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How many man-made satellites are in space? 

According to a report from NASA: 

• About 6,600 satellites have been launched since 1957.  

• About 3,600 remain in orbit.  

• About 1,000 are operational; the rest have lived out their useful lives and are 

part of the space debris.  

• Approximately 500 operational satellites are in low-Earth orbit 

• About 70 are in medium-Earth orbit (at 20,000 km) 



Satellites for Global Positioning and Navigation 

GNSS: Global Navigation Satellite Systems 

GPS：Global Positioning System (U.S.) 

24 satellites 
32+satellites 

19, July 25, 2015 

35, 2020 

8, March 27, 2015 

30, 20?? 

GNSS 

GPS 

http://upload.wikimedia.org/wikipedia/en/3/36/Beidou_navigation_satellite_system.jpg


GPS for Geological Hazards Study 

 
Geoscience Community (1980s—xx) 

• Plate tectonic study 

• Large earthquake monitoring 
(High-rate GPS) 

• Tsunami early warning 

• Hurricane intensity forecasting 
(Water Vapor) 

• Volcano monitoring 

• Landslide monitoring 

• Faulting  

• Subsidence monitoring 

• Groundwater study 

• Sea level change 

 



PBO: Plate Boundary Observatory GPS Network  

• The PBO was design to measure Earth 

deformation resulting from the constant 

motion of the Pacific and North 

American tectonic plates in the western 

United States.  

• Proposed to NSF in 2001 

• Funded by NSF (2003-2008, 2008-2018) 

• Operated by UNAVCO (2003-2018) 

 
1100 GPS 

stations 

 

1 sample/30 seconds 



A Standard PBO GPS Station 

$10,000-$200,000/station 

P101 

All data are archived at 

UNAVCO and freely 

available to the public. 



Significant Results from PBO: 

 Slow Earthquake (Episodic Tremor & Slip, Silent Earthquake) 

Garry Rogers and Herb Dragert, 2006. 
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Dragert et al. (2004) 

M=6.3-6.8 

30 sec 
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Are there connections between Slow Earthquake 

and Large Earthquake?  
'Silent Earthquakes' Ripple Under Cascadia  

Tom Banse, 2012 

Large earthquake prediction! 

TRIGGER 



High-Rate GPS 

Wang et al., 2006, 2007 

Significant Results from PBO: 

1-Hz GPS data 

2013 San Simeon Earthquake (M 6.5) 

GPS Seismology  



High-rate GPS is a great tool for recording long-

period ground motions! 

• High-rate GPS is able to precisely 

record long-period ground motions 

(e.g., period > 10 sec). 

• Seismometers often underestimate 

the magnitude of large earthquake 

(M>8). 

• Quick identify Tsunamigenic 

Earthquakes!! 

 

2004 Indian Ocean Tsunami 

Tsunamigenic Earthquake----Tsunami Earthly Warning 

The Consequence of False Tsunami Alarms: 

Since 1982, tsunami warnings based on earthquake magnitude have produced false alarms 16 out of 16 in 
Pacific (U.S. Government Accountability Office, GAO-06-519). 

State of Hawaii’s estimation: an evacuation from a tsunami alarm would have cost the state $58.2 million in 
economic losses (Eddie Bernard, 1996). 

 



GPS Buoys: Directly measure ocean water level using GPS 

2011 Tohoku Earthquake: 

Tsunami Signal Detected by GPS 

Buoy. 

GPS Solution Inc., 2011 



Puerto Rico and Virgin Islands (PRVI) GPS Network 

University of Puerto Rico at Mayaguez (UPRM) 

2006-2011 



GPS+Accelerometer+Velocitymeter+TideGauge 

Mona Island Seismic Observation Station 

Tide Gauge 

BYSP 

MAYZ 

Tide Gauge 

Seismic  



COCONET: The Continuously Operating 

Caribbean GPS Observational Network 

Natural hazards: 

• Large earthquake monitoring 

• Tsunami early warning 

• Hurricane intensity forecasting 

• Volcano monitoring and early warning 

• Landslide monitoring 

• Structural monitoring 

• Seal level study 

Feb. 12 2010 Haiti Earthquake (M7) 
(2010-2015) 

50 + 50 stations 



HoustonNet: Houston GNSS Network 

Community Sharing: 

• University of Houston (UH) 

• Harris-Galveston Subsidence 

District (HGSD) 

• National Geodetic Survey (NGS) 

• TX-DOT 

• Houston City 

• Smart Network 

Houston is one of the first places employed GPS for 

subsidence monitoring in the early 1990s 

2011-2015 

Subsidence 

Faulting 

Salt dome uplift 

Hurricane 



Recent Subsidence Mapping (2005-2012) 

85 years 6 m 

80 GPS +11 Extensometers 

Kearns et al., 2015 

2.5 cm/year 



No-linear 

subsidence rate 

Jersey Village 

18 Years 

Spatial and temporal 

variation of subsidence 

Kearns et al., 2015 



HoustonNet GNSS Stations 

UH has installed 50 GNSS 

stations on one- or two-

story school buildings. 



Ground-based vs. Building-based GPS Monument 

PBO:  

• Solar panel + VSAT 

• 2 - 4 people, 1 week 

• > $10,000 

HoustonNet:  

• On-site AC power 

• Free internet 

• 2 - 4 people, half day 

• $200-300 

Can building-based GPS be used for 

precise scientific research? 



CRO1 

VIKH 

BYSP 

PRHL 
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Ground-based vs. Building-

based GPS Monuments 

 

Yang et al., 2015 



Results: 

(1) There is no considerable difference between building-

based and ground-based CORS with regard to the accuracy of 

daily positions and the reliability of long-term site velocities.  

(2) Building-based CORS can retain more complete GPS 

observations and provide a more stable multipath 

environment. 

(3) The large and heavy mass of a building and its foundation 

can degrade the amplitude of seasonal signals and filter 

certain short-period motions.  

(4) Building-based CORS have the potential to perform better 

than the ground-based CORS as long as their monuments are 

firmly fixed on one- or two-story concrete buildings and the 

buildings themselves are stable. 



Urban GNSS Stations: 

TX-Department of Transportation (DOT) 

 
200 CORS in TX 

15 CORS in the 

Houston 

metropolitan area 

A RTK Network for surveying 



National Geodetic Survey (NGS)  

CORS Network 

• The CORS network is a 

multi-purpose cooperative 

endeavor involving 

government, academic, and 

private organizations.  

• The sites are independently 

owned and operated. Each 

agency shares their data with 

NGS, and NGS in turn 

analyzes and distributes the 

data free of charge. 

•  As of January 2014, the 

CORS network contains 

more than 1,900 stations, 

contributed by over 200 

different organizations, and 

the network continues to 
expand. 

http://www.ngs.noaa.gov/CORS/ 

CORS: Continuously Operating Reference Station 

>2000 stations 



OPUS: Online Positioning User Service 

http://www.ngs.noaa.gov/OPUS/ 

High-Accuracy GNSS 

Positioning for Engineers 



A technician with 

basic GPS 

knowledge can 

conduct precise 

landslide and 

subsidence 

monitoring!  



Do we need more GNSS stations? 

More GNSS satellites 

More ground GNSS stations 

More GNSS data 

A better undersanding of natural hazards…. 
We will fiŶd ŵore probleŵs…. 
We Ŷeed ŵore ….. 
 

 

 

 

 

 

Thank you for attending the satellite conference! 


