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Abstract

The concept of sustainability was re-examined from the perspectives of intra and inter-generational fairness. Case
studies revealed that the apparent sustainable development of a city may turn out be the cause of un-sustainability
of other cities or regions. Moreover, the notion that each generation should be entitled to environmental quality
comparable to that enjoyed by previous generations was challenged with historical facts. Finally, a refined
definition of sustainability was proposed.
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1. Introduction

The concept of sustainability has been gaining increasing recognition and wide use both academically and
politically in recent decades all around the world (Clark et al., 2004; van Kerkhoff & Louis, 2006; Clark, 2007).
Bringing society and the world’s economy to a sustainable track presents the most significant challenge to the 21st
century. This challenge is unprecedented in scope targeting the planet as a whole. It requires a fundamental shift in
consciousness as well as in action. It calls for innovative visions, new dreams and new approaches for shaping an
evolving new reality.

Although the essence of the concept of sustainable development is clear, it has been followed by growing
ambiguity with regard to interpretation and definition of sustainability. At present, scientific literature offers more
than 100 definitions on sustainability or sustainable development (Pezzzoli, 1997).

The definition by Bruntland Commission, which is the most frequently cited, is that sustainable development is
development that meets the needs of the present without compromising the ability of future generations to meet
their own needs. The ambiguity of the definition causes the use of the concept a very broad spectrum of meaning
often, to the point of trivialization. At the same time, the lack of certainty in sustainability concept allows different
interest groups for having common ideological background. Furthermore, the ambiguity or uncertainty gives the
concept more room for evolving. New knowledge and experience that affect understanding of problems and their
solutions may be relatively easier to get incorporated into the framework. This is the reason that motivated the
present study for further analysis of the sustainability concept.

Under the current development context, a big issue the sustainability science must address is the rapid and global
increase in urbanization, which may be viewed either an opportunity or a challenge to the society. Over the past
several decades, many sustainability studies were devoted to cities ranging from large ones such as London
(Commission for a sustainable London, 2012; London Sustainable Development Commission, 2009), Tokyo
(Fujita & Richard, 2007; Jang et al., 2011), Montreal (Poitras, 2009), Barcelona (Domene et al., 2005), Shanghai
(Chiu, 2012) and Hong Kong (Chiu, 2000) to medium and small cities such as Rotterdam (Frantzeskaki et al.,
2014). Given the rapidly expanding world population and transition to predominantly urban societies, urban
sustainability or sustainability in urban context is at the forefront of many discussions.

While governmental initiatives, action plans and research studies toward sustainable cities have greatly enriched
the knowledge and understanding on what constitutes sustainability, they looked at sustainable development in an
isolated manner or at a single scale, and failed in addressing a possibility that the sustainability of a city may be the
cause of un-sustainability of other cities, or some cities may be sacrificed for a particular city being “sustainable”.
Although studies in the field of urban metabolism have revealed that urban dwellers depend on the productive and
assimilative capacities of ecosystems well beyond their boundaries (Kennedy et al., 2011), much less attention has
been paid to the inequality in regional development induced by large-scale urban sprawl. In view of such a
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shortcoming, the present study employed case study approach to examine how a city deemed on sustainable track
might impact other cities or regions negatively.

2. Methodology

The present study employed case study approach to link between ideas and evidence. The attention was placed on
both Japan and China. The logic is that nowhere was urbanization felt more keenly than in Japan during the 1960s
and 1970s; and nowhere will this be felt more keenly than in China nowadays. In 1980, less than 20% of the
Chinese population lived in cities, but this number is predicted to rise to 75% by 2030. Mega cities in both
countries such as Tokyo and Tianjing have been pursuing sustainable urban living with various initiatives although
the start point of time differed. Tokyo is the world's largest urban economy in terms of GDP or gross metropolitan
product (GMP) at purchasing power parity (PPP), while Tianjin became the city with the highest per capita income
in China since 2011. Besides, the Chinese government currently plans to transform the city into one of the world’s
leading financial centers. Therefore, lessons learned from the two models for building a sustainable city may serve
for future urbanization efforts in many emerging countries.

Since sustainability deals with human-environment interaction that may be characterized by many different
indicators, this study used population in Japanese case and GDP in Chinese case as surrogate for human society
and water as a representative of the essential natural environment to human beings in both cases for simplicity and
clarity. In the discussion of intergenerational fairness, the attention was placed on the recovery from chaotic
situations. Besides, Gini index was used to shed light on the difference between global and regional
intergenerational fairness. By highlighting hidden or insufficiently explored issues with regard to unbalanced
development in cases considered, and re-analyzing the sustainability concept from the perspectives of intra and
inter-generational inequality, it was attempted to refine the definition of sustainability by Bruntland.

3. Problem Identification
3.1 Issue 1: Unfairness Within the Present Generation

The core sustainability principal of meeting the needs of the present without affecting the ability of future
generations appears largely macro and emphasizing intergeneration fairness. It is viewed as a paradigm upon
which future policies must be based. However, should the fair use of natural and human resources and fair
distribution of wealth among the present generation of people or efforts toward the fair use and distribution be
understood as a presumption to the widely used definition of sustainability? This principle could probably be
agreed upon by everyone, but the reality could be a different matter.

Japan is one of the world’s most efficient countries in the use of industrial energy. Japanese manufacturers lowered
energy consumption per unit of output by 40 percent between 1973 and 2003. It also ranks near the bottom among
developed countries in CO, emissions per capita and GDP ratio. In the OECD, only Sweden has lower CO,
emissions to GDP ratio than Japan (Agency for Natural Resources and Energy of Japan, 2005). However, Japan
has been facing a serious social crisis since 2007. Its population is shrinking at a record pace. In 2011, the total
fertility rate - the average number of babies a woman gives birth to during her life - was 1.39 (Statistics Bureau of
Japan, 2014). A total fertility rate of 2.07 is required to maintain population levels (Cabinet Office of Japan).
Because Japan’s economy and social systems were structured on the premise of population growth, the
depopulation will have a big impact on the workforce making it difficult to maintain the social security systems
such as pension benefits and medical insurance.

Tokyo, as one of the world’s largest megalopolis, however is an exception among Japanese cities to the
depopulation trend. Tokyo has made great efforts toward being a sustainable city. It generates only 5 percent of the
nation's CO, emissions despite 17 percent of Japan's GDP. As shown in Fig. 1, the population in Tokyo was very
stable in the 1980s and the 1990s, and even increased from 12.06 million to 13.189 million during the period from
2001 to 2011. Nevertheless, the fertility rate in Tokyo had declined from 1.44 to 1.24 in the 1980s and has been
lower than 1.2 since 1991. Therefore, the population stability in Tokyo is due to the population influx from other
regions.

Between 2000 and 2005, the Tokyo region added 1.1 million new residents, while the rest of the nation lost
200,000 residents. The imbalance became even starker between 2005 and 2010, as Tokyo added 1.1 million new
residents, while the rest of the nation lost 900,000.

In light of the above facts, the population of Tokyo is sustained at the cost of depopulation of other regions.
Wording differently, the sustainability of Tokyo might be considered as the cause of un-sustainability of other
regions.
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Figure 1. Changes of the population and birth rate in Tokyo

Most of the water resources of Tokyo come from rivers. The share of the water from rivers is as follows: 78% from
the Tonegawa and Arakawa River systems and 19% from the Tama River system.

Tone River originally flowed into Tokyo Bay through the city of Edo. In the 17th century, the river course was
diverted to the Pacific Ocean for a number of reasons. One of them was to protect the city of Edo from flooding.
With the completion of the diversion project, the watershed of Lake Tega, which was not related to the Tone River
in anyway before the diversion project, became a retarding basin for flood waters from the Tone River. In the 18th
century, many efforts were made for farmland development around the lake, but all failed because of frequent
flooding (Tanikawa & Aihara, 2005). There are other similar sites such as Tanaka retarding basin in the
downstream reaches of the Tone River. The flood risk in Tokyo was partially shifted to other areas via engineering
works.

Tokyo is also well known as one of the best public transit serviced cities in the world. It combines an extensive
train network, underground subway lines and a bus system. The percentage of public transport use in Tokyo is 65%
(Institution for Transport Policy Studies, 2003). The Yamanote Line is a railway loop line in Tokyo, operated by
East Japan Railway Company (JR East). It is one of Tokyo's busiest and most important lines, connecting most of
Tokyo's major stations and urban centers. During peak times, the electricity for running the train is generated from
a hydro-power station in the middle reaches of the Shinano River, which is located in the Niigata Prefecture, more
than 200 km away from Tokyo. Huang (2005) reported that the operation of the hydro-power station caused
thermal anomaly in the river reaches downstream of the hydro-power station, not to mention the huge change in
flow regime. The sustainable transport system in Tokyo carries an environmental cost paid by another region.

Tianjin is the sixth largest city of China having a population of more than 11.7 million. It is one of the most
important industrial bases in Northern China and it has developed an industrial system ranging from steel,
chemical, and textiles to automobile. Tianjin’s urban area is the third largest in the country covering 11,917 km?,
Farmland takes up about 40% of Tianjin Municipality's total area. Wheat, rice, and maize are the main crops and
fishery is important along its coast. Tianjin has boasted a large portion of oversea trading and foreign investment in
its dynamic economy. More than 125 companies of the world top 500 have invested in Tianjin, and Tianjin is
renowned for its high rate of return. In 2011, Tianjin recorded China's highest per-capita GDP with $13,393,
surpassed Shanghai and Beijing, and also took the first place by GDP among the 31 province-level regions in
mainland China in 2012 and 2013.

According to Tianjin City Master Plan (2005-2020), authorized by State Council in 2006, the city is aimed to be an
international harbor city, economic center in the north of China and an eco-city. However, the city does not have
sufficient water resources within its administrative boundary due to natural geographic and climatic condition. The
average annual precipitation in Tianjin is about 550~680 mm, 75% of which is concentrated in June, July and
August. The water availability per capita in Tianjin is 160 m®, which is 1/15 of the national average, and much
lower that the water scarcity level defined by UN, which is 1000 m”.

To alleviate the water scarcity problem, a project to transfer water from the Luan River to Tianjin was
implemented in 1981 and completed in 1983. It supplies 1 billion m® of additional water to the city in a relatively
dry year, which is about 65% of Tianjin’s own total annual renewable water resources. Therefore, there is no doubt
that the diversion has been serving as a driving force for the economic development in Tianjin. Nevertheless, the
diversion project caused significant change in the downstream reaches of the Luan River.
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Luan River flows northwards from its source in the province of Hebei into the province of Inner Mongolia, and
then turns southeast back into Hebei to its mouth on the Bohai Sea. The catchment area is 44,900 km? and the main
channel length is 888 km.

After the diversion, the mean annual runoff in the downstream of the Luan River decreased from 47.2x10° to
18.4x 10 m* (Qian, 1994). Due to the reduction of flow, flood plains in the downstream were easily converted to
farmlands as shown in Fig. 2, which increased the water use for agriculture in the downstream. As a result, the
annual runoff into the sea from the river almost ceased since 2000 in normal years. In 2003, the number of zero
flow days exceeded 200. Meanwhile, the sediment flux from the river to the sea during the period of 2000- 2009
decreased 483.6 times as compared to the sediment flux in 1950- 1959, leading to severe coastal erosion (Xue et al.,
2009). Another related issue is that salt water intrusion increased from 7.98 km to 9.62 km, causing high soil
salinity around the river mouth (Zhou et al., 2011).

Figure 2. Cropland developed on the floodplains of the downstream reaches of Luan River

The lesson from the two cases is that a sustainable urban development may inflict on the ecological integrity of
other regions.

2.2 Issue 2: Intergeneration Fairness

Sustainable development is inherently both an intragenerational question and intergenerational question. The
theory of intergenerational equity states that all generations have an equal place in relation to the natural system,
and that there is no basis for preferring past, present or future generations in relation to the system (Weiss, 1992).
The emphasis in the concept is for subsequent generation to receive the planet in no worse condition as compared
to previous generation in terms of natural and cultural resources, and the equitable access to the use and benefits of
the legacy. This notion has deep roots in international law.

However, it ignores the evolution and fluctuation of the natural environment, human nature and human’s capacity
of innovation and adaptation. Nature can be hostile to human beings during certain period of time. For example,
the volcanic eruption destroyed the Roman cities of Pompeii and Herculaneum In the year of AD 79. China
suffered 291 droughts from the 15th century to the 18th century, leading to the overturn of the Ming Dynasty. On
March 11, 2011, the world witnessed the horrible power of Tsunami devastating the Tohoku region of Japan.
Moreover, human society evolution has been defined by conflict; its history may be characterized as the history of
war. On the other hand, the development of new energy sources such as solar and wind power generations and
genetically modified crops are the manifestation of mankind’s ability to develop a new and innovative relation
with the nature.

War is destructive to the environment and social sustainability. As World War II had ended in 1945, Japan was
devastated. All the large cities (except Kyoto), the industries and the transportation networks were severely
damaged. A severe shortage of food continued for several years. Then, Japan’s “economic miracle” occurred for
several reasons. First, United States invested millions in aid to restore Japan’s economy and it has assumed
responsibility for defending Japan so that he Japanese government spends very little on defense. Second, the
Korean War triggered global economic changes that served Japan well. At the time, Japan was the only
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industrialized country with spare engineering capacity, and orders poured in for its machine products. Because
Western shipyards were fully extended, the country was presented with a golden opportunity to develop its
shipbuilding industry as a leading export sector (Nakagawa, 1992). Japan was also allowed to participate in and so
profit from the U.S.-directed reconstruction of South Korea. Last, the management style, high self-esteem and
pride of employees in their work and high tech business climate contributed to the economic re-building.

In China, the Cultural Revolution, launched in 1966 and lasted for 10 years, had a massive impact on the people
and the economy of China. For the entire decade of the Cultural Revolution, schools in China stopped functioning
or did not operate normally, which left an entire generation with no formal education. Millions of educated youths
were sent to rural areas to work in the countryside. Many of the professional people had also been targets for
reeducation and were dispersed across the countryside, working in labor camps. Due to the elimination of qualified
teachers, some counties in China had illiteracy rates as high as 41% some 20 years after the revolution (Peterson,
1997). The decade-long political unrest resulted in severe setback in economic and societal development in China,
which was inevitably passed down to the subsequent generation.

After the chaos, the suffering and almost-collapsed economy, however, became a trigger for the whole country to
rush for economic reform and development. Since then, it becomes the world's fastest-growing economy, with
growth rates averaging 10% over the past 30 years. Nowadays, China is the world's second largest economy by
nominal GDP and by purchasing power parity after the United States.

War and political unrest cause not only human tragedy and economic loss, buts also ecological consequences
which could be long lasting. One example was the dropping of the atom bomb on two Japanese cities at the end of
the 2nd world war. Both Hiroshima and Nagasaki cities were quickly recovered for the grievous wounds and now
are as livable as any other cities in Japan. Although the reason for the quick recovery may deserve further in-depth
analysis, it is the evidence that both nature and human society can recover from war or unrest in general if not
completely.

The reviving stories of both Japan and China indicate that a negative legacy might turn out to be a mechanism for
a greater release of positive energy from the subsequent generation. Therefore, the ability that the future generation
should possess is not just the ability to meet their needs under favorable conditions but also the ability to turn a bad
situation into a good one.

2.3 The Difference Between Global and Regional Intergenerational Fairness

Gini index measures the extent to which the distribution of income among individuals or households within an
economy deviates from a perfectly equal distribution. A Gini index of 0 represents perfect equality, while an index
of 1 or 100 implies perfect inequality. It is the most commonly used measure of the amount of income inequality in
a society.

Figure 3 show the change of the global Gini index from 1961 to 2010. The values from 1961 to 1989 were
calculated by Milanovic (2005), and the results for the period of 1990-2010 were calculated by The Conference
Board of Canada using World Bank (2014) data for 172 countries for which data on per capita income were
available. The Conference Board data were adjusted to account for differences in country coverage and data
between Milanovic’s study and that of the Conference Board. The changes of the Gini index for Indonesia and the
child poverty rate in Japan were also plotted in the same figure. A child is deemed to be living in relative poverty if
he or she is growing up in a household where disposable income, when adjusted for family size and composition, is
less than 50% of the median disposable household income for the country concerned. As seen from the figure, the
world inequality past its peak at the beginning of the 2000s, and has been dropping consistently since then. In spite
of the global trend, the inequality in Indonesia has been increasing over the past decade. The income inequality in
other developing countries such as Nepal, Cambodia and India was also reported to have widened from the 1990s
to 2000s (Asian Development Bank, 2007). Such an inconsistency between the global and regional trends in social
development was originated from intragenerational inequality and passed on as an intergenerational issue. Besides,
such a cascading process from intragenerational to intergenerational inequality is not limited to developing
countries. As also shown Fig. 3, the child poverty rate in Japan is on the rise although Japan is one of the world’s
major economies. Japan has a saying “ichioku-sohchu-ryu” which translates to “a nation of middle-class people.”
However, over the last few decades, the middle-class in Japan has been shrinking, and incomes have dropped for
the lower classes while they’ve risen for those in the higher classes. And one of the consequences is the rise of the
child poverty rate. As such an intragenerational inequality is persistently developed, it propagates to the next
generation causing intergenerational inequality and the intergenerational inequality may further increase the
intragenerational inequality forming a vicious cycle. Thus, the burden of problem-solving inevitably falls on the
shoulders of future generations.
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A problem with Gini index is that many high-income residents do not want to take the survey of income disparity,
and census authority cannot guarantee that substitutes have the same level of income, causing part of the
high-income group to be omitted. Besides, those high-income survey-takers may not provide a full picture,
especially when they have significant grey income, or income from extralegal sources. Therefore, Gini index based
on reported income could be underestimated. How the accuracy of Gini index affects the discussion on
intergenerational and intergenerational inequalities deserves further in-depth analysis.
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Figure 3. Changes of global Gini index, Indonesia Gini index and child poverty rate of Japan (Source of data for
Indonesia and Japan: OECD)

4. Concluding Remarks

The sustainability of a city or a region does not guarantee the sustainability of a larger region or a nation. It is not
difficult to image that the sustainable development of a large city may be at the cost of degradation of other cities
or areas because of the influx of both natural and human resources into that city from other cities or areas. The
present study provided concrete evidences that a city on sustainable development track may cause negative effects
in areas far away from its administrative boundary. And such a story is not limited to developing or emerging
country. On the other hand, the global sustainability does not ensure the sustainability of all regions. Judging by the
Gini index, the current status of global sustainability is out of phase with the regional sustainability level in Asia.
Moreover, the present study also pointed out that the capacity of human beings to recover from sufferings may
need to be given more attention in the study of sustainability. Based on these findings, the definition of
sustainability by Bruntland may be expanded as follows

“Sustainable development is development that meets the needs of the present without compromising the ability of
future generations to meet their own needs. However, the needs of the present should be addressed in a politically
fair, disparity-concerned and resources-minded way. The ability of future generation does not just mean the ability
to continue what is on the right track, but also the ability to solve problems left by previous generations and recover
from a disturbed state”. By adopting this definition, new research initiatives investigating spatial and temporal
patterns of sustainable development shall be promoted, which may result in new framework in sustainability
science.
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