Requirements of a User on the IERS Conventions Models
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Some mathematical equations used in geodesy

static methods dynamic methods
geometric relation integral equation differential equation
observation equations of Integral equations post-Newtonian equation
GPS, SLR, VLBI,. .. Energy integral for satellite orbits
Hammerstein integral variational equations wrt
e.g. for gravity field dynamical parameters
parameters
VLBI GRACE gravity SLR
GPS mostly field estimation DORIS
Parameters which influence the shape of an orbit = dynamic parameters
SLR: orbit ——  variational equations

l l partial derivatives

observation equations
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The geometric models of observation equations

Definition: parameter vector: p € R"™ with a-priori values p° € R",
unknown corrections: Ap =p — p°

observation vector: q € R™
model function: f(p) € R™

Linearization of f in a neighborhood of p° —— linearized observation equations

grad,, f(po) Ap = Z 8‘f (po) - Ap; = @ = f(po)

design matrix observed - computed

=@ Ty Tas Tygar 1, p) with
x..(t), x,.(t) : position & velocity coordinates of one or more satellites,

x.(t), T, (t) : position & velocity coordinates of one or more stations.

of  Of Ozy, N of oz, N of Oz, N of Oz, (9]"
op; Oz ﬁpl oz, Opi oz, Opi oz, Opi 8pz

sat
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Résumeé

For the geometric or static conventional models contained in the observation
equations, we require its function value and its parameter and time derivatives.
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The dynamic models of orbit correction methods

Variational equations for the dynamical parameters

2
%(%) - aamzt(ag;t) " aamzt%(ag;t)

with external acceleration
a=a(x,, ¢, t,p), a= g model a,
;

The partials of the total acceleration,

da/0x_,, Oa/0zx_.. , Oa/Op

are made up of the partials of the models a;.
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Résumé:

For the dynamic conventional models contained in the variational equations,
we require its function value and its derivatives with respect to parameters,
satellite position, and satellite velocity.
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physical source

Overview over required models

geometric models

dynamic models

earth gravitational accel.

gravity lunar gravitational accel.
planetary gravitational accel.

earth tides | earth surface displacement gravitational acceleration

ocean tides sea surface displacement gravitational acceleration

ocean loading

solar radiation

radiation drag
(eclipses)

earth radiation

albedo and infrared radiation

atmosphere

atmospheric loading
atmospheric refraction

air drag (density model)

earth rotation

pole and lod tide
coord. transformation

pole and lod tide
coord. transformation

observation

instrumental models

satellite orientation
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red: not yet con-
tained in the IERS
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Résumeé

The IERS Conventions models are specific for VLBI, GPS and partly SLR.
The Integration of DORIS, Altimetry, and other observation methods is suggested.
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Variety of model representations

Gravitational acceleration due to ocean tides

— finite elements all over the ocean

— spherical harmonics

| favour to use both approaches in my software.

Choice of coordinates:

Input in calculations in output in
cartesian — spherical — cartesian
coordinates coordinates coordinates
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The code in spherical coordinates just as taken from the |ERS Conventions:

C Correction for the out-of-phase part of Love numbers (imaginary part of
C hg)) and léo)) induced by mantle inelasticity in the semi-diurnal band.

T = 1 Zaall 5 7w = Ml g = HfL‘sH

sing = 2. /Tes cosp = Vz sta + ysta/ sta

sSin A\ = y,,/co8p/re,;  CosA = x,./cosp/rg,

sin2\ = 2cos Asin A ; cos2\ = cos’\ — sin’\

org = —3/46h™  cos*p Fy (2 — y3) sin2X\ — 2xgys cos 2X) /7
ory = —3/46R'™  cos*p By ((x; — y2) sin2X — 2x,, cos 2)\)/r
ong = 3/260™ singcosp Fy ((x2 — y3) sin 2\ — 2zgyg cos 2\) /77
6ny = 3/281™singcosy F, ((xsI yﬁ) SIn 2\ — 2,4, cos 2)) /7“
deg = —3/260™ cos ¢ Fy (7 — y3) cos 2X + 2wy sin2X) /r?
dey = —3/201™ cos @ Fy (x5 — y2) cos2X + 2z, sin 2X) /7

Or = 0rg + Ory
on = ong + ony
de = deg + dey
COSACOS —sin A —sinecos A or
Az, = | sinAcosp cosA —sinpsin | [on
sin @ 0 COS oe
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The same code for normalized cartesian coordinates © = z/r, y = y/r, Z2 = z/r:

Cy =3 (Fs(fg — ?3) + FM(fl_?i — ﬁ))
Sy = 6 (FsTgls + FyZyn)
or = 0.25 (Coy(2T 4 ¥sra) — Soa(Z2.— 2,))
Az, = (200™—6R™)6r T, — 0.5501™(Coolley, — SooTes,)
Ay, = (200™—6R™) 67 g, — 0.551™(Cooiyy, + Sooles,)
Az, = (261™—5h™)6r Z,,,

sta
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Tidal deformation in spherical formulation

hg rr o hg
Az, = ? ’ 5 I arv’;g( A)] - ? ' V’Lg(ra ¥, >‘)
rrl 0 l2 0
Nxy, = Iy - — | —— 0, A = = . — (0, A
r= b Vil )| R A GIRY
/A 1 0 l2 1 0
A e — ly - — ay ) 7)\ - av ) 7)\
’ > g lrcosy 8AVtg(r 7 >] g cosgp({?)\vtg(r #:A)
where Vi, = tide generating potential.
lts cartesian equivalent reads
1 h 2V;
Ax = ; [lg rgrad, Vi, + (g—lg) Ttg-a:]
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Résumé:

Alternative representations of models are desired.
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physical source

Modularization

geometric models

dynamic models

earth tides

earth surface displacement

gravitational acceleration

ocean tides

sea surface displacement
ocean loading

gravitational acceleration

solar radiation

radiation drag

earth radiation

albedo and infrared radiation

atmosphere

atmospheric loading
atmospheric refraction

air drag

earth rotation

pole and lod tide
coord. transformation

pole and lod tide
coord. transformation

Results for different versions of that code do not coincide.
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red : models that use
astronomical
arguments, either in
form of the Delaunay
arguments
(I,I', F, D, Q) or the
Doodson arguments.
Both forms should
be equivalent.




Résumé:

The modularization of conventional software should be considered.
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Unification of terminology

“Equatorial radius of the earth”, sometimes = R.,, sometimes = a..

o semi-major axis of an reference ellipsoid = ag,
Probably we have to distinguish between . .
model-dependent equatorial radius = R,
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1 0 0 cosep 0 —sine cos sinep 0
Ri(p) = | 0 cosp sinp |, Ry(p) = 0 1 0 ,  Ry(p) = |—sinp cosp 0
0 —sing cosp singp 0  cose 0 0 1

Similarity transformation of coordinates with rotation R(a) = Ry(ay)Ra(cs)Rs(ag)

0
H(z.n) = (1+p)R(a) - + d, n=lal| eR".
d

A Taylor expansion of 1 —— H(x,n) in n°= 0 reads
H(x,n"+0n) = H(x,0) + H,(x,0)-6n + O(|on]*)  for oy —0

where
T T 0 —T3 X9 1 00
H(m,O) = X = o | , Hn<$,0> = I I3 0 — I 010 ,
X3 r3 —x9 1 0 0 0 1

and 0n = [dp b 6d]"

Signs of the rotational part being opposed to those of chapter 4.
Does chapter 4 use other elementary rotations than chapter 57

A‘-’*‘ —
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Résumeé

Work has to be done to arrive at an uniform terminology throughout the
conventions. Often it is not thoroughly clear, if different symbols mean the same object.
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The effect of solid earth pole tide on geopotential is given as

AC,y, = —1.333 x 10"%(my — 0.115my)
AS, = —1.333 x 10"%(my + 0.115m;)

Formula with theoretical quantities only, values given in a table below.

The desired form of the example above could read for instance

1 @%a®
AOQO = —5 GM@ (Re ]{20 2m3) + 0(2) ( m, = (.I'p . Q_Z'p)
1—2 3 . B
| o2 ;‘j — Aw
wa 3 — —
NSy = —= Reko, mo — Imkyymy ) + O(2 N W
21 3 GM@ ( 21 2 21 1) ( )

A‘-’*‘ —
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Résumé:

Give numerical values only separated from the formulas.
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Recommendations

e The integration of DORIS, altimetry and other observation methods is suggested.

e A lot of conventional models require derivatives with respect to time, position, and parameters.
e Admission of alternative representations of models.

e The modularization of conventional software should be considered.

e Work has to be done to arrive at an uniform terminology throughout the conventions.

e Give numerical values only separated from the formulas.
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Forum on the web

Has already been installed on the Conventions pages.

Thanks to you.
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