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Legal Effects of Guidelines or Other Instruments Adopted under Environmental Treaties

and Their Domestic Application

Hiroji Isozaki

Abstract

The qualitative criteria or obligations laid down in environmental treaties have been made clear and
concrete by the instruments adopted by their COPs. When the instruments set forth detailed rules and
procedures of the mechanisms established by the treaties, or provide definitions of technical terms, or are
referred to by the specific provisions of the treaties, those instruments have legal effects within the extent
of the source provisions. Such instruments with legal effects and clearness, in combination with the source
provisions of the respective treaties, can be applied in the domestic court process. And in general, such
instruments have been invoked or utilized by many stakeholders as a basis for legal grounds, or in order to

strengthen persuasiveness or legitimacy, of their own considerations, actions or opinions.
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Analysis of Time Variations of Radioactive Substances in the Water
Reserved at the Bottom of the Main Buildings
of the Fukushima Daiichi Nuclear Power Plant (3)

Kuninori Otsubo

Abstract
This paper shows the latest results of weekly variations of radio-active substances in the water reserved

at the bottom of the main buildings of the Fukushima Daiichi Nuclear Power Plant. It has passed almost

one year from the previous publishing of my paper on this issue. During the period, the weekly data of
cesium-137, tritium, and chloride ion of the reserved water have been kept reported by Tokyo Electric Power

Co. Ltd. The weekly variations of the three parameters have shown new tendencies, which request the author

to retract some part of the previous analysis. New facts and trends obtained this year are as follows:

(1) At present, from about 78% contaminated water reserved in the temporary reserving tanks, all
radioactive substances except for tritium have been removed.

(2) The strengths of radiation of cesium-137 and tritium began to decrease again on April 2016 and have
kept decreasing until now, which requests the author to re-estimate their asymptotic values. To do that,
the further monitoring of the reserved water is required.

(3) The concentration of chloride ion began to decrease again on Jan. 2016 although it had gradually
increased from 300 ppm to 960 ppm during the period from Dec. 2014 to Jan. 2016. It has been

decreasing until now and the latest value is 200 ppm.
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Progress of Carbon Dioxide Emission Trading System in China

Yuta Okazaki

Abstract

In China, a set of climate change policy has been developed in the last few years. Emission trading
pilot programs had been launched in 2013 and 2014 in two provinces and five cities where more than 3,000
companies (covering more than 1.3 billion t-CO,), including about 70 Japanese companies, have been given
emission cap and more than 370 million t-CO, credits have been traded for 8.4 billion RMB in the market.
Now Chinese government is preparing to launch national emission trading system from the second half of
year 2017 which will cover petrochemical, chemical, construction, steel, non-ferrous metal, paper, power
and aviation industries (around 7 to 8 thousands companies) with more than 26,000 t-CO, annual emissions
(covering 3 to 4 billion t-CO,). In this article, the author reviews the situation of implementation of the pilot
programs including those impact on Japanese companies, and discusses issues for implementation of the

national system and suggestions for Japanese climate change policy and business strategy.
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Forest Kindergartens and “Nature Famine Society”

—— Practical Review of “Waldkindergarten” in Germany and Their Implications for

“Mori no Yochien” in Japan

Lorenz Poggendorf”, Shingo Shibata™

Keywords: Forest Kindergartens, Outdoor-based Environmental Education, Decreasing contact with nature,

Nature Famine Society, Mori no Yochien, Germany, Japan.

Abstract

“Waldkindergirten” or Forest Kindergartens are outdoor-based nursery schools with everyday activities
in the woods and fields. Originated from Denmark, this new form of nursery school was officially introduced
to Germany in 1991. Since then, it has spread considerately, with now more than 1,000 sites across the
country. Forest Kindergartens are a valuable instrument for outdoor-based environmental education for
infants/toddlers although some extra efforts are necessary for their formation and proper management.
We believe such outdoor environmental education opportunities for infants/toddlers are essential for their
personality development and building a nature harmonized, sustainable society.

In both countries Forest Kindergartens emerged as social phenomena with a transformation to an
urbanized society and an increasing sense of decreasing contact with nature. In other words, It can be said
that Forest Kindergartens became popular with an emergence of “Nature Famine Society”. There are various
aspects to be learned from the German experiences of Forest Kindergartens for newly emerged “Mori no
Yochien” in Japan. With the increase of number of such institutions, quality control will be more important
including the maintenance of safety and curricula. Forest Kindergartens or Mori no Yochien will continue
to play an important role for the current generation or the future society as long as “Nature Famine Society”
prevails where outdoor-based plays or environmental education for kids and youngsters are not easily

available or incorporated into daily education activities as were done half a century ago.

*  Lecturer, Department of International Tourism Studies, Toyo University & Senior Fellow, Tokyo College of

Environment (TCE)

**  Professor, Graduate School of Global Environmental Studies, Sophia University

47



T#LAN - F U5 -H—F1VE TERAERR]
—RAYIEHITIBDTALVAS - FUY—H—T1 VDEREML E1—
EBRICHTE RDELOIEZ Al ANDRE

Ry RIL7 OLry, @A TE

BE=

Waldkindergarten (I Fx LB/ THHEN 217 ) WEBORERE TH 5, ZOH L WEBOREREIZT
YR=ZEFN, FA VIR 1991 FICIERIGEA Sz, DR, BEICIiR L, BET
& FA v £21T1000 2Fr Ll & 7% o Ty %, Waldkindergarten (34 /2 D 720 OF & 2 WHEE F
ETH D0 WYNGEE 2720 EBNMMRENHPLETH L, 20X REIEE IO
METE R R e 2RO ) O7OIZWHTH D EER B,

FA Y ROHA, WINOREIZB VTS, Forest Kindergartens (X ABTH AL S ~NDER L HIR L
DERRDEA LTV D L W) RN L - THEFAR L LTHEEN, BFT1UL. Forest
Kindergartens (X [ HAHLEEM & ] OMBIC L o TEARL RS2 EX5TH ). BREOHARD
[BHOLIBZAIHF A Y ORI HE Vo RiROBAZ 212510 T, ZEEHS
H)F2T LG EOMBEERPLYVEEL %5 TWd, S0EFNIY 720 FI7E o 724 BRI
AMTOWED % H 4 OBBRHE ICHIICI) ANS Z EATE R [HRHEELS] 255 <R Y,
Forest Kindergartens ° [ D L 9 B2 AJ 3T b EELHEEZR/-TTH S,

48



1. Introduction

“Forest Kindergartens” or “Nature-Based Kindergarten” is an outdoor form of nursery school, in
England also known as “Forest Nursery Schools™®. It is a kindergarten where children spend the whole or
most of their time outside buildings, in the woods and fields of a given place. They’re out in all weathers and
all seasons, even on cold winter days. This direct contact to and experience of nature makes all the difference
to common nursery schools, where children are playing inside for the most part of the time.

Originated from Denmark since the 1950s, this new form of nursery was introduced to Germany by
the two nursery teachers Kerstin Jebsen and Petra Jager in 1991. They had visited Forest Kindergartens
in Denmark, and based on their positive impressions, decided to found an own outdoor kindergarten
in Germany (Héfner 2002)®. Together with educators and psychologists, Jebsen and Jager developed a
professional concept and founded the “Waldkindergarten Flensburg e.V.” (a non-profit association). As
the conditions of such Forest Kindergartens distinctly differ from a common school institution, it’s no
surprise that they had to work hard on convincing local authorities and the social ministry of the federal
state of Schleswig-Holstein. Eventually, in 1992, the “Flensburger Waldkindergarten” was the first publicly
acknowledged nursery school of its kind in Germany. In the course of time, this alternative kindergarten
style became quite popular. Meanwhile, there exist more than 1,000 Forest Kindergartens all over Germany®.

In this paper, first, we introduce and discuss the social background of Forest Kindergartens’ evolution
in Germany, their definition and actual status referring to the experiences of the Forest Kindergarten
“Waldgruppe in Quickelbii”. Based on this, we point out necessary practical considerations for their
implementations and potential social benefits for the modern society, and finally their implications for

Japan where what is called “Mori No Yochien” is booming up recently.

2. Implementation Status of Forest Kindergartens in Germany through observations of a typical

case of “Waldgruppe in Quickelbii”

1) Definition and Status of “Forest Kindergarten”

In Forest Kindergartens, children play outdoors in fresh air. While common nursery school kids also
play outside on the playground or in the schoolyard, their time outdoors is limited. Most activities take
place in a classroom. By contrast, the forest kids experience wind and weather as well as seasonal changes
every day and for several hours, usually three to four hours until lunch time. And in difference to a common
playground with prefabricated play equipment, in a Forest Kindergarten, “mother nature” itself provides

children and educators with all materials that are necessary for a fulfilling forenoon of playing and learning

(1) In English, there is no universal term for an outdoor kindergarten. In this paper, “Forest Kindergarten” is
used as it is the closest translation to the German term “Waldkindergarten” with the same meaning.

(2) 'There has been a first Forest Kindergarten ruled on a private basis since 1968 in Wiesbaden, Germany, but
without public funding or support (only tolerated by local authorities after site inspection).

(3) See also the homepage of the association: http://www.waldkindergarten.de/index.php.
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together.

Unlike to the common playground, in the Forest Kindergartens, children make use of all their senses
with a higher level of awareness. They experience the fresh smell of the woods in the morning, the fragrance
of herbs and flowers, the song of birds in spring. They also try several things; they are more creative.

In Germany, there exist various forms of Forest Kindergartens. The three most common ones can be

summarized as follows:

(a) Half-day: three to a maximum of four hours in the forest until 12:00, but lunch is taken at home
after returning from the woods (pure Forest Kindergartens)

(b) Extended half-day: as in (a) up to four hours in the forest, but cooked lunch in a common

kindergarten building, and some indoor activities after lunch until 14:00 (for extra-pay extended
afternoon care is available until 17:00)

(c) Forest days: Just one or two days a week in the forest (“forest days” of common kindergartens)

Type (a) and (b) can be called a real “Forest Kindergarten”, while type (c) is a compromising concept,
combining the common nursery style with the idea of nature-based education to some degree.

In the following, Forest Kindergartens called “Waldgruppe in Quickelbii” of a rural area near Hamburg
in North Germany will be introduced as an example®. This kindergarten started as a common nursery with
a modern kindergarten building complex and a playground. However, recently, it offers all three above-
mentioned types of forest activities, with their focus being on form (b).

In their “Natural Educational Concept” this nursery makes a comment on how children experience
the forest:

“The children develop and train their senses by experiencing the seasons, cold, heat, etc., by
movements, climbing trees. They try various things, which are carved, explored, discovered and invented.
Their social awareness is stimulated; children ask each other for help and support the other. In the forest,
the children have natural boundary experiences that they can accept. They learn to recognize noises and
to appoint animal sounds. The children coming back from the forest to the common nursery school are

satisfied.” [Hechmann et.al 2011]®

2) Educational goals of Forest Kindergartens

Sometimes we hear the prejudice: “The kindergarten teachers try to make their job easy and let the
children just playing around in the woods.” And always there are parents who are worrying whether their
child is learning enough in the forest. Usually, however, such worries are unnecessary, and the teachers push

for high stake. In their “Natural Educational Concept”, the Forest Kindergarten “Waldgruppe in Quickelbii”

(4) The daughter of Poggendorf has visited this Forest Kindergartens for three years (age 3 to 6). So as an
involved father, he knows the forest nursery first-hand.

(5) “Waldgruppe in Quickelbii, Unser Naturpadagogisches Konzept” (2011), p. 2 (pdf-file).
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explain in detail their profound educational goals. Since they can be regarded as exemplary of a qualified

German Forest Kindergartens, they are reproduced here in summary. The goals are:

. Promotion of sensorial perception

o @

. Play and creativity
Social skills

o

o

. Physical activity
e. Silence
f. Nature education and cosmic education

g. Pre-school education

Subsequently, we will discuss these goals briefly based on one of the author’s own experience.

Figure 1 Playing in the mud. Source: Kinderhaus Quickelbdi.

a. Promotion of sensorial perception

In the forest, the children are always in contact with various natural materials, such as sand, loam,
leaves, grass, or gravels. They even like “dirty” games, such as playing in the mud. Such basic tactile
feeling of nature cannot be experienced in a classroom. In addition, our five physical senses are closely
connected with our memories. Asking Poggendorf’s daughter about her strongest memories®, she
mentioned the fresh air in the forest, feeding the cows in the pasture next door, and entering a small

stream on a hot summer day barefoot, which is all connected to sensorial experiences.

(6) Compare note 4. Informal talk (August 2016) with Poggendorf’s currently 10-years old daughter about her

Forest Kindergarten memories from a period five years ago.
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b. Play and creativity

Compared to a regular kindergarten, in the outdoors, there are only limited man-made toys, such
as a range of tools, like ropes, magnifying glasses for observation, scoops, and small knifes and so on.
By contrast, nature offers a wide range of natural toys, such as trees, stones, sticks, clay, leaves, flowers
etc. — and it is interesting to see how these materials, used with fantasy and creativity, become all kinds
of things. This stimulates the power of imagination and own thinking enormously, a skill not to be

underestimated for the future.

c. Social skills

Because in the forest, they rely on such purposeless natural toys as mentioned above, children have
to communicate with each other in order to define its meanings and roles. Only then they can play
meaningful together. Thus here we find a situation that fosters communication and social development
of and between the kids in a unique way. In addition, there is a need to help each other when dealing

with a challenge, such as passing a river or preparing a place for taking a rest.

Figure 2 A self-made “nest” as a meeting place. Source: Kinderhaus Quickelb(i.

d. Physical activity

In the woods, children can live out their “thirst for move and activity” to the fullest. There are
so many natural incentives for sprinting, climbing, balancing, and jumping. The kids test and train
themselves and their bodies. They learn to estimate and trust their physical abilities. As they walk almost

all day, they get a feeling for distances and become robust and strong. In addition, they get related to
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their environment and give their locations a name, such as “the funny hill”, the “magic tree” or “the
hayfield of the moles”. This leads to a feeling of identity and homeland within the children.
As aresult, they develop a good sense of physical balance and motoric skills above average, as well

as a sense of place [Héfner 2002].

e. Silence

Our modern world seems to be getting loud and restless. Large TV screens are in nearly every home,
and handy electronic devices such as smartphones are used at all times, even by children. This is in
particular true in Japan. In a Forest Kindergarten, however, children are invited to pause. They enjoy
the calm atmosphere of the forest, with soft noises like the rustling of leaves in the wind and birdsong.
Just to observe passing clouds on the sky or buzzing bees on the flowers can be so calming and balancing
for both body and mind. It seems that modern adults often lost the ability to enjoy silence. The Forest

Kindergarten experience makes a difference here.

Figure 3 Climbing on an old (fallen) tree. Source: Kinderhaus Quickelbdi.

f. Nature education and cosmic education
While Nature Education is becoming increasingly popular, Cosmic Education - originated from the

«

Montessori pedagogy — goes one step further. “Cosmic Education’ differs from traditional education
as it goes far beyond just the acquisition of knowledge and developmental growth, to encompass the

development of the whole person. Montessori believed that children who are given a Cosmic Education
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have a clearer understanding of the natural world and, thus, themselves.”” It encompasses the entire
world, our planet, day and night, the elements air, water, fire, soil, plants, animals and human beings
and understands teaching the interrelationship of all living elements as irreplaceable. “Let’s go out and
show real things to our children”.

“No description, no picture, no book can replace the real life of trees with all life that is happening
around them in a forest. Trees are radiating something that speaks to the soul, something that no book and
museum can convey ... these things have to be visited, they cannot be brought into a classroom” (Maria

Montessori, corresponding citation®).

g. Pre-school education

The federal state of Schleswig-Holstein has set up educational guidelines for all nurseries, in which
they demand for a sound and rich pre-school education. This also applies to Forest Kindergartens®.

In our example, the Forest Kindergarten “Waldgruppe in Quickelbii”, teachers deal with pre-school
education mainly in form of child-orientated learning projects. For instance, in the “crops project” about
basic diets, the teachers and children first collected grains of wheat along margins of grain fields in late
summer. Then, they made their own flour with a hand mill, using it for making pancakes over an open
camp fire. In the next step, on a daytrip outside the forest, they visited a historical windmill (for the flour
extraction). Finally, the group visited a bakery, in order to learn how bred is actually made. Obviously,

these are very illustrative, practical lessons, which may not be taught in the classroom.

3) Historical Background of Outdoor Education Activities and Forest Kindergartens

In the previous section, various characteristics and advantages of Forest Kindergartens have been
described. Nonetheless, at first glance, the rapid spread of Forest Kindergartens in Germany may surprise.
Why are they so popular? Is it just a fad or does it show a changing society? However, a look at the history of
nature conservation and environmental education in Germany shows that the success of Forest Kindergartens
is not accidental.

Starting from Great Britain, rapid industrialization took place in Germany from the 1850s. In the wake
of these changes and its side effects, such as urbanization, pollution and destruction of the countryside,
various counter movements evolved in Germany. Despite certain differences, their overarching goal was
the protection of the homeland, the environment and public health. First, industrialization led to growing
cities. Between 1871 and 1910, the proportion of city dwellers rose from 5% to 20% (Feder 2008). In other
words, the change from an agrarian to an industrial society took place within just a few decades. However,

what did this mean in everyday life?

(7)  See http://montessoritraining.blogspot.jp/2009/02/montessori-and-cosmic-education.html (visited on 2016/3/16)

(8) Cosmic Education by Maria Montessori, lectures given in 21* International Course, London, 1935.

(9) Webpage of the federal Ministry of School and Professional Education: http://www.schleswig-holstein.
de/DE/Fachinhalte/K/kindertageseinrichtungen/downloads/download_elterninformationen_

bildungsauftrag.html (visited on 2016/9/2)
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Many poor agricultural workers sought their luck in the city, where manpower was increasingly needed
for industrial production. This in turn led to tight urban housing conditions. Most working-class families
lived in dark, narrow flats with poor sanitation.

Noticeably, under such circumstances, diseases such as cholera, typhoid and tuberculosis spread. Against
this background, citizens’ movements for a healthier life style developed, called “Lebensreformbewegung”
(“life reform movement”) [Feder 2008].

Based on Jean-Jacques Rousseau’s “Back-to-
Nature” thoughts, such movements ranged from
demands for more natural medical treatments,
healthy diets and vegetarianism, up to the garden city
movement (for a greener city) and vacation in health
resorts in the countryside (climatic spas). Hence,
movements called for both the improvement of urban
living conditions itself and recovery in nature outside
the cities. Especially calls to go outside, to stay in
the sun and fresh air, eventually raised an increased
awareness for the value of nature, its preservation,

and the need for practical environmental education.

This also led to the establishment of walking clubs

and scout groups, where specific knowledge about E5 begaﬂn m 61:39111'3 s
nature and physical experience of nature go hand in W

hand. Gerbard Jlle Gunter B6bler

For instance, one of the most famous walking
Figure 4 “Der Wandervogel” booklet.

club for students, “Der Wandervogel” (77 > 5" Source: Wandervogelarchiv Steglitz-Zehlendorf

7+ —%")V) originated in 1896 at Berlin-Steglitz®.

Outdoor activities and hands-on environmental
education by such walking clubs can be regarded as a pioneer of Forest Kindergartens, and as a psychological
reason why outdoor kindergartens are so popular in Germany today. Of course, compared to the decades
before World War 11, walking clubs and scout groups are not as widespread nowadays. However, we argue
that they have deeply influenced social and educational values. Most Germans still believe that staying in
nature — above all physical exercise in the fresh air and in the forest — is very desirable, in particular for

children and teenagers"? [Lehmann 2009].

(10) The legal association “Der Wandervogel” was founded five years later, in 1901. The booklet cover page in
Figure 4 has been used with kind permission by the local authority (Kulturamt Steglitz-Zehlendorf, Berlin,
Wandervogelarchiv).

(11) This can also be seen by the existence of “Forest Guest Houses for Young People” (“Jugendwaldheime”)
across Germany, where students and teenagers can attend so-called “forest weeks”. In the morning they

work under guidance of foresters in the woods, while in the afternoon, environmental education, sports, and
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In general, such belief in outdoor education can be regarded as very positive. Sometimes, however, it may
become too dogmatic or narrow-minded, in a sense that outdoor education is considered to be the only way
to happiness. And this is of course not true, as there are many happy children in regular nurseries as well®?.

Hence, this paper does not praise the Forest Kindergartens as the only reasonable or best pre-school

education ever, but regards it as a valuable enrichment of existing nursery programmes and facilities.

3. Practical Considerations and Potential Social Benefits of Forest Kindergartens

1) Practical Considerations in implementing Forest Kindergartens in Germany

a. Regulatory obstacles

If you want to set up and rule Forest Kindergartens in Germany, you will face some challenges. First, you
need to convince local authorities of your idea. Luckily, compared with the pioneering phase, the distrust of
authorities towards this kindergarten style has dropped. Nevertheless, it is important to comply with legal
standards and to seek contact with all involved authority representatives.

In the federal state of Schleswig-Holstein, Forest Kindergartens can be operated by municipal, church
and private institutions, as in the case of legal nurseries [Kripke & Marcic 2012]. A further legal form are
associations of independent welfare, such as the “Red Cross” or “Johanniter Unfallhilfe”. Kindergartens have
to be opened at least four hours a day, at five days a week. Once accepted within the planning of demand,
they will receive state funding®?.

Usually, with the application for approval, the following documents must be submitted:

* An educational and organizational concept (kind of groups, number of children and their age, purpose

of education etc.)

* Evaluation of economic efficiency (showing a secure financial basis for the management of the nursery)

* Partnership agreement and (if applicable) certificate of incorporation (private law cooperation) or the

club rules and an extract from the register of associations (registered association)

* Operating permission of the selected natural area (on request to the responsible forestry authority,

outdoor games are on the schedule. Source: “Schutzgemeinschaft Deutscher Wald” (German association for
forest protection): http://www.sdw.de/waldpaedagogik/index.html (in German only).

(12) The tendency towards a rather dogmatic world-view seems to be quite common in Germany. The anti-
nuclear power movement is a good example. It is noticeable that this movement became very popular again
after the accident in the Fukushima Daiichi nuclear power plant, as a consequence of the great East Japan
Earthquake in 2011. While it is reasonable to argue against nuclear power in an earth-quake prone country
like Japan, there is not such a risk in Germany. Nevertheless, the anti-nuclear power movement is more
successful in Germany than in Japan.

(13) The financing of Forest Kindergartens consists usually of three sources: nursery fees (to be paid by the

parents), promotion by the municipality, and partial funding by the responsible federal state.
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after previous site inspection and careful selection)

» An emergency and rescue plan, indicating rescue points and a shelter for the group

Evidence about the qualification of the educational leader, by presenting corresponding state certificates
and previous professional experience

* The child-care workers of the Forest Kindergarten and their qualification

* Warrant of a completed first aid training of employees (and lifeguard swimming badge if the nursery

is operating next to the seashore or inshore waters)

* Police clearance certificate for all employees

In individual cases, additional conditions can be made by the responsible supervisory authority (Kripke
& Marcic 2012:8). The sheer length of this listing shows the complexity of legal matters involved when
establishing Forest Kindergartens. For this reason, careful preparation of such documents is absolutely
necessary. It’s always advisable to make contacts early, especially with forestry authorities, as a well-selected,
safe, easily accessible, and fascinating natural area forms the basis for operating Forest Kindergartens

successfully.

b. Dealing with parents

Once regulatory obligations are met, the Forest Kindergarten will be approved by local authorities with an
operating permit (Betriebserlaubnis). However, things are not done yet. Daily operation in the forest, involved
activities, and its preparation need additional help by the parents, compared to running a regular nursery.

First, all parents should know and understand what kind of clothes, shoes, lunch boxes and drinks are
required according to each season that their children will spend outdoors. And they should prepare these
things accordingly. Nothing is worse than a poorly equipped child in the forest (for example, cheap raincoats
that drench after ten minutes of heavy rain or chilled drinks and thin clothes on a cold winter day).

Second, it’s necessary to clarify where to bring and pick up the children. In case of “Waldgruppe in
Quickelbii”, there was a shuttle bus, starting from the regular nursery to the Forest Kindergarten area, about
two kilometres away, and bringing those children back that will have lunch in the regular nursery and stay
there until 14:00. Children that return at 12:00 and have lunch at home had to be picked up by their mother

or father at a nearby parking place on the edge of the forest.

c. Possible dangers in the forest

Sudden change of weather

In the event of a sudden storm, the group must be able to seek a shelter (often an appropriately configured
old construction trailer). This is particularly true for severe thunderstorms. For emergency, educational staff

should be equipped with mobile phones so that they can make phone calls from any location of the area.

Hunting

In Germany, by national and federal state law, any forest or grassland area outside municipalities
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belongs to a hunting district!”. Hunting is exercised by the landowner or a hunter commissioned by him.
To avoid any danger or collisions, it is advisable that the head of the Forest Kindergarten seeks contact
with the responsible hunter before the kindergarten operation starts. Apart from that, it is a good idea to
invite the hunter and let him explain about wildlife in the forest. To the children, such lessons can become
unforgettable memories, as hunters often bring stuffed animals, such as weasels, foxes, or falcons, and tell

real stories about what happened to them in the deep woods.

Forestry work and timber transport

According to federal law, for safety, is it forbidden to enter forest areas where wood is actually logged,
processed or transported. This is in particular true for Forest Kindergarten groups, because children may
not be able to recognize dangers. Thus it is vital to keep in touch with the responsible forester in order to be

informed about upcoming forestry work.

Danger of infection (illnesses)

In German forests, the risk of bacteria and virus infection is comparatively low. However, there are some

dangers that should be taken seriously:

* Canine madness (rabies) is a serious virus infection and mortal disease that leads to a meningitis and
finally to death due to respiratory paralysis and cardiac arrest. It can be transmitted by wild stray
dogs, foxes and bats. Luckily, since 2008, Germany seems to be rabies-free!®. Yet, it is advisable to
remain cautious, especially in the case of bats; so we should never touch vibrant, flightless or dead
bats!

* Tetanus is a heavy life-threatening bacterial infection. These bacteria live in the soil, rotten wood
or in human and animals’ feces. A vaccination of children and adults is a common measure, and
it is particularly urgent if we stay in the forest. Parents should be explicitly noted about this risk in
advance.

* Ticks are spider-like insects that rest on branches, shrubs and long grasses. Without that one notices
it, they are stripped off in passing. Ticks can transmit two dangerous diseases:

1. The Lyme disease (or Lyme borreliosis), which is triggered by bacteria. In case of an infection,
treatment with antibiotics is effective in the early stages of the disease, while in the late stages effects
remain often limited. It is therefore important that the parents scan their children’s nude body for

ticks carefully, each day after having been in the forest!"®

(14) Federal Hunting Act of 1952,amended in 1976, lastly changed in 2015 (Bundesjagdgesetz) and corresponding
regional hunting acts of the 16 German Federal States.

(15) In September 2008, Germany - as well as other Western and Central European states — has been officially
declared rabies-free by the World Organization for Animal Health (http://www.oie.int/)

(16) Sometimes ticks can be very small. They also like to crawl in moist body cavities and bite firmly there, and
then, they are difficult to find. My daughter once had a small tick in the navel and another time even in the

labia of the vagina. Therefore, careful monitoring by the parents is essential.

58



2. The tick-borne encephalitis (TBE),
which is triggered by virus. It can
be mortal in the worst case. In
vulnerable areas, a vaccination is

possible and recommended.

Danger by other animals

Theoretically, there might be a danger

by wild boars in the forest, but we have

never heard of such an incident because

Figure 5 German warning sign for ticks (Zecken)
. RIYDIZDBEEY A >
Another recent concern is the wolf, Source: http://www.mybordercollie.de

because this predator is back in Germany

the boars are most active in the twilight.

since over ten years, and now spreads increasingly across the country, especially in larger forest areas. While
still unlikely, it is at least possible now that a wolf might appear in a rural kindergarten forest. However,
the wolf is a shy animal, which usually doesn’t attack human beings, and worries of some parents are
scientifically baseless"”.

A real but minor risk exists by wasps, hornets and wild bees. Admittedly, insect stitches of wasps and
bees can be rather painful, but they are dangerous only in case of an allergy to the venom®.

Given the challenges and risks described above, one or the other might believe that sending a child into
Forest Kindergartens is quite dangerous. However, with appropriate care and prudence by the educators,
these risks can be minimized. As always, knowledge and prevention are the keys to security. This is also

true for Forest Kindergarten management.

2) Potential Social Benefits of Forest Kindergartens in Germany

In the previous chapter “2). Educational Goals” we already mentioned various concrete benefits for
children attending a Forest Kindergarten, in particular promotion of sensory perception, creativity, physical
exercise, and social competence, among others.

Finally, we will we take a look at the broader potential social benefits of Forest Kindergartens.

The first potential social benefit refers to daily life circumstances. We recognize that in the recent three

decades, a children’s world has changed more than ever before. Roland Georges, a professor for preschool

(17) Such fears arise from the subconscious due to vicious wolfs appearing in German legends and fairy tales. So
far, direct losses by wolf attacks have been reported only for livestock (mainly sheep and goat, rarely cow or
horse). This has led to confrontation between ecologists and farmers. Nevertheless, the wolf is still strictly
protected by the German Federal Nature Conservation Act (Bundesnaturschutzgesetz) of 2009.

(18) The Forest Kindergartens group “Waldgruppe in Quickelbii” once experienced an attack by wasps after a
child accidentally kicked into their underground nest. But because it was already autumn, the children wore

long clothes, which protected them. They got away with only a few stitches and a bit of tears.
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education, discusses this situation with regard to the pedagogical potential of Forest Kindergartens. Today,
for the vast majority of children in high-developed countries, whether in the United States, Germany, or
Japan, it’s true to say that:

* they reside in closed spaces for the most time (in school or at home)

 watch a lot of television (with partly questionable content)

* increasingly experience reality by media (instead of their own senses)

* use electronical devices, computers, smartphones

* play with perfect toys (that stimulate little creativity)

* play and learn in educational guided situations

* drive with their parents in a car instead of walking or cycling outside
This all promotes various behavioral problems, such as pent-up aggression, a lack of concentration, and
hyperactivity (Georges 2010). And in school, an increasing number of children are maladjusted. As a result,
burn-out of many teachers is a serious concern.

Given these circumstances, it is obvious that the Forest Kindergarten has to offer outstanding qualities
that have become rare in modern life. The combination of physical movement in a changing terrain, creativity
by inventing own games in the woods, and cooperation among children in challenging situations leads to
better physical ability and body awareness, self-confidence, phantasy, and readiness to help others.

The second social potential benefit refers to public health. The fresh air and the rich visual green provided
by trees has positive effects on both physical and mental conditions. Research on the health effects of various
green spaces, including forests, has shown that trees reduce people’s stress, mitigate urban noise, enhance
leisure activities and support an identity of place (O’Brian 2005). Another study of Kaplan and Austin in
the US State of Michigan proofs that the existence of a forest on the urban fringe contributes much to the
emotional satisfaction of local residents (Kaplan & Austin 2004).

In addition, recent medical research in Japan about the direct health effect of forest therapy has shown
that staying in a forest for more than three subsequence days raised the immune defence of participants
considerably [Li 2010].

What we have known for a long time, is now confirmed scientifically: staying in green spaces and in
particular in the forest is healthy.

The third social potential benefit refers to environmental education. We only love what we know. As Maria

Montessori said, we cannot learn about nature only from books. We have to experience it first-hand. Such
an experience includes knowledge, thinking and feelings; definitely, it goes deeper than classroom studies.
Surrounded by the vitality and beauty of nature, many of us are touched by heart.

One aspect of how human beings experience life — and nature as a part of it — is linked to what we call
“atmosphere”. Usually, we are unaware about it, and it is hard to prove but real. For instance, everyone with
an open mind can feel different atmospheres at diverse natural places. A rocky coastline with the blue sea has
a different effect on our inner being than a deep green forest or a wide grassland area. Atmosphere is a key to
our memory, and places with a special or enhancing atmosphere have the power to attract us [Béhme 1995].

It is still controversial, but we claim that nature is not just physical objects, but enlivened, and may even
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have feelings (Weber 2008). Science is just beginning to discover this"”. The academic dispute will continue.
However, our children need nature, here and now, and the Forest Kindergarten is an excellent opportunity

of experiencing it.

3) Implications for Emerging “Mori no Yochien (% ® & 9 £ 2 A) "in Japan

Recently, there has been a rapid increase of Forest Kindergartens, or “Mori no Yochien” in Japan as well.
According to “Mori no Yochien (FHo X 9 H 2 A) ” national network which was formed in 2005, “Mori
no Yochien (F#D & 9 £ 2 A) 7 isa generic term to include nurseries and infant/toddler educations which
locate experiences of nature as their core activities. According to their website, there are some hundreds of
member organizations joining the network all over Japan [Mori no Yochien National Network].

Moreover, although it says “Mori”, it includes all kinds of natural experience fields such as ocean, river,
Satoyama, agricultural lands, city parks, etc., and “Yochien” includes nurseries, child cares, voluntary
nurseries, nature schools, Kosodate Hiroba, etc. in addition to formal kindergartens, and it means
educational activities conducted there for nature experiences targeting infants/toddlers of 0-7 years old
[Mori no Yochien National Network].

According to the network, “Mori no Yochien” is categorized into 4 different forms; (1) Accredited
Kindergartens/Accredited Nurseries, (2) Voluntary Nurseries/Joint Nurseries/Nursery Circles/Kosodate
Hiroba, (3) Infant Education by unaccredited Nurseries/NPOs, (4) Nature schools, Nature Experience
Activity Organization, Social Education Facilities, and styles or forms of their nature experience activities
vary greatly. Those who are involved with “Moro no Yochien” also are quite diverse; they include
kindergarten teachers, nursery teachers, daycare supervisors, voluntary nursery supervisors, nature
experience supervisors, outdoor activity supervisors, parents who wish infant education in nature [Mori
no Yochien National Network].

Since there are many organizations which started “Mori no Yochien” after observing Scandinavian
countries’ and German examples, educational spirits and policies are similar to these predecessors. And,
as defined by the network, not limited to forests, a variety of outdoor activities are included in their field
activities, such as agricultural fields and Japanese cultural heritage of Satoyama. For example, Mori no
Yochien “Marutanbou” located in a mountain village of Chizu Town, has nine forests as their field activities
in the morning, and a traditional farm house for free time after 2:00 pm, and they include farming, cooking,
and traditional cultural activities [Marutanbou]. Also, as is mentioned at the network’ website, “Mori no
Yochien” includes non-regular casual activities of nature educations conducted by various organizations.

However, nurseries which incorporate outdoor plays themselves have not been particularly new in

Japan. It is considered common that even normal nurseries (Yochien) incorporate outdoor plays to some

(19) Peter Wohlleben, a professional forester in Germany, has posted current bestsellers that deal with this topic.
His writings are based on both science and personal observation. One book is about the hidden life of trees
and has been just translated into English [Wohlleben 2016a]. The other is about the inner life of animals
[Wohlleben 2016b].



extent. Figure 6 shows such an example. The differences of these with newly emerged Mori no Yochien

are their significantly lesser focus on the natural environment compared with the latter. Example of

Figure 6 provides various playing facilities to take advantage of a woodland space, but does not aim to

conduct nature study in the forest. As long as outdoor educational curricula can be incorporated, such

a case can be changed into Mori no Yochien rather easily. Accordingly, there are many potential Mori no

Yochien. Recently, several prefectures including Nagano, Tottori and Aichi Prefecture, started subsidizing

“Mori no Yochien” [Rinsei News.2016], and this trend itself is welcome. However, it should be kept in

mind that the emergence of “Mori no Yochien” is a social phenomenon which has arisen in concert with a

transformation to an urban, industrialized society
and an increasing sense of decreasing contacts
with nature. The losing contacts with nature and
their effects on children have been actively argued
in North America represented by a term of “Nature
Deficit Disorder (NDD)” [Louv 2005], [4£H 2013].
If the loss of nature contacts truly brings out NDD
is to be debated [£&H 2016], we believe contacts
with nature during infants/toddlers period are
indispensable for their sound development, and it
is too late when they are grown up.

Considering above points, we believe following
aspects should be kept in mind in promoting “Mori

no Yochien” in Japan.

Figure 6: An example of normal Yochien observed in
Tokyo. This is not Mori no Yochien, but it establishes
playing facilities under forested land and uses the area
as a playing ground, but apparently not aims to learn
about forest environment. (Photo: Shibata)

a. “Mori no Yochien” emerged from decreasing contacts with nature with an emergence of “Nature

Famine Society®””

“Mori no Yochien” in its broadest term includes all outdoor education activities for infants/toddlers,

and ideally, this should be available and to be conducted in our daily life easily. When we look back on
the situation of Japan of 50 years ago, we used to live in a more rural and agricultural society, and most
people remember playing outdoors climbing trees, or catching fish and insects in their childhood. This
cannot be possible now if you live in an urban environment surrounded by concrete, sky scrapers and
internet instrument. We define such a society where outdoor-based plays or environmental education
for kids and youngsters are not easily available or incorporated into daily education activities as were

20)»

done half a century ago as “Nature Famine Society?®”. This could be really dangerous that more and

(20) Shibata described the term of “Nature Famine” as a Japanese term of “[H & f1 > referring and contrasting

with the term of “Timber Famine” which dominated early 20" century foresters’ paradigm, and asserted
that “Nature Famine” should be their new paradigm by taking over the concept in sustainable, ecosystem

management era of 21% century [42H 2006].
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more children grow up in concrete buildings without contact with nature, and its consequences and
effects are yet to be known, but can be a significant barrier in building a nature harmonized, sustainable
society. We believe “Mori no Yochien” in its broad term as defined by the national network; namely daily
environmental education activities for infants/toddlers, is indispensable for their personality formation

and building a sustainable society.

b. “Mori no Yochien” should be available everywhere

However, if you live in a suburb of Tokyo, you can still find a place surrounded by Satoyama and
observe nature. And, even in a small city park, you can still observe some limited natural plants and
insects (many exotics or invaded species though). Considering contacts with nature during infants/
toddlers time are essential for healthy development of humanity, ideally, “Mori no Yochien” including
parents’ activities should be readily available for everyone at any place. We point out the importance
of this type of “Anytime/Itsudemo Mori no Yochien” or “Mori no Oyako”. In addition to establishing
institutions, we believe it is important to promote and support this type of daily household education

(“Mori no Oyako”) as much as possible.

c. Building a nature harmonized town is a key

If you live in a house where you can walk to a secondary forest shortly and regularly observe
changing natural world such as wild animals, insects, flowers and plants with four seasons, parents
including fathers can easily find time to conduct “Mori no Oyako” and “Anytime/Itsudemo Mori no

Yochien”. For this purpose, building a nature harmonized town is a key.

d. Work life balance for “Itsudemo Mori no Yochien” or “Mori no Oyako”
Parents with infants/toddlers are usually extremely busy, and particularly many fathers stay at the
office from early morning to late at night. Promoting better work life balances by adoption more home

workings, nursery leaves, etc. should certainly increase the opportunities of “Mori no Oyako”.

e. Timing should not be limited during infants/toddlers period

Timing of outdoor education should not be limited during infants/toddlers’ time.

It should be continued during primary schools, junior high schools, and so on with suitable
curricula in accordance with their development levels.

Appropriate opportunities and curricula should be made available after this period. This can be said

also for household education. “Mori no Oyako” should be continued after primary schools.

f. Social Benefits of “Mori no Yochien”
This is a debatable topic, and no easy concrete conclusion can be made without well prepared
research. Here we just introduce one positive example of Shibata [42H 2006]. He invited national forest

monitors to a native forest observation event, and among them there was a primary school boy taken
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by his mother, and his participation of the tour changed his attitude greatly. Before his participation,
he was very reluctant to write anything, but to his parents’ surprise, upon his return, he started to write
voluntarily what he saw in the forest, and whenever he saw a similar forest scene aftarwards in the TV,
he always revived his memory and told that it was such an interesting experience. By now, the child

should have grown up in his 20’, but the follow-up interview has yet to be conducted.

g. Importance of Quality Control and Risk Minimization

In German cases, strict quality control of the education and a series of strategies for minimizing
risks are conducted, and they are equally important in Japan. In Japan, apart from Germany, it has a
wetter and hotter climate, and generally has more biodiversity, more forest floor vegetation, and a few
dangerous animals and plants. Accordingly, thorough check-ups of the outdoor education fields are
important, and supervisors ideally should be a person with a good knowledge of nature and first-aids

such as forest instructor. Major risks in wildlands in Japan include:

1. Sudden change of the weather, such as thunder storms, or natural disasters such as a strong earthquake
or tsunami.

2. Dangerous animals (bears, wild boars, poisonous snakes, bees, centipede, ticks, etc.).

3. Unpleasant creatures (horseflies, mosquitos, leeches, etc.).

4. Poisonous plants (ivies, poisonous mushrooms, etc.).

In case of Chizu’s case, they avoid to select a field of Mamushi (poisonous snake) habitat [Marutanbou],
and this kind of risk minimization activities are important. It should be noted that there are more fatal
bee attacks compared with fatal bear attacks in Japan®. Also, recent cases of fatal tick attacks should be
appropriately warned by sign boards as it is recently done in Germany. In addition, good coordination is
needed with hunting and forest management activities, and parents’ close care with the infants’ clothes and
foot wears, etc. is very important.

In conclusion, there are many aspects to be learned and shared from the German experience of Forest
Kindergardens for Mori no Yochien, since nurseries which incorporate substantial outdoor -oriented
activities are comparatively new in Japan. With the increase of number of such institutions, however, quality
control will be more important, including the maintenance of safety and curricula. In this sense, certification
of such institutions is a one way to provide selection criteria for their customers.

Lastly, paradoxically, but an important observation is that booming of Mori no Yochien reflects

the increasing losses of daily nature contacts in Japan as well. In other words, it can be said that Forest

(21) Annual death toll due to bee attacks (mostly due to anaphylaxis shocks) of recent five years are estimated
to be around 20 [T A X X /¥F], while total number of fatal bear attacks for the recent 27 years is 27
[WWF]. In addition, SFTS virus deaths carried by ticks are estimated to be 21 out of affected cases of 53

people so far [Jyohosokuho.com].
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Kindergartens became popular with an emergence of “Nature Famine Society” where outdoor-based plays
or environmental education for kids and youngsters are not easily available or incorporated into daily
education activities as were done half a century ago.

If we should successfully recover or restore our inhabiting towns and cities into those with richer
natural environment, infants/toddlers can grow-up with more regular contacts with nature so as the current
senior generations did. Hence, eventually, we need to build a society which does not require a special
institution like Mori no Yochien, but such an institution will play an important role until outdoor-based
environmental education can be easily and routinely incorporated into daily education activities; particularly
those conducted by parents. Forest Kindergardens or Mori no Yochien will continue to play an important

role for the current generation or the future society as long as “Nature Famine Society” prevails.
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The Causal Relationship between Environmental Management and Corporate Profits:
Reviewing Historical Events and Research Discussions and Addressing an Inherent
Paradox in the Linkage between Environmental Management and Corporate Profits

Masafumi Takechi, Masachika Suzuki

Abstract

The causal relationship between environmental management and corporate profits is one of critical topics
that have been discussed by scholars in business management for many years. If there is a strong evidence
indicating that proactive environmental management leads to the increase of corporate profits, it becomes a
rational for firms to establish progressive environmental strategy and invest into environmental management
activities. The relationship between environmental management and corporate profits, however, has not been
well established yet in the study of business management. As a result, many firms still recognize the business
units coping with environmental management and Corporate Social Responsibility (CSR) issues, as the cost

center, and therefore, their environmental and CSR operations do not go beyond the philanthropic activities.

The objectives of this article have twofold. The first objective is to illustrate the historical events and
academic discussions on the link between environmental management and the return to the firms through
their environmental activities and operations. The second objective is to examine the causal relationship
from a perspective of external stakeholders’ influence on the linkage between environmental performance
and financial performance. As the value chains of the firms have been increasingly globalized in recent
years, firms are increasingly required to disclose and share their value propositions with a wide variety of
stakeholders in diverse political, economic, cultural and linguistic backgrounds in order to positively link
environmental management with corporate profits. This article further indicates an inherent paradox that
is, when a positive relationship between environmental management and corporate profits is established
stronger, environmental innovations causing disruptive changes to incumbent industrial structures may

possibly stagnate.
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BHPEKICRD r—ADH DI ERFAE ., CORBPIANF— BREESCEDE T AT
DOMBORFELAHMERE T LAV F—ORBEE IO Lol ) REP—KNTH %,
Fo, TANF—RENEREIHE L T 503, AT ABOMMOBEADP LR FHHT O L
AINF—HDOT =V 7 AANDOHIFII OGN L V) Bz b 2L )k oTET,

Z O &9 12k L WS RN R OZALSH LVl - F—E XD /) R—=2 3 Vx5l &
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BIFTEVIERFITEELTE R =7 — iG] BEFTIETAT 1 77 —BIRR] LIFEh
bo R—% —I1%, [HEYNIEEE S NSRBI HEM T 2R L. BRI BT 25%128
WTRENEVEB D (First mover advantage) DR AU T 2] L5T 4. N—F —27954E 1|2
FERLUTIET T ¥ ¥ ORI ER L IHD ., BHERDP SEFHER T TR — & — 5% Ff)
J5 EBONZHBANFIESINTCNDE, R—F — ARG L Tk, REHDOMFEIZHR 4 2 RTZEE A
Mbo>Twa0%, BIEL B OEEZBA TWawnEw) Bh% v,

1.2 1990 FX— 2000 ERATH © 7 AO—/NILERIEFEA DI & EMERFORIEFEND
M5

90 R DMZEDERBEME DI M A E % 5 2 72— F R E 2 HERFIT 1992 F DI I v
M EREEHBICHATIEERHE) Thb, CORXRIEREINL) FTESOE-ART [T
DV vyl BRRET L L. [RBEEBHHEN] & THEMSHREEN] ICERT R ERE
BERER L 72 COEIZRDEARIIBOTIHFEABICHEEZ LITL T2 RRAHRCKE
HHREEIZE—27 7o b L, &% L BREMEOBRIZHIBMEO M GERED S X ) #iIK L <V OfR
BIZTYT7 ML Twolz, 72, 80T TIIRRGHRKBEH % EMEPEAENTH o 720
WX LTy 904F 12 7% B & ASE I [ ERIRBRALRIRE ] 2 [Fpfe vl selk ] 22 & —kAl - figfb sz
RBRENORIEATRO 5L L) ko Twvo iz,

B E D CHBBERED T — IV % LAV7p b 70— 7 LAOVIERS 2 L 4RI, @31
BHMEANOMEZBLAT =7 BNV —IZbREREADVPALONDL L) 1% Do R, T—7
NVRBRIEICED 5 AT — 7 RV F — L I3 REE I ERERE 2T 2 AR L 2o 2 A
45 NGOs. KU, BREHH 2 EETL2BUFSHLTH o7z, —H. 90FRIT% 2 & E&mER
PEEOBREMBEIC RIZTEEMNERERTL L9100 5, SERMEROTTHERT, &K, 7
B, EEREME SO BBIER 2 CEBERBIIH A TH L0, TNENOEBIEE & REHE
EOMD ) HEREIND L) I o TE,

L2 LR BREMEEY GOEMEE OMDb D IZ0ERIHEE -2 L TR, KE
REMBWTT VT VG Fy o7 v rREE, REGEE NEENICX2EM. Bk
e EIZBG LTV A REERRERNR2OHER L2 WIRER MR L L [HEmEERE] 13
100 F L VA D B0 2O DIEDHEHRDEEIZL W TIE, HEROMHEEIZED LW
WENOTEZHEET 5 2 & % HIY & L 72 [ Negative Screening | &\ ) FESETH 72, FFIZ,
KERA F) A% EFICRKBORREET I ) GREIZE > T, K2R EEZIY kD
EV )RR, AW RBES S RE LN EERIEESRP LI T L2V EVIEEDND
") . Negative Screening (I H X TdH > 72,

—77. 0 EMIRANT 4 B L BRIFEMIEICRAER ICHD FLA TV B R BB - ¥y —E X
DEFEICTI 7 AN TV A EZEITFEBIYIHE L & 9 & 3 5 [Positive Screening | D& & & 1T & 72,
Positive Screening D54, K DOEEENOIY MAD T > 7 1T - AT 24TV, 737+ —
NV ADEN T L REIHBIHEZIT 2 )0 SOHE. BEMED /T + —< » A12HE
NTWDLEEEIMBNRNNT =<V ABEN TV LR T EEZLIHERRLMIELELHTE
72 HRTHRFOFFEALHSMAKERICINTCIZa 7 7 ¥ FIPBEES L, KOS
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INT A=<V AEMBNNT =< ADOMDOIEDOHABBREERTLHERP L L F oML TE
720 WHRHE OB TS 90 FREF LI, REDBRE/ST7 + =< Y AL MHNNT + =< Y ZAORE
BILRICBES 2k 2 2 FEREFZE AT e b N C & 1278, EFEGIT ORI FERL MR E T
LEFRCHE L EICL o TRECELoTED, BIEILBWTHERBE X7+ -~y A LHFE/S
7+ —< Y ADOEIZIRER HEBBS RWZE TS EIEEVEEV, FAREMRE RS
BETH, JVERENT7 4 = Y ABL BT 5 =3 AZFERILTWE D, #iZE
W T = UV ARIVERERT 4+ =< U A RBERI LT EO»REERSIZo &) b
PHRVEV)FELEIN TS,

O L) IZHEREIZB W TSN 2 BIR R E P REOPIRII O RS L) EiEFE R
THTIREVDS, SRCERPBREMEANOBEG 2 SO IR0 L E oz LI AL LT2H
ZAF 7o 1D RHGEEEONHBEHD 1D TH o2 [FHA N AL TH D, T A I =
A 25020 (EB) BEE &G | (Emissions Trading)\ 7 1) — VB3 A 51 = X 2 (Clean Development
Mechanism) . 3 5HE (Joint Implementation) 3 D DHIEEMN HHLY 3o T 7ze T D3 DD
A S PR 7 H AR 8 S & TR E & T CE R H 172 1990 4R T 6% DI Z R R A A
DHIFIZH 7 ¥ M5 L) HHATH 57275, HATIZEBEBRIZB W TRER R T A OPEH
MEWE] ., S8, A 2 b, AL BACERE ROICHE R A F /23R S 2 A 8 & AN
I o720 FEHEDOIB BV CIFEERE 2 Th B s fitt 2 Eo&RIZER L b
D, HEHEOHG 254 BERICBVTE Y A ADAAL Y A M) —2D—IZ % AL & -
720 BIEIZBW TN AEICBWCHEBEH P D AN Z XL E &) EEE 5T
Wiz, PEEEZ G T 2B X I3EHE L TV b,

SRERPEREEMENOM G 2RO L E oL o2 B L TRBMOTaY 2 77
A F Y ABITAERBEHEMEDO T A 54 VDR ETH B, FLFORMAREREESZEAL
72 KB ORZE DO W TIL70ER 0 5 80D A ¥ FDOF IV~ ¥ 5 A DA & BREZEM %
FEWT LB EHRE o> T 72h, R RSREEPEEST 570 27 774 F X AZBT
LB SEEDO T A ¥ T4 » & LCHREIEA] (Equator Principles) £52003 4F 123758 S 11720 2000
FELRE, HROKFHRITIE 70D 27 b7 7 A F Y A%2@ELAEE7O0Y 2 7 MAOBEHEY 2
B ST B HAREE R & AR L BB S BN O E & BlE 12 B W THRE L T b,

1.3 2000 FXEE IR | RIBEERED SMOHEMEBEADLEY Y ETO—NILHT TS
F I — DG

PiEy 1970 2 5 3% 8 < 2 BREEITE & RSO RIG % fER ICHE B L T & 7225, 2000 4F-LL
B, BREMIEIIRE ZHAMEO—HE LTRA OGNS L)1k oTE, 90 FEREFIZE L
DEFEIIEREME L) O FIHEZ (R, 25 [CSRER] ~EH L 720 Filk L7z —
IN— FREDR— % — T Creating Shared Values (CSVs) &\ FFEZ R L. HEHEREERIC
Lo TifEDH 5 [HEapyMifE] & PERER 2z TG L7z [E D4 AR ZAfE] omi); & J281
FTLEIVARAETIVOBRERE L. L LBFEICB VTS I1272 LT [Doing well (financially)
by doing good (in society) | &\ FETEH I NS L9 ICEREEA F 7213 AT O E DA
EHEPERNZD %D OIS HTld %o Nestle #1 & 458 & 372 AL, i@ EaT R
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D CSVs &) AT —H DT IZHRHE T BE R BER A5 % 58 L. Microsoft #1: 1 [ Unlimited
Potential | &\29) 20— ¥ TRILRDOEE &L ) HEMEEZ B IHEEST 2500, B¥ELHK
IZBWT CSRICEHET 2EHBIIVWEL IR MY — L) BT S Tw Ry,
BEEANO B EEO B FEIE SN, MHD, R¥EEE Lo A P EB#BRINLOTH
WE, MBRDORCEENBBEREIC AT 1 vty 74 7D R R b EBRIC
REREICHT 2N A TT) ¥ 7 CRHHREO R WEED LT v F 2 7 S A
A IR % SBRE 4% O KM L PO S 2 T MAATEA TV 2 IRIAH
2o LML GHLBEMIIERENHEE T 2EREMEIIZEN, HEHTH), ZOETOIHH
REBAAT) VT TRZOENT LI TlE RV, B¥IIZFOFERBIKE e NIER LI
L. ZOHELNH D AR BT AR (Externality) b KEREETH S, 720 WORGNIE S
IO =NV TITabND L)1), BEOMTIZZa— NVt 774 F 2 — %l
L7285 - HRREADOREZ T2 b 2w EREEITENN T D L) BEDPIES) 205 %,
WGBS 0 — AT 2 0Ty REEB OB & % 2 DEsERER, b, &%, Baan
BEORL DA BINBAT =7 RNV T —=DoDOEERZ L L) I hoTBY ., BE/NT 4 —
TUADETBRINIAT — 7 RV T —IZROSNRITIUETH B/ ST + =<V AZE2 %D 5%
Vo BRERE & RIS KR BRIE M & O— BT OITEN Tl Y A B
M & LBERRIDRICOWTRELINLAT -7 ANV —DM Ty AR EINTITL
DTHILT Bo WHITIZ, BEOBRE ST 5 —< V ADMB/N7 + —< ¥ AW ¥ 5 BETH
AT =7 RNV E —=HG2 HHBIOWTHIZESRE S 5 L0, BERE & DR O BRI
WIS 2785 Ky 7 21220 Tiw L b,

2 BENIA—IVRERBENTA—I YV AOBEFEMICHETB/INSRYIR

21 RETZ/INT Ry IR &R

QBT+ —< AL MHET 5 — < ADORBEBIRICET ARk RIIE N T D &8
HY. MHEOREBRIZOVTHHELRABEPITER I NS IZIEE> TRy, ZOHERE L T4
DWRICBWTERE /ST + =<V A EMB/INT + —< 2 ADERPBIRDELAETDH B 720127
G CTHWO N FAEE LR L ZiEcbzh . R ETIE. EELr 5 —. I
W, EARGA X EPRBELZENBTFONL, SO0, BRENT =<V ALMHNT o+ —
~ Y ZAORRBRE HET SRR ORI L GET SRR OREZ Al LB L Cb AR %
Mz BT LI TER Y, LELAEDS, HAOWZEITEA EAT> TE/2Z LT, #@ED
WIe & e L CREMINICIRIT S 2 T THH X5 7F ) Y A% T, oED 7 +1) 7 1
HCONTOEREREME VAT T A v 7 IZHR L7 A CERNICERE X7 + —< Y ALY
W37 3 —< Y ZORREFRE Y 7 0y R HIREES 5 2 L 2SI HEIC % © TV %, Endrikat et al.
(2014) IFBIE N T 4+ —< VA EMHNT + —< > AORBEMREWRE L TV B BEDOIIEE A ¥
TF) AR RCTHN L. WEOMIC—EDORREBRIGFEET 5 2 &2 FKik L7225, 20k
TEZDOWTIE, BENRN T+ =< VADPMHNT 4+ —< v ATEEE 5 2 5 REBBRZT TR M
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TOREBEROGIEDHRL TBY . WEOBBROBHM S, B SHPWO TRES N TV A,

BT =< VADPMBNRT =~ VAREORE G250 2 Lid, RERT+—<
YAWZEDOEFEDINY) 2 —F 2 — BV TEEIE L AL L. 2 O8sRMME 2 AT
HDHVFERREL LV THBRFHI B SN DA, b L IIEEERE L L ORI KBS
BIERERT D, LALRDS, BEST7+—< 2 212E, HHIAVEF—RHEO L5 128
A &) T2 T H ORI SEIME 2 AT b 0 b duE, M EM R oS &
e FREEHEREBIC X D EH SN ABREREA I T ) 7 (B LTy x 7)) oiEL v
EEMMEICERE L 200 dH )., BEIIOWTIZZOEHMMEIEAL SN BRICE
WCHNBA T — 7 RNV T =D ELCEGT 5, BIZIE, BRERA 7)) ¥ ZUEd Rl LA OF R &
% HAINIMAFKE RV E I O 27D, HEELEET LEICETEA T ) ¥ 7 2 METH
HIZAN T 2 UL E OREBRIEBL Lo LA LBRABINRA T — 7 RV 5 — O BHE
WZxH S BRI L AITE, EEX 7Y —HL0IEHRICE > TRERLZZEEIR LW ETI]
. TDRD, BENT =<V ALWMBNT 3 —< v AOKFEBRIZE T 5B OBk R
WNTOEDPHTWDE I ELHRRI L TH D, 5. B¥ELINETAT — 7 RV 5 — OB
29 BELY) MAREHI DS 7 O — N VAL STV D TH UL, BT+ —~< AL
W87 =~ Y AOHEEBRAEBEEETLb0L R, SIS X7+ —< VA LEOA
YRV T A TEREZDH, —HT, BEEREOREMITAEE Y AT AOREICHIE L, fRE
LCEHEN LB / N—Y a VR ERSEL0ERLD ) BRENS T+ —< 0 X EWHS
T d =< Y ADBRMEIZIZ T Ky 2 AHAFEL T b,

22 HABWXTF—U7HRIVE—ICLBEDHNEM (Externality) DT

BEOBRENT =<y ALMBNT =< Y AT AR FEL L TCFFaI - ) v —
A+ R— AW (Hart, 1995) 24 ¥ b w )V X ¥ F )V « A7 — 27k )V ¥ — B (e.g. Donaldson et al,
1995, Jones, 1995) 7 & QMG AT N T, WERX 7+ -~V R EWMBXT7 5 —~< 2 2D
W7 BERYEZMGEST 5 5 DO TH 5 (Endrikat et al, 2014) o LA L72RASS ., FEEFEIZB VT,
BHEOMBH/ST + —< ¥ RIA BHHBA T — 7 RV 5 — (BB EERIEOY 77 1 ¥ —,
HEE, BORHYSE, HERE) OMLATEICEL S, F4DAT =7 RV Y —DOH TR
BB OBEIAM T S, E¥E, BUR. BREREOREL TN A 2REL & 2002 1bT
bo DI, BEINT 4 = Y AEWMBINT 5 =< 2 ATO W TR T & i L 72 SR
GEREDSTEIEL T A DI TIE AR, BREFRICIVREZY), FLBEECHBRICEZR EINS
MHOEEM & & I T A RREEIKAF) (Path dependent) 7 BALRMEAFET 5 LEZ AT LNTE
Bo BEINT F = VADPMBINT + —< Y RAIEOREE LR 52 57201203, BB 2R
HIERAEHN S 7T B TR S N2 S8liE & AT LB D 505, T OBRBEREE S
74 = AHERT HBIRIC BT, REDSRRBIICSRL T & 285 (LT, WHER) &2
9 ThHRWER (BUF, SHBER) 2H 1) . FHBERIZOW TSR 7 — 7 RV & — OREHAKLT
1Y (Path dependent) Z2fTENIZ/AEE S b,

W#%/87 5 —~< v ADOFRIE L L TROE (Return of Equity: HOEARM4LE) 2 ROA (Return on
Assets: FREAFNIEH) 7 EOMENIEE V5% 2 5 L FREESR b — € > 0 qk & oaEhE
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VD EZTNHY . BEIGRIEELY 52 2R T — 7 RV & — L L CULEM R A i
OY 774X — WEE, BORIHLENETFO N, —F, SEMEICEEY 5 2 2R T —
I ERNT —F NS ITHRRIEBE RO 5o Bl 21X, BREEM OB EREA 2 f#H L CEEX
AL CO e REDPREANORE L O EM AR HHT 204200, FEHEALD bFET A
N DSEVABIE AR AR VIR BICYI D B R A 5A. JOEMEO D BRI X R X 04
FEEAEIC BT 5 BB AR ORI ORI A O < 72012id. OFEMEY 77 1 v — 12
& 2 A H R A AR TSR & B FA R B OFE T A MET, OHBEPSOBFEE 75V F
B 102 & 2 BN 22 5RO 2 2 b OBGEAfiS~ORRIR & 76 LT R0, b L IZ@EHF A
5 OB &R BRI C OB & Vo 72 MBH TO 7T ARIES YO FME 2 2~ AT %
M L2 BE DD Do E72. ZOFEMEY) ) RIC X 2 BREEM ORI A R 12 SZEAME O
Bz s 720123, OFRAERPO~QDOFHRIZOWTRIMICEEIG © HE S5 RN
EHWTT 2 LEDD 5o

FOO~O0HFESRIE, SESEEBNICKET LI LOTELRWHHERTH ), 22Nt
WAT =7 RN T — DM Lo BRREORBEL LT L0, INODIEAT — 7 KLy —Iik
B O/ (Externality) 12D THML L 72l dE % 5o TV B DI Tldde v, #1123 LH
AT — 7 R T —HEAOHEME (Externality) 122V CHEOfIERELY RO Z &1L 1) BEE
T A=V REMBNRT =< Y ZAOBBRBEIILVETLEEZ LI ENTE LD, BHEY
W BEON) 2 —F 2= W7 a =L B 5T AT — 27 RV 5 — ORI %
SHSHER, BUR. #BE. LR SHEORL 2B A T — 7 RV F— 253 L B OHED
14 (Externality) (2 DWW COMMifEZE#E % AT 25 2 LI3A S TIE %\, Ghisetti et al. (2014) 25 K A
YV OBGERE R FIAT o 2B A / RX— 2 3 v EPERYEICE T A% T, EEEE o kY
F—RMEOMHEZ R SRLBEA /) N—Y 3 VIR EFICEST 010, AE
WERKA - KB - TiEH L EoA OB (Externality) A S€58REA / X—2 3 Vi
A7 B EIIMICIIIEERO EFICFG L AW EDHRENTEY . 202 L IZADOHERE
(Externality) OHIIKAYEIIRNIIINEA T — 27 RN 5 =25 FH 5 M S e WEI 2 H 5 2 &
EIRIEL TV,

23 REREDRELERESN / N=- 3>

BN T 3 =< P RAEWMEENNT =<V AP IEORRE AR IR ICE LT
O— NV SNz 7 L — 2T — I PEf SN, R AT -7 R VY — LD TH
DRI (Externality) (22T O¥IWTIEEDSIGEAL S N LED D 2705, —T5, BEfLshiz7
L—bT7 =7 3RFEOEREA / RX=2a NI T HEFRX=—a 2 TIELLEV) T Ry
7 ASHERET Do ISO14001 [ZfEEEN L 7/ O — NV ICHEE(L X N BEY AT AL PV AT A
(LT, EMS) EREDOBEE A / N—2 a VARME L, BT 4 -~ v AR YEHE S &L LI
ENTWA, EBICIEEMS 3B LEE T+ —< Y ADWUFHBICIZE OV Tw i neED
181%7°% % (Frondela et al,, 2008) o EMS ZPIEL 7' 0+ 2 DB LICE S % 4T, SEOBEIE
WX AR AT EDIXSDE S L, G S & 51%%E % 57235 (Freimann et al., 1996;
Konnoli et al,, 2005), 4 / N—3 3 VIZBAFO T 70— F R 2 WAL S BITHH 2 RAIC L
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NEFNELDOTHY ., 4/ X—= 3 v 2ARHET 5720 1AM OITS S & 232 0Tl
. L LAMBMOLEE 22 S 217 E 7% 5 %\ (Van de Ven, 1986; Konnoli et al., 2005) o
AL NZZBREE A D A U Y AT AIREORBEREICH T 2000 MAFEL EH— (L3¢
BITTHRL, L 7O — NI 2YNBA T — 7 RV & — PSR O BER B % 4
AHTHY— e LToORESRL, AOIEM (Externality) (DWW THRFEEILBA T — 7 Kb
=D WHEDWELZRT L EZONLH, —H T, EELINZREY AT ALY MY AT
LD CBREERTEICK 3 2 M) MlAF OB — LI EEOREE A ) X—2 3 Y 2 FH S ¢ 50
HH Do RHFELIEBAT — 7 RN — DIMMEIEE;HENT 5 LIZLVERBE ST+ —< v A
EWMHBINT d =~ Y AOBBREDIERE 2O THIUL, WEOBREDHRE D 2 L ITREA )R-
Ta Y OBENEREREL TS LORFLTE S,

Ulhoi et al. (2000) |3 EMS X EMS & BAIMED B VERBENRL T4 7H 4 70 - THARXA Y M2
CO®MABRT TH—FOEFLEDOOOL, INLORMNT 70— F I REMEOHRMIZD

OREEBELHFL LD L35, . BHEOD (nertia) BTV E EFEL TV, T4b
L. BEREEICBI2ENT 7O —FIIHEEDT A TAY A VRAIMEB A ZE 2 5 2 L. Fir
W - BIER R A/ R=2a YEBMLT L L) X0 b, BFOERBELHERT S 2 & it
ELEEY AT AOREALICHE 2 BT Wb L DOIRBTH D, — iz, BT+ —<
AEWMBINT =< AT BRI FEONY) 2 —F = — VI8 T Lk - R o2 b
(Continuity) ZHi#g & L CEREEAM & PLBREER)E 2 EOmM 2 RERIEOZILIZENA L TOHN
TBYH. N 2—F = — v BEPRARIHFET & 05 B3ER %Al (Discontinuity) (ZFIHE & S
TR\,

BRI ENIC BT ke - WiETI 2L (Continuity) & 13 ERHER OFHE, EIE T OWE,
bLIFZ YR - 47 - 3 TROHE RIS 2 ERLTB D, T& LU TREWRE, T4 )LF—
whE, K EEICESARSYTH NS (Kuisma et al,, 2001; Hertin et al,, 2003; Kénnola et al., 2005) o
—H. BIERMDZEAL (Discontinuity) &, FIZATHEIE X — A —AF V) v HEIEOME S 5 ¥
0. L3Iy ya Y AEEICHEZR L, RREmANBRERE (P Y) »AOEAE—8 — 126
BENDZLICLVHBHEEEON) 2—F 2 — UV PFBESIND L) 2FEREERT S, R
INT F =R VALV BEPHIE, REFER L TV LREREORE, bbb EOAEY
AT ADOREALIZE DAL TE LD, Fhe SBIEN - FHM R A/ R—=2 a Y PLEE SR
TVWLOPIZE T, BEX T+ =<V AOBEREKLEDNHRL 0 TH ) HEEA 0D
REZ Y DODOHDEEIZOWTIL, i - WHERMOZ(L 2 At E T2 =2 2 RERIERLT LA
RN T 4 —~  ATRE TR v,

Hkige - W 0%l (Continuity) & AR DAL (Discontinuity) IZDOWCTENEELHIZE S
EL20MANCED D AT LADONRT T A4 N E LTSN EERE SN RKTFRISHIZLS
KEAFE & hREIHBOES & v b7 —2 (Awerbuch, 2004) 12374 5 BEZER 4 b Hkf
5D THIUL, BIISHOREREE Lk - BTET D2l (Continuity) IZHIEASE 2L, FEHE -
HRERMIZBT 5 AN F RO, EFMHRICBIT AR AV F—FEEOLELT]
& P2 X 2R AHEHRE ORI, H 5 WIRETHIEICBIT S ) A7 EBOREILR &
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HITOBBN Y AT L OREICVEEE/ ST+ —< Y AOWEEZ L b, —F, BAETRERI AL
F-RHEBIUOLTERMOBEMET L I XA METAELZ LICL), FREEEOEN A v +
T—=7 LD BFAETRELIANVT—FELA~Y— M) v FEEHT 2 M558 o/ NIEE T
PV NI =T DEIVENVFEHETELZEN VAT LERLOTHIUE, BHEETIIHERO
24t (Discontinuity) . TR bLEEI T AT A DOFEEN KD S L, BISTDBEAF O KEFEE
RERBIEEAY MT— 7 RHiRE T HEIEE Y AT L ORBAZ X B Mk - #ER o2 L
(Continuity) ##H7-L LTd. ZORELGHIIRE/ ST r—~r AomEE 3z okl %
51259,

24 BBhWIZ

BN T 4 = Y ADPWHNT =< ARG 2 57201203, BB E DRAH W
SEF LTI SN L SEMNE L AR T UEDN D L5, Z OEERIMEDE AR S 5 32 X
AERA T — 7 RV 7 — O L 7B AKAER) (Path dependent) 72 B ELEDHE LY T 5, 3K
EHERA T — 7 RV F = A OISR (Externality) (2 DWW T B OMMifEEEL O LI2X DR
ST A =RV AEMBNT =~V AOBMRHEIE L VRE D L EX LI LATELHS, BEY
WEREDONY 2 —F 2= 0937 a0 —NOUET B B THEBA 7 — 7 )V & — O BRI 72 53 k)
A, REDPIBA T — 7 RV & — L ADOIERE (Externality) (DWW COffifERE#E%2 4452 2
CIIBEH TRV, RELIHRAT — 7 RV Y —OfffEEREEZEL S S L) SIcBWvTid
T H— NS NIZEMS IE— D DR % FETH D . FRICEMEHER O, EE TR
DY, b LIy N 78 TRIOG G I % Tl & 3 % ke - Wi tER 0 241 (Continuity)

4 ) N— g & YRR 7 AR P A 1 % B 72 25 L (Discontinuity) %57 S &%, B
TN T = Y RAEMBNT =~ AOBRMIEEEIINEA T — 7 kv s — L B0
(Externality) |22V COMifEZEEZ HELSED 2 L0 X ViR E 275, (L S N7 BREEREH
L 2 EEE DY EALI SR R B A ) N2 3 VRS EV) T Ky 7 A2 HA L
TWho
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Application of Mathematical Ecological Models
to the Risk Assessment of Chemicals

Yoshinari Tanaka

Abstract

Recent attempts to introduce the approach with mathematical ecological models to the ecological risk
assessment, which is a framework to assess the impact of chemical substances on ecosystems, were outlined.
We introduced analytical methods of population- and community-level models, which have been developed
based on mathematical ecology and estimate ecological impact from limited toxicity information. These
models are expected to increase ecological validity and reality in ecological risk assessment. We examined

the utility of the models in achieving these goals and discussed future issues for improving them.
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{LZMEDYRIMEICHITZHBERZETIVOLHA

FU®IC

BRI BT 5 NEHOEHEZ M L T 220121d, BAREFM L2 ABIEBI O A0RKd S5h
%o BT, ABALFEYEIBAOWETHOEHEEZ > T L EFoTOBFTIE R, AOf
e HARERE RN OB % i/MET 2 EHAEA RO SN T 5, BN ZEMEZ LS &, 72
V) 71 G RE D TSCA. BRI D REACH. HADALERE: 7% EW3#A S . AL E OTIR 2 8 & #1E
L 28 S8 - R 2 RFEEW 3 2 BRI EE S EH ST b,

Lo L, AL E O AR REEFMICE L Tld. AR (i) 25F25NEh, F0UESh
BEMT =BT ED L) BFENFEIEDPHABIOR SN TRV, 2F ), RRETAN
ERMEBELZEDL)IHKEL. TOHBEELERT 57201280 &9 HilBoR & T Tk & A
EbEDLh. ZLDETHIERELOERICHDEE) T ENTE D, AT, ERDERE) 2
O EHEEORR E IR L. FOMRAE R 5 L CHRERFNTRICHFE SIS E, &
IfZE 2 Rl T 2T TEE L2,

LW EDETERNOEE R i3 5 9 2 TORMEMIE, FMoOBREEZMET 27012488
FOREE L BREEO BN Z EOBEFFMIC KL S5 08w e ZO7DICIUEETRE2FE
T—FDEEEPRONET—FF ¥y 72 DL ICWRT D) 2 HICEH SN S,

% L OFEDPTEMM BRI X o THU D W2 BARAERER Tk, (LW E 3BT~ OE
I L CHEDREORE () 22038, REMIITERRERICA X7 V2525 L%
ZHND, EYERERIL, FOBARESARBEN AR (B) b0l &b s b ook
E) THUDWIEWHETKY L> T b L7z T ALEWE OEREY A 7 FF Ml % £ RS
M B CEAEEALT 2356, (LFMEOARBEE L e 0RO EETO L~V TESILT
LHEE . SOIEYWRHED L XVIZBRTT 2K EZ b,

EEEEL RNIVERRY 2 U EHi

HARFCIE, BAEAEWIES 2 HFHOZEH A 7 — U2 B W CEFEAY I B it 2 MO Ek 0 %
ELTHBLTWS, CORBOEMOZ L2 BEHELE D . LFWEHOBTALY~DORE
. ERRROWMLEE TH 5 EWOMEEEOFHZ 1 DR R EE L L CEHi s N5,
RN E TH 5% O&EYMEEIL, REBEEZEZLRVOP—KNTH D, TOMRIE. £
DFEfE L AZHE, B O % ZRE S 5 NOREBEZERHN & (AR o T b, Aol
FEDAFAE & ST dE & L7 ALA B O ) A 7 G-l CId. BRIBRIE N OB AR AT EGHIC & o THL
AL & 72 DN 5 2 & DT & 2R 2B, O F ) MAEEEEINE (723N E R
IEE) RIS 2 W OO FEDFEZE S LT & 72 (Caswell 1996; van Leeuwen et al 1985; DeRoos

1 R 27 ALEME R BRI, JSREORA, B O NS CRLEROLRER~D ) 27 &
FHIlS 28R A 7 D—53F,
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et al 1992; Fernandez-Casalderrey 1993; Forbes et al 2001; Dequesne 2006) o fLFWIE DOAERERB LT D
TEERERINERICRE T 2 2 L ORI, ENSERFWIIRYTH L &) DN, (LFWEO
BREE ICHEMI B H B 2 & R, BERIIIBT A HEAROIMLOEN R E 2 BRETE, £REY)
A7 G BT 5 B 5 A & MR IS AAL T EDSTE B 2 L TH D (Caswell 1996; Stark
and Banken 1999) .

Tanaka and Nakanishi (2000) 1Z. fEMEEEL NV O EREY) R 7 5 i F 128 5 EREFE Y
WA LET L7720, BEBEOFHRITELEZ W UMK A7 & UCEEiT 2 ks EE L (of
Nakamaru et al 2003) o fEAEFEOMBIL, AL EOBIEEL ZRE L % S EEA T R AN 3
LHERZTHY ., HOMBEY) A7 L LBz H L7012, AR A7 FHIOR S AR R IEEO—>
&%z 5% (Suter 1993; Forbes and Calow 1999) .

RO ) A 71, BERREINES & OREINE ) RBEORE BT L2 EKED =
BfiE) 7 & OMEERE ST 2 — 5 LREEOBBBARY S 5 2 LA STV 5 (Lande 1993; Foley
1994) o Tanaka and Nakanishi (2000) 1. $FIZfLAWE O & 21T 2§ W EEFER I (WA
PRYEINER) 12 H L, ALFEWEIC X 2N BRI ORIE 2 5 EARE: O FIgHE R (MET,
mean extinction time) DA & L CHEIR) A 7 25§ 5 HiE 2R L7z, BEAERE T, 4
AR ROl R LRSS, (it E TOATFER) &bl ETFBM, (2B 285 72 ) P15
No. WOA A F— -1 b A HBRRNZHENICHEC 2 812 & o TEFI A EEEO NI B RS
RraiETEXLZEDPHOSNT WS (Caswell 1996) o

ZEZS"e‘TtStMt =1 (1)

CIT L JIEWEOHGTH L, Lo T, (LFMEDEN~DEEL, IR O (AfF
M) LR ETH (BIEAr V2 — ) OFPE LTERILT A LWL EE L L, TNETHE
b3 B AEREE R, AdaREEE LT3 Y Y 3% (Daphnia magna7s &) RUPKALR EVWLD
DO EYFETE A ST X 72 (Daniels and Allan 1981; Gentile et al 1982; van Leeuwen et al 1985; FHH -
HTE 1998) 7272 L. KEBZFOILFWE & BEY Tl 2 EGRRRT -7 3B oz w
728, FREH OB CHEE S N7 T RIS (209 2 Bl d e (PRSP 8
L) 205, N EZRBEINER 2 et IS HEE 3 5 7182 #2828 L 72 (Tanaka and Nakanishi 2001) o

EYOREEEDSL X, BERNGIERAHIS O SN TBY, MHERMITEERBOBE I Z# D &
LTWa, 2059 IR TIE, EERITHER DERICHERT 2 2 813 TE T, #MEE TOTY
FEB IR (T @ “PIREHRIREH MET) (3BEAQRIZHE) £ E 2 5T (Lande, 1993,1998) 6

7_" e Kzr/v—l (2)

C 2T, KIFBRBIAE ). vIdEEREER N O BB EE NI L 5588 (BB 80D Th b,
oMY E AR E ORI 120 L GERIIZ 23RBS e 5546 (@Y
T30 NoOFET—FIEFDOT L2 EEL T Tanaka and Nakanishi 2001) . {b471) &%

FaNZ & B FIGHE R I O R B AR BB O A 431Xk F U2 HE 9 (Tanaka and Nakanishi 2000) o
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F1. {E2MEICL B 2 >0 (Daphnia magna) BB DR U X 7 TG E

la=2ty k= chemicals MEEC EEC  LC50 Ap Ap* EHQ
LAS LAS 3000 1500 5700 4.00%x107™* 560%x107° 263
EUS I F AL pyridaphenthion 12 6 38 7.35x1077  375%10° 158
<5V malathon 45 224 13/ 591%x1077 | 303%x107° 172
EATSI diazinon 2 1 7.8 258x107  134x10° 128
/=)L7z/—JL |nonylphenol 7.1 35 75 759%x107% | 413x107 467
Jr/hLT fenocarb 12 6 320 209x10°% 130x107 1.88
Jr=hOFF> fenitrothion 02 0.1 9.2 258x10° 199x10°% 1.09
RUFFHH—T benthiocarb 7 35 750 2.04x107°  1.60x10°% 0467
ATIFtyk mefenaset 8 4 1840 6.46x107"° 557x107° | 0.217
TJIFAY fenthion 005 0.03 55 441x107'° 395%x10°° 0.455
EYR—k molinate 24 12| 40000 3.86%107" 4.13x107'° 0.3
AR simetryn 9 45 27000 1.18x10°'" | 1.36x107"° 0.017
JLF54a—)L | pretyrachlor 6 3| 26500 6.33x107'% 758%x107"" 0.011
Jas0—)L butachlor 2 1/ 25000 8.38%x107" 1.13x107"" 0.004
i#)

MEEC : LB DRIEFREDRAE (ppb)

EEC : {EFMEDREFIEE (MEEC D 0515 L1RE)
LC50 : 24 MfE (ppb)

Ap: HmEER

Ap': HERFER D L RR{E

EHQ : &£REV X 7 #5%. (EEC/LC50) 100

AlogT = —thr';;% (3)
T, kid. W BERIEERAT012 7% BRI I3 2 23 (LC50) o RYFEREL ki
WE TR P O BRI 3 2 3 GRUEHAL) | 10 T BBEEE O 0 WIREEO R KNI B
IR TH D, COREDPLRIHERIZL D &, BUFHEHED 10 % OBZIRE DI RET 5 L &
BERTE O I HE I L 16 03—t &~ MEA L. EBH GRENEIICHHIT 2) D 1.2/5—
Y POHERIHLT AR A7 2 b6 T TSNS,
ILFEWEOBRBEFIEFE L LT, MO RKMED50/5—t > b 2E L7-HE 0., k) X
7 FHl DR R 2 K LIRS GRIEEZERE O Ap [T TFIHEEREM OB 5O TH %) #iE )
A7 (GREWHAEESIEINST) (&, IR DL WHIF T, AL L TIISIEEE I in s
% (Ap DX HASARME SR TR E (R L CURITMI SN T %) 0 T Z &id, BRI ICIET
HUERDHERE) A 7 FHIETEEL (EHQ) 1ZHA, BEEOME) A7 1LV )R T 0 F 0 7 OR
WL EDERE) A7 DEHQALHEM S NS L) EHWZ L ZRIBL TV b,

- >
— -

BELANIVOERERY X T
LA E DO EWRE L NVRIRIZ, AL WEOARERE % 5HEi T 5 9 2 TR 2 IREEEIC
ROITN—TT, RPN MR e85 2 LR b NEELRFE & RS T,
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HER I E B SN T 2aHEiTEE LT, MEOLFWE IS 2 EREET— 5 2 51
OEYFE TP L, TRkl (2R NOECSE) DR 53 |2 2D\ CREBETHM &2 1T ) D
JB s P43 A (SSD: Species Sensitivity Distribution) %2, AZRERE TV A RER S % Ml AA T A
BET) ¥ IR EPHAFE EN TV 5 (Posthuma et al 2002) o

Ll A7) == 7 LAV T RiICER SN T 30 (B - IV v a - M) ORERE
BV T — & O % EREERICEAE AL 2 A TR L fTb LT v, T/, FEROAL
FHHEHRDO ) X7 FHMOBEICBNTE, HEMWFFMO 720 S b ERE#HET— 5 133
KERPEOIBEN T — s BEETHY), A7) =20 F LRV TER SN HBEWREL K& <
B L 72N Rl A O EREEE T — S AR, M ENA Z L3 TH L, 2D Lk, 1LY
HOEREZE T, RO N/ TS S N7 EWEHD b EREF A2 Y 75 78k TRl § 5 T+
X ) A Y FEM O A T R A TRIEICEEE L ) 2 2 L 2 EIRL T b,

FEE LROHEERT A TEE L OGR3REREREAER ) 2 7 5Fli€ 7 )V A-TERAM
(aquatic tri-trophic ecological risk assessment model) % B4 L. i 7% V7 7 = 7 2B L 72,
A-TERAM O L2 Fifid, AL AW E O ERERZE © MR L~V E A 2 0§ 2 B FE L X
NORREFES S 2 EICK ) FFMOAEREF R ERE WIS T 5 2 & AL EWEEEREIE
R BRI EETEO DN T VLRI A 7 ) — =0 77— F 10§ % ERE 76 R & AR L2
AL LIS, BERHE, BRI, AR CORR o RO T -5 2 BHEETIVT
AT 2L koT, L) ZYLFFMELZRETLHIIETH D,

PUFIZ. A-TERAM OBEE & 6 L E R MITAE R & 78§70

A-TERAM (Z. & - #LARBIRIC L o THAE SN D 358 ERy . W - 3 ¥~ 248 (Daphnia &)
— 8 (X 571 Oryzias latipes) DK FHEOEREL, HEM T I 2L —2a v 5, £ R
(E W EAED X F A EEREDED 2 IR 4R WH P SBED4RMH L TERE) £ LT
BT 5. BEHE IV YA, IVVALADOHOEI bDLEDLNL b OORKIE, EEFET
Wi b — B D N S Holling TTI DR ERIEL T L. PO A2 EALRE I P )9 5 [H]
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B REABETE L L)L

Biflt (A H1HA S OfEHE) 12815, EaHOMROEEE % F(ta) (A ind/m’) |
BB AMBERTITV LV aDNA T ABEZZNFNAL (oo 7 4 VEERE
ugChla/L) . D() (mg [WZJRER] /L) L £ T 5. BHILDELADNSE L OORETE A2 E
SN 3REEMOBRBIZTRATEB SN,

At +1) = Rye™ Ka @ ae) - cma,(%/l(t) (4)
D(E+1) = {sd + CGman o el (1- %))} D() (5)
FG+LD={w+G—w%£ﬁJ 420 F(t,a)R(t, a) (6)
Ft+1l,a+1) =S(a)F(t,a) (a=1) (7)

LriikEn D X (6) 1d. BIHIZ X A MMAEEOMAZ., KX (7) IHBIIETHRIC & 2 alEEEEO
BTN T o Guld IV Y aDRAREAR, b33V Y 2L 2 BEOBEEIIBIT 2 FRflE i,
RAZEFOMATERMEE, KAIEBOBRBENAET], h \ZROLEMER. R(La) (TR HIZBT
BitaD A ADOMIILSH =) 1 HHG720) ORI BHGERUS T3 RFEOEIRE) Thd, oldAo
BR=y FIET, fI2L > TOI Y Y IPSOBEY ORI 2 G IRF A RetE 2 KT %, S,
(a) ZROHBZY EAFRCTH Lo IV 2 TORIHRETIIFHIC L > TREREBHEZ RS Z L2

b FEMH 107 R AEIIC & 2 BB R L BT VD, JOT T3y a8
JEORE A, T33P vy alEioEchd s, KM Yy a4 A T2 Y- 27126 H T A
WCIHBEACHBIL AL 222805, T,,=30. T,=60 &% Lo IR RKERR T I
LT, HEFICHEEOWB E 2B &R IV aHOWI, 4 ARPO5HIZHITTOXAT S
DEFEVSHBEND LI ICETNVDONNT A =5 Z35E LTz, MEAHEERIEE,2S IV V3,
IV ADLANERILAT Yy TRIHMEHAT 5. HEWE LTOI T aDRZICE B HOMEE
HAOREIL, HFFIIBIT2HOBHOMEICL > TELLEMEL TS (R6). MIZEHLT
IEBEORE (RHE) 20 L7181 E 2 56T 2 72012, BERELIHN P EY 1 X (1
R) OFHMWEIEL 7+ v - XVY T 07 4 BEBICESWTET ML L7z, KB tICBIT bHtad
BOMBEL(La) 1. FEIVER(ta) 123 KRB HG$ 5 EME L7z,

LW D EWMERETED, AOBMERFIEIC RIFTREY ZET 572012, (LFEWEOBEEN
HOBRER 1IROFBHENEET VTR LIz, ACFWEOEREHEMIL, 2 50 O2MHE - Bk
(%5H) E, 39 v a0 EikiE - 8HHE, EEHOMMEHED 6L ZE L7z ThHD
AR T — 4 1d, OBCDT A M A K54 Y TED LN T WA EEREIEREZIZITHREL TV
Bo VAZFFMTHEE LTO—BREZFH-EL 20, AHOBWIEIE, IV ao&kEiki
&, BEEBEAEOSEEO T — ¥ 2 RIS E 2B HERE L, CoMMoERHEEIL, LER
SHHHO T — & 2 HAMFHEE T 2 5 (X 70 SMEM - 2 & R [B9H] E, IV v aitk
BEKBEE - 3 ¥ I BIHAE) 2 RA L7z (M2),
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(LW E OBEBZIR T K D L IMEEREEL Vo RS % RSB E N — FEKE L <.
— M BIMEE 7V (Jager et al 2011) 2R L. #VEO NG 2L WE ., AW UL Z &2 UGB EiR
(BN Ar— V) z, USHEIND2DD35 X — % THB L. EEROY 2 7 5T,
BOGEIE % 8 % OALFWE O T — & 2 OHE L. JUSARIZE LTk, [BREE R E R
ERAs R ] PR 24 43 AIOATEHNE T — & (K $ 28 HEITIC & o TR ZHEE L. Ok
BHEAFRT L7z (K3BMH),

SETERAE NOEC (2% [mg /L1)

WEXREE ECs, (X% [mg /L])

2. ITCOMEXBEEC (2MFMEE) (ST 2 32 U2 ONSIEHRENOEC (EFEEE) OEF,
AREDOAIGEA S h S ME. HiREs5/S—t > MEERB%RT.

70
60 -

50

40 -
1
2 30 -
20
10 - II
o . =« A0 ARRANN .I.I[l1l.l.l.l|l1l.
02 04 06 08 1 12 14 16 18 2

0

N — R

3. IULOMEKEE (BB (BT ENY - FREORICHE n DEBRAIH. 721k, R
REERLEHBRER] TR 24F3 AROERSHERERICED

85



6T D ERERE M 2 3 — FERIEUZ, 3REEEETVIIBIT S, AOHB 720 AFEES,,
ABORE. BOEIER, . IV IOHBY)EFES,, IV VIO e, BEHOWIER, O
IRTA—=FMEREE, IS OBEEEENFEOFBICKM I TS L)L,

A-TERAMIZ BT 28 A 7 Gl OF8IEIL. i DAE CTd 2 B OF B 72 1) EAETER =R O
TETH Y, LR X748 (ERQ) L&, AR INERIE D 2 FOMEEEIIK T 2 ROFED
BAEEOIE (b 2 FEOMEEEE N, KOFEOEEEEN E§5E, NIN) L LTEHET S,
DED 72 ) BEBEINZENE, TNV ETIZ4A1H (Y3 2V —2 3 VRIERE) 2B 2 A0
AR 2 1EHRO4H THICBIT 2 offREotslggsh, kXL TH2 5
N5b,

_ X% F(365k)
A= F(1,335) (8)

Z 2T, F(1,335) AAMEME (32— 3 v TlE. @A IEDS H1IHICEE N
Bfh. O F ) HE335OMEN S FE 5 LHEL T D). adERAT 2DICLELRHETH 5,
LA E OBETZED 5 WG T B 5 EAETERINER & Amax, BREE S0 T2 BT 2 AR =
AN LB L, R AV EBIZERQ =1 -2 L ER SN D,

A-TERAM (2250 AR RESS RN & 1k O TN ML BRSO TR L OB D20, 35 #EK
W D EESC LY (NOEC) D /MBI ATEFEREE Bk L T & N 5 ek o Tl 2R (PNEC)
& A-TERAM 7% 10 % O fE A RE S =R A % 09 2 B com-EC10 & % FL#K L 720 BU41213,
BRI BIIE ) R 7 MIWIERA G S (2558 B K UUKEEBI Y REE S SRR L o Sz
R Qa1 ) B LT, i, AL B SR AL R EEIGHNE 12 20 < A RE S ATl
FER L e BALRE (F) OEAKEEEIN=EA 5552 L 72 A-TERAM I X % A RE RS TS R (com-
EC10: ERQ750.1 & 72 2 WEFE L) 2SHixt % H B C/R L Cdh Do PNECHHRE SR Fik)S[H L ¢
. A-TERAM (2 £ % #E(H (com-EC10) O EIIR A T2HREDE VDD 1) . EREENER %
FEEANCHD ANS 212k ), AREEETNEERHEEL L, A8 A7 FHli0 AR5 %4
BEYHETELIEERLTVDS (M4BH), PNECHED L  IZEIELHER LML | A-TERAM
DREIEAGRDE L, ALFWHEIC K o THRLR L RKEEENOFEO MR PH L L, T4
bh, TEROTFETIE, 3RBEEREICB T 2B M HE RS (R BRI AN CII a3 )
DI/MEDAH P SHE I N DL DS, A-TERAM Tld, EORBEBEIZEN I OSVORIEEEZ L 25
T IREBEBEOATIE 2 2K BEE D LICEHTE 2 WHEEKGE 72530 7% EEE
WANOLND I LIERT 2 EEZOND, EHI2, IFFITEYEREOREVYE L A- TERAM
TIEREREDNE M SN D, DT L1k, A-TERAMIZHED CEREY 2 7 FFflifks H25, BRS
N EIEREBEHE LD VWA T ) — = Y TERBICH 2ILFMED ) AT T 0 F 2 7128w
Th, EROTFHLELIIR L 2HEMREL /O L) B LERL TV,

EBROFEYWEHERTHOTE Y - VE LTOEREHWE LT, ATERAMZ @%H O 7
FTIAHINI—Y A —T x4 AL (Windowshlid &) TEAETE, Ronzpi: - 4
PR S M e 2 WA A A 27V r—2aryy 7 b7 LTHREL
(A-TERAM ver.l), €O~ =2 7 )V &gl & M E T BREEMIZEAT A — A= L CTARM %
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EZE

LB X D BBEH RO & AR OB HEHI§ 2 FHEICBI LT FH 1S X 250817
Fe R OHEATH ORFZERCR 2 & L ICBEBIL 70 AAR TR S N2a 0o 72 BE LI EFIIE, 2V
TALGREDO NTARERD L I XmEEARER 2 FIH L 7257k, F o &S50 & FIH L 7257l
#. SHERAOEWHED S % 2 ERERET IV L 2R S8BT N5, Fi, FOEZMs
A SSD &G HI 9 % J7id, IR HIF 2 LRI b BT RETH b . ALFWEOREL NV
RO FAEELT 2 L TE DT L6, FAEOCZEY) EE B~ 25HET &
NTW5B, 727, BOBRZESAIZIE. 220K EPIRIEEN D, TD 1213, ERER Z
T EWMEIZFNAIET B HEERE R I X - TERRICEZTHREPRECELRY, [
URESOEEMEHCHEDL NV TZIT/ZE LT, AERNOEELFRLLIIELON
BN ETHDL, 2O LIF, bIH12OKRE, Tabb, £ OLFWE T, MOERZHEDH
i DS AR B R HEREHE . AR IC L o TREL BRI EEZHELTLE ).
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WZHEER Ly Z MO 5 & AR T Z LA RE L £ 2 S, OSSR ZE A 5 WETRO
IS HOMIEET —~ & LTI Az 72, BEROMIE Y A 7 57l & A-TERAM I X
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N EAOPIIEHMEEGEEEICIRE SN APEDS & . M) R 7 5D — 2 OBIEME % A
0%o COFENELIETE, BB ERBOBE, REORA L EOBED  HLE
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Gender Difference in Pro-Environmental Activities in Japan:
Emergence of a New Domestic Work?

Keiko Hirao

Abstract

Past research on pro-environmental behaviors has generally reported a “gender gap,” whereby women
are more likely to engage in such activities. This research aims to understand this gender gap in the social
context of household division of labor. The data used for the analyses come from the 2008 Japanese General
Social Survey, national representative data that survey 4,220 men and women from the ages of 20 to 89.
Analyses revealed that more than half of the differences of gender in pro-environmental behaviors, such
as saving on electricity and buying chemical-free or organic vegetables by the fact that these activities are
carried out as a part of domestic work, of which women carry the lion’s share. For other pro-environmental
behavior, such as bringing ones own shopping bags to stores and using public transportations (instead of
driving), and using recycled products, participation in domestic work explained approximately 30% to
40% of the gender effect. After taking into account that domestic work is mainly carried out by women, the
direct effect of gender still remained; women are more likely to take part in pro-environmental behaviors

on a day-to-day basis. Implications for green consumerism and a gender gap in unpaid work are discussed.
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Gender Difference in Pro-Environmental Activities in Japan:
Emergence of a New Domestic Work?

I. Introduction

The last forty years have witnessed a fundamental conversion of the ways in which environmental
problems are conceptualized. In the past, environmental degradations were defined as problems with
identifiable wrongdoers that pollute air or water, or emit noise. While many of the pollution problems still
remain unsolved, this simplistic assailant-victim dichotomy is no longer valid as environmental problems
are now conceptualized as anthropogenic, resulting from the influence of human beings on nature. The
cause of environmental degradation, global warming, and climate change are now thought to be our modern
lifestyles that pursue material comfort and convenience, creating demands for massive production of goods
and services. With this conceptual reformation, a range of personalized environmental actions began to
be called for (United Nations 1992). The recommended actions include water conservation, energy saving,
waste management, and making choices for “green consumption.” Such home-centered personal behaviors
became a key priority to meet governments’ environmental targets.

The increased attention to personal environmental action has prompted research to measure individual
environmental knowledge, attitudes, and concerns, and to identify the determinants of pro-environmental
behaviors. Social psychologists have long worked in this endeavor in the context of attitude-behavior
relationship (Stern, Dietz and Guagnano 1995; Hirose 1995). Sociologists also have investigated situational
and demographic characteristics that affect individual pro-environmental activities (Barr and Gilg 2007;
Derksen and Gartrell 1993).

Indicative of the newly emerged societal norm, surveys on environmental attitude show an
overwhelming majority of respondents, over 85 percent, agreeing to statements such as “the life style of
mass consumerism should be changed,” “reuse and recycle of waste must be promoted,” “personal and daily
activities greatly influence the environment.” (Ministry of Environment 2015; Cabinet Office 2001). On the
other hand, there have been reports on discrepancies between attitude/intention and actual behaviors. For
example, in response to the question about green consumerism, 30 to 40 percent of the respondents showed
ambivalence toward the cost and labor involved, stating that “it will damage convenience and comfort of
life.” Forty percent of the respondents also expressed uncertainty as to what actual actions to take (Ministry
of Environment 2008). In sum, there still remains a social dilemma, the incongruity between what one thinks
is required for the public good and what is desirable for the personal well-being.

Then, who are the ones taking the personalized pro-environmental actions in spite of the extra cost
and labor incurred? Numerous studies have found gender, along with age and education, to be one of the
key variables. In general, women are reported to show higher concerns about environmental issues than
men do, especially when it comes to local risk concerns (Davidson and Freudenburg 1996). Women are also
reported to take more active part in pro-environmental behaviors, although the underlying mechanisms of

this “gender gap” have been subject to debate.
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This research aims to unravel the underlying assumptions on the meaning of “personalized”
environmental actions by investigating the gender gap in the social context of household division of labor.
This paper attempts to make contributions to the existing literature in two ways. First by directly testing
how much of the gender differences can be explained by “domestic work,” it tries to present the implications
of unpaid work on the efforts to curb the environmental degradation. Second, by presenting the results of
analyses using micro-level data collected in Japan, it will add new knowledge to the literature, which has
been mainly based on data collected in the United States and other European countries.

This paper begins with a brief review of the literature in both English and in Japanese that discuss the
effect of gender on environmental attitude and behavior. It will then describe the data and method used,

followed by the results and conclusion.

Il. Gender Differences in Pro-Environmental Activities

Systematic researches on the gender difference in environmental attitudes and behaviors date back to
1980s (Hines, Hungerford, & Tomera 1986) and began to flourish in the 1990s with extensive reviews of
the literature (e.g. Davidson and Freudenburg 1996) and use of large-scale datasets (Blocker and Eckberg
1997). The findings are somewhat mixed, partly due to the differences in measurement and the models to
be employed (Fransson and Garling 1999). Blocker and Eckberg (1997) used the 1993 General Social Survey
and found only weak direct effects of gender on regard for the economy and on propensity to take part
in personal pro-environment actions like recycling. A closer look at their results, however, reveals that,
while there is no gender difference in environmental attitude and participation in personal or organized
actions, women do show higher risk concerns about environmental degradation and are more likely to
prefer “green” lifestyles, such as eating organic food or cutting back on driving for environmental reasons.
Likewise, according to Zelezny, Chua and Aldrich (2000) who reviewed research, women were reported to
show greater concerns for environment than men when measured by the New Environmental Paradigm
(NEP) developed by Dunlap & Van Liere (1978) and elaborated by Dunlap, Van Liere, Mertig, & Jonnes
(2000). They also report that, in nine out of 13 papers on environment-related papers published during the
review period, women were reported to participate more actively in pro-environmental behavior than men
do (Zelezny, Chua and Aldrich 2000; Hunter, Hatch, and Johnson 2004). Accordingly, they conclude that
women appear more engaged in household-oriented (private) pro-environment behaviors (e.g., recycling),
and men in community- and society-oriented (public) activities.

Their conclusion was replicated in more recent cross national settings that used comparable survey data.
Hunter, Hatch, and Johnson (2004) showed that women tend to engage in more environmental behavior
than men, and that gender differences in level of private environmental behaviors tend to be more consistent
within nations at the upper end of the wealth distribution.

In Japan, research on gender and environment is limited due to the lack of publicly available micro-level
data on environmental issues. The Ministry of Environment has conducted repeated cross-sectional surveys

since 1998 on opinions toward policies, and on attitude/behaviors regarding environment. The results show
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consistent gender differences. For example, in the 2008 survey conducted by the Ministry of Environment,
women scored higher participation levels in 20 out of 30 behavioral indexes, men scored higher in seven,
and no difference was found in three (Ministry of Environment 2008). The same hold true for the survey
conducted in 2015 in which women scored higher participation level in 11 out of 14 behavioral indexes, men
scored higher in three (Ministry of Environment 2015). Men are more likely to participate in public activities
and one-shot events on environment, such as “local planning on environmental issues,” and “local gathering
on energy conservation.” On the other hands, women were more likely to be involved in home-based day-
to-day activities such as “recycling paper, milk boxes, plastic bottles and cans” “trying to buy products with
‘Eco Mark”” and “trying not to drain oil and food waste,” and so on. Although the above results remain on
the aggregate level without controlling for other socio-economic variables, the general direction is clear:
women are acting in more ecological-friendly ways (Ministry of Environment 2015).

Matsubaguchi (2000), based on a survey among local co-op members, reports women to be more
involved in pro-environmental activities. She also reports that this difference is found within couples and
that husbands who participate more in domestic work are more likely to take pro-environmental actions.
She does not, however, elaborate on the connection between domestic work and the propensity to take part
in the activities for environment.

One of the few micro-level datasets available for environmental research is the Japanese General Social
Survey (JGSS-2002 JGSS-2008)?, which will be described later in this paper. Ohashi (2008) analyzed JGSS-
2002 to assess the determinants of “eco-consumerism.” He found that women are more likely to take part
in pro-environmental activities and estimated the determinant factors separately on men and women. For
both sexes, he reports that education and living in urban areas, as well as the frequencies of domestic work,
are positively related to the involvement in pro-environmental behavior. Ohashi, however did not elaborate
on the linkage between how frequencies of domestic work and pro-environmental behaviors.

Likewise, based on the factor analyses using the same dataset, Tateishi (2006) reports that pro-
environmental activities can be categorized into “frugality” and “green consumerism” (buying organic
vegetables and used-products). He asserts that they are contextually separate behaviors with different
determinants, but are equally affected by the frequency of domestic work. That is, those who do more
domestic work are more likely to purchase “green” products and are more concerned about household
budgets. After controlling for the frequency of domestic work, women are more likely to be concerned about
green consumerism, but no difference was found in the “frugality,” such as water and energy conservation.
He also tests the effect of attitudinal factors on domestic work (“men should also cook and tend to personal
matters”) and found that those who hold egalitarian gender attitudes are more likely to be concerned about

green-consumerism and household budget. In sum, he asserts that green consumerism, frugality and

1 The Eco Mark, acknowledged by Japan Environment Association, certifies that the product was produced in
accordance with ISO-1420 and ISO-1424 of the International Organization of Standardization.
2 The analyses on gender difference in pro-environmental activities using JGSS-2002 was published in Hirao

2009. This paper focuses on the analyses using JGSS-2008.
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Figure 1 Diagram for Domestic Work and Environmental Attitude Source: Tateishi (2006) p. 9

environmental concerns (measured as dissatisfaction with government’s environmental policy) are loosely
connected with each other, with domestic work affecting both frugality and green consumerism but are not
necessarily correlated with environmental concerns. These connections are shown in the diagram in Figure
1, quoted from Tateishi (2006, p.13).

His perspective to understand pro-environmental activities in the context of domestic work is
highly suggestive. Those who do not do the domestic work will never take part in housework-related
pro-environmental activities, just like one will never consider sorting waste if he/she has never taken out
the garbage. As evocative as Tateishi’s argument is, however, his main research question was not on the
gender difference in pro-environmental behavior; he only points out that gender effect on frugality is partly
mediated by the gender difference in carrying out the domestic work and thus does not give any further
account on this issue.

Among the behavioral indexes used in environment-related surveys, which can be conceptualized as
domestic work? How much of the gender difference in the pro-environmental activities can be explained

by the gender gap in domestic work? These constitute the core questions of this research.

lil. Data and Methods

The data used for the analyses come from the 2008 Japanese General Social Survey (JGSS-2008)
that surveys men and women in Japan between the ages of 20 and 89. It is the eighth wave of national
representative, repeated cross-sectional surveys that have been conducted since 2000 by the Institute
of Regional Studies (from 2009 by the JGSS Research Center) at the Osaka University of Commerce in
collaboration with the Institute of Social Science at the University of Tokyo. The samples were drawn using
a stratified two-stage random sampling procedure, stratified by regional block and by population size.
The surveys are administered via face-to-face interview for the core question items, along with two sets of

modules of self-administered questionnaires.
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The topics of the surveys vary by year, with a constant component that asks about socio-economic
variables, such as income, employment status, and family structure. The JGSS-2008 contains questions
on environmental attitude and behaviors, such as frequencies of day-to-day pro-environmental activities,
experience and hours worked in voluntary work on environmental conservation, attitudes toward
environmental policies, and green consumerism. The survey collected data from 4,220 men and women
in the target age range with a response rate of 60.6%. The subsample for the analyses are restricted to the
respondents who were assigned to answer the Self-Administered Questionnaire A, resulting in the final
sample size of 2,060.

The dependent variables are the six question items included in the first set of self-administered
questionnaire that ask frequencies of pro-environmental activities on a day-to-day basis, such as “using
recycled products” and “electricity conservation.” (The wordings are listed in Table 1.) The questions were
phrased as “How often do you conduct the following activities?” with four alternatives from “Frequently” to
“Never.” The responses were coded reversely (Never=1, Rarely=2, Sometimes=3, Frequently=4) and added to
construct a scale to measure the overall frequencies of pro-environmental activities (a=.643). In the second
set of analyses, these items are used individually to identify which activities are more likely to be carried
out as part of domestic work.

In both sets of analyses, two models were employed. In the first model (Model I), the dependent variables
are regressed on gender and a set of control variables described below. In the second model (Model II),
frequency of domestic work is added to the equation to assess the change of the direct effect of gender.
That is, the differences in the coefficients in the two models can be explained as the mediating effects of
frequencies of domestic work.

The independent variables consist of gender and frequencies of domestic work. Gender was converted
into a dummy variable with female coded as 1. The frequencies of domestic work were measured by using
the five question items included in the survey: 1) cook evening meal, 2) do the laundry, 3) shop for groceries,
3) clean the house, and 4) take our the garbage. The responses of each items are coded as “everyday” =7,
“several days a week” = 3.5, “once a week” = 1, “once a month” = 0.25, “several times a year” = 0.1, “once a
year” = 0.02, and “never” = 0 and added to construct a scale (a = 0.92).

Control variables include years of education, age, income, living in urban area (as opposed to living
in rural areas and in small cities with population less than 200,000), marital status (married = 1), and the

presence of child(ren) under 18.

IV. Results

Table 1 shows the descriptive statistics of the variables used in the analyses broken down by sex. Men and
women are equally likely to “repair and use broken items”, while strong gender difference was found in rest
of the items. Women are more likely to “bring own shopping bag,” to “always turn off lights or appliances
not in use,” to “buy chemical-free or organic vegetables,” and to “use recycled goods.”

Likewise, women show overwhelmingly higher frequencies of participating in domestic work. Men score
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Table 1 Descriptive Statistics

Men Women Total
Mean sd. Mean sd.  Mean s.d. F

Pro-environmental activity scale 16.3 3.4 18.0 3.2 17.2 3.4 124.8  ***
Bring your own shopping bag 22 1.2 3.0 1.1 2.7 1.2 263.7 ¥
Always turn off lights or appliances not in use 33 0.7 3.5 0.7 3.4 0.7 60.1  ***
Repair and use broken items 3.0 0.8 3.0 0.8 3.0 0.8 0.4

Buy chemical-free or organic vegetables 2.6 0.9 2.9 0.9 2.8 0.9 60.0  ***
Use recycled goods 2.8 0.9 3.0 0.9 2.9 0.9 286  ***
Use public transportation 2.4 1.1 2.6 1.1 2.5 1.1 67 ¥
Frequency of domestic work 8.5 10.0 29.1 10.6 19.3 14.6 2,008.6 *¥**
Years of schooling 13.4 34 12.7 2.9 13.0 3.2 264 ***
Age 53.2 15.9 52.7 16.7 52.9 16.3 0.6

Living in rural area 0.4 0.5 0.4 0.5 0.4 0.5 0.5
Married 0.8 0.4 0.7 0.5 0.7 0.4 172 ***
Family income (10,000 yen) 625.5 4158 6052 4253 615.6 4204 0.9
Having child(ren) under 18 0.3 0.4 0.3 0.5 0.3 0.4 1.2

*p <.05 **p <.01 ***p <.001

8.4 on the average, while women score 29.1. Incidentally, 45.2 percent of men, as opposed to 4.6 percent of
women, “never” cook an evening meal; 49 percent of men, as opposed to 3.9 percent of women, “never” do
the laundry. Similarly, 14.3 percent of men (2.9 percent for women) “never” go daily shopping, and 25.5
percent of men (9.4 percent for women) “never” take out the garbage.

Men are more educated than women, with 13.5 years of schooling on average, as opposed to 12.7 years
for women. Men are slightly more likely to be married than women are. The average yearly household income
for men is higher (¥ 6.3 million) than that for women (¥ 6.1 million). No significant gender difference was
found in age, proportion of living in urban area, and the presence of child(ren) under 18.

After controlling for the factors above, how much of the gender difference in the participation of pro-
environmental activities can be explained by the fact that women are more likely to take part in domestic
work? Table 2 shows the results of the estimate using the overall pro-environmental activity scale as
dependent variable. The left side panel of this table shows that being female, highly educated and having
child(ren) are all positively related with frequencies of pro-environmental activities, while living in urban
areas and income exert negative effects on the dependent variable.

Years of schooling, age, and being married are associated with higher frequency of pro-environmental
activities, while living in urban area, family income, and having child(ren) did not exert significant effect.

After controlling for these factors, being female is associated with higher frequency of pro-environmental
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Table 2 Results from Regression Analyses of Pro-Environmental Activity Scale

Model I Model II
B s.e. g s.e.

Female 1.885 0.173  *** 0.937 0.261  ***
Years of schooling 0.128 0.031  *** 0.130 0.031  ***
Age 0.045 0.007  *** 0.042 0.007  ***
Living in urban area 0.291 0.173 0.247 0.172
Married 0.629 0236 ** 0.578 0234 *
Family income (In) -0.151 0.144 -0.099 0.143
Having child(ren) under 18 0.1 0.231 0.003 0.230
Frequency of domestic work 0.043 0.009  ***
Adj R’ 0.105 0.119

*p <.05 ¥*p <.01 ***p <.001

Table 3 Results of Regression Analyses on Individual Pro-environmental Activities
(regression estimators of being female)

Bring your Use public Alwz.iys tur.n off Repairand Buy chemica?- Use recycled
own . electric appliances use broken free or organic
. transportation . . goods
shopping bag not in use items vegetables
Model I 0.81 ** 0176 ** 0271  ** 0005 0372 *** 0261 ***
Model 1T 0.57 *** 0.119 0.113 * -0.193 0.18 * 0.148 *
Proportion of Variance 0.30 032 0.58 ) 0.52 0.43

Explained by Model II

*p <.05 **p <.01 ***p <.001
Control Variables: years of education, age, living in urban area, marital status, family income (In), having chid(ren) under 18

activities (Model I). Adding the frequency of domestic work in Model IT decreases the direct effect of
gender from 1.88 to .937. That is, about a half of the gender difference in pro-environmental activities
can be explained by the fact that women are more likely to take part in domestic work. In other words,
approximately a half of the so-called environmentally conscious activities are carried out as part of domestic
work. Another result of interest is the effect of marital status. After adding the frequency of domestic work in
the model, the coefficient of this variable decreases from .629 to .578 with lower significance level, indicating
that being married is associated with higher frequencies of pro-environmental activities, but this effect is
partly mediated by the fact that married people are more likely to domestic work.

Let us turn our attention to the results of the analyses using the individual pro-environmental activity

scales. Table 3 lists the coefficient of gender in both models and the proportion of variance explained by
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the second model.

As for “repair and use broken items”, gender exerts no effect in either models. That is, men and women
are equally likely to repair and use broken items, but this act is not related with domestic work.

The remaining five items show significant decrease in the direct effect of gender when frequency of
domestic work is added to the model: from approximately 30 percent (in case of “bring shopping bags”)
to 58 percent (for “turning off electric appliances not in use”). These decreases in the estimators are the
portions of gender effect that is mediated by the fact that women are more likely to do the domestic work.
In other words, 30 to approximately 60 percent of these pro-environmental activities are carried out as part
of domestic work.

What about the remaining portions? How can we explain the direct effect that still remains after
controlling for the frequencies of domestic work? In separate analyses, I tested the effects of employment
status, work hours, respondents’ own income, and opinion toward government’s environmental policies,

but none of these factors explained the direct effect of gender on pro-environmental behaviors.

V. Discussion and Conclusion

This research aims at explaining gender differences in pro-environmental behavior in the social context
of domestic work by to assessing how much of these activities are carried out as a part of the domestic work.
The behavioral indexes used in the analyses are the ones generally promoted by the officials to curb the
environmental degradation, and they are the ones used as standard questions in various social surveys to
assess individual involvement on environmental issues. “Think globally, act locally” is the catchword often
used to exhort individuals to participate in a range of behaviors to ameliorate the negative impact of their
lifestyles on the environment.

The results of analyses show that women are more likely to participate in such activities; women are
more likely to be engaged in five out of sex indexes used in the analyses and that they are fully or partly
carried out as part of the domestic work. More than half of the effect of gender in saving electricity (turning
off electric appliances not in use) and organic conscience in grocery shopping (buying chemical-free or
organic vegetables) is explained by the gender differences in domestic work. For rest of the items, except
for repairing broken items, approximately 30 to 50 percent of the direct effect was mediated by the gender
difference in domestic work. Moreover, the direct effect of gender still remains even after taking into account
that women take the lion’s share of domestic work.

How do we account for these results? The results of the survey administered by the Ministry of
Environment, mentioned above, show that 93 percent of the respondents agree that bringing one’s own bag
and green consumerism are “desirable for conservation of environment,” and 66 percent of respondents
agree that such behaviors are “a part of the daily routine and I don’t take special note of it.” In response to
these results, the Ministry of Environment asserts that “... the pro-environmental consciousness and green
consumerism seem established and are accepted as the norm” (p.28). A closer look at the responses reveals

that more women (22%) tend to “strongly agree” than men do (15%) with the statement that these activities
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are “routines.” This difference in the proportion of men and women who have adopted the new “routines”
indicates that the new norm is experienced differently for men and women. In other word, this new routine
can be regarded as a new item added to the list of things to be done at home.

Domestic work, as defined by Delphy (1984), is unpaid work done for the family and other of intimate
relatives. By defining it as an unpaid work, laundry done by a family member is distinguished from the
works done by a laundry company. By limiting the recipient of the service to the family members, domestic
work is distinguished from a voluntary activity.

The practice of domestic work is not universal to humankind. It has evolved, along with the development
of market economy, as an invisible agent of reproduction of labor and care for the aged, the sick, and the
disabled. It has changed its practice along with the changes in lifestyles, and changes in the goods and
services provided through a market. For many households, “sewing clothes” and “canning of food” have
disappeared from the list of things to do at home, because it is cheaper to buy mass produced clothes
and canned food at stores. Chauffeuring of children to and from afterschool lessons began to emerge as
the standard of childcare has risen. In spite of the increased availability of convenient home appliances,
like vacuum cleaners and laundry machines, the time spent for domestic work did not change much, just
because the demands for sanitary conditions and high quality of life have increased. Is the call for citizen’s
responsibility for ecologically sustainable society creating a new dimension of the domestic work? The fact
that a substantial portion of the gender difference in the participation in pro-environmental activities is
mediated by the gendered nature of unpaid work make us wonder if this is the case.

The research in the field of environmental attitude and behaviors has been strikingly gender-blind
and indifferent to the role of unpaid work. According to Schultz et al. (2001), women’s willingness “to
do something for the environment” has been taken for granted and treated as external to the public and
economic environmental management strategies. They argue that environmental policies are causing the
“feminization of environmental responsibility” (p.13) by expecting women to put in more work, engagement,
and extra strain to cope with everyday work.

A series of international documents on environment and gender stress that women suffer more
from environmental change because they are more vulnerable to health impacts due to pregnancy and
breastfeeding. They are also more seriously exposed to environmental hazards due to lack of resources to
ameliorate the change (Johnsson-Latham 2007; United Nations Environmental Programme 2005; United
Nations Population Fund 2009). Likewise, gender-specific division of labor within the household and labor
market are all in connection with the invisible workload that women bear for the environment. The findings
from the present research addresses a necessity for the environmental policies and for the theoretical studies

on sustainability research to factor in the women’s unpaid labor and time.
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Current Quality of Sources of Drinking Water in the Upper Stream of
Liao River and the Policy for Improvement

Kang Xinyi', Huang Guangwei?

Abstract

This study is concerned with the Suzi River located in the northeast of China, which is a tributary of
the Liao River; one of China’s seven major rivers and one of the three most polluted rivers in China. The
watershed of the Suzi River is the birthplace for a minority in China called Manchu. The river flows into the
Dahuofang Reservoir, which is one of the drinking water resources for Shenyang and Fushun City; large
cities in Liaoning province. Therefore, the health of the Suzi River is extremely importantly both locally
and regionally.

In this study, monitoring data provided by the local government in the watershed of Suzi River for a
period of nine years were analyzed, and independent surveys were conducted as well in order to find out what
are the main pollutants and main their sources in the watershed. It is also attempted to study the dynamics
of water quality of Suzi River in different hydrological periods, effects of minority policy and local culture
on water quality, and to think about the appropriate approaches for improvement.

The main aim of this study is to provide the local with a clear picture of what is the current situation in

the river, what should be protected and what should be corrected in order to achieve regional sustainability.

1  Ph.D, Student, Global Environment Studies, Sophia University

2 Professor, Global Environment Studies, Sophia University
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Environmental Integration into Sustainable Development Goals

John Joseph Puthenkalam

Abstract

At the beginning of the new millennium, world leaders gathered at the United Nations to shape a broad
vision of development in its many dimensions. That vision, which was translated into eight Millennium
Development Goals (MDGs) has remained the overarching development framework for the world for the
past 15 years. Again in 2015, after analyzing and taking stock of the MDGs, world leaders committed to
transforming our world with the 2030 Agenda for Sustainable Development. The 2030 Agenda for Sustainable
Development is a plan of action for people, planet and prosperity. UN pledges that no one will be left
behind. The 17 Sustainable Development Goals and 169 targets demonstrate the scale and ambition of this
new universal Agenda. The 17 SDGs will stimulate action over the next fifteen years, 2015-2030, in areas of
critical importance for humanity and the planet. This article aims to analyze how environmental integration

is possible within the SDGs.
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Environmental Integration into Sustainable Development Goals

At the beginning of the new millennium, world leaders gathered at the United Nations to shape a broad
vision to fight poverty in its many dimensions. That vision, which was translated into eight Millennium
Development Goals (MDGs)" has remained the overarching development framework for the world for the
past 15 years. The global mobilization behind the Millennium Development Goals has produced the most
successful anti-poverty movement in history. The landmark commitment entered into by world leaders
in the year 2000—to “spare no effort to free our fellow men, women and children from the abject and
dehumanizing conditions of extreme poverty”—was translated into an inspiring framework of eight goals
and, then, into wide-ranging practical steps that have enabled people across the world to improve their lives
and their future prospects. In 2012, world community gathered in Rio, Brazil. One of the principal outcomes
of Rio+20 was the call to produce a set of universally applicable sustainable development goals (SDGs)
that balance the environmental, social and economic dimensions of sustainable development. This article

provides an insight into the environmental integration that has taken place within the context of SDGs.

Transforming our world: the 2030 Agenda for Sustainable Development
The 2030 Agenda for Sustainable Development is a plan of action for people, planet and prosperity. It also
seeks to strengthen universal peace in larger freedom. It recognizes that eradicating poverty in all its forms
and dimensions, including extreme poverty, is the greatest global challenge and an indispensable requirement
for sustainable development. All countries and all stakeholders, acting in collaborative partnership, will
implement this plan. UN members are resolved to free the human race from the tyranny of poverty and
want and to heal and secure our planet. States are determined to take the bold and transformative steps
which are urgently needed to shift the world onto a sustainable and resilient path. As we embark on this
collective journey, UN pledges that no one will be left behind. The 17 Sustainable Development Goals and
169 targets demonstrate the scale and ambition of this new universal Agenda. They seek to build on the
Millennium Development Goals and complete what these did not achieve. They seek to realize the human
rights of all and to achieve gender equality and the empowerment of all women and girls. They are integrated
and indivisible and balance the three dimensions of sustainable development: the economic, social and
environmental. The 17 Goals and 169 targets will stimulate action over the next fifteen years, 2015-2030, in
areas of critical importance for humanity and the planet®. According to the UN document, the following
interlinked variables are to be integrated into the SDGs.
<> People: We are determined to end poverty and hunger, in all their forms and dimensions, and to ensure
that all human beings can fulfil their potential in dignity and equality and in a healthy environment.
<-Planet: We are determined to protect the planet from degradation, including through sustainable
consumption and production, sustainably managing its natural resources and taking urgent action

on climate change, so that it can support the needs of the present and future generations.
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<-Prosperity: We are determined to ensure that all human beings can enjoy prosperous and fulfilling

lives and that economic, social and technological progress occurs in harmony with nature.

< Peace: We are determined to foster peaceful, just and inclusive societies which are free from fear and

violence. There can be no sustainable development without peace and no peace without sustainable

development.

<-Partnership: We are determined to mobilize the means required to implement this Agenda through

a revitalized Global Partnership for Sustainable Development, based on a spirit of strengthened

global solidarity, focused in particular on the needs of the poorest and most vulnerable and with the

participation of all countries, all stakeholders and all people.

The interlinkages and integrated nature of the Sustainable Development Goals are of crucial importance in

ensuring that the purpose of the new Agenda is realized. If we realize our ambitions across the full extent

of the Agenda, the lives of all will be profoundly improved and our world will be transformed for the better.

Let us list the 17 Sustainable Development Goals:

Goal 1:
Goal 2:
Goal 3:
Goal 4:

Goal 5:
Goal 6:
Goal 7:
Goal 8:

Goal 9:

End poverty in all its forms everywhere

End hunger, achieve food security and improved nutrition and promote sustainable agriculture
Ensure healthy lives and promote well-being for all at all ages

Ensure inclusive and equitable quality education and promote lifelong learning opportunities
for all

Achieve gender equality and empower all women and girls

Ensure availability and sustainable management of water and sanitation for all

Ensure access to affordable, reliable, sustainable and modern energy for all

Promote sustained, inclusive and sustainable economic growth, full and productive employment
and decent work for all

Build resilient infrastructure, promote inclusive and sustainable industrialization and foster

innovation

Goal 10: Reduce inequality within and among countries

Goal 11: Make cities and human settlements inclusive, safe, resilient and sustainable

Goal 12: Ensure sustainable consumption and production patterns

Goal 13: Take urgent action to combat climate change and its impacts

Goal 14: Conserve and sustainably use the oceans, seas and marine resources for sustainable development

Goal 15: Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage

forests, combat desertification, and halt and reverse land degradation and halt biodiversity loss

Goal 16: Promote peaceful and inclusive societies for sustainable development, provide access to justice

for all and build effective, accountable and inclusive institutions at all levels

Goal 17: Strengthen the means of implementation and revitalize the global partnership for sustainable

development
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Framework for Embedding Environment in the SDGs:
After considering the lessons from MDGs, the following framework is proposed for embedding environment
in the SDGs:

1. A rationale and overarching vision for the SDGs, which is a narrative describing the basis for including
environmental sustainability in the SDGs;

2. An integrated approach for embedding environment in goals and targets which proposes basic
characteristics and types of goals and targets to be selected;

3. A set of six criteria for assessing or proposing goals and targets, and guidance on how to use them.
The criteria are: (i) Strong linkage of environment with socio-economic developmental goals; (ii)
Decoupling of socio-economic development from escalating resource use and environmental
degradation; (iii) Coverage of critical issues of environmental sustainability such as important
irreversible changes in the global environment; (iv) Take into account current global environmental
goals and targets, (v) Scientifically credible and verifiable; and (vi) Progress must be “trackable”.

4. A list of best practices for selecting indicators that can effectively support targets. The framework and
other ideas presented in this article are meant to stimulate a dialogue on environmental sustainability
and the SDGs®.

Let us have an analysis of how environmental integration is possible within the SDGs. For brevity, I will be

providing only the targets that are directly related to environment aspects within SDGs®.

Goal 1: Poverty Reduction and Environment

A sustainably managed environment is a prerequisite for socio-economic development and poverty
reduction. The natural environment supplies ecosystem goods and services that provide income, support
job creation, poverty alleviation, contribute to safety nets and reduce inequity. Climate change and exposure
to ‘natural’ disasters threaten to derail efforts to eradicate poverty. A great bulk of the world’s poorest and
most vulnerable citizens live in disaster prone countries and their number keeps increasing. Those groups
are disproportionally affected by shocks and stresses. As temperatures rise, the likelihood and severity of
climate-related disasters increase affecting lives and livelihoods, hampering the development efforts and
reversing gains made in poverty reduction.

Goal 1 Target linked to the environment

Target 1.5: By 2030, build the resilience of the poor and those in vulnerable situations and reduce their
exposure and vulnerability to climate-related extreme events and other economic, social and environmental

shocks and disasters.

Goal 2: Food and Nutrition Security and Environment

Nature provides direct sources of food and a series of ecosystem services (e.g. pollination, soil formation,
nutrient cycling, and water regulation) supporting agricultural activities and contributing to food security
and nutrition. Increasing world population and changes in consumption patterns put pressure on the

environment creating the need to produce food for an additional two billion people by 2030, while preserving
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and enhancing the natural resource base upon which the well-being of present and future generations
depends. This is important considering that unsustainable expansion of agriculture has created serious
environmental problems such as soil erosion, water pollution through agrochemicals, and emission of
greenhouse gases.

Climate change and ‘natural’ disasters such as droughts, landslides and floods greatly affect food security.
Disaster risk management, climate change adaptation and mitigation are keys to increase harvests quality
and quantity.

Goal 2 Targets linked to the environment

Target 2.4: By 2030, ensure sustainable food production systems and implement resilient agricultural practices
that increase productivity and production, that help maintain ecosystems, that strengthen capacity for
adaptation to climate change, extreme weather, drought, flooding and other disasters and that progressively
improve land and soil quality

Target 2.5: By 2020, maintain the genetic diversity of seeds, cultivated plants and farmed and domesticated
animals and their related wild species, including through soundly managed and diversified seed and plant
banks at the national, regional and international levels, and promote access to and fair and equitable
sharing of benefits arising from the utilization of genetic resources and associated traditional knowledge, as

internationally agreed.

Goal 3: Health and Environment

A clean environment is essential for human health and well-being. On the other hand, air and water pollution
as well as poor management of hazardous chemicals and waste contribute to undermine health. ‘Natural’
disasters and environmental shocks can have substantial impact on health, including deaths, injuries,
diseases, disabilities, psychosocial problems and other indirect effects with damage to health facilities and
disruption to the delivery of health services over extended periods of time.

Goal 3 Target linked to the environment

Target 3.9: By 2030, substantially reduce the number of deaths and illnesses from hazardous chemicals and

air, water and soil pollution and contamination

Goal 4: Education and Environment

‘Natural’ disasters greatly affect the education sector by destroying key infrastructures, disrupting the
education cycles and forcing children to drop out of school for extended period of time. At the same time
education is a powerful tool to build societies’ resilience. Formal and informal education, including, public
awareness and training are critical for promoting sustainable development and improving the capacity of
the people and countries to address environmental and development issues and to create green and decent
jobs and industries.

Goal 4 Target linked to the environment

Target 4.7: By 2030, ensure that all learners acquire the knowledge and skills needed to promote sustainable

development, including, among others, through education for sustainable development and sustainable
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lifestyles, human rights, gender equality, promotion of a culture of peace and non-violence, global citizenship

and appreciation of cultural diversity and of culture’s contribution to sustainable development.

Goal 5: Gender Equality and Environment

Understanding the links between gender inequality and environmental degradation, and taking responsive
actions, can accelerate positive dynamics and promote sustainable development outcomes. Enhancing
property rights and access to land and natural resources to women can contribute to reduce gender
inequalities, improve their livelihood options and poverty status.

Goal 5 Target linked to the environment

Target 5.a: Undertake reforms to give women equal rights to economic resources, as well as access to ownership
and control over land and other forms of property, financial services, inheritance and natural resources, in

accordance with national laws.

Goal 6: Water, Sanitation and Environment
Sustainable management of water resources and access to safe water and sanitation are essential for
unlocking economic growth and productivity, and provide significant leverage for existing investments in
health and education. The natural environment e.g. forests, soils and wetlands contributes to management
and regulation of water availability and water quality, strengthening the resilience of watersheds and
complementing investments in physical infrastructure and institutional and regulatory arrangements for
water access, use and disaster preparedness. Water shortages undercut food security and the incomes of
rural farmers while improving water management makes national economies, the agriculture and food
sectors more resilient to rainfall variability and able to fulfil the needs of growing population. Protecting
and restoring water-related ecosystems and their biodiversity can ensure water purification and water quality
standards. The following data enhances the importance of this goal.
* More than 80 per cent of wastewater resulting from human activities is discharged into rivers or sea
without any pollution removal
* Hydropower is the most important and widely-used renewable source of energy and as of 2011,
represented 16 per cent of total electricity production worldwide
* Floods and other water-related disasters account for 70 per cent of all deaths related to natural disasters
* Over 1.4 billion people currently live in river basins where the use of water exceeds minimum recharge
levels.
* In 60% of European cities with more than 100 000 people, groundwater is being used at a faster rate
than it can be replenished.
* Meat production requires 8-10 times more water than cereal production Part of the current pressure
on water resources comes from increasing demands for animal feed.
Goal 6 Targets linked to the environment
Target 6.1: By 2030, achieve universal and equitable access to safe and affordable drinking water for all

Target 6.3: By 2030, improve water quality by reducing pollution, eliminating dumping and minimizing release
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of hazardous chemicals and materials, halving the proportion of untreated wastewater and substantially
increasing recycling and safe reuse globally

Target 6.4: By 2030, substantially increase water-use efficiency across all sectors and ensure sustainable
withdrawals and supply of freshwater to address water scarcity and substantially reduce the number of people
suffering from water scarcity

Target 6.5: By 2030, implement integrated water resources management at all levels, including through
transboundary cooperation as appropriate

Target 6.6: By 2020, protect and restore water-related ecosystems, including mountains, forests, wetlands,
rivers, aquifers and lakes

Target 6.a: By 2030, expand international cooperation and capacity-building support to developing countries
in water-and sanitation-related activities and programmes, including water harvesting, desalination, water
efficiency, wastewater treatment, recycling and reuse technologies

Target 6.b: Support and strengthen the participation of local communities in improving water and sanitation

management

Goal 7: Access to Energy and Environment

Lack of access to energy supplies and transformation systems is a constraint to human and economic
development. The environment provides a series of renewable and non-renewable energy sources i.e. solar,
wind, hydropower, geothermal, biofuels, natural gas, coal, petroleum, uranium. Increased use of fossil
fuels without actions to mitigate greenhouse gases will have global climate change implications. Energy
efficiency and increase use of renewables contribute to climate change mitigation and disaster risk reduction.
Maintaining and protecting ecosystems allow using and further developing hydropower sources of electricity
and bioenergy. The following data enhances the importance of this goal.

* 3 billion people rely on wood, coal, charcoal or animal waste for cooking and heating

* Energy is the dominant contributor to climate change, accounting for around 60 per cent of total
global greenhouse gas emissions

* Since 1990, global emissions of CO: have increased by more than 46 per cent.

* Hydropower is the largest single renewable electricity source today, providing 16% of world electricity
at competitive prices. It dominates the electricity mix in several countries, developed, emerging or
developing.

* Bioenergy is the single largest renewable energy source today, providing 10% of world primary energy
supply.

Goal 7 Targets linked to the environment

Target 7.1: By 2030, ensure universal access to affordable, reliable and modern energy services

Target 7.2: By 2030, increase substantially the share of renewable energy in the global energy mix

Target 7.3: By 2030, double the global rate of improvement in energy efficiency

Target 7.a: By 2030, enhance international cooperation to facilitate access to clean energy research and

technology, including renewable energy, energy efficiency and advanced and cleaner fossil-fuel technology,
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and promote investment in energy infrastructure and clean energy technology
Target 7.b: By 2030, expand infrastructure and upgrade technology for supplying modern and sustainable
energy services for all in developing countries, in particular least developed countries, small island developing

States, and land-locked developing countries, in accordance with their respective programmes of support

Goal 8: Economic Growth, Employment and Environment

Preserving the environment is key to support sustainable economic growth as the natural environment plays
an important role in supporting economic activities. It contributes directly, by providing resources and raw
materials such as water, timber and minerals that are required as inputs for the production of goods and
services; and indirectly, through services provided by ecosystems including carbon sequestration, water
purification, managing flood risks, and nutrient cycling. ‘Natural’ disasters directly affect economic activities
leading to very high economic losses throwing many households into poverty. Maintaining ecosystems and
mitigating climate change can therefore have a great positive impact on countries’ economic and employment
sectors

Goal 8 Targets linked to the environment

Target 8.4: Improve progressively, through 2030, global resource efficiency in consumption and production
and endeavour to decouple economic growth from environmental degradation, in accordance with the 10-year
framework of programmes on sustainable consumption and production, with developed countries taking the lead
Target 8.9: By 2030, devise and implement policies to promote sustainable tourism that creates jobs and

promotes local culture and products

Goal 9: Industry, Innovation, Infrastructure and Environment

Constructing new greener infrastructures, retrofitting or reconfiguring existing infrastructure systems
and exploiting the potential of smart technologies can greatly contribute to the reduction of environmental
impacts and disaster risks as well as the construction of resilience and the increase of efficiency in the use
of natural resources. In countries where data are available, the number of people employed in renewable
energy sectors is presently around 2.3 million. Given the present gaps in information, this is no doubt a very
conservative figure. Because of strong rising interest in energy alternatives, the possible total employment
for renewables by 2030 is 20 million jobs.

Goal 9 Targets linked to the environment

Target 9.1: Develop quality, reliable, sustainable and resilient infrastructure, including regional and
transborder infrastructure, to support economic development and human well-being, with a focus on affordable
and equitable access for all

Target 9.2: Promote inclusive and sustainable industrialization and, by 2030, significantly raise industry’s
share of employment and gross domestic product, in line with national circumstances, and double its share
in least developed countries

Target 9.4: By 2030, upgrade infrastructure and retrofit industries to make them sustainable, with increased

resource-use efficiency and greater adoption of clean and environmentally sound technologies and industrial
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processes, with all countries taking action in accordance with their respective capabilities
Target 9.a: Facilitate sustainable and resilient infrastructure development in developing countries through
enhanced financial, technological and technical support to African countries, least developed countries,

landlocked developing countries and small island developing States

Goal 10: Inequality reduction and Environment

By disproportionately affecting the poorest and most vulnerable groups, climate change and ‘natural’
disasters contribute to exacerbate existing inequalities within and across countries. On the other hand,
environment can contribute to the reduction of inequity, including through sound management of natural
resources and critical ecosystems, as well as supporting institutional arrangements regarding the use and
access to natural resources. Lack of access to natural resources on the other hand is a major contributor to
inequality.

Goal 10 Target linked to the environment

Target 10.3: Ensure equal opportunity and reduce inequalities of outcome, including by eliminating
discriminatory laws, policies and practices and promoting appropriate legislation, policies and action in this

regard

Goal 11: Sustainable cities/communities and Environment

There is a strong link between the quality of life in cities and how cities draw on and manage the natural
resources available to them. To date, the trend towards urbanization has been accompanied by increased
pressure on the environment and accelerated demand for basic services, infrastructure, jobs, land, and
affordable housing, particularly for the nearly 1 billion urban poor who live in informal settlements.

Due to their high concentration of people, infrastructures, housing and economic activities, cities are
particularly vulnerable to climate change and natural disasters impacts. Building urban resilience is crucial
to avoid human, social and economic losses while improving the sustainability of urbanization processes is
needed to protect the environment and mitigate disaster risk and climate change. Resource efficient cities
combine greater productivity and innovation with lower costs and reduced environmental impacts, while
providing increased opportunities for consumer choices and sustainable lifestyles. The world’s cities occupy
just 3 per cent of the Earth’s land, but account for 60-80 per cent of energy consumption and 75 per cent
of carbon emissions.

Goal 11 Targets linked to the environment

Target 11.2: By 2030, provide access to safe, affordable, accessible and sustainable transport systems for all,
improving road safety, notably by expanding public transport, with special attention to the needs of those
in vulnerable situations, women, children, persons with disabilities and older persons

Target 11.3: By 2030, enhance inclusive and sustainable urbanization and capacity for participatory,
integrated and sustainable human settlement planning and management in all countries

Target 11.4: Strengthen efforts to protect and safeguard the world’s cultural and natural heritage

Target 11.5: By 2030, significantly reduce the number of deaths and the number of people affected and
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substantially decrease the direct economic losses relative to global gross domestic product caused by
disasters, including water-related disasters, with a focus on protecting the poor and people in vulnerable
situations

Target 11.6: By 2030, reduce the adverse per capita environmental impact of cities, including by paying
special attention to air quality and municipal and other waste management

Target 11.7: By 2030, provide universal access to safe, inclusive and accessible, green and public spaces, in
particular for women and children, older persons and persons with disabilities

Target 11.a: Support positive economic, social and environmental links between urban, per-urban and rural
areas by strengthening national and regional development planning

Target 11.b: By 2020, substantially increase the number of cities and human settlements adopting and
implementing integrated policies and plans towards inclusion, resource efficiency, mitigation and adaptation
to climate change, resilience to disasters, and develop and implement, in line with the Sendai Framework

for Disaster Risk Reduction 2015-2030, holistic disaster risk management at all levels

Goal 12: Sustainable consumption/production and Environment

One of the greatest global challenges is to integrate environmental sustainability with economic growth
and welfare by decoupling environmental degradation from economic growth and doing more with less.
Resource decoupling and impact decoupling are needed to promote sustainable consumption and production
patterns and to make the transition towards a greener and more socially inclusive global economy. To ensure
sustainable consumption and production practices necessarily entails to respect the biophysical boundaries
of the planet and to reduce current global consumption rates in order to fit with the biophysical capacity to
produce ecosystem services and benefits. The following data enhances the importance of this goal.

* Each year, an estimated one third of all food produced - equivalent to 1.3 billion tonnes worth
around $1 trillion - ends up rotting in the bins of consumers and retailers, or spoiling due to poor
transportation and harvesting practices

¢ If people worldwide switched to energy efficient lightbulbs the world would save US$120 billion annually

* Should the global population reach 9.6 billion by 2050, the equivalent of almost three planets could
be required to provide the natural resources needed to sustain current lifestyles

Water

¢ Less than 3 per cent of the world’s water is fresh (drinkable), of which 2.5 per cent is frozen in
the Antarctica, Arctic and glaciers. Humanity must therefore rely on 0.5 per cent for all of man’s
ecosystem and fresh water needs.

* Man is polluting water faster than nature can recycle and purify water in rivers and lakes.

* Excessive use of water contributes to the global water stress.

Energy

* Despite technological advances that have promoted energy efficiency gains, energy use in OECD

countries will continue to grow another 35 per cent by 2020. Commercial and residential energy use

is the second most rapidly growing area of global energy use after transport.
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* In 2002 the motor vehicle stock in OECD countries was 550 million vehicles (75 per cent of which
were personal cars). A 32 per cent increase in vehicle ownership is expected by 2020. At the same time,
motor vehicle kilometres are projected to increase by 40 per cent and global air travel is projected to
triple in the same period.

* Households consume 29 per cent of global energy and consequently contribute to 21 per cent of
resultant CO: emissions.

* One-fifth of the world’s final energy consumption in 2013 was from renewables.

Food

* While substantial environmental impacts from food occur in the production phase (agriculture,
food processing), households influence these impacts through their dietary choices and habits. This
consequently affects the environment through food-related energy consumption and waste generation.

* 3 billion tonnes of food is wasted every year while almost 1 billion people go undernourished and
another 1 billion hungry.

* Overconsumption of food is detrimental to our health and the environment.

* 2 billion people globally are overweight or obese.

* Land degradation, declining soil fertility, unsustainable water use, overfishing and marine
environment degradation are all lessening the ability of the natural resource base to supply food.

* The food sector accounts for around 30 per cent of the world’s total energy consumption and accounts
for around 22 per cent of total Greenhouse Gas emissions.

Goal 12 Targets linked to the environment

Target 12.1: Implement the 10-year framework of programmes on sustainable consumption and production,
all countries taking action, with developed countries taking the lead, taking into account the development
and capabilities of developing countries

Target 12.2: By 2030, achieve the sustainable management and efficient use of natural resources

Target 12.3: By 2030, halve per capita global food waste at the retail and consumer levels and reduce food
losses along production and supply chains, including post-harvest losses

Target 12.4: By 2020, achieve the environmentally sound management of chemicals and all wastes
throughout their life cycle, in accordance with agreed international frameworks, and significantly reduce
their release to air, water and soil in order to minimize their adverse impacts on human health and the
environment

Target 12.5: By 2030, substantially reduce waste generation through prevention, reduction, recycling and
reuse

Target 12.6: Encourage companies, especially large and transnational companies, to adopt sustainable
practices and to integrate sustainability information into their reporting cycle

Target 12.7: Promote public procurement practices that are sustainable, in accordance with national policies
and priorities

Target 12.8: By 2030, ensure that people everywhere have the relevant information and awareness for

sustainable development and lifestyles in harmony with nature
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Target 12.a: Support developing countries to strengthen their scientific and technological capacity to move
towards more sustainable patterns of consumption and production

Target 12.b: Develop and implement tools to monitor sustainable development impacts for sustainable
tourism that creates jobs and promotes local culture and products

Target 12.c: Rationalize inefficient fossil-fuel subsidies that encourage wasteful consumption by removing
market distortions, in accordance with national circumstances, including by restructuring taxation and
phasing out those harmful subsidies, where they exist, to reflect their environmental impacts, taking fully
into account the specific needs and conditions of developing countries and minimizing the possible adverse

impacts on their development in a manner that protects the poor and the affected communities

Goal 13: Combat climate change and Environment
Climate change is increasing the frequency and intensity of extreme weather events such as heat waves,
droughts, floods and tropical cyclones, aggravating water management problems, reducing agricultural
production and food security, increasing health risks, damaging critical infrastructure and interrupting
the provision of basic services such water and sanitation, education, energy and transport. The following
data enhances the importance of this goal.

» From 1880 to 2012, average global temperature increased by 0.85°C

* Oceans have warmed, the amounts of snow and ice have diminished and sea level has risen. From

1901 to 2010, the global average sea level rose by 19 cm as oceans expanded. The Arctic’s sea ice extent
has shrunk in every successive decade since 1979

* Global emissions of carbon dioxide (CO:) have increased by almost 50 per cent since 1990

* Emissions grew more quickly between 2000 and 2010 than in each of the three previous decades
Goal 13 Targets linked to the environment
Target 13.1: Strengthen resilience and adaptive capacity to climate-related hazards and natural disasters
in all countries
Target 13.2: Integrate climate change measures into national policies, strategies and planning
Target 13.3: Improve education, awareness-raising and human and institutional capacity on climate change
mitigation, adaptation, impact reduction and early warning
Target 13.a: Implement the commitment undertaken by developed-country parties to the United Nations
Framework Convention on Climate Change to a goal of mobilizing jointly $100 billion annually by 2020
from all sources to address the needs of developing countries in the context of meaningful mitigation
actions and transparency on implementation and fully operationalize the Green Climate Fund through its
capitalization as soon as possible
Target 13.b: Promote mechanisms for raising capacity for effective climate change-related planning and
management in least developed countries and small island developing States, including focusing on women,

youth and local and marginalized communities
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Goal 14: Oceans, seas, marine resources and Environment
The oceans cover more than 70 per cent of the surface of our planet and play a key role in supporting life on
earth. They are the most diverse and important ecosystem, contributing to global and regional elemental
cycling, and regulating the climate. The ocean provides natural resources including food, materials,
substances, and energy.Marine Protected Areas contribute to poverty reduction by increasing fish catches
and income, creating new jobs, improving health, and empowering women. Increasing levels of debris in
the world’s seas and oceans is having a major and growing economic impact. The following data enhances
the importance of this goal.
* Oceans cover three quarters of the Earth’s surface, contain 97 per cent of the Earth’s water, and
represent 99 per cent of the living space on the planet by volume
* Over three billion people depend on marine and coastal biodiversity for their livelihoods
* Globally, the market value of marine and coastal resources and industries is estimated at $3 trillion
per year or about 5 per cent of global GDP
* Oceans absorb about 30 per cent of carbon dioxide produced by humans, buffering the impacts of
global warming
* Oceans serve as the world’s largest source of protein, with more than 3 billion people depending on
the oceans as their primary source of protein
* Marine fisheries directly or indirectly employ over 200 million people
Goal 14 Targets linked to the environment
Target 14.1: By 2025, prevent and significantly reduce marine pollution of all kinds, in particular from land-
based activities, including marine debris and nutrient pollution
Target 14.2: By 2020, sustainably manage and protect marine and coastal ecosystems to avoid significant
adverse impacts, including by strengthening their resilience, and take action for their restoration in order to
achieve healthy and productive oceans
Target 14.3: Minimize and address the impacts of ocean acidification, including through enhanced scientific
cooperation at all levels
Target 14.4: By 2020, effectively regulate harvesting and end overfishing, illegal, unreported and unregulated
fishing and destructive fishing practices and implement science-based management plans, in order to restore
fish stocks in the shortest time feasible, at least to levels that can produce maximum sustainable yield as
determined by their biological characteristics
Target 14.5: By 2020, conserve at least 10 per cent of coastal and marine areas, consistent with national and
international law and based on the best available scientific information
Target 14.6: By 2020, prohibit certain forms of fisheries subsidies which contribute to overcapacity and
overfishing, eliminate subsidies that contribute to illegal, unreported and unregulated fishing and refrain from
introducing new such subsidies, recognizing that appropriate and effective special and differential treatment
for developing and least developed countries should be an integral part of the World Trade Organization
fisheries subsidies negotiation

Target 14.7: By 2030, increase the economic benefits to Small Island developing States and least developed
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countries from the sustainable use of marine resources, including through sustainable management of fisheries,
aquaculture and tourism

Target 14.a: Increase scientific knowledge, develop research capacity and transfer marine technology, taking
into account the Intergovernmental Oceanographic Commission Criteria and Guidelines on the Transfer of
Marine Technology, in order to improve ocean health and to enhance the contribution of marine biodiversity
to the development of developing countries, in particular small island developing States and least developed
countries

Target 14.b: Provide access for small-scale artisanal fishers to marine resources and markets

Target 14.c: Enhance the conservation and sustainable use of oceans and their resources by implementing
international law as reflected in UNCLOS, which provides the legal framework for the conservation and

sustainable use of oceans and their resources, as recalled in paragraph 158 of The Future We Want

Goal 15: Terrestrial ecosystems and Environment
Terrestrial ecosystems provide a series of goods, raw materials for construction and energy, food and a series
of ecosystem services including the capture of carbon, maintenance of soil quality, provision of habitat for
biodiversity, maintenance of water quality, as well as regulation of water flow and erosion control, therefore
contributing to reduce the risks of natural disasters such as floods and landslides, regulate climate and
maintain the productivity of agricultural systems. Maintaining those ecosystems greatly support climate
change mitigation and adaptation efforts. The following data enhances the importance of this goal.

* Around 1.6 billion people depend on forests for their livelihood.

* Forests are home to more than 80 per cent of all terrestrial species of animals, plants and insects

* 74 per cent of the poor are directly affected by land degradation globally

o Of the 8,300 animal breeds known, 8 per cent are extinct and 22 per cent are at risk of extinction

* Over 80 per cent of the human diet is provided by plants. Only three cereal crops - rice, maize and

wheat - provide 60 per cent of energy intake
* As many as 80 per cent of people living in rural areas in developing countries rely on traditional
plant-based medicines for basic healthcare

Goal 15 Targets linked to the environment
Target 15.1: By 2020, ensure the conservation, restoration and sustainable use of terrestrial and inland
freshwater ecosystems and their services, in particular forests, wetlands, mountains and drylands, in line
with obligations under international agreements
Target 15.2: By 2020, promote the implementation of sustainable management of all types of forests, halt
deforestation, restore degraded forests and substantially increase afforestation and reforestation globally
Target 15.3: By 2030, combat desertification, restore degraded land and soil, including land affected by
desertification, drought and floods, and strive to achieve a land degradation-neutral world
Target 15.4: By 2030, ensure the conservation of mountain ecosystems, including their biodiversity, in order
to enhance their capacity to provide benefits that are essential for sustainable development

Target 15.5: Take urgent and significant action to reduce the degradation of natural habitats, halt the loss of
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biodiversity and, by 2020, protect and prevent the extinction of threatened species

Target 15.6: Promote fair and equitable sharing of the benefits arising from the utilization of genetic resources
and promote appropriate access to such resources, as internationally agreed

Target 15.7: Take urgent action to end poaching and trafficking of protected species of flora and fauna and
address both demand and supply of illegal wildlife products

Target 15.8: By 2020, introduce measures to prevent the introduction and significantly reduce the impact of
invasive alien species on land and water ecosystems and control or eradicate the priority species

Target 15.9: By 2020, integrate ecosystem and biodiversity values into national and local planning, development
processes, poverty reduction strategies and accounts

Target 15.a: Mobilize and significantly increase financial resources from all sources to conserve and sustainably
use biodiversity and ecosystems

Target 15.b: Mobilize significant resources from all sources and at all levels to finance sustainable forest
management and provide adequate incentives to developing countries to advance such management, including
for conservation and reforestation

Target 15.c: Enhance global support for efforts to combat poaching and trafficking of protected species,

including by increasing the capacity of local communities to pursue sustainable livelihood opportunities

Goal 16: Peace, justice, strong institutions and Environment

Strengthened institutions, rule of law and enforcement contribute to support the implementation of multi-
lateral environmental agreements and progress towards internationally agreed global environmental goals.
A better understanding of the links between environment and human security is vital for effective conflict
prevention, post-conflict reconstruction and promotion of peaceful and inclusive societies. In the past 60
years, 40 per cent of conflicts have been tied to natural resources and these are twice as likely to relapse into
conflict within the first five years.

Goal 16 Targets linked to the environment

Target 16.3: Promote the rule of law at the national and international levels and ensure equal access to justice
for all

Target 16.6: Develop effective, accountable and transparent institutions at all levels

Target 16.7: Ensure responsive, inclusive, participatory and representative decision-making at all levels
Target 16.8: Broaden and strengthen the participation of developing countries in the institutions of global
governance

Target 16.10: Ensure public access to information and protect fundamental freedoms, in accordance with
national legislation and international agreements

Target 16.b: Promote and enforce non-discriminatory laws and policies for sustainable development
Goal 17: Partnerships and Environment

Stronger partnerships will contribute to environmental protection and sustainable development by

mobilizing resources, sharing knowledge, promoting the creation and transfer of environmentally sound
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technologies, and building capacity. There is tremendous scope for making the existing financial system
more sustainable by integrating the environment dimension. Growing cooperation among multilateral
organizations, donors and private sector is needed to provide developing countries and beneficiaries with
technologies that increase efficiency the use of natural resources, generate low waste, treat the generated

pollution and mitigate climate change®.

Conclusion: We have been analyzing in the first part of this article the commitment the UN community has
made through SDGs to make humanity a better livable place for all and in the second part, in particular,
about how to integrate environment into SDGs. “We the Peoples” are the celebrated opening words of the
UN Charter. It is “We the Peoples” who are embarking today on the road to 2030. Our journey will involve
Governments as well as Parliaments, the UN system and other international institutions, local authorities,
indigenous peoples, civil society, business and the private sector, the scientific and academic community
- and all people. We have mapped the road to sustainable development; it will be for all of us to ensure
that the journey is successful and its gains irreversible. Millions have already engaged with MDGS SDGs,
and will own, this Agenda. It is an Agenda of the people, by the people, and for the people - and this, we
believe, will ensure its success. The future of humanity and of our planet lies in our hands. It lies also in the
hands of today’s younger generation who will pass the torch to future generations. Let us hope students of
environment and development studies take up the challenge to design a better world and live up to the spirit

of “Sophia-bringing the world together” with higher wisdom for which Sophia strives in the years to come!

Notes

1.  Progress towards the eight Millennium Development Goals is measured through 21 targets and 60 official
indicators. The complete list of goals, targets and indicators is available at http://mdgs.un.org.

2. Ibid.

3. Published by the United Nations Environment Programme (UNEP), Version 2, July 2013. http://web.unep.
org/post2015/sdgl7.php

4.  https://sustainabledevelopment.un.org/post2015/transformingourworld

5. Ibid.
All the data and analysis used in this article are based on UNMDGs reports from 2000-2015 and the UN

published materials on Sustainable Development Goals.

136



Building Brand Value through Environmentally Oriented Corporate Activities

Bjorn Frank ™, Shane J. Schvaneveldt®@

Abstract

Many firms engage in actions benefitting the environment in order to improve their brand image and
broaden their customer base. The literature tends to refer to these environmentally oriented actions and
to socially oriented actions as dimensions of CSR (corporate social responsibility). This research aims to
explore the pathways through which consumer CSR perceptions influence consumer perceptions of products
and brands. Based on multivariate analysis of consumer data in different countries, it finds that both social
and environmental CSR actions lead to improved consumer perceptions of products and brands. Therefore,

environmentally oriented corporate activities help firms compete more successfully.
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Building Brand Value through Environmentally Oriented Corporate Activities

1. Introduction

Over recent years, many firms have chosen to engage in CSR (corporate social responsibility) activities
benefitting customers, employees, the local community, and the environment. Through these activities, firms
have sought to improve their brand image and to foster trust in the quality of their products. Indeed, research
has shown that some consumers seek to help society through consumption of products that might benefit
disadvantaged social groups, even in cases where such consumption involves personal health risks (Frank
& Schvaneveldt, 2014, 2016). Still, the evidence of the success of such CSR strategies is mixed. Past research
indicates strong benefits of CSR activities on perceived product value (Koller et al., 2011; Luo & Bhattacharya,
2006), brand image (Martinez & Rodriguez del Bosque, 2013; Saeednia & Sohani, 2013; Torres et al., 2012),
profits, and stock market value (Kang et al., 2016; Leonidou et al., 2013), whereas other research cannot
support such claims (Jayachandran et al., 2013) or reveals low levels of CSR awareness among customers
(Sen et al., 2006). Our study aims to make the following original contributions to the CSR literature. First,
while past research tended to use social CSR and environmental CSR interchangeably (e.g., Kang et al,,
2016), we wish to compare the influences of customer perceptions of both social CSR and environmental
CSR on customer perceptions of product value and brand image. Our goal is to understand the relative
effectiveness of activities in each domain for reaching different firm objectives. Second, most customers
appear to lack a solid understanding of firms’ CSR activities but still may associate firms with CSR activities
without hard evidence (Sen et al., 2006). Against this backdrop, we seek to understand the importance of
exposing customers to CSR information for building CSR brand image and increasing customer perceptions
of product value and overall brand image. To test a series of research hypotheses, we use cross-national

consumer data on perceptions of fast food restaurants.

2. Development of hypotheses

2.1 Conceptual framework

Our conceptual model in Figure 1 delineates the hypothesized processes through which we posit that
corporate CSR activities impact customer satisfaction, which the marketing literature describes as a key
driver of customer loyalty and long-term profits (Frank et al., 2012, 2015; Reichheld & Sasser, 1990). The
established customer equity model proposed by Rust et al. (2000) describes such customer equity as the
consequence of value equity, brand equity, and relationship equity.

Value equity comprises customer perceptions of the value that firms deliver through the provision of
products and services, which we summarize as product value. It consists of multiple dimensions: utilitarian,
hedonic, symbolic, and economic value. Utilitarian value refers to the product’s ability to help customers

reach objectives in their lives. Hedonic value refers to the pleasure that products generate. Symbolic value is
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Figure 1. Conceptual framework.

the role that products play in customers’ social relationships or daily habits. Finally, economic value refers
to the perceived lowness of the price of the product, given its quality (Wimalachandra et al., 2014).

Brand equity refers to customer associations with the firm’s brand. In particular, public brand image,
which is the perceived public opinion of a brand and is also referred to as corporate reputation, has been
shown to be a key driver of customer satisfaction and customer loyalty (Frank et al., 2012, 2015; Johnson
et al,, 2001). In addition, researchers have proposed brand experience as a multi-dimensional construct,
which is key driver of customer satisfaction and customer loyalty (Brakus et al., 2009; Frank et al., 2014).
As our study analyzes customer perceptions of fast food restaurants, we focus on sensory brand experience
as a relevant dimension in this food industry.

While relationship equity is a key driver of profitability, it usually is described as a long-term
consequence of building superior value equity and brand equity (Frank et al., 2012, 2015; Rust et al., 2000).
Consequently, we focus on value equity and brand equity as the strategy levers that firms can use directly,

rather than on relational equity as the indirect consequence of firm actions.

2.2 The formation of CSR brand image

We posit that CSR brand image derives from information on CSR activities that firms publicize (H1).
In addition, we predict that the perception of government support for CSR may exert a positive influence on
CSR brand image (H2) because firms can draw upon government policy and support actions to strengthen
their CSR activities and because a government’s active role in supporting corporate CSR activities may lead

consumers to conclude that firms engage in CSR activities, even without any hard evidence.
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2.3 Influence of CSR activities on overall brand image

Firms primarily engage in CSR activities in order to improve their brand image. Through actions
benefiting both society and the environment, firms seek to be associated with integrity, high ethical
standards, a lack of selfishness, and a willingness to reach out to stakeholders. Such benefits would be
relevant dimensions of the public brand image, which is an evaluation of the goodness of a brand. Moreover,
in the fast food context, an image of high ethical standards in treating employees and the environment can
lead customers to expect high employee engagement and healthy food products, which would result in a
strong sensory brand experience. Hence, we predict that social (H3) and environmental (H4) CSR brand
image positively influences public brand image. Moreover, public awareness of corporate CSR activities is
low and CSR brand image often does not reflect real customer knowledge, which might limit the influence
of CSR brand image (Sen et al., 2006). Consequently, we posit that the consumer perception of having been
exposed to solid information on a firm’s CSR activities helps increase overall brand image (H5) beyond
the level caused by CSR brand image (see H3, H4), while noting that this perception by consumers may

frequently be somewhat unfounded (Sen et al., 2006).

2.4 Influence of CSR activities on product value

A limited number of context-specific studies have shown that consumers associate CSR activities
with better product value (Koller et al., 2011; Luo & Bhattacharya, 2006). In line with this research,
social CSR activities tend to be understood as investments into the ability to secure a good workforce
(human resources) and to avoid conflicts with stakeholders that otherwise might distract a firm from its
core activities. Customers might regard a good workforce as a driver of high quality products that help

customers fulfilltheir goals (utilitarian value), induce pleasure (hedonic value), fulfill social and habitual

Table 1. Construct correlations and psychological properties.

Correlations
Independent variables 1 2 3 4 5 6 7 8 9 10
1 Customer satisfaction
2 Utilitarian value 41
3 Hedonic value 37 54
4  Symbolic value 32 52 55
5 Economic value 44 27 18 25
6  Public brand image 56 25 42 24 28
7  Sensory brand experience 22 32 44 39 .10 .27
8  Social CSR image 39 26 41 23 22 50 25
9  Environmental CSR image 21 22 34 28 17 33 32 54
10 Government CSR support -02 .11 21 .15 .05 .09 26 .18 .32
11 CSR information exposure (formative) -03 .12 31 20 .04 .17 35 26 .32 .38
Psychological properties:
Cronbach's o 85 .89 90 88 83 92 91 .87 92 91
Average variance extracted 59 67 69 .61 71 79 77 70 .80 .78

Notes: All correlations with |r| > .09 are significant at p <.05.
Sample size (listwise): 757. Variables standardized.
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roles in customers’ lives (symbolic value), and represent good value for money (economic value). Moreover,
environmental CSR activities tend to be understood as investments into securing high-quality natural
resources that constitute the building blocks of most products and might translate into customer perceptions
of utilitarian, hedonic, symbolic, and economic value. Hence, we posit that social (H6) and environmental
(H7) CSR image influences perceived product value. In addition, actual information on CSR activities
might complement partially unfounded, weakly held assumptions about CSR image in inducing customer

perceptions of product value (H8).

3. Methodology

In order to test our hypotheses, we conducted a questionnaire survey about consumer attitudes regarding
fast food restaurants in the countries of Japan, USA (both developed), and Sri Lanka (developing). We
received 757 entirely completed questionnaires and a few more partially filled questionnaires. Table 1 shows
the psychological properties and correlations of the constructs in our conceptual model. It indicates that
our measures fulfill the standard requirements of convergent validity (Cronbach’s a > .7; average variance

extracted > .5) and of discriminant validity (average variance extracted > squared construct correlations).

4. Results

Regarding the formation of brand CSR image, our results in Table 2 support our hypotheses that
CSR information exposure (H1) and government CSR support (H2) positively influence both social and
environmental CSR image. Of particular interest, government CSR support exerts a large influence and
appears to play a larger role than actual CSR information in shaping environmental CSR image. Potentially,

consumers consider themselves less knowledgeable of environmental science than of social issues, and

Table 2. The formation of brand CSR image.

Dependent variable: Social Environmental
CSR image CSR image

Independent variable b b Hypotheses
Control variables:

Female (vs. male) .03 -.04

Age -06 1 A1 wEE

Brand market share -.02 -.06
CSR value:

CSR information exposure 19 kE* 19 wEx Hl1: +
CSR public policy:

Government CSR support 8 HE* 26 *** H2: +
Sample size: 773 769

Notes: 'p <.1;*p < .05;**p <.Ol;***p <.001.
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thus might be more inclined to trust the role of government in assuring high levels of environmental CSR
activities in firms.

Table 3 portrays the influences of CSR activities on brand image. Public brand image is influenced
strongly by social CSR image (H3), but not by environmental CSR image (H4) and CSR information exposure
(H5). As public brand image reflects not the customer’s personal opinion of a brand, but the customer’s
perception of society’s opinion of a brand (Frank et al., 2015), personal exposure to CSR information
might not be relevant, and customers appear to align society’s interests with social issues, rather than
environmental issues. By contrast, sensory brand experience as the customer’s personal perception of brand
characteristics is influenced by both social (H3) and environmental (H4) CSR image and by CSR information
exposure (H5).

Table 4 displays the influences of CSR activities on perceived product value. Social (H6) and
environmental (H7) CSR image influence all four dimensions of product value. While social CSR image
exerts a stronger influence on utilitarian, hedonic, and economic value, environmental CSR image exerts a
stronger influence on symbolic value. Thus, it appears that customers regard social CSR image as the more
important driver of product quality, whereas environmental CSR image might appeal to customers’ social
role as part of the green movement. CSR information exposure (H8) positively influences utilitarian, hedonic,
and symbolic value, but not economic value. Thus, customers appear willing to pay for a good CSR image,
but not for the delivery of more CSR information. Rather, exposure to CSR information appears to result
in a strong emotional response, for which customers do not appear willing to pay in a fast food context.

Table 5 provides information on the formation of customer satisfaction, which is influenced most
strongly by public brand image and economic value, followed by utilitarian and symbolic value, whereas

hedonic value and sensory brand image appear to be less influential in the context of fast food restaurants.

Table 3. The influences of CSR activities on brand image.

Dependent variable: Public Sensory
brand image brand experience
Independent variable b b Hypotheses
Control variables:
Female (vs. male) .08 ** .01
Age .05 F -.02
Brand market share =21 kEx =12 kk

Brand CSR image:

Social CSR image 39wk A1 * H3: +

Environmental CSR image .04 16 kE* H4: +
CSR value:

CSR information exposure .05 2] H5: +
Sample size: 775 758

Notes: p <.1;*p < .05;**p < .Ol;mp <.001.
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5. Conclusion

Our empirical analyses support most of our hypotheses. With respect to the main objectives of our

study, we detected that both social and environmental CSR image influence the formation of customer

satisfaction via brand image and product value, but social CSR image has a far greater influence on public

Table 4. The influences of CSR activities on product value.

Dependent variable: Utilitarian Hedonic Symbolic Economic
value value value value

Independent variable b b b b Hypotheses
Control variables:

Female (vs. male) .00 .03 .05 05 1

Age -.05 -] R -.07 * .04

Brand market share -.07 -.19 *** -.08 T -.13 **
Brand CSR image:

Social CSR image 19w 27 HEE 12 ** 14 H6: +

Environmental CSR image .11 * .08 * 17 kEE A1 x* H7:+
CSR value:

CSR information exposure .07 + 14 Fx* .09 * -.03 H8: +
Product value:

Utilitarian value 18

Hedonic value .05

Symbolic value 13 kE*
Sample size 770 770 773 757

Notes: p <.1;°p <.05;7p <.01;""p <.001.

Table 5. The formation of customer satisfaction.

Dependent variable:

Customer satisfaction

Independent variable b
Control variables:
Female (vs. male) -.04
Age -.01
Brand market share -.01
Product value:
Utilitarian value 1 kEE
Hedonic value .06 T
Symbolic value 11
Economic value 31 kEx
Brand image:
Public brand image 31 kx*
Sensory brand experience .05 *
Sample size: 758

Notes: p <.1;"p < .OS;Mp <.Ol;***p <.001.
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brand image and economic value as the most important drivers of customer satisfaction. In addition, our
results indicate that substantial exposure to CSR information not only leads to better CSR image, but
also contributes to predominantly emotional processes (hedonic value, sensory brand experience) in the
formation of customer satisfaction. However, these emotional processes do not appear to play a salient role
in the overall evaluation of fast food restaurants.

In our future research, we will extend the analysis to additional countries and industries in order to
derive generalizable insights and to understand the role of a country’s economic development status in the

effectiveness of CSR activities.
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Computable General Equilibrium Analyses of Global Climate
Agreements: A Multi-sector and Multi-region Dynamic Model

Shin Sakaue, Koichi Yamaura, Toyoaki Washida
Abstract

This article examines economic impacts under global climate agreements for abating greenhouse
gases (GHGs) with interactions and heterogeneity among various regions. It uses the dynamic
version of Evaluation Model for Environmental Damage and Adaption (EMEDA) developed for
simulating global economic impacts resulting from climate change. Dynamic version of EMEDA
consists of eight regions with each region broken down into eight sectors. We expand EMEDA into
a dynamic version in five points; 1) capital accumulation, 2) population growth, 3) technological
progress, 4) CO2 emissions and damages from global warming, and 5) a global warming model.
Then, we define a base scenario on CO2 emissions reduction according to Copenhagen Accord. By
the dynamic version of EMEDA, we measure regional impacts of climate change under business
as usual (BaU) and the base scenario. Simulated results show that: 1) temperature rises more
than 4 degree C in BaU scenario whereas temperature rise is less than 2.5 degree C in the base
scenario, 2) simulated economic damage derived from CO2 emissions reduction rates attained by
official announcements varies among regions and sectors, 3) the real GDP losses of Japan, the
U.S. and EU are improved by CO2 emissions reduction, but real GDP losses of other regions are
deteriorated; and 4) there exist several sectors of which the real value-added losses decrease in

each region.
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Computable General Equilibrium Analyses of Global Climate
Agreements: A Multi-sector and Multi-region Dynamic Model

Shin Sakaue* Koichi Yamaural Toyoaki Washidat

1. Introduction

The anthropogenic greenhouse gas (GHG) driven climate crisis has received global attention
over the last several decades, with ‘global warming’ and ‘climate change’ becoming important
keywords and catalysts for controversial debates across academia, various institutions and broad
areas of society. Since the early nineties many scholars have developed integrated assessment
models (IAMs) to analyze global warming. The United Nations International Panel on Climate
Change (IPCC) for example has employed IAMs to determine future socio-economic scenarios
and to evaluate policy measures (Mori et al., 2008). Nordhaus (1991) first attempted to estimate
the cost of climate change for the U.S. and the rest of world. Since then, many other studies have
emerged addressing the global economic costs of climate change (Frankhauser, 1995; Nordhaus
and Boyer, 2000; Nordhaus and Yang, 1996; Tol, 1995, 1999, 2002).

With many studies providing assessments of the global and regional economic costs of climate
change, some focus on economic consequences from multiple sectors in multiple regions. Washida
(2010) and Washida et al. (2014) developed the Evaluation Model for Environmental Damage
and Adaption (EMEDA) as a static CGE model to simulate economic damages resulting from
global warming and adaptation costs. Compared with the other global economic models such as
the Climate Framework for Uncertainty, Negotiation and Distribution (FUND) by Tol (1995),
there are several advantages to EMEDA. Firstly, it captures not only domestic economic impacts
but also indirect economic impacts on world trade among nations affected by global warming.
Secondly, it utilizes the Global Trade, Assistance, and Production version 7 (GTAP7) Data Base
which has rich global economic data including that from developing countries. Lastly, damage
functions may be inserted more easily into this model than other CGE models.

This study constructs a dynamic version of EMEDA to simulate the world economy as eight
regions including Japan, China and the U.S., with each region broken down into eight sectors for
the period 2004-2100. To calculate recursive competitive equilibrium year by year, we have uti-
lized the GTAP7 Data Base and the General Algebraic Modeling System (GAMS). Additionally,
we have added global warming and damage functions modified from DICE2010 and RICE2010

*Corresponding author: Postdoctoral Fellow, Graduate School of Global Environmental Studies, Sophia Uni-
versity. sakaue@genv.sophia.ac.jp

t Assistant Professor, Department of International Environmental and Agricultural Science, Tokyo University
of Agriculture and Technology.

tProfessor, Graduate School of Global Environmental Studies, Sophia University.
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(Nordhaus, 2012). Under these settings, we define a base scenario on CO2 emissions reduc-
tion according to Copenhagen Accord for climate policy analysis. Then, we measure economic
impacts of climate change under the base scenario and business as usual (BaU) scenario.
Simulated results by the dynamic EMEDA indicate that: 1) temperature rises more than 4
degree C in BaU scenario whereas temperature rise is less than 2.5 degree C in the base scenario,
2) simulated economic damage derived from CO2 emissions reduction rates attained by official
announcements varies among regions and sectors, 3) the real GDP losses of Japan, the U.S.
and EU are improved by CO2 emissions reduction, but real GDP losses of other regions are
deteriorated; and 4) there exist several sectors of which the real value-added losses decrease in

each region.

2. Methodology

We extend EMEDA from Washida (2010) to a dynamic CGE model with climate change in this

section. Then, we define a base scenario according to Copenhagen Accord.

2.1. An overview of EMEDA

Figure 1, from Washida (2010, pp.6, Figure 4), depicts the flow of goods in a regional economy.
S is savings, Z is domestic production, E is total export, F; is export to each region, R is
international transport service, D is domestic demand, M, is total import, @ is Armington
good, C' is consumption, G is government expenditure, [ is investment, V is value-added, and

X is intermediate input. A regional economy is depicted by the outer dashed line.
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Figure 1: Flow of Goods in A Regional Economy from Washida (2010)
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Domestic production mainly consists of domestic demand and total exports. On top of
this, international transport services also have a share of domestic productions. These demands
are obtained by non-linear Constant Elasticity of Transformation (CET) functions, which are
depicted by the left-side-open curves in Figure 1. Total exports are also divided into exports to
other regions by non-linear CET functions (Washida 2010).

Armington goods are obtained from domestic demand and total imports by Constant Elas-
ticity of Substitution (CES) functions, which are depicted as right-side-open curves in Figure
1. Total imports also contain imports from each region using CES functions (Washida 2010).
Finally, consumption, government expenditure, investment and intermediate input are used to
measure Armington goods (Washida 2010).

Following Washida (2010), a value-added production function of EMEDA is as:

gY —1 Y 1Y Y _1
I ir Gr
_ .V \% Bir v 8y,
Vir = mj.Q af K077 + (1- ozjr) L,, . (1)
Capital demand function is as:
\'%
Y -1 Bjr
B V.V
Jr
Ko T QD Ve (2)
Jjr — il K gr-
(L+7f) (A7)
Labor demand function is as:
v
/f]‘./r—l Bjr
sY
it V.V
. Tl py
j grijr
Ljr = Virs 3)

(1 + Tf;) (1 + TJLT) Wy

where Vj, is value-added, K}, is capital, L;, is labor, p}fr is value-added price, Tff is capital

tax, Tf; is production tax, T]-LT is labor tax, r, is capital service price, and w, is nominal wage

rate. A sector: j = 1,...,8 and a region: r = 1,...,8 (See Table 1, 2 and 3)"2. A 7] is a

Table 1: Regions and Sectors for Dynamic EMEDA

Regions Sectors
1 Japan 1 Agriculture
2 China 2 Forestry
3 USA 3  Fishing
4  EU25_WEurope | 4 Extraction
5 FSU_EEurope 5  LightMnfc
6  OAsiaOceania 6  HeavyMnfc
7 OAmerica 7  TransComm
8  Africa 8  OthServices

n our model, the sixteen sectors and sixteen regions used in the Washida (2010) study are aggregated into
eight sectors and eight regions for computational convenience.

2Sector codes in Table 3 are available on GTAP webpage. https://www.gtap.agecon.purdue.edu/data
bases/v7/v7_sectors.asp.
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Table 2: Regions Considered in Dynamic EMEDA

Abb. Name Country codes (GTAP7)

1 Japan JPN

2 China CHN, HKG

3 USA USA

4 EU25. WEwope | AUT, BEL, CYP, CZE, DNK, EST, FIN, FRA, DEU, GRC, HUN, IRL, ITA, LVA,

LTU, LUX, MLT, NLD, POL, PRT, SVK, SVN, ESP, SWE, GBR, XEF, NOR, CHE
FSU_ EEwope | RUS, ALB, BGR, BLR, HRV, ROU, UKR, XEE, XER, KAZ, KGZ, XSU, ARM, AZE,
GEO

6 OAsiaOceania | IND, KOR, AUS, NZL, XOC, TWN, XEA, KHM, IDN, LAO, MMR, MYS, PHL, SGP,
THA, VNM, XSE, BGD, PAK, LKA, XSA, IRN, TUR, XWS

ot

7 OAmerica CAN, MEX, XNA, ARG, BOL, BRA, CHL, COL, ECU, PRY, PER, URY, VEN, XSM,
CRI, GTM, NIC, PAN, XCA, XCB
8 Africa NGA, SEN, XWF, XCF, XAC, ETH, MDG, MWI, MUS, MOZ, TZA, UGA, ZMB, ZWE,

XEC, BWA, ZAF, XSC, EGY, MAR, TUN, XNF

Table 3: Sectors Considered in Dynamic EMEDA

Abb. Name Sector codes (GTAPT)

1 Agriculture | PDR, WHT, GRO, PCR, V_F, OSD, C_B, PFB, OCR, CTL, OAP, RMK, WOL, CMT, OMT
2 Forestry FRS

3 Fishing FSH

4 Extraction COA, OIL, GAS, OMN

5 LightMnfc VOL, MIL, SGR, OFD, B_T, TEX, WAP, LEA, LUM, PPP, FMP, MVH, OTN, OMF

6 HeavyMnfc | P_C, CRP, NMM, LS, NFM, ELE, OME, ELY, GDT, WTR, CNS

7 TransComm | TRD, OTP, WTP, ATP, CMN

8 OthServices | OFI, ISR, OBS, ROS, OSG, DWE

scale parameter, a}fn is a partition parameter, and ]VT is an elasticity of substitution. EMEDA
also contains final demand functions, income and savings functions, trade functions, and market

equilibriums for export and import goods?.

2.2. Extension to dynamic EMEDA

In the literature, impacts of global warming are considered as time dimensional objects since
accumulation of GHGs emissions leads to a rise in atmospheric temperature. Accordingly, we
extend a EMEDA from Washida (2010) to a dynamic CGE model in which competitive equilib-
rium is recursively calculated year by year from 2004 to 2100 without any loss of the advantages
of an EMEDA®. Therefore we have improved an EMEDA on five levels. First, we adopt capital
accumulation by sector in each region. In each period a present capital stock is the sum of
the previous capital stock minus depreciation of the previous capital stock plus a previous gross
investment. We set the depreciation rate of each sector to four percent per annum following
the GTAP7 database. Second, we introduce population growth into labor supply. Population
growth rates are calculated by world projections from United Nations (UN) data. Third, we in-

troduce the Hicks neutral technological progress into the value-added production function. The

3See Appendix in this paper, Washida (2010) and Washida et al. (2014) for details.
4Data in GTAP7 is available for 2004. Therefore, Washida (2010) set the year 2004 as the base year.
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Figure 2: Changes in Real GDP Growth Rates by Region in SSP1

Table 4: CO2 Emission Coefficients of Dynamic EMEDA in 2004

Japan China USA EU25_ FSU_ QOasia OAmerica Africa
WEurope EEurope  Oceania

Agriculture  0.070342  0.162142  0.124978  0.088221  0.139385  0.053058  0.092138  0.024317
Forestry 0.065633  0.109027  0.050185  0.053807  0.317288  0.031962  0.080667  0.033935
Fishing 0.423212  0.283442  0.264394  0.209174  0.144837  0.272827  0.102655  0.108659
Extraction  0.139023  0.488464  0.068438  0.077564 0.170186  0.062192  0.264992  0.102994
LightMnfc 0.019292  0.168772  0.058036 0.03145  0.172826  0.104082  0.041993  0.100977
HeavyMnfc  0.174954  1.869972 0.44905 0.233544  2.263606  0.926848  0.386714  1.560264
TransComm  0.058703  0.230866  0.171369  0.097818  0.460827  0.259246  0.307276  0.274136
OthServices  0.010252  0.048448  0.007816  0.005901  0.126179  0.018156  0.012494  0.027607
Households  0.0103362 0.0526218 0.0283849 0.0208521 0.130155 0.0463183  0.036024  0.0520026

growth rates of technological progress are calculated by fitting the estimated values of real GDP
in a dynamic EMEDA to those of real GDP in the scenario of Shared Socio-economic Pathways
(SSP) in which both potential damage of global warming and marginal cost of mitigation are
determined by the low (SSP1), which is in turn estimated by the OECD ENV-linkage model
(SSP Database, 2012). Figure 2 illustrates changes in real GDP growth rates by region in SSP1.

Fourth, we consider CO2 emissions and damages from global warming®. CO2 emissions in
2004 are calculated by input energy data in GTAP7 Data Base (Lee, 2008). This data includes
CO2 emissions of 8 regions and 9 sectors, which consist of our 8 sectors and households. With
this data, the CO2 emission coefficient for each industry, o, is defined as the ratio of CO2
emissions to the value-added of sector j in 2004. Similarly, the CO2 emission coefficient of
households, aft, is defined as the ratio of CO2 emissions to total value-added in 2004. Table 4

shows CO2 emission coefficients in 2004. Due to technological progress in abatement, the CO2

5Effects of non-CO2 GHGs are given exogenously according to DICE2010.
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emission coefficient has decreased each year. We assume a CO2 emission coefficient has decreased
by about 2% annually according to RICE2010. Additionally, the absolute value of the rate of
change in CO2 emission coefficient has also decreased per year according to RICE2010. Using
these assumptions, CO2 emissions after 2004 are calculated by the CO2 emission coefficients and
estimated in terms of real value-added.

Finally, we build a global warming model modified from DICE2010 and RICE2010 (Nordhaus,
2010, 2012). This is essentially a box model consisting of three components: the atmosphere, the
ocean surface and the deep ocean. In this model we consider two types of damages from global
warming. The first is damage arising from sea level rise (abbreviated as SLR) with the other
being that caused by other events (non-SLR events) driven by warming global temperatures.
SLR and non-SLR damages are given by

D, (Ty, SLR;)
14 D, (T}, SLR;)

Fjr,t(Kjr,tijr,t) (4)

where Fj, ; is a value-added production function without damages and D,.; is a SLR and non-SLR
damage function modified from RICE2010. According to RICE2010, D,.; is given by

0.25
N Virt
2371 Jrit 1) (5)

D'r,t (T;&a SLRt) = aLth + a2,th2 + 2(ﬁ17rSLRt + /BQ,TSLR?) n
Zj:l ‘/jr.,2004

where T} is the rise in atmospheric temperature (°C compared to the year 1900) and SLR; is
the level of SLR caused by higher temperatures (in meters compared to the year 2000). By
definition, these damage functions are different for each region. Table 5 shows the parameters
of the damage functions. Moreover, in our model each region can reduce CO2 emissions at the
expense of value-added production. This relationship is represented by abatement cost functions
which are also modified from RICE2010. An abatement cost is expressed by

ACOST;r i (ttjrt)
]- + Dr,t(Th SLRt)

Firi(Kjrt, Ljrst) (6)

where ACOST is an abatement cost function. This is given by

Table 5: Parameters of SLR and Non-SLR Damage Functions in 2004

On non-SLR On SLR
Region o Qg B1 B2
Japan 0 0.161723 0.00053 0.000053
China 0.077445 0.126287 0.011646  0.000001
USA 0 0.141413 0 0.000255
EU25_WEurope 0.000568 0.158733 0.004453 0
FSU_EEurope 0 0.121042 0.000043 0.000026
OAsiaOceania 0.220391 0.1624 0.002181 0.000351
OAmerica 0.043514 0.14078 0.001759 0.000051
Africa 0.340974 0.19832  0.003509 0
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Table 6: Parameters of Abatement Cost Functions in 2004
Japan China USA  EU25_WEurope FSU_EEurope OAsiaOceania OAmerica Africa

Agriculture  0.0511  0.0685 0.0624 0.0685 0.0731 0.0488 0.0720  0.0379
Forestry 0.0481 0.0515 0.0320 0.0469 0.1214 0.0385 0.0656  0.0427
Fishing 0.2744  0.1071 0.1191 0.1444 0.0746 0.1569 0.0779 00799
Extraction  0.0945 0.1725 0.0394 0.0618 0.0815 0.0533 01691  0.0771
LightMnfe  0.0188 0.0706 0.0352 0.0328 0.0822 0.0739 0.0438 00761
HeavyMnfc ~ 0.1173 0.6128 0.1942 0.1597 0.6492 0.4783 0.2375  0.8017
TransComm  0.0437 0.0904 0.0813 0.0745 0.1603 0.1502 01929 0.1622
OthServices  0.0130 0.0322  0.0147 0.0168 0.0695 0.0317 0.0273  0.0396
ACOSTjri(jrt) = Cira(ojrs + o)t (7)

where (1,4 is the rate at which CO2 emissions decline, and cj,; is the parameter of abatement
cost functions. Table 6 exhibits parameters by sector for each region’s abatement cost function in
2004. We assume that these parameters decrease as time passes®. Additionally, other parameters
in our global warming model are calculated according to DICE2010.

Following Washida (2010), we use the GTAP7 Data Base for simulating the extended
EMEDA, naming this extended version with global warming a dynamic EMEDA.

2.3. CO2 emission reduction scenario

In this subsection, we define a series of scenarios regarding various reduction rates for world
CO2 emissions. In the base scenario, each region gradually increases the rate of CO2 emissions
reductions according to Table 7. In Table 7, the 2020 CO2 emission reduction targets for the

five major regions of Japan, China, the U.S., the European Union (EU) and Former Soviet

Table 7: CO2 Emissions Reduction in the Base Scenario

Region 2020 2050 2051-2100
Japan —25% below 90  —80% below 90  —2% p.a.
China, —40% below ’05*  —50% below 90  —2% p.a.
USA —4% below 90 —50% below 90  —2% p.a.
EU25_ —20% below 90 —50% below 90  —2% p.a.

WEurope
FSU_ —20% below 90 —50% below 90  —2% p.a.

EEurope
Oasia —40% below '05  —50% below 90  —2% p.a.

Oceania
OAmerica  —40% below 05  —50% below 90  —2% p.a.
Africa —40% below '05  —50% below 90  —2% p.a.

% Comparison by CO2 emissions intensity.

6This reflects technical progress in backstop technology since cjr,t represents backstop price.
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Union (FSU) are derived from those officially announced at COP15 (den Elzen et al., 2010). For
the other three regions of other Asia and Oceania (OAsiaOceania), other American countries
(OAmerica) and Africa, we have adopted 40% below 2005 levels for simplification purposes. For
long-term CO2 emissions reduction targets for 2050, we have followed targets set out by the
International Energy Agency (IEA) and the Group of Eight (G8), which predict reduction rates
for CO2 emissions in 2050 as 50% below 1990 levels (IEA, 2009; G8 Summit, 2007).

That said however, we have adopted an 80% target for Japan since this country officially
pledged such reductions by the year 2050 (METI, 2010). Finally, we assume that each region

reduces its CO2 emissions after 2050 by 2% per annum.
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Figure 3: Changes in Temperature (°C above 1900) in the Base Scenario

Figure 3 represents changes in atmospheric temperature in both the base scenario and BaU
scenario where no region reduces its CO2 emissions. In the dynamic EMEDA, the temperature
increase in 2100 is about 2.31°C above 1900 in the base scenario and about 4.43°C above 1900 in
the case of BaU scenario. Therefore, attaining the base scenario is sufficiently effective for limiting

global warming as per the current goal of 2 degrees relative to pre-industrial temperatures.

3. Results

Simulated EMEDA results are affected not only by direct impacts, but also by indirect effects.
This is because CGE models incorporate interrelationships among regions. Therefore, we can
consider these indirect effects when EMEDA focuses on damage impacts from global warming.
This research simulates a dynamic EMEDA to emphasize effect of CO2 emissions reduction for
eight regions. From hereon, we will therefore discuss simulated dynamic EMEDA results by
region for both real GDP and real value-added by sector. For this EMEDA simulation we use
GAMS version 23.27.

In this subsection, firstly, we focus on each region’s real GDP for the two periods of 2050

and 2100. Secondly, we calculate rate of change in real value-added by sector for these periods.

"http://www.gams.com/
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Finally, we measure effects of CO2 reduction on the world economy from 2004 to 2100 when CO2

emissions of each regions are reduced according to the base scenario or not.

3.1. GDP

Table 8 displays change in real GDP (in billions of US$ 2004 equivalent) for all regions in the
base scenario in the years 2050 and 2100%. The best scenarios for each player are those where
there is the base scenario for Japan, the U.S. and EU, and BaU in CO2 emissions for other
regions. Focusing on real GDP in 2050, seven of eight regions prefer BaU in CO2 emissions
relative to the base scenario since high reduction rates require higher abatement costs than in
the BaU scenario. Especially in regard to the rate of change in real GDP, China bears more
abatement costs (i.e., higher CO2 emissions reduction rates) than the U.S. because of differences

in economic growth rates, as can be seen in Figure 2.

Table 8: Real GDP (in Billions of US$ 2004 Equivalent) of All Regions in 2050 and 2100

2050 2100

Region  BaU Base scenario BaU Base scenario
Japan 7,771 7,713  —0.7% 9,623 10,068 4.6%
China 30,613 28855  —5.7% 32,569 32,440 —0.4%
USA 26,865 26,773 —0.3% 53,367 56,424 5.7%
EU25_WEurope 23,307 23,324 0.1% 43,368 46,118 6.3%
FSU_EEurope 3,776 3,674 —2.7% 5,914 5781 —2.2%
OAsiaOceania 42,964 38,315 —10.8% 115,106 106,806 —7.2%
OAmerica 12,862 12,564 —2.3% 32,522 33,230 2.2%
Africa 9,765 8,931 —85% 82,172 77,227 —6.0%

Focusing on real GDP in 2100, here it can be seen that the base scenario constitutes the
best outcome for Japan, the U.S., EU and other America whereas for other regions it is BaU in
CO2 emissions. This is due to differences in the effects of CO2 emission reductions. Comparing
the cases of BaU and the base scenario, real GDP for Japan and the U.S. increases as CO2
emissions are reduced, while China’s real GDP decreases. This is for the reason that abatement
costs required to meet the base scenario are higher in China than in developed countries® such as
Japan and the U.S. This discrepancy in abatement costs between developed countries and other
countries such as China can be explained by the result of dynamic EMEDA which shows that
the rate of economic growth in developed countries is lower than in other countries, as shown in
Figure 2.

Table 9 shows the real trade balance (in billions of US$ 2004 equivalent) for the years 2050
and 2100. As CO2 emissions are reduced in relation to the base scenario, the real trade balance
of Japan and the U.S. in 2100 increases despite a decrease in real GDP for both countries. The

reason for this is that industry in Japan and the U.S. bears relatively lower abatement costs than

8Real GDP is defined by sum of real value-added.
9For details, real GDP of the U.S., Japan, EU and OAmerica increases as CO2 emissions are reduced.
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Table 9: Real Trade Balance (in Billions of US$ 2004 Equivalent) of All Regions in 2050 and
2100

2050 2100
Region  BaU  Base Scenario  BaU  Base Scenario
Japan —222 —205 400 —185
China 1,037 467 —6,463 —6,067
USA -2,863 —2,779 938 —2,457
EU25_WEurope —1,511 —1,603 4,627 87
FSU_EEurope 45 53 —120 —110
OAsiaOceania 4,599 5,122 11,644 11,073
OAmerica 288 64 2,625 1,151
Africa 448 515 —1,645 5,118

China. As a result, this change in real trade balance may negatively affect China’s economy.
In addition to this, real trade balance in some developed countries decreases as CO2 emission
decline, even though real GDP increases. The reason for this is that the increase in domestic
demand in developed countries resulting from global warming mitigation exceeds the decrease
in real trade balance, which is derived from decrements of real exports and increments of real
imports in developed countries.

These results suggest that a reduction in CO2 emissions is more beneficial to developed
countries than for other countries. This implies that international cooperation for climate change
mitigation requires higher abatement costs in developed countries in order to ensure fairness

between developed and other countries.

3.2. Value-added by sector

We determine in detail how each region may improve real value-added when reducing CO2
emissions. To obtain rates of change for real value-added by sector in the dynamic EMEDA the
BaU scenario is compared with others.

Table 10 shows the rate of changes in real value-added for the base scenario in the year 2050.
Firstly, for the majority of sectors with the exception of heavy manufacturing (HeavyMnfc) of the
U.S. and EU, in each region the real-value added for the BaU scenario is higher than that for the
base scenario. This shows that excessive CO2 emissions abatement leads to a deterioration of the
overall economy. Secondly, in light manufacturing (LightMnfc) real value-added always decreases
as a result of a reduction in CO2 emissions. It could therefore be argued that additional policies
such as emissions trading may be required in order to improve the economies of all sectors.

Next, we compare the rate of change in the value-added for several sectors and regions in
2100. Table 11 displays the rate of change in the value-added for all scenarios in 2100. First
of all, for agriculture, real value-added for both the U.S. and EU rapidly decreases in the base
scenario, while both Japan and China see an increase since the diminution of their imports of

agricultural goods exceeds that of their exports. Second, for the industry of heavy manufacturing,
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real value-added for both China and the U.S. increases while Japan sees a decrease in the base
scenario since Japanese domestic goods in the heavy manufacturing sector are substituted by an
increase in imports from other countries, such as China. Third, for the services category such as
transport and communication (TransComm) and other services (OthServices) real value-added
for developed countries such as Japan, U.S. and EU experience an increase as the domestic
demand for services expands. Finally, value-added for the extraction industry diminishes in
most regions except Africa. This most probably reflects the large share represented by the
extraction sector in the overall African economy, which will be, accelerated by rapid economic
growth on SSP1, as shown in Figure 2. These results suggest that global warming mitigation
may dramatically alter the global economic structure.

By comparison of Table 10 and 11, we find that a) for most of all sectors the rate of change in
2100 is higher than that in 2050 since damage from global warming is more severe in 2100 than
in 2050 by temperature rise, as shown in Figure 3, b) the losses of the U.S. and EU’s value-added
of heavy manufacturing are improved in the base scenario in the years 2050 and 2100; and c)

there exists a region whose losses of value-added are deteriorated in every sector.

Table 10: Rate of Change of Real Value-Added by Sector in the Base Scenario in 2050

Agri. Forestry Fishing Extraction LightMnfc HeavyMnfc TransComm OthServices

Japan  —2.5% —3.4% —6.6% —0.9% —2.6% —0.2% —0.9% —0.9%

China  —3.2% —4.9% —4.9% —17.6% —5.3% —6.5% —5.7% —4.6%

USA —6.0% —2.8% —1.4% 17.7% —-1.2% 0.3% —0.6% —0.6%

EU25 WEurope —2.2%  -2.1% —0.7% 14.1% -1.3% 1.1% —0.3% —0.1%
FSU_EEurope —2.9% -16.0% —2.4% —0.2% -3.3% -3.3% —-3.1% —2.7%
OAsiaOceania  —11.1% —9.8% —16.0% —3.6% —10.9% —11.6% —-12.2% —12.0%
OAmerica —6.5% —3.0% —2.6% —13.5% —2.4% —2.7% —-1.8% —0.6%
Africa  —6.2% —7.6% -9.7% -7.3% —8.3% —12.2% -9.4% —8.8%

Table 11: Rate of Change of Real Value-Added by Sector in the Base Scenario in 2100
Agri. Forestry Fishing Extraction LightMnfc HeavyMnfc TransComm OthServices

Japan 7.0% —2.7% —6.4% —47.3% —5.8% -1.3% 6.3% 7.8%

China 3.2% -1.3% —0.2% -39.7% —2.0% 0.9% —-1.3% —2.2%

USA —-326% -158% —1.6% —25.5% 0.1% 3.3% 5.7% 8.4%

EU25 WEurope —11.4% —8.8% 2.9% —54.8% —-1.5% 0.3% 4.9% 12.0%
FSU_EEurope 1.8% —9.2% 0.1% —6.2% 0.1% —2.1% —2.4% —2.1%
OAsiaOceania  —0.7% 0.5% —5.1% —12.7% —6.2% —7.5% —8.0% —7.4%

OAmerica  —9.6% 1.9% 3.1% —27.0% 2.3% 2.9% 4.4% 6.3%
Africa 1.4% -3.0% —8.0% 5.2% —7.4% -9.6% —10.4% —-12.7%

3.3. GDP and value-added losses

Finally, we measure effects of CO2 reduction on the world economy from 2004 to 2100 in the
base scenario.

Figure 4 shows the ratio of NPV of real GDP loss of each region with respect to the benchmark
when a discount rate of real GDP loss is 3 percent per annum. For China, Former Soviet Union,
other Asia and Oceania, other American countries and Africa, CO2 reduction of these regions

leads to an increase in their real GDP loss ratio. Especially, real GDP loss ratio of other Asia
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Figure 4: The Ratio of NPV of Real Value-added Loss of Each Region by Sector
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Figure 5: The Ratio of NPV of Real Value-added Loss of Each Region by Sector

and Oceania and Africa deteriorates rapidly. On the other hand, each of Japan, the U.S. and EU
may improve its real GDP loss ratio by CO2 reduction. Moreover, we can find that all players
improve real GDP loss ratio by participation in the CO2 abatement games.

Figure 5 presents NPV of real value-added loss of each region by sector. This shows that there

159



exist several sectors of which the real value-added losses decrease in each region. For details, we
can find that the real value-added losses of extraction and heavy manufacturing of all players
are improved by participation in the CO2 abatement games. For services, the real value-added
of other services of Japan and the U.S. are also improved. Moreover, the real value-added losses
of several sectors of Japan, China, the U.S., EU and other American countries are improved by

CO2 reduction though those of all sectors of the other three regions are deteriorated.

4. Concluding Remarks

Simulated results from a dynamic EMEDA indicate that: 1) temperature rises more than 4
degree C in BaU scenario whereas temperature rise is less than 2.5 degree C in the base scenario,
2) simulated economic damage derived from CO2 emissions reduction rates attained by official
announcements varies among regions and sectors, 3) the real GDP losses of Japan, the U.S.
and EU are improved by CO2 emissions reduction, but real GDP losses of other regions are
deteriorated; and 4) there exist several sectors of which the real value-added losses decrease in
each region.

These results suggest that it will be difficult to attain adequate CO2 abatement without suit-
able environmental policies. It should therefore be noted that when considering abatement costs,
a reduction in CO2 emissions is not necessarily beneficial to all countries involved. Especially
in the case of developing countries, real GDP tends to decrease as CO2 emissions decline. This
is principally because abatement costs are higher in these countries in the base scenario and
because the economies in developing countries are set to grow rapidly as shown in Figure 2. It
is therefore essential that this unfairness be corrected in order to secure the participation and

cooperation of developing countries in the goal of reducing global CO2 emissions.

Appendix A. Equations in dynamic EMEDA

Washida (2010) investigated EMEDA simulation. Washida (2010), however, is written in
Japanese. Therefore, we introduce all EMEDA equations in the Appendix. For details and
calibration in EMEDA, see Washida (2010). All equations in EMEDA, where a good i, a sector
j, and regions r and s, r # s. EN is a set of energy commodities, .J is a set of sectors, R is a set

of regions and p;,¢ is a CO2 reduction rate.

A1l. Equations on global warming

Value-added production function without damages (in millions of US$ 2004 equivalent) is;

Y,

D S WA
Font(K s Lina) = 7%y A aV I 4 (1= oY), (A-1)
grit\Bgrty Lijrit) = Tip e § Qg dd g Qg ) Ly : -

Value-added production function with damages and abatement costs is;
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1 — ACOST (jr.s)

Virs =
™= 14 D, y(T,, SLRy)

Fjr(Kjrt, Ljrt)- (A-2)

Damage function is as;

0.25
r Vet
Dyy(Ty, SLRy) = 01, Ty + 00, T2 + 2(B1.,SLR; + P SLR2) M . (A-3)
Zj:1 Vijr,2004
Abatement cost function is as;
ACOSTjr i (jrt) = Ciri(ojre + ol udi- (A-4)
An equation for change in parameters for abatement cost functions is;
Cirg+1 = 0.1¢jr.2004 + (¢jre — 0.1¢5r,2004) (1 — 0.005). (A-5)
CO2 emissions (KtC) equation is;
Girg = (1 = pjre)(0jrs + Uft)Fjr,t(Kjr,tijr,t)v tjr,2004 = 0. (A-6)
CO2 emission coefficient of each industry in 2004 is;
> icen CO2ijr 2004 12
. _ L J ity A-7
0 jr,2004 er,2004 a4 ( )
CO2 emission coefficient of households in 2004 is;
. CO2;my, 12
Licen Hr2008 22 11 = households. (A-8)

ol =
7,2004 — n )
> j=1 Virzooa 44

An equation for reduction of CO2 emissions coefficient for each industry taking into account

technological progress is as;
Tjrar = (1= 67)rs- (A-9)

An equation for reduction of CO2 emissions coefficient for households taking into account tech-

nological progress is as;

Uftﬂ =(1- 6St)gft- (A-10)
An equation for change in reduction rate of CO2 emission coefficient is;

6% 1 = —0.0025 + (6%, 4+ 0.0025)(1 — 0.1)"". (A-11)
An equation for atmosphetic concentration of CO2 (GtC) is;

M, = (1 — (100 — 88)/10)M;_1 + 4.704M | + G_1,/1000000. (A-12)
An equation for concentration of CO2 in shallow oceans (GtC) is;

MY = (100 — 88)/10M;_; + 0.94796 MY | + 0.00075M} . (A-13)
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An equation for concentration of CO2 in deep oceans (GtC) is;
M} =0.005M7, +0.99925MF ;.

Exogenous forcing (W/m?) equation is;
0, = max{0.3,0,_1 + 0.01(0.3 — 0.83)}.

Radiative forcing (W/m?) equation is;
F, = 3.8{log(M;/596.4)/log 2} + O.

An equation for temperature of atmoshere (°C above 1900) is;

T, = Ty_1 + 0.0208{F; — (3.8/3.2)T,_y — 0.031(T,_1 — TX ,)}.

An equation for temperature of deep oceans (°C above 1900) is;
TE =TE, +0.005(T,_1 — TE ).

Thermal expansion (meters above 2000) equation is;
TE, =TFE;,_; 4+ 0.007793226118118373.

Glaciers and Small Ice Caps (meters above 2000) equation is;

GSICy = GSICy—1 +0.0017607798289604(0.26 — GSIC}_1)T;.

Greenland Ice Sheet (meters above 2000) equation is;
GIS, = GIS;—1 4 0.0017607798289604(7.3 — G1.S;—1)T;.

Antarctic Ice Sheet (meters above 2000) equation is;

AIS; = 0.0000993664138598933(56.6 — AIS;_1)T; if Ty > 3, (ALS; = 0 otherwise).

Sea Level Rise (meters above 2000) is;

SLR, =TE; + GSIC, + GIS; + AIS,.

A2. Equations on production

(A-14)

(A-15)

(A-16)

(A-17)

(A-18)

(A-19)

(A-20)

(A-21)

(A-22)

(A-23)

Components of production are capital and labor that capital includes land and natural resources

for GTAP data. Capital, labor and value-added production are shown as constant elasticity

substitution (CES) functions on equation (A-2). Government imposes tax with a firm investing

capital and inputting labor. Therefore, intermediate inputs, X;j;,;, and value-added, Vj,.;, are

determined by fixed coefficient Leontief production function as;

. V'rt Xl'rt Xn'rt
ij:mln(]’ gt . 2

) ) .] = 17 27 N
agjr  Aljr Qpjr
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where Z;,; is domestic production. Following the economic theory, it will not settle production
when a firm maximizes her profits because of a linear homogeneous function. Thus, we suppose
an input demand is decided by cost minimization for production, Z;,;. We also assume that
there is no excess profit in production. Therefore, intermediate inputs and value-added are
determined by equations (A-32) and (A-33). Input-output coefficients, (Ljy+/Vjrt, Kjrt/Virt),
are determined by minimizing cost of value-added production. Therefore, cost of value-added

production is as;

p}/r,t‘/jr,t =1+ Tf;) {(1 + Tﬁ«)wntl’jnt +(1+ Tﬁ)T'r,tant} (A-25)
where pﬁt is price of value-added, Tﬁ is production tax, Tﬁ is labor tax, w,; is nominal wage

rate, T]-If is capital tax, and 7, is capital service price. Solving cost minimization problem on
equation (A-25), we obtain two equations for calculating demand functions of capital (A-29) and
labor (A-30) as;

v _gY
Kjrp (@) {0+ 7/} P

_ , A-26
ijr,t ﬂJV’” ( )
Vot
Ty H
v %
Ljre _ (1- Oljvr)ﬁj"{(l + Ter)wr,t} Pir (A-27)
V; B
gr,t VJ
vV H
groTgr,t
where Hj; = (1 - aﬁ)ﬁjvr{(l + T]Lr)wm}lfﬁx' + (a}/T)BJVT'{(l + Tﬁ)rnt}lfﬁx’. Substituting equa-
tions (A-26) and (A-27) into equation (A-25), we obtain;
By
L (e R (A-28)
:/JV.« 1+ 7']-1”;
pY 1
gryt

Substituting equation (A-28) into equations (A-26) and (A-27), we obtain capital and labor

demand functions, respectively. Capital demand function is;

ﬂ]‘./r71 ﬂJV?
v
) ) gy :
KJht - F K tht’ (A'29)
L+ 7)) A 4750
Labor demand function is;
BJVT—l ’BJV'
1% 8Y, Vi,V
Ty it (1 —al.)p!
Ljryt _ ( ]r,t) ( ]7‘) Jrit ‘/jr,t (A—BO)

(L+ 72+ 75)wn,

where g;p ¢ is a TFP growth rate and

1% _ v
Tirti1 = (L4 Gepp ) Wi
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Unit price function is;
ij,.’t = pjv,,,,taoﬁ + Zpgtaijr. (A-31)
i
Input coefficients are;
Xijrt = Qijr Ljrt, (A-32)
Virg = aojrZjrt- (A-33)

A3. Equations on final demand

Utility function of composite goods, u,., which EMEDA equations do not include but demand
functions directly hold, is as;

Cr

Cr—1 Cr—1 Cr=11Y ¢r—1
Upy = {qﬁfC’me + 7S, + oSG, } , (A-34)
of + o7 + o =1, (A-35)
Y;,t = pStCr,t + pf,tsr,t + pthr,t- (A‘36)

Expenditure functions for consumption, savings (equivalent to investment) and government ex-

penditure are;

(Qf)CTYr.t

Cri = , | o
t (P) Yonec,s,6 (@RS () =
(¢S)CTYT t
e ol ’ A-38
T Do sl G (A-39)
e
G’[»t - ((br ) Ymt (A-Bg)

T (PFe)r Zh:c,s,c(éﬁ)4"'(17?,01*4"'

Utility function for individual consumption is;
of

n Crcgl -1
Cry= (Z USC T ) . (A-40)
=1

Budget constraint on individual consumption is;
n
prC:tCT,t = Zpg’tcir,t- (A—41)
i=1

Individual consumption demand is;

C
( jc;)g pgtcr,t
) _rc -
(P55 S0 (W) (pF ) S

Consumption price function for composite goods is;

er,t =

(A-42)
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n ovzes
c _,C r
Py = {Z(wfi)@ (P2 } : (A-43)

i=1

Price function for government expenditure is;

P = P2,  whered  gi =1 (A-44)
i=1 =1

Price function for savings (s;: component ratio of savings = component ratio of investment.

Define savings as the numeraire. Then, we set pit =1 for holding Walras’ law.) is;

n n
pit = Zpg_’ts” where Z Sirt = 1. (A-45)
1=1 =1

A4. Equations on income and savings

Private revenue is;

Y = wei L+ 70 Ky (A-46)
Private savings is;

SP =Y —pl,Cry. (A-47)

Government revenue (we treat as export tax revenue, or do not include this in EMEDA) is;

YT(; = Z[Tf; {(1 + TjLT)w,,.,tLj,,,,t +(1+ Tff)r,,A’tKj,,,,t}
j=1
Twn s Ljr + 71 Kjra] + > T, (A-48)
Government expenditure is;
Glir 2004
Girt = 9irGrty  Gir = =n A-49
ot ! Zizl Gir,2004 ( )
Government savings is;
S’rc,;t = YrG; - pStGr,t- (A-50)
Gross revenue is;
Y. =Y5+Y5+SE. (A-51)

Savings and investment (S: gross savings, I: gross investment, S : trade balance, I;: investment
of good i) are;
Lot = sirSriy 30 = 2200 (A-52)
ir,t wrrt ir Z:,:l Ii7'72004.
Following equations, we hold (but not in EMEDA);

P Sry = S, + 85, + SE,. (A-53)
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A5. Equations on international trade

Trade balance in region r and period ¢, Sfj . 1s;
D B+ Pl Rins + S5 =) Dl Migrs. (A-54)
i i i s

where Ej,; is export, and M;,, is import. M, excludes tariff since government revenue, YH,
includes tariff. Equations on aggregated export (D;;: domestic demand of domestically pro-
duced goods, pft: domestic demand price of domestically produced goods, R: international

transportation service which consists of a sector of transportation service, T') are;

B Aiptl ”+1 ”+1 %
i ir
Zirg = O (mrEir_i + mTD” oo+ anw H > , (A-55)
nE gl +nfi=1 (f=0,i#1),
1+A” —Xir
Eo Z
By | 20 Pl g (A-56)
pir,t
H»A“. —Xir
Dy Xir p-Z
DiT‘,t = u Zi’l‘,ta (A-57)
pir,t
+ —Xir
nltg. Nir
Ry = M Zin P (A-58)
pir,t

Implicit budget constraint is;
piZT’tZir,t = ngEir,t + pgytDir,t + pg7tRir,t7 pili,t =0, 7& T.
Export to each foreign region (Eirs is an export of a good i from a region r to a region s) are;

HE _ 1E
Pir.t Eiry = E pirs,tE’iT‘S,t7

S

\E
Eir,t Z nzITEs'En s f i= 1’ 2, ) 1 (A_59)
AE 4 _/\Fr
QE) 2B pHE
By = 77”5()—’” Eiry s=1,2,-,R. (A-60)
pirs,t

Equations on import (Q;y+: the Armington goods) are;

Q _  HM D
piT’tQir,t = DPirt Mir,t + pn-,tDir,h

Eir

&ir— Gir=1Y Ep—1
Qiry = {5 wagr + (1= 6ir)D; ;" } , (A-61)
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Eip—1 Eir
X Eir Q
0ir 03" Divy

Mive = | —3r— Qir,ts (A-62)
ar,t
Eip—1 o Eir
(]‘ - 6i7‘)air5“ Diy
Di'r',t = pD ! Qi'r',t- (A'63)
ir,t

Import from each foreign region (M;s, is an import of a good ¢ in a region r from a region s)

are;

ngMi’f',t = Z(l + TIA[)pqw sza'r ts

S

M
&M 1\ e
“"f Oir Z 5151” 197‘717* ’ (A_64)
M 4 e
SM (oMY € pHM
My = Jerlow) = ol Uy 1R, (A-65)
(1 + Tisr )pisr,t
Equation on import tax is;
IM_ IW
zrt - Z Tisr p’LS’I’t isryt. (A-66)

Equation on export tax (for simplifying our model, EMEDA does not consider tax reveue on

domestic balance) is;

Tf‘t - Z 27.spu5 t ZTSJ' (A-67)

A6. Equations on market equilibrium for international and domestic
markets

Supply-demand balance for export and import goods, which determines the individual interna-

tional price of tradable goods, pf,‘f’ﬁ is;
(1 + Mzrs)(l + Tigs)Eirs,t = Mirs,t (A—68)

where p;-5 is a percentage of cost paying for international transportation service sector. Supply-
demand balance for international transportation services, which determines the price of interna-

tional transportation service, p?t, is;
)

Z Z Rir,t - Z Z Z N/i'rs ]- + T@r;)Eirs,t- (A'69)

Supply-demand balance for domestic Armington goods, which determines the price of Armington

goods, p% is;
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Qirt = Cirt + Girt + Lipg + Z Xijrt- (A-70)
J

Supply-demand balance for capital service, which determines the price of capital service, r,, is;
Kri=> K (A-T1)
J

where 0k 4 is a depreciation rate and

K 2004

n
L A
ri+1 = ( DK T; it " VKB, 2004

K12 (1 —6x ) Kjrs.

Supply-demand balance for labor, which determines wage rate, w;, is;
Loo=SLyn (A-72)
J

where gy, + is a population growth rate and

Lyyy1=1+gre) Ly
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RHRFEMELCERFNICHIIDETHES
MENBEHEICEHTI—ER

#A EHE"

1. [FUSHIC

BHHEAORMIG E LT, HICERHEREZERT L5720 TE R, WL L TERREEFETH
MEETHLPPERIZKRD 5N TS, TFE, BRBREOBAPOEEEZHE L 20H 50
P, BIZERORETH S, HIZEREBLTZICEEINLBERCOWTHLSEE S5 —F T,
FIEERELEEICBWT, BEINICHLET 2 BEEFEOEKT 2FHLZ O, 2RI L
THWEBRESPRAINTBY, BEEROT7 7 XL ZORAN»SET LHRES (bW b,
Access and Benefit Sharing: ABS) ORFEASFAAEILL TV 5,

ARFETIE, AR EERYEEZEEICOVTED TWAD [ AR EERMY & EEIE 0]
(International Treaty on Plant Genetic Resources for Food and Agriculture: ITPGR) ZI Y 1117 %, ITPGR
DY EAZEIROMIE 2 FIH & RED 72D IZH KRR T 21213, ITPGRO P THRA S L TW
% 2 [E M B (Multilateral System: MLS) @ & & TOAZE#ER B R #5324 (Standard Material Transfer
Agreement: SMTA) % 3 UFENFITTH I LAROSN D, HWHEEGRICELT, L0k
BERBEFDRKD b, FRHAETOLGEIEED L) FHRETHIOL TV D0, T 7B
LT, ZHMABITOHEIR. EOX) ITRRENTHEPZEIL, 2OREFNIOVT—ET b,

2. REBFEVMETERENEE

TEM BRI & o TREAWRTH HHWEZEEIL, EROEHEMEN O L & TG, #il
SN TE 2o 1983 4L I EIPE & FUR 23 4% B (Food and Agriculture Organization: FAO) #8243 TR
REnzz W EEERICET 5 EBEKH L&D+ ] (International Undertaking on Plant Genetic
Resources: [UPGR) D5 15:1. HWELEIRAANFHO & B (a heritage of mankind) TH ) . £&
kB LU F 73 EmRE 2 AT SR EEE RS EE S L ORFEMERO 72012, HIBR
% { AFTTRE (available) & SNAREZTHL I LEMRL TV, —RT 2 &, HHIBRIZHEYE
THEREPIETE D EEZHNED ERICITERIRICHEY ERERONG 2RO 5 b D TIE
Hwo FZEIZDWTIRIW L 2O FAORBETZ DERN L NEZHRT 2 2 LN TE bo 1989
AR S N 72 TUPGR O FEFRGE I I 2 B 5 5 4/89FAO ik id, BIRE IR NIHDO K HETH D) |
BRI S D (to be preserved) & & S IZFIH (use) D7z2DICAFHEETH L L\ BikE R L7z,
FPFE T [HIRZ CAFTRE] v HFEICOW T, ERPEEES L OEWNE L 85T 5
721z, LERIRROMF 2T I L 2D, /2. HHRIUT (free access) 13 (free of

(1)  ERRFERFBMERREEAOIER H e R
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charge) TOH (IUPGREE55%) # B L W2 & 2R L7z, & 5121991 LRI S M7=
EAZERI S 5 ER O FHEIZBIT 5 3/91FAO P Tid, IUPGR ETW ) & ZAHD NHOEFED
WA, MYBEEERYRE T 2EROEMHICIRL TB Y, MWEEEIRIZ4E (nations) O F
MMM O b LICEPI, ZORERHMICE L CHEIBLUOERINDG Z L 2ERL TV 5,
FAO DFIFEHEBACTH 2 ER R » & —id, BIRNEICEDS &R© v & —REA T 2 Mg
TR I geE 7 Llox LIRBE L 72,

19924E121%. BEEEREOFE D S 4T 2RO RNIE» O F 2 ERs % BO U & D128 Tw
5 [HEWOLHMEIZE T % 4:4%7 ] (Convention on Biological Diversity: CBD) AR & 1L7zo [WSH
DE1550F, FE @EEREICRS ) AHENORKREFICKTT 2 THOEN G35 2 L 05H
MR L7z T2 TIE, BIZEIROMFHES OIRMEAFTA E OEINEIZHE ) 2 LRI NT
Wb HERLEREOREENAE T A, CBDD Y & THEEEHEOIIFIZ OV TId EHERHER
DY L THEIENED, FiC, BEREZEDO-OOYEEEE (Plant Genetic Resources for Food
and Agriculture: PGRFA) OFIH & 4512 B L Cid CBD & 13 BN EIBAY 7 Ml 0 B VE 25 Fa fi &
nNT&7,

Z 2T, 2001 4F 11 A2 f kI & OV R SE O R B 28 U5 o0 Rt v RE 2 R IZ B 9 % ITPGR 7%
FAO D45 31 R4 TERIN S I, 20044F 125880 L 72 MifVEOEE - BEEDOH L FAOTAE SN
7235 O B X 81 D FEHIEWIZ DWW T, 235 PGRFAND 7 7 - A R0 F 2 L 4512
DWTED TV ERHAITH S, PGRFA DS L UFHE T ie = A H, BE L 2 FiR DR IE
THPEERELS & BRICIBT ., BHROMER HEOIER. Rt iE 2 FIHOREL X LD & T 5
FENC X BHEEEHE LTV 5,

FA&MoOBaE LT, HNZERTL-00MEHZHMATH 2 MLSBEIF SR 5,
PGRFA O#Efitid, HHEHE T ICBWMSIN TV LD TH- T, MUEOFH - EEo b L Tidk
FH3% (public domain) (ZFFFET A EMREH 2 EIC L o THE SN/ MLS % # U TSMTA IZED W
TATb N b ITPGRIZ, Hifify [E [ 0 72 B O T FH D% #] & 723 SMTA & Fv THEHIYIZ ABS &
FEWI 55T, FaoFEHRIZE D Y E DR E (Prior Informed Consent: PIC) (FEIZ X 2 #F7])
BLUOMHEIZAET 551 (Mutually Agreed Terms: MAT) (32%y) %38 U7 4T EMOTHIZ L -
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