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The Earth as a Planet T

The Earth is being well studied from Space with an
armada of current and planned missions

NASA (science missions) and NOAA (operational
missions) develop and manage this fleet for the &
nation '

Our awareness of global climate change has
stimulated a new era in monitoring how the Earth®

b A
is changing climactically, in addition to the J ":‘--_ e

ongoing weather measurements

The Earth Science community has recently
developed a decadal plan recommendation for
NASA to address their needs
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Economy, Environment, and National Security
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Key Issues, Challenges, Opportunities

e Global change is a critically important societal issue of our time

e U.S. is addressing the importance of developing a National Climate
Change Strategy — an important dimension of global change

e C(Climate technologies include emissions management, alternative
energy, energy efficiency, and measurements and monitoring

e A Global Change Monitoring System is needed to provide data
needed to inform decision makers for adaptation and mitigation at
the local, regional, national and global levels for a range of
environmental parameters

e Earth is a complex system requiring a full complement of
observations of key climate (26), weather (55), and solid
Earth hazards (7) parameters in order to monitor its vital signs
and its capacity to sustain 7+ billion people
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Essential Decisions are enabled by Essential Data
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Space-based Observables

e Essential Climate Variables
e Environmental Data Records for Weather

e Solid Earth and Natural Hazard parameters

e (Capacity and Gap Assessments
— Assessment of representative gaps in observables
— NRC Earth Science Decadal mission recommendations
— NOAA 2008 (unfunded) priority observations and systems
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Atmosphere

1975

1980 1985 1990

1995

2000

Solar irradiance: total
Solar irradiance: spectral

Radiation budget (surface & TOA) i

Ozone: column

Ozone: profile

Cloud properties

Aerosol properties

Land surf. wind speed/direction
Surface air pressure

Surface air temp & water vapor
Upper-air temperature
Upper-air wind speed/direction
Upper-air water vapor

Atmos. CH,

Atmos. CO,

Precipitation

Oceans / Ice

Sea surface salinity

Ocean wind and wind stress
Surface level (sea, lakes, sea state)
Surface temp (sea, land, lakes, fire)
Ocean color

Seaice

Ice area (glaciers, sheets)

Ice elevation (caps, sheets)

Terrestrial

Snow cover (area)
Land cover typeluse

Vegetation prop. (LAl, FAPAR albedo,
burnt area)

Fire disturbance (active fire area,
radiated power)
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1975

Generally considered adequate
for developing CDRs

1980 1985 1990

Usefulness is unknown, application-
dependent, or access-dependent

1995

2015

2020 2025

..............

2005

2000 2010

Generally considered inadequate
for developing CDRs

2015

2020 2025

No viable
observations available



Oceans / Ice

Terrestrial

Global Essential Climate Variables through 2050

Afmosphere
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&  MISSION AREAS ' 55 Environmental Data Records (EDRS)
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Looking to the future vornor snusscun

e Assess capacity to deliver full complement of observables and
current and planned systems

e Pursuant to gap analysis, look at systems that could be built and
deployed to fill gaps

o Identify systems that would ideally be deployed from Ares V vehicle
as component of national system

e Employ Enterprise Architecture approach to optimize interoperability
and overall functionality of system of systems solution

08/16/2008 10



7['
| S VA Research and
.9(,“:99,,' 7  _ RO\ Development Centers
, ' z

Q

- i _
and Requests ) A = o U.S. Dro

ght Monitor  "chs 200
o s

| Sl

&

Regional Decision
Support Centers

ronmental Data

S, S o ~ -

Global Change Monitoring System needed to
observe globally, forecast regionally, and act locally — umman

-

e a Y b S B . ™,




Global Change

S Information from

.Integrated and

Layered Platforms

= Real time weather

= Scientific forecasts of long
term climate change

~ = Continuous monitoring of
environmental hazards

= In-situ ground truth to
“calibrate space sensors

= Routine and systematic
reporting

= Ocean monitoring

TIER 3
Geostationary 35,800 km
Continuous Stare - Med Rez °

Ny
4

A

TIER 2
ow Earth Orbiting 850 |
.\gc:equent Revisit - H"~Re,:

TIER 1
Air Borne 100 km
gocused Area - Fine.R,,

TI1IER




Possible Missions Enabled by an Ares V= ~o==sesess

e Large GEO Platforms
— Large apertures (>10 m) Microwave Sounders to provide useful spatial
resolutions (< 4 km) measurements of:
e Temperature and moisture soundings
e Rain measurements
e Severe weather monitoring/prediction with microwave technology require)

— Synthetic aperture Radars for Surface Wind Measurements
e Full disk access
e Superior revisit times (< 1 hr vs days from LEO)

The Ares V lift capacity and faring volume will enable these missions
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Possible Missions Enabled by an Ares V= ~o==sesess

e Distant vantage points L1/L2:
— Why L1/L2 for Earth Science
e Synoptic view (all times at once)
e High time resolution (1 min or better)
e Sunrise to sunset coverage

e Long integration times and high stability allows extraction of small effects over
many years

e Measuring the integrated Earth will provide a basis to aid in the search for life
on extra-solar planets

— One Example of a distant vantage point Earth Science Mission

e The L2 Earth Atmosphere Solar-Occultation Imager (EASI) suggested by
Wiscombe, Herman, and Valero (IGARSS 2002) to measure greenhouse gases
and map their 3D distribution using a 10 m IR telescope with an imaging
spectrometer. (They have also looked at a Mars observing version)

The Ares V lift capacity and faring volume will enable these missions



Global Change Monitoring System:
Blueprint for Measurement and Monitoring System
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Back up

08/16/2008 16



NORTHROP GRUMMAN

Space-based Observation Systems

e Multi-decadal roadmap of U.S. weather systems

e U.S. next generation weather/climate system - NPOESS
architecture

e Current set of NASA research missions
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U.S. Weather System of Systems
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NPOESS Next ngeratlon T
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NASA Missions in Formulation 2008-2014  ~eseseee
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SESWG Measurement Recommendations — “o77ees s

e Surface Deformation

e High-Resolution Topography

e Variability of Earth's Magnetic Field

e Variability of Earth's Gravity Field

e Imaging Spectroscopy of Earth's Changing Surface

e Space Geodetic Networks and International Terrestrial
Reference Frame

e Promising Techniques and Observations
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Decadal Survey Missions - Next Generation  ~esmmer sanmsan
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NOAA Priorities NW

1 OSVW Mission

- Ocean Surface Vector Wind Mission

Solar Wind Data Buy
- Currently provided by NASA ACE

Carbon Tracking System
= Carbon Tracking Observing System (CTOS)
COSMIC2 (COSMIC 1 Functional Clone)

- Constellation Observing System for Meleorology, lonosphere and Climate

SEBN

- Surface Energy Budget Network

Phased Array Radar

- Phased Array Radar (PAR) is a multi-agency initiative
AK CRN

- Alaska Climate Reference Network {AKCRN)

g UAS
- Unmanned Aerial System (UAS)

-~ o o 5
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/ Drivers for System of Systems Approach ~o77=es s

r&Enterprise Architecture
Ex@Tnteroperability

E@Research and Operations (R&O)
EgaBustained Capabilities
d<@MNet-Centric Approach

g@Puture Targets

a=@Delivering the Goods
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IEOS & Federal Enterprise Architecture """

0
W Owned e Inputs, outputs, and outcomes g
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5 g :
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g| Federe s
= CIO Council « Business-focused data standardization 5
 Cross-agency information exchanges ()

e Service component interfaces, interoperability

e Technologies, recommendations
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Candidate National Level Actions

Sustained capabilities are required to evolve a system of systems to
monitor global change and inform decision makers

o Establish a blueprint for implementation of full complement of
measurement and monitoring as part of National Climate Change
Strategy and National Climate Observing System

e Augment operational systems including NPOESS & GOES R
— Additional climate sensors can be added to expand monitoring capability

e Continue key R&D investments on path to next generation
operational capabilities through Earth Science Decadal science
missions and innovative missions of opportunity

— NASA research missions enable future operational capabilities

e Approve initial funding for full complement of observing sensors and
system infrastructure to deliver full benefits to society

— Optimize benefits to constituents through tailored delivery of key
information for decision support for multiple priority applications

— Energy, water, agriculture, insurance, transportation, public health and
08/16/2008 Safety 26



Decision Support Centers for A—
Local Actionable Information =

U.S. Drought Monitor = "ech#208
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