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Abstract

A good correlation was found between the CO, growth rate (ppm/year) and satellite-based global temperature, as shown in
Figure 1 (see Introduction) in our recent paper. Then, the following equation was reasonably derived:

drco /dt = y AT (rco,: CO, concentration, y: constant, AT: temperature change)

It was confirmed that the CO, growth rate follows temperature changes with a time lag. This essential equation casts strong
doubts that anthropogenic CO, is the cause of global warming, although the concept of global warming due to anthropogenic
CO, has been proposed by the IPCC. Our previous papers suggested that temperature changes affect plant decomposition and
soil respiration, followed by a change in CO, generation. The higher the temperature is, the more CO, is generated. In this paper,
the effects of plant decomposition and soil respiration on CO, in the atmosphere are further clarified for global temperature
changes by reviewing related aspects and available datasets. The results included (1) the carbon budget, (2) the comparison of
exhaust gas and CO, growth rates, (3) greenhouse gas compositions, (4) the solar energy budget, (5) changes in carbon isotopes,
(6) latitude-related changes in CO, and temperature, and (7) seasonal changes in exhaust gas compositions. Based on all these
results, we concluded that changes in plant decomposition and soil respiration due to global temperatures control the global

CO, cycles. The impact of CO, emissions from fossil fuel combustion on global warming is extremely low.

Keywords: Global Warming, Carbon Cycles, Anthropogenic CO,, Vegetation Distribution, Plant Decomposition, Soil Respiration,

CO, Breathing, CO, Growth Rate, Thermally-Induced CO,

Abbreviations

ENSO Index: El Nifio-Southern Oscillation Index

IPCC: The Intergovernmental Panel on Climate Change (the
United Nations body)

NASA: The National Aeronautics and Space Administration
NOAA: The National Oceanic and Atmospheric Administration
UAH: The University of Alabama in Huntsville

drco /dt: The change rate of the CO2 concentration or CO2 growth
rate

Rs: Soil respiration

AT: Temperature change

1. Introduction

The concept of global warming due to anthropogenic CO, has
been proposed by the Intergovernmental Panel on Climate Change
(IPCC) [1]. CO, is of great interest due to its infrared (IR) activity.

Anthropogenic CO, from fossil fuels increased after the Industrial
Revolution. Moreover, global temperatures have risen with the
increase in the use of fossil fuels. However, there is no direct
evidence proving that anthropogenic CO, has induced global
warming. A temperature trend analysis of ice core samples showed
that global temperatures have drastically changed with more than
13 cycles of rising and falling temperatures over the last 800,000
years [2]. Therefore, today’s global warming may be caused by a
natural cycle and a portion of the “Modern Warm Period”.

Observation of the Earth's temperature using satellites began
in 1979. Two groups, UAH (The University of Alabama in
Huntsville) and RSS (Remote Sensing Systems) have conducted the
observation and analysis [3,4]. Figure 1 includes the temperature
changes in the lower troposphere measured by the UAH. The
temperature is approximately 3,000 meters above the altitude,
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and its value is the 13-month average of the six months before  1979-2022. Since the CO, concentration is currently increasing
and after that month. It is rising very slowly, going up and down annually, the change rate of the CO, concentration can be called
repeatedly. The average temperature increase is 0.14°C/decade the “CO, growth rate” (ppm/year). Figure 1 shows the results from
[3]. We found a good correlation between the change rate of CO, a previous paper [5]. Eq. (1) was reasonably derived as follows:
concentration and satellite-based global temperature data during

drco./dt = y AT (Fco.: CO, concentration, y: constant, A7 temperature change) (1)
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Figure 1: Correlation between Temperature and CO, Changes During 1979-2022 [5]. Temperature (°C, Red Line): 13-Month Average
of Lower Troposphere Anomaly Values by UAH with Scales on the Left. CO, (Ppm/Year, Blue Vertical Lines): Difference from the
Previous Year in Annual Averages by NOAA with Scales on the Right

It was confirmed that the CO, growth rate (hereinafter referred Humlum et al [6]. also reported a correlation with a time lag of
to as drco/dt) changes approximately several months after the 10-12 months [7]. Salby presented the correlation with a time lag
temperature change (hereinafter referred to A7), which may be of 10 months by analyzing it using a correlation coefficient [8,9].
called “thermally-induced CO,”. Keeling et al. compared average  All these results showed that two variables were correlated, but
global temperatures and drco/dt values between 1958 and the temperature changed first, and the thermally-induced CO,
1988 and reported correlations with a time lag of 6-12 months. concentration followed A7 with a time lag of 0.5-1 year:

AT =(0.5-1 year)=> AVco.(AFco,: a change in CO; concentration) (2)

Therefore, the essential equations (1) and (2) cast strong doubts 1.1. Global Data

that anthropogenic CO, is the cause of global warming [10]. Most of the datasets analyzed here are available on the National
Oceanic and Atmospheric Administration (NOAA) website except

Our previous paper suggested that AT affects plant decomposition  for specific notes [12].

and soil respiration, followed by a change in CO, generation [5].

The higher the temperature is, the more CO, is generated. The 2. Results and Discussion

correlation between A7 and drco /dt was further investigated at The investigation of carbon cycle budgets is the first step in

different latitudes in a subsequent paper [11]. The effects of plant clarifying CO -related processes at the Earth’s surface. The carbon

decomposition and soil respiration on both AT and drco /dt were ~ cycle budget (unit: GtC/year) from the IPCC report is shown in

confirmed at various latitudes. It was interpreted that the constant ~ Figure 2 [13]. Anthropogenic CO, accounts for only 4% of the

y varied depending on the vegetation on Earth. In this paper, the total CO,, as calculated below:

effects of plant decomposition and soil respiration on CO, in the

atmosphere are further clarified for global AT by reviewing related

aspects and available datasets.

anthropogenic CO, ratio = (fossil fuel combustion)/(fossil fuel combustion +
respiration and decomposition + ocean atmosphere exchange)
= (7.8)/(7.8 +107.2 +79.2)
=0.04 3)
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Unit: GtC / year
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Figure 2: Simplified Carbon Cycles and Carbon Equivalent Estimates (Unit: GtC) Obtained from the IPCC Report [13].

Figure 2 shows that the “respiration and decomposition” value far greater than the coal reserves of 446-541 GtC [13]. This means
is 107.2 GtC, which is 55% of the total carbon cycle budget. that all the plants have not been respirated (or decomposed), and
The remaining data were associated with “ocean atmosphere the remaining plants have accumulated. From this carbon cycle
exchange”, 41%. It should be noted that “vegetation + organic budget, the residence time of CO, is calculated as follows:
carbon in soils” has a value of 1,950-3,050 GtC. This amount is

CO;residence time = (CO, in the atmosphere)/(fossil fuel combustion +
respiration and decomposition + ocean-atmosphere exchange)
= (829)/(7.8 +107.2 +79.2)
=4 4

The residence time is approximately 4 years, which is relatively ~ Figure 3 compares the global fossil fuel CO, and drco /dt between
short on a global scale. This means that anthropogenic CO, emis- 1979 and 2021 [14,15]. Since drco /dt data from NOAA are avail-
sions are low (4%) and replaced with new CO, every 4 years on  able in units of ppm/year, the units are converted to GtC by the
average. following equation [10].

(x; GtC % 3.67/44)/(5,135 Eg/28.9) = x, ppm (5)

(x; and x,: variables, 3.67: a conversion factor from carbon to CO,, 44: molecular mass of CO,, 28.9:
molecular mass of air, 5,135 Eg: air mass on earth)
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Figure 3: Global Fossil Fuel CO, (Blue: GtC/Year) and Global CO,

[14,15]).

No correlation was detected between these two variables. It
is obvious that anthropogenic CO, accounts for only 4% of the
total carbon cycle budget and does not affect drco /dt. Moreover,
France et al. showed that there was no direct relationship between
anthropogenic CO, emissions and atmospheric CO, concentrations
[16]. CO, emissions increased by 25% after 2003. However,
the rate of increase in atmospheric CO, has slowed since 2002-
2003. During 1990-2003, anthropogenic CO, emissions remained
relatively stable. During the 1997-1998 El Nifo, the rate of
increase in CO, increased rapidly. Moreover, CO, emissions

CO, concentration in the greenhouse gas = (0.04)/(1 + 0.04) = 0.04

Therefore, CO, is a minor greenhouse gas, and H,0 is a dominant
greenhouse gas, as illustrated in Figure 4. Furthermore, since an-
thropogenic CO, constitutes only 4% of the total carbon, as shown
in €q. (4), anthropogenic CO, constitutes approximately 0.16% of
the total greenhouse gas. A comparison of the absorption spectra
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Growth Rate (Red: GtC/Year) between 1979 and 2021 (Datasets:

rose by ~25% between 2003 and 2011, but the rate of increase
has remained constant since 1999. The temperature also remained
stable during this time. This indicates that anthropogenic CO,
emissions do not determine the atmospheric CO, concentration.
Natural processes dominate human-related processes. Even if we
stop using fossil fuels, a rate of increase in CO, concentration may
not occur. The concentration of H O vapor significantly varies
from approximately 10 ppm to 5% by mole fraction [17]. If H,O
is assumed to be 1%, the CO, concentration in the greenhouse gas
can be calculated as follows:

(6)

of air, H,0, and CO, reveals that most of IR is absorbed by H,O
molecules [18]. Again, in the present atmosphere, H,O vapor is
the most significant greenhouse gas, followed by CO, and various
other minor greenhouse gases.

O H20 O Natural-cO2 M Anthropogenic-CO2

H20

CO2

Figure 4: Compositional Ratio of Greenhouse Gases in the Atmosphere when H,O is Assumed to be 1%

Investigating the solar energy budget is also necessary for clarifying
CO,-related processes at the Earth’s surface. Figure 5 shows the
solar energy budget from the NASA dataset [19]. The reflectance
(Albedo) is 30%, and 19% 1is absorbed by the atmosphere,
including clouds. The remaining 51% is absorbed and reflected
by the ground. of the 51%, 30% is consumed by conduction from
the ground to the atmosphere and water evaporation, and 21% is
reflected from the ground as IR radiation. Six percent of the IR

radiation reflected from the ground passes through the atmosphere
(atmospheric window). The remaining 15% is absorbed by the
active substances of IR. As shown in Figure 4, 96% of the IR
active substances in the atmosphere are H,0 molecules, so nearly
the entire amount of reflected IR is absorbed by H,O molecules.
Furthermore, temperature is the kinetic energy of atmospheric
gas molecules, and IR absorption by active substances does not
necessarily increase the temperature of the atmosphere. It needs to
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be converted into the kinetic energy of O, and N, gas molecules.
It is important to pay attention to the extent to which the low IR
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Figure S: Solar Energy Budget Based on the NASA Dataset [19]

BC is 1.1% of natural carbon, and plants take in more '*CO, than
CO, through photosynthesis. In the past, fossil fuels originating
from living organisms contained more *CO,, and their emissions
contained relatively high amounts of *CO,. Therefore, the “C

(130/120)sample
(130/120)5tandard

§°C =

Figure 6 compares the trends of both 3"°C and CO, in Barrow,
AK between 2010 and 2014 [12, 21]. CO, is emitted when plants
breakdown through plant decomposition and soil respiration.
Moreover, the ratio of '*CO, to *CO, in the atmosphere increases.
Taken together with the global carbon budget in Figure 2, the

-7.4

concentration in the atmosphere will be lower than normal. This
is known as the “Suess Effect” [20]. '3C is a measure of the ratio
of the two stable isotopes of carbon, '?C and *C, and is defined in
parts per thousand (%o) as follows:

x 1000
™)

results in Figure 6 show that the contribution of CO, released from
plant decomposition and soil respiration to atmospheric CO, must
be clearly dominant over that of the fossil fuel CO,. Two variables,
8"C and CO,, exhibit anti-correlation, but the interpretation of
these results by using the Suess effect cannot be generalized.
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Figure 6: Trends of both "°C (Blue, Scale: Left) and CO, (Red, Scale: Right) in Barrow, AK between 2010 and 2014 (Datasets: [12, 21])
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In a previous paper, AT and drco /dt were compared between 1979
and 2022 in the tropics, north latitudes, and south latitudes [11].
AT in the tropics strongly responds to El Nifio events, as shown
in Figure 7(a). The increasing trend in temperature is greater in
the north (20 N-90 N) than in the south (20 S-90 S). It can be seen
that drco /dt at the sine latitude of 0.75 (=50 N) responds more
strongly to AT than does that in the tropics, as shown in Figure
7(b). The average annual increase rates of the CO, concentration
between 1979 and 2022 (see Figure 7(b)) are 1.85, 1.90 and 1.83
(ppm/year) for the tropics (20 S-20 N), the northern latitudes (20

0.8

N-90 N), and the southern latitudes (20 S-90 S), respectively.
Land occupies approximately 30% of the Earth, 30% of the land is
forested, and approximately 10% of the Earth's surface is covered
with forests [11]. Subarctic forests extend to 50 N-70 N in the
Northern Hemisphere. In the Southern Hemisphere, forests can be
found only at the southern tip of South America. The Southern
Hemisphere comprises a small area of both land and forests. On
the other hand, the Northern Hemisphere comprises a vast area of
both land and forests.
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Figure 7(a): Temperature Change (°C) between 1979 and 2022 in the Tropics (20 S-20 N, Red), North Latitude (20 N-90 N, Green),

and South Latitude (20 S-90 S, Purple)
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Figure 7(b): The Change Rate of CO, Concentration (ppm/Year) with Latitude between 1979 and 2022 at Sine Latitudes (-0.75=50 S:

Purple, 0: Red, And 0.75=50 N: Green) [11]
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The difference in AT between the land and sea is greater in the
north (20 N-90 N) than in the south (20 S-90 S), as shown in a
previous paper [11]. Furthermore, the temperature increase trend
is greater in the north (20 N-90 N) than in the south (20 S-90 S).
Therefore, changes in temperature and CO, concentration due to
global location, seasonal periods, and differences between land
and sea support the critical role of plant decomposition and soil
respiration in global temperature change.

We compared satellite-based UAH Earth-surface temperatures, the
NOAA ENSO index, and global drco /dt in detail in a previous

El Nifio

Y

paper [5]. These three variables were strongly correlated over the
40 years of observation. The temperature changed approximately
one year after the ENSO index changed, and drco /dt followed
the AT by several months. CO, emission and absorption at the
Earth’s surface respond to A7. It was like Earth’s breathing.
Figure 8 summarizes the process. CO, emissions due to higher
temperatures were related to plant decomposition and soil
respiration. CO, emissions during El Nifio events are influenced
by plant decomposition and soil respiration, which may increase
due to an increase in temperature. The outlined process during El
Niflo is summarized in Figure 8 [5].

Temperature ’

~1 year

L 4

Respiration j

¥

CO, emission ’

~0.5 year

Figure 8: Proposed Process for El Nifio Events: An Increase in Global Temperature, an Increase in Respiration, and Subsequent Global

CO, Emissions [5]

Organic compounds are synthesized from CO, during
photosynthesis, and the synthesized organic compounds eventually
decompose and return to CO,. This decomposition process may be
called soil respiration (Rs) because it occurs mainly underground.
Rs consists of autotrophic and heterotrophic processes and
releases CO, from the soil to the atmosphere [22]. The primary
heterotrophic process is a microbial process that is the largest
carbon cycling process on Earth (Figure 2). The global annual
CO, emission rate through Rs is estimated to be approximately
70 GtC/year and is positively correlated with temperature and
precipitation [23]. Additionally, because decomposition is a
biological process, the process does not change immediately when
the temperature changes, but there is a time lag. Temperature is a
major factor in the Rs process, so it fluctuates seasonally, as does
CO, generation. In other words, as shown in Figure 7, seasonal
changes in CO, concentrations are small in the Antarctic and
increase as people move northward. CO, generated and consumed
in nature is associated with photosynthesis, plant decomposition
and soil respiration.

The decomposition produces CO, in an aerobic atmosphere where
oxygen is present and CH, in an anaerobic atmosphere where

oxygen is not present. Atmospheric N, O is thought to be produced
by the activity of denitrifying bacteria in the soil. This is due to
the respiratory nitrate-reducing action of bacteria. If there is a
sufficient nitrogen source, such as NH," or NO,", N,O is generated
from moist soil [24,25]. Although the concentrations of CH, and
N,O in the atmosphere are much lower than that of CO,, their
global warming potential (GWP) is greater than that of CO,.

To confirm the effect of Rs on CH, and N O in addition to CO,,
the seasonal changes in the concentrations of these compounds
were investigated. Figure 9 shows the trends of the atmospheric
concentrations of (a) CH, and CO, and (b) CH, and N,O between
2018 and 2022. The concentrations of these gases increase
annually, but seasonal changes are observed. The concentrations
decrease from spring to summer and increase from fall to winter.
These results are consistent with those of the Rs process, which
starts to activate in spring because of increasing temperatures and
generates more CO,, CH,, and N,O in fall after a time lag with
biological processes. In the case of CO,, photosynthesis occurs,
and the kinetics of CO, generation differ from those of CH, and
N,O generation. Figure 10 illustrates the seasonal changes in the
formation of these gases.
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Figure 9(a): Atmospheric Concentrations of CH, (Red Line, Scale: Left) and CO, (Green Line, Scale: Right)
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Figure 9(b): Atmospheric Concentrations of CH, (Red Line, Scale: Left) and N,O (Blue Line, Scale: Right) between 2018 and 2022

(Dataset: [12])
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Figure 10: Proposed Seasonal Pattern for the Generation of CO,, C

position and Soil Respiration

The period of 7,000 to 5,000 years ago was the warm Holocene
Epoch [26]. Four major civilizations flourished during the
warm period of 5,000 to 3,500 years ago. Then, the temperature
gradually decreased, and it is thought that there was Little Ice
Age between 1,650 and 1,850 after the Roman Warm Period and

€O, CHy N,O ’

H,, and N,O with a Time Lag of Several Months by Plant Decom-

Medieval Warm Period [27-29]. The Mendenhall Glacier and Lake
are located 20 km north of Juneau, AK (Figure 11). During the
lowest temperature period of the Little Ice Age in the mid-1700s,
the Mendenhall Glacier reached its maximum advance and began
to retreat [30]. The tip of the former glacier is now the lake. In the
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mid-1700s, CO, concentrations had yet to rise significantly. The
retreat of glaciers may have been caused by the transition to the

modern warm period due to natural cycles rather than the effects
of CO,,.

Figure 11: The Mendenhall Glacier and Lake are located 20 km North of Juneau, AK (by Author, 8/2/2014)

Since 1812, more than 90,000 chemical analyses have been
performed on atmospheric CO, [31]. Past direct analytical results
show that CO, has not monotonically changed but rather has
considerably changed with changes in temperature [32]. The
concentration of CO, in the Northern Hemisphere reached three
high levels, approximately 1825, 1857, and 1942. At the peak
in 1942, corresponding to the 1930-40 warm period, values
greater than 400 ppm were observed, comparable to modern CO,
concentrations. Based on the changes in temperature in Antarctica
during this time, it can be inferred that the three peaks in CO,
corresponded to rising temperatures.

Direct atmospheric measurements indicate that CO, concentrations
fluctuated by approximately 150 ppm, up to values much higher
than those of today, between 1812 and 1961. These direct
measurements were mostly greater than the ice core data. For

Roman Warm
Period

Medieval
Warm Period

example, around the year 1820, it was approximately 440 ppm;
approximately 1855, it was 390 ppm; and approximately 1940, it
was 440 ppm. Additionally, data compiled by Beck suggest that
changes in CO, concentrations follow, rather than precede, 4T
[31,32].

Analyses of ice core samples have shown that global temperatures
and CO, concentrations have periodically changed over the last
800,000 years [2]. The temperature patterns have changed even for
the last 2,000 years, as shown in Figure 12(a), with an ice age and
warm periods. Based on the above results and the results of direct
CO, analyses since the 19th century, CO, has changed so that it
slowly breathes in response to 47. Figure 12(b) is an illustration of
this situation but is relatively fast over a few years for the ENSO
periods reported in a previous paper [5].

Little Ice Age

Modern
Warm Period

(a)

<] 200 460 ' s00 800

1000

1200 1400 1600 1800 2000

Figure 12(a): Patterns of Warm Periods and the Little Ice Age for the Last 2,000 Years
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Figure 12(b): Proposed Thermally-Induced CO, Absorption and Emission Processes During Cool and Warm Periods on Earth

Atmospheric CO, is taken up by plants through photosynthesis and
converted into organic matter. The higher the CO, concentration
is, the more actively photosynthesis occurs. This is considered to
be the additional fertilizing effect of CO,. The food chain allows

animals to thrive by taking in plants. When animals and plants
reach the end of their lifespans, they decompose and return to CO,
as shown in Figure 13 [33].

l CO, CO2 diffusion
Photosynthesis
Fossil fuel
Plant combustion
respiration
Animal
(4 respiration

Food Chain
ﬁ

\Decomeosition

Fossil fuel

Figure 13: The Global CO, Cycle was Modified from the Cycle in [33]. CO, does not Necessarily Cause Adverse Effects on the Global

Environment (See Text).

As Earth's temperature increases, biological processes in soil
become more active, leading to faster decomposition of organic
matter, and the amount of CO, emitted increases. Biological
processes are accompanied by microbial processes and increased
soil fertility, which is good for the global environment. Furthermore,
as observed, Earth is becoming greener due to rising CO, and
increasing fertility [34]. The current levels of mild global warming
and increases in CO, do not necessarily seem to be adverse effects
on the global environment. Since CO, is a gas, it can diffuse and
move through the atmosphere, forming a series of carbon cycles.
Unlike the IPCC and other organizations that insist on reducing
CO, for the sake of the future global environment, CO, may be a
useful and valuable substance.

3. Conclusions

Our previous papers suggested that A7 affects plant decomposition
and soil respiration, followed by a change in CO, generation. The
higher the temperature is, the more CO, is generated. In this paper,
the effects of plant decomposition and soil respiration on CO, in
the atmosphere are further clarified for global temperature changes
by reviewing related aspects and available datasets.

The aspects and datasets investigated include the following

* An essential equation, drco/dt = y AT (rco,: CO, concentration,
v: constant, 47 temperature change), was derived. drco /dt follows
AT and is proportional to the magnitude of A7. The constant y
changes depending on the plant distribution on Earth [11].

¢ The carbon cycle budget shows that anthropogenic CO,
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accounts for only 4% of the total, and the residence time of CO, is
approximately 4 years.

* There is no correlation between CO, exhausted from fossil fuel
combustion and drco /dt.

* CO, is only 4% of greenhouse gas, and the remaining 96% is
H,0.

« Fifteen percent of solar energy is reflected from the ground as IR
and is absorbed by IR active substances in the atmosphere. Nearly
the entire amount of reflected IR is absorbed by H,O molecules.

* 6"°C and CO, show anti-correlation, but the interpretation of the
Suess effect cannot be applicable for this anti-correlation if the
result is considered together with the global carbon budget.

* The extent of the correlation between drco/dt and AT differs
depending on the latitude and between the land and sea.

* During El Nifio, drco /dt follows AT with a time lag of several
months, and CO, emission and absorption at the Earth’s surface
respond to A7.

* The concentrations of CO,, CH,, and N, O gases increase annually,
but seasonal changes are observed. These concentrations decrease
from spring to summer and increase from fall to winter.

* Rs is interpreted to activate in spring because of increasing
temperatures and generate CO,, CH,, and N,O in fall due to
biological processes after a time lag.

» Temperature patterns have changed over the last 2,000 years,
as shown by the ice age and warm periods. Therefore, CO, has
evolved to breathe slowly in response to A7.

* Plant decomposition and soil respiration are paralleled by
microbial processes and increased soil fertility, and Earth is
becoming greener due to rising CO, and increasing fertility.
Based on these results, we conclude that changes in plant
decomposition and soil respiration due to global temperatures
primarily control global CO, cycles. The impact of CO, emissions
from fossil fuel combustion on global warming is extremely low.
For these reasons, the man-made global warming hypothesis needs
to be carefully reinvestigated.
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