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ABSTRACT

This study explores whether carbon neutrality policies can mitigate climate change. A double-entry accounting report of
greenhouse gases was developed for this purpose. The accounting report integrated both the flow amount (emissions and
absorption) and the stock amount of carbon dioxide to compare the two values using a unified unit of measurement. Based
on the accounting report, the stock of carbon dioxide in the global atmosphere at the end of 2021 was estimated to be
3,246.6 billion tons. The accounting report also indicates that the annual emission from human activities was 39.3 billion
tons, while absorption by land and ocean ecology is 22.7 billion tons. Consequently, the net emission of carbon dioxide
was 16.6 billion tons in 2021. Even if all countries achieve carbon neutrality, the atmospheric stock of carbon dioxide will
remain at 3,246.6 billion tons, which is 1,080.8 billion tons more than in the year 1750. Hence, abnormal climate phenomena
will persist. Given that the annual anthropogenic emission of 39.3 billion tons and net emission of 16.6 billion tons only
accounts for approximately 3.6% and 1.5% of that 1,080.8 billion-ton surplus, respectively, carbon neutrality alone may not
reduce the surplus fast enough to avoid natural disasters from climate change. Therefore, this double-entry accounting report
on greenhouse gases shows that preventing climate change through carbon neutrality alone will be difficult, and highlights

the need for alternative approaches.
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1. Introduction 2022). It is claimed that carbon neutrality can be achieved

by increasing greenhouse gas absorption sources such as

The Intergovernmental Panel on Climate Change (IPCC) forests or reducing emissions by decreasing fossil fuel

released its Sixth Assessment Report in 2021 and approved
it in March 2023. According to its summary for
policymakers (IPCC, 2021), human-induced climate change
is causing widespread and rapid changes to the climate
system. This report emphasizes that limiting global
warming requires net zero CO, emissions.

Net Zero, or carbon neutrality refers to a state where
the anthropogenic emissions of carbon dioxide by a
certain entity are balanced by anthropogenic removals

over a specific period (Rogelj et al., 2015; Wei et al.,

use. After the UN Climate Change Conference in 2015, in
which countries pledged to achieve carbon neutrality by
2050 (Schreyer et al., 2020), the carbon neutrality has
become the key to countries' climate change response
strategies (Chen et al.,, 2022; UNEP, 2022). In South
Korea, too, carbon neutrality has been pursued as the
most important goal since the Green New Deal Plan was
launched in 2020 (Lee et al., 2020).

However, is it true that carbon neutrality is an effective

means of addressing climate change? If we reduce
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emissions by achieving carbon neutrality, does it mean
that climate change will no longer occur? To answer these
questions, we first need to know the amount of carbon
dioxide (CO,) in the atmosphere, as well as the amount
of CO, that humans emit each year. By integrating these
two kinds of information, we might be able to predict
how mush CO, in the air will decrease if we decrease its
emission in a certain period.

However, many reports on climate change that have
been released so far do not compare or integrate these
two different kinds of information. It is easy to hear that
the concentration of greenhouse gases in the atmosphere
has increased from less than 300 ppm (particle per
million) before industrialization to about 400 ppm in 2010
(e.g., Beck, 2007). It is also easy to find out that about
35 billion tons of CO, are emitted in a year by human
activities around 2010 (e.g., Janssens-Maenhout et al.,
2017). However, the measuring unit of concentration of
greenhouse gases (usually, ppm) is not the same as the
measuring unit of emitted amount (usually, tons). So they
cannot be compared with each other. Moreover, with
these two different measuring units, we cannot examine
the simple equation showing that the CO, stock at the end
of a certain period is the sum of the CO, stock at the
beginning of the period and the net emission during the

period (Fig. 1).

The solution to this problem is the double-entry
accounting system for greenhouse gases. The double-entry
accounting system shows both flow and stock separately,
and also shows how the flow and stock are related to
each other. In the case of the double-entry accounting
report of private companies, the flow of revenue and
expenditure for a certain period is shown on an income
statement, and the stock of assets and liabilities are shown
on the balance sheet, and the connection of the flow and
the stock is explained on an “statement of changes in
capital.” Likewise, if the figures related to the greenhouse
gases are shown on these tables made by double-entry
accounting system, the figures will be more easily
understandable.

Therefore, this paper aims to present a double-entry
accounting system for greenhouse gases. By inputting
information on the amount of greenhouse gases already
known into this accounting system, we will compare the
amount of greenhouse gas emissions and the amount of
greenhouse gases in the atmosphere. By comparing these,
we will examine how much the amount of greenhouse
gases in the atmosphere will decrease through carbon
neutrality policies that reduce greenhouse gas emissions.
Through this, we will determine whether carbon
neutrality policies are effective in mitigating climate

change.

-

CO, stock at the
beginning of 2021
(=end 0f 2020)

Net emission of CO,
for the period of 2021
( = total emission
— total absorption)

CO, stock at the
end of 2021

Fig. 1. The basic equation of the stock and the flow (emission) of CO;
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2. Method

2.1. Double—-entry accounting system for material
flow analysis

Many quantities in the world can be distinguished into
flows, which represent changes over a period of time, and
stocks, which represent quantities at a specific point in time
(Fisher, 1896). For example, if there are 100 liters of water
in a container, this is a stock. If a hole is made at the bottom
of the container and 1 liter of water flows out per minute,
this is a flow. Flows and stocks are connected through time.
In the example above, it would take 100 minutes for all 100
liters of stock to flow out of the container.

Similarly, the amount of greenhouse gases on the earth
can also be distinguished into flows and stocks (Fig. 2).
The total amount of greenhouse gases in the atmosphere at
a specific point of time is a stock. On the other hand, the
amount of greenhouse gases emitted into the atmosphere
by human activities or absorbed by ecosystems over a

specific period of time is a flow (Ajani et al., 2013).

A double-entry accounting system shows information
about both flows and stocks, unlike a single-entry accounting
system (Lee, 1977; Ovunda, 2015; Sangster, 2016). In
particular, the double-entry accounting system can verify
calculation errors by showing how flows and stocks are
connected (Ellerman, 1985).

This double-entry accounting system can be used not only for
financial calculation, but also for material calculation. Material
flow analysis (MFA) is such system to calculate flows and
stocks of materials (Brunner et al., 2004). There have been lots
of studies to analyze the material flows, such as for steel stock
in Japan (Daigo et al., 2007), marine debris in the global ocean
(Jang et al., 2015) and rubber pollution (Sieber et al., 2020)

2.2. Boundary of accounting system of CO; in
this study

Both material flow analysis and double-entry accounting
system need to define the accounting boundary and factors
(Brunner, 2004). The boundary and factors for this study are
shown on Fig. 2. The spatial boundary for this study was

Absorption by

Stock of CO, at the end of 2021
= stock at the beginning of 2021
+ emission — absorption

terrestrial ecosystem
for one year of 2021

Emission by human
activity for one year
of 2021.

Absorption by
ocean ecosystem
for one year of
2021.

Ocean

Fig. 2. The boundary and factors for this study of greenhouse gas accounting. The spatial boundary for this

study was defined as the global atmosphere and the time boundary for this study was defined as the

year 2021. Among many kinds of greenhouse gases, only carbon dioxide (CO,) shall be included in

this report. The emission by human activities and absorption by ecosystem are the only factors that

are included as factors affecting the CO; in the atmosphere for this study
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defined as the global atmosphere and the time boundary for
this study was defined as the year 2021. The emission by
human activities and absorption by ecosystem are the only
factors that are included as factors affecting the CO, in the
atmosphere, for this study. Although there might be many
other factors influencing the CO, stock at the atmosphere,
they were all neglected for the sake of simplicity, because
the purpose of this study is to show the possibility and
need of double entry accounting system for greenhouse
gases. In this sense, moreover, only CO, were calculated in

this study, among many kinds of greenhouse gases.

2.3. Two reporting tables of accounting system
for CO,

The double-entry accounting system for CO, developed in this
study consists of two reporting tables: <Flow of CO,> and
<Changes in Stocks of CO»> (Fig. 3). The <Flow of CO>
shows the emission and absorption during the year of 2021. The
<Changes in Stocks of CO»> shows the stocks at the beginning
and the end of 2021. It is important to note that the net
emission on <Flow of CO,> table is reflected in the table of
<Changes in Stocks of CO,>. This allows for the verification of
whether the estimation of each table is accurate. Most
importantly, this double-entry accounting system for CO, can
show how flows (i.e., CO, emissions and absorption) are connected
to stocks (i.e., the total amount of CO, in the atmosphere).

2.4. Data collection

The data on the flows and stock of CO, required for the
accounting report in this study were collected from
previous scientific studies, as presented in the results
section. Our primary objective in this study was to
demonstrate the need and feasibility of a double-entry
accounting system for greenhouse gases. Thus, we focused
on identifying and utilizing the most reliable and relevant
data currently available by carefully evaluating and
comparing multiple research findings. Developing new

data was beyond the scope of this study.

3. Result

3.1. Mass of CO; in the atmosphere

As noted earlier, the creation of a double-entry accounting
report for CO, necessitates the expression flows (emissions
and absorption) and atmospheric stock in a consistent unit of
measurement. This study endeavors to employ mass (in tons)
as the unit of measurement, since this unit is widely used
in climate change-related reports to measure CO, emissions
and absorption. However, the stock amount of CO, in the
atmosphere is typically reported in parts per million (ppm),
which denotes the ratio of CO, molecules to all gas

molecules in the atmosphere. Therefore, a crucial step in this

Flow of CO, in the global
atmosphere
From Jan 1 to Dec 31, 2021
(unit: billion ton)

Emissions to the

atmosphere (A) 100
Absorption from the
atmosphere (B) 10

Net emission (C=A-B) 90

Changes in Stocks of CO,
in the global atmosphere
From Jan 1 to Dec 31, 2021
(unit: billion ton)

Stock at the beginning of

2021 (D) 15000

Net emission to the 90
atmosphere in 2021 (C)
Stock at the end of 2021

(E=D+C) 20

Fig. 3. Two reporting tables for accounting report of CO,: (Flow of CO,) and {Changes in Stocks of COy).

The numbers in this figure were randomly input just to show the connection between the two tables
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study involves converting ppm to mass (in tons).

The total mass of the atmosphere is about 5,148,000
billion tons (Trenberth et al., 2005), and the concentration
of CO; in the atmosphere at the end of 2020 is 413.2 ppm
(WMO, 2022). This means that out of one million gas
molecules in the air, 413.2 molecules are CO, molecules.
However, we cannot calculate the mass of the CO, in the
air by just multiplying these two figures, because the mass
of a gas molecule varies depending on the type of gas.

The mass of a gas molecule is the sum of the mass of the
atoms that make up the molecule. For example, CO, consists of
one carbon atom and two oxygen atoms. The mass of one
carbon atom is 12 g/mol, and the mass of one oxygen atom is
16 g/mol. (Here, "mol" stands for mole, which represents 6.02
x 10* particles. For example, if 6.02 x 10 carbon atoms
gather, they would weigh about 8 grams.) Therefore, the mass

Table 1. Mass of CO; in the atmosphere

of one CO, molecule = (12 g/mol x 1 carbon atom) + (16 g/mol
x2 oxygen atoms) =44 g/mol. And the average mass of the
atmospheric gas molecules has been determined to be 28.97
g/mol by multiple researchers and reported in studies, including
Jackson et al.(1998) and Zable (2010). Given that Nitrogen (N2)
accounts for approximately 78% of the air's composition
(Haynes, 2016), with a molecular mass of approximately 28
g/mol, the calculated average molecular mass of 28.97 g/mol
can be considered reasonable. Using this information, we can

calculate the mass of CO, in the atmosphere as Table 1.
3.2. An accounting report on global CO; in 2021

The accounting reports shown in <Table 2> and <Table 3>
are created by integrating research data and by simple
calculations. In summary, net emission of CO, by human

How to calculate the mass of CO, in the atmosphere?

(D) Mass of CO, at the end of 2020
= Total mass of the earth's atmosphere (Trenberth et al., 2005)

x Concentration of CO, in the atmosphere at the year of 2020 (WMO, 2022)

x molecular mass of CO, / Mean molecular mass of all gases (Jackson et al., 1998; Zable, 2010)

5.148 x 10" ton x 413.2 ppm x (44 g/mol) / (28.97 g/mol) = 3,230 billion ton

(E) Mass of CO, at the end of 2021
= Total mass of the earth's atmosphere (Trenberth et al., 2005)

x Concentration of CO, in the atmosphere at the year of 2021 (WMO, 2022)
x molecular mass of CO, / Mean molecular mass of all gases (Jackson et al., 1998; Zable, 2010)
= 5.148 x 10" ton x 415.7 ppm x (44 g/mol) / (28.97 g/mol) = 3,250 billion ton

Table 2. Accounting report 1: Flow of CO; in the global atmosphere (from Jan 1 to Dec 31, 2021)

Calculation and result
Key figures - Source of data
(b=billion)
(A1) CO, emission from fossil fuel combustion and oxidation from all energy 9.9 GtC x 3.664 (#1) Friedlingstein et al.
and industrial processes in 2021 = 36.4 b tons (2022)
(A2) CO, emissions resulting from deliberate human activities on land, 0.8 GtC x 3.664 (#1) Friedlingstein et al.
including those leading to land-use change in 2021 =29 b tons (2022)
(A) Total CO, emission from human activities in 2021 39.3 b tons = Al + A2
. . 3.3 GtC x 3.664 (#1) Friedlingstein et al.
(B1) CO, absorption on the land in 2021
= 12.1 b tons (2022)
. . 2.9 GtC x 3.664 (#1) Friedlingstein et al.
(B2) CO, absorption on the ocean in 2021
= 10.6 b tons (2022)
(B) Total CO, absorption by nature in 2021 22.7 b tons = Bl + B2
. . 39.3-22.7
(C) Net emission of CO, to the atmosphere in 2021 =A-B
= 16.6 b tons

#1. Units of billion tons of CO, used in policy are equal to 3.664 multiplied by the value in units of GtC (Giga ton of Carbon) (Friedlingstein

et al,, 2022).
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activities for one year of 2021 is 39.3 billion tons ("A" on Table
2). And the stock of CO, in the global atmosphere at the end
of 2021 is calculated as 3,246.6 billion tons ("E1" of Table 3).
In the note of <Table 2>, the conversion factor of 3.664
is driven as follows. The mass of one carbon atom is 12
g/mol, and the mass of one oxygen atom is 16 g/mol.
Therefore, the mass of one CO, molecule = (12 g/mol x 1
carbon atom)+ (16 g/mol X2 oxygen atoms)=44 g/mol.
Then, the mass of one molecule of CO, shall be 3.664
times bigger than the mass of the carbon atom in the CO,
molecule, because 44 divided by 12 is about 3.664.

Jang, Yong-chang

One notable point in <Table 3> is the "(F) The gap
between the two figures of stocks." According to the
principles of double-entry accounting, the amount of CO,
in the atmosphere at the end of 2021 (E) should be equal
to the amount of CO, in the atmosphere at the beginning
of 2021 (D) plus the net emissions of CO, (C). However,
the sum of these values in <Table 3> (El) is 3,246.6
billion tons, while the value estimated by scientists by
measuring the concentration of CO, in the atmosphere
(E2) is 3,250 billion tons. The two values differ by 3.4

billion tons, demonstrating the verification function of

Table 3. Accounting report 2: changes in Stocks of CO> in the global atmosphere (from Jan 1 to Dec 31, 2021)

Calculation and result
Key figures . Source of data
(b = billion)

(D) Stock of CO, in the atmosphere at the end of 2020 3,230 b tons Table 1
(C) Net emission of CO, to the atmosphere in 2021 16.6 b tons Table 2

. 3,230+ 16.6
(E1) Calculated stock of CO, in the atmosphere at the end of 2021 =(D)+(©)

= 3,246.6 b tons

(E2) Estimated stock of CO, in the atmosphere at the end of 2021 3,250 b tons Table 1
(F) The gap between the two figures of stocks 34 b tons =(E2)-(ED)

CO, Absorption on
the land

Stock of CO, in the atmosphere at the
end of 2021 (E1)
= 3,246.6 billion tons

in 2021 (B1)
=12.1 billion tons

£C0»

CO, Emission from
human activities
in 2021 (A)
=39.3 billion tons

CO, Absorption on
the ocean
in 2021 (B2)
=10.6 billion tons

Ocean

Fig. 4. CO, accounting reports in a graphic model. The emission from human activities in 2021 (39.3 b tons)
is only 1.2% of the stock of CO, in the atmosphere (3,246.6 b tons). Carbon neutrality to reduce the
39.3 billion tons into 0 tons cannot reduce much portion of the stock of CO; in the atmosphere. Such
comparison of flow and stock by the same measuring unit is the power of double-entry accounting.

Journal of Climate Change Research 2023, Vol. 14, No. 3



Double-entry accounting system for greenhouse gases: Can carbon neutrality mitigate climate change? 247

double-entry bookkeeping accounting reports. Such an
information of the value is not normally included in a
financial accounting report. But it is included here to
show that the estimates of CO, by existing natural

scientists may differ from one another.

3.3 Graphic information of CO: accounting
report in 2021

The double-entry accounting report of CO, in 2021 can
be summarized as a graphic information like <Fig. 4>.
Here, the emission from human activities in 2021 (39.3 b
tons) is only 1.2% of the stock of CO, in the atmosphere
(3,246.6 b tons). Carbon neutrality to reduce the 39.3
billion tons into O tons cannot reduce much portion of the
stock of CO, in the atmosphere. Such comparison of flow
and stock by the same measuring unit is the power of

double-entry accounting.

4. Discussion

4.1. Definition of carbon neutrality

Although many people speak about carbon neutrality,
or net zero, it is not clear what the carbon neutrality
means. With the accounting report made in this study,
carbon neutrality can be defined as one of the following
two options (Table 4). The first option of carbon
neutrality is reducing the current net emission (16.6
billion tons in 2021) into zero. Then, the human beings
can emit CO, as much as the nature absorbs (22.7 billion
tons a year). The second option is reducing total emission
from human activities (39.3 billion tons in 2021) into
zero. Then, the nature (the land and the ocean) will

absorb 22.7 billion tons a year.

Table 4. Two options of carbon neutrality

This discussion shows why we need the CO;
accounting report system developed in this study. Until
now, most of the other scientific reports about greenhouse
gases sought so much scientific accuracy that the
scientific reports were difficult to understand even for the
policy decision-makers. Now, with the information in an
easily understandable form by this accounting report,
much more people can participate in policy decision
making process. For example, more people can now
discuss whether we should decrease the human emission

of 39.3 billion tons into 0 tons or into 22.7 billion tons.

4.2. Evaluation of the effectiveness of carbon
neutrality policies

Here for discussion purpose, let's define the carbon
neutrality as the option 1 of <Table 4>, which means net
emission of CO, becomes 0 tons. Then, we can easily
understand why such
ineffective. This can be illustrated as <Fig. 5>. If all the

carbon neutrality policy is

countries succeed in carbon neutrality strategies, then the
net emission of 16.6b tons ("C" of Table 4) shall
decrease into O tons. And if all the other conditions are
the same, the stock of CO, at the end of 2022 shall be
3,246.6 b tons, as same as 2021 (Fig. 5).

Now, let's compare this figure with the mass of CO,
before industrialization. The mass of CO, in the
atmosphere in 1750, when the concentration of CO, in the
atmosphere was 277 ppm (Friedlingstein et al., 2022) is
estimated to be 2,165.8 billion ton, with the same way
shown in <Table 1>. The estimated stock of CO, in the
atmosphere at the end of 2021 (3,246.6 b tons) is 1,080.8
b tons more (=3.246.6—1,080.8) than 1750. These
additional 1,080.8 billion tons are currently causing

natural disasters such as wildfires, droughts, and floods

Key figures Normal situation | Option 1 of Carbon neutrality | Option 2 of Carbon neutrality
(A) Total CO, emission from human activities in a year 39.3b tons 22.7b tons 0 tons
(B) Total CO, absorption by nature in a year 22.7b tons 22.7b tons 22.7b tons
. . 39.3-22.7 -22.7b tons
(C) Net emission of CO, to the atmosphere in a year 0 tons . .
= 16.6 b tons (absorption from the air)

# All the figures come from <Table 2>. b=billion
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b=billion=1,000,000,000

Increased CO, since

industrialization g

2,165.8
b ton

Year 1750
2,165.8 b ton

Year 2021
3,246.6 b tons

Why carbon neutrality cannot stop climate change?

16.6b ton

Carbon neutrality
succeeds.

1,080.8
b tons

2,165.8
b ton

Year 2022
If 0 tons are added.
3,246.6 b tons

Year 2022
No action.
3,263.2 b tons

Fig. 5. A graph showing why carbon neutrality cannot stop climate change. Even if carbon neutrality reduces 16.6

billion tons of annual net emissions into 0 tons, 1080.8 billion tons of CO, will remain in the atmosphere,

more than in 1750, causing climate change. Therefore, carbon neutrality can’t stop climate change

worldwide.

In other words, as there are already too much CO,
added in the atmosphere after the industrialization, the
portion that the human beings can reduce from carbon
neutrality is too small to influence the total stock of CO..
The current net emission (16.6 billion tons) is only 1.5%
of additional 1,080.8 billion tons since 1750, and it is
only 0.5% of the CO, stock in the atmosphere at the end
of 2021.

If we interpret the carbon neutrality as option 2 of
<Table 4>, then it means that 22.7 billion tons will be
absorbed by the nature every year. If we divide the
additional 1,080.8 billion tons by 22.7 billion tons, we get
48 years. As most of the countries are planning to achieve
the carbon neutrality in 2050 (UNEP, 2022), the
pre-industrialization level of CO, shall be obtained in the
year of 2098 (=2050 + 48).

4.3. Uncertainty in estimation and comparison
of different information

Estimating greenhouse gas emissions, absorption, and
stock in the atmosphere is a challenging task even for

natural scientists. Therefore, even in research papers by

Journal of Climate Change Research 2023, Vol. 14, No. 3

natural scientists, estimates of greenhouse gas emissions,
absorption, and stock differ from each other. Such
difference can be explained in terms of uncertainty in
estimation. In the science of climate change, the issues of
uncertainty in estimation have been raised and studied for
a long time (e.g., Lim et al.,, 1999; Fauser et al., 2011;
Tubiello et al., 2013; Lee et al., 2018). Therefore, the
uncertainty level has even been recommended to be
included in the report of national greenhouse gas
inventories (e.g., Mastrandrea et al., 2011; Hiraishi et al.,
2014).

However, the issue of uncertainty in estimation,
although very important, requires high level of scientific
knowledge and is difficult to understand. Therefore,
accounting reports on greenhouse gases seek to provide
easy-to-understand information for citizens by inserting
the values surveyed and estimated by natural scientists
into the accounting report framework. And re-estimating
these values and clarifying the uncertainty issues goes
beyond the scope of this research. Nevertheless, efforts to
create an accounting report as reliable as possible by
reviewing various different estimates are necessary.

Therefore, various different estimates of the values
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Key figures

Amount

Source of data

(A1) CO; emission from human use of fossil fuels

37.86 b tons

Crippa et al.(2022).

9.9 GtC x 3.664 = 36.4b tons (#1)

Friedlingstein et al.(2022)

349D tons

Liu et al.(2022)

379D tons

UNEP (2022)

(A2) CO, emissions from deliberate human

activities on land

84-39 = 4.5b tons (#2)

Crippa et al.(2022).

0.8 GtC x 3.664=2.9b tons (#1)

Friedlingstein et al.(2022)

3.2b tons

UNEP (2022)

(B1) CO, absorption on the land

8.4b tons

Crippa et al.(2022).

3.3 GtC x3.664=12.1b tons (#1)

Friedlingstein et al.(2022)

1.37 GtC x 3.664=5.0b tons (#1)

Li et al.(2021)

(B2) CO, absorption on the ocean

2.9 GtC x 3.664=10.6b tons (#1)

Friedlingstein et al.(2022)

2.16 GIC x 3.664=7.9b tons (#1)

Li et al.(2021)

(G) Total atmosphere at the end of 2021

5,148,000 b tons

Trenberth et al.(2005)

5,136,000 b tons

Verniani, F. (1966)

5,144,000 b tons

Trenberth et al.(1994)

) ) 415.7 ppm WMO (2022)
(H) Concentration of CO, in the atmosphere at the - ;
413.2 ppm Friedlingstein et al.(2022)
end of 2021
413 ppm UNEP (2022)

#1. Units of billion tons of CO, used in policy are equal to 3.664 multiplied by the value in units of GtC (Giga ton of Carbon, Friedlingstein

et al., 2022).

#2. This report mentions only the total absorption (8.4 b tons) and net absorption (3.9 b tons). So, the total emission was calculated from

the two figures.

included in the CO; accounting report above were
collected and compared for further study and critical
review (Table 5).

Stock of CO, , or the mass of CO, in the atmosphere
measured in tons, were unavailable from the scientific
papers. Although websites for scientific papers such as
Google Scholar (scholar.google.com) were searched with
the terms like 'total mass of CO, in the atmosphere,' there
were no journal papers or reliable textbook appearing.
More research is needed to express the CO, stock in the

air into the unit of mass.

5. Conclusion

For democratic policy-making, it is necessary to present
and disclose relevant information in a form that all
citizens can easily understand. As climate change has a
significant impact on all citizens, it is necessary to listen

to the opinions of citizens in formulating climate change

response policies. However, information related to climate
change is often too complex for both ordinary citizens
and policymakers.

Therefore, in this paper, we presented information on
the amount of greenhouse gases in a form of an
accounting report using double-entry bookkeeping to
make it much easier to understand. Specifically, based on
the principle of double-entry bookkeeping, we compared
the flow (emissions and absorption) of CO, with its stock
in the air.

As a result, the net amount of CO, emitted into the
atmosphere in one year of 2021 was calculated as 16.6
billion tons. The total amount of CO, in the atmosphere
at the end of 2021 was calculated as 3,246.6 billion tons,
which is 1,080.8 billion tons more than in 1750, before
industrialization. Even if all the countries in the world
succeed in carbon neutrality and makes the net emission
of 16.6 billion tons into 0 tons, there will still be 1,080.8

billion tons of more CO; in the atmosphere than in 1750.
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And this surplus amount of 1,080.8 billion tons will lead
to climate change with natural disasters such as wildfires,
floods, and droughts.

Even though the strategy of carbon neutrality is
insufficient to prevent climate change, the humanity is
focusing its efforts to achieve this hopeless goal. It is
time to find better policy responses against the climate
change. This accounting method highlights the need to
shift focus from mitigation to adaptation, as advocated by
Pielke Jr (1998).

Although this study is based on general information
about the flow (emission and absorption) and stock
(concentration) of greenhouse gases, this study has value in
the sense that the stock and the flow of CO, was compared
with each other in the same unit of measurement on a
double-entry accounting report. This study assumed,
however, that the damage from climate change has
correlation with the amount of greenhouses gases even
though the damage can vary depending on the social factors
(Muttarak et al., 2014). Therefore, further discussions on
these issues are needed along with efforts to improve

double-entry accounting reports of greenhouse gases.
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