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Ephemeris:  A table or data file giving the calculated 
coordinates of a celestial body as a function of time.   

Plural:  ephemerides. 

iaucom4.org 
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What is IAU Commission 4 
(Ephemerides)? 

 Commission 4 (Ephemerides) of the International 
Astronomical Union (IAU) includes astronomers  
responsible for the production of printed almanacs, 
software, and web services that provide basic data on 
the positions and motions of celestial objects, and the 
times of phenomena such as rise and set, eclipses, 
phases of the Moon, etc.    
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What is IAU Commission 4? 
IAU Commission 4 encompasses two kinds of work: 

•  Computing fundamental solar system ephemerides 
 Using gravitational theory (including General Relativity) along with a 
wide variety of observations (optical, laser, radar, spacecraft) to 
determine the orbits of solar system bodies in a well-defined 4-D 
reference system.   This work now depends almost exclusively on 
N-body numerical integrations and least-squares fits to the 
observations.  

•  Computing and distributing almanac data 
 Using the fundamental solar system ephemerides to produce 
astronomical information useful to observers and navigators — the 
positions and motions of celestial objects as seen from Earth, and 
the times of phenomena such as rise and set, eclipses, phases of 
the Moon, etc. 
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What is IAU Commission 4? 

•  One of 40 subject-area commissions making up the 
International Astronomical Union 

•  One of six commissions in IAU Division I, 
Fundamental Astronomy: 
  Commission 4 — Ephemerides 

  Commission 7 — Celestial Mechanics & Dynamical Astronomy 

  Commission 8 — Astrometry 

  Commission 19 — Rotation of the Earth 

  Commission 31 — Time 

  Commission 52 — Relativity in Fundamental Astronomy 

Plus five division or inter-division working groups 
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What is IAU Commission 4? 

•  Our mission statement (“terms of reference”): 
  Maintain cooperation and collaboration between the national 

offices providing ephemerides. 

  Encourage agreement on the bases (reference systems, time 
scales, models, and constants) of astronomical ephemerides and 
reference data. 

  Maintain databases containing observations of all types on which 
the ephemerides are based. 

  Encourage the development of software and web sites that 
provide astronomical ephemerides and prediction of phenomena. 

  Promote the development of explanatory material that fosters 
better understanding of the use and bases of ephemerides and 
related data. 
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What is IAU Commission 4? 

•  Institutions Involved: 
  Jet Propulsion Laboratory (JPL) — US 

  U.S. Naval Observatory (USNO) — US 

  Her Majesty’s Nautical Almanac Office (HMNAO) — UK 

  National Astronomical Observatory of Japan (NAOJ)   

  Institut de Mecanique Celeste et de Calcul des Ephemerides  
(IMCCE) — France  

  Institute of Applied Astronomy (IAA) — Russia 

  Spanish Naval Observatory 

  Astronomical Institute, Prague — Czech Republic
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Examples of Modern Almanac Data 

From web service provided by IMCCE: 
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Examples of Modern Almanac Data 

From The Nautical Almanac (USNO & HMNAO): 
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Examples of Modern Almanac Data 

 From HMNAO 
web site: 
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Examples of Modern Almanac Data 

From The Astronomical Almanac (HMNAO & USNO): 
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Examples of Modern Almanac Data 

From the Japanese Nautical Almanac (JHOD) : 
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Example of Old Almanac Data 
From the first American Ephemeris and Nautical 

Almanac (US NAO) : 
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A Brief History of Time Scales 

•  Until 1930s 

•  1930s 

•  1950s 

•  1960s 

Earth’s rotation defines time (Greenwich Mean 
Time, Universal Time). 

Irregularities in Earth’s rotation first definitively 
measured. 

“Ephemeris Time” (ET) established by IAU as a 
time scale for solar system ephemerides 
that are independent of the Earth’s rotation. 

First practical atomic clocks.  

New high-precision observational techniques 
(radar, LLR, VLBI, spacecraft) require 
relativity in time scales and data analysis. 

SI second defined, matching ET second.  
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A Brief History of Time Scales (cont.) 

•  1972 

•  1976, 1979 

•  1991-2006 

UTC with 1s leap seconds, kept within 0.9 s of 
UT1, established. 

International Atomic Time (TAI) introduced. 

UTC and TAI both use the SI second. 

IAU splits ET into TDT and TDB  (for geocentric 
and barycentric ephemerides, respectively). 

IAU revisits relativistic basis of reference 
systems and times scales; establishes 
Terrestrial Time (TT), Geocentric Coordinate 
Time (TCG), Barycentric Coordinate Time 
(TCB), then redefines TT and TDB. 
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A Child’s Garden of Time Scales 
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Time Scales from a User’s Viewpoint 

 UTC 

  TAI   UT1 

   TT GMST 

GAST 

 LAST 

UT1–UTC ΔAT 

32.184 s standard formula 

eq. of the 
 equinoxes 

longitude 

  TCG 

standard linear 
      relation 

  TCB 

formula 

  TDB* 

formulas 

Earth rotation  S
I s

ec
on

ds
 

* Based on SI seconds on    
the geoid, not the barycenter 
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Differences Between Time Scales 

From Seidelmann & Fukushima (1992) 
Astron. & Astrophys. 265, 833 
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Differences Between Time Scales 
if UTC is redefined 

UTC 

UT1 

End of leap seconds 
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Time Scales Used in Modern Almanacs 
(as the independent argument in the tabulations) 

•  UT1 (often labeled simply as UT or Universal Time). 
  For data that depend on the rotation of the Earth (including the data 

fro celestial navigation). 

  Also for data of public interest (times of Moon phases, solstices and 
equinoxes, etc.) that are not given to high precision. 

•  TT (Terrestrial Time). 
  For data that are independent of the rotation of the Earth (e.g., 

geocentric celestial coordinates of the Sun, Moon, and planets). 

•  TDB (Barycentric Dynamical Time). 
  Less frequently used — For heliocentric or barycentric data closely 

related to the fundamental solar system ephemerides (e.g., orbital 
elements of the planets). 



                              22 

Time Scales from a User’s Viewpoint 

 UTC 

  TAI   UT1 

   TT GMST 

GAST 

 LAST 

UT1–UTC ΔAT 

32.184 s standard formula 

eq. of the 
 equinoxes 

longitude 

  TCG 

standard linear 
      relation 

  TCB 

formula 

  TDB* 

formulas 

Earth rotation  S
I s

ec
on

ds
 

* Based on SI seconds on    
the geoid, not the barycenter 

UT1 = UTC 
           + (UT1–UTC) 

TT = UTC 
    +ΔAT + 32.184s 
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The Universal Time Ambiguity 

 Many users can now assume UT1=UTC for their 
applications;  they don’t even have to know that there 
are two kinds of Universal Time. 

UT1–UTC 
in seconds 

Note that 
|UT1–UTC| 

Rarely 
exceeds 0.5 s 

Graph from Wikipedia 
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What if UTC is Redefined? 

•  Option 1:   Do nothing. 
  UTC is not used in the computation of ephemerides, nor is it used 

within the almanacs.     

  It has always been the user’s responsibility to convert from his own 
time scale (e.g., UTC) to the time scales used in the almanacs. 

  However… 

  Many users are now able to assume UT1=UTC with negligible error for 
their applications (error in UT1 ≤ 0.9 s). 

  That approximation will no longer hold if leap seconds are 
discontinued from UTC, and the IERS value of UT1–UTC will have to 
be applied — more user education and very explicit instructions on this 
will be needed.   “UT” tabulations would have to be re-labeled “UT1.” 
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What if UTC is Redefined? 

•  Option 2:   Switch to UTC-based tabulations. 
  Not a problem for TT-based data, because UTC and TT would 

simply be a constant offset from each other (about 70 s), which 
would never change. 

  UT1-based data that are printed would require predicting UT1–UTC 
from 2 to 2.5 years in the future.  (IERS currently estimates this can 
be done to better than 0.1 s accuracy.) 

  Would still have to provide a correction table so the user can supply a 
better value of (UT1–UTC) close to the time the data is actually 
needed (if his accuracy requires it). 

  UT1-based data that are provided online could be  continually 
updated with better values of (UT1–UTC); for future data, could 
provide a prediction that the user could change.  
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Predicting UT1–UTC Into the Future 

•  IERS provides predictions in tabular form for one year 
beyond current date. 

•  IERS projection beyond one year: 
 UT1–UTC =  –0.3617 – 0.00073 (MJD – 55834) – (UT2–UT1) 

 with error 
σ(t) = 0.00025 (MJD – 55826) 0.75 

 which amounts to 
 0.012 s   at 6 months 
 0.021 s   at 1 year 
 0.035 s   at 2 years 
 0.048 s   at 3 years 

but these errors are undoubtedly underestimated. 

Note:  MJD 55826 is 2011 Sept 22 
           MJD 55834 is 2011 Sept 30 
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Predicting UT1–UTC into the Future 
 Probably feasible with an error < 0.4 s for 2.5-year 
projection.  This idea needs to be tested. 

Excess LoD 
in milliseconds 

(= rate of UT1–TAI) 
Outside of the 
annual term, 
LoD trend is 
mostly linear 
for several 

years at a time. 

Graph from USNO EO Dept. web site 
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Conclusions 
•  This history of astronomical time scales is confusing 

and not always progressive. 

•  Most current users of astronomical and navigational 
almanacs have to deal with only two time scales: TT 
and UT. 

•  UT means UT1, but is deliberately ambiguous 
because for many users, UT1=UTC. 

•  If leap seconds are removed from UTC, the UT1=UTC 
assumption is no longer valid, leaving two choices: 
  Re-label “UT” as “UT1” and educate users about the conversion 

from UTC to UT1. 

  Change “UT” tabulations to be based on UTC, and use projected 
values of UT1–UTC to compute the data.  
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Time is what prevents everything from happening at once. 
   — John Archibald Wheeler 


