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1. Introduction

There are two main problems facing environmental policy makers: to ensure that

useful knowledge informs policy (without being misused and/or distorted) and to

understand how to respond to this knowledge (Boehmer-Christiansen, 1994, p. 140).

Policy makers could use the ‘environmental Kuznets curve’ (often referred to as the

EKC), which is thought to illustrate the relationship between income per capita and

the rate of environment degradation, as a policy tool for controlling environmental

quality. However, although a wealth of empirical literature based around the

environmental Kuznets curve exists, it is uncertain to what extent the results are

useful for policy formation.

A seminal paper by Nobel Laureate Simon Kuznets (1955) illustrated that the

shape of the relationship between income per capita and income inequality is

inverted-U. The relationship between income per capita and the rate of environmental

degradation takes its name from Kuznets’ paper as it is thought to take the same

shape. The inverted-U shape environmental Kuznets curve is thought to capture the

progression towards ever-higher income per capita, which is initially associated with

an increase in the rate of environmental degradation but then, after a turning point, the

rate of environmental degradation decreases. This inverse U-shape pattern of income

per capita to the rate of environmental degradation, as illustrated in Figure 1, can be

thought of as a graphical representation of three stages of development where:

i. Output is initially dominated by agriculture and light assembly,

which has a relatively low level of pollution
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ii. Production progresses toward heavy industry, which creates a

relatively high level of pollution

iii. The output of high-tech industry subsequently dominates, which

generates a relatively low level of pollution.

{Figure 1 about here}

The presence and position of turning points in environmental Kuznets curves

have been the focus of much recent empirical investigation. Two important issues

endure: first, are the positions of turning points consistent for different pollutants and,

second, can economies increase output to surpass these turning points. In order to

shed light on these two issues, this paper attempts to identify whether there are any

consistent empirically identifiable relationships between the rate of environmental

degradation and income per capita by exploring the empirical literature on the

environmental Kuznets curve. Conclusions are drawn to suggest whether the results to

date of estimations based around the environmental Kuznets curve are useful for

policy formation.

The paper has the following structure. The next section briefly presents a

discussion of the ‘going-for-growth’ perspective where the rate of environmental

degradation is perceived to be of peripheral importance to policy makers. It is argued

that policy should only be limited in this way if the environmental Kuznets curve has

a negative slope and/or if the turning point is accessible for current levels of income.

Section 3 is a review of the results of empirical studies that identify curves for

different pollutants. Section 5 summarises the most important considerations behind
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whether we can take the environmental Kuznets curve seriously and signals whether

progress still needs to be made.

2. Going for Growth (or perhaps not).

Many developed countries produce large proportions of high-tech goods, consume

less raw resources and have decreasing rates of environmental degradation than

countries that have lower levels of income. If countries with higher income levels

naturally pollute the environment less, then policies that stimulate growth ought to be

good for the environment. The challenge should therefore be to achieve faster

economic growth and accelerate out of the high rate of environmental polluting phase,

a popularly cited characteristic of middle-income countries, so that the rate of

environment degradation slows.

Proponents of this ‘going-for-growth’ perspective invite the emphasis on

achieving faster economic growth rather than on forming environmentally friendly

policies because economic growth is perceived to be able to achieve both economic

and environmental goals, whereas implementing environmental policies may impede

economic growth. Under this philosophy, George W. Bush’s announcement “that he

had no intention of honouring his campaign pledge to regulate emissions of carbon

dioxide” (The Economist, 17/03/01, p. 122) is not disturbing and, indeed, other

countries should adopt this ‘going-for-growth’ stance as well. Economic growth may

be necessary to improve the environment but few appear to assert this proposition as

much as Beckerman (1992, p. 482) who suggests that “the best – and probably only –

way to attain a decent environment in most countries is to become rich”.
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For LDCs growth could seem to promise only environmental improvement

and it might be a powerful way for improving environmental quality. Economic

growth may not necessarily deteriorate the environment even at the very low level if,

as very low-income countries develop, they could devote more resources (either their

own or from foreign aid for example) to improving water supplies and to reducing

urban congestion by studying and implementing the knowledge gained from other

country’s development experiences. However, there is contention as to whether all

countries follow similar developmental growth paths and, although it is possible to

grow out of some environmental problems, there is nothing automatic about doing so

(Shafik and Bandyopadhyay, 1992).

One paper that appears to oppose Beckerman’s perspective in principle is

Roberts and Grimes (1997) who put the experience of some developed countries

down to efficiency improvements in a small number of wealthy countries and a

contemporaneous worsening in the performance in poor and middle-income countries.

In stark contrast to Beckerman (1992), Roberts and Grimes (1997) suggest a

curvilinear relationship (see Figure 2) that deepens and persists due to constraints in

poorer countries in the world economy, suggesting that the environmental Kuznets

curve is not an evolution of countries passing through various stages of development.

{Figure 2 about here}

It could also be the case that a higher level of education (which generally

increases with income) enhances environmental awareness and thereby amplifies the

pressure made by inhabitants on policy makers to increase environmental quality or to

decrease the rate of environmental degradation. Richer economies have greater means
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available to abate pollution as their governments can increase their expenditure on

environmental protection. However, it is not sufficient simply to generate resources

that could be spent on environmental protection; they must actually be spent on

improving environmental quality (Ekins et al., 1994). Environmentalist movements

(such as Greenpeace), who believe that they strive to achieve a better standard of

living for future generations, are more prevalent in relatively developed countries. For

an analysis of the environmental movement and the affect on policy at the national

and international level, see Kamieniecki (1991).

Conclusions obtained from the going-for-growth argument may well apply to

rich countries that used to produce a substantial amount of pollution but now produce

an output composed of relatively high-tech goods that emit a relatively low rate of

pollution, but before we use such theoretical links for policy we need to identify

whether this experience is common across countries and across pollutants and

establish whether the inverted-U shape environmental Kuznets curve has external

validity.

3. Environmental Kuznets Curve: Empirical Evidence

If environmental quality and income per capita are related, then there is a case for

policy to target income per capita growth to maintain a certain level or improve

environmental quality. Empirical studies have presented examinations of data on

environmental quality and income per capita in order to identify the shape of the

relationship. Before progressing to review case studies, with particular focus on air

quality, water quality and deforestation, attention is first directed to the origins of

such empirical estimations.
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Early Empirical Studies

One of the earliest empirical studies to examine the relationship between

environmental quality and income per capita is Grossman and Krueger (1991) for

urban air quality. They found that “Economic growth tends to alleviate pollution

problems once a country’s per capita income reaches about $4,000 to $5,000” (1991,

p. 35-6). In this sense economic growth and the environment are not necessarily in

conflict – economic growth can complement the environment and developing

countries domestic policy formation could be geared around growing out of

environmental problems. However, there was controversy even from this early stage

of empirical investigation as Hettegi et al. (1992) found no evidence to suggest that

the inverted U-shape relationship exists for toxic intensity from manufacturing

industries. In an analysis of 80 countries between 1960 and 1988, they found that

higher manufacturing output actually produces ever-higher toxic intensity.

Essentially, Hettegi et al. (1992) suggest that pollution increases with income per

capita and output, which raises the question whether the general turning point

suggested by Grossman and Krueger exists across pollutants.

This controversy initiated a wealth of empirical studies which attempted to

investigate whether the inverted-U shaped relationship is pollutant specific. For

instance, Panayotou (1993) presents results that show that as countries surpass a per

capita income of $10,000 they then begin to shift away from energy intensive heavy

industry and into services and IT. If the general turning point is around the $10,000

mark, as suggested by Panayotou (1993), then is this an output level that all countries

could set out to surpass? A brief examination of Figure 3 illustrates that over half of

the countries around the world (60 out of 106 in our sample – which is based on data
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availability) are below this level of output. The medium income per capita ($8,032) is

far below the mean ($11,633) and the degree of skewness (-0.884) is definitely

towards the bottom end of the distribution. This suggests that if countries that have a

real GDP per worker below $10,000 all attempt to reach the positive slope that exist

after $10,000, then there would have to be a considerable deterioration in worldwide

environmental quality before the rate of environmental degradation begins to slow.

{Figure 3 about here}

In addition to the controversy that may exist between pollutants, it is also

worth having a quick look at the type of estimation employed in empirical

investigations.1 As single-equation reduced form models, such as the standard

environmental Kuznets curve, do not incorporate structural interrelationships, it is

very difficult to identify underlying causal factors are driving the relationship. As the

reduced form environmental Kuznets curve is not driven by any particular economic

model, there is little theoretical guidance for the correct specification. Instead, we

assume that the reduced form model captures the underlying structural model in

which income influences technology, the composition of economic output and policy,

and any changes in these factors that influence environmental pressure.

It is convention to assume that there is no feedback from the environment on

production, and hence there is unidirectional causality from income to the

environment. This assumption is particularly problematic when either resource

depletion or resource base degradation is involved which have productivity related

effects either directly on the economy or indirectly through, for example, its impact

                                           
1 A thorough examination is beyond the scope of this paper.
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on the population’s health. Nevertheless, there are some exceptions. For instance,

Unruh and Moomaw (1998) employ a dynamical system that incorporates non-linear

feedback systems. Failure to take effective action to reduce particulate emissions in

Malaysia is known to have led to increases in mortality rates among urban dwellers

(Vincent et al., 1997) and, as we now know, health status is known to be positively

related to income (Knowles and Owen, 1995; Webber, 2001).

Air Pollution

Air pollution can be thought of as a classic free rider problem. As long as the polluter

is up wind, then the polluter will not suffer directly from air pollution.

The results of studies into the relationship between air pollutants and income

are presented in Table 1. In general, air quality evolves over time and varies across

countries. One study of a general improvement in aggregate air pollutants is made by

Portney (1998, p. 36) who claims that “the most polluted day in Los Angeles is better

(now) than an average or even good day 27 years ago in most of the … industrial

cities” in the US. It initially appears that there is either a negatively sloped

relationship with entropy or the environmental Kuznets curve has crossed the x-axis,

suggesting some support for an environmental Kuznets curve for aggregate air

quality. However, air quality is affected by a variety of individual pollutants and a

general proxy for air pollution may not show all of the facts as aggregate emissions of

some air pollutants may continue to rise long after the aggregate urban atmospheric

concentration has began to decline.

{Table 1 about here}
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One often cited empirical study of the relationship between income and

individual air pollutants is Seldon and Song (1994). They examine suspended particle

matter (which causes respiratory illnesses and mortality and are largely the result of

energy use) nitrogen oxides (NOx) and sulphur dioxide (SO2) and identify an

environmental Kuznets curve shaped relationship between national output and

environmental quality for each pollutant; they do not find a statistically significant

relationship between carbon monoxide and income. SO2, NOx and ammonia cause

acidification (including acid rain) which can damage ecosystems and buildings.

Sulphur dioxides are primarily the result of energy use, and in particular the burning

of fuels with high sulphur content and it has a lifetime of about 2-4 days in the

atmosphere before it is removed via wet or dry decomposition. Combinations of

pollutants in the air can react together, to produce other pollutants, known as

secondary pollutants. For example, ozone is made up by a chemical reaction between

pollutants in the air. Each of these pollutants were the focus of public attention

because suspended particle matter and nitrogen dioxide (NO2) contribute to acid rain,

while NOx contribute to the ground-level ozone problem. Carbon dioxide (CO2)

contributes to global warming, but has an insignificant direct effect on health.2

The results presented by Seldon and Song (1994) are not fully supported by

others. For instance, Carson et al. (1997) suggest that the relationship between income

and NOx is negative, such that it decreases monotonically with income. Although the

shape of the environmental Kuznets curve is generally supported for SO2 by most

authors (such as Grossman and Krueger, 1995; Panayotou, 1997; Carson et al., 1997),

the position of the turning point varies from a low of $3,670 (Shafik and

Bandyopadhyay, 1992) to a high of $12,500 (Kaufmann et al., 1998); this is a

                                           
2 At Kyoto in 1997, a breakthrough on combating global warmed seemed on the verge of taking place.



11

difference of over 340%. Moreover, although the environmental Kuznets curve

observed relationship for suspended particle matter is supported by the results of

Shafik and Bandyopadhyay (1992), Grossman and Krueger (1991) identified it to be

linear with negative slope, while Grossman and Krueger (1995) and Vincent (1997)

identify it to be cubic (see Figure 2) (in other words growth at middle-income levels

would improve environmental quality but growth at high-income levels would be

detrimental). Opschoor (1990) provides intuition to support a cubic shaped

relationship; he argues that once technical efficiency improvements in resource use or

abatement opportunities have been exhausted or have become too expensive, further

income growth will result in net decline in environmental quality.

Shukla and Parikh (1992) investigated the relationship between ambient air

quality and city size and how this differs between urban areas across the level of

development of countries. Their results do suggest that the positive association

between poor air quality and city size is not inevitable and tends to diminish with

higher levels of output and the capacity for undertaking pollution abatement

measures. It follows that restricting urban growth in developing countries may be

neither necessary nor sufficient for achieving environmental gains. Even so, this

relationship may be flawed if, because of higher land rents, firms chose to relocate

outside of the urban centre and take advantage of improvements in infrastructure; then

urban emissions would decrease but over all emissions might continue to rise.

Technology appears to have played a favourable role in making improved local air

quality possible at an early stage of development (Shafik and Bandyopadhyay, 1992,

p. 10).

                                                                                                                            
38 industrialised countries agreed to take on the task of reducing greenhouse gasses by a global total
of 5.2% by 2010.
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Dijkgraaf and Vollebergh (1998) estimate environmental Kuznets curves for

COx and identify time series regressions coefficients that vary widely with significant

linear, inverted-U, U, and cubic shaped environmental Kuznets curves being

identified in individual country regressions.

Why are there differences in these relationships? One reason could be the

variety of economies incorporated in the sample for empirical examination. For

instance, Hettegi et al. (1992) found that the rate of toxic intensity grew faster in

LDCs than in the more developed countries while Holtz-Eakin and Seldon (1995)

found that global carbon dioxide emissions will continue to grow at about 1.8% per

annum for the foreseeable future because output and population will continue to

growth most rapidly in lower income countries will high marginal propensities to emit

carbon dioxide. If there is a continued increase in demand for and supply of LDCs’

goods then there is bound to be an increase in pollution in the world’s atmosphere

through increased output. However, this ‘scale’ effect may be outweighed by changes

in the composition of production towards services and innovations of technologies

(driven by markets or government regulation) that pollute less.

Water Quality

Water pollution can also be a classic free rider problem. As long as the polluter is

further up the catchment area than the area that is being polluted, then the polluter will

not suffer directly from the pollution.

Water is essential for sustaining life. Increasing income might increase

production and therefore pollution, but this may be bearable if the benefits that accrue

to the population outweigh the costs. At the very low level of income per capita, an
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increase in income per capita can improve sanitation and increase the number of

watering holes. A lack of clean water and urban sanitation both improve uniformly

with increasing income and over time (Shafik and Bandyopadhyay, 1992) and a lack

of clean water affects productivity. In Bangladesh, diarrheal diseases also account for

about one in five deaths in all age groups (Beckerman, 1992, p. 489). Economic

growth could enhance the health of individuals by increasing stamina, flexibility and

agility and thereby stimulate economic growth (Webber and Perlo-Freeman, 2005).

There is a wealth of evidence to suggest that increasing income will not be

beneficial to water quality, as the shape of the environmental Kuznets curve

relationship for water quality is not usually found to be either negatively sloped or

inverted-U shaped. Most empirical studies identify that the quality of water supplies

and income are positively related (see for example Shafik and Bandyopadhyay, 1992;

Vincent, 1997; Hettige et al., 2000). A summary of empirical results for water quality

is presented in Table 2. Two exceptions to this rule are identified. Grossman and

Krueger (1995, p. 370) find that “water quality appear[s] to benefit from economic

growth once some critical level of income has been reached”, suggesting an

environmental Kuznets curve type relationship, while Shafik and Bandyopadhyay’s

(1992) results suggest a cubic shaped relationship for faecal coliforms. Controversy is

increased with the findings from Hettige et al. (2000) who identify that although there

appears to be a positive relationship between income and industrial water pollution,

water quality appears to stabilise after middle-income. The consensus of the opinion

is therefore that water quality decreases with income, albeit up to a point.

{Table 2 about here}
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Forests

Is there an environmental Kuznets curve for deforestation? Mather et al. (1999, p. 59)

examine data from countries across the world and identify that “the rate of

deforestation initially increases as income rises but then decreases and gives way to

reforestation”. This is evidence to suggest that there is an inverted U-shaped

environmental Kuznets curve for forests, but might merely be illustrating that people

in richer countries have more time to spend on leisure activities which includes

gaining utility from the countryside which could generate increasing pressure from

environmental pressure groups to reforest.

Economic growth and positive forest trends are not incompatible. Patel et al.

(1995) investigate smallholder wood production in East Africa and they too found that

“as land continues to be subdivided tree cover tree cover may actually rise” (p. 516).

Results of empirical studies into the relationship between deforestation and income

are presented in Table 3.

{Table 3 about here}

However, support for an environmental Kuznets curve for deforestation may

not be so simple. Mather et al. (1999) stress that “there would seem to be some

evidence to suggest that developing and developed countries respectively pass

through phases of rapid deforestation and reforestation in the course of economic

growth … (and although) the relationship between forest change and income is not

close … a statistically significant relationship exists” (p. 60). Stronger evidence of

rejection of the environmental Kuznets curve for forests is identified by Shafik and
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Bandyopadhyay (1992), who find that “per capita income appears to have very little

bearing on the rate of deforestation” (p. 7) while Cropper and Griffiths (1994)

conclude that economic growth will clearly not solve the problem of deforestation as

any turning point is at such high levels of income per capita.3 Indeed there are

asymmetries depending where in the world the sample is collected; for instance,

Panayotou (1993) found deforestation to be much greater in tropical areas and in

countries with higher population densities. Lekakis (2000) who, while emphasising

that the worst waves of fires ever to occur in Greece happened in the summer of 1998,

find that the relationship between the forest environment and output is somewhat

indirect as natural disasters also impact heavily on the forest environment.

Other Pollutants

Case studies have been conducted for other measures of environmental quality or

emission rates. These range from overgrazing of land (Lekakis, 2000) to automotive

lead emissions (Hilton and Levinson, 1998) to the number to environmental offences

(Lekakis, 2000). Relatively few empirical papers have presented counter claims for

the shape of respective environmental Kuznets curves, but this is not necessarily due

to the lack of publication due to a lack of a new story. Instead it might merely be

because of the lack of empirical estimations due to data availability and time

constraints on researchers. In what follows, the results of empirical estimations into

the relationships between different measures of environmental quality or rates of

environmental degradation and income are presented and the shapes of the

environmental Kuznets curves that result are compared. Direct comparison is

                                           
3 A last minute piece of legislation by Bill Clinton scuppered George W. Bush’s ambitions to cut down
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obviously not practicable, but the purpose of this sub-section is to highlight the fact

that results of environmental Kuznets curve estimations suggest a variety of different

shapes.

The results presented in Table 4 suggest that the shape of the environmental

Kuznets curve for (household and automotive) lead emissions and hazardous wastes

are inverted-U shaped, implying that environmental degradation accelerates faster at

low incomes and slows after a turning point after higher levels of income. As richer

cities tend to produce more garbage, the composition of which tends to be very

different than poor countries. Other empirical studies suggest that the shape of the

environmental quality-income relationship is positive for municipal wastes,

overgrazing and the number of environmental offences committed. In contrast, a

negative relationship is found for volatile organic carbon and bio-chemical oxygen

demand and a cubic relationship is identified for chemical oxygen demand. Low

levels of dissolved oxygen, usually caused by human sewage or agro-industrial

effluent, reduce the capacity of rivers to support aquatic life.

{Table 4 about here}

Focusing on lead emissions, it is unclear whether the relationship is direct.

Hilton and Levinson (1998) argue that automotive lead pollution is the product of two

separate factors: lead per gallon (pollution intensity) and petrol consumption

(pollution activity) and conclude that the declining portion of the environmental

Kuznets curve “depends critically in the reduction in gasoline lead content, not

gasoline consumption” (p. 127) and that “None of the decline in lead pollution has

                                                                                                                            
vast quantities of forestry in his apparent life long quest to discover more oil (Leeds Student, March
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come from decreases in polluting activity” (p. 138). Hence, as a nation grows it

consumes more and more; only if an economy changes what it consumes, or changes

how the good is produced, will environmental quality rise and the rate of

environmental degradation fall.

4. Conclusions

The purpose of this paper was to review the empirical literature on the environmental

Kuznets curve and to draw any useful lessons that might be useful for policy makers.

The evidence suggests that there is an aggregate relationship between specific

environmental pollutants and income per capita, however the shape of the relationship

is not uniform across pollutants and turning points, when they exist, differ across

pollutants. This leads to the conclusion that there is no single relationship between

income and environmental quality and the rate of environmental degradation. It is

possible to grow out of some types of environmental degradations, but whether this is

the case will depend on the type of pollution that is under examination. Policy makers

should recognise the deficiencies of the theory behind the environmental Kuznets

curve.

Even if environmental Kuznets curves do exist, several decades may pass

before turning points are reached, and extensive environmental degradation may

occur in the mean time. The turning point on the environmental Kuznets curve is

probably associated with the dynamics of individual environmental elements that

change with income. Progress still needs to be made in order to learn which variables

do have turning points in their relation with output so that we can decide which

                                                                                                                            
9, 2001, p. 10).
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policies to follow. If a massive increase in pollution is to be avoided, a proactive and

explicit approach to environmental quality is needed across countries.
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Table 1: Air Pollutants
Case Study Author(s) Shape Turning Point(s)

[$ per capita (1985)]
Seldon and Song (1994) Inverted-U $21,800
Panayotou (1993) Inverted-UX $5,500
Cole et al. (1997) Inverted-U $14,700Nitrogen Oxides

Carson et al. (1997) Linear with negative slopeX N/A
Seldon and Song (1994) No Significant Shape N/A
Cole et al. (1997) Inverted-U $9,900Carbon Monoxide
Carson et al. (1997) Linear with negative slopeX N/A
Shafik and Bandyopadhyay (1992) Linear with positive slope N/A
World Bank (1992) Linear with positive slope N/A
Shafik (1994) Linear with positive slope N/A
Moomaw and Tullis (1994) Inverted-U (for France) $10,763
Tucker (1995) Increases at a decreasing rate N/A
Holtz-Eakin and Seldon (1995) Inverted-U $35,428 (1986 $US)
Sengupta (1996) Cubic $8,740 and $15,300.
Cole et al. (1997) Inverted-U $25,100
Roberts and Grimes (1997) Inverted-U, though increasingly curvilinear $8,000
Moomaw and Unruh (1997) Cubic $12,800

Unruh and Moomaw (1998) Inverted-U (for many individual countries)X Range from $8,884
(Austria) to $15,425 (USA)

Agras and Chapman (1999) No significant shapeD N/A

Carbon Dioxide

Galeotti and Lanza (1999) Inverted-UDPM $15,073 and $21,757
(1990 PPP)

Grossman and Krueger (1991) Inverted-U $4,000-$5,000
Shafik and Bandyopadhyay (1992) Inverted-U $3,670
Panayotou (1993) Inverted-UX $2,894
Shafik (1994) Inverted-U $3,670
Seldon and Song (1994) Inverted-U $8,916
Panayotou (1993) Inverted-UX $5,000
Grossman and Krueger (1995) Inverted-U $4,053

Panayotou (1997)
Inverted-U (negatively sloped once the income effect
is decomposed into constituent scale, structure and
abatement)X

Just under $5,000

Cole et al. (1997) Inverted-U $6,900
Carson et al. (1997) Linear with negative slopeX N/A
Torras and Boyce (1998) Cubic (excluding inequality) $3890 and $15425
Torras and Boyce (1998) Cubic (including inequality) $3360 and $14034
Stern et al. (1998) Inverted-U $78,703

Kaufmann et al. (1998) Inverted-U between economic activity and
atmospheric concentration of SO2

$12,346

Sulphur Dioxide

Kaufmann et al. (1998) Quadratic between GDP per capita and atmospheric
concentration of SO2

$12,500

Grossman and Krueger (1991) Linear with negative slope N/A
Shafik and Bandyopadhyay (1992) Inverted-U $3,280
Seldon and Song (1994) Inverted-U $9,600
Shafik (1994) Inverted-U $3,280
Grossman and Krueger (1995) Cubic $10,000-$15,000
Panayotou (1993) Inverted-UX $4,500
Cole et al. (1997) Inverted-U $7,300
Carson et al. (1997) Linear with negative slopeX N/A

Suspended
Particulate Matter

Vincent (1997) Cubic Never has a negative slope
Grossman and Krueger (1995) Inverted-U
Torras and Boyce (1998) Cubic (excluding inequality) $4350 and $10510Smoke
Torras and Boyce (1998) No significance shape (including inequality) N/A

Air Toxins Carson et al. (1997) Linear with negative slope N/A
Grossman and Krueger (1995) Linear with Negative Slope N/A
Torras and Boyce (1998) Linear with positive slope (excluding inequality) N/AHeavy Particles
Torras and Boyce (1998) No significant relationship (including inequality) N/A

CFCs Cole et al. (1997) Inverted-U (log quadratic function) X $12,600
Dark Matter Grossman and Krueger (1991) Inverted-U
VOC Carson et al. (1997) Linear with negative slopeX N/A
Greenhouse Gasses Carson et al. (1997) Linear with negative slopeX N/A

Notes: X after shape implies cross-sectional estimations. LF implies the use of an econometric method that permits
non-linear feedback in a dynamical system. DPM implies the use of a dynamic price model. D implies dynamic
modelling approach. Otherwise, empirical estimations are either time-series-cross-sections or panel.
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Table 2: Water Pollutants
Case Study Author(s) Shape Turning Point(s)

[$ per capita (1985)]
Shafik and Bandyopadhyay (1992) Linear with positive slope N/A
Torras and Boyce (1998) Monotonic increase (excluding inequality) N/ADissolved Oxygen in

Rivers Torras and Boyce (1998) Cubic (including inequality) $19,865 and $5,085
Shafik and Bandyopadhyay (1992) Linear with positive slope N/A
Shafik (1994) Linear with negative slope N/A
Torras and Boyce (1998) Cubic (excluding inequality) $11,255 and $14,925

Access to Clean
(safe) Water

Torras and Boyce (1998) Cubic (including inequality) $6900 and $20,215
pH Vincent (1997) Linear with positive slope N/A
Ammoniacal
Nitrogen in Water Vincent (1997) No trend in aggregate; Linear with positive slope at state level N/A

Vincent (1997) Quadratic Not givenChemical Oxygen
Demand Grossman and Krueger (1995) Inverted-U $7,853

Vincent (1997) Falls rapidly with middle-income and then flattens out N/ABio-chemical Oxygen
Demand Grossman and Krueger (1995) Inverted-U $7,623
Industrial Water
Pollution Hettige et al. (2000) Rises rapidly through middle-income and then flattens outX N/A

Shafik and Bandyopadhyay (1992) Cubic $1,375 and $11,400
Shafik (1994) Cubic $1,375 and $11,400
Grossman and Krueger (1995) Inverted-U $7,955
Torras and Boyce (1998) Linear with positive slope (excluding inequality) N/A

Faecal Coliforms4

Torras and Boyce (1998) No significant trend (including inequality) N/A
Total Coliforms Grossman and Krueger (1995) Cubic
Cadmium Grossman and Krueger (1995) Constant N/A
Lead Grossman and Krueger (1995) Linear with negative slope N/A

Grossman and Krueger (1995) Inverted-U $10,524Nitrates Cole et al. (1997) Inverted-U $15,600
Arsenic Grossman and Krueger (1995) Inverted-U $4,900

Shafik and Bandyopadhyay (1992) Linear with positive slope N/AUrban Sanitation Shafik (1994) Linear with negative slope N/A
Torras and Boyce (1998) Cubic (excluding inequality) $10,957 and $16,852Access to Sanitation Torras and Boyce (1998) Linear with positive slope (including inequality) N/A

Notes: See Table 1.

                                           
4 High levels of faecal coliforms result from untreated human wastes that often carry disease.
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Table 3: Deforestation
Author(s) Shape Turning Point(s)

[$ per capita (1985)]
Shafik and Bandyopadhyay (1992) No Significant Shape N/A
Panayotou (1993) Inverted-UX $823

Cropper and Griffiths (1994) Inverted-U $4,760 (Africa)
$5,420 (Latin America)

Antle and Heidebrink (1995) Inverted-U $2,049

Koop and Tole (1999) No significant shape N/A

Notes: See Table 1.
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Table 4: Other Pollutants
Case Study Author(s) Shape Turning Point(s)

[$ per capita (1985)]
Automotive Lead Emissions Hilton and Levinson (1998) Inverted-U $4,000 - $11,000
Household Automotive Lead Emissions Kahn (1998) Inverted-UX $25,000 - $35,000

Shafik and Bandyopadhyay (1992) Linear with positive slope N/A
Shafik (1994) Linear with positive slope N/AMunicipal Wastes
Cole et al. (1997) Linear with positive slope N/A

Overgrazing Lekakis (2000) Linear with positive slope N/A
Number of Environmental Offences Lekakis (2000) Linear with positive slope N/A
Traffic Volumes Cole et al. (1997) Inverted-U $65,300
Energy Cole et al. (1997) Inverted-U $22,500
Toxic Intensity Hettige et al. (1997) Inverted-UX $12,790
Heavy Metals Rock (1996) Inverted-U $10,800
Agricultural Land Use James (1999) Inverted-U $1,300
Cropland Use James (1999) Inverted-U $1,540
Pasture Land Use James (1999) Inverted-U $957
Volatile Organic Carbon Carson et al. (1997) Negative relationshipX N/A

Berrens et al. (1997) Inverted-U $20,253
Berrens et al. (1997) Inverted-U $17,679Hazardous Waste
Wang et al. (1998) Inverted-U $23, 000 ($US 1990)

Notes: See Table 1


