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Abstract One of the most famous climate oscillations has a period of about 60 years. Although this
oscillation might emerge from internal variability, increasing evidence points toward a solar or
astronomical origin, as also argued herein. We highlight that the orbital eccentricity of Jupiter presents
prominent oscillations with a period of quasi 60 years due to its gravitational coupling with Saturn.
This oscillation is found to be well correlated with quite a number of climatic records and also with a 60‐year
oscillation present in long meteorite fall records relative to the periods 619–1943 CE. Since meteorite falls
are the most macroscopic aspect of incoming space dust and their motion is mostly regulated by Jupiter,
we propose that the interplanetary dust influx also presents a 60‐year cycle and could be forcing the climate
to oscillate in a similar manner by modulating the formation of the clouds and, therefore, the Earth's albedo.

Plain Language Summary The physical origin of the modulation of the cloud system and of
many of the Earth's climate oscillations from the decadal to the millennial timescales is still unclear,
despite its importance in climate science. One of the most prominent oscillations has a period of about
60 years and is found in a number of geophysical records such as temperature reconstructions, aurora sights,
Indian rainfalls, ocean climatic records, and in many others. These oscillations might emerge from the
internal variability of the climate system, but increasing evidence also points toward a solar or
astronomical origin. Herein we speculate whether the oscillations of the orbits of the planetary system could
modulate the interplanetary dust flux falling on the Earth, then modifying the cloud coverage. We find
that the orbital eccentricity of Jupiter presents a strong 60‐year oscillation that is well correlated with several
climatic records and with the 60‐year oscillation found in long meteorite fall records since the 7th century.
Since meteorite falls are the most macroscopic aspect of infalling space dust, we conclude that the
interplanetary dust should modulate the formation of the clouds and, thus, drive climate changes.

1. Introduction

The Milanković's oscillations of the Earth's orbital eccentricity (95,000‐ to 125,000‐ and 400,000‐year peri-
ods), obliquity (41,000‐year period) and precession (19,000‐ to 24,000‐year periods) have a great impact on
the Earth's climate (Hays et al., 1976; Milanković, 1930; Roe, 2006). However, several sub‐Milanković cli-
matic oscillations from the multidecadal to the multimillennial scales are also found in the Paleozoic,
Mesozoic (Elrick & Hinnov, 1996; Franco et al., 2012; Raspopov et al., 2011), and throughout the
Holocene (Davis & Bohling, 2001; Kerr, 2001; Patterson et al., 2004; Raspopov et al., 2008; Roberts et al.,
2007; Wang et al., 2005, and many others). These oscillations do not have a clear physical explanation yet.

It has been hypothesized that some other orbital oscillations of the Earth could induce this shorter geophy-
sical variability (Cionco & Soon, 2017; Scafetta, Milani, et al., 2019). Unfortunately, the short‐time oscilla-
tions of the Earth's orbit do not match the periods of interest like the millennial and the 60‐year
oscillations discussed herein. Yet, searching alternative mechanisms is important because current climate
models present severe physical uncertainties (Meehl et al., 2020). For example, they do not reproduce any
of the climate oscillations observed throughout the Holocene (e.g., Scafetta, 2013).

A possibility is that planetary resonances can affect both the solar activity and the Earth's climate. In fact, 14C
and 10Be records, used to reconstruct solar activity, and several climatic proxy records are characterized by
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large oscillations which are coherent with planetary harmonics (cf. Abreu et al., 2012; Bond et al., 2001;
Fairbridge & Shirley, 1987; Jakubcová & Pick, 1986; Kerr, 2001; Komitov, 2009; McCracken et al., 2014;
Ogurtsov et al., 2002; Scafetta, 2012a, 2012b, 2012c, 2014; Sharp, 2013; Tan & Cheng, 2013; Vaquero
et al., 2002; Yndestad & Solheim, 2017, and many others).

Scafetta et al. (2016) analyzed the eccentricity variations of the wobbling of the planetary mass‐center rela-
tive to the Sun and demonstrated that the solar system, as a whole, undergoes complex gravitational pulsa-
tions characterized by specific frequencies labeled as “invariant inequalities”. The longest one fits the
Hallstatt oscillation (2,100‐2,500 year period), which is found in solar and climatic records throughout the
Holocene. The other invariant inequalities cluster around 20‐, 60‐, 85‐, 160‐ to 180‐, 200‐ to 250‐, and 900‐
to 1,000‐year periods, which are detected in several solar and climate records (Scafetta, 2020).

The gravitational tides of the planets should have negligible direct effects on the Earth's system, although
Scafetta (2012b) proposed a tidal‐amplification mechanism for the Sun. In any case, the search for suitable
physical mechanisms able to explain the observed empirical correlations between planetary, solar, and cli-
matic oscillations is still open. Indeed, there may be an entire family of mechanisms operating in phase
because driven by the same planetary oscillations.

Besides thehypothesis of a solar irradiance forcingmodulatedby theplanets (e.g., Scafetta, 2010, 2012a, 2012b;
Scafetta &Willson, 2013a, 2013b, 2014; Scafetta,Willson, et al., 2019), several authors also proposed a corpus-
cular forcing of the climate. For example, Svensmark et al. (2009) and Svensmark et al. (2017) suggested that
the incoming cosmic ray flux could directly modulate the cloud system. The cosmic ray flux, estimated by the
14C and 10Be records, could be also modulated by the global structure of the solar magnetosphere. The latter
continuously changes because of the magnetospheric interactions among the Jovian planets (e.g., Scafetta
et al., 2016; Scafetta, 2020). In addition, Bertolucci et al. (2017) and Zioutas et al. (2020) suggested that the pla-
nets could also gravitationally focus toward the Sun and the Earth a hypothetical dark‐matter flux coming
from the galactic center, whichwould stimulate the production of solarflares or directly affect theEarth's stra-
tospheric temperature.

Here we investigate another kind of corpuscular forcing, namely the interplanetary dust flux falling on the
Earth. This was theoretically proposed by some authors without any experimental evidence (e.g.,
Dorman, 2016; Ollila, 2015). For example, Ermakov et al. (2009a) hypothesized that the synodical cycles
of the Jovian planets regulate the amount of the cosmic dust falling into the Earth's atmosphere as the pla-
netary gravitational perturbations affect the trajectories of the comets. Thus, these authors simply speculated
that the periodicities observed in the planetary system should manifest themselves in the modulation of the
dust influx and in the Earth's climate. This intriguing hypothesis was never tested with actual data.

Here we present evidences that the interplanetary dust influx on the Earth is gravitationally modulated by
Jupiter and could be an important climatic forcing.

Wetherill (1994) andGrazier (2016) demonstrated that Jupiter and Saturn drive the trajectories of comets and
asteroids closer to or farther from the Earth. There is also a set of cometswith orbital periods less than 20 years
labeled “Jupiter‐Family Comets”whose trajectories are primarily determined by Jupiter (Duncan, 2008). The
low‐surface gravity of asteroids and comets and their lack of atmosphere favor the ejection of debris by
collisions and solar wind erosion. Mann and Meyer‐Vernet (2014) noted that the scattering of the
Zodiacal light reveals that a large amount of interplanetary dust, interstellar dust, dusty plasma, and
nanodust of sizes smaller than 10 nm is concentrated in the ecliptic plane nearby the terrestrial planets.
As the Earth moves through the Zodiacal cloud, it captures these particles, which are then further disin-
tegrated by collision with the atmosphere. Moreover, Slíz‐Balogh et al. (2018) confirmed the presence of
two large Kordylewski dust clouds at the Lagrangian points L4 and L5 of the Earth‐Moon system despite
these regions should be strongly perturbed by the solar wind. This confirms that the Earth moves through
a dusty space that is continuously filling such clouds. Interplanetary dust also represents a hazard for
satellites and spacecrafts (Grün et al., 2001).

Carrillo‐Sánchez et al. (2016) estimated that 80 ± 17% of the total interplanetary dust found on the Earth
comes from the Jupiter‐Family comets, which are continuously eroded by the solar wind. However, the glo-
bal influx of the dust is highly uncertain. According to some authors it ranges from 0.4 to 110 t/day (Gardner
et al., 2014, and references therein). Carrillo‐Sánchez et al. (2016) suggested a range from 5 to 270 t/day while
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other authors even suggested a range from 400 to 10,000 t/day (Ermakov et al., 2009a). Such a large uncer-
tainty is likely due to a time‐modulated influx and to the difficulty in measuring it.

Once space dust enters a planet's atmosphere, it takes part in its physical and chemical processes (Plane
et al., 2018). Interplanetary dust particles contain magnesium, sulfur, iron, aluminum, sodium, and calcium.
These elements are efficient condensation nuclei for the atmospheric water vapor, especially if they are
ionized being exposed to solar wind and cosmic rays and they finally also collide with the atmosphere.
Since water vapor more easily condenses around charged particles, variations of the interplanetary dust
influx should modulate the cloudiness of the Earth and change its albedo.

Here we assume that the multisecular meteorite fall records (Chang & Yu, 1981; Yu et al., 1983) are a proxy
of the history of the interplanetary dust influx on the Earth. We demonstrate that the meteorite infalls are
strongly correlated with the oscillations of both the orbit of Jupiter (Scafetta, Milani, et al., 2019) and of
the climate (e.g., Scafetta, 2010, 2013). Our result provides a strong evidence for an interplanetary dust for-
cing of the climate.

2. The Eccentricity Function of Jupiter

A Keplerian orbit is defined as the motion of an object orbiting another under Newton's law:

ma ¼ −
GMm
r2

r̂; (1)

where a is the acceleration vector of the orbiting body, G is the gravitational constant, M and m are the
masses of the two bodies, and r is the distance between them. Under the gravitational forcing, the orbital
distance r(θ) of one body from the other is described by the following equation:

rðθÞ ¼ c
1þ ecosθ

(2)

that, if the eccentricity is 0 < e< 1, represents an ellipse with c¼ a(1− e2), where a is the semimajor axis.

In the case of a simple two‐body system, in absence of dissipation and external perturbations the orbital
eccentricity remains constant, otherwise it evolves in time. At any given instantaneous position r(t) and velo-
city v(t) of the orbiting body, the eccentricity scalar function e(t) can be calculated using the eccentricity vec-
tor e(t) (Mungan, 2005) defined as

eðtÞ ¼ jeðtÞj ¼ vðtÞ2
μ

−
1

rðtÞ

 !
rðtÞ−rðtÞ · vðtÞ

μ
vðtÞ

�����
�����; (3)

where μ ¼ GMsun is the standard gravitational parameter of the Sun.

Equation 3 is derived under the assumption thatM≫m, but, in reality, in the left side of Equation 1,mmust
be substituted by the reduced mass Mm/(M+m), which yields to the same Equation 3 with the standard
gravitational parameter corrected as μ ¼ μsun þ μplanet ¼ GMsun þ Gmplanet .

Herein we consider the eccentricity function of Jupiter. To calculate with precision its position and velocity
vectors from 13,000 BCE to 17,000 CE, we use programs made to implement the ephemeris files
DE431/DE438 provided by the Solar System Dynamics Group of the National Aeronautics and Space
Administration (NASA) Jet Propulsion Laboratory. These files are available on ftp://ssd.jpl.nasa.gov/pub/
eph/planets/ascii website, and a documentation about the DE431 can be found in Folkner et al. (2014).
We calculate the eccentricity function of Jupiter by using the following data taken from the header of the
DE438: μsun ¼ 0:2959122082855911 · 10−3 AU3/day2 and μJupiter ¼ 0:282534582597155 · 10−6 AU3/day2.

The first three panels of Figure 1 show the eccentricity functions of Jupiter from 13,000 BCE to 17,000 CE
and the zooms from 1 to 2,500 CE and from 1,850 to 2,050 CE. The fourth panel shows the periodogram
of the eccentricity function. Scafetta, Milani, et al. (2019) studied in more details the eccentricity variations
of all the eight planets and Pluto.
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From 13,000 BCE to 17,000 CE, Jupiter's eccentricity increases from 0.028 to 0.059. The periodogram shows
that the eccentricity function is characterized by a prominent 922‐year oscillation. Jupiter's eccentricity also
shows another prominent 60‐year oscillation (apparently made of two cycles at about 57.1 and 60.9 years),
which is slightly modulated by the 20‐year conjunction cycle with Saturn. Other minor oscillations are
observed due to the mutual interactions between Jupiter and Saturn and the perturbations by the other pla-
nets. The observed periodicities are those encrypted in the 60‐year of the Trigon of the Great Conjunctions
and in the 900‐ to 950‐year period of the so‐called Great Inequality between Jupiter and Saturn (e.g.,
Etz, 2000; Kepler, 1606; Lovett, 1895; Maʿšar, 2019; Scafetta, 2012c; Wilson, 1985).

3. Spectral Coherence Between Jupiter's Eccentricity Function and Climate
Oscillations

Figure 2a compares the eccentricity function of Jupiter, detrended of its quadratic fit from 1,000 BCE to
3,000 CE, and a temperature proxy reconstruction of the extratropical Northern Hemisphere during the last
twomillennia (Ljungqvist, 2010). These two records present a similar 900‐ to 950‐year modulation. The quasi
millennial temperature cycle is characterized by the Roman Warm Period (0–300 CE), the Dark Age Cold
Period (500–800 CE), the Medieval Warm Period (900–1,300 CE), the Little Ice Age (1,400–1,800 CE), and
the Modern Warm Period (1,900–2,000). The millennial cycle is confirmed by other temperature proxy
reconstructions (Christiansen & Ljungqvist, 2012; Mann et al., 2008; Moberg et al., 2005) as well as by a num-
ber of solar activity and climate records throughout the Holocene (e.g., Bond et al., 2001; Kerr, 2001;
Scafetta, 2014; Steinhilber et al., 2009). Around 1700 the temperature record appears slightly skewed prob-
ably because of an additional cooling induced by the Maunder grand solar minimum (Eddy, 1976). At the
millennial timescale, the temperature has a time delay of about a fourth of the cycle with respect to the
eccentricity function, which could suggest that the temperature represents an integral of the latter.

Figures 2b and 2c show, respectively, the cross‐wavelet transform (XWT) and the wavelet transform coher-
ence (WTC) analyses (Grinsted et al., 2004) between the eccentricity function of Jupiter and the proxy tem-
perature record of Figure 2a. The small black arrows indicate the estimated phase shift at the given

Figure 1. The eccentricity function (blue) of Jupiter with two zooms, and its periodogram (purple).
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frequency and time. These two diagrams clearly highlight that a coherent 60‐year cycle between the two
records is often observed in spite of its intermittent behavior probably due to the low quality of the proxy
data or to beats with other periodicities (cf. Scafetta, 2012a).

Figure 3a plots the HadCRUT annual global surface temperature anomaly (Morice et al., 2012) since 1850
detrended of its quadratic fit (cf. Scafetta, 2010, 2016) and the eccentricity function of Jupiter. We notice a
clear coherence at the 60‐year cycle between the two records, where themaxima andminima coincide, which
implies that the two 60‐year cycles are in phase (Pearson correlation: r ¼ 0:5, p< 0.01). Figure 3b shows
another strong correlation between the eccentricity function of Jupiter and a 5‐year running average of the
Indian summer monsoon rainfall amount from 1813 to 1998 (r ¼ 0:5, p< 0.01) (Agnihotri & Dutta, 2003;

Figure 2. (a) The eccentricity functions (blue) of Jupiter against a multiproxy reconstruction of the extratropical Northern Hemisphere (30°–90°N) temperature
anomaly relative to the 1961–1990 mean instrumental temperature (red) (Ljungqvist, 2010). The original eccentricity function depicted in Figure 1 was detrended
of its quadratic polynomial fit from 1,000 BCE to 3,000 CE to better highlight its millennial oscillation. (b) Cross‐wavelet transform (XWT) and (c) wavelet
transform coherence (WTC) analysis (Grinsted et al., 2004) between the two functions of panel (a). Both the curves in (a) show a similar 900‐ to 950‐year
modulation and an intermittent coherent 60‐year periodicity in (b) and (c) (see text).
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Scafetta, 2012c). Figure 3c shows another good correlation with a proxy record of the Northern Atlantic
climatic variability based on the G.Bulloides abundance variations from 1650 to 1990 (r ¼ −0.6, p< 0.01)
(Black et al., 1999). Many other climatic records show the same 60‐year oscillation, although their relative
phases sometimes depend on the specific related phenomenon (e.g., Knudsen et al., 2011; Qian &
Lu, 2010; Scafetta et al., 2013; Wyatt & Curry, 2014).

4. Comparison With the Meteorite Fall Records

Chang and Yu (1981) and Yu et al. (1983) noted the presence of a statistically significant 60‐year cycle in the
Chinese historical meteorite fall records from 619 to 1,943 CE and in a worldwide witnessed meteorite fall
record from 1800 to 1974. Yu et al. (1983, Table 1) confirmed the existence of the 60‐year cycle also in the
periods 619–1083, 1009–1473, and 1474–1943 derived from different historical records. Since other periodi-
cities appeared as multiples of the orbital period of Jupiter, these authors suggested that this result was quite
intriguing and had to be further studied. This is what we would like to do now.

Figure 4 shows the Chinese meteorite record from 619 to 1,943 CE and its spectral analysis
(cf. Scafetta, 2012c, Figure 8). The observed gradual multisecular increase of the witnessed meteorite falls
is likely due to historical social conditions since in China book‐printing started in 1,041 CE. Chinese

Figure 3. The 60‐year eccentricity function (blue) of Jupiter (see Figure 2) against: (a) the HadCRUT global surface
temperature record (Morice et al., 2012) detrended of its quadratic polynomial fit f(t)¼ a(t− 1850)2 + b
(cf. Scafetta, 2010, 2016) (correlation coefficient r ¼ 0:5, p< 0.01); (b) the 5‐year running average of the Indian summer
monsoon rainfall from 1813 to 1998 (Agnihotri & Dutta, 2003) (correlation coefficient r ¼ 0:5, p< 0.01); (c) the record of
G.Bulloides abundance variations (1‐mm intervals) from 1650 to 1990 used to reconstruct the Northern Atlantic
Variability (Black et al., 1999). The Bulloides record is plotted in inverted y scale to highlight its correlation with the
60‐year cycle of Jupiter's eccentricity (correlation coefficient r ¼ −0.6, p< 0.01).
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handwritten records are very scarce during the first millennium compared to the much larger number of
documents after 1500. In any case, themultisecular trend in themeteorite observations does not alter the dec-
adal andmultidecadalmodulations detected. The insert in Figure 4 depicts two alternative power spectra that
show significant peaks at 10.5, 30, and 60 years with a significance of 99%. Additional minor spectral peaks
fall close to the orbital period of Jupiter (11.86 year), the synodic period between Jupiter and Neptune
(12.78 year), the synodic period between Jupiter and Uranus (13.81 year), the first harmonic of Saturn
(14.71 year), and the first harmonic of the synodic period between Saturn and Neptune (17.94 year) (cf.
Scafetta & Willson, 2013a, 2013b). Finally, the 30‐year spectral peak corresponds to Saturn's orbital period

Figure 4. Number of historically recorded meteorite falls in China from CE 619 to 1,943 (cf. Chang & Yu, 1981;
Scafetta, 2012c; Yu et al., 1983). The insert shows the power spectrum of the record obtained with the Maximum
Entropy Method (MEM, black) (50 poles) and the Multi Taper Method (MTM, blue).

Figure 5. Comparison between the meteorite record (red) and the Jupiter's eccentricity function (blue). A significant
negative correlation at the 60‐year period is detected from 600 to 1100 (correlation r ¼ −0.3, p value <0.01) and since
1800 (correlation r ¼ −0.6 with p< 0.01).
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(29.45 year). Actually, these periods were already detected by Yu et al. (1983). Periods below 10 years cannot
be reliably evaluated because the meteorite record is sampled at 5‐year intervals.

Figure 5 compares the record of the meteorite falls in China from 600 to 1100 and from 1800 to 1943 with the
eccentricity function of Jupiter. It is evident an increase of meteorite falls when Jupiter's eccentricity is smal-
ler (e.g., during 1840–1860 and 1900–1920) and a decrease when Jupiter's eccentricity is larger (e.g., during
1810–1830 and 1870–1890). A significant negative correlation between the two functions at the 60‐year per-
iod is clearly visible in both the ancient Chinese records from 600 to 1100 (r¼−0.3, p value < 0.01) and from
1800 to 1974 (r ¼ −0.6, p value < 0.01).

This result suggests that when the eccentricity of Jupiter's orbit becomes smaller, that of the Jupiter‐Family
comets might become larger (and vice versa). Thus, these small comets could approach more closely the Sun
and produce more dust in the space crossed by the Earth (and vice versa). Indeed, Scafetta, Milani,
et al. (2019) showed that, taken as contiguous pairs, the planets of the solar system present eccentricity func-
tions with antiphase patterns. This property could perhaps be working also between Jupiter and its nearby
comets.

5. Discussion and conclusion

In a recent paper, Meehl et al. (2020) discussed the still too large uncertainty regarding the Equilibrium
Climate Sensitivity (ECS), which is a measure of the global warming at equilibrium induced by a doubling
of the atmospheric CO2. Its value ranges from 1.8°C to 5.6°C in the latest Coupled Model Intercomparison
Project Phase 6 (CMIP6). This range is even larger than that predicted by any climate model generation dat-
ing from the 1990s suggesting that for nearly 30 years no improvement in this key climatic issue has been
accomplished. Meehl et al. (2020) suggest that the main motivation is the poorly known physics of the cloud
feedback and cloud‐aerosol interactions. However, given the persistence of the problem, we think that it is
fully legitimate to investigate whether there might be some other important climate forcing directly acting
on the cloud system.

Svensmark (1998) proposed that the cosmic ray influx could somehow modulate the cloud formation.
Although some evidence pointed out that the cosmic‐ray ionized particles could be too small for seeding
clouds (e.g., Pierce & Adams, 2009), subsequent studies reinforced this hypothesis (e.g., Svensmark
et al., 2009, 2017). However, space dust could also seed cloud formation and influence the Earth's albedo
(e.g., Dorman, 2016; Ermakov et al., 2009a, 2009b; Ollila, 2015), but no experimental evidence has been pro-
vided until now.We showed that interplanetary dust could really be a plausible multidecadal climate forcing
as we find a strong correlation among the periodicities of the climate and those of the asteroid infalls.

The orbital eccentricity of Jupiter is characterized by very large 60 and 900‐ to 950‐year oscillations (Scafetta,
Milani, et al., 2019). We found that the 60‐year oscillation characterizes the long historical records of meteor-
ite falls and is negatively correlated with the 60‐year oscillation of Jupiter's eccentricity function as well as
with the variations of the global surface temperature. Thus, since asteroids and comets must bring with them
large amounts of dust, the dust influx should be modulated in the same way. We observe that on the 60‐year
timescale, when Jupiter's orbit is more eccentric, fewer asteroids and comets fly nearby the Earth and less
dust hits the atmosphere. Vice versa, when Jupiter's orbit is less eccentric, the opposite happens and more
dust falls on the Earth. In the former case, less clouds are formed favoring a climatic warming, while in
the later case there will be more cloudiness triggering a cooling. Scafetta (2013) also showed that the global
surface temperature record is closely correlated with the total global cloud cover from 1983 to 2010.

Regarding the 900‐ to 950‐year oscillations we found that the temperature has a time delay of about a fourth
of the period with respect to the eccentricity function of Jupiter. This suggests that, at this longer timescale,
the temperature represents an integral of the eccentricity function. Perhaps, the 60‐year cycle is more
directly related to the orbital perturbations produced by Jupiter to the Jupiter‐Family comets, while the mil-
lennial cycle is associated to the accumulation of the orbital perturbations induced to the farther comets like
those originated in the Oort cloud.

We conclude that space weather oscillations modulate the interplanetary dust falling on the Earth and that
the dust could represent an important additional forcing of the climate explaining its multidecadal oscilla-
tions. This possibility must be further investigated because it is crucial for understanding climate changes.
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