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ENVIRONMENT AND DEVELOPMENT 
 

1.0 Introduction 

It is well understood that the exploitation of the natural resources and the 

environment by human-beings for fostering economic growth is leading to 

considerable pressure on the natural systems. The signs of growing 

environmental degradation are most visible in many developing countries. It is 

in this context of improving level of environmental quality in poorer countries 

that the environment-development debate acquires significance. Is economic 

growth cause or remedy for environmental degradation? The choice could be 

between investing heavily in cleaning up the environment and conserving 

natural resources, or focus primarily on increasing incomes because with 

income demand for environmental quality could also increase.  

Following the analogy of income-inequality relationship postulated by Simon 

Kuznets (1955) which states that inequality first increases and then decreases 

as income increases, an inverted-U relationship has been hypothesized between 

environmental degradation and economic growth. Such relationship came to be 

known as the Environmental Kuznets Curve (EKC) hypothesis (see figure 1 

below). The genesis for EKC was a set of three independent empirical studies – 

an NBER working paper as part of a study of the environmental impacts of 

NAFTA (Grossman and Krueger, 1991), a background paper for the World 

Bank‟s 1992 World Development Report (Shafik and Bandyopadhyay, 1992), 

and a development discussion paper as part of a study for the International 

Labour Organization (Panayotou, 1993). It was Panayotou (1993) who first 

coined term EKC for the pollution-income relationship studied in all the three 

studies. 

If there is monotonic degradation of environmental quality with economic 

growth, then one may need strict environmental regulations that could even 

limit the economic growth to facilitate sustainable development. On the other 

hand, if environmental quality monotonically increases with economic growth 

then there is relatively lesser role for explicit environmental policies. The 

empirical validity of EKC hypothesis however would suggest that though the 

development policies could be environmentally benign in the long-run, they 
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may cause significant environmental degradation in the short and medium run. 

Thus the environment and development debate in the context of EKC 

hypothesis poses several policy relevant questions: (a) at what level of per-

capita income would the relationship between environment and development 

exhibit turning point, and how would such turning point vary across different 

pollutants?, (b) how could one avoid (or, deal with) any irreversible damages 

caused by the environmental degradation in the initial phases of economic 

growth?, (c) what institutional arrangements are necessary to facilitate 

improvement in environmental quality at higher income levels?, and (d) what 

is the scope and role of environmental policies that will allow the developing 

countries to „tunnel-through‟ the environment-development relationship? 

This brief note provides an overview of the environment-development inter-

linkages viewed from the EKC hypothesis. This note is not aimed at providing 

a detailed survey of literature of the vast number of EKC related studies. 

Interested readers may refer Panayotou (1997), Dasguptaet al. (2002), Stern 

(2004), Dinda (2004) and Carson (2010). This note attempts to provide a brief 

summary of the basic ideas related to EKC and is structured as follows: The 

next section provides a summary of theoretical explanations underlying the 

EKC hypothesis. The third section discusses the empirical evidence for EKC 

hypothesis across the key environmental indicators. The fourth section 

provides concluding observations. 

 

Figure 1. Environmental Kuznets Curve – Illustrative  

(Source: Carson, 2010) 
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2.0 Explanations for EKC 

In search of possible theoretical explanations for existence of EKC a rich and 

diverse body of literature has emerged. One of the main arguments put forward 

is that the relationship signifies the transition of economic progress wherein the 

dominance of agriculture sector is replaced by industry and later by services 

sector (Arrow et al., 1995). Three different effects may explain this 

relationship. Namely, the scale effect, the composition effect and the 

technological effect (Grossman and Krueger, 1991; Dinda, 2004). The scale 

effect has a negative influence as more output results in more adverse effects 

for the environment. Simply higher quantities of output demand more natural 

resources in the production processes and lead to more emissions and by-

products leading to environmental damage. At the same time the composition 

effect may have a positive influence on the environment offsetting the adverse 

effects. The idea is that as economic output increases the structure of the 

economy tends to shift from agricultural activity to industrial economy which 

is pollution intensive and then to service economy which is less damaging to 

the environment. As richer countries can spend more on research and 

development, technological progress occurs with economic growth with 

environmentally less harmful technologies replacing the dirty and obsolete 

technologies. This effect is referred as technology (or, abatement) effect. The 

EKC hypothesis suggests that while scale effect prevails in the initial stages of 

economic growth, the composition and technology effects dominate in the later 

stages resulting in improvement of environmental quality. Figure 2 illustrates 

these three effects. 

 

 

 

 

 

Figure 2. Income Effect on the Environment – Decomposition 

(Source: Panayotou, 1997)  
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In addition to the above, the following factors could be considered to have 

potential influence on the pollution-income relationship (see Dinda, 2004 for 

more details): 

 Income elasticity of environmental quality demand – As the income 

grows people achieve higher standard of living and care more for the 

quality of environment; more demand for environmental good inculcates 

the structural change in the economy thereby reducing the environmental 

degradation. 

 International trade - Increasing trade volume (especially exports) raises 

the size of the economy which thereby increases the pollution and hence 

causes a negative scale effect. On the other hand trade can improve the 

environment through composition and technological effects. Moreover as 

pollution from the production of pollution intensive good declines in one 

country it increases in another country through international trade. Two 

related hypothesis explain this phenomenon – Displacement Hypothesis 

and Pollution Havens Hypothesis. The displacement hypothesis expects 

that trade liberalization or openness will lead to more rapid growth of 

pollution intensive industries in less developed countries as developed 

countries enforce stricterenvironmental regulations. On similar lines 

Pollution Havens Hypothesis refers to the possibility that multinational 

firms, particularly those engaged in highly polluting activities relocate to 

countries with lower environmental standards, typically the developing 

countries.  

While these arguments per se are powerful, they could not address the 

fundamental policy question underlying the EKC debate – namely, does 

regulation have any role to play? From the macro-growth perspective Jones 

and Manuelli (1995) and Stokey (1998) provide an explanation for this. Jones 

and Manuelli (1995) focus on the interaction between growth, environment and 

collective decision making. They argue that when economic agents tax 

pollution through collective action to avoid its ill-effects at later stage, they 
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influence the income-pollution relationship. Stokey (1998) on the other hand 

shows that with right amount of pollution tax it is possible to generate required 

capital for pollution abatement which in turn could induce EKC relationship. 

Andreoni and Levinson (2001) provide a simple intuitive explanation for the 

existence of EKC. Their theoretical model uses a simple Cobb-Douglas utility 

function that depends on consumption and pollution. Pollution depends on 

consumption levels and pollution abatement efforts undertaken by the 

economic agents. They argue that an inverted U-shaped relationship will occur 

between pollution levels and income when there are increasing returns to scale 

in pollution abatement effort. With constant returns to scale and decreasing 

returns to scale one would get a linear and a U-shaped relationship, 

respectively.  

High income individuals (and countries) demand more consumption and less 

pollution. When abatement is possible with increasing returns to scale high 

income individuals can more easily achieve both the goals. To explain the 

notion of increasing returns to scale in abatement technology Andreoni and 

Levinson (2001) provide a simple example. Consider the technology of 

sweeping floor. Considering that the floor covered with a 1 cm layer of dust 

can be cleaned by an individual providing one hour of labor, it is possible to 

expect that doubling the inputs (i.e., floor with dust and labor) will clean-up 

four times the dust. As dust gets thicker and heavier, the individual may no 

longer be able to cover the same floor space in an hour, but the rate of 

sweeping would have to reduce to half before decreasing returns set-in.  

Extending the argument they further point out that a small economy may not be 

rich or polluted enough to get a good return on high fixed costs of cleaning 

technology and thus may relay on abatement technologies that have lower 

fixed costs and higher marginal costs. However, a richer country may be in a 

position to invest in high fixed cost abatement technologies to deal with higher 

level of pollution it generates and hence will be able to avail increasing returns 

to scale in abatement effort.  
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EKC type relationships are possible with other good-bad combinations. For 

example, driving vehicles has associated mortality risk which can be abated by 

investment in vehicles with built-in safety measures. Both the poor who drive 

very little and the rich who invest in safe vehicles face lower risk from driving 

compared to middle income people (Khan, 1998). 

Summarizing increasing returns to scale in pollution abatement Carson (2010) 

argues that, “(T)hetheoretical framework of Andreoni and Levinson (2001) is 

generic enough to encompass a variety of underlying forces thatmight give rise 

to increasing returns, including Jones and Manuelli‟s (1995) better institutions 

story, since institutions look like a fixed cost, and Stokey‟s (1998) story, in 

which better technology becomes more possible as the scale of production 

increases. Clearly, increasing returns to scale in pollution control is possible 

and likely in many cases, although income growth need not be the driving 

force behind them. Population growth, technological change, or shifts in 

consumption/trade patterns all work equally well as the source of increasing 

returns to scale for pollution control”. 

3.0 Empirical Evidence on EKC 

The empirical evidence on EKC varies according to the pollutant considered 

and a large number of studies use either cross-sectional data over several 

countries/regions or panel data comprising several cross-sectional observations 

over a few time points. In general the following reduced form model is 

specified to test the various possible pollution-income relationships (Dinda, 

2004): 

𝑝𝑖𝑡 = 𝛼𝑖 + 𝛽1𝑦𝑖𝑡 + 𝛽2𝑦𝑖𝑡
2 + 𝛽3𝑦𝑖𝑡

3 + 𝛽4𝑧𝑖𝑡 + 𝜀𝑖𝑡  

 

where, p is the indicator of environment, y is income and z represents other 

control variables. The subscripts i and t refer to country/region and time, 

respectively. Different possible values of  coefficients in the above equation 

can provide scope for testing various pollution-income relationships.  
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 1=2=3=0 represents no relationship between pollution and income 

 1>0 and 2=3=0 refer to a monotonic increasing relationship between 

pollution and income 

 1<0 and 2=3=0 refer to a monotonic decreasing relationship between 

pollution and income 

 1>0, 2<0 and 3=0 refers to an inverted U-shaped relationship (i.e., 

EKC) between pollution and income 

 1<0, 2>0 and 3=0 refers to a U-shaped relationship between pollution 

and income 

 1>0, 2<0 and 3>0 refers to a cubic polynomial or N-shaped 

relationship between pollution and income 

If the EKC relationship is indeed observed between pollution and income, the 

turning point of the relationship could be estimated as (-1/22). The turning 

point refers to the income level at which the environmental degradation 

reverses.   

Table 1 summarizes the observations from various studies assessing the 

relationship between different air pollutants and income. Broadly it could be 

inferred that in case of local pollutants such as sulfur dioxide there is evidence 

for existence of EKC, but for global pollutant such as carbon dioxide 

consensus is more towards linear relationship between pollution and income.  
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Table 1: EKC Studies on Various Air Pollutants 

Carbon Dioxide 

Study Cities/Countries Model type EKC result Turning 

point 

Holtz-Eakin and 

Selden, 1995 

A panel of 130 

countries 

Quadratic, 

FE 

Inverted U-

shape 

$35,428 

in 1986 

dollars 

Agras and 

Chapman (1999) 

34 countries FE Inverted U-

shape 

$13,630 

in 1990 

dollars 

Shafik (1994) 47 cities in 31 

countries 

Linear, 

quadratic 

and cubic 

GDP 

Relationship 

varied 

N/A 

Linkmark 

(2002) 

Sweden Dynamic 

structural 

model 

Relationship 

varied 

N/A 

Hill and 

Magnani (2002) 

In a panel of 156 

countries 

Generalized 

least 

squares 

Straight line, 

upward 

N/A 

Friendl and 

Getzner (2003) 

Austria  Linear, 

quadratic 

and cubic 

model 

N-shape Varied 

Maradan and 

Vassiliev (2005) 

76 developed 

and developing 

countries 

Log linear Inverted U-

shape 

$5924  

in 1985 

dollars 

Cole et al. 

(1997) 

11 OECD 

countries 

Generalized 

least 

squares, FE 

Inverted U-

shape 

$62700 

in 1985 

dollars 

Shafik and 

Bandyopadhyay 

(1992) 

135 countries Log linear Straight line, 

upward 

N/A 
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Sulfur Dioxide 

Study Time 

period 

Countries/ 

Cities 

Model EKC 

result 

Turning 

point 

Gressman and 

Kruggar (1991) 

1977,1982, 

1988 

52 cities of 

52 countries 

Cubic, 

Fixed 

Effect (FE) 

and 

Random 

Effect (RE) 

Inverted 

U-shaped 

$4772-

5965 

Shafik and 

Bandyopadhya

y (1992) 

1972-1988 47 cities in 

31 countries 

Quadratic, 

FE 

Inverted 

U-shaped 

$3670 

Torras and 

Boyce (1998) 

1977-1991 18-52 cities 

in 19-42 

countries 

Ordinary 

least 

square, FE 

N-shaped $3360-

3850, but 

increase 

again 

from 

$15000 

Dinda et al. 

(2000) 

1979-1982, 

1983-85 

and 1987-

1990 

39 cities in 

26 countries 

Ordinary 

least 

square, 

quadratic 

Inverted 

U-shaped 

$3000-

6000 in 

1985 

dollars 

Hill and 

Magnani 

(2002) 

1975-1995 A panel of 

156 

countries 

Generalize

d least 

square 

Inverted 

U-shaped 

$9300 in 

1985 

dollars 

Panayotou 

(1997) 

1982-1984 30 

developed 

and 

developing 

countries 

Generalize

d least 

square 

Inverted 

U-shaped 

$5965 in 

1985 

dollars 

Cole et al. 

(1997) 

1970-1992 11 OECD 

countries 

Generalize

d and 

ordinary 

least 

square,  FE 

Inverted 

U-shaped 

$8232 

Selden and 

Song (1994) 

1979-1987 22 OECD 

and 8 

developing 

countries 

Quadratic, 

FE 

Inverted 

U-shaped 

$10,391-

10,620 

List and Gallet 

(1999) 

1929-1994 US states Quadratic, 

and cubic, 

FE  

Inverted 

U-shaped 

$22,675 
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Nitrous Oxide 

Study Countries/ 

Cities 

Time 

period 

Model EKC 

result 

Turning 

point 

Selden and 

Song 

(1994)  

22 OECD 

and  8 

developing 

countries  

1979-

1987 

Quadratic, 

RE
 

Inverted 

U-shape 

N/A 

Selden and 

Song 

(1994)   

22 OECD 

and  8 

developing 

countries 

1979-

1987 

Quadratic, 

FE
 

Inverted 

U-shape 

N/A 

Selden and 

Song 

(1994)  

22 OECD 

and  8 

developing 

countries 

1979-

1987 

Cubic, FE Inverted 

U-shape 

N/A 

Selden and 

Song 

(1994) 

22 OECD 

and  8 

developing 

countries 

1979-

1987 

Cubic, RE Inverted 

U-shape 

$35,428 

in 1986 

dollars 

Hill and 

Magnani 

(2002) 

A panel of 

156 

countries 

1975-

1995 

Generalized 

least squares 

Straight 

line 

$13,630 

in 1990 

dollars 

Cole et al. 

(1997) 

11 OECD 

countries 

1970-

1992 

Generalized 

and ordinary 

least square, 

FE 

Inverted 

U-shape 

N/A 

(Source: DaneshMiah et al., 2010) 

Grossman and Krueger (1995) and Cole et al. (1997) provide estimates of 

possible turning point incomes for various water and air pollutants, 

respectively based on cross-country analyses. Table 2 provides a summary of 

the estimated turning point incomes. 
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Table 2. Potential Turning Points – Water and Air Pollutants 

Pollutant EKC Turning Point 

 1985 US$ 2001 US$ 

Water Pollution 

Arsenic 4900 8000 

Biological Oxygen Demand 7600 12500 

Chemical Oxygen Demand 7900 13000 

Dissolved Oxygen 2700 4400 

Nitrates 2000 3300 

Fecal Coliform 8000 13100 

Lead 10500 17200 

Air Pollution 

Carbon Monoxide 9900-10100 16300-16600 

Nitrates 15600-25000 25600-41000 

Nitrous Oxide (industrial) 14700-15100 24100-24800 

Nitrous Oxide (transport) 15100-17600 24800-28900 

Sulfur Dioxide 5700-6900 9400-11300 

Sulfur Dioxide (transport) 9400-9800 15400-16100 

Suspended Particulate Matter (non-

transport) 

7300-8100 12000-13000 

Suspended Particulate Matter 

(transport) 

15000-18000 24600-29600 

Carbon Dioxide 22500-34700 37000-57000 

Note: The turning point refers to the per-capita income level at which the 

environmental quality improves; the 2001 values are approximate estimates.  
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Indoor Air Pollution 

Indoor air pollution is caused mainly through combustion of various solid fuels 

used for cooking and lighting purposes by the households. A large proportion 

of rural households depend on these bio fuels in India and a number of studies 

have highlighted, besides other things, the health risks associated with these 

fuels. Considering a household‟s choice of services (say, cooking 

requirements) and the share of „clean‟
1
 fuel in the total fuel consumption 

required for providing the services, Pfaff et al. (2004) observe that given the 

household‟s ability to substitute between marketed goods decision on how 

much services to consume could be separated from how to produce those 

services. The combined effect of these two decisions is what determines the 

indoor pollution and since each of these decisions is influenced by income the 

overall relationship between pollution and income could be non-monotonic. 

For instance, if „dirty‟ inputs are inferior and „clean‟ inputs are normal after a 

certain threshold income, then pollution-income relationship could be inverted 

U-shaped. 

Chaudhuri and Pfaff (2002) have estimated the indoor air pollution and income 

relationship based on micro data for Pakistan. The study demonstrated that 

under plausible assumptions about the emissions implied by the fuel-use, 

inverted-U relationship exists between indoor air pollution and income. Kumar 

and Viswanathan (2007) using National Sample Survey data for the years 

1983, 1993-94, and 1999-2000, have showed that EKC exists for indoor air 

pollution among rural Indian households. Both these studies have not used 

directly measured indoor pollution data due to non-availability of the same. A 

more technically correct and direct approach in measuring air pollution 

concentration was adopted by Zhang and Vanneman (2008) but no evidence 

for EKC among rural Indian households was found. However, the study results 

could be biased due to smaller sample and hence lesser variability in income. 

                                                           
1
 „Clean‟ fuels are those that emit relatively less local pollution. Examples of „clean‟ 

and „dirty‟ fuels in the context of cooking include liquefied petroleum gas and 

firewood, respectively.  
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Instead of concentration of indoor air pollution (as considered in the above 

mentioned studies), one can use emissions resulting from the use of cooking 

fuels in the EKC analysis. Emissions of particulate matter and carbon dioxide 

can be estimated at the household level using the information on consumption 

of various cooking fuels. Using the unit-record data obtained from National 

Sample Survey (NSS), figure 3illustrates the relationship between local 

(particulate matter) and global (carbon dioxide) per-capita emissions across 

monthly per capita expenditure classes
2
 in India for the years 2004-05 and 

2009-10. As could be seen in case of local pollution (i.e., particulate matter 

resulting from cooking fuel usage) there is a clear inverted-U shape 

relationship between pollution and household expenditure in rural India, while 

among the urban households the local pollution declines with income as 

expected. The global pollution (i.e., carbon dioxide equivalent emissions from 

the household‟s consumption of cooking fuels), on the other hand, increases 

with household expenditure in both rural and urban India. Further in both rural 

and urban India, while local pollution decreases over time, the global pollution 

increases over time. 

 

Figure 3. Per-capita Local and Global Emissions across MPCE Classes for 

Rural and Urban Households – 2004-05 & 2009-10 

 

                                                           
2
 For greater clarity of the pollution distribution, the households are divided into fifty 

equal expenditure classes. The figure shows the trend line fitted across the expenditure 

classes. 
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4.0 Conclusions 

Several policy questions remain to be clearly understood with regard to the 

EKC hypothesis. A brief discussion is provided below on some such policy 

issues: 

 Multiple dimensions of development - by its very definition EKC is 

associated with income which is often argued as an imperfect measure of 

development. Development as a broad-based phenomenon includes 

multitude of other dimensions than mere economic growth attributable to 

income. One such dimension, as suggested in the text, is health. 

 Validity of EKC for all environmental indicators – available evidence 

suggests that EKC is valid for only a few environmental indicators. The 

scope for higher income levels improving the environmental quality 

increases if there is direct connection between environmental quality and 

human health. Among energy related air pollutants EKC is observed in 

case of carbon monoxide, sulfur dioxide and particulate matter, whereas 

for other air pollutants either a monotonically increasing or N-shaped 

relationship is observed between pollution and income. 

 Permanency of EKC – the possibility of N-shaped relationship between 

pollution and income suggests temporary nature of EKC as higher levels 

of income could again reduce the environmental quality after initial 

improvements. For pollutants with costly end-of-the-pipe abatement 

technologies one may expect N-shaped relationship. 

 Linkages with sustainable development – existence of EKC does not 

guarantee that the economies follow sustainable development path. This 

is especially true if ecological thresholds are crossed resulting in 

irreversible environmental changes by the time the turning point occurs in 

the pollution-income relationship. 

 It is the degree to which higher income, in conjunction with other 

factors, facilitates substitutability (technological or consumption) 

which would determine the validity of the EKC hypothesis. If 

substitutability between different resources is limited at higher levels 
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of income, EKC could lose its ground. For example, this 

substitutability would be limited in case if the extent of 

environmental damage has become severe and / or irreversible. If the 

options (substitutes) available to the rich are as limited as those 

available to the poor, then EKC may not work. This could be a reason 

why EKC doesn‟t work for global pollutants such as CO2. It is 

possibly because the rich have not yet found a superior substitute 

(economically efficient or cost effective technology) to reduce / move 

to a less polluting environment. 

In conclusion it can be mentioned that the EKC hypothesis has attracted wide-

spread attention as it enabled the understanding of the processes that contribute 

to the turning point leading to a decline in pollution beyond a certain level of 

income. In several instances this observed decline in pollution levels after its 

initial rise has been attributed largely to the normal course of development. 

Exceptions to this, leading to either a lower peak that was achieved or a turning 

point earlier than the expected or both, are typically induced by technological 

changes and/or policy interventions. This is encouraging and beneficial to the 

developing countries as they need not trace the EKC and may have the option 

of „tunneling through‟ to a lower level of pollution after only a limited rise 

from its initial levels. The challenges to such an intervention are either 

institutional in terms of negotiating with the developed nations for facilitating 

technological transfer, or investing in indigenous research to arrive at locally 

suitable options. 
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