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Introduction:  The fractional uncertainties quoted 

for the periods of the vast majority of planets listed 
recent Kepler planet candidate catalogs are <10-5, with 
~10-6 being typical (corresponding to 2 minutes per 4 
years). These values represent the formal uncertainties 
in the best-fit, constant-period ephemeris computed 
using the measured midpoints of transits and adjusted 
for the motion of the spacecraft relative to the rest 
frame of the barycenter of our Solar System.  Their 
small uncertainties suggest that ephemeris predictions 
for most Kepler planets are robust for decades to come. 
However, as discussed below, the actual mean orbital 
periods of the planets can differ from the tabulated 
values by many times the listed uncertainties. Also, for 
studies of the architectures and dynamics of planetary 
systems, the mean orbital period is generally far more 
important than the mean time interval between transits 
measured directly from Kepler data, which the tabulat-
ed values approximate.  

Dynamics:  Transit timing variations (TTVs) pro-
duce errors in estimates of some planets’ orbital peri-
ods that need to be accounted for in certain dynamical 
investigations and ephemeris predictions. Periodic 
TTVs with timescales short compared to the interval of 
Kepler observations largely average out and do not 
produce significant errors in estimates of orbital peri-
ods. Sinusoidal TTVs with timescales comparable to 
the interval of Kepler observations have been fit for 
dozens of Kepler planet candidates to estimate long-
term average orbital periods [1], and more detailed 
dynamical models have been used to estimate long-
term average periods of a small number of well-studied 
planets.  

Most Kepler planets that show large TTVs are near 
mean-motion orbital resonances with other planets. 
The largest effect for planets moderately close to two-
body resonances are due to rotation of the forced ec-
centricity vector by resonant perturbations; the time-
scale for this precession is typically short, so the varia-
tions tend to average out. In contrast, planets locked in 
resonances typically librate on timescales longer than 
the Kepler baseline, but few Kepler planets appear to 
be resonantly-locked.  

A much more common but smaller (during the era 
of Kepler observations) effect is caused by secular 
precession of the planets' free eccentricities, which 
usually has a period much longer than the baseline of 

the Kepler observations. The long period of secular 
precession implies that it is not accounted for in esti-
mates of mean periods or uncertainties. Thus, preces-
sion can cause a discrepancy between Kepler era mean 
orbital period and long-term mean orbital period even 
for planets having TTVs that are too small to be ob-
servable during the epoch of Kepler observations.  

Conclusions:  The uncertainties quoted for the pe-
riods of Kepler planets do not incorporate the effects of 
some interplanetary interactions.  While period esti-
mates are generally quite good, some dynamically-
active systems have variations substantially exceeding 
quoted uncertainties, and this possibility needs to be 
assessed system by system when accurate ephemeris 
predictions are needed and also where accurate state 
vectors must be input into dynamical analyses.  
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