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ABSTRACT 

The effect of Earth precession angle on a climate is presented here. It is shown that the glaciation epochs occurred only 
when the precession angle was low. After the continental glaciation formed in the Northern hemisphere, Earth’s sphere- 
cal symmetry was disrupted and its precession angle increased drastically. As a result, a drastic and rapid climate 
warm-up occurred, the glaciers melted down and an interglacial stadial1 began. Subsequently, affected by the Lu- 
nar-Solar gravity pull on the Earth’s equatorial swelling, the precession angle gradually decreased and a new cool- 
ing-down phase occurred. As a result, there was nonlinear oscillation of Earth’s climate with periods on the order of 100 - 
120 MY. 
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1. Introduction 

The emergence of Earth’s glaciation epochs is an oscil- 
latory process as the periods of significant cooling-down 
are followed by appreciable warm-ups (interglacial sta- 
dials) which, in turn, are followed by cooling-down pe- 
riods. For this reason it is practically impossible to ex- 
plain this oscillatory process by smooth climatic changes 
(such as declinein the atmospheric pressure due to bacte- 
rial activity). In this case, it is important to consider to 
the behavior of the revolving Earth precession, which 
emerges in association with deflections of the Earth’s 
mass distribution from the spherical symmetry. Such 
deflections from symmetry are caused first of all by the 
Earth’s crust nonuniformity in its continental and oceanic 
segments (i.e., the position of continents and oceans on 
the Earth’s surface); the other reason is the potential den- 
sity nonuniformity of mantle [1].  

The average period of the Earth’s axis to go over the 
total precession circle is presently τ ≈ 25.7 - 26 thousand 
years [2]. The precession motions are superposed by 
smaller short-period nutation (“nodding”) fluctuations. 
They are perceived as the pole motions apparently 
caused by the tidal disturbances, movements of the in- 

ternal Earth’s core and by the Earth-Moon system revo- 
lution around the common barycenter. A result is rather 
complex pattern of the Earth’s axis rotation [3-5]. 

2. Formation of the Glaciation Epochs 

The shape of Earth is very close to that of the revolution 
ellipsoid of a liquid body with the equatorial inertial swell- 
ing. The Earth’s equatorial radius (Re = 6378.2 km) is 
greater than the polar radius Rp = 6356.8 km by 21.4 km, 
which corresponds to the compression  

  e p eе – 1 29R R R  8.3 . That is the reason why a 
greater excess mass is concentrated at the equator and 
can have the gravity interaction with the other celestial 
bodies. These interactions tend to turn Earth so that her 
equatorial plane would coincide with the rotation plane  

1A stadial is a period of lower temperatures during an interglacial
(warm period) separating the glacial periods of an ice age. Such periods
are of insufficient duration or intensity to be considered glacial periods.
Notable stadials include the Older Dryas and Younger Dryasstadials
and the Little Ice Age. An interstadial is a warm period during a gla-
cial period of an ice age that is of insufficient duration or intensity to be
considered an interglacial (http://en.wikipedia.org/wiki/Stadial)  
The Russian definition of the stadial 
(http://www.kroka.ru/html/s/stadial.html): Stadial is a relatively short-
lasting cooling down within a glaciation epoch causing the glacier edge
to stop in place. http://www.ruswiki.org/index.php/term/6,2288.xhtml).*Corresponding author. 
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of the disturbing body. Still, only the gravity pull by 
Moon and Sun play the main role in decreasing the pre- 
cession angle (see Figure 1). 

The gravitational pull of the Moon and Sun acts si- 
multaneously on both sides of the Earth’s equatorial 
swelling tending to turn its revolution axis in the opposite 
directions. But the gravity action on the swelling side 
facing the Moon or Sun is slightly greater than on the 
opposite side (see Figure 1). 

To determine the mass of the Earth’s equatorial swell- 
ing, it is necessary to determine its volume. The volume 
of the equatorial swelling is equal to the difference be- 
tween the Earth’s revolution ellipsoid volume and the 
volume of a sphere inscribed in it: 

2 3
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Then the mass of the equatorial swelling is equal to: 
25

swell swell swell· 2 10m V     

where Vswell (≈2.8 g/cm3) is the average density of the 
swelling accounting for the oceanic water layer about 3 - 
4 km deep and the underlying layer of the oceanic crust 
and the upper mantle (about 17 km). One half of this 
equatorial swelling is facing Moon, whereas the other 
half is on the opposite side of Earth (see Figure 1). Thus, 
the effective mass of each half is about 2 times smaller, 
just mswell/2 ≈ 1 × 1024 g. Then, the difference of the Lu- 
nar gravity forces acting on these halves  
is: 
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where γ (=6.67 × 10−8 сm3/g·s2) is the gravitational con- 
stant; mL (=7.35 × 1025 g) is the Lunar mass; LL (=3.844 × 
1010 сm) is the distance between the Earth’s and Moon’s 
centers of mass; R (=6.371 × 108 сm) is the average ra-
dius of Earth; Ψ is the precession angle (present value of 
Ψ = 23.44˚); λ (≈5˚) is the angle between Moon-around- 
Earth rotation plane and the plane of the ecliptics.  

Thus, ΔPL ≈ 1.3725 × 1021 сm·g/s2. 
Similarly, the difference in the Sun gravitational forces 

acting on the equatorial swellings is: 

   

swell

2 2

2

π

1 1

cos cos

P m m

L R L R



 

 

 

   

 
  
       

,
  (3) 

where m (=1.99 × 1033 g) is the mass of Sun; L (≈ 
1.496 × 1013 сm) is the distance between the Sun and 
Earth mass centers. Then, P  ≈ 0.6088 × 1021 cm·g/s2. 

The lunar and solar gravitational forces must be ap- 
plied to the center of mass of each half of the equatorial 
swelling. Each half is similar to a convex dome with the 
center of gravity from the center of the Earth at a dis- 
tance of about 2/3 Earth’s radius (Figure 2). Therefore, 

 

 

Figure 1. Schematic diagram of the effect of Lunar-Solar gravitational pull on the Earth’s equatorial inertial swelling result- 
ing in Earth’s equatorial plane approach to Lunar revolution plane and to the ecliptics, i.e., in a decline of Earth’s precession 
angle (not to scale). 

 

 

Figure 2. Center of gravity of Earth’s equatorial swelling in the cross-section facing Moon: (а) In equatorial plane; (b) In me- 
ridional plane. 
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The difference of the momentums of force applied 
from the lunar side to the Earth’s equatorial swelling (see 
Figure 2) is equal to ML = PL·h = 3.71 × 1029 g·сm2/s2. 
From the solar side, ΔMS = ΔPS·h = 1.72 × 1029 g·сm2/s2. 
The combined effect gravitational pull of the Moon and 
Sun is Δ(ML + MS) = 5.43 × 1029 g·сm2/s2. 

Besides the effect of Moon and Sun, the Earth’s pre- 
cession is influenced by the asymmetry of continental 
positions on the globe’s surface. The combined mass of 
the continents mcont is equal to approximately 2.25 × 1025 
g [6], the average thickness of the continental crust is 
Hcont = 40 km = 4 × 106 сm and their average elevation 
(stand) above sea level is Δh = 875 m = 8.75 × 104 cm. 
The effect of continents on the Earth’s asymmetry is due 
to their centers of mass being positioned slightly above 
the center of mass of the mantle matter displaced by the 
continents. Under the continents’ isostatic equilibrium 
the mass of the displaced mantle mmant is equal to the 
mass of the continents mcont = 2.25 × 1025 g. Judging 
from the elevation of continent, the continents’ center of 
mass is above the center of mass of the displaced mantle 
by h ≈ 500 - 600 m. Thus, the continental crust excess 
mass is Δmcont ≈ mcont·h/Hcont ≈ 3.38 × 1023 g. With the 
centrifugal acceleration gctrf = Ω2·R·cosφ, where Ω = 7.27 
× 10−5 rad/s is the Earth’s revolution angular velocity and 
is the latitude of the continents’ center of mass. At φ = 
30˚, gctrf = 2.9 сm/s2 and ΔPcont = Δmcont·gctrf ≈ 9.8 × 1023 
g·сm/s2. Depending on the distance between the center of 
mass of the entire continental ensemble and the Earth’s 
center, the value ΔMcont is between 1029 and 1030 - 1031 
g·сm2/s2. The mantle is non-uniform, especially with 
respect to the positions of the lighter ascending mantle 
flows and the heavier descending ones. Besides, the non- 
uniformity is added by the core surface topography. The 
result is that the combined effect of all these factors is 
not clear. An indirect estimate, based on a comparison of 
the theoretical temperature climate fluctuations in Pleis- 
tocene with the isotopic temperatures of the Antarctic ice 
cover (see Figure 3), shows that the present-day ΔMcont+m 
is equal approximately to (0.2 tо 0.6) × 1029 сm2·g/s2. 

Using the theory of free gyroscopes the authors deter- 
mined the average rate of the revolution of Earth’s axis 
rotation around the intersection line of the equatorial 
plane with the lunar orbit plane around Earth and the 
Earth orbit plane around Sun: 

cont m

Ω
L SM M M

I
    



,          (5) 

where I (=8.04 × 1044 g·сm2) is the Earth’s moment of 
inertia; Ω = 7.27 × 10−5 rad/s) is the angular velocity of 
the Earth’s revolution. The present-day Earth’s rotation  

rate, with the precession angle of 23.44˚, is ω ≈ 4.83 × 
10−12 rad/s or 1.53 × 10−4 rad/year (rotation by 1˚ takes 
approximately 716.5 years). The Earth rotation from the 
present precession angle of 23.44˚ to the lunar orbit in- 
clination angle to the ecliptics occurs asymptotically and 
gradually approaches 5.1˚. This takes millions of years. 
Thus, the function of Earth’s rotation rate vs. the preces- 
sion angle is quite nonlinear. The Earth rotation time 
may be found from the following equation: 

2 π



                 (6) 

Inasmuch as the ω = dψ/dt, the precession angle corre- 
lation vs. time is (Figure 4) 

0

d
t

t   ,               (7) 

At the equilibrium of Lunar-Solar gravity pull on the 
Earth equatorial swelling with the effect of the continents 
and mantle, 

L S cont m ,M M M               (8) 

 

 

Figure 3. Distribution of glaciations in the northern conti- 
nents determined from the theoretical temperature curve of 
the latest (Wurm) Pleistocene precession climatic cycle 
(Curve 1). Average Earth surface temperature of 10˚ was 
assumed as the threshold of the beginning of glaciation. 
Shaded area of curve 2 represents averaged glaciations dis- 
tribution in Canada and USA determined from the posi- 
tions of border moraines in North America (Imbrie and Im- 
brie, 1979 [2]) (arbitrary vertical scale on both diagrams). 

 

 

Figure 4. Variation of Earth’s precession angle with time as 
affected by Lunar-Solar tides and asymmetric locayion of 
continents on the Earth’s surface. As an example, the initial 
precession angle is assumed to be 24˚. Minimal precession 
angle is determined by asymmetry of the continents’ posi- 
tion on the Earth’s surface its current value is about 2.5˚. 
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ω = 0, and the precession angle acquires its equilib- 
rium value at t → ∞. For the present-day positions of the 
continents, ψ∞ ≈ 2.5˚ (Figure 4). Currently, the preces- 
sion angle declines at a rate of about 6 × 10−4 deg/year. 

On assuming that the Earth’s albedo А = 0.3, the value 
of Earth’s effective temperature Те = 263.6 К. Then, the 
tropospheric temperature (including the surface tempera- 
ture) can be expressed as planet’s effective temperature: 
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According to the empirical calculations, the present- 
day average near-surface Earth temperature at р = р0 = 1 
atm and ψ = 23.44˚ is approximately equal to: Ts ≈ 288 
Кor +15˚ Сassuming Ts = 288.2 К. The proportionality 
coefficient at ψ = 23.44˚, Те = 263.6 К and Ts = 288.2 K, 
and at ψ = 0˚, Те = 255 К and Ts = 278.6 К. Then, within 
a wide range of the precession angles for the Earth, bα = 
1.093. 

Using Equation (9), one can establish the correlation 
of the near-surface temperature vs. time (Figure 5). 

As the plane of the Earth’s equator approaches the 
plane of the lunar orbit around Earth and the ecliptics, the 
Moon’s and Sun’s external influence on the Earth’s equa- 
torial swelling substantially decreases. According to Equa- 
tion (9), a noticeable cooling of climate occurs as the 
result. As soon as the average near-surface temperature 
reaches some critical level, glaciations begin on the high- 
latitude continents (for the northern region, the critical 
value of the Earth average temperature will to be close to 
9˚C - 10˚C). 

Indeed, the emergence of ice sheets and growth in the 
polar areas unavoidably disrupts the Earth’s revolution 
equilibrium and leads to a renewed rapid increase of the  

 

 

Figure 5. Changes in the Earth’s surface average tempera- 
ture as affected by the gravity pull from Moon and Sun on 
the equatorial swelling and by the asymmetry of the conti- 
nents’ positions on the Earth’s surface. As the precession 
angle monotonously declines from 24˚, the temperature 
curve asymptotically approaches its minimum value of Т∞ ≈ 
6.5˚C (classical value of temperature of absolutely black 
body at Earth distance to Sun being equal to 278.6 К = 
5.4˚C). 

precession angle. To determine the direction of the action 
of ice sheets on the Earth’s revolution regime, the glaci- 
ations in both Northern and Southern hemispheres must 
be accounted for (Figure 6). 

However, the Antarctic ice mass increment was lim- 
ited by the finite size of the underlying continent and 
mostly occurred in the nearshore areas and in the West 
Antarctic where humid cyclone penetration was common. 
The Eastern Antarctic ice dome has a high stand (up to 4 
km). For this reason, it is dominated by anticyclones and 
the snow mass increment in its central areas is mostly 
due to the hoar-frost precipitation out of a relatively dry 
air. This increment is almost totally compensated by the 
plastic flow of ice from the central areas to the shores. 
Besides, Antarctic (the main ice accumulator in the south- 
ern hemisphere) is almost symmetrical relative to the 
South Pole and does not cause substantial disruptions in 
the Earth’s axial symmetry. 

The main ice mass in the Northern Hemisphere was 
accumulated over the Canadian Shield. Thus, two force 
momentums, directed against each other must have been 
acting on the body of Earth in Late Pleistocene. One was  

 

 

Figure 6. Correlation of the theoretical changes in Earth’s 
average temperature during Pleistocene (lower diagram) 
with the experimental values of isotope temperatures de- 
termined in the Antarctic ice cover (upper diagram). The 
experimental data have been obtained in the ice cover at the 
Vostok station (Kotlyakov, 2000). Based on Kotlyakov’s 
calculations, the last peak in the isotopic temperature, 
which occurred about 10 - 20 thousand years ago, corre- 
sponded with 8˚C. The previous temperature transition 
from 140 tо 130 thousand years ago corresponded with 
10˚C (the oldest fourth cycle is apparently distorted by the 
near-ocean-floor ice flows). The theoretical curve in the 
lower graph is plotted accounting for the Milankovitch cy- 
cles. 1—temperature fluctuations caused by changes in 
Earth’s precession angle (the maxima of curve 1 are super- 
posed on maximum values of the experimental data). 2 and 
3—temperature fluctuations caused by the precession of the 
orbit of Earth-around-Sun revolution (two major harmon- 
ics with periods of about 40 and 22 thousand years are the 
Milankovitch cycles). 4—composite temperature change as 
affected by all causes. 
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caused by the Canadian glaciation and the other, by the 
West Antarctic glaciation as shown in Figure 7. The mo- 
mentum of force from the Northern Hemisphere clearly 
prevailed. 

In estimating the effect of ice sheet on the Earth’s 
precession angle, the glacier masses positioned symmet- 
rically with respect to the poles may be disregarded as 
they mutually balance each other and do not have any 
significant effect on the Earth’s revolution regime. 

According to our estimate, the excess mass of the ice 
sheets (taking the southern glaciers into account) in Late 
Pleistocene was located at about 70˚N over Canada and 
was approximately 2 × 1022 g. The centrifugal accelera- 
tion at 70˚ latitude is equal to about gstrf ≈ 1.15 сm/s2. In 
this case, ΔPglacier ≈ 2.3 × 1022 g·сm/s2, and the distance 
between center of gravity of the excess mass and the 
North Pole was close to hglacier ≈ 2.2 × 108 cm or 2200 km. 
Then the additional momentum of force attached to Earth 
is equal to ΔМ = ΔРglacier·h ≈ 5.1 × 1030 g·сm2/s2. Then, 
using Equation (7), ω ≈ 7.9 × 10−11 rad/s and the charac- 
teristic warming time τ ≈ 2500 years. This, of course, is a 
very approximate estimate, but it provides the order of a 
characteristic warming and glaciers degrading time of 
about a few thousand years, which was actually observed. 
Quoting Kotlyakov [7], “the disintegration of a giant 
Pleistocene glaciation in the Northern Hemisphere oc- 
curred very rapidly, just over a few thousand years”. 

To calculate temperature climate change, it is neces- 
sary to estimate how it is affected by the Earth’s orbit 
precession during its rotation around the Sun (Milankovitch 
cycles). Main harmonics of the Milankovitch cycles have 
periods of about 41,000 and 23,000 years [8]. Their ef-
fect causes temperature changes on the order of ±2˚C to 
±3˚C. The average Late Pleistocene temperature con- 
sidering such fluctuations and in comparison with the 
isotopic temperature of the Antarctic ice at the Vostok 
Station is shown in Figure 6. 

 

 

Figure 7. Effect of inertia forces from the excess mass of ice 
sheets in the Northern and Southern hemispheres on the 
turning of the Earth’s rotation axis. 

It should be noted here that the isotope temperatures 
within the Antarctic ice describe not the ice cover forma- 
tion temperature but the average World ocean surface 
water temperature; their evaporation preserved the deute- 
rium/hydrogen isotope ratios typical of these waters. Af- 
ter having been precipitated in the Antarctic these ratios 
were remembered by the corresponding layers of the ice 
cover. 

As shown in Figure 6, correlation of the theoretical 
temperature curves with the experimental data is quite 
good although the theoretical curves are somewhat 
smoothed. 

Cycle and the independent geologic data on the ice 
sheet distribution in Canada and the US as presented in 
1988 by Imbry and Imbry (Figure 3). 

Both curves are similar, with slight deviations in ages 
and scales. Our curve is tied with the age scale of the 
Antarctic temperature fluctuations. It is also possible that 
some glacier traces (end moraines) of somewhat earlier 
glaciation phases (for instance, the phases about 70,000 
years ago) were obliterated by the last-phase glaciation, 
which substantially overlaid the area of earlier glacier 
phases.  

The shape of the theoretical curve depends substan- 
tially on 1) the phase relationships between the main cy- 
cles of the Lunar-Earth and “glacier” temperature fluc- 
tuitions; 2) precession cycles of the Earth-around-Sun 
revolution orbit; and 3) precession of the Earth own 
revolution. Based on these, the writers selected the best 
fit between the theory and experimental isotope tem- 
perature determinations in the Antarctic ice sheet from 
the phase shift of the component climatic fluctuations. 
Thus, the future climate changes can be forecast (as an 
example of such forecast see Figure 8). 

The Pleistocene/Holocene boundary (we are living in 
Holocene) is usually drawn at the boundary between the 
latest and most significant phase of the Wurm (Valday) 
glaciation and the present-day interglacial stadial. Based 
on the data in Figure 8 (tied-in with the age determina- 
tions of temperature fluctuations in the Antarctic ice 
cover at the Vostok station) the age of this boundary is  

 

 

Figure 8. Temperature forecast for the next 120 thousand 
years is presented by the shaded area of the graph. 
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approximately 12,000 - 11,000 years. The later values are 
close to the value of 10,000 years determined by the 
INKVA Holocene commission [9]. 

On the other hand, the warm climate during the second 
half of Mesozoic was due to the formation at that time of 
the supercontinent Pangaea and to the accelerated oxygen 
generation caused by the explosion of flowering plants, 
which temporarily compensated the decline in the nitro- 
gen partial pressure. After Pangaea began to break down 
and oxygen pressure stabilized, a new cooling phase 
started in Cenozoic despite a slight increase in the solar 
luminosity. The authors estimate that the average surface 
temperature at the end Mesozoic reached +18˚C to +19˚C 
(the present-day value is +15˚C). 

3. Conclusion 

As a result of the Moon-Earth interaction, slow but regu- 
lar climate cooling episodes periodically occurred in Pleis- 
tocene. Every one reached 8˚C to 10˚C and lasted 100 to 
120 thousand years. After the emergence of thick ice 
sheets there was a rapid, within just a few thousand years, 
climate warming by the same 8˚C - 10˚C, with equally 
rapid degradation of glaciers. Therefore, the Moon-Earth 
connections in combination with the Earth’s glaciations 
initiated substantially nonlinear self-oscillatory climatic 
processes so typical of the entire Late Pleistocene. The 
future climatic forecast is cooling, probably, the most 
severe of all preceding cooling episodes. According to 
Sorokhtin et al., 2010, cooling occurs due to life activity 
of the nitrogen-consuming bacteria, which continuously 
lowers the partial pressure of nitrogen and subsequently 

the general atmospheric pressure. The atmospheric pres- 
sure decline leads to the Earth’s climate cooling (see 
Equation (9)). 
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