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NASA Earth Science 

NASA Earth Science supports basic and 

applied research on the Earth system  

and its processes.   

 

Characterize, understand, and improve 

predictions of the Earth system to 

advance knowledge and benefit society. 



Remote Sensing Techniques 

Multispectral RADAR / SAR Hyperspectral Thermal  

Surface LIDAR Atmospheric LIDAR Passive Microwave 

Scatterometry Microwave Ranging Irradiance/Photometry 

RADAR Altimetry 

Limb Sounding 
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http://www.raytheon.com/


(USGS) 

Current NASA Earth Science 

Operating Missions 
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Interagency 

International 



SMAP   (w/ CSA) 

Nov. 2014 

Soil Moist.,Frz/Thaw 

ICESat-2 

2016 

Ice Dynamics 

OCO-2 

July 2014 

Global CO2 

GRACE FO 

Aug 2017 

w/Germany; Global Mass  

& Water Variation 

GPM 

Feb 2014 

w/ JAXA; Precip 

CYGNSS 

2016 

Cyclone 

Generation 

SWOT 

Oct 2020 

w/CNES; Sea surface & 

Fresh water height, slope 

SAGE III  

Mar 2015; on ISS 

Ozone & Trace Gases 

TEMPO 

2019 

Hosted Payload: 

Tropospheric  

pollution 

Near Term Mission Plans 
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✔ 
RapidScat             CATS 

Ocean winds    Aerosols 

June 2014                  Sept.2014 



SAGE III (CY2015) 

CATS (2014) 
HICO (2009) 

RapidSCAT (2014) 

ISERV (2012) 

LIS (2016) 



NASA Earth Science Missions 

Current & Planned 



NASA Earth Science Missions 

Current & Planned 

       Contributing  to 
Water Cycle Studies 



Observations to Knowledge Products 

“from photons to electrons to neurons” 
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Research & Analysis 

 
Terrestrial Hydrology 

 

Physical Oceanography 

 

Ocean Surface Topography 

Science Team  

 

Remote Sensing of Water Quality 

a) techniques to improve remote 

sensing of water quality and  

b) improving links between optical 

and biogeochemical properties.  

 

Earth Science 

International Journal of Remote 

Sensing, Vol. 34, No. 21, 7534–

7544, 2013 

 

http://dx.doi.org/10.1080/0143116

1.2013.823524 

Barriers to adopting satellite 

remote sensing for water quality 

management 
Blake A. Schaeffera*, Kelly G. Schaefferb, 

Darryl Keithc, Ross S. Lunettad, Robyn 

Conmye, and Richard W. Gouldf 

 
Comprehensive water quality climate 

data records have potential to provide rapid water 

quality assessments, providing decision analysis 

methodologies and improved temporal/spatial 

diagnostics. …‌Results‌from‌an‌internal USEPA 

qualitative survey were used to determine 

perceptions regarding the use of satellite remote 

sensing for monitoring water quality.  



NASA Water Resources Applications 

NASA Water Resources 
Addresses concerns and decision processes that are related to water 

availability, water forecast, and water quality.  

Goal:  Promote and enable organizations to apply NASA satellite data to inform 

and improve the analyses, decisions, and actions of user organizations that 

manage water resources.  Implementation requires close and enduring 

partnerships with academia, private firms, government agencies, and 

international organizations.  

Water Resources Project Portfolio:  

Projects are tactical implementations of Earth obs. applications, driven 

by water management challenges, and ultimately sustained by water 

resource information stakeholders. Portfolio: Feasibility studies, 

Applications Projects, Applied Science Teams, Impact Analyses. 

Programmatic Activities:  

National and international studies, workshops, market research, 

data access, user characterization, trainings, and other activities to 

improve skills, share data and applications, and broaden the range 

of users who apply satellite data and Earth science in water 

resources decisions.  
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Improving Water Quality Management:  
Use of Earth Observations in SPARROW 

Products 2001-2011 for cont US:  Seasonal snow cover 
frequency data set; seasonal green biomass – using 
Enhanced Vegetation Index (EVI); seasonal median Land 
Surface Water Index (LSWI);  seasonal mean Gross Primary 
Production (GPP); improved SPARROW output/RMSE 

OBJECTIVE 

Capture seasonal dynamics by 

enhancing SPARROW model utility in 

National and Regional (New England, 

Southeast, Great Lakes, Chesapeake 

Bay) with MODIS products 

OPERATIONAL PARTNERS 

USGS, New England Interstate Water 

Pollution Control Commission, 

Chesapeake Bay Program, Univ of 

Michigan Sea Grant, TN Dept of Env 

and Conservation  

APP SCI INVESTIGATORS 

M. Macauley, J Shih, A, Nolin, R. 

Moore, A, Hoos, D., Roberston, J 

Brakebill, D. Smith 



ROSES 2013 A.45  

Earth Science Applications:  

Water Resources 

 

The specific goal of this 

solicitation is to advance the long-

term (30-180 day) outlooks of 

water supply anomalies and their 

effective use by water managers, 

their organizations, and/or 

decision-makers.  

 

Proposals are due April 30, 2014.  

      

Current Applications Solicitations 

|‌ 14 http://nspires.nasaprs.com/external/ 

ROSES 2013 A.44  

Earth Science Applications:  

Health & Air Quality 

 

Support the use of Earth obs. in 

air quality management and 

public health, particularly 

regarding infectious disease,  

environmental health issues, 

exposure, health-related hazards, 

risk characterization, air quality 

standards implementation, and 

climate effects on health & AQ.  

 

Proposals are due April 24, 2014.  
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Earth Science Budget:  

FY15 Request/Appropriation 

FY10 request 

FY11 request 

FY09 request 
(previous Admin) 

FY14 request 

FY12 request FY13 request 

Appropriation FY15 request 
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The national strategy outlined 

here has as its overarching 

objective a program of scientific 

discovery and development of 

applications that will enhance 

economic competitiveness, 

protect life and property, and 

assist in the stewardship of the 

planet for this and future 

generations. 

 
 Earth Science Decadal Survey 

 2007 

Earth Science & Applications from Space 
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NASA Earth Science Missions 

Current & Planned 



EVS 

Sustained  
Sub-Orbital 

Investigations 

EVM  

Complete, self-
contained,  small 

missions 

EVI 

Full function, 
facility-class 
instruments 
Missions of 
Opportunity 

ESD Venture Opportunities 
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Mission Mission Type Release Date
Selection 

Date
Major Milestone

EV-1, aka EVS-1 Suborbital Airborne Campaigns 2009  2010  N/A 

EVM-1, CYGNSS Smallsat constellation 2011  2012  LRD October 2016 

EVI-1, TEMPO Geosynchronous hosted payload 2011  2012  Delivery NLT 2017 

EVI-2 Class C & Class D Instruments 2013  2014  Delivery NLT 2019 

EVS-2 Suborbital 2013 2014  N/A 

EVI-3 Instrument Only 2014 2015  Delivery NLT 2020 

EVI-4 Instrument Only 2015 2016  Delivery NLT 2021 

EVM-2 Full Orbital 2015 2016  Launch ~2021 

EVI-5 Instrument Only 2016 2018  Delivery NLT 2023 

EVI-6 Instrument Only 2017 2019 Delivery NLT 2024 

Open solicitation

Completed solicitation



Applications in Mission Life-cycle 

Significant efforts for applications-

oriented users to engage throughout 

the satellite mission lifecycle, especially 

planning, formulation, and development 

phases.  Examples include: 

 

» Community Workshops 

» Applications Traceability Matrices 

» Early Adopters 

» Webinars and Tutorials  
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Missions & Applications 



Early Adopters: New with SMAP 
Purpose is to conduct pre-launch 

applications research to accelerate use of 

data after launch. 

Organizations with clearly-defined needs for 

SMAP-like data products evaluate & 

demonstrate the utility of SMAP data for their 

application and decision making. 
 

Early Adopters: 
» Use data products prior to launch (simulated 

data and cal/val data from field campaigns) 

» Provide feedback on products and formats  

to increase applications value of mission 

» Streamline and accelerate use of data soon 

after launch and check-out 

» Supply own resources to do these activities 
 

25+ organizations are 

currently EAs from 

public & private-sector,  

domestic & foreign 
 

** ICESat-2 started Early Adopters in 2013 ** |‌ 22 

Earth Science Missions – Early Adopters 
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Earth Science Decadal Survey  

 10-year anniversary is 2017, 

preceded by years of  

preparation and data gathering 

 

Terms of reference developed  

in 2014 timeframe 

 

Several activities Earth Science 

has started will provide input:  
» Land imaging program analysis 

» NRC Continuity study  

» Constellation and convoy studies 

» Alternative acquisition and 

implementation approaches 

» Missions & apps value study 

In 2013, the water community 

had a meeting to examine 

water priorities and mission 

concepts.  

Preparations for Next Decadal Survey 



NRC CESAS – Continuity Study 

An ad-hoc committee will 

develop a framework and 

methodologies/metrics to 

assist NASA Earth Science 

in their determination of 

when a measurement(s) or 

dataset(s) should be 

collected for extended 

periods.  

Guidance that will be 

applicable under a variety  

of scenarios over decadal 

timeframes. 
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Committee 
• Byron Tapley, NAE, UT Austin, Chair 

• Michael King, NAE, U. Colorado, Vice Chair 

• Bob Dickinson, NAS, UT Austin 

• Judith Lean, NAS, Naval Research Laboratory 

• Randy Friedl, NASA-JPL 

• Michael Prather, UC Irvine 

• Joyce Penner, Univ. of Michigan 

• John Bates, NOAA NCDC 

• Chelle Gentemann, Remote Sensing Systems 

• Bill Smith, Hampton University 

• Steve Ackerman, Univ. of Wisconsin-Madison 

• Bruce Wielicki, NASA Langley  

• Mark Abbott, Oregon State University 

• Lee-Lueng Fu, NAE, NASA-JPL 

• Kathie Kelly, Univ. of Washington 

• Eric Rignot, UC Irvine 

• Jim Tucker, NASA-Goddard 

• Rafael Bras, NAE, Georgia Tech. 

Continuity Study 



Land Imaging (Landsat and Beyond) 

FY14‌President’s‌NASA‌budget‌featured‌a‌new‌land‌ 

imaging project for development of a national sustained  

Land Imaging Satellite System (with USGS).  

 

 

 

 

 

 

 

 
NASA Architecture Study Team exploring trade space via several design 

cycles. Identify candidate architectures to satisfy desired performance, 

develop satellite technical parameters, orbit constraints, communications 

parameters, launch replenishment philosophy, and business models for 

each candidate architecture. 
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Sustainable Land Imaging 



Land Imaging 

Basic study tenets for the program 

» Sustainability: Provide data products for the long haul within the  

budget guidance provided. 

» Continuity: Continue the long-term Landsat data record; focus is on  

usable products that define the utility of the data record. 

» Reliability: Exhibit a form of functional redundancy.  

Data‌sets‌should‌be‌able‌to‌draw‌on‌equivalent‌or‌“near‌equivalent”‌

deliverables from different sources; loss of a single satellite or 

instrument on orbit should not cripple the program or significantly 

impact users. 

 

The study activity will result in recommendations and an implementation 

plan for a Sustainable Land Imaging System (combined space & ground 

system). NASA Sustainable Land Imaging report due April/Aug. 2014. 
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Sustainable Land Imaging 
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National Civil Earth 

Observations Strategy 

Released  4/19/2013 

Interagency 

» Supports efforts to organize existing  

Earth-observation systems and to 

coordinate plans for future projects.  

» Provides an evidence-based framework  

for routine assessment, prioritization,  

and planning across all Federal agencies 

engaged in Earth observations.  

 

In development:  

National Plan for Civil Earth Observations, 

2014-2024 

Addresses sustained and experimental 

observations, priority observations, balanced 

portfolio approach, and guidance on 

implementation.  

Plan is organized by the interagency  

U.S. Group on Earth Observations (USGEO), 

a Subcommittee within NSTC CENRS 

http://www.whitehouse.gov/blog/2013/04/19/taking-

pulse-our-planet-new-strategy-earth-observations 



|‌ 28 

USGEO: Rechartered, Reorganized 

US Group on Earth Observations 

USGEO is a Federal interagency committee to coordinate US 

input and positions for international Group on Earth Observations, 

address data management issues, and oversee triennial Earth 

observation assessments.  

USGEO has focused primarily on international GEO.  

New charter emphasizes national/domestic aspects. 

Organization: 
USGEO Subcommittee  

 Chair: OSTP; V.Chairs: NASA, NOAA, USGS 

USGEO Program/Director at OSTP 

Three Working Groups: 

• International Working Group  

• Data Management Working Group 

• Assessment Working Group 



Earth as a Complex Inter-related System 



Restructuring Federal Climate Research (NRC/BASC, 2009) 

“Reorganize‌…‌to‌facilitate‌crosscutting‌research‌focused‌on‌

understanding the interaction among the climate, human, and 

environmental‌systems‌…” 

“Such‌a‌re-structuring around scientific-social issues is required to help 

the program become more cross disciplinary, more fully embrace the 

human dimensions component, and encourage an end-to-end approach 

(from‌basic‌science‌to‌decision‌support).” 

 

Human Dimensions in Earth System Science: 

Integration of Natural and Social Sciences 
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USGCRP Strategic Plan, 2012-2021 

Numerous references to the integration of physical, chemical, biological, 

and social sciences; to collaborations among researchers in natural and 

social sciences; to a workforce capable of bridging the natural and social 

sciences. 

Planet Under Pressure: State of the Planet Declaration (2012) 

“The‌international‌global-change research community proposes a 

new contract between science and society in recognition that science 

must‌inform‌policy‌to‌make‌more‌wise‌and‌timely‌decisions‌…” 

Proposed a major research initiative, Future Earth: research for 

global sustainability 



US Water Partnership 

Improving 
WASH quantity, 

quality & 
accessibility 

Increasing 
efficiency and 
productivity 
of water use 

Improving  
governance 

 

Advancing 
IWRM 

Unite and mobilize the best of 
U.S. expertise, resources, and 
ingenuity 

www.uswaterpartnership.org 

PARTNERSHIP’S GOALS 

31 

Water information resources that 
contribute  to solutions for global 
water challenges, especially for 
users in the developing world.   

http://www.uswaterpartnership.org/


Great Lakes Remote Sensing Workshop 1 
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Collaboration  

 Management, policy, and 

applied research challenges 

Connections to partners & 

stakeholders 

Opportunities 

Innovations 

 - Technical 

 - Organizational 

 

Impacts & Testimonials  

Is it feasible? 

Is it valuable? 

Is there commitment? 

 

 

A successful project needs 

to be technically achievable, 

useful, and wanted.   

 

A project needs to describe 

the context for the content. 





AMS Washington Forum 

Federal Panel  

 

Michael H. Freilich 

4 April 2013 
Suomi NPP VIIRS 

Visible Composite 

NASA 

Questions NASA Earth Science  

Applied Sciences Program 

NASA Headquarters 

Washington, DC 

1.202.358.7200 http://AppliedSciences.NASA.gov 



AMS Washington Forum 

Federal Panel  

 

Michael H. Freilich 

4 April 2013 
Suomi NPP VIIRS 

Visible Composite 

NASA 

Back-up Materials 
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Missions &  

Applications 

Upcoming Missions 

√ GPM 

» SMAP 

» OCO-2 

» ICESat-2 

» GRACE-FO 

» SWOT 

» PACE/ACE 

» HyspIRI 



GPM Applications Workshop 

• Over 170 participants and ~30 posters 

• JAXA’s‌Riko‌Oki‌attended‌and‌gave‌plenary‌presentation 

• Workshop addressed the range of current and future applications of satellite 

precipitation data to science and societal applications and provide feedback to the 

TRMM and GPM teams with respect to data access, usage, and availability.   

• Results: Workshop identified need for greater communication of uncertainty in 

measurements, flagging of data sets that should not be utilized in applications, 

broader engagement of boundary organizations and other partners, and increased 

data accessibility and ease of usage (including simulated data).   

• Presentations posted:   

http://pmm.nasa.gov/meetings/2013-gpm-applications-workshop 

• Follow-on workshop tentatively planned for Spring 2015. 

http://pmm.nasa.gov/meetings/2013-gpm-applications-workshop
http://pmm.nasa.gov/meetings/2013-gpm-applications-workshop
http://pmm.nasa.gov/meetings/2013-gpm-applications-workshop
http://pmm.nasa.gov/meetings/2013-gpm-applications-workshop
http://pmm.nasa.gov/meetings/2013-gpm-applications-workshop
http://pmm.nasa.gov/meetings/2013-gpm-applications-workshop
http://pmm.nasa.gov/meetings/2013-gpm-applications-workshop


SMAP: Soil Moisture Active Passive 

SMAP Applications 

Early Adopters 

» Total is now at 25 with 5 in review. 

 

Community Events & Publications 

» SMAP Town Hall at AGU2013 

» BAMS paper (August 2013) on SMAP 

and applications 

 

Workshops & Tutorials 

» SMAP and Health Workshop. Hosted by 

CDC in Atlanta; Jan 7-8, 2014. 

» AMS 2014: Short course on data 

continuity; Feb. 2, 2014. 

» 3rd Applications Workshop. Hosted by 

NCAR, Exelis, NSIDC; Apr 8-10, 2014.   
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SMAP Applications Poster ^ 

See SMAP website for the 

mission Applications Plan 

See‌Applied‌Sciences’‌2012‌‌

Annual Report for longer 

description of past activities. 

http://smap.jpl.nasa.gov/applications/ 



Orbiting Carbon Observatory 

OCO-2/OCO-3 Applications 

Applications Workshop 

» April 3-4 in Washington DC area. 

Sessions are structured to explore 

relevance to key applications themes. 

Workshop will explore range of 

applications ideas. Examples:  

Urban Fossil Fuel Carbon Dioxide 

monitoring 

Agricultural Monitoring and Yield 

Estimation 
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http://oco.jpl.nasa.gov/science/Applications/ 

Outreach & Media Presence 

» Riley Duren/JPL (Deputy Program Applications Lead) on  

NPR’s‌On‌Point‌ 
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ICESat-2 

ICESat-2 Applications 

Early Adopters 

» Initiated in 2013; 6 EA proposals 

reviewed with 2 pending. 

 

Community Events & Tutorials 

» ICESat-2 Town Hall at AGU 2012 & 2013 

 

» Joint Vegetation Tutorial (applications 

related) with Landsat 8. May 7-8, 2014; 

hosted by Dan Brown, U.Michigan  

 

» Sea Ice Focus Session (applications 

related).  Late summer 2014;  

hosted by NRL-Stennis 

See Applied Sciences’ 2012  Annual Report  

for description of past activities ICESat-2 Applications Poster ^ 



GRACE-FO Applications 

Community Events 

» Two GRACE webinars in Nov. 2013 

with more to follow 

» GRACE Town Hall at AGU 

» GRACE applications website in 2013 

 

Workshops & Fora 

» GRACE & SWOT participated in the  

3rd‌“Texas‌Water‌Forum:‌Drought‌and‌

Extreme‌Events”;‌14-15.Oct.2013. 

 

M.‌Srinivasan‌presented‌“Hydrology‌

from Space: NASA's Satellites 

Supporting Water Resources 

Applications”‌and‌participated‌in‌a‌

panel discussion.  
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^ GRACE Applications Poster  

Applications Plan is in 

development 

GRACE/GRACE-FO 

http://grace.jpl.nasa.gov/applications 
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^ SWOT Applications Poster  

Applications Plan is in 

development 

SWOT 

http://swot.jpl.nasa.gov/applications SWOT Applications 

Early Adopters 

» Pursuing plans for EA program. 

 

Science Definition Team Meeting 

» 3rd SWOT SDT meeting;  

Jan. 14-16, 2014 in Arlington, VA. 

 

Applications presentation in plenary 

 

Splinter session for the Applications 

Working Group  

 

CNES is a partner and they have 

strong applications focus 
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PACE-ACE 

PACE / ACE Applications 

Activities 
» Applications Traceability Matrix  

developed  

» Prototype Applications website  

developed 

» Pursuing plans for an  

Early Adopters program 

 

Community Events 
» Town Hall at AGU 

» Ocean Colour Science  

Conference, May 2013 

» Impacts on Urban Coastal  

Communities Workshop, June 2013 

» Session at 2014 Ocean Science Meeting  

“Policy Impacts of Ocean Research: Communicating 

Science to Decision-makers”, Feb. 2014 

 

 
 

 

 

 

 

Development of Mission  

Applications Website 
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HyspIRI 

HysPIRI Applications 

Activities & Community Events 

» Annual Science Symposium; 

includes dedicated 

Applications session 

 

» Annual Science & Applications 

Research Workshop;  

includes dedicated 

Applications session(s) 
 

» Applications Traceability 

Matrix developed (example 

next slide)  
 Mission Poster focused on Applications 

See Applied Sciences’ 2012 & 2011   

Annual Reports for description of past activities. 



PACE 

The following is an example row from the  

HypspIRI Applications Traceability Matrix 

HyspIRI: Applications Traceability Matrix 
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April 12-13: NASA is conducting its next  

International Space Apps Challenge!  

 

Challenge poses problems to groups of coders for 48-hour 

Hack-a-thons to develop preliminary-level Apps.  

NASA and others then winnow down and pursue more 

promising ones 

We have several that are focused on Earth science and  

environment. 

Official announcement of challenges soon 

Intl. Space Apps Challenge 

http://spaceappschallenge.org/ 
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Inform Decisions & Actions 
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Advance knowledge on how to effectively apply Earth science to serve 

society. Improve decisions and actions. Support innovation (technical  

and organizational). Transition applied knowledge. Induce demand.  


