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Outline 

 Responsibilities in the establishment and realization of the 

international reference time scale UTC 

 

 The concept of traceability in metrology 

 

 The various time scales; characteristics 

 

 Maintenance and dissemination of UTC 

 

 Opinion of the CCTF y CIPM on the future of the 

international time scale 

 

 Considerations for the future 
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Consultative Committee 
for Time and Frequency 

(CCTF) 
Members: 
 National Metrology 

Institutes and others 
 ITU-R 
 IAU 
 IUGG 
 IGS 
 URSI 

CGPM 
Diplomatic Treaty of the 

Metre Convention 
 

55 Member States of BIPM 
38 Associates 

http://www.bipm.org/utils/en/pdf/structure.pdf#page=1
http://www.bipm.org/utils/en/pdf/structure.pdf#page=1
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Responsibilities on time scales 

 

 

  General Conference on Weights and Measures 

 (CGPM) 

 Defined the second – 1967 

 Adopted International Atomic Time (TAI) - 1971 

 Endorsed Coordinated Universal Time (UTC) – 1975 

 

 

 

  International Telecommunication Union (ITU) 

 Fixes de rules for t&f dissemination by signals 

 Rec ITU-R TF.460-6 (describes the process for 

synchronizing UTC to UT1 better than 0.9 s) 
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Responsibilities on time scales (cont.)  

  International Bureau of Weights and Measures 

 (BIPM) 

 Calculates UTC based on data provided by  ~ 70 institutes 

world-wide spread 

 Coordinates activities for accomplishing this mandate 

 

  International Earth Rotation and Reference 

 Systems Service (IERS) 

 Monitors the rotation of the Earth and provides EOP 

 Announces the  dates of application of leap seconds 

  

  National institutes (72)  

Maintain local approximations to UTC (UTC(k)) 

Broadcast UTC(k) 
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The concept of metrological traceability 

A National Metrology Institute (…) can establish traceability to the SI 
via a primary realization or representation of the unit of 
measurement concerned … 

In the case of the SI second and the reference time scale UTC, the key 
comparison CCTF K-001.UTC gives traceability to the SI to the atomic 
time scales maintained in the participant laboratories.    

The time scales maintained by this laboratories are considered the 
unique representations of UTC, and are designed as UTC(k). 
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UTC Participating 
laboratories 

(April 2013) 
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 unit of time: SI second 

 Unique definition of a unit 
(i.e. the SI second) 

 Unique reference time scale 
 CIPM (2012) 

Unit, time scale 

 Measuring time intervals: 
 Time scale 

 Unitary interval of a time 
scale traceable to the SI 
 SI second 
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The various time scales  

International Atomic Time (TAI) 

 Continuous 
 Interval unit is the SI second 
 Calculated monthly at BIPM 
 No clock representation, no 

broadcast 

Coordinated Universal Time (UTC) 

 1-second discontinuities 
 Interval unit is the SI second 
 Calculated monthly at BIPM, 

derived from TAI 

 Traceable to UTC via monthly 
BIPM Circular T 

 Clock representation 
 Broadcast  
 Basis of legal times 

Local representations UTC(k) 

Other time scales  
(scientific, space navigation, etc) 

 Coordinate times 
 Related to TAI 
 No clock representation 
 No broadcast  
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UTC 

Coordinated Universal Time 

Coordinated 

broadcast of 

time signals at 

laboratories 

(ITU-R) 

Time for the entire Earth, universality of the 

time scale 

•GMT (Greenwich Mean Time) was replaced by UT in 1948    

 (IAU) 

•UT was replaced by UTC in 1972 

TAI differs from UTC in an integral number 

of seconds (35 until July 2014 at least)  

Leap second announcement is the responsibility of the IERS 
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~70 participants  Each month: 

~400 clocks,  

one measurement / 

5 days, t&f corr. 

monthly 

~180 time transfer 

files 

daily, weekly, 

(monthly) 

13 primary freq. standard 

data 

monthly 

ftp server 

Data submission deadline 

4/mm/yy/ 

Datation is in « Modified Julian Date », a contiuous 

count of days since an arbitrary origin  
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 420 atomic clocks 
in  70 laboratories 

13 primary frequency 
standards 

Measurement of 
Earth’s rotation (IERS) 

EAL 

TAI 

UTC 

“average” 

“steering” 

“leap seconds” 

BIPM Circular T  [UTC - UTC(k)] 

Echelle 
Atomique 

Libre 

Temps  
Atomique 

International 

Temps 
Universel 

Coordonné 

Elaboration of TAI and UTC - ALGOS 

freq stability  

0.4 x 10-15 

@30-40 days 

freq accuracy 

~10-16 
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Traceability of UTC(k) to UTC 

BIPM Circular T 
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Relations between UTC and time scales and system times 

broadcast by GNSS  

Predictions of: UTC(USNO) ; UTC(SU) – differ from UTC by a few ns and hundreds  
    of ns, respectively 
GPStime – offset from UTC by 16 s + few ns, offset changing (leap second insertion) 
GLONASStime – 0 ns offset from UTC + hundreds of ns 

GPStime 
UTC(USNO) 

GLONASStime
UTC(SU) 
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Opinion of the CCTF and CIPM on the future of the 

international time scale 
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Opinion of the CCTF and CIPM on the future of the 

international time scale 
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Consequences of stopping the insertion of leap seconds 

in UTC 

 UTC will have no more discontinuities; 

 

 UTC and TAI will differ in a constant offset, 

 CCTF, then CIPM and finally CGPM could decide on 

suppressing TAI; 

 

 Continuous system times and time scales created for 

avoiding the discontinuities of the present UTC will 

have constant offsets wrt  UTC; 

 

 Broader dissemination of the values of UT1-UTC, 

enhancing the role of the IERS. 
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Thanks for your attention! 


