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Time on the Moon

Space organizations are starting to consider how to keep time on the Moon, which is a major
undertaking necessary to underpin the growing number of lunar missions and settlements planned for
the coming decades. Currently, NASA and ESA are planning to install satellite navigation systems to
support the communication and navigation processes required for reliable and accurate real-time
positioning. To maximize interoperability and facilitate cross-organizational endeavours, these systems
should employ the same timescale. An internationally accepred lunar reference time would set a
common framework for all lunar systems and users. Nevertheless, stable timekeeping on the Moon
raises technical issues. Due to the different gravitational field, a clock on the Moon will not tick at the

same rhythm as on the Earth; therefore, even the most perfectly synchronized clocks would quickly gain

a considerable offset. This raises the necessity to settle aspects such as:

+ Should lunar time be set on an independent basis, or should it be regularly synchronized with the
utc?

+ Should the atomic clock on the lunar surface or in orbit be the reference time scale ?

« How can clocks on the Moon be measured and converted into UTC in order to be compared with
clocks on Earth ?

In its role as responsible for the realization and dissemination of the UTC and for the definition of
measurement units and reference time scales, the BIPM was invited to join the international forum
discussing this topic, together with the International Astronomical Union which fixes the conventional
reference frames.

It is very important thar we discuss and decide together with all involved countries and
international organizations the best way to define time on the Moon. The BIPM is glad to
contribute to the current exchanges and considers this a crucial step toward's ensuring that the
future Moon time keeping is recognized and used by oll parties.

QUOTE FROM DR. PATRIZIA TAVELLA, DIRECTOR OF THE BIPM TIME DEPARTMENT

= What time is it on the Moon ?
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https://www.bipm.org/en/-/2023-05-22-moon-time
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Resolution on the establishment of a coordlnated lunar time standard by international

agreement

Considering

1. thatthe time coordinate of a reference system is
designated by a coordinate time, which in the terminology
of General Relativity, is not given by any real clock,

2. thatincreased robotic and human activity on the Moon in
the near future requires a practical lunar reference time
scale, internationally recognized, and that is suitable as
the basis for scientific measurements there,

3. 3.that Coordinated Universal Time (UTC), as established

by the Bureau International des Poids et Mesures (BIPM)
based on international collaboration and coordination, has
been a successful worldwide reference time scale for
operational systems in the near-Earth environment,
Recommends
1. the relationships between the possible versions of a lunar
reference time scale and other time scales, in particular a
lunar coordinate time and UTC, are pursued in collaborative
agreement among the relevant international organizations.
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Artemis II: First humans - -

to orbit the Moon in the
21st century

Artemis I: First human
spacecraft to the Moon
~inthe 21st century

Artemis Support
Mission: First
high-power
Solar Electric
Propulsion (SEP)
system

" Artemis Support
- Mission: First

pressurized
module delivered
to Gateway

Artemis Support

Mission: Human
Landing System
delivered to
Gateway ,

#77 " ArtemisII:

Crewed mission
to Gateway and
lunar surface
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10.Altemi X(2035): HEINAD
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- Commercial Lunar Payload Services
«C= - GLPS-delivered science and technalogy payloads

N

Humans on the Moon - 21st Century
First crew leverages infrastructure
left behind by previous missions

Large-Scale Cargo Lander
- Increased capabilities for science
and technology payloads

Early South Pole Mission(s)

- First robotic landing on eventual human Junar
return and In-Sity Resource Utilization (ISRU) site

- First ground truth of polar crater volatiles

H BiWikipedia & Y https://en.wikipedia.org/wiki/Artemis_program



sEEORZEASTE. Lunar Gatewayiqd &

Lunar Gateway: KE7)L7Z XETEIDO—EE LT, CSA (7F%4) . ESA. JAXA, MBRSC
(Mohammed Bin Rashid Space Centre : R/\-1)HM7 L/‘CL %9 DAREEEE FDEE/\T,

2027F CANMSFT B EITHIEE DT IE,

Lunar Net:ESA,NASAQM A L. B &tk :
@5_ QIJ = 0%1 5["/_\3_5(&7]\ EJ-LL { ‘ ) Sy Relay Satellite '//éév\) User

REVCABROTES -3 26T - &/ ‘ g
Do .

BRI : Moonlight initiative :5EMAEIENE T al N
ExFEorARNOFES—>2 3> Ay |
AT 7

hE : EESTE(Chang’e program) : $E ok . (aw LUI\CINEf & DTN
AR, B LINUS—>
(2020) 72 & i ) e

1> R :#HBMAAEREBEF v+ RTV7—>3 Eaa % siach et zASA :*wok B e ke =
SEMERIN2023), 2040 TICE B e
AH E}%ﬁ%%‘l‘@ e e e . i -

B : ZILTZAETEADOSH, SEAM
O—/\DORFRE

H B Wikipedia & Y
https://www.esa.int/Applications/Connectivity_and_Secure_Communications/Moonlight



HEKDERF R

dTCG 1+ 6.969290134 x 10-10
dTT

HEkELD DS R

TT (Terrestrial Time): SHAL—E)—EPIRFER, TCGEZAA ROENNT> v+ BERE D
(TR —U > Uz, BRI UTERLE USRS,  TAI (ERRREFETemps Atomique
International) :TTM3xEHRE. UTC (IHEEFEFCoordinated Universal Time)

TCG(Geocentric Coordinate Time): HiEkF/OMCxT U CaRIE LTS (MIEKDENDDREZENTRVY) BFETD
PEFRES

FEIR3R & PRiRES

Bk DR ERE#ERREE 3R : GCRS(Geocentric Celestial Refence System) ©Xiihd 2R ERF(ITCG

KB FRE OKREREERIER  BCRS(Barycentric Celestial Reference System)&Xitit: 9 D EEZERF(ETCB
(Barycentric Coordinate Time) &EJ/z(d& TDB(Barycentric Dynamical Time)

Z;‘gi ~1+1.550519768 x 10-8
IERS Conventions 20104& D




[ HUBRDEFR 1 EHDER

dt . GMggrin

dt rc?

1. HTIl&. UTC&LND58.7us/dayR <ED
2. thEk—RAIEE#(I4.25km ($912%)IZEZH)

ERSY NS

STDOSEECEHT D

TCL(Lunarcentric Coordinate Time)(CX/&9 DIHFh

Clock rate w.rt. TT {U!cz—{wc)zfz +Lg) [s/s]

6.90x10°10

6.80x10°10 |

6.70x10710 |

6.60x10°10 |

6.50x10°10 |

6.40x10°10 |

6.30x10°10

\(\I\m:k rate around the Moon

41 59.0
58.0
4 57.0
1 56.0
TL(2) (X D5
41 55.0
R .0. I_IunlarFl’m?ntliall —

-109-8-7654-3-2-10123456 748910

Ditance from Lunar center [Ryoon radius 4

Clock rate w.rt. TT [us/day]



IREZE SN TL\AB3 DOAEERFR(ME

(realized by TAI/UTC)
TT
e, TL3)
GCRS \
TCG

N TLHR)

f \';."g;’“ i

()TCLZ DM D, => TT&IIE6.7 x 10710 (58us/day~1#/508) DL — bHhidB,

(2)TCLZ3 x 10711128 (AEDOEENRT>SvIL) Ro—UTJUTEDS, AELIC
BU\ERFETOSHE=> TT&(F6.5 x 1071 (56us/day~1#/50%F) DL — b

()TTEDENERRIBEDH ERDEIDICRT—ILRARBUIEERZEDS, =>Hikk
TERIUEFE, AREICEVDERETE 6.4 x 10710/ E FHREURIFTNIERSTRL, s




KA - 38, INFTICHEECLCLWDIERRRE

1) TCL (HHDEFR)
- NS ZAREICEBIAAUILIES. L— hE 2us/d =23 x 107 1s/s iEUD B,
« TCL-TTD (HhEk FDBFR(CHX D) L— b 58us/d =6.7 x 107 1% /s (1#/5 0 F)H'H D,
« IAG,JAUTTEZNEATED. ESASEHEFHEDHERE & U TERADEM
« REVPEEFHDRAT—U>2T GFRDstET> VL) BARE
2) TL (HoOE#XRM)
TL-TTD (MEK EDIFHEI(CxT D) L — b56us/d =6.5x 107%s/ss (1#/5 0FE)H'H D,

NASADHER DEA]
HUWRT—USTERL, = 3 x 101 ZEBADEHEE/(SA—FCMPREN(1-L,)BRIDEIER LR
Do

3) TL* (TTERAUL—R)
FTUWRT—UZITTERL; = 6.7 x 1070 ZEADEHEE/ S A—FICGMPEIN(1- LIEERDIBIERELRD
- TDMDER

ns fFBE Ttttk (UTC)ERAIEEAL 9 31%E. LWI NDOptionDiFEE. RIHACIFZHEEEDIEE (HHXT R
) 4 DEAZRZEHR) DE,
REFTEFRORARALFEET O 10 MIHEMMEKDOGNSSEHEES T2 T CHERERETD I EZEE



5E 1SR (C Lo CABANRES. Ao DX
I aRRoBa s, c?

AmLET. Hd)“é&r%‘ﬁhf WREIDEBES. K TR R
FERN20nsIEEEDS ., TDZEL. EBﬁZnsir'zr | ERSE

dunl

Different of time simultaneity on the Moon

21.00

20.50 |

20.00 |

£ 1950 |
AHEBTOREEAD 2 DA ~ 4
(A,B)IE. Bk SR3EmIT UE 19.00 |
ElSEaEvA{AN

18.50 j

18.00 at dlstance of thmn(woo km) on the moon

OlJan. Dl M ar. Dl May. 01Jul. DlS ep. Dl Nov. 0lJan.
2024 2024 2024 2024 2024 2024 2025




HAEFZRICDULT @ B - =8 - THERSMROSEEEE

AREREEZFE UERDGNSS (CEEU U EAIE - B - FES—2 3> D3 X
FIMBEOFTEN, JFEDOFEERE CEHBEISIESH SN TLND, TDRRICHERT
BDEBRNICHBEBRABRZER S dINENSH D, BIPM (EERE=%S)CCTF(BFE
RIEHGEEEZEER)E U T, MEROTTUTCE RO ML —HBEUFT s BER U

WERIGFRZ ROV, €T C. FEER. A, XX S 4 (CRIZEEE| - 5

HAFEOE =MD, EXUWVWARRICDWTCOERZFEVZLY,

(e — I
JIFR(CDOWVWNTD7>To— b
Question)fFED ANFHDOFEHERDER S, F/-EHR7-OINFE TOGNSSEE - HIE4L EDREERICE DL T,

PEZALIEIV, ABRDIDDFERED > BbDEND 1 DZHE - ZEHT 2EH (FIR. 7136
) 1 FHYFEFTH? ZDIEH. BEHAIRRZEFELLI L,

/T

A% -
585G : Pascale Defraigne (p.defraigne@oma.be) B8P & (sekido@nict.go.jp)
K wot)y © 118148 ()

/




3DDIEFXRDIEBEWNCDNT THDI(IC<L]  TEREBULTIELL] RECEESH DX USROS
ETUEIDTERE ( sekido@nict.go.jp ) ETITHEHEL =V, CIHRBRWNZEE, 720 — MNIO&EZ
S BHEWEREEEXITIOSBFENNEUET,

/~ BIPM Lunar Time Workshop®Z %A N

https://www.bipm.org/en/committees/cc/cctf/wg/cctf-tgmt/2025-11-18
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Moon: Distance & Clock rate wert. TT
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Moon: Distance & Clock rate wert. TT
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Moon Orbit in 2024
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This program, supported by up to 5 billion yen (US$32.5 million) over four years, tasks ArkEdge Space with

developing a 100 kg class micro-satellite, developing crucial technology including the:
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