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Present and Future NASA Earth Science Missions
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Inadequacy of Surface Observations

Issues:

- Spatial coverage of existing stations

- Temporal gaps and delays

- Many governments unwilling to share
- Measurement inconsistencies

- Quality control

- (Un)Representativeness of point obs

Global Telecommunication System meteorological
stations. Air temperature, precipitation, solar radiation,
wind speed, and humidity only.

Thursday, Apeil 03, 2014
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Figure 1: Snow water equivalent (SWE)
based on Terra/MODIS and Aqua/AMSR-E.
Future observations will be provided by
JPSS/VIIRS and DWSS/MIS.

Figure 2: Annual average precipitation from 1998 to
2009 based on TRMM satellite observations. Future
observations will be provided by GPM.

Figure 5: Current lakes and reservoirs monitored by
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Figure 3: Daily soil moisture based on
Aqua/AMSR-E. Future observations will be
provided by SMAP.
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Figure 4: Changes in annual-average terrestrial
water storage (the sum of groundwater, soil water,
surface water, snow, and ice, as an equivalent height
of water in cm) between 2009 and 2010, based on
GRACE satellite observations. Future observations
will be provided by GRACE-II.

OSTM/Jason-2. Shown are current height variations
relative to 10-year average levels. Future
observations will be provided by SWOT.
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Precipitation

@ Global Precipitation Measurement (GPM) @

GPM Constellation Status
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Precipitation: Merged Datasets

Global Precipitation Climatology Project (GPCP)

« International community activity in GEWEX, 1979-present

« Fully global merger of microwave, IR, sounding, and gauge data

¢ Recognized international standard for climate study, with >1500 citations

* Present Version 2 funded as NOAA CDR, Version 3 funded in NASA MEaSUREs

TRMM Multi-satellite Precipitation Analysis (TMPA)

* Pioneered constellation concept

« Pioneered multiple “runs”: near- and post-real time

« Has driven wide public use of global satellite precipitation, ~1000 citations

Integrated Multi-satellitE
Retrievals for GPM (IMERG)
e Unified U.S. algorithm
team led by GSFC

Goddard has a sustained record of pioneering merged satellite datasets

Extreme Events and Disasters
e Landslides e Floods

e Tropical cyclones e Re-insurance

Water Resources and Agriculture

¢ Famine Early Warning System e Drought
e Water Resource management e Agriculture

Weather, Climate & Land Surface Modeling

¢ Numerical Weather Prediction
9 * Land System Modeling e Climate Modeling

Public Health and Ecology

.| * Disease tracking e Animal migration
* Food Security

@ GPM Societal Benefit Areas ap
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Soil Moisture

Soil Moisture Active Passive (SMAP)

NRC Earth Science Decadal Survey (2007)
recommended SMAP as atier-one mission

Primary Science Objectives:

* Global, high-resolution mapping of soil moisture and its
freeze/thaw state to
— Link terrestrial water, energy, and carbon cycle processes
— Estimate global water and energy fluxes at the land surface
— Quantify net carbon flux in boreal landscapes
— Extend weather and climate forecast skill
— Develop improved flood and drought prediction capability

Mission Implementation (Launch January 29, 2014):

Partners

Risk
Launch
Orbit

Duration
Payload



Surface Water & Snow
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Surface Water Mission Concept (SWOT)
Stream Discharge and Surface Water Height

Motivation:

« critical water cycle component

« essential for water resource planning

« stream discharge and water height data are difficult to
obtain outside US

« find the missing continental discharge component

Mission Concepts:

Laser Altimetry Concept Radar Altimetry Concept Interferometer Concept
.g. Topex/Poseidon over Amazon R. P

SRR

Targeted path
Coincident w/
river reach

* folls® 1ald® {ala® Tals® 1877 Tolle® fle® m

Routine Lake Level Monitoring (Jason1/2 & ENVISAT)
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Standard MODIS Snow-Cover Map Products

MODIS cloud gap filled (CGF) fractional snow cover map

MODIS snow-cover maps have

been used for:

«Stream-discharge modeling to support
drought and flooding decisions;
«Updating land-surface models, including
calculating snow-water equivalent in the
models;

*Validating model results;

*Monitoring snow-cover changes over
time at regional and hemispheric scales;
«Developing climate-quality data records
of snow cover.

Terrestrial Water Storage and
Ground Water
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Gravity Recovery and Climate Experiment (GRACE)

Radiation
Soil Moisture Vegetation ‘
Snow, Ice, Rainfall | Snowv
v ‘ |sbL Light
i Utira

Violet X-rays | Gamma

om  dom  03nm 003wn 0003m

Traditional

Exghation-based
_remote sensing

GRACE Data Assimilation

GRACE water storage, mm
January-December 2003 loop

Model assimilated water storage, mm
January-December 2003 loop

jan GRACE obs jan Assimilation

Monthly anomalies
(deviations from the
2003 mean) of
terrestrial water
storage  (sum  of
groundwater, soil
moisture, snow, and
surface water) as an

T [
-200 -120 -40 40
TWS (mm)

To scales needed for water
resources and agricultural
applications

-200 -120 -40 40 120 200
TWS (mm)

From scales useful for water
cycle and climate studies...

120 200
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Emerging Trends in Global Freshwater Storage

Trends in terrestrial water storage (cm/yr), including groundwater, soil
water, lakes, snow, and ice, as observed by GRACE during 2003-13

Russian droughts in
2010 and 2012

Return to normal after

Recent droughts in the o { T wet years in early 2000s
southeastern U.S. and v

GRACE observes changes in water storage caused by natural variability,
climate change, and human activities such as groundwater pumping

Additional Hydrologic
Satellites
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ICESat-2 Inland Hydrology

flight direction

Footprints
PRF: 10

[N ——

Terra and Aqua Moderate
Resolution Imaging
Spectroradiometer (MODIS)

MODIS Data Products:

esurface temperature
«chlorophyll fluorescence
svegetation/land-surface cover,
conditions, and productivity:
«- net primary productivity, leaf area
index, and intercepted
photosynthetically active radiation
«- land cover type, with change
detection and identification;
«- vegetation indices corrected for
atmosphere, soil, and directional
effects;
cloud mask, cirrus cloud cover, cloud
properties characterized by cloud phase,
op a N KNne e
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Evapotranspiration

F. Melton/NASA Ames @

Satellite Irrigation Management Support (SIMS) Framewor

@ TOPS Satellite Irrigation Management Support

Select Date: 2012-07-27
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Land Surface Modeling, Data
Integration & Data
Assimilation

Land Surface Model Structure

LSMs solve for the interaction of
energy, momentum, and mass between
the surface and the atmosphere in each
model element (grid cell) at each
discrete time-step (~15 min)
SURFACE =
SUBGRID ATMOSPHERE 5.,

HETEROGENEITY TRANSFER
SCHEME

1/21/2015

13



Data Integration Within a Land Data
Assimilation System (LDAS)

INTERCOMPARISON and "~~~ “
OPTIMAL MERGING of s
global data felds &V YA
. . -. B % -‘t‘::_‘. \.}_“‘_
PRECIPITATION . P

| Satellite derived meteorological
data used as land surface model
FORCING

- MODIS SNOW COVER /
e ———

NASA SPoRT
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Sub-county scale dry
patch shown in SPoRT-
LIS (circled; center) used
by USDM to expand D1

region into DeKalb
County in May 2012

Intensity.

| DO Abnormally Dry
[] D1 Drought - Moderate
B D2 Drought - Severe
I D3 Drought - Extreme
Il D4 Drought - Exceptional
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Water Quality
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Development of Numeric Water Quality Criteria from the Satellite Record
Blake Schaeffert, James Hagy?, Robyn Conmy?, John Lehrter!, and Richard Stumpf?
1US EPA, Gulf Breeze, FL; 2NOAA, Silver Spring, MD

Highlight: EPA adopts water quality criteria
derived using satellite data products

*The remote sensing methodology and
results presented in this paper were
adopted by EPA in the recent rule for
numeric criteria in Florida waters

http://water.epa.gov/lawsregs/rulesregs/flori
da_coastal.cfm

*Water quality criteria were developed for all
of Florida’ s coastal waters using the
satellite date records

Cricria, Chly fug 1)

« The methods for developing criteria from

Applications

& Trainin
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GRACE Data Assimilation for Drought Monitoring

GRACE terrestrial
water storage
anomalies (cm
equivalent height of
water) for June 2007
(Tellus CSR RLO5
scaled).

New process integrates data from GRACE and other
satellites to produce timely information on wetness
conditions at all levels in the soil column, including
groundwater. For current maps and more info, see Mg ok ncum
http://www.drought.unl.edu/MonitoringTools.aspx U.S. Drought Monitor product for 26 June 2007.

__Surface Soil Moisture

1

Experimental Global Near Real Time
Surface Water Extent and Flood Extent Maps

Credit: Fritz Policelli, NASA/GSFC

http://oas.gsfc.nasa.gov/floodmap/
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Applied Remote Sensing Training (ARSET) NasA

http://arset.gsfc.nasa.gov

GOAL: To Increase utilization of NASA
observational and model data for decision-
support through training activities for
environmental professionals.

Application Areas: water resources,
disasters, air quality, and land
management.

Online courses: Live and recorded, 4-6
weeks in length.

Accomplishments (2008 — 2014)
In person training courses: In a computer

lab, 2- 4 days. 46 trainings completed
e 2300+ participants worldwide
Train the Trainers: Courses and training « 700+ Organizations

manuals for organizations interested in
conducting their own remote sensing
training, beginning in 2015

Webinar: Introduction to NASA Earth Science Data Products,
Portals, and Tools: September 16-October 14, 2014

Instructors: Brock Blevins, and Amita Mehta

« Relevance: Introductory webinar intended for a
new audiences to NASA Earth Science with a
focus on application of EO data for water
resources, air quality, agriculture, disaster
management and ecoforcasting.

« 111 participants, 96 organizations, 34
countries, 19 states.

« 15 International and National Conservation
organizations: WWF, [IUCN, WCS, UNOSAT,
UNEP-WCMC, UNITAR, Conservation MODIS Global NDVI

International
-
¢ i
N

« 5 US Federal and State agencies:
* EPA, BLM, USGS, USDA, Delaware DNR

« End-of -Training Survey Results:

« Over 70 % had moderate to limited : "‘:' ﬁ
knowledge of remote sensing i s ‘{!-“\J__'

* 100% responded that the training met b
expectations and materials were appropriate

* Over 58% would like to participate in Participants from 34 countries

advanced webinars and 37% in person
trainings in the future

1/21/2015
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Summary & Conclusions

< Due to the incompleteness of ground-based observations, space-based
observation of the water cycle is critical.

 Satellite and Earth observations with modeling can now be used to help
quantify the entire water cycle.

« NASA's satellite observations provide a wealth of data for science and

applications which must be synthesized in a physically meaningful way >

‘Land Data Assimilation Systems’

¢ Impacts on the water cycle will be the most noticeable consequence of

Data, Visualization & Educational Materials

http://www.csr.utexas.edu/grace/education/ - GRACE educational materials

http://gracetellus.jpl.nasa.gov/data/gracemonthlymassgridsland/ - GRACE data,
images, and animations (scroll down to “The LAND gridded data and browse images
are available here”)

http://smap.jpl.nasa.gov/ - Soil Moisture Active Passive Mission

http://trmm.gsfc.nasa.gov/ - Tropical Rainfall Measurement Mission

http://pmm.nasa.gov/GPM/ - Global Precipitation Measurement Mission

http://www.pecad.fas.usda.gov/cropexplorer/global_reservoir - Satellite based
monitoring of lake and reservoir levels

http://disc.sci.gsfc.nasa.gov/giovanni/overview/index.html - Giovanni Earth
science data visualization tool

http://drought.unl.edu — National Drought Mitigation Center

https://c3.nasa.gov/water/ - NASA Water Resources Applications Projects

http://grace.jpl.nasa.gov/news/ - Features on groundwater depletion detected by
GRACE

http://water.gsfc.nasa.gov - NASA water and remote sensing training
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