
Lecture 17: Direct measurements 
of plate motion: Tectonic geodesy 
 
Read KK&V chapter 5.8 



What is geodesy? 
 
 

Geodesy is the science of 
determining the size and shape 
of the Earth and the precise 
location of points on its surface. 



Once upon a time 
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History of thought about the shape of the Earth: 
   Once upon a time … the world was flat!  

 Then it was a sphere … 
   

•  Eratosthenes (276 BC - 194 BC) measured the shade 
angle in wells in Alexandria & Syene (Egypt) 

•  Earth’s circumference = 252,000 strades (roughly 
46,000 km, 15% > current measurement). 



Once upon a time 
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History of thought about the shape of the Earth: 
		First	we	thought	the	world	was	flat	…	
				Then	it	was	a	sphere	…	
							…	then	it	was	a	squished	sphere	…	(the	Earth	is	spinning)	
											…	then	it	had	bumps!			

								...	And	its	shape	changes	with	?me	
	 					->	ac?ve	tectonics	

Variations in the gravitational potential measured by 
the NASA GRACE satellite mission (red is higher 
gravity / blue is low gravity).  
 



Wegener Predicted Space 
Geodesy 
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	"This	must	be	le-	to	the	geodesists.	I	have	no	
doubt	that	in	the	not	too	distant	future	we	will	
be	successful	in	making	a	precise	measurement	
of	the	dri-	of	North	America	rela>ve	to	
Europe."–	A.	Wegener,	1929	

Alfred	Wegener 

Con-nental	Dri2 



Very Long Baseline Interferometry (VLBI) 











Satellite Laser Ranging (SLR) 







Satellite Laser Ranging (SLR) 

• fairly precise (~mm/yr accuracy) 
• limited coverage 
• costly to operate 



orbit ~ 12 hours	

Global Positioning System (GPS) 



Funded and operated by the US Department of Defense 

Global Positioning System (GPS) 

• constellation of 24 satellites in high altitude orbits 
  (cost ~ $12 billion) 

• coded satellite signals that can be processed in a GPS 
      receiver to compute position, velocity, and time 
• parts of system include:  
       space (GPS satellite vehicles, or SVs) 
       control (tracking stations) 
       users 

first one launched in 1978 
   ….June 26, 1993 
   Air Force launched 24th SV 
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GPS stations are solidly attached to the ground. 

As the plates move, the position of these GPS 
stations change relative to one another 

1 

2 

3 



To understand how GPS works, we can break system  
into five conceptual pieces 

step 1: using satellite ranging 
step 2: measuring distance from satellite 
step 3: getting perfect timing 
step 4: knowing where a satellite is in space 
step 5: identifying errors 



Carr ier Modulation

Actual modulation is done (as on left) by changing the phase of the carrier.
Right-hand plot is a cartoon of how two codes amplitude modulate carrier.

< >



step 1:  using satellite ranging 

GPS is based on satellite ranging, i.e. distance from satellites 
    …satellites are precise reference points 

  …we determine our distance from them 

we will assume for now that we know exactly where satellite is 
 and how far away from it we are… 

if we are lost and we know 
that we are 11,000 miles 

from satellite A… 
we are somewhere on a sphere 

whose middle is satellite A 
and diameter is 11,000 miles 



if we also know that we are 
12,000 miles from satellite B 
…we can narrow down where 

we must be… 
only place in universe is on 

circle where two spheres intersect 

if we also know that we are 
13,000 miles from satellite C 
…our situation improves 

immensely… 
only place in universe is at 
either of two points where 

three spheres intersect 



three can be enough to determine position… 
     one of the two points generally is not possible (far off in space) 

two can be enough if you know your elevation 
      …why? 

 one of the spheres can be replaced with Earth… 
      …center of Earth is “satellite position” 

generally four are best and necessary…. (why is this?) 

this is basic principle behind GPS… 
 …using satellites for triangulation 



Solving the Clock Problem

We show a GPS-like system, but in a flat and 2-D wor ld, with three satellites.
Given two pseudoranges, we have to be at one of two points where the
circles intersect (since we know where the satellite are).
If the receiver time is off, we get the wrong answer.
But with three satellites, the wrong time will not fit any position – so we
adjust the receiver time until it does. We then know both where we are, and
what time it is (from the satellite clocks).

< >



Historical Plate Motions and 
Present GPS 

 
•  Measure motions 

over a few years 
(vectors in black) 

•  Compare to those 
over  millions of 
years (vectors in 
grey) 

(the circles show the potential error in 
measurement) 
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                                                          Larson et al. [1997] 



Absolute Plate Velocities 



REVEL-2000 – space-geodetic velocity model (Sellla et al., 2000) 



l  Space- or airborne radar platforms  
l  Repeat orbits 
l  Day and night, clouds/no clouds 
l  Scalar measurement 
l  Spatially dense, temporally sparse 

Interferometric Synthetic 
Aperture 

Radar (InSAR) 

radar inerferogram of the 2010 El Mayor eq 

animation: JPL, NASA 



The Radar Concept 

l  Much like sound waves, 
radar waves carry 
information that echoes from 
distant objects 

l  The time delay of the echo 
measures the distance to the 
object 

l  The changes of the message 
in the echo determines the 
object characteristics  

Transmitter/"
Receiver"

At light speed, c" Object scatters 
energy back to radar"



Image A - 12 August 1999 

Image B - 16 September 1999 

SAR image 



15 years (1992-2007) 
InSAR data 
campaign and continuous GPS 
 

Fialko, 2006 
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15-20 mm/yr x 300 yrs = 4-6 m ! 



long time intervals (>1 yr) and with small perpendicular
baselines (<600m) to enhance the signal-to-noise ratio
(Figure 7). The summations of the perpendicular baselines
are minimized to reduce the topographic error (Table 1).
Topographic phase is removed using digital elevation model
obtained from Shuttle Radar Topography Mission (SRTM1)
[Farr et al., 2007]. The relative height error of SRTM1 over
North America is estimated to be 7m. In addition, the height
measured by SRTM1 is an effective height. In the presence

of vegetation or snow or very dry soil, C-band radar waves
on board SRTM reflected at a different effective height than
the L-band radar on board ALOS [Farr et al., 2007], which
can cause an error in digital elevation model (DEM) on
the order of 5–10m. The relationship between LOS
velocity error dv and the DEM error dh after stacking is: dv ¼
4p=lð Þ

X
Bi
perp=

XN

i¼1
Δti

! "
$ re þ hð Þ=rbsinθð Þdh [Sandwell

et al., 2011, Appendix C] , where re is radius of the Earth
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Figure 5. (a) Interseismic deformation of the SAF derived from integrating the GPS observations with
ALOS radar interferograms (2006.5–2010). The radar flying direction and look direction are marked in
Figure 1. Positive velocities (reds) show the ground moving away from the satellite. The shading high-
lights the gradient in the velocity field. The areas with low coherence and large standard deviation
(>6mm/yr) are masked. GPS sites are shown as triangles. (b) Southern part of the SAFS shows the
broad transition in velocity across San Andreas and San Jacinto. (c) Central section of the SAFS shows
the sharp velocity gradient across the creeping section. The black star marks the location of the Smith
Ranch. The black boxes mark the locations of the velocity profiles shown in Figure 12. A full resolution
version of this LOS velocity map and its relationship to faults and cultural features can be downloaded
as a KML-file for Google Earth from the following site: ftp://topex.ucsd.edu/pub/SAF_models/insar/
ALOS_ASC_masked.kmz.

TONG ET AL.: INTERSEISMIC VELOCITY DATA ON SAN ANDREAS FAULT
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Tong et al., 2013 
 


