Chandler period variations due to solar activity
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The solar activity affects terrestrial systems by means of direct radiation over Earth surface, influences 6.0 Sericds 781 56vr --0.20
charged particles of the solar wind, and the solar magnetic field. The solar wind directly affects Earth S, 3.0{—F=—<¢ - // _— i (</E)
magnetic field, i1onosphere and atmosphere. The sunspot numbers (SSN) represent both Total Solar o 00—/ \§~ - - 0.00 n
Irradiance (TSI) and solar wind variations. The SSN and TSI variations are highly correlated in 85 -3.0 1 N ,// i <
decadal period bands, less correlated in the annual bands. -6.0 - = e = e ——— — 0.20
The variations of solar magnetic field represented by the North-South solar asymmetry (N-SSA) Epoch 1900 1950 2000
modulate the solar wind. Variations of TSI, SSN and N-SSA affect ocean and atmosphere, whose
variations cause Chandler wobble excitation. So, we may expect significant solar influence on Figure 4: Influence of N-S solar asymmetry variations with periodicity 78-156yr on Chandler wobble.
Chandler wobble variations, expressed by strong correlation in selected frequency bands between _
Chandler period value and any of solar activity indices — TSI, SSN or N-SSA. 10.0 PeIFIijS ?9',52¥r . o 008
Data and Methods used =) 7N A\ I~ 004
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The solar activity variations are presented by indices of SSN, N-SSA and TSI. The SSN sunspots al N \_ |/ _ . 0.04 =
have been observed during the last 4 centuries, while the observations of TSI are available only for © I \/ ¥ -
the last decades. The last version of estimated TSI for the last 400 years 1s based on the NRLTSI2 -10.0-— L N —— 0.08
historical TSI reconstruction model by J. Lean (Kopp et al., 2016; Lean, 2000, 2010; Coddington et Epoch 1900 1950 2000
al., 2015). The TSI and SSN data are presented in Fig.1. The daily and annual values of SSN are
provided by the Royal Observatory of Belgium. Figure 5: Influence of TSI variations with periodicity 39-52yr on Chandler wobble.
200 \ :
] SSN [\ f\ f\ P'\ s | NN P.enQ.dS .1 5.I6—1I7.3Iyr | S
100 \ A i S LN NN ATV _ 00— =313
R RS vy mviaaaxand IERNN EE T SmEa= S eSS Sl .1
0 T T T [ 1 T 71 1 T T 1 | T ,\,J \l, — — T | g-z OO_ \/ ‘\I"\’I\// //\/Xj#\%‘/\f\’ 5000005C£
1850 1900 1950 2000 1850 1900 1950 2000 ®) A VAR YA ™ - V| 20:10
Figure 1: Variations of SSN, TSI -10.0-= o o b -0.15
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The N-SSA (Fig.2) is determined from the relation ( S, — Ss) /( S+ Ss), where the S,, and S, are Figure 6: Influence of TSI variations with periodicity 15.6-17.3yr on Chandler wobble.
monthly sunspot area on the Northern and Southern solar hemispheres, respectively. The data since Periods 12.0-13.0yr
1874 are observed by the Royal Greenwich Observatory and merged after 1976 with the US Air T
Force (USAF) and the US National Oceanic and Atmospheric Administration (NOAA) data by D. 8.0 - -0.40
Hathaway. The variations of the value of Chandler period (Fig.3) are calculated by polar motion =) 4_0—: /‘\ /" /’\\ f\ \ N ANl L
coordinates from the solution CO1 of the IERS and the method, described in (Vondraik et al., 2005). éT_) _28 5 v\ M \AA% \ m\\”’ / - 0.00 fQ
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1042 L —— | Epoch 19IOO 19I50 20IOO Figure 7: Influence of TSI variations with periodicity 12-13yr on Chandler wobble.
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Figure 2: Vaniations ofN-55A mined from the solution CO1 of IERS. 4.0 - | . | . I ' 0.50
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The periodical variations are derived from the data by means of partial Fourier approximation based O, 7 \ A - _
on the Least-Squares (LS) estimation of Fourier coefficients. The Partial Fourier approximation of DCT_J 0.0- v&q%’vf Y, \/ \ I - 0.00 fQ
discrete data 1s given by O : v M v ”””” v WV -
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F(t)= fo+ filt —tg) + ; ap.sinwy. + by coswy, where wy. = kFO(t — o) Epoch 1900 1950 2000
and /) 1s the per,iOd of the ﬁ,rSt harmonic, {(, — the me,an epoch of Ojbservations’, f 0> f 1> & and bk, are Figure 8: Influence of TSI variations with periodicity 10.4-11.2yr on Chandler wobble.
unknown coefficients and 7 is the number of harmonics of the partial sum, which covers all oscilla-
tions with periods between F;/n and F,. The application of the LS estimation of Fourier coefficients Periods 8.2-8.7yr
needs at least 2n + 2 observations, so the number of harmonics n i1s chosen significantly smaller than T T T
the number N of sampled data f;. The small number of harmonics n yields to LS estimation of the . 4.0- ) 0\ ﬂi - 0.10
coefficient errors. This estimation is the first essential difference with the classical Fourier approxi- % | Al M \ v | ‘ i %
mation. The second difference 1s the arbitrary choice of the period of first harmonic £, instead of the DG_) 0.0- / \‘C;Q@%/ M - 0.00 I
observational time span, so the estimated frequencies may cover the desired set of real oscillations. O 1 VL ' d /| \ '
This method allows a flexible and easy separation of harmonic oscillations into different frequency AU e
bands by the formula Epoch 1900 1950 2000
= 2T, 2Tm
B(t) = Z aj. sin wy. + by cos wy. and desired w;. are in the bandwidth 2 ! < wp < 2 3 Figure 9: Influence of TSI variations with periodicity 8.2-8.7yr on Chandler wobble.
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After estimatiné the Fourier coefficients, it is possible to identify a narrow frequency zone presenting Periods 6.2-6.5yr
significant amplitude, and defining a given cycle. Then this cycle can be reconstructed in time domain 40— L L 010
as the partial sum limited to the corresponding frequency bandwidth. Doing this for terrestrial and — A Phase rgverce '
solar time series, we shall identify their respective cycles, 1solate and compare the common ones. % 2.0 N AIA | I ,\ m _ —
O -2.0- ’
Results and conclusions 4.0 | L 0.10
The time series variations are separated in several interannual and decadal frequency bands by PFA Epoch 1900 1950 2000
with periods 3.4-3.5vyr; 3.9—4.0yr; 6.2—6.5vyr; 8.2-8.7yr; 10.4—-11.2yr; 12.0-13.0yr; 15.6—17.3yr; 39— . .y . o
S52yr Iz)lnd 78—156yr, }v]vhere gooc}ll correlatio}rll exi1sts befween solar ir}lldices and Clz]andler periog varia- Figure 10: Influence of 151 variations with periodicity 6.2-6.>yr on Chandler wobble.
tions. The long-term variations of the Chandler period are affected by N-S solar asymmetry (Fig.4), Periods 3.9-4.0yr
where the time lag i1s equal to the 22-year Hale magnetic solar cycle. Excellent agreement between T | | ,
TSI and Chandler period variations exists for oscillations with periodicities 39-52yr and all cycles 4.0 - - 3.00
with periods between 6 and 17 years (Figs. 5-10). The interannual oscillations with periods below =) . - 4.00 -
4 years are affected by the SSN variations (Figs. 11, 12). The CW grand minimum around 1930 is o 0.0- lf A v -0.00
strongly connected with all solar harmonics with dominating influence of long term N-S SA variations ?j - - -4.00 @
(periodicity 78-156yr, CW period decrease - 6d) and TSI variations (periodicity 39-52yr, CW period 40— L _8.00
decrease - 10d). The TSI influence on CW period variations 1s non-linear and frequency dependent.
The value of CW period increase during the warming cycles of solar activity and decrease during Epoch 1900 1950 2000
some solar minima. This result means that the solar activity significantly affects the polar motion and Figure 11: Influence of SSN variations with periodicity 3.9-4.0yr on Chandler wobble.
CW variations by intermediate climatic variations in ocean and atmosphere.
Periods 3.4-3.5y
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Figure 12: Influence of SSN variations with periodicity 3.4-3.5yr on Chandler wobble.
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