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Earth rotation (3-D EOP vector) is a direct manifestation of the variation of solid mantle's angular momentum vector as a function of time. The EOP variation spans the entire timescale from sub-hour to geological, excited by a host of geophysical processes of all magnitude exerting (1) external torques, and (2) angular momentum exchange with other global geophysical fluids. The scientific studies of the excitation problem are very interdisciplinary in nature.  See Table 1 below.

Scientific factors to be considered w.r.t. the EOP observation strategy under budgetary and logistic constraints: 

(1) The timescale of the desired signal determines the temporal resolution requirement. Finer temporal resolution enables observation of geophysical processes of more rapid nature.

(2) The amplitude of the desired signal determines the precision requirement. Higher precision enables observation of more subtle geophysical processes. 

(3) Signals are of two basic types: harmonic ones of lunar-solar tidal origin, and non-harmonic ones caused by geophysical fluid processes and sometimes episodic events. The former can greatly benefit in terms of signal-to-noise ratio from the amount of data; the latter rely on fortuitous capturing.

UT1, uniquely obtained by VLBI, is essential in maintaining a stable reference frame for many applications and operational needs. It is, however, less critical in terms of scientific research than its time derivative LOD, which is in principle derivable from other techniques. VLBI is also unique in obtaining the nutation variation, telltale of many interesting and fundamental geophysics.

What are the sciences?

(1) In the "forward" modeling, one comes to understand better what are causing the signals we actually see. This leads to better prediction capability for EOP.

(2) More importantly scientifically in my opinion, is the "inverse" problem. Two aspects: (2a) Space geodesy-derived EOP serves as an independent check and/or constraint for global geophysical fluid models (e.g., atmospheric GCM, oceanic GCM, hydrological mass redistribution, global tide model, mantle heterogeneity model, core dynamics model), and as ancillary verification for other mission data such as GRACE, JASON, and ICESAT. (2b) The EOP data contains important information that can be utilized for inference of many fundamental (and sometimes subtle) properties and processes in the interactions between Earth system components. See Table 2 below.

Table 1. A summary of geophysical phenomena that cause and are manifested in Earth rotation (EOP) variations. The entries in black (except the last row) are "traditional" regimes of study where "ordinary" types of VLBI observations suffice (i.e. typically 2-3 days of observations per week at the present precision of about 0.1 mas). The entries in blue are regimes for which a CORE-type of VLBI observation would be essential or greatly beneficial. Each box represents a full research topic in its own right, if not already an enterprise. 

Geophysical Phenomenon
Mechanism/Torque
UT1/LOD
Polar Motion

(in terr. fr)
Nutation

(in celet. fr.)
Observation

Requirement

Tidal braking
Lunar-solar tidal torque (external)
Secular


Ordinary and Long term

Classical precession/

nutation
Lunar-solar tidal torque (external) + homog. solid tidal deformation

Retrograde diurnal
Long-period harmonic
Ordinary and Long term

Milankovitch

(obliquity)
Planetary gravitation


Slow
Long term

Libration
Lunar-solar tidal torque (external)
Semi-diurnal
Prograde diurnal

High prec./

temp. res.

Ocean tides
Oceanic TAM
All tidal

harmonic
All tidal

harmonic

High prec./

temp. res.

Solid tidal deformation
Solid TAM by mantle heterogeneity 
All tidal

harmonic
All tidal

harmonic

High prec./

temp. res.

Atmospheric tides
Atmospheric TAM (thermal)
S1, S2, Seasonal
S1, S2, Seasonal

High prec./

temp. res.

"Regular" geophysical excitation
Tectonic

Post-glacial rebound

CAM (EM, grav., frict., topog. torque)

AAM, OAM, HAM (grav., frict., topog. torque)
Secular

Decadal

Inter-annual  to intra-seasonal

non-harmonic
Secular

Decadal

Inter-annual  to intra-seasonal non-harmonic
Nearly diurnal "sway"
Ordinary

"Erratic" geophysical excitation
AAM, OAM, HAM

Episodic events (earthquakes, CME/solar wind torque,.., ???)
Rapid

non-harmonic
Rapid

non-harmonic

Chandler wobble (resonance)
Lon-period non-harmonic

FCN (reson.)

FICN (reson.)
High prec./

temp. res.

Fortuitous capture

Seismic modes

Core modes
Earthquakes,.., ???
Sub-day to sub-hour oscillations
Sub-day to

sub-hour oscillations

"Gyrometer"-type

Table 2. A summary of geophysical processes and their modeling and parameterization that are relevant to and/or enabled by Earth rotation (EOP) observations.

Observation
Geophysical Process
Model/Parameter
Gravitat. Change?

Classical precession/nutation
External tidal torque
Earth ellipticity


Broad-band

excitation function
Tidal braking

AAM, OAM, HAM, CAM
Earth elastic response

Mass loading

Atmosphere-Solid Earth

Ocean-Solid Earth

Hydrology-Solid Earth

Dynamic inverted-barometer effect

Core-mantle coupling
Ocean tidal dissipation model

Earth anelasticity

Global model data/output

Love numbers(f)

Load Love numbers(f)

IB(f) 

CMC(f)
(
(
(
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Tidal

excitation function
TAM

    Oceanic TAM

    Atmospheric TAM (thermal)

    Solid TAM

Tidal loading

     Oceanic-Solid Earth

     Atmospheric-Solid Earth

Core-mantle coupling
Libration (external tidal torque)
Global tide model data/output

Mantle density heterog. model 

Load Love numbers(ftide)

CMC(ftide)

Core equatorial ellipticity
(
(
(


Chandler

     Period

     Q
Chandler wobble resonance

Energy dissipation
Love number(fcw)

Pole tide

CMC(fcw)

Earth anelasticity(fcw)
(

FCN

     Period

     Q
Free-core nutation resonance

Energy dissipation
Core ellipticity

FCN anelasticity


AAM:
Atmospheric Angular Momentum

OAM:
Oceanic Angular Momentum

HAM:
Hydrological Angular Momentum

TAM:
Tidal Angular Momentum

CAM:
Core Angular Momentum

FCN:
Free-Core Nutation

CMC:
Core-Mantle Coupling coefficient

IB:
Inverted-Barometer coefficient

(f):
frequency dependency

red:
Atmosphere-Solid Earth interaction

blue:
Ocean-Solid Earth interaction

green:
Core-Solid Earth interaction

violet:
Atmosphere-Ocean interaction

brown:
Hydrology-Solid Earth interaction

