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' and hlghly dlversmed Ilfe NASA provides a ur

from space that is the only way to effectlvely o'lo" obal scale
phenomena and to understand local, regional and global
changes I n their | arger context.o

Earth System Science at NASA has three major goals:

1.

Science: Observe, understand and model the Earth
system to learn how it is changing, and the consequences
for life on Earth.

Applications: Expand and accelerate the realization of
economic and societal benefits from Earth science,
Information, and technology.

Technology: Develop and adopt advanced technologies to
enable mission success and serve national priorities.



Earth Observing System (EOS)
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AThe Earth Observing System _ (EOS) has |
the centerpiece of NASA's  Earth Science
Enterprise  (ESE). It iIs composed of a series of
satellites, a science component, and a data
system supporting a coordinated series of

polar - orbiting and low inclination satellites for
long -term global observations of the land
surface, biosphere, solid Earth, atmosphere,
and oceans.



http://eospso.gsfc.nasa.gov/eos_homepage/description.php
http://earth.nasa.gov/
http://earth.nasa.gov/

Earth Observrng System (EOS)

System (EOS) Program sto e
extent, causes, and regional consequences :
of global climate change
AThe extent (e.g. the change in average
temperature and the time scale over which it will
occur) Is presently unknown
A Causes have a natural component and a human
Induced component
A Both must be understood to determine how to
alter human behavior appropriately to avoid
climate changes that prove most detrimental to
the environment




Earth Observing System (EOS)
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uman induced changes on the global environ

AExpand scientific knowledge

from the vantage points of space, aircraft, and in situ platforms e
ADisseminate information about the earth system

ASupport national and international environmental policy recommendations

Mission objectives
ACreate an integrated scientific observing system that will enable multidisciplinary

study of earth system science

ADevelop a comprehensive data and information system, including a data retrieval and
processing system

AAcquire and assemble a global database emphasizing remote sensing measurements
from space over a decade or more

Almprove predictive models of the earth system
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Earth Science Mission Profile 1997 - 2004
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Earth Science Mission Profile 2005 - 2017
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Mission Profile 1997 — 2004 Acronym List
ACRIMSAT

= AUCRIMS - Active Cavity Radiometer Irradiznce Monatar

ADEOS Il (Midori 11)

= AMSHK - Advanced Microwave Scanning Hadiometer

= L1 - Global Imager

= ILAS2 - [Improved Limb Atmosphere Spectrometer 2

= FOLDER - Polarization and Dhrectionality of the Earth's Reflectances

Agqua
= AIHS - Atmaosphenc Infrared Sounder
= ANSU-A - Advanced Microwave Soanding Unat-A
= CERES - Cliads and the Earth™s Radiant Energy System
= MODIS - Moderate Resolution Imaging Spectroradiometer
= HsH - Humxdaty Sounder for Brazil
= ANSR-E - Advanced Microwave Scanning Radiometer for B205

Aura

= HIRIXLS - High Resolution Dymamics Limb Spander
= ML3% - Microwave Limb Spander

= (0 - Ozone Monitoring Instrument

= TES - Troposphenc Emission Spectrometer

ES5P/GRACE

Eartn System Scienca Pufh'ﬁndurmeva Racevary And Climate Exparimant

= 5% - Black-Jack Global Positioning System Reoziver
= HAIKS - Hagh-Accuracy Inber-satellite Ranging System
= 5UCA - Star Camera Assembly

= 554 - SuperStar Accelerometer

= US0 - Ultra $table Oscillatar

ICESat

= GLAS - Geoscience Laser Altimeter System
= 5% - Global Pasitioning System

Jason-1

= IMH - Jason Microwave Hadiometer

=TRSE - Turbo Kogue Space Receiver

= LRA - Laser Retromeflector Array

= IMIRIS - Doppler Orbitography and Radiopositioning Integrated by Satellite
* Paseidon-2 Altimeter

Landsat 7
= ETM+ - Enhanced Thematic Mapper Plus

METEOR 3M/SAGE IlI

= SALE I - Stratospheric Aerosel and Gas Experiment [I

NMP/EQ-T
Mew Millannium Pragram/Earth Observing1

= ALIL - Advanced Land Imager
* Hyperiom - Hyperspectral Instmament

= LAL - Lmear Emlon Imaging Spectral Array (LEISA) Atmespheric Comector

OrbView-2

= Sea Wik - Seasviewimg Wide Fueld-of-view Sensor

QuikScat
Quick Scattaromeaker
= BenWinds

QuikTOMS

= TOMS - Total Owane Mapping Spectrometer

SORCE
Lolar Radiatian and Chmate Experimant

=TIM - Total Irradiance Monibar

= 51N - Spectral Irradiance Monitor

= SOLSTICE - Solar Sdellar Imadiance Comparison Experiment
= XP5 - XUV Photometer Sysiem

Terra

= ASTER - Advanced Spaceborne Thermal Emission and Keflection Radiomeber
= UERES - Cloods and the Earth’s Radiant Energy Sysiem

= MISH - Mult-angle Imaging Spectrorndiometer

= MODIS - Moederate Resolution Imaging Speciroradiometer

= MOPITT - Measarements of Pollution in the Troposphere



Mission Profile 1997 — 2004 Acronym List (cont.)

TRMM

Trapical Rainfall Measuring Mission
= CERES - Clouds and the Earth’s Radiant Energy System
= LI - Laghtming lmaging Sensor
= ¥IRS - Vizible and Infrared Scanner
= THI - TRMM Microwave Imager
= PR - Precipatation Radar



Mission Profile 2005 — 2017 Acronym List

ESSP/Aguarius O5TM
= LER - L-Barsd Radiometer Ceean Surtoce Topography Mission
= LES - L-Band Scatierometer = DORIS - Doppler Orbitography and Radiopositioning Integrated by Satellite

= TRSE - Tarbologue Space Kecever
 LHA - Laser Retroreflector Array
ESSP/CALIPSO « Poseidon-3 Altimeter
Cloud-Aerasal Lidar and Infrarad Pathfindar Satellite Chiervations » AME - Advanced Macrowave Radiometer
« CALIOP - Cloud Aerosal Lidar with Orthogona! Polarization * =P5E - Clobal Pyaibioning Zysfom Buorioad
= IR - Imaging Infrared Kadiometer

= WHL - Wade Field Camera
* Three high-resolution grating specirometers NPOESS C1T
Matiznal Polararbiting Operational Ervirconmantal Sotallite Systam
ES5P Ciuudsnf = ADCR-5ARSAT - Advanced Data Collecton Systemy/Search and Fescue Satellite-Axled Tracking
'Illlr = ATMS - Advanced Technology Microwave Sounder
= PR - Cloud Prodiling Radar « CERES - Cloods and Earth's Radian? Energy System

= Urls - Cross-Track Infrared Sounder
= M5 - Microwave Imagen'Soander
ESSFIGCG = (MPS-Madir - (zone Mapping and Profiler Suite
Crbiting Carbon Obsarvalary = BARSAT - Search and Bescue Satellite Aided Tracking
= SEM-X - Space Environment Monator-NPOESS
=T5I5 - Total and Spectra] Solar Irradiznce Sensor

Glory = VIIRS . Visinle/Infrared Imager/Radiometer Suite
= APS - Aerosol Polarimetry Sensor
=TIM - Total Irradiance Moanatar
- €C - Cloud Camera NPOESS C2
Matiznal Palararbiting Operafianal Enviranmantal Satallibe Systam
GPM Core Observatory e
Global Precipitetion Measuramant « SARSAT - Scarch and Hescue Satellite Aided Tracking
= PR - Dnaal Frequency Precipitabon Hadar = ¥1IRS - Visinle/Infrared ImagerRadiometer Suite
» (ML - PR Microwave Imager
NPP
GPM Low-Inclination Observatory MPOESS Preparatory Project
Global Precipitation Maasuramend = ATMS - Advanced Technalogy Microwave Sounder
= (ML - GPM Microwave Imager « UEREY - Clowods and the Earth’s Radiant Ensrgy Sysiem
= LUrls - Cross-Track Infrared Sounder
= (IMPS - Ozone Mapping and Profiler Suits
ICESat Il = ¥IIES - VisinledIntrared ImagerRadiometer Suile
= LAS - Geoscience Laser Altimeter System
= 3% - Global Positioning System SAMAP
Soil Moisture fuchve Passiva
LDCM = L-Hand rediomeier
Landsat Data Canlinuity Missian * L-and radar

= [BL1 - Operational Land Imager
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24 EOS Measurements

Cloud Properties
(amount, optical properties, height)

Radiative Energy Fluxes
(top of atmosphere, surface)

Precipitation

Tropospheric Chemistry
(ozone, precursor gases)

Stratospheric Chemistry
(ozone, C1O, BrO, OH, trace gases)

Aerosol Properties
(stratospheric, tropospheric)

Atmospheric Temperature
Atmospheric Humidity
Lightning

(events, area, flash structure)

Total Solar Irradiance

' Solar Spectral Irradiance

MODIS, GLAS, AMSR-E, MISR, AIRS, ASTER,
SAGE Il

CERES, ACRIM Ill, MODIS, AMSR-E, GLAS,
MISR, AIRS, ASTER, SAGE Il

AMSR-E Ve

TES, MOPITT, SAGE lll, MLS, HIRDLS, LIS

MLS, HIRDLS, SAGE Ill, OMI, TES

SAGE I, HIRDLS
MODIS, MISR, OMI, GLAS
AIRS/AMSU-A, MLS, HIRDLS, TES, MODIS

AIRS/AMSU-A/HSB, MLS, SAGE I, HIRDLS,
Poseidon 2/JMR/DORIS, MODIS, TES

LIS

ACRIM I, TIM

SIM, SOLSTICE

-

Source: Michae



24 EOS Measurements

| Land Cover & Land Use Change
Vegetation Dynamics
Surface Temperature

Fire Occurrence
(extent, thermal anomalies)

Volcanic Effects
(frequency of occurrence, thermal
anomalies, impact)

Surface Wetness

OCEAN @ surface Temperature

Phytoplankton & Dissolved
Organic Matter

Surface Wind Fields

w Ocean Surface Topography
(height, waves, sea level)

ETM+, MODIS, ASTER, MISR

MODIS, MISR, ETM+, ASTER
ASTER, MODIS, AIRS, AMSR-E, ETM+

MODIS, ASTER, ETM +

MODIS, ASTER, ETM+, MISR

AMSR-E
MODIS, AIRS, AMSR-E

MODIS

SeaWinds, AMSR-E, Poseidon 2/JMR/DORIS

Poseidon 2/JMR/DORIS

o >
v
1

Source: Michael,m 3 g '1;5 eniol




24 EOS Measurements

CRYOSPHERE | Land Ice GLAS, ASTER, ETM+
(ice sheet topography, ice sheet
volume change, glacier change)

Sea lce AMSR-E, Poseidon 2/JMR/DORIS, MODIS,
(extent, concentration, motion, ETM+, ASTER
temperature)

Snow Cover MODIS, AMSR-E, ASTER, ETM +

(extent, water equivalent)




EOS Data and Information Systems
(EOSDIS)

A More than any other factor the commltmen to Shie i

Earth science data easily available to a wide communlty

of "users 1 s Ccritil cal {0  LriC .
Science Enterprise

AAt present, EOSDIS manages dat
and current Earth science research satellites and field
measurement programs, providing data archiving,

distribution and information services



Services provided by EOSDIS

AData Archive, Management and Distributon

A Information Management I Date Gateway that- prc
stop-shoppingo

AProduct Generation i Data product generation from EOS data
products
A Spacecraft Command and Control I Space craft and

instrument planning and scheduling, and command and control
A Data Capture and Telemetry Processing I Capture all data

from all EOS spacecraft and process them to remove telemetry
errors and make available to NOAA in 3 hours

By T Rl



EOSDIS Context

Mission Operations
Flight Operations,
Data Capture, Data Transport
Initial Processing, to Data Centers/
Data Acquisition Backup Archive SIPSs

Tracking &

Data Relay,
Satelite
(I0Rs) A
,/ Data
Processing
&
e Mission
Control

EOS

Spacecraft

HAS &
Integrated
Services
Hetwork
[HISH)
Mizssion

EOQS Polar Ground Stations .
Semnices

EOSDIS and —p

Science Operations

Science Data Processing,

Data Mgmt, Interoperable Distribution
Data Archive, & and Data
Distribution Access

Related Data Internet
Centers (Saarch,
ondear,
disiribution)

Science
Teams and
SIPSs

- Education

‘Walue-Ad ded
Providers

Inferagaency

Uala Cenfars

Eanh
System Madals

Internafonal
Fartners



Distributed Active Archive Centers (DAACS)

Figure 6. Geographic Distribution of EQS0IS DAACS



Terra Satellite
Launched December 18, 1999

MODIS Ay ) — R







Terra Instruments:

L_auzn.cheg_ December 18, 1999

ASTER (Advanced Spaceborne Th mal E
Reflection Radiometer ) Hi  -resolution, mult|
from 15 m to 90 m resolution, plus stereo

;;;;

-spectral images

CERES (Clouds and the Earth's Radiant Energy System)
Measur es Ear t hoogsvave, and net radam energy budget

MISR (Multi -angle Imaging Spectro - Radiometer) Stereo
images at 9 look angles

MODIS (Moderate -resolution Imaging  Spectroradiometer ) 1-2
day global coverage in 36 wavelengths from 250 m to 1 km resolution

MOPPIT (Measurements of Pollution in the Troposphere)
Global measures of CH4 & CO
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. the electromagnetlc spectrum, rangmg
from visible to thermal infrared light

A Scientists use ASTER data to create
detailed maps of land surface
temperature, emissivity, reflectance, and
elevation.

"

AASTER is the only high spatial
resolution instrument on the Terra
platform. ASTER's ability to serve as a
‘zoom' lens for the other Terra
instruments is particularly important for
change detection, calibration/validation
and land surface studies.

AAll three ASTER telescopes (VNIR,
SWIR, and TIR) are pointable in the
crosstrack direction. Given its high
resolution and its ability to change
viewing angles, ASTER can produce
stereoscopic images and detailed terrain
height models.

VNIR (3B)

VNIR (1,2,3N)

SWIR



- ASTER Scan Swath
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ASTER Spectral Bands
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a wonderful tool for study'iﬁg'ur
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Band 1: 0.52 - 0.60 pm
Band 2: 0.63 - 0.69 pm
Band 3: 0.76 - 0.86 um

Band 4: 1.600 - 1.700 pum
Band 5: 2.145 - 2.185 um

T TSR
L] i
N

Band iO: 8.125 - 8.475 |

Band 11: 8.475 - 8.825 um

Band 6: 2.185 - 2.225 um | Band 12: 8.925 - 9.275 um
Bands Band 7:2.235 - 2.285um | Band 13: 10.25 - 10.95 um
Band 8: 2.295 - 2.365 um | Band 14: 10.95 - 11.65 um
Band 9: 2.360 - 2.430 um
Resolution 15m s0m 90 m
Swath 60 km 60 km 60 km




ASTER Measurements
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A Spectral reflectances of the
9F NIl KQa &3wMIF I OS

A Surface temperature and
emissivities at 90 m

A Digital elevation maps from
stereo images

A Surface composition and
vegetation maps
cloud, sea ice, and polar ice
products

A Observation of natural
hazards (volcanoes, etc.)

Thermal IR SST



ASTER - Ji Parana, Brazil




Inthe image on the left,
acquired in November 2000,
vegetation can be seen in ;
red. The image on the right,

acquired at the same time by

a different spectral band of

the instrument, is color coded

to show the bottom of the

lake around the shoreline.

Where the data are black, the

bottom cannot be seen.

Scientists monitoring the

| akeds water clarit
measurements obtained since
1965 have discovered that
the lake along the California
Nevada border has lost more
than one foot of visibility each
year. The most likely causes
are increases in algal growth,
sediment washed in from
surrounding areas, and urban
growth and development




North Patagonia Ice Sheet near latitude
47 degrees south, longitude 73
degrees west and covers an area of 36
x 30 km ( ASTER 3,2,1 (RGB)
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