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Experiencing Environment:

Ecological Conscience and Discourse in Malayalam Literature

Nithin Varghese®, Dr John Joseph Puthenkalam™

Abstract

We do hope the following article based on the analysis of poems, novels and literature of Kerala would
give the readers a new heightened awareness of the impact of literature on global environment studies.

From an early age, nature has been a concern for literature and art. However, in literature, self-reflective
emphasis on nature is a recent trend. It may be linked to the development of an ecological consciousness due
to the drastic ecological problems caused by insane human actions. This paper “Experiencing Environment:
Ecological Conscience and Discourse in Malayalam Literature” focuses on ecology, environment and
Malayalam literature. It is clear that work or art originated from nature in all languages. The same is true
of Malayalam literature, too. As the folk songs demonstrate, Kerala had an ecological view from ancient
times. Humans lived here in close and peaceful communion with nature until the advent of technological
advancement and consumerist culture, which led to the alienation from nature. The ongoing ecological crisis
around the world and the increasing public awareness of this and its catastrophic impact spurred nature
conservation campaigns. The paper seeks to highlight the irreverence of modern man towards nature and
his insensitivity to the environment, and also focuses on the concerns of poets, short story writers, novelists
of Kerala about the environment and how they raise awareness of these issues among the common man.
The paper also addresses the two opposing views—deep ecology and shallow ecology. Also, it would like to

draw your attention to the contemporary environmental situation.

Keywords: Ecocriticism, literary environmentalism, deep ecology, shallow ecology, ecowriting in Malayalam
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Experiencing Environment:

Ecological Conscience and Discourse in Malayalam Literature

Sophia University Branding Project on Environment under the auspice of Research Institute of Global
Environment Studies have enabled collaborative research with Universities in Kerala, India.

Kerala experienced one of the worst floodings in its history in 2018 and wanted to learn from the
experiences of Japan on how to cope with flood related disaster management, especially gender sensitive
camp-relief operations. This has enabled our faculty members as well as students of Global Environment
Studies to undertake couple of visits to Kerala and had organized symposiums and field visits to sites to learn
about the actual situation. During our visit to Kerala colleges, Sophia students had beneficial interaction with
the college students of Kerala. In 2019, a group of students from colleges of Kerala visited Japan under the
Sakura Science Program of Japan Society for Promotion of Science. The leader of the program was Nithin
Varghese, Assistant Professor, Department of English, St Berchmans College, Changanacherry and while
in Sophia campus, he gave a lecture to Global Environment Studies students on ecological discourse in
literature. Though GES program is interdisciplinary, there was a lack of perspective from literature. Though
we are aware of the impact of 1962 publication of Silent Spring of Rachel Carson and others on environmental
studies, we have not dealt deeply into the impact of literature contribution in our studies. We do hope the
following article based on the analysis of poems, novels and literature of Kerala would give the readers a
new heightened awareness of the impact of literature on global environment studies.

Ecocriticism, a simple definition would be, is the “study of the relationship between literature and the
physical environment”'. Glotfelty puts forward “as a critical stance, it has one foot in literature and the other
on land; as a theoretical discourse, it negotiates between the human and the nonhuman”?. Kerridge opines
“ecocriticism is a literary and cultural criticism from an environmentalist viewpoint. Texts are evaluated
in terms of their environmentally harmful or helpful effects™. Beliefs and ideologies, he adds, are “assessed
for their environmental implications™.

The term ‘ecocriticism’ was first used in the 1978 essay “Literature and Ecology: An Experiment
Ecocriticism” by William Rueckert. In “Literature and Ecology: An Experiment in Ecocriticism”, he defines
ecocriticism as “the application of ecology and ecological concepts to the study of literature, because ecology
(as a science, as a discipline, as the basis for human vision) has the greatest relevance to the present and
future of the world™. An ecocritic is, as Howarth in “Some Principles of Ecocriticism” describes, “a person

who judges the merits and faults of writings that depict the effect of culture upon nature, with a view toward

1 Glotfelty xviii
2 Glotfelty xix
3 Kerridge 530
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celebrating nature, berating its despoilers, and reversing their harm through political action. This critical
approach began in the USA in the late 1980’s and in the UK in the early 1990’s.

Nature has been the concern of literature and art from an early age. But the self-reflexive focus on
nature in literature is comparatively a recent phenomenon. It can be linked to the development of ecological
consciousness due to the drastic ecological problems caused by the insane human actions. The unprecedented
ecological crisis all around the world and the growing awareness among the public of this and its disastrous
effect prompted movements to protect nature. Ecocritical theories also have emerged due to the increase of
ecological consciousness in the last quarter of the 20th century. “For the ecocritic nature really exists, out
there beyond ourselves, ... actually present as an entity which affects us, and which we can affect perhaps,
fatally, if we mistreat it”™”.

In Kerala ecological or environmental aesthetics has begun to receive critical attention recently. In
fact, writing that considers the impact nature and place have on culture is one of the most seasoned ideas
in writing. Environmentalism emerged as a minor movement in Kerala in the 1990s. Ecocritics attempt to
explain the significance/importance of place to self. Most of them focus on a single aspect i.e., geography.
In “A Literature of Place” as Lopez suggests a “specific and particular setting for human experience and
endeavor is, indeed, central to the work of many nature writers...it is also critical to the development of
a sense of morality and human identity”®. Antony in her article “Truncated Portrait of Nature: Unveiling
the Era of Ecological Awakening in Malayalam Literature” states, “Malayalam literature shared a strong
relationship with nature from the very beginnings. Nature was alive in different art forms... Nature was an
inevitable background in most poems. The Western Ghats and Bharathapuzha inspired the creative facets
of many writers. In the Malayalam literary scenario nature was not just a factor or backdrop. In fact, nature
was synonymous with human beings™.

Edasseri Govindan Nair (1906-1974), an important poet from Kerala, has written extensively—19 books,
over 300 poems in ten anthologies, six plays and a collection of essays. His “Kutttippuram Palam” (The
Kuttippuram Bridge) was published in 1954, even before the publication of Rachel Carson’s environmental
science book Silent Spring (1962), can be considered as the first poem in Malayalam having an environmental
significance. Of the 44 rivers in Kerala, the Nila is remarkable for its continuing influence on literature, art
and other cultural expressions in Malayalam. “Rivers have always been the cultural founts of all lands that
have great cultures. We know well about the Great River Cultures that grew on the banks of the Nile, the
Thames, the Volga, the Euphrates, the Tigris, the Sindhu and the Ganges. In the same manner, the river
Nila, aka “Bharathappuzha,” is identified by Keralites as a maha nadi that has nurtured and developed the
unique culture of Kerala”*.

In the poem “Kuttippuram Palam” he wrote about the flow of the river under a newly built bridge. “I
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stand proudly on the bridge built with Rs.23 lakh, staring at the shrunk Perar (Bharathapuzha) below”
[translation my own]. Standing on the newly constructed bridge, the speaker of the poem observes the plight
of the great river underneath the bridge and asks: “Mother Perar, will you also turn into a sewage ditch?”
[translation my own]. Edasseri wrote the poem years ago, but it appears that the prediction has come true.

The literary works of prominent writers like Mahakavi G Sankara Kuruppu (1901-1978), Mahakavi P
Kunhiraman Nair (1905-1978), Edasseri Govindan Nair (1906-1974), Vyloppilli Sreedhara Menon (1911-
1985), Changampuzha Krishna Pillai (1911-1948), N V Krishna Warrier (1916-1989), Narayanan Nambuthiri
Kakkad (1927-1987) etc, seem to play a key role in the making of environmental awareness among the people
of Kerala. The nomenclature Marakkavikal (tree poets) itself indicates the dominance of environmental
aesthetics in Malayalam literature. ON'V’s “Bhoomikkoru Charamageetham” (A Requiem to Mother Earth),
one of the most artistically and critically appreciated poems among the tree poems, brings to light the effects
of human interference on the ecosystem. It is an elegiac composition for “the Earth who is not yet dead”.

Mother Earth

still alive,

in the imminence of your death,

may your soul rest in peace!

This song I inscribe in my heart today

is a requiem to you (and to me)!

When tomorrow you lie benumbed

in the shadow of the enveloping

dark poison-flower of death,

none will be left here,

me either,

to mourn, to wet your dead lips

with our tears!

Therefore, I inscribe this to you:"

NV Krishna Warrier adopted a technique called environmental realism in his works. K Ayyapa Panicker
(1930-2006), ONV Kurup (1931-2016), Kadamanitta Ramakrishnan (1935-2008), D Vinayachandran
(1946-2013), V. Madhusoodanan Nair (born 1949), Suguthakumari (born 1934), P Valsala (born 1938),
Madhavikutty (1934-2009) and so on write poems in which nature is used as an important background.
They foreground nature as a major part of their subject matter. The work of these authors can be read
through the lens of ecocriticism. They encourage others to think seriously about the aesthetic and ethical
dilemmas posed by the environmental crisis and how language and literature transmit values with profound
ecological implication.

Neelamperoor Madhusoodanan Nair (born 1936), Ezhachery Ramachandran (born 1944), K G Sankara
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Pillai (born 1948), A Ayyappan (1949-2010), Desamangalam Ramakrishnan, Kureepuzha Sreekumar (born
1955), Kunjappa Pattanoor, P.K. Gopi (born 1959), etc are other poets inspired by the environment.

The Silent Valley agitation was the most inspiring event for poets about ecology. This social movement
“Save Silent Valley” heralded the “beginning of public awareness on environment and even triggered an
intellectual debate in Kerala”'2. The contribution of the writers to the Silent Valley movement were not
confined to creative writings but the writers, paying little mind to their ideological and political differences,
formed an eco-social organization, Prakrithi Samrakshana Samithi (Association for the Protection of
Nature) under the leadership of N V Krishna Warrier. The enthusiasm exhibited by the writers in opposing
the destruction of nature is evident from the publication, by the Samithi, of Vanaparvam (1983), an anthology
of thirty-four poems on environmental themes. This was the harbinger of ecological writing in Malayalam.
The involvement of poet activist Suguthakumari in the Silent Valley Movement is significant. Her poem
“Marathinu Stuthi” (Hymn to the Tree) became a symbol of protest from the intellectual community and is
the opening song/prayer of most of the Silent Valley campaign meetings (Kumar). As Gupta notes “this song
became the anthem and battle cry of the Save Silent Valley Movement”*. In the poem, “Marathinu Stuthi”
Sugathakumari presents the ecological significance of a tree and its benevolence to man. It alludes to the role
of the tree in preventing soil erosion and in regulating and maintaining the distribution of rain and water.

“Where are the Woods, Children?”, one of Ayyappa Panicker’s best-known poems, expresses the
disillusionment of modern Keralites with the decline of tradition and cultural and social values. It is a
passionate lament for Kerala’s past glory.

Where are the woods, children?

Where are the hills?

Where are the roots of the woodland lawn?

Where is the cool of the forest rills?

Where is the garden grove, the home of the winds?™

The prose writers’ depiction of environmental settings is a true depiction of the relationship between
man and nature. Writers like Thakazhi Sivasankara Pillai (1912-1999), T Padmanabhan (born 1931), M
T Vasudevan Nair (born 1933), Sethu (A Sethumadhavan, born 1942), V P Sivakumar (1947-1993), N
Prabhakaran (born 1952), and others have made nature as an essential component in their works. Setting
is character in their works. It reflects the inner struggles of the characters. They believe that man comes
from some unknown land, where he proved to be a nuisance. Man came on earth and exploited the earth
without any thought or guilt that the flowers, the trees, the animals, and birds have equal right to dwell
upon this planet. They wonder whether man is the earth’s child.

“Bhoomiyude Avakashikal” (The Inheritors of the Earth) by Vaikom Muhammad Basheer (1908-1994),
the Beypore Sultan, a recipient of the Sahitya Akademi (1970), the Padma Shri (1982), and the Vallathol

12 Philip, Shaju. “A Silent Revolution”.
13 Gupta 23
14  Panicker 211



Award (1993), is a clear account of Basheer’s love of nature and sympathy and kindness for all creatures,
including those who are vicious. He says:

Birds and butterflies are the first to enter innumerable birds and flies! Birds chirp from the branches
of trees and plants. Butterflies of various colours brighten the courtyard.

They had inherited this universe, centuries and centuries before mankind... But, the crows! They do
steal food from the kitchen! They have built nests on two coconut palms! Laid eggs too! Cries of crows
are unbearable. Crows lift the chicks. Kites also come to pick chicks... Mongooses are in plenty hiding
in bamboo woods for gulping down the poultry. Jackals dwell in the woods adjacent to the bamboo to
catch the fowls".

Satchidanandan is of the opinion that “the story, ‘Bhoomiyude Avakasikal’ is a testament of [Basheer’s]
his ecological vision”'. The story ends with the statement:

I have to sum up: “Bats are not the souls of anybody’s predecessors. From birth itself, they fly around.
Let the coconuts—tender or ripe—be claimed by them. We can take the remaining ones. Let the bats
claim the tender fruits of coconut trees. They are also the inheritors of this earth!”"

The havoc caused by the flood is also depicted by the Kerala writers. A good example would be
“Vellappokkathil” by Thakazhi Sivasankara Pillai (1912-1999), popularly known as Kerala Maupassant, a
recipient of the Jnanpith (1984). He describes the “deluge of ‘99”, in popular parlance, the flood swept Kerala
away, literally, in the year 1924, from the point of view of an abandoned pet dog.

The novelists like Thakazhi Sivasankara Pillai, N P Muhammad (1928-2003), O V Vijayan (1930-2005),
M T Vasudevan Nair, Narayan (born 1940), M Mukundan (born 1942), Sarah Joseph (born 1946), K J
Baby (born 1954), P Surendran (born 1961), and others use nature as a locale in their works. Writers like
G Sankarakurup, Vailopally, Thakazhi, O V Vijayan, M. Mukundan, Kamala Das, Ambikasuthan Mangad
and so on get more attention as their works, throughout their literary career, exhibit a deep concern for
environmental topics and ecological aesthetics or in other words, ‘environmentalism’ and ‘literary ecology’.

Sarah Joseph’s Gift in Green is an unconventional novel about the relationship between a people and
the land they inhabit. Aathi is a serene island of water bodies and mangroves. It is an idyllic village, a green
bangle that nourishes and protects a world of life forms both human and animal. It is not merely a place in
the novel but a strongest character. “An island dotted with water bodies, marshland and slush. Surrounded
by backwaters, it lay secluded from the rest of the world”*%. “... Aathi, an enchanting world in itself, its
waters cool and serene. Sitting in that rare world of impregnable silence, immune to the noise of men and
machines”". Aathi is not a place, but a state of things. It is a metaphor for man’s ecological concerns. As the
author puts it, there is an Aathi within every human being. It is a part of our self. “The Aathi of Gift in Green

could be anywhere in the world. There is an Aathi, I believe, within every human being: the primeval water

15 Basheer 8

16 Satchidanandan, K. “Vaikom Mohammed Basheer and Indian Literature”
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bed of our residual compassion and our rootedness as sentient beings”, says Joseph in a personal interview
with the translator. Franz opines that “the novel, Gift in Green...presents the panic and pain resulting from
the disruption of the relationship between man and environment and also provides the hope of redemption
by reclaiming a holistic and integral approach and effort”*.

The novel Enmakaje by Ambikasuthan was a milestone in the fight for justice for the Endosulfan victims.
J Devika’s English translation of this novel titled Swarga, effectively highlights the Endosulfan curse in North
Kerala. As Sangeetha says, “Enmakaje, a small village in Kasargod, becomes a metaphor for the movement
against endosulfan. These people are fighting against the Government and the business magnates, trying
to protect their land as well as their life against this deadly chemical. Enmakaje has been known as the land
of hills, the land of truth, the land of languages, the land of nature’s beauty and the land of water. Now all
these have been lost with the arrival of endosulfan. Now Enmakaje is the land of Man-made Environmental
Miseries”.

The ecocritical movement which had sprouted in poetry, spread to other genres like short stories and
novels, and by 1990 ecowriting had established itself as a significant genre in Malayalam literature. The first
writing on environmental aesthetics in Malayalam was Paristhiti Soundaryasasthram: Oru Mukhavura
written by T P Sukumaran in 1992. Sukumaran’s Paristhiti Soundaryasasthram studies Rousseau’s idea of
‘return to nature’ within the cultural context of Kerala. His conception of nature is highly anthropocentric,
which places man at the centre of the world—as the finest of all creations.

Though ecocriticism began in the 1970s in the West, it developed and established globally as a critical
approach in the 1990s. In 1996 Cherryl Glotfelty’s The Ecocriticism Reader: Landmarks in Literary Ecology
was published in English with the announcement that ecocriticism adopts an earth-centred approach to
learn literature. Even before the publication of Glotfelty’s The Ecocriticism Reader, the writers from Kerala
have already taken into consideration the issues that ecocriticism address in their writing and established
ecowriting here.

P P K Pothuval’s Paristhithivicharam Malayalakavithayil (1990) studies Malayalam poetry from an
ecological perspective. Ecocritics re-read major literary works from an ecocritical perspective with particular
attention to the representation of the natural world.

P Sachidanandan, aka Anand, one of the noted living intellectuals in India, whose works are noted for
their philosophical flavor, historical context and humanism. He links nature, society, culture and history
in his works. Anand’s Jaiva Manushyan (1991) is a study on human beings as a part of nature and society.
Nature here assumes the role of the setting which nurtures human behavior.

G. Madhusudhanan’s Harithaniroopanam Malayalathil (2002) is the first reference text in Malayalam
on Ecocriticism. It is a collection of essays that look at the ecological elements in Malayalam literature. The
introduction traces the origin and growth of eco-criticism over the past 25 years. The first of the four sections

of the volume, dedicated to environmental aesthetics, comprises contributions by prominent writers, poets
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and critics like Anand, Vishnunarayanan Namboodiri, M N Vijayan, M Achuthan, Thomas Mathew and K
Ayyappa Panicker. In the second section, critics study the environmental concerns/apprehensions of poets
such as G Sankara Kurup, Vyloppilli, P Kunhiraman Nair, N V Krishna Warrier, Edasseri, Kakkad, ONV,
Sugathakumari, V Madhusudanan Nair and A Aiyappan. The third section studies the works of Takazhi,
M. T. Vasudevan Nair, Sara Joseph, N. P. Mohammed, N. Prabhakaran and C. V. Sreeraman. Feminist and
Adivasi literature are additionally come up for scrutiny. The essays in the last section of the book focus on
folk arts®.

Some of the leading ecocritics in Malayalam consist of M N Vijayan (1930-2007), P Satchidanandan
(born 1936), G Madhusudhanan, Vishnu Narayanan Namboodiri (born 1939), Sethu (born 1942), P P
K Pothuval (born 1946), K Satchidanandan (born 1946), K.C. Narayanan, D Benjamin, Asha Menon (K
Sreekumar, born 1947), V C Harris (1958-2017), T P Sukumaran, E V Ramakrishnan, P Surendran (born
1961) and so on.

The role of artists and environmentalists in the present-day society of Kerala is unfathomable. Kerala
has witnessed many significant pro-environment movements such as ‘Silent Valley’, ‘Plachimada’, ‘Anti-
endosulfan’, and ‘Aathirapally’ struggles to name a few. Such protests against the exploiters are not confined
to the farmers whose farmland is being expropriated from them. Artists, activists and scientists stand in
solidarity with them.

In order to create an eco-friendly world, a safe and ethical relationship between human beings and the
natural environment is required. “A deep ecological ethics is urgently needed today, and especially in science,
since most of what scientists do is not life-furthering and life-preserving but life-destroying”®. Arne Naess,
in his 1973 article “The Shallow and the Deep, Long-Range Ecology Movements”, coined the term ‘deep
ecology’. Deep ecology is a concept that denotes a new understanding of reality, and it is important to find
a solution to the problems that threaten the biosphere and human life. Deep Ecological consciousness is
spiritual, its basis is the knowledge of the interconnectedness of all phenomena and problems. It does not
separate the human being from the natural world. In the web of life, people are just a thread. Every life on
earth has an intrinsic value. Deep ecology is based on eco-centric values, not human-centric values.

Deep ecology can be contrasted with shallow ecology, a more narrow world view. It is an anthropocentric
worldview, a belief that man is the primary and most important species on earth. The shallow ecology
movement “is concerned with fighting against pollution and resource depletion. Its central objective is
the health and affluence of people in the developed countries”. It is a utilitarian philosophy, since the
importance of things is defined by their usage value, by the degree to which they support human life. In
environmental ethics, shallow ecological perception is considered to be the main cause of environmental
problems.

The atrocious crimes toward nature are conceived as a lack of ecological consciousness. Devall and

22 Bhaskar. “Ecology in Malayalam Literature”
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Sessions explained the ecological consciousness in their 1985 book Deep Ecology as: “The deep ecology
movement involves working on ourselves, what poet philosopher Gary Snyder calls “the real work”, the
work of really looking at ourselves, of becoming more real. This is the work we call cultivating ecological
consciousness”®. They add that “this process involves becoming more aware of the actuality of rocks,
wolves, trees and rivers—the cultivation of the insight that everything is connected. Cultivating ecological
consciousness is a process of learning to appreciate silence and solitude and rediscovering how to listen. It
is learning how to be more receptive, trusting, holistic in perception, and is grounded in a vision of non-
exploitive science and technology”*.

The ecological crimes/eco-terrorist acts such as rock blasting, sand mining, unauthorized building
construction, illegal paddy land conversion, smuggling trees and so on are the results of ecological
thoughtlessness and the array of non-human living forms is increasingly declining. To grasp the pulse of
nature, an anthropocentric view must be discarded. People that are closely linked to nature can only sense
the rhythm of nature. Hence, in order to understand nature, a profound ecological outlook is necessary.
This deep spiritual consciousness aims to establish an ecological utopia or an ecotopia where human and
non-human living beings exist in peace in their environment.

The real topic of nature writing is not nature but the evolving structure of communities from which
nature has been removed, often as a consequence of modern economic development. It is writing concerned,
further, with “the biological and spiritual fate of those communities”?. It also accepts that “the fate of
humanity and nature are inseparable”?. In various literary forms it addresses the problem of spiritual
collapse and is in search of a modern human identity that lies beyond nationalism and material wealth.

In this article based on the analysis of poems, novels and literature of Kerala, we were discussing the
impact of literature on global environment studies. Let us hope our GES students and other environmental

enthusiasts find a new perspective in their search for understanding the rhythm of life with nature.
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Analysis of time variations of radioactive substances in the ponding water at the

bottoms of the main buildings of the Fukushima Daiichi Nuclear Power Plant (7)

Abstract

Kuninori Otsubo

This paper shows the latest states of waste water management system for the ponding water contaminated

by radio-active substances in the main buildings of the Fukushima Daiichi Nuclear Power Plant.

1.

Up to now, about 1,225,000 m* of the contaminated water has been restored in the tanks and
all radioactive substances except for tritium were removed from 98% of the restored water. On
October 2020, the Japanese Government has declared that the restored water contaminated by
trititum would be drained into the ocean after deluting the tritium concentration sufficiently low.
The amount of generation of the radioactive contaminated water is about 140 m*/day currently. It
means that the official target of below to 150 m*/day has been achieved.

The volume of the ponding water has been decreased with the pace of 40 m*/day. In accordance of
that, the ponding water in the buildings except for reactor buildings has been removed completely
by the end of 2019.

The establishment of the independent cooling system for each reactor has been suspended.

The strengths of radiation of cesium137 and tritium has been decreased very slowly as of December,
2018.

The concentration of chloride ion has been fluctuating between 300 ppm and 600 ppm with the
interval of several months.

About 300 m*/day groundwater has been flowed in through the frozen wall for more than one and
a half years. However, no report about the causes of and countermeasures against for the inflow

has been shown us as of May, 2019.
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A Review of ASEAN Green Financing Policy Instruments
for Energy Efficiency Improvement

Siti Noor Baiti Binti Mustafa, Masachika Suzuki

Abstract

This article aims to review green financing policy instruments for the promotion of energy efficiency
investments among countries in the ASEAN region. The first part of this article explores the definition
of green finance and its current trends from the viewpoint of global and ASEAN regional perspectives.
The review continues with an examination of the ASEAN regional energy outlook including the growing
challenges of the region’s future energy demand, and how the deployment of energy efficiency technology and
robust investments in the region can be the main pillar of sustainable economic growth towards achieving
the ASEAN regional target for energy intensity reduction of 20 percent by 2020 and 30 percent by 2025
compared to 2005 levels. The third part of this article focuses on each of the ASEAN Member Countries’
respective national energy efficiency policies and targets. Existing energy efficiency-related financial policy
instruments are identified and reviewed through a comparison of similarities, differences, uniqueness, and
potential innovative green financing mechanisms that are highlighted and explored. Lastly, this article is

concluded with lessons learned and suggested policy recommendations.
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A Review of ASEAN Green Financing Policy Instruments
for Energy Efficiency Improvement

1. Introduction

As conventional fossil fuel-based energy sources are vastly becoming depleted in the long term together
with a myriad of environmental impacts that are becoming more prominent each day, the global community
is taking aggressive steps to address concerns of energy security, climate change, and environmental
concerns. As a major developing region, the Association of Southeast Asian Nations (ASEAN) is rapidly
becoming one of the most prominent players in the global energy portfolio. In addition to strong economic
growth and rapid industrialization, the ASEAN region now accounts for the increased energy demand of

up to 5 percent of the total global demand (Liu, 2020).

Energy efficiency is seen as an alternative in smoothing out the demand shock due to the region’s rapid
rate of industrialization and urbanization. In the same way, energy efficiency has also been described as one
of the most cost-effective strategies to tackle the problem of maintaining global energy stability by rising
market energy production and use. However, energy efficiency, particularly in the industrial sector, is often

equated with high capital investments that might prove to be a major barrier towards implementation.

For this reason, green financing is one of the most critical things as a catalyst to maximize the
deployment of energy efficiency. A major shift in energy efficiency investment patterns is needed to ignite
green financing in the ASEAN region and a growing focus on creating this shift is becoming a significant
agenda in government policies. Many policy instruments have already been established in developed
countries and more are being crafted to support the implementation of green financing. The ASEAN region

is no exception.

Thus, this article aims to review green financing policy instruments for the promotion of energy
efficiency investments among countries in the ASEAN region. The first part of this article explores the
definition of green finance and its current trends from the viewpoint of global and ASEAN regional
perspectives. The review continues with an examination of the ASEAN regional energy outlook including
the growing challenges of the region’s future energy demand, and how the deployment of energy efficiency
technology and robust investments in the region can be the main pillar of sustainable economic growth
towards achieving the ASEAN regional target for energy intensity reduction of 20 percent by 2020 and 30
percent by 2025 compared to 2005 levels. The third part of this article focuses on each of the ASEAN Member
Countries’ respective national energy efficiency policies and targets. Existing energy efficiency-related
financial policy instruments are identified and reviewed through a comparison of similarities, differences,
uniqueness, and potential innovative green financing mechanisms that are highlighted and explored. Lastly,

this article is concluded with lessons learned and suggested policy recommendations.
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2. Green Finance

Financing is one of the most crucial factors to consider in promoting the implementation of investments
that are geared towards achieving environmental-friendly targets such as increased energy efficiency,
renewable energy generation, and pollution reduction, among others. This particular branch of financing
that is specifically dedicated to sustainable development is commonly known as Green Finance. Green
finance is becoming a concept that is much discussed in both the financial industry and environmental

scene because it merges environmental sustainability with economic sustainability.

2.1 What is Green Finance?

While the term ‘green finance’ is used increasingly globally, there does not exist any universally agreed
definition by far (Chui & Baral, 2017). However, there exist several definitions of green finance that is
context-specific in the existing literature. Green Finance is defined as “the financing of investments that
provide environmental benefits in the broader context of environmentally sustainable development” (Chui &
Baral, 2017). Another reference to green finance is the entire flow of financial investments into sustainable
development projects and initiatives, environmental products, and policies to promote sustainable economic
development (Sachs et al, 2019). OECD coined the term green finance as finance for “achieving economic
growth while reducing pollution and greenhouse gas (GHG) emissions, minimizing waste and improving

efficiency in the use of natural resources” (Inderst, Stewart, & Kaminker, 2012)

Similarly, green finance is defined as new financial instruments and policies that provide environmental
benefits through the financing of any types of sustainable projects (Hoshen et al., 2017; Sachs et al., 2019)
that also encompasses a wider scope beyond climate and low carbon projects (Azhgaliyeva & Liddle, 2020;
Hohne et al., 2012). These definitions are in parallel with the view that green finance can be used to fund
numerous projects with environmental, social, economic benefits, and also other benefits within the scope
of the Sustainable Development Goals (SDGs). In short, green finance is considered to not be limited to
only climate change funds but also a wider range of environmental objectives, such as industrial pollution

control and water, sanitation, and biodiversity protection.

Moreover, Leventis et al. (2017) argued that green finance, beyond just purely capital costs, has an even
wider lens that is inclusive of operational costs such as project preparation and costs of land acquisition,
which are not only significant but can potentially impose major financial challenges. In the same way, green
financing also takes into account the environmental factors and impacts during the lending and investment
decision-making process, in addition to the old post monitoring and the risk management process (Hoshen
etal., 2017) which is contrary to traditional financial activities that emphasize on conventional investment

financial gains and returns.

Due to high capital requirements and investments that are involved in energy-related projects, green

financing is much discussed within the renewable energy and energy efficiency literature (Liu et al., 2020;
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Saboori & Sulaiman, 2013; Shi, 2015). Despite this, Hyung & Baral (2019) contrastingly refers to some
divergences of green finance concerning energy-related projects that are deemed controversial such as clean

coal, nuclear, and large-scale hydropower that has sparked some disagreements among various stakeholders.

Green finance consists of many financial and policy instruments, implemented by both the public and
private financial sectors. Among these instruments are loans, grants, tax measures, and capital allowance,
subsidies, and budgetary measures, green banks, retirement funds (Hoshen et al., 2017; Sachs et al., 2019;
Shi, 2015). A key feature of these green financial tools is that investment and lending decisions are made
based on the decision-making process that involves environmental screening and risk assessment to meet
environmental sustainability standards (Jayathilake, 2019; Lindenberg, 2014). This differentiation from the
conventional investment decision-making process indirectly creates the added value of products and services
provided by private financial institutions whilst diversifying their investment portfolios that potentially

increases long term sustainable profitability.

2.2 Global and ASEAN Regional Green Financing Trends

A significant increase in available green financing options is crucial to unlocking energy efficiency
potentials. To this end, both public and private financing plays a central role. At the global level, national
governments and multilateral world development banks have announced significant increases in available
funding to be deployed for climate change mitigations (Retallack et al., 2018). However, other underlying

issues hinder optimum disbursements of these said funds.

While the private sector is a key global investor in energy efficiency, the public sector plays an important
role by initiating and catalyzing additional private funded investments and paves the way in moving towards
improving energy efficiency, especially in public-owned buildings and infrastructure (OECD, 2016). In the
same way, public finance has played a dominant role in green finance in the ASEAN region. Although the
amount of public green financing is likely to increase between 2016 and 2030, the average percentage of
public spending is expected to decline. A recent ADB report estimates that 10 to 50 percent of public finances
are needed to meet ASEAN investment potential (Guild, 2020). Due to the prominence of private financial
institutions and banks in many ASEAN countries’ financial structures (Durrani, Rosmin, & Volz, 2020), the
majority of private ASEAN green finance transactions are in the form of commercial loans that represent

approximately 70 percent of all green finance transactions (Chui & Baral, 2017).

A common perceived barrier when it comes to the implementation of energy efficiency investments is
the availability and access to financing, especially from the private sector (Hedger et al., 2014; Liu et al,,
2020). Due to the nature of energy efficiency projects that are equated with high initial capital investments
(Apeaning & Thollander, 2013; Fowlie, Greenstone, & Wolfram, 2015; Harris, Anderson, & Shafron, 2000;
Hasan, Hossain, Tuhin, Sakib, & Thollander, 2019; Kamal, Al-Ghamdi, & Koc, 2019) the lack of funding

and financial support is often seen as a barrier within its implementation (Groot, Verhoef, Nijkamp, &
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Universiteit, 1999; Lane, Boork, & Thollander, 2019; Lynne, Franklin Casey, Hodges, & Rahmani, 1995;
Zuoza & Pilinkiene, 2018). In short, energy efliciency-related funding that enables a significant impact in
reducing energy consumption, most often than not, exceeds the public sector’s budget allocation capacity.

Thus, a substantial increase in participation from existing private financing and capital use is necessary.

Henceforth, there is a need to reassess the focus and direction of green investments. Retallack et al
(2018) pointed out that global investments in renewables and energy efficiency have seen a decline where
the growth rate has slowed down since 2015. This is further supported by the finding that in 2018, primary
energy intensity has only improved by just 1.2 percent which shows the slowest rate since 2010 (IEA, 2019)
thus signifies a slower improvement compared to 1.7 percent in 2017, that marked the third year in a row of
steady declination. Despite this, investments in fossil fuel still dominate portfolios of energy investments
(Zhang, Li, & Ji, 2020; Azhgaliyeva, Kapsalyamova, & Low, 2019) and global energy efficiency has seen a
decline of 3 percent in 2017 (Sachs et al., 2019). The majority of developing countries are still very much
coal-based energy sources oriented which unfortunately can put an impediment on other nation’s efforts

in reducing fossil fuel energy sources.

Another issue is that financial institutions, in general, show less interest in financing energy efficiency
projects due to reasons mainly being the existence of unfamiliar investment risks. Existing insufficient
knowledge and high levels of uncertainties among financial institutions on the risks is still prevalent.
Durrani et al (2020) investigated the role of central banks and other monetary authorities in promoting
sustainable finance in the Asia-Pacific region. Results from this study show that most monetary authorities
believe that they should play a key role in promoting green finance by encouraging green loans and by
including pro-environmental and climate change targets in their policies. However, monetary authorities
in only 5 countries out of 18 were found to promote green financing, consisting of less than half of the total
respondents. This points to a conclusion that there exists a contradiction between financial institutions’

perceptions towards green finance and actual investment behaviour practices.

Viklund (2004) in a study among perceptions towards Swedish energy policy demonstrates that intention
towards support is due to high levels of information on energy policy but applied actions depend on perceived
risks. Interestingly, this, too, suggests that having supporting intentions does not necessarily translate into
actual actions and this is somehow affected by the uncertainty of risks involved. Unattractive financing terms
can also be the cause of reduced demands for energy efficiency investments. Energy efficiency financing
offered at high rates or with short tenures may impede cost-effective projects. Interestingly, this is in contrast
to an OECD (2016) report that suggests the lack of demand from the industry as a significant challenge faced

by green investment banks in their efforts to scale up investments in energy efficiency.

Green bonds are one of the fastest-growing green financing instruments in the world. It continues to grow

from USD 3.4 billion in 2012 to USD 235 billion in 2019 (Azhgaliyeva, Kapoor, & Liu, 2020) where China
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remains the major issuer of green bonds for several years. Although Southeast Asia is the third-largest market
in the world, only 1.5 percent of global green bonds are listed in Southeast Asia since 2017 (Azhgaliyeva et al.,
2019). Although green bonds proceeds can be used to finance mitigation and adaptation of projects with clear
environmental benefits, they have been used mostly to finance renewable energy and energy efficiency projects.
Azhgaliyeva et al. (2020) reviewed green bonds issuance and policy trends in ASEAN countries and revealed
that funding of green buildings was especially prominent. Countries such as Singapore and Malaysia offer

green bond grants to subsidize the cost of external reviews for labelling of bonds as being ‘green’.

Guild (2020) has identified political and institutional barriers through an analysis of green financing
potentials in promoting renewable energy in Indonesia. Three major obstacles identified are the ‘lack of capacity
and experience of Indonesian financial intermediaries with green finance and ‘institutional design which makes it
hard for private capital to compete against the dominance of state-owned companies in energy markets’, and (iii)
‘political influence by the extractive industries lobby’ (Guild, 2020, pg.14). However, some of these constraints

have already been reduced through regulations implemented by the Indonesian Government.

3. ASEAN Energy Outlook

ASEAN consists of ten member countries that are increasingly important in the future global energy
landscape. The population growth in this region is set to rise by more than 10 percent to 690 million by
2020, thus putting ASEAN as a region that has collectively become the third fastest-growing region in the
world. Its accelerated growth has resulted in increased energy demand with a projected growth of 2.3 times

over long-term projections to 2040 (ASEAN & UNDP, 2017).

3.1 Growing Challenges of Future Energy Demand

Besides the rising population, rapid economic growth has also fuelled an increase in the region’s energy
demand. ASEAN energy consumption is continuously growing due to significant economic and population
growth, increasing levels of access and demand from rapid industrialization, and lastly, urbanization (Shi,
2015) with a projected energy demand of more than double between 2010 and 2035, reaching a total of more
than 16,169 terawatt-hour (TWh) (Liu et al., 2020). Despite this, the energy demand is seen as not being
proportionally shared between the ASEAN countries with Indonesia, Malaysia, and Thailand, accounting for
around 70 percent of the total energy demand (ACE, 2019). From the 625 million people living in Southeast
Asia, about 125 million lack of access to stable electricity, with 40 percent of the ASEAN population primarily
reliant on traditional use of biomass (Liu et al., 2020) and almost half of the region’s population are still

dependant on traditional biomass energy sources for daily needs.
ASEAN is expected to be the fourth-largest economy in the world by 2030 (IEA, 2019). While six

out of ten of the region’s countries are net energy exporters today, most may not be able to maintain self-

sufficiency over the next decade, as energy consumption continues to rapidly overtake domestic energy
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output. According to the 5th Southeast Asia (ASEAN) Energy Outlook, the total final energy consumption
in the region is expected to increase from 427 million tonnes of oil equivalent (Mtoe) in 2015 to 1,046 Mtoe
from the Business As Usual (BAU) scenario in 2040 (ACE, 2018) and is driven by the demands mostly from

the industry, transport, and residential sectors besides other sectors such commercial and agriculture.

In addition, this increased energy demand is heavily reliant on fossil fuel, mainly coal and natural gas,
to meet the demand in the electricity sector, with oil representing the main source of fuel for the transport
sector (IEA, 2019). In comparison, there is not much increase in the capacity of renewable energy even
though ASEAN has considerable potential for its implementation. Despite the reduction in costs, solar

photovoltaics and wind-powered energy uptake remain small in this region as well (IEA, 2019).

3.2 Energy Efficiency For Sustainability

Achieving green growth is one of the region’s top priorities for the future to achieve energy security,
accessibility, affordability, and sustainability. Hence, energy efficiency improvement has been identified
as one of the main priorities towards achieving this vision. This is apparent from several studies that have
discussed energy efficiency as a way to increase productivity and achieve more with less energy consumption
(Thara et al, 2015; Koesler et al, 2016; Retallack et al., 2018; Sorrell, 2015). The 5th ASEAN Energy Outlook
also highlights that energy efficiency policies that are in place or under consideration today, will lead to
savings by 10 percent of the total final energy consumption by 2040, as compared to BAU (ACE, 2018).
Therefore, energy efficiency, widely known as ‘low-hanging fruit’ and recently touted as the ‘fifth fuel’ (Chua

& Oh, 2011; Shi, 2015) is vital to underpin this region’s economic growth.

Nonetheless, meeting ASEAN regional energy demand and policy priorities through the deployment of
energy efficiency will require increased levels of investments. Even so, current investment trends show levels
that are falling short of the targeted needs of at least 50 percent lower than what would be required to achieve
ASEAN’s “Stated Policy Scenario” for energy security as projected by IEA (2019). Hence, the need for broader

participation from the private sector in mobilizing investments as well as more targeted public funds utilization.

4. ASEAN Green Financing Policy Instruments
4.1 National Energy Efficiency Policy and Targets

On the matter of energy efficiency policies, ASEAN countries have set targets to collectively reduce regional
energy intensity by 20 percent by 2020 and 30 percent by 2025 compared to 2005 levels (Liu et al., 2020; Shi,
2015). This region has some of the most rapidly growing industrial cities and effective management of finite
energy resources is crucial to be able to meet infinite energy demands to be able to sustain dynamic regional
and economic growth. Currently, ASEAN is on track to meet its collective energy intensity reduction targets,
and on a steady trajectory to achieve a more sustainable and secure future. By 2016, ASEAN had already

accomplished a 21.9 percent energy intensity reduction, exceeding its target set for 2020 (Liu et al., 2020).
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One common element is that governments across different ASEAN countries have been intensifying
efforts for the facilitation of more investments in power supply and its related infrastructure, whilst
simultaneously focusing also on energy efliciency (Anbumozhi, et al, 2019; Anbumozhi, Wolft, & Yao,
2020; Azhgaliyeva et al., 2019; Azhgaliyeva & Liddle, 2020; Liu et al., 2020; Shi, 2015). Most countries have
enacted a series of laws, acts, or regulations, set up targets for energy efficiency and intensity, and have also
assigned functions or created specific agencies mandated to develop strategies and mechanisms to promote
the ASEAN region’s trajectory achieving the region’s shared vision of reduction in energy intensity by 2025.
Table 1 below summarizes ASEAN countries’ energy efficiency-related policy frameworks together with

indicators and targets.

. 25% reduction by 2030 and a 45%
B . . .
runei | Energy intensity reduction by 2035 from 2010 level Energy White Paper 2014
Cambodi i
ambodia | Final enersy 20% reduction relative to BAU by 2035 | National Energy Efficiency Policy (2018-2035)
consumption
Energy intensity | 1% reduction yearly until 2025
Industry- 17% reduction .
Indonesia Final ener Transportation- 20% reduction General Plan for Natlc.)nal Lk
o t;‘gg’n Household-15% reduction (Government Regulation No. 22/2017)
ump Commercial Buildings- 15% reduction
By 2025 relative to BAU
LaoPDR | Finalenergy 1000 duction by 2030 relative to BAU | National Energy Efficiency Policy 2016
consumption
.| Final electricity | 8% reduction within a decade from
Mal . - .
alaysia consumption 2016 to 2025 relative to BAU National Energy Efficiency Action Plan
Mo Total primary 20% by 2030 relative to BAU Energy Efficiency and Conservation Law
energy supply 2019
Final energy . o . National Energy Efficiency and Conservation
consumption Reduction to 1% yearly until 2040 Program (NEECP); and
Philippines
Energy intensity 40% reduction by 2040 compared to the | Energy Efficiency Roadmap for Philippines
8y 2005 level. (2017-2020)
ion of 35% by 2
Singapore | Energy intensity Eg(‘)i;l ngoerll of 35% by 2030 compared to Singapore Sustainable Blueprint 2009
1 0,
Thailand | Energy intensity 12{;?;;;(;? of 30% by 2036 compared to Thailand Energy Efficiency Plan 2015
Final energy 8% reduction from BAU by 2020
Vietnam consumption National Target Program for EE and
Enerev intensi 10% reduction in energy-intensive Conservation
gyt Y | industries by 2020 from BAU

Table 1: Energy Efficiency indicator, targets and action plans in ASEAN countries

(Source: APEC, 2017; Department of Energy Policy and Planning Ministry of Energy and Mines Lao PDR, 2020;
KeTTHA, 2013; Li et al.;, 2020; Liu et al., 2020; Ministry of Energy Thailand, 2011;

Research Institute Network, 2016; Shi, 2015)
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Even though there is an ASEAN regional collective target for energy intensity reduction, all ten ASEAN
countries have established national-level energy efficiency targets that are more specific respectively, as
shown in Table 1. There are significant differences in the indicators and year of reference used. The majority
of ASEAN countries have adopted either ‘energy intensity” or “final energy consumption” as their energy
efficiency indicator. Myanmar is a unique country, by using ‘total primary energy supply’ as its indicator.
However, three countries that have both indicators as targets in their respective national plans are Indonesia,
the Philippines, and Vietnam. Interestingly, the use of indicators other than ‘energy intensity’, means that the
element of Gross Domestic Production (GDP) is not factored into consideration. There is also diversification
in the timeline used as a reference. Four ASEAN countries use Business as Usual (BAU), two uses 2010 and
another two uses 2005 as sole reference. Philippines adopts both 2005 and the previous year as a reference,

while Indonesia adopts BAU and previous years as a reference.

Overall, specific national-level targets reflect a high level of commitment by each country in increasing
energy efficiency and it also allows countries to focus on targets that are unique and tailored to each
respective countries’ best interests. Nevertheless, the differences that are apparent in these targets may
create difficulty for target and achievement comparison between countries and thus might hinder regional
cooperation in achieving the collective ASEAN target. There is also a risk of negative spillover effects that
might result due to uncoordinated policy action, or worse, failure to achieve the desired outcome for regional

green growth development.

4.2 Policy Instruments for Energy Efficiency Financial Support

Energy efficiency financial policy instruments can be clustered into two main types that are traditional
and emerging new instruments. Traditional instruments refer to conventional financial instruments such
as loans, grants, guarantees, and leases that are commonly used to fund energy efficiency initiatives as
well as many other sustainable goods and services (Leventis et al., 2017; Liu et al., 2020). On the other
hand, emerging or specialized financing instruments are specifically designed to support energy efficiency

investments and other clean energy installations and to overcome market barriers.

In general, there is a myriad of existing green finance policy instruments for energy efficiency
investments and implementation promotion. Countries such as Malaysia, Singapore, Thailand, and Indonesia
are among the ASEAN countries that are quite advanced by having several policy instruments already
established and already in place. Apart from the most widely implemented schemes such as tax incentives,
low-risk loans, subsidies, risk guarantees, and grants, there are also new and innovative policy instruments
that have been identified. An overview of these policy instruments is as in Table 2 below and is then further

examined and discussed in this section.
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Tax Incentives v v v v v

Loans and Subsidies v v v v v v

Risk Guarantees v v

Grants v v v v v
Other Instruments v v v

Table 2: Overview of Green Finance Policy Instruments for Energy Efficiency in ASEAN countries
(Sources: ACE, 2019; Centre, 2019; Liebman et al., 2019; Liu et al., 2020; Shi, 2015)

(i) Tax Incentives

Green Investment Tax Investment

Malavsia Allowance allowance On purchase of energy-saving equipment and
th Green Investment Tax Income tax environmentally friendly buildings and other assets
Exemption
Energy Efficiency TR Additional 30% investment allowance for EE investments
Investment Allowance allowance against taxable income, on top of normal capital
(IA) Scheme allowances
Singapore

The One-Year
accelerated Depreciation | Capital allowance
Allowance Scheme

Capital expenditure on energy-efficient equipment to be
written off within 1 year

Corporate or

Thailand | ESCO Venture Capital | .
income tax benefits

For ESCOs and commercial buildings

Import tax and local | Green commercial building construction in some

Indonesia | Green Building Code . S i, .
& tax exemption Indonesian cities are eligible for tax benefits

Corporate tax 7 years exemption from corporate tax

Import duties and | Import duties and tax exemption on raw materials and

No specific name but tax capital equipment
Lao PDR | provided under )
Investment Law (2004) | Export duty Export duty exemption

10% personal income tax exemption for expatriate

Income tax
employees

Table 3: Tax Incentives and Capital Allowance Policy Instruments In ASEAN Countries
(Source: ACE, 2018; APERC, 2017; APERC, 2018; Shi, 2015)

Various tax incentives in the form of exemptions, holidays, and credits are used as policy instruments to
promote more investments in energy efficiency in countries as shown in Table 3 above. Malaysia, Singapore,
and Lao PDR have more general coverage of tax incentive recipients for the provision of tax incentives for
investments and the purchase of energy-efficient equipment and assets. In contrast to this, Thailand and
Indonesia focus on specifically targeted recipients, namely ESCOs and the commercial building sector.
Interestingly, Lao PDR also provides tax income exemptions for expatriate employees engaging in energy
efficiency-related investments and is the only ASEAN country that has such provision at the moment

(APERC, 2017).
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Tax measures that are used as financial policy instruments are often encapsulated in the way capital is
managed. The ESCO Venture Capital in Thailand helps to address the incessant issues of the lack of capital
among SMEs by providing up to 50 percent of the total equity and in some cases, gives financial support
for equipment leasing as well. Another is the Singaporean Accelerated Depreciation Allowance Scheme that
enables the same financial assistance to small developers that wish to invest in energy-efficient projects. It

allows capital expenditure on energy efficiency or energy-saving equipment that is qualified and certified

to be written off on 1 year as opposed to 3 years, as per normal regulation (Shi, 2015).

(i) Loans, Subsidies, and Guarantees

Is\/l[lalarszar:)dﬁi:it;ci let Trust fund Support projects in the areas of rural electrification, R&D,
Acrég L?nt (MESITA) and energy efficiency, among others.
Energy Performance The EPC Fund provides financing for up to 85% of project
Malavsia Contracting Fund Public Funds costs, with a target tenure of three to five years at a 7%
h (EPC Fund) financing rate per annum
Green Technolo Risk guarantee scheme with an annual rebate of 2% on
Financin Scheriz Public Funds interest or profit rates on loans charged by financial
(GTES) 8 institutions, and a government guarantee of 60% on loans
provided by financial institutions.
Up to 50% co-funding for industrial companies to assess
Energy Efficiency Fund Public Funds new facilities and identify potential energy improvements
(E2F) and 30% subsidy for replacement of existing equipment
Singapore for energy-efficient ones
E;Elj;llgc R;;;(;f;lltcilnergy Private Funds 3rd party financier to finance costs of energy efficiency
(BREEF)yScheme & projects for industrial and manufacturing facilities
Thailand frrllgrgzoizrtlis;;vatmn Public funds Working capital for the promotion of the energy efficiency
(ENCON) Fund implementation for both public and private sectors
The Philippine Focus on enhancing technical capacities amongst financing
In dustriaf)gner Public and Private institutions. The co-financing sources include the Land Bank
Philippines Efficienc Pro'egc}; funds (co-finance) of the Philippines and the Bank of the Philippines Islands,
(PIEEP) Y o) " with both offering USD 10 million each in the form of a
standby loan project window on energy efficiency projects.
Vietnam Energy Efficiency for International Funds | Investment lending for industrial enterprises to invest in
Industrial Enterprises (World Bank) the adoption of EE technologies and practices
. Provides subordinated loan facility, equity Investment
f&iﬁ?ﬂ;ﬁum Public Funds scheme, financial lease, and ownership of asset through
(PT SMI) cooperation on a rental business based on Sharia (Islamic)
principles
Indonesia
A government (including Local Governments) support in
Viability Gap Fund Public Funds the form of a contribution of some of the cost project that
(VGF) already economically viable but has not had financial
feasibility.

Table 4: Loan Policy Instruments In ASEAN Countries
(Source: Shi, 2015; APERC, 2017; ACE, 2018; AGEP, 2018)
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ASEAN governments’ provision of low-interest loans, subsidies, and risk guarantees are the most
prominent and wide-spread implemented green financing policy instruments. An example is the Malaysian
Electricity Supply Industries Trust Account (MESITA) which is a trust fund established by the Malaysian
Government The fund obtains its contributions from power generating companies, who voluntarily
contribute 0.65 percent to 1 percent of their total annual audited turnover from electricity sales to the
Peninsular Grid or the transmission network. A special committee for overseeing this trust fund consists
of representatives of the Malaysian Government, Tenaga Nasional Berhad (the sole electricity company in
Peninsular Malaysia), and six electricity generation companies (independent power producers) (KeTTHA,
2013). Similarly, Singapore’s Building Retrofit Energy Efficiency Financing (BREEF) Scheme sources its
funding from private companies for the financing of energy-efficient investments with shared energy savings

among project owners and financiers (APERC, 2017).

Risk mitigation is often used for energy efficiency projects that have very low project risks but still require
additional support to make the industry players feel comfortable enough to engage in energy efficiency
investments. The Malaysian Government provides loan guarantees, a type of risk mitigation, for energy
efficiency investments with varying fee schemes under the Green Technology Financing Scheme (GTES).
This scheme offers a standard loan loss reserve to banks that offer energy efficiency financing through soft
loans, in exchange for the respective bank’s provision of loans to certified green projects below a maximum
rate and longer tenures than the minimum term (MGTC, 2014). This policy instrument covers four sectors
such as energy, waste, and water, building and transport sectors that are inclusive of energy efficiency
improvements. Another is a credit guarantee scheme call the EPC Fund to provide a credit guarantee fund
of about USD 3 million. This fund will finance credit guarantees from Credit Guarantee Corporations for
up to 80 percent on the unsecured portion up to the maturity date of the term loan facility (Ahmad Ludin

et al., 2013; Amran et al, 2018).

Thailand, on the other hand, has established a unique green financing mechanism that serves as an
‘umbrella’ for all green financing policy instruments in the country with an initial total allocation of USD
90 million since 2016 (ACE, 2018). The ENCON Fund in Thailand also provides risk mitigation in the form
of soft loans for working capital, for the promotion of the energy efficiency implementation in both public
and private sectors. This fund, too, is the source of funds for three major policy instruments namely tax

incentives, soft loans, and the Energy Efficiency Revolving Fund (APERC, 2017).
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(iii) Grants

Grants for energy auditing and implement energy-saving

Energy Audit > :
Malaysia | Conditional Grant Public fund fneasur.es of 1.3ro.)ects tl}at focus on comm‘eraal anq .
(EACG) industrial .bulldmgs with large consumption electricity
consumption patterns
Singapore Certified Traifning grzlmts to develop local e).(pe;ltis.e and Cfiplacity in
Energy Manager Public fund professional energy management in the industrial sector

covering up to 35% of the total training costs for the

Programme (SCEM) Professional Level SCEM Programme

Singapore

TR iy Bicians; . .PI‘0V1C1€S fun.dlng for energy atu.dlts, mon}tormg,

o Public Funds implementation of energy efficiency projects for SME
Initiative .
assistance
. Funding provided by the World Bank and Global
Demand Side cins p Y I
. Environment Facility (GEF) for auditing of Government
Lao PDR | Management and Energy | International Funds e . o . .
. . buildings for the identification and implementation of
Efficiency Project

low-cost EE measures

Table 5: Grant Policy Instruments in ASEAN Countries
(Source: Shi, 2015; APERC, 2017; ACE, 2018; AGEP, 2018)

An important element in efforts to increase energy efficiency is the systematic monitoring and
management of energy usage. Hence, some countries have placed importance on energy audits and capacity
building of energy managers. In Malaysia, public funds are used in the form of grants, another financing
policy instrument, for companies in energy-intensive sectors to perform energy audits. The Energy Audit
Conditional Grant (EACG) stipulates that recipients must implement energy efficiency measures with total
investment costs that are equal or more than the amount of grant received (Fernando & Hor, 2017; MGTC,

2019).

Similarly, Singapore and also Lao PDR has similar schemes with the former focusing on small-medium
enterprises (SME) and the latter focusing on Government-owned buildings (Chai & Baudelaire, 2015;
Department of Energy Policy and Planning Ministry of Energy and Mines Lao PDR, 2020). Also, to support
human resource skill development and capacity building, Singapore provides grants for training local
expertise as professional energy managers under the Singapore Certified Energy Manager Programme
(SCEM). The utilization of financial policy instruments for energy management human resources

development is as important as providing funds for investments of technology and equipment.
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(iv) Other Innovative Green Financing Policy Instruments

To develop green markets and encourage green
Malaysia | Green Sukuk Private Funds infrastructure investments. Sukuk can be issued to finance
environmental projects including energy efficiency.

Loans with low-interest rates and longer repayment
periods that aims to stimulate energy efficiency

Thailand Energy. Efficiency Public Funds investments in large-scale, energy-intensive industries
Revolving Fund (EERF) X o . .
while building capacities of local banks for the evaluation
of financing of EE projects.
A fund that pools energy efficiency projects into one
Bond Pooled Financing ‘basket’ where potential investors can invest in other
Indonesia Public and Private | investors projects.
Funds
Utility On-Bill A fund that provides equity to third parties to finance
Financing energy efficiency investment by consumers.

Table 6: Other Innovative Green Finance Policy Instruments in ASEAN Countries
(Source: Shi, 2015; APERC, 2017; ACE, 2018; AGEP, 2018)

Islamic financial institutions are beginning to leverage on the large pool of untapped potential
investments in energy efficiency. This is in line with the concept of a two-pronged approach where
the banking industry not only pursues profits but also play a major part in achieving environmental
sustainability and advocate greater social responsibility. The Sukuk market, which has a high growth segment
in Islamic finance (Azhgaliyeva et al., 2020; Ling et al., 2017), is rapidly gaining a place as an innovative
green financing policy instrument in Malaysia. 2012 marked the launch of the world’s first green Sukuk in
France and to date, in Malaysia there are five issuances of green Sukuk with total issuances amounting to

MYR 2.4 billion (Azhgaliyeva et al., 2020; Leins, Seele, & Vogel, 2015).

Another innovative green finance policy instrument is Thailand’s Energy Efficiency Revolving Funds
(EERF) that was launched in 2003. Loans with low-interest rates and longer repayment periods that aims to
stimulate energy efficiency investments in large-scale, energy-intensive industries while building capacities
of local banks for the evaluation of financing of EE projects. This green financing scheme has resulted in its
success to stimulate and familiarize local banks and financial institution involvement in energy efficiency
investment projects (APERC, 2017; Saboori & Sulaiman, 2013; Wang et al., 2013). At the end of the phased
out EERF in 2011, a total of 294 projects resulted in a total investment of USD 521.5 million, where USD
8,727.0 million was sourced from debt financing from local banks while the rest was from the EERF (Wang

etal., 2013).
Indonesia has two unique green financing mechanisms that attains its funds from both public and

private sources. The Bond Pooled Financing scheme operates in a way that allows potential investors to

invest in a portfolio of joint ventures with other investors, due to the nature of various energy efficiency
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projects being pooled into one financing mechanism (ACE, 2019; APEC Energy Working Group, 2017; Guild,
2020). Under this scheme, a group of debtors can collectively combine their investment financing needs and
issue a single bond. Another innovative scheme is utility on-bill financing (ACE, 2019). This scheme allows
consumers from mainly residential and commercial sectors to implement energy efficiency improvements
and pay the cost of the investment through staggered payments via a surcharge imposed on the monthly
electricity bill. Meanwhile, the additional costs of the investment are covered through savings obtained as
a result. Third parties, such as banks, finance the debt, with the equity being provided from public funds.
Another unique trait of these two policy instruments in Indonesia is that the sources of funds come from
multiple sources such as public budgets, multilateral banks, assets management, mutual funds, or high

net-worth individual investors.

5. Conclusion

Despite ASEAN’s shared priorities, there are significant differences regarding each nation’s energy
context including resource endowments, consumption patterns, technical capacities, and regional challenges.
Many ASEAN countries have implemented various measures to promote energy efficiencies. However, the
development of energy efficiency policy frameworks in ASEAN countries offers opportunities for regional

cooperation in terms of sectoral goals, action plans, policy measures, activities, and achievements.

According to a report on green finance opportunities in ASEAN by UNEP in 2017, although
comprehensive data are a bit lacking, many indicators show that ASEAN lags quite behind other parts of
the world in the adoption of green finance instruments (Chui & Baral, 2017). A major reason could be due to
what Liu (2020) argues that most ASEAN countries have yet to systematically implement the right policies to
support green investments and that current policies and subsidies favour fossil fuels over energy efficiency.
Among them could be the factor of low energy prices and fossil fuel-based energy subsidies, which is not

reflective of real-time economic costs (AGEP, 2018).

Even with the many existing green financing policy instruments and mechanisms among ASEAN
countries, some countries in this region are still facing several common barriers to green financing. For
Brunei and Cambodia, limited regulatory frameworks with regards to green financing policy instruments
are the main barrier. In the case of Brunei, an oil-rich country, another factor could be that fossil fuel-based
energy is relatively abundant and cheap, thus rendering energy efficiency investments as less attractive (Ali,
2013; Retallack et al., 2018) Energy efliciency projects in Cambodia mostly rely on international financing
schemes and sources such as the Green Climate Fund (GCF) and grants from foreign countries such as
Australia, Finland, and Denmark (Liu et al., 2020; Shi, 2015). However, some international financial institutes
such as the World Bank (WB) and Asian Development Bank (ADB) have been moderately active in the
energy sector in Cambodia. Nonetheless, the lack of financial mechanisms, awareness, training, regulation,

and incentives in Cambodia limits the development of EE and RE sectors.
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One possible solution is to stimulate non-bank financial institutions, including pension funds and
insurance companies, to invest in green projects (Anbumozhi et al., 2019, 2020). Insurance providers
and pension funds have long-term financial resources which are ideal for investing in energy efficiency
investments. Institutional investors are ideally placed to drive corporate capital allocation towards more

sustainable uses due to their scale and function as a gateway to the capital markets for savers' climate issues.

One imperative factor that can be considered when it comes to filling the green financing gap is through
increasing the role of central banking in driving more green investments rather than the existing public
funds driven scenario. This is due to the fact that central banks are in the most strategic position to support
and drive more environmentally-friendly business and finance models and help regulate the management
of fiscal risks through their regulatory frameworks. To push for this shift, financial governance policies
need to be able to address both environmental and financial risks. This is important to spark more interest
from financial institutions with strong prospects to provide financing for ventures that both economically

viable and energy-efficient.

Alternatively, community-based funds and village funds are increasingly becoming a common method
of supporting green projects, particularly those of small and medium-size, and are progressively gaining
momentum as a non-conventional source of green financing. This form of financing also has tremendous
potential to fill the gap in funding for energy efficiency programmes. A good example would be the
Hometown Investment Trust (HIT) Fund and the Hokkaido Green Fund in Japan, where the aim is to act
as a bridge in connecting potential investors who are individuals of a community to invest in green projects
within their localities (Sachs et al., 2019). This fund allows community members to invest small amounts in
renewable energy projects that are advertised by internet marketing companies, supporting these projects

until they are mature enough to be able to gain financing from commercial banks.

Last but not least, new financial technologies or better known as ‘FinTech’ such as blockchain, the
Internet of Things (IoT), and Big Data, could also be considered to be promoted as a green finance policy

instrument.

In conclusion, the diversified development of energy efficiency policies and targets among ASEAN
countries presents golden opportunities for more regional cooperation. Collectively, the region is on the
right track towards achieving its energy intensity reduction target of 30 percent by 2025 with the focus on
energy efficiency as one of the main drivers. However, there is also a need to implement innovative financial

policy instruments to complement the existing traditional ones in supporting policies.
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Enhancement of the Functioning of the Multilateral System under ITPGR

The Fourth Meeting of the Standing Group of Legal Experts
Hiroji Isozaki

Abstract

One of the most important tasks of the International Treaty on Plant Genetic Resources for Food and
Agriculture is to enhance the functioning of the Multilateral System. For that purpose, the Working Group
was established in 2016, aiming to submit a final report to the Governing Body Session 7 (2017). Its task was
to prepare amendments to the Appendix I and to the Standard Material Transfer Agreement. Since some
legal questions were raised regarding the draft proposals prepared by the Working Group, the Standing
Group of Legal Experts (SGLE) was established in 2016, and was convened for three times to provide legal
opinions to the Working Group.

However, as the Working Group could not finish its negotiations, the Governing Body Session 7
postponed the decision until its Session 8 (2019) and directed the Working Group to continue inter-sessional

works. During the inter-sessional negotiation, SGLE also held the fourth meeting to provide legal opinions.
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Consumer preferences towards environmental attributes of a printer

—An application of the best-worst scaling—

Shuichi Kato, Makiko Nakano ", Takahiro Tsuge ™

Abstract

The purpose of this paper is to examine consumer preferences for environmental attributes of a black
and white laser printer using the best-worst scaling (BWS). We conducted an online survey on Japanese
consumers to collect data. Using the data, we evaluated the relative importance of the following seven

» » .

attributes: “price”, “print speed”, “image quality

» « » «

, “energy consumption”,

»

duplex printing”, “environmental
labeling”, and “use of biomass plastic”. Analyses of the entire sample, as well as by gender, age, and household
income, revealed that consumers rated “price” and “image quality” as the most important factors, followed
by “energy consumption” and “print speed”, which were the same level of importance. “Environmental
labeling” and the “use of biomass plastic” were less important. We identified a tendency among consumers
to consider performance attributes to be more important, and environmental attributes to be less important.
Then respondents were divided into three groups depending on whether they are going to pay price premium
for products with environmental labels and analyzed separately. The results showed that even the group
accepting price premium considers performance attributes as more important while environmental attributes
less important. In addition, the regression analyses using BW scores per individual as a dependent variable

revealed that age and willingness to pay the price premium are positively associated with the evaluation of

“use of biomass plastics” and “environmental labeling”.

Key words : Consumer preference, Environmental awareness, Best-worst scaling, Environmental attribute,

Printer

* Brother Industries, LTD.
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FEO MG T A Z EARKD BN T 5,

IAFTATTIAF v 7L T, ERBLIO N —THE ED LN TS (FAR, 2009 ;
B, 2011)0 HEANAF AT T AT v 7RO NAF <X AT T (BP) ~— 7 #RHUT) A
MIZiE, 506 DEEH 23D 7)) ¥ Y BEOBE GBS NTBY (HENA T I AT v 7R,
2020). 7V V¥ OBBEHMAINA T AT T AF v INEHOELERLTWSEZERIPHR Do

RFFECIE, RERGOPTHLE/ 7 0L —F7) 7 M H T, BERBENENILE
MENTVDBERENRAN - T=ZA b 27 =) 227 (LT, BWS) # HWTHSH»I2$ %, BWS
I3 Finn and Louviere |2 & 1) B%E E 17z F:TH V) (Finn and Louviere, 1992) . [ DO EHEA LI
M7 iR, B RAE 22 T AT S 2 1, Bl 0l ) GEk D) v 71— b A — Vs
OBEMERBLTL ) HELRERIBEONL SR EOMENFET L2 Lh b, BmOBEEIC
B9 % EIEEF O FPA (Casini et al,, 2009; Cohen, 2009) X, L A b5 v O Y — ¥ 25l (Chrzan and
Golovashkina, 2006) . A% /L B DO MG (Garver, 2009) 72 MR WDEF THW SN TW5A, T4EIL
EWERBFOFTICB W TH R STV 5 (Tsuge et al., 2014; Hifiift, 2016) .

2. HIEAE
21 NZPM-T=Z b ZXH5=1>% (BWS)

7 IEFEIREEE, FIRSE. HWRENSOEBOBE, SR ENE, CRO5DREEZR
FNOEEEZSEH (FIZIX. [ETHEETHA L [EETHL L [ELHL VR HWV] [E
ETE ], [E<EETEAV]) TREFICFHFHBLTLS) ) v i— 27— VIERO-EM
RERTLE. B AHECBW IS TORMES TECLERETHL | LAESNLZLLD
D12, ZOBE. SHERIBEOBESEOFL I ENEEETH L, T2, b D EIEE I ARHE
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BEER[ECLEETHL ] LAEL, JIORBEEITEETHL] ERELZET D, LeLaD
5, MEFEIZEoTIETH]DOZITMY FH R LRSS 5720, L3 LHEIHE X
D OEREEZEZ TR L TWE 089 2352 TIE % < HEEM OB L v,

—77. BWSTIE, BIZIX, FIRIEEE, FURGE, HEEDOTPORLEHETHL DL, &
BEETRVWHDEFMEFIZOLEOTORRLTL L), fEo T, NS DEED M OB
AHOPICTEIENTE L, 2OLHIZ, Uy h— AT = VEROEMIZI, BWSTIZ
ZBEMEOEEMICOWT, XY IEELER 2SS Z AT E S (Casini et al,, 2009; Cohen, 2009) o
T, RVBEECTHL2b0L, ROBEETHEVWLOZENT L L0 AEHFEITRCOMEE
WHFBDOLDTH L7, HHMEBFOME LB TS LT RELE %5, BWSIZDOWT, XD
£ L < X Louviere et al. (2015) # M & L7\,

22 BHOETE &REDEE

BWS% %fiti 3 21272 1) HE L 727 0ORNEMEL R UIRT . AWMETREREHR T/ 70l —
YY) vy e L. Tk TEDRIEEREE ], TEDRIGRE . WHEE ], [TWHEDRIAEE]. [BE5
FANVONG] ELTINAFTYATIAFy 7O 280 Fifs, 22T, [BETNL
OfF G J I BRERGH 2 G R TIRIE L LTV, MEBENIREFRIA K71~ (B
B, 2013) 2BEI, YA T 1. IA4TN, ¥4 TMOBEEET ~NVIZOWTHAEIT - 72,

F2IRENLHEWEIRES 7 1 v 7 51l (Balanced incomplete block design : BIBD) 2fiEvy3
DORMEEMAEGDEERL Y P EAIEENUR L7, R3TERLY o—#ITH S, HIE
HBIIORENZZ3ODBEOH S, ROEETHLEEZLBMELERVEETCLVWEEZ DR
WEZNZNI DT ORINT B, 2D &) R BWSOREM % M H 1 AN4720) 7R L 720

R1 BWSTHWAE/7OL—¥TUL2DEM =2 BIRty FOFERICHV/ZBIBD

No. | @t FRE Y b B

1 fifit% 1 2 4 6
2 FIVl 5 2 1 4 5
3 NI 3 3 4 7
4 HEET 4 1 2 3
5 T T EV R e 5 2 5 7
6 Bl S~V off 5 6 1 6 7
7 INAFRAT T AF v 7 OFEH 7 3 5 6

Hi#4 © Crouch and Louviere (2007), p.5.

x3 EiRtv OBl

i b HE J& 1 RHEHTHW
U FIVR 2 O
O HA ) O
U BT OV ofi - O
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23 HAE

BWS D73 4T H I3k 4 %2 b DW3H 5 A5, 5% (counting analysis) & M-EIL 5 ik & 5t
FEE M 2 HEICKRBIE NS (Fhifh, 2016). SHEUEIEAESDICERTE S L W) FEEH D,
EHIZEDORA T ITEI=REFEN R HED U & D TH % maximum difference model (Finn and
Louviere, 1992) CTHERE L 724REL & VI D BITRA S 5 2 £ HVR ST % (Marley and Louviere,
2005; Tsuge et al,, 2014) . ARIFFEICB VT L, &Y% ¥ 7% Hv: 7247 — A T maximum difference
model ZHEE L. T OREA RO B-WIFIPA T 7 LMWHIEZHO 2 & 2R L TV 5 (GEM
IfERE SO &) o TUF CEEHEEEZ HW T 2179 o

LT LN FE R AT OB L F IR (1) ~ @) @) THh b, ZB ik, ENEE DN
LOFT, BEiDP[ROEETH L | LHERSNZBETH L, RIS, SWIL[HROEZETR W]
EBEIRENEHTH D, FIEDPLHREZTICZET, ZEMEDOB-WAIT (B-W score) & H T
5 (X (1)) B-Wscore,Z 7 v — hORIZHEHN, BLOTRTCOERELY M2 L ToOEEY
OHBBEH r (RIF22TlE3) TH B 2 & T, B-WIH A a7 (average B-W score) %155 (. (2)). %
7oy ROBEEEORVEEOME 1 EEENL ., KBREOH I 2 EIREE 2 KO L B-WAHR A 37
(relative importance) |33\ (4) THINAL, 727201, sqrtB/W) 13X 3) 2o/ B E N5, F72. max
sqrt(B/W), (& sqrt(B/W), D K% 9 7B, 3 (1) ~ (4) & Cohen (2009) DFLIBIIFED N TV 5,

B-W score; = > B, - > W, (1)
B—-W score,
average B-W score; =———— )
Nr
@w), = =2 (3)
r = [ = 3
q i ZW
o sqrt(B/W),
lat tance; = —————~ 1 4
relative Importance maxsqrt(B/W)l <>

3. 7V—hAE

RESHOBERE=FARNRE LA vy =2y MRELXEBL 720 7 v 7 — M ERAIE
20144ED2 A H3H T, MFRIZEND 2005 691 F TORLTH L, ZOFE, 633 A5
DG %20 B, IEED90.8% (575/633) 1Z. BHEMO T v & 2N LRELSH - 72,

ZEE O NEEOEEHE R £ 4IRS BT NV OG5 S N8 G I A fiits 7L 3
7 AOZPER (LT, itk 7L I 7 20LHEER) ik, 7or— MO [RET XVOR»
RBLI LT BT ANV T BB LD S BnaSHE o ThbRWERVET
Ml V)BT LHEICE T, MEEEZ 7 V—T5F (o TbRWER) (V-7
AL THECEoTRRVWERY) (FV—=TB) ], [Hw7z{ 2w (FV—=7C) ) L72bDTH
BHo IN—TAIZ633ANT26NTHY ., &ED41%E R Vo720 7 V—TBIZ421ATHD .
ERD66.5% L L Th o720 7V —TCilL186 N TH Y . KD 29.4% % 5072,
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x4 EZEEOEAEMSED 7 OZEE

el i HEHTAEIX (100 75H)

G | 2ot |20 £8] 30 4% [40 4|50 £ |60 X | -3 | 3-5 | 5-7 | 7-9 | 9-11 [11-13| 13- | HE[H%

2018 | 46 | 62 = = - - - - - _ _ _ _ _ _
30 | 68| 73 = = = - - - - - _ _ _ _ _

A i 4018 | 63| 53 = = = - - - - - _ _ _ _ _
50 | 58| 55 = = = = = - - - _ _ _ _ _
60ft | 77| 78 - = = = - _ . - _ _ _ _ _

3 57| 77| 43| 23| 16| 18| 34 = = - - _ - - _
3-5 83| 93| 30| 47| 27| 21| 51 = = - - _ - - _
5-7 62| 69| 13| 35| 28| 18| 37 = = - - _ - - _
7-9 51| 39| 10| 18| 21| 26| 15 = = - - _ - - _
AT AR

9-11 24 26
11-13 12 10
13- 16 11

o B~ W U
IS
'S
w
=
|
|
1
1
|
1
|
|

A 18 8 3 2 4 8 9 4 4 6 5 5 0 2 0
LIT7ALD
ﬁﬁﬁ;ﬂ 7 B 193 | 228 68 93 77 68 | 115 86 | 113 97 57 33 15 17 3
A
C 96 90 37 46 35 37 31 44 59 28 28 12 7 8 0

4. HEREEZE

G PNV ROBLHOB-WFHA T & B-WHII A2 27 %E510R87, $FaY 2 7Vofk
RERL L, ROEHSINLBHIE K] TH Y. WICEH SN B THRGE] Tho
720 FAUSK L. [TWHEHERIBERE L [NA A~ XTI 2F v 7 OFH B L OERET X)VoMS-]
DEFEIIC M S N 7zo B2 [BEES NV ORS | 1Z7 2D @D T b K < G-l S uzo
CHUE. WEBRESEEEFICBWCEE T AL AER L TV AW 2R HARBERS -
Y= HBER Q015 DT ¥ — MREER L OEENTH D Fo, [WHEEI] & [HIRHE f‘ﬂ
OFHIXIZIZFABRECTH L, ol LizEH s, L=F7) s [HEEL] & THRIEEE] 121
Btz L ML — N4 7 OBRYH L7200, HEED THEE] S L X THRIEE] o &5 5
DEEDELFEML TV LA, 7 vy OBGEER T2 BER L -BGMEY T2 LT
Eho LLudo, AIFFEOM R SR WAL & 5 LEEAVRIE S L5 728, FPOT D

2 HARICBUILYA FIREIANNVTHALTIY— 7 I LT, HAREHRS - ta~v— 2 HBERED, &
PEZZI L 725274 NO— i HEZ I L CEBLT v 7 — FEEICL UL, 2a~v—7 353 h
7o O KBRS O AREOHBFE L L Cld, [Za~— 7@ Thd I XML TIHALL] D
30.9%, [Ta~—2 OFRL Y LAETHE L7221 2523.1%., [T a~—27 OFR LY S PERER E CTHIWT
L7201 5520.6% & V) S & 20 ) (HARBEES - —a~— 2B, 2015)., BANESIZZa~—2 0
FRDNOFERTHEAZ FOTND I LD FAINL, TO—T, FEEIIOVTLT ) — VAR
WAL TWAY =70 IR ERAEMIREL Tn b LB Loz, BEOFEHYE 151 AD
9B 65.6% 0 [HMICHEREL CWwab ] LA L., BRICHE L 2Wnz 8RS 2o 2L LT, 7)) —
AN — 7 DB FEZICTH IR TR DEEZONL L LTwD (BRIEA, 2007).

73



i & A LAROETALD b L — M+ 705ilke Bif L2HdfBisx, o= — 1288 L
TeHAMHFERETHH EER DI ENTE B,

x£5 Y TINRUBLBOB-WEHYZ AT EB-WIHERHXIT

% i I
v — — —
B-W-FHX 2 7 |B-WHIH} R 2 7 |B-WFIG X 2 7 |B-WHIH X 2 7 |B-WFIGZX 2 7 |B-WHIH X 27

it 0.682 1.000 0.698 1.000 0.668 1.000
FlVnl it B 0.516 0.858 0.512 0.856 0.519 0.862
HHEES 0.073 0.371 0.039 0.338 0.105 0.406
ETEE S 0.061 0.343 0.087 0.348 0.037 0.338
T T IV B -0.309 0.177 -0.271 0.186 -0.345 0.168
7AATA -0.457 0.121 -0.481 0.118 -0.435 0.125
T AT 7 OfFH ’ ) ’ ) ’ :

BT ~OV O -0.567 0.098 -0.584 0.085 -0.550 0.110

WIS, BLHOB-WFHATT L BWHM AT %2 R5E, BUETEBEMOFHMHIZKES %
FNIRNZ EDH L, IR [tk ] b m CEHi L, IS TR E ] %% < RRff L 72,
LT [INAFRAT T ATy 7 OB L OTEREE T Vo5 I EEEHME CFH S A,
BRI [BREE 7 NV A5 ] 13 5 < GRS 7z

612, WA OB-WIEH AT L BWHINAI T 2R, &2 TIRIERE 10EFICXY .
20/ 5 60D 5 7N — TN THER EIT o 720 T OFERL TlikE | 13FE#D 2255 12V E
TEEEDME FHIE & B IR AT S M 7ze TRV B IZAERG I BE D & 3712 1T— 8 0 BB CREA
ENToo [WNAFTYATITAF v 7 OFH] BLOTERET NVOMNG ] 1d, ElDEAD I
HEEHIE B S N A B RSNzZ L0 b, FEfDS EAT 2 1 BRER B OB G~
AT g5 2 & DA S

K6 FWADOB-WIFHZXAT7 EBWHMZIT

20 1% 30 1% 40 1t
JE
B-WPIX 2 7 | B-WHIH X 2 7 | B-WFIIZ 2 7 | B-WHIH X 2 7 | BWFIIZ 2 7 | B-WHIH X 2 7

filik% 0.722 1.000 0.735 1.000 0.695 1.000
FIVRl 2 0.503 0.816 0.506 0.784 0.500 0.810
HEES 0.056 0.325 0.092 0.348 0.175 0.447
FIVin] 4 i 0.052 0.307 0.087 0.317 0.032 0.318
T THTEDR B AE -0.052 0.258 -0.293 0.160 -0.365 0.150
DA -0.574 0.087 -0.544 0.092 -0.477 0.103
T5 AT 7 OFER ' ‘ ‘ ‘ ‘ ‘

BEE T~V -0.707 0.053 -0.584 0.076 -0.560 0.099
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50 1t 60 1t
Bk

B-W-FIER a7 | B-W Hf R 27 | B-WFIGX T 7 | B-WHIHZ T 7
it 0.661 1.000 0.613 1.000
FIVR i L 0.587 0.904 0.495 0.949
HHE)) -0.032 0.299 0.073 0.427
FIVR o 2 0.183 0.407 -0.028 0.360
T T FR B e -0.413 0.137 -0.385 0.190
INAFYAT T AF v 7 O -0.448 0.129 -0.288 0.198
LT NV oty -0.537 0.099 -0.480 0.151

#7112, WHAENGIOB-WFIHA T 7 L B-WHIX 227 %2 /R¥, 22 ClatH4EILE 300 /7 H

LU 300-500 15 . 500-700 J5 [, 700-900 J5 . 900-1,100 J3 [,

1,100-1,300 /5 . 1,300 /5 4

DED77V—T125 0 THEEI AT o 720 B ERIEE O EN O 566 T TH - 720
AR O BT O R THAE | (ST EIAY EAS D I B MK < G-I S L 5 @25
biZzo [WAFY AT T AF v 7 O] IE 41,100 77 F L E 1,300 T LU IZ B W T Tl
ER) X 0 & BWSERA a7 BLOB-WHR AT 70E QISE VR E koo — 7 THAFAE
WA EFLCTH [BEET O 5] ~OFFMiLIn L w2 LATR S N7z,

=7 HRFENFIOB-WFEHI T EB-WHEHZXIT

300 LI 300-500 5 19 500-700 J5 1 700-900 J5 1
JE B-W B-W B-W B-W B-W B-W B-W B-W
FIGR a7\ R 27 | PG 27\ 27 | PR 7 | R 2 7 | PR 27 |\ X2 7

k% 0.759 1.000 0.699 1.000 0.690 1.000 0.659 0.877
FIA it B 0.515 0.738 0.483 0.698 0.504 0.823 0.552 1.000
HEE 0.117 0.348 0.080 0.331 0.066 0.363 0.052 0.338
FVR 2 2 0.092 0.305 -0.002 0.282 0.041 0.326 0.081 0.334
T TET DR B -0.361 0.130 -0.288 0.167 -0.295 0.181 -0.289 0.173
INAF <A

5 2F 9 2 O -0.512 0.078 -0.434 0.117 -0.448 0.124 -0.493 0.104
B OV A5 -0.609 0.067 -0.538 0.098 -0.557 0.098 -0.563 0.093
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900-1,100 /7 [ 1,100-1,300 J5 1,300 7ML E
i B-W 19X 2 7 |B-W A X 2 7 |B-W F4G X 2 7 |B-W A X 2 7 |B-W F2GX 2 7 |B-W fiHf X 2 7
filits 0.613 0.781 0.530 1.000 0.494 0.820
FIVRl it B 0.600 1.000 0.470 0.824 0.556 1.000
HEES 0.013 0.342 0.121 0.433 -0.062 0.325
FIVRl R 0.153 0.403 0.061 0.382 0.160 0.449
[EaiER -0.327 0.171 -0.394 0.163 -0.198 0.263
;i j;é;ﬁx -0.500 0.113 -0.197 0.250 -0.358 0.179
Bl 5~V OfH5 -0.553 0.108 -0.591 0.108 -0.593 0.102

812, fitE 7L I 7 L OFIEENOB-WFHA T & B-WHR A 37 %iRd, 7)b— 7B,
TN — 7 CTIE Mlitg | A b @ < Sl S 72 DIk LTy v — T ADR S BT 2 EIEIE [N
FISE | CTHotzo o INAFTRATIAF v 7 O] & [8EET VOG- & 0 ilifg
TVIT LTI BEEDOHL I NV—T13E, BEENEL RAEMDH L, 727210, itk 7L
3TV LADOTIEEEATHIHBEETH->TL, 7y OREEBEOETE Y, HiEEEL D D
CEHB L T b 2 EDFHAIINL, 512, BEREBEOHFHTIE NS AT AT T ATy 7 Off
1R (BT NVOMNE] Eviofe, HEEICEREN R A1) v PPEE LIS VRO EERE
AL, MU CTIHBERE ] Lo 72iHBEICEREN 2 2 v M35 5 BEOEEZEH;E N,

#F8 R 7LIT7LDZERNDB-WFEHZX AT EB-WHEKHX T

TNV—"T A 7 )V—"7B 7IV—7C
& 1
B-W FI X 2 7 |B-W i} X 7 7 |B-W FIG X 2 7 |B-W i} X 7 7 |\B-W FIG R 7 7 |B-W HIH X 77
filfi#% 0.346 0.714 0.665 1.000 0.769 1.000
FIV o B 0.487 1.000 0.520 0.901 0.511 0.679
HERE] -0.013 0.408 0.084 0.390 0.061 0.296
FIVAl 3 0.000 0.417 0.000 0.328 0.208 0.332
T THT EVR B R -0.333 0.257 -0.324 0.184 -0.272 0.136
;\f j;%;ﬁ A -0.167 0.310 -0.426 0.136 -0.568 0.062
BiBi 7 NV oft 5 -0.321 0.231 -0.519 0.114 -0.708 0.042

CCETOMRBLD, REBMEOHTE INAFYATTAT v 7 O] RO (BT NV
OfF G- | AR IS EZEEAMK T S N A B D 2 2 EHE L R ofze 22T ED L
VBN NA I AT T ATy 7 ORI RO BRI NVOME] %2 X )& Rl Tw b
PEPLPIZT 2720, [NAFTATITAF v 7 O] RO [5RET Vo5 12T %%
&% D B-WZ a7 e aiZe ., BEFOMER. Fi, HaraEl, Mk 7L 37 50K E
BAR AL L 3 2 EEGHTET - 72,
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HEEOURIZOWTIE, BHEOL &2, KDL EIZ0x L 2B WY I -2 LKL LTH
Wize FEFICOWTIEE, 2008025 60D ENEIUTDO T, 255 65 2 A E L THW,
HHFAEIDUZ DV T, 300 7 PRI DV CTlid 300 /5. 1300 B BL 12D wCid 1300 5 & L
ZNSLAMIOWTIE, 72 & 213300 5 L. 500 7 AR OB A 1213400 T E 35 L vio 7
912, Kilommz e LTHW . il 7L I 7 20LHELEICOW TR, [BEET v
Dff 7B LTy BETANLVOMF VN Tn R WEG L) BUuESEHr o ThRWER
WETHLEVIEMICH L, o TIRWEE) (FV—T7A)] ERELAEGEAIZL, 2R
MOEEIZ0R LB TNV —TAFI—L, AU GEICLoTREVWER ) (FV—TB)] L
& LAl 2D DL &I20% 27V —TBS I —25KE LTHW

[NNAFYATTAF Y 7 OFER] OB-WAIT ZWEHERE L2ETVEET IV, [REES
NIVONE-| DB-WA T S AEHE LzETVEETN2ERLT B, HHFENDIEEIZ T
HolB3NEERLB0NDT =2 Z AT, /N3 B X D HEEZAT o 7245 RO TH 5,

ETNL, ETN2OMS T, s, ZIV—TAFI—, FIV—TBF I = 1% KETHEIZ
%o7ze FHMOREIIIETHL I L0, FEHFBVIEIE [NAATATIAT v 7 O] &
[BR5E 7 NV G| ODB-WAITHRENZ ENWLNnE oty T, TU—TAFI—LT
V—=TBY I —DFEFIIVITNHIETH L I 00, FV—TAL V= TBOMEHIL, 7V —
TCOMEZLIN S [INAFTYATTAF v 7 OFH] & [BRET VOG- ] OB-WAITHE
WZEDBHONE L5720 EBIZ, TV—TAYI—DRBOFN, Z7)V—TB¥ I —ORFRMHE
DEREVTERNS, FV—=TBOHEELN . FV—TADORIEEDHNF [ NNAF~YATT
AT 2 O] & [BEET NVONG ] OBWAITHECZ ENHLNE 5T,

Db, SE#MEvIEE, T2, g 7L I 7 20HIEEIFRITE, (N1 F < RS
FGAF v 7 OFR] L [RETNVOMEG] % L0 ECFHEMT L2 EFHLIE R oTs 2NS
DGR, FEB. KOG 7L 37 ADOLHEERN O B-WFIA 27 7 5 NI B-WAHKS A
TOREREEEN LD TH S,

®9 EIRSITOFER

EFIV1 EFI2

2 FREL PRHERA S FRE TR
JEROH -2.5456 0.1987 *** -2.5635 0.1979 ***
By I — -0.1837 0.0987 -0.1240 0.0982
A 0.0189 0.0034 *** 0.0126 0.0034 ***
A AR 0.0002 0.0002 -0.0001 0.0002
TIV—TAYI— 1.0625 0.2592  *** 1.0926 0.2582  ***
TIWV—TBYI— 0.3666 0.1087 ¢+ 0.5275 0.1083 ***
FHT BB IE 35 A B AR EL 0.0862 0.0704
[ 5 630 630

e 19 KIETH R
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5. 8HDOIC

AT, REREREORBER M T HHBREO R LRS00, KEHME 70
V=7 vy 2 Hp0 e LC, Mlitg ) TEVRIEEE ], TEDRDGEL ), T ERE ) [T EDRIFERE
[BRETNVOMNEG], (N4 TS AT I AFy 72 O] ©7 o0 T 55¢Hii%. BWS %
HWTHL 2L 72,

ZORER, FERE// 70 L —%7) vy oRETIE. [Militg] & TERISE | 0B EE D < |
W HBEE] L TERIEE | OBEEESEW EBHLNE ol —F5. [ EREEE].
[NAARATTAT v 7 O] BIOTERET N)VOMN 5] OFZEE ISR Z & 25
Lk ieoiz, FRIZIBBETNUVORMEG]1Z, 3L AEDT V=T TROBEENMMEL . HEFT
FOBRICER IR TR EHEN XN,

PEB. 4, HAFEDL it 7L 3 7 AOXIEEDOE IV — TR0 S, BT
VR N o R AR O T N =3 = /L VRSN 113 0 o R B 1 v/ v RS N LA (3R
DK LT [(NAFTATTAT v 7 O] B L0 [BEE T Vo5 1 1204 2 G 13 4F fn
DLENBIECE L R EA PS5 2 & WAFERDS LR L TH [BE 7 XVOMNG 11283 5
FHiEM EL vz b, [INAARATTAT v 7 O] L [T~V off5 11, X fifitg
TVITLEXI)BEEDD L 7NV — T I EREEDE R LEADH 5 SO, BRSNS
G5 RHMIAR AR N & 2 EDBH S 0 & e o T2,

[NA T AT FTAF Y 7 O] RO [BET VOG5 1ZET 5K MEEDB-WAIT %
WA, S ORI, s, AL Ml 7L 3 7 AOLREELHHER L 3 5 1E
S ORERD S 13, E#B. RO 7L 37 2OFIEEHNOB-WFH A 27 % 5 I B-W
AR A T 7 OFEFR L RIS, FH2TEVITE, T2, litE 7L I 7 AOLINEEDITR VT L,
[NAFRAT T ATy 7 OfFR] & [BES VOS] & X 08 CEHliT 2@ H 5 2 LA
HoNEZRo72,

Dibos@h) , AT, WEENEZ GOREME/ 70 L —%7) v 5 QBT 5HE
BZOFMEHS 22T 52 LN TELD, ELESNTWD,

F—I2, AR T [BREE T Vo5 ] 2 BEMENONGH 2 G c £ 3Bk L THW
TWb5b00, BEITN)IVOMBELREE L ORT 2 L3 fTo Tz, BEEIGHO N A
BEIZE o THPDIZ VLD THo RN D 50 Siald. BEEE T~V 2 FE N 547 L.
T NIBEOEEEEIF 2 S P T B ENLETH S,

BT, BIEREAORER ML, JFRBEREM OB & LK L CTHligs &< % 256 0°%
Vo BIZAE, AWEEP SEESNLINA T AT T ATy 71E, AMEED T I AF v 7 LD
LA NHE (EMOKEEE, 2006)0 L72A%> T, WHHEBIIFE O M AR ICBRIERE L M
BORED ML= X 7285 8N IZh b, 29 LERRIZBW T, HEEWENZITE
AN KA > TTHRBEREMORER L ZEA T 2 BELH 5 02 IBRT 57201213, BEE
PEEMitED ML — K+ 7 2EBLCHELTD S ) BIRFERIC L 20MBHERTH %, #I
EBREHCCRERE 70 L —% 7 Y OBRBMIHT 2 HBEEORFLZIIRT 2 & L I,
EEEEASOABEIT A X EBEOWR 21T) S LS HROBEELRETH 5,
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@i%#%@b%éhtftkiﬁjka@F%ﬁﬂ@%%J@\&W%E@iém%m%fﬁ
&I, LT zDh 19684E [ 4 2 A] sEICIBE S Nz T OER | 50 L
T OFTEEREENOM A B LT, BESHO 7L — 2 OBFE BB WGEET 5o GO RIL
1968 SED/N—F 1 Y E &I L 72 3CH T 1969 47 5 2019 4F F TR 50 4 12 AR & 7z 24
Mram 3 (article) 6,948 D EFET — 5 TH Lo S OFER, FEMEIL L L LBD 7 T A5 —%
SR RE OMEFE 1 1980 4EAC 2 5 2000 4EARIZ AT TEBAL L 7225, 2010 4E DARE I Z 012 8E49 LT
o tze —H CEEE £ D5 2010 FELIEBRIEICHER L TB D . SO mHILR - JLEK
EBIMEND WIROBE— LD R HEST L 722 EDWS DR o720 EHICHERD 7 L — 205
NEIRREANE 2 T CBFEDSFEIE S 7z, [IEEHOIRE] &) BT IVAER M EHZER O
TOEN., JEHLL 728, BREMEO 7 L — 2 0EFEEZRL TWA EEZ 5N 5,

Bibliometric Analysis of Tragedy of the Commons:

How Overpopulation Disappeared from the Environmental Discourse

Keiko Hirao

[Abstract]

“Tragedy of Commons” is frequently cited as a model to explain how resources with open access
are destined to deplete due to rational individual’s actions. The original neo-Malthusian message of the
metaphor, however, has been largely forgotten. This paper explores how the frame of “environmental
problems” has changed over the years by using bibliometric analysis of the articles that cited Hardin’s
original article published in 1968. The data used in the study are the 6,948 bibliographic records that cited
Hardin’s article published from 1969 to 2019 identified in the Web of Science. The results are the following.
1) The number of citations increased exponentially after the year 2010; 2) the context cited references
diverged until the early 2000s, then converged after 2010; 3) population problems were discussed in the
corpus at least until the 1990s. The proliferation and popularization of the metaphor reflect the changes in

the paradigm of global population policies and environmental discourse.
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— BB ERNS AOMEIZVNIUTEZTL e —

1. FUBHIC

[HHFHOER] &1, FETHHHICHATE 2 &G &FITEA»EEN ORI CIZATE T
HEVI)RFIFREO D & TIEEIEIC L VG T 28w IldH 2 L) T REMEEZZ R 5 €TV
ELTRLHBNT WS, ZLTCIOMENF YLy b - =T 1 ¥ L) EYFEEH 1968 4
\ZFATRE [ A = > A ) 12563 L 72 “The Tragedy of the Commons” & \» 9 — RO LIZHRT 5 2
EHREHDEBY Thb, ZOmCIIBROBREEMICEZ 2B 25 2 728 e LTACHDS
NTHY, BENROEOFTH Y KLY BT 5N T &7z,

EN5. FMTHD ZOMLOT =~ GBEIALDME) 725722 Li2onTid, BllirEn
bNTwa,

COMLTN=T 4 Y HERLAZOE, IR EICE S 2 AMOBEBIIESHINE D (LS5
HIfEoTWRWnD) ZBR2OOH 0, BEHBIEE B 72013 FMEE I R @ 0 325h & v o 72
MM 2 FHERTIE R < KBRS AN EZHETREZLn) 2L THL, NEHDOET
w2 Cr2 OV ADEED [ HH] R [HEF]] %589 5 X E Tld 7\ (Hardin 1968a, p.1248) . =
N DRILDOARDERTTH %o

[HEOHHEIZE 9 TWFFATE %\ | (Freedom to breed is intolerable) (Hardin 1968a p.1246) &
V) BEEITIIIOR SN FIREFHE SO DR T KHMNT 7201 Hwe sz [/ 2552
[BHHOER ] 2D TH D, ) VT IVaLe466 7 — Fili, kb L HIH SN MR L L
HHOTFuY =/ o7203287 — I,

TG S T2 1968 S L BUIE F TOFMAEL, N — T CASEIR L 72 i R R O
EHRALCERIFE—IEORTH L, TOFED [— Ao FEK] bFERELHIE L
LDOTIE RV TOERT, N—T4 YOBERIRS A2 BB I N I2ZE L v,

ZO—=hT, [HEGHOER] L) R OFH % [72L 5] 1E, 205N R TSR
Z L ONZHIS I, JRFZRFHHEIRTE C OFm AR Lz TOmL %G L7230
3. AR COPERBIE, R TE250 TR LS 12240 LB REZHIZOIZ) ., Larbik
TIBHLCICHATEZ TWh,

N=T 4 N [ EOER ] 2 IR L 721968421k, A —)V - =—1) v & (Paul R. Ehrlich) %°
PR RA M T — Loz TADESE) (1968) Z R L7-FETH H 5, HREFROMEIZ L 2
IOV F — AR R EREHIE O S 12 & B HUERIZ AT 230 L 2 AU T & e v kv ) B %
L=V veld, A74 7%l U C—HRROFEIRIZR Y . Zero Population Growth % |3 L&
A NDHHER) 2 FEE L, 7 2 A & EE A OIS e NHIBOE & S 4 s
EEG| L [HAHoER | 0FZ N N—T 1 21, T v e & [FE U EREREZ AOMED
BEE LTEH 2[RIV ALER] OEELHED—N/Zo5720Tdh % (De Steiguer 1997) o
LAad, TV vy beTTHRLESTERLZ P02 [HEOHIIIRBDARETIE W] v
I R YV AR T X L72DWN—T 41 » 7D TdH 5 (Robertson 2012) .
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COXHITHEHFAOZHER L 2mXhr o sz, [ 2561 L LTolRGoRE ]
. RXOHIRE ED L) IR T SN TV o720, F 72, BRI AL % #if 3 &
RETHZN—T A YOFERIZ, WXABIHSINIBBRTLED L) IHBIN TV o720,

AR Tld, FHE#ERES (bibliometric) @ T % T 1968 4F [ A = > 2| FEIZH K S L7z
“Tragedy of the Commons” (LARE [/N— 71 Y Ea3C] EREHR %) o5 R ORERYIHER & SCHR
DAy b7 =7 5N & U CEREMED [REE LTO7 L —208%E | 2 a3 5,

IN= T VRSO FEI O LR EFHZ DWW TIZTER (2011) T TIZEAL TV AA, #
EMIFIL1975E LRI DN Y 7 7 7 A VDR AFLE 02720 LMD A v VT =7 523562
EMTELRDP 720 KTl 19685EDN— T4 VI LD WMLEIZ BT 53T _XTOLHT— %
TN —T1 VIR L7 SCHE R o FREH & (bibliographic coupling) 4347 & 7 ¥ A
N O FEE G- BaTORFREHET 5,

2. AEDER RIEVIVD A EXHEODRA

RIREFROAH R & NEHZXOFRTEE. 2F DS TV AT FE) 7 1 OREICO W
Ty WANCESE %5 L2DIE b~ A - <V H A5, T AN 283 % 2%, Ak
BB L2l 2v] L), HEDICSELRmETHS NS [AOH] (X, 1798 4F
DI~ IV 2 H F12 & o T EE S BEREGET S, R A FOREZ £ L & b IcHaf
FOdE UTRERIZHEN TV 5,

< VHAD [ALG] AR E N 7201317984, ZDEHOWFANIZ10BA LHfEESNTn D
B 1927 4R ICIEZ OfED 208 MNE L, [ OB | 25 IS 1172 1968 4E121E - D RE D 408
NIELDDOH o720 DF D 10EAD S 20 ANDEMFEEILF 1304F, 208 A0 5 408 A
DOREMFRITALFE L, NESE FAREHO AR LZEEL Tz, Lad 20K L4
MALT v ¥ a2 DR WIERBEEEEICBIT D302 5720 7 A1) A &b E 3 2 WG E
. BTSRRI EZOGE AT RIS, S ERE D oKL REREE LETO [ NOBE%E] 2%
REFEREEZE LTz,

PR L72E 9NN —=T 1 U OFLEFEFRL7219684F1%, R—)b - =1 v e » [ A5
ZHL TWaA, [, 0—<27 7 TPRADOXZEZHVIZAETYH b, TO4ERD1972
. U=~ I 7L LTHIRELZZ A FY X505, [EORA] # L. BHEOHFR
1D H TEREREG G0 NI INE TR A3 2 o F F fikfe 3 1013 100 FF LA IC R B oo e RIS BRI % 5
5 EEEEFE LTV 5D (Meadows, 1972) 0 T—1) v b D [AIEH] R0 —<2 770 [REDR
R O % 22, EIROF R &R ANZEBAE S M NS BOGEE S LCER &
. BRI A IE S 2 ) LT o T <,

Z DX 9121970 OH - BEEREIE ALIE L OB TEFR SN Tz, £ Lizhn—
T4 ANIFEEE FEAO RN O A5 2R D . AW, ALERPH, BBEZ Licow
TMBEFERL, IV P IN—T XV RREL LTHIONS £ 127% % (Lutts 1984)

ME, BERELEANOEREICET MY 7= 2] 2PLEZ L ) iR ASH o 72 (Sabin
2013), FUT—Takld, BEOEMEEICES W CERBEOBEILE 2 O ERG IR 5 Ot
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;5:.6 ER BT L NHIHNCID ML F 2 WENE [$EATEE] TH D . EIROMEELE 4 <
WCERHEB T RETld v e v ) FIRTH 5,

N=T 4 2 [ R — b OfiH | (Hardin 1974) CTRIALHE OREFEAE 2 AR — M IFEoTW

%50 N CEEE) &2y Sz A1oo A (GElgag BIE) 1270 & 2 TRD &9 Zeikam &

o A AR — MIFoTWD A CGEHEE) L0 b, Wl ?x FHis - A4 (G :L.J:.) DIinE
%%"7( ARG B, A% ISR EAYE 2§ 7256 1R L C— 20BN FI2E DA
#&éﬁ%@ﬁ@fﬁ:iAﬁ@wfw&w#%to%h»%#ﬁ%@ﬁl@ﬁlf%éOMﬁ
AT ~OEEHEINZ A2 & BRICARNZIERT 572 TH S, L7zh > TERHED
T RETE RV N—T 4 VIZZFDIHIZFERL 72

F7oME NDERPAEIC DWW, AN IR - HEZ@RZEST 22 LIETE20nh b A
THR A EE L SN SR E 72 L F25E L (Hardin 1968b) . FAiS G LS Tn b A F 2 a1l
Rl 2 B Aok A 25 5 H T AR DR B o Tz,

COEHE [¥7—A+—n—] %HFL (Hardin 1973), KHDOEEIE) L5 Hn—T+4
YORPIIEANERZ LR S NDE —F T, [ELEF o TNz L) iR HE S U,
WOEx 1272 2 BB Z 720D [Fry Ly b - N—=T 1 VA T 4 =Dk ENT
AV

ZOEHIZ, MrtWEE P TREL LTHONEN—T 1 Y OWmLOHR TR D ADIZIER
LZZODAMEOER T 2 [HAEHOER | 2D TDH 5,

[EFHOER NTHREE2SFEH 2 ED, L OMEICL o T "BE SNTE7, Mo
LE|Z1d Crowe (1969) 78 [ 34 M D ZEEI T | (Tragedy of Commons Revisited) & #H L T, /\—7 1
YIRS L7z [HT RO 70 WRERE ] ICoWTimZ 2 FE 202 0o, [HEl74h L Ea—
LR R LFEF ST WS (fl  Corker 2011, Feeny 1990, Frischmann, 2019 )

[FHFHOEE ] PR ZEOFIHIH SN TE 03 R L@ 0 7225, Z2o—EO)H
%L ¥ a— L7 Deese (2008) 12X 5% &, [HEHMOER ] 1L E TEBEMRROTE T, L FF
L 2 O HARLEI 72 B AR ’%éﬁ%ﬁ@ﬁﬁb’%?ﬁﬁﬂT%%Tﬂzk LTSNz, T0REFRETD
BT A & EFEB L T OB D ) Tilki S, 1990 E R ERFLIRIZIE A > & — % v b
DTN HHRE RO, T4 XFRTATHED r*ﬁuxz%/xj 2B g DA &
72 572 (Deese 2008) o

—Ji NEFTIRAEALRIC ;5%@%%&@%‘fmb@éAﬁ%%:%yxﬁémtié
L e o7z (5 2008) 0 T F ¥ AWFFED ARG H UL, 19704070 5 80 FAU 21 Thi 4

T O TR E DR 4 7o Ml & /R A BINZAT > TW2iFZE 0 320 FIZ, Ostrom (1990) H3%
NEBA L7z WIIHHIEAIROBEHALA Z v, T8 2 XT8Ny — AR S
TA =R IBHEFT2ZLIE o Ty REBMER S L5 2EE ML, 200940/ — X
WAEFFE ZZE L T\Wb, Ostrom DWFFEIZfEE SN AL T [ OB ] 1T S 51T EL
ZM &N T % 72 (Frischmann 2019) o

PURRNC LI, DL =T —@3N—74 Y BE A2 MEIC L7722 Licfiliiid 5

1 https://www.garretthardinsociety.org/index.html
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bOD, ZNDVBEEFTHD L VIETE Y AWROEEERTLEOL ) ITHA Tz b)) i
WA CH L, 728 21E N—=T4 YOETFT VKL o0 3% v ARTEOHAMERE, 3
bV FEEbIc X o TIE Y X0EPFIH 2 RIREIC L7z L 48 (2014) (X, N—T 1 »A°
[HIEK EO NADPHERERONEN WA D 2 E~OBEEZIEST/-012, WEkefkEr1o0a
ERE R L] (BF - 48 2014 p241) EBEHTNH—T 4 VI EMANT DN, N—T1
Y LBEIANLICERTH I e [T 54 8L LTOHARNT L v~ ] O % &
3 %o

HEDPIZHAR TR FALPEE R ECRREE 2o T A DS, RN LTI F2ZALEH 2
B TWde N—=F1 Y2 LT HREY VY A EREDTHE L 7288 A DRIEIZFR L 720
7259 ro RBEEENIE XMFET T AT v 7 THAMBEIZE L. NERIETH 5 7% 513, BREERE
OPEAADFRTHREANDDPHEIZEIN L o720 ) B BHERMBE L ADRMEIZWAIZL T
WHEEEN TS 72D725 9 D

ARuFgETid, [HAMOER ] OFIHTZ S EEREFOFELHC TN T L2 L1280,
COMBEIZERT %,

DF, S FEE T I2o0nWTiliN5,

3. PMMFELERAT—F

FRIE 2T NOWZER & v ) BER G EILO FING 28T & 9 1258 5. s Tfib
NABGIHSCHRIZ, WIFEEDSED L) RO LIZEH - MR E W72 Lzh & v iy 23 %2R
LTWwa, L72o T, HAmLAED L) U ZGFIHL, SS5IBOMEEIZL > TE 5]
Hanfzmpi o5l - I HOEEL /252 LTy A L-E S Z0H%ED
EOHER LD L) FAiHRE 2 BT & %,

AWEFE TRV 5 5 EEES: (bibliometrics) & 13, &9 L7zEWRMX % &2 i3 2 HEETHHR
BERMNIGITH2FETH L, THOAE, Fil,. FIHICHET 24 2FR25tRMICHOH
9 & THEMED S OO BRI & S 2D EEIICIEET 52 T e L C201ihid
DA S 4172 (Archambault and Gagné 2004; Andrés 2009) o

T2l X FMT v — P VOB EERFHNTAIREL LTIXCHLNL M 37 b T 70
=1 WAL V) B REFEELOT Y ZIEHLZbDOTH S, FHICLFIHEN W
Ty —FNVEDELOEFIHEA ROV v —FVIEEVEEN RO, A OmILbFEL LD
12 B OmMLICHIHEN DM IEZ ) THVEL L ) FMANOFRED R\ BT IHER &
DHARZRFLABAET 72T T < B/ G H & v o) S SC B O BIGRR25 T SCHR O St 72 &% v
TR [BRE] 24y b7 =27 L LTHWT L. 220 5F MR ORGE 2 HEES 5 2
EbTE D,

29 Lz o2 % h ) 2 MARFAFRIZ 72 & 2 AUE, o5 I H #5 I HIZE L ForRRIZSH
720 ESCE OB RIS T B L E RN TEL, —EOFTHLHIL72ED
WILIFEE L2 Db WD L)1, Fiim L b L ORISR ELZBLIZL2b Db H NI,

FolENELNLLDLHD, T720 VolZAAADPSENELONZHLPERRLINSL Z
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DRiO b OIZIEEEDPIFREN T iz, FERFIHBEOBEAEZRO7205 4 M VEER DA
MR E L7z,

KB THHATHT—F1E, 2F7I)XRL S - TFHIT A7 ALNREIN TV EEMT— 5
~X— A Web of Science (LLFWS) & FIWVCTIUE L 720 TS L T2 DIX1968FED/N—T 1 Vi
LaGIH L2 3CHET. 1969470 520194F F TIZ I S 11728,6331E D 9 . 224l L (article) 6,948
HTho B, TNENOLE O —T 1 YEXEFIH L7230 MBI ST
Dypaw [R5 2oz [H5 IHE#H] LT 5.
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LU O IANBOGA BN Lo, TSy PT— 7 GO RE BT,

4. HIER

4.1 EoubAREt

4.1.1 FHER

— M, SRR SNERICK DL CHEN. FAOKBL EHIZHENEL b, &
9 L7zSCHROBRIEAL. & 5 W IZESCosii gt L 72 5o Far 2 0 2 i & LTk | H R (Cited
Half-Life) & W) BRI LITLITHV SN, HETHEEINESHIC L o TR Y| BEY - 5
HEAI =T — a3 YR WSETIZE . MERFETIERR, BIR T T2, FER
RFFTIIHBE L 104D EE END WG 2019). 2D X9 . N—T1 YECIE LR
B 2R CH BT IH S k. L2 b 5 U IEmIc S %0

23N —74 Vil x 5 H L2 B OB LR L2 DTH D, ke L TE=20Kk)
FARN D, 9. 1970 FAH 5 1980 ALY F TOMAE 30 KRR DT LAFER S N KEH T,
ZDHEE A I L 2000 FEA HF 100 K22 5 &9 127% 5 2010 FLARIZELZ T ES X9
RIS AN L, 20194F 113 —4E ] THEIZ536 KD DR AN —T 1 Y ZFIH L TWwh,

3 GHTRSRALE L2 OEERE (review) 82411, FaF (editorial) 37314, T2 THh %,
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IN=T A VS ERGIH L U O ST UL FEIC LR T 3 (Agriculture) 20 5 B
(Zoology) F CIHIIILHBRFEMAE 2 7 /N— L Twd, M3EENZNCEED 104D 1-H %
BHOERMERERLIZLDTH L,

— R L THH»2 01, MR IR L. 220104 IR Z OIS EE LR £ TH b,
IR O 11 4R (1969 4F~ 1979, LAtk [19704E] & 3°%) Tid, LB, W5, A
L% 7% &3 21057572 0 7= DA%, 201044 5 2019 4E- O 10 4E [ T LERMHHEFEZ T Lo L
55 E TR L T B FRICCRB N L 72 % D 138355 (environmental studies)
Ta7fHEmd % <. RV THERES (ecology) . #F1%5% (economics) . BRIEFEFS: (environmental
science) . FB¥F (multidisciplinary Science) C200 DL & | ZEBRH 2 5 HNL k> TR 5D
HHIL->TWwh, F72. 7 — Y Hli (green technology) R /K& 1§ (water resources) 7¢ &, Af#H
TRULT D I DS AT 7 B OFEE & ST T b,

—7. ANOME% %9 Demography (A II5) (& 1970 X121k 124, 1980 AR ICIZ 111 & 131F
0RO LA RSN TV, 20104 A L L 1002 THY 77 7I2d sk { kb
(FRDOBHAHBLT) o
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Year Published (104 %1#+)
Web of Science Categorie.. 1969-1979 1980-1989 1950-1999 2000-2009 2010-2019
Agriculture ' I
Agronomy
Anthropology
Area Studies
Automation
Behavioral Sciences
Biochemistry
Biodiversity Conservation
Biology
Business
Chemistry
Communication
Computer Science
Cultural Studies

Development Studies
Ecology

Economics
Education
Engineering
Environmental Sciences
Environmental Studies
Ethics

Fisheries

Forestry

Geography
Geosciences

Green technology
Health Care Sciences
History

Hospitality

Humanities
Information Science
International Relations
Law

Literature
Management
Mathematics

Medicine
Multidisciplinary Sciences

Oceanography
Philosophy

Physics

Plant Sciences
Political Science
Psychology

Public

Public Administration
Regional

Religion

Social Issues

Social Sciences
Sociology

Urban Studies
Veterinary Sciences
Water Resources

F 5 EF (MBAR) O 72 b () & Year Published (105 ##) %713 Web of Science Categories  (MBhR)
&2 THRENTVET, Ea—R ADE (MBI OHI Y+ TIALI—2ZhET. ThIZI0UEDEEEHET.

3 FiiNBFOHE
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4.1.3 SIH NI D54
FUE, =T YESCERGIH L7223 RR S E T S e ks TR RO 5545 2 78 LT
Bo RWFIETHNIR G & 72> 726,948 EDLHLD 5 B#1175— & & MZd 725 796 (I H LR —
EHIHESNTWARV. ZO—TaED51/85—t > MIdH 725 353 R 100 (A1 DL 3 51
HE3NTnas,

®1 WEIAEHEOAH

e T Il £ FERL AR
0 796 11.5%
1-9 3,131 45.1%
10-49 2,202 31.7%
50-99 466 6.7%
100 DL 353 5.1%
G5 6,948 100%

F203. BB LA 10 DGR #E THEBIEO L WIEHICY A M L72b OTHh L, BUAFHR
Db OB, EEERD LMD M. BT, A, BuhE, AL, BB LEE
7YX — TV S LRSI S

20940 ) — ~OVERIREE FFUE L. (A OB ] ORHOESED S 1E Y XSRS
K& WEE G 272K Ostrom |2 £ 2 b OB 2HE TN TV HOHHF 0 <o MU b HES K
733,053 0] & 22 L Tk | 5% 35 5 Odum (1969) (ZERES DMLY L CHIG NS —E T
BHbo 127L. BERY FT— 2 OLIRTIE, F v b7 — 2 NECHE SIS b 0% MEks | .
o N T — 7 OIVCHI S B4 % A1 & KB S U (van Eck and Waltman 2014), Odum
(1969) DHEB I ER I A& F N Do BT 5 5510, WHBHEIE T I ES 12k <.
B IZE DRy b T — 7 RO R E OGS < 7
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F2 #WEIRABEEAL 101

e TR A HH Z 4 b oG
3,053 1969  Odum, EP Strategy of Ecosystem Development ~ SCIENCE
2,103 1996 Hall, PA; Taylor, RCR Political science and the three new  p 1y y1yea sTUDIES
institutionalisms

Social capital and economic
1,832 1998  Woolcock, M development: Toward a theoretical THEORY AND SOCIETY
synthesis and policy framework

Corporate Social Performance ACADEMY OF
1,792 1991 WOOD, DJ Re ip;ited MANAGEMENT
Vv REVIEW
PROCEEDINGS OF THE
A diagnostic approach for goin, NATIONAL ACADEMY
1,144 2007 Ostrom, E b gd PP soing OF SCIENCES OF THE
eyond panaceas UNITED STATES OF
AMERICA
951 2010  Ostrom, E ﬁzrondtMalé(ets e Statefs C 1 AMERICAN
s ycen .r1c overnance of Complex oy B e
Economic Systems
. Value Orientations, Gender, and ENVIRONMENT AND
927 1993 Stern, PG; Dietz, T; Kalof, L Environmental Concern BEHAVIOR
. AMERICAN POLITICAL
905 1986  Axelrod, R An Evolutionary Approach to Norms SCIENCE REVIEW

862 1971 Whittaker, RH; Feeny, pp  *-iclochemics - Chemical | SCIENCE
Interactions Between Species

Industry self-regulation without ACADEMY OF
802 2000  King, AA; Lenox, M] sanctions: The chemical industry’s MANAGEMENT
Responsible Care Program JOURNAL

42 5|y b7 — 754
4.2.1 FiEH AP
B 4idn—71 Y@ 250 L7230 O MR % . EEEEEIZL 50y b7 —2 & LTu#L
L7L725DOTH 2 MOKE SRERILOWTINHHELRL., EEHarohsnizs 72
=& THHIL TV b,

4 BHIAAEZI0HPEOb 00 ) B, HEEOTE S O A 500 KOEFFEREEHEILL Twb, h v
b7 — 27 IOMERIZIZ L A 7~ K& D Centre for Science and Technology Studies (CWTS) 2 TRI%s 7z
VOSViewer % il L 7z (https://www.vosviewer.com/)
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B e

o e T
Mm}pmf.;m)
o igh,

M4 EBFEEICLBXHE Y T —7 (1968-2019) (#55|BHEE> 50)

KELGITAOD I FTAY —=Hhh a7z, mOBRKEVELIOY T A5 — () (ZAEEE &
EREEICHEE T 2 b O T3RBOLIHN LR E NS ZOHIZIE 7ZAD Odum (1969) b & F
NTHY, WEIHBDOL S HhHVEEDREV —F Ry FT—=2708H) L L TN TV,
FAHEAORSIFSIIEE L 2V T2b B, Odum (1969) AMKHL L 725653012 1M SRk D5 | H
ke oEEIESIIE R Ay P =2 ORTRLT L PLIARLEICSH D DI Tld R,
B2y T Ay — (k) (IR, BURY. LEY G EORERRER, £307 725 — (F) I3H
PEFSR, A0 T A5 — (H) IIHEARERICE oD LIEEFNEEE, Ostrom |2 X 25 LD
HELLZZIZEINTVLY, 1275 A5 —OEREFE, BRERIFEFORLEEOHIZ { Ostrom |2
LA A SN, TE Y AGHOBICEELRE#A L2 LDTRENE

M5 IEEFREEAICL 2B Oy T — 27 OEEBZV0FEBIRLIZLDTH L, TNEND
FARUTFER SN2 ) BT UHHEEA 104 LD b DIZBRE L TR L TWwb, M5%—k
LCoao 5 Dl 1980 -2 5 2000 ST TY TR =L RILL Tnwbp T L b, 2o
[Z20104EfCIC A B L AHIZ Y T AY — DU L TWB 2 ETH b,

HFEEEAICL YR SN/ 7 T A7 —DOBUINAIZ. 1969 47 5 1970 4E D 10 4E [ (1970 4E4K &
SLHT B) 128, 1980 4E A1 8 1. 1990 4EAC L 9. 2000 4E AL 13 1310 TH 5 DIt L. 20104F
DIBED 104EB CIE s & 2963 50 L22d . 20104ELIBECIZXCIHEECE 2 DX 3MICER S5,
FO—J5T, WA 1015 % 88 2 % SCHkIZ 1970 FE L Tid 69 1. 1980 4EA% T 168 1, 1990 44T,
(4571F. 20004E48TI39891F . 2010448 Tl 1,6001F DL b (T4 5 [ A1 5L 17100014 0 4 F5%)
&L HERDIZONTRMIIMR TV b, BIfliORBHE TOMRLIL I, N—T1 VX

5  Ostrom & KL SN TV 55D THLWHDO D DIZFKD Vincent & DILZEN L\,
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251 L7230k 2010 A LU I IRFERICHE I L . & D2EAlT \Eﬂﬁf‘*ﬁltto ZD L) mEH
PERD—T5T, FEIHME THER SIS RO T ORI 2010 4F LU 1350012 B —Ab L 725112
HHEFR Do

bepansTs
sampa(1977)
sampuge (1975)

1990F4€ 20004F4%

201044
5 ERFESICELD2Y bT—7 (10F%H») @EIBFE>10)

422 TX A Mok
G HBIRRPEEEE &2 VOO OBRME A BB T 2 AL 3R 2250 L LT, XOF
FBIERZODDEHADLONT XA NG T b RWFETIESY A4 MVIZHW SN Z B HRE
FilE U SRR 8 A HEFE O i P 2 F V- CTREARYE 2 51N L 72,
BlenbX10lE, N—T1 Y@ XxsHL72@mXoy A4 MVISHEH S 2RO &S % 4 v
F7—=27 L LTCUEBEIIY v EY T LZbDTHD
FT6 D 1970 Tid, A0S %] (law), [HFR AT 3> b a—)l ] (world population /

6 AWIETHIH LT — % TIEimXOER (abstract) 131981 FELLLFEIZ L AUE S T W W) THERY
WEEASUTHEZR 7 4 MV DR ERRIIT X A NG E1T- 72,
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control) . [f&E#% ] (crisis). [ 71 —F 14 ¥ —[# ] (free rider problem) 7 &' D7 5 X & —H3flih S
7zo MPLIE SN TWRENE RS & TR AL OfEZ (WA T3 ba—)v] (control)
T ALV REEED [fak] L L b ISR TV A,

19804FA (M7) Tldy, 7= A MASEVEEsE LTAD S, [RE]] (tragedy) . [EHL] (control) , [1F
k] (future) 734 S, ORI [HR ] (growth), [3 3 2 =7 1 — | (community), [ H/AE
5] (natural resource). [f&t] (crisis). &\ o72FHENSHHEIN L, HAANOSHLHFERE LT
FIR SN2 19704 & WA S TO BREHOEHORE, Wb 2 I E ¥ XAl i o i
Mo/ EDREENL, £DO—T5 T, [ AI1] (population) &7 — K~ v FIZFREN TV %,

19904548 (KI8) 127 B & 4 A4 MIVEERID 7 T A Y — 3L fbT 5. HIRIYY =4 b2 EEH
& LT84 (tragedy) /T E >~ X (common) ] & [AEE%: (ecology) HFEn] BE 7 f1 56 (sustainable
development) /fi4 (conservation) ] D =D DFEREAMRM S5 o HIE ORI IEA LT [
¥ (future) /Y A7 F K 7 1 — (sustainability) ] 25 1) #2H O JEBIZ1E [fFEH (solution)
£ (science) /7Tt A (process) /#%i% (economy) | SR 55, 2L [ 7 H A (process)
MHSEEH (fishery management) /Ml (institution) | &\ 725EHEASIE S, 1987 DTNV Y T~
FRESIZL DZMET OGRS & %o 72 [Ffe i BB 2 FZE] DIA KRB EN L L) ko7
C L EZF R ERARE, 200 ORERG L Vo 2 URT [ HOER | 0ET NV
PEDLN T2 EATREN S,

FO—HTSFETTA MIEL Wb OO [ AIT] (population) 7% [1#43 | (opportunity)
R i) (value) & Vo 7zfRz e &b IR S, ADICHT 2 XIRTEN—T1 A5 A
ENTWDLZEDGTH Do

20004EfIZAZ &8 A PIVOREFIE S HITHEHT % (M9)o 7 XA M VEREFE LTIt ]
(common) [2581 | (tragedy) [1777 | (cooperation) 23t S 4L, Z 15 DJEIIZ [H#E (property)
JEFE R (co management) |, [T (market) /#effld (framework) /#143EA (social capital) /" H
PREVR (natural resource) |\ [ v F7—72 (network) /ZI (participation) | [ =— = > b (agent)
/¥ L v~ (dilemma) /[N A (prisoner) /¥ L ¥~ % — A (dilemma game) | [ #i4+] (competition)
[Fe# ] (comparison) [#ifl] (regulation) ¥ (law) | [%h5 (efficiency) /A > /%% | (impact) /
1B (practice) /{35 (fishery management) ] [ 5251 (perception) & \» o 7= 7ERESHALE T 5o
oA E LT aE sy X& 0 AR E PR F 2 @m0 B L 72 2 EAVRIE S5,

2000 FAC F TEHBRAIL A BT 728 4 PV OFESEIE, 2010 UK S & S BTN LIED 5
(10)o [2E > | (common) & [1#7/J] (cooperation) 257 LA M DEWREHE L L TENLEFNLD Y
TAY —DOHLE T Do FIEE DB [7K (water) /55 (condition) /T #s (land) f5%H
(trust) /ZH1% (diversity) /#EER (experience) /BlE%E A (determinants) / H A IR EE (natural
resource management)  fJf9E (research) /&% (crisis) | 257 5 O, BHEOFBIZIF [ -V 2 v
I (agent) ZE2R1Y (special) A3 7" — 2 (public goods game) % v b 77— 2 (network) /#;
W% (strategy) | 7% &K OFEEDMLE S N5, KPP LHIZE DD 2 AREROEHMOBIY T, A7 A
7RV = O I ST NE NOROEFEBRE S EHEMr L vy 7—<n8
FAIN L D5, 20004 FE T L HATHEGRIIKEICHE—LL T2,

K TiEHT 5 AM (population) [ IZEIHIZARA THIZ DI 720 19904 ETT — P~y 7I2E
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WL TV H, ks ZTEI2hy N7 =7 OFLD 6 EENEBE L. 20004 LI~ v 7905
L2 TWL o ANLIRREDS [ A HDIEE] | % o & BEMIER D S A TO PR TE b,

M6 %4 MLFFZbvy 7 (1970F4K)

M7 24 MLFFZbvy 7 (1980 FK)
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8 44 MLFxZ MYy 7 (1990 FfL)

K9 %4 MLF*%Z bM<y (2000FK)

98



10 24 ~MLFHZ Ty T (2010 5FK)

Lt

Dby N—=71 Y@Lz 58 L O EERE AT A S T O3 fhvg & S b,

Bl N—T 1 VI OB L 7w m AL & B O REEm & & b ICBRBESE - HriE
WAOERFPELEND L THDH, —EIIIIREE SN HLORPIRED 72D OoNG I HE N
%L BDI LTy N=T 1 YaSUT MR 2 7o o TH 2 BIH ST L b B
FEUEERIZ 2010 E DI F 3 F T8IIMEIICH 50 2 LT ZOBBIHKOEMILKIZF IS
. BRERECRE Tz,

bHAABRBEICHT 2 I A H 2L THIE N TWw D, RFFOFERE FEINY v —
FVCERBREIZ T 2 AT HZEOMm IR INDL L B3H L7259 7ZHZOMITTRE
BIERD Y v — F U TR RO B SN D Z L i, DF 0. 8L LT [EREE],
(BB ] COIRSCMEA SN L 72 & v ) S kg, TBREE &) MERE, H DT L0 I8
BERE GO Y X —F VI DN=T 4 VRELDERARE LTHEL T2 b B2 528N TE D,

B, N—=T 4 YRS E Db 5 X 2000 SERIE F TIREFL L 7225, 20104EDIRELC
EHCH AL L7z C OMEIANIFERER GO E T XA P ORI TR 5N,

1980 4FAX 2> 5 2000 AEAUZ AT T DAY 30 FE ML [ A HDIER ] % 6 RO URPE AL L .
% DFAMTHSRFEA A M L 720 SBOBIETRINIIZEZTVZIE, N—T1 VL e v BRI
Z D30 FEMT, EWENIZBITEH T THO L) IZH LV Z R4 LA L Tnwicszd
SR Do FDESPIFIMATE o 72V BIEEIZOWTIIE 4 D STONEIZLE A D RIS HE
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HFEEH, FHRHEONBELHBELHETIEIZL /7 - £ A MO 2OFITHFEIET 5
ZDO—7J7Ty 20104 LIRREIE SRR A v b7 — Z R I IZ B — L R o5, Rl L7zX 91
IN=T A Y G B SO & AT IR O B BOHER - RE S XTI T S B SUIRDSE AL
L7z DRI E N, [HAEBDOER] L) Xhdits Lotz Lzedb, $5
WIZETNVE LCO [3FMOEE | 254 ) D FVOEEN LML L T—FDOT A 2 > % [H#iF ]

ELTHMBTAE)NIChobRT LI LB TES,

AL THESNAEZ0MAE LTRB LV, N—71 H b &b EREIC Lz AR
FIZOWT, A EH190F A E TR SN TINS5 2 872, 7F A MG TIA
1] (population) &\ 9 FEAJIZ S A MVHEEE L CT19904E0F Tl s b, 2F . O
HFECTIETAL L) URTNHN—T 1 YE L EFIHT 28R SN TV,

HFHE, ANOEABEIZ L2240 cdhizn b, BEAMZ [AD IS T l&rs]) & [
i) OFEETH B & L7 =PAT ET VD5 1 & 7% 5 72 Ehrlich and Holden (1969) %13 L&, B
& F &b OFEFEIMRE 2 BIELZ L 72 Lee and Miller (1990), ALTFIME & i O BR A 25 L 72
Demeny (1986) 7 EEE L AR T 5, LA L. IhH AOBBROGwRIEIN—T1 Vil x
GIH L 72 A OWNEE TIZZ2 I E L CTIHE N T WA,

111k % 4 P iz [ A (population) % &L SCONIE I HBEMREZ IR L72bDTHD Y 2
DEIDPS S 53H5 £ ) ICENETNHFEMIIIFEREINT VDD, N—T 1 Y& 5 L 723k
DOWETEFFIASINTIZRD o T D,

1969 fhrhch cobb
e spengler
1872 . sills
1973 whittaker
1974 cautley
murdoch
1976 E
godwin
1978 stern
1579
1981
1983
1985 moore
1987 demeny
ollock
s B hodgson
1989
lee
1990 feeny
lee
1991 nerlove
1993
doan
:2:: munozpradas
hempel
Lt mackellar P
1908
neupert .
2000 petrucci
2002
connelly
2004
2006 connelly
2008
eldakar
2009
pacheco - -
i eldakar
2011
2013
2015 booth ali
2017 e
bonneuil [ 3 CitNetExplorer |

X 11 %4 ~LIZAO (population) ZECHXDEIHR Y hT—7

7 FNERFICZL ) TORTHLE LY - FAMOLAOYEES L TR TE 2\, IF 2 ADHIEE
FHCRET 20 0ZER I vy b - F AL EDIEDLHED D, ZOHIZOVTIIILEEE L2V,
8  {EMIZIZ CitNet # i H L 72,
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O LB EEAHA L LA [ALOBEDO/XT 54 537 M LEE L Twb L Ebis,
[ACERE] 2 [HEORR) 1SS 2 TI9744E IV —< =T O 7 H L A » T R4 ]
PPN AOOX O ELY HIgT 2 L2%3KD HN7205, 19854E12 7 4 1 Thlfg & 7z THS AL
RE] TRV AERN G ERPER L KOS EREN, VIR Yy s 747 - AR
ST (ML RGBT 2 e MR OARAE & 2otk o HiAL R HE) O ) L ASHIT 4T B H S,
THOHEEDCHLR) T4 v 7 AOHRT, Yy —, 5. ANAMEZ D SB87 54 A28
KELEDY . 1990FEMRPRITIEEE OB T ANHIH 4555 & L IERRERR L R shb k)12
% % (Frey 2011; Eager 2004) o

1980 4E 7 5 1990 T COX A £ /T — 1) v g d [ AL o 2L 12 —%EH -
TWL7259, NOMIMZ X W EBROMEBEX* R/ —1) vy el L, A E X IEEROAL
(AMAE O EE W U TR T 2 5 S L, RBEROMBED & TR L 72, 51381, 2
UL, FYT7ATV, Zvr, $. =y 7IVsEEOEEMIE % O o> T19804E 2 5 1990 4
T T THADORET | 2175720 MRIBZERBMEOTHEEZTFELIY AT DOBEBLEo72,
Bl 3L CHr~ IV A EFo [IEHR] L8 FikT 2 [BIER] of@m% L MESITSNE
ENDIOHmFIE, YARAT AT ERREBBEALL L OFfEE S5 o722 LITBRBERELT
FFEEIZME5 % (Tierney 1990; Sabin 2013) 6

S 512, FEREEEESRFEREIC L o TEELLD O LHEDI, VDTN EBATS 5 AN
AT L F Y. ENR ANOBIEINMER Lo 72 2 & b ADMEANORLOKTIC—H%E > 72
EEZ BN D 1960 FFEACHEI22.05% % 5Lk L 72 AIBEINERIE 2 OB A CHx U,y 201546005
204ED SAEMITIZ1.09% FTHDE X FHIEAONORLE LA - T &7z, EHOHERTIX, i
FENTE R UL 2050 FFEHIZ 90 B AFREE T 12 < & b 2100 4FEHIZ 110 AFRE A ¥ — 7 123D
IZHEL D &) Tl h TTWwb (UNDESA 2020)

ZOLHIT, BREMEA AOMEOMIME LTEZ LI EDBEMICOMEMIZLEL L R
0. FEATEH & T A = A A CRIBEIIMILT E 5 & E 2 B DS U OIS % S L.
FZE L BRI X D EIEAOAND B 720722 b ko TNDBRIERE S AOMED 75 v 7
VY TDOERIIH B

bold, MRADDEZHIT WD EIIFEb ) Id v, HAE, IR AL [ 8]
OHIEE O 40 OO 80 EICIHS ) & LT\ b, MEMEN AIZL 2 ERERRILIZL A, K&
BENZ LA, HETIAF v 7 THAOMBIZL A, TXTAMAG &k LA-MES, RENE
ASNHEHEJR (anthropogenic) TdH HBRY . AL HEMBEORIFICH L 2 LIZED D d W
(Becker 2013), 7275, 72 & 2 AXSURZAENZE T %8 b HERD 5 WA EH TH 5 IPCCOIMEFIZD
NN ZRERT N B 3 2 REab i3 L 5 e o

AN OBEEE OB MME RN E B2 2odb ) . a3 2 (IR R R # 4L 0
BERh & Vo 72FFER 2 TR L XD RO REIIC A OB A BT RE 2L [B]
RV A EEE | OFRIZES DO THNY TV, 7255, ROBMIZH b0 [FEOMmA
D125 X&E 2] [HEOFHEEOHERIHB SN RED] L) B RniZolznli,

RBEEER WS COBEEEMEROLNL Yy Y - B Y FO—oO2[AO] Th S
ZEEME W RV, AT REMES S ACBED WAL HZ Twho b vy Tt
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A T —=F N IHEDOVWTIIRTE 2 ZOHF, T2b6 [T HZ TWoZzdn s\ EwiZ
SWTCIE, EROEBRIANTEFEOZIL L BE L TEBOGEE L,
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Integrative Social Selection for the Evolution of Sociality in Wildlife

Yoshinari Tanaka

Abstract

We can sympathize with others as a human nature, which might give a basis for solving various
global and serious problems that human beings have, such as global environmental problems, poverty-
conflict issues, and the spread of infectious diseases. The human innate ability to cooperate with each
other would contribute to address these problems. The evolution of cooperative behavior or altruism is not
a phenomenon peculiar to human species but is thought to have been independently derived from several
strains of mammals and invertebrates such as social insects. And it has been studied as a major theme in
socio- biology and evolutionary biology in general. In this article, the social selection model that gives to the
fitness of other individuals (the degree of leaving genes in the offspring) according to the specific traits of
other individuals belonging to the same species is integrated into the group model in which organisms living
in a herd are exposed to selection acting at the group level. I devised an "integrative social selection model"
that integrated the two types of selection models, and tried to formulate and numerically simulate it by the
quantitative genetic theory, which forms a general theory of evolution. In this model, the trait of sacrificing
oneself for the benefit of the group is called “prosociality”, and is regarded as a trait that is preferred (received
favorable treatment) by other individuals with social selection within the group. The results of analysis
suggest that the evolution of prosociality is not predicted by social selection alone nor group selection alone,
and that the interaction between the two levels of selection leads to the evolution of prosociality in the whole
species. Furthermore, if integrated cooperative behavior within a group evolves, prosociality within the
group is thought to make a non-linear contribution to the fitness of the group (benefit such as viability of
the group). In that case, it was suggested that stability when high prosociality was achieved was promoted

by an unstable alternative equilibrium point, leading to resilience in biotic social evolution.
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N&EEGL OO EY L, £/ TORMATER L O MAE & 2 BT 2 R 72 458 % &
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erectus) 72 & OO NIZ5HESF TEALIC ?fﬁ@ﬂﬂﬁﬂff)%fﬁﬁﬂﬁiﬁﬁéi%LU‘f: L&
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TaIelcdh, MEHEdT 2P ELT S, L) OPFERBIRFEOETF TH DD,
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A =T 4 A LAOWEAAOT NS, O EOESSHE S LI
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VASEWFEONTIC BT MEEIEEG & 7OV — 7R (FRk. EFER. <
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YERS % 70— THOMEEIRIZ X B8N0 E . HEIEHEICER T2 70— 78R &
LIEZALOMICIED 7 4 — FNNw 252872563 E 26515,

ELBEET IV

B E L RLEEROFH AL S NAEHIC & 5. &% (prosocial trait, PST) & 43 134T
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wy = isfs(zy") — 1,22 — leyy? (3)

ZITC f@DETNV—THEIBEN TV — T ORE (R0 7 V— T PE, 7 v—T2x >
IN=HRAET 2 R BEEIRET 5 L) BIRT, HASWHEEH 2o 78— b —42H
DB E N7 PVERLTHE) ICED L) 2HBBERYTD 2% KT, FRIC, filzy)id
AR X B EEEICESTEM L &0 L) REBBRTES 5 E KT i, BL P E 7
— TR L AEREROB S 2 RTHRETH 5,

2OOE L S, BEINTIX, ZOBEERFET 2 EEIELE Lo T A b (EFREIHON
) RbbTEEZOND, MHSMIX. HOOBIGE % MEAIC TR T 2168 % B4k
LT, ZNV—T7ORIIHFETTH2EM LT, EFE, ZV—TNTRBELEIANDD S,
7272 Ly RSP SRS X o THMER D & OIS E LIS S 726 S, 2o a
AMEERZEE, 7= THATOMCEMAIIEES N, HSMRIFE, tStEoEy
A EISE EORSEE 52, SISO GERICIGEIGE EoEERE S L LT 2 54
HTHY, 7= THTORRFIES NV, HETHOFETT RO AN F—T A Mo
MhHEEZ LN 228 ey IFTNHOWISE I A FHPRBEME &) RS 202 mR 3.
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AZ = Cov(g,, w) (4a)
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Z 2T, ZIdEHEED 2 ¥ EEY, g dmAtREO B R AR g, 30
EHFIITH 2 (Coviden#i, ERMIRMEZRT)o
FERAREEICE LT FBRIC,

Ay = Cov(g,,w) (5a)
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LEFRTE D,

Thbb, EEWELIZ EE50BEICOVTH, b — FTHOMEERIRIC X 2 AL
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[FRRI A S BYE IR DV T,

Ay =GB, + Gy By (7b)
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dhz bz
_[az a3
J= (aay zmy) (8)

oz oy
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HHN TR,

JI—T&R

BIREFT bbb 7V — T OMIGE (we) (&, EARICHER 3 % 2D soft selection 2* hard
selection |2 & o THE L 2T 5o AW TIL, FEABEIFED D 72 6 T A RTE-EIZHE D #EIS
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fbah, 7 Vv—7HA TR, M EASWRTFEO &6 5 12 BRI T L E 20N
%o FEIZ, HEBIROIR S 23S AR MBIF I T2 70— 73 RIE, 2 ¥ EFILEIZE
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EIL . B A — L IR IS — T4 2 SIS X ) RWIZEDMEREZ #3452 LT
57259,

EHNOEALHZEILIE, EHINOELRISE R D2 O DE DO FIIHE L ISOEARE K¢
& HIEOMELHREET VLD
()-0)+ (e @) 13
THY.
Z" =24 Gp(—c, 2+ is7) — Gy ¥ (14a)
V' =3+ Gpy(—c,Z +i57) — Gyeyy (14b)

EET D, V=T HEPUL, EHRBRROZY Y — FEOEEICKH L CTERT 2 SIET %,

JIW—TERDES

TV — T OIS, RHNTS KM ATy 7N (LR 72 &) T4 U7 bz
FE72 R TOMEEMOEMFIE 7 OREROREEZ 2T 5, L L, EHNOMMEEED
ZACISAE R RSB IEOEH TEE) S B O T, MEEMICH SRR O HICEHFS L, #
ISHE R D155,

MRS 2 R ELRIRAE B (&, Rl TRSIN D,

5= (%), = (%), (152)

LM OIS EIZEFNORERE L BIEZMISEROEME 27 12 & o> TEHRERE 5, z 3t
KD RX 5 EHFIETH %o
dWG S\ DT AL AT E & EF I E OB 2 R R TH bo o Z T O AL
3?”**”0)#1[:*%T7h

AW BIFEII R T 2 7V — T HRIVAES By 1220 T b FFRIC

B = (%)Z - (Zc%)z (15b)

526N B, X (12) 2B 5T X TOMBBUIEFE R EDOEFFIHEZ T OB L 2D A
yEETFIE TRl S S,

ELBREDENL

&7V — T ONVIgEMEA IR EEFEE) PR EERIEEALELVWEBITLDT,
TV — T & Btttk L AL SRR 2 5 RFITHMOZEAL (AsZ, AcF) 1. Price Dk
THAREI YRR THERAON S,

AgZ = COV(Z wg) (162)
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Agy = COV(y,wg) (16b)

W= T OMIGEE, 2EO 7 — T PO E LRI N, EREIGE & FERIC, K
ATapsns,

we =W +B,(z—-2)+B,(¥y —¥) +Rg (17)

W \(ITED A Y EFTFHEDO L ZDO TN —THISETH L, Lo T, IxIoITRA
5L, FEEICOWTIE,

AgZ = Cov(z,wg) + B,Cov|z,(z — 2)] + B,Cov|[z, (y — ¥)] + Cov(z,Rs)
= B,D, + B,D,,

HEEFEICE L COFABEORDESR, ChbrtTlnbd s

AgZ _ D, Dzy B,

(%Q‘@w mX%) (18)
EVIATESELEND, TIT, DARHHESTED 7V — RS D TSR0 7L —
TR DX 2 BB O 7V — TS ETH B,

F7-. ERAOEREIRE HRBIRIC L 5 2 ¥ EFFIEOZILIZ, FEFOEILIZELE &

F T EN - 723 DIZFE L o, EFNEREROAIZL 5 2 5 EFFHOMLINZEL %
MZ AFEEL L,

NZ (G G\ (B,

Qky(@y<$X@) (19)
LEEND. Bk B FIRESHE L AR T 5 (KEFNO) BIRARO A 5 EHF
BTHY ., BWEFFERRE D,

ﬁz = _CzE + is}=/ <203.>

By = _Cyi (ZOb)

A Z LN B D E SO H 72 ) EALIZEIL (A7 & AF) &, EERRIUC X 2 HE(LE
L& 7N — 7B L AHEALIZALDOR, AZ=0Z+02 BLX AT =07 +40s7 L0, kA THE
Y

(a5) - G@Q*“@) (21)

::f\c=(g %ﬂ,n:@% ﬁﬂf%%o

zy zy

D

ERIMS L - B EFN OB X > THRIL . SR OBRIC L > TR 50555
Bo TALSOIEMAVINE ., HBIZTEINC & 2 EHBMEA LRI L2 & IR -
A WATINRBIZH - S WATHIOA S T~ CHMEND. DT 728 —h ¢ & B<
®=¢®oﬁﬁk%ﬁ(%@%mﬁtié%ﬁ’;ék b= (NIZEROBE K E L),

& & Wright O3 L85 (Fsr) X Fer = DT, ¢ = ZFST Wﬁgﬁf‘ﬁ & % (Wright 1951;

1+4mN
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Nei 1973)0 F 72, A ¥ E£HFHHEOMELEEBIZKNTEB SN S,

(ﬁ;) = G{([;y) + 4’( )} (22)

:O)i%{_fl\\ YZ=EZ+¢BZ’ yy=Ey+¢By }:ﬁ< g:\

THbo
A5 RN BT B I OB E

AZ = G,B, + G, By + D,B, + D,y B, (23a)
AF = GyBy + GgyB; + DyBy + Dy B, (23b)
b LI

AZ = G,(B, + ¢B,) + G (By + ¢B,) (24a)

= Gy (By + ®By) + Gz (B, + ¢B, ) (24b)
Toho

KNREDJIV—THEGERE

TNV — T OWIGE L LT, FEMED 7V — TR L CRIEZBRICSH 256 (K7
V— THEISE) &I RBERICH 56 GEIEZ )V — THEIGE) 20ET 50 IEMIE 7L —
THEIGE DY, 7V — TN TIEER OB IITENC L > Tr/V—TOHEEEZ FO B 2 L
ESNDOT, RO 7V — T EEOBININ LT 7V — 7 OEIGEIIIERI IR T 5
EMGET %o

Thbb, BRIV — TEILE

wg(z) = a+izz (25a)
JERIE 7V — TS L

we(Z) =a+ igfg(z_) (25b)

LIRET B, 22T, f(B) = ThHbo

ZP+ORP

INTG A= plIMEEHOMS 2R L, O RE 22K [ RAHEEF0DL &
0, MRAT1ERDDT, VNV —TOHBECEIIRAMEA a+iyg THHEFEL TV b ETIVIZ
B bpid, 7 V= THEISEDOIFHGHMEDORS 2RI EREL/NNT XA = Thbo 1D, 7
V= TREIS LR AFEEYED 7V — T FIGMEO R LT (TR T 2. OfEA 1L D
RELBDIZLD T, 7V — THEIGEO PS03 2 BJOs i & 05 < I & 7%
D ELOIXITE A EHR L2V, PR MED S 5 #PH 282 THERT 2 & U2y 2
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£k %,
7N — THISESRBOR &, 7V — T ERARIERKTT L HN 5,
B, = iy(1 - Gyc,) (26a)
By = ig(isG; = ¢yGzy) (26b)
U — THEISESIRROB G, 7V — T ERARIERATHZ 5N 5,
B, =iy 2 [y (1~ f,(D) 1~ G,c) (272)
By =iy 2f,(2) (1 - fg(f)) (isGy = ¢y Gay) (27b)
ZITy ig6, - G,y PHEL TTHY L SPAHVEEAICHEES 5 L2k 5T RHK

DIERVEDPEEIM S 5 2 LI X > TH 725 SNLEFBELEDOTF G RS 213X & FHTI9HE
TR o

JIv—T#EISE DMERIRI5 S DL E

PR ER L 7V — T EIROW L NV OFIROIEFIC LY, 20D EIF0 & ) K& LRy
B EZIY 9 %o HELATHEIZ, o éf)i':botzw)v TR & 2 EISE E ORI LIS
EIANEDNT U ATHHE NS,

SR 1D DOBRGFAET b0 MEEES X HESWNBERTEISH T 5 7V — TN O ERZ AL
TN = TERAR P 5 1HEAH720 DX & EFOTEZAIL

AZ = G{—c,Z+iF + ig(1 — Goe)} + Goy{—cy 7 + ¢ig (Gis — Gryey)} (28a)
AY = Gp{—c,Z + iy + Pig(1 — Goe )} + Gy{—c, ¥ + iy (Gris — Guyey )} (28b)
EBLEND,

PECIE, AZ=02 A5 =0 TH b, GG— = % TRITIUE, ROEHEDPLETH 5.
zy ¥

V2= —CZ+ iy + dig(1—G,e,) =0 (29a)

Yy = =¥ + ig(Gyis — Gyycy) =0 (29b)

L7zio T, A EMICBT L PIREM (ZBL O T ERLT2) Bk E %5,

= o L1 Gyi2  isGy . (i (isG,
zzc—zy+¢ng(;—c) q5lg(czcy— Czy+ G) qsg{cz( —Gzy> ——G}

Sy

. (is {is6, 1 o1 s g
= ¢i, {Z— (Lcy - Gzy) +o- Gz} = d)lgc—z[;—y(lscz —cyGyy) +1— czc;z]

7 = i, (G—; - Gzy) (30)

7 = ! (31)
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L7225 T, 7 v— 7°®i@ﬁf§ﬁf%ﬁ’gﬂﬁblﬂ L CHIEREE L TEXRTE 256, FlEoET
W8T A= 125 L CHALTFEEIZ 1 DO F D . ZoPEEIE, B TREE 7 v —7
M ORI L CHMICENT 2, Shbid, EbD TEEMICD ZY 2EED L) IClb
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JIW—T OEIE NIRRT DIZS DELES & BArRE M

TW— T OBICED, AR EEOBIMI L CIERIICHE AT 5 & &, WEEO 1472
DO X5 ERIFEEHEOZEALIZ. 2 DO E IR T 2 EFINEIRA B & £ EIRABLOFHA1 5.
A7 =G {=c,7 +isF + pig L, (D) (1 - fg(f)) (1= Goe)} + Goy {—cy 7 + pig 2, (D) (1 -

f4®) (Gais = Grycy)} (32a)

A7 = Gy {=c 7 +15+ i 2 £, (1= £,D) (1 = 6D} + Gy {07 + pig 2 £, (D (1 -

f(f))(azls - Gzycy)} (32]2))

b

ELEBEN D, FEIRETIE, RADW2END ZEPRLETH L,

G

Ve = —eZ+iF + i 2, (1- f,(D) 1= Gye,) = 0 40 (332)
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¥y = =07 + Gig 2, (1= f,D) (Gris = Gryey) = 0 (33b)
Fo2RE2HHTLLE, y,=7,=0LD,

7 = {;—y (Gis = Gpyey) + (1= GZCZ)}(big% £(2)(1-£(2)) (34a)

Thbo M={2(Gs = Gayey) + (1 = Goe)| big 2 T 5 5 I HHF 2 &

Cy

Z= M@ (1-42) (340)

EETD (72720 2+ 0)s (31la) i, /8T A —F OFHMIZ & > T, SO A3
OFFE LSS, TOHD1IDIEHBLM (Z7=0) TH D,

MAEAYED 2 & E£ENZ B 2 ELFREEA. 7V — TBIGRE IS ETE ) LT b 0%,
BAHFTEIC L > TR L. p=2 B X P p=3DFNZNIIOWTRIR L7 (K2&2M),
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(b) p=2 (a) p=3
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H2. EHEED X 2 EFAFEED V)V — TRFREE W T 2 BEE

KT, B EERE S ER L, HIRE O NIIRLE S 2 BN 50 PHEEORLEE
. HiR2 TR LY 3 BATHIR & il o 72 R e PERRAT 20 & B L 720

TV — TG EEDIEIEED BN /N S H p=2 D& (M 2a), 7 )V — 7 #IRGREE 5 L T,
TR WETE A L DHN, FOMEIE, 7V — TR e THAMIEML T, 7272
L Z OIS 2MEHICHD 5o 7V — THILE OIS p=3 D4 (K2b). 7V —
TEGREED B HAREETR < 72 b £ CTRALE R NEPE R L s \ve 70— TBEIRGREEAS, AHE
JECHRELI/NT A= F DO vy b T, 061280 L REFMANENMEICHN, Ll
M zEm LB 0) AR EFEME A RARAL LI D, T, ABROL Y -4 7
N E TN BT B BEEENE LD RIGH 22 ¥ AT A OB TH B o AZEE T B E L#LE I
BWTIEENE 2 50T, BOWREFHEEEE L 72IRED S M05 0 B 2 %58 SA~OBAT % [
By ROZEWERODLEZONDL, 72720, EMEICRENH LREL M2 TR T2 &,
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DEOfEIRERE I 2 —Ta vy offkr T Lo b &, MAENHESRIE T IVIC L 24

HEOEIZEIL T UTOREIHERE L TIEDONL,

(1) 7V — 7 ORIGEH ST L CTRIETH 2 0IRIETH L2012 hbb$, Zv—7F
BIRAELD 0D L &, RO A F EFHFHAIZOI LR D 2 v, DF ), WHAHED
HEALIIZ N — THEIRDPS VB TH Do

() HE&BEFGRE 0D L &, MHEEEOMEILIZ 7V — TEIROKIZ L > TL 26 S, Z0iE
(LR ILEISE T A N L O T E 5, ZOFEHEIE. HEERIMENT 258120
TIEAPIPEN (1), LA 5Ty Z— TEIRO A TS0 MLIZIREETH 5,

(3) SO LA H L, A RINGEE A T L I BIC R L, 2oz s
V= TEIGEEICKRE KT 20 ThbDO, RHANOHSEINE 7V — 7 EFUIT TR
HIERMER T 2005 (K2),

(4) 7V — THECEDSHIORE. WE D0 M1k, KIEE TR <, WE O & F TlEfbd %,
L7275 THAL OIS L LT, 27V — TS E ORI KD S b,

(5) 7V — THISEDNIEGINETH 24 (pAs2 bl b) . WERKIL S CRi5) 3@ W ETRET
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= iGy — )Gy (A6)

(A3) (A5) I35 L, 2EFIEEHICKRAD LI ICHFLEN D,

3_5 = _CZGZ + ig %fg(i) (1 - fg(f)) (P -1- prg(f)) {(1 - GZCZ)DZ + (iSGZ - Cszy)Dzy}
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L-BOWG AT 2 2 EDBUETH L5, ZD72OIZ ARBFASEAE, BHEMIZERY 55
HE L LTk, BB NV EOERNT L . BUFREOREEREZ Hig3 7)) — VBEA D]
EPZFET N5, AR TIE, HRTHE—OE=FHAIZ L A5E T~V (18014024 D% 1 7' 1)
THHIIAV—7IZLHMEENORTBIRLIEREL, 7)) — VIEAERHEICBWT [AE] %
BET DBOHMREEICB T, REREEHOEHICELTCED L) IZhbhTtwihr, 2L
THHEDPHFEETHOBMICE 5T, BRI 794 F 2 — O L Th 5 A M OBRBERE % 12
FTHHA > TVEDENPE, CHRABICE > THL2IZ L, Y AF ABH T 2EE
Wt v AT DEERRET T TU—FOEY FEEET L,

How can environmental labelling and Green Procurement system in Japan work for
diet-shift towards climate change mitigation?

Naomi Inoue

Abstract

Impact of global food supply chain on climate change is significant and the importance of diet shift to
one that is sustainable including less meat, organic food and plant-based food as a way of climate change
mitigation is recognized worldwide. Japanese government, however, has not focused well on such an aspect
and it has just been stipulated in an annual report on the environment in 2020. Although policies to facilitate
such diet shift among people have not been developed yet in Japan, there exist two policy instruments that
can possibly contribute to sustainable food consumption and expand market of sustainable food choice,
i.e. environmental labelling and green procurement by public entities. This paper investigates how Eco
Mark, which is one of the representative environmental labels in Japan, and green procurement system are
designed to promote sustainable food consumption with a focus on criteria for labelling and procurement
by means of literature review. The paper also tries to propose desirable policy development to achieve the

goal of making food supply chain sustainable.
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1. FUBIC

BRk A 754 7 % Ul TREGRE ] & v ) BEHS SN T2 KEZERTE X, RO SR
VAT ARBENOIEDLVTERL) A ERE LT S, BB 2 R E et
BO—DLroTnb, T LTSVIHENETL. AOFHRRE LA % EEFE A DA T
L5CICHZ A28 %ERT B L) BEZERT 5720, EUR HAZ &% < OEH 2050 4F
T b F (COo,) Rt mA E-XOICT 2 HEZEBIFTBY ., 20O OFAETREL AV
F—RRFHAT & Vo 72 T AN F =B OB & EREHF L OHPAIT SN TS,

Lo L. ZAVF =08 L FRICGBEETICHES L. IARNRHRE VAT ABEPLELRO
WEIE]OTHTHDLEV)IETHIEL R ENTWwWh, Paul Hawken (2018) 1%, ER)E AT X
(GHG) OHEMHIRD 7 597, Mk & 5 A HZA (a2 &) opik, fitd
e TR ONE 2 4G & L 72 CO,RIIE K & &, K5 O GHG L & i 128k T
(“Drawdown”) 72® 2% 2 5115 100 fH DK HK O R EZMGE L BROKE SIS U TNER AT
L7z Zh, k2009 H8fih, BRICHTLI DL SNz, 2oL H 2, HAOEFED#E
RIEERY T4 F = — V2RI EE RIITREEZ A L D720, BFOoRX2UET 2
Zliz kb R R BRI R E O & Ko T  EEDEME 2 SIC X VIR b1
Twb, (UNEP 2020)

HBEWHEESNY — R BALT 5 2 L0 L » THARMESCREEMEZ S ow#EIcH S L Tw Ll
PR (=2 A ViHE) RHATHEH SNFEO TV DA, HRICBW TRBEEE R E L
TOIYHIVIHEED G L ONLEEI, BOHE/ Y —  RLERNEOYEE IO W THLLIIZIR
bisZ L3 E D FNTBERIZBWTHRI L TH %o 2016412 HAREF 258 E L 721
ERIRBRL SRR TIEZ N5 O RIFR E N TRV, 2020 F ICBFETVE L 72 BEREICB VT
FHEEL Lo TEFORRUZ L 25BLHHEMICOVWTREINZ 00, BifFREAFX
FANIZOWTIETEAWIZEH E N TR, B 774 F = — v 2ROBFEIM L #D 5 720
Wik, WEM S AR L. BEREL-ECH T2 EIEAL T 2 LIEARTH D
P BEEERICBWTOMESITIZFHVE VR b,

AEETId, AOWENY — 2 LT, RERE L -EOME 28NS 570 ICBUF L 5
NREBHEOMEY IOV Ta L bo BARIZIE, TRICE 22U HIVIHBOHEMZ LR HEIE T
NVDH) LREWZTIY—7 L, BUFRHEZEZRBERE L0 LT 57 — Y EAEIZOW
T ENENEHET2BIEOT 70 —F L ZORAROHEL CHFHEIC L VHS 2L, &
RAED BRSOV T L b
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2. FEREDFE
-1 REBUARBEEHTZECREOER

B 7o b TRBEAEEE IR TH L, HROEEY 7T (5 2 — 258 S5 GHG
k. ABEFEGHGHIHEED ) H21~37% % 505 L b TWwb (IPCC,2019), F72, FE¥IE
MBI X 2 8EFE ) Y OPERLEE RO L > T, KIBEOERFELOREIZS 2 505, £
OEABPMFIICEZE L2 R. NEHORMMNWEROZDIZEEFEF L0 EOH LR (77
PFN =T F) =) w RECBA, MERERE D X7 A QAR 1 5> g1 1Y 2 B R A %
% b 72 5 3R T (Tipping Point) ##82 5 A7 DEHWI EARENT WS, Tz, %
GURMILKZ S L B HMEL L35 THAMAELL NNy 7)) — 2B TEBY), ik
HEMZDVAZDPRENT VWS, SNHDTITHAI)—=NY UV F) =% BRI EHRL725
SR EFI I ABET LA E L 5 2 6, MHEMIZEIMES 2 Z LR ST 5%,
(Rockstroem, et al., 2015)

Hawken (2018) (X 7R D@ 1) . 100 OSMEZEHEFRK O EEZMIEL . RIROKE SITBL
TINAREAS U % L7z, 20 2003 R 1IIRENLEY THLHH, 20 H b, 8flA &I
THRETH), TANVF—IIHTLEDON5MTHL T & LT 5L, A UZHIA T
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T2 LIk o THREERTRIERZHIMAET Yy VDD B L VW) TEERL TV, il
SEICHT L0 RIE, BIEAE, RaIT, ) EiHE L, AR T I F 2 — L OREREIC
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VAT LEEZ TR ZHEL TS,
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=1 : PaulHawken " & & & 1= RUEZBNBFNR X = 1 — DI RDIBRLFTV © EAL201L

BEDOKE S ONERL bl A =2 — (HIEART > v L)
1 FE: HEINEEE (89 Gt-CO,)
2 IRV F— JE )5 (84.6 Gt-CO?)

3 £ a5 u 2okl (70 Gt-CO,)
4 oy TP L O 25 (66 Gt-CO,)
5 1R BERAL (62 Gt-CO,)

6 WAL LT WFOHE (59 Gt-CO,)

7 WA & T FIEE (59 Gt-CO,)

8 I A F— ANV —F— (37 Gt-CO,)
9 i AR (31 Gt-CO,)
10 IRV F— B KB (25 Gt-CO,)
11 iy AR (23 Gt-CO,)

12 +- A AR (23 Gt-CO,)

13 + A JerE# (22 Gt-CO,)

14 iy i E (20 Gt-CO,)
15 T Hu A FiFk (18 Gt-CO,)

16 = e E¥E (17 Gt-CO,)

17 = KRIE{E (17 Gt-CO,)

18 T4 F— 2 (18 Gt-CO,)

19 = EHMR (16 Gt-CO,)
20 IR F— JEF-J) (16 Gt-CO,)

(Hi#t) Hawken, 2018
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FEHLTRIFE D 30% ICAHL L T2 B2 g L. R CHAEIEEML T CHEANCEHEE 25 L7k
(FAO, 2006), IPCCL.5CHERlI e (2018) (&, HHEF DY 774 F = — v, 5O GHGHEH
BEND14.5% % 5O, FEZZMEROARHERLO GHGHIH D ) b K7ZE Loo, R 27 4
PHOPENIE, BERRHFERGANOTFEIIHLT 5 LIL o THASEL LN TELELT

%o IPCCHHIBIFREF RIS 2 (2019) I2B W TIE, BAHOZILIZ L 2/BEMAT ¥ ¥ v Vg,
2050 4 F T2 7-80 8 tCOeq/ 127 5 L HfEE L TV %o Hawken (2018) (. HEHFL AT 50% A3 £
HARERN 722,500 7 10 ) — /HICHIBR L. WOHEE % &KIZHIE T 111 267 £ tCOeq 2. [l
SN D HFMEIRG S &0 5 L 66015 tCOeq A HIIH S L5 LA LT 4b, WRI (2019) &, WD
HE 2R S LR CER T RE 2 A THICHEIRT 5 2 L2 X D, 20504F F T2 2545 tCO,eq/ 4E A,
SN EHBEL. BAEFOUEOEEE AR L T2, MIRIREIHEAGHT7EH R (IGES) o/
5 (2020) &, HARAOEFIZHKT 5 GHGHiEEZ AL, TiEOKRELEHEL HOLAR

FLERZ S L, EBEFETH O 200 KB M S E L s L AFICERT 22 0f
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N—=2 0y 7)), ElEE O BRSSO MY 23 ] X 2 ElE R % 230 (% tCOeq & A L
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BHEOERIC L REEEOEREBIE L30T, HRBUFLSIL T 5, HEREDHKRE
EWE G INOOREICL L BEYEIRL QBT L 2 &1k, R @ U AEE sk L
Wz b,

B, AOMEMEIE. REHRXICL 2T AV F—RFECO,DPEHAHIKT 5 2 L8 TE
HIEDS, RBELEMEE LTCORELES, 20O HABFIZBW T, SR ORIHY%E
LHBER BTG DR T = F A L =T DFEZFITEDNT, MY O BRI FIEFIC
B0 M3, HRKEEBEIEARGIE (MREILE, 2018) 128V TRREBIN I & Ml G T
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WIEH A B L. ZOXEELITEH L Cwb, 2 LT, WHREDHITED BEY % #INT 5
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2-2 BOIVHIVEEEED ZER

ZOEHIC. AFOBRIC L 2ABELHRMOMEIIER Sh, ETHERTEEEZH LT
V5%, B CHARBIFIC L 2BERR AT IE T L35 2 5ve AF (2019) 3B AT
2O GHGHEH IR A 72 T B S oAk & L CEATEVAS 2 2807, \EEI OIS, Bhinh
KAOHEHIR., - L CTHWHKEE~NDY 7 bOBEREEZIE L oo, MEKERILIHEE L TR
TEVER TR HARBUFORRIZIZITEEZ L LT D, EEE, HARBIF O MERIRIE LR 55T
(BFEE, 2016) I2BWVWTIE, MO ADOHRITEO SN TWE L0000, EFFEIEREIZOVWT
FRCEA RV, — T FEHENIC I B A PSR EE GG T 2 HE % EE T 5 B E]
(VTR DD EDPMEITOENTVL D, AOBINIIZZICEINLZ LICh
59 Lidwvz, FFHHTE AN F—HEECEEAMEOHBEORESFLINTVDL I L L
R 2 &, BTBERIZOWTORAMIPHLE 2TV EHEET> T b, —7, FFHH
D 2RI B EN - B HIREIE LR BBV TR, Y I AEEICOWCHEHEE L THH
TRoMk SN, AW RETEICEE LB e L CaB SRtk 5 & S, B L 7238580
TR OHEAE, HEWN . EHROHEORRER L, BOZ I A VHBEOLEEITEHIN TN
A ZOMEDT & U TERBRAMSCEDSHREANOREDS L SN TEBY) , [IEEBERE LT
OALED T IEIIRETIE R\,
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K-> TWBHAERICBWT, B8 794 F 2 — %@l U7-GHGHIE (W —K> 7 v b7
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Ty BRI WEEFIZEZ 5, oMb, SISl BF. EHER O 4 BRI
A BIREITANRIL <« HEETE T 20BN ES TlE R v e w) i, FEROET
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FRAGIHS N, MA#FEE LT T, A, FICRERILEGO —KRY 7y b 7TY v POK
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(. fEREERLEIR T & VI BUE A D EE N T 2611 H 5 5%, [IFEZEOIRTEA Sh
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