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Foreworti

Sxistainable development isa pattern ofresource use that aims to
meet human needs while preserving the environment so that
these needs can be met not only in the present, but in the
indefinite future. It has gained credence because of strong
ecological, economic and ethical wisdom inherent in it. However
it does generate enormous debate also. This, because sustainable
development is an eclectic concept consequently a wide array of
views exist under its umbrella.

The debate however is not about whether or not we should
follow sustainable development but is about its exact nature -
about what is sustainable. Thus it is urgent to include an
objective and scientific approach to define indicators of
sustainability and find precise methods to measure them. Only
this can transform the broad concept of sustainability into action.

In view of this I am extremely happy to find that Sikkim
Manipal Institute of Technology has taken die initiative to
conduct an international conference on sustainable d'evelopment
in a regional context - focusing on northeastern region ofIndia.
The choice of region is significant for Socio-economic, political
and ecological reasons. The Northeastern states of India are a
heaven of biological and cultural diversity. The region is a
confluence of myriads of ecosystems. People of this region have
evolved traditional systems xmique for using and managing
natural resources on a sustainable basis. The cultural and
religious diversity of the region is also noteworthy. Some are
Hindus, some are Christians and some others are Buddhist. And
.some stUl follow their tribal religious beliefs. Whatever their
religion may be, their relationship with nature and bio-diversity
isremarkably friendly. This territory, therefore, isanappropriate
case for studyofregional development efforts.
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Provide meaningful work and lifestyle options for people-
Enhance skill development, so that northeastern region
aoes not faU behind the other regions of the country in
tenns of educaHon levels and trainfng.
DrnH villages a stake in the growth of a moreP uctive, more environmentally sound northeast India-

resomcer^ '̂̂ ^ unrealistic pressures on natural
by ensuring that native flora

Svel:rmenr ^
destnictinn'̂ ''̂ 'I'̂ earlier periods of environmental
^ehabiUtatiCe measures*'' problems throug

conimunities to develop their o^
s^tainable^ principles of ecologically
local people ^rid the needs and interests o

extractive industl?'̂ ^ current trajectory of re^°o.rcnatural environmem destructive to
Ensure that cn A
productive out '̂"'''̂ Processes contribute 'healthy ^
regional level. stakeholder interaction at th
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Technology conducted n
sustamabiedevelopi^ent- ^ l^lemational conference™nfeence had the foUol'" "O'-lheastem region of India.

* Develop objectives:
^ustainabUity, the multiple meanings
evaluating sustain and theories employ^

context

E-n-'ai! . infc@m;ttalbooks cCTTwen?

Preface I ix

• Develop an appredation/appreciations and recognitions
of the diversity of models and options relating to
sustainable development.

• Train to think systemically and holistically about human
security, economic development, disaster mitigation,
environmental management, and impact of technology on
living envirorunent.

The present book contains the revised version of the papers
presented at the conference. We hope these deliberations will be
of great use for researchers, policy makers and development
workers.
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In their paper' Incubation of Grassroots Innovations for
Sustainable Regional Development: An Experience with North
East India, C.B. Vijaya Vittala and Anand Prakash Tiwary present
case studies of innovative indigenous technologies helping
sustainable regional development, with special reference to North
East India. The contribution of Honey Bee Network towards
documenting grassrootsinnovations has alsobeen highlighted.

In the next paper. Look East Policy and the North-East
Region, Anindita Adhikary (Bura), Bedanta Bora and Sonia
Munjal attempt to ascertain the prevailing trade scenario in the
Northeast region, and explore its prospects and threats across its
bordering nations. They also analyze the impact of 'Look East
Policy' on sustainable development of the region in terms of
synergistic perspective.

The next paper—Gender and Development: from the
perspective of Northeast India—by Ms Michele and Ajeya Jha
focuses on gender perspective in sustainable development in the
northeast region. The last paper. The Digital Divide, by
Dr. Philip Benchaur, probes into the extent the digital divide is
related to sustainable development, with special reference to
Northeastern states of India.
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Environmental Quality and

Economic Growth

Some Empirical Evidences

Amrita Sengupta (Basu) 6* M. Mishra

1. Introduction

The traditional idea of "the limit to growth" developed by
Meadow et al. (1972) shows the effect of economic growth on the
environment in terms of a trade-off. This idea is based on two
reasons:

• The limited capacity ofnatural environments to receive tive
waste generated by the economic system;

• The finite nature of exhaustible resources (Turner et al.
1994).

The critics of the limit to growth points to a number of
reasons why there may notbe a limit to growth after all. Among
these reasons are:

• Positive and increasing income elasticity for environmental
quality;

• Changes inthe composition of production and consumption;
• Increasing levels ofeducation andenvironmental awareness;
• Technological progress; and
• Moreopenpolitical systems.
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Environmental Quality and Economic Growth I 3

economic growth and pollution depends on the elasticity of
substitution between conventional factors of production and
pollution and on the relative degree of curvature of consiuners'
utility. According to Lopez (1994), the lower the elasticity of
substitution and relative curvature coefficient increases, the more

likely it is tiiat pollution increases with income. Under certain
conditions, an inverted U-shaped relationship between pollution
and income is derived for the non-homothetic preference case.
However, Common (1995) points out that for some impacts,
irreversible damage may occur before the top of the inverted
U-shaped curve isreached, and thattherelationship need nothold
for aU impacts. Grossman and Krueger (1993,1995), Shafik (1994),
Selden and Song (1994), and Holtz-Eakin and Selden (1995) have
conducted empirical studies on this issue. Grossman and Krueger
(1993) explore some of the empirical evidence that bears on the
likely envirorunental impacts of an increase in per capita GDP. By
using cross-country panel data of the Global Environmental
Monitoring System (GEMS), Grossman and Krueger (1993) find
that emission levels of sulphur dioxide (SOj) and dark matter
suspended in the air increase with per capita GDP at low levels of
national income, but decrease with per capitaGDPat higher levels
of income (ie., inverted U-shape relationship). For the mass of
suspended particles, however, in a given volume of air, the
relationship between pollution and per capita GDPis found to be
monotonically deaeasing. Grossman and Krueger (1995)
investigate the issue witii more broad set of environmental
indicators than their study in 1993. Grossman and Krueger (1995)
findlittle evidence that environmental quality deteriorates steadily
with economic growfli. Rather, they find for most indicators that
economic growthbrings an initial phaseof deterioration followed
by a subsequent phase of improvement. Shafik (1994) uses a wide
range of environmental quality indicators. He finds that
environmental problems of safe water and sanitation improve
with rising incomes. Others worsen and improve (i.e., particulate
SO2) and some others worsensteadily (i.e., dissolved oxygen, solid
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untouched. It is commorUy accepted that environmental
degradation received no public attention during the 1960s,70s and
early80s. Thehorizontal axesin Figure2,representthe levelof per
capita GDP, while the vertical axes represent the levels of various
kinds of environmental quality indicators. Overall, the
relationship between economic growth and envirorunent cannot
be simply explained in terms of trade-off or inverted-U shape
relationships. For example, some indicators such as CO; and
industrial waste worsen as per capita income increases, but other
indicators such as water quality and domestic waste show the
inverted U-shape relationship. Therefore, the relationship between
economic growth and environment depends on each
environmental quality indicators.

B. Some Econometric Regressions

To assess the relationship between economic growth and
environmental quality in any given country, it is important to
consider the interrelated impacts of the following five
determinants of environmental quality-

• per capita income (e.g. per capita GDP);

• population density;

• technologies;

• die level ofenvironmental policies; and
• endowments such as climate, geography and resource

endowments.

To assess the effect of economic growth on environmental
quality, we should focus on the relationship between
environmental quality and per capita income, taking into
account these other determinants of environmental quality. Per
capita income (per capita GDP) serves to analyze directly the
effect of economic growth on environmental quality. Population
density is also an important factor influencing environmental
quality. For technology that can affect environmental quality

•1'
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traffic jams, and industrial emissions have led to high level of
total suspended particulate (TSP) in the atmosphere. However,
the TSP level has decreased since 1985. The reduction is mainly
supported by the stricter regulation of TSP levels such as
permissible air discharge standards of TSP set in August, 1983.
Our esHmaHon result for TSP also shows the decreasing TSP
with per capita GDP (i.e., linear-log model with two variable
works best). However, based on other sources such as 'An
Environmental White Book' (various volumes) describing
environmental quality, we can clearly presume that the TSP level
had increased during 70s and early 80s. Even if the data does not
exist to support this argument, this argument is acceptable.
Accordingly, the decreasing TSP represents the declining stage
after the turning point (around 1985) of the inverted-U shaped
curve. The C02 emission from primary energy consumption
which is the main source of climatic change shows increasing
trend since early stage of economic growth. The increasing
dependence on liquid energy and electricity as substttute of solid
energy as a result of fuel-substitution policy since the late 1980s
has not supported the reduction of C02 emission. This
increasing trend of C02 emission is mainly caused by the
progressive increase of total primary energy consumption
accompanied with economic growth. Our regression analysis
also shows thatdouble-log model withtwo variable fits best.

Air pollutants studied in this paper such as SO2, NO2, CO2
and TSP are generally regarded to be highly correlated.
However, our studies show different results: SO2, NO2 and TSP
exhibit inverted U-shape relationships with economic growth,
while CO2 emission appears to rise monotonically with income.
This exceptional result on CO2 emission which is costly to abate
and has primarily global effects, however, is consistent with the
recent finding by other empirical studies such as Diwan and
Shafik (1992) andHoltz-Eakin andSelden (1995).

n
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4. Summary and Conclusion
Economic growth has clearly had an impact on the natural
environment. The continuous increase of production and
consumption activities in the course of economic growth have
inevitably placed environmental pressures. The evidence shown in
Section III.l has confirmed this. Section 111.2 analysed how rising
economic activity, while causing environmental problems, can
also help to redress them if appropriate policies and regulations
are put in place. From the analysis, some very clear patterns of
environmental degradation emerged, Some environmental quality
indicators such as CO2 emission, deforestation and industrial
waste have worsened steadily with rising per capita GDP.
However, other indicators (SO2, NO2, TSP, BOD and domestic
waste) have worsened but then improved with economic growth.
This supports the hypothesis of an inverted-U shape relationship
betweenenvironmental qualityand economic growth.The turning
points at which flie relationship with per capita GDP changes
direction varies across environmental indicators. This usually
coincided with the time period when the envirorunental
regulation and policies became stricter, and therefore, perhaps
also became more effective. With stricter environmental
regulations and policies, private industries are forced to expend
more resources on pollution abatement and control activities. Also
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become mnrol^ income following economic growth, people
force the auth environmental problems and therefoi^
^"ggest f? control. This then tends to
Actors infbe investments are impo'̂ ^
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