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Presentation Plan

Computation of UTC; atomic clocks, time transfer, Primary and 
Secondary Frequency Standard

Publication of UTC and other related products

UTCr, the rapid UTC

New proposal for Uncertainties in Circular T
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Computation of UTC (monthly) at the BIPM
Similarly (weekly) for rapid UTC

≈ 420 atomic clocks
in 85 laboratories

≈ 17 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 
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freq stability 
3 x 10-16

@ 30-40 days

freq accuracy ~10-16
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Number of laboratory distribution/geographical distribution
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Even during the COVID-19 
period the number of 
participating laboratories is 
continually increased. 
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Status of atomic clocks in UTC
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420 atomic clocks contributing to UTC of which:

- ~180 H-Masers (from 140 to 180 in 2 years)
- ~230 Cs-clocks (from 270 to 230)

The weight of the clocks:

- ~ 90 % is assigned to H-masers
- ~ 7 % to Cs-clocks
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Clocks in different laboratories are compared by 
suitable time and frequency transfer techniques

Global Navigation Satellite Systems (GNSS)
GNSS are based on time broadcasting from satellites to ground 
receivers (one-way time transfer). Distant labs equipped with GNSS 
receivers periodically compare their clocks to the broadcasted time 
and send the result to the BIPM. Typical algorithms are All in View, 
Common View, and Precise Point Positioning

Two-Way Satellite Time & Freq. Transfer (TWSTFT)
dedicated ground terminals simultaneously receive and 
transmit time transfer signals (two-way time transfer) on 
geostationary telecom satellites. Two-way method cancels 
out (at first order) the propagation time of the signal.

Progress in TWSTFT
Software Designed Radio and TWSTFT Carrier Phase

Progress in GNSS measures
GPS+ GLONASS + Beidou + Galileo
IPPP : Precise Point Positioning with integer 
ambiguity resolution

In development : Optical Fiber links 
A growing number of UTC laboratories are gaining access to fiber links dedicated to time 
and frequency. Although few of them are currently interconnected by operational, high-
duty cycle links, this number is expected to grow quickly during the next decade.
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Primary and Secondary standards contributing to UTC
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EAL and TAI versus PSFS
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The Primary and secondary frequency standards (PFSF) are also used to
evaluate the behaviour of EAL and TAI. After each calculation month we plot
the f(EAL-PSFS) and f(TAI-PSFS) to check and verify them.
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Circular T

The laboratories have direct access to UTC through your local realization of UTC, so 
called ‘UTC(k)’, via the BIPM CircularT monthly publication: differences [UTC-UTC(k)] 
are published, with time spacing of 5 days.
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• UTC-UTC(k), UTCr-UTC(k)
• Several plots and data of time transfer links UTC(j)-UTC(k)
• Comparison between techniques
• Integer Precise Point Positioning (for some links), Galileo links
• UTC-GNSS Times
• Weights, frequency, frequency drifts of the clocks

UTC data available on the BIPM web site 

http://webtai.bipm.org/database/ and https://www.bipm.org/en/time-ftp

http://webtai.bipm.org/database/
https://www.bipm.org/en/time-ftp
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Publication examples – graphical representation

Link comparisons
• GPS P3 and GPS PPP
• TW SDR and IPPP
• UTC-UTC(k)
• UTC-UTCr(k)
• UTC-GNSS Time
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An important amount of data are published and are used by the 
time laboratories for internal generation of their time scale.

Publication exemples - Data availability - Digitalisation

Allow machines and applications to collect 
data according to custom requests :
- Customized period
- Customized output file format (JSON, 
CSV, Text)

Currently, only : 
- [UTC-UTC(k)]
- [UTCr-UTC(k)] 
- [UTC-GNSS times] are proposed.

But the service is planned to provide a 
larger variety of data in the future.

The API is still in testing version…

https://webtai.bipm.org/api/v0.2-beta/

• UTC-UTC(k)
• Rates and drifts of the clocks
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UTCr – the rapid realization of UTC
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Since 2013 a rapid evaluation of UTC is available, UTCr.

The data are on daily batches and published each week, the Wednesday.

The number of participating laboratories is slightly increased in the last years. 
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UTCr versus UTC
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For the week 2219 for example we had 62 participating laboratories with 270 
atomic clocks.
Concerning the time links we apply the following politics:
• if in UTC the combination of TW and GPS PPP is used         in UTCr the TW
• If in UTC we use GPS PPP        in UTCr GPS P3
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Participation to UTC and UTCr

Requirements are described in CCTF 
Guidance documents from the WG 
on MRA :
– Guideline 6: Requirements for 

participation in the computation 
of UTC at the BIPM

– Guideline 8: Technical 
requirements for the time 
laboratories for the participation 
in UTC

Documents available at:
https://webtai.bipm.org/database/guidelines.html
https://www.bipm.org/en/committees/cc/cctf/wg/cctf-wgmra

https://webtai.bipm.org/database/guidelines.html
https://www.bipm.org/en/committees/cc/cctf/wg/cctf-wgmra
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The document « Calibration information and corresponding uncertainties in the 
Circular T »  will be discussed in all relevant CCTF working groups

Proposals to be discussed – Uncertainties 
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Currently, uncalibrated equipment are assigned a uCal value 
of 20 ns. This translates to a total uncertainty of [UTC –
UTC(k)] in section 1 of about 20 ns. This is too optimistic as 
unknown calibration delays can be quite larger.
We propose that labs without recognized calibration appear 
as « Not Calibrated » in section 1.

Proposal 1: Not Calibrated Laboratories

➢NC stands for no valid calibration available. 
➢NC_Al indicates that the BIPM needed to compute and apply a correction to align the 
current link to the previously used link, which was non-calibrated. 
A laboratory linked by a NC or NC_AL link will appear as Not Calibrated in section 1. No 
uncertainty can be assigned to the access to UTC through such a UTC(k).
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Currently, the ageing uncertainty set to 10 ns after 10 years, without specified 
duration limit for an old calibration.
We expect to stimulate labs with very old calibration to take action towards a new 
calibration by severing a bit the ageing uncertainty and setting a 12-year validity limit 
for a calibration.

Proposal 2: Ageing and validity of old calibration

A calibrated link is characterized by a standard calibration uncertainty under the heading 
uCal and an ageing uncertainty under the heading uAg. The ageing uncertainty depends on 
the technique and increases with time elapsed since the calibration. The ageing 
uncertainty increases to a conventional fixed value of 10 ns when 8 years have elapsed 
since calibration. When 12 years have elapsed, the calibration is considered invalid, and 
the link will be considered Not Calibrated. 

➢NA stands for no availability of the calibration report. This refers to some calibrations 
performed before the definition of Calibration identifiers in 2015. When 12 years have 
elapsed since calibration, the calibration is considered invalid, and the link will be 
considered Not Calibrated. 
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Currently, in case of problem with an equipment discovered at Circular T computation, 
and if an alternative exists, the BIPM aligns the alternative link to the previous link, 
saving the continuity and the previous calibration.
This procedure is expected to be temporary, however may remain in place for years if 
no action is taken.
We propose to stimulate laboratories to regain the control of their calibration 
information by setting a time limit to the procedure of « alignment by the BIPM »

Proposal 3: Temporary alignments

➢NA_Al indicates that the BIPM needed to compute and apply a correction to align the 
current link to the previously used link, which was calibrated. The value of the correction 
and the month of alignment are indicated under the headings Al/ns and YYMM. This 
procedure allows temporary saving the calibration uncertainty of the link, for a maximum 
period of 12 months, after which the link will be considered Not Calibrated. The 
laboratory can provide new calibration information, see “Restore calibration after a set-
up change”. 
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Conclusions

UTC, UTCr and published products

Status of clocks, PFSF, time links in UTC and in UTCr

Proposals for uncertainties in Circular T
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