


1.  What is the nature of deformation at 
plate boundaries and what are the 
implications for earthquake hazards? 

2.  How do tectonics and climate interact 
to shape the Earth’s surface and 
create natural hazards? 

3.  What are the interactions among ice 
masses, oceans, and the solid Earth 
and their implications for sea level 
change?  

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

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

6.  What are the dynamics of the Earth’s 
magnetic field and its interactions with 
the Earth system? 
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Overview of ESI Focus Area  

2. Renew Global Geodetic 
Network 
Approach: GGOS 
Partnerships 

1. Develop Geodetic Imaging  
Approach: DESDynI, International 
Partners 

3. Expand Geopotential Field Exploration  
Approach: GRACE-FO, International 
Partnerships, Technology Development, 
 GRACE-II 
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ISBN: 0-309-66714-3, 456 pages, 8 1/2 x 11, 
(2007)!
Download Free from:!
http://www.nap.edu/catalog/11820.html 



“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.  

The terrestrial reference frame is realized through integration of the high precision 
networks of the Global Positioning System (GPS), Very Long Baseline 
Interferometry (VLBI), and Satellite Laser Ranging (SLR). It provides the foundation 
for virtually all space-based and ground-based observations in Earth science and 
global change, including remote monitoring of sea level, sea surface topography, 
plate motions, crustal deformation, the geoid, and time-varying gravity from space. 
It is through this reference frame that all measurements can be inter-related for 
robust, long-term monitoring of global change. A precise reference frame is also 
essential to interplanetary navigation and diverse national strategic needs.” 

The Requirement for Precise Measurement and Maintenance of the Terrestrial Reference 
Frame: (Earth Science and Applications from Space: National Imperatives for the Next 
Decade and Beyond, NRC,2007) 

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.  

The terrestrial reference frame is realized through integration of the high precision 
networks of the Global Positioning System (GPS), Very Long Baseline 
Interferometry (VLBI), and Satellite Laser Ranging (SLR). It provides the foundation 
for virtually all space-based and ground-based observations in Earth science and 
global change, including remote monitoring of sea level, sea surface topography, 
plate motions, crustal deformation, the geoid, and time-varying gravity from space. 
It is through this reference frame that all measurements can be inter-related for 
robust, long-term monitoring of global change. A precise reference frame is also 
essential to interplanetary navigation and diverse national strategic needs.” 

The Requirement for Precise Measurement and Maintenance of the Terrestrial Reference 
Frame: (Earth Science and Applications from Space: National Imperatives for the Next 
Decade and Beyond, NRC,2007) 
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We are currently here 

We’ll need to get there 



GPS 35/36 ETS VIII 





Network Size 



NASA is Building the Next Generation 
Geodetic Observatory at GGAO 

GNSS 

SLR 

Continuous monitoring of 
Instrument co-location 

DORIS 

VLBI 
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DESDynI Lidar tracks over "
GRACE mass anomalies (Luthcke et al.)."

420 nm radius DESDynI Lidar Donut hole 
coverage 

86.4 % Antarctic 99% of Greenland 



DESDynI-Lidar simulated Recovery of !
Jakobshavn Isbrae Topographic Change  !

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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