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Our Earth: A planet created by life.
—Rethinking of “How human-nature relation ought to be?” —

(The English version follows after the Japanese version.)
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Figure 1: Earth's surface layer with the atmosphere (troposphere and stratosphere), hydrosphere, and
biosphere

as interacting systems (Yasunari, 2019)
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Figure 2: Changes in current and (projected) future (according to IPCC scenarios) atmospheric CO2
concentrations

since the past 400 million years. Note that the time scales are different between the four periods.
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On our Earth: A planet created by life. = —Rethinking of “How human-nature relation ought to be?” —

Is decarbonization the only problem?

Today, climate change caused by increasing CO2 emissions has become a global issue. Under the Paris
Agreement, each country is required to make efforts to reduce global CO2 emissions to zero by the year
2050. Recently, the Japanese government has finally decided to set this goal for Japan as well. In order to
achieve this goal, a variety of technological innovations are needed, but more importantly, we must change
our values and ways of thinking about the planet we live on, and the changes in society that come with it.
What kind of system is the Earth on which human beings and other organisms depend for their survival,
and what should humanity do for a viable planet? I will re-think about “How human-nature relation ought
to be?”, by looking back at the long history of the Earth.

Climate and the biosphere as an interacting system

Figure 1 schematically illustrates the system of the Earth's surface where life, including human beings,
lives. The atmosphere has a relatively stable layer of the stratosphere at an altitude of about 50 km above
the troposphere, which is about 10 or so kilometers thick near the surface. The stratosphere contains a
layer of ozone (O3) that absorbs most of the sun's ultraviolet radiation that is dangerous to life, making it
an important atmospheric layer for life on the Earth. This ozone is formed and maintained by a
photochemical reaction of oxygen (O2) under UV light, as shown in this figure. In the process of this
photochemical reaction, the absorption of ultraviolet radiation from the sun raises the temperature of the
atmosphere, and thus the stratosphere is formed. Oxygen from the troposphere, which is the basis of the
formation of the ozone layer, is produced by photosynthesis in the terrestrial biosphere and is transported

to the upper layer. Thus, the biosphere contributes greatly to the maintenance of the biosphere itself



through the formation of the ozone layer.

This stratosphere plays another important role in the biosphere. The existence of the stratosphere as a
stable layer keeps water from dissipating into space, by means of a mechanism called a cold-trap (which
freezes water (H20) from the troposphere and gravitates it back down), which keeps water within the
troposphere as a closed system for water cycle. (Venus seems to have become a waterless planet because
of the lack of this “cold-trap” mechanism.) In other words, the biosphere sustains itself by filtering out
UV light and keeping the water cycle in the troposphere by supplying oxygen formed through

photosynthesis to the upper atmosphere to form the ozone layer (stratosphere) ( Yasunari, 2019).

Co-evolution of the biosphere and the global environment

In the 4.6 billion years of Earth's history, what has determined the current environment of the Earth is
life (plants), which have the function of photosynthesis, by using water (in liquid form), and carbon dioxide
(CO2), which has been in abundance since the beginning of the atmosphere, even greater abundance than
it is today, and solar energy. Namely,

6COz + 12H20 +(solar energy) — CeHi1206 + 60z + 6H:20

This process uses carbon dioxide and solar energy to decompose water (H20), a very stable substance made
up of strongly bonded hydrogen and oxygen, into a carbohydrate (CéH120¢) (energy source for living
organisms), while simultaneously releasing oxygen (O2) into the atmosphere. It has taken more than 2
billion years since the creation of the Earth for this mechanism to emerge in living organisms (Yasunari
Tsushin no. 25, 2017). Breathing oxygen produced by plants and eating carbohydrates are essential for
animals, including humans, to survive. = Subsequently, the evolution of the biosphere (including the
whole organisms) has changed the environment of the Earth's surface layer significantly, sometimes
dramatically, by changing the biosphere itself in response to long-term changes in solar energy associated
with the dynamics of stellar evolution, changes in the distribution of oceans/continents due to plate

tectonics, and changes in CO2 concentration due to volcanic activity.

The Sun, which has a life span of 15 billion years, should have gradually increased the intensity of the
solar energy falling on the Earth through the mechanism of stellar evolution, and the surface temperature
of the Earth should have gradually increased. However, this has not been the case; rather, the planet as a
whole has been getting colder and colder since its creation until now, and this trend has been particularly
evident since the emergence of the terrestrial flora. It has been suggested that the main reason for
relatively stable global surface temperatures is that enhanced photosynthetic activity due to the expansion
of the Earth's plant population has reduced carbon dioxide concentrations, which have a strong greenhouse
effect (Figure 2), offsetting the effect of stronger sunlight (Lovelock and Watson, 1982, etc.). Changes in
the Earth's environment have affected the evolution of biosphere, and at the same time, the evolution of
biosphere has also regulated changes in the Earth's climate and environment. As shown in Figure 1, it is
important to understand that the atmosphere, the water cycle, and ecosystems as an interacting system
must be understood as a dynamic equilibrium system in the "coevolution" of the biosphere and the global
environment. As shown in Fig. 2, when atmospheric COz concentration decreased significantly (400-300
million years ago, 150-100 million years ago, 50-100 million years ago, etc.), CO2 was buried in the ground
as cellulose from plant remains, which were finally changed to coal and oil as we know today. From a
different perspective, coal and oil are byproducts of the biosphere's reaction against the increasing solar

energy to stabilize the Earth's climate.



What has mankind done since its emergence?

While the biosphere was co-evolving with the Earth's surface sphere in this way, humans emerged only
about 2 million years ago, and began agriculture under the relatively mild climate of the Holocene epoch
(Holocene era) after the end of the glacial period 10,000 years ago, and began to build up their civilization.
Global capitalist economic activity since the Industrial Revolution started in Western Europe in the 18th
and 19th centuries has used the carbon stored in the form of coal and oil as a massive "fossil energy
resource” to release large amounts of COz into the atmosphere. During the 10,000 years of the Holocene
era, COz concentration in the atmosphere was kept at around 280 ppm, but within less than 200 years, it
has been increased to more than 400 ppm, which is equivalent to the concentration of 10 million years ago.
The IPCC (2013) projections, based on some scenario with looser emissions limits, would result in a super-
warm climate in 2100, which may correspond to the temperature at the beginning of the Cenozoic Era (50

million years ago) or earlier (as shown in Fig.2).

Besides the carbon cycle, the nitrogen cycle is another essential material cycle involving the biosphere,
and the increase in dinitrogen monoxide (N20) produced by agricultural expansion and deforestation etc.
has recently been strongly feared as a cause of both ozone layer depletion and global warming
(Ravishankara et al, 2020; Tian (et al, 2020) The accelerated expansion of agricultural land, urbanization,
and deforestation since the latter half of the 20th century, known as the Anthropocene, has already
disrupted the dynamic equilibrium of the atmospheric, hydrological (material), and ecological systems
maintained during the Holocene. Some recent studies has reported that this system is rapidly changing
to a different state, approaching a tipping point (e.g. Steffen et al., 2015; Steffen et al., 2018).

However, perhaps the single greatest contribution that humans as Homo sapience (meaning “smart
humans”) have made as members of the biosphere is that we have gained this understanding of how the
Earth and the biosphere work and have changed (or evolved). However, we should include the question of

"What should we do then?”, if we are really a "smart humans”.

Towards an economic-social system harmonizing with the biosphere

As I mentioned at the beginning of this article, the goal of zero COz emissions in order to curb global
warming (climate change) is now becoming a global consensus. However, in order for humanity as a
member of the biosphere, to achieve a sustainable global society, we have no choice but to build a new
economic and social system that functions more harmoniously with the biosphere, which has co-evolved
with the Earth system for more than 2 billion years or so. It is self-evident that this is impossible with a
capitalism based on the pursuit of profit and wealth for only a few people, consuming unlimited natural
resources of the Earth. The only way to achieve this may be to view the Earth's biosphere and associated
material cycles as a “global commons” that can be enjoyed by all human beings. We, then, need to seek an
economic and social system that makes use of the global commons with the aid of natural energy such as
solar power. It has been pointed out recently that Karl Marx of the 19ttt century, who studied the
metabolism and circulation of natural materials in depth in his later years, came to the idea that the
communism should be an eco-socialism that aims at the sustainable use of such a global commons (Saito,
2020a,b). An economic and social system that coexists and harmonizes with the biosphere of diverse
ecosystems and utilizes them should be a system that can guarantee the sustainability of the global
biosphere, taking into account its local and regional characteristics. As such, I would like to rethink a

possible answer for “how the human-nature relation ought to be? ”.



