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The construction of modern planetary ephemerides requires to
take into account the gravitational effects of a large number of as-
teroids, which could reach a few kilometers in several decades as
in the case of Mars. Thus, about 300 of the largest asteroids were
taken into account in recent ephemerides such as DE403 (Stan-
dish et al. 1995), EPM98 (Pitjeva 2001), and INPOP08 (Fienga
et al. 2009). Nevertheless, the large uncertainty on the determi-
nation of the mass of these asteroids is a serious limiting factor in
the accuracy of these ephemerdides. Consequently it is important
to identify and provide a list of the individual effects of the aster-
oids, especially on the terrestrial planets. this was the objective of
this work. Our method consisted in several steps: we used a nu-
merical integration of Runge-Kutta at 12th order, at short (100y)
and longer (1000y) time scales, to determine the positions of each
planet, including the perturbations of the eight planets with and
without our selected asteroids. We determined their effects by
simple subtraction. Then we analysed the resulting signal by fast
Fourier transform (FFT) to find the most significant sinusoidal
oscillations, and finally we adjusted the signal by the set of sinu-
soids determined in the previous step with a nonlinear regression.
The differential data is modelled by least-square method follow-
ing an equation of type:

F (t) =
N∑

i=1

Ai sin(fit) + Bi cos(fit) + Cit sin(fit) + Dit cos(fit)

This kind of study is interesting in many fields, such as plan-
etary ephemerides, as well as space navigation, to understand
better the effects of each asteroid taken individually on the
terrestrial planets. Note that this type of study is a continuation
of previous studies (Williams, 1984; Mouret et al,2009 and
Kuchynka et al, 2010), but with a more complete and systematic
analysis. We studied the effects of the 43 asteroids with well
constrained masses for all orbital elements and on the four ter-
restrial planets. Our results were compared, with those obtained
recently by Mouret et al,2009, and Kuchynka et al, 2010, in the
case of asteroids taken in common.

As example of our results, we represent in Fig.1 the effects of
Ceres on Mars’ semi-major axis for a 100y time interval from
JJ2009.81; raw signal (black), fitting curve (red) and residuals
(in green) are obtained after subtracting a combination of 27
sinusoids from the original signal.

Figure 1: Effects of Ceres on aMars For a 100y time interval
from 2009 Sept.26.

In Fig.2 We show in black the difference of the EMB-to-Mars
distance from two types of planetary ephemeris (DE405 and IN-
POP08) and in red the difference in the EMB-to-Mars distance
due to the uncertainty on the sole mass of 111 Ate.

Figure 2: Uncertainty of the EMB-to-Mars distance due to the
lack of accuracy in Ate’s mass (red) and the difference between
DE405 and INPOP08 (black)
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