
[image: image3.png]Ti(tr) = @i(te) + (br — tc) - 0s 15

where ¢, and ¢, are the reference epoch and the central epoch of
measurement, respectively, and z; and v; are the position and
velocity vectors given in the relevant ITRE. If positions given
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1. Traditionally, geodesy has been defined as the science of determining the geometry, gravity field, and rotation of the Earth, and their evolution in time.  Recently the science of geodesy has grown to include the causes of the observed changes, for example, the dynamics of and mass transport within the Earth system.  

The three pillars of geodesy are:

· Geokinematics: measuring the geometric shape of the Earth’s surface (solid Earth, ice and oceans) and its kinematics and variations, on local to global spatial scales and rapid to secular time scales.

· Earth rotation: monitoring the variations of the Earth’s rotation as an indicator of all angular momentum exchange inside on or above the solid Earth, as well as the torques action on the solid Earth (including those due to the Sun and Moon)

· Gravity field: determining and monitoring the Earth’s gravity field and inferring the underlying mass redistributions in the solid Earth, liquid core, atmosphere, oceans, hydrosphere, and cryosphere.  

5
2.  
A geodetic ‘reference system’ allows us to measure position and motion.  Reference systems can by defined by: three coordinate axes, the origin, and a scale.  IERS defines a reference system as ‘the set of prescriptions and conventions together with the modeling required to define at any time a triad of axes.’

A ‘reference frame’ is the realization of a reference system.  It is achieved through the coordinates of a set of fiducial objects or points that are utilized to define the origin, axes and scale implicitly.  IERS defines a reference frame as ‘a practical realization with given fiducial directions agreeing with the concepts introduced in the Reference System.’

5
3.
The two fundamental global geodetic reference systems are the Celestial Reference System (CRS) and the Terrestrial Reference System (TRS).  The two systems are connected through the Earth’s rotation.  The current conventional celestial reference system recognized by the IAU is the International Celestial Reference System (ICRS).  The ICRS is realized in radio-wavelengths as the International Celestial Reference Frame (ICRF) by VLBI measurements.  The current conventional terrestrial reference system recognized by IUGG is the International Terrestrial Reference System (ITRS).  ITRS is realized through the International Terrestrial Reference Frame (ITRF).  The IERS (International Earth Rotation and Reference Systems Service) maintains the ICRS, ICRF, ITRS, and ITRF and publishes these conventions on the IERS website.

4.5 (The main characteristic of the two fundamental systems is the fact that one is an inertial systems fixed to the inert space, and the other is a rotating system fixed to the solid Earth.)  
4.  
The ITRF is given as a set of Cartesian equatorial coordinate triples for a network of stations.  Reference coordinates for ITRF references points change linearly over time.  Different realizations of the ITRS are connected through a seven parameter Helmert Transformation.  The coordinates of a point in two different systems can be compared through the equation:
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8 (The ITRF also includes constant velocities for the reference points, which are needed in order to describe the time-dependence of the coordinates). 
5.
From 200 BC until the middle of the 17th century, the Earth was considered to be a simple geometrical form.  Observations were focused on determining the radius of a spherical Earth.


From the middle of the 17th century until the middle of the 19th century, the Earth was considered to be a geometrical form resulting from rotational dynamics.  Research was centered on determining the oblateness of a rotational ellipsoid.  


From the mid 19th century until the mid 20th century, geodesists began to consider the gravitational field of the earth in addition to a purely geometrical form.  Research was focused on determining the shape of the geoid.


Since the mid 20th century, geodesists have been studying changes in the shape of the Earth rather than just the mean shape, taking a dynamical view as opposed to a static view of the Earth.  Observations have been focused on the dynamics of the Earth’s surface and relativistic models of the Earth system. 

5
6. 
The geodetic reference ellipsoid is the rotational ellipsoid that best approximates the mean shape of the Earth.  By convention geodesists use the radius at the equator (a, the semi-major axis of the cross-sectional ellipse) and the flattening (f, which indicates how much the ellipsoid departs from spherical) to define the reference ellipsoid. 5
7.  Endogenic processes (processes internal to the earth) and time scales:   

-earthquakes, time scale of few seconds to minutes

-free oscillations of the earth from seismic sources have periods up to 53 minutes and can last for several days

-post-seismic deformation, time scale of days to centuries

-glacial isostatic rebound, time scale of 1,000-10,000’s years

-secular plate tectonic deformation, time scale of millions of years

-also includes processes associated with volcanoes and magma transport


Exogenic processes and time scales:



-tsunamis, time scale up to one hour



-semidiurnal and diurnal tides, time scale 12-24 hours



-ocean tide loading, time scale 12-24 hours



-atmospheric loading, time scale days to inter-annual



-non-tidal ocean loading, time scale five-seven months, but also secular



-terrestrial hydrological loading, time scale days to inter-annual, also secular



-anthropogenic extraction, time scale years to decades



-polar motion, time scale annual, chandler wobbles, and secular



-current ice load changes, time scale decades
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