112.710 Marine Geology and GeophysicsGlobal Tectonics and the Earth System: Measuring the Sea SurfaceTurcotte and Schubert, Chapter 5A Primer on Gravity and the Geoid

GravityNewton’s law of Gravitation

2 df

Gm dm

b

=

' 2(1)where is the Universal constant of gravitation (=6.67x10 m3 kg-1 s-2) and b is the

dgdfm= '

.(2)

dgGdm b= 2

.(3)

gGMr= 2

(4)expressed as where 100 mgal=1 gal.The Geoidthe gravitational potential or . The reason is quite simple: sea level is

V GM dr r

GM r

= = - � 2

(5)

U GM r GMaJ r r = - + - -

2

2

3

2 2 2 2

2 3 1 1

2 ( sin ) cos

f w f

(6)

J CAMa 2 2 =

-

(7)

Cxydm

= +^{( )} �

' ' 2 2xr' ' sin ' cos '= q yyr' ' sin ' sin '= q y

.

Cr dm

Ar dm = = + ( )

�

�

1

2 2

1

2 2 2 2

sin sin sin cos q q y q

(8)J2-3

� = 2 0 V

(9)

� =

�

Ł

�

� ł

�

+

�

Ł

�

� ł

�

+ 2

2

2

2 2 2

2

2 1 1 1 V r r

r

V r r

V r

V ¶

¶

¶

¶ q

¶

¶ q

q

¶

¶ q q

¶

¶ l sin

sin sin

(10)as

Vr GMr GMr arP CmSm l lm lm lm m

l l

N ( , , ) (sin )( cos sin )

f l j l l = +

�

Ł

� ł

+

= = � 0 2 PlmClmSlm

NMeasuring Sea Surface Topography

Sea Surface -- Definitions

5Physical Oceanography Aside:- The surface geostrophic velocity is proportional to the slope of dynamic- But note that the geotrophic estimation is valid only where the error in themarine geoid is insignificant compared to the undulation amplitudes of theMaking the Measurementsatellite and ship-board gravity show long wavelength biases in the latter, that are a..Satellite Altimetry

6Radar altimetry has greatly improved knowledge about the short wavelengthDetermination of satellite gravity from satellite altimetry:,, Orbits for Altimetric Mappingreasons of �national security�.,

7,Sea Level

80.2 - 0.7-1.4 - 1.4-0.4 - 0.40.2 - 0.5-0.5 - 0.7Sea level rise = mass influx from ice caps, glaciers, groundwater + thermalexpansion of seawater* To detect sea level rise will require vertical resolution of a global-scale signal offew tenths of mm/yr.Tectonic Signals: Post-glacial ReboundBay and the Baltic Sea. The Earth�s surface continues to rise as a result of horizontalmantle. The primary goal of post-glacial rebound analyses for many years has beento provide constraints on the viscosity profile of the mantle (though more recently the

9Crustal uplift rates, as determined mainly from geological dating of raised beaches,understanding of the Earth�s response to unloading of long wavelength surfaceA popular current deglaciation model has been the ICE-3G model of Tushingham and only the large-scale components of the ice model are important for

Dwkwq� + =4

(12)

� 4

k)

D Eh = - ( )

3

2 12 1 u

(13),has to be isolated from other geophysical processes that could cause vertical