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Outline

v' Responsibilities in the establishment and realization of the
International reference time scale UTC

v" The concept of traceability in metrology
v" The various time scales; characteristics
v Maintenance and dissemination of UTC

v Opinion of the CCTF y CIPM on the future of the
International time scale

v' Considerations for the future
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Bureau international des poids et mesures

International Bureau of Weights and Measures

(BIPM)

Organisation intergouvernementale
dont le siége est a Sévres, France

Intergovernmental Organization
with headquarters located in Sévres, France

Conférence générale des poids et mesures
General Conference on Weights and MeasysesS
(CGPM)

Etats membres du BIPM

BIPM's Member States Elle rassemble les délégués des Etats membres
et se réunit tous les guatre ans,

Consists of delegates from Member States
and meets every four years.

AV

Comiteé international des poids et mesures
International committee for Weights and Measures

Convention du Métre
Traité

Metre Convention
Treaty

Associés a la CGPM

Associates of the CGPM

Comités consultatifs*
et Comités communs

Consultative Committees*
and Joint Committees

Organisations |CIPM]
internationales * *
; Il est constitué de dix-huit membres, élus a titre personnel par
International * la Conférence générale. Il est chargé de superviser le BIPM et ses activités. *
Organizations Il se réunit tous les ans au siége du BIPM,
Consists of eighteen individuals elected by the CGPM,
It is charged with the supervision of the BIPM and of its activities.
The CIPM meets annually at the BIPM's headquarters.
Siege
Laboratoires nationaux Headquarters
de métrologie l ‘
_ Direction, laboratoires
National Metrology < et membres du personnel permanent du BIPM. -

Institutes - ;
Direction, laboratories

and permanent staff members of the BIPM,

CIPM MRA**
JCRB**

CGPM
Diplomatic Treaty of the
Metre Convention

55 Member States of BIPM
38 Associates

Consultative Committee
for Time and Frequency
(CCTF)

Members:

= National Metrology
Institutes and others

= |TU-R

= JAU
= UGG
= IGS
= URSI



http://www.bipm.org/utils/en/pdf/structure.pdf#page=1
http://www.bipm.org/utils/en/pdf/structure.pdf#page=1

Responsibilities on time scales

General Conference on Weights and Measures
(CGPM)

v Defined the second — 1967

v Adopted International Atomic Time (TAI) - 1971

v' Endorsed Coordinated Universal Time (UTC) — 1975

International Telecommunication Union (ITU)
v Fixes de rules for t&f dissemination by signals

v' 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)

v Calculates UTC based on data provided by ~ 70 institutes
world-wide spread

v' Coordinates activities for accomplishing this mandate

International Earth Rotation and Reference
Systems Service (IERS)

v" Monitors the rotation of the Earth and provides EOP
v" Announces the dates of application of leap seconds

"7 National institutes (72)

~ v Maintain local approximations to UTC (UTC(k))

v 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 Sl second and the reference time scale UTC, the key
comparison CCTF K-001.UTC gives traceability to the Sl 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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Unit, time scale

v" unit of time: SI second

v' Measuring time intervals:
v" Time scale

v Unitary interval of a time
scale traceable to the SI
v' Sl second

v Unique definition of a unit
(i.e. the Sl second)
v Unique reference time scale
= CIPM (2012)
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The various time scales

v Continuous

International Atomic Time (TAI) ¥ Interval unit is the SI second

v’ Calculated monthly at BIPM

v No clock representation, no
broadcast

v' 1-second discontinuities

v’ Interval unit is the Sl second
v’ Calculated monthly at BIPM,

Coordinated Universal Time (UTC)

derived from TAI

v’ Traceable to UTC via monthly

BIPM Circular T
Local representations UTC(k) v' Clock representation

v" Broadcast
v’ Basis of legal times

v’ Coordinate times
v Related to TAl Other time scales

v" No clock representation (scientific, space navigation, etc)
v No broadcast
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| UTC |

|Coordinated| | Universal | | Time

l l

Coordinated Time for the entire Earth, universality of the
broadcast of time scale

time signals at
laboratories

TAI differs from UTC in an integral number
(ITU-R) of seconds (35 until July 2014 at least)

| Leap second announcement is the responsibility of the IERS |

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

*UT was replaced by UTC in 1972
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Each month:

~70 participants
'

ftp server

~400 clocks,

one measurement / 13 primary freq. standard
5 days, t&f corr. data
monthly monthly
Data submission deadline Datation is in « Modified Julian Date », a contiuous
4lmmlyy/ count of days since an arbitrary origin
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Elaboration of TAl and UTC - ALGOS

Echelle
Atomique

~ 420 atomic clocks “average”
in ~ 70 laboratories EAL

freq stability
0.4 x10%
@30-40 days

13 primary frequency “steering”
standards TAI Temps

Atomique

freq accuracy

~10—16
v
Measurement of “leap seconds” UTC Temps
Earth’s rotation (IERS) Universel

[UTC - UTC(k)] | BIPM Circular T || Coordonné
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Traceability of UTC(k) to UTC
BIPM Circular T

CIRCULAR T 308 IS5N 1143-1393
2013 SEPTEMBER 09, D8h UTC
BUREAL INTERMATIONAL DES POID: ET MESURES
ORGANMISATION INTERGDUVERNEMENTALE DE LA CONVENTION DU METRE
PAVILLON DE BRETEWIL F-92312 SEVRES CEDEX TEL. +33 1 45 07 70 70 FAX. +33 1 45 34 20 21 +taiBbipm.org

1 - Coordinated Universal Time UTC amd its Tocal realizations UTC(k). Computed values of [UTC-UTC(E)]
and uncertainties valid for the period of this Circular. From 2012 July 1. Oh UTC, TAI-UTC = 35 3.

Date 2013 Oh UTC JUL 31 AUG 5 AUG 10 AUG 15 AUG 20 AUG 25  AUG 30 Uncertainty/nz Notes
HJD 56504 56509 56514 56519 56524 56529 L6534 i, Ly u
Laboratory k [UTC-UTC(k)} ] ms
A0S (Borowiec) -1.2 i1 -3.4 -4.1 -4.0 9 -2.2 |3 5.2 5.2
APL  (Laurel) 2.2 2.3 3.4 1.8 1.6 1.7 2.6 m3 5.2 5.2
AUS  ([Sydney) 2827 267 .8 260_6 257.6 256.9 251.4 249.7 |3 5.2 5.2
BEV (Wien) 49.8 £1.2 5.4 60._6 65.0 47.0 39.0 0.3 3.4 3.4
BIH (Sofiya) 367 .3 386 8 ira.6 395.2 401 & 4051 405.8 1.5 7.1 7.3
BIRM (Beijing) 227.8 226_6 226_8 223.7 226.9 231.5 234.0 1.5 20.1 20.1
BY (Mimzk) - - - - - - -
CAD (Cagliari) . . - . . -
CH (Bern-Wabern) 10.1 11.5 12.5 10_4 138 16.5 18.7 0.3 1.8 1.9
CNH  (Queretarol -G.4 -3.8 -10.1 -12.4 12.1 -16.1 -18.3 20 5.2 5.6
CHHF (Panama) 16.3 17.7 il.9 20.7 9.9 17.5 3n.1 i35 5.2 6.3
OLR (Dberpfaffenhofen) -18.1 -20.8 -27.4 -32.2 -26.8 -14.2 -7.2 o7 5.2 5.3
OMOM (Belgrade) 20.8 15.3 16.3 23.1 3n_& 15.4 8.1 0.3 7.1 F.1 (1)
OTAG (Frankfurt/H) 3371 337.6 336.9 333.7 330.8 325.8 329.2 0.3 10.1 10.1
EIH (Thessaloniki) 7.3 16.3 10.9 6.1 6.5 39 0.0 4.5 5.2 6.9
ESTC (Noordwijk) -5.2 -5.5 -4 8 -1.3 0.0 0.9 2.3 |3 5.2 5.2
HED (Hong Komg) 1649 .3 445 6 443 B 436.3 432 6 4267 430.8 1.0 5.2 5.3 (2)
IFAG (Wettzell) - 695 _6 -704._0 -713_6 -714 .8 -T20.8 -T37.5 -TAT .9 |3 5.2 5.2
IGHA (Buenos Aires) 2868.5 2962.6 3064.0 3162.3 3259%.1 3365.1  3464.0 20 5.2 5.6
INPL (Jerusalen) 43 .4 ir.2 351 34.0 A0.7 42_6 34.2 0.7 19.9 19.9
INTI {(Buenos Aires) 28.4 63.6 B2_8 477 3g.2 17.0 11.7 2.5 20.1 20.2
INXE (Rio de Janeiro) 4.4 -0.1 -0.% -0.5 0.3 -4.7 14 0.3 20.0 20.0
IPD (Caparica)l - - - - - - -
IT (Torino) -6.8 -7.3 -7.6 -8.T -11.0 -12.5 -12.8 0.3 1.9 2.0
JATC (Limtong) 11.5 159 15.7 12.2 5.1 3.4 2.5 o5 5.1 5.1
v (Kjeller) 488 6 4770 471.1 497.3 488 4 465 .2 48%.8 5.0 20.0 20.6
KEBS (Nairobi) - - - - - - -
KIM (3erpong-Tangerang) G347 G432 679._8 7105 T41. 6 7546 T54.6 2.0 20.1 20.2
KRIS (Daejeon) -1.4 -4.5 -T.5 -10.0 -10.7 11.0 -8.8 |3 5.2 5.2
K2 (Astana) 2347.8 2301.1 22498 2188 4 21413 20785.2 2025.9 2.5 20.1 20.2
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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

5 - Relations of UTC and TAI with predictions of UTC(k)} dissenimated by GN35 and their System Times.

[UTC-GP5 ime] = -16 5 +, , [TAT-GP5 time] =19 5 + €, » global uncertainty is of the order of 10 ns.
[UTC-UTCCUSNG)_GP5] = €,". [TAI-UTC(USNO)_GPS] = 35 s + C,', global uncertainty is of the order of 10 ns.
[UTC-GLONASS time] = [ [TAI-GLONASS fime] =35 s + £, , global uncertainty is of the order of hundreds ns.
[UTC-UTCCS) _GLONASS )= E: [TAT-UTC(SU)_GLONASS]= 35 s + £,", global uncertainty is of the order of hundreds ns.

[UTECUENDY_GPS] and [UTC(SU) _GLONASS] are, respectively, UTC(USND) and UTC(ZU} as predicted by USHD amd SU
and disseminated by GPS and GLOMASS. The C, and C," values provide realizations of GPS time and of the prediction
of UTC{USHD) broadcast by EPJ as ubta1ned u;1ng the values [UTC-UTC(OPY] and the GPS data takem at the Paris Observatory,

corrected for IG5 precis values provide realizations of GLOMASS time
and of the prediction of GPStlme GLONASStlme hie '.'alue; [UTC-UTE(ATS)]
UTC(USNO) UTC(SU)

and the GLOWASS data :akg (AOZ). N,. N ", K, znd Aﬂ' are the numbers of
neasurenents; when N, N, tabnle are 1nterpn1ateu.

The standard deviations individual meazurenents.

er fron these values.

= 6.3 n3

2013 Dh UTC MJD £,fns N

L] 1 1
JUL 31 56504 0.3 88 1.4 88 -172.9 8% -361.8 B9
AJG 1 56505 -0.3 89 -0.2 88 -173.4 9D -362.5%5 90
A 2 G506 -0.1 8a -2.% 86 -171.8 8% -361.0 B9
A 3 LeLO7 -0.2 8% -2.2 8% 1731 B8 -363.0 BE
A 4 55503 -0.2 8% -p.2 8% 1721 8% -362.% B
AUG 5 556509 0.0 90 -2.0 %0 -169.3 90 -361.2 90
AJG & 56510 -0.4 89 -1.4 89 -170.2 84 -362.7T B4
A T  GEGl11 -1.1 8% -0.6 8% -16%.7 87 -362.2 BT
AE B8  GLeLl2 -1.2 8% -2.2 8% -168.1 8%  -36D.7 BY
AJG %  G5&L13 -2.4 8% -2.5 89 -168.4 %0 -360.2 50
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Opinion of the CCTF and CIPM on the future of the
International time scale

The CCTF has discussed at its meeting on 13-14 September 2012 the feasibility of
achieving a continuous reference time scale and made a recommendation to the
International Committee on Weights and Measures (CIPM) which met on 18-19 October
2012. The CIPM considered the matter and concluded that

1. a continuous time scale is indeed achievable, and it has been realized and maintained
by the BIPM (TAI);

2. a continuous reference time scale corresponds to UTC without leap second
discontinuities;

3. the concepts of continuity and uniformity should be applied strictly in a reference

time scale;
4. the unit for any quantity in metrology is unique, and as such, a single time scale shall

also be unique;
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6.

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

in the event of a redefinition of any quantity in metrology, the unit should be
invariant, and particularly for the second of the International System of Units (SI) the
respective scale shall be continuous and uniform;

the name “Coordinated Universal Time (UTC)” should be retained for a new
continuous time scale based on a redefinition of UTC without leap second
adjustments;

the International Earth Rotation and Reference Systems Service (IERS) provides a
means of accessing UT1 in real-time by means of routinely available predictions of
UT1 - UTC with high precision

a wider dissemination of UT1 - UTC should be encouraged;
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Conseguences of stopping the insertion of leap seconds
In UTC

v UTC will have no more discontinuities:

v UTC and TAI will differ in a constant offset,

v CCTF, then CIPM and finally CGPM could decide on
suppressing TAI,

v' Continuous system times and time scales created for
avoiding the discontinuities of the present UTC will
have constant offsets wrt UTC;

v Broader dissemination of the values of UT1-UTC,
enhancing the role of the IERS.
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