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National Academies
National Academy of Science (NAS)

Division on Earth and Life Sciences
Division on Engineering and Physical Sciences 

Space Studies Board 
Committee on Earth Studies

Ad Hoc Committee on Earth Science and Applications from Space:
A Community Assessment and Strategy for the Future

Who Did The Study?

20 members (18 at end)
2 chairs (Richard A. Anthes, Berrien Moore III)
Chairs of 7 study panels
11 at large members (9 at end)

111 RFI Responses
17 Reviewers







What Was The Committee Asked To Do?

By Who?
Sponsors: NASA SMD, NOAA NESDIS, USGS Geography
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Charge to Panels
1. Identify needs and opportunities for observations from space 

to advance Earth science and applications for the next 
decade and beyond;

2. Propose programs or missions to meet these needs and 
opportunities, in priority order;

3. Describe each proposed mission in terms of
• Contributions to science and applications
• How it meets prioritization criteria
• Benefits to society
• Technical aspects
• Schedule
• Costs

4. Briefly identify needs for obs that are needed to complement 
space-based obs

5. Identify essential other components (telemetry, data 
processing, management and stewardship

NRC SLIDE
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What Were the Criteria for Prioritization?



Extreme Event Warning



Human Health



Weather Prediction



No Tropospheric Winds for Climate Prediction???



Air Quality



Tropospheric Winds Not Included in Figures

• Earthquake early warnings
• Sea level rise prediction
• Climate prediction ???
• Fresh water availability
• Ecosystems services



Mapping Missions to Panels



Some Decadal Survey Recommendations



Some Decadal Survey Recommendations
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RECOMMENDATIONS

• Technology development in support of missions
– NASA-invest in both mission-focused and cross-

cutting technology development to decrease risk in 
missions and promote cost reduction across multiple 
missions

– NASA-create new Venture class of low cost ($100-
$200M) missions to foster innovation and train future 
leaders

– NOAA-increase investment in research to operations

NRC SLIDE
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PROGRAMMATIC DECISION 
STRATEGIES AND RULES

• Manage Technology Risk
– Sequence missions according to technological 

readiness and budget risk factors… technological 
investments should be made across all recommended 
missions. 

– If there are insufficient funds to execute the missions 
in the recommended timeframes, it is still important 
to make advances on the key technological hurdles.

– Establish technological readiness through 
documented technology demonstrations before 
mission development phase.

NRC SLIDE





First mission in this section



Mission Summary: Listed Benefits of Wind Mission

• More accurate, more reliable, and longer-term weather forecasts 
• Public safety
• Forecast of extreme weather events
• Public confidence in hurricane warnings
• Superior description of hurricane wind fields, which will result in substantial 

numbers of lives saved
• Improved forecasts of severe weather outbreaks, tornadic storms, floods, 

and coastal high-wind events
• Specifying the initial potential vorticity
• Improve our understanding of sources and sinks of constituents such as 

atmospheric water
• Advances in understanding of El Niño, monsoons, and the flow of tropical 

moisture to the U.S.
• Improve the depiction of atmospheric dynamics, transport of air pollution, 

and climate processes



Mission Summary: Quotes
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17 Missions 
(Pink = <$900 M; Green = $300-$600 M; Blue = <$300 M)

Decadal 
Survey 
Mission Mission Description Orbit Instruments

Rough 
Cost 

Estimate

Timeframe 2010 - 2013—Missions listed by cost

CLARREO 
(NOAA 
portion)

Solar and Earth radiation 
characteristics for understanding 
climate forcing

LEO, SSO Broadband 
radiometer

$65 M

GPSRO High accuracy, all-weather 
temperature, water vapor, and 
electron density profiles for 
weather, climate, and space 
weather

LEO GPS receiver $150 M

Timeframe 2013 – 2016

XOVWM Sea surface wind vectors for 
weather and ocean ecosystems

MEO, SSO Backscatter radar $350 M

NRC SLIDE
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Mission Mission Description Orbit Instruments $ Estimate

Timeframe 2010 – 2013, Missions listed by cost

CLARREO 
(NASA 
portion) 

Solar radiation: spectrally resolved 
forcing and response of the 
climate system 

LEO, 
Precessing

Absolute, spectrally-
resolved 
interferometer

$200 M

SMAP Soil moisture and freeze/thaw for 
weather and water cycle processes

LEO, SSO L-band radar
L-band radiometer

$300 M

ICESat-II Ice sheet height changes for 
climate change diagnosis

LEO, Non-
SSO

Laser altimeter $300 M

DESDynI Surface and ice sheet deformation 
for understanding natural hazards 
and climate; vegetation structure 
for ecosystem health

LEO, SSO L-band InSAR
Laser altimeter

$700 M

Timeframe: 2013 – 2016, Missions listed by cost

HyspIRI Land surface composition for 
agriculture and mineral 
characterization; vegetation types 
for ecosystem health

LEO, SSO Hyperspectral
spectrometer

$300 M

ASCENDS Day/night, all-latitude, all-season 
CO2 column integrals for climate 
emissions

LEO, SSO Multifrequency
laser

$400 M

SWOT Ocean, lake, and river water levels 
for ocean and inland water 
dynamics

LEO, SSO Ka-band wide swath 
radar
C-band radar

$450 M

GEO-
CAPE

Atmospheric gas columns for air 
quality forecasts; ocean color for 
coastal ecosystem health and 
climate emissions

GEO High and low spatial 
resolution 
hyperspectral imagers

$550 M

ACE Aerosol and cloud profiles for 
climate and water cycle; ocean 
color for open ocean 
biogeochemistry

LEO, SSO Backscatter lidar
Multiangle polarimeter
Doppler radar

$800 M

NRC SLIDE



32*Cloud-independent, high temporal resolution, lower accuracy SST to complement, not replace, global 
operational high-accuracy SST measurement

Timeframe: 2016 -2020, Missions listed by cost

LIST Land surface topography for 
landslide hazards and water 
runoff

LEO, SSO Laser altimeter $300 M

PATH High frequency, all-weather 
temperature and humidity 
soundings for weather 
forecasting and SST*

GEO MW array 
spectrometer

$450 M

GRACE-
II

High temporal resolution 
gravity fields for tracking large-
scale water movement

LEO, SSO Microwave or laser 
ranging system

$450 M

SCLP Snow accumulation for fresh 
water availability

LEO, SSO Ku and X-band 
radars
K and Ka-band 
radiometers

$500 M

GACM Ozone and related gases for 
intercontinental air quality and 
stratospheric ozone layer 
prediction

LEO, SSO UV spectrometer
IR spectrometer
Microwave limb 
sounder

$600 M

3D-
Winds
(Demo)

Tropospheric winds for 
weather forecasting and 
pollution transport

LEO, SSO Doppler lidar $650  M

NRC SLIDE



Other Comments by Ed Browell and Art Charo

• Over 120 people involved
• RFI responses were primary source of information
• Table of missions is not ranked, but listed by cost
• Price differences from NASA’s mission studies not necessarily mistakes 

but rather different missions
• A mission is not necessarily one launch
• ESSP has caused risk by producing proposals with TRL’s too low
• Report recommends return to 2000 earth science funding levels
• No substantive changes will be made to report, only editorial
• There was pure ranking by science only within the panels, but not by the 

overall study 



Back Up





SPACE STUDIES BOARD

LENNARD A. FISK, University of Michigan, Chair

A. THOMAS YOUNG, Lockheed Martin Corporation (retired), Vice Chair

SPIRO K. ANTIOCHOS, Naval Research Laboratory DANIEL N. BAKER, University of Colorado

STEVEN J. BATTEL, Battel Engineering

CHARLES L. BENNETT, Johns Hopkins University JUDITH A. CURRY, Georgia Institute of Technology JACK D. 
FARMER, Arizona State University JACK D. FELLOWS, University Corporation for Atmospheric Research

JACQUELINE N. HEWITT, Massachusetts Institute of Technology

TAMARA E. JERNIGAN, Lawrence Livermore National Laboratory KLAUS KEIL, University of Hawaii

BERRIEN MOORE III, University of New Hampshire

KENNETH H. NEALSON, University of Southern California

NORMAN P. NEUREITER, American Association for the Advancement of Science

SUZANNE OPARIL, University of Alabama, Birmingham JAMES PAWELCZYK, Pennsylvania State University 
RONALD F. PROBSTEIN, Massachusetts Institute of Technology

HARVEY D. TANANBAUM, Harvard-Smithsonian Astrophysical Observatory

RICHARD H. TRULY, National Renewable Energy Laboratory (retired)

JOSEPH F. VEVERKA, Cornell University

WARREN M. WASHINGTON, National Center for Atmospheric Research

GARY P. ZANK, University of California, Riverside

MARCIA S. SMITH, Director





Decadal Survey Quotes - Winds



Decadal Survey Quotes - Winds



Decadal Survey Quotes



Decadal Survey Quotes



Decadal Survey Quotes
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Trends In Earth Observations  
From Space 
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Water 
& Food

Energy 
Security

Early 
Warning

Ecosystem 
Services

Public Health/ 
Env. Quality

Need for Interdisciplinary Program

Improved precipitation and drought forecasts to improve water resource management

Improved geologic and oceanic characterization and improved understanding of 
local climate change impacts, enabling safer, more efficient exploration for and 
use of natural resources

Longer-term, more reliable storm track forecasts and intensification predictions, 
volcanic eruption and landslide warnings to enable effective evacuation planning

Improved land use, agricultural, and ocean productivity forecasts to improve 
planting and harvesting schedules and fisheries management

More reliable forecasts of infectious and vector-borne disease outbreaks for disease 
control and response; More reliable air quality forecasts to enable effective urban 
pollution management

Key Benefits Derived from Suggested ObservationsContributing 
Science Areas

Leading to 
Improvements In..

Health

Water

EcosystemsClimate

WeatherSolid Earth

Health

Water

EcosystemsClimate

WeatherSolid Earth

Science Areas

NRC SLIDE

Weather: 4/5
Water: 3/5
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