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Earth Surface andinterior Focus Area
Strategic Plan:Living on a Restless Planet
http://solidearthj J)J,;wJJg@v

What is the nature of deformation at
plate boundaries and what are the
implications for earthquake hazards?
How do tectonics and climate interact
to shape the Earth’s surface and
create natural hazards?

What are the interactions among ice
masses, oceans, and the solid Earth

and their implications for sea level Earthquake Forecasting
change? 13 of 14 Earthquakes

How do magmatic systems evolve
and under what conditions do
volcanoes erupt?

What are the dynamics of the mantle
and crust and how does the Earth’s
surface respond?

What are the dynamics of the Earth’s
magnetlc field and its interactions with

r

S ——-.1 1. Develop Geodetic Imaging
Natural Hazards G M2 "5 Approach: DESDynl, International
Predictive Models e ‘ Partners
Remote Sensing
Natural Laboratories / 2. Renew Global Geodetic

L A Network

Planetary Interio : RMWWE2  Approach: GGOS
Celestial Ref Frame Geomagnetic Models f— ' 7 " Partnerships
Terrestrial Ref Frame Gravity Models ’ D
%m s Geodynamic Models % 3 3. Expand Geopotential Field Exploration
el S . S Approach: GRACE-FO, International

: Partnerships, Technology Development,
GRACE-II

Overview of E@Focus Area
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 Development Studies

— Six US Agencies (NASA NGA, NOAA, NSF, USNO, and USGS) supporting the
US National Research Council study National Requirements for Precision
Geodetic Infrastructure.

— NASA supports a Geodetic Study Group to develop the requirements for the
next Generation Geodetic Network

Encouraged development of GGOS Standard based upon Sea level Change requirements. (1.0 mm accuracy, 0.1 mm/yr
stability)

Funding Development of Network Performance Simulations

SLR Retro-reflector Standard

Placement of Retro-reflectors on the GPS Ill Satellites

Supporting Network and Communications Bureau of the GGOS

Supporting Central Bureaus of the IGS, IVS, ILRS

 |Instrument Development
Prototype development of Next Gen Geodetic Observatory
NGSLR, VLB2010, TRIG GNSS Science Receiver
Insitu Continuous Co-location and Bias monitoring

Development of Decadal Study Missions:
SMAP, ICESAT-2, DESDynl Radar and Lidar, GRACE-FO, CLARREO

* Development of Decadal Study Missions
— SMAP, ICESAT-2, DESDynl Radar and Lidar, GRACE-FO, CLARREO
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Decadal Rough

Survey Cost

Mission n Description Orbit Instruments Estimate

Timef? ed by cost

CLARREOQ™ ctrally resolved LEO, Absolute, spectrally- $200 M

(NASA forcing and response of the climate Precessing resolved interferometer

portion) system

SMAP Soil moisture and freeze/thaw for LEO, SSO L-band radar $300 M
weather and water cycle processes L-band radiometer

ICESat-II Ice sheet height changes for climate LEO, Non- | Laser altimeter $300 M
change diagnosis SSO

DESDynl Surface and ice sheet deformation for LEO, SSO L-band InSAR $700 M
understanding natural hazards and Laser altimeter
climate; vegetation structure for

|_ccosystembealth

TimefZe: 2013 — 2016, Mismted by cost

HyspIRI ~Pkaad.surfacecempOsition for agriculture | LEO, SSO | Hyperspectral spectrometer $300 M
and mineral characterization; vegetation
types for ecosystem health

ASCENDS | Day/night, all-latitude, all-season CO, LEO, SSO | Multifrequency laser $400 M
column integrals for climate emissions

SWOT Ocean, lake, and river water levels for LEO, SSO | Ka-band wide swath radar $450 M
ocean and inland water dynamics C-band radar

GEO- Atmospheric gas columns for air quality GEO High and low spatial $550 M

CAPE forecasts; ocean color for coastal resolution hyperspectral
ecosystem health and climate emissions imagers

ACE Aerosol and cloud profiles for climate LEO, SSO | Backscatter lidar $800 M
and water cycle; ocean color for open Multiangle polarimeter

|_ocean-hiageachemistry Doppler radar

Timefiie: 2016 -2020, Missions liged by cost

IIST ™™ phy for landslide LEO, SSO | Laser altimeter $300 M
hazards and water runoff

PATH High frequency, all-weather temperature GEO MW array spectrometer $450 M
and humidity soundings for weather
forecasting and SST*

GRACE-II | High temporal resolution gravity fields LEO, SSO | Microwave or laser ranging $450 M
for tracking large-scale water movement system

SCLP Snow accumulation for fresh water LEO, SSO | Ku and X-band radars $500 M
availability K and Ka-band radiometers

GACM Ozone and related gases for LEO, SSO | UV spectrometer $600 M
intercontinental air quality and IR spectrometer
stratospheric ozone layer prediction Microwave limb sounder

3D-Winds | Tropospheric winds for weather LEO, SSO | Doppler lidar $650 M

(Demo) forecasting and pollution transport

EARTH SCIENGE an
APPLICATIONS rom SPAGE

NATIONAL IMPERATIVES FOR THE NEXT DECADE AND BEYOND

NATIONAL RESEARCH

ISBN: 0-309-66714-3, 456 pages, 8 1/2 x 11,
(2007)

Download Free from:
http://www.nap.edu/catalog/11820.html




According to the NRC Decadal Survey:




“The geodetic infrastructure needed to enhance, or even to maintain the terrestrial
reference frame is in danger of collapse (cf. Chapter 1). Improvements in both
accuracy and economic efficiency are needed. Investing resources to assure the
improvement and the continued operation of this geodetic infrastructure is a
requirement of virtually all the missions for every Panel in this study.




10m

Tm

S
§ 10cm
£
2
g
1 mm
0.1 mm

Ocwan Newygeton

sdba Lo Applied Geodesy

Arcrat Novpaton

Avcraf! landng

Cornmviganos  Spacecrat

Navgaton
Precision Aprcudse
Space Weather
Autonomous Nev |ornagden |
Tsuneed Warwy  Glaoisl Flow Precision Geodesy
Suvery Weamer Forecasting = Precison Timeyg
Lathgunse
Oesplacoments Artome Lovesng Satelte Ortst Dedermunation
e Vokane Harandy
Hydmoogy **
Seame Huaa
ﬁ%' Geochynamcs®
rvey pge
%
Seconds Minutes Hours Days Months Years

Time Scale




Strengthened GNSS- Global Geodetic Observing System
Collaboration will improve GNSS performance and Scientific Productivit

International Terrestrial Reference Frame (ITRF)

International Earth Rotation Service
(IERS)

Precision GPS Orbits and Clocks, Earth Rotation Parameters, Station Positions

Very LLong Baseline Satellite ILaser Global Navigation Doppler Orbit Determination
and Radiopositioning

Interferometry Ranging Satellite Systems Tnisurnizd oo Suisliize
(IVS) (ILRS) (AGS)
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UNDERSTANDING
SEA-LEVEL RISE
and VARIABILITY

S
JOHN A. CHURCH
PHILIP L. WODDWORTH

The GGOS Geodetic Reference Frame Requirement for Sea Level
Measurement
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AchievingllREReguirementsihrough
Satellite’LaserrRanging

SLR Enables:

» Comparison of collocated radiometric .
and optical measurements used for User Requirements vs. Reference System
model improvements Accuracy in an Evolving PNT Capability

* Isolation of systematic errors in [ Rearament )
GNSS constellations and improves -
the reference frame accuracy ottt WGS 84 s GPS W Roguimens

— Variation of range and phase
centers important for space users
because they sample the signals
far off the transmit boresight

* Improved models and reference
frames necessary to support civilian
and scientific requirements for higher
PNT accuracy

— Global sea height change PR
measurement from spa%e _We Il need to get there
requires 1 mm/year precision, so
reference frame needs to be %
constant to 0.1 mm/yr

T Reference System |
Accuracy

Position Accuracy Level

Timing Accuracy Level

We are currently here, ™

= Current Civilian and Sciestific Reguiiements




ILRS RetrozrefiectorStandardifor
NSSISatellites

— Retro-reflector payloads for the GNSS satellites GPS, GLONASS,
and COMPASS should have an “effective cross-section” of 100
million sg. meters (5 times that of GPS-35 and -36) for GNSS
satellite;

— The parameters necessary for the precise definition of the vectors
between the effective reflection plane, the radiometric antenna
phase center and the center of mass of the spacecraft be specified
and maintained with an accuracy of a mm;

Further Recommendation: Retro-reflector payloads for satellites
such as Galileo in higher orbits should scale the “effective cross-
section” to compensate for the R**4 reduction in signal strength;




A16 Station'SERINetworkslrackingraiGNSSiconstellation
could provide 4mm/yronginands02mmiyr scale accuracy
(results/sgrt 52; Pavlis et al, 2010)

Error in ITRE Origin [mm]

Days Tracked

1

Error in ITRF Scale [mm]

Tracked

1
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Network size vs. “x” Parameter Accuracy
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Continuous monitering of;
Instrument co-location




NASA" e Initiative
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ouild the Satellite Observing System
Decadal Rough
Survey Cost
Mission n Description Orbit Instruments Estimate
Timefryme 2010 — 2013 Mlssmns listed by cost
CLARREOQ™ ctrally resolved LEO, Absolute, spectrally- $200 M
(NASA forcing and response of the climate Precessing resolved interferometer
portion) system
SMAP Soil moisture and freeze/thaw for LEO, SSO L-band radar $300 M
weather and water cycle processes L-band radiometer Z
ICESat-11 Ice sheet height changes for climate LEO, Non- Laser altimeter $300 M
change diagnosis SSO x
DESDynl Surface and ice sheet deformation for LEO, SSO L-band InSAR $700 M O
understanding natural hazards and Laser altimeter
climate; vegetation structure for G)
D
Timefryme: 2013 — 2016, Mis@ted by cost 8_
HyspIRI —phaad.surface.cemmGsition for agriculture | LEO, SSO | Hyperspectral spectrometer $300 M o)
and mineral characterization; vegetation —_
types for ecosystem health 6 -
ASCENDS | Day/night, all-latitude, all-season CO, LEO, SSO | Multifrequency laser $400 M
column integrals for climate emissions U)
SWOT Ocean, lake, and river water levels for LEO, SSO | Ka-band wide swath radar $450 M (@]
ocean and inland water dynamics C-band radar C_D "
GEO- Atmospheric gas columns for air quality GEO High and low spatial $550 M
CAPE forecasts; ocean color for coastal resolution hyperspectral 2
ecosystem health and climate emissions imagers ON
ACE Aerosol and cloud profiles for climate LEO, SSO | Backscatter lidar $800 M @
and water cycle; ocean color for open Multiangle polarimeter Z
_oceanhingenchemistry Doppler radar =
7))
Timefriyme: 2016 -2020, Missions listed by cost w
LIST ™ phy for landslide LEO, SSO | Laser altimeter $300 M 6 -
hazards and water runoff S5 -
PATH High frequency, all-weather temperature GEO MW array spectrometer $450 M n
and humidity soundings for weather
forecasting and SST*
GRACE-II | High temporal resolution gravity fields LEO, SSO | Microwave or laser ranging $450 M
for tracking large-scale water movement system
SCLP Snow accumulation for fresh water LEO, SSO | Ku and X-band radars $500 M
availability K and Ka-band radiometers
GACM Ozone and related gases for LEO, SSO | UV spectrometer $600 M
intercontinental air quality and IR spectrometer
stratospheric ozone layer prediction Microwave limb sounder
3D-Winds | Tropospheric winds for weather LEO, SSO | Doppler lidar $650 M
(Demo) forecasting and pollution transport




First UAVSARIIeasurementioffanEarthquake
http://uavsarjpl-nasa.goyV
 Response: Displacement and disturbance
maps
* Forecasting: Strain' migration




DESYRINSTaNDUaIRSpacechaitivliiSSion:
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L-Band Sweep SAR Quad-Pol.
700 km Orbit-

Dawn-Dusk Orbit

3 year lifetime

270 km Swath -13 day repeat

D=ISidar

1m telescope (~393 km orblt)
Fixed, nadir orientation
5 Beams (35% duty cycle)

2 year lifetime :
Dawn-Dusk Orbit -

91 day Repeat




YR (Squvatent water haaght)

DESDynl Lidar tracks over
GRACE mass anomalies (Luthcke et al.).

420 nm radius DESDynl Lidar Donut hole
coverage
86.4 % Antarctic 99% of Greenland

TP

-3 -28 -21 -4 -7




DESDynl-Lidar simulated Recovery of
Jakobshavn Isbrae Topographic Change

310°08'24" 31071912  310°30'00"

DESDynI surface change recovery from xovers - 25km box
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GRACE-Follow-ON:
Launch Date 2016
GRACE clone with laser ranging system
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