
EPM― Ephemerides of Planets and the Moon of 
IAA RAS: their model, accuracy, availability

Pitjeva E.V.
Bratseva O. A.
Panfilov V.E.

Institute of Applied Astronomy, Russian Academy of Sciences
Kutuzov Quay 10, St.Petersburg, 191187 Russia 

e-mail: evp@ipa.nw.ru

••Renewal  of  EPM ephemerides:  constants, model, dataRenewal  of  EPM ephemerides:  constants, model, data
••Observations, their reduction, TTObservations, their reduction, TT--TDB TDB 
••The orientation of EPM2010 The orientation of EPM2010 
••The values of solution parameters The values of solution parameters 
••Availability of EPMAvailability of EPM



The EPM ephemerides (Ephemerides of Planets and the Moon) of 
IAA RAS originated in the seventies of the last century to support space 
flights and have been developed since that  time.
All the modern ephemerides(DE – JPL, EPM – IAA RAS, INPOP –
IMCCE) are based uponare based uponrelativistic equations of  motion for 
astronomical bodies  and light rays as well as relativistic time scales.
The numerical  integration of the equations of celestial bodies motion has 
been performed in the Parameterized  Post-Newtonian  metric for General 
Relativity in the  TDB time scale. 

EPM ephemerides are computed by numerical integration of the 
equations of motion of celestial bodies in the barycentriccoordinate frame
of J2000.0 by the Everhart method over the 400 years  interval (1800  
2200) using the program package  ERA (Ephemeris  Research in  
Astronomy) (Krasinsky and Vasilyev, 1997).

The renovation of the planet part of the EPM ephemerides includes 
the constants, model, observation data.
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Recent years of high-precision data  of spacecraft have yielded significant 
improvements of a whole set of constants for planet ephemerides.
Masses of planets were determined from data of spacecraft orbiting  and 
passing near planets or from observation of satellites of these planets.

New values of masses of planets adopted by the 27 GA IAU and 
used in EPM ephemerides
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EPM2010 have been oriented to ICRF with the accuracy better
than 1 mas by including into the total solution the 196 ICRF-base 
VLBI measurements of spacecraft(Magellan, Phobos, MGS, Odyssey, 
Venus Express, and Mars Reconnaissance Orbiter, Cassini) 
1989 – 2010 near Venus and Mars, Saturn.

Spasecraft VLBI residuals

The rotation angles for the orientation of EPM2008 onto ICRF
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The rms residuals of ranging  for Viking are 8.8~m, for Pathfinder 2.8~m, for MGS and
Odyssey 1.2--1.4 m, for Cassini (Saturn) 3.0 m, for VEX 2.6 m. VEX – 3.6 м.

VEX







Parameters obtained from the DE, EPM ephemeris 
improvement processes at JPL  and at IAA RAS, 

proposed to WG NSFA and  adopted at 27 IAU GA
as current best estimates of astronomical constants

Masses of the largest asteroids:
MCeres/M����

= 4.72(3)•10-10,
MPallas/M����

= 1.03(3)•10-10,
MVesta/M����

= 1.35(3)•10-10.

The Earth-Moon mass ratio:
MEarth/MMoon = 81.300568 ± 0.000003

or as the Moon_Earth mass ratio, at it is customary in the NSFA:
MMoon/MEarth = 0.0123000371 ± 0.0000000004.

The value of the Astronomical Unit:AU = (149597870700 ± 3) м. 
Is consistent with the value GM

����
= 1.32712442099(10) •1020[m3s-2]

proposed to the NSFA WG by W. Folkner. 



Two parameters characterizing the ring modeling the effect from 
the rest of small asteroidsare:

M ring = (0.87±0.35)•10-10M
����

, Rring = (3.13±0.05) AU.
The total mass of the main belt asteroidsrepresented by the 

sum masses of 301 asteroids and the asteroid ring is:
M belt = (13 ±2 )•10-10M

����
(≈ 3 Ceres mass).

The mass value of the ring of TNO is:
MTNOring = (498 ± 14)•10-10M

����
, (5σ).

The total mass of all TNOincluding Pluto, the 21 largest TNO
and the TNO ring of other TNO objects with the 43 AU radius is:

MTNO = 775•10-10M
����

,  (≈ 164 Ceres massor 2 lunar mass).
The quadrupole moment of the Sun:

J2 =(2.0 ± 0.5) • 10-7.
PPN parameters:

| β –1 | < 0.0002,      | γ –1 | < 0.0002.
A possible variability of the gravitational constant

Ā/G = (–5.87 ± 4.44) • 10-14 в год (3σ)



New program package Calc_Ephcontaining IAA Planetary and Moon 
Ephemerides (EPM2004, EPM2008)along with associated reading and 
interpolating routines was recently created.
ftp://quasar.ipa.nw.ru/incoming/EPM/
Routines included in the package:
• support polynomial approximation for both binary and ASCII ephemeris 
files,
• allow user to obtain the rectangular coordinates of the sun, moon, and 
nine major planets with respect to different centers (barycentric, 
geocentric, geliocentric and planetocentric),
• written in standard languages: Fortran, C, Pascal, Java,
• source code available to outside users via FTP,
• easy to use, accompanied by user manual.
Moreover, Fortran realization of this package gives a possibility to obtain 
access to differences between the times TT and TDB (for EPM2004and 
EPM2008)  and ephemerides of the other seven bodies code named 
“planets – dwarves”: Ceres, Pallas, Vesta, Eris, Haumea, Makemake, 
Sedna, obtained simultaneously with the main EPM2008ephemerides.




