
Day	
  2	
  -­‐	
  September	
  1,	
  2011	
  

	
  

Organizational	
  things	
  I	
  forgot	
  last	
  time:	
  

	
   -­‐	
  Field	
  Trip,	
  EarthScope	
  instrumentation,	
  early	
  Oct.	
  

	
   	
   Decide	
  on	
  a	
  day	
  that	
  will	
  work.	
  	
  Preliminary	
  logistics.	
  

	
   -­‐	
  Prof.	
  Geoff	
  Blewitt	
  will	
  lecture,	
  Sept	
  20	
  &	
  22,	
  when	
  I’m	
  in	
  Italy	
  at	
  the	
  
European	
  Space	
  Agency’s	
  FRINGE	
  meeting	
  on	
  InSAR	
  technologies	
  and	
  applications.	
  

	
  

A	
  First	
  Introduction	
  to	
  Geodesy	
  

The	
  shape	
  of	
  the	
  Earth,	
  its	
  rotation	
  and	
  gravitational	
  field	
  

The	
  Geoid	
  

	
  

Problem	
  Set	
  #1	
  

Introduce	
  and	
  Discuss	
  	
  

Convert	
  from	
  XYZ	
  coordinates	
  to	
  Latitude,	
  Longitude	
  and	
  Height	
  

Convert	
  from	
  XYZ	
  displacements	
  to	
  NEU	
  displacements	
  

Review	
  instructions	
  

MATLAB	
  -­‐	
  hows	
  it	
  going?	
  

	
   -­‐	
  issues	
  &	
  problems	
  

	
   -­‐	
  tinker	
  time,	
  lets	
  get	
  it	
  going.	
  

	
  

Reading	
  

none	
  today,	
  but	
  generally	
  we	
  will	
  read	
  a	
  paper,	
  and	
  one	
  member	
  of	
  the	
  class	
  will	
  be	
  
pre-­‐selected	
  to	
  lead	
  discussion.	
  	
  	
  



Introduction:  The Three Pillars 
of Geodesy

• Earth Shape

• Earth Rotation

• Gravitational Field

from James Smith “Introduction to Geodesy: 
The History and Concepts of Modern Geodesy”

In	
  this	
  class:	
  We	
  will	
  focus	
  on	
  
geometric	
  aspects	
  of	
  Earth	
  
shape	
  changes	
  over	
  time,	
  and	
  
what	
  they	
  can	
  tell	
  us	
  about	
  for	
  
geophysical	
  processes.



from: http://oceanservice.noaa.gov/education/kits/geodesy

Eratosthenes

http://oceanservice.noaa.gov/education/kits/geodesy
http://oceanservice.noaa.gov/education/kits/geodesy


• He got a circumference 
of ~39,690 km, error of 
less than 2%.
• But nobody really 
knows how big his 
‘stadia’ were



Datums



• What is height?
• Which direction is up?



Image Name : ww15mgh;      Boundaries : Lat -90N to 90N;     Lon 0E to 360E;
Color Scale, Upper (Red) : 85.4 meters and higher;       Color Scale, Lower (Magenta) :-107.0 meters and lower 
Data Max value : 85.4 meters       Data Min value :-107.0 meters        Illuminated from the : East

figure taken from http://principles.ou.edu/earth_figure_gravity/geoid/index.html

The Geoid

http://principles.ou.edu/earth_figure_gravity/geoid/index.html
http://principles.ou.edu/earth_figure_gravity/geoid/index.html


GEOID99 is a refined model of the geoid in the United States, which supersedes the previous models 
GEOID90, GEOID93, and GEOID96. For the conterminous United States (CONUS), GEOID99 heights 
range from a low of -50.97 meters (magenta) in the Atlantic Ocean to a high of 3.23 meters (red) in the 
Labrador Strait. However, these geoid heights are only reliable within CONUS due to the limited extents 
of the data used to compute it. GEOID99 models are also available for Alaska, Hawaii, and Puerto Rico 
& the U.S. Virgin Islands.

See also: Smith, D. A., and D. R. Roman (2001), GEOID99 and G99SSS: 1-arc-minute geoid models for the United States, 
Journal of Geodesy, 75, 469-490.



Piazza San Marcos, 
Venice Italy









The Point 
• Global sea level rise ongoing at the level of ~1 mm/yr.  

Contributions from melting of ice and steric 
(temperature and salinity) of oceans.

• Regional variations owing to different mechanisms 
behind sea level increase

• Coastal subsidence exacerbates effects of sea level rise

• Earth shape changes at local, global levels can 
contribute to site specific effects.

• Venice going down at ~1 mm/yr wrt Earth Center of 
Mass.





How Big Are These 
Gravity Variations?

• In previous figure gravity varied by ~100 mgals =     
0.1 gals = 0.1 cm/s2 = .001 m/s2

• Acceleration owing to Earth’s surface gravity field is 
near 9.8 m/s2

•  Variation in gravity is around 1 part in 104 (.01%)



Geodynamic Significance of Geoid

• Equation from Coblentz et al. 

• Equation from Turcotte & Schubert

• Can estimate variations in gravitational potential 
energy in the lithosphere

• Which can be used to estimate state of stress in 
the lithosphere owing to gravity forces. 

• Which can be combined with plate boundary 
stress estimates to estimate stress on edges of 
the plates.





Humphreys and Coblentz, 2007


