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Google Earth Timelapse

Dubai, UAE
1984

Google Earth Timelapse (Google, Landsat, Copernicus)
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Picosatellite CubeSat/Nanosatellite
PocketSat (0.1 — 1 kg) TROPICS 3U/6U (1 — 10 kg)

ESPA-Ring
Payload Port Limit (450 kg)

‘ SMD Handbook Definition: SmallSat

> A spacecraft that is interface
w i T compatible with an ESPA Ring, a
dedicated small or medium-lift launch
| vehicle, or a containerized dispenser,
and with an upper mass limit of

Microsatellite Small Satellite approximately 500 kg
CYGNSS (10 — 100 kg) ESCAPADE (100 — 500 kg)
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Aug. 4, 1971 — Apollo 15 Particles and Fields Subsatellit
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KEY SCIENCE
THEMES

PROTECT AND
IMPROVE LIFE ON
EARTH AND IN SPACE

SEARCH FOR LIFE
ELSEWHERE

DISCOVER SECRETS
OF THE UNIVERSE



NASA Earth
Observing Fleet -

CYGNSS-
Cloudsat -

CYGNSS-3 GNSS-2

Suomi-NPP

entinel-6
ichael Freilich

NASA Scientific Visualization Studio

August 2021
svs.gsfc.nasa.gov/4931



CLOUDS, CONVECTION
AND PRECIPITATION

EARTH SYSTEM CCP
OBSERVATORY &

INTERCONNECTED CORE MISSIONS

Water and Energy in

the Atmosphere
SURFACE BIOLOGY
AND GEOLOGY
Earth Surface and
Ecosystems AEROSOLS
Particles in the
Atmosphere
SURFACE DEFORMATION
AND CHANGE MASS CHANGE
Earth Surface Dynamics

Large-scale Mass
Redistribution
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Daily soil moisture data product
Oct. 30, 2018 ‘ Map flood inundation after hurricane landfall
| ' el » Reflectivity before and after Hurricane Isaias landfall, July-August 2020

Before landfall
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CYGNSS'LeveI 3 Soil Moisture V1.0 (2017-2020)
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Measure winds in tropical cyclones
* Hurricane Dorian overpass, Aug. 30, 2019 at 02:45 UTC
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Extensive flooding in
the Dominican Republic
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CYGNSS: Observations of sources of ocean microp

from space
https://www.youtube.com/watch?v=sQTGOU9LiJO&t=5s



Time-Resolved Observations of Precipitation structure and
storm intensity with g




SpaceX Falcon 9 205 GHz Hurr. Ida 205 GHz Hurr. Ida
P TROPICS Pathfinder 28-Aug-2021 20:07 UTC TROPICS Pathfinder 29-Aug-2021 19:57 UTC

Antenna Temperature [K]

Sun-synchronous orbit; 530 km altitude; 2:00 pm LTDN
Satellite has been contacted and in excellent health

Rotating microwave radiometer 1U Payload: 7
channels near 118 GHz, 3 near 183 GHz, and
imaging at 89 and 205 GHz, with articulating 5-
panel solar array




Different Asteroid Populations Tell Distinct Stories
About our Solar System’s History

upiter Trojans
& Trans-Neptunian Objects

Uranus

Saturn

Pluto

Neptune

Inner Solar System Outer Solar System
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Asteroids and Comets Seen Up Close by Spacecraft

951 Gaspra
18.2 % 10.5 % 8.9 km
Galileo, 1991

162173 Ryugu 101955 Bennu

1.0 km 0.5 km
Hayabusa2, 2018 OSIRIS-REx, future

433 Eros -33 x 13 km
NEAR, 2000

o
Dactyl
[(243)Ida 1]
1.6x1.2km
Galileo, 1993
243 |da - 58.8 X 25.4 X 18.6 km
Galileo, 1993
25143 Itokawa e
0.5%0.3%0.2km ’ PRI B
Hayabusa, 2005 - A ////’ .
2867 Steins 4179 Toutatis 5535 Annefrank
5.9 x4.0 km 4.6 x23x1.9km 6.6 X 5.0 X 3.4 km
- Rosetta, 2008 - Chang'E 2,2012 Stardust, 2002

9969 Braille
21x1x1km "

Deep Space 1,1999 _

_—

[ .
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| |

253 Mathilde - 66 x 48 x 44 km
NEAR, 1997

o i) e ~ ke

cel 19P/Borrelly 9P/Tempel 1 81P/Wild 2 103P/Hartley 2 67P/Churyumov-

) 1P/Halley - 16 x 8 x 8 km 8x4km 7.6 x 4.9 km 5.5%4.0% 3.3 km 2.2x0.5 km Gerasimenko
21 Lutetia- 132x 101 X 76 km Vega 2,1986 Deep Space 1,2001 Deep Impact, 2005 Stardust, 2004 Deep Impact/EPOX1, 2010 4.1 x 3.2 X 2.5 km

Rosetta, 2010

Rosetta, 2014

size of 68503 Dydimos-B
“Didymoon”
0.160 km

162173 Ryugu

10km
Hayabusa2, 2018

There’s no such
thing as “just
another asteroid”.
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DART — Double Asteroid Redirection Test : - AU
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~a  NASA’s DART Mission:
Learnln’g"‘"‘ o Defend Earth from Asteroid Impacts .




DART MISSIOH

Launch Wmdow |
Proflle |

- Opens:
Now. 23 2021

Launch puts DART

~ onatrajectory to

. ST - DART Kinetic
“intercept Didymos o S

‘when it is within 6.7 Impact: v
PR R Sept. 26 - Oct
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Earth 2, 2022.
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~ Sun Radio Interferometer
€ Space Experiment (SunRISE) SunRISE

Pl: Justin C. Kasper/University of Michigan Sun Radio Interferometer

Space Experiment
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