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2 Hierarchy of Standard Time Scales Based on Uncertainty of its Real-
ization
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DOHYPTV, —RITDEEE =RTDZEME GO FEURTRERDEZIL. ZNhZhDD
COEDNEDKIICHEEIN TN S, BEDOEZE. BAEBTIERAIL "BR"(H5W0IE "BLR "
EREINBH. BRIFBEZHE time system” & ZNEIR LT “time scale” ICXBIEND, &Fg
Tld. EFEZ5 D0 time system B ED K D XBARICH 2DHh & EE L. ERHZIZERR TH
DERRFELHET R, BHREESHIHEE (NICT) BEE LTV BAZERG EHRL DB
FAZEERRRIE & D time system [CE D time scale DO, £z, WREBEICE DWW ZNSE
EBZROBEBICDOVWTRBNT %,

Time, ticking from past to future, is systematically best described using coordinates, just as
space is. The coordinate for a four-dimensional space-time, which consists of one dimension of
time and three dimensions of space, relates both of them. Conceptually, we separate “time sys-
tems” and “time scales,” distinguishing between the concept and its realization. Here, we introduce
the relations between the main five time systems, and we present which time system leads stan-
dard time scales such as International Atomic Time, Universal Coordinated Time, and Japan Stan-
dard Time as generated by National Institute of Information and Communications Technology
(NICT). We then show how these standard time scales relate in a hierarchy of the uncertainty that
each time scale realizes.
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* 1 EERRFE TAI
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de I'Heure) N RFHFETIC &K W) EBRNGIZERZRE LR ICETH S
[18], TAI (& 1971 D% 14 OEKBEEE S CGPM T, PO &L D
[CEERSN. [TAl L IFEBEAIRDOBEA THIWDERICEDILDIC
BEINESHREBORFHSTORTFHLUCEDINT. BHICEK>
THILENICRRBIRDOERTH 2 [1].] DF . TAI [FTHRDEHD
RS DR FISIEIDEMIC K. SIRZEERT DI BIHI[CK>
THITINB/HREVND T E, THIC, BUHZEZSEL T, 1980 &[T
TALIF [TAlF, BEERd 2V A A RETEIRSIND SIBEEHEE DEAL
EUfe, HDEERERTERSN D EFROBRY THhd.] LIEIEEN
fz [6].
*2 HEMFRE UTC
EREREESESEGEE ZT 9 — ITU-R (International Telecommu-
nication Union - Radio communication Sector) )& ITU-R TF460 (Cd
WT. UTC [FFEED LS ICEEINTWSD, [UTC [ BIPM A'IERS D
BAICKUHIF T BHRTH Y., REFRRENURBESOHIEOE
WEBRITHDTHD. UTC DFHEFEBICTAI E—HBLTWLDH, &
HIZIFTRIZ>TWVWD, UTC (F UTT ™ SR —BE B3 eH(C
1TRREFEA. BDVIFHIER (EHDWVWFEDS 2 OW) THHEEET
3 [19].] CDENEZERT 1972 F(CIRED UTC HRI— KUz, 5
SHWIAEF, UTC & UT1 DEFZIZEN 0.9 LIAICINE B K S ITIEIEES
NTHY. 1972 FICEBASNTLERINE TINEDHDRAETH S,
ZDXDIC, BHEFFERTHD TATH U, UTC (FEFFTS 2 SHAEAL
HDVIFHBRE N2 NEFRFER CTH Do
*3 BREFET
& 2 BFZDRAEDHER I E = EEHIZERNN OKD. 322 DKE
DABEZRUCKAREBZED. TD—HT. KEUBEZEHAL. =D
AIBREMRZANT, BORNAUZHBET 2 & TRRAZEET 2 [20],
ZDK D BERAEBDIEHES BN EERE. 1956 £F(C CGPM TET [CKD
W (ETH) OEFZN[19004F 1 B0 1285 ET (CBIFDHEBD 1 K5
D 1/31 556 925.9747] EFEFRS NIz, 1967 FIC “Cs RFICK>T
MHBERINEBRICIE. FILLRGFETRE—HTDLIICEDSN
feo
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THERE RO TAI R UTC. BIPM #iEkEF (TT (BIPMxx) )
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o 5 D0 time system D%

1970 AE A AH 1 B ER &2 B D A 72 RAKIE A3 I
LIG® ., HERE NG ORRNOE L& 2 D L)
HE U7, T2 TIE, KEGRE R TCB (Barycen-
tric Coordinate Time) & -0 JEIEEE TCG (Geocentric
Coordinate Time). KFs-% /152K TDB (Barycentric
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TCB (& KBz % O O 2 22 [ A 0 JF5 S % F5:2 KB
% H O AE R BRS (solar system Barycentric Refer-
ence System) D FFHER Ty Kb R RAKDEB) 72 &
KB RMNIZ BT 5B % Glak 3 5 ) Ch 5. Kby
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TCG I ZEMEEF T L L CHEROELETRHT S
iU R GRS (Geocentric Reference System) O
M C. W EOEBRELHEROF Y % [0 5 N LR
DEH) 2 EMERIEOEB LR T AN FRTH S,
TCG IZHERD FF LI L TV 2 IR 2 BERT O B A
i S HIERE HOBENGOHELRWIERE LTE
FINDo HMEOREIZL D TCG ik TCB 12~
Ty KEBERFELIIAT 2 EROEED G721 B, X
5IZHIERIC B B Ko o K2 RIKDE 35045
PETENS, HERIIREORE D 2 1 3I3MEMES) L T
5728, Kb RO 2 HIERO AL 1L — 5 TlX
Vv, 7o, HIERE MO KERRAE L OBEDZEAIZ
JB U T, HERANK U A E )05 S b R & 12 E
BNCZALS B0 & OFEAUIER I B 2 s & B
W72 BT s . 2 DN O 72 B ORI
1316 ms FRETH 505, BRI HBIT 200K X
SWIHSZN 13msBETHL72H, TOFTFET
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1884 FE(KET VY M TS NI HROIZER #1735 2 EE
FHiREE CERNEER ICIRA S NIERIE (EFHS 1 Bh'aE
DR THDI v IEHEE GMT (Greenwich Mean Time) &, &
s (EF (D 1285) h5 1 BYIBE2ER) [THE—9 BEE(CED
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BRGETH D, KFREAGEDOFFREED SRDFFIFBEESE T
Z1BETRERTH D, HIRONGIENBHINECTHD & F
feNERENE & BEEMBV TS C EICHET 2ABROERES T
YL UEBREFEABEEWDS, BEE LTS, REICE
BEDFFRBBEN SRDFFRBBEF CZ 1HETDEEFZE(C
Y KRIGIFARDH TS [21], BEREF ET LIFHFH D EFHRERIFBE
MENTUVRWLD, HESOHRDERIFFHARZED 1/86 400 EWLVS T
ElT3D, UTICIE. FHEBERD SEERD EHIRDIB A B A EEE
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BREDImBES FMHIE UREE SO ZEEE Ue UT1 PEEREZSDIE
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HPRLSNTWVS [3].
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Wb, BETIX, SBELRETRFNIED TN
TT #EREICBHRTEL LI Rl TD720,
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O THETIIF PO 400 BLLE D O TEFE S
ML Twb, EAL 139O M EH L 2R % KD
LR TH S BIPM &, P O—R B O R
BAE#E|Z X % EAL OB ERHliz £, ¥4 A FET
EFD SIFEZREE L 2RRI27% 5 X9 IZEMEBRIE
#LTCTAIZHEL TV A, ZEiEE L COET-HE
IZBWTHREITEITA- . oM EERIZEEIC
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FHL T b, Ik BEFEY L RIOE - 72BE O
HDIRARBEANZ X 2 HLilgs 12 BV R ICEFR] T
Holizo, BEICBWTHIMAERUTI™ Lodh
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UTC # 4 L TWwh,
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2 RERROERTTE

AECTHHT2DRMETH L, 2T, £HEITHE
ROEFREIZFMHT A% LT, UTC 2 ERE L L
T — 7 )VIZHUR L 72 H#ERE UTC (k) (k7 13 H8 B 4 0
BERR) 2 AL TV %o ERCHIRICERM 20t 0 137
WS, B oE kM Z H 4 CCDS (Comité Consultatif
pour la Définition de la Seconde) #5115 (CCDS1993) (2
I, UTC & 100 ns N TRIEAST A Z AL F L
WEENTWAS 6l UTC(NICT) 122 < JST 122
WTIABER 2SRV X720, ZHEEIE
UTC(k) L HROZEFRETDO 5 HZ & ORZIZET —
% KO8 GPS time & %% UTC (k) DR 5 — ¥ SOk
- BWEE) v 7 Oo1E#HR A BIPM I8t L Tw %,
:ﬂ%@T—?biU GPS 7 L& #EH L T UTC(k)
B OFZ AT REIC 2 1) . & 5124 UTC (k) B O
G i L CHE S 0 4 C o JE IR o0 BRI 1
L REE 72 B BIPM 13 & OE T HEF O Ik 7 — %
%3\ EAL R OVUTC #5145 L. H#k Circular T N
THIHD® 5 HBED UTC — UTC(k) % £ & o T
3 % (Circular T 2> 5 O HHI[9] % X 3 1 ’/?@")
UTC WFIEFIZHETH S [10] 720, T TIE—R KL
TR e R FR S LtTMﬁALﬂ@% E) O
ﬁJ%J:iféé IHE AT Db T Wi, 2012460 9 A PLRTE
T2 H OREND - 7225, ZNLIKEE 2016 4 11 A
M5 2017 4 4 A OFAEM % B ST IIED) - 720 T2

CIRCULAR T 372 ISSN 1143-1393
2019 JANUARY 10, 10h UTC
BUREAU INTERNATIONAL DES POIDS ET MESURES
THE INTERGOVERNMENTAL ORGANIZATION ESTABLISHED BY THE METRE CONVENTION
PAVILLON DE BRETEUIL F-92312 SEVRES CEDEX TEL. +33 1 45 07 70 70 tai@bipm. org
The contents of the sections of BIPM Circular T are fully described in the document “Explanatory supplement to BIPM Circular T”
available at ftp://ftp2. bipm. org/pub/tai/publication/notes/explanatory_supplement_v0. 2. pdf
1 - Difference between UTC and its local reallzations UTC (k) and corresponding uncertainties.
From 2017 January 1, Oh UTC, TAI-UTC = 37

Date 2018 Oh UTC NOV 27 DEC 2 DEC 7 DEC 12 DEC 17 DEC 22 DEC 27 Uncertainty/ns Notes

MJD 58449 58454 58459 58464 58469 58474 58479 uA uB u
Laboratory k [UTC-UTC (k) 1/ns
AOS  (Borowiec) -5.4 -5.2 -4.6 -3.5 -2.8 -2.5 -2.5 0.4 42 42
APL  (Laurel) 3.6 1.5 4.2 4.1 2.8 2.8 3.4 0.4 11.3 11.3
AUS  (Sydney) -54.9 -48.5 -44. 4 -41.6 -37.9 -47.4 -21.1 0.4 6.5 6.5
BEV  (Wien) 1.5 -9.0 -14.9 -18.7 —29.0 -23.7 -22.7 0.4 32 32
BIM (Sofiya) B = B = = -
BIRM (Bei jing) 5.8 5.0 = 4.7 3. 1 1.6 1.7 0.5 32 32
BOM  (Skopje) -1150.4 -1178.5 -1207.7 -1227.1 -1255.1 -1289.7 -1311.8 1.5 83 84
BY  (Minsk) -0 0.6 -0. 0.5 -0.3 0.0 -0.1 1.5 12.2 12.3
CAO (Cagliari) -8150.1 -8255.9 -8358.7 -8455.8 -8566.0 -8672.1 -8771.8 1.5 20.0 20.1
CH  (Bern-Wabern) -3.0 -3.1 -2.8 -2.2 -2.8 -3.2 -3.8 0.5 22 23
MASM (Bayanzurkh) -81.6 -102.0 -119.7 -146.8 -159.2 -182.7 -196.8 0.7 20.0 20.0
MBM  (Podgor ica) - . - - . - -
MIKE (Espoo) 6.1 6.3 7.0 i 6.2 4.2 2.1 0.4 46 4.6
MKEH (Budapest) -3888.4 -4100.4 -4327.5 -4544.7 -4757.4 -4982.8 -5216.8 1.5 20.0 20.1
MSL  (Lower Hutt) 437.6 439. 1 410.2 393.0 369.7 349.1 333.6 1.5 20.0 20.1
MTC  (Makkah) B = = = = = =
NAO  (Mizusawa) -304.4 -311.2 -319.0 -320.1 -325.8 -336.4 -343.0 2.0 20.0 20.1
NICT (Tokyo) 1.1 13.7 15.8 15.4 14.9 14.5 12.2 0.4 1.8 1.8
NIM  (Beijing) 2.0 1.1 1.1 0.9 0.7 0.4 0.2 0.4 1.8 1.8
NIMB (Bucharest) 4045.4 4098.6 4149.8 4196.4 4246.9 4296.5 4343.6 0.5 7.5 1.5

3 BIPM ® 2019 & 1 BDA$R Circular T 372 h S D3k#E: [9]

2019 11 BFRNS 12 ARFTO 30 BRID UTC & UTC (k) DBSIZE (84113 ns) h'sReE
—RR O TREREIREEIC K BFHIICE DV 2 20D 30 HED TAI BORIEBEDRSES

TNTWVD. TITEFEELTLZA, Circular TICIE.
N3,
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722019 FFLIREIX 2, 4. 6 H&E 20 H T L IZFRED 7
SNTW5b,

TAI KR IEDOREFIZ R A ICFFM S b 25, KIZHEH
O TAIBRSIH 2L TN Tw/ze LTH TAIOM
FlEx Mo THBIFIZ L 2\ F72 TAI OB EMEE
Ex MR T 20 BMAMIE TRV 20720
TAI DHBEOTILHRBEVTEL I BEHE LT
T W Be FNICH L BIPM X, L0 SIFICAIL
7zW5% & L C BIPM HiEkE: TT (BIPMxx) b #ii5 L T
Wh (Cxx" EEHEICHEH L7227 — 7 ORFEAEDT 2
#io 2016 4E £ T 7 — # |2 X % BIPM # Bk EF 1
TT(BIPM16)), Z#ui. B4 1 HEIZHIGEE TO—
WO R SE W BIEREZ X 5 TAI D ORIERERE 7 4
WCTAIZMBIE L 2R CTdH %o BIPM 12 & 1Lid,
[TT(BIPM)is a realization of Terrestrial Time as
defined by the International Astronomical Union|[11]
LR EINTED . ZOEERRIL, BRLHEOKERT
EH B0 Bex OFF B LRKBOFEM & T k%
ffio THGMmELFE L, ZOREETRA DY 1555
b ST ICHI L 7z Tl 2 G G BRARAY 22 B SR &0 )
CEIIhD, FOD, ITAEEHIHEE L 72U
e ST P2 3D < R Gl B9 %50 %2 (NICT
O Sr e T EF NICT-Srl o #fh ok & 9% B0l 52 12 2w
TIESCHL [12]) R°. BEzEM OB R 2 B2 e T
HEHEND I )RV — o ERAFH [13]). B L 72
KSR 72 R (NICT-Srl (230 < ks e e R AR e 1
DV TIISCRK [14][15) % FFAfi§ 2 BiZe &, AEEASEK
SNBHEMBEMIZEICFIH SN TV S,

THERERIL, BURBEOBE s O UTOREL 2 L
TWwh,

A. BIPM #i3k# TT (BIPMxx)

— KRB O R R 12 X B TAL B ORIE T —
¥ % 7 VIZIERA LT, BIPM 281 412 1 EEHT 5 1E
e e A HE R R, 2012 4E 20 & I3 AFEAD 13 2 X 10" F2
£ [16]c FAZZEAT HAICFIH &b,

B. EIFBSE B TAL B et itE: UTC

TG 2 & S48 L 725 F-R5H T — # % F\W» T BIPM
R AR T 5 EIBE 2 AR R, 2013 4R LLFEOAS
B S0 2 x 10" LUF [16]e UTC 1345 [ oo 2 e e o>
FAEL LTRSS,

C. ¥R k 3t pl 3 2 1 #ER R UTC (k)

FAEBAE O THRR T A UTC 2 HUR L 725G
FOEREE R, FRARE SN, EXlhsoiigs
o> TWwho UTCINICT) O¥a1d. AN X134 %
10" F2F (9],

COWIALET O, K. FE, lAORFT
DEERTH Y . TORNENSIIFEA TH S,

8 THIRBEMFHIBFAZTIRE Vol. 65 No. 2 (2019)

Q HEHE

PURTCHAEERE R X, MRS 2R TH % “refer-
ence system” & TN & HIRT 5 “reference frame” |2
SHEEIN D, FRIZ, FEEEERORREG Th 5 R
X, AR 7% “time system” & Z N & BIR L 72 “time
scale” IZXBIE N5 AR TIL, VUIRITCIHZZHIER %
S L. AR S TW 5 time system T %
TCB, TGC, TDB, TDT, TT oFA# N L7z ZF L
THAAEDOERFR TT %212 L 72 time scale TH %
TT (BIPMxx), TAI & I° UTC, UTC (k) DBURFEE 12
OB ZRL 72,

LAFOTEHBEFEORRIAHE S L <\ BEIZBUE
DOSIBEBRT LYYy AEFEEOMRE L EET
52 EDVHLNII ko TET TN EZITEEE RS
7z H 4% CIPM (Comité International des Poids et
Mesures) 42 T DR - J&# EF M Z H 2 CCTF (Co-
mité Consultatif du Temps et des Fréquences) *® ¢
3. BV ADOY A 7 aEERD> S, SRR EE
FEHS LT NDDETONFERIZIED S TORH
EFREBET L TWA[17], 2018 FEFIZFAME S N2 5
26 [0] [E [ B & i 48 2 CGPM (Conférence Générale
des Poids et Mesures) *? 128\ T, SI EARHATD 9 &,
FUTTL, TUYRT, FIVEY, ELD4DDHLL
WHER SN, B20194F5 H 20 HIZZER L2 & ik
RETEICHT L (11 Aid oy ST FEARBALIZ R THE
HWICEWHEETERTIIRL TS ) 2, STER
BAZOIZ L A SRR - FBREICBRA T 6 Tn 3
ZEMH, HEM - FEE R SRR O L
TWbEFRb. ZLTH. COERPEITEHEEIZ
BURTEREFRANEEDLILLTVD, TOH LW
TEFNZFED W BB HER R OBUR T ERAHMERIZ O W
Tld, SHREABNIIHRESNE Z LI R 27259,

*8 EREEHZRER CIPM & TNDHR - BRHEEMZER CCTF
CIPM [F X — MUEHICE D BB ZT D T2 shDEITHIE, CGPM*
TEBEINICRA 18 ZOZENSERIN. BFEORGZER D, AT
BAUOHFRFE—ZRET D &N FERES [26]. CIPM (FIEEDRE
BIIHWUTI0BEOBEZERN S5 D. HE - AERNEHEZES
CCTFFZD 35DV EDT. FIBHHDERDIEHDBHEER
CCDS, BMZERICIF. BHTZNBFCHEBENICITONSEBZHE
U. CIPM [CEfIICRIT 2 ENSZIRE T 2EEN B S [26].
*9 EEEEEHRS CGPM
A= RMUVENLNBEOBFRENSRY. 4FTEICREER
D [26], B< T 2026 40 CGPM TORFBNEESNTVIHDEE
RICDOWTIF, F9. CCTF TTHOREMESI AT INED X T,
CIPM [CBIEZ1TL), &BIC CIPM h'EiEZH LIz S5 X T, CGPM TR
BN,
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