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Introduction: The massive loss of global glacier mass caused by climate
problems has caused concern, while the Earth’s rotation as the most significant
form of motion has also been subtly affected. However, the quantitative effects
of massive glaciers losing mass on Earth’s rotation have not been revealed.

Methods: Herein, the knowledge of moment of inertia and suitable rotational
inertia models in classical mechanics is initially utilized to assess the effect of
quantitative glaciers losing mass on Earth's rotation.

Results:After specific calculations, the putative 200 billion tons of glaciers losing
mass bring on an increase of 1.4099×10-4s in Earth’s rotation time in 365 days.

Discussion: This work examines the connection between glaciers losing mass
and Earth’s rotation from classical mechanics, thus providing the way for
investigations of relationship between climate changes and Earth.

KEYWORDS

climate change, earth’s rotation, glacier melting, quantitative calculations, rotational
inertia

1 Introduction

The Earth’s self-rotation, which refers to the rotation around its polar axis, is a vital
form of motion, along with its revolution and progression (Schuh et al., 2021) and plays a
decisive role in the ecological balance of living organisms (Sinturel et al., 2020; Reddy et al.,
2023; van Wyk and Prinsloo, 2019; Klatt et al., 2021), the physical phenomena of nature
(Ukhorskiy et al., 2014; Williams et al., 2014), the Earth’s magnetic field (Richards et al.,
1997; Roberts and King, 2013; Modiri et al., 2021), climate (Hunt, 1979; Kuhn et al., 1989),
etc. The fact that the speed of the Earth’s rotation is not constant is, of course, well known
(Carter et al., 1984; Hide and Dickey, 1991; Triana et al., 2022). For the past few decades,
the BIMP (Bureau International des Poids et Mesures) has used “leap seconds” to measure
changes in the time of the Earth’s rotation (Gibney, 2022; Leap Seconds Information Sheet,
2023). Moreover, there is no shortage of explanations for long-term changes in
Earth’s rotation through known factors such as tidal dissipation (Riguzzi et al.,
2010; Daher et al., 2021; Chao and Ray, 1996; Madzak et al., 2016) and earthquakes
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(Xu and Li, 2022; Chao and Gross, 1987; Maddox, 1988; Anderson,
1974). Chao andGross determined that earthquakes slow the Earth’s
rotation by approximately 0.1 microseconds per year. (Daher et al.,
2021). Chao and Ray reviewed tidal research models and found that
tidal effects affect the Earth’s rotation by about 1–2 microseconds
per year (Chao and Gross, 1987). The above factors change the
distribution of material to affect the rotation of the Earth, while
the glacier losing mass is also listed among the reasons. In recent
years, climate issues have caused a steady increase in glacier losing
mass on Earth, especially in Greenland (Jani-Friend, 2022; Ramirez,
2022; Guy, 2023; Shepherd and Wingham, 2007; Rounce et al.,
2023). Glacier mass loss not only causes natural disasters such as
rising sea levels, freshwater shortages, and the intensification of the
greenhouse effect but also has deeper effects on the Earth, such as
its rotation. However, the trend of development and quantitative
relationship (the exact amount of time changes in the Earth’s
rotation) between glaciers losing mass and the Earth’s rotation has
yet to be determined. Therefore, the specific impact of glaciers on
the rotation of the Earth and the prediction of the development
trend can be described by physical connections and quantitative
calculations in the Newtonian mechanical system.

As early as the 1960s, Runcorn used knowledge of the moment
of inertia (I) in classical mechanics to investigate variations in the
Earth’s moment of inertia (Runcorn, 1964). Etkins and Epstein
calculated that melting over 50,000 cubic kilometers of glacier
between 1900 and 1940, which shifted mass from the polar regions
to the thin shell covering all the oceans, should have increased
Earth’s moment of inertia and correspondingly reduced its rotation
by about 1.5 parts per 108 (Etkins and Epstein, 1982). In recent
years, as various Earth data have been gradually refined, Ren
et al. have studied the increasing trend of Earth’s moment of
inertia through data measured by the widely used 15-year Gravity
Recovery and Climate Experiment (GRACE) (Ren and Hu, 2021).
However, to better measure the specific impact of glacier lost
mass on Earth’s rotation, we choose the equations of moment
of inertia (J), moment of momentum (L), angular velocity (ω),
and linear velocity (v) in the classical mechanical system for
calculation (Young et al., 2019; Kittel et al., 2016). The detailed
classical mechanical formulas are displayed in the supporting
methods. According to the relevant theoretical mechanical theorem,
the moment of momentum is conserved during the Earth’s rotation,
andwhen the Earth’smoment of inertia changes, the angular velocity
and the period will also change. This research explores the physical
and scientific links between glacier lost mass and the Earth’s rotation
in the context of changes in the distribution of the Earth’s mass
because of large-scale glaciers’ lost mass on Earth in recent years.
After assuming a quantitative pre- and post-melting glacier lostmass
distribution, themagnitude of themoment of inertia before and after
glacier melting is quantified by selecting the exact moment of inertia
model and performing comparative analytical calculations to verify
the effect of glacier lost mass on the Earth’s rotation.

2 Earth’s land and ocean distribution

First, the Earth’s land and sea are unevenly distributed, with
oceans covering a much larger area than land, and the area of the

ocean is much higher than that of the land (Figure 1A). About
510 million square kilometers of the Earth’s surface area is covered
by oceans, of which 360 million square kilometers (71%) and 150
million square kilometers (29%) are land area. To better apply the
calculation of the moment of inertia model in classical mechanical
systems, the Earth is divided into 18 intervals from the South Pole to
the North Pole with 10° as an interval for subsequent computations,
and each dimension interval has specific values for sea and land
(Figure 1B) (Historical Geography of the National).

3 Glaciers

3.1 Total mass of glacier

Currently, Earth’s three most glaciated regions are the Antarctic
continent, Greenland, and theArctic islands. Simultaneously, 95%of
the Earth’s glacier area and 99% of the glacier volume are contained
in the Antarctic and Greenland, so the North and South Polar
regions should be the essential areas for calculating the glacier
lost mass before melting. Relative to the glacier mass and volume
content in the polar regions, the glaciers in the middle and low-
altitude alpine areas are no longer considered in this article. In
this calculation of moment of inertia, we define the glacier to
encompass all types of glaciers found in the high-latitude polar
regions, specifically referring to the mass loss occurring in the polar
ice sheets and peripheral mountain glaciers.

Combined with the research of Hugonnet (Hugonnet et al.,
2021), Vargo (Vargo et al., 2020) and Zemp (Zemp et al., 2019) on
accelerating glacier mass loss in the 21st century and related news
reports (Satellite Data Shows Antarctic Peninsula, 2023; Gaind and
Stoye, 2019), an average of 267 billion tons of glaciers lost mass each
year from 2000 to 2019. Given that glaciers in high latitudes lose
mass at a slower rate compared to those in middle and low latitudes
and considering the issue of climate change, the calculation value of
200 billion tons is chosen for the total net mass value of glacier melt.
Moreover, this value is established to simplify further calculations of
the moment of inertia.

3.2 Glaciers distribution

Before the calculation can begin, the specific distribution of
200 billion tons of glaciers before and after mass loss needs to
be specified. First, the distribution of glaciers before mass loss is
specified. Combined with the latitude of the polar regions and the
distribution of glaciers, we assume that before the 200 billion tons
of glaciers melted, 150 billion tons of glaciers and 50 billion tons of
glaciers similar to the spherical shell uniformly distributed in the
north-south latitude 80°–90° land region (Figure 2A). Second, the
distribution of glaciers after mass loss is specified. Since the climate
and seasonal changes in each latitude region have a significant
influence on glacier melting and flow, for the convenience of
model building and rotational inertia calculation, these effects
are not considered in this article, while only the distribution
mode of glaciers distributed in each dimensional interval after
all mass loss is considered. Consequently, this research postulates
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FIGURE 1
(A) Simplified diagram of Earth’s land and sea distribution; (B) The sizeof the ocean and land area in different latitude intervals.

that the 200 billion tons of glaciers will be uniformly distributed
throughout the ocean area of the Earth’s surface at all latitudes
after melting, resulting in the same height of worldwide sea
level rise (Figure 2B).

4 Calculation and results

4.1 Earth’s own moment of inertia

Earth is known to be an irregular sphere with slightly flattened
poles and a slight bulge at the equator. While we assume the Earth
is a rigid sphere for calculation purposes, and this simplification

allows us to apply the sphere model to classical mechanical models
(Figure 3A). The parameters of the Earth rigid body model are
derived from Earth’s parameters (Williams, 2021), and all data are
retained to four decimal places. The utilization of the rigid body
model necessitates the employment of the uniform distribution
method for calculating the moment of inertia of the Earth, which
entails a certain degree of error when compared to the more
precise and technically sophisticated methods for determining
the moment of inertia of the Earth. However, considering the
calculation model of the moment of inertia in classical physics
used in this paper, although there is a certain error with more
accurate calculationmethods, the uniform distribution of the earth’s
moment of inertia is more reasonable.
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FIGURE 2
Glacier distribution model. (A) Before the glaciers mass loss; (B) After the glaciers mass loss.

After screening the moment of inertia models, the sphere model
(Supplementary Figure S1, J = 2

5
mr2) (Young et al., 2019) is chosen

to calculate the Earth’s rotational inertia. All calculations in this
article are retained to 4 decimal places. Here, we need to calculate the
glacier and the Earth separately due to differences in the model for
calculating themoment of inertia. Due to the Earth’s measuredmass
containing the glacier mass, the assumed glacier mass is excluded
when performing the Earth’s own moment of inertia calculation.
The detailed derivation of the spherical model formula and the
calculation process of the moment of inertia can be found in
supplementary model.

The Earth’s own moment of inertia is:

JE =
2MErD

2

5
=

2× 5.9724× 1024× (6.3714× 106)2

5
= 9.6980× 1037 ⁢kg ⋅m2

where ME is the mass of the Earth minus 200 billion tons of glaciers
(ME =MD −MI = 5.9724× 1024 − 2× 1011 ≈ 5.9724× 1024), and rD
is the radius of the Earth (rD = 6.371393× 10

6m ≈ 6.3714× 106m).

4.2 Glacier’s moment of inertia

Combined with the preset glacier distribution and
the moment of inertia model, the spherical shell model
(Supplementary Figure S2, J = 2mr2

3
) (Young et al., 2019) is chosen

to perform rotational inertia calculations before and after glacier
mass loss, and the detailed derivation of the spherical shell model
formula is shown in Supplementary model. To facilitate the
spherical shell model for the calculation of the integration interval,
assuming 0° at the North Pole and 180° at the South Pole, the
North Pole to the South Pole is 0°–180° as the coordinates of the
integration interval, and the calculation is carried out with 10° as an
integration interval (Figure 3B).

First, themoment of inertia before the 200 billion tons of glaciers
mass loss is calculated. The moment of inertia of 50 billion tons of
glaciers at 80°–90° north latitude is JN = 2.3304× 1023kg ⋅m2 (the
Arctic), and the moment of inertia of 150 billion tons of glaciers
at 80°–90° south latitude is JS = 6.9913× 1023kg ⋅m2 (the Antarctic).
So, the total moment of inertia of 200 billion tons of glaciers before
mass loss is JQ = JN + JS = 9.3217× 1023kg ⋅m2 (the sum of the Arctic
and Antarctic). The calculation process of rotational inertia before
glaciers mass loss located at 80°–90° in the North and South Poles is
shown in supplementary calculation process.

Subsequently, the moment of inertia after the 200 billion
tons of glaciers mass loss is calculated. Since the glaciers are
evenly distributed in all latitudes of the earth after mass loss,
the mass distributed and corresponding moment of inertia
in each interval after mass loss of the glaciers is obtained
through the spherical shell formula according to the 18 integral
intervals (Figure 3C, corresponding to the 18 latitude intervals),
and the result is reserved for four decimal places (Table
1). The calculation process of rotational inertia uniformly
distributed in the ocean area of the Earth’s surface at various
latitudes after glaciers mass loss is shown in supplementary
calculation process.

The magnitude of the moment inertia after the 200 billion tons of
glaciersmass loss can be obtained by adding up themoment of inertia

of each interval in Table 1 is; JH =
18
∑
n=1

Jn = 4.3451× 10
26kg ⋅m2.

4.3 Earth’s rotation change time

From the law of conservation of momentum and moment
in the Supplementary Material, the formula for the relationship
between velocity, angular velocity and period (S1-1) to (S1-4) can
be obtained (Khobragade and Roy, 2021):
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FIGURE 3
Calculation models of the moment of inertia in classical mechanics
system. (A) Earth rigid body model; (B) Calculation Model of Glacier
Shell; (C) Comparison chart of latitude and integral interval.

LD = (JE + JQ)ω1 = (JE + JH)ω2

ν1 = ω1rD,ν2 = ω2rD

T2

T1
=
v1
v2
=
ω1

ω2
=
(JE + JH)

(JE + JQ)

where LD- angular momentum of the Earth (constant value), JE-
rotational inertia of the Earth itself, JQ-rotational inertia before
glaciers mass loss, JH-rotational inertia after glacier glaciers mass
loss, ω1-rotational angular velocity of the Earth itself before glacier
glaciers mass loss, ω2-rotational angular velocity of the Earth itself
after glacier glaciers mass loss, rD-the radius of the Earth, T1-the

standard period of the Earth’s rotation of 365 days before glaciers
mass loss, T2-the time required for the Earth’s rotation period after
glaciers mass loss.

After bringing the above calculation data into the calculation,
the rotation period of the Earth increased due to the mass loss of the
assumed 200 billion tons of glaciers in this article is calculated by
the following:

T = (T2 −T1) × 24× 3600 = 1.4099× 10−4s

where, T-the increase of the earth’s rotation period time, T1-the
standard period of the Earth’s rotation of 365 days before glaciers
mass loss, T2-the time required for the Earth’s rotation period after
glaciers mass loss.

5 Discussion and conclusion

In conclusion, the effect of a hypothetical 200 billion tons
glaciers mass loss on the Earth’s rotation is calculated in detail by
selecting a suitable rotational inertia model. The process of selection
and calculation of specific rotational inertia models before and
after the mass loss of glaciers is given. After comparative analyses
and calculations, the detailed and specific results confirm that
the glaciers mass loss caused by global warming affect the Earth’s
rotation. Using the moment of inertia model method in classical
mechanics, this article calculates that the assumed 200 billion tons
of glaciers mass loss slow the rotation of the Earth by 1.4099×10-4s
in a standard year (365 days).

This article mainly uses the knowledge between the moment
of inertia and angular momentum in classical mechanics to
explore the effect of glacier mass loss on the earth’s rotation.
Here, by assuming that the angular momentum of the earth
is constant, the influence of the hypothetical mass loss of 200
billion tons of glaciers on the rotation period of the Earth is
quantitatively analyzed through the physical relations such as
angular momentum, moment of inertia, angular velocity, and
velocity. Combined with the actual situation of the earth itself, the
study of this article has certain limitations. Due to the intensification
of global warming, the annual mass loss of the Earth’s glaciers
far exceeds the 200 billion tons set in this paper, indicating
that the actual change in the Earth’s rotation period exceeds the
calculated value in this article. However, this article proves that
the use of classical mechanics and other physical knowledge can
prove that the mass loss of glaciers affects the Earth’s rotation
period and provides new ideas for researchers to further study the
Earth’s changes.

In recent years, under the influence of the climate problem
of global warming, the amount of glacier mass loss has increased
with each passing year, and the global sea level is also rising.
This phenomenon has a direct impact on the global ecological
environment and aggravates Marine disasters. Furthermore, the
Earth itself is subject to profound and subtle effects, such as
the slowing of Earth’s rotation worked in this article. Therefore,
worldwide countries should pay more attention to the accelerated
mass loss of glaciers and jointly solve the problem of global
climate change.
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TABLE 1 Calculation table of the moment of inertia for each latitude integral interval.

Latitude range Integral interval Ocean area
Sn (km2)

Glacier net mass loss
mn (kg)

Rotational inertia
value

Jn(kg ∙m2)

80 °− 90° N 0 °− 10° (0— π
18

) 3.50× 106 1.9444× 1012 9.0628× 1021

70 °− 80° N 10 °− 20° ( π
18

— π
9
) 8.20× 106 4.5556× 1012 3.0831× 1023

60 °− 70° N 20 °− 30° ( π
9
— π

6
) 5.40× 106 3.0000× 1012 8,2714× 1024

50 °− 60° N 30 °− 40° ( π
6
— 2π

9
) 1.10× 107 6.1111× 1012 4.1329× 1024

40 °− 50° N 40 °− 50° ( 2π
9
— 5π

18
) 1.50× 107 8.3333× 1012 1.0477× 1025

30 °− 40° N 50 °− 60° ( 5π
18

— π
3
) 2.08× 107 1.1556× 1013 2.2503× 1025

20 °− 30° N 60 °− 70° ( π
3
— 7π

18
) 2.51× 107 1.3944× 1013 3.6694× 1025

10 °− 20° N 70 °− 80° ( 7π
18

— 4π
9
) 3.15× 107 1.7500× 1013 5.5689× 1025

0 °− 10° N 80 °− 90° ( π
18

— π
2
) 3.40× 107 1.8889× 1013 6.5907× 1025

0 °− 10° S 90 − 100° ( π
2
— 5π

9
) 3.37× 107 1.8722× 1013 6.5324× 1025

10 °− 20° S 100 − 110° ( 5π
9
— 11π

18
) 3.34× 107 1.8556× 1013 5.9050× 1025

20 °− 30° S 110 − 120° ( 11π
18

— 2π
3
) 3.09× 107 1.7167× 1013 4.5176× 1025

30 °− 40° S 120 − 130° ( 2π
3
— 13π

18
) 3.22× 107 1.7889× 1013 3.4831× 1025

40 °− 50° S 130 − 140° ( 13π
18

— 7π
9
) 3.05× 107 1.6944× 1013 2.1302× 1025

50 °− 60° S 140 − 150° ( 7π
9
— 5π

6
) 2.54× 107 1.4111× 1013 9.5431× 1024

60 °− 70° S 150 − 160° ( 5π
6
— 8π

9
) 1.70× 107 9.4444× 1012 2.6040× 1024

70 °− 80° S 160 − 170° ( 8π
9
— 17π

18
) 3.60× 106 2.0000× 1012 1.3535× 1023

80 °− 90° S 170 °− 180° ( 17π
18

—π) 1.00× 105 2.7800× 1010 1.2958× 1020
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