Earth Science and Applications

Using our unique expertise to better understand how Earth works
as a system for the benefit of society

v«a Jet Propulsion Laboratory
~ .~ J¢ California Institute of Technology
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Four Decades of Innovation

A SPECTRUM OF TOOLS

SeaSat

Satellite Viewing Geometry

Sea Level Altimetry Ocean Wind Scatterometry Radar for Surface Deformation

Progression of Tangent Point for a Setting (desending) Ocoultation

Tangent point
—

Imaging Spectroscopy Cloud Radar Gravity Radio Occultation




Earth Remote Sensing

A SPECTRUM OF PLATFORMS
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Successful Mission Implementation

PARTNERSHIPS AND EXPERTISE SPANNING FOUR DECADES OF EARTH OBSERVATIONS
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JPL Missions and Timelines
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JPL Missions and Timelines
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Future JPL Missions
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Mission Impacts

ENABLING FUNDAMENTAL ADVANCES IN EARTH SCIENCE

Peer-reviewed science publications

» > 400 publications/year involving 2018 ANAS ANNUAL MEETING s o ptstr
JPL scientists

» > 1000 publications/year based on
JPL missions

* [raining next generation Earth

Science leaders il EYEIN
~50 postdoctoral scientists THESKV

Participation in National Academy of
Science and Engineering studies

1

4
¥ 4

CubeSats
take flight

SCIENCES * ENGINEERING * MEDICINE
CONSENSUS STUDY REPORT

THRIVING onour
CHANGING PLANET

A Decadal Strategy for Earth Observation from Space




Mission Impacts

APPLYING OBSERVATIONS FOR REAL WORLD BENEFITS

GRACE-Based Surface Soil Moisture Drought Indicator

 FEMA and U.S.
Homeland Security

National Drought Monitor
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Cell Resolution 0.125 degrees <
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Mission Impacts

SHARING KNOWLEDGE AND DATA WITH THE PUBLIC

» Award-winning NASA Global @y

Climate Change website: e/ JEICORENNTN Y

climate.nasa.gov

5

» Eyes on the Earth/Earth Now — il B covencesors 30 5. 052 35000 PHOTOS SENT 0 ASA
real-time satellite and data |
for digital platforms

N‘( Q)A GL! CLIMATE CHANGE

gns of the Planet & s aAmcies sowmons  ExLoRe A . June 18, 2020

NASA, Partner Space Agencies to Release Global View of
COVID-19 Impacts

| n g .
‘ I I I — e rS O I l a I l d S O‘ I a I I I l e d I a ‘ : ., ' NASA, ESA (European Space Agency) and JAXA (Japan Aerospace Exploration Agency) will
. ST e 2 ~ e | unveil a dashboard of satellite data showing impacts on the environment and socioeconomic
| T g S el 7 activity caused by the global response to the coronavirus (COVID-19) pandemic during a media

teleconference at 9 a.m. EDT Thursday, June 25.

June 11, 2020

New International Sea Level Satellite Completes Testing
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Cold Water Currently
Slowing Fastest
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a nearby ocean current cooled, though it's still

acing o b A s e 4 A NASA Ocean Ecosystem Mission Preparing to Make Waves

RS e i S el T 2 7 N A 2 AN W P w , o _
g m i S Lo ol i, DI L i & E T R i ezttt /1A NASA’s Plankton, Aerosol, Cloud, ocean Ecosystem (PACE) mission has successfully passed its
RS o NG T R e 8 b e e R A Y AR ™ ) design reviews and moved into its construction and testing phase, preparing to advance the fields
of global ocean and atmospheric science when it launches in 2023.

CARBON DIOXIDE GLOBAL TEMPERATURE ARCTIC ICE MINIMUM ICE SHEETS SEA LEVEL

4 1 1 parts per million 1 9 *F since 1880 1 2 8 percent per decade 4 1 3 Gigatonnes per year 3 3 millimeters per year
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Water Cycle

DEVELOP AND ENABLE PREDICTIONS FOR REGIONAL WATER SHORTAGES
INNOVATE

IMPLEMENT

IMPACT

Challenge

Develop useful predictions of regional water shortages for lead
times from weeks to years

Approach

* Design and build first-of-a kind instruments/satellites
* Measure the components of the Earth’s water cycle

* Understand and model the flow of water through the Earth system

 Develop integrated programmatic approach between science
and engineering

» Partner with international, federal, state and local agencies to
Improve predictions of water

\, " e £ . P Satellite Missions
T GRACE-FO, SMAP, ECOSTRESS, SWOT, AIRS, CloudSat,
Jason-2/3, NISAR

[N

Other Activities
Western Water Applications Office




Water Cycle

DEVELOP USEFUL TOOLS AND INFORMATION FOR CALIFORNIA WATER MANAGEMENT

INNOVATE

How much snow? How will it melt?

Using laser radar, known as Lidar, researchers With an advanced light sensor, scientists measure
measure the depth of snowpack in California. snow's reflectivity — an indicator of how it will melt.

L& s
Light sensor

Laser pulse o
@ sent from plane Old snow Debris like dust
doesn't reflect and plants can
0

_— as much light, make snow
0 The time it takes which causes it reflect less.
the laser to return to melt faster.
to the planeis
proportional to the
elevation. The

Debris \K_ New snow is
S— y most reflective.
v - a— >
u Heatw

p

As snow absorbs sunlight, it warms up.
This results in more melting and even
more light absorption.

Maxwell Henderson / The Register

Lidar + Hyperspectral Imagery
= Snowpack Observatory

First Pass
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Second Pass
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D, Surface Deformation Causes
Range to Change

Repeat pass radar interferometry
for Earth surface monitoring

surface water  Snow cover

Gravity observations to provide
groundwater estimates



Water Cycle

DEVELOP USEFUL TOOLS AND INFORMATION FOR CALIFORNIA WATER MANAGEMENT

IMPLEMENT
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Water Cycle

DEVELOP USEFUL TOOLS AND INFORMATION FOR CALIFORNIA WATER MANAGEMENT

Hetch Hetchy

inflow forecasting
Spring 2013
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ASO update
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Departure of #AR days during week-3 relative to climatology

Center for Western Weather NCQ Jet Propulsion Laboratory

@ and Water Extremes California Institute of Technology

Department of Water Resources

o Summer water supply

* Snhowpack
* Groundwater
* Evapotranspiration

Atmospheric Rivers & flooding
* Levee monitoring

- § a dJet Propulsion Laboratory
& - California Institute of Technology ‘ WWAO
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Period: 1961-1990

Water Projects Articles & Events

WWAO

» Connects stakeholders with
NASA scientists, technology,
tools, and data

» Assists application transition
INnto operations

* Develops custom solutions
through applications projects

Annual Average Precipitation

United States of America

Modeling performed by Christopher Daly
using the PRISM model, based on
1961-1930 nomals from NOAA
Cooperative stations and NRC3S SNOTEL
sites. Sponsored by USDA-NRCS Water
and Climate Center, Portland, Oregon,

Oregon Climate Service
George Taylor, State Climatologist
(541) 737-5705



Weather and Air Quality

tratospheric Ozone
hemistry an
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Cloud & Ak
Precipitation
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Storm Dynamics
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Weather and Air Quality

ENABLE IMPROVEMENTS IN WEATHER FORECASTS AND AIR QUALITY ATTRIBUTION & FORECASTS

INNOVATE -

IMPLEMENT -

IMPACT

Challenge

Increase the lead-time and accuracy for weather (Wx) for
safequarding life and property, and provide accurate air qualit
AQ) attribution to improve health and environmental conditions.

Approach

* Develop new remote sensing capabilities to characterize
atmospheric physical and chemical processes.

 Develop and improve data assimilation methods to better
exploit Wx and AQ relevant satellite observations.

« Use these capabilities to enable more skillful Wx and AQ
forecasts and improve AQ attribution to inform adaptation

Other Activities and mitigation efforts.

Cubesats (RainCube, Tempest-D), FIREX-AQ, atmospheric _ .

composition state and flux estimates, A-CCP Designated Satellite Missions

Observable Study, PBL Incubation Study, HAQAST, AIRS, GNSS-RO, MISR, Quikscat, MLS, RapidScat, SMAP,

Subseasonal Atmospheric River Forecast Development. CloudSat, TES, MAIA
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Sea Level

IMPROVE PREDICTIONS OF SEA LEVEL NEAR URBAN POPULATIONS
INNOVATE

IMPLEMENT

IMPACT

Challenge

Improve long-term projections of regional sea level rise to help
mitigate the consequences to urban populations
Approach

Measure global sea level variations, maintaining a record for
ontinuit

4
- a ’

Develop measurement capabilities for regional sea level
‘ variations and rise

THERMAL EXPANSION .

o

ldentify contributing processes to global and regional sea
level variations

Partner to improve predictions of sea regional level variations
and global sea level rise

— Satellite Missions

> Jason-2/Jason-3, GRACE-FO

, NISAR, SWOT

Other Activities
N

ASA Sea Level Portal, Oceans Melting Greenland, Delta-X
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Natural Hazards

INCREASE DECISION SUPPORT INFORMATION FOR NATURAL HAZARD RESPONSE
INNOVATE ¢« IMPLEMENT - IMPACT

Challenge

Develop forecast potential for natural hazard events and improve
ur capabilities for hazard response and preparednes

Approach

 Measure changes over the Earth surface to identify and
T characterize earthquakes, volcanoes, landslides, wild fire, etc.
* Improve our physical understanding of the Earth surface

“ . ARPOLUTION

= process to better model and predict natural hazards
5 when/where possible
* Develop and provide decision support products for natural
hazards preparation and response

-
- _'
- LA 2

S ' :
’.
V\'

TR

. LANDSLIDES

atellite Missions
GRACE-EO. ECOSTRESS. SWOT. NISAR, MISR. TES. EMIT

Other Activities
dvanced Rapid Image Analysis (ARIA
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arbon and Ecosystems

PROVIDE ESTIMATES AND PROJECTIONS OF THE CARBON CYCLE AT DECISION-RELEVANT SCALES
INNOVATE IMPLEMENT IMPACT

Challenge

Provide actionable estimates and projections of the global

carbon system, considering natural ecosystems and
anthropogenic emissions

Approach

 Measure the components of the Earth’s carbon cycle

* Understand and model the flow of carb on through the
Earth system

» Partner to develop predictions of land, ocean and

atmospheric carbon for decision-relevant scales (e.g.
seasonal to decadal)

Satellite Missions
e OCO-2, OCO-3, ECOSTRESS, TES, SMAP, NISAR
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Carbon Management System, California Methane Survey,
ORAL, Delta-X
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