA / U. Rascher, Forschungszentrum Jilich
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Ki <o Solar-Induced chlorophyll
Fluorescence @ = KK T K 1K, olar
photon r+ Ko+ Ko+ Ky 57 photon Fluorescence (SIF)
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(Frankenberg et al., 2013)

680 700 720 740 760
wavelength / nm

(Frankenberg, 2013)
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Contribution to Agricultural Research

| .

Geophysical Research Letters

RESEARCH LETTER

Key Points:

Citation:
Wood, ). 0. .

Multiscale analyses of solar-induced florescence and gross

primary production

Jeffrey D. Wood'? ", Timothy J. Griffis’ *, John M. Baker'” ', Christian Frankenberg**

Manish Verma® ", and Karen Yuen®

tory-2 satellite to
linear scaling function

1. Introduction
Terrestrial gross prim: [ s gest global carbon (C) fiux [Bee
presenting GPP in coupled carbon-climate models is thus of great importance,
constraints at regional to giobal scales has impeded
edlingstein, 2015]. Th e, o g better constraints on s

of great interest

Joiner et al, 2011
important advantage of SIF is that it is more tightly coupled to physi
indices such as the normalized > vegetation index (NDV
vegetation index (EVI) that are not se to dynamic change:
efficien ). For the onset and shutdown
linked to leaf greenness, is better c ined by SIF Loiner e
of SIF, a better un nding of
annual budgets. This is particularly
the electron transport rate (ETR) a
efficiencies (CU ve rise to different Si
(C4) and soybeans (Cy

v C; and C; photosynthesis a

s important for utiizing SIF toward reliable estimation of

ic carbon assimilation.

and the ETR of phot

2008]. In contrast, remote sensing measures passive fluorescence indu
gaps regarding quantitative relation photo:
and flux tower y with SIF observed (s
Experiment 2, (GOME-2) or Gr e Gases Observing
and biweekly to annual tim es [ 1, 2

(Wood et al., 2016)
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» Terrestrial Gross Primary Production
(GPP) is the largest global carbon flux

« Ground-based GPP compared with
space-based SIF

« Linear GPP-SIF relationships were foun
that were robust in both space and time

 GPP derived from SIF found to be a
better regional-scale estimator than that
obtained through tall towers alone or
other space-based measurements
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Western States Water
Mission (WSWM)

THE JET PROPULSION LABORATORY (JPL)
WESTERN STATES
WATER MISSION (WSWM)

A Prototype for a Hyper-Resolution
Hydrological Modeling and Data Analytics &
Visualization Platform

Jet Propulsion Laboratory, California Institute of Technology

The Western States Water Mission

James S. Eamigliatti, Ralph R. Basilip, Daniel J. Crichton, Cedric H. David, Thomas G.
Farr, Stephanie L. Granger, Jonathan M. Hobbs, Steven R. Leyge, Shan Malhotra,
Catalina Qajda, Gregory B. Qsietman, John T. Beager, hael Bugecked, Dimiiios.

Stampoulis, Amy R. Trangsryd, Michael J. Tuonon

The Jet Propulsion Laboratory, California Institute of Technology has developed a working prototype of a
hydrological and data science web-based tool that will serve the needs of science/research, data

applications, and informed decision-making.

INTRODUCTIO: ater makes up 3 evaporation. er is the essence of life on

the human body weight. It is an excellent selvent Earth. Without it there would be no animals, plants,

that allows for the transportation of nutrients and and simple life forms. Every living thing requires

waste, it serves as a lubricant for proper food dependable, clean water to fhrive. There will be

digestion and joint mobility, and it serves to regulate greater demands as the human population confinues

our body temperature through perspiration and ow: the 8 billion mark will be reached by the

> of the next decade with an ever-increasing

AFFILIATIONS: Eamiglieus, Basiio; Crichien, David, growth rate predicted beyond. However, the urgency

Farr, Granger, Hobbs, Lexaa, Walaaika, Gaida, in better estimating current and future amounts is

dy being felt close to home, namely the state in

h we live. Califo ly one of the

severe droughts in the state’s recorded history:

given relatively low rainfall amounts and

CORRESPONDING AUTHOR: s S. " unquenchable  thir dom industrial,

- agriculture, and environment use, reservoir levels

dropped to unprecedented eanwhile,

The abstract for this article can be found in this fssue oundwate ¥ supply
foliowing the tabie of contents. during r ou;

to

Cstacmat, ger, Bueaken, Trangedich ant

Jet Propulsion Laboratoty, California Institute of
Technology, Pasadena, CA. Stampaulie - University of
California, Los Angeles.

CUAHSI Hydroinformatics meet
16 July 2015

DO TBD

In final form [date]

(Reager, CUASI presentation, 2015) [Copyrght anc Puteting Socery ame

(Famiglietti et al., pre-publication 2017)
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Water is Always of Interest in the West!

U.S. Drought Monitor

C a I I fo r n I a Drought Conditions (Percent Area)
Mone | DO-D4 |D1-D4 szm

Current 7647 | 2353 | 624 | 106 | 0.00 [ 0.00

Last Week

04252017 T6.54 | 2346 | 824 | 106 | 0.00 [ 0.00

3 Months Ago
lonne9° | =88 | 8102 187 | 0.00

Start of
Calendar Year 81.93 3817
01-03-2017
Start of
Water Year . 100.00 42.80

May 2, 2017 09-27-2016

One Year Ago 9573 49.15
05-03-2016 : :

Intensity:
DO Abnormally Dry - D3 Extreme Drought

D1 Moderate Drought - D4 Exceptional Drought
D2 Severe Drought

The Drought Monitor focuses on broad-scale condiions
Local conditions may vary. See accompanying text summary
for forecast statements.

Author:
Brian Fuchs
National Drought Mitigation Center
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System Highlights

 Flight project approach to development and validation
 Input of space-based, airborne, and in situ sensor data
« Use of land surface models

« Multi-sensor data assimilation

« High (hyper-scale) spatial resolution

 Down-scaled estimates of groundwater

« Uncertainty quantification

« Data science (scalability, analytics, and visualization)
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Credit: NASA/Caltech-Jet Propulsion Laboratory
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Data Assimilation Improves the
Estimates of Total Water Storage (TWS)

Tulare
1540

—Open Loop
—GRACE assimilation
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(Stampoulis et al., pre-publication 2017)
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Science/Research:
NASA Research on Land Subsidence Due to Pumping of Groundwater

CA Central Valley CA Aquaduct Near Huron
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Credits: Canadian Space Agency/NASA/JPL-Caltech Credits: Canadian Space Agency/NASA/JPL-Caltech

* How does subsidence correlate with estimates of groundwater availability and well
depth measurements?

* What level of rebound was observed during the 2016-2017 water year?
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Potential Science Data Application:

Augmenting the data-information found in the State of
California Groundwater Information Center (GIC)

Credit: State of California Department of Water Resources (DWR)
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Potential for [Better] Informed Decision-Making:

What stage of water conservation measures should be
employed this water year?

California
Service
Areas

Los A los
Aqomd

California
Aqueduct Sy

Lake
Colorado MHavosu

Coachella River
Valley Aqueduct

w.D
J Palo
‘ Verde
1L.D.

Coachella Senator
Canal Wash
/ Reservoir

o .‘_lm ':iol
All Americon Ccnol\

Yuma
Project

Credit: Metropolitan Water District of Southern California, 2010
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Near-Earth Object Camera (NEOCam)

[Proposed Mission]

Science Data
Application

Science/Research

Informed Decision-
Making

Credit: NASA/Caltech — Jet Propulsion Laboratory
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We must seek to maximize the rate of return
on investments by serving the needs of
science/research, data applications, and

iInformed decision-making

- Ralph R. Basilio
Presentation to the National Academies
Board on Earth Sciences and Resources (BESR), 09 May 2017
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