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Current situation

Technological and digital applications which 
underpin national critical infrastructures are 
based on an overall synchronization.

The main requirements for the common time 
scale is that it be continuous, monotonic, reliable, 
and easily available.
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Today 

TAI - UTC = 37 s

Last  leap second

Dec 31, 2016

The International Atomic Time (TAI) is constructed by 
BIPM relying on the weighted average of 450 clocks in 85 
laboratories and the frequency steering by  10 primary 
and secondary frequency standards. 

Since 1972, UTC is obtained from TAI plus leap seconds. 

The Universal Time (UT1) is defined by the Earth
rotational angle which is affected by random fluctuations.

When the difference between UT1 and UTC becomes too
large, an integer second is inserted to UTC to ensure
|UTC - UT1| < 1 second.

23:59:59
23:59:60
00:00:00

Reference time scales and leap seconds



Time travels on the network
Computer operating systems are not easily 
able to handle a minute with 61 seconds

https://3c.ltn.com.tw/news/18985/2

The digital networks cannot cope with unpredictable leap seconds

Consultative Committee on Time and Frequency User Survey (2021)
• > 200 answers
• The large majority asks to get rid of discontinuities in UTC
• Other time scales are used, instead of UTC, as continuous time scales
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UTC is supported by the work of:

• BIPM and the 85 time laboratories providing data and realizing real-time traceability 

under the authority of the General Conference of Weights and Measures, 

where all states are represented

• the International Earth Rotation and Reference Systems Service - IERS

computing and publishing the difference versus the Earth rotation angle UT1-UTC, 

• the International Telecommunication Union, ITU-R, to ensure it is used and correctly transmitted   

(ITU-R TF.460-6 (2002): Standard-frequency and time-signal emissions)

→ But, users underpinning critical infrastructures, need a continuous and unique timescale. 
Increasingly UTC is not being used by:

• most of the GNSSs, 

• the digital network giants (eg GAFA and Alibaba), 

• the most widely used Internet time synchronization protocols as NTP and PTP

Coordinated Universal Time UTC is the international time standard



• Ignore leap seconds after an initial synchronization

• GPS, Galileo, BeiDou system times. 

• Most current versions of Windows (till next synchronization)

• Stop clock for 2 seconds at 23:59:59 or 00:00:00

• Network Time Protocol, Posix time on many computers

• Two seconds have same name

• Problems with causality, time ordering, time intervals

• Leap second has no indicator

• Reduce frequency of clock over some interval

• Google (24 h before), Microsoft, Facebook (18 h after), Alibaba (12 h before – 12 h after) … 

• Google smear is now being proposed as a new « international standard »

→ All of these methods are not in agreement with UTC on the leap second day, and many disagree with each other
Users cannot tell which method is used by a time source, especially a posteriori
Leap second and the alternative methods threatens the resilience of the synchronization
GPS system time, which is continuous and easily accessible, is already considered as a time and frequency 
reference and could become, de facto, the international standard time.

It is urgent to revise the leap second process in UTC

Several “ah hoc” methods have been developed to avoid leap seconds



Increase the tolerance in|UT1 - UTC| to a new limit (e.g. 1 min reached after 1 century or 1 hr reached after 
5000 yrs) or to an unlimited value (= the difference UT1 – UTC will be let growing with no limit).

→ UTC remains linked to UT1, the Earth’s rotation angle, whose origin is the reference meridian of Greenwich. 

In the daily life, there is no change for the general public since the evolution of |UT1 - UTC| will remain negligible 
compared to the +/- 15 min seasonal day variations, for centuries. The general perception of conformity to 
astronomical phenomena is not challenged. 

Users needing the knowledge of UT1-UTC find accurate and real time estimations  by the services of IERS, NASA, 
GNSS, ITU-R broadcast signals

Solution to progress towards a continuous UTC

In the ‘70s UTC was used as approximation to UT1 mostly for navigation with traditional optical instruments.

Approximation UTC ≈ UT1 corresponds to an uncertainty in the position up to 400 m (at the equator). It is used only in low
accuracy applications (as amateurs telescope pointing).

But it is not adapted for high precision applications (as high accuracy astronomy and space applications) that are already
using the IERS and NASA estimates with 10 microsecond uncertainty, corresponding to about 0.3 cm uncertainty in the
position



CCTF, CIPM, ITU-T, ITU-R, IAU, IUGG, URSI, IGS, GAFA, GNSS providers, IT stakeholders, Vatican,… …
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INTERNATIONAL TELECOMMUNICATION UNION 

TELECOMMUNICATION 

STANDARDIZATION SECTOR 

STUDY PERIOD 2017-2020 

    SG15-TD780/PLEN 

STUDY GROUP 15 

Original: English 

Question(s): 10, 11, 12, 13, 14/15 E-Meeting, 6-17 December 2021 

TD 

Source: Chairman WP3/15 

Title: WP3 liaison statements 

Purpose: Admin 

 

We met several delegations, including the Vatican. The Vatican expert helped in understanding the principle of astronomical 

conformity historically linked to civil timekeeping:

• Some irregularities in the Earth rotation can be observed but not predicted with sufficient uncertainty.

• Need of more and better data (and better models) to predict more accurately the agreement of UTC with the Earth
rotation (work of future generations)

Overall acceptability and support to the enlargement of the tolerance in|UT1 - UTC|



10

▪ 1972: the practice of inserting leap second was introduced in a ITU-R Rec (UTC was corrected before by frequency steps)

▪ 2000: start of the discussion on continuous UTC

▪ 2015: ITU WRC Resolution 655 recommends "To strengthen the cooperation between ITU-R and BIPM, CIPM, CGPM, as well as other
relevant organizations, and to carry out a dialogue concerning the expertise of each organization"

▪ 2018: Resolution 2 of the 26th CGPM "On the definition of time scales" :

₋ confirms UTC is a time scale produced by the BIPM with the same rate as TAI, but differing from TAI only by an integral number of 
seconds, 

₋ recommends that all relevant unions and organizations work together to develop a common understanding 

▪ 2020: the BIPM and ITU-R signed an MoU for mutual assistance

₋ to the ITU-R in its role to set standards concerning time signals and frequency standard emissions, protocols, and dissemination 
procedure, 

₋ to the BIPM in its role of defining and realizing measurement standards and reference time-scales 

▪ Preparation to the ITU WRC in 2023: BIPM/NMIs contribute to the ITU-R WP7A activity that has recently published a report on UTC 
(https://www.itu.int/pub/R-REP-TF/en)

ITU is a liaison to the CCTF, BIPM is a sector member of ITU-R
Develop a common way forward so that both organisations continue to address the needs for internationally-
recognised timing and synchronisation by

Ensuring a Continuous UTC  + Efficient protocols for the transmission of UTC and (UT1- UTC) for end-users

BIPM and ITU-R working together 

https://www.itu.int/pub/R-REP-TF/en


Process in two steps:

1. CGPM 2022: decide to enlarge the tolerance in|UT1 - UTC| and approve the implementation date (by or

before 2035)

2. CGPM 2026: approve the new tolerance (e.g. 1 min reached after 1 century or 1 hr reached after 5000 yrs)

or to an unlimited value (= the difference UT1 – UTC will be let growing with no limit), and approve also the

periodic review process to take into account new discoveries and improved understanding for the

irregularities in the Earth rotation

→ 2035 is the best trade-off on the implementation date between:

• the need of updating systems and address legal issues

• the important issues that

• discontinuities in UTC and different ad-hoc solutions currently implemented cause confusion and put

at risk the resilience of critical national infrastructures,

• the current Earth acceleration may lead to a possible negative leap seconds in the next decade,

• one of the GNSS time scales may be use de facto as the international standard

11

Draft resolution D - On the use and future development of Universal Coordinated Time (UTC)



decides that the maximum value for the difference (UT1-UTC) will be increased in, or before, 2035,

requests that the CIPM consult with the ITU, and other organizations that may be impacted by 

this decision in order to 

− propose a new maximum value for the difference (UT1-UTC) that will ensure the 

continuity of UTC for at least a century, 

− prepare a plan to implement by, or before, 2035 the proposed new maximum value for the 

difference (UT1-UTC),

− propose a time period for the review by the CGPM of the new maximum value following 

its implementation, so that it can maintain control on the applicability and acceptability of 

the value implemented,

− draft a resolution including these proposals for agreement at the 28th meeting of the 

CGPM (2026), 

encourages the BIPM to work with relevant organizations to identify the need for updates in the 

different services that disseminate the value of the difference (UT1-UTC) and to ensure the correct 

understanding and use of the new maximum value.
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Draft resolution D - On the use and future development of Universal Coordinated Time (UTC)



Working together to
promote and advance 

the global comparability
of measurements

Special thanks to the dedicated 
CCTF and CIPM WGs, external 
experts and representatives of 
NMIs, IOs or stakeholders, the 

BIPM Director and Time 
Department for fruitful 

discussions, support and 
contribution

Thanks for your attention



Extra slides

14



Difference between Earth rotation UT1 and UTC. 

The current leap second system was initialized in 1972, and a positive step in UT1-UTC was introduced each time the difference approached approximately -500 ms. 

https://eoc.obspm.fr/index.php?index=realtime&lang=en

 100 ms / yr

Possible negative leap second in 10 years?

https://eoc.obspm.fr/index.php?index=realtime&lang=en


The earth rotation rate fluctuates due to :

- tides (Moon, Sun)

- inner effects (core – mantle interface)

- atmosphere and meteorological effects

- hydrological effects

- seisms (earthquakes, tsunamis, …)

Random variations of the time scale linked to Earth rotation

→ Variations (drift) of the difference |UT1 - UTC| 

between the atomic time scale UTC and the Earth rotational angle time scale UT1 
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Plot from
https://eoc.obspm.fr/index.php?index=realtime&lang=en

A negative leap second 
will be necessary?
Never introduced and 
often not even included
as option

Dec 31, 
2016

March 
2022

Last leap
second

Monitoring and prediction of UT1-UTC



 450 atomic clocks
in 80 laboratories

 10 primary and 
secondary frequency

standards

Measurement of 
Earth’s rotation (IERS)

EAL

TAI

UTC

weighted average

frequency steering

leap seconds

BIPM Circular T[UTC - UTC(k)]

Echelle
Atomique Libre

International
Atomic Time

Coordinated 
Universal Time

freq stability 

3 x 10-16

@ 30-40 days

freq accuracy ~10-16
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UTC and UT1 time scales



Navigation using GNSS signals prefers a continuous time scale, and the GNSS system time does 
not use leap seconds (except GLONASS which applies leap seconds).  These time scales are 
easily available all over the world, are commonly used as time and frequency references,  and 
differ from each other and from UTC by several seconds

Leap seconds in Global Navigation Satellite System time scales
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Kick-off of the TG in January 2022 – report to the CIPM in June 2022

Work on the accompanying doc of the draft resolution D to be used as basis for 
disseminating the information in all countries

- Martin Sene (UK)
- Fedor Bulygin (Russia)
- Jim Olthoff (USA)
- Yuning Duan (China)
- Joachim Ullrich (Germany)
- Takashi Usuda (Japan)
- Gert Rietveld (NL)
- Martin Milton (BIPM)
- Patrizia Tavella (BIPM, CCTF)
- Noel Dimarcq (CCTF)

Members:

CIPM Task Group on Continuous UTC


