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Fig.5.3. (a) Atorque of variable magnitude but constant direction is exerted by the
Sun on the spinning Earth as it moves around its orbit. (b) A section through the
inclined Earth in a plane normal to the ecliptic that includes the direction to the Sun,
showing how the solar torque arises from unequal gravitational attraction on the

equatorial bulge.
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Fig.54. () Precessional motion of the rotation axis about the pole to the ecliptic,

on which nutation of the axis is superposed. (b) Incremental displacements of the
angular momentum vector define the surface of a cone whose axis is the pole to the
ecliptic. After Lowrie (2007).
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TTHCBMA B ACTPOHOMHYECKHH )KYPHAJL, 2009, mox 35, N4, ¢.304-311

KOJIeOAHHSIMH HeGeCHOro [Ip()Mt‘)Ky'l"()‘lll()l'() noJioca

VIIK 521.933

JIMHAMMKA 3EMHOTO SI1PA 110 JAHHBIM PC}lB-HAB.ﬂlOD,EHHﬁ..

© 2009 r. B. C. I'y6anos”

HHemumym npukaaorol acmporomuu PAH, Cankm-ITemep6ype
Iocrynnaa 8 peaakivio 06.06.2008 r.

Bpauenne 3eman conpoBoxaaeTcs CBOGOAHBIMH OJIH3CYTOUHBIMH KOJICGAHHSIMH €€ JKH/IKOTO sApd BO
it MaHTHH, KOTOPBIE BO3MYLILAIOT KHHETHUECKHH MOMEHT Beeit 3emiH | Co3AaT
10 HYTAUMIO HEOECHOTO M0JI0Ca, HA3LIBACMYIO Free Core Nutation (FCN).
HAHCLI B cym'uu.n NpHAHBAX HB |)2|.£Jl()}K(‘I|H7l.\ lH-H!y»(.'lCllH()ﬂ JIyHHO"
ee uayuenue, 0COOEHHO YTOUHEHHE TepHod FCN, uMeer npHHLHNHAILHO
s, B nacrosiueit pa6ore napamerpsl FCN onpeaesenibl #3
COBMECTHOI'O aHalusa [IJII\H()(H'Cl()HlllHX psaos K(\()Il_'llllléll HeGeCHOro noJioca, noayyeHHbix H3 CBOMOi
06PAGOTKH AAHHBIX HAGJIONCHHI METOOM panmonnTepdepo ViH CO CBEPX/UIMHHBIMH Ga3amMu (PCJIB)
A RIOGANLHBIX cetsix CTatimil 3a neproa 1984.0—2008.4 rr. MexyHapoaHbivk cayx6amn [ERS (In-
ternational Earth Rotation and Reference System Service, Ilapux, dpanuws) u NEOS (U.S. National
Earth Orientation Service, Baumurron, CIIA). [TpuMeHeHHe CKOL3AIEro (huALTPa METO/Ia HAHMEHDIUIMX
kazpatos (COMHK) K 3THM faHHBIM N10KA34J10, HTO Cpece 33 yKa3aHHbI HHTEPBA) BPEMEHH 3HAYCHHE
IIL‘[PH(),‘lZi FCN CyIHL‘CT"CHlIU oTJiHyaercs 0T I'C(l'IL‘IH'I(‘CK()l'O, acee d)ﬂlia MEHAETCH B llllipoK"X Ilpl’;leﬂax.
MeTo/loM Cpejiieil KBaJpaTHIECKOH KOJMIOKALMH (CKK) noayuena nosas Gosiee TOUHasH CTOXaCTHYECKas!
moziean FCN, aHanua KoTopoi METooM of HOAIOLLEH NTO3BOJIHA OOHAPYKHTH JUIHTENLHBIC JIMHENHbIC TPEH/bE
¢)ﬂ.ild. YTO CTABUT 110JL COMHEHHE HE TOJLKO II‘)HHﬂT()C 3HAYEeHHe nepruoaa ICT\ HO H €ro yC'l’()ﬁ‘IHBOCTh, a
3HAYMT, U YCTOMUHBOCTb PE30OHAHCHBIX SGdeKTOB B JIYHHO-COIHEUHOR HyTalH 3eman.

BHYTPEHHEH NONOCTH HHKHE
JIOTOAHHTESBHYIO CBOGOAHY!
Dra HyTAUMsA BbI3LIBAET PE30
CONHEUHON HYTALHH, 1103TOMY
BAXKHOE 3HAUCHHE U5 TEOPUH Bpallens 3e

Karouesoie caosa: Bpauienie 3emin, coboiHas HyTalms sipa, PCJ1b-nabmonenus.

DYNAMICS OF THE EARTH’S CORE FROM VLBI OBSERVATIONS, by V. S. Gubanov. The
Earth’s rotation is accompanied by iree circadian oscillations of its liquid core in the inner cavity of the
lower mantle, which perturb the angular momentum of the entire Earth and produce an additional free
nutation of the celestial pole called Free Core Nutation (FCN). Since this nutation causes resonarnces
in the diurnal tides and in the expansions of luni—solar nutation, its study, especially an improvement
of the FCN period, is of fundamental importance for the theory of the Earth's rotation. In this paper,
the FCN parameters have been determined from a joint analysis of equidistant series of coordinates of
the celestial pole obtained from the combined processing of VLBI observations on global networks of
stations for the interval 1984.0—2008.4 by IERS (International Earth Rotation and Reference System
Service, Paris, France) and NEOS (National Earth Orientation Service, Washington, USA). Applying
a moving least-squares filter (MLSF) o these data has shown that the FCN period averaged over this time
interval difiers significantly from the theoretical one and its phase varies over a wide range. U ing the mean
quadratic collocation (MQC) method, we have obtained a new, more accurate stochastic FCN model. Iis
analysis by the envelope method has revealed long-term linear phase trends, calling into question not only
the adopted FCN period but also its stability and, hence, {he stability of the resonant eflects in the Earth’s
luni—solar nutation.

PACS numbers : 95.10.Jk; 95.75.Kk
Key words: Earth’s rotation, free core nutation, VLBI observations.

BBEJIEHHUE

Bpauienne 3emin CONpPOBOKAACTCS CBOGO/IHBIMH

“ AaekTponnbiil ajpec: gubanov@ipa.nw.ru
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(Celestial Intermediate Pole — CIP), Bbi3BaHHbIMA
JMHAMHKEN e KHIKOTO sipa. B npoekiy ia rebecs
nyio cohepy asixkenne CIP npoHEXoUT B 06paTHOM
HanpasacHuu (110 UacoBoi CTPEJIKE), 03TOMY B dib=
Helem GyJleM Ha3biBaTh ero “oGpaTHbIM” (Retrograde
Free Core Nutation — RFCN), a ero nep1oji CUnTath
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2. [ punsituii canyxGoit IERS nepuon RFCN| pas-
Hbli —430.2 cyt noayuen no PCJIb-nabnwonenusm 3a
1985—2000 rr. 1 He COOTBETCTBYET JaHHBLIM 3a BeCh
uareppa Habaonenni 1984—2008 rr.

3. Ilepenarounass ¢ynkuua (1) nocrpocna s
nepiona —430.2 ¢y, oAHaKO 1S ApYrHX [EPHOJIOB
RECN mM0xHO noJib30BaThCs ee Mojdukatmed (2).

4. B Hactosiuiee BpeMsi HEBO3MOXKHO YBEPCHHO
Ha3BATh MPHUHHY OCTAHOBKH H [epecTporHKH 1polecca
RECN, nockosbKy Mbl elle Majio 3HaeM O JIHHaMHKe
Henp 3emaid. Jlymaercs, uro 3Td siBJICHUS! CBsI3aHbl He
TOJILKO € 3JICKTPOMATHUTHLIM CLEILICHHEM JKHJIKOTO
QJIPpa H HUAKHEH MAHTHH, HO ¢ MaciuTaOHbIM OOMCHOM
BCLLLCCTBA MEK/lYy HUMH.
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Analysis of the Earth'’s Free Core Nutation Based on VLBI Observations Processing
R. M. Urunova, S. L. Kurdubov Communication

Transactions of 1A RAS, ssue 70, 50-55 (2024) Detection of a New Large Free Core Nutation Phase Jump

DOI: 10.32876/ApplAstron.70.50-55

Keywords: Free Core Nutation, Very Long Baseline Interferometry, earth orientation parameters

i About the paper = & Full text

Abstract

The goal of this research is to study changes in the corrections to the coordinates of Earth’s celestial pole for the period 1979 to 2022, as
observations. It is supposed that these changes can be described by an empirical model of the Earth’s free core nutation. The current mod
which corresponds to a period of approximately -430 days, with variable phase and amplitude. The disadvantage of this model is that it
within a Llimited observation interval on which they were originally based. Therefore, the decision was made to develop a new empirical n
predictions for any moment in time, regardless of the interval on which it was computed. The input data for this model consists of a serie!
of the celestial pole obtained after secondary processing of VLBI observations using the QUASAR software package.

During the research, spectral analysis was employed to extract the frequency characteristics of the changes in the celestial pole coordinat
of the carrections is uneven, the Lomba-Scargla periodogram was constructed for its analysis. The spectrum of the series obtained was col
uniform time series of the Earth Qrientation Parameters (EQP) of finals, as provided by International Earth Rotation and Reference System
analysis of a uniform series included the construction of a Fourier spectrum, which can only be applied to a uniform series. To make the c
uniform and uneven series correct, the Lomb-Scargle periodogram was constructed, since it is applicable in both cases. We considered the
spectrum of the beating that occurred when two harmanics were superimposed. To determine the frequencies and amplitudes of these ha
method was applied, and then the nonlinear least squares method was used to refine the calculated values. Next, we compared the result
accepted singlefrequency model having variable phase and amplitude. The Lambert model was used as such a model.

As a result, we derived an empirical model of the Earth’s free core nutation, which includes a set of coefficients calculated based on the pi
obtained are described by periods of -422 and —441 days. This model can be utilized to correct predicted correction series for the coordir

phase lag is commonly attributed to electromagnetic (EM) coupling between

31415 However, estimates of

the core and the electrically conducting lower mantle
mantle conductivity and radial magnetic field strength at the CMB suggest these
effects are insufficient®. We show that the missing dissipation arises naturally

from the excitation of internal waves in the fluid core by topographic features at

Zinovy Malkin *(, Santiago Belda >3 and Sadegh Modiri *

I Pulkovo Observatory, St. Petersburg 196140, Russia

2 University of Alicante VLBI Analysis Centre (UAVAC), University of Alicante, 03080 Alicante, Spain
3 Image Processing Laboratory (IPL}—Laboratory of Earth Observation (LEQ), University of Valencia,
46980 Valencia, Spain

Department Geodesy, Federal Agency for Cartography and Geodesy (BKG),

60322 Frankfurt am Main, Germany

Correspondence:malkin@gaoran.ru or zmalkin@zmalkin.com

Abstract: We announce the detection of a new large jump in the phase of the free core nutation (FCN).
This is only the second such large FCN phase jump in more than thirty years of FCN monitoring by
means of a very long baseline interferometry (VLBI) technique. The new event was revealed and
confirmed by analyzing two FCN models derived from a long-time series of VLBI observations. The
jump started in 2021 and is expected to last until the late fall of 2022. The amplitude of the phase jump
is expected to be approximately 3 rad, which is as much as 1.5 times larger than the first phase jump
in 1999-2000. A connection of the new FCN phase jump with the recent geomagnetic jerk started in
2020 is suggested.

Constraints on Earth’s Core-Mantle boundary from

nutation
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IRoyal Observatory of Belginm, 3 avenue circulaire, 1180 Brussels, Belgium
2Johns Hopkins University, 3400 North Charles Street, Baltimore, MD 21218, USA
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L. Zotov, Ch. Bizouard, C.K. Shum, Ch. Zhang, N. Sidorenkov, V. Yushkin, Analysis of Earth’s Polar
Motion and Length of Day Trends in Comparison with Estimates Using Second Degree Stokes

Coefficients from Satellite Gravimetry, Advances in Space Research, N69, 2022, pp. 308-318,
https://doi.org/10.1016/j.asr.2021.09.010
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Yem nHTepecHbl OTKJIOHEHMA BO BpaLLLeHUU 3eMu

OHM OTpaXKaloT reodusmyeckyto, KIMMaTUYECKYIO, OKEaHO/IOTMYECKYHO
06CTaHOBKY, HecyT MHGOPMALMIO O HeApPax NAaHeTbl, NOCPeACTBOM 06PaTHbIX
CBA3EN B/INAIOT HA AMHAMMUKY ee 060104eK

N3yyeHne NpuYnH Bapmaumnii NapameTpoB BpaLLeHMs 3eMIn U Ux
NPOrHO3MpoBaHWe — GpyHJaMeHTaibHAsA Hay4YHaA 3a/,a4a, CoNnpuKacatoLwanca c
BOMpPOCaMM reoae3nmn, KIMMaTonornm, reodbnsnkn, MatemaTmku, obopoHbl 1 ap.



[ne HeobxoAMMO Y4YUTbIBAaTb OTKIOHEHNA BO BPALWLEHUM 3eMaun

Mpw ocywecTsneHnmn
HaBUrauum no
cnyTHUKam GPS,
[TTOHACC, Beidou,
Galileo

Mpn BbINO/IHEHUM TOYHbIX Npwu
reogesmyeckmnx pabor c HaBeaeHUM
TOYHbIMU Npubopamm Te/lecKonos Ha
(c rpaBumeTpamm, fanbHue
permcTpaTtopamm NpuIMBOB, 06beKTbl
YK/IOHEHWIN OTBECHOW INHUM Kocmoca

YO/TnTt.n.)




CMHXpOHM3aLI,MFI dTOMHOTIO BpemMmeHn nog nasmeHeHmMA CKoOpoCTtn BpaLleHNA 3emnm

LLIkany BceMMUpHOro
aTOMHOr0O BpeMeHMU
UTC

Universal Time
Coordinated
noacTpanBsatoT

TakK, YToObI

pasnmume UT1-UTC
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Ha 37 cek.
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Limits of validity (at ©h UTC) TAI-UTC (MJID = Modified Julian Day)
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Latest estimates from mid-August confirm that the shortest days of
2025 fell around July 9, July 22, and August 5—but were not quite as
&\, - short as the shortest day of 2024. “It seems Earth has started to
tfimeanddate decelerate and the most extreme lengths of day have been left in 2024,”

News v World Clock v Time Zones v Calendar v Weather v Sun, Moon & Space v Timers v nDtESI Leonid Zotov

Home / News/ Astronomy News/ Earth Will Spin Unusually Quickly in July and August

Earth Will Spin Unusually Quickly in July and August

Year Date Length of Day (LOD)
Since 2020, Earth has notched up unprecedentedly short days midway through the year. It will he
again in 2025 around July 9, July 22, and August 5.
2025 July 9 -1.34 ms (to be confirmed)
%. By Graham Jones
Qf’ Published 16-Jun-2025. Changed 11-Jul-2025
2025 July 10 -1.37 ms (to be confirmed)
Ehe New York Eimes . )
il ELLE
BREAKING | INNOVATION > SCIENCE
Home Culture Culture News

Get Ready For The Shortest Day Since Records Earth Is Spinning Faster and Days Are oLy 1a, 2025

Getting Shorter, for Now
Began AS Earth Spins Faster The planet’s rotation fluctuates as it travels around the sun, and Earth (J USt H ad One Of The ShorteSt

.
5 . a1
) ‘ . o N —_— measurements suggest we're losing more than a millisecond D ays E\/e[’ And MO re Al”e ( omin g
By Jamie Carter, Senior Contributor. © An award-winning reporter writing ab... v ‘ Follow Author during the long days of summer.
Published Jun 20, 2025, 05:00am EDT, Updated Jun 21, 2025, 09:21am EDT We're in a spin
B Listen to this article - 4:56 min Lesm mors f sreretutarsoe A [] 0 CJu1
< Share [] save [E Comment 1 CAATNE iDE PR f‘ Ruby Feneley

TOPLINE & PRINT

Earth could be about to record its fastest-ever rotation. Since 2020, Earth has been rotating
faster than at any point since records began in 1973, with each successive year producing the

shortest day. Last year, the shortest day was recorded on July 5, and Earth is expected to get

close to this again on or close to July 9, July 22 and August 5, according to Timeanddate.com.

FORBES’ FEATURED VIDEO

3oT108 /1.B., CngopeHkos H., busyap K., TAULL 2026



JULY 31,2025 | 6 MIN READ

A Few Days This Summer Really Will Go by
Faster Than Usual. Here’s Why

As Earth spins through space, its rate of rotation changes. Here's why

BY MEGHAN BARTELS EDITED BY SARAH LEWIN FRASIER

by C. Bizouard

NASA's Goddard Space Flight Center
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Article https://doi.org/10.1038/s41561-022-01112-z

Multidecadal variation ofthe Earth’s
inner-corerotation

Received: 21 December 2021 ¥i Yang® & Xiaodong Song®

Accepted: 5 December 2022

Published online: 23 January 2023 Differential rotation of Earth’s inner core relative to the mantle is thought

to occur under the effects of the geodynamo on core dynamics and

) . ; ) . )
Check for updates gravitational core—mantle coupling. This rotation has been inferred from

temporal changes between repeated seismic waves that should traverse
the same path through the inner core. Here we analyse repeated seismic
waves from the early 1990s and show that all of the paths that previously
showed significant temporal changes have exhibited little change over
the past decade. 1 his globally consistent pattern suggests that inner-core
rotation has recently paused. We compared this recent pattern to the
Alaskan seismic records of South Sandwich Islands doublets going back to
1964 and it seems to be associated with a gradual turning-back of the inner
core as a part of an approximately seven-decade oscillation, with another
turning point inthe early 1970s. This multidecadal periodicity coincides
with changes in several other geophysical observations, especially the
length of day and magnetic field. These observations provide evidence for
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Fig.4 | Global temporal change of DF’s travel time (dt) and the comparison
with the ALOD. Note that the dtis proportional to the amount of the inner-core

— = Best-fitting dt scaled (6 global paths)

Yearly -ALOD scaled
==== §5-year -ALOD shifted 3.7 yrs (rightward) —

Best-fitting dt and 95% CI (SSI-COL)

1970 1980 1990 2000 2010 2020

Calendar year

(sw) qO1v-

MomeHT nHepummn
3emnu
8*1037 Kr m?

MomeHT nHepummn
BHYTpeHHero agpa
5,8*¥103%4 Kr m?2

N3meHeHUe
MOMEHTA UMNY/ibCa
BHYTPEHHero aapa
0.1° B rop,



M) Check for updates

ARTICLE

L= Bestdiltibind 0B R ANGIE ST SO FHA
. HY T R
opeN - TR |
Intradecadal variations in length of day and their % . N A
correspondence with geomagnetic jerks = of -\ B SR N IR TS R
5 Pl P
Pengshuo Duan® '™ & Chengli Huang® 2* - ~0.05 - i i : ¥ : |
Ll B HER T I 1 I
Earth's core oscillations and magnetic field inside the liquid outer core cannot be observed 1862 15;?[:' 15‘9:' 15‘5':' [:lc":' 3:;1 o 3:'2[:.
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directly from the surface, we can infer these information from the intradecadal variations in
Earth's rotation rate defined by length of day. However, the fine time-varying characteristics
as well as relevant mechanisms of the intradecadal variations are still unclear. Here we report
that the intradecadal variations present a significant 8.6-year harmonic component with an
unexpected increasing phenomenon, besides a 6-year decreasing cscillation. More impor-
tantly, we find that there is a very good correspondence between the extremes of the 8.6-
year oscillation with geomagnetic jerks. The fast equatorial waves with subdecadal periods

bn) Joos 2 ufit

propagating at Earth's core surface may explain the origin of this 8.6-year oscillation.
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A 70-Year Core-Driven Modulation of Earth Rotation and Its

Implications for the Leap Second

Zewen Zhang'?, Yuanwei Wu'? Xishun Li', Dang Yao!, Xuan Cheng’,
Xuhai Yang!, Shougang Zhang!
INational Time Service Center, Chinese Academy of Sciences, Xi’an 710600, China

2School of Astronomy and Space Science, University of Chinese Academy of Sciences, Beijing 100049, China
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Fig. 3 Comparisons of the recovered results and the original LOD
varations. In this figure, LOD data refers to the observed LOD data (from



Gyres, jetsand wavesin
the Earth’s core

Christopher C. Finlay®' -, Nicolas Gillet?, Julien Aubert?, Philip W. Livermore ®* & Dominique Jault®

Fig. 1] Observed core surface magnetic fleld and flow in 2020. a, Radial
magnetic field at the core surface, based on Swarm satellite data via the CHAOS-7
field model™ truncated at spherical harmonic degree 13, so only wavelengths
longer than 1,700 km are represented. Orange colours denote the field coming
radially out of the core, and blue colours denote the field coming into the

core. b, Rate of change (secular variation) of the radial magnetic field at the core
surface truncated at degree 17 (ref. 93) so only wavelengths longer than 1. 300 km

are represented. Orange colours now denote positive change in the radial field,
and blue colours denote negative change. ¢, Streamlines of the core surface

flow from the flow model of Gillet et al.” inferred from the CHAOS-7 field model.
Line thickness indicates speed. Flow direction is westward under the Atlantic
hemisphere. The core surface flow model shown in part ¢ provides an explanation
for the observed core surface magnetic field changes shownin partb.
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LOD (ms)
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Time (years)

-0.44
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Fig. 5| Observed changes inlength of day and predictions from core flows.
a, Millisecond scale observed change inlength of day (LOD) (red curve) and
predicted LOD change from a core flow model (blue curve)™ from 1900 to 2020.
Observed LOD data are derived from Very Long Baseline Interferometry data,
from the CO4 series'™, with estimated contributions from solid Earth tides
(viathe IERS 2000 model) and atmospheric angular momentum'” removed.
Blue envelope shows the spread in an ensemble of flow predictions™. b, Similar
to parta but for the period 1940-2020, and both observed and predicted data are
band-pass-filtered between 4.5 and 9 years to focus on interannual timescales.
Core flows inferred from geomagnetic observations account well for observed
LOD changes ondecadal and interannual timescales.



a Time-average 2000 to 2020
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o ©
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Fig. 2| The planetary gyre. a, Flow at the core surface, time averaged between
2000 and 2020 and truncated at degree 12, data from Gillet et al.’, looking down
from the northpole. Black streaks show flow tracers, and the colours show the
azimuthal flow component (blue is westwards). b, Cartoon of the planetary gyre
in the outer core. ¢, Azimuthal flow within the outer core looking down from

q 5 Earth's rotation

(- 1A uny) Ayooyan ey zy

the north pole, with data from the numerical simulation of Aubert and Gillet™,
d, Meridional section from the same simulation as in part ¢. Ribbons trace the
flow path of the eccentric gyre. The planetary gyre is the dominant pattern in
the core surface flow, and itis well reproduced in numerical simulations which
also provide insight into its possible 3D structure.

Nature Reviews Earth & Environment | Volume 4 | June 2023 | 377-392
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OcTarwTCcd BOIIPOCHI:

Ecnn nekagHble nameHeHnsa LOD obycnoBneHbl npoueccamm B SApe, YTO
Bbl3blBaeT M3MEHEeHUa nocneaHnx?

Ecnn npouecchbl B Aape MeaneHHble, NoYeMy NoTOKU BELLL,eCTBa MEHSAOTCS
3a ~20 net? KakoBbl cneacteuga ang CHA?

KoMnoHeHTa Macchl Unn ABMXeHnsa oTBeTCTBEHHA 3a ocobeHHocTu B YOI v
LOD? Mornu nm BmeLllaTbCa NPUIMBHbIE CUMbI ¢

Ecnn YaHgnepoBckoe konedaHue noaaepXxmBaeTcst USMeHEHUSAMMU
OKeaHW4yecKoro u aTlvloc%)epHoro YrmoBOro MOMeHTa, 4Yto 3actasuno YArll
ncuesHyTb B 1930s n 2020-e rr? CniyyanHo nu okeaH 1 atMmocdepa
nogencTeoBanu Tak, 4to YA 3aTyxno?

Kak 3TO MOXeT ObITb CBA3aHO C U3MEHEHUAMW KnnumaTa?
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N3meHeHusa ypoBHA mops ¢ 1993 no 2018 r
No CBOAHbLIM AAaHHbIM anNnbETUMETPUMN
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Fig.1|Changesinj,.a, Monthly variations in/,estimated from satellite
tracking®, with the trend to 1991 removed. The original values are in grey.
The bluelineis part of the correctlonapplied to w.: Zero before 1983.6,
from1983.6 to the end of the dataitis the values obtained by seasonal
adjustment and smoothing. The red curve Isa quadratic fitto the smoothed
and adjusted data, given by 0.128 = 10 *'¢*, where t Is years from 1985.9; the
blue line follows this after the end of the data. The greenline Isanalternate
version of /,(t) with no acceleration. b, The smoothed and adjusted estimates
after subtracting the quadratic fit, along with the standard error of the
Individual estimates of /,.
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A global timekeeping problem postponed by
global warming
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Meltingicedelays
leap-second problem

?0 .............................................................................................................................................................................................
Humans’ effecton the polar ice sheetsis slowing Earth'’s ;
rotation, posing challenges for its alignment with the official Negathe
time standard. Two researchers discuss the science behind the P P D N

slowdown and the impactit has on timekeeping. See p.333

Calculated difference between 1a and uti
owing to geophysical effects

== |ncluding accelerated melting

== Excluding accelerated melting

40 .........................................................................................................................................................................................
\ Difference between Tai and ute (including leap seconds)

The topic in brief

Time difference (s)
o
]

+ Timekeeping is determined by
ultraprecise devices called atomic

standard, and raising the possibility that
anunprecedented ‘negative’ leap second

Leap second ) : )
- . . . . . . : — Previously imposed adjustments
clﬂck_s., butitis alsoa I!gne(_i with Earth’s might soonberequired —adaunting R Possible future adjustments
rotation, mainly for historical reasons. prospectinaworldreliant on consistent Estimated adjustments without accelerated melting
. ) - = - 30 ooo{poroacasoay fpoocecoooo [poocooweo fpoeooono0 fpoooecog fpooooowos feoaonoms [poomoocos fjoocaomoos [prococesey fjooooacos fpeooomoog ffooocoog fjooroooocos fpooowao0og foocooms 1
Because the planet’s rate of rotation timekeeping. e e e " e TR S R

fluctuates, this alignment is maintained
with the occasional addition of ‘leap
seconds’ to the official time standard.

Agnew!reports that human-induced
melting of polar ice exerts a slowing
effect on Earth's rotation, effectively

Figure 1| Synchronizing the international time with Earth's rotation. Agnew' calculated the difference
between international atomic time (Ta1), which Is measured using ultraprecise quantum devices known as

atomic clocks, and universal time (ut1), which Is determined by Earth’s rotation. Tar, with the addition of
occaslonal ‘leap seconds’, defines coordinated universal time (utc), which is kept inalignment with uT1.
Earth’s current rate of rotation suggests that the first negative leap seconds might soon be necessary owing
toa combination of geophysical effects. Agnew’s calculation shows that accelerated melting of the polar ice
caps has delayed the need for these adjustments. (Adapted from Fig. 2d of ref. 1.)

« Now, Earth’s rotation seems to have
accelerated, outpacing the time

delaying adecision onthe need fora
negative leap second.




YTO MOXHO MOJIVYUTH 110 JAaHHBIM
GRACE/GFO:

n3meHeHuna C,, n nx snnaHue Ha LOD

nameHeHusi C,; S,; N UX BNUsSHNE Ha OBWXeHWe nontca
rMaponornyecknm MoMeHT nmnynsca HAM, KOMMNOHEHTY Macchl
* pEMMOHAanbHbIN BKagbl BO BpalleHne 3emMnu
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MHOroKaHanbHbIM CUHIYAAPHDbINA CNEKTPaNbHbIX aHANU3

1) [MapameTtp 3agepxku (nara) L MCCA-~ 06061eHrne MI'K

MHorokaHanbHbIV cUrHana

X= (X Xpeens Xy )

BKNaAblBAETCHA B TPAEKTOPHYO MaTpuuy X

2) SVD — cuHrynsipHoe pasnoxeHue maTpuubl

X=USV'

3) [InsA KaXaoro CUHryMsApHOro Y1cna S, BOCCTaHaBNMBaeTCs MaTpumua

1D-CCA — “T'ycenuna”

X'=suv',

N ycpegHeHnem BOonb noboyHblix gnaroHanen ('eHkennsaumen) BocCTaHaBNMMBaETCH
KOMMOHEHTa curHana

4) CxogHble curHanel rpynnupytotcs B [naBHble KomnoHeHThl (Principal Components)
PC1, PC2, PC3...
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Leap Second: How Chinese Dam Affects
Planet Rotation Speed

+400T
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Three Gorges Dam in China

https://www.hse.ru/en/news/research/1064488318.html|

Researchers predict that this summer, the planet may once again approach its maximum

rotation speed. The causes of this acceleration are not fully understood, and there is still

no definitive scientific explanation. Leonid Zotov, Professor at the School of Applied
Mathematics, MIEM HSE, notes that if, in the past, the so-called 'leap second’ was added
on New Year's Eve, then for the first time in history, the question has arisen about

whether it is time to subtract one.



Poct rnobanbHoM Temnepatypbl Ha 3emne 3a nocnegHue 150 net
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Kakue CcBSI3U C KJIUMaTU4YeCKHUMHU
N3MEHEHUAMHU MOXKHO OTMETUTD.

TeopeTnyecku nnaHeTa gomkHa samennarcd (a LOD yBenundueaTtbcd) OT
BINUSHUSA KIIMMaTa Ha nepepacrnpenesieHme macc u purypy 3emnu, e€ TeH3op
NHepLUMN. DTOT (PakTop TOPMO3UT HabntogaroLlleecs cerogHa yCkopeHue
BpalLleHns 3emMru.

TpeHabl B ABMXEHMN NOMoca, NOXOXME Ha KITHOLWKY rmobanbHOro norenfieHus,
XOPOLLO cornacyrTtcsa ¢ usmepeHunamm kocmmyeckoun rpasumetpmn GRACE u
GRACE-FO, a Takxe JIJIC.

Ecnun n3-3a usMeHeHnn KnumaTta MeHAeTCa UMpKynauna atmocdepbl 1 okeaHa
TO MO 3aKOHY COXpaHeHMs MOMeHTa MMMyNbca 3T0 AacT OTKNWK B Bapuauuu MB3.

[1lo AaHHbIM BblOenseTcs CUHXPOHU3auna ganutenbHblX uuknos YA n ALOD ¢
KnMaTU4eCcKUMUn KonedbaHmamm, TaknMmm Kak ATnaHTu4eckass MHOIroNeTHAS
ocunnnauusa, Anb-HuHbo KOxHoe KonebaHue n ap.



YTo y Hac 0CcoObIM UHTEPEC:

* [MIyOUHHbIE NPUYNHBI CXOACTBA NEPUOANYHOCTEN KNMMaTa U
BpaLleHna 3eMrnn Ha wkane spemenHu B 150 ner

* BO3MOXHOCTb BbIBEAEHUSI HECKOMbKO NMoA3abbITbIX KIaCCUYECKNX
pa3genos reoge3nm 1 aCTpoOHOMNKU Ha NoJne BeCbMa aKTyallbHOU
NnoBeCTKN NSMEHEHUNIN KITMMATA.

* [1lpeackasaTenbHbIX MOTEHLMAN TEX KOPPENALMN, KOTOPbIE
NPOSIBNAIOTCSH B HAbntoaaTenbHbiX psaax NB3 n knnuvaTta

« PyHOaMeHTarbHble NPobNeMbl pa3paboTkn MaTeMaTUYECKNX
METOA0B OOHapPYXEeHUSA MPUYNH, CKPbIBAKOLLMXCA No4 CMEChIO
pa3nU4HbLIX PaKTOpOB, B HaCTHOCTW, BbiABrieHne ponu JlyHbl, Kak
doakTopa reodpun3nyecknx SBneHnm
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A Luni-Solar Connection to Weather and Climate
II: Extreme Perigean New/Full Moons and El Nino Events

Ian R.G. Wilson*! and Nikolay S. Sidorenkov?
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[maBHas

O Haswurauwusn CupopeHkoB Hukonan Cepreesuu.

Poaunca 14 nekabpa 1937 roga B nepesHe Enunceeso

“ [nasHan Kanysxckoit obnactu Cnac-fleMeHcKoro panoHa
. [MaBNUHOBCKOrO CENbCOBETA B CEMbE KONMXO3HMKA.
“ [pacpukn B 1961 roay C OTNMYMeM 3aKoHUNN JTEHUHrPaaCKuiA
rMAPOMETEOPONOrMYECKUA UHCTUTYT. ..
= [lybnukauyuu
[Mpobnemmon HepaBHOMEPHOCTU BpalleHUAa 3emnu
=i KOHTaKThI

yBnekca Ha |V kypce. K MOMEHTY OKOHYaHuA
MHCTUTYyTa Obina onybnukoBaHa nepean HayuyHas

O Hoskble paboTbi pabora...

C 1996 rona 3asepytowmn Jlabopatopuen
nnaHeTapHON LUMPKYNALUKA U rennoreouanyeckmnx
nuccnegoBaHuii ruapometueHTpa Poccuu.

B nocneaHue 15 net umen rpaHTsl MexayHapoaHoro
Hay4yHoro ooHaa, POPU u Tpwkabl Obin naypeatom
KOHKYpCa Hay4HOo-NonynapHeIX ctaten B POOU

(noapobtee)
[eogMHaMuyeckne NpuunHLI
neKaaHblX KonebaHui Ha goomo: H.C.CudopeHrkoe Ha ¢hoHe gyrnikaHa 3mHa, 2005 2.
Knumara. OmHa — OGelicmeyowul cmpamoesysikaH, pacrofioXeHHbId Ha 80cmoYHoM nobepexse Cuyunuu.Beicoma 3329 m Had y.m.
[TogpobHee

Hukonai CupgopeHKkos https://geoastro.ru/



Mopaenb 30HanbHbIX Nnpuamneos IERS gna w B 2026 r

MpunueBHble konebaHUA yrnoBon ckopocTu BpaweHusa 3emnu B 2026 r.
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JIBU>KeHWe JIMHUY Y3JI0B U JIMHUU allCUJ, IYHHOHW OPOUTHI

[. MauHes, /1. 3otoB, 2025
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BbiBOAbI

* NcuesHoBeHMe YaHanepoBcKoro KosebaHusa B 1930-e n 2020-e roabl Npomn30LLA0
CUHXPOHHO € MyboKMMmu mmHumymamm LOD

e laHHble JIJZIC, GRACE n GFO no nepepacnpeaeneHuto macc (M3-3a UISMEHEeHUIN Kanmara)
06BbACHAIT manyto YacTtb (80 0,2 mc) nsmenunsoctm LOD (13 J,) n nouTtn Becb apend
nontoca (n3 C,; S, )

* IHTerpanbHbi MOMEHT UMnynbca atmocdepbl AAM n okeaHa OAM cnocobeH ao
HEeKOTOpOW cTeneHn obbACHUTL nameHeHusa YAI, a Teopmn guHaAMo B agpe — AeKaaHble
nameHeHunsa LOD, HO nepecTponKKM B 3TUX 000/I04KaX TaKKe TPebytoT cBoero obbscHeHMA

* Mbl nonaraem, 4To ancmganbHo-HOAaNbHbIe 3P PEKTbI OTBETCTBEHHbI 33 OAHOBPEMEHHbIE
aHomanun 8 YAIM n LOD, a cMHXpOHM3aUmna reopusnvecKknx npoLeccoB NpUANBaMmM Ha
NJINTENIbHbIX MHTEPBA/1aX BPEMEHU MOXKET ObITb BECbMA Ba*KHa A1 N1aHETbI

* Ha OCHOBAHUN MMEIOLMXCA KOPPENALUN MEKAY KAMMATUYECKUMU OCLUNNALNAMMN U
aHOMaNMAMM ABUKeHnA noatoca u LOD, mbl nonaraem, 4To ecau JIyHHble NPUYMHbI
nocneaHunx 6yayT BbiBeZAEHbI HA CBET, 3TO MOMOXET BbIABUTb BAXKHYIO PO/ib IYHHOIO
dakTOopa B reopnU3nNYECKNX, OKEAHO/IOTUYECKUX U KNTNMATUYECKUX ABJIEHUAX, YTO
MNOCNYKUT UX NYYLLEMY NPOTrHO3UPOBAHUIO

3otos J1.B., CugopeHkos H., busyap K., TAULL 2026
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28 March 2025, M
7.7 Mandalay, Burma
(Myanmar)
Earthquake

Sndaland t.

-
|

Focal mechanism of the 28 March 2025,
M 7.7 Mandalay earthquake determined
from W-phase inverison (Duputel et al,

2012). See Appendix for a tutorial on focal
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1g Group | contribution was released on 9

August 2021. The Working Group Il and Il

contributions were released on 28 February and 4

April 2022 respectively. The Synthesis Report was
released on 20 March 2023.{‘




BKnaa B notenneHue Pa3/IMYHbIX KOMIMNOHEHT PaAnNaLUMOHHOTO 6anaHca

Change in effective radiative forcing from 1750 to 2019 -
ERF (W m™2)

2.16 [1.90 to 2.41]

0.54 [0.43 to 0.65]
0.21 [0.18 to 0.24]

Carbon dioxide

Other well-mixed
greenhouse gases

Ozone 0.47 [0.24 to 0.71]
Stratospheric 0.05 [0.00 to 0.10]
water vapour Liaht absorbl o

Albedo ight absorbing particles on -0.20 [-0.30 to -0.10]

snow and ice 0.08 [0.00 to 0.18]

Contrails & aviation- 0.06 [0.02 to 0.10]

induced cirrus
_ -0.22 [-0.47 to 0.04]
Aerosols Aerosol-cloud Aerosol-radiation -0.84 [-1.45 to -0.25]

Total anthropogenic /_—1 2.72[1.96 to 3.48]
Solar ( I-I-I \ -0.02 [-0.08 to 0.06]

—2”I—I1””0””'i'”2 3
Effective radiative forcing (W m~2)




