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Abstract
The earth’s is rotation rate varies slightly as a function of time. This paper uses a very simple model to discuss the 

effect of global warming on the earth’s rotation rate. Global warming slightly increases the earth’s moment of inertia 
due primarily to the melting of glaciers which should slow the rotation rate of the earth. This paper, also, discusses how 
the changes in the moment of inertia reduces the earth’s rotational kinetic energy and hence increase in the earth’s 
internal temperature which may cause an unexpected increase or decrease in the earth’s rotation rate.
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Introduction
A couple of years ago the earth was spinning slightly faster than 

at any time in the past 50 years by about a few parts in 10-9 (See Peter 
Whibberley: https://news.yahoo.com/earth- 185517872.html). Since 
then it has slowed down a bit. This indicates that either the earth’s 
moment of inertia has slightly decreased and then increased or that a 
torque has acted on the earth’s mantle. It is well known that the earth 
is experiencing global warming [1]. There are good calculations of the 
forcing of the climate due to the energy in long wavelength radiation 
emitted by the earth being less than the energy in short wavelength 
radiation from the sun absorbed by the earth [2]. This paper addresses 
whether and how the changes of earth’s rate of rotation and global 
warming are related. The melting of glaciers increases the earth’s 
moment of inertia and thereby reduces the rotation rate of the earth. 
In addition this paper proposes a mechanism that results in the heating 
of the interior of the earth due to the earth’s loss of rotational kinetic 
energy. This may result in either an unexpected increase or decrease in 
the rotation rate of the earth. 

One result reported in this paper is that the thermal expansion 
of the earth’s oceans results in a very small increase in the earth’s sea 
level and moment of inertia compared to the increase in the sea level 
and moment of inertia due to the melting of earth’s glaciers and ice 
caps. Previously results reported by the Mitrovica group at Harvard [3] 
have shown that at the present time global sea-level change is driven 
primarily by glacial melting.

The Earth's Moment of Inertia 
The earth is not a perfect sphere, but is instead better approximated 

as an oblate spheroid. The moments of inertia about the axis of rotation 
and an axis and through the center of the earth and the equator are 
slightly different. The moment of inertia about the axis of rotation is 
given by Lambeck [4] as I = 8.034 x1037 kg m2 and by Stacey [5] as I 
= 8.038 x1037 kg m2. The moment of inertia about an axis through the 
center of the earth and the equator is given by Lambeck as 8.008 x1037 
kg m2 and by Stacey as 8.012 x1037 kg m2. That the two earth's moments 
of inertia are almost the same indicates that the earth is nearly spherical. 
The earth's moment of inertia varies slightly in time due to the tides and 
other effects. The small effects due to the earth being an oblate spheroid 
and due to the tides and other small effects are ignored in this paper as 
are effects due to the uneven composition of the earth. We consider the 
earth simply as a sphere with a moment of inertia I = 8.0x1037 kg m2.

How Global Warming Affects the Earth's Moment of 
Inertia.

Since the mass of the atmosphere is much less than the solid earth, 
the largest effect global warming has on the mass distribution of the 
earth and therefore its moment of inertia is due to changes in the global 
sea levels. Between 1993 and 2013 the sea level increased by 6.6 cm 
[6-10]. This rise was due to two effects, the tiny effect due to thermal 
expansion of the oceans and the somewhat larger effect due to the 
melting of glaciers and ice caps. 

Thermal Expansion of the Oceans

Global warming heats the upper layer of the ocean, causing the 
water to expand thereby raising the sea level. The increase in the sea 
level causes the moment of inertia of the earth to increase. The increase 
of the sea level is treated in a very simplified manner by considering the 
oceans as a spherical shell about the earth. The CRC Handbook gives 
the mass of the oceans as Mw = 1.4x1021 kg. Since the depth of oceans 
are much less than the earth’s radius, the moment of inertia of this thin 
spherical shell of ocean water is given by, Iw = (2/3)MwR2 = 3.8x1034 kg 
m2. The mass of the oceans is not altered by global warming. Both the 
density and depth of the ocean are altered. The average density decreases 
due to thermal expansion and the depth changes as the ocean’s surface 
area increases. The increase in the moment of inertia of the oceans is 
therefore Δ (2/3) MwR2 = (2/3) Mw Δ (R2) = (4/3) Mw RΔ R since Δ (R2) 
= 2RΔR where ΔR is much smaller than R. Thus the fractional change 
in the moment of inertia of the oceans is ΔIw /Iw = 2ΔR /R, where ΔR is 
taken as the increase in the sea level due to the thermal expansion of the 
oceans. From 1993 until 2013 the sea level increased a total of 6.6 cm [6, 
11]. The fractional change in the ocean’s moment of inertia is predicted 
by our model is ΔIw /Iw ≈2x10-8 for the 6.6 cm increase of the sea level. 
The change in the oceans moment of inertia is about ΔIw ≈ 8x1026 kg 
m2. This leads to a fractional change in the earth’s moment of inertia of 

 ΔIw / I ≈10-11. 
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That the change is this tiny results from the fact that the mass of 
the ocean is not changed by global warming. Even though the sea level 
increases the ocean remains a thin shell about the earth so that Iw = (2/3) 
MwR2 is barely changed. The above calculation assumes that the entire 
sea level change is entirely due to thermal expansion of the ocean. Since 
more than half of the rise in sea level is due to the melting of glaciers the 
true fractional increase in the earth’s moment of inertia due to thermal 
expansion by this mechanism is substantially less than ΔIw /I ≈10-11. 
This is shown in the next section to be negligible compared to the 
fractional increase in I caused by the melting of glaciers and ice caps.

Melting Glaciers and Ice Caps

If floating sea ice melts it will not change the sea level until it heats 
up due to global warming, and even then the global sea rise due to 
heating will be very small. If a glacier of mass, MG, is located at latitude 
θ and a height, h, above the surface of the earth then moment of inertia 
of the glacier about the earth’s axis of rotation is IG = MG (R+h)2 (cos 
θ)2, where the glacier is treated as a point mass. If a mass, m, of the 
glacier melts and the melt water eventually reaches the ocean then the 
mass of the oceans is increased by m. The earth’s moment of inertia is 
then increased by 

ΔIG = 2/3mR2 –m (R+h) 2 (cos2θ).                             	                 (1)

The first term is the increase in the moment of inertia about the 
axis of rotation is due to the sea level rise from the glacial melt water 
and the second term is the decrease in the moment of inertia due to 
the reduction in the moment of inertia of the glacier. Summing this 
expression for all of the world’s glaciers is far beyond the scope of this 
paper. Nevertheless, it may be possible to estimate the effect of the 
melting of the world’s glaciers. Since h is very small compared to R the 
increase in the earth’s moment of inertia can be approximated as 

Δ I = mR2 [(2/3-cos2θ)] - 2mhR (cos2θ).                         	                  (2)

Where the term in h2 is ignored. Since R>>2h, the first term is 
much larger than the second term unless 2/3-cos2θ is very near zero 
which would require the glacier to be located within ±35°of the equator. 
While some glaciers in the Andes and Himalayas are within this zone, 
the most significant glaciers are in Greenland and the Antarctic and 
are well outside this zone so the second term is ignored. Indeed, if all 
the melting occurred at 90o north or south where cosθ is zero then 
the only contribution to the change in the earth’s moment of inertia 
would be due to the change in sea level which is 2/3mR2. If the melting 
occurred primarily near at the arctic or Antarctic circles the change 
in the moment of inertia would be about 1/3mR2 since cos2θ is about 
1/3 near the arctic or Antarctic circles. We take this as a reasonable 
approximation and believe it is clear that the main contribution of the 
melting of glaciers is due to the resulting increase in sea level. At the 
present time the change in sea level is thought to be primarily due to 
the melting of the glaciers.2, 4 Assuming the oceans cover (2/3) of the 
earth surface, a 1 cm layer of water about the earth corresponds to a 
mass of m1cm,W = (2/3) ρ (4 πR2 Δr) = 3.4x1015 kg. If we assume that 
approximately 6 cm of the 6.6 cm rise in sea levels from1933 to 2013 is 
due to the melting of glaciers, it would fractionally increase the earth’s 
moment of inertia by

ΔIG/I ~ (1/3mR2)/ [(0.87)2/5MR 2] ~ 2m/M = 3.2x10-9.                  (3)

This change in I, while small, is nevertheless more than 100 times 
larger than change in the moment of inertia caused the rise of sea level 
due to thermal expansion. Although the discussion of the change in the 
earth’s moment of inertia is very simplified, it does not seem reasonable 
to believe that a more complete discussion in which the changes in sea 

level at different locations on the earth and hence a redistribution of the 
mass of the oceans, would result in a significant change in the moment 
of inertia nor a big difference in the fractional change in the moment 
of inertia. Hence we believe that the crude estimate in this section is 
adequate for our purpose.

The Change in the Earth's Rotation Rate
The earth's angular momentum about its axis of rotation is given 

by, L = Iω, where I is the earth's moment of inertia and where ω is 
the rotation rate of the earth about its axis. The rotational rate of the 
earth is L = 7x10-5 rad/s. Since L is constant, in the absence of a torque, 
the fractional change in the moment of inertia of the earth is equal to 
the negative of fractional change in the rotation rate. Between 1993 
and 2013 the sea level increased about 6.6 cm. The fraction of the 
rise in the sea level due to the melting of glaciers is not certain, but 
for the last two decades it is believed to be significantly greater than 
the fraction of the rise due to thermal expansion of the oceans [2, 4]. 
As an estimate we assume that 6 cm of the sea level rise is due to the 
melting of glaciers. The fractional change in the earth's rotation rate 
is therefore about Δω/ω = -3.2x10-9 due to melting glaciers and ice 
caps. It should be noted that this number is similar in magnitude to the 
measured increase in the rate of rotation of the earth except that it is in 
the opposite direction. Thus the increase in the rate of rotation must be 
due to some effect that overcomes the increase in the moment of inertia 
due to global warming. Sections 5 and 6 of this paper propose a method 
by which global warming may increase the earth’s moment of inertia 
but nevertheless result in an increased rate of rotation of the earth.

The Internal Heating of the Earth
The rotational kinetic energy of the earth about its axis is KE = (½) 

Iω2 = (½) Lω. Since L is constant it follows that the fractional change 
in the rotational kinetic energy of the earth is equal to the fractional 
change in the rotational rate of the earth about its axis. The rotational 
kinetic energy of the earth is KE = (½) Iω2 = 4x1029 J. Thus the earth's 
kinetic energy of rotation should decrease by about ΔKE = -1.2 x1021 
J for a 6 cm change in the sea level due to the melting of the glaciers. 
Although this is very small compared to the rotational energy of the 
earth, it is nevertheless on an absolute scale an extremely large energy. 
A decrease in the rotational energy of the earth must appear as heating 
of the earth. One might ask where this heat is generated. Some of the 
rotational energy loss will result in strains in the earth's mantle, which 
will in time be released as heat. Some of the heat will result in as heating 
of the oceans. As the mantle's rotation rate decreases due to friction 
between the mantle and the liquid core it, will result in heating the core 
and the rock near the mantle-liquid core interface. The author suspects 
that a significant part of the energy loss may occur at the mantle-core 
interface.

Comments on the Change in the Rotation Rate of the 
Earth 

This paper has shown that the increase in sea level due to global 
warming should at first appear to result in a small decrease in the 
earth’s rotation rate. For the earth then to increase its rotation rate 
either the earth’s mantle must be experiencing a torque or its moment 
of inertia must have decreased. Perhaps the increase in the sea level 
has compressed some part of the earth’s interior thereby decreasing 
the moment of inertia, although this seems unlikely. If this is not the 
case then there must be torque acting on the earth. We dismiss far 
out explanations such as a torque resulting from the earth interacting 
gravitationally with a clump of rotating dark matter. The liquid part 
of the core has a circulation that carries a current which produces the 
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earth’s magnetic field. If this circulation changes in magnitude and/
or direction so that the angular momentum of the core changes then 
it would exert a torque on the earth’s mantle, which would cause the 
rotation rate of the earth to change. We believe that the internal heating 
of the earth by the initial decrease in earth’s moment of inertia may 
result in a change in the cores circulation. If the change in the core’s 
circulation were in such a direction as to more nearly align with the 
earth’s rotation then the earth’s rotation rate would slowly increase. If 
the change is opposite it may slow the earth’s rotation rate.

A self-sustaining dynamo like the one that produces the earth's 
magnetic field is susceptible to being affected by extremely small 
alterations in the conditions. Perhaps a small change in the rotation of 
the earth due to internal heating of the earth that has resulted slowly in 
a small but measurable change in the direction and/or the magnitude 
of circulation of the liquid part of the core and hence a change in both 
the earth’s angular momentum and its magnetic field even though the 
previous change in the earth's rotation rate was very small. Repeated 
small changes in the moment of inertia might thereby produce a small 
net increase in the earth’s rate of rotation even though the earth’s 
moment of inertia is increasing. The earth’s magnetic field is moving 
rapidly toward Siberia at the present time [12]. It has been concluded 
that the polar drift in the 1990s was primarily due to the melting of 
terrestrial glaciers [13]. Since the motion of earth’s magnetic pole has 
been altered by the melting of the glaciers, which must have changed 
the motion of liquid core, the change in the motion of the liquid core 
will exert a torque on the earth’s mantle, which can alter the earth’s 
rotation rate. Thus it seem reasonable that both the polar drift and 
the increased rotation of the earth are related to the melting of the 
glaciers and ice caps, and are therefore are indirectly the result of global 
warming and the resulting increases the sea level.

Acknowledgement 

The author gratefully acknowledges many helpful comments from 
John Boffard, Ludwig Bruch, V. Barger, David Fahey, Jerry North, 
Richard Dexter, and James E. Lawler.  

References
1.	 Fahey DW, Hibbard KA, Dokken DJ, Stewart BC, Maycock TK, et al. (2017) 

Climate Science Special Report: Fourth National Climate Assessment, Volume 
1. U.S Glob Chang Res Prog 470 pp.

2.	 Stocker TF, Dahe Q, Plattner, GK, Tignor Melinda MB, et al. (2013) Climate 
Change 2013: The Physical Science Basis. Working Group I Contribution to the 
Fifth Assessment Report of the Intergovernmental Panel on Climate Change. 
Camb Uni Press. 1535 pp.

3.	 Martin GM, Taumi SD, David P, Daniel RF, William DC, et al. (2016) The 
spectroscopic foundation of radiative forcing of climate by carbon dioxide. 
Geophys Res Lett 28; 43(10):5318-5325.

4.	 Linda AH, Jeffrey CM (2016) The spectroscopic foundation of radiative forcing 
of climate by carbon dioxide, Geophys Res Lett 43, 5318-5325.

5.	 Carling H, Jerry XM, Eric M, Robert EK, Peter H, et al. (2016) Earth Rotation 
Changes Since 500 BCE Driven by Ice Mass Variations. Earth Planet Sci Lett 
448, 115‑121.

6.	 K. Lambeck (1980) The Earth’s Variable Rotation, Camb Uni Press p27.

7.	 Stacey FD (1977) Physics of the Earth. 2nd Edition. Wiley & Sons Inc 336.

8.	 Stocker TF, Dahe Q, Plattner, GK, Tignor Melinda MB, et al. (2013) Climate 
Change 2013: The Physical Science Basis. Working Group I Contribution to the 
Fifth Assessment Report of the Intergovernmental Panel on Climate Change. 
Camb Uni Press. 1535 pp.

9.	 Levitus S, Antonov JI, Boyer TP, Locarnini RA, Garcia HE, et al. (2009) Global 
ocean heat content 1955–2008 in light of recently revealed instrumentation 
problems. Geophys Res Lett 36, L07608.

10.	Boyer TP, Antonov JI, Baranova OK, Garcia HE, Johnson DR, et al (2009) 
World Ocean Database 2009. NOAA Atlas NESDIS 66 - 216 pp.

11.	Johnson GC, Lyman JM, Boyer T, Cheng L, Domingues CM, et al. (2020) 
Ocean heat content [in “State of the Climate in 2019” Chapter 3]. Bull Am 
Meteorol Soc 101 (8), S140-S144,

12.	Livermore PW, Finlay CC, Bayliff M (2020) Recent north magnetic pole 
acceleration toward Siberia caused by flux elongation. Nat Geo 387-391. 

13.	Deng S, Liu S, Jiang L, Bauer GP (2021) Polar Drift in the 1990s Explained by 
Terrestrial Water Storage Changes. Geophysical Research Letters 48.

https://science2017.globalchange.gov/downloads/CSSR2017_FullReport.pdf
https://science2017.globalchange.gov/downloads/CSSR2017_FullReport.pdf
https://www.ipcc.ch/report/ar5/wg1/
https://www.ipcc.ch/report/ar5/wg1/
https://www.ipcc.ch/report/ar5/wg1/
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2016GL068837
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2016GL068837
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2016GL068837
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2016GL068837
https://www.sciencedirect.com/science/article/abs/pii/S0012821X16302370
https://www.sciencedirect.com/science/article/abs/pii/S0012821X16302370
https://www.cambridge.org/core/books/earths-variable-rotation/33A480CD04E6BC0B0F3A1F3F50D3DADD
https://www.scirp.org/%28S%28vtj3fa45qm1ean45vvffcz55%29%29/reference/referencespapers.aspx?referenceid=2926193
https://www.ipcc.ch/report/ar5/wg1/
https://www.ipcc.ch/report/ar5/wg1/
https://www.ipcc.ch/report/ar5/wg1/
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2008GL037155
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2008GL037155
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2008GL037155
https://repository.library.noaa.gov/view/noaa/1195
https://journals.ametsoc.org/view/journals/bams/101/8/bamsD200105.xml
https://www.nature.com/articles/s41561-020-0570-9
https://www.nature.com/articles/s41561-020-0570-9
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020GL092114
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020GL092114

	Title
	Abstract

