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Abstract

Revisiting the Environmental Kuznets Curve in the presence of trade

Biva Arani Mallik, Ph.D.

Concordia University, 2018

In my research | have investigated the impact of trade on the Environmental
Kuznets Curve (EKC). | investigate the impact on the level and curvature of the EKC
by varying the degree of export and import.

In my first paper, | have revisited the Andreoni and Levinson(2001) model in the
presence of trade. In their original work, they conclude that the desired relationship
between pollution and income can be traced only when there exists increasing
returns to abatement technology. | have built upon the model by introducing trade
and heterogeneity in abatementtechnology. | conclude when pollution sources from
production and countries engage in trade, increasing returns to abatement
technology no longer remains a necessary condition for a country to experience
the EKC. When countries experience CRS or DRS, engaging in trade with countries
with IRS enables them to attain the EKC. This however is possible only in the case of
transboundary pollutants.

For my second paper, | look at the impact of trade on the multi-country
framework of EKC developed by Diamantoudi and Filippiadis (2010). Introducing
trade shows that pollution dependence among countries can exist even when the
nature of pollutants is local in addition to the case of global pollutants. Results
show that the impact of trade is more favorable for local pollutants both for the
shape of the EKC and the scope for pollution substitution.

My third paper is an extension of my second paper where | investigate the impact
of trade on the multi-country framework when technology is heterogeneous. When

countries of different levels of technology engage in trade with each other, it is



found that the relative level of technology has an impact on the scope of pollution
substitution as well as the EKC. Results of this paper reveal that when the level of
technology of the foreign country is better, engaging in imports, and when the
level of technology of the home country is better, engaging in exports helps the

scope of pollution substitution as well as the shape of EKC.



Acknowledgments

| would like to express my profound gratitude to Professor Effrosyni Dia-
mantoudi. Her kind guidance and support, first in the capacity of a Graduate
Program Director, and then in the capacity of a supervisor has propelled me
through the five years journey. Her wisdom, patience and depth of
knowledge has always been a constant source of motivation and
encouragement for me. | would also like to thank Professor Dipjyoti
Majumdar and Professor Szilvia Papai for agreeing to be a part of my PhD
committee. Professor Papai has also been a source of support as the GPD for
the last three years of my studies. | thank her profusely for that. My sincere
thanks to Professor Benchekroun and Professor Schofield for being a part of
the PhD committee and providing me with their valuable feedback. Finally, |
thank Professor Leblanc for giving me the opportunity to teach at the
university. The experience will help me tremendously in my future
endeavors.

| would also like to extend my gratitude to the kind and compassionate staff
members of the department, Mrs. Elise Melancon, Mrs. Lucy Gilson, Mrs. Lise
Gosselin and Mrs. Bonnie Janicki for their constant support throughout my years
at Concordia University and also for being extremely patient with me in
answering countless questions.

My heartfelt gratitude goes to my family for their patience, support and
prayers. Iftekhar, my pillar of strength has borne the brunt of all my ups
downs through the journey with his never ending calm and endurance.
Thank you for always being there for me. My two lovely daughters, Arshya
andAdeena. You light up my life and give me reason to thrive! My parents.
Words cannot sum up the gratitude | hold for them. Everything that | am
today is a fruit of their hard work and sacrifice. My father and mother in law.
These two individuals have gently pushed me on with encouragement and
prayers. Finally my brother Alok, his wonderful wife Alia, and my three
adoring nieces Arissa, Ayana and Aleeza for having faith in me.

| have also been blessed with a wonderful circle of friends and family in
Montreal. Shafinaz, Fayzul, Shehreen, Shakib, Nourin, Amit, Tabassum and
Muntasir. These people have helped me with support - from looking out for my
children to providing food - when | needed it the most. They are my biggest
cheerleaders and | thank them profusely for being a part of my life.

Last but most importantly, | thank God Almighty for showering my life with
His many blessings. | would like to dedicate my thesis to my wonderful family.



Table of Contents:
LISt OF TADIES.c. et e et e et e et te e e eeeseseea e esa et aeeeessensenneneesesanaens viii
LiST Of FIGUIES vttt e e st st sbesbe s e ae e e e et et aebeessenaessens iX

Essay 1: Revisiting “The simple analytics of the Environmental Kuznets Curve” in

the presence of Trade.........ciiiiiiiiniiininin s ssssss s ssssssssssssasne 1
000 1 4 o Yo [T ox T o T OO OO 1
1.2 LITEIatUIE REVIEW .. ettt ettt e e e et se bt eaeeae e b et b e es e bes e et et see saeeneeneenseesennns 6
IR T N =T 1V o o = OO OO E OO TSRO 11
1.3.1 Model 1 - When Pollution is sourced from ConSUMPLiON.......cccveeevecvecereecee ettt enes 12
1.3.2 Model 2 — When Pollution is sourced from the Production of Consumption goods....................... 14
1.4 Results and IMplication Of Trade.......ccuiviriiriicece et st et et sre st st e st e naerens 16
1.4.1 Implication of abatement technology for home country and foreign country........cccooeveceeenaiee 16
1.4.2  IMPlICAtioNS Of TraOe. . i ittt s sttt b ettt sbesee ste s e sbebe et eeeeane s 19
1.4.3 The impact of pollution externality on the income pollution path.......ccceoiveve i, 22
1.5 DEMONSLIAtiON Of RESUILS....c.iiiiiieietirece ettt sttt sttt s e a st ses v e s sttt asesteesseseeesesenseseneetesenns 24
IR 3 @ o Tl [T o o PO OO OSSOSO 28
1.7 APPENIX e curieiite et eteie ettt ettt e e etestesteste st e bestesaes et eassasateatestesessaseasestes et et eassaseReste et neannbes et easeanete et stennen 30

Essay 2: Revisiting “The Environmental Kuznets Curve in a Multi-Country
Setting” in the presence of trade-the case of homogenous

{0 413 o] [TV 20T SRS 36
200 A 12 o e Yo [T oY 1S 36
2.2 LItEratUurE REVIEW... ittt ettt sttt te s s te e et e ste et eeaae s sreeseaes e saeassenseesbeensaesnes sueeessenne snessaesnsesnnns 41
2.3 THE MOAEL.. et et e sttt st sttt st et a b s et eae s e sea bt e sb sen et entsaenbesene et s 45
P 0o Y0 4] o | - L AT - 1 ol RS 49
2.4.1  The Symmetric Case.....cccovevevevenieseseerereseecierennens ettt oo e e—e e te et st bebr e she et benbe saeserbeeareehe et aea s 49
2.4.2  The ASYMMELIIC CASE...cuiiiiiieireirieeetett ettt ete st etesteste st aea e s e et aeserseseatestestenessessessassesses st arsaseasessessenenn 51
2.4.2.1 The case Of [0Cal POIHULANTS.......c.co ittt sttt ettt st st se e et be et e s eneaa s 52
2.4.2.2 The case of GIobal POIIULANTS.......cuciiiii e st et ste st e e s aeraerens 54
2.5 DEMONSEIAtiON Of RESUITS.....ccui ittt ettt ettt e et e et aeetestesbe e e e e besaesaeseaseasatastestennnnanen 56
T o o Yol [N T Lo o SRR 58
B A Y o o 1T o 1 O OO SRS R SRPR 60

Essay 3: Revisiting “The Environmental Kuznets Curve in a Multi-Country
Setting” in the presence of trade — the case of heterogeneous
{0 113 o] [TV 2RSSR PRRRTT 69

Vi



0 R [N Ao Yo [V ot 1o PR 69

3.2 LItErature REVIEW.....i ittt ettt ettt ettt st sa ettt et st ea b ea et et st eueeae e et e st bessenbensenatente e seesues 73
3.3 TRE IMOUEL ittt ettt st et st st st s et st e s et e st ses et ene st sesses s e ebeenseseeetenensasereess sersas 79
3.3.1  THE MO SELUP ..ottt sttt et ettt e ste st stese e e s e s et e s et esase e sbestene e sensensesantensarnanes 79
3.3.2 The Scope for Pollution SUBSEITULION........cccciiuiieiri e e e e 82
3.4 Model Solution and implications Of trade..........ccoe et st s eraes 84
3.4.1 Impact on the optimal [evel of POIULION.......ccoi it e s 85
3.4.1.1 Implication for pollution eXtErNality........ccveeeiireieicirr s s e e e 85
3.4.1.2 Implications of technology of home country and foreign

COUNTIY ettt ettt st e et e s ae e et sesae e st es sae e e s sheeea st e s e ee s abeeeneessaes st aessesenbeensnreeannessnnnesnt 85
3.4.2 Impact on the shape of the income pollution path..........cccoriiceic e 88
3.5 DeMONSLIrAtioN Of RESUILS....c.uiirieieieietire sttt et et st ses s st ese e s et enesbesessesesestesesseseneese senens 89
3.6 CONCIUSION ettt ettt st sttt ettt eaeete st ste st e s as et eb e et essaseaae et ses seesessessessteseeseesansaasasesteseesessessansasensen 92
3.7 APPENAIX ittt ettt sttt e et et et s st eteeteeteste e e e s te s be b e et et aaeaae et eas e beatettebeet et as et ateete st neaebentestereres 94
BIiDHOBIAPRY............oooe et s 106

Vii



List of Tables

11

2.1

2.2

3.1

3.2

3.3

3.4

The different sources of POHULION.......coieeieire e e st st e e r s 12
Impact of import and export on the optimal level of pollution...........cccceveieiccce e 57
Impact of trade on the income-pollution path.........c.cc e 58

Impact on the strength of pollution substitution when countries with different technology engage

Comparison of impact of import when technology of foreign country is different, across different
TYPES OF POHULANTS ..ttt et ettt e st et be s es et et e e ereaseare et seesnsesaneas 90
Comparison of the impact of export on the optimal level of pollution when technology varies and
across different types of POIULANTS.......c.cccceie et bt e s st sre e e aeaeas 91
Comparison of the impact of trade on the EKC for different technologies and across different

TYPES OF POIIULANTS.....eeetietreieececere ettt sae e eteete e e e b e ebaeb e be e e sbesaestesbesasensaesaessessensennes 92

viii



List of Figures

11
1.2
13
14
15
1.6

Income pollution path for Country 1 when it experiences CRS.......cccvviviveeieeiesese s 25
Income pollution path of Country 1 when it engages intrade........cccceeveveeceevece e 26
Income pollution path of Country 1 when it experiences DRS.......covvivivereiie e e e 26
Income pollution path of Country 1 when it engages in trade.......ccccceeveveeveevece s 27
Income pollution path of Country 1 when pollution externality is [OW.......c.cccooeveveeveceieinineeeee. 28
Income pollution path of Country 1 when pollution externality is high.......cccccooeivevevnvnccciininen, 28



Essayl: Revisiting “The simple
analytics of the environmental Kuznets
curve” - in the presence of trade

1.1 Introduction

The Environmental Kuznets Curve postulates an inverted U- relationship
between pollution and per capita income.lt explains that at the initial stages
of a countries’ development pollution increases with economic growth, where as
with further development, pollution starts to go down. A similar relationship be-
tween income inequality and per capita income was identified and made popular
by Kuznets (1955) which was named the Kuznets Curve. In the 1990s environ-
mental economists replaced income inequality with environmental quality, and
the term ‘Environment’ was added to introduce the idea of the Environmental
Kuznets Curve.

Whether such a relationship exists or not is crucial for policy relevance.
While opponents of the EKC look for strong policy interventions that may at
times limit economic growth, proponents argue for pro-growth policies. Even
if the existence of an EKC holds, it is still subject to many questions and
speculations. Does the relationship hold for specific types of pollutants only, or
for pollution in general? At what point of economic growth does the turning
point occur? Does the environment start to revive with economic growth at some
feasible level of growth, or at extremely high rates which might not be feasible
for many poorer countries? Due to its strong policy relevance and implications
for economic growth analysis of the EKC has gained increasing popularity since

its initiation in the early 1990s.



The concept of an EKC evolved in the early 1990s through empirical ob-
servations and were documented by Grossman and Krueger (1991), Shafik and
Bandyopadhyay (1992), and Panayotou (1993). These studies were based on
cross country data on local air and water pollutants such as CO, NO,, SO,,
suspended particulate matter, municupal waste and lead. They later gave eco-
nomic insights behind the existence of the EKC through (i) the scale effect, (ii)
the technology effect and (iii) the composition effect. With such an initiation,
work on the existence, persistence and rationale for the EKC continued. Some
economists focused on empirical evidence behind the existence of an EKC while
others tried to model and give structure and reasoning behind the relationship®.

Around the same time (1990s) another burgeoning debate that emerged for
environmental policy makers was the issue of globalization and free trade. The
debate circled over the environmental consequences of countries engaging in
trade and thereby enjoying trade led growth. Clearly the two issues are inter-
twined. The concept of an EKC looks at the implications for environmental
quality with economic growth. Trade adds a dimension to the discussion in that
it hastens economic growth but at the same time it is speculated to enhance
production/ consumption and thus pollution. Whether or how trade affected
the existence of an EKC remained to be seen. Some light on the issue has
been shed by Arrow et al (1995), Suri and Chapman (1998) and Copeland and
Taylor (2001). The crux of discussion in the first two papers lie in the idea
that as countries develop they switch to cleaner products, while still maintain-
ing a demand for the dirtier products - the production responsibility of which
falls into the shoulders of the poorer countries. In the latter paper, Copeland
and Taylor develop a north-south model, where they show that the developed
countries maintain stricter environmental regulations and therefore create an

incentive for dirtier industries to relocate to the developing world - a concept

LA detailed discussion of the various work is included in the Literature Review.



known as the pollution haven. All the models pose a rather pessimistic picture
of the impact of trade on the environment in that they showcase a pollution
transfer rather than pollution mitigation as a result of trade led growth.

In this paper, I would like to look at the impact of trade on a particular model
- that developed by Andreoni and Levinson (2001).The Andreoni and Levinson
(2001) model show that the shape/existence of the Environmental Kuznet’s
Curve can be explained by a technological link between consumption of a given
good and abatement of its undesirable bi-product. It is a well documented
model in Environmental Economics and has been widely sighted in literature.
The model specifies that the desired inverted-U relationship between pollution
and per capita income exists only under the assumption of increasing returns to
abatement technology.They show that when countries exhibit constant returns
or decreasing returns to abatement technology the pollution-income path follows
a linearly increasing or a U- shaped pattern respectively.

The existence or plausibility of an increasing returns to abatement tech-
nology has been questioned in literature. Such a form of technology suggests
that doubling pollution and abatement efforts should more than double emis-
sion reduction. There is evidence of such a phenomenon in some cases, but
the contrary is also true. Managi (2006) uses empirical evidence on environ-
mental risks in the US agriculture sector since 1970 to establish the existence
of increasing returns to abatement technology. In their own paper, Andreoni
and Levinson (2001) provide evidence of the existence of increasing returns to
abatement technology when abatement efforts involve high fixed costs with low
marginal costs (example: installing scrubbers on a smoke stack). Such high
cost technologies become feasible only after economies are wealthy enough and
polluted enough. Such an explanation itself suggests that when countries are

poor, they may be required to invest in abatement options that have lower fixed



costs with higher marginal costs of operation. These economies are more likely
to experience decreasing returns to abatement technology. Egli (2005) suggest
that rather than IRS, countries tend to exhibit fading IRS, meaning that at
initial stages, when pollution level is high, abatement exhibits the feature of
increasing returns. However, as the environment gets cleaner, cleaning up the
last speck becomes more resource intensive at which point the abatement efforts
may exhibit constant returns to abatement technology.

In short, while increasing returns to abatement technology does exist for
many countries, it does not for many others. A lot of countries exhibit con-
stant returns or more commonly decreasing returns to abatement technology.
Typically, low income countries that rely on more traditional means of pro-
duction, tend to exhibit decreasing returns to abatement technology.Support of
decreasing returns to abatement technology can also be found in literature. For
example, in coals fly-ash landfills, in order to reduce the level of fine dust over
the ground, water sprays are traditionally used. Such use of water is expensive
both in terms of hiring water tanks as well as using water resources (Careddu
et al. 2015). Amigues et al. (2014) write a paper assessing the optimal time
of Carbon Capture Sequestration policies when abatement technologies exhibit
decreasing returns to scale.

By introducing trade to the Andreoni and Levinson model in this paper,
I try to identify whether engaging in trade can bring about an EKC pattern
in the pollution-income path for countries that do not enjoy increasing returns
to abatement technology. I modify the Andreoni and Levinson model in three
ways: (i) I introduce trade to the model, (ii) I introduce heterogeneity in the
abatement technology and (iii) in addition to viewing pollution sourcing from
consumption I also model the case where pollution sources from production of

the consumption good. The second modification is justified in that the difference



in technology adds as a basis for motivation to trade. The explanation for the
third modification comes from the fact that often abatement efforts are under-
taken at the production stage rather than the consumption stage of a product’s
life cycle. Hence I look at both cases - i.e pollution sourcing from consumption
as well as pollution sourcing from production. Having made these three adjust-
ments, I take into account the existence of a pollution externality. I argue that
the extent of pollution externality can vary between 0 (where pollutants are
strictly local) and 1 (where pollutants are transboundary). Thus the question
that I answer in this paper is : “How does the shape of the income-pollution
path of an economy change from the predictions of the Andreoni and Levinson
model, when countries with different abatement technology and varying degrees
of pollution externality engage in trade with each other?”

In the paper, trade is deliberately kept exogenous because the purpose of the
paper is not to explain how much or why countries should engage in trade, but
rather how the model predictions change subject to varying degrees of trade.
Thus to be able to vary the degree of export and imports, these variables have
been kept exogenous to the model. As mentioned earlier, I have looked at two
distinct sources of pollution - pollution emerging from consumption goods and
pollution emerging from production of the consumption goods. When pollution
sources from consumption, the model predictions of the Andreoni and Levin-
son model remain unchanged. Even though trade affects optimal decision with
respect to consumption, optimal abatement efforts and the optimal level of pol-
lution and the implications of abatement technology remain unchanged from
the original model. Next the paper investigates the impact of trade when pollu-
tion is sourced from production of the consumption good. In this case, different
results are obtained.Here, the model concludes that even when countries do not

enjoy increasing returns to abatement technology, so long as they engage in



trade with countries that do, the desirable inverted U pattern of a pollution-
income path can be attained. This however is possible only when there exists
some degree of pollution externality between the trading countries.

The rest of the paper is organized in the following manner. In section 1.2,
I present a review of the existing literature. The Model is presented in section
1.3 with the results and implications for trade in section 1.4. In section 1.5 the
findings of the earlier sections are demonstrated through a pragmatic selection
of parameters. Finally, section 1.6 concludes the paper with some scope for

further discussion.

1.2 Literature Review

The concept of EKC was initiated in the early 1990s when debate revolving
around the role of economic growth on the impact of environmental quality had
reached a high after continuing for over two decades. Early on, it was believed
that natural resources and a clean environment could not be sustained for ever,
if the economies continued to grow unabated (Georgescu-Roegen,1971). Oth-
ers such as Meadows et al. (1972) argued that population growth and the use
of natural resources increases exponentially whereas the extraction and discov-
ery of natural resources occur linearly, thereby causing an eventual depletion
and exhaustion of natural resources with time. In the early 1990s a group of
economists observed a dynamic nature of pollution where pollution at first in-
creases with economic growth and then eventually declines. Such an inverted
U-shaped relationship was at first pointed out by empirical studies of Grossman
and Krueger (1991), Shafik and Bandyopadhyay (1992), and Panayotou (1993).
These studies were based on cross country data on local air and water pollutants
such as CO, NO,,, SO, ,suspended particulate matter, municipal waste and lead.

They later gave economic insights behind the existence of the EKC through (i)



the scale effect, (ii) the technology effect and (iii) the composition effect. They
explained that at the initial stages of economic development, the scale effect
dominates whereby as economies grow they engage in larger scales of opera-
tion and thus increased pollution. However, with continued economic growth,
countries switch to cleaner technologies or products. Thus at this stage the
technology effect and the composition effect takes over, and pollution starts to
go down. On a different note, Arrow et al. (1995) pointed out that the shape of
the EKC traces the natural progression of economic growth as countries evolve
from clean agrarian societies to polluting industrial economies to clean service
based economies.The concept of EKC thus promoted the idea that environmen-
tal pollution should not be viewed as a cause of obstructing economic growth.
In fact Beckerman (1992) writes that “In the end the best - and probably the
only- way to attain a decent environment in most counties is to become rich”.
Following this a number of economists focused attention on trying to model
and thus give structure to the understanding of the EKC. One group of models
were focused on the income elasticity of pollution. It is argued that the income
elasticity of pollution is greater than one and thus with rising income a demand
for a cleaner environment emerges. Along this line, John and Pecchenino (1994)
present an overlapping generations model in which environmental quality is a
stock resource that degrades with time unless maintained by investments in the
environment. At the beginning an economy begins with zero pollution and sees
its environment deteriorate with increased growth. After some point in time,
pollution increases to the point that investment in environment becomes desir-
able and thus pollution starts to decline. The model thus presented by John
and Pecchenino predicts an inverted V shaped relationship between pollution
and income. Similary, Jaeger (1998) model that low levels of economic growth

portray low levels of pollution where the consumers marginal benefit to addi-



tional environmental quality is zero. Therefore, at this stage more pollution
does not lead to lower utility. With growth and further pollution, consumers
become sensitive to increased pollution at which point, depending on the param-
eters, growth may be accompanied by improved environmental quality. Again,
Jaeger’s pollution-income relationship is inverse V shaped, peaking when the
optimum moves from a corner solution to an interior solution.

Yet another group of economists have created models upon the explanation
that with economic growth, some constraints become non-binding and when
economies take advantage of these new opportunities, pollution can start to go
down. For example, Jones and Manuelli (1995) posit that pollution involves ex-
ternalities and appropriate internalization of these externalities is possible with
advanced institutions that can be afforded only by developed economies. Along
this line of explanation, Jones and Manuelli developed an overlapping genera-
tions model where economic growth is determined by market interactions and
pollution is set through the collective decision making of the younger genera-
tion. The shape of the pollution-income path in this case is set by the nature of
the decision making institution the shape can be an inverted U, monotonically
increasing or even a “sideways mirrored S”. Stokey (1998), describe a static
model with a range of possible production technologies. At the initial stages
of economic growth, only the dirtiest technologies are economically feasible and
thus pollution increases with growth. After some threshold of income is reached,
the cleaner technologies become economically feasible, adoption of which causes
pollution to go down. Thus again, the anticipated pollution- income path follows
an inverted V relationship.

The 1990s also witnessed the emergence of globalization and free trade. The
era was thus wrought with debates over free trade and its impact on the envi-

ronment. Several studies explaining how trade could explain the shape of the



EKC also emerged along this time. Arrow et al. (1995) use international trade to
explain the shape of the EKC. They argue that as economies grow, they switch
to cleaner products but there continues to be a demand for the dirty products
which gets satiated by importing from the less developed economies. Along the
same line, Suri and Chapman (1998) explain that as economies grow they tend
to transfer the dirty industries to the developing world and thereby enjoy cleaner
environment. It is also believed, that as economies grow they can afford better
institutions and thus higher environmental regulations. Such restrictions create
incentives for the dirtier industries to relocate to poorer economies with lower
environmental regulations. Such a north- south model is developed by Copeland
and Taylor (2001) to investigate the linkages between national income, pollution
and international trade. All these papers provide a bleak picture where as all
countries in the world grow, they will no longer have a poorer country to fall
back upon! On a more positive note Dean (1999) find that trade liberalization
directly aggravates environmental damage via its influence on the terms of trade,
but indirectly mitigates it via its effect on income growth. Holladay (2008) look
at the impact of trade liberalization on the environment. He focuses on two
distinct sources of pollution - pollution from consumption and pollution from
production, and concludes that pollution from consumption increases where as
pollution from production decreases after trade liberalization. In all these pa-
pers, the distinction between local pollutants and transboundary pollutants is
absent.

There also exists a wide pool of literature looking into the empirical evi-
dence of the existence of the EKC. Selden and Song (1994) have confirmed the
inverted U relationship between pollution and per capital GDP using a cross-
national panel of data on emission of four air pollutants: suspended particulate

matter, sulfur dioxide, oxides of nitrogen, and carbon monoxide. However, they



predicted that emissions to decrease only in the very long run with rapid growth
on global emissions to continue for several decades. Grossman and Kreuger
(1995) also examine the relationship between per capita GDP and four envi-
ronmental indicators and conclude in favor of the existence of the EKC. They
further provide with some intuitive explanations for the downward sloping part
of the EKC. They explain that as countries grow several factors come into play
to cause the downward trend of pollutants. First, with growth more stringent
environmental policies are adopted as with economic prosperity non economic
aspects of life such as a clean environment become more desirable for economic
agents. Second, as economies grow they cease to produce some of the dirtier
products and start to import them instead. Finally, with time and learning
from the experiences of the wealthier countries, countries may adopt cleaner
technologies.

In recent times, much of the empirical work has focused on transboundary
pollutants. For example, Apergis (2016) looks at the existence of the EKC in the
emission of COsacross fifteen countries and concludes that it does in twelve out
of the fifteen countries. Bilgili et al. (2016) also look at the empirical evidence
based on the emission of C'O,. However, rather than explaining the downward
sloping part of the EKC with income growth, they attribute it to a shift in
renewable energy with time. Jebli et al. (2016) also study the existence of
EKC using CO5 They examine the impact of renewable energy, non- renewable
energy and trade on the shape of EKC in OECD countries.

There is vast support in literature on the existence of the EKC. This paper
investigates the impact of trade on an existing model that suggests that the
shape of the EKC can be explained under strict parametric restrictions. The
paper attempts to see if some of the restrictions can be relaxed when trade is

brought into the picture.
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1.3 The Model

Consider a model with two countries i € {1,2}.Each country produces only
one consumption good C; for ¢ = 1,2. For simplicity assume that each of them
are a single agent country. Of the consumption good C; that is produced, each
country retains a fraction of it for own consumption and exports the rest to the
other country. The fraction of C; retained by a country is 7;. Note that 7; kept
exogenous to the model as the objective of the model is to see the impact on the
predictions of Andreoni and Levinson (2001) by varying the degrees of 7;with
i=1,2.

Utility in each country is a function of the consumption goods (locally pro-
duced and imported) and pollution - U; = U(C1, Cq, P),where utility is increas-
ing in consumption and decreasing in pollution. Utility is quasi-concave in Cf,
Cy, and —P. In addition, each country faces a resource constraint in the form of
income per capita M;.The resource of the country is used up in the consumption
of the two commodities and in abatement efforts to mitigate pollution.

The model views pollution from two sources: from consumption of Cjand
Cy and from production of C7 and C; . The model also distinguishes between
local pollutants and global pollutants. Each country engages in some abatement
effort which is captured by the term E; ,i € {1,2}. These terms include all
resources spent towards pollution mitigation. It can be considered as investing
in preventive measures to arrest pollution growth or as spending in resources
for cleaning up efforts. Therefore, pollution in a given country is increasing
in either (i) consumption of of Cyand Cs, or (ii) production of Ciand Cs; and
decreasing in abatement efforts - P = P(Cy,Csq, E1, E2). A summary of the

different types of pollution considered is presented in the table below:
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Table 1.1: The different Sources of Pollution

Local Pollution Trans-boundary Pollution
Consumpiton of Cy and Cs Consumpiton of Cjand Cs
Source
Production of Ciand Cq Production of Crand Cy

When the local pollutants of every country are summed up, we get the
trans-boundary pollution. The model is thus developed in two parts: Part 1
looks at the case where pollution is sourcing from consumption and Part 2 looks

into the case of pollution sourcing from production.
1.3.1 Model 1 - When pollution is sourced from consumption

Consider a two country case, where the utility of each country looks as

follows:

Uy =1nC1+(1—m)Cy — 1P (la)

Us=(1—-m1)C1 +1Cy — 2P (1b)

where z; and 29 are the marginal disutilities associated with pollution. The
resource constraint faced by the two countries are:

My =1C1 + (1 —7)Co+ Ey (2a)

My =(1—71)C1 4 12Cs + Es (2b)

The pollution function for each country is:

Py =7C1 + (1= 72)Cs — (1 Cy + (1 — 72)Co)* EY (3a)

Py=(1—7)C1 4720 — (1 = 7)Cy + 72C5)*2 ES? (3b)

P; represents the net pollution generated in each country. In each country
pollution is generated by the consumption of goods. The last term represents the
abatement technology. Abatement increases in C' as well as F.The i subscripts
to a and S show that the abatement technology in each country is different.

Thus heterogeneity is introduced to the model. In the model, transboundary

pollution P is thus viewed accordingly:
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P = P; + 1P, where | = [0,1] (4)

when [ takes the value of 0, it means the model views only local pollution -
that generated only in country 1; and when 0 < I < 1it means that there is some
degree of permeation (but not complete) among the pollutants. Finally when !
takes a value of 1, the model is viewing global pollution. Pollutant emitted in
one country completely affects the other.

For simplicity allow z; = z9 = 1.Thus plugging the value of P in the utility
function (la) and substituting for the value of (1 — 72)Cy from the resource
constraint (2a) into (1a), the social utility function that the planner of Country
1 seeks to optimize is:

Ui = My —Cy—1Co— By +(11C1+(1—72) o) BV 1My — E2)*2 B> (5)

The first order solution to the problem gives the optimal amount of con-

sumption and abatement decision for both countries:
O, = oy (aa+B2) My —(1—T2)as (a1 +81) Mo
1= (T1+712—1) (a1 +p1)(a2+p2)

O — Tio (a1 +B81) Mo —(1—71) a1 (2 +B2) M1
2= (m1+712—1)(a1+p1) (a2 +p2)

When countries engage in trade the optimal consumption decision of own
commodity changes. As the fraction of goods imported from the foreign country
goes up, C; goes down. As countries choose to retain larger fractions for own
consumption, C; goes down. In other words, when they choose to export larger

fractions C; goes up.

_ BiM;y
b= a1+B1
_ BaMs
By = az+PB2

The abatement effort of a country remains unchanged with a decision to
engage in trade or not.
Plugging in the optimal decisions in the pollution function, the optimal

pollution function for Country 1 becomes:

+ +
P = O‘i‘lljr\/éll _(Oélofklﬁl )al (alﬁﬁﬁl }61 Mfél o +l{ 522%22 _( Oéchﬁb )az ( 042{1252 )62 M;Q 62}
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The slope to the Kuznets’ Curve is the first derivative of the pollution func-
tion with respect to M.

9 +B1—1
371\1431 = 041(1151 - (041 +51)(alojrlﬁ1 )al(ouilﬁl]ﬂleq ”

Thus it is seen that the shape of the EKC is determined entirely by its own
abatement technology. The technology of the second country does not affect the
income pollution relationship of country 1 in any way. Engaging in trade does
not affect the slope of the income-pollution path.The second order derivative to

the pollution income relationship gives:

2 +p1—1
gl\j:2 - 7(&1 + ﬁl o 1)(a1 + /81)(041(3-151 )al(oél[i}ﬁl]BIMlal .

Therefore, the income pollution path will follow the desired inverted U-
shape only in the case where countries exhibit increasing returns to abatement
technology, i.e a4+ 8 > 1. The predictions of the Andreoni and Levinson Model
remains unchanged even after I introduce trade when pollution sources from

consumption of goods.

1.3.2 Model 2 - when pollution is sourced from production of the

consumption goods.

In this section I look into the implications of trade by developing the model
when pollution is sourced from production. This approach is quite reasonable in
that the abatement technology of many pollutants are applied at the production
rather than the consumption stage of a product life.

When pollutions is sourced from production of the consumption goods, the
pollution functions for the two countries take the following form:

P, = Cy — CM EP (6a)

Py = Cy — CS2ES? (6b)

and thus the transboundary pollution faced by Country 1 becomes:

P=P +IP,  (6)
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Again plugging in the value of P in the utility function (1a) and substituting
for the value of (1 —72)Cs from the resource constraint (2a) into (1a), the utility
function we are seeking to optimize this time is:

Uy =M —Cy—I1Cy — By + CUEP 41C2ES> (7)

The solution for consumpion and abaemen decisions for the two countries

are as follows:

C* = ay(Teae+pB2) My —ajas(1—72) M2
17 (reag+B2)(tion+B1)—araz(1—71)(1—72)
C* = ag(Tia1+p1) Mo —asay (1—71) M,

2 7 (rrae+B2)(miai+pr)—araz(1—71)(1—72)

When trade is introduced, the optimal consumption decisions get changed.

E* — Bi1(Tace+B2) My —pras(1—T2) M>
17 (reae+B2)(riar+B1)—aras(1—71)(1—72)
B — Ba(T1ai+B1)Ma—pacy (1—71) My

2 7 (r2a2+B2)(riar+B1)—araz(1—71)(1—72)

When pollution is sourced from production of the consumption goods, abate-
ment efforts are also affected by trade. How trade will affect the optimal pollu-
tion remains ambiguous.

By plugging in the optimal decisions, pollution function can now be written

as:

P— ai (reas+B2)Mi—aras(1—72) Mo
T (meaz+B2)(Tiar+p1)—araz(1—71)(1—72)

_[ ay(Taaa+Bo) My —aica(1—T2) M> ]al[ B1(T2ce4B2) M1 —Braz(1—T12) Mo ]Bl
(reaz2+B2) (100 +B1)—araz(1—71)(1—72) (r2a2+B2)(T1o1+61) —araz(1—71)(1—-72)
{ g (Tia1+B1) My —asan (1—71) M,
(T2a2+P2)(T1a1+B81)—araz(1—71)(1-T2)
[ ag(Tia1+p1)Mo—apay (1—71)M ]az[ Ba(tia1+B1)Ma—Baay (1—71) My }[32}
(T2ae+pB2)(T1a1+p1)—araz(1-71)(1-72) (T2a2+pP2)(Tia1+p1) —araz(1—71)(1-72)

The equation above is complex to look at. To give it a meaningful perspec-
tive, we group some of the terms in the following ways:

Let, A = (m2a + Bo)(mia1 + B1) — cqaa(l — 11) (1 — 72)

B =as(1—m)M,

C = (ria1 + B1) Mo

We can then write the pollution function in the following manner:

pP— (xl(T20¢2+,5;§)M1—O¢IB _ [%]al[%]ﬁl[(Tgag +52)M1 _ B]a1+ﬂ1+
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l{agcfaza;l(lfn)Ml o [%]ag[%]ﬁz [C’ B a1(1 B Tl)Ml]a2+B2} (8)

The pattern of the income- pollution path that this model predicts is dis-

cussed in Section 4.

1.4 Results and implications of trade

As has been shown in the previous section, when pollution sources from

production, the optimal pollution function becomes as follows:

P a1(r2a2+[f§)M1—a1B o [%]0‘1[%]51[(72042 + BQ)Ml _ B]a1+[31+
l{Ot2C—0¢20£2(1—T1)]\/11 _ [%]O{Q[%]ﬂ2 [C _ al(l _ Tl)Ml]a2+/32} (8)

The first derivative of the equation above, with respect to the income of
Country 1 will give the slope of the income-pollution path for country 1.

831\14:1 _ a1(7'2(22+,52) — (1 + B)(mas + 32)[%}041[%}61[(72@2 + Bo) My —
B]a1+51—1+

222U (ay ) (1-m) [ [B]H[C—an (1-m) M=+ (9)

Equation 9 shows that the slope of the income-pollution path depends upon:
a) abatement technology of both the home country and the foreign country,
b) the degree of trade; and

c¢) the degree of pollution externality.

1.4.1 Implications of abatement technology for home country and

foreign country

Proposition 1 When (i) pollution is sourced from production of a consumption
good, (i) countries engage in trade, and (iii) there exists pollution externality;
increasing returns to trade no longer remains a necessary condition for a country
to obtain the EKC pattern in the income pollution path when the nature of pol-
lutant is transboundary. A sufficient condition for Countryl becomes to engage

in trade with Country 2 who enjoys increasing returns to abatement technology.
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Proof. To see what shape the income-pollution path will take, we look at the

second derivative with respect to income.

312\41?2 = —(o1 + B1 — 1)(c1 + B1)(m2a2 + B2)?[%4]*1 [B] (202 + B2) My —

Bl =2 {(ag+fr—1) (ag+Pa)af (1-m)?[%]°2 [3]%[C—an (1—m1) My *2 TP =2}

For 3;41:2 < 0 either one of the following conditions have to be satisfied.

(i) Both countries display increasing returns to abatement technology. If both
ay + 81 > 0 and as + P > 0 then the second derivative with respect to income
will be negative and income pollution path will follow the desired inverted U-
pattern. This is similar to the findings of the Andreoni and Levinson Model.

(i) Country 1 displays increasing returns to abatement technology, but the
abatement technology of Country 2 does not follow IRS. In this case the second
derivative will be negative so long as:

(o1 4 81— 1) (a1 + B1) (22 + B2)? [44]™ [%]ﬁl (T2 + B2) My — B]1+A1=2 >
—U(az+ B2 —1)(az+B2)af (1-71)2[%]*2[2])%[C — a1 (1—70) My ]2 T2}

Again the condition is similar to that of the Andreoni and Levinson in that
Country 1 must display IRS; but when they engage in trade with a nation that
does not, an additional condition is imposed for the income-pollution path to
follow the EKC pattern.

(#ii) Finally, Country 1 does not need to display IRS so long as Country 2
does and

H(ag+ B2 —1)(az + B2)ad(1—7)*[ %)% []%[C — an (1= 70) My ]2 7272} >
(a1 + B = 1)(an + Br) (maaz + B2) (5] [G]7 [(ma02 + B2) My — B2

Thus when countries engage in international trade, when pollution sources
from production of the consumption goods, IRS is no longer a necessary con-
dition for countries to follow the EKC pattern in their income-pollution paths.
The desired EKC' pattern can be obtained by engaging in trade with countries

that follow IRS. When Country 1 displays CRS, the second order derivative to

17
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the income pollution path becomes:

2 a(l-T a —ai(l—m7 o —
ot = —U(az + Bz — 1)(az + B2) (M5 )2ag? gy ool oo A2

This shows that when Country 1 does not engage in trade, the income pollu-
tion path will be linear. When they engage in trade with Country 2, the income
pollution path will follow a quadratic pattern. So long as Country 2 displays
IRS the income pollution path of Country 1 will follow the inverted U-shaped
pattern. When Country 1 exhibits DRS, then the second order derivative takes
the following shape:
gﬁ; = —(on + B1 = 1)(a1 + 1) (a2 + B2)[%]* [2)P [(r2cra + B2) My —

2

Bl A2l (g +fr—1)ar (1-71) (aa+52) [ 2] [ 2] [C—anr (1—71) My |2 H72 72}

At lower levels of income, the value of [(Tean + B2)My — B] is low and so
the value of [C — ay (1 — 71) M) is high. Therefore, Country 1’s own technology
dominates the shape of the income pollution path, and with DRS, the shape
follows the predicted U shape pattern. But with higher levels of income, [(Toca +
B2) My — B] starts to become larger, while [C — a1 (1 — 1) Mi] starts to become
smaller. At this point the second part of the equation (the part defined by the
abatement technology of the foreign country) starts to dominate. In that case,
so long as country 2 exhibits IRS, the income pollution path of Country 1 will
follow a U shape at low levels of income, but the inverted U pattern at higher
levels of income. Thus in the words of Jones and Manuelli (1995), the income
pollution pattern will follow that of a ‘side ways mirrored S’.

The proof above shows the necessary condition needed for the concavity of
the income pollution path when country 1 engages in trade. To check for the
sufficient condition for the inverted U shape of the income- pollution path the

slope of the income pollution path needs to be checked. Equation (9) shows the
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general slope of the income pollution path. When country 1 exhibits Constant
Returns to Abatement Technology (a; + 1 = 1), and country 2 exhibits In-
creasing Returns to Abatement Technology (as + B2 > 1) equation (9) above

can be re-written as follows:

« B1
OP __ ai(meaz+fP2) ailp
oM A — (T202 + B2) ==+

= (ap+ fo)en (1-m)[%]2 (] [C—aa (1= M=+ 1) (10)

Setting ;TZ = 0, the turning point of the EKC comes to:

_ _prd(mastBe)(er—aft B ) Haras (1=m) b s
My = (Tion + 1) Mz — A (az+Ba)a?(1—11)2al? AE2 Jee¥r=t = ¢

where A = (rpan + B2) (111 + 1) — araz(l — 71)(1 — 72)
It My < ¢, g5 >0
;TZ < 0 otherwise.

1.4.2 Implications of trade

If Country 1 chooses autarky, the optimal pollution function for Country 1

becomes:

Pautarky = o2t — (525) 0 (255 )P My o

The model collapses to the Andreoni and Levinson (2001) model. Engaging
in trade gives rise to the optimal pollution function as shown by equation (8).
Engaging in trade affects both the level of optimal pollution as well as the shape
of the income pollution path. When countries engage in trade the abatement
technologies of both countries have an impact on the income pollution path of
Country 1. The mechanism of the influence has already been demonstrated

in Proposition 1. This part of the paper moves away from the discussion of

abatement technology and focuses attention on the impact of import and export.
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Proposition 2 When (i) pollution is sourced from production of a consumption
good, (ii) there exists pollution externality, and (iii) Country 2 exhibits IRS when
Country 1 does not, increasing the fraction of output of Country2 imported
into Country 1 decreases the optimal level of pollution, whereas, increasing the
fraction of own good exported increases the level of optimal pollution. However,
the impact of import and export on the slope of the income pollution path is
different.

Proof. From Equation 8, the optimal pollution path can be written as:

a1 gB1
P=C,— (jllfllilﬂl C«féﬂrﬂl + l{02 _ aizf%z Ca2+52}
The proof is carried in two steps. In the first step I look at the impact of
import and export on the level of pollution. Then in the second step I look at

the impact of import and export on the curvature of the income- pollution path.

Step 1:
First I look at the impact of import on the level of optimal pollution.

) oC atl B (a1 +B1) e+ -1 ac 52852 (a2 +B2) Fraz+Ba—1
Sliry = a1~ iaﬁ?sl DOm0 (122 ;ngzi 2 gty

From Proposition 1 I have established that when Country 1 exhibits CRS or
DRS it is desirable to engage in trade with Country 2 who exhibits IRS. In
the appendix it is shown that 8(1 = ) < 0. So long as Country 1 exhibits CRS
or DRS, [1 — %Cdﬁﬁl 1> 0. 8(?76272) > 0 . Since Country 2
exhibits IRS, [1 — %WCaﬁﬁz 'l < 0. Thus under the specifications
m < 0. The largerzthe fraction of output of Country 2 imported, the lower
will be the optimal level of pollution.

Next I look at the impact of export on the optimal level of pollution.

aP_ _ _8C a1 +81—-1 ac ad?B5? ~an+Ba—1
8(1_7—1) - 8(1_;1)[ - a11<1¥1+1@1 Clal ! ] + l{a 1— 3— )[1 - i2+%‘2 CQQ > ]}

So long as Country 1 exhibits CRS or DRS [1— %C“ﬁm 1>0
and % > 0. In the appendiz it is shown that 6(1 Z ) < 0. Since Country 2

exhibits IRS, [1 — %C’aﬁ@ '] < 0. Therefore, the impact of export

20



on the optimal level of pollution will be positive.

In summary, engaging in imports decreases the optimal level of pollution
where as engaging in exports increases the optimal level of pollution.

Step 2

In this part I look at the impact of import and export on the curvature of
the income pollution path. Recall the slope of the income pollution path is as
follows:

2L = calnatb) (o) 4 B1)(raan + B2)[ 4] [P [(maan + Bo) My —

BlewtAi-l 02 lon) ()4 By)ay (1-7)[22]°2 [ 2152 [C—ay (1-7y) M, |22 P2~ 1

With a little bit of manipulation, the slope of the income pollution path can

be written in the following manner:

a1 581 _ _
363\}/[)1 _ a1(72?42+ﬁ2)[17(a1+ﬂl)2<}1f}31 CloclJrﬁl 1]+l{a2a1541 Tl)[71+(a2+

a2 gh2 _
62)012 B, Célz"rﬁz 1]}

agz+p2
Qg

In the appendiz it is shown that the impact of import on the slope of the
income pollution path is non-conclusive. However, the impact of export is more
likely to be positive. The desired inverted U shape of the income pollution path
1s assured by the megativity of the second derivative of optimal pollution with
respect to income. From Condition (i) of Proposition 1 it can be observed that
the higher the fraction of own output exported, the stronger will be the inequality.
Thus the negativity of the second order derivative is guaranteed.

Proposition 2 thus concludes that the impact of import and export is dis-
tinctly different. While import and export affects the level of optimal pollution
in opposite ways, export affects the pattern of the income pollution path in the

desired direction. W

An interesting observation comes forth for the case where both countries ex-
hibit constant returns to scale in the abatement technology. When both countries

exhibit CRS in abatement technology, the optimal pollution function becomes:
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P = oxlmeotfMizanB_faujon (B (ryay + ) My — BJ+1{ 22002 (om)Mh
[9]°2[%)2(C — (L= m)Mi]}  (8a)

With a constant slope for the pollution income path.

9P _ ai(reastfz) a1 821 (ry00482) + l{alag(lfn) o 0432,852(11(1—7—1)}
oM, — A A A A

However with varying degrees of export (1—71) and import ((1—72)) , we find
that the magnitude of the slope can change. With no trade ¢t = 1 andf = land
8871\1;1 in the equation above collapses to a; —af* 87" which is a positive constant.
With no trade, we only observe a positive linear relationship between pollution
and economic growth. In order to capture the impact of trade, we take the

derivative of of 8‘9—]\1;1 separately with respect to 71 and 75. The derivative with

respect to 7 gives:

2 ay By 201_ g pBa g pBa
61\481]3167—1 _ 01(720624'3234(;11 B a1)+l{a1( 7'1)(322 By a2)+a1(a2 iz az)} <
0
The derivative with respect to 7 gives:
9P?  _ as(man+Ba) (ot B —an) | as(en—aflByt) (1-11)(a5?B5% —as)
oM 017 R 2,431 L 2 Xl : ‘H{{alaz TIAC‘:Q S }}§
0

This implies that as countries engage in more and more trade, the slope of
the income pollution path will change. Thus with some combination of 71 and
To it is possible to attain a negative linear relationship between pollution and

economic growth.

1.4.3 The impact of pollution externality on the income-pollution

path

This part of the discussion is raised to distinguish between local pollution
and transboundary pollution. While some pollutants are local, others tend to
infiltrate across boundaries. The degree of infiltration might vary. In some

cases, pollution generated in one country permeates across to others, but the
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degree of permeation tends to go down with distance. In this case the degree
of infiltration measured by [ will be in between 0 and 1. In other cases, the
pollutant generated in one country may completely carry forward to the other
in which case the value of [ will be 1.

I now try to look at how the difference in the degree of permeation affects the
shape of the EKC in the model that I have developed. The pollution function
remains the same as in equation (8):

p = ametBalhoa B (][R9 (ryaz + o) My — B Py

(eeCeaeonlih _(oj02[B]%[C — i (1 - m) M4} (8)

The case of local pollutants: Clearly, when the nature of pollution is
absolutely local, [ = 0, and the second part of the equation will collapse to 0.
This would mean that the shape of the EKC would be determined purely by
the abatement technology of the local country. The existence of trade in this
case will affect the level of pollution, but the curvature of the EKC will remain
just as predicted by the Andreoni and Levinson model.

The case of transboundary pollutants: When there exists pollution
externality (0 <! < 1), it holds two implications for Countryl. First the level
of pollution will be affected and second, there will be an impact on the income-
pollution path.

The first impact that the degree of transboundariness has on pollution is its

level. In order to grasp that we look at the marginal impact of the degree of

captured by [ in the model.

(’?le:' _ azC—aza;‘(l—n)Ml _ [%]ag[%]ﬁg [C _ a1<1 _ Tl)Ml]ag-i-ﬁg >0
This indicates that the higher the degree of externality, the higher will be
the level of pollution.

The second impact that the degree of has is how trade affects the cur-

vature of EKC. With higher degrees of (higher values of ) the dominance of
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the second part of the equation affecting the slope of EKC becomes stronger.

Proposition 3 When pollution is sourced from the production of a consump-
tion good, and when Country 1 engages in trade with Country 2 who exhibits
increasing returns to abatement technology, the higher the extent of external-
ity, lower is the required level of trade to bring about the inverted U pattern in
income pollution path.

Proof.

To begin with, the existence of pollution externality is necessary if the
abatement technology of the foreign country is to have any impact on the slope
of the income pollution path. When pollution externality is 0 in equation (9),
the second part of the equation becomes zero. Thus in that case the only way
that Country 1 can enjoy the EKC pattern is when they have IRS in abatement
technology. Thus the model predictions collapses to that of Andreoni and
Levinson. However, when pollution externality is positive, the impact of
abatement technology of trading country comes into play, and IRS no longer

remains a necessary condition for Country 1.

Neat, the inequality in Condition (i) of Proposition 1 must hold in order to
ensure the EKC pattern in the income pollution path, when Country 2 exhibits
IRS and Country 1 does not. This inequality becomes stronger the higher the
value of 1. Therefore, when the value of I goes up, the value of (1 — 1) can be
brought down to maintain the inequality. I therefore conclude that the higher the
degree of of pollution, lower is the required level of trade in order to maintain

the EKC pattern in the pollution income path.
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1.5 Demonstration of results

From Section 1.4, I reach at three conclusions. First, when country 1 does not
display IRS, by engaging in trade with countries that do, the desired EKC pat-
tern in the income pollution path can be achieved when there exists pollution
externalities. Second, increasing the fraction of Country 2’s output imported
affects the level of optimal pollution where as increasing the fraction of own
goods exported affects the curvature of the income pollution path. Finally, the
higher the degree of pollution externality, lower is the amount of trade required
to achieve the desired result.

In this section, I show some simulation results that reinforce my model pre-
dictions. To maintain clarity, I highlight each of the conclusions as different

cases.
Casel: Country 1 exhibits CRS but Country 2 exhibits IRS

Case 1 looks at situation where Country 1 displays CRS but engages in trade
with Country 2 who displays IRS. For simulation purposes, the values assigned
to the technology parameters are a; = 0.6; 51 = 0.4;a0 = 0.7; and S = 0.5.
Two of the results are highlighted here. One that engaging in trade is bringing
about a change in the pattern of the income pollution path, and second that
engaging in trade is bringing down the optimal level of pollution.

Sans trade, 71 = 1 and 75 = 1, ;—Aljlbecomes (o — af*By") which is a pos-
itive constant, indicating a linear relationship between pollution and economic

growth.
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Fig 1.1: Income pollution path of Country 1 when it experiences CRS
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With income growth and Country 1 engaging in trade, the abatement tech-
nology of Country2 starts to influence the income pollution path of Country 1
for the case of transboundary pollutants. The more country 1 engages in ex-
ports, the value of 71 becomes smaller, and the impact of the returns to scale

to technology of Country 2 becomes more prominent. The model predicts that

oP?
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as long as ag + B2 > 1 < 0 and thus the environmental Kuznets Curve is

represented through trade even though Country 1 displays constant returns to

scale.

Fig 1.2: Income pollution path of Country 1 when it engages in trade
Country1 = CRS, Country 2 = IRS, Withtrade r; =05, 1z =06
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Case 2: Country 1 exhibits DRS while country 2 exhibits IRS

Case 2 portrays the situation where Countryl having DRS chooses to engage

in trade with Country2 enjoying IRS. The model predicts that when Country
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1 does not engage in trade the income pollution path will follow a U pattern
as predicted by Andreon and Levinson (2001). Assuming that a3 = 0.5 and

B1 = 0.3, the simulation results confirm the model predictions.

1. Fig 1.3: Income pollution path of Country 1 when it experiences DRS
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But as country 1 engages in exports, and income growth, the abatement
technology of the trading partner starts to influence the income pollution
relationship. When Country 2 enjoys IRS, let ag = 0.7, 83 = 0.5, the
income pollution path eventually takes a downward trend. Thus, as
predicted in section 1.4, the shape followed by the income pollution path

resembles a sideways mirrored S.

Figl. 4: Income pollution path of Country 1 when it engages in trade
Country1 = DRS, Country2 = IRS, Withtrade 7; = 0.3, 7 = 0.4
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Case 3: The impact of pollution externality

In this part I discuss the final conclusion of the model developed in Section

1.2. The model predicts that abatement technology of the foreign country influ-
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ences the income pollution pattern of the home country only in the case where
there exists positive pollution externality of the foreign country. In other words,
when Country 1 faces transboundary pollution, and Countryl engages in trade
with Country2, the abatement technology of Country 2 will have an impact on
the income pollution relationship of Countryl. The model further concludes
that the higher the extent of pollution externality, the abatement technology of
Country 2 will dominate more even with lower levels of trade.

I discuss the case for when Country 1 has CRS and engages in trade with
Country 2 having IRS. For example, suppose the parameter values assigned to
Country 1 and 2 are oy = 0.6, 51 = 0.4 and as = 0.7, B2 = 0.5 respectively when
[ = 0.6. With 30% exports and 30% imports, the desired shape of the EKC is
not quite achieved.

Fig 1.5: Income pollution path of Countryl when pollution externality is

low
I=0.6

Pollution

: . L L Per capita GDF
2 3 4 5

But when [ = 1, the desired shape can be attained with the same level of

trade. The diagrams below help illustrate the situation:
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Fig 1.6: Income pollution path of Countryl when pollution externality is

high
Countryl = CRS, Country2 = IRS, Withtrade 7y = 0.5, & = 0.5
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The graphs above clearly portray both aspects of the impact of degree of
on the model developed. As the degree of permeation increases, the level of
pollution goes up for country 1. However, higher the degree of permeation,
even if country 1 displays constant returns to scale, it can attain the desired
shape of EKC by engaging in little trade. This conclusion can be extended to
all the cases discussed above. But the gist of the matter remains that the higher

the level of pollution permeation, smaller the degree of trade required to achieve

desired results.

1.6 Conclusion

Economic growth and the environmental quality are clearly intertwined. The
concept of the Environmental Kuznets Curve gives a pragmatic explanation to
the relationship. To that end, Andreoni and Levinson (2001) provide a simple
theoretical model where the technological link between consumption of a desir-
able good and abatement of its undesirable bi-product can be used to explain
the existence of the EKC. However, the necessary condition of increasing returns
to abatement technology that they provide has been questioned in literature.
Whether IRS is always prevalent is a question of doubt. Also the implications
that he draws for those that fail to display IRS is quite desolate. When countries

exhibit constant returns to scale or decreasing returns to scale, the Andreoni
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and Levinson model predict the income pollution path to follow a linearly in-
creasing or U-shaped pattern. Policy implications for such economies would
be to restrict growth in the interest of the environment. Also, in their paper,
Andreoni and Levinson do not find any distinction between local pollutants and
transboundary pollutants. For both type of pollutants their model predictions
remain unchanged.

In this paper, I look at the Andreoni and Levinson model in the presence
of trade. Even though my model conclusions are very much in line with the
findings of the Andreoni and Levinson model, engaging in trade provides with a
way out for countries that fail to exhibit increasing returns to abatement tech-
nology. Along with introducing trade, I introduce heterogeneity with respect to
abatement technology. I look at two possible situation. First, I look at a situa-
tion where pollution is sourced from consumption of a given good just like the
original model. Even though introducing trade in this situation affects optimal
consumption decision, the impact on pollution income path or even the level of
pollution remain unchanged from the predictions of the original model.

As a second exercise, I introduce trade to the case where pollution is sourced
from production of the consumption good. Pollution in general does in fact
source from production in most cases and literature supports that. Also, abate-
ment technology is often applied at the production phase rather than the con-
sumption phase of a product’s life. Therefore, such a deviation from the original
model is completely justified. In this case I find that when nations do not ex-
hibit IRS in their abatement technology, by engaging in trade with countries
that do, it is possible to attain the desirable inverted-U-pattern in the income
pollution path. However, this is possible only in the case where pollution is
transboundary and not when pollution is local.

Therefore, the first contribution of my model is that introducing trade allows
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to draw a distinction between local pollutants and transboundary pollutants.
Second, the model shows that for the case of transboundary pollutants the
pattern of inverted U in the income pollution path can be attained. Thus, when
countries do not enjoy increasing returns to abatement technology, engaging
in trade can enable them to bring about a downward pattern in the income

pollution path with economic growth when pollution is transboundary.
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1.7Appendix

Appendix A

A.1 Solution to Model 3.1

For Country 1:

Utility: Uy = 1C1 + (1 — 12)Co — 1. P (1)

Resource Constraint: My = 71Cy + (1 — 12)Ca + E (2)

Transboundary Pollution:

P=Cy+1Cy — (’7'101 + (1 — TQ)CQ)alElﬁl — l((l — 7'1)01 +TQCQ)Q2E252 (3)

The social planner will want to maximize utility subject to the resource

constraint.
Let z; = 1.

Plugging in the value for (1 — 72)Cs from Equation 2, and substituting the

value for P in Equation 1, the maximization problem becomes:

Up = My — Cy —1Cy — By + (1101 + (1 — 1)) EPY + (M, — Ey)*2 ES?

The FOCs:
% =1- alt(ﬁCl + (1 — 7_2)02)04171E151 =0
9L = 1-Bi(1—7)(mCr+ (1 - 1)Co) B 1 =0

From the FOCS the solution for Country 1 comes to:

_ oauMi—((a1+B1)(1-72)Cs _ BiM,
Cl - 71 (a1+51) and El T o +p

Similarly, solving the models for Country 2, the solutions I get are:

_ asMe—((a2+B2)(1—71)C1 _ BaM>
Cp = T2 (a2 +32) and By = az+B2

Plugging in the optimal value for Cs in Cy, the general solutions for optimal

consumption and abatement efforts are:
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_ meai(as+fe)Mi—(1—m2)az(a1+81) M2 _ B
C1 = (172 —1)(c1+B1)(az2+B2) and Ey = a1 +pB1
. Tla2(a1+B1)M2f(17T1)a1(042+[‘32)1\/11 Ba Mo
Cz = (11472 —1)(c1+B1)(az2+B2) and E as+PB2

A.2 Solution for Model 3.2

For Country 1:

Utility: Uy = 11C1 + (1 — 12)Co — 21 P (1)

Resource Constraint: My = 7C1 + (1 — 72)C2 + En (2)
Transboundary Pollution: P = Cy 4 1Cy — CO EPY — 1CS2 EY? (3)

The social planner will want to maximize utility subject to the resource

constraint.
Let z; = 1.

Plugging in the value for (1 — 72)Cs from Equation 2, and substituting the

value for P in Equation 1, the maximization problem becomes:

Uy =My, —Cy —1Cy — By + COMEP 41052 B>

The FOCs:
9L —1- OB =0
s =1-BOTEN T =0

The optimal decision for Consumption and Abatement Effort for Country 1

comes to:

— aa(Mi—(1—-75)C5) _ B (M —(1-73)C3)
Cr = Tro1+61 and Ey = Tia1+51

By symmetry, the optimal decisions for consumption and abatement efforts

for Country 2 will be:

_ aa(Me=(1=71)C1) _B2(My=(1=71)C1)
Cp = T2a2+S2 and By = Taa2+B2
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Plugging in the optimal consumption decision of Country 2 in place of the

optimal decisions of Country 1, the general solutions are:

CF = ai(reae+Bo)Mi—aras(l—T2) M2 _ B
1 (T2a2+Pf2)(Tia1+p1)—araz(l—71)(1—-72) — A
C* = az(moar+pi)Me—agan (1—71) My _C
2 (T2a2+P2)(T1a1+p1)—araz(l—-71)(1—-72) — A
E* = Bi(rece+B2) My —prag(1—12) M>
L7 (r2az+B2)(rion+B1)—araz(1-11)(1-72)
E* = Ba(m1c1+B1)Ma—paay (1—71) My
2 7 (re02+B2)(tia1+B1)—araz(1—71)(1-72)

Appendix B
Proof of Proposition 2

The optimal pollution function is:

pP— Oél(T2Ot2+,BA2)M1*0413 _ [al]al[ﬂl]ﬁl[(TQQQ +,32)M1 _ B]a1+ﬁ1+

C—()[l(l—Tl)Ml]a2+ﬁ2} (1)

{eatmeaaimnlih - [57) ] )%

Step 1

First I look at the impact of import and export on the optimal level of
pollution.

This can be written in the following way:

aq o8
P= 0= SO (G RO ()

In order to look at the impact of import on the optimal level of pollution,

I take the first derivative of equation (2) with respect to (1 — 7).

oP ac T1B (a1 +B1) ran+B1—1 le; 2B +82) Fraz+Ba—1
o(1—72) 8(17#2)[1 = Ql(fﬁll 1) Cal - ]+l{8(172rz)[1 n 2a2(f[322 = CO‘Z o ]}
oC1 —061(T26¥2+52)[042(7'1a1+61)M2—C¥20¢1(1—T1)M1] _ —01(7'2042-"-/32)0
o(l—m2) — ((reaz+p2)(Tra1+p1)—arax(1—71)(1—72))? - A2
aC
an-rm <0
9Cs _ aqas(l—m1)(ao(riar+B1)Ma—aiaa(1—71)M1) _ ajaz(1—t)C
O(1—72) = ((reas+B2)(Tiar+p1)—araa(1—71)(1—-72))2 (A)?
aC
at-ry > 0

Since Countryl exhibits either CRS or DRS, [1 — alaﬁ}ﬁl Caﬁﬁl '1>0.

g g8
Since Country 2 exhibits IRS, [1 — zz;fgz st < g,
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Thus I conclude that under these circumstances, % < 0. The larger the
fraction of output of Country 2 imported into Country 1, the lower will be the
optimal level of pollution.

Next I look at the impact on optimal pollution of export.

aP__ _ _8C S8 (1 +B1) v +B1—1 ac 52852 (a2 +B2) Faz+Ba—1
o(l—71) — 8(17;1)[1_041 ai:’li}jl - Cill ! ]Jf—l{a(lfil)[]‘_az 02;52 s ng : ]}
9C:  _ aras(l—72)(an(maae+B2)Mi—ajap(l—1o) M) _ ajaz(l—72)B
o(1-11) = ((r2a2+B2)(Tion+p1)—araz(l-71)(1-72))% (A)?
aC
oty > 0
: . aS1BP oy i1
Since Countryl exhibits either CRS or DRS, [1 — —-24-C] ] >0.
04111 1
9Cy  _ —ag(mai+pi)|ai(meas+B2)Mi—aras(1—11)Ma] _ —as(1ia1+B1)B
O(1—-71) = ((rece+B2)(rio1+p1)—araz(l—71)(1—72))? o (A)?
aC
o <0

Since Country 2 exhibits IRS, [1 — zfi cgatimly <,

Engaging in export will increase the optimal level of pollution.

Step 2

Next I look at the impact of export and import on the slope of the income-

pollution path.

M;— —719) M- —
68]\1/1)1 _ 041(T2?t42+ﬁ2)_a?1ﬁf1(al+ﬁ1)(T2a?4+52)[(720¢2+ﬁ2) 1A az(1-72) 2]041—&-[31 1_

l{a1a2541—7'1) _ agzﬂQ‘z(a2 + /6)2)041(1(;7'1) [(T1a1+51)M2A—041(1—7'1)M1]Oz2+52—1}

With a little bit of manipulation, the slope of the income pollution path can

be written in the following manner:

aq (T2 p a;!] fl 1—1 czai(l-71)
o = PG (4 B SR O = 1 (0

o B
Bo) S O3 )

CEED:
0(22‘*'/2

First I look at the impact of import on the slope of the income pollution

path

2 ay 581 . _
e R B O | e e G

Sph +81—1_8C
Br—1)(o + 51)%0? o 8(1,172)}

@ B 2 2
H{aa[—1 + (g + Bo) 22l cgetfet)[aaoelor)ty 4 olm) g, 4 g, —

az+0B2
A

025/32 +B2—1 8
1)(a2+ﬁ2)zzx2+%2 CQOZZ o 6(17%]}
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When Country 1 exhibits CRS or DRS [1 — (a3 + ﬁl)aélf}gl cothTl S o,
(a1 + B1 — 1) < 0 when Country 1 exhibits DRS. % < 0.Therefore, the

first part to the equation above is negative. Since Country 2 represents IRS,

11— (a2+B2)ai2f%2 C52 P21 5 0. (ag+fB2—1) > 0 and ( 25 > 0.Therefore
1{.} is positive. The impact of import on the slope of the income pollution path
is non conclusive.

Next I look at the impact of export on the slope of the income pollution

path.

2 8 « 1irraras(l—71) (e Tou 2
oy = el 450 2 O [l a0 (g

a1 gh
fr—1)(en + 51)#@110(}1%1 ' 53]
2 —71)2 a(l—T1
+{as[~1 + (az + f2) 225%2 CortPerleneelnhy) 4 elomli(a, + B, —

2 2 1
1)(c2 + B2) aiﬁ% Cy2th a(?cil)]}

When Country 1 exhibits CRS or DRS [1 — (a1 + /1) Llf}fl cothTl) s
0.(cn +p1 —1) <0 and 8(1 = > 0.Therefore the first part of the eqution is

entirely positive. {aa[—1 + (ag + 32) QZQE%Q C’O‘ﬁﬁ2 1][[7061&2(1771) 1]

is positive

with only M[(042 + B2 — 1)(ag + B2) zzfgz Cgethal 8(‘?0"; 7 < Osince the
derivative of Cowith respect to (1 —71) is negative. One can thus conclude that

the impact of export on the slope of the income pollution path will be positive.
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Essay 2: Revisiting “The Environmental
Kuznets Curve in a Multi-Country
Setting” in the presence of Trade - the
case of homogeneous technology

2.1 Introduction

That economic growth and the environmental quality of a country are in-
terdependent is obviously apparent. The existence of substantial environmental
resources - be it in the form of clean air and water for subsistence of human life
or in the form of extractable natural resources with opportunities for economic
exploitation - is a critical factor ensuring economic growth. Conversely, eco-
nomic activity is perhaps the most pertinent source of environmental degrada-
tion. With economic growth comes, exploitation of natural resources, increased
production, consumption and hence pollution. At the same time it is also true
that, economic growth itself is a panacea for environmental degradation. With
economic prosperity comes a nations willingness and ability to invest in and
care for environmental resources. How economic growth effects the environ-
ment is a debate that dates back to as early as the early 1970s. Meadows et al
(1972) published a report titled “The limits to Growth” where they concluded
that different natural resources would be depleted with economic growth and
even went as far as to predict possible depletion dates for them. Cole (1973)
vehemently criticized the report claiming that economic growth would bring
forward technological innovations that would relax the constraint on economic
resources. Thus while some economists focused on the constraint that economic
growth posed for natural resources, others saw economic growth as a mandatory
engine for the betterment of environmental quality.

Along the latter line of thought, in the early 1990s a group of economists

conducted empirical studies on a number of pollutants and came up with the
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conclusion that while the early stages of economic growth cause pollution to rise,
further economic growth causes pollution to go down (Grossman and Kreuger
(1991), Shafik and Bandyopadhyay (1992), Panayotou (1993)). Such a pat-
tern in the income-pollution path was termed as the Environmental Kuznets
Curve (the EKC), named after Kuznets (1955) who observed a similar pattern
in income inequality and economic growth.With the advent of the EKC, several
studies to analyze the concept followed and is continuing till today. While some
studies were empirical, looking for the proof of the existence of the EKC on
different pollutants, others were more theoretical attempting to give structure
and hindsight behind the empirical evidence. A detailed summary of the dif-
ferent scope and work done in the area is included in the following section, the
literature review.

The discussion of the environmental quality, however, cannot be restricted
within the boundaries of a given nation - simply because no boundary can be
drawn upon the environment! To begin with, a lot of the resources of the
world are shared property - the maintenance of which require cooperation of all
parties involved. The ocean resources for example. Second, pollution generation
involves externalities. Thus pollution generated in one country can permeate
into the borders of the neighboring countries as well. Air pollution and water
pollution are common examples. Finally, actions of individual countries can
have an impact on the whole world. Example: global warming and climate
change. Thus, economists today realize that there exists a certain amount of
pollution interdependence among countries and a need to analyze the existence
of pollution externalities or global pollution.

Some work can be found on the topic in literature. For example, Andreoni
and Levinson (2001) develop a static model where they show that the existence

of the EKC can be explained by a simple technological relationship between the
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consumption of a desirable good and abatement of its undesirable bi-product.
They later expand their model to the multi-country case to account for pollution
externalities. They conclude that when pollution is sourced from consumption,
individual countries’ optimal decision remain unchanged with the introduction
of externalities. Thus, in their model, Andreoni and Levinsion find no distinc-
tion between the single-country and multi-country framework. On the contrary,
Gill et al (2017) write that the pattern of the EKC is more applicable to local
pollutants and not so much for transboundary pollutants. They therefore ar-
gue, that even though the advanced economies of today have followed the EKC
pattern in their growth process it is a dangerous route for the less developed
economies of today. If the developing countries of today continue to contribute
to the global pollution irreparable damages may be caused to the environment.
Developing countries of the world today should thus follow a plan other than
the one proposed by the EKC.

In this paper I build upon the discussion of transboundary pollution by in-
vestigating it in the presence of trade. In their analysis of The Environmental
Kuznets’s Curve, Diamantoudi and Filippiadis (2012) propose a multi-country
model for the analysis of the existence of the EKC in the case of global pol-
lutants. The consideration of global pollutants, allows for capturing the in-
terdependence in countries’ pollution decision thus posing the possibility of a
pollution game. They show that in the case of global pollutants there is a scope
for pollution substitution among countries. In this paper, I build upon their
model by introducing trade to the equation. The justification behind such an
extension is that trade too allows for interdependence in pollution decision. In
addition to capturing the negative impact of pollution externality (captured in
a model with global pollutant) trade allows for capturing the positive impact

through a wider range of consumption possibilities. I therefore argue that the
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pollution/production decision of one country effects others in two ways: first
a positive affect by allowing for a wider range of consumption possibilities and
second a negative effect through pollution generation and externality.

I have carried out a similar task in my first paper, where I introduced trade
as an exogenous variable to the Andreoni and Levinson (2001) model. However,
the objective of the two exercises are distinctly different. In my first paper the
objective was to assess if by engaging in trade the assumption of increasing re-
turns to abatement technology remains a necessary condition for the existence
of the EKC pattern in the income-pollution path of a country. In this paper
the focus is rather on the scope for pollution substitution. Thus by introduc-
ing trade, I assess the impact on the scope for pollution substitution, optimal
pollution and the shape of the EKC. By the way of the model is set up, IRS is
not a condition dictating the shape of the EKC in this case. For simplicity, in
this paper, I maintain that the abatement technology of the two countries are
homogeneous. I later relax this assumption in my third paper.

The discussion of international trade and the EKC is not new in literature.
In fact, in the past theories have been posed where international trade is one of
the factors causing the downward shift of the income-pollution path as proposed
by the EKC. For example, Arrow et al (1995) postulate that as economies grow,
they cease the production of certain dirty goods - the demand for which however
prevails. This demand is fulfilled by importing the dirty goods from the less
developed economies. Suri and Chapman (1998) suggested that as countries
grow, they transfer the dirty industries to the developed world. These models
are however limited to the discussion of local pollutants. There is not much
literature on EKC covering the role of international trade on transboundary or
global pollutants.

By introducing trade to the Diamantoudi and Filippiadis model, I also cre-
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ate a distinction between local pollutant and transboundary pollutant in the
model. The model developed by Diamantoudi and Fillipiadis (2012) focused
solely on the case of global pollutant as that was the avenue through which they
created interdependence across countries. By introducing trade to the model,
I have opened up a second scope of interdependence. I show that when trade
exists across nations, there is still a scope of pollution substitution even when
pollutants are local.

A point to note is that in the model, I have kept trade as exogenous to
the model. The reason for that is that the objective of the paper is not to
explain why or how much trade countries engage in. Rather the objective is
to observe how varying the degree of import and export affects the optimal
pollution decision and the income pollution path of a country. It also observes
how engaging in export and imports creates a scope for pollution substitution
among trading nations.

From the results, I find that engaging in trade does create a scope for pollu-
tion substitution for global pollutants as well as for local pollutants. Engaging
in imports makes the scope for pollution substitution stronger. Engaging in
exports can also make the scope for pollution substitution stronger under cer-
tain circumstances. Also, higher the degree of pollution externality, higher will
be the scope for pollution substitution. For the impact on optimal pollution,
the model concludes that engaging in imports can allow a country to reduce its
optimal pollution. This, however, is true only for the case of local pollutants.
For transboundary pollutants, engaging in imports also increases optimal pollu-
tion levels. The inverted U shape in the pollution-income path can be retained
even after countries engage in trade for both local pollutants as well as global
pollutants. However, for the case of local pollutants, engaging in imports shifts

the EKC down, indicating that at every level of income, a country pollutes less
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while following the EKC pattern in their income pollution path. For the case
of global pollution, the EKC shifts upwards when countries engage in imports
and exports. For both local and transboundary pollution, the model finds that
when countries engage in exports, the turning point of EKC shifts outwards,
but the shape of the EKC is retained.

The rest of the paper is organized in the following order. Chapter 2.2 pro-
vides with the literature review. The model is presented in Chapter 2.3. The
comparative static analysis is conducted in Chapter 2.4. Chapter 2.5 presents
with a graphical display of the results found in Section 2.4. Finally Chapter 2.6

provides the conclusion.

2.2 Literature Review

Even though the discussion of the relationship between economic growth
and the environmental quality dates back a long time, the actual advent of
the concept of the EKC occurred in the early 1990s. The EKC traces out a
simple and pragmatic relationship between economic growth and environmental
quality, where it postulates that with the early stages of economic development
pollution rises and with further economic progress pollution eventually declines.
Such a relationship was first proposed by Grossman and Kreuger(1991) in his
report on the potential impacts of the NAFTA and quickly strengthened by
Shafik and Bandyopadhyay (1992) in their background study for the 1992 World
Development Report. A similar pattern among income inequality and per capita
income was observed and explained by Kuznets in 1955 who called it the Kuznets
Curve. In 1993, Panayoutou picked up on this idea and suffixed the term with
‘Environmental’ to give rise to the term - the Environmental Kuznets Curve.

Initial work on the literature of EKC was largely empirical. Selden and Song

(1994) have confirmed the inverted U pattern in the income pollution path us-
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ing a cross-national panel of data on emission of four air pollutants namely
suspended particulate matter, sulfur di-oxide, oxides of nitrogen, and carbon
monoxide. However, they predicted emissions to decrease only in the very long
run with rapid growth of global emissions to continue for several decades. Gross-
man and Kreuger (1995) also examine the relationship between per capita GDP
and four environmental indicators and conclude in favor of the existence of the
EKC. They further provide with some economic intuition for such a pattern.
They explain that first, with growth more stringent environmental policies are
adopted as with economic progress, non economic aspects of life such as a clean
environment become more desirable for economic agents. Second, as economies
grow they cease to produce some of the dirtier products and start to import them
instead. Finally, with time and learning from the experiences of the wealthier
countries, countries may adopt cleaner technologies.

Because of its pro-growth intuition and important policy implications the
EKC gained large popularity and much work has been done towards developing
models to explain the relationship. Arrow et al. (1995) pointed out that the
shape of the EKC can be explained by the natural progression of an economy
from clean agrarian society to polluting industrial economies to clean service
based economies. A lot of models have been developed to explain the shape
of the EKC with each making a set of assumptions. A first group of models
exist that argue that economic development brings about changes in preferences
and with economic prosperity comes a rise in the demand for a clean environ-
ment. Example: Lopez (1994), John and Pecchenino (1994), Jaeger (1998).
Jeager(1998) shows that low levels of economic growth portray low levels of pol-
lution at which point consumers marginal benefit to additional environmental
quality is zero. Therefore, at this stage, lower pollution does not lead to reduced

utility. However, with growth and increased pollution, consumers become sen-

43



sitive to increased pollution.

Another group of economists pointed out that with economic development
some constraints become non-binding, adoption of which lead to a decline in
the level of pollution. For example Stokey (1998) model that in the beginning
countries use the dirtiest technology. With economic development, when cleaner
technologies become economically feasible, adoption of cleaner technologies lead
to a decline in pollution. Lieb (2001) generalizes Stokey’s model arguing that
satiation in consumption is needed to bring about the EKC.

The models discussed above are all single agent models. In reality pollu-
tion decisions often involve more than one country. Realizing this a group of
economists tried to explain the shape of the EKC through international trade.
Example Arrow et al. (1995), Suri and Chapman (1998) and Copeland and Tay-
lor (2001). The gist of argument in all these papers propose that with economic
development, dirty industries get relocated to the developing world. The views
presented in these papers are rather pessimistic or non sustainable in the sense
that as all the economies of the world grow, there won’t remain a poor country
to turn to.On a more positive note Dean (1999) find that trade liberalization di-
rectly aggravates environmental damage via its influence on the terms of trade,
but indirectly mitigates it via its effect on income growth. Holladay (2008) look
at the impact of trade liberalization on the environment. He focuses on two
distinct sources of pollution - pollution from consumption and pollution from
production, and concludes that pollution from consumption increases where as
pollution from production decreases after trade liberalization.

Introduction of trade opens up one aspect of interdependence among coun-
tries in the sense that pollution can be substituted by transferring pollution
elsewhere. There still remains another important aspect of pollution - that of

externality. Seldom, pollution generated in one location is restricted to that
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location alone. Pollution often infiltrates across boundaries thereby creating
another source of interdependence among countries. With advancement in the
literature of the EKC focus changed to incorporate transboundary pollution into
the discussion.Andreoni and Levinson (2001) develop a static model where they
show that the existence of the EKC can be explained by a simple technological
relationship between the consumption of a desirable good and abatement of its
undesirable bi-product. They later expand their model to the multi-country
case to account for pollution externalities. They conclude that when pollution
is sourced from consumption, individual countries’ optimal decision remain un-
changed with the introduction of externalities. Thus, in their model, Andreoni
and Levinsion find no distinction between the single-country and multi-country
framework. On the contrary, Gill et al (2017) write that the pattern of the
EKC is more applicable to local pollutants and not so much for transboundary
pollutants. They therefore argue, that even though the advanced economies of
today have followed the EKC pattern in their growth process it is a dangerous
route for the less developed economies of today. If the developing countries of
today continue to contribute to the global pollution irreparable damages may
be caused to the environment. Developing countries of the world today should
thus follow a plan other than the one proposed by the EKC. Diamantoudi and
Filippiadis (2010) extend upon the Stokey (1998) and Lieb (2004) model by
introducing global pollutants. In so doing, they bring into focus the possibility
of pollution substitution among countries. Filippiadis (2014) again extend upon
their work by introducing a dynamic setting to the multi-country model. He
questions the certainty of existence of the EKC pattern in the income pollution
path and argues that such as existence depends upon the initial stock of physical
capital and the total factor productivity of a country as well as the in between

interaction between the two countries.
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In summary, the models discussed do not confirm the existence of an EKC.
All the models give a set of parameters or restrictions within which the EKC
exists. In this paper I have thus selected an existing model that successfully
traces the existence of the EKC under a rich set of parameters and then see
how the model predictions change when introducing trade to the discussion.
Two forms of inter-country interdependence has been identified in the literature
of the EKC. One in the form of trade, and another in the form of pollution
externality. However, the two interdependencies together is yet to be investi-
gated. By introducing trade to the Diamantoudi and Filippiadis (2010) model,
I bring the distinct discussion of interdependency through pollution externality

and that of trade under one umbrella.

2.3 The Model

Analyzing the impact of trade in an n country framework is complicated.
To maintain the tractability and analytical clarity of the model, I limit my
discussion to a two country case. I assume there are two countries,i € {1, 2} each
producing a single commodity. Each country retains a fraction of its production
for own consumption 7; for i = 1,2, and exports the rest to the other country.
The goods produced in each country generates pollution z; as a bi-product of
the production process. For each country ¢ a social utility function is linearly
separable in consumption and pollution and is given by:

Vi = ui(er, c2) — hi(lizy + laxs) (1)

where u; is a country specific utility function, twice continuously differen-
tiable, that is increasing and concave in consumption ¢; and cg.h; is also twice
continuously differentiable, convex and rising x1 and x2 and captures the nega-
tive utility of each country associated with pollution. The term I; € {0,1} cap-

tures the extent of pollution that Country 7 is exposed to. For the own country
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the value of I; will always be 1 as the pollution generated in own country will
affect the country in question. For the foreign country, the value assigned to
l; can be 0 or 1. A value of 0 means that the pollution generated in the other
country is local and a value of 1 would mean that pollution generated in the
other country is global.

Let the country specific utility function take the form:

¢ — gBctife; < 5
U; =

%ﬁ, otherwise
with 8 > 0.8 is the risk aversion indicator. The higher the value of 3 the

more risk averse a country is.

hi = (21 + lowy)?

with p € R4 is a scale parameter capturing how pollution is perceived by
country 4.

Output in country 7 is represented by the following production function:

q = yio(z;) = yi g

where y; is the potential output of country 7 when the dirtiest technology is
used. o(x;) is a technology index that converts potential output in to quantities
ready for consumption. Z; is the maximum pollution of a given country. The
assumption in the model is that pollution is bounded from above by T;. x; is
the level of pollution generated by country ¢ when producing quantity ¢;.Clearly,
the maximum value that o(.) can take is 1, that is the current level of pollution
is at the maximum permissible level, and therefore y; is the potential output
when the dirtiest technology is used. Let the upper bound to pollution be an
increasing function of income such that:

T=ye,  ae(0)

ys* represents the technology relating to the abatement of pollution. The
higher the level of technology, the lower will be the value of . One can even

view this as a policy parameter where a country with more strict environmental
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regulations will maintain a lower value of «.

So far the model set up is quite similar to that developed by Diamantoudi
and Filippiadis (2012). As a point of departure I introduce trade to the model.
As explained earlier, each country retains a fraction of the output ¢; for its own
consumption and exports the rest to the foreign country. Given that 7; captures
the fraction of own output that each country retains for itself, the consumption
set for the two countries become:

1= Tl&ll% +(1- Tz)y2;—§ for Country 1, and

co=(1- Tl)ylg—lé + TQyQ% for Country 2.

Under such a framework the maximization problem faced by the social plan-
ner of Country ¢ =1 is:

Vi= [lel%Jr(l*Tz)yz%]*§[71y1%+(1*72)y2%]2*§($1+12$2)2 (2)

The first order derivative of equation (2) above gives the optimal pollution

decision for Country 1:

1—a 1—a, 1-a
T1Yy Bri(l—12)y; "y~ “+lap)za .
L — — ifxg >
£, = (BT2y; > +p) (BT2y; > +p) 1fz2 > ¢

Yy, otherwise

1—« [e% 2, 2—2a
. _ my; C—yr (Briy +p)
withg = 2L SV = e

lap+Bm(1—T2)y1  “vs

Pollution decision of Country ¢ = 1 depends upon own income and param-
eters as well as the income and pollution decision of Country ¢ = 2, and the
degree of trade. In the following sections the implications of each of them are

investigated more closely.

Proposition 4 When countries do not engage in trade the nature of interde-
pendency among pollutants can be captured only for the case of global pollutants.
Introducing trade into the model allows for capture of pollution interdependence
for the case of local pollutants as well as global pollutants. Engaging in imports
makes the scope for pollutions substitution stronger. Engaging in exports makes

the scope for pollution substitution strong under specific conditions.
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Proof. To assess the scope for pollution substitutability I take the derivative

of optimal pollution of Country i = 1 with respect to the pollution of Country

1 =2.
dz1 _ _ (Bri(1—m2)y; “ys” “+lap)
Oz (B2y7 " +p) <0 (4)

The negative sign in the derivative suggests that there is scope for pollution
substitution between nations. Note that absent trade, i.e 1 =1 and 2 = 1, a
scope for pollution substitution exists only when there is global pollution (I3 =1).
But when countries do engage in trade, (0 < 11,70 < 1) there is a scope for
pollution substitution between trading nations even when the nature of pollutants
is strictly local (i.e, | =0).

I now investigate the impact of trade on the degree of pollution substitution.

First the impact of imports:

Oz (Briyi “ys +lap)
9720(1-72) — g, <0 ()

Thus the larger fraction of output of Country 2 that Country 1 imports, the
stronger the scope of pollution substitution. Intuitively, rather than producing
goods at home, if a country wishes to engage in imports, (the production of which
generate pollution) , the level of pollution at the home country can be reduced.
This conclusion holds for both the case of local pollutants as well as for global
pollutants. Also, the higher the income of the foreign country, stronger will be the
scope of pollution substitution through imports. Finally the higher the pollution
perception at home, the weaker will be the scope of pollution substitution through
1mports.

The impact of exports on the possibility of pollution substitution is however

less obvious. Taking the derivative with respect to T gives:

0%y _ By “[Bri(1=m2)y? "y, " —p(l=m2)(1=T1)ys~ “+2l2pTiy; ] (6)
Ox20T1 (ﬁleyffzaqu)z

When the value to equation (6) is positive, it means that the lower the value

of 71 (the higher the value of (1 —11), the stronger will be the scope for pollution
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substitution. This will be true for the following conditions.

When pollutants are strictly local (1o = 0), equation (6) will be positive if

> A= E ()

Thus when pollutants are local, the higher the income of Countryl, engaging
in export will make the scope of pollution substitution stronger.

When pollutants are global (1o = 1) the following conditions ensure the pos-
itivity of equation 6.

2lzpTiy; -
v < [t s ()

When the condition above is not satisfied, equation (6) will take a negative
value, meaning that the more Country 1 engages in exports, the weaker will be

the scope for pollution substitution through exports m

Also, the extent of pollution externality also has an affect on the degree of

82 . .
= = _BrfyfliQ“er < 0 meaning that the higher the

pollution substitution
degree of pollution externality of Country 2, the stronger is the scope for pol-
lution substitution. The higher the income of the foreign country, the stronger

will be the scope of pollution substitution.

2.4 Comparative Statics
2.4.1 The Symmetric Case

Suppose the two countries are identical with respect to income as well as
other parameters. Note that under such a circumstance, the justification for
engaging in trade becomes weak. However, such an exercise is necessary to
set the benchmark and thereby make further investigations (for example the
asymmetric case) more tractable. One can think of this as a case where there
are two countries, similar in income and other parameters, but producing two

different commodities. The justification of trade in this case lies in the appeal to
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increase the composition of consumption possibilities. Given that, the optimal

pollution for the symmetric case solves as follows:

11—«

* T1Y
= BleQ’z“(}H#*(l*Tz))JrQP (7)

where z* = z}.

So long as the optimal pollution z* < Z, the optimal
pollution-income path follows the inverted U-shape where

dz™* : B +(1-72) \— 5=
e > 0,ify < (Printliml) e

7 (8)

oz* .
Dy < 0, otherwise.

Bri(ri+(1—72)) )f N )

where the turning point of income will be at yr, = ( o

Trade clearly has an impact on the turning point of the EKC.

dyrp _ 7(( 1 ))((5(271+(1*72)))(571(71+(1*72)))(*ﬁ*l) <0 (9)

oTy 2—2a 2p 2p

Thus the higher the value of 71 (the lower the level of exports), the earlier
will be the turning point of income. Engaging in exports, will therefore push
the turning point of income outwards. This may not be entirely undesirable.
For even though, the turning point occurs at a higher level of income, engaging
in exports expedites income growth and may thus allow for the opportunity to

reach that higher income at a faster rate.

T 7'12 T1(1—T -
s = — (L)) () (Aripi=m)Cam =D <0 (10)

The higher the fraction of output imported, the lower will be the turning
point. By engaging in imports, countries can bring the turning point of EKC for-
ward. Thus it shows, that the shape of the EKC is retained even after countries
engage in international trade. Engaging in imports will also reduce the optimal
level of pollution as ﬁ < 0. Thus when countries engage in international
trade, a combination of imports and exports will bring forth a desirable impact
on the EKC of the country.

Note that the shape of the EKC is retained both in the case of local pollutants
(I = 0) and when there exists pollution externalities (I > 0). However for the

case of transboundary pollutants, engaging in imports will bring forward the

turning point faster than the case of local pollutants.
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Clearly g—g < Oand g—’; < 0 stating that the more risk averse the agents of

a country are and the higher the perception of pollution is respectively, the

optimal level of pollution will go down.
2.4.2 The Asymmetric Case

I now check the model for the asymmetric case. As a starting point, I main-
tain asymmetry with respect to income . I now look at the case where there
are two countries each having a different level of income. I also state that the
pollution generated in the two countries can vary, i.e they can either be local or
global. To maintain the tractability of the model, I maintain that the model is
symmetric with respect to all other parameters, i.e, a representing technology,
B representing the degree of risk averseness, and p capturing perception of pol-
lution. As the technology of the two countries are assumed similar, I maintain
that pollution will either be local or global. In either case l; = lo. Solving the

model in this manner gives the following optimal pollution for country 1:

Oaifyl <¢

o1y *+BTiT2 (22— Dy “y3 >

] = - — e, U f %
! PBTRYL P pBTRy; P24 Bimima (Tt —1)y; Ty 0 f
11—
y .
P+Bly272a yify2 <
1
Y1 > ¢, andyy > 1)
with ¢ = | lp o ]lia y2 and ¥ = | lp s ]1la Y1-
TLp+BTI(TE +T2—1)yy Top+BT2 (T HT =)y

When y; < ¢,optimal pollution is zero. This is because the domestic country
is so poor that they are not able to engage in modern production of pollution.
The same is true for the case of the foreign country when their income is below
the thresh hold level. In the equation above, ¢ and 1 are the thresh hold of
income of Country 1 and Country 2 respectively. Below the threshold it is not
possible for a country to engage in modern production/pollution. Note that in
either of these cases, countries will obviously not engage in trade, and at the

interior the optimal pollution decision for domestic country will be 0 when it is
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the poor country and y%fo‘ when Country 2 is the poor country.
At the interior, the optimal pollution holds different implications for local
pollutants and transboundary pollutants. The following sections interprets each

of the scenarios separately.
2.4.2.1 The Case of Local Pollutants

In this section I look at the impact of trade on the optimal level of pollution

and the shape of the income-pollution path when pollutants are strictly local.

Proposition 5 Engaging in import can enable Country 1 to reduce the level
of optimal pollution so long as y1 > (%)ﬁ,and (1 —-m) < 3/4.
However, if Country 1 is to maintain the FKC pattern in the income pollution
path, engaging in exports will raise the optimal level of pollution.

Proof. When the pollutant generated in both countries are strictly local, the

optimal pollution decision comes to:

. _ priy; B2 (2ma—1)y; "33 _ A
Ty = R > 2%, 2. a2 2=%a,2-2a — B (]-1)
PBTIYL T HpBTSys T+ +BETiTa(Ti+T2— 1)y "y,

In order to look at the impact of trade on the optimal level of pollution, I

look at the impact of import and export separately. First, the impact of imports:

dx} _ B(Bri(dm2—1)y; “y3 **)—A(2pBrays **—B(ri—2mma—1H)yi *“y3 %) (12)
Oty 2

If Country 1 wishes to reduce optimal pollution through increasing the frac-
tion of output of Country 2 imported, equation (12) must be positive. A positive
value indicates that as 7o goes down, (1 — 13) goes up, and the optimal level
of pollution goes down. Since xi > 0 it must mean that A > 0 and B > 0.
Therefore the derivative will be positive for (811 (47 — 1)yi~ “y3 >*) > 0 and
(208123 2% — B(11 — 21T — T2)ye 2*y3 2*) < 0. These conditions are met
when (1 —12) < 3/4 and y; > (%)ﬁ.When these conditions are
not met, the derivative above can take a negative value indicating that increas-

ing the fraction of output of Country 2 imported will raise the optimal level of

pollution.
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Next, I look at the impact of export on the optimal level of pollution. The

derivative of optimal pollution with respect to export gives:
dxy _ B(py, “+Bm2(2m2— Dy “y3 %)
67‘1 - B2

_A(2pﬁ‘r1yf_2a+ﬁ(2‘rzt+‘r§77'2)2/%_20‘1};_2@) (13)
B2

Again, a positive value of equation (13) would indicated that reducing the
fraction of 71 and thus raising the share of (1 — 1) will raise the share of op-

timal pollution. This is possible when pyi~* + Bra(272 — )yt~ “y3 > > 0 and

20811y 2 + B(2TiTe + TE — T2)yP 25 2 < 0. These set of inequalities are
1 1 . .
met when (m)%za > yp > (#@_T@)%?a, Such a restriction on

yo will hold so long as 71 < 1/4. For larger value of 11 the restriction will become
weaker, meaning that engaging in export will in fact raise the level of optimal
pollution. Thus the set of conditions under which engaging in export can reduce
the level of optimal pollution is quite tight.

Next I turn to the discussion on the shape of the income pollution path. The

2 %
%;21 < 0. The derivation
J1

path will follow the desired inverted U pattern, only if
is quite complex and is included in the Appendix. but the set of conditions that
ensures the negativity are yo > (m)ﬁwith (1 — 1) > 1/2. Thus we
see that the condition conflicts with the condition set to ensure the positivity of
the deriwative of optimal pollution with respect to T1.

I therefore conclude that when countries engage in trade in a way so that the
inverted U pattern of the EKC' is retained, engaging in import can reduce the

optimal level of pollution, but engaging in export will raise it. m

The conclusions of Proposition 5 are in line with the conclusions of the
findings of the symmetric analysis. In the symmetric analysis we found that
import is likely to reduce the optimal level of pollution and bring forward the
turning point of income. Export is likely to push the turning point outward. For

the case of local pollutants, I also find that it is possible to substitute optimal
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pollution by engaging in imports. The case for exports is a bit more complicated.
Under the conditions specified, engaging in exports will raise the optimal level
of pollution. However, overall, after engaging in trade the desired EKC pattern

is retained when pollutants generated in both countries are strictly local.
2.4.2.2 The Case of Global Pollutants

I now turn focus on the impact of trade when the nature of pollutants are
global. When both countries emit pollutants that are global, the optimal pol-

lution decision becomes as follows:

pT1Y] * —pTays T “+BTiT2 (2T~ 1)y " *ya 2 _
PBTEYT P HpBTIYy T HpBRTITa—Ti—T2)yy Ty OB (mTiATiTe—TiTa)yl Tyy 0T

S (19

*
Ty =

Since the optimal level of pollution is positive, it must mean that C > 0 and
D > 0. However, in this case, the impact of import and export on the optimal
level of trade and the shape of the income pollution path become less straight

forward.

Proposition 6 FEven though the shape of the EKC can be retained when coun-
tries engage in trade, the impact of import and export on the optimal level of
pollution will be positive. That is, engaging in import and export may result
in higher levels of pollution even though the shape of the income pollution path
follows the inverted U pattern.

Proof. For the shape of the income pollution path to follow the inverted U pat-
ten, the second derivative of optimal pollution with respect to income must
be megative. This condition is satisfied if the following restrictions are met.

The first set of restrictions are on the level of income of the two countries:

Pszéfa
t(BriT2(2m2—1)ys > +p

y1 < ( )ﬁ , and yo > (m)%l?a. The second set of
condition is on the level of trade. Compared to local pollutants, in the case of

global pollutants (1 — 1) should be less than 1/2 in order to maintain the shape
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of the EKC. Also (1—711) > 7 with 71 < % Another additional requirement
is that the value of a should be less than 1/2. This means that the level of tech-
nology should be relatively more advanced if trade among countries is to ensure
the shape of the EKC. A detailed workout of the second derivative of optimal
pollution with respect to income is included in Appendix.

Next I analyze how engaging in import will affect the optimal level of pollu-

tion. The derivative of optimal pollution with respect to To is given by:
8z} _ Dl[—py; “—Bri(dra—1)y; “y5 %]
Ote D?

_ CB2prays P 4p(2mi—D)y; %y “+BRmimetri—T)y 2yl %0 (15)
D2

For engagement in import to reduce the level of optimal pollution, equation

1

tive. o S o L

(15) should be positive. This will happen when y; > (—67172(2@—1)3;;’“ )T== and
l-—a

ya < ( pU=271)y,; 2,20)1*1% Comparing this to the set of restrictions

2pm2+B(2T1T2+TE—T1)Y;

previously set for the EKC pattern of the income pollution path, we see that
these set of restrictions violate the ones previously set. Therefore, when countries
engage in imports in ways that ensures the EKC pattern of the income pollution
path, engaging in import will raise the optimal level of pollution.

How engaging in exports will affect the optimal level of pollution is given by

the deriative of optimal pollution with respect to 7. This is given by:
9z} _ Dlpy; “+Bm2 (22— Dy, “y3 "]
67’1 - D2

Cl2pBriy; > +pB(2r2—1)y;” "y " +B>ma(1-m2)y *"y5 ] 16
_ oy 16)

The set of conditions that will ensure the positivity of equation (16) are: y; <

p(1—=212)yy " 1 1 . .
( 2= ) T and ya < ( )2=2=". Again the condition

p
P21 +B (T 421172 —T2)y; = \Bra(1—272)
placed upon the income of Country 2 that ensures the shape of EKC is violated

if we seek for positivity of equation (16).
1 therefore conclude that for the case of transboundary pollutants, even though

engaging in trade will still retain the shape of the EKC in the income pollution

path, it will likely raise the level of optimal pollution. ®
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From the conclusions of the asymmetric case, Proposition 4 and Proposition
5, T conclude that engaging in trade will retain the shape of the EKC even
though the turning point may get affected. However, the impact of trade is
more favorable for the case of local pollutants than for transboundary pollutants.
For the local pollutants the shape of the EKC is retained. At the same time,
engaging in imports can reduce the level of optimal pollution although, engaging
in export is likely to raise it. For the case of transboundary pollutants, I find that
even though the shape of the EKC is retained after engaging in trade, engaging
in imports and exports both are likely to raise the optimal level of pollution.
Therefore, even though countries face the prospect of reduced pollution with
economic growth, they do it with the risk of higher pollution at any given level

of income when they engage in trade.

2.5 Demonstration of Results

Section 2.4 chalks out the impact of trade on the optimal level of pollution as
well as on the income pollution path of a country when pollution is local and for
when it is global. In this section I carry out a simple simulation exercise to give
a graphic representation to the claims of Proposition 5 and 6. The parameter
values are selected as per the conditions set up by the model, the relative income
of the two countries are set on the basis of the boundaries set by the proposition.
The parametric restrictions set by the models are: o € (0,1); 8 > 0; and
p € R, . Just for a quick recap, « is a parameter capturing the level of abatement
technology. The lower the value of «, better is the abatement technology. A
measures the risk averseness of agents, with higher values of 8 signifying more
risk averse individuals. Finally p measures the pollution perception with higher
values of p indicating a higher degree of dislike for pollution. For the simulation

exercise, the parameter values that I consider are: o = 0.5; 5 = 2; p = 3. The
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value for « is deliberately selected to measure a country with average technology.

It is assumed that the agents are risk averse, and the pollution perception is

quite high. With this framework, I proceed to look at the simulation results.
First I look at the impact of import and export on the optimal level of

pollution when pollution is local as well as when pollution is global.

Table 2.1 : Impact of Import and Export on the Optimal Level of Pollution

Local Pollution | Global Pollution

Impact of Import

Impact of Export

Table 2.1 above showcases the claims made in Proposition 5 and 6 on the
impact of export and import on the optimal level of trade. The graphs above
are based on simulated values. The chosen parameter values are already stated
above. The values assigned to y; and ys are 3 and 1 respectively. Again these
values are within the ranged specified by proposition 5 and 6.

In proposition 5 we see that for the case of local pollutants engaging in
import will reduced optimal pollution as long as (1 — 72) < 3/4. The graph
above shows that engaging in import is declining the optimal level of pollution
when the level of import is lower. It is also claimed that engaging in export
will reduce the optimal level of pollution so long as 7 < 1/4. Again in the
graph above it is shown that when the value of 71 is relatively high, engaging in
export is increasing the optimal level of pollution. The optimal level of pollution
is going down with higher values of export or lower values of 7. Thus it is shown

that the claims made in proposition 2 hold for this set of simulation exercise.
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Proposition 6 claims that when the income of the two countries are within a
certain range, engaging in trade will increase the optimal level of pollution even
though the shape of the EKC will be maintained. The first part of the claim is
shown in Table 2.1 above where it can be seen that engaging in both exports
and imports increases the optimal level of pollution. How trade will affect the

shape of the income pollution path is demonstrated in Table 2.2 below.

Table 2.2: Impact of Trade on the Income-Pollution Path

Local Pollution | Global Pollution

|
] q -y
No Trade } S e - O

With Trade l— A

Table 2.2 above shows the impact of trade on the shape of the income pollu-
tion path for both the case of local pollutants as well as for global pollutants. All
of the claims made in Proposition 5 and 6 are confirmed through this simulation
exercise. First of all, whether the nature of pollutant is local or global, engaging
in trade allows for the income pollution path to follow the desired EKC pattern.
Second, for the case of local pollutants, the shape of the EKC is retained at
lower levels of pollution when countries engage in trade. For the case of global
pollutants, the shape of the EKC is retained after trade, but it is so at the cost
of higher levels of pollution.Engaging trade therefore is beneficial for the income
pollution path. However, it is more so for the case of local pollutants than for

global pollutants.
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2.6 Conclusion

The concept of EKC draws out a pragmatic relationship between pollution
and per capita income that poses critical guidelines for policy developments.
Even though a lot of work has been done in literature, the existence of the EKC
remains doubtful. Most models that successfully draw out the existence of an
EKC, do so under set of parametric restrictions. In order to see the impact of
trade on the existence of EKC, in this paper, I have chosen a model that sets out
the existence of EKC under a rich set of parameters, and introduced trade to
the picture. Trade plays an important role in the discourse of economic growth
and environmental quality. To begin with, trade allows agents with a wider
range of consumption possibilities. Also, trade allows for a scope for pollution
substitution through imports. Finally, when the nature of pollutants are global,
interdependence among countries with respect to pollution generation increase
when trade is brought into the equation.

The Diamantoudi and Filippiadis (2012) model that I have chosen develop a
model for global pollution in order to capture the nature of interdependence in
pollution decision of countries. When introducing trade, the first conclusion I
reach is that trade too allows for pollution interdependence when the nature of
pollutants are global as well as when they are strictly local. The model concludes
that engaging in imports makes the scope for pollution substitution stronger.
Engaging in exports can also enhance the scope of pollution substitution under
a certain set of circumstances.

Having introduced trade, the model has been solved for both the symmetric
case as well as the asymmetric case. For the symmetric case, it is found that
the shape of the EKC is retained even after introducing trade. While exports
push the turning point of the EKC outwards, engaging in imports can bring

forward the turning point. In addition, engaging in imports reduces the level
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of optimal pollution. Engaging in trade therefore has an overall desirable affect
on the income pollution path.

The asymmetric analysis is carried on with respect to asymmetry in income
only. The exercise is done in two parts. For the case of local pollution, it is found
that when the income of a Country is more than a certain threshold, engaging in
imports can reduce the optimal level of pollution. Also, when conducting trade
with a second country whose income is within a certain range, the shape of the
EKC in the income pollution path is retained. However, when income of the
two countries are within the boundaries set, engaging in exports is likely to raise
the optimal level of pollution. This conclusion is in line with the conclusions
found for the symmetric analysis.

For the case of global pollutants, the findings are a bit different. Again it is
found that when income of the two countries are within a set range, engaging
in trade can still retain the shape of the EKC. However, these conditions imply
that engaging in import and export is likely to raise the optimal level of pollu-
tion. Therefore, the model concludes that even though the shape of the EKC
is retained after engaging in trade, for the case of global pollutants, it is likely
to happen at a higher levels of pollution. The paper therefore concludes that
trade holds beneficial implications more for the case of local pollutants than for
the case of global pollutants. Trade allows for pollution substitution. When
pollutants are local, engaging in trade retains the shape of the EKC in the in-
come pollution path. When the impact of import is greater than the impact of
export, engaging in trade can allow countries to obtain the EKC pattern with
lower levels of pollution at every level. When pollutants are global, engaging
in trade still retains the shape of the EKC but at the cost of higher levels of

pollution.
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2.7 Appendix

Appendix A. Derivation of the Model Solution.

For Country 1 the Social Utility Function that the social planner seeks to
optimize is:

V1= [lel%+(1—T2)y2%]_g[ﬁyl%‘f‘(l—ﬁ)m%]?_§($1+12$2)2 (1)

The FOC with respect to z is:

231 =7y “ - Blmyigr + (1 - T2)y2%}719%_a — p(x1 +l2w2) =0

1—a l—a, -«
T1Y, Bri(1—T2)y; “yy “+l2p)z2
=T = 1L — 2
LT B ) (Briyi ™" +p) 2)

The upper bound to maximum pollution set within the model is y{*. Therefore,

iy _ (BTi(A=T2)y; "y *+lp)z2 <y
(BT2y; > +p) B2y 2" +p) =7
o gy > TR (BT )

lop+Bri(1—T2)yl “ys ©

Solving the model for Country 2 in the same way yields the optimal level of

pollution for Country 2:

Tayy”* _ (Br2(1—71)y1 ™ %y3~ “+lip)z1 (3)
(Br2y3 > +p) (Br2y3 2 +p)

Substituting the value of x5 in equation (2), at the interior, the optimal

value of pollution comes to:

priys “—prays” “+BriTa(2ra—1)y; Yys "

Z1 3—2a T—2a T—a 1-a 3—2a_2-2a

T BTy T4 pBrRyy P +pBRTime—Ti— )y “ys C+B2(miTi+TETa—TiT2)yl S%ys

This is the solution where Iy = I = 1 and hence the solution for global
pollutant.
For local pollutant, the model is solved in the same manner except I; = [y =

0. Therefore the optimal pollution decision comes to

pTiy;  “+BTiT2 (22— Dy~ “y5 2"
pBTRYT 2 +pBTRys +p2+B2iTa (Ti AT~ 1)y} 2 Cys o

Ty =

Appendix B. Proof of Propositions

B1. Proof of Proposition 2
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When pollution is local, the equation representing optimal pollution is:

Py “+BTiTe(2m— 1)y T “ys _ A
2—2a 2—2a

*
€Tri = — — = =
L Bty P 4pBriys e 4B mima (Tt~ )y Cys 0 B

To see the impact on optimal pollution with respect to import, the derivative

of optimal pollution with respect to 75 is taken.

ozt _ B(Bri(4ra—D)yi~ “y3 ") —A(2pBTays " —B(mi—2mra—70)y; *"y3 "

87’2 32

If engaging in import reduces the level of optimal pollution, the derivative
above should take a positive value. Since pollution is positive it must be that
A > 0and B > 0. Thus for the derivative to be positive it is sufficient to have
the following conditions:

(Bri(4ms — y1 Y5 >*) > 0= (1 — ) < 3/4 and,

2pBmay3 > — B(r — 2mma — DY W T =y > (s T

To see the impact on optimal pollution with respect to export we take the

derivative of optimal pollution with respect to ¢ and get:

dxy _ Blpyy “+B7a(2m2—1y; *y3 **)—A(2pAmiy 2 +B(2miTat7s —T2)yi 2*ys %)
ot B2

Again, in order to see the conditions that will allow engaging in export to
reduce optimal pollution, the derivative above must be positive. This is possible
under the following conditions:

(o3~ + Bra(2m2 — Dyn ™y >%) > 0 and 2pBriyy > + S2nime + 73 —

)Y 2y 2 <0

e >y > (-—220 )7 with 1y < 1/4

B(T272T1’T27T22)

:> (ﬂTQ(llLQTz))

Finally I need to find the conditions that ensure that the pollution income
path follows the EKC pattern.

The optimal pollution function with trade in the case of local pollutants is:

pTiy; C+BTiT2 (22— Dy~ “y5 2" _ A

*
x = = = —2oy2=2a@ = B
1local pBT2Yy2 2"‘+pﬁ7-22y§ 2o 4 p2 4827y o (T1 T —1)ys M ys 2 B

I want to see how trade among countries with different income affect the
shape of the income pollution path. In order to get the desired EKC pattern,

the second order derivative of optimal pollution with respect to income must be
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negative. The second order derivative is as follows:

i) ear _ 2812 (2m2—D)y; " “y5 > dpmiy; ) (B2 (2=20)Tima(mitTe =Dy >3 2" +Bp7] (2-20)y; ~*)?
oyt (pBT2y; > +pBriys > +p2+B2mima(ritm2—1)y; 2“@/5 )3

_2(B(1l—a) T2 (2m2— D)yl “y3 T +p(l—a)miyy M) (B2 (2—20)mime(ri+T2—Dy; 2 y3 2 +B8p(2—20) 11y %)
(pﬁflyf 204 pBr2ys 2+ p2 42 Ta (Tt — 1)yl Yy 2“)

_ (Brima(2ra—1)y;~ “y3 > oy~ M) (B(1-20)(2—20) T2 (T + 12— Dy 2 Yy 2 +B8p(1—200) (2—2a) T2y >%)
(pBTRY; 2 +pBT3ys ““p2+B2riTa(Ti+Ta— 1)yl 2Yys 2%)2

—Ba(l-a)mim2(2ra—1y; * 2 —pa(l-a)ry; '
pBTRYL P +pBTRYs P2+ B2 (T — )y Yy

I now set out some set of conditions that is sufficient to prove the negativity
of the second order derivative. Before that, I write the equation above in a
simpler format.

Let, BT179(270 — D)yt~ “ya 2% + priy;~* = [1]

B(1 = a)rima(2m2 = )y; “45 " + p(1 — a)riy; © = [24]

B2(2 = 20) T2 (T + 7o — Dy 2052 + Bp(2 — 2a) iy 2 = [20]

Brima(2m2 — Dyy 5 " + priy; = [34]

B2(1—20)(2—20) Ty 7o (11 +72— D)yy 2*y3 2%+ Bp(1—20) (2—2a) T2y 2 = [3b]

—Ba(l —a)nima(2m — Dy * "y > — pa(l — a)my; T = [4]

The second order derivative can now be written as:

?aYjpear — 20J()% _ 2[2a][20] _ [3a][30] | [4]
oy? B3 B2 BT T B

Therefore, if T can find the set of conditions for which [1],[2a],[20],[3a],[3b]and[4] <
0, then the second derivative of optimal pollution with respect to income will
be negative. In other words, these set of conditions will ensure that the shape
of the EKC is maintained in the income-pollution path.
Conditionl
BriTe (210 — 1)y1“ya 2 + priyl @ < 0
)m

= 42 > (gt

Country 1 should engage in trade with Country 2 whose income is above
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(M)ﬁ If the income of Country 2 is lower, Country 1 should reduce
the level of (1 — 75)and therefore increase 75 to maintain the inequality. Also,
T < 1/2.

Condition 2a

Bl — )22 — Dy; “y5 2 + p(1 — @)y < 0

Notice that Condition 2a is the first derivative of Condition 1a with respect
to y1.Therefore the same conditions that were applicable in Condition 1 will be
applicable here to keep Condition 2a negative.

Condition 2b

B2(2 — 2a) 1172 (11 + T2 — D)yt 2*y3 2 4 Bp(2 — 2a) iy 2 <0

= 1 > (5g2l—y) T with 71 < (1 7)

For the inequality to hold, the income of country 2 must be bigger and the
fraction of goods retained at home must be less than the fraction of country 2’s
output imported.

When the income of Country 2 is low, 71 should be reduced or (1 —71) raised
to maintain the inequality.

Condition 3a

Brima(2m2 — Dy~ 3 > + priys <0

Condition 3a is the same as condition 1 and therefore already proved nega-
tive.

Condition 4

—Ba(l — a)mma (20 — D)y 1y 2 — pa(l — @)y 7 <0

Same as 1

In summary, the conditions that ensures the negativity of the second deriva-
tive of optimal pollution with respect to income is:

Yo > (gafigey) 7o with (1— ) > 1/2.

Thus we see that the condition conflicts with the condition set to ensure the
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positivity of the derivative of optimal pollution with respect to 77.

1

2pT2 )F=2a

I therefore conclude that when pollution is local, if y; > (m

Y2 > (m)ﬁm with 3/4 > (1 — 72) > 1/2.engaging in import will reduce
the level of pollution, engaging in export will raise the level of pollution, and

the shape of the income pollution path will follow the EKC pattern.
B2. Proof of Proposition 3

When pollution is global the equation the equation representing optimal

pollution is:

1—a 1—a 1—a_ 2—2a
P11y “—pTayy” “HBTIT2(2T2—D)y; “ys —
PBTRYT P HpBTIYs Tt HpB(2miTa—Ti—T2)yr “yy CHB2(mTEATITe—TiT)yy Cws oo

T =

QIQ

In order to find the set of conditions that ensure that engaging in import
will lead to reduced optimal pollution, I take the derivative of optimal global

pollution with respect to 75 and set it to be positive:

dx} _ D[—py;  “—pri(dra—1)y; *y3 >*|=CB[2p1ay3 > +p(2m1—1)y;~ “yy” “+BQ2mimet+Ti )yl **ys 7] >
67‘2 D2

Since pollution is positive it implies that C' > 0 and D > 0. Thus sufficient
condition for positivity of the derivative above is given by:

_ _ _ _1
[—pys ™™ = Bri(dm — Dy; “y5 21 > 0= y1 > (m)““ and

2pmays 2 +p(2m — Dyt Cys BRI+ TE T )yl M T < 0= g <
( p(1—271)y1 ~* — )ﬁ

2p7T2+B(2T1 T2 +TE—T1) Y}

To find the set of conditions that will ensure that engaging in exports will
reduce the optimal level of pollution, I take the derivative of optimal pollution

with respect to t and set the derivative to be positive.

9z} _ Dlpy; “+B72(2m2—1)y;  “ys >*]-Cl2pBr1y] > +pB2m2a— L)y “y3 *+B8°m2(1-72)yi *“y3 %]
ory D2

>

p(1—27)ys ™™ ) L
T %a

p211+B(T3+2T1T2—T2) Y5

1—a

Positivity is ensured if py; ~*+872 (21— 1)y “ya 2* > 0=y < (

and
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2pBm1y7 2% + pB(212 — L)yi “ya* + BPr(l — m)yi 2y P < 0=y <

(Fmdomy)) = -

Finally I try to find the set of conditions that will guarantee that the income
pollution path will follow the EKC pattern.

In this section I look at the implications for the income pollution path when
countries with different levels of income trade with each other when the nature
of pollutants is global. The solution that I got for optimal pollution for the case

of global pollutant is as follows:

o _ pT1ys*—pTayy *+BTiTa(2ma— D)yl *ys>* _
lglobal ™ par2y3=2% pBr2y =2 4 pB(2r T —T1—T2)yy "y C+B2(mTEATETa—Tima)yl Cws oo

oIQ

In order to obtain the desired inverted U relationship, the second order
derivative to the optimal pollution function with respect to income must be
negative. The second order derivative of the optimal pollution with respect to

income comes to:

2 — — — _
07 g 10pal (2(Brim2(2m2—1)y3 >y *—prayy “+pmiy; %) *
oy} (pBT2y; 2 +pBr2ys > +pB(2miTa—T1—T2)yy “ys “+BA(rimetTiTE—TiT2)y Cys o0)3

(B2(2 = 2a)(tm2 + 17§ — Tim2)ys Cys

+pBriyL 2 + pB(1 — ) (2mme — 71 — T2)yr “yy *)?

_ 2(B(L—a) T2 (2r2 =)y, “y3 **+p(1—a)T1y; *) N
(pBT2Y3 > +pBriys " +pB2rima—Ti—T2)y;  “ys T C+B2(TEratmiTI—Tima)yl 2Cys )2

(B%(2 = 20) (1m0 + 1175 — Ti2)yr 2y
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_ (Brir2(2m2—Dy; ~“ys > +priy; “—proys” %) %
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+pB(1 = 2a)(2 — 22) 72y 2* — pBa(l — a2mime — 71 — T2)yr “ys~ %))
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(—Ba(l—a)iT2 (22— Dy '~ y5 7> —pari (1—a)y;
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Again I group the second derivative above to get some tractability.
Let:
(Brima(2me — Dz 2*y1 ™" — prayy™ @ + prayy”*) = [1]
(B(1 = a)ri72(2m2 — Dyy “y3 > + p(1 — )1y, * = [2d]
(B%(2 = 20)(rfm2 + 175 — Tam2)yy 2ys 2 + pB(2 — 2a) iy 2 + pB(1 —

@) (27 — 1 — o)y “ys ) = [20]

((Brim2(272 — Dy ™95 > + priyy” @ — proyy” ) = [34]

(B%(1 = 20)(2 — 2a) (1872 + 178 — T1m2)yy “*ys > + pB(1 — 2a) Ty, > —
pBa(l —a)2nm — 1 — )y “yy ) = [30]

—Ba(l — a)rima(2m — Dyy %5 — pari (1 — a)y; '~ = [4]

Now the second derivative can be rewritten in the following format:

i iobar _ 2%[1]x()>  2x[2a]x[2b] _ [3a][30]
ayz — D D2 D?

Therefore if T can show that [1],[2a],[2b],[3a],[3b] and [4]<0 then the second

vy

order condition will be negative. The sufficient conditions to ensure the
negativity of the second order condition are listed below.
Condition 1

Brima(2my — )ys >yl — prays™ @ + priyr ¢ <0

1—a 1
PT2Yy i . _
=< (71(67172(27271)y§_2”+p))1 with (1 7—2) < 1/2
For the case of transboundary pollution, the fraction of import is reduced and
the poorer the country 1 inequality can be maintained by reducing 7.
Condition 2a
B(1 — a)T172(2m — Dy “ya 2 + p(1 — @)1y, * < 0
1

:> y2 > (67_2(1;:27-2) ) 2-2«
This implies that Country 1 should engage in trade with a country whose

income is satisfied by the inequality above. Note that in this case to maintain
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the positivity of the RHS, 7o should be less than 1/2 which contradicts with
Condition 1. However, this is a weak restriction and can be overwritten by
Condition 1 which is a stronger restriction.

Condition 2b

(B2(2 = 20) (i + 173 — mim2)yy 2us 2 + pB(2 — 20) Ty Y + pB(1 —

)29 — T — TQ)yfayéfa) <0

=(1—-m)>mnandn < ﬁ with 75 > 1/2

O(11/(212 — 1)) /012 < 0. This means the lower the value of 7, the stronger the
inequality.

Condition 3a

Brima(2m — D)y g5 2 + priyy * — prayy @ <0

Same as Condition 1 so already proved.

Condition3b

(B2(1 = 2)(2 = 2) (P72 + Tu75 — TiT2)yy 25

+pB(1 — 20)(2 - 20)72y7% — pBa(l — a(2r7s — 71 — Tyl oY) < 0

this is just the first order derivative of Condition 2b with respect to y;.
Therefore, the same set of conditions apply here with the additional one that
isa < 1/2.

Condition 4

—Ba(l — )27 — Dy '~ “y3 2 = pari (1 —a)y; 1 7°

Same as condition 2a. Therefore the same conditions apply.

In summary the set of conditions that will ensure the negativity of the second
derivative of optimal pollution with respect to income is:

l1—a

pT2Y = p P .
DT, ad Y > (rprmy) T, (1-m) <1/2,

(I1-7)>mand 1 < 2722731 finally o < 1/2.

y1 < (

Comparing the conditions on income for the shape of EKC with the conditions

for positivity of the derivatives with respect to 71 and 75 it is obvious that the
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conditions contradict each other. Therefore, when countries engage in trade in

ways that the EKC is maintained, the level of global pollution will rise.
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Essay 3: Revisiting “The Environmental
Kuznets Curve in a Multi-Country
Setting” in the presence of Trade - the
case of heterogeneous technology

3.1 Introduction

Study of the Environmental Kuznets Curve links two important determinants
that are pivotal for social welfare. They are economic growth and
environmental quality. The EKC postulates that even though the
environmental quality deteriorates with the early stages of economic
development, it improves with further economic progress. The existence of
such a relationship between economic growth and the environment holds
significant policy relevance and has received much attention both in empirical
studies and theoretical analysis since its initiation in the early 1990s.

A review of the theoretical models explaining the shape of EKC reveal four
broad avenues through which economic development eventually lead to a
decline in pollution. A first group of models propose that the income elasticity
of a clean environment is greater than one and therefore, with a rise in income,
the demand for a clean environment rises which leads to investments towards
cleaning up the environment more desirable. Examples of this kind of models
include John and Pecchenino(1994), Jaeger (1998). Both of these models
propose that early stages of economic development the environment is
relatively clean and therefore there is no demand for investments in the
environment. With economic growth, when the environment becomes
sufficiently dirty, there is a demand for investment in the environment. The
first model differs from the second in the way that the first is an overlapping

generation model .
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A second group of economists posit that at low levels of income some aspects
are binding and thus not available to agents. With economic prosperity those
aspects become non binding and thus enable economies to avail those aspects
and reduce pollution. The work of Stokey (1998) and Jones and Manuelli
(1995) fall under this line of explanation.Stokey (1998) proposes that at the
early stages of economic development only the dirtiest technology is used, and
so pollution rises with income. With economic development clean technology
becomes economically feasible and so pollution starts to go down.

Third, another group of economists have modeled net pollution as a function
of gross pollution and abatement efforts. For example Andreoni and Levinson
(2001) and Smulders and Bretschger (2001). Andreoni and Levinson (2001)
developed a static model in which the income pollution path could be
explained by a simple relationship between consumption of a desirable good
and abatement of its undesirable bi-product. They showed that net pollution
is a function of gross pollution and abatement technology and that the
pollution income path followed an inverted U pattern only when the
abatement technology displayed increasing returns to scale. Around the same
time, Smulders and Brestschger (2001) show that high levels of pollution
induces policy intervention that encourages adaptation of better technology
which causes a downward shift in the income pollution path.

Finally, a fourth group of economists have attributed the existence of the EKC
to international trade. For example, Arrow et al. (1995) and Suri and
Chapman (1998) explain that with economic development the dirty industries
get relocated to the developing world and thereby reduce pollution in the
developed economies.

In all the models mentioned above, the discussion of “technology” is explicitly

or implicitly embedded. Technology clearly plays a key role in both the
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creation of as well as the mitigation of pollution.Thus in this paper, I would
like to expand upon the discourse of technology with the presence of trade.
This paper looks at the impact of trade on the possibility of pollution
substitution, optimal level of pollution and the shape of the EKC when
countries with different technologies trade with each other. I have conducted a
similar exercise in my first paper where I have introduced trade and
heterogeneity in technology to the Androni and Levinson (2001) model.
However, in my first paper the focus of the discussion was centered upon the
nature of scale of abatement technology and concluded that when countries
engage in trade with each other, increasing returns to abatement technology
no longer remains a necessary condition to achieve the EKC pattern in
income-pollution path.

In my second paper I introduced trade to the multi-country model developed
by Diamantoudi and Filippiadis (2012) and concluded that the exercise allows
for a scope of pollution substitution in the case of global pollutants as well as
local pollutants. I solved the model for both the symmetric case and
asymmetric case where the asymmetry was with respect to income. In this
paper I wish to introduce heterogeneity to technology. Holding income equal
for the two countries, I consider distinctive technology parameters for the two
countries to see how in this environment trade affects the optimal level of a
countries’ pollution and the shape of the EKC. By the way the model is set
up, the assumption to the return to scale of technology is set to be decreasing.
I further hold that pollution generated in each country can vary with respect
to the intensity of externality. The externality to pollution can vary between 0
and 1, where 0 implies that pollution generated is completely local (the case of
local pollution) and a value in between 0 and 1 suggests that part of the

pollution generated permeates across the boundaries of the country (the case
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of transboundary pollution). However, the intensity of pollution goes down
compared to the source of generation, perhaps due to distance. When the
pollution externality takes a value of 1, it means that all of the pollution
generated permeates across the borders. Such a case can be looked at as the
case of global pollution. A point to note is that in the second paper, because I
held homogeneous technology parameters, the model considered that the
pollution generated was either local, or global and same for both countries. In
this paper, with heterogeneity in technology, the assumption is that the
pollution generated may either be local, or transboundary or global and may
vary across countries. That is, while pollution of one country can be local, the
pollution generated by the other country can be transboundary or even global.
The original model already established the existence of the EKC. My second
paper looked at the impact of trade on the shape of the EKC when countries
varied with respect to income. This paper looks at the impact of trade among
countries with varying degrees of technology. It shows that the relative level of
the two countries holds implications for the direction of trade. Again, like my
other papers, trade has been kept exogenous to the model so that the impact
of import and export could be assessed by varying their intensities.

Results of this paper reveal that the better the technology of the foreign
country, engaging in import makes the possibility of pollution substitution
stronger. With a rise in technology of home country engaging in exports leads
to stronger pollution substitution. Second, when both countries emit local
pollutants, the optimal level of pollution is lower than when either or both of
them emit transboundary or global pollutants. When the technology of the
foreign country is better, importing a larger fraction of foreign output reduces
optimal pollution and when the technology of the home country is high,

exporting a larger fraction of domestically produced goods reduces optimal
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pollution. The shape of the EKC gets affected by the technology of both
countries. When nations engage in trade, the better the technology of the
foreign country, the more resemblance the income pollution path holds to the
EKC. However, the impact of foreign technology on the shape of the EKC is
less for local pollutants than for transboundary pollutants. Regardless, when
countries engage in trade the shape of the EKC is retained. The better the
technology of home country and foreign country, higher resemblance the the
income pollution path takes to the desired inverted U pattern. If the
technology of foreign country is better, increasing the fraction of goods
imported improves the shape of the EKC. Finally, when pollution externality
exists for Country 1 engaging in exports and when pollution externality exists
for Country 2 engaging in higher imports ensures the desired inequalities to
guarantee the shape of the EKC.

The rest of the paper is organized in the following manner. Section 3.2
provides with the literature review. The model is presented in section 3.3.
Section 3.4 looks at the impact of trade on the optimal level of pollution and
the shape of the income pollution path. A demonstration of the results of
Section 3.4 are presented in the form of simulated graphs in Section 3.5.

Finally, Section 3.6 concludes the paper.

3.2 Literature Review

That technology plays a key role in sustainable development and economic
growth is manifest in any discourse on the subject. As early as in 1798,
Malthus pointed out that while human population grows exponentially, food
production grows at an arithmetic rate and so the growth of population would
soon deem the carrying capacity of nature as unsustainable leading to a

Malthusian Catastrophe (such as a war or famine) to bring the population
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back to a sustainable levels. Such pessimistic views were fortunately
invalidated by the Industrial Revolution that followed soon after. However,
with the onset of the industrial revolution emerged new concerns relating to
the sustainability of the environment to withstand unbounded economic
growth. The process of industrialization gave way to new concerns of pollution
and resources depletion.

The 1970s witnessed heated debates on how economic growth would affect
environmental quality. Georgescu-Roegen (1971) expressed that natural
resources and clean environment cannot be sustained for ever if the economies
continue to grow without limit. Around the same time Meadows et al. (1972)
published a report titled “The limits to growth” where they concluded that
different natural resources would be depleted with economic growth and even
went as far as to predict possible exhaustion dates for resources such as
chromium, gold and petroleum. They explained that while population and
extraction of natural resources increase exponentially, the discovery and
renewal of natural resources occur linearly and therefore the use or
exploitation of natural resources should at some point in time lead to
exhaustion of these resources. Such a view was vehemently opposed by Cole
(1973) who argued that economic growth would bring about technological
innovations that would relax the constraints on economic resources.

The main idea of the Environmental Kuznets Curve emerged in the early 1990s
through a series of empirical observations. A number of studies were conducted
on different pollutants such as CO, NOz, SOx,suspended particulate matter,
municipal waste and lead by Grossman and Kreuger (1991), Shafik and
Bandyopadhayay (1992) and Panayotou (1993), and it was found that while
the emission of these pollutants initially increased with the growth in per

capita income, with further progress of economic growth, emissions of these
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pollutants tended to go down. Thus emerged the idea that expedited economic
growth was in fact desirable in order to protect the environment. To that end
Beckerman (1992) pointed out that ‘least developed countries have deficient
resources for the protection of the environment and it is economic growth that
can provide the resources to resolve the environmental problems’.

A similar pattern between income inequality and economic growth was
observed by Kuznets in 1955 who called it the Kuznets Curve. In the early
1993 Panayotou adopted the term and suffixed it with “environmental” to give
rise to the term “the Environmental Kuznets’s Curve”. Henceforth, the
phenomenon of EKC has been widely used to describe the inverted U shaped
pattern of the income pollution path.Following the empirical observations, a
number of economists have sought to give structure and hindsight behind the
existence of the concept. Arrow et al. (1995) state that the EKC pattern can
be explained by the natural progression of economic development from the
clean agrarian societies to polluting industrial economies to clean service based
economies. Others such as Grossman and Kreuger (1991) explain that as
economies grow they undergo three distinct effects (i) the scale effect - where
with economic growth larger scale production and pollution occurs; (ii) the
technology effect - where with economic development better technology is
adopted; and finally (iii) the composition effect - where with economic
prosperity cleaner composition of goods and services are adopted. They
explain that while at the early stages of economic development the scale effect
dominates, with further development the technology effect and the
composition effect take over leading to a decline in pollution with income.
John and Pecchenino (1994) present an overlapping generation model in which
environmental quality is a stock resource that degrades with time unless

maintained by investments in the environment. At the beginning an economy
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begins with zero pollution and sees its environment degrade with pollution. At
low levels of income and high environmental stocks, investments in
environment is not desirable. Eventually, with high income and reduced
environmental stocks, investment in the environment becomes desirable and
thus pollution starts to go down. They thus predict and inverse V shaped
EKC. Jones and Manuelli (1995) propose that pollution involves externalities
and appropriately internalizing these externalities is possible with advanced
institutions that can only be afforded by developed economies. Jaeger (1998)
model that low levels of economic growth are associated with low levels of
pollution where the consumers marginal benefit to additional environmental
quality is zero. Therefore at this stage more pollution does not lead to lower
utility. With growth and further pollution, consumers become more sensitive
to increased pollution at which point, depending on the parameters, growth
may be accompanied by improved environmental quality. What ever the
explanation, be it investment in environment or internalizing externalities the
issue of technology is implicitly present in the discussion.

There also exists a wide pool of literature that focuses explicitly on the role of
technology in explaining the EKC pattern in the income pollution path.
Stokey (1998) developed a static model where she shows that when economies
are poor, they can use only the dirtiest technology. Thus early stages of
economic development are marked by rising pollution. But with economic
development clean technologies become economically feasible, adoption of
which lead to reduced pollution with economic growth. Andreoni and Levinson
(2001) create a static model where they show that the shape of the EKC can
be explained by a simple technological link between consumption of a desirable
good and abatement of its undesirable bi-product - which is pollution. They

state that the necessary condition for the EKC pattern to hold is maintaining
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increasing returns to scale in abatement technology. Following this Egli (2005)
propose that rather than IRS, countries tend to exhibit fading IRS. Thus with
high levels of pollution countries exhibit IRS in their abatement technology,
but with cleaner environment, they start to display CRS. For this reason, even
though pollution decreases with rising income, it never really goes to zero.
Plassman and Khanna (2006) build upon the Andreoni and Levinson model.
They show that rather than IRS the feature that explains the shape of the
EKC is that if the scale of pollution is less than the scale of abatement. They
therefore claim that the predictions of Andreoni and Levinson is a special case
of the model that they propose.Filippiadis (2014) developed a dynamic model
in which he showed that the shape of EKC depended on the relative stage of
development of the two countries and their in-between interactions. In his
model, the initial condition of the economy is dependent on the initial stock of
physical capital as well as the total factor productivity.

The existence of EKC has also been explained by international trade in
literature. Again the discussion of technology is implicitly encapsulated in the
discussion. Suri and Chapman (1998) build upon the concept of a pollution
haven where they explain that with economic growth environmental
restrictions in the developed countries pushes the dirty industries to the
developing world where environmental restrictions are more relaxed. Copeland
and Taylor (2001) investigate the linkages between national income, pollution
and international trade. They develop a north-south trade model to investigate
the impact of trade restrictions on the environment and welfare. Dean (1999)
find that trade liberalization directly aggravates environmental damage via its
influence on the terms of trade, but indirectly mitigates it via its effect on
income growth. Holladay (2008) investigates the impact of trade liberalization

on the environment. He looks at two distinct sources of pollution - that
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sourcing from consumption and that sourcing from production. He concludes
that when pollution is sourced from consumption, trade liberalization increases
pollution and when pollution sources from production, trade liberalization
reduces pollution. In the literature for international trade and the EKC, the
distinction between local pollutants and global pollutants is not well covered.
Ever since its initiation, research has been conducted to explain and validate
the existence of the EKC by proponents of the concept. At the same time
opponents of the concept has sought to invalidate the existence of the EKC.
For example, Gill et al (2017) conclude that even though the shape of the
EKC may hold for local pollutants it does not for transboundary pollutants.
They further assert that the EKC may have been a basis for policy
development for developed countries in the past. But now with increasing
global pollution, developing countries of todays should avert from the
phenomenon of the EKC in their policy development.

A lot of work has also been undertaken in looking at the empirical evidence
behind the existence of the EKC. Selden and Song (1994) have confirmed the
inverted U pattern in the income pollution path using a cross-national panel of
data on emission of four air pollutants namely suspended particulate matter,
sulfur di-oxide, oxides of nitrogen, and carbon monoxide. However, they
predicted that emissions to decrease only in the very long run with rapid
growth on global emissions to continue for several decades. Grossman and
Kreuger (1995) also examine the relationship between per capita GDP and
four environmental indicators and conclude in favor of the existence of the
EKC. They further provide with some intuitive explanations for the downward
sloping part of the EKC. They explain that as countries grow several factors
come into play to cause the downward trend of pollutants. First, with growth

more stringent environmental policies are adopted as with economic prosperity
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non economic aspects of life such as a clean environment become more
desirable for economic agents. Second, as economies grow they cease to
produce some of the dirtier products and start to import them instead.
Finally, with time and learning from the experiences of the wealthier countries,
countries may adopt cleaner technologies.

In recent times, much of the empirical work has focused on transboundary
pollutants. For example, Apergis (2016) looks at the existence of the EKC in
the emission of C'Osacross fifteen countries and concludes that it does in twelve
out of the fifteen countries. Bilgili et al. (2016) also look at the empirical
evidence based on the emission of C'O;. However, rather than explaining the
downward sloping part of the EKC with income growth, they attribute it to a
shift in renewable energy with time. Jebli et al. (2016) also study the
existence of EKC using CO5 They examine the impact of renewable energy,
non- renewable energy and trade on the shape of EKC in OECD countries.

In this paper I build upon the discussion of local pollutants and
transboundary pollutants in the presence of trade. I also build upon the
discourse of technology. I look at implications that imports and exports hold
for the pollution pattern when countries with varying technology and thus

varying types of pollutants engage in trade with each other.

3.3 The Model
3.3.1 The Model set up

The model considers single agent countries. There are two countries i € {1,2}
each producing a single commodity. To introduce trade to the model,
I consider that each country retains a fraction of the output produced for own

consumption and exports the remainder to the other country. Let the fraction
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retained by each country be 7;with i = 1, 2.Therefore (1 — 7;)represent the
level of export of each country.

Pollution, x;, in each country is generated from production. The social utility
function will therefore be a function of Consumption C; and pollution z;. Let
the social utility function be additively separable and take the form:

Vi =ui(C;) = hi(z1,22) (1)

u; represents the utility from consumption and h; measures the disutility
associated with pollution. Both functions are well behaved and follow the
conventional properties of utility. That is, utility is concave, twice continuously
differentiable and rising in consumption. Concavity of the functions ensures
diminishing marginal utility associated with consumption. h;(.)is convex,
twice continuously differentiable and rising is pollution. The convexity of the
curve portrays rising marginal disutility with additional units of pollution.

Let the country specific utility function take the form:
Ci— 5(Ci)?ifCi < %
1
ﬁa
In the equation above, (8 is the risk aversion indicator and takes a value

Ui(ci) =

otherwise.

greater than 0. A higher value of 3 represents a higher degree of risk
averseness. Disutility from pollution takes the form:

hi = §(liz1 + laxo)), (0 < 1; < 1), 1=1,2

p is the parameter capturing pollution perception and takes a value greater
than 0. [; measures the degree of pollution externality for each country. For
any given country [; attached to its own pollution z; will take the value of 1,
meaning that the pollution generated at home will be fully exposed to the
agents of that respective country. The value of [;attached to the other
countries’ pollution can take a value equal to or in between 0 and 1. This
means the extent to which the foreign country’s pollution will affect the home

country can vary. If it takes a value of 0, it means that pollution generated in
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the foreign country is strictly local and will not affect the home country at all.
This is referred to as a case of local pollution. If it takes a value between 0 and
1, it means that some fraction of the pollution generated in the foreign
country will permeate into the home country and is termed as the case of
transboundary pollution. When the value takes a value of 1 it means that all of
the pollution generated in the foreign country transgresses into the home
country - the case of global pollution.

Output in country 7 depends upon income. In addition, the production of
output generates pollution z;.Pollution is bound from above by the maximum
possible pollution in a given country. This maximum pollution is a function of
technology. The better the technology, the lower will be the limit to maximum

pollution.Therefore, output ¢; takes the following functional form:

G =Y =Yy&
Because the model considers two countries with homogeneous income, there is
no subscript attached to income y.T; = y“‘represents the maximum upper
bound to pollution set in a country. «; is the technology parameter taking a
value between 0 and 1. The lower the value of «; the more advanced is the
technology of a given country and therefore the lower will be the value of
maximum permissible pollution. At any given level of pollution max, when the
dirtiest technology is used, z; = y®¢, and thus ¢; = y. Given the model setup,
the consumption possibility of Country 1 can be written as:
=y + (1 -y
The social utility function of Country 1 as faced by the social planner is:
Vi=[ny + (1 -n)y 2] - g[ﬁyy% +(1— 72)9;722]2 — 8@y + laws)?
Taking the first order derivative with respect to x; gives the following solution
for optimal utility for Country 1:

Tyt~ 1 [Bri(1=T2)y>~ 1~ *24ploas (2)

T = 5T12y272a1+p - ﬁrlzyZ*QO‘l—&-p
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The following sections investigate the impact of trade among countries with
varying technology on the optimal level of pollution as well as the shape of the
EKC. The analysis begins with an assessment of trade on the scope for
pollution substitutability.

3.3.2 The Scope for pollution substitution

The possibility of pollution substitution can be seen by taking the derivative of

optimal pollution of Country 1 with the pollution of Country?2.

dxy _ _ Bri(l—mp)y?~*17°2 pla
Oy Briy>~2%1+p BrEteit, < 0 (3)

The negativity of equation (3) above ensures the possibility of pollution
substitution between Country 1 and Country 2. The first term showcases the
pollution substitution made possible by trade and the second part shows the
pollution substitution made possible by the existence of pollution externality
in Country 2. How trade affects the scope for pollution substitution has
already been covered in my second paper. In this part I want to focus on how
the difference in technology of the two countries affects the extent of pollution

substitution when countries engage in trade.

Proposition 7 The more advanced the technology of the foreign country,
engaging in imports makes the scope for pollution substitution stronger. The
more advanced the technology of domestic country, engaging in exports, makes
the scope for pollution substitution stronger.

Proof. To see how the technology of the foreign country affects pollution

substitution I look at:

9z _ (1=mo)T1y® 172 log(y)
Dz2003 Br2y?2o11p >0 (4)

The higher the value of ag the weaker will be the scope for pollution
substitution. A higher value of as indicates a country with lower level of
technology where the upper bound to admissible pollution will be higher. This

means, the more advanced the technology of the foreign country, the lower will
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be the value of asand thus the stronger will be the scope of pollution
substitution. However, the technology of the foreign country will influence
pollution substitution only when country 1 chooses to engage in imports. Thus
importing from countries that are more technologically advanced, will allow a
country to reduce its own pollution more.

Next I look at the impact of own technology, o, on the scope of pollution

substitution.

%z, 2B(A—m)Tiyt 312 Jog(y) + (1=72)T1y>~ 12 log(y)
dzaday (Briy>=2%1+4p)2 Briy>2e14p
< Oile > (y27p2a1 )1/27
(5)
> 0, otherwise.

_ 2l8py* 21 log(y)
(5271 )?

Own technology affects the scope for pollution substitution even when countries
do not engage in trade, so long as the pollutant is transboundary or global.
When it comes to local pollution, trade is the only route through which own
technology will affect the scope for pollution substitution. Focusing on the first
two terms of equation (5) above, the sum of the first two terms will be less
than or equal to 0 so long as 11 > (yg%al)%. As long as this inequality is
satisfied, the second derivative above will be negative, meaning the higher value
of ay stronger will be the scope for pollution substitution. This means that when
home countries have less advanced technologies, the scope for them to engage
in pollution substitution by keeping the fraction of own output exported or
1-m)<1- (112_%(11)% If exports is more than this, then the higher the value

of aythe lower will be the scope for pollution substitution. m

Finally, the scope for pollution substitution gets stronger with the increase in
the level of pollution externality in the foreign country. This conclusion is
derived by observing the second part of equation (3). However, transboundary
or global pollution is affected only by exports and not by imports. Equation 3

shows that the higher the value of ¢ lower the scope of substitution through
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global emissions. By increasing the fraction of own output exported countries
can increase the strength of pollution substitution in the case of
transboundary pollutants. The more advanced own technology is more impact
fraction of output exported will have on the scope for pollution substitution.
The implications of the level of home technology and foreign technology in
affecting the direction of trade in order to strengthen the scope of pollution
substitution is summarized in Table 3.1 below. The impact is looked at the

point of view of an improvement in technology, i.e, the value of «;.

Table 3.1: Impact on the strength of pollution substitution when

countries with different technology engage in trade.

Strength of Pollution Substitution of:

Local Pollutants Trans boundary Pollutants

ag } | Increases when (1 —71) > 1— (ﬁ)% Increases with (1 — 1)

as | | Increases with (1 — 73) No affect of trade.

3.4 Model Solution and Implications of Trade

Solving the model for both countries, the solution for optimal pollution for

country 1 comes to:

8
—%

P71y Ol —plar, yt T2 4 BT Ta (21— 1)y 1722

PBTI Y2 4 ppTIy? 20242 (1—lilo)+B(ri Ta+mi7E —Tim2)y* 201 202 —pB(lir) (1—72) HaTa (1—-71))y? 21~ 2
=5 ()

I will now use this solution to carry out the rest of my analysis. First, I will

investigate what happens to the level of optimal pollution when pollution is

strictly local for both countries, strictly global for both countries, and finally

pollution externality varies for the two countries. I will then investigate the
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implication for trade on optimal pollution for each of the scenarios. Finally I
will look at the implication that this holds for the shape of the income
pollution path. All analysis will be carried out in light of the fact that the

technology of the two countries are distinctly different.
3.4.1 Impact on the optimal level of pollution
3.4.1.1 Implication for pollution externality

Proposition 8 The higher the extent of pollution externalities of the two
countries, the higher will be the optimal level of pollution.

Proof. Holding all other factors unchanged, if the nature of pollutants
generated in both countries are strictly local, Iy = la = 0,equation (6) can be

rewritten as

x* = p71y17a1+ﬁ’7—17—2(27—2_1)y3*0‘1*20‘2 = Ai/ (60/)
Local — pBr2y? 201 +pBriy? 202 1 p2+ B(r2ma+ T2 —T172)yt 201292

7
Since A/ > A and B/ > B, but ANA < AB,(where ANA = A/ — A, and
AB = B/ — B) I conclude that when pollutants generated in both countries are
strictly local, the optimal level of pollution will be lower than when pollutants
are transboundary or global.
In addition, % > 0 meaning that the higher the level of pollution externality
generated by Countryl, the higher will be the level of optimal pollution.
% > 0 . [ therefore conclude that when pollutants exhibit the nature of
transboundary or global pollutants, be it in either one of the countries or both

countries , optimal pollution will always be higher than when pollutants are

strictly local. m

3.4.1.2 Implications of technology of home country and foreign

country

When countries engage in trade the abatement technology of both countries

affect the optimal pollution decision. The direction of impact is also the same,
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in the sense, the higher the value of ajor g the higher will be the level of
optimal pollution. What is interesting to me is to observe, when the
technologies of the two countries are different, what pattern of trade will
benefit in reducing the level of optimal pollution. A flavor of this discussion is
provided in Section 3.2 where it can be seen that the scope of pollution
substitution becomes stronger when countries engage in imports with reducing
values of s, In other words, the better the abatement technology of the
foreign country, better is the scope of pollution substitution through imports.
In this section I try to elaborate on that discussion by looking at the relative

impact of the two technologies on the optimal level of pollution.

Proposition 9 When the abatement technology of the foreign country is
lower, engaging in import can reduce the level of optimal pollution, and when it
18 higher, engaging in export can reduce the optimal level of pollution. When
the abatement technology of home country is less advanced countries should
engage in imports and when the abatement technology of the foreign country is
less advanced, countries should engage in exports if they wish to reduced the
optimal level of pollution.

Proof. Taking the derivative of optimal pollution with respect to o and T will

give the impact on optimal pollution with respect to import and export

respectively.

9z} _ B(=play' 24841 ma—71)y> " *17%72)

Oty B2

_ A@pBTay’ P24 B(ri A2 Ta— )yt TP 202 —pB(—ly Ty Hlp (1-71))y? T 1T *2) (7)
BZ

dz; _ Blpy' " *14B(275 —15)y? "1 7202)

or1 B2

_ A(pB2miy P 4B (2 Ta 4Ty —To)yt T2 22— pB(l (1—Ta) —laTo)y? 17 2) (8)
B2

A positive value for equation (7) will ensure that the higher the value fraction
of output of Country 2 imported, the lower will be the level of optimal pollution.

Similarly, in order to show the conditions under which engaging in exports will
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reduce the optimal level of pollution, one has to set equation (8) as positive.
Since the optimal level of pollution is positive it must be that A > Oand B > 0.
Therefore sufficient conditions for setting equation (7) and (8) as positive are:
—play' =2 + (41170 — )y 7202 > (7a) and

2pBTay? 202 + (7 + 211y — 1)yt 2N T2 = pB(=liTy +Ia(1—T))yP T2 <
0 (7b) for equation (7) to be positive and

pytT 4 B(2712 — )y 22 > (8a)and

pB2r1y? 20 4 B(2TiTe + 75 — o)yt 2202 — pB(I (1 — 7o) — lam)y? T <
0 (8D) for equation (8) to be positive.

Equation (7a) implies that y*>~ 1722 > ((m)) Thus the lower the
value of ay the stronger the inequality. When Country 2 enjoys advanced
technology, engaging in import can reduce the optimal level of pollution. Note,
the higher the level of la, that is the more pollution externality there is the
weaker will be the inequality. That indicates that the more pollution externality
there exists, the possibility of reducing optimal pollution by engaging in imports
will go down. From equation (7b) I get

20Tyt + (72 4+ 211710 — T1) Y2 < p(—limy + I2(1 — 71))y®2. The inequality
will be stronger the higher the value of a;. Thus when the technology of home
country is poorer, engaging in import can reduce the optimal level of pollution.

Equation (8a) gives y?>=2%2 < A

< 72%2722). The higher the value of aso the
stronger the inequality. When the abatement technology of the foreign country
18 poorer, engaging in exports can reduce the optimal level of pollution.
Equation (8b) gives

20811y + B(2TiT2 + 75 — T2)y? 722 < pB(l1(1 — 72) — lam2)y®t. The higher the
value of asthe stronger the inequality.

Thus I conclude, when the technology of the foreign country is poorer engaging

in export can reduce the optimal level of pollution and when it is better,
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engaging in import can reduce the optimal level of pollution. m

The conclusions of this section are in line with the partial conclusions drawn
in Section 3.2. When Country 2 has improved technology, by increasing the
fraction of gzimported in Country 1, Country 1 can seek to reduce optimal
pollution. If the technology is poorer, the fraction of output imported should
be reduced. When Country two has poor technology, Country 1 can reduce
optimal pollution by increasing the fraction of gjexported to Country 2.
Clearly, a difference in abatement technology can affect the pattern and

direction of trade, when the objective of trade is pollution reduction.

3.4.2 Impact on the shape of the income-pollution path

The ultimate interest of study in this paper is when countries with different
technologies enter into trade with each other, what shape will the income
pollution path of the country take? The obvious desired option is the EKC
pattern displayed by the inverted U-shape. The necessary condition for this is
for the second derivative with respect to income of the optimal pollution path
to take a negative value. In this section I provide some sufficient conditions for
such a path to be consistent. A glance at the equation for optimal pollution
will suffice to vouch for the fact that the second derivative will be extremely
lengthy and complex to look at. The full derivative and the derivation of the
conditions are presented in the Appendix.

After introducing trade among countries with different technologies, the
second derivative of optimal pollution with respect to income will be negative
if the following conditions are satisfied.

1. Overall, the lower the value of as the more technologically advanced
Country 2 is, the stronger will be the inequalities to ensure the negativity of

the second derivative.
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2. The lower the value of a7, the more technologically advanced Countryl is,
increasing the fraction of own good exported, enhances the strength of the
inequalities to ensure the negativity of the second derivative. The value of ay
should be less than 0.5.

3. When the pollution externality of Country 2 is zero, ls = 0, the fraction of
goods retained in Country 2 should be less than half. In other words, fraction
of import from Country 2 should be bigger than half ((1 — ) > 1/2 ).If

T = 1/2,the value of as should be lower than the value of a;.

4. When both pollutants are strictly local, [y = lo = 0 , the fraction of output
of Country 2 imported by Country 1 should be greater than fraction of own
goods retained at home, i.e, (1 —72) > 7.

5. When the pollution externality in Country 1 is positive, but the pollution of
Country 2 is strictly local, [y > 0,1y = 0, the desired inequalities will hold as
long as (1 — 12) = mpor (1 —72) > 7. For (1 — 72) < 7 the inequality will
become weaker even for lower values of as.

6. When the pollution externality of Country 2 is positive (1 — 75) should be
higher, and when pollution externality of Country 1 is positive, (1 —71) should

be higher.

3.5 Demonstration of Results

In this section I present with some graphical representation of the results
proposed in the previous section with the help of simulation. The values
assigned to parameters are within the range specified by the model. In the
model 8 measures the risk averseness of an individual and can take a value
bigger than 0. For this section I assume [ = 2.p captures the pollution
perception in the model and is assumed that p € R,. The value assigned to p

in this section is 3. Given this I proceed to present with the conclusions of
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Section 3.4.

Proposition 7 presents with the idea that when countries engage in imports
with other countries that have better technology, the scope for pollution
substitution becomes stronger. This concept is further developed in
Proposition 9 where it is found that when countries engage in imports from
countries that have better technology, the optimal level of pollution can be
reduced. This however is dependent upon the nature of pollutant of the
foreign country. The higher the level of pollution externality generated, the
weaker will be the impact on optimal pollution through imports. In other
words, pollution substitution through imports is strongest for the case of local
pollutants and goes down for the case of transboundary or global pollutants.

Table 3.2 provides a summary of this discussion below.

Table 3.2: Comparision of impact of import when technology of

foreign country is different, across different types of pollutants.

Local Pollutant Glboal Pollutant

Low ap

Highay | 0wt .- g DA I

For the simulation results presented in Table 3.2, the technology parameter of
the domestic country is set at a mid way with a3 = 0.5. For the two types of
technologies of Country 2, when Country 2 is assumed to have advanced
technology, as = 0.2 and when Country 2 is assumed to have a poor
technology, as = 0.8. When pollutants are assumed to be local, I; =1y = 0.
For transboundary pollutants, the level of externality is set at 0.5 and finally
for global pollutants, Iy = ls = 1. The table makes it clear, that as the extent

of pollution externality increases the ability to reduce the level of optimal
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pollution by engaging in imports goes down. However, when the technology of
the foreign country is more advanced, engaging in import can still reduce the
optimal level of pollution to a certain extent. The better the technology of the
foreign country, the more will be impact on optimal pollution through imports
for every type of pollutant.

Proposition 7 and 9 also claim that when the technology of the home country
is more advanced, engaging in export can have a positive impact on the
optimal level of pollution. Again, the extent of impact varies with the level of
externality generated by the pollutants. Table 3.3 below presents a summary
of the impact of import on the optimal level of pollution when the nature of

pollutants vary.

Table 3.3: Comparision of impact of export on the optimal level of
pollution when technology varies and across different types of

pollutants.

Local Pollutant | Transboundary Pollutant | Global Pollutant

Lowas

Highay

Table 3.3 above summarizes the impact of export. This time, the technology of
the foreign country is set at a midpoint at as = 0.5. For the case of advanced
domestic technology a3 = 0.2 and for the case of poor domestic technology

ag = 0.8. For the nature of pollutants, for local pollutants, pollution
externality is assumed to be zero, for transboundary, it is assumed to be 0.5
and finally for global pollutants, pollution externality is assumed to be 1. For
the case of export, it is found the higher the extent of pollution externality, the

lower will be the optimal level of pollution when countries engage in exports.
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Also, the lower the value of o that is the more advanced the technology of the
home country, the greater the impact of export on reducing optimal pollution.
For the last part of this section, I look at the impact of trade when
technologies of the two countries vary on the income pollution path. I look at
the case for local pollutants and global pollutants for two distinct cases. One
for when a country with high level of technology engages in trade with a
country with a low level of technology. And a second for when a country with
a low level of technology engages in trade with a country with high level of

technology. Table 3.4 below, summarizes the findings.

Table 3.4: Comparision of impact of trade on EKC for different

technologies and across different types of pollutants.

Local Pollutant | Global Pollutant

Lowai Highas No trade

With trade

Highay Lowas No trade

With trade g I g

The table above demonstrates that the impact of trade on the shape of the
income pollution path is more severe for the case of local pollutants than for
global pollutants. Particularly when a low tech country, engages with a high
tech one, it can be seen that the turning point of EKC is brought drastically
forward. The last part of section 3.4 concludes that the lower the level of
technologies of both countries the more likely it is that the income pollution

path will follow an inverted U shape. This is also ascertained in the table
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above.

3.6 Conclusion

Engaging in trade does hold implications for a country’s welfare. On the one
hand engaging in trade increases the range of consumption goods available. On
the other hand, engaging in trade also impacts pollution. How trade affects
pollution is ambiguous. Engaging in trade can create a scope for pollution
substitution, or it can lead to increased pollution. As a result of this, trade
can also impact upon the shape of the income- pollution path of a country.
How trade will affect these variables depend upon the direction of trade as
well as the relative technological stand of the trading countries. In this paper I
have investigated what happens to the scope of pollution substitution, the
level of optimal pollution and the shape of the income pollution path, when
countries with different technologies engage in trade with each other.

In this I paper I have established that when countries with different
technologies engage in trade, they create a scope for pollution substitution.
This can create implications for the direction of trade. The paper concludes,
that the more advanced the technology of home country, by exporting a larger
fraction of own output, countries can seek to reduce the level of local pollution
as well as transboundary pollution. When the foreign countries are more
technologically advanced, increasing the fraction of goods imported can reduce
local pollution. However, the model finds that such a case does not affect the
case for transboundary pollution.

The paper then explores the impact on optimal pollution when countries with
different technologies trade with each other. First the model finds that when
countries engage in trade with each other, the optimal level of pollution is

lower when pollutants of both countries are strictly local, than when either one
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or both coutries emit transboundary or global pollutants. Overall it is found
that when fractions of goods are imported from countries with better
technology, optimal pollution at home can be reduced. When the level of
technology at home is better, exporting a larger fraction of own goods can
reduce the level of optimal pollution.

Finally the paper focuses on the impact of trade among countries with
different technologies on the shape of the inocme pollution path. The likeliness
of income pollution path to follow the desired EKC pattern increases when
Country 1 imports from Country 2 who has a better technology. When the
technology of Country 1 is better, the likeliness goes up with Country 1
exporting a larger fraction of own output to Country 2. The implications of
trade are stronger for the case of local pollution than for transboundary or
global pollution. However, even for the case of transboundary or global
pollution, the shape of the EKC is retained. When the pollutant of Country 1
is transboundary, increasing the fraction of own output exported and when the
pollutant of Country 2 is transboundary increasing the fraction of foreign

output imported helps the shape of of EKC more.

3.7TAppendix
Appendix A: Derivation of Model
Al1: The case of Local Pollutants

When income in the two countries are homogeneous with different levels of
technology of each country, the Social Utility Function that the social planner

seeks to optimize is:

Vi = [y + (1 - m)y] — §lnys: + (1 - )y )% — §(a1)?

The FOC with respect to xjgives:
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Z2

Ty e — Blnyyer + (1= m)y&]ny' = plz1) =0

7 1— 2—aj—a
= T = ﬁ71;-?1412172a1+p — ((671/(3712;5)*%“1+p ))xQ (1)

The social utility function facing the social planner of Country 2 is:
Vo = [(1 = )y + moys] — 5101 — 1)y o + moy 5 )% — §(22)?
The FOC with respect to zo gives:

oy iz — Bl(L = 1)y + myy& ey’ T2 — plaz) =0

tma2 1— 2—ap—ag
= To = ﬂ7é—321221720‘2+l) - ((57'2;7_22;—%)}!2&2 +p ))xl (2)

Plugging in the optimal value of x5 from equation (2) into equation (1) gives

the optimal pollution function facing Country 1:

pTiyt AT T (2ma —1)yP T 1202

* p—
Tllocal = pBrEyT2a1 4 pBrZy? 202 12+ B(rera+TirE—Tima)y’ 201 2a2

A2. The case of Transboundary or Global Pollutants

When income in the two countries are homogeneous with different levels of
technology of each country, the Social Utility Function that the social planner
seeks to optimize is:

Vi = [nys + (1= m)y2] - Slnys + (- m)y ) — (o + laxs)?

The FOC with respect to xjgives:

Ty gar — BlmyEr + (1= m)yp&]ny' ™ — p(zy +lbza) =0

1—aq 1— 2-op—agy g
= a1 = g — (B ) (3)

The social utility function facing the social planner of Country 2 is:

Vo=[1-m)y s +ny;&] — 811 - TYEr + ey ]’ — S(lhian +a2)?

The FOC with respect to x4 gives:

Ty ey — Bl(1 = 1)y + 1oy ]my' T — plirs +22) =0

1—ag 1— 2mar—a g )
0= st — (PR ()

Plugging in the optimal value of x5 from equation (4) into equation (3) gives
the optimal pollution function facing Country 1:

T =

Py "t —plaToy' T 2481 T (2mp—1)yP T V1202

PBTEY> 2014 pBrIy? 202+ p2 (1—lalo)+B(Tf o+ T 75 —T172)y 2217202 —pB(ly Ty (1—72) 2T (1—71))y?~ 1~ *2
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Appendix B: Proof of Propositions

B1. Proof of Proposition 1

The first proposition explores the scope of pollution substitution. In other
words it looks at the impact of level of pollution of Country 2 on the level of
pollution of Country 1 when countries with different levels of abatement
technology engage in trade. To see this I take the derivative of optimal

pollution in equation 3 with respect to x2 and get:

oz _ _ Pri(l—mo)yP 12 pls
e =~ i, g, <0 (5)

The negative sign on the derivative above suggests dependence in optimal
pollution decision among countries.

Proposition 1 states that when the technology of the foreign country is better
the domestic country should engage in import, and when the technology level
of the home country is better, the domestic country should engage in export.
To see the impact of foreign country on the scope of pollution substitution

I take the derivative of equation (5) with respect to ae and get:

&z _ (1=mo)T1y® 172 log(y) >0
Ox20as 57_12y2—2a1+p

The derivative is positive, meaning the higher the the value of as the weaker
will be scope of pollution substitution. In other words, the better the level of
foreign technology, the lower the value of ai the stronger will be the scope of
pollution substitution. Note that the derivative above will have a positive
value only for a positive value of (1 — 75).Thus unless Country 1 engages in
imports, the technology level of the foreign country will not have an impact on
the optimal pollution of the home country. I therefore conclude that when the
technology of the foreign country is better, Country 1 should engage in import

in order to make the scope for pollution substitution stronger.
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Next I investigate the impact of domestic technology on the scope of pollution

substitution. For that, I take the derivative of equation 5 with respect to a;.

This gives:
%z, 2B(A—m)Tiy 312 log(y) + (1—m2)T1y® " "1 "2 log(y) _ 2l2Bpy> >*1 log(y)
Oxadon (Bry? =21 4p)2 Briy>=21+p (Briy? =21 4p)2

The sign attached to the derivative above is uncertain. If I set the derivative
to negative, it will mean that the higher the value of o, the lower the level of

domestic technology, the stronger will be the scope of pollution substitution.

28(1=ma)T{y* 312 log(y) | (1=72)miy®~*17*2 log(y) p__\1/2
(Bffly2*2al+p)2 + Briy®2eitp <0=m> (y272a1) 2

Thus for higher values of oy, the negativity of the derivative will be
guaranteed by keeping low levels of exports. When the domestic technology is
more advanced, one can raise the level of exports and still maintain the

negativity of the derivative.

B2. Proof of Proposition 2

The optimal pollution function when both countries emit pollutants with
externality is:

*
z; =
l—aq_ 1—ay _1).3—a1—2as
pT1Y platay +AT172(2T1—1)y —
PBTIY? 2 4 pBTiy? 202 42 (I=lila) + B(r ot Ty —mima)yt 217202 —pB(lLimi (1=72) Home (1—m1))y?~ o172 —
A

9zt A(p*latpBri(1—72)y?~*1722) >0
oly B2 =

Since the optimal level of pollution is positive, it must mean that A > 0 and
B > 0. If the pollution externality of Country 2 is 0 and Country 1 does not
engage in any import, the term in the bracket will be equal to 0. Otherwise it
will be positive. I therefore conclude that the higher the level of pollution

externality of Country 1 the higher will be the optimal level of pollution.

921 _ —B(pr2y' ")+ A(p*lLi+pBra(1-T1)y* " *17%2)
oy — B2

=

Bprit(1—211)y> 217224 p2 By 1y (1-271)y° 2217292 272y~ 22 (Bryy® 292 —p) 4 p° BliTi 7o (1—T1)y®~*1 22
B2
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The derivative above will be positive so long as 71 > 1/2. Therefore, so long as
Country 1 retains half or more of its own output, the higher the level of
pollution externality of Country 2 the higher will be the optimal level of
pollution.

I therefore conclude that the higher the level of pollution externality of both

countries, the higher will be the optimal level of pollution.

B3. Conditions under which the second derivative of optimal pollution with respect to income will be negative.

The optimal pollution function is:

. P11yt — plaoyt T2 + BriTo(2m — 1)yP 22
€T =
L7 pBrRy220 4 pBrdy2—202 4 p2(1 — lily) + B(T2T0 + 173 — i) yd2 202 — pB(1y 7 (1 — 7o) 4 lame(1 —

The second order derivative of optimal pollution with respect to income.

22z _ (2(BTiTa(272—1)y? "1 7224 pryyl ¥ —prylyy! T 2){ %)
oy — BS

_(2(BB=a1—2a2)1i T2 (272 = 1)y° "1 2% 2+ (1—an)priy "1 —(1—a2)pralay' " *2)x
B2

{B(4 =201 = 200)(f72 + 1173 — M)y’ T2 T2 4 Bp((2 — 200) 75y T

+6p(2 = 2017y 72 — Bp(2 — ay — a2) (Tl (1 — 1) + 1l (1 — 72))y' ~1 722}

(BT (2m— 1)y T2 4 oy T —prylyyt T 2)x
B2

{ﬁ(g — 2&1 — 20[2)(4 — 2041 — 2&2)(7’12’7'2 + T17'22 — T1T2)y272a172a2+
Bp(1 = 201)(2 — 2a2)73y" 722 + Bp(1 — 201)(2 — 201 77y' >4

—ﬁp(l — 1 — Ck2)(2 — 1 — Ckz)(TQlQ(]. - ’7'1) + Tlll(]. — 7_2))y17a17a2}

+ B(2—a1 —2a2)(8—a1—2a2)T172(27a— 1)y  ~ 1 722 _pay (1—ay )11yt ~ L +pas(1—as)Talay! ~*2
B

To give it a meaningful frame, I group the equation in the following way.

Let [1] = ﬂ7172(27—2 _ 1)y37a1*2042 + P’lel*al _ p7_212y17a2’
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2] =

B(3— a1 —2a2)T1 72272 — 1)y3 =1 7292 4 (1 — ) pr1y = — (1 — ag) praloyt ~92,
[2b] = {B(4 — 201 — 200) ({72 + 7173 — T172)y? 201 7202 4 Bp((2 — 202) T3y 2
+Bp(2 = 201) 7y 20 = Bp(2 — ay — a2)(mela(1 — 7)) + 1li (1 — 72))y'~ 172,
[3a] = BriTa(272 — 1)y3 7217292 4 pryyl =1 — pryloyl —o2,

[3b] = {B(3 — 21 — 202)(4 — 201 — 2002) (7872 + T1 T3 — TyTo)y? 21202

Bp(1 —201)(2 — 2a2) 13y 22 + Bp(1 — 201)(2 — 201) 77y 2

—Bp(1 —ay —a2)(2—ay —az)(Tele(1 —71) + 71l (1 — 7))yt~ 722} and finally
[4] = B(2 — a1 — 202)(3 — a1 — 202) Ty T2 (279 — 1)yt 17292 — pay (1 —

1) Tyt T 4 pan (1 — ag)malay T

To write the derivative in its simplified form I can write it in the following

manner.
Oz} _ 2+[1]()* _ 2[2a][20] _ [34][3] + 4]
dy? B3 B2 B2 B

It is already established that B > 0. If T can show that [1], [2a] ,[2b],[3a],[3}],
and [4] < 0, then the second order derivative of optimal pollution with respect
to income will be negative.

I now list some sufficient conditions that ensure the negativity of the second

order derivative.
Condition 1

BTiTa (219 — 1)y~ 17292 4 priyl=r — prlyyl=22 < 0

When Iy = 0 = Bri7o(1 — 27)y3 17292 > prygyl-

This is possible as long as 7o < 1/2. Lower the value of s stronger will be the
inequality.

When Iy > 0 = S1172(272 — 1)y3 797292 4 priyl=1 < prylayl =2

Lower the value of aysmaller the value of RHS. 7 should be reduced to to

maintain inequality. This implies technology of country 1 goes up, fraction
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exported should go up for the case of positive pollution externality.

Condition 2a

BB—a1—2a)T1ma (212~ 1)y* M 22 (1—a)priy~* — (1 —a2)pralay'~*2 < 0
Notice Condition 2a is the first derivative of Condition 1 with respect to y.
Thus under the same restrictions as Condition 1, Condition 2a will also hold.
When lo = 0 = (3 — a1 — 2a2)T172(1 — 2m2)y? =1 7292 > (1 — oy ) pryy~ ™
Again, this is possible as long as 7 < 1/2. Lower the value of as stronger will
be the inequality.

When ls > 0= (3 — a1 — 2a2)T172(272 — 1)y?> 717292 4 (1 — ) priy™ ™ <
(1 — az)praloy™*?

(1—a2)pralay 2
—1(B12(212—1)(3—a1 —2a2)y? 22+ (1—aq)p)

— 1 < ”
Again, lower the value of aysmaller will be the right hand side. In that case 1
has to be reduced to maintain inequality. When «a;is lower, and there exists
pollution externality, increasing the size of (1 — 71) will make the inequality

stronger.

Condition 2b

{+B(4—201 —202) (TETo+ 1178 —T172)y> 201 7292 4 Bp((2— 200 ) Tyt 22+ Bp(2—
200)77 Y 2 = Bp(2 — a1 — a2) (el (1 — 1) + ili(1 = 72))y'~*1 72} <0
2bi:ly =1, =0

B4 =201 —200)(~T{ T2 — T T3 + T172)y> 21292 > Bp((2— 200 )y 2 (1 +75)
For the inequality to hold, (1 — 72) > 71. The lower the value of as the

stronger the inequality.
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When pollution is strictly local, importing a larger fraction from Country 2 will

make the inequality stronger.

2bii:l; > 0;13 =0

{B(4 — 201 — 2a) (T80 + 7173 — Timo)y3 72017292 4 Bp((2 — 20Tyl 22
+Bp(2 — 21Tyt 720 — Bp(2 — oy — ) (Tela (1 —71) + 11l (1 — 72))yt—@1~ 22 <0
= B4 — 201 — 200)(—TET2 — T3 + TaTe)y3 27292 4 Bp(2 — g —
ag)(Tili(1 = 72))y' =1 72 > Bp((2 — 2a1)y' 72 (7f + 75)

Lif(l—m)=mn

(2 —a; — ag)(mili (1 — 7))yt =722 > ((2 — 2aq )yt 221 (12 + 72) Inequality
will hold stronger with lower value of as.

2. (1—m)<n =

—B(4 =201 — 200)(—TET2 — TiTE + TiT2)y3 T2 722 4 Bp(2 — oy — ag)(Tely (1 —
)yt > (2 200)y 2 (o 73)

Inequality will become weaker. lower the value of ay weaker the inequality.
Jif(1—m)>7m =

+B(4 — 201 — 200)(—TET2 — TS + TiT2)yP T2 7292 4 Bp(2 — g — ) (Tal1 (1 —
T2))y' T T > Bp((2 = 2a0)yt T (7 4 75)

Inequality will become stronger. Lower the value of oy stronger will be the
inequality.

4. Overall higher the level of pollution externality of country 1 stronger the

inequality.

2biiisly = 051y > 0
{B(4 — 201 — 2000) (270 + T3 — T1T2)yP 207202 | Bp((2 — 20ip) TRy 202
+Bp(2—201) 77y 2 = Bp(2— a1 —ag) (rla(1—71) +71li (1 =72))y' ~*1 72 <0

= B(4— 201 — 200)(—TT2 — T1TS + T1T2)y3 2N 7202 4 Bp(2 —ay —
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a)(7alz2(1 = 71))y' =172 > Bp((2 — 2a0)y' 72 (7 + 75)
1. Same as 2bii.
2. Bigger the value of (1 — 71) stronger the inequality in the case where

pollution externality exists for Country2.

2biv: I3 > 0515 > 0

B(4 — 201 — 200)(T379 + T8 — Tim2)y> 2017292 4 Bp((2 — 200 ) TRyt T2 +
Bp(2 —2a1) T2yt 29 — Bp(2 — oy — an) (Tola (1 — 1) + 11l (1 — 7))yt~ 72 < 0
= B4 — 201 — 200) (T2 — T3 + TaTe)y3 27292 4 Bp(2 — ay —

a) (il (1 = 1) + 72la(1 — 1))y~ 702 > Bp((2 — 200 )y' 21 (1 + 73)

1. Same as 2bii.

2. When country 1 has pollution externality, importing helps the inequality

and when country2 has externality exporting helps the inequality.

Condition 3a
BriTa(21 — 1)y3 17222 4 pryyl =1 — proloyl =2 <0
Condition 3a is the same as Condition 1 and so it is negative under the same

set of conditions.

Condition 3b

{B(3 — 201 — 2002) (4 — 2001 — 2000) (7272 + 174 — TiTo)y? 2 T 2a2 4

Bp(1 —201)(2 = 202)13y" 722 + Bp(1 — 201)(2 — 201 )7{y' 2

—Bp(1 — a1 —a2)(2 — ar — ag)(m2la(1 — 1) + T1l1 (1 — 7))yt @1722} <0
Notice that Condition 3b is the first order derivative of Condition 2b with
respect to y. Therefore the conditions of here will also be the same.

One added condition: a7 < 0.5
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Condition 4

B(2— a1 —2a32)(3 — a1 — 2a2)T172(272 — D)yl 7417292 — pay (1 — aq)myt= +
paz(1 — ag)Taloyt =2 < 0

= B(2—a1—2a2)(3—a1 —20a2)T1 T2 (272 — 1)yt =21 7292 (1 — ) praloy! ~2 <
a1(1—aqp)pryt—

1 If o = 1/2, = man(l — a2)play* =2 < a1(1 — aq)priyl—™

If there exists pollution externality in Country2 then inequality will hold for
a9 < i or Tolo < 7.

2. Ifmp > 1/2 = B(2 — a1 —202)(3 — a1 — 200) Ty 72 (219 — 1)yt—or—202 4
as(1 — ag)preloy! =2 < ay(1 — ay)priyl =

Inequality will be weak. It will be stronger for smaller values of as.

3. ifmm < 1/2= —B(2 - a1 —202)(3 — a1 — 202) Ty T2 (279 — 1)yt—*1 7202
as(1 — ag)praloyt =2 < ay (1 — ay)pryyt =

Inequality is stronger.

Again when [y is positive increasing (1 — 72) helps the inequality.
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