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ABSTRACT

Global warming began increasing exponentially in the 1940s. However, the annual increase of the ocean heat content now greatly exceeds the annual
increase of global warming heat, which is all of the heat that the Earth receives from the Sun. Thermal expansion of the Earth’s crust would cause the
boundaries of its cracks to be enlarged. This enlargement is evidently causing some undersea cracks to admit more of the Earth’s internal heat into
the ocean. The 50th percentile of 1.5°C global warming is estimated to arrive in the 2030s.
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Introduction

Global warming is “the global average temperature anomaly with
sea ice temperature inferred from air temperatures” according to
Berkeley Earth (1850—), and “the land-ocean temperature index”
per NASA (1880-) [1,2]. Global warming heat is trapped by excess
atmospheric greenhouse gases that have long half-lives, which
is the greenhouse effect [3]. The main excess greenhouse gas is
carbon dioxide that is mostly caused by fossil fuel combustion,
and which has a minimum half-life of 100 year [4]. Fourier (1824)
deduced the greenhouse effect without coining the term [5-8].
Conrath et al. (1970) used satellite measurements to prove the
Earth’s excess heat is trapped by excess greenhouse gases that
block heat emission at specific wavelengths of the Earth’s infrared
emission band.Data used herein are: (a) global warming, (b)
the Annual Greenhouse Gas Index (AGGI, 1979-) that lists the
emission-blocking of each greenhouse gas relative to that of carbon
dioxide; (c) the ocean heat content, and (d) sea level rise [1,2,9-13].

The Exponential Rise in Global Warming is Explained by The
Earth’s Decreasing Emissivity

Arrhenius (1896) described how atmospheric carbonic acid
(carbonated water, or H,CO,) raises the temperature of the ground
[14]. Arrhenius’ power balance model, Equation (2), is also called
the zero-dimensional climate model, but the present work does no
climate modeling. The Earth is assumed to be a linear isotropic
homogeneous (1.i.h.) sphere of radius » and albedo (reflectivity)
at temperature 7 that is emittingco7* W/m? heat per unit area and
rotating in a circular orbit around the Sun. The heat transfer in
equilibrium is described by Equation (2) [15],

zr*(l—a)S = 4mrieaT* = const. (2)

The left side of the equation is the constant solar power intercepted
by the Earth which appears as a disc of area 772 when viewed from
the Sun, and the right side of the equation is the omnidirectional
heat power radiated by the 1. i. h. spherical Earth of surface area
472, The solar constant is S =1366 W/m?+ 0.1% and the Earth’s
radius 7 is 6357 km — 6378 km. The Bond albedo, or reflectivity is a
~0.3, where 0<a<1 , because the more reflective land covers about
30% of the Earth, in contrast with the darker waters. Power per unit
area radiated by a blackbody, or perfect electromagnetic energy
emitter and absorber, is 67 * according to the Stefan-Boltzmann
law, where the Stefan-Boltzmann constant is o =5.67-10°W/
(m*K*). A blackbody has perfect emissivity ¢ =1, but the Earth
emits eo7 4, which is the grey body radiation in Equation (2),
wherein 0< e<l1.

The expression ¢T* in Equation (2) is constant because everything
else is constant, so the emissivity ¢ and T* are inversely related:

_ (1 - Q)S ~ 3
F e 0 ©)
Adding the Earth’s preindustrial temperature of 13.7°C to the
global warming record and converting to Kelvins yields the Earth’s
rising absolute temperature 7', wherewith Equation (3) yields the
falling emissivity curve shown in Figure 1 [16].

J Glob Warm and Clim Chan, 2025

Volume 1(4): 1-6



Citation: Schueler JR (2025) The Earth’s Internal Heat is Leaking into the Ocean in Amounts that Exceed the Global Warming Heat. Journal of Global Warming and

Climate Change. SRC/JGWCC-131. DOI: doi.org/10.47363/JGWCC/2025(1)130

0.62 -
1850 2024
0.615 - b
061 -
F
=
@
2
£
w
0.605 - b
06 -
0.595 . . :
1850 1900 1950 2000 2050
Year
— Emissivity estimate
— = Emissivity estimate plus two standard errors
— = Emissivity estimate minus two standard errors
~— Emissivity computed from global warming data

Figure 1: The Earth’s Falling Emissivity ¢ is Caused by the Rising
Berkeley Earth Global Warming Temperature T.

This falling emissivity inhibits the Earth from radiating as much
heat as it did from 125,000 years ago until the Industrial Revolution.
The annual emissivity decrease Ae causes a corresponding
temperature increase AT in global warming. Substituting Ae for
¢ in the right side of Equation (2) yields the annual incremental
decrease in the radiated global warming heat,

AGWH =—4mr*AcoT At , 4)
where Ae <0 and At = 1 year.
This incremental decrease in radiated global warming heat equals
the annual increase in retained global warming heat.
Numerically differentiating Equation (3) gives the annual decrease

in the Earth’s emissivity estimate Alg]=A[(1-a)S/4cT*] where

the A -operator yields the difference between successive discrete
annual values of its argument. Moreover, analytic differentiation

1- _
2D means ae= "D a7
ol ol

of Equation (3), whereby Z—; =

Substituting this expression in Equation (4) yields the annual
increase of global warming heat as a function of temperature,

AT
AGIH =477 (1-a)S——Ar. (5)

Global Warming Estimates
Figure 2 shows an upright hockey stick graph of the Berkeley
Earth global warming data and a least squares approximation of it.
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Figure 2: Global Warming vs. Year Per Berkeley Earth
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Figure 3: Global Warming Estimates of Berkeley Earth and
NASA, and the Transformed AGGI and CO2 Data, vs. Year

The voluminous Berkeley Earth global warming record includes
the NASA global warming record [1,2,17]. Figure 3 shows the
NASA global warming estimate separately. It is a parabolic
least squares approximation before 1947.0 and an exponential
approximation since 1947.0, which is midnight, December 31,
1947 when the 1947 measurements were complete. The Berkeley
Earth estimate is exponential since 1940.0. On the aforementioned
1940s dates the annual exponential estimates most closely match
the earlier annual parabolic least squares approximations, but
they later surpass them, in 2006 for the Berkeley Earth data,
and in 2010 for the NASA data. The current estimate of global
warming is 1.1°C.
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The atmospheric greenhouse gas curves are increasing in concert
with global warming, and are shown in Figure 3. Figure 3 has no
scale of greenhouse gas concentration, but the similarity among
global warming, the CO, curve, and the AGGI are depicted by
transforming the gas curves [18,19]. The transformation consists
of aligning the gas curves with global warming at 1987.3 when
the atmospheric CO, concentration was the ideal 350 ppm,
normalizing the them by their 2-norms (Euclidean norms), and
multiplying them by the Berkeley Earth global warming estimate
[20]. The latest AGGI value is not yet available. Not all greenhouse
gases are included in the AGGI. Carbon dioxide comprises 66%
of the AGGI. The other AGGI gases include methane (16%),
fluorinated gases (12%, now controlled), and nitrous oxide (6%).
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Figure 4: Common Mode Noise in the Global Warming Data

Fourier (1822) proved that heat transfer is periodic [21,22]. Figure
4 reveals the common periodicity of the global warming data that
is ostensibly caused by heat transfer in and out of the ocean, as
suggested by climate change animations. The correlation of the
Berkeley Earth data with the NASA data in Figure 4 is 0.99, so
the Figure 4 periodicity is not random, but random noise is present
in both Figures 3 and 4 because neither the global warming data
nor their estimates are identical. Another high correlation is 0.98,
between ocean heat content and sea level rise, as shown by the
normalized data in Figure 5; i.e., the Earth’s increasing ocean heat
content and the increasing thermal expansion of its seawater are
highly correlated. Figure 5 shows sea level rise catching up with
ocean heat content, and foreshadows both of those parameters
catching up with their impetus, global warming. The time period
shown in Figure 5 is from 2005 until the present, the same as that
of the ocean heat content data [12].
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Figure 5: Normalized Noisy Data vs. Year Since 2005

Timetable for Global Warming T to Reach 1.5°C
Table 1: The Global Warming Rise to 1.5°C

This per cent of global Berkeley and NASA data.
warming data will reach Earth data

1.5°C in the indicated years —

per estimates of —

2.5% 2029.4 2028.9
50% 2037.0 2034.6
97.5% 2043.6 2039.7

The 50th percentile dates show that 1.5°C global warming per
the NASA data is estimated to arrive in the US 2.4 years before
it appears everywhere else per the Berkeley Earth data.

Before 1920, when the world economies had not yet begun to
roar in synchronism, the Figure 4 data do not match closely. The
two-sigma uncertainties of the estimated dates in Table 1 are
computed by first computing the differences between the global
warming data sets in Figure 4 beginning in 1920 and dividing
the differences by /2. Then twice the standard deviation of those
differences is computed, is added to and subtracted from 1.5°C, and
the dates corresponding to the global warming spread are located
on the time axis by inverting the equations of the estimates, so as
to solve for time as a function of global warming. The two-sigma
uncertainties in the dates in Table 1 since 1920 are then 1.3 years
for the Berkeley Earth data and £1.1 years for the NASA data.
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Figure 6: Global Warming Data Residuals for Berkeley Earth
and NASA

The Figure 6 histograms show the distributions of the global
warming residuals that are the data minus the estimates shown in
Figures 2 and 3. These residuals are treated as random, although
the much smaller errors between the data in Figure 4 shows that
the large residuals in Figure 6 are mostly systematic errors.

Relationships Among Annual Rates of Change of Heat in
Reservoirs

The ocean, down to 2000 m, contains the most heat because of its
high specific heat capacity, low albedo, large mass, large area, and
circulation [11]. All data used in this section are decoupled from
data earlier than 2005 by considering only the rates of change of
the data since 2006.
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Figure 7: Estimates of Rates of Change of Annual Heat Increments

Figure 7 shows estimates of the annual rates of change of the heat
in four heat reservoirs: (a) the ocean heat content ; (b) the global
warming heat AGWH calculated per Equation (5) from only the
Berkeley Earth global warming estimate; and (c) the meltwater
heat AMWH and ice latent heat A/LH estimated from sea level
rise [11-13].

Twelve values of AOHC for 2021-2024, computed from the OHC
in Pan et al. (2025) and Cheng et al. (2025), average 1.5 times
those of the AOHC calculated from NOAA.gov (2014) used here
[24,25,12]. The reason for this difference is not known.
Consider the ratio

(6)

which is just AGIH corrected for ice melting. The AILH > 0

are the annual differences in the ice latent heat that is absorbed
by the ice during melting. This heat is supplied by the global
warming heat. The AMWH > 0 are the annual differences in the
freezing cold meltwater warmed by the 16°C ocean [26]. This
heat is supplied by the ocean heat content.
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Figure 8: The Equation (6) Ratio for Berkeley Earth Global
Warming

The Equation (6) ratio is the parabola shown in Figure 6, and is
now 15% for the Berkeley Earth AGWH estimate, which reached
aminimum in 2011.7. The figure for the NASA data is 17%. By a
process of elimination, the ocean heat content is being outlandishly
increased by more of the Earth’s internal heat leaking through
enlarged cracks in the Earth’s brittle crust, because there is no
other place wherefrom that much excess heat can come. The
enlargement of the cracks evidently started around 1969.0 [11].

Rock, like concrete, is relatively strong in compression, but relatively
weak in tension, such as that caused by thermal expansion of the
Earth’s rocky crust. The crust, which is mainly basalts under the
ocean and granites under the land, lacks the reinforcing rods (rebar)
used in steel-reinforced concrete construction [27]. If a continuous
narrow belt of molten rock had been poured in a great circle around
the Earth before the beginning of the Industrial Revolution, by
now the present 1.1°C of global warming would have caused it to
expand by hundreds of meters because of the positive volumetric
coefficients of thermal expansion of rocks [28]. This expansion
would cause existing cracks in the crust to become larger.
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Assumptions and Approximations

Smooth estimates allow noise-free numerical differentiation of
noisy data. Annual data of global warming 7, global warming
heat GWH, ocean heat content OHC, and sea level rise are noisy,
so they are estimated by smooth least squares approximations
by using the Levenberg-Marquardt method [29-31]. All noise is
assumed to be random. Global warming time series are assumed
to proceed per extrapolation of their estimates until the 97.5%
percentile of 1.5°C global warming is reached in a few years.
Arrhenius’ power balance model assumes the Earth is an l.i.h.
sphere rotating in a circular orbit around the Sun.

Summary and Conclusions

The rate of increase of ocean heat content is now about six times
that of global warming heat. However, global warming heat
comprises all of the excess heat that the Earth retains from the
Sun. By a process of elimination, thermal expansion of the Earth,
and subsequent enlargement of cracks in its brittle rock crust, must
be increasing the leakage of its internal heat into the ocean. Global
warming is estimated to approach 1.5°C at the 2.5" percentile around
2029-2030. The expected arrival times of the 50™ percentiles of
1.5°C global warming are 2034.6 + 1.1 years for the NASA global
warming data and 2037.0 + 1.3 years for the Berkeley Earth data.

Appendix. Disclaimer

Information presented herein, while obtained from sources
believed to be reliable, is not guaranteed either as to accuracy
or completeness. The author makes no express or implied
representations or warranties with respect to any information,
research, publication, opinions, or conclusions to any person or
entity using the information provided herein. The author shall not
be liable for any direct, indirect, consequential, special, exemplary,
or other damages, including liability to any person or entity by
reason of negligence or negligent misstatement, or any other cause
of action arising from any statements, opinions, information,
conclusions, or other matter contained herein.

References

1. (2020) Amazonaws.com. https://berkeley-earth-temperature.
s3.us-west-1.amazonaws.com/Global/Land and Ocean
complete.txt.

2. NASA. Land-Ocean Temperature Index [Internet]. Nasa.gov.
2009. Available from: https://data.giss.nasa.gov/gistemp/
graphs/graph_data/Global Mean_ Estimates based on
Land and Ocean_Data/graph.txt

3. Lindsey R (2025) Climate Change: Atmospheric Carbon
Dioxide. Climate.gov https://www.climate.gov/news-features/
understanding-climate/climate-change-atmospheric-carbon-
dioxide.

4.  Wadhams P (2017) A farewell to ice. London: Penguin Books
55-56.

5. Pierrchumbert RT (2004) Warming the world. Nature 432:
677.

6. Google Books (2025) Annales de chimie et de physique https://
books.google.co.in/books?id=1JgSAAAAcAAI&pg=PA136%
23v%3Donepage&q=&redir_esc=y#v=onepage&q&f=false.

7. Fourier JB (2004) On the Temperatures of the Terrestrial
Sphere and Interplanetary Space.
https://static-content.springer.com/esm/
art%3A10.1038%2F432677a/MediaObjects/41586 2004
BF432677a_ MOESM1_ESM.pdf.

8. Serendipity (2015) Who first coined the term “Greenhouse
Effect”?. https://www.easterbrook.ca/steve/2015/08/who-
first-coined-the-term-greenhouse-effect/.

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Conrath BJ, Hanel RA, Kunde VG, Prabhakara C (1670) The
Infrared Interferometer Experiment on Nimbus 3. Journal of
Geophysical Research 75: 5831-5857.

(2024) NOAA Global Monitoring Laboratory - THE NOAA
ANNUAL GREENHOUSE GAS INDEX (AGGI). NOAA
https://gml.noaa.gov/aggi/aggi.html.

Boyer T (2020) Global Ocean Heat and Salt Content. Ncei
noaa https://www.ncei.noaa.gov/access/global-ocean-heat-
content/

(2014) Noa agov https://www.ncei.noaa.gov/data/oceans/
woa/DATA ANALYSIS/3M_HEAT CONTENT/DATA/
basin/yearly/h22-w0-2000m.dat.

Lindsey R (2023) Climate change: Global Sea Level. Climate.
gov. https://www.climate.gov/news-features/understanding-
climate/climate-change-global-sea-level.

Arrhenius S (1896) On the influence of carbonic acid in the air
upon the temperature of the ground. The London, Edinburgh.
Journal of Science 41: 237-276.

P Wadhams (2017) A farewell to ice. London: Penguin Books.
https://www.penguin.co.uk/books/273799/a-farewell-to-ice-
by-wadhams-peter/9780241009437.

Lindsey R, Dahlman L (2025) Climate Change: Global
Temperature. Climate.gov. National Oceanic and Atmospheric
Administration https://www.climate.gov/news-features/
understanding-climate/climate-change-global-temperature.

Berkeley Earth (2022) Frequently Asked Questions - Berkeley
Earth. Berkeley Earth. https://berkeleyearth.org/archive/
fag/#question-16.

Nasa.gov. (2010). Available from: https://data.giss.nasa.gov/
modelforce/ghgases/Figl A.ext.txt.

Noaa.gov. (2021). Available from: https://gml.noaa.gov/
webdata/ccgg/trends/co2/co2 annmean mlo.txt.

Moseman A (2021) What is the ideal level of carbon dioxide in
the atmosphere for human life?. MIT Climate Portal. https://
climate.mit.edu/ask-mit/what-ideal-level-carbon-dioxide-
atmosphere-human-life.

Fourier JBJ (1822) Théorie analytique de la chaleur.
Fisher. University of Toronto. https://archive.org/details/
thorieanalytiqOOfour/page/n7/mode/2up.

Boyce WE, Diprima RC, Meade DB (2017) Elementary
differential equations and boundary value problems. Hoboken
Nj: Wiley 513-522.

Pachauri R, Meyer L, Hallegatte S, Hegerl G, Van Ypersele
JP, et al. (2014) Climate Change 2014 Synthesis Report.
IPCC. Gian-Kasper Plattner https://www.ipcc.ch/site/assets/
uploads/2018/02/SYR_ARS5 FINAL full.pdf

Pan Y, Mini¢re A, Schuckmann K, Li Z, Li Y, et al. (2025)
Ocean heat content in 2024. Nature Reviews Earth &
Environment 6: 249-251.

Cheng L, Abraham J, Trenberth KE, Reagan J, Zhang HM,
et al. (2025) Record High Temperatures in the Ocean in
2024. Adv. Atmos. Sci 42: 1092-1109.

Elert G (2007) Hypertextbook.com. 2009. https://
hypertextbook.com/facts/2007/LilyLi.shtml.

National Geographic (2023). Crust [Internet]. education.
nationalgeographic.org. https://education.nationalgeographic.
org/resource/crust/.

Robertson EC (2010) United States Department of The
Interior Geological Survey Thermal Properties of Rocks.
https://pubs.usgs.gov/of/1988/0441/report.pdf.

Levenberg K (1944) A method for the solution of certain
non-linear problems in least squares. Quarterly of Applied
Mathematics 2: 164-168.

J Glob Warm and Clim Chan, 2025

Volume 1(4): 5-6



Citation: Schueler JR (2025) The Earth’s Internal Heat is Leaking into the Ocean in Amounts that Exceed the Global Warming Heat. Journal of Global Warming and
Climate Change. SRC/JGWCC-131. DOI: doi.org/10.47363/JGWCC/2025(1)130

30. Marquardt DW (1963) An Algorithm for Least-Squares 31. MathSoft, Inc. Mathcad User’s Guide, Mathcad PLUS 6.0.
Estimation of Nonlinear Parameters. Journal of the Society 1995. MathSoft, Inc., Cambridge, MA: 637-639.
for Industrial and Applied Mathematics. 11: 431-441.

Copyright: ©2025 Schueler JR. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits

unrestricted use, distribution, and reproduction in any medium, provided the

original author and source are credited.

J Glob Warm and Clim Chan, 2025 Volume 1(4): 6-6



