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Theoretical Approaches towards the Formulation of

Sustainable Development Goals

John Joseph Puthenkalam®

Abstract

In this article I will try to explain the developing country scenario from 1950 and will go through the
various economic growth-developmental theories that have culminated in the Millennium Development
Goals (MDGs) and later evolved into Sustainable Development Goals (SDGs). After contextualizing the
global economy briefly, I will begin with the basic human needs approach and then proceed to economic
development, social development and human and sustainable development theories and analyze the variables
that later become pillars of MDGs and SDGs. As economic growth theories are explained to show the
developed-developing country contexts, conflicting perspectives of the development - environment scenario
will be discussed in detail. We shall conclude with the urgency of sustainable development goals that will
show a harmonious way forward for the developing countries to embrace a new path of development that

integrates the various environmental variables.
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Theoretical Approaches towards the Formulation of

Sustainable Development Goals

Millennium Development Goals and Sustainable Development Goals

There are 193 sovereign member states of the United Nations in 2019'. Today, approximately 50
industrialized and emerging-economy countries have joined the The Organisation for Economic Co-
operation and Development (OECD)?. The remaining 150 or so countries and territories are considered as
developing countries. The countries that have become independent, beginning with India in 1947, called
themselves as developing countries to denote that they are not in the club of developed countries of OECD. In
order to address the issues of developing countries academic research began and their effort was recognized
and the academic discipline of present day development economics came into existence during the decade of
1950s. In this article, let us briefly explore the economic growth and development theories that later become
pillars of MDGs and SDGs. As Millennium Development Goals (MDGs)* and Sustainable Development
Goals (SDGs)* have the same line of thought and theoretical premises, let us first list those goals and then
proceed to the theories that sustain it.

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 from
2000 to 2015.° 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. Thanks to concerted global, regional, national and local efforts, the MDGs have
saved the lives of millions and improved conditions for many more. The work is not complete, and it must
continue in the new development era. Unprecedented efforts have resulted in profound achievements. The

following is a brief introduction of each goal and their targeted achievements® based on MDGs 2015 report.

Goal 1: Eradicate Extreme Poverty & Hunger

Extreme poverty has declined significantly over the last two decades. In 1990, nearly half of the
population in the developing world lived on less than $1.25 a day; that proportion dropped to 14 per
centin 2015.-Globally, the number of people living in extreme poverty has declined by more than half,
falling from 1.9 billion in 1990 to 836 million in 2015. Most progress has occurred since 2000. <The number
of people in the working middle class—Iliving on more than $4 a day—has almost tripled between 1991
and 2015. This group now makes up half the workforce in the developing regions, up from just 18 per
centin 1991. <The proportion of undernourished people in the developing regions has fallen by almost

half since 1990, from 23.3 per cent in 1990-1992 to 12.9 per cent in 2014-2016.



Goal 2: Achieve Universal Primary Education

The primary school net enrolment rate in the developing regions has reached 91 per cent in 2015,
up from 83 per cent in 2000. :The number of out-of-school children of primary school age worldwide has
fallen by almost half, to an estimated 57 million in 2015, down from 100 million in 2000. -Sub-Saharan
Africa has had the best record of improvement in primary education of any region since the MDGs were
established. The region achieved a 20 percentage point increase in the net enrolment rate from 2000
to 2015, compared to a gain of 8 percentage points between 1990 and 2000. -The literacy rate among
youth aged 15 to 24 has increased globally from 83 per cent to 91 per cent between 1990 and 2015. The

gap between women and men has narrowed.

Goal 3: Promote Gender Equality and Empower Women

Many more girls are now in school compared to 15 years ago. The developing regions as a whole have
achieved the target to eliminate gender disparity in primary, secondary and tertiary education. «In Southern
Asia, only 74 girls were enrolled in primary school for every 100 boys in 1990. Today, 103 girls are enrolled for
every 100 boys. sWomen now make up 41 per cent of paid workers outside the agricultural sector, an increase
from 35 per cent in 1990..Between 1991 and 2015, the proportion of women in vulnerable employment as a
share of total female employment has declined 13 percentage points. In contrast, vulnerable employment
among men fell by 9 percentage points. sWomen have gained ground in parliamentary representation in
nearly 90 per cent of the 174 countries with data over the past 20 years. The average proportion of women

in parliament has nearly doubled during the same period. Yet still only one in five members are women.

Goal 4: Reduce Child Mortality

The global under-five mortality rate has declined by more than half, dropping from 90 to 43 deaths
per 1,000 live births between 1990 and 2015. -Despite population growth in the developing regions,
the number of deaths of children under five has declined from 12.7 million in 1990 to almost 6 million in
2015 globally. «Since the early 1990s, the rate of reduction of under-five mortality has more than tripled
globally. «In sub-Saharan Africa, the annual rate of reduction of under-five mortality was over five times
faster during 2005-2013 than it was during 1990-1995. -Measles vaccination helped prevent nearly 15.6
million deaths between 2000 and 2013. The number of globally reported measles cases declined by 67
per cent for the same period.-About 84 per cent of children worldwide received at least one dose of

measles-containing vaccine in 2013, up from 73 per cent in 2000.

Goal 5: Improve Maternal Health

Since 1990, the maternal mortality ratio has declined by 45 per cent worldwide, and most of the
reduction has occurred since 2000..In Southern Asia, the maternal mortality ratio declined by 64 per
cent between 1990 and 2013, and in sub-Saharan Africa it fell by 49 per cent. -More than 71 per cent of
births were assisted by skilled health personnel globally in 2014, an increase from 59 per cent in 1990.¢In

Northern Africa, the proportion of pregnant women who received four or more antenatal visits increased



from 50 per cent to 89 percent between 1990 and 2014. -Contraceptive prevalence among women aged

15 to 49, married or in a union, increased from 55 per cent in 1990 worldwide to 64 per cent in 2015.

Goal 6: Combat HIV/AIDS, Malaria and Other Diseases

New HIV infections fell by approximately 40 per cent between 2000 and 2013, from an estimated 3.5
million cases to 2.1 million. «By June 2014, 13.6 million people living with HIV were receiving antiretroviral
therapy (ART) globally, an immense increase from just 800,000 in 2003. ART averted 7.6 million deaths
from AIDS between 1995 and 2013. :Over 6.2 million malaria deaths have been averted between 2000
and 2015, primarily of children under five years of age in sub-Saharan Africa. The global malaria incidence
rate has fallen by an estimated 37 per cent and the mortality rate by 58 per cent. -More than 900 million
insecticide-treated mosquito nets were delivered to malaria-endemic countries in sub-Saharan Africa
between 2004 and 2014. -Between 2000 and 2013, tuberculosis prevention, diagnosis and treatment
interventions saved an estimated 37 million lives. The tuberculosis mortality rate fell by 45 per cent and

the prevalence rate by 41 per cent between 1990 and 2013.

Goal 7: Ensure Environmental Sustainability

Ozone-depleting substances have been virtually eliminated since 1990, and the ozone layer is
expected to recover by the middle of this century. sTerrestrial and marine protected areas in many regions
have increased substantially since 1990. In Latin America and the Caribbean, coverage of terrestrial
protected areas rose from 8.8 per cent to 23.4 per cent between 1990 and 2014. «In 2015, 91 per cent of
the global population is using an improved drinking water source, compared to 76 per cent in 1990.-Of
the 2.6 billion people who have gained access to improved drinking water since 1990, 1.9 billion gained
access to piped drinking water on premises. Over half of the global population (58 per cent) now enjoys
this higher level of service. «Globally, 147 countries have met the drinking water target, 95 countries have
met the sanitation target and 77 countries have met both.-Worldwide, 2.1 billion people have gained
access to improved sanitation. The proportion of people practicing open defecation has fallen almost by
half since 1990. <The proportion of urban population living in slums in the developing regions fell from

approximately 39.4 per cent in 2000 to 29.7 per cent in 2014.

Goal 8: Develop a Global Partnership for Development

Official development assistance from developed countries increased by 66 per cent in real terms
between 2000 and 2014, reaching $135.2 billion..In 2014, Denmark, Luxembourg, Norway, Sweden and
the United Kingdom continued to exceed the United Nations official development assistance target of
0.7 per cent of gross national income.:In 2014, 79 per cent of imports from developing to developed
countries were admitted duty free, up from 65 per cent in 2000. <The proportion of external debt service
to export revenue in developing countries fell from 12 per cent in 2000 to 3 per cent in 2013.-As of 2015,
95 per cent of the world’s population is covered by a mobile-cellular signal.sThe number of mobile-cellular

subscriptions has grown almost tenfold in the last 15 years, from 738 million in 2000 to over 7 billion in



2015. «Internet penetration has grown from just over 6 per cent of the world’s population in 2000 to 43

per cent in 2015. As a result, 3.2 billion people are linked to a global network of content and applications.

MDG 9: We have been looking at the MDG eight goals and targets and their achievement track as it
stand now. The remaining question is whether we intend to achieve the targets by 2015 and beyond. As
the world is witnessing a new determined demand by youths all over the world for more transparency in
governance, there is a need to add MDG-9” on Human Rights and Democratic Governance and this is a new
development within the framework of MDGs. Though MDG 9 is not an official goal, we have seen how it
became part of the SDGs. 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. Let us have

alook at how it tried to transform our world from MDGs perspective towards a broader horizon 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.

e 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.

<> 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: End poverty in all its forms everywhere

Goal 2: End hunger, achieve food security and improved nutrition and promote sustainable agriculture

Goal 3: Ensure healthy lives and promote well-being for all at all ages

Goal 4: Ensure inclusive and equitable quality education and promote lifelong learning opportunities

for all

Goal 5: Achieve gender equality and empower all women and girls

Goal 6: Ensure availability and sustainable management of water and sanitation for all

Goal 7: Ensure access to affordable, reliable, sustainable and modern energy for all Goal 8: Promote

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

Goal 9: 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"

We would like to transform the world within the context of these 17 goals by 2030. Let us analyze briefly

why each of those goals is important as we gaze at our global economy.



Global Economy

Multiple lines of global and regional development trends augment each other today. For one, the
dominance of the Western World is ending while China and India rise again and grow once more into
the traditional places of pre-eminence in the global economy which they occupied before the industrial
revolution in Europe and North America. The move of the core of the world economy from West to East
has proceeded peacefully up to now, but upheavals in international trade and finance are pushing the world
economic institutions and the rules of the game to their limits of endurance. At the same time the younger
generation in many countries knows all too well that their prospects for jobs and income, which make it
possible to start and feed a family to some extent, are being forcibly squeezed by the combination of economic
and ecological crises. Thanks to modern information and communication technologies, this awareness is
spreading faster than ordinary governments can catch and counteract it. The “Arab Spring™?, for example,
has already unsettled a whole region of the world; dictators are being hounded or brought to court, and at
present the political structures which will best correspond to the will of the people at the end of the upheaval
processes are not yet foreseeable. It looks as if young people, who are ever better informed, are no longer
willing to be taken in by ideologies and/or fanatical systems of belief. Instead, they demand justice and hope
for a degree of happiness in the here and now, that is, for nothing other than the “pursuit of happiness”
that the American Declaration of Independence holds out as a human right. Whether it will be possible for
these wishes to be fulfilled depends on the one hand on whether the financial and economic crisis will be
surmounted and on the other on harmonizing the future economic development of all countries with the
biophysical foundations of our world in terms of raw materials and energy consumption of modern societies.

Measured by the second challenge, all countries are “countries in transition” on the way to a long-
term manner of living within their means. In the process, the transition for many of the older industrial
countries could well be more drastic than for most of the developing countries. Comprehensive international
collaboration in the development and dissemination of resource-saving and climate-friendly technologies
and methods of production and the implementation of effective environmental and climate policies is
required to master the challenges. The old way of thinking according to which the rich industrial countries
are the model for the developing countries, and developmental cooperation is aimed at guiding them along
their way and supporting their political and economic structural transformation, must give way to a new
way of thinking, one which sees that all countries are faced with the joint task of changing course to a
path now seen only in outlines, one of long-term and climate-friendly development. This challenge will be
surmountable only by a global cooperation which is free of ideological prejudices or know-it-all attitudes
on the part of the countries which view themselves as “developed”.”* According to various recent Global
Reports, the global economy is in a dangerous new phase with uneven distribution of wealth. The following

figures 1, 2 and 3 show how the global wealth has grown but the pyramid shape continues'.



Figure 1: Distribution of Global Wealth
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Figure 2: Global Wealth Pyramid
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Figure 3: Global Wealth: Top of the Pyramid
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Global Economic Integration

As the diagrams above show, though global wealth is increasing, global economic integration is not
taking place in order to achieve the desired SDGs by 2030. A perennial challenge facing all of the world’s
countries, regardless of their level of economic development, is achieving financial stability, economic
growth, and higher living standards. There are many different paths that can be taken to achieve these
objectives, and every country’s path will be different given the distinctive nature of national economies and
political systems. The ingredients contributing to China’s high growth rate over the past two decades have,
for example, been very different from those that have contributed to high growth in countries as varied
as Malaysia and Malta. Yet, based on experiences throughout the world, several basic principles seem to
underpin greater prosperity. These include investment (particularly foreign direct investment), the spread
of technology, strong institutions, sound macroeconomic policies, an educated workforce, and the existence
of a market economy. Furthermore, a common denominator which appears to link nearly all high-growth
countries together is their participation in, and integration with, the global economy.

There is substantial evidence, from countries of different sizes and different regions that as countries
“globalize” their citizens’ benefit, in the form of access to a wider variety of goods and services, lower prices,
more and better-paying jobs, improved health, and higher overall living standards. It is probably no mere
coincidence that over the past 20 years, though a number of countries have become more open to global
economic forces, the percentage of the developing world living in extreme poverty—defined as living on
less than $1.9 per day—has been cut in half. As much as has been achieved in connection with globalization,
there is much more to be done. Regional disparities persist: while poverty fell in East and South Asia, it
actually rose in sub-Saharan Africa. The UN’s Human Development Report™ notes there are still around 1
billion people surviving on less than $1 per day—with 2.6 billion living on less than $2 per day. Proponents
of globalization argue that this is not because of too much globalization, but rather too little. And the biggest
threat to continuing to raise living standards throughout the world is not that globalization will succeed
but that it will fail. It is the people of developing economies who have the greatest need for globalization, as
it provides them with the opportunities that come with being part of the world economy.

These opportunities are not without risks. The risks are not a reason to reverse direction, but for all
concerned—in developing and advanced countries, among both investors and recipients—to embrace policy
changes to build strong economies and a stronger world financial system that will produce more rapid
growth and ensure that poverty is reduced. There are countless indicators that illustrate how goods, capital,
and people, have become more globalized.

¢ The value of trade (goods and services) as a percentage of world GDP increased from 42.1 percent
in 1980 to 62.1 percent in 2007.

¢ Foreign direct investment increased from 6.5 percent of world GDP in 1980 to 31.8 percent in 2006.

¢ The stock of international claims (primarily bank loans), as a percentage of world GDP, increased
from roughly 10 percent in 1980 to 48 percent in 2006.

* The number of minutes spent on cross-border telephone calls, on a per-capita basis, increased from

7.3in 1991 to 28.8 in 2006.
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* The number of foreign workers has increased from 78 million people (2.4 percent of the world
population) in 1965 to 191 million people (3.0 percent of the world population) in 2005.

The growth in global markets has helped to promote efficiency through competition and the division of
labor—the specialization that allows people and economies to focus on what they do best. Greater openness
can also stimulate foreign investment, which would be a source of employment for the local workforce and
could bring along new technologies—thus promoting higher productivity. Developing countries can benefit
from an expansion in international trade. Ernesto Zedillo, the former president of Mexico, has observed
that, “In every case where a poor nation has significantly overcome its poverty, this has been achieved while
engaging in production for export markets and opening itself to the influx of foreign goods, investment, and
technology.”*® And the trend is clear. In the late 1980s, many developing countries began to dismantle their
barriers to international trade, as a result of poor economic performance under protectionist policies and
various economic crises. In the 1990s, many former Eastern bloc countries integrated into the global trading
system and developing Asia—one of the most closed regions to trade in 1980—progressively dismantled
barriers to trade. Overall, while the average tariff rate applied by developing countries is higher than that

applied by advanced countries, it has declined significantly over the last several decades.

Globalization, income inequality, and poverty

As some countries have embraced globalization, and experienced significant income increases, other
countries that have rejected globalization, or embraced it only tepidly, have fallen behind. A similar
phenomenon is at work within countries—some people have, inevitably, been bigger beneficiaries of
globalization than others. Over the past two decades, income inequality has risen in most regions and
countries. At the same time, per capita incomes have risen across virtually all regions for even the poorest
segments of population, indicating that the poor are better off in an absolute sense during this phase of
globalization, although incomes for the relatively well off have increased at a faster pace. Consumption data
as shown in Figure 4 and 5 below from groups of developing countries reveal the striking inequality that

exists between the richest and the poorest in populations across different regions.



Figure 4: Share of Poorest and Richest in National Consumption
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Figure 5: Number of Billionaires vs. Median Wealth of Household
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According to Andre Damon, the richest one percent of the world’s population now controls 48.2 percent
of global wealth, up from 46 percent last year, according to the most recent global wealth report issued by
Credit Suisse, the Swiss-based financial services company. Hypothetically, if the growth of inequality were

to proceed at last year’s rate, the richest one percent for all intents and purposes would control all the wealth

on the planet within 23 years'.

As discussed in the World Economic Outlook®, one must keep in mind that there are many sources of

inequality. Contrary to popular belief, it noted that increased trade globalization is associated with a decline
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in inequality. The spread of technological advances and increased financial globalization—and foreign
direct investment in particular—have instead contributed more to the recent rise in inequality by raising
the demand for skilled labor and increasing the returns to skills in both developed and developing countries.
Hence, while everyone benefits, those with skills benefit more. It is important to ensure that the gains from
globalization are more broadly shared across the population. To this effect, reforms to strengthen education
and training would help ensure that workers have the appropriate skills for the evolving global economy.
Policies that broaden the access of finance to the poor would also help, as would further trade liberalization
that boosts agricultural exports from developing countries. Additional programs may include providing
adequate income support to cushion, but not obstruct, the process of change, and also making health
care less dependent on continued employment and increasing the portability of pension benefits in some
countries. Martin Wolf, the Financial Times columnist, highlights one of the fundamental contradictions
inherent in those who bemoan inequality, pointing out that this charge amounts to arguing “that it would
be better for everybody to be equally poor than for some to become significantly better off, even if, in the
long run, this will almost certainly lead to advances for everybody.”

Indeed, globalization has helped to deliver extraordinary progress for people living in developing
nations. One of the most authoritative studies of the subject has been carried out by World Bank economists
David Dollar and Aart Kraay.” They concluded that since 1980, globalization has contributed to a reduction
in poverty as well as a reduction in global income inequality. They found that in “globalizing” countries
in the developing world, income per person grew three-and-a-half times faster than in “non-globalizing”
countries, during the 1990s. In general, they noted, “higher growth rates in globalizing developing countries
have translated into higher incomes for the poor.” Dollar and Kraay also found that in virtually all events in
which a country experienced growth at a rate of two percent or more, the income of the poor rose. Critics
point to those parts of the world that have achieved few gains during this period and highlight it as a failure
of globalization. But that is to misdiagnose the problem. While serving as Secretary-General of the United
Nations, Kofi Annan pointed out that “the main losers in today’s very unequal world are not those who are
too much exposed to globalization. They are those who have been left out.” A recent BBC World Service poll
found that on average 64 percent of those polled—in 27 out of 34 countries—held the view that the benefits
and burdens of “the economic developments of the last few years” have not been shared fairly. In developed
countries, those who have this view of unfairness are more likely to say that globalization is growing too
quickly. In contrast, in some developing countries, those who perceive such unfairness are more likely to
say globalization is proceeding too slowly. As individuals and institutions work to raise living standards
throughout the world, it will be critically important to create a climate that enables these countries to realize
maximum benefits from globalization. That means focusing on macroeconomic stability, transparency in
government, a sound legal system, modern infrastructure, quality education, and a deregulated economy?®.

The above analysis of contextualizing the global economy and the need for global integration is necessary
to achieve SDGs by 2030. In the following, let us analyze our understanding of economic growth and

development and see how these theoretical concepts have shaped the 17 SDGs,
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Basic Concepts: Growth & Development

Let us begin by defining the basic concepts of growth and development. Are they the same? How
do they differ? In general terms, economic growth means an increase in the capacity of an economy
to produce goods and services, compared from one period of time to another. For comparing one
country’s economic growth to another, GDP or GNP per capita should be used as these take into account
population differences between countries.? Economic growth is usually associated with technological
changes. An example is the large growth in the U.S. economy during the introduction of the Internet
and the technology that it brought to U.S. industry as a whole. The growth of an economy is thought of
not only as an increase in productive capacity but also as an improvement in the quality of life to the
people of that economy. Economic growth rate mean a measure of economic growth from one period
to another in percentage terms. In practice, it is a measure of the rate of change that a nation’s gross
domestic product goes through from one year to another. Gross national product can also be used if a
nation’s economy is heavily dependent on foreign earnings. The economic growth rate provides insight
into the general direction and magnitude of growth for the overall economy. In the United States, for
example, the long-term economic growth rate is around 2-5%, this lower rate is seen in most highly
industrialized countries. Fast-growing economies like India and China, on the other hand, we see rates
as high as 10% although this rate of growth is not likely to be sustainable over the long term.

As of 2018, only four countries in the world have a GDP per capita in excess of US$100,000. These are
Monaco (the highest at US$166,285), Liechtenstein, Luxembourg and Bermuda, all of which are known for
attracting wealthy residents as well as for having very small populations, ranging from 38,155 (Liechtenstein)
to 590,321 (Luxembourg). Conversely, at just US$247, South Sudan has the world’s lowest GDP per capita,
and many countries, predominantly in Africa, have a GDP per capita below US$1000. Based on UN and
IMF figures, the United States has the largest GDP in the world at $20.4 trillion (IMF) and $18.6 trillion
(UN). The second-largest GDP is China’s at $14.1 trillion (IMF) and $11.2 trillion (UN). However, the
US has a population of 327 million, while China’s population is the highest in the world - a massive 1.42
billion (although despite the significant difference, the US also has the third-highest population in the
world, behind India in second place with 1.35 billion. As shown in Figure 6 below, Japan, Germany and the
United Kingdom make up the rest of the top five countries with the largest GDPs at $5,167,050, $4,211,640
and $2,936,290 trillion (US$), respectively (based on IMF figures). Many island nations feature on the list
of countries with the lowest GDPs. The British Commonwealth nation of Tuvalu is the lowest with a GDP
of US$43 million, followed by the Micronesian island of Nauru at $114 million and the Marshall Islands at
$205 million. Not surprisingly, these islands also have small populations and correspondingly low GDP per

capita figures, ranging from $3,810 (Tuvalu) to $10,078 (Nauru).*
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Figure 6: List of countries by GNI (millions of US$) (Top 10)

Name 2019 Population GDP (IMF) GDP (UN‘16)  GDP Per Capita
United States 329,093,110 21,410,230 18,624,475 $65,058
China 1,420,062,022 15,543,710 11,218,281 $10,946
Japan 126,854,745 5,362,220 4,936,212 $42,271
Germany 82,438,639 4,416,800 3,477,796 $53,577
India 1,368,737,513 3,155,230 2,259,642 $2,305
France 65,480,710 3,060,070 2,465,454 $46,732
United Kingdom 66,959,016 3,022,580 2,647,899 $45,141
Italy 59,216,525 2,261,460 1,858,913 $38,190
Brazil 212,392,717 2,256,850 1,795,926 $10,626
Canada 37,279,811 1,908,530 1,529,760 $51,195

Figure 6 lists the top 10 economies according to the IMF and UN calculations. Economic growth theories
of the 20" century helped the growth of GDP in many countries and we shall look at some of those theories

that have become an engine of growth.

Classical growth theory: The modern conception of economic growth began with the critique of
Mercantilism, especially by the physiocrats and with the Scottish Enlightenment thinkers such as David
Hume and Adam Smith, and the foundation of the discipline of modern political economy. The theory of the
physiocrats was that productive capacity itself allowed for growth and the improving and increasing capital
to allow that capacity was “the wealth of nations”. Whereas they stressed the importance of agriculture
and saw urban industry as “sterile”, Smith extended the notion that manufacturing was central to the
entire economy.” David Ricardo argued that trade was a benefit to a country because if one could buy a
good more cheaply from abroad, it meant that there was more profitable work to be done here. This theory
of “comparative advantage” would be the central basis for arguments in favor of free trade as an essential
component of growth. ¥ As we try to understand how an economy can make economic growth, linear stages

of growth model is a pioneer in this path.

Linear-stages-of-growth model: An early theory of development economics, the linear-stages-of-growth
model was first formulated in the 1950s by W. W. Rostow® in The Stages of Growth: A Non-Communist
Manifesto, following work of Marx. This theory modifies Marx’s stages theory of development and focuses
on the accelerated accumulation of capital, through the utilization of both domestic and international
savings as a means of spurring investment, as the primary means of promoting economic growth and, thus,
development. The linear-stages-of-growth model posits that there are a series of five consecutive stages
of development which all countries must go through during the process of development. The economic

historian, Walt Rostow [1960] suggests that all of the more developed countries have passed through the
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following five stages of economic growth. These stages are “the traditional society, the pre-conditions
for take-off, the take-off, the drive to maturity, and the age of high mass-consumption™ In traditional
society land is the basis of wealth, most of the population works in agriculture, investment is low. In the
preconditions period increased agricultural productivity permits some economic diversification, and social
and political changes occur. The take off is a 20-30 year period of accelerated growth characterized by an
increase in I/Y from 5% to 10% and the development of one or more leading sectors. In the drive to maturity,
the new political and social framework and the higher I/Y make growth self-sustaining and new sectors
emerge to complement the leading sector. This culminates in the age of mass consumption when a diversified
economy supports ever increasing per capita income. This theory was developed in the early years of the Cold
War and was largely derived from the successes of the Marshall Plan. This has led to the major criticism that
the theory assumes that the conditions found in developing countries are the same as those found in post-
WWII Europe. There are also theories like structural-change theory deals with policies focused on changing
the economic structures of developing countries from being composed primarily of subsistence agricultural
practices to being a “more modern, more urbanized, and more industrially diverse manufacturing and
service economy.” International dependence theories gained prominence in the 1970s as a reaction to the
failure of earlier theories to lead to widespread successes in international development. Neoclassical theory
gained prominence with the rise of several conservative governments in the developed world during the
1980s. These theories represent a radical shift away from International Dependence Theories. Neoclassical
theories argue that governments should not intervene in the economy; in other words, these theories are

claiming that an unobstructed free market is the best means of inducing rapid and successful development.

The neoclassical growth model: During the 1950s physical capital expansion was advocated by the
Harrod-Domar theory of development by accelerating savings and investment. This theory emphasized
the need of increased savings that will lead to higher investment for capital expansion and the result would
be higher economic growth. When we consider developing countries, we need to analyze it from the wages
of a laborer. After consumption to survive from the given wages, is there anything left to save?. This would
explain the low growth of a developing nation and the problem of aid to invest and the resultant debt trap
that most of the developing nations had to incur. The notion of growth as increased stocks of capital goods
(means of production) was codified as the Solow-Swan Growth Model, which involved a series of equations
which showed the relationship between labor-time, capital goods, output, and investment. According to
this view, the role of technological change became crucial, even more important than the accumulation of
capital. This model, developed by Robert Solow* and Trevor Swan* during the 1950s and 1960s, was the
first attempt to model long-run growth analytically. This model assumes that countries use their resources
efficiently and that there are diminishing returns to capital and labor increases. From these two premises,
the neoclassical model makes three important predictions. First, increasing capital relative to labor creates
economic growth, since people can be more productive given more capital. Second, poor countries with less
capital per person will grow faster because each investment in capital will produce a higher return than rich

countries with ample capital. Third, because of diminishing returns to capital, economies will eventually
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reach a point at which any increase in capital will no longer create economic growth. This point is called a
“steady state”. The model also notes that countries can overcome this steady state and continue growing by
inventing new technology. In the long run, output per capital depends on the rate of saving, but the rate of
output growth should be equal for any saving rate. In this model, the process by which countries continue
growing despite the diminishing returns is “exogenous” and represents the creation of new technology that
allows production with fewer resources. Technology improves, the steady state level of capital increases,

and the country invests and grows.

Human Capital and Growth: One ubiquitous element of both theoretical and empirical analyses of
economic growth is the role of human capital. The skills of the population enter into both neoclassical
and endogenous growth models.** The most commonly used measure of human capital is the level of
school attainment in a country, building upon the data development of Robert Barro and Jong-Wha Lee.*
This measure of human capital, however, requires the strong assumption that what is learned in a year of
schooling is the same across all countries. It also presumes that human capital is only developed in formal
schooling, contrary to the extensive evidence that families, neighborhoods, peers, and health also contribute
to the development of human capital. In order to measure human capital more accurately, Eric Hanushek
and Dennis Kimko introduced measures of mathematics and science skills from international assessments
into growth analysis.* They found that quality of human capital was very significantly related to economic
growth. During the 1970s, this approach has been extended by a variety of authors, and the evidence
indicates that economic growth is very closely related to the cognitive skills of the population.* “Investment
in Human Capital” by Theodore Schultz has shown that it is not the size of the population that matters in
development but how skilled the population is and therefore the need for compulsory education in schools.
Though importance of education is known, the budget allocation for education in many developing countries
is still lagging way behind and that would explain the slow growth of developing countries. The ability to
invest in education and the resultant human capital formation of a nation has become an imperative for any

developing country to enter into the path of economic growth and development.

Endogenous growth theory: Growth theory advanced again with the theories of economist Paul Romer
and Robert Lucas, Jr. in the late 1980s and early 1990s. Unsatisfied with Solow’s explanation, economists
worked to “endogenize” technology in the 1980s. They developed the endogenous growth theory that
includes a mathematical explanation of technological advancement.* This model also incorporated a new
concept of human capital, the skills and knowledge that make workers productive. Unlike physical capital,
human capital has increasing rates of return. Therefore, overall there are constant returns to capital, and
economies never reach a steady state. Growth does not slow as capital accumulates, but the rate of growth
depends on the types of capital a country invests in. Research done in this area has focused on what increases
human capital (e.g. education) or technological change (e.g. innovation).”’ In his thesis in1996, John Joseph
Puthenkalam® aims at the process of economic growth theories that lead to economic development by

integrating a few non- economic variables into the development of developing countries. After analyzing
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the existing capitalistic as well as socialist growth theoretical apparatus, he introduces the “puthen” -(which
means new’ in Malayalam language) new model which integrates the variables of freedom, democracy and
human rights into the existing models and argue that any future economic growth-development of any
nation depends on this emerging model. He based the model on the second wave of demand for democracy
that resulted in the collapse and demise of former Soviet Union and the emergence of Commonwealth of
Independent States (CIS). Now, again this theory is in the forefront as we witness the third wave of unfolding
demand for democracy in the Middle East. He develops the knowledge sector in growth theories with two
new concepts of ‘micro knowledge’ and ‘macro knowledge’. Micro knowledge is what an individual learns
from school or from various existing knowledge and macro knowledge is the core philosophical thinking
of a nation that all individuals inherently receive. How to combine both these knowledge would determine
further growth that leads to economic development of developing nations. Puthen model of integrating

freedom, democracy and human rights, is a new vison for economic growth in developing countries.”

Development Theories and Quality of Life

While economic growth focuses on quantitative measures, development means progress in an economy,
or the qualitative measure of this progress. Economic development usually refers to the adoption of new
technologies, transition from agriculture-based to industry-based economy, and general improvement
in living standards. The University of Iowa’s Center for International Finance and Development states
that: ‘Economic development’ is a term that economists, politicians, and others have used frequently in
the 20th century. The concept, however, has been in existence in the West for centuries. Modernization,
Westernization, and especially Industrialization are other terms people have used when discussing economic
development. Although no one is sure when the concept originated, most people agree that development
is closely bound up with the evolution of capitalism and the demise of feudalism.* Economist Albert O.
Hirschman, a major contributor to development economics, asserted that economic development grew to
concentrate on the poor regions of the world, primarily in Africa, Asia and Latin America based on the
outpouring of fundamental ideas and models. In short, we can note that development economics blossomed
as a result of collapse of colonialism and as a first wave of cry for freedom, democracy and human rights
that led to the emergence of independent states as an aftermath of Second World War. It is the plight of
developing countries that gave rise to the discipline of modern development economics.

Economic development typically involves improvements in a variety of indicators such as income,
literacy rates, life expectancy, and poverty rates. GDP does not take into account other aspects such as leisure
time, environmental quality, freedom, or social justice; alternative measures of economic well-being have
also been proposed. Essentially, a country’s economic development is related to its human development,
which encompasses, among other things, health and education. These factors are, however, closely related
to economic growth so that development and growth often go together.* According to Ranis et al. (2000),
economic growth and human development is a two-way relationship. Moreover, the first chain consists of

economic growth benefiting human development with GNP. Specifically, GNP increases human development
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by expenditure from families, government and organizations such as NGOs. With the rise in economic
growth, families and individuals will likely increase expenditures with heightened incomes which in turn
leads to growth in human development. Further, with the increased consumption, health and education
grow, also contributing to economic growth.* In addition to increasing private incomes, economic growth
also generates additional resources that can be used to improve social services (such as healthcare, safe
drinking water, etc.). By generating additional resources for social services, unequal income distribution will
be mitigated as such social services are distributed equally across each community, thereby benefiting each
individual. Thus, it is possible to increase living standards for the public.” In spite of all the good theories
of economic growth, during the 1960s, we realized the benefits of economic growth is skewed and shared
insufficiently with the needy population. We realized that though wealth is amassing, poverty is increasing.

In order to correct this anomaly the idea of basic human needs approach was suggested.

Basic Human Needs Approach: The objective of a basic needs approach* to development is to provide
opportunities for the full physical, mental, and social development of the individual. A basic needs (BN)
approach to development is one which gives priority to meeting the basic needs of all the people. The
actual content of BN have been variously defined: they always include the fulfilment of certain standards of
nutrition, (food and water), and the universal provision of health and education services. They sometimes
also cover other material needs, such as shelter and clothing, and non-material needs such as employment,
participation and political liberty. This approach focuses on mobilizing particular resources for particular
groups, identified as deficient in these resources, and concentrates on the nature of what is provided
rather than on income. It is therefore, a more positive and concrete concept than the double negatives like
eliminating poverty” or “reducing unemployment.” While some of these “nonmaterial” needs are conditions
for in meeting the more “material” needs, there may be conflict between others, such as meeting basic
material needs and certain types of freedom. For other sets of needs, there may be neither complementarity
nor conflict. Finally, meeting specific priority needs has an appeal to donors and to those taxed, which
income redistribution lacks. BHN approach is contrasted with the income and employment approaches,
which neglect important features of meeting basic needs. The essence of the case for the basic needs approach
is that the gap between requirements and actual living levels can be filled sooner, and with fewer resources,
than by alternative routes. As the theories shift from a focus on growth and economic development towards
a focus on human development, the discussion on development theories take a decisive notion that people

are the wealth of a nation.

Human Development: “People are the real wealth of a nation.”

The relationship between human development and economic development can be explained in three
ways. First, increase in average income leads to improvement in health and nutrition (known as Capability
Expansion through Economic Growth). Second, it is believed that social outcomes can only be improved

by reducing income poverty (known as Capability Expansion through Poverty Reduction). Lastly, social
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outcomes can also be improved with essential services such as education, healthcare, and clean drinking
water (known as Capability Expansion through Social Services).” By addressing technology directly, to
meet customer needs, competitiveness was fostered in the surrounding environment and resulted in greater
economic performance and sustained growth.*® More recent theories of Human Development*” have begun
to see beyond purely financial measures of development, for example with measures such as medical care
available, education, equality, and political freedom. One measure used is the Genuine Progress Indicator,
which relates strongly to theories of distributive justice. Actual knowledge about what creates growth is
largely unproven; however recent advances in econometrics and more accurate measurements in many
countries is creating new knowledge by compensating for the effects of variables to determine probable
causes out of merely correlational statistics. Multi-dimensional Poverty Index (MPI)* is a new tool that
is introduced in UNDP’s 2010 Human Development Report. The great development challenge of the 21st
century is to safeguard the right of generations today and in the future to live healthy and fulfilling lives.
The 2011 Human Development Report offers important new contributions to the global dialogue on this
challenge, showing how sustainability is inextricably linked to equity—to questions of fairness and social

justice and of greater access to a better quality of life.

Since the end of Second World War, the concept of development was centered on economic development.
Since 1990, there began a paradigm shift from economic to human development. Human Development is a
development paradigm that is about much more than the rise or fall of national incomes. It is about creating
an environment in which people can develop their full potential and lead productive, creative lives in accord
with their needs and interests. People are the real wealth of nations. Development is thus about expanding
the choices people have to lead lives that they value. And it is thus about much more than economic growth,
which is only a means —if a very important one —of enlarging people’s choices. Fundamental to enlarging
these choices is building human capabilities —the range of things that people can do or be in life. The most
basic capabilities for human development are to lead long and healthy lives, to be knowledgeable, to have
access to the resources needed for a decent standard of living and to be able to participate in the life of the
community. Without these, many choices are simply not available, and many opportunities in life remain
inaccessible. According to Mahbub ul Haq (1934-1998), Founder of the Human Development Report, “The
basic purpose of development is to enlarge people’s choices. In principle, these choices can be infinite and
can change over time. People often value achievements that do not show up at all, or not immediately, in
income or growth figures: greater access to knowledge, better nutrition and health services, more secure
livelihoods, security against crime and physical violence, satisfying leisure hours, political and cultural
freedoms and sense of participation in community activities. The objective of development is to create an
enabling environment for people to enjoy long, healthy and creative lives.” Many of its key principles can
be found in the writings of scholars and philosophers from past eras and across many societies. As of 1990,
the human development concept was applied to a systematic study of global themes, as published in the
yearly global Human Development Reports under the auspice of the UNDP. The work of Amartya Sen and

others provided the conceptual foundation for an alternative and broader human development approach

20



defined as a process of “enlarging people’s choices and enhancing human capabilities” (the range of things
people can be and do) and freedoms, enabling them to: live a long and healthy life, have access to knowledge
and a decent standard of living, and participate in the life of their community and decisions affecting their
lives. According to Prof. Amartya Sen®, Nobel Laureate in Economics, 1998, “Human development, as an
approach, is concerned with what I take to be the basic development idea: namely, advancing the richness of
human life, rather than the richness of the economy in which human beings live, which is only a part of it.”
Human development has always been flexible and “open-ended” with respect to more specific definitions.
There can be as many human development dimensions as there are ways of enlarging people’s choices. The
key or priority parameters of human development can evolve over time and vary both across and within

countries. Some of the issues and themes currently considered most central to human development include:

* Social progress - greater access to knowledge, better nutrition and health services.

¢ Economics - the importance of economic growth as a means to reduce inequality and improve levels
of human development.

¢ Efficiency - in terms of resource use and availability. Human development is pro-growth and
productivity as long as such growth directly benefits the poor, women and other marginalized groups.

* Equity - in terms of economic growth and other human development parameters.

* Participation and freedom - particularly empowerment, democratic governance, gender equality,
civil and political rights, and cultural liberty, particularly for marginalized groups defined by urban-
rural, sex, age, religion, ethnicity, physical/mental parameters, etc.

* Sustainability - for future generations in ecological, economic and social terms.

* Human security - security in daily life against such chronic threats as hunger and abrupt disruptions

including joblessness, famine, conflict, etc.”

The Real Wealth of Nations: Pathways to Human Development

The first Human Development Report in 1990 opened with the simply stated premise that has guided all
subsequent Reports: “People are the real wealth of a nation.” By backing up this assertion with an abundance
of empirical data and a new way of thinking about and measuring development, the Human Development
Report has had a profound impact on development policies around the world. The 20th anniversary 2010
Report continues the tradition of pushing the frontiers of development thinking. For the first time since
1990, the Report looks back rigorously at the past several decades and identifies often surprising trends
and patterns with important lessons for the future. These varied pathways to human development show
that there is no single formula for sustainable progress—and that impressive long-term gains can and
have been achieved even without consistent economic growth. Looking beyond 2010, this Report surveys
critical aspects of human development, from political freedoms and empowerment to sustainability and
human security, and outlines a broader agenda for research and policies to respond to these challenges.

As Amartya Sen writes: “Twenty years after the appearance of the first Human Development Report, there
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is much to celebrate in what has been achieved. But we also have to be alive to ways of improving the
assessment of old adversities and of recognizing—and responding to—new threats that endanger human
well-being and freedom.” In our analysis of development, we will have to integrate human development and
its ingredient of democratic freedoms for progress of people and nations. 2011 Human Development Report,
with the theme “Sustainability and Equity: A Better Future for All”, explores the integral links between
environmental sustainability and equity and shows that these are critical to expanding human freedoms for
people today and in generations to come. The point of departure is that the remarkable progress in human
development over recent decades cannot continue without bold global steps to reduce environmental risks
and inequality, as shown in Figure 7. This Report identifies pathways for people, communities, countries and
the international community to promote environmental sustainability and equity in mutually reinforcing
ways.”

Figure 7: Link between Environmental Sustainability and Equity

Since 2000, development agenda has shifted towards the achievement of Millennium Development Goals
and since 2015, the global agenda is SDGs. Recent theories revolve around questions about what variables or
inputs correlate or affect economic growth the most: elementary, secondary, or higher education, government
policy stability, tariffs and subsidies, fair court systems, available infrastructure, availability of medical
care, prenatal care and clean water, ease of entry and exit into trade, and equality of income distribution
(for example, as indicated by the Gini coefficient), and how to advise governments about macroeconomic
policies, which include all policies that affect the economy. Education enables countries to adapt the latest
technology and creates an environment for new innovations. The cause of limited growth and divergence in
economic growth lies in the high rate of acceleration of technological change by a small number of developed
countries. These countries’ acceleration of technology was due to increased incentive structures for mass
education which in turn created a framework for the population to create and adapt new innovations and
methods. Furthermore, the content of their education was composed of secular schooling that resulted in

higher productivity levels and modern economic growth.

Development-Environment Nexus

Focused attention on economic growth and development exploiting the natural and environmental
resources awakened us lately to the vulnerability of the blue planet that we inhabit. Some critics argue
that a narrow view of economic growth, combined with globalization, is creating a scenario where we
could see a systemic collapse of our planet’s natural resources.*® Other critics draw on archaeology to cite

examples of cultures they claim have disappeared because they grew beyond the ability of their ecosystems
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to support them.** Concerns about possible negative effects of growth on the environment and society
led some to advocate lower levels of growth, from which comes the ideas of uneconomic growth and de-
growth, and Green parties which argue that economies are part of a global society and a global ecology
and cannot outstrip their natural growth without damaging them. Canadian scientist, David Suzuki stated
in the 1990s that ecologies can only sustain typically about 1.5-3% new growth per year, and thus any
requirement for greater returns from agriculture or forestry will necessarily cannibalize the natural capital
of soil or forest. Those more optimistic about the environmental impacts of growth believe that, although
localized environmental effects may occur, large scale ecological effects are minor. The argument as stated by
commentators Julian Lincoln Simon states that if these global-scale ecological effects exist, human ingenuity
will find ways of adapting to them.*® Human ingenuity conceived the idea of sustainable development.
Sustainable development has been defined in many ways, but the most frequently quoted definition is from
Our Common Future, also known as the Brundtland Report: “Sustainable development is development that
meets the needs of the present without compromising the ability of future generations to meet their own
needs.”*® Since the Rio Earth Summit* in Rio de Janeiro in 1992, sustainable development has become an
integral part of development. While acknowledging the “right to development” of developing countries,
developed countries entered into a regime of Kyoto Protocol®® to fulfill their historical mandate. Now, with
Paris Agreement®, all developed and developing countries are to follow a system of Nationally Determined
Commitments®. In 2015, together with Paris Agreement, Sustainable Development Goals are placed into
the bosom of the world community to act to achieve the development and environment harmonized way of

economic growth that does not permit us to “leave anyone behind”.

The aim of this article is to give a theoretical base to the goals outlined in MDGs (2000-2015) and
SDGs (2015-2030). As we analyze the economic development variables of GNP, GDP and per capita, we can
notice the economic goals in MDGs and SDGs. As we explore the social development variables of peace,
freedom, human right and democracy, we can notice social goals of MDGs and SDGs. As we focus on the
human development variables of health and longevity, education and literacy, access to resources and decent
work, we can notice the human goals of MDGs and SDGs. As we analyze the sustainable development
variables of environmental resources like land, forest, water, air, energy and bio diversity, we can notice the
environmental goals of MDGs and SDGs. The theoretical framework gives substance to all the development
goals and these goals would galvanize the planet and the global hopes of people who inhabit this home, we

call, Our Mother Earth.
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Does Japan Need Wetland Conservation Act?

—Probing into it from Engineering Perspective

Guang wei Huang

Abstract

The United States of America, Republic of Korea and Taiwan have Wetland Conservation Act for the
protection and wise use of wetlands. Japan does not have a law specifying the purpose of law to preserve
and restore wetlands. Through case studies from engineering perspective, this paper is intended to address
the need to establish a comprehensive wetland law in Japan.
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The management principles of chemicals and ecological modeling

Yoshinari Tanaka

Abstract

I have examined how the risk assessment of chemicals is modified or improved by incorporating the
ecological principles into the regulative framework of chemicals under the protection goals that are specified
as the ecosystem and biodiversity conservation. As a result, it was suggested that ecological factors such
as the life history differences among the test species, the interspecific interaction between the species, the
species sensitivity distributions to chemicals, and the bioaccumulativity of chemicals could considerably
alter the risk ranking among chemicals that was subject to the conventional risk assessment method. In
addition, we attempted to identify the factors that caused the difference between risk assessment results
with and without involvement of the ecological factors, by mean of comparison between environmental
benchmark concentrations that were derived from the conventional method, the withhold standard for
pesticide registration, and an ecological model (A-TERAM, the aquatic tri-trophic risk assessment model).
The results implied that the chemicals that induced stronger toxicities to the fish than other species and at
the same time had high bioaccumulativity caused severer environmental benchmarks (lower concentrations)
by A-TERAM than by the conventional method. And the chemicals that had toxicities on either of the lower
two trophic levels (the algae or the daphnia) induced slightly less severer environmental benchmarks values
by the A-TERAM. Thus, the use of a risk assessment model that takes ecological factors into account as a
higher-level method of risk assessment, in which collection of ecotoxicity data and exposure assessment is
carried out more extensively and accurately, is expected to make the ecological risk assessment of chemicals

more accurate and ecologically relevant.

36



(LR & HBKIRIR

LW L 2RO MAERIEE, KRBT RTOALDT 72 ATELZ LIE, A
HOBHD 72 DI RKPE RN EIEE ) FTH AR, FETREL S HIE SDGs 1BV T, %
ERIKDTRTOANANOMIFIZ6FHOHE L L TIPS TV 5, [LEWEDHGOEMIC
BIL Tk, <D 1992412 479 v A4 0 THES NIRRT I v MIZBWTHY RiFs i,
ZDHED2002FD TP AT 7 TR S N2 HERY I v MZB W T, WSSD20204E HIZE LT
Wy Fedbhs,

WSSD2020 4F H LD HCRLHEL S 7L E O BB HAEIZB 3 2 8501, [ FRimEGH 12
BELOD, BWMEOD 2 FHFHBIIC RS <) A 7 FHITFNE & BHERRILIC &S () A 7 8
FMEZE T, AL ESANOBE L BB 26 §3% L WEEE L 5/MET 2 BT, &
FEEND I L 2020FF CILERTAIEAEET DD,

CZTiE, PHMERINCRAZEL 729 2 T BP0 LA WE O ) 2 7 54 & SR %
20204 F CTICHEV T 5 EDEEL LTHIFON TV D, FEETNEZ LiE, [LFEWEOEE
G AR OBEHEREFEORBICR P LV EM S, TE AR S0 TIE R L,
WY 1) A7 ERIZ L o TADREREREANDEE L R/MET 2 HETHEAT L 2 Lk
TWLETH D, T, B SCHOREETH 2{LEWE O LR - Hf] & HRBREO 4% 5
S5 T, SDGs DERMN LI EIET 50 it e R ERO0121E, RETTRECAERES
1 7 B DA 70 v BRI R O EAEHC B L T < & & D12, ER/NEO A BALF M IZ DWW T
L B ) 27 ERO S LTS LR Rk L T CICEIZ RV TH A .

Tld. ALFWEOFFEN R ) A7 EREAHLT 57201213, EOL) LHEDBH D259 1
KENIZWH & THIIE3DDOMRGE VR L TS, (LFWHEOBRE T TOZRE) z 7l 3
L BB RE S ALEWE O N A A~ O BB 2 HE T L HEMEFSE. 512
INOLOHREHEILL TREY A7 ZERLT 2858 A 7 FHliF 55 CTh 5o w55
X RN B IO N RS NOBEETH 2 P EAYRABRORETH L2012 L-TC, b
MMEHEC R 0 B & A BB B A B IR S NS0 CORFITIE LT, ARER~NDY A 7 5
D58 & FRICERE Y A 7 FHili & Vv, & MEFEANOD ) A 7GRl RS A B8 A 7 &Rl & X
AL TWwWh,
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Ecological Risk Assessment

| Problem Formulation |
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Communicating Results to the
Risk Manager

1. £V X VFHADHA Z 2 ANEICE TDEREY X IO EARLARA (US EPA 1998)

LK EBREE AT (Environmental Protection Agency, EPA) 255817 L T\ % AR A 7 Rl D
A5 > ALE (US EPA 1998) 2B S T 24208 2 7 OFEABEM 2 ML L 72 D TH
bo RGALEME 2N AATZD S WEFE (exposure) FEAll & A2 FEF22E (ecological effect) AP 2> &
15 % AT I HE Ay AR LT OITRE R ZIET 2 2 81280, VA7 DEElbe EET 5.
WEFRETAN & . AL B HELCIEMBOAMIZ XL RGP IR S Tr s, KEPK. -
B EOREEIR A 8 U CARTAEEYOEKNICID AE N, mrEET 2 HEBETH L, HREY
BRI, EICHIE S NAEBREIZB VT, I Yy aR/ Rk EOKEAEY & - THME
AT, BHEEZEE TS, ) A ZFHEOKRETIE, TS OMREZEL T, eIt
BRI L > TERBEANDY R D bip ) hafIiT 2D TH b,

ZDE) BALFMEO ) A7 FHii TR L. X)) A 7S L OBIRICOW TR
il CBE Ve FMULRERTO ) A7 ] LI3—FIZ, fELODHE LW EEZLE
BHRE EFEN. . B AL KE, BEME., EilEe L) PR 2FERELERL
LTEHLZDDEV) T EHTES (1 2004; Yoe 2012) o {LFWED ) A 7 G2 BT
b XN LTI, BAACHEL R, BOEEEOMIBOMR L L CEE S5 (Suter
1993; FIP4H 2004 5 2006)0 LA L. X D IRHEPHZ LA EICHEH SN D 1RAZ ) —= > 7L
N DY) A7 ERTIE, BIELI NI ATMEPEHAIN TS EEZTIWES I AL
B OBV L A LAY RIRE R U7 ) OFEPROBS TERINL 20, FROFENE (N
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P F) IS L, ALFE OBEHHII AR E AP EEWE R SN mRERMEERT L
Mo, N — FOARHERICHY T 2, 2F ), [LFWEORR) A 713, BABEEEL-) O
HEME (M) CBEROME LTET I ENTE L (LW M7 48R 2012)

AAwid. EREREREM L AR A 7 FEMICEN T H T ARFORENMAZMZ 52 &I12 X
D, VAZZORMM»S LT, {bFWERE ) A7 FMOSEENED L HIZEE SN 2%
i L7z

{LFYE QLB AT & £ BEN

ZOFN, AR A7 RO A L b F R 5. AREEFMEICOWTHBICHEALTBZ
o Z L OALFEWEIE, ACRICHER S NS, REHIZEIHHE SN b DO TOREWN & 742 - THh
FHNHET L. SMIIIKRICRITT 2 b DO0% Wiz, RBANOREFMIL. KR, FFC
PAKAERER % SUHICFER S N TV Do KEAYIIKE V) BN BREEARICAEBT 5720, I
R A 2 3 U AL B I8 S e <L LA E ORI S BUSIC IS S 2 A 7%
BV EBHBIET LN L,

AERER B b 72 O TALFEWE OKELEY W 2B & EREEIE L SV, T OIS = A58
#EF (ecotoxicology) & \>9) o FZEE DALY EE HHIEE (CKE D TSCA: Toxic Substances Control
Act, EUOREACH: Registration, Evaluation, Authorization and Restriction of Chemicals, H ENOLI# 3N
LW AL, BIRIRE 2 &) 128V, ABHEEEEE W7o v 7 b ). Bk
B (Y ra), SEO3KBERBEORBE & o CTiE S 7o, 2R (LC50: 435t
I BE EC50: P RHUL B EE 72 &) 2 MEFEMEME (NOEC: i B 2, FMEERIC BV TEMERIG A3
TR S 70 20 o 72RO ) SR S LT B (LW BEEHImIT e 2012) o BALRE O
Tl MHIC 3OS —= v ZHERAER] & & LN %o EUDREACH T b [FIHRIZ 35
HEREOFHHBAER SN, 3KEEBOTXThL, Pl b 1EOFEET— 7 2HRINT
5 ENRDONT VD ALHEETIE, BEEORESCEIINDOZEDIRE L 7 H18MHMEAEH
S, BUEHEMEESRIS 2560 SVEEIEED S MEICHE T 5 2k -EiHE L v T
BrfioTwd, BllSNa2AWoRIsE LTid, EEOMAERERME (25HEE) . 3P >ao
BEKBLE (BEEN) . I ¥ Y a0FGHEE (B . 0300 (REE) . S ORE M
E (B F03H %,

E2YEEROEXES

HAERE D OFBLFEMEA GRS N, BEINTW2L45H, IRENZERIZE S W TLak
RS B X VMU ED R Vo ERERNOEEZ Gl 9 5 AR B TIE, AR~ 72z 35
DAL ) —= v 7l GEEOMIIE, 32 a0kEE. i (257 7] OAMSEE) 123D
WTHET SN D, L L. i#liERw 72 EOEBROEERIZIE, 3HZ L2 0B R 2 BoKE
AR L. B LR OMEER 2 RIZ Lo WD O EYIEEZ TR L TV b, FEBREOR
D> T L BFRFOBLI» 5 1E (G, ERFEEEZONEPS S 2), 3HMOAEREEET —
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5 Do LR WE O AETERNDO B LN T 5 2 LT b L OARTRETH 5 &\ ) HLfl A
B OEAEHER Z L Tl (Posthuma et al. 2002) . LA LZED—F T, B RRLFWE OB
A7 R ERTHUNST S L, L