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ABSTRACT
BIDISHA LAHIRI: Three essays on the interactionitfernational trade and

environmental outcomes and policies
(Under the direction of Patrick Conway)

Economic literature on international trade ideesfithe sources of comparative
advantage like endowments and technology that dnteenational trade and result in
gains from trade. Comparative advantage is howaigeraffected by environmental
standards. Stricter environmental standards areraorty believed to erode an existing
comparative advantage of developing countries amgdresult in lower gains from
trade. Based on this popular belief, developingheates might legislate weak
environmental standards or fail to enforce exissitajdards in the hope of encouraging
“dirty” industries. My essays take a more sophatd look at the trade and environment
relation and find that the relation between weligaes from trade and environmental

quality is not one of simple trade-off of one agditine other as popularly believed.
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CHAPTER 1

INTRODUCTION

Economic literature on international trade ideesfthe sources of comparative
advantage like endowments and technology that dnteenational trade and result in
gains from trade. Comparative advantage is alsxtdtl by environmental standards.
Stricter environmental standards are commonly betldo erode an existing comparative
advantage of developing countries and hence regsldwer gains from trade. Based on
this popular belief, developing economies mightdiege weak environmental standards
or fail to enforce existing standards in the hoperouraging “dirty” industries to grow
or locate there.

My essays take a more sophisticated look at tlie taad environment relation
and find that the relation between welfare gaiogiftrade and environmental quality is
not a simple trade-off of one against the othgragmularly believed.

In my first essay | find that with growth of an @cony, when environmental
standards become stricter at a higher income glaéan between income and
environment is likely not monotonic. Instead itléovs an inverted U-shape, with
environmental quality deteriorating at the eantibase of economic growth and
improving at a later phase of economic growthemmis of welfare gains, when the

environmental standards become stricter to reflexpreferences of the richer residents,



the community welfare level is maximized. The ecagaould implement weaker
environmental standards and sustain a greater wbfrmroduction and trade, but at a
cost in terms of welfare lost. If environmentalngtards are reduced below optimum,
welfare levels are reduced also.

In this essay, | also find that two economies Haate different relative incomes at
the beginning of international trade have veryatght time paths of environmental
quality, trade pattern and welfare levels even wihery independently and optimally set
their environmental policy each period. This intisathat it is not sufficient for countries
to consider only environmental quality while segtenvironmental standards; the impact
that the environmental policy has in influencing thade pattern and capital flows needs
to be considered while designing a truly optimalisnmental policy.

This insight is further explored in the second gsghere the impact of trade
policies on environmental quality and the impaceovironmental policy on production
and trade patterns are considered holistically. Sde®nd essay abstracts from growth
issues in order to focus on this more sophisticatttaction of trade and environmental
policies. | once more derive results that refutegbpularly believed trade-off between
gains from trade and gains from environmental quadin a repeated game framework, |
find that when each economy acts non-cooperativiedgts low environmental standards
and high tariffs. When the economies cooperateaetpolicy, they reduce their tariffs
but simultaneously they choose to lower their emvwinental standards. They then end up
with higher welfare than under non-cooperations®eemingly supports the trade-
environment trade off. However, when | considerrtiage interesting scenario of a

jointly negotiated trade and environment treaffynd that lower tariffs and stricter



environmental standards can be sustained comparezhtcooperation. This is also
associated with significant gains over the non-evative as well as over the trade only
cooperative situations. This re-emphasizes thetlfattbetter environmental quality is not
necessarily in conflict with international tradedamith gains from international trade.

My third essay looks at another trade-off betwegarnational trade and
environmental standards known as the Pollution Hdwgothesis. It has been commonly
believed that stricter environmental standards m8lult in dirtier industries migrating to
countries with weaker environmental standards. Masmade economies wary of
tightening their environmental standards due td¢lae of losing comparative advantage
in the high polluting industries. It also has enea@ed other economies to maintain low
environmental standards with the hope of attradtwegdirty industries. In my third
essay, | find that dirtiness of an industry is asufficient indicator to predict the impact
of a stricter environmental regime. It is importémtonsider the interaction of
“dirtiness” and input use intensity of an indudioypredict the impact of a stricter
environmental standard. For two equally dirty irtdes, the one that has an input
requirement more similar to the abatement technolalj be affected more negatively,
while a dirty industry whose input requirement &ydifferent from the abatement
technology could experience increased productidherstricter regime. These results
indicate that the relation between environmenthdards and comparative advantage in
dirty industries does not have the simple inveedation as believed.

My research design abstracts from various realduadularities as outlined

below.



My first essay builds a growth model and assumedumtion functions to be
decreasing returns. However, in the real worlddpobdion functions might exhibit
increasing returns at the earlier stages of gr@amthdecreasing returns at later stage of
growth. My model abstracts from this potentiallyiaale-returns-to-scale phenomenon.

My second model abstracts from growth issues imtamtely repeated game to
allow for a more complex analysis of trade and emmental policies.

My first and second essays assume that the abatéacbnology has the same
factor intensity as the industry where the abaténseutndertaken. This makes the
scenario equivalent to the abatement technologygugd some of the final commaodity.
This assumption is a simplification made in oraefdacus on the growth issues in the
first essay and the strategic issues in the seepadThe assumption is relaxed in the
third essay where difference in input use by theterinent technology and by the
production sectors drive interesting results. Thedtessay in turn abstracts from growth
and strategic issues to keep the analysis tractable

A fourth abstraction from real world phenomena eentiround the sources of
environmental degradation. Environmental degradatcrurs from two sources. The
first source is production-driven degradation — whems pollute air, or put industrial
by-products in water, or cut down forests to usepsts in production. The second
source is consumption-driven environmental degradathere pastures are eroded due
to excessive use by households for cattle gradiefprestation occurs due to households
use of firewood for heating or cooking, air polartifollows from family owned cars, and
plastic, metal and other consumption related wastgsade the environment. However

environmental degradation associated with consumjsi tied to the location where the



consumption is made and hence international trage dot directly play a role in
consumption-driven degradation. Hence all my tlessays deal with production related
environmental degradation.

Additionally, the essays do not consider feedbdfdcts of environmental
degradation on productivity. Some researchers, Razgr) consider scenarios where
pollutants like green house gases potentially emeehe temperature, which negatively
impacts production. In those models, the welfai obenvironmental degradation arises
from production loss. In my models the welfare lagses due to disutility from

consumption of pollution by affected residents.



CHAPTER 2
INTERNATIONAL TRADE, CAPITAL MOBILITY AND THE
ENVIRONMENTAL KUZNETS CURVE

IN AN OPEN ECONOMY
GROWTH MODEL

1. INTRODUCTION:

Empirical studies driven primarily by cross-sectibmariation find an inverted U
shaped relation between per capita income and@mental degradation (especially for
local pollutants) that is called the Environmen€aknets curve (henceforth EKC). This
has led to speculation whether growth in incomsui§icient to correct for poor
environmental quality. To infer whether such cosus are true for a specific economy,
it IS necessary to analyze the income-environmaation over the inter-temporal growth
path of the economy.

To investigate the time series properties of alsinguntry’s EKC | construct a
two country open economy growth model with an eswinental externality. Through
analytical and simulation analysis of this modétdw three conclusions: First, |
conclude that growth in income is not a sufficieondition for eventual improvement in
environmental quality. | find that the two condit®necessary for the EKC relation to
emerge in the growth path of the economies arettiea¢nvironmental policy of the
economy should become increasingly strict with ghoiw per-capita income and also

that the economy should be sufficiently far frosgteady state. Second, in the absence



of other sources of comparative advantage, thet@mgoral income-environment
relationship for an economy under trade will bedretompared to autarky if the trade
partner is poorer and worse if the trade partnacheer. Third, the transition from
autarky to international trade will confound the € gutcome for an individual economy
while for a cross section of economies this autdr&gle transition will result in an EKC
relationship even when it is not true for the indixal economies.

In this growth model the choice of environmentaliggoembodies a tradeoff
between environmental quality and long-term growAn EKC will emerge for
individual economies with anti-pollution policies place if at lower levels of per-capita
income emissions due to the strong investment-lediyction growth overwhelm the
incentive to producers to reduce emission per ahiproduction and the incentive to
move production to cleaner sectors where the potiutax payment is low. As the
economy nears it steady state, the same anti-ollytolicy regime induces lower
emission-intensity and cleaner production-compaositieffects that dominate the
contributions to emission from economic growth aedult in the downward sloping
segment of the EKC. When the policy regime is ghelh emissions taxes do not increase
with per-capita income, these two pressures nagdlia growth effect are absent and
hence environmental quality worsens monotonicdllyus whether the EKC emerges for
an economy or not depends crucially on the enviemtal policy. When the economy is
sufficiently close to its steady state, the inciegstrictness of environmental policy will
result only in the downward sloping segment of BEt€C because the initial burst of

economic activity has already been observed.



International trade matters because at every foinne, the poorer economy,
whatever its level of per-capita income, valuedypan less than its rich partner and
hence accepts foreign productive capital that flexerever returns are higher. Although
the returns on the foreign capital are remittecbadly the effects of the pollution remain
domestically. In this case, it would be misguidedléss developed countries, at any
given income level, to expect environmental qualitye the same as the level the
developed country had enjoyed at an identical peita income. Allowing for the
standard sources of comparative advantage in the dddifferent relative endowments
of the internationally immobile resource shifts #revironmental-income relation but it
does not change the intertemporal properties ditrese.

In my model, the transition from an autarky EKGatoopen-economy EKC
generates a jJump in income and environmental qudtitthe real world this shift is
observed over a period of time in the form of tirdhntling of export-import tariffs or
removal of capital flow restrictions. When an ecaryahat was close to its autarky
steady state enters international trade with aelgpgrtner, it accepts foreign capital and
experiences a deterioration in environmental quaistead of the improvement
predicted by the EKC. Similarly, when an econongt thias on the rising segment of the
autarkic EKC starts trading with a much smalledérpartner, it will invest its domestic
capital abroad and experience both an improvenmeevironmental quality and
increasing income. This is a result unlike the mt@oh from its original EKC. For a
cross section of countries these movements in sadecapital during the transition will

generate an EKC even though it might not hold lierihdividual economies.



The majority of the studies on EKC are empiricahey¥ look at environmental
outcomes explained by per-capita income and otlptaeatory variables. The few
existing theoretical studies are limited along @nemore of the following dimensions:
they are static in nature, they do not explicitipdal the environmental policy, they
consider a single production commodity or they aersclosed economies. These
prevent the models from capturing one or more efdgtowth, intensity, composition or
trade effects. My model fills this void by allowirigese effects to interact in determining
the final outcome.

These dimensions of the exercise provide a moregoamensive understanding of
the economic reasons underlying the Environmentaniéts Curve. | examine whether
and when it is realistic for polluted economiesto their hope on higher incomes as a
engine of improved environmental quality. Lastlpngarison of the predictions of the
model with information from U.S. emissions data dshdight on actual changes in
environmental patterns.

The remainder of the paper is organized as follosestion 2 presents a brief
literature review; section 3 presents a theoretihework of the model. The broad
features of the theoretical model are presentezeation 3a. The specific equations of
transition are presented and explained in sectors8ction 3c compares the implications
of the model in the context of private agents versisocial planner’s problem, which is
especially important when taxes are not set in farveemaximizing manner. Numerical
simulation results will be illustrated in sectionldterpretation of empirical observations
in the light of the model will be presented in s&et5. Finally, conclusions are drawn in

section 6.



2. LITERATURE REVIEW:

An empirical study by Grossman and Krueger (1991govered the inverted U
shaped relation between income and local air artérwmllutants. This study spawned
multiple empirical studies to measure and analiizgeBKC. This body of cross-sectional
and panel empirical studies motivates my reseanckexamine the relation between
income and environmental quality for a specificrammoy and the forces that underlie the
observed relation.

Theoretical papers by Andreoni and Levinson (192®)hn and Pecchenino
(1994), Jones and Manuelli (1995), Selden and S@885) and Stokey (1998) have
derived patterns for the transition path of potiatfor a growing economy. They differ in
the forms of the welfare function, the productiamdtions, abatement functions and
intergenerational considerations. However, none tlmém model the impact of
international trade and of different environmenalicy regimes as important influences
on the change in pollution in the context of ecormgnowth.

Smulders, Bretschger and Egli (2005) construct aadyc simulation EKC
model. In a closed economy scenario, they distslgwubsequent phases when better
technologies become available exogenously. Alse, ¢mvironmental tax structure
changes exogenously in the different phases. Ttvesecharacteristics affect the profit
maximization decision of firms in adopting the n&xechnology or continuing with the
old. In my dynamic model, | examine both exogenand endogenous changes in tax
policy. Also, the technique of production is detared within the model. The interaction
between the two trading partners, usually abserthenEKC literature, is an important

addition in my analysis.
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Starting with two countries that differ in capitatd labor endowment, Copeland
and Taylor (1997) outline a static framework torakse the implication of trade on each
country’s production pattern and environmental ootes. They allow capital to be
mobile, so that a country could employ its domeditfoowned capital abroad. | start from
this framework and extend it to a dynamic modeths it is suitable for analyzing the
intertemporal relation between income and enviramale for an economy. The
differences in initial relative endowments play aaker role in my model because in a
dynamic context the endogenously determined inteyteal savings rate is the primary
determinant of the capital owned by the countrye €hdogenously determined pollution
tax in each country has both dynamic and statidigatons in my model. The pollution
tax path determines the amount of capital thatcsumulated over time, while every
period it affects the location where the capitadnsployed and the intensity of emission.
The interaction of the intertemporal and staticcef of the tax determines the final
emission outcome in my model.

The classic Ramsey-Cass-Koopmans (RCK) NeoclasSizakth Model with an
endogenous savings rate provides the dynamic steuéor my model. | simplify the
instantaneous utility function to be the log funatiinstead of constant-elasticity-of-
substitution in the original RCK framework. Howetbe consumption bundle comprises
of two goods instead of the single commodity in B@K model, while the disutility
from pollution is added in the welfare function. Wéhthe original RCK model was for a
closed economy, my model applies it to two coutitagding framework.

In recent research Roe (2005) has used the RCKeftank to conduct a

simulation exercise in an open economy frameworl mon environmental context. He

11



however simplifies the openness of the model byragsgy a small open economy trading
with the rest of the world at steady state implycanstant prices. Also there is no

international capital mobility.

3A. THEORETICAL MODEL:

| start with a dynamic general equilibrium modetiwiwo types of goods @and
Y:) and two inputs (Land K) observed at each time period t. For every econtirase
are three sets of economic agents: consumers whaniza lifetime welfare, social
planner who sets environmental policy either opliyn® maximize the social welfare or
sub-optimally without reference to social welfarand producers who take the

environmental taxes as given while maximizing psofi
The consumption bundle is of the Cobb-Douglas ©m (C,,)“(C,,)" ™.
Expenditure on consumption &, = R,,C,, +C,, = BC, where Ris the price index of

the consumption bundle.
The every-period utility function is additive inrtgumption and pollution. It is concave is

consumptionC, and linear in pollutioZ, where y is the constant marginal disutility

from pollution. The inter-temporal social welfatanttion is
Utzzptut = Zpt[ln(ct) - y'Zt]
t=0 t=0

subject to the intertemporal budget constraint
RC + (Kt+l - K, )+ (Bt - Bt—l) =Y, + P X, +1B,
In this welfare expression the disutility paramedssociated with pollution is

constant, but the marginal valuation of disutilitgvertheless increases as economies get
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richer'. This can be seen from the ratio of the marginiities. If P, . is the marginal
valuation of pollution, andR is the marginal valuation of consumption, then

P _ -0y, /07,
P~ au/aC,

’ or PZ,I = yPtCt

Production of each commodity uses one specific iphysnput, and emits
pollution Z as byproduct. Y uses K and X uses Lspscific factoré K can be created
and accumulated and is internationally mobile. Linigrnationally immobile and also

cannot be accumulated (example: land).
In the absence of any abatement activity Y, = (K,)¥, Z,, =K,
Xe=(L)™ Zx =L,

As in the standard growth models, the productiorcfions are decreasing returns
in the specific factor.,sis degree of returns in X industry, s degree of returns in Y
industry. The production function can also be ipteted as constant returns where a
sectorally immobile third input (labor or entrepeemmship) has not been explicitly
modeled.

Pollution emission can be abated if some resouacesliverted for this purpose.
Following the approach popularized by Copeland @aglor’ the production of output

and production of the emission byproduct are coetbimto a single function using the

! As the valuation of pollution disutility becomesder as €, increases even with a constanno further
insight is gained by makingitself a function of [Z..

2 The specific factors assumption is used for aiwlysimplicity. Similar results emerge when batpiits
are used allowed to be mobile across both sed¥ease refer to appendix 1D.

% Copeland and Taylor (1997), “A Simple Model of @ea Capital Mobility and the Environment,” NBER
Working Paper 5898
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abatement technology. & is the fraction of resources spent for abatemetitity in

sector Y, then output level with abatement activity is
Y, ={K. @- 6} 1)
Emission level after abatement activity is
Z,, = (L-6,)"K, 2)
wherea is the parameter from abatement technology inYtlsector. Similarlyp
is the parameter from abatement technology in tisecfor.

Combining (1) and (2) by eliminatingy; between the above two production
functions results in the Cobb Douglas form of pretéhn relatior.

Y, = ZgKe 3)
Similarly X, =281 (4)

Y: emits more pollution per unit of production relatito X. This happens
becauser > implies that it is easier to abate emission inXhsector compared to.Y
Emissions appears like an input for production;hkigemission is associated with a
higher production level because fewer resourcesdarerted for abatement of the
pollution. Y is treated as the numeraire gdod

As there is no uncertainty, the social cost of glisy from pollution for next

period is taken into account when making input sieais for the next period. tf is the

* Please refer to appendix 1A.

® According to the above interpretation productiechinology is fixed and the input mix changes with
changing price of the inputs. Nancy Stokey, “Arerthlimits to growth” International Economic Review
1998, Vol 39, Issue 1, Page 1-31, provides anraterexplanation for the production process where
technology can be interpreted to be changing.tdlinformation for the spectrum of cleanest toiekit
technology is available. £[0,1] is the index of the technology actually atémpin an economy depending
on the prevailing incentives. Higher values of digates that a dirtier technology is adopted wlhietds
more goods but also more pollution..
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shadow price of disutility from pollution, then mazation of social welfare requires

that the marginal cost, imposed on emissions should equal the value a&lsbenefit or

value of marginal product from allowing the lasttwof emission.

- _BPX,

: Z ()

Using this condition to substitute fog id the production function makes groduction a

function of L; and relative prices.

BP, L =L .
X, = (=29 (L) 7 i.e. X, = X, (P, Li; B.sx 1) (6)
t
a a sy-a
Similarly Y, = (=) (K,) ¥ Le.Y, =Y, (K;a,sy,r1,) (7
T,

t
Given the prevailing market incentives, there fecent allocation of resources in
every period both for consumption and productioowever, investment motives cause
the sequence of static equilibria to evolve and entowards the steady state, where there
is no further desire for change. Comparison ofa@bhelution towards the relevant steady

states provides interesting insights about therenmental-quality outcomes.

3B. EQUATIONS OF TRANSITION:

Under free trade, both goods Znd Y, are traded. Capital (kaccumulates over
time without any depreciation and is internatiopathobile. In every period capital
moves to where the payments are higher, until #wgments in both economies are
equalized. The second input land/labqrid assumed to be fixed and internationally
immobile. The two economies are assumed to havdemtical endowment of this fixed

input. An international financial market for bon&s also exists and an interestis
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earned on each bond held. To focus on environmassales, we assume that the
exchange rate equals unity and that purchasingppavrity is satisfied.

For the two economies interacting with each otktee, equations are similar in
form. | denote the foreign variables with *. The debhas 23 variables {CK;, B, R, n,
C, Kt*, Cxt, Gyt Crt*, Cxt*, Y1, Xu, Y5, X¢*, Zvt, Zxts Zvts Zt, Zvt*, Zxi*, Zt*, Pxijunder
free trade when the two economies are consider@dhéstrategy in solving this model
is to identify a smaller subset of variables whack solved from the dynamic equations.
Once the time path of these key variables is kndlarest of the system is solved using
the static equations of the model.

With free trade, the core subset of dynamic retetics the seven difference

equations below.

RC + (K —K ) +(B =By) =Y + P X +1,B, (8)
PtCt* +(Kt*+l_Kt*)_(Bt _Bt—l)zYt* +PXtXt* -G )
1 1 . .
PC - p [ P C {1+Yt+1(Kt+1)} - yzt+1(Kt+1)]
-t 4141 (10)
1 1
=p {1+r1,,}]
PtCt Pt+1Ct+l o (11)
1 1 ot o
PC* - 10[ P C* {1+Y (Kt+1)} - y (Kt+1)]
t~t t+1~t+1 (12)
1 1
=0l —{1+r.,}]
PtCt Pt+1Ct+l i (13)
X,(R, L)+ X (R, L) = WHC WA, (14)
Xt
Yi(K)+Y* (K%)= (1-W)P(Ci+C*)+(K t+1-Ko)+ (K 1*-K ) (15)
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Equations (8) and (9) are the budget equationsheftivo economies. While
interpreting these equations it is important tdidggiish between the stock of capital that
is employed in an economy and the amount of cagi@l is actually owned by the
economy. This discrepancy occurs because the reésidé an economy may own capital
which they decide to employ in a foreign countmgd @&njoy the returns earned on the

capital in the foreign economy. THe and K, * in equations (8) and (9) denote the
amount of capital employed in the two countriepeesively. TheB, represents flow of

domestic wealth to foreign nations for purpose a@nsumption smoothing and
investments in production both of which earn resuat the rate% The profits from
employing capital stay with the country where iermsployed, while the owners receive
only the rental returns.

Equation (10) and (11) are the first order condsiof welfare maximization with

respect toK,,, and B, respectively, alternately known as Euler equati@ugiations (12)

and (13) are the corresponding equations for theign economy. These four equations
together imply that the investments in capital tedadomestically, capital located abroad
and in bond-holding earn equal marginal return eyeriod.

Equations (14) and (15) are the market clearingditimms for X and Y in the
world market. For the X commodity, consumption dach& the only source of demand.
Since the Y commodity is used both for consumptmal as capital, the demand has

consumption demand and investment demand components

® Refer to Appendix C for details
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Since the individual budget conditions are beingsidered, one of the market
clearing conditions given by equation (14) or (1%)redundant by Walras Law. So
equations (8) — (15) represent 7 equations in tharidbles ¢ K, B, P, r, C*, K¢*.

Once the time paths of these 7 variables are kndlwenyemaining 16 variables of the
system can be determined using the static equétions

At the start of trade, | assume that capital isloeated across economies so that
the marginal return to every unit of capital em@dyn any country is the same. This
represents the familiar jump of variables as coestrelocate on the new saddle path on
their journey to the new steady state. There isash to capital reallocation in this model.
Hence the jump of a large amount of capital todbentry with weaker environmental
standards is an expected result and serves ashk funeéhe model.

The system of dynamic equations does not assumiasict asymmetries of the
two economies. For two otherwise identical econainileis approach makes transparent
the importance of difference in relative incomegl atfferent environmental policy
regimes in determining the outcome. Asymmetric niagemoves the outcome in
expected directions and does not uncover unexpedsdlts. For example, if the
disutility parameter is different for the two ecomes, the one with the smaller parameter
would accept more capital, have weaker environnmhestéandards and sustain a higher
income for the integrated economy. If the productiechnology is different for the two
economies, then more capital flows to the econorngres capital is more productive. For
these reasons, | have abstracted from intrinsimasstries of the two economies in my

core model to focus on the relative income and renwental policy effects on the

" Note that the price index fr the consumption bundlg @ an unique transformation of;P
R = (P [ L) ]
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pattern of international trafleThe contribution of this paper to the asymmaetmindeling
literature is important because instead of the alwiasymmetries it highlights that
asymmetries like difference in initial relative orae, or environmental policy regimes,
still have an important role in determining theamme.

The first-order conditions for optimization are g for the steady state. The
steady state is defined as a situation where alabi@s maintain a constant level. Then
the first order conditions, which are first ordéffetence equations, are linearized around
the steady state to get an idea about the evolofitime variables. The steady state in this
model exhibits saddle path stability and the staidenvalues define the movement of
the variables along the saddle path over time

To find the necessary conditions for an EKC, | gp@l the evolution of
emissions.

Z=2,+7Z,

or, Z :—YZY+Z—XZX
Z Z

A i/\ sy-a i/\_ sx-f3
2= MOV (Oyea e s ABTOBK (BBayia iy
(@ln)Y+(BIDPX T (aln)Y +(BIT)P X
. (alt)Y i ., (BIT)P X
Use w to represenZa/r)Y+(,8/r)Pxx and (1- w) to rEpresenL(a/r)Y+(,8/r)PXX
or, Z=w{ YTk -1 B ra-w) 1 (Px-1)) (16)
’ l-a 1-a M-p

8 | present comparative dynamics with two asymmetricieling cases: one where the two economies have
different endowments of the fixed input, and theosel where the two economies have different disutil
parameters, on pages 31 and 136 respectively.

° Refer to Appendix B for technical details
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Equation (16) tells us that growth in pollutiorais increasing function of the
growth in K, the increase in prices, and the sloftbe dirty industry. It is a decreasing
function of growth in taxation. The necessary ctinds for the EKC to emerge are that
initially the positive effects of capital accumudat on emissions should dominate and
later the negative impact of stricter policy in sgions should dominate. The first
condition is satisfied when an economy is distamtfits steady state and has a strong
investment demand. The second necessary condsteatisfied when environmental
policy becomes proportionally stricter with income.

In the early stages of growth, there is strong itmpdor growth in output to
satisfy the consumption demand and the desire til lmp capital stock. Hence the
positive scale component dominates. Although emisstaxes are also on the rise, the
effect is not strong enough to negate the scalecesffof growth. As the economy
approaches its steady state, the growth rate @sclimd the effect of growing taxes
becomes relatively more important. On one handieduces the profit-maximizing
emissions per unit, and on the other hand, it jgievian incentive for producers to shift to

the less dirty industry. These result in the deegirsegment of the EKC.

3C. DERIVATION OF OPTIMAL EMISSIONS TAXES THROUGH GMPARISON
OF SOCIAL PLANNER’S PROBLEM AND ECONOMY WITH PRIVAE AGENTS:
Having looked at the social planner’'s problem unhis point, it becomes
important to examine whether such an outcome caustined with decision-making by
private agents. The consumers make consumptionsawithgs decision every period,

taking the interest rate, which is the returns &pital, as given. In his optimization
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decision each individual consumer also takes thgremgte emissions level; As

exogenous, which cannot be affected by his indalidavings decision.
Uy = Z:Otut = Zpt[ln(ct) - y'Zt]
t=0 t=0

subject to ECi+b= (1+r)b.1+ Lumpsum income from aggregate emission tax ciatec

The above maximization with respect to consumpeapenditure shows that
equations (11) and (13) are relevant consumer etexmjcations.

The profit maximizing producers choose the amountapital to be employed
every period, taking the environmental taxes agjerous. The emissions tax serves the
purpose of making the producers abate as longeaisahatement cost is less than the per

unit tax. The amount of tax collectedZ, on the emission actually produced is distributed
in lump sum to the consumers. From the profit-mazing behavior,.Z, =aY,, the

increase in pollution due to increase in capital pltyed is calculated as

Z'(K,) = (E)Y'(Kt). An additional unit of capital employed increatfes amount of Y
T,

t

produced. However, the additional unit of capitisloaincreases the profit maximizing

amount of pollution emitted, which is levied a taat the rate 1
on, /oK, =Y'(K,)-r,Z2'(K,)-r,

Profit maximization impliedl, /0K, =0 = @-a)Y'(K,)=r, a7)

Equation (17) thus emerges from profit maximizingnditions irrespective of the

pollution-tax scenario.

The corresponding equation for the foreign econsm§—a)Y* (K,*) =r, (18)
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Equations (17) and (18) are the relations of ttaorsthat link the emissions taxes
to the level of capital with private agents, repigcequations (10) and (12) under the
social planner’s optimization. Elimination of cumteconsumption expenditure between

equations (10) and (11) of the social plannersbfam results in the relation
L} a 1
=Y (Kt)(l_”DtCt T_) (107)
t

Equation (10) is typical of the standard Ramsegs£Koopman type of dynamic
model where zero cost of adjustment of capital almsence of uncertainty ensures that
the marginal return to capital equals the interat every period. The optimal time path
of capital stock satisfies this in each period. Dpgimal pollution tax is defined as one
that ensures that equation (10’) of the socialmpth conditions is identical with the

profit-maximizing relation (17). This turns out te 7, = )RC,. Hence these optimal

taxes can sustain the social planner's outcome evieen private agents make the

decisions.

When taxes are low, i.a, < )P,C,, then the social optimal payment to capital as

captured by equation (10’) should be lower than twisapaid by profit-maximizing
producers as reflected in equation (17). This isabse with low emission taxes, every
unit of capital is associated with a higher emissioausing a higher disutility, the
valuation of which should be reduced from the payime capital to provide it with the
correct incentives. When the payment to capitahos corrected by the taxation, the
private economy will follow an evolution path thatdifferent from the socially optimal

path.
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In the static case, the tax on capital was not mapd because once the pollution
had occurred, that was the end of the story. Indeamic model, payment to capital is
an important consideration because it determinesnitentive for building future capital
stock in each economy and hence future polluticha@msumption.

A fixed pollution tax in an economy may arise dodhe governing institution’s
lack of capability in evaluating pollution disutiti every period or else to a desire to
provide an incentive to produce for some reasorrdtian maximizing social welfare. It
may be unrealistic to expect that this governingyowill be able or willing to set a
complicated and instantaneously changing capixaint@rder to partially offset the effect
of its inefficient pollution taxes. This makes mportant to compare the evolution of an
economy where emission taxes are efficient aganst where the emission taxes are
suboptimal and corresponding capital taxes aremabse

So the system of equations for the private econantly pollution tax and no
subsequent tax on capital comprises of equatioh ghd (18) replacing equations (10)
and (12). These sets of equations are identicay artlen emissions taxes are set
optimally.

Every period the government imposes a tay per unit of emission. Three
different policy regimes are considered. Firstjraghe static model, the pollution tax is
assumed to be set efficiently as the shadow pricpotiution every period in both

economieg, =P, = )RC,. This is more realistic for developed economieseneh

wealthier residents, who are more aware of the agbsinvironmental degradation, can
expect the policy making agency to reflect theinaarns through stricter regulations.

However for economies with fewer resources, the odsmonitoring as well as the
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administrative costs of changing the standards make periodic synchronization of
pollution tax with consumer demands infeasible. ¢¢erthe second pollution tax

framework is such that the emission tax remainsdifor the period under consideration,
zero environmental taxes being a special caseisffitked-tax r, =7. This may be a

more realistic institutional setup if one identHfighe efficient-tax economy as the
developed countries and the fixed-tax economy adebs developed countries. A third
possibility considered is one where the emissi@xsrises either too strongly or too
weakly with growth and not according to the margweluation of pollution disutility.

Refer to diagram 1.1 for illustration of these ol and suboptimal environmental tax

setting scenarios.

I:)z t
oX, .
= = MSB (from production)
t
from consumer welfare
r*= JPC, MSC ( )
L S N —
Z

Diagram 1.1: Optimal and sub-optimal emission tedwesny given period

3D. LESS TARGETED ENVIRONMENTAL TAXES:

For many developing countries, pollution taxatia raodeled above is not an

option. Hence it would be useful to introduce aslemrgeted production taxation of the
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dirty industry. As the tax is not on emissiong thlation (5) is not valid in this scenario.

Hence the production function and the abatemertdtiimm cannot be combined as before
to express production as a function of environmdataes as was done in expressions (6)
and (7) by eliminating emissions.

Production of output: ¥K*

Production of emissions;Z K;

The government imposes a tgxon per unit of Kbecause in the absence of tax
specifically on emissions, once the capital stackalected there will not be any further
incentive to reduce emissions during use of thattak This would result in emissions
Z= K;, causing disutility to consumers. In this scenagquation (10) derived from
intertemporal maximization takes the specific fdyetow:

1 1
S -Pl

1+sy.(K,,, )Y} -
PC. R&m{ Y(Ki)” -/

(19)
Other than equation (19), the rest of the systergoitions remains unaffected.

Combining equation (19) with (11) provides belowadternative expression under social
optimum.r, =s, (K,)*" - RC, (20)
Profit maximizing producers have to pay the tgxfor every unit of capital
employed. Hence the profit maximizing payment tpitdis r, = sy(Kt)Sy“1 -7, (21)
The optimal emission tax can be derived as befsreorse that help achieve
equation (20) for an economy with private agentsm@arison of (20) and (21) determine
the optimal tax structure to lre = )R,C, (22)

Hence the optimal tax structure has the same fomaltiform whether it is a

targeted emissions tax or a less targeted one madpams the dirty input capital.
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4. NUMERICAL SIMULATIONS AND INTERPRETATIONS:
Starting with a set of benchmark parameters, | \they parameters to see the

implications of the results and the relevance weid world scenarios.

Parameter Explanation

w=0.25 Weight of the X commodity in the consumption bundle
s=0.9 Degree of returns to scale for X production

5=0.9 Degree of returns to scale for Y production

=0.5 Pollution emission coefficient for X production

a=0.7 Pollution emission coefficient for Y production
y=0.04 Awareness parameter in home

y*=0.04 Awareness parameter in foreign economy

p=0.99 Discount rate

s=1 Ratio of income of foreign economy and homeneaoy

Table 1.1: Benchmark parameter values and intexfpoet

The X commodity can be thought of as an agricultaoanmodity whose weight
in the consumption bundle is smath<0.25). The decreasing-return parameters are
meaningful if the Y industry is intensive in capjtthe X industry is intensive in land.
The discount ratep” is chosen to be the commonly used value of 0.88enthe relative
size of the economies “s” is varied in the numérstaulations. The pollution disutility
parameters are small relative to the unit weight@msumption utility, the specific value

chosen is for convenience.

4A. BENCHMARK SITUATION:
The two economies are of equal size (s=1) and tteveame pollution disutility.
Both set emission taxes in the socially optimal ngrand start trade at an early level of

economic development. (Please refer to Diagranatlehd of this essay)

26



This is a scenario where both necessary condifmmthe EKC are satisfied, and
the complications of international trade have dsen simplified. In this scenario with
two identical economies, the local pollutant ancbime do show the traditional inverted
U shaped relation. The volume of international floivgoods and capital is zero as the
economies are identical.

These forces will be clearer if we look at the tisegies of emissions instead of at
the income-pollution relationship (Refer to diagran8). Couched in terms of the
familiar scale, composition and technique efféctthe same mathematical outcome can
be seen diagrammatically. Compared to an initalqal, the effects of use of cleaner
techniques as well as a shift towards a cleanatymtanix partially counteract the effects
of degradation due to increased scale of productidgith efficient taxes the growth of
scale is restrained and even is reduced as resigiahte the environment more strongly
when rich. This does not necessarily mean thatdmsumption level goes down. As the
economy approaches its steady state, the eagamessumulate capital declines and
investment demand falls. Consumption grows bwnaincreasingly slower rate, out of
production using existing capital stock. The cleangpact of lower emission intensity
and cleaner product mix induced by stricter emisgiaxes dominate the growth-of-
production effect as the economy approaches tlaggtstate along the downward arm of

EKC.

4B. INTERTEMPORALLY FIXED EMISSIONS TAXES:
With fixed emission taxes, the policy condition esgary for the EKC is violated.

When taxes do not increase over time, no incentsverovided to use a cleaner

19 Grossman and Krueger, 1991
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technology or to shift to the cleaner sector asnme increases. Looking at equation (16),
we see that both negative pressures drop off. ifine path of emissions should exhibit a
pattern of monotonic increase as shown in the dragiWhile it is possible to attain the
long term pollution by setting the fixed tax at tlwg term optimum, this imposes
unnecessary burden in the early stages of develupwieen the economy does not value
the disutility of pollution very strongly. (Refes Diagram 1.4)

| look again at the decomposition into scale, cositpgn and intensity effects
(Refer to Diagram 1.5). The scale of productionwgraunabated as there is no stronger
restraining force in the later periods. As the iispused in the dirty industry grow and
taxes remain unchanged, this encourages produictitre dirty sector. As the prices of
the commodities go up, this reduces the real valuéhe fixed taxes. So the profit
maximizing producers are encouraged to use inaerghsidirty techniques. All three
effects contribute positively to environmental detation, making the overall sum of
these effects even larger.

The income-pollution relation is found to be momotoand unlike the EKC
shape. However rich the economy becomes, or howevaortant its position is with
respect to the world economy, pollution will notcliee with rising income if the
governing body does not implement pollution taxesrdflect the growing disutility
valuation of the residents. With fixed emissionsetg the steady state capital is defined
uniquely where the marginal payment to capital é&jthee rate of time preference. Hence
we see in the diagram 1.6 that the steady statesemiis set uniquely irrespective of the

income level that the economy attains.
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4C. EMISSIONS TAXES THAT INCREASE WITH GROWTH OF TEFHECONOMY,
BUT NOT SUFFICIENTLY

The efficient emissions policy derived in the thetaral model is where the rising
environmental taxes exactly reflect the increasiapation of pollution disutility. This
efficient tax is a special case that satisfiesrteeessary policy condition for EKC- that
environmental taxes should rise with increasingome. If taxes are lower that the
optimum, the height of the inverted U is much higlieefer to diagram 1.7). This
additional pollution contribution arises because af three scale, intensity and
composition effects. Producers are interested Idilng a larger capital stock as the tax
payments are low, which increases the scale ofymtazh. As taxes are below the
socially optimum, the intensity of emission is hidglow taxes also reduce the pressure to
move to a cleaner composition of production. Howgvtkis is not the socially best
outcome. Hence, an inverted U shaped income-ermieon relation from the time series
data of an economy is not enough to infer thateb@enomy is on the socially optimal
trajectory. There exists scope for improvementneimnmental policy to improve the
outcome.

On the other extreme, we can imagine an environmheéagime that wishes to
avoid the hump altogether and sets stronger enviemal taxes. This can achieve the
environmental quality to be monotonically improvingith rising income but by
sacrificing growth. The implications of growth, @mnmental outcome, home and

foreign welfare corresponding to different typegoficy regimes are tabulated below.
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Emission Policy Kdteady | Chteady | Zlsteady Income-emission | Wlsteady
relation during
transition
7, = y\/PC, 5115.6 345 249.96) Monotonically rising ~ -3.39
I, = PC, 397 16.23 26.76 EKC 2.63
Socially optimum policy,
in this model
r, = y(PC,)* 113.56 4 5.34 Monotonically 1.26
declining

Table 1.2: Growth-environment tradeoff for differg@molicy regimes with benchmark
parameter values

As the first row of the above table shows, envirental policies that increase
with per capita income may be weak enough nevewveswhelm the growth in capital,
resulting in a monotonically rising income-emissarlation. This allows higher returns
to capital and hence growth to a higher steady stansumption (345) and capital stock
(5115.6). The environment policy regime might becstto result in a continuously
improving environmental quality as income increas@bough this might appear
desirable, one has to realize that the environnmepiaity (5.34) is achieved at the cost
of a lower growth and a lower achievable consunmp{#0). Hence, the environmental
policy that the social planner chooses reflectsaaet off between consumption and
environment. The EKC shape arises in only a rariggneironmental policies where the
growth in scale initially dominates and then is dyrally dominated by the cleaner

composition and lower intensity effects stimulabsgdstricter environmental policy.

4D. ABSOLUTE SIZE OF THE ECONOMIES AT THE START ORADE:

When the economies under consideration are alrebdbg to their steady state

(refer to Diagram 1.8), the second necessary dondior the EKC is violated. The
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growth of pollution is a positive function of caglit If the trading countries at the
beginning of trade already have sufficient caietiveen them, the rate of further capital
accumulation will be slow. The pollution reduciedfect of rising taxes dominates,
resulting in the downward segment of the EKC. Waetine will see the inverted shape
under trade depends solely on whether the courtage passed the hump during their

autarkic growth.

4E. SOURCES OF COMPARATIVE ADVANTAGE CAUSED BY DIHRENCE IN
ENDOWMENTS:

| consider other sources of comparative advantggalbwing the two economies
to have different endowments of Ianﬁ)( For two economies with the same income

levels at the beginning of trade, this means that dconomy with a IargeE has a
smaller endowment of capital. The steady stateimessof equations (10)-(13) form a
self contained system defining the capital stoclleyed in each economy and the value
of consumption in each economy. Thus a differentloement of the immobile
endowment does not influence either the value ofsemption or the level of capital
employed in each economy. This also implies thatdteady state environmental taxes

are the same as before in both economies. To gesat about the effect of difference

in endowment, | assume that the total world endominoé L + L * is as before, but the

allocation is different across the two economiesgefrto diagram 1.9). The economy with

the larger endowment df will produce a greater world share ofahd will experience a

worse environmental outcome for the same incomeldev
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Having considered the impact of environmental goba the observed income-
environment relation, | consider how internatiotrade affects the income-environment

relation for any given environmental policy regime.

4F. TWO TRADING ECONOMIES IDENTICAL IN ALL RESPECTS BUT
STARTING TRADE AT DIFFERENT INCOME LEVELS:

If the foreign economy is at an earlier point f growth path than the home
economy at the beginning of trade, its marginabaabn of disutility is lower than at
home at every point in time. Hence the foreign ecoy accepts home capital allowing
the home economy to enjoy better environmental itiond (refer to diagram 1.10). As
the gains from investment are shared across theoeues due to mobile capital, home
still enjoys income from its assets employed abrdssbuming emission taxes to be
efficiently set resulting in the intertemporal EK€lation, international trade shifts the
EKC down for the richer partner than what would ddeen possible under autarkic
growth. The consumption growth is locked in the saatio as can be seen by comparing
equations (8) and (10). So the developing foreiggnemy exports goods to the home,
while the home economy finances its commodity consion through capital flows to
the foreign economy. At the steady state, the limime will be willing to grow more than
what it would willing when trading with an equal rpger. This additional growth is
desirable as it is financed out of overseas investrat no pollution cost to self.

The poorer trading partner though values pollutiess on account of being
poorer. However it ends up at a lower steady stef@me because it cannot appropriate

the entire gains from the capital employed domabyjic (Refer to diagram 1.11.)
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Moreover, the additional dirtiness that will be @dated for it to produce a percentage
increase in world income makes it not worthwhile.

To appreciate fully the causes underlying the ckang the levels of
environmental outcome, it will be interesting tcceragain look at the factors underlying
the shift. For any given level of income, the affit taxes are unique. Hence the profit
maximizing emission intensity will be the same watid without trade for every level of
income. Diagram 1.12 shows that trade with a pautisreduces the scale of production
in North. A large volume of the North-owned capiwlocated in the South. The North
produces less at home, but can buy the dirty contsnéidm South using the payments
on Northern capital employed in South. Hence Negh finance the same consumption
bundle at a lower pollution cost to self which Iee teffect of reduction in scale of
production. Additionally, Northern producers nowsalhave a stronger incentive to
concentrate on the production of the cleaner coniywaging the domestically located
labor.

For the South, the converse is true. While theesofproduction goes up, a part
of the value of production is remitted to the capdwners of the North. The South ends
up producing more and selling to North. The comipmsiof production is also more
biased toward the dirty sector because South takes big share of production of the
commodity that uses internationally mobile capitallhis is also reflected in the

composition of the Southern production being moasdx toward the dirty commodity.
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Emission | Size (s) of Home Shape of Incomeemissid)nqg;teady Clsteady | Zlsteady | W/steady
Policy economy relation during transition

7, = BC, | Autarky s=1 | EKC 397 | 26.76] 16.24 2.63
1, = PC, | s=0.56 EKC 143 | 30.96] 6.59| 3.17
7, = RC, | 5=0.44 EKC 681.8 24.77] 9548 -0.61

Table 1.3: Impact of trade on EKC outcomes foradtdht sized home economy

While the classical sources of comparative advanpagvide gains from trade for
both trading partners, the welfare effects arisialgly due to environmental policies and
capital flows shows that the poorer economy loseth in consumption and in
environmental quality in free trade compared to dbgarky situation. The consumption
loss for the poor home reflected in the above tébleaused by FDI which reduces the
marginal returns to domestic capital. Other soufepotential gains from FDI in the
form of employment generation, linkage effects, &ndwledge transfer are not present
in this model. The environmental costs of FDI retikel in the above table are relevant. It
indicates that in the open economy scenario, theiaft environmental policy should
also consider the impact it has on the flow of imé¢ional capital. This however would
lead to strategic interaction which I have consdezlsewheré*

The above discussion shows that though the incastietion shape still shows
the traditional EKC shape, the implications are elyddifferent for two economies

having different relative income but follow iderdglenvironmental policy.

1 please see my second essay “The welfare synetmynitiing international environmental agreements
with international trade treaties”
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Another comparative analysis is considered wheunttiees are of equal size but
have different values of pollution disutility paratar. Please refer to appendix 1F for
detailed exposition of this scenario.

Having looked at scenarios where an economy isroaooasly either in autarky or
in trade, | turn my attention to the situation wdhan economy makes a transition from

autarky to trade.

4G. TRANSITION FROM AUTARKY TO TRADE:

The transition from an autarky income-environmedtion to an open-economy
income-environment relation generates a jump innme and environmental quality.
International capital flows from an economy witlaege capital stock to a small
economy with a small capital stock. Also, the ineoof the economy experiencing
capital outflows goes up during this transition diexe the domestically owned capital
earns higher returns abroad. For the economy Wwélsimaller domestic stock of capital,
the inflow of capital causes worsening of environtaéquality. The growth in income
will also be slower because the returns to domesiiital decline due to inflow of
foreign capital.

In the real world this shift is observed over ag@eiof time in the form of
dismantling of export-import tariffs or removal cdpital flow restriction. | have shown
that for the EKC relation to emerge in the intenp®ral growth path of an economy, a
very precarious condition between growth in endowtsi@nd growth in taxes has to be
satisfied and in most general situations of envirental policy such a relationship may

not emerge. The changes in environmental qualidyiacome due to movement toward
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freer trade will cause the cross country panel ttagxhibit an income-environment
relation that is not generated due to efficientimmmental policy (Refer to diagram
1.13). Data from economies that are undergoindugktransition from autarky to trade
will behave in the manner described and the obsen@me-environment relation will
reflect the EKC pattern although it does not haldthe individual economies.

The next three comparative dynamics looks at theaohon EKC of a one-time
improvement in technology, an increase in world dedfor the commodity the country
has comparative advantage in, and a situation vaneaconomy fulfilling the necessary
condition EKC might experience a worse environmleoticome compared to its poorer

trade partner.

4H. DYNAMIC IMPACT OF CLEANER TECHNOLOGY:

At every time point, there are two opposite foraesng within an economy. One
is to have more capital to sustain current consiomg@nd to accumulate capital for
future production and consumption. The other isdiséke for capital due to the
accompanying pollution. When a country comes irspssion of a cleaner technology, in
the early stages, the reduced emission per unhtriviggger such a rate of capital
accumulation that overall level of pollution is @&lly higher (refer to diagram 1.14). In
the long term capital accumulation slows down. Thehonly does the cleaner technique

effect dominate, but the country can grow furthee tb the already accumulated capital.

41. EFFECT OF PRICE RISE
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Since the price of the dirtier good has been namedlto unity, an increase in
demand for the relatively clean good X would inseéhe relative price of X, and lower
the real pollution tax for that sector. As the esiua coefficient is very small for this
industry, the price rise has a small effect. Howeveis indicates that if prices of a
commodity increase, the countries specializinghiait product will see higher pollution

compared to other economies (refer to diagram 1.15)

4J). RICH HOME IMPLEMENTING SUBOPTIMAL TAXES:

When the change in environmental policy is notrggrenough to reflect the high
value of disutility of the rich economy, then thables might be turned in terms of
environmental outcome. Suppose the home economys stieading with a foreign
economy which is at an early stage of growth amgldraefficient environmental policy
regime in place. Then in the initial periods, thg might be less in the foreign economy
causing it to accept home capital similar to thevpous scenario. However, with growth
the taxes in the foreign economy rise efficientfythe taxes at home do not respond
sufficiently to home income growth, then it is pb$s that at a later stage, the foreign tax
is higher than that at home (refer to diagram 1.26)this stage home would accept a
larger share of world capital compared to the pobrg stricter foreign economy. The
EKC of home instead of consistently lying belowttbithe poor foreign economy would
intersect and rise above that of the foreign econadrhis once more emphasizes the idea
that high income in the absence of proper policynag sufficient to attain optimal

income-environment outcomes.
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Even when stricter environmental policies retamdpiction and income, the
capital stock might grow in order to sustain thisduction under the stricter and hence
less productive regim€.This accumulation of capital might give an illusiof growth
although production and consumption have gone down.

It is interesting to see the above results in lighthe convergence literature. In
the present model, in addition to the level of talpithe emissions taxes are another
determinant of the marginal productivity of capit@he level of taxes again depends on
the income level of the country. A poorer countgsta lower tax and an even higher
marginal product of capital compared to the sanwvellef capital in a rich country.
Hence, at the steady states, though the effectargimal productivities are equalized, the
levels of capital stock do not converge. Sincepberer countries end up employing a
larger share of world capital, trade is not balandehe poorer country exports the dirty
good while the cleaner countries provide (expattdr inputs which are clean. There is

no further incentive towards convergence.

4K. LESS TARGETED EMISSION TAXES:

For the scenario of less-targeted environmentatyalescribed in section 3d and
the optimum capital taxation derived, the numergtalulation result is presented below.
For model parameters and starting conditions idehtwvith the targeted taxation, the
diagram below shows the relation between nominabnme and emissions for the non
targeted situation.

The inverted U shaped relation looks similar toobef(refer to diagram 1.17).

However, a comparison of the targeted and lessetiagscenarios in diagram 1.18

12 please see appendix 1E for more details
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reveals that the less targeted tax is too strict strongly restricts the employment of
capital, pollution and growth of national income.

To explain the results depicted in diagram 1.18 itmportant to realize that the
emission taxes calculated in the targeted and #ss targeted scenarios are pure
environmental policies in the sense that they tdiee pattern of trade as given. The
emissions policies are not used either to alteptteern of trade or to change the income
of the economy in a beggar-thy-neighbor stratedyusithese policies can be labeled as
short-sighted in the sense that they do not tateeancount their effect for international
trade and domestic income. This becomes strongharanmt during the comparison of
targeted and less targeted environmental taxesoptimal environmental taxes derived
purely on environmental disutility considerationoab reduce the income levels greatly
in the non-targeted set-up because it discouraggstat accumulation and also
international capital flows. The environmental taxill optimal for the resulting level of
capital and income in the sense that given thel levexcome and pattern of trade, the
optimum level of tax provides greater welfare thahers taxation levels. For targeted
emission taxes, the same force drives the tradsomés to be so widely different for the
two economies with different initial relative inces While setting emissions taxes
neither economy takes into account that the emmstages will affect the volume of
capital flows, and hence production and income. &anodel where the government
weighs the implications of an environmental polfoy trade and income, refer to the
second essay. The growth aspects are abstractiedtimodel to focus on the interaction

of trade and environmental policies.
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5. U.S. EMISSION DATA INTERPRETED IN THE LIGHT OFHE MODEL

U.S emissions data for Ammonia, Sulphur Dioxidet@a-monoxide, Nitrogen-
oxide, Particulate-material and Volatile-organicrgmounds are available from US-EPA
for the years 1990 and 1996-2001, at the 4 didh I8vel. Integration of this data with
domestic production data for those years makesssiple to create the decomposition
US emission pattern to make it comparable withptieglictions of the mod¥l

| use the following technique for decomposition:

Z =% 7, where i represents industry at SIC4 level.
Z Y.
or,Z=>) ———
23 ¥

or, 4Z =Y T 1A+ Y ) +dT 2

Discrete approximation:

|Oz_ﬂ i0 |t_|0
) A ZY Gy O)ZYIOY

Change in Change in Change in Change in
emission in yrt intensity composition scale
wrt base year 0
In diagram 1.19, 1990 is used as the initial peraod changes are calculated
relative to 1990. The sum of the available emissigrused as an index of environmental

guality. The aggregate emission is seen to remaireror less constant over this time

period. While this in itself does not seem veryctpeular, decomposing this change in

3 Provided by Thomas McMullen, USEPA in private droairespondence.
 This is the NBER productivity data extended tD02. Provided by Wayne Gray in email
correspondence.
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emissions into changes occurring due to changecate schange in composition and
change in intensity reveals interesting insight®uabthe prevailing environmental
standards and about trade patterns. Over thisgpgrowth of the economy, captured by
the scale effect, would have led to dramatic ineesan emissions if it there had not been
significant improvements in intensity as well ash#ft out of dirty industries. This makes
it evident that in addition to exogenous causesgffective emission standards across the
economy have become stricter over time providingemive to profit maximizing
producers to use cleaner methods. The composifi@omestic production has moved
towards a cleaner mix of products which reinfoitee inference that the strictness of the
environmental regime has increased over this tifflee negative contribution of the
composition change effect is however less thandhatto the change in intensity effects.
The decomposition pattern predicted by the themakthodel (Section 4A, Pg 27)
is found to be consistent with the actual decontmysbdf US emission. We can infer that
US emissions standards have increased with incomehws a necessary characteristic of
efficient policy regime. Whether it was exactly iei#nt or not depends on the more
complicated question of consumer valuation of dcuaduation social cost of these

emissions.

6. CONCLUSIONS:

The present analysis shows that during growth dividual economies a stricter
environmental standard with growth of the economyainecessary condition for the
inverted-U shaped relation between income and éonisso emerge. This is because the

higher taxes at greater economic prosperity engasrgrofit-maximizing producers to
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adopt cleaner technologies, and provides impetusadee to cleaner sectors. For trading
economies, the differences in the trade pattersecabhifts in the inverted-U shape, but do
not violate the overall shape of the relation.

One cannot rely solely on higher incomes as a rgnmfed environmental
degradation issues. When emission tax policies a@orespond or respond weakly to
consumer disutility, pollution shows no sign of dessing at higher income levels.
Sufficiently high fixed taxes may make the fixed-tsteady state outcomes consistent
with the steady-state under optimal tax or evenicawbe hump shape altogether.
However the environmental policy embodies the @ésiradeoff between growth and
environmental outcome and too-strict environmenpalicy imposes unnecessary
restrictions on growth.

In a trading economy framework, identical efficigmblicy regimes will not
deliver identical environmental outcomes to ecoresmihat have different trade and
capital flow patterns. For an example, the samarenmental policy in China would
result in a different income-environment outcompetaling on whether China is trading
with USA or if it is trading with poorer economi@s Africa. For two economies that
begin international trade starting at differentrpgsiin their growth path, the implications
are very different. In absence of other sourcexahparative advantage caused by
difference in factor endowments, the smaller econall accept foreign capital and will
experience a worse environmental outcome than itsendeveloped partner. The
developed economy will be able to invest its camtaroad and use the returns on this
capital to buy dirty commodities. Using the earkxample, China at any given income

level will have a worse environmental outcome thi$A at historically same levels of
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per-capita income. This is because the develop&dmavill have the opportunity to
delegate the production of dirtier sectors to teeetbping economies, but when the same
developing economies achieve a higher level of nmeothey will not have the
opportunity to delegate the dirtier sectors to satiner economy unless they manage to
find a further less developed economy. This resigihlights the fact that predictions for
individual economies using analyses based on ascsestion of countries might be
misleading.

Transition of economies from autarky to trade wocddise capital to flow from
developed to less developed economies. This cdlasescome-environment relation for
a cross section of countries to exhibit EKC relattbough it may not be true for the
individual economies.

Additional factors that affect the relationship efivironmental outcomes and
income are pollution disutility awareness, pricames in the sectors that the country
has comparative advantage in, and the technologyaduction and abatement. If an
economy implements a cleaner technology, the efféght not be evident in the short
horizon. With prevailing emission tax structuree tbcale of production might go up to
such an extent that it overwhelms the cleaner effacthe longer horizon, the effect of
the lower intensity will dominate and the economiyt @lso be able to sustain a higher
income level due to lower expenditure on abateraadta higher acceptable capital stock
at home.

The dynamic model developed in this paper can bd tsanalyze the differences
in scale of production, composition mix and teclwgyl used. It uncovers the

environmental standards prevailing in the economwell as effect of international trade
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on environmental quality. Using these dimensions thodel can predict income-
environment relationship that the economy can exjgzeexperience if the environmental
policy, trade pattern or one or more of the otltmmponents change.

The decomposition of US emissions is analyzed i light of the model.
Simultaneous movement toward lower emission intgnand cleaner sectors during
1990-2001 indicates that the US emissions policg Wwacoming stricter for this time,

which is a necessary condition for efficient polaydefined in this model.
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CHAPTER 3
THE WELFARE SYNERGY IN BUNDLING INTERNATIONAL
ENVIRONMENTAL AGREEMENTS WITH
INTERNATIONAL TRADE TREATIES
1. INTRODUCTION:

Co-operation in trade policy improves upon unilatg@olicy undertaken by
trading countries and often helps the economiesdee closer to a free trade outcome.
On the other hand, it is also accepted that trgdeements like NAFTA would not have
been possible if the negotiating parties had nosented to certain environmental side
agreements. | examine whether simultaneous neigaotiat environmental agreements
will improve the welfare outcomes trade-policy agrents. The analysis will also
examine whether Pareto superior equilibria existn@tboth trade partners benefit from
environment and trade agreements compared to a¢igatonly of trade policy
agreement. In the process, issues regarding wheroemental policies may be used as
disguised trade policy and when such a trade-dffnet exist, are also laid out. The
diagram lays out the motivation of this paper mdearly.

In game theoretic terms, this paper adds negatiatigoint environmental
standards as a new arm to the trade-agreement gaduress two questions. First, can
adding the environmental dimension make the coaijper outcome even better than
trade-only negotiation (i.e. is Ucc>Uc)? Seconah eavironmental negotiation help

move countries closer to free trade (i.e. is t*§%tc
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2. LITERATURE REVIEW:

Ludema and Wooton (1994) consider cross bordermadiges and trade
liberalization. In a static game setup the autistusw that there are two instruments
available to the governments- trade tariff and @&t expenditure. However they
consider co-ordination only on the trade front®y.comparing Nash outcome with free
trade outcome, they show that co-ordination ortrde frontier embodies domestic
adjustment of the environmental policy.

Lisandro, Perroni, Whalley and Wigle (1997) consi@esimple interaction of
trade and environmental policies when South owastivironmental asset on which
North places a huge existence value. In a statieegsetup they show that when an
environmental agreement is linked to trade agre¢niesm South can use the
environmental agreements to leverage for tradeessions.

Regibeau and Gallegos (2004) consider strategiotugsade policies for
environmental motives. The government uses imjaoiff to protect firms from
competition and encourage firms to encourage aneleaut costly technology. In this
case, free trade and zero tariffs encourage grealeme of production in the world but
using dirtier processes. One of their resultsnslar to that of this model: Countries with
tight WTO commitments have relatively dirtier pration while those with a great deal
of discretion in trade policy have cleaner produttiechniques.

Strategic interaction across governments on the@mwental policy dimension
is a key feature of the article by Elbers and \Aln(2004). They consider mobile labor
that is attracted by higher real wages arisingtddax environmental regulations. The

mobile workforce is simultaneously deterred by leigtisutility of pollution. In this
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setup, governments choose the environmental thxdagnizant of the effect such policy
will have on the world prices and attractivenesmstibile factors. The authors define
environmental dumping as the difference betweemtmecooperative Nash taxes and
the cooperative solution, an interpretation relé¥anmy results too.

Copeland and Taylor (2000) examine environmentadegents in a free trade
regime. They compare the efficiency implicationwvafious emissions reduction rules
and contrast the free trade outcomes with autankicomes. However, under trade they
consider only the free trade situation and notnagraction of trade and environmental
policies.

Barrett (1994) considers self enforcing internaglcenvironmental agreements.
The self enforcement property of the cooperative@ues is sustained due to the
infinitely repeated game framework where any démmatarries a threat and no scope of
renegotiation. He numerically solves his models famds that when the number of
countries that shares the resource is large, tims i@m cooperation are low. Rubio and
Ulph (2004) revisit Barrett's analysis. Using adthal Kuhn-Tucker constraints for non-
negativity of emissions, they find that key reswitshe original paper are robust.

Bagwell and Staiger (1997, 2002) explain interregldrade agreements in a
simple game theoretic framework. They show thalevBiATTs provisions essentially
target a specific level of market access, suchnanmiément might provide incentives for
the governments to distort their environmentaladok policies. However, the logic of
GATT provisions aims at solving inefficiencies hyitably designed trade policies.

Esty (2001) provides a descriptive analysis oftthde environmental interaction.
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Maggi (1999) considers trade policy, co-operatind eole of multilateral
institutions in a very elegant framework of repeagames between symmetric countries.
| use the general framework of this model. In addito import tariff, | include

environmental standards as an additional dimensiamernational negotiation.

3. THEORETICAL MODEL.:

The model looks at local pollutants that are emittaring the production process.
Examples may include chemicals released into watparticulate matter released into
air. It seems more likely that trading partners lddae concerned with global pollutants
as it affects all consumers, and would wish to meeements regarding those. There is
no direct environmental motive behind an environtakeagreement for local pollutants.
International environmental negotiations regardoaal pollutants will be prompted by
the indirect gains and losses in internationaldrémdt these environmental standards
entail. Local pollutants being independent of dimncern to consumers in foreign
countries provides a clearer and interesting cafieedink between international trade
and environmental agreements.

| consider two goods and two countries: homefaneign. Both countries have
endowments of both goods. However, each countrahasgger endowment of one
commodity, and a smaller endowment of the othewdracase variable are used for the
home economy and upper case variables for thegfoegonomy. “x” and “y” are the
endowments of the two commodities for the home eoonwhile “X” and “Y” are the
corresponding endowments for the foreign econom¥yahd “f” are the emission levels

for the home economy in the x and y markets wHdE™and “F” are the corresponding
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emissions by the foreign economy. Home has a lasjetive endowment of x and
exports x while importing y. It sets import tartff in the y market. The foreign economy
sets import tariff “T” for imports in the x market.

To incorporate the environmental issues in thedgtahframework, | assume that
in the absence of any abatement effort, everyafriit” is associated with “m” units of
pollution. If the extent of abatement is “a”, thers assumed that a proportional amount
fa of the endowment is used up in the abatementityclieaving x(16a) for
consumption purposes. The corresponding per-urnigsom level is defined as e=k*(m-
a), where k is some multiplicative constant. Theegoment chooses emission level “e”
based on welfare maximization. The abatement &gtilacreases the pollution disutility,
reduces the amount that the sellers have availaldell in the markets and increases the
price of a commodity by making it scarcer.

| look at import tariffs as the instrument of imational trade policy. Similar to
Maggi (1999), | abstract from other instrumente léxport taxes and import subsidies.

The price that exporters receive is the price atlwthey sell in the import
market minus the tariff they have to pay.

Pex=Pim-t

In addition, the government of each country chotisedevel of emission
standards for its production processes. | do mairag that the governments of each
country are restricted to choosing an identicalssion standard for both sectors.

The demand for each good is givend{p) = a — Bp, where p is the
domestically prevailing price.

The demand however is also affected by the disutthused by the emissions.
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Instead of assuming an a-priori relation of disiytiind prices, | allow the government to
intervene in creating a market. The governmenttbetpollution standards by taking into
consideration the marginal social benefit of redgahe last unit of pollution, and the
marginal cost of abatement for the last unit ofssian.

The home economy exports x at the prigempports Y from country B at

p, = R, +twheret is the import tariff inposed by home. The foreegronomy imports

X at price P, = p, +T whereT is the import tariff rate imposed by the foreign
economy.

The market clearing condition for commodity X yigldricing functions.
(@=Bpx)+(@-LP)=x(l-m+e)+ X(1-m+EE)

_20-XA-m+e)+X@A-m+EE) T
or, py = 25 5

(1)

2a - X(1-m+e)+ X(1-m+EE) +I

Similarly P, =
y Fx 28 5

)

A weighted sum of consumer surplus and produceassiis used as an indicator

of social welfar&”.

15 This is a close approximation of the social welfa

u(x,(py)) = [u'®)dt - px,(py) + px(py)

When the inverse demand function is defined bytikalgrice without referring to income as in a
quasilinear welfare function, the above expressembe approximated by:

u(x (py)) ={[ p,(Odt= px (P} + Px(P)

Under the assumption of zero marginal costs, predsiarplus is the term outside parentheses orighe r
hand side.

or, u(x,(p,)) =CS+PS

This assumption of zero marginal cost is validhe present model with endowments. The approximation
may be less valid in situation where the marginats of production are significant.
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Use of consumer and producer surplus is usefiierctirrent model because not
all of domestic production is consumed domesticatigl not all of domestic consumption
is produced domestically. Also, it allows me tolgma a situation where the policy
maker puts different weights on consumer and predsarplus

The welfare of home economy from good X consisthefconsumer surplus
from consuming X and the consumer disutility frdme £missions associated with the
production of X and the producers surplus or psdfibm selling X in the domestic and

foreign market.

(@-Bp,)°

Uy =[——F-"—-yex]+wp,x.(l1-m+e) 3)

2p
wherey is the consumer disutility associated with evarig af emission and w is the
weight of the producers welfare in the social welfaunction
The welfare to the foreign economy from good X ¢stissof the tariff revenue
collected on the quantity imported in additionhie bther components. The domestically
prevailing prices are the import prices and the estm producers of this commodity sell

only in the domestic market.

U

_(@-B(px +T))’

28 - yextw(py +T) X(1-m+EB) +T{a - B(p, +T) - X(1-m+EB)}

(4)
Note that the social welfare function is allowedte a different weight “w” for
producer surplus compared to the consumer surphesmotivation for the differential
weights given to welfare of producers and consunsargoted in a political-economy
logic that the production sector might be ablediorf organized interest groups that can

offer political contributions, which politicians kee for their potential use in coming

62



elections or otherwise. Helpman and Grossman (£984pw that such incentives may
“induce the government to behave as if it were mézing a social welfare function that
weights different members of the society diffeyemtlth individuals represented by a
lobby group receiving a weight 1+a and those soreptesented receiving a smaller
weight of a.”Goldberg and Maggi (1999 empirically test whether different interest
groups do have different weights in the welfarection that the government uses to
choose policy. They confirm this and further postelithat the weights are much larger
than what may be justified by direct contributiomslicating that there might be more
reasons for the government’s preferential treatro€énertain lobby groups. The
formulation of the government’s welfare functiorthvdifferential weights encompasses
the more commonly used scenario where both consuamel producers have the same
weight as a special case. This allows us to hamélgler spectrum of welfare functions
for government maximization.

To compare this model with the more standard moaglsonly tariffs, | keep
emissions level fixed and examine the propertigb@fwvelfare function. The relationship

between foreign tariff and domestic welfare is fduo be as follows:

Y - twixe- (@ - pup )y I (5)

dT dT

dp, __1

where ~Z<0
dT 2

w=1 implies that domestic welfare is unambiguouslyrdasing in foreign

tariffs. This becomes clear when we note thatxtbe effective supply of the

16 “protection for Sale”, The American Economic Revie Vol. 84, No. 4 (Sep., 1994), pp. 833-850

" «protection for Sale: An Empirical Investigatiofhe American Economic Review > Vol. 89, No. 5
(Dec., 1999), pp. 1135-1155
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commodity and(a — S.p, s the domestic demand. As good x is the exportrecodity

of the home countryxe> (a - B.p, .)JHencew > Isatisfies the COI’]ditiOI%uTX <0

The relation between domestic tariff and domesetfare for good y is as below:

du, dp,
o [{(A-B.p,)-y.f} -{(A-B.p,) —w.y.f _tB}T
>0 ? >0
An increase in domestic tariff has costs and bé&nhaBsociated with it. The direct

benefit of a higher import tariff is the greatenffarevenue earned. The volume of
imports reflects the marginal gain and is the fiesin on the right hand of the above
expression. Higher import tariffs also raise donegstices — this reduces consumer
surplus and increases producer surplus. High tfadfficed high domestic price also
reduce the volume imported and has a secondaryivegapact on welfare. These three

welfare gains and losses caused by a tariff inddosaestic price rise are included in the

term inside parentheses. The non co-operatived tsuset where the marginal benefits

. e du _
equal the marginal costs of a tariff |ncrease,4a€f*y7:0. | use the functional values of the
first-derivatives to figure out the optimal targbndition.

du
—A :1(—38t+ (-3+2w) fY +FY)
dt 4

: . du o
The non co-operative tariff is set such thg%* ==0 and implies

{= @+ f-n)(-3+2w)y+ L+ F - NN)Y

3B (6)
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If w<1.5, an increase in the import-competing endeat y causes import tariff
rate to go down. This is because larger domestowments imply that the import tariff
induced lowering of domestic prices has a lowergmmal gain for the consumers.
Conversely if w>1.5, the producers have a stromgeaght. Then as effective endowment
of the import-competing good goes up, welfare-mazing tariff on imports will go up
because the producers are better able to meebthestic demand and hence non-co-

operative welfare maximization implies strongertpotion from foreign competition.
__du, : : L
For t lower than optlmalT >0 domestic welfare increases as domestic tariffs

rise till a certain level, and then starts declinifhe best response domestic tariff is
positive.

| find that the second order conditions for conterif the function are satisfied.

d?u 1 1
Y = B(£)? -2B.=<0
dt? (2) 2
d®u dp, dp
X - . X X >O
dT? P dT dT
d?u 0
dt? <0 (7)
d?u
dT?

Having shown that with fixed emissions, the welfanections have the standard
features, | move on to analyze the scenario wheremnissions are best responses to the
tariffs, which is the spirit of the current mod&he best response emissions are derived

from the first order conditions of welfare maxintioa.

Best response far. % =0, orel,=br(EET)
€
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Best response fof : % =0,or f|,=br(F,t)

del, _ (-A)R-Tw+bw’) _ (-f)w-JEw-2) long as w>2/3 (8)

2wx (3w -1)

dT 2wx(Bw-1)
As long as producer surplus does not have a veajl sveight in the welfare

function, increases in foreign tariffs will be nmt a weaker domestic emissions

standard, to allow the domestic producers remamnpsaitive.

df |, _ B2-9w+6w’) _ 6B(w-737)(w- 163 50 when w<1.63 or w>7.37 (9)
dt 2wy(3w—1) 2wy(Bw—-1) ' '
For w<1.63, the import competing sector is supbbte a higher tariffs on

imports coupled with a strict emissions standamvér tariffs on imports are traded off

against allowing higher emissions.
2/3<w<1.63 is the range in which the best respofgxport emission-standard is

negatively related to foreign tariff and import-co@ting emission-standard best response

is positively related to domestic tariff.
Consider the relation of welfare with tariff in teeenario where emissions

standards are chosen as best-responses. For wisBi8stic prices of exports are falling

in foreign tariffs OIHp<0) and domestic prices of imports are rising imdstic tariffs

dT
dp, 18
v S0)8,
( o )
du d de
o =wxe-(@-4p,) d'f'rx +(wp, =) <0 (10)
<0 >0 <0

>0

18 Refer to appendix 2 for a proof of this
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Equation (10) shows that domestic welfare is ungontniisly declining in the foreign

tariff. The relation between domestic tariff armhuestic welfare is as below:

du, dp, df
ot =[{(A-B.p,) - y.f} -{(A-B.p,) —w.y.f _tB}T] +(wp, -y-t)ya

>0 ? >0 >0 >0
: o : - : du,
The non-cooperative domestic tariff rate is sehtximize domestic Welfare:d—t =0

Plugging back the functional values of the firstidatives mentioned at the beginning of

derivations into this condition yields:
2 2 2 B 1 2
By(-2+9w—-6w") +2p W(2-6w+3w) + W(-3Aw+ f (2—6w+3w )y=§t(w—§)(w—§)

(11)
The coefficient on t on the right hand side is pesiif w>2/3. When the weight

to producer surplus is greater the 2/3, imporff&alower than the solution
. du, : . o e .
mphesW > 0. Hence domestic welfare is increasing in domeatiffs till a certain

level, and declining after the domestic tariff lexseeded the optimum level.

d’u, _ B(8-60w+156w° ~153w° +36w")

12
dt? A(L-3w)2w 12)
“u
dtzy < Ofor 0.56<w<2.96
2
AU (x84 g Ry AP, 0P, de
dT dT dT’ dT dT dT
<0 <0 <0 <0 <0
2
du
dt®  1<o (13)
d-u
O 2
dT
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2/3<w<1.63 is the range within which all the cdiudis are satisfied. When this
condition is satisfied, the welfare function sagéisfall standard properties. The
permissible range for the weight on producer s@wplicompasses the commonly used
case w=1.

The diagram below illustrates graphically the abmathematical conditions. The
isowelfare functions for the two economies are drawthe home and foreign tariff
plane. Holding the partner’s tariff level fixed,obaeconomy’s welfare increases in
domestic tariff till a certain level and decline=sybnd that. The loci of the welfare
maximizing domestic tariff traces out the best cese tariff of each economy. The
diagram also reveals that holding the domestiff texiel fixed, the welfare of each

economy is unambiguously declining in the partreememy’s tariff level.
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t UO<U1<U2

T-best response
uO<ul<u2

t-best response

uo
Ul
2

[ T

Diagram 2.2: Iso-welfare functions and best respdasff function in the domestic and
foreign tariff plane

In the absence of any co-operation, each governomelaiterally chooses the
values of the three policy instruments using th& besponse function, which unilaterally
maximize the social welfare function for the ecoyom

The model conforms to the beggar-thy-neighbordiiene because as seen from
equations (5) and (10), increased tariffs hurtttade partner and helps the home country.
Each economy non-co-operatively will choose a pastiariff as revealed in equations
(6) and (11) to maximize welfare. This welfare nmaiation involves extraction of tariff
revenue, lowering domestic prices that benefit dddm&onsumers and protecting the
domestic producers against foreign competitiontiidlse gains to domestic welfare are
at the cost of foreign welfare. Thus each econoahalies in a “beggar-thy-neighbor”
manner under non-cooperation. This beggar-thy-teighehavior under non-

cooperation is key to the possibility of coopemati@ooperation is sustained when
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welfare loss caused by alteration of non-coopegalivmestic strategies is traded off
against welfare gains as foreign policy shifts froam-cooperative strategies.

While equations (5),(6), (10), (11) show the “bagthy-neighbor” behavior with
respect to tariff, the following section exploreBether similar incentives prevail in the
setting of export-emission standards. The relabiemveen foreign welfare and domestic

export emissions at the non-cooperative solutianvien by equation (14).

%U - (1) (w-1) X (wa - By) (14)
e LBw-1)

Equation (14) implies that as long as a countrydmamse endowment amount ‘X’
of a commodity, and as long as producers get meighwin the planners welfare
function than consumers (w>1), the economy would fam its trade partner having a
stricter environmental standard than what is chosencooperatively. However, if
producers get a lower weight (w<1), or if the coyitas a negligible endowment of the
commodity (X — 0, then the country is a net importer of the gond would prefer the
exporter to implement a lower environmental staddbecause the domestic consumers
would gain from this. The non-cooperative emisdexel that an economy chooses by
accounting for disutility of consumers and compegitess of producers is welfare
maximizing for the domestic economy but welfareuadg for the trading partner.
Hence this is also consistent with the “beggar+ikighbor” situation.

As illustrated above, a reduction in import tarifind a tightening of emissions
standards benefits an economy if the changes ale mathe foreign economy, but
reduces welfare if the changes are required dooadigti This indicates that there exists
scope for joint co-operation where welfare losseself from a domestic policy change

are more than compensated by welfare gains cayskidign policy change.
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4. TRADE NEGOTIATION:

When cooperation occurs only on the import tatifis countries no longer choose
their tariff rates according to the best responsetions but according to the negotiated
tariff rates. However each country still choosesssions standards as best response to
the co-operative tariff. This makes the welfarection of each country solely a function
of the prevailing tariff rates as shown in the dation of expression (15).
u=u, +u,
or,u=u, (e EET)+u,(f,F,t)
or, u=uy (el, (T),EE[, (T),T)+u,(f |, (),F |, (T).T)
or, u(t,T) =u, (T) +u, (t) (15)

The diagram 2.2 illustrates the iso-welfare cumvbgh are of combinations of (t,
T) that result in a given welfare level for an econy.

A cooperative equilibrium that is different fromethNash equilibrium is
sustainable if there are multiple periods to besatsred so that a deviation in one period
would be followed by retaliation in subsequent pési. The range of such sustainable co-
operative equilibria is such that the discountess fivom future retaliation outweighs the
gain from deviation in a single period. The inceatcompatibility constraint is the locus
where the gains just equalize the loss. If a cquidviates in one period, then its trade
partner gets to know in the subsequent period everts back to the Nash choice for all

future periods as that is its best response sirateg
. o)
'C:UD(TC)_Uc(tc’Tc):ﬁ(uc(tc’Tc)_uN) (16)

whered is the discount rate
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u. is the welfare to the home country under coopematig is the welfare to home from

deviation when the foreign country still fulfillssicommitment because it does not realize

the deviation of its opponent. Henag - u. is the one-period gain from deviatiom, is

the welfare to the home country when both parteselreverted back to Nash strategies.
Thus the right-hand side is the discounted log® fiwture punishment. The Nash welfare
is a function only of the parameters of the moahel Bence is constant. The cooperative
welfare for the home country is a function of tlo®perative strategies of home and
foreign countries. The best deviation tariff fomm® depends only on the cooperative

choices that the foreign economy still adheres to.

Import tariff —
home econorr

IC constraint

/ home econornr

Nasg s 8B8BS

Import tariff —

100 0 4 D O foreign economy

Diagram 2.3: Incentive compatibility constraiot the home economy for trade-only
negotiation

Since tariffs are non-negative by assumption, tlkeentive-compatibility

constraints (ICCs) of both countries are bindinthatcooperative equilibrium.
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Import tariff —
home econonr

Incentive compatibility
constraint fohome econorr

ASH

Incentive compatibility
constraint foiforeign econom

ooperation Import tariff —

foreign economy

Diagram 2.4: Non-cooperative and tradestiagon outcomes

The ICCs of the two countries must hold with edydioth at the cooperative
equilibrium as well as at the Nash equilibrium. TB€Es intersect at two points. Solution
of the equations shows the intersection furtheryafin@an the origin is the Nash solution
and the intersection closer to the origin is thi#ftaooperation solution. The tariff under
trade co-operation is lower than the unilateral in@&ation or Nash outcome. In terms of
the welfare, cooperation helps attain higher welfampared to Nash. This can be seen
in the diagram below by noting that the cooperatitiains an isowelfare locus that is

closer to the vertical axis compared to the Nasteétfare function.
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Import tariff —
home econonr

Incentive compatibility
constraint fohome econornr

4% line

Iso-welfare with
NASH outcom

ASH

so-welfare with
tariff co-operatiol

ooperation Import tariff —
foreign econom

Diagram 2.5: Wefare levels associated witicooperative and trade-negotiation
outcomes

The fact that trade policy cooperation improvesfarel has been demonstrated by
various researchers, though without accountingfmironmental responses as modeled
in this section. However a more interesting quesisovhether incorporation of
emissions standards within the purview of inteiadi negotiation has the possibility of
improving the welfare outcomes further. The nunman@lues for welfare improvement
are tabulated later for a comparison of non-codperautcome, tariff cooperation and

tariff-and-emission cooperation.

5. TRADE AND ENVIRONMENTAL NEGOTIATION:

A country might wish that its imports meet a certanvironmental standard of
production. For example, a country might not wislntport fish from a country that
catches fish by an inexpensive method that caasgs tamage to the ecological system
within the country of production. However, it islikely that the standards would be

subject to international scrutiny if the countrysteasmall industry that produces and
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caters only to the domestic market and causes ttasahge. So even with international
agreement, | allow flexibility to the countriesdboose the environmental standards for
the import-competing industry using a best-respdiedevior. The following diagram
depicts the idea that the environmental policytfi@ import-competing-sector is chosen
as a best response to the negotiated tariffs andxport emission standards. The shaded
plane represents the best response of the impone&ting sectors emissions as a
function of import tariffs and export emissionsr o {import tariff, export emission}

combination, the unique import-competing-best-resgeemissions can be read off from

the shaded plane.
) Emission in
SW import competin

Export emission

Diagram 2.6: Emissions in the import competingi@eas a best response to import
tariffs and emissions opert sector

Substituting out import-competing-sector-emissiafith the use of the best
response function the welfare of a country nowrsdaced-form function of the

negotiated tariff rates as well as negotiated exgmission standards.
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The following diagram shows the welfare map for tleene country, holding the
import tariff ‘t" of the home country and expornession ‘F’ of the trading partner at
fixed levels. The diagram reveals that domestidavelincreases in domestic import
tariff till a certain level of the tariff and denks thereafter. The same is true for the
export emissions choite This is consistent with the best response tafiffice and best
response export emission policies. If the tradiagner were to keep its policies
unchanged, then the economy could have attainedmwax welfare denoted by the

central iso-welfare locus by implementing its besiponse policies.

Import tariff
100
80
60Q

™

20

Inner loci are iso-welfare
_ functions corresponding to
hiaher levels of welfal

- 20 Export emission

-40

Diagram 2.7: Isowelfare functions relevant fadie-and-environment negotiation

L dt du/ de

— | = (-1
dE ||sowelfare ( ) aU/at

<0 for (e<g, t<t,) and (e>g, t>t,)

>0 for (e<§’1 t>tbr) and (e>g’1 t<tbr)
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Consider an infinitely repeated game. Let (f. ,t. dénote the policy values
that can be sustained with co-operation for honhe. dorresponding values for the

foreign economy areEE.,F.,T. .)

Welfare from co-operation is denoted by:=u,.(e.,EE.,T.) +u,c (e, Fo,te )

These levels are sustainable if, on deviation|dke is greater than the gains. In
the first period of deviation, the trade partnentaaues to satisfy the co-operative
policies oblivious to the defection by the othehjl& the deviator gains by choosing the
policy values that would be best response to #metpartner’s co-operative policies. In
the next period, everyone gets to know of this afigen and all respond in the best-
response manner to the opponents, ending up iNakk equilibrium for the periods
thereafter.

Let us consider the problem of the home country ifitkernational agreements
are made on import tariffs ‘t’ that the home coyminposes on its imports of good Y,
and on the environmental standard ‘e’ for the ggdtat the country exports. The
country always gets to choose ‘f’ as its best raspdo the prevailing situation. | denote

the single period deviation values bsy( f,,t, . Since the welfare has been modeled

such that it is separable in the goods, each cpjut needs to consider the market in
which it is deviating, to decide on its best regmnVhile choosing the deviation on the
environmental policy of its exports, the home ecopdakes the policies of the foreign
economy at the co-operative levels. Since the tpadimer will get to know about the
deviation in the next period, if home decides taigte it will deviate in both markets

simultaneously because the punishments would faltoloth markets.
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In market X, home country chooses, =br(EE.,T. ) (a7)

In market Y, home deviates on the import tariffériposes. In market Y, home also

adjusts its own domestic emissions in best respnigg own tariff deviation:

t, =br(f,,F.) (18)
f, =br(t,,F.) (19)
This pair of equations can thus be solved juseims of the trading partner’s co-
operative commitments, =t, (F. ,)f, = f;(F.) (20)
The associated welfare from deviating is namede&sré.

Using equations (17) and (20), | can rewrite théave from deviation in terms of the

co-operative values of the policies.

Up = Uyp (8, EEC,Te) + Uy (fp, Fetp) (21)
Or, Up = Uyp (€5 (EEc, T ), BB, Te) + Uy (fp (Fe ), Fe ot (Fe )

Up = Uyp (EEc, T ) + Uyp (Fe)

Further, we need to recognize that the foreign esgnchooses the
environmental strategE. on the domestic production of its import commodtin
best response to what it believes is the statkeoftarket.

Or, Up = Uyp (EEc (&, Tc ) Te) +uyp (Fe)
Or, Up = Uyo (&, Te ) +Uyp (Fc ) (22)
Thus gains from deviating

g =Up Uy (23)
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The Nash solution is defined by the parameterb®itodel. Hence the gains

from deviating can be thought to be a function aflyhe co-operative levels of policy.
The loss associated with this deviatibf:= %{( Uy FUye) = (Uyy Uy} (24)

where d <1 is the rate at which the next period is valuedamparison to the current
period. The loss from deviating is thus also a fiamconly of the co-operative levels of
policy.

A co-operative equilibrium is sustainable if iimeentive compatible, i.e. there
should not be incentive to deviate. The loss frawiation should equal or outweigh the

gains from deviation.

ic :g <l

0
or, (UXD + uYD) - (UXN + uYN) s m_{(uxc + ch) - (UXN + uYN)} (25)

The incentive compatibility constraint is a functiof the co-operative levels of
policy. Unlike in the only tariff situation, theeee now two choice variables for every
country and only one constraint. So the constitsetf is not sufficient to solve for the
equilibrium. To select among the several possiedithat are incentive compatible, it is
reasonable to assume that the countries will padicyp combination that maximizes the

welfare of individual countries.
Max,  Uc = Uyc (6, BB |y (6, Te) Te) +Uve(fe by (Feote),Fe te)

subject toiic= OandIC = 0
This implies choosing the point where the welfanection with co-operation is

tangent to the incentive compatibility constraint.
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du, / de.

_dic/oe.

du. /ot

dic/ ot,

(26)

Equations (25), (26) and their foreign economy ¢erparts together determine

the sustainable welfare maximizing co-operativegyathoice. The table below provides

the strategies chosen and welfare outcomes foe@fgpparameterization of the model.

Nash Co-operation | Cooperation on
only on import | import tariff and
tariffs export emissions

Welfare level 0.37228 0.372298 0.372625
(+0.005%)* (+0.093%)*

Import tariff 0.0804 0.0201 0.0655509

Export Emissions 0.5147 0.53778 0.232952

Parameters: x=Y=1.5, y=X=&~1, =1, m=1,y=0.01,p=0.99, w=1.25

* Percentage increase in welfare over Nash weltarel.

Table 2.1: Comparison of non-cooperation, onlydradd trade-and-environment

negotiation outcomes

The diagram below reflects these outcomes. Undansstric equilibria, the iso-

welfare loci of a country are drawn under the restm that the values of the two choice

variables for the foreign country is same as tbatlie home country at all points in the

{import tariff, export emission} plane.
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Import Tariff
Welfare under Nash

F / Export-sector emissions as
100

best response to cooperation
on tariffs onlv
|

I |

7 L | Welfare under
I /\ | tariff-env cc-op
r |
s |
r |

Env-tariff co-op Nds

LA T rr————————- ———— —q ——— Cooperation on tariffs only

|
I/
L / Export emission

- 25

Incentive Compatibility
constaini

Diagram 2.8: Comparison of outcomes under norperation, only-trade negotiation
and trade-and-environment negotiation

For the only-tariff-cooperation solution the tanggicondition is not relevant.
The co-operative tariff solution and the correspogdyest response export-sector
emission are indicated in the diagram in the fofrdashed lines. The {import-tariff,
export-sector emission} combination lies within the-welfare function represent the
Nash welfare level. This implies that cooperationtariffs-only improves welfare
relative to no-cooperation. Also the cooperativéftievel is lower than the non-
cooperated tariff level but the environmental ddgten is worse with the tariff-only
agreement.

Compared to the Nash outcome, the tariffs are lparmaissions are lower and
welfare is higher for each country when there iperation on the tariffs and
environmental standards. The model indicates thwatperation on both frontiers

improves welfare greatly as shown by the corresponido-welfare function being more
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towards the center. However, the tariff-only cogpien was able to attain larger cuts in
tariffs compared to tariff-environment co-operatidhe reason for this is that, left to
their own devices, each country chooses a moretpall emission level in export
commodity production and hence is willing to be enflexible on tariff cuts. However,
when emissions are also part of the negotiatioittst emissions requirements make the
countries less willing to cut tariffs. This residtconsistent with the findings of Regibeau
and Gallegos (2004).They find that countries wighttWTO commitments have
relatively dirty production while those with a gtekeal of discretion in trade policy have

a clean production.

6. ASYMMETRIC ECONOMIES:

For symmetric economies, the demand function wasetefrom maximization
2
of consumer surplu% X, = )2(6[:’ - p,X, because the symmetry gaganrautomatically

led to balanced trade outcomes. However, balamedé requirements have to be

explicitly taken into account when analyzing asyrmmeconomies.

2 2
a X, A Ye
X ———p X )+ (=Y, —

(ﬁ C 2[8 px c) (B yc ZB
This leads to the demand functions having the f&fm{AB3)-p, =x., A=(AB).p, =V,

= pyYe) A (pxL-2a) + p,yd-b) - p,X. = p,Y.)

where the values of the Lagrange multipliers emtr defining the demand functions.

The Lagrange multipliers differ by country. So #hare two new variables in the system
A1, A2 that need to be solved and one new equation:reatieeof the budget constraints or
the balanced trade equation that was not explicdhysidered before (the second budget
equation is redundant by the Walras law). Henckkeiim the Maggi model, the absolute

prices of the two commaodities cannot be solvedy@m relative price can be solved,
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which is consistent with standard trade modelseringgy the demand equations for the
guantities consumes, the budget equation for theeheconomy can be written as:
pXxA-a)+ p,y(L-b) = p(a-(A05).p) + p,(A-(AB).p,)

o, ,_patpA-(pxd-a)+p,yd-Db)
' (p’B+p,’B)

A similar solution exists fok;.
Plugging back the solutions for the quantities comsd, relative prices and the
Lagrange multipliers into the social welfare fupati | find it to be a function of the

effective endowments as shown by expression (27).

L_@-(4pp) , (A-UBDY
2A8 2A8

W px(1-a)+pyd-0)}+{A-(AB).p, —yd-D)} - ye* x-)sf*y
(27)

Maximization of the welfare function entails speciffective endowments. As
the physical endowments of an economy changegctm@omy will change its emissions
levels to attain the target effective endowmengsger absolute sizes of the economies in
terms of physical endowments do not change thdiequm outcomes.

An economy with more endowments can be rich whacssociated with high
aggregate pollution. It can reduce its emissionglwvhlso simultaneously reduces
effective endowment. The equilibrium representsagpiemal tradeoff between emissions

and income.

7. GLOBAL POLLUTANTS:

If the emissions have an impact beyond the locahery, it would affect the

results. Columns 2 and 3 present results for aaglpdllutant, with column 3 embodying
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a greater degree of international spillover. Colums the case of zero spillover (or local
pollutant) and provides the benchmark for comparisg’ represents the degree of

international effect of a pollutant.

g=0 g=0.01 g=0.02
Welfare under non-cooperation 0.37228 0.361664 1033
Import tariff under non cooperation 0.0804 0.0804 .0804
Export Emissions under non cooperation 0.5147 @514 0.5147
Welfare under only trade negotiation 0.372298 06381  0.351052
Import tariff under only trade negotiation 0.0201 03139 0.0486766
Export emissions under only trade 0.53778 0.532324 0.526869
negotiation
Welfare under trade and environment 0.372625 0.362119 0.351638B
negotiation
Import tariff under trade and environment 0.0655509  0.0766432 0.08733|2
negotiation
Export emissions under trade and 0.232952 0.190567 0.147258
environment negotiation

Table 2.2: Comparison of outcomes for local andal@ollutants

When economies choose their actions non-coopehatimernational
spillovers do not influence their domestic choiCHsis results in the non-cooperative
strategies with local and global pollutants to dentical. However, the welfare level
decreases because the emission choice of eachreg@fi@cts other economies more
strongly as the global effect get stronger. Thaidates that given any opportunity of co-
operation, every economy will more strongly tryniluence the emission level of the
partner economy, greater the global spillover ¢ff€ariff co-operation is consistent with
this prediction. For pollutants of more global matuhe tariff cut is smaller and the best
response emissions level is lower. Negotiatingaoiff$, the countries do not push for

very large tariff cuts because they realize thatatild be accompanied by greater
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emissions which is undesirable by the trading artim the situation of tariff-and-
emission co-operation, stronger global impact iegpthe economies agree to lower
emissions level though it requires a higher co-afpes tariff level to sustain it.

Compared to non-cooperative outcomes, the emissi@h goes up when economies
negotiate only on tariffs and emission level isdh@&bwn when it is explicitly included in
the negotiation similar to local pollutants. As lEvwemissions have a higher tariff
tradeoff, the tariff cuts possible with emissiordaariff negotiation is less than under the

only tariff negotiation.

8. CONCLUSION:

This repeated game model shows that a joint ndgmtian tariffs and
environmental standards improve welfare comparetegwtiating a trade treaty only. If
the policymaker has a higher weight on producefaselrelative to consumer welfare,
then compared to non-cooperation, trade-and-enwiesrh cooperation improves
environmental standard while only trade negotiatidhdeteriorate the environmental
quality. In this model, larger physical endowmemtsult in high income and high
pollution. The optimal tradeoff between income amissions result in an optimal
effective endowment which is independent of the@gbhysical endowments of an
economy. Comparison of global pollutants with lggallutants shows that non
cooperative behavior is same in both scenariosetodloperation, economies push
toward stricter emissions standards for pollutants more global impacts, though this

comes at a cost of a smaller tariff reduction.
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CHAPTER 4

THE POLLUTION HAVEN DISGUISED IN FACTOR INTENSITIES

1. INTRODUCTION:

The pollution-haven hypothesis states that, cefeisbus, production of dirty
goods shifts to countries with weaker environmestahdards. This is because strict
environmental quality requirements increase thé abproduction of dirty goods and put
these countries at a comparative disadvantage.reTdwsts a vast empirical literature
studying the pollution-haven hypothesis. Though ttlea is intuitively appealing,
empirical evidence has eluded researchers for g Vamle. These studies mainly use
cross-section data from poor countries with weakrenmental standards and developed
countries with strict environmental standards. Gouspecific factor endowments are
included to control for the Hecksher-Ohlin-Vanelerfobeforth HOV) basis for trade.
However the evidence is at best mixed and the &lighe coefficient is often found to be
opposite of the expected direction. Only recerstydies using panel data have been able
to find significant pollution-haven coefficientsailigh the estimates are still suspected to
be too small compared to anticipated true effe¢tal@mtement costs. The theoretical
framework that the empirical literature refers ® the marginal-cost consideration:
environmental strictness affects the marginal cédéth trade, the equalization of price
leads to equalization of marginal cost and henceaHdocation of the dirty good to the

environmentally slack countries. | start with tmspection of the theoretical model to



uncover whether the apparently simple marginal coasideration is obscuring a larger
picture.

HOV hypothesis predicts pattern of trade based amtof endowments. The
pollution haven hypothesis predicts that stricteurdries should produce fewer of the
dirty goods. This paper looks at the interactiorthed abatement effects with the factor
endowment effects. | find that whether the effettswicter environmental regime on
production is similar or opposite to the traditibrollution-haven effect depends
critically on the factor intensity of the dirty gdander consideration. In the process, the
model also shows that different abatement standaedsto deviation from factor price

equalization of physical inputs.

2. LITERATURE REVIEW:

Tobey (1990) uses a cross-sectional Heckscher-Omiodel to study trade
patterns in five highly polluting sectors. He finttet if one controls for differences in
resource endowments, differences in regulatorpggncy have no measurable effect on
international trade patterns in these industridge $tudy consists of five cross-section
regressions (one for each sector) of net exportshamacteristics of 23 countries. The
measure of environmental stringency is an ordiaaking of countries based on a 1976
UNCTAD survey where questionnaires were sent tenat officials in developed and
developing countries.

Brunnermeier and Levinson (2004) surveys and crsqthe large literature on
the pollution-haven. The literature is largely ergail in nature. Based on the type of the

dependent variable, the survey classifies thealitee into three segments: those that
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explain the location choice of firms, those thatlgme the level of production of dirty vs.
clean goods, and those that examine the interratronvement of inputs mainly capital.
In this essay, | build a theoretical model and ermoglly test an approach that addresses
the second question: the influence of environmesttaidards on production pattern.

Levinson and Taylor (2004) use panel data of U8etraith Mexico and with
Canada in two equations, control for endogeneitypofiution abatement costs and
unobserved industry characteristics. They find thdtistries which faced large increases
in abatement cost were also the ones that had aegrencrease in import volume
indicating that these industries had shifted abroad

Malatu, Florax and Withagen (2004) provide an erogirinvestigation of the
effect of tighter environmental regulation. Thewioi that firm characteristics influence
the impact of a stricter regulation. They statd theput from industries that have lower
fixed costs and higher labor intensity are likety show a stronger impact of stricter
regulation. They do not refer to a theoretical fesvork to validate their claim. My
theoretical model shows that while it is true thmpact of regulation should differ by
industry characteristics, there is a more involpattern than the simple rule of thumb
that they claim. Their empirical result is somewhaxed. While they find evidence that
the impact of regulation varies across industriks, signs on the coefficients are often
paradoxical. My paper may be thought of as a furtstep to find consistent and
meaningful differences across industries.

Javorcik and Wei (2004) examine sensitivity of RBlcross-industry differences
in regulatory impact. Using a sample of 143 fireyt find that the sign and significance

level of the two pollution haven terms presenthgit estimation models varies across
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specifications. While the coefficient for host ctyis environmental stringency is
significant and negative, the coefficient on areiattion term of host country stringency
with industry level dirtiness is neither signifi¢anor uniformly signed. These results
indicate that while FDI is deterred by tight envineental standards, the effect of this for
dirty versus clean industries is not different. Eentheir analysis, given the way it has
been formulated, does not provide support for tikippon haven hypothesis.

Cole and Elliott (2005) mention factor intensity difty industries in their study
of outbound FDI from USA. They assume dirty indigstrare capital intensive and in
their regression equation they treat the dirtinedgcator and the capital intensity as two
separate variables. They interpret the positivdfictents on the dirtiness indicator and
on the capital-intensity variable as evidence fotlytion haven effect. While the
significant coefficient on dirtiness indicator swpis pollution haven hypothesis, the
coefficient on capital intensity may arise becaoapital intensive sectors would attract

more capital.

3. THEORETICAL MODEL:

Starting with the basic HOV model, | include poitut and abatement
considerations. | find implications of this modeding the hat-algebra mathematical
technique popularized by Jones (1965) in his maétieal exposition of magnification
effects.

| start with a 2X2 HOV framework. The two input®arapital and labor. The two

goods are X, the clean good and Y the dirty godee Pproduction of the dirty good
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necessitates some abatement effort as dictatedhdéyekogenously given state of
environmental stringency. Let A denote the levehlotement activity being undertaken.

Full employment relations:
K=a,Y+a,X+a,A wherea’s are the input coefficients
L=a,Y+a,X+a, A

The environmental strictness policy determines #hary unit of Y is to be

accompanied by “e” units of abatement activity Ael A=e*Y. Using this, | rewrite the

full employment conditions.
(2) K=(ay +te*a, )Y +ta,X
(2) L=(a, te*a,)Y+a,X
In order to sell at the international prices, theducers of Y have to consider the
abatement expenditure in addition to the directpation expenditure.
(3) p=ayrta,wtea,r+a,Ww

4) l1=a,r+ayw wherep is the price of Y relative to X
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(avkte*anx)/ayL
! ax/axL
/ ayk/ayL
’/ AN
/ (ayk+e*aak)/ayL
:'I R a /ax R ,," aYK/aYL
1 ) KIaxL o -7
L, Y*ayL, X*ax_

Pl L Yaaw, Xfaq O/ N\
aL *Y0 &y *Y1

ax. *X0 &y *X1
Diagram 3.1: Effect of abatement activity on praitut, with different factor intensity of

abatement activity
In the two panels of Diagram 3.1, R is the endownpmint. The dashed line
captures the relative factor intensity of the vedom Y+eA. The diagram depicts the

case where the abatement technology A uses onlyhi€. above two panels roughly

describe the different cases | am trying to showheraatically.
Panel 1: If the dirty industry Y is more K intensithan X, then stricter abatement

results in an increased production of the cleandgediich also implies a lower

production of the dirty good given a fixed endowitneilabor.
Panel 2: Instead if the dirty industry Y is moreiritensive than X (the rays

indicating the production activities X and Y areeesed) then stricter abatement results

in increased production of the dirty good and ae@sed production of the clean good.
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For the purpose of intuitive motivation, severahgilifications are embodied in
the above diagram. For example the factor priceshence the production rays before
and after abatement are kept unchanged and abdté&nassumed to be solely capital
using. A mathematical approach allows for a momam@hensive analysis. Equations
(1) —(4) above are relevant for the mathematicpbsition.

Define input coefficientsb to be the sum of the production and associated

abatement activity input coefficient of Y.
by = (an +e*ax)

b, =(a, +e*a,)

The equations (1)-(4) are rewritten as:
(1.0) K =b,, Y +a, X

(20 L=b,Y+a,X

(3.0) p=byr +b,w

(4.0)1=ay,r+a,w

Then the percentage-change form equations areigdetd the four fundamental

equations of HO framework from Jones (1965):

(1.1) A Y+ A, X = L={A, byt Ay ax)
2.1) A Y4 Ao X = K={ A b+ Ay A}
(3.1) B, W+ By T = p={8y, b+ B, brcd
(4.1) 6, \;v+ 6, r =6, ;><|_+ Oy ;XK}
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6, is the share of expenditure on j-th input in tih sector.J; is the share of

industry i's use of input j. The,

i»/4; In the above equations differ from the standard
HOV equations in the sense that the matrices campof b; which are sum of the
production abatement coefficierits Y instead of only the production coefficiemis.

To derive the effect of abatement standards, ibimes important to break the

newly defined variables into their underlying compaots.

t,\) — dQL — d(a'YL +eaAL)
YL — -

by, Ay Teay
_(da, +e*da, )+a, *de
ay tea,
_(da, +e*da,) a3, *e de
ay tea, ay tea, €

A n

or, bvo =aw+s, e

e* an
ay tea,

SaL is abatement’s share in total expenditure on |&oY

av. reflects the partial change im. only due to factor price changes and not the part

N

caused by the exogenoas

. . " " e*a
Similarly byk = avk+s,, € wheres,, =—2—
a'YK + ea'AK

| rewrite equations (3.1) in terms of these compdsie
(3.1) G, W+, r=p—{6, (av+tS, €+, (av+S, €)}
There is no corresponding version for equation)(dslthe X industry is a clean sector

without any abatement requirements.

94



The cost minimizing envelope condition ensures thatslope of isocost equals

the slope of isoquant.

(da, +e*da, ) _-r
(da, +e*da,) Ww

(da, +terda,) W@y tera,) , (da, +erday) I (A teray)

or,

(a, +te*a,) p (ay +e*ay) p
(5.1) O, an+8,avw =0
(6.1) HXL ax.+ QXK axx = 0

| use the cost minimizing conditions (5.1) and Y6riLequations (3.1") and (4.1),

to derive equations (5.2) and (6.2). While (4.13luees to the standard form, the

exogenous changesdo not disappear from the RHS of (3.1).

4. EFFECT ON INPUT PRICES:
To emphasize the effect of change in strictnes$ abstract from the change in

relative prices 0 =0). This is equivalent to a small-country scenaritere any change in

production at home does not affect world prié8s.

n n

(5.2) O W8, 1 =, S, +6,Sxle

N n

(6.2) O, w+8,r=20

% This assumption is not a necessary part of arlgefesults and can be brought back in without any
complication.

95



8, 8. 1lwl {8, s, +6,.5,.1]"
Or, |: YL YKj| \{\V :|: { YL>YAL YK AK}:| e
0XL HXK r O

The abatement activity causes differences betwéden factor intensity of
production of Y versus the gross input requiremeatdfined as input required for
production as well as abatement for Y. However,ssume that this gross input

requirement does not change the factor intensitiging of Y with respect to X.

"o _{HYLSAL + QYKSAK} é

(7.1) (W-r) = 7

If Y is K intensive, therj| is negative anqw-r 30
The changes in the absolute prices are provideduations (7.2) and (7.3):

(7.2) \;V: _QXK{HZLSAL +HZKSAK} é’

9

; - 0, {67 Sa + Orc Saxt ;

9

(7.3)

If dirty good Y is K intensive, the|ﬂ| <0, w>0, r <0 with increased strictnegs>0

If dirty good Y is L intensive, the|ﬂ| >0, w<0, r >0 with increased strictnegs>0

These mathematical results illustrate that stantith the original factor prices an
increased abatement requirement raises the cqsbdliction of the dirty good. For an
unchanged world price p, and the economy still poirty both goods, the input prices
need to change to accommodate this additional coergo If the dirty good is K-
intensive, then the price of capital goes down.iameously the price of labor goes up
in order to keep the total cost for the labor-isiea clean good unchanged. If the dirty

good is L-intensive, then the additional abatenuast requires the price of labor to fall.
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The price of capital rises in order for the codtshe clean good to remain equal to the
unchanged prices.

In the international trade context with factors iobie across countries, the
above factor price changes imply that the factargsrfor the physical inputs capital and
labor are not equalized across countries. Refgack to the standard H.O.V. model it
is easy to identify that this happens becausedblemaption of identical technology across
countries fails here. Although the production temlbgy for X,Y and abatement is
assumed to be the same, the cost of productioniefégsentially a weighted sum of the
direct production cost of Y and the indirect abatahtost. Since the weights vary across
countries based on the exogenous environmentadatds, the overall production
technique for Y is different across countries.

Comparing with the Kenen-Conway concept of “impmvendowment” (see
Conway 1997), the current model has an almost lparaboncept of “effective
endowment” which is defined as the amount of endents effectively available for
actual production purposes. Hence subtracting leeitendowments used for abatement
use from the total physical endowments definestfextive endowments.

To make the point clear, let us use the followirgtnm® notations:

X: production vector

V: physical endowment vector

VS: effective endowment vector

P: vector of price of final goods

H: Technology matrix of producing the final goods

A: vector of the quantities of the two inputs u$edabatement purposes
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WS: Vector of the prices of the effective endownsent

In this scenario, the vector of prices of the dffec endowments (WS) is the
same as the vector of prices (W) of the physicaloaments. VS=V-eAX where e
denotes the level of strictness and HX=VS

The parallel result that the prices of the effeendowments are equalized does
not follow through here because unlike the Kenemehaevhere the third commodity is
non-traded good, in this model the abatement &gtigi embodied in the traded dirty
good. This is similar to difference in producti@thnology across two countries being
embodied in the cost of producing a same homogegood. So the price of Y must
cover the cost of the entire bundle.
H'W#P
Instead (H+eA)W=P

This re-emphasizes the fact that a difference & tdchnology of production

drives the difference in input prices.

5. CHANGE IN PRODUCTION:
The elasticity of substitution between labor anditeh in the X and Y sector is

defined as in the Jones derivation.

A n A n

_ Axk—ay - vk =y,

X A IN 1 Y I A
wW-r W—r

Change in output from equations (1.1) and (2.1):
(8.1) FYL AXL}!Y] =| L ~Anbvt Ay ax)
A A ]| X K = (A by + Ay axk)
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The change in input requirement coefficient for dir¢y industry Y is broken into

the change in input requirement for production fmndabatement

or, FYL /]XL} Y= L {/‘YL(aYL"'SALe)"')IXLaXL}
A A X_

{AYK (aYK + Sak e) + A aXK}

or, |:AYL /]XL} Y | L-(A an+A, ax)-A,S, €
Ak A X ’ ] ; ¢

K =(Ay vk Ay @xc) = Ay Sac €

The elasticity of substitution of the inputs allows to substitute the change in

input coefficients as functions of the input prices

(8.2) {AYL AXL} Y= |—+5(W r) /]YLSALe
Ak Axe | X _
K Oy (W r) AYKSAKe
O, =60y + A OO0, and o, = A 0,04 +A,6,,0,are the percent savings in

factor use associated with one percent rise itivel&ctor price

Assuming fixed endowments, the above system redog@s3)

(8.3) {jYL ::XL}[Y] =| o (V\i_ rA) Ay Sa eA
e X =0 (W=T) = Ay S €

| consider the change in relative production dueata@hange in abatement
strictness in an economy.

(9.1) (§_ )A() =[ (AvSax ~ /]YLSAL) (5 +0y) "

(w-1)]
A A
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To get an expression of the relative change inwdstpolely as a function of the

n N n

change in abatement strictness | substitute out(w-r in terms of e using equation
(7.2):

(/]YK Sak ~ AYLSAL)
Al

(9.2) (§_ >A() =[ = 05(6,Sa * Oy Sax )]é

— (O +9)

A2

whereoyg

The determinantg/|and |§| have the same sign always, whether positive or

negative. This impliesrg > OHence the second term is always negative. Thidies

that irrespective of the factor intensities of protions, an increase in strictness has a
tendency to affect input prices which in turn imdily increases the production of the
clean good X relative to the production of the ydigood Y. This conforms to the
traditional pollution haven production effect.

For example, if the dirty industry is K-intensiweg know from equations (7.2)
and (7.3) that stricter abatement requirementsredllice the price of capital and increase
the wage rate. This provides incentives to produgetoth industries to move towards
the cheaper capital and free up labor. This woultbarage the production of the labor-
intensive good which in this instance is the clgaond and a reduction of the capital-
intensive dirty good. On the other hand if theydirtdustry is labor-intensive equations
(7.2) and (7.3) indicate that the additional abaenhrequirement will reduce the wage

rate and increase the price of capital. This prewidhcentive to producers in both
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industries to move towards the cheaper labor aed €p capital. This in turn would
encourage the production of the K-intensive gooctivin this case is the clean good and
a reduction of the labor intensive dirty good. 8doth cases we see that the change in
input prices always encourages a decline in thelymoon of the dirty good thus
bolstering the traditional pollution haven typeooftcome.

Now let us turn our attention to the first rightdldaterm in equation (9.2). If Y is
K intensive therj|<0. The first term will be positive if:
AYLSAL > AYK SAK

r Y*b, e*a, >Y*b2|< e* A

or,
L b, K b,

a K
AK o TN
a, L

or,
Thus, when the dirty good Y is K-intensive relatteethe clean good X, if the K-

intensity of the abatement activity is less(gréatban the overall K-abundance of the
economy an increase in strictness will directlyodideleter) the relative production of the
K-intensive dirty good. Alternately when the digpod Y is L-intensive relative to the
clean good X, if the K-intensity of the abatemectivaty is less(greater) than the overall
K-abundance of the economy an increase in stristw@f directly deter (favor) the
relative production of the K-intensive dirty godb we see that in two cases out of four,
the direction of change in pattern of productionopposite to the traditionally held
prediction- an increase in the abatement levelnik@onomy may increase the share of

the dirty good in the production.
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Starting with the system (8.3) | now look at thes@bte levels of production

instead of the relative levels of production:

(10.1) ?:i ~ Ay SaL — 90, (V\A’_ rA) Ax Ae
[ A1

_/]YKSAK + a-|< (W_ r) /]XK

i /]YL - /]YLSAL - 5L (VY_ rA) Ae

(11.1) X = ¥
| |/]Y|< — Ak Sak O (W-r)

To get a clearer idea of the above expressionsydestart with the effect on

outputs in the absence of effects of factor pritanges.

n 1 A

(12.1) Y :m(/‘YKSAK * A = ASa ¥ Ax) €
A 1 A

(13-1) X = mAYLAYK (SAL - SAK) e

On simplifying the expressions within the brackdtdjnd that if Y is relatively K

. o - a . a a
intensive i.e.]A 40 thendY > 0if 2 <2 X >0if A& >
aAL aXL a'AL aYL

A : . . a a a
Case 1: The abatement activity is more K intentaa Y, ie—2¢ > K > XK
aAL aYL aXL

Outcome:0X > 0,0Y < 0> The traditionally expected pollution haven result

o : . . a a a
Case 2: The abatement activity is less K intengiaa X, ie—% > X > ~AK
aYL aXL aAL

Outcome:dX < 0,0Y > 0> Opposite to the traditionally expected pollutiaavén result

Case 3: The K intensity of abatement activity iswaen that of Y and X, ie

aYK > a'AK > aXK
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Outcome:dX <0,0Y< O

Next consider Y being relatively L intensive, i.e.|A|>0. Then

aXK > aYK > aAK

provides a traditional pollution haven direction mbduction change

. a a a . : o . -
while —2& > X > YK moves the production in direction opposite to tiadal
aAL aXL a'YL

pollution haven expectations i.e., toward a higiedative production of the dirty good.

To visualize the above results using real trademues we can think of a labor
abundant country that uses dirty technology irexport sector to compete in the world
market. Suppose this country makes its abatememuirezments stricter and the
abatement investment requires mainly capital in fibren of end-of-pipe abatement
methods. This would make the scarce capital endownesen scarcer under the
assumption of internationally immobile inputs, ieasing the production of labor
intensive dirty good in a Rybczynski type of efféthis would show up in the data as an
apparent contradiction to the pollution haven exgtem.

Expressions (10.2) and (11.2) are expressions ifedyction change where the input

price change has been incorporated.

N 1 1 N
(10-2)Y = [m{AXL * AYK Sak ~ AXK * /]YLSAL} - m{( 0YLSAL + 0YK Sak )(/1 XL5K + AXK 5L )}] e

A 1 1 A
(11-2)X = [m{AYK * /]YLSAL - AYL * AYK SAK} + m{( BYLSAL + BYK SAK )(/‘YKéL + AYLaK )}] e

Comparison of (10.2) with (12.1) shows that theoselcterm on the right hand side
reflects that changes in factor price further temdecrease the production of the dirty good

Y while comparison of (11.2) with (13.1) shows tlcainges in factor prices encourage an
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increase in X production, irrespective of the igkatfactor intensities of the two
commodities. When the dirty industry and the abatenactivity are intensive in the same
input relative to the clean sector, the effectimd@vment effect strengthens the effect of the
factor price movement, leading to the traditionallygion haven type of outcome. When the
dirty industry and abatement activity have oppos&ietor intensities relative to the clean
sector, the effective endowment effect opposestfeet of the factor price movement. The
relative strength of the two effects determines tivbiethe net effect will be consistent or
opposite of the traditional pollution haven expéota

The above analysis with mobile inputs demonstratesason why the pollution haven
hypothesis has been difficult to justify. If thetgiexports of an economy are labor intensive
in nature, then an increased environmental strsstnevhere abatement is largely capital
intensive, could be reflected as the dirty indestrcontributing to a larger share of trade
volume if the effective endowment effect dominafHse above analysis shows how such an

outcome can be explained using standard theorétiok.

6. NEGATIVE AGGREGATE INCOME EFFECT:

Although depending on the factor intensities, s#ri@batement standard increases or
decreases the production of dirty and clean gomdshould be unambiguous for a small
economy that the aggregate income of the economylédlyo down as it chooses to move to

the stronger abatement requirement. | check belbetlver this is true for the model.
dl = X* X+ p*Y*Y

or, dl = X{Yp* OB m} +Y*Yp

/]YK/]YL | 9 |
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The expressions for change in quantities from (@2 (11.2) are substituted into the

change in income expression.

dl = eYp

Ol |A] 1 1
It /]:E/]:t :7’5 [m{/]YK * ASac = AT AkSaxt +—| F ||t9|{( Oy Sar T O Sax ) (A Ol + A O}
L 1
+[m{/]x|_ * AeSak — A ¥ Ay SaLt _—l 1 ||H| {(6,SaL + 6, Sak ) (A Ok + A O]
To find results from the above expression, | lobkhe effect of input-price change

and the effect of effective-endowment-change, aonme, separately.

Effect of environmental-strictness induced chamg&ctor prices:

" 1
dl |in ut- rice: er *
put-p |A ||q
HYKgYL |/] |
[{( HYLSAL + HYKSAK)(AYKdL +/]YL5K )}{ A m} _{( gYLSAL + BYKSAK)(AXLdK +/]XK JL )}]
YKZ'YL

The right hand side of the above expression sifeplifo zer6. This means that
change in input prices does not have a net effeetggregate income of the economy.

Reduction in effective endowments caused by stradbatement standard, even in the
absence of factor price changes, should be suifide reduce aggregate income. So |

evaluate the change in income caused by effectidevement change terms.

" 1 e.e, |A
di |eff—end0W: er* _[{ /]ZK * /]ZLSAL - /]ZL * /]ZK SAK}{ "t u} +{/]X|_ * /]ZK Sak ~ /]XK * /]ZLSAL}]
| A] A 161

The next logical step is to realize that the aggtegncome should be reduced

whether the abatement technology is only laborgysomly capital using, or uses both. So |

2L please refer to appendix 3 for calculations
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examine the change in effective-labor (i.e. coeaffit on g ) and effective-capital
endowment (i.e. coefficient on,g terms separately. | find that aggregate incomesgtown
whether abatement is capital-using or labor-usindath. Appendix 3 is devoted to the
derivation and simplification of these results.

The above results show that change in effect endowsndue to stricter abatement
results in a net decline in aggregate income wihidechanges in factor prices influence the
production of the dirty and clean sectors but tbdeynot have any net effect on aggregate

income.

7. EFFECT ON TRADE PATTERN:

If both consumption goods are normal goods, therd#tline in aggregate income of
the economy implies a reduced demand for both cadittes. For the commodity that
experiences an increased production and a redwEradrd, the net exports will rise (or the
net imports will fall if the commodity is an impodommodity). The commodity that
experiences a decrease both in production and ogtgn, experiences a greater decline in
production compared to the decline in consumpfidns results in larger import demand (or

a smaller export supply).

8. TERMS OF TRADE EFFECT FOR A LARGE COUNTRY:

Given the altered demands by the economy in thédwoarket as explained above,
the trade prices would be affected if the econosmy large country. This is similar to the
transfer problem where a country by transferringpat of its income, may face an

improvement or deterioration of its terms of trabhethe current stricter-abatement scenario,
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the income of the economy declines not becausansters its income but because it uses a

part of its endowments for clean-up purposes.

When the production-change equation (10.2) andjldredict thatX >0,Y < Qin

conformation with the traditional pollution havemegiction, then the income and trade
changes as described in section 7 imE)Iy . 0

Similarly when )A(<O,\A(> 0 in contradiction to the traditional pollution hawe
prediction, then;:)< 0

If both X < O,\A( < 0 then p >0 if decline in net demand for X is greater tlugcline
in net demand for Y, i.e., (dI*mpc—dX) < (dI*mpgy —dY)

Whenp # 0, the equation (3.1) retains its entire follp w+ 8, r = p—{6,, bvw.+ 86, bw . }

The price change term shows up in the factor-pritange equations

|:9YL HYK:| \Zv :|:_{€YLSAL+BYKSAK}:|A6+ [A:)
HXL HXK r 0 0

and consequently in the change in production equgi{10.1) and (11.1)

9. WASTE TRADING:

If the economy can trade waste, then an analystbefactor intensities of the
abatement process becomes redundant. Dirty indsstell wastes at a per-unit cost ‘c’ to
the producers in that sector. Then the only difieeesbetween the current model and the
HOV model would be that the returns to producerghadirty Y sector would be ‘p-c’

instead of ‘p’.
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K =a,Y +a, X
L=a,Y+a,X
p-c=ayr+a,w
1=a,r+a,w

The rest of the derivation of the model would baikir to the standard HOV
model with the only difference of having to carrg-¢’ around instead of ‘p’. A
movement to stricter standard would entail a laogest ‘c’ which is similar to a lowering
of net price. As effective endowments are unaffiécterces that drove the earlier results
opposite to the traditional pollution haven expgotes are absent. When the economy
moves to a stricter regime, the net price receimdte dirty sector goes down, leading to
an effect similar to world prices going down in tHOV setup. The altered version for
equation (9.2) is given by:

— (O +9)

e

A

If world prices are unchangeg =0 and amount of pollutants goes up as the

(\A(— )A() =[os(p - c)] whereog

economy moves to the stricter regime, then the esgion for change in relative

production is given below.
(Y- X) =04(-ce)

When the economy moves to a stricter regime, tis¢ foo the dirty sector of selling
its wastes goes up, reducing the relative prodnaiiche good as expected by the traditional

pollution haven hypothesis. In the exceptional casere an economy can dump its pollutant

in another economy without having to pay the desitim economy any compensation, the
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movement to stricter environmental regime has mecefon cost and hence on production.

The only result would be a larger volume of washesiped in the destination economy.

10. THEORY TO HYPOTHESES:

Having used the mobile-factors general equilibrionodel to illustrate the nature of
underlying forces, it is nevertheless importantealize that the real trade consists of more
than the simple two good model and that inputscarapletely mobile only in the long run.
The N goods cases can be motivated by the usespédfic factor model which recognizes
that in the short term, all factors are not peljeatobile across industries. | assume that
capital K in each sector is fixed in the short run and ésittdustry specific input. Labor; is
assumed to be mobile across industries. This N ,gded factor model is more relevant for
formulating empirically testable hypothesis.

Jones(1975) provides the mathematical frameworkttierN good, N+1 factor
framework. | visualize the N-1 sectors as beingydand the N-th sector as the clean X
sector. | do not restrict the changes in capitalomments to equal zero. However, |

assume that current capital stock change decisipre-determined variables.

n n A

or, Y, =Ki—bx =Ki-(a«+e)

n
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n

€

is the change in capital used for abatement &gtiyier unit of output.

Straightforward generalization of the 2X2 model Waoassert that abatement capital in

all sectors goes up by the same proporgoaof the sectoral abatement capital shgye

which remains unchanged before and after chang®licy. This is too restrictive an

assumption, necessitating the above more gengrebagh.

n n N N

(14.2) Y- X =akx—ax + Ki—Kx—g
The percentage change form of the price equatibril)takes a form similar to

equation (5.2) from the 2X2 model. The only diffece is that similar to change in

abatement capital, change in abatement expendgueeross sectors is not restricted to

be proportionale to pre-policy abatement expenditsgre

A n

(15.1) G;W+6,T =p-€
Derivation of equation (15.1) makes use of the ¢aey of isocost and isoquant

condition (15.2) identical to equation (5.1) in &2 setup.

N N

(15.2) ,a,+6,0a,=0

The elasticity of labor’'s marginal productivity egrin each industry is defined as

N n n N

_ awx —akx _ au—0ax
yLX A N ' Li =~ A N I
Wix = py Wi-(p;—ei)

Explicit expressions for changes in the specifictda coefficientsakx and a ki

n

are derived in the manner similar to the 2X2 mduekliminatingr,; and a, with the

use of elasticitiey's.
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n n N

(15.3) akx =Y xOxWx—py ) axi =y,6,(Wi—-p,—€)

Substituting (15.3) into (14.1) | get (14.2).

N N N N
|

(14.2) Y= X =V Ox Wy = py) = V0 W —p+e)+ Ki—Kx—gy

The different wage rates prevailing in differentluistries can be explained as
every industry having a specific skill requiremenits workers. This skill is assumed to
be industry specific and not transferable acroshistries. The demand for skill is
exogenous to the model and depends on the technofaidpe industry. The workers in
each industry are paid a premium for their skibr Example, if the chemical industry
requires a chemical engineer, then while a decrmag@ges might increase the demand
for chemical engineers, the skill required of evengineer remains unchanged.
ro=L*l
where L is the physical amount of laborjd the skill level and’; is the effective labor.
Wi=w*w;

W, is the actual wage rate paid to the workers. mhmases of two parts: w that reflects
the payment to unskilled homogenous componentwawhich are the mark-ups of the
sector-specific wage.

The prevailing technology determines the demand dkitl |;. Hence w is
determined by the supply of the skill. This supgdpends on schooling and training, and
hence like capital stock, is assumed to be preséted. So while making a production

decision, the producers take the skill premium theyld have to pay (Wwas given.

111



(14.3)

N n

Y - X :W(nyng _yLieLi)_yLXHLX (px_WX)+yLi0Li(pi_Wi_e|)_eKi+Ki_KX

n

In equation (14.3)e., Is the effective endowment effect similar to th&22

model. It says that if abatement is capital uswlgere capital stock is predetermined and
sector-specific then an increase of environmerntaitsess reduces the effective amount
of specific capital and hence production. Unlikethie 2X2 model, change in effective
endowments does not lead to any unexpected reddtcapital is sector specific, a
decrease in effective endowment of capital hasremibiguous tendency to reduce the

output of the sector.

The other term involving the abatement effectin equation (14.3) again has

factor intensity coefficient;, attached to it. This term indicates that for aegielasticity

of marginal productivity of labor and for a givemange of sector level abatement
expenditure, production in a labor-intensive sectdli decline more in response to
increase in environmental strictness compared gpegific-capital-intensive good. This
happens because the capital-intensive good hasver lfexibility in responding to
changes in policy that increase the marginal cost.

The first right-hand term in equation (14.3) is g@mto the factor-price effect
seen in the 2X2 model. This term involving priced amages reveal that while a given
increase in wages will have a greater negative anpa sectors more dependant on
labor, an equal increase in price will favor prattut in the labor intensive commodity

as it has greater flexibility to respond.
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By estimating equation (14.3) | plan to examine ithpact of the US Clean Air
amendment of 1990. By comparing domestic prodachiefore and after 1990, | test
whether the pollution haven effect, in the new fdhat | have identified, was important

in changing the production and hence trade pattetine USA.

11. DATA AND ESTIMATION:
| consider a difference-in-difference approachetst the impact of Clean Air Act of

1990 using equation (14.3). | omit 1990-1991 asrgeaf adjustment. 1988-1989
comprise my “before” and 1992-1993 comprise myée&ftime periods. | use the NBER
productivity database for quantities and priceuatiputs and inputs at the SIC-4 digit
level and the expenditure to abate air pollutiar§i&€-4 level from U.S. Census Bureau’s
Current Industrial Reports: Pollution Abatement S@nd Expenditures, MA-200. In my
exercise, the control group is those industries thewve zero emission coefficient.
Corrugated and solid fiber boxes (SIC- 2653) ietaks a representative of the clean
sector due to smallest air emission per unit ofdpotion over several years The
treatment group are those industries that havegasiive emissions level.

Before is time period before 1990 Clean Air ameadin

After is the analysis period after 1990.

| take an average of the variables over two ye&B41089 to define the “before”
observation and an average over the two years 1993-to define the *“after”

observation to smooth out year specific aberrations
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Regression is done in logs of the variables due pbeeentage form of the
theoretical derivation. The terms in the regressesults are interpreted with reference to

the theoretical equation (14.3). The regressors are

n A A N

Price_effect: y,,6,,(p,—w: ) Capital: ki , Eff_endow effecte,,, , Interaction:y,, 6, e
Since not all dirty goods are traded, | identifietdded goods using U.S.
multilateral trade data.. Among 411 SICs at theigitdevel for the year 1987, this
process eliminated 63 SICs leaving the analysib 8#8 SICs. The analysis based on
these 348 SICs lead to very similar results to dbmplete sample. These results are
presented on the third column of the table. As satgyl by the theory, equality of

coefficients is imposed for the price effect aniaction effect.

No interaction term With interaction term Remove non traded SIC

Price_effect 0.181* 0.182* 0.162*
(2.97) (2.98) (2.57)
Capital 0.5* 0.5* 0.54*
(5.46) (5.46) (5.72)
Eff endow -0.025** -0.025** -0.023**
(-1.90) (-1.90) (-1.73)
Interaction -0.182* -0.162*
(-2.98) (-2.57)
Constant 0.020** 0.021** 0.012
(1.68) (1.67) (0.93)

* Significant at 5%, ** Significant at 10%

Table 3.1: Effect of environmental policy changeld®. Domestic production SIC-4 for
years 1988-89, 1992
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The regression coefficients show the expected sighs price effect has a positive
effect on production of all industries. A one pérfcéncrease in price net of wage
payments would increase production by 0.18% imanstry whose share of payments to

labor equals one. However, given that the averalgerishared; is 0.11 across sectors, a

one percent increase in price net of wage paymeotsd increase production by 0.02%
in the average industry. Capital stock had a pasiiffect on production of all industries
with a 1% increase in sector specific capital stmkeasing the quantity of production
by approximately 0.5%. Dirtier industries requirisgctor-specific investments show a
reduction in production of 0.025% for every perega point increase in abatement
expenditure. This term is not significant at the &xel, but is at the 10% level. The
abatement expenditure and labor intensity intevacterm again predicts that a 1%
increase in abatement costs would decrease produxyi0.02% in the average industry.

The traditional pollution haven hypothesis wouldnsider the decreased
production due to increased sector specific abatemesestment cost as captured
through the effective endowment effect. This woddfound to be 0.025% and also not
significant at the 5% level. Viewed in this way,llpton haven effect remains elusive.
However, the highly significant coefficient on tirgeraction term adds another 0.02%
reduction in production for every percent increaseabatement expenditure. The
pollution-haven effect, in this modified guise, temtangible effect of the 1990 Clean Air
Amendment of USA.

In the absence of a-priori information about thasgtity of marginal product of

labor in each sector, the elasticities have besnmsd to be same for all sectors. The
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percentage change in capital expenditure for aleieras been approximated by the

percentage change in overall abatement expendit@wach sectdf.

12. CONCLUSION:

The 2X2 theoretical model provides some interestasglts regarding the
pollution haven predictions. Depending on the faattensities of production and
abatement, a stricter environmental regime magertain situations, favor the
production of the dirty commodity which is unexpegtin the traditional pollution haven
hypothesis. For example, if a country specialirediity labor intensive commodities,
and if abatement technology is capital intensikienta tighter environmental standard
would make capital scarcer, encouraging the praclucif the labor intensive dirty
commodity.

While the above theoretical result is indicativgpodduction patterns, a
generalization to the N-commodity scenario providssilts that depend on the relative
importance of more-mobile and less-mobile inputgaproduction of the various
sectors. Dirtiness of sectors is not the only ingrardeterminant of the negative impact
of a stricter environmental regime as is believeat. production in industries that are
equally dirty, one that uses the mobile input motensely will show the impact more
strongly. This theoretical result is tested usir§) dbatement expenditure and production
data. The coefficient on this factor-intensity degent pollution haven term is
significant. This makes the total effect of a sgr@nvironmental regime on dirty

industries much larger than what is seen using tdytraditional dirtiness indicator of

%2 The capital expenditure data are not very indieatf year specific inducements and abatementalapit
is often difficult to separate from production dapiFor more detail refer to Levinson and Tayl602.

116



industries.
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APPENDIX 1A: COPELAND AND TAYLOR’S TECHNIQUE OF CMBINING
PRODUCTION OF OUTPUT AND PRODUCTION OF EMISSIONSTN A COBB-
DOUGLAS FORM
In the absence of any abatement activity Y- K
If 6 is the fraction of resources spent for abatemenivigy, then the abatement
technology is represented by the functiord)*
a<1 implies increasing returns to scale abatemehini@ogy.
Output level with abatement activity: Y={(8)K}®
Emission level after abatement activity: Z#E*K
Elimination of between the above two production functions resaltee Cobb Douglas

form of production relation. Y=2°K**®

Note that fol9=0, Z=K>Y

APPENDIX 1B: METHOD OF LINEARIZATION AND GETTING ONTO THE
SADDLE PATH

The two variable two equation system demonstrétesechnique used for the actual 7X7
system.
The system of difference equations is written mfibllowing format.
A* K1 =D* - K,
Ca G
The variables Cand K may either be in levels or in deviations from mdamat
(obtained by Taylor approximation for a non-linegstem).
Or ( K = A'D* Kt

Ci+1 G
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The eigenvalues and g for the system may be found as:

Det |JA'D —r | |=0

In case of a system with saddle path stability, @intae roots (say) will be greater than
one and the other,jrless than one.

The eigenvectors corresponding to the eigenvaliee®and as:

A'D-r)% m =0
o)

Let (my n)' be the eigenvector corresponding to the raoand (m ny) ' be the

eigenvector corresponding to r(It is known, and has been verified, thatsm; where s

can be determined as a function of the elementhefmatrix A'D and the particular
eigenvaluejj

The solution of a difference equation system ofaheve form is then given by:
[Kt J = [ My +mpry' J
Ci Myry+pry!
For the system not to explode; and n have to have zero coefficients.Then given that s
and p are known from previous calculations, use of th&al conditions provides the

value of i

Ko= mpra = snorp; Co=hor2

As a side-note, one can see the relation of thamycs of the saddle path as a function

of the stable eigenvalue:

K= mary

120



Kia= mpr™*
Or Kt+1/Kt: 0}

Identical reasoning holds for.C

APPENDIX 1C: CAPITAL OWNED, CAPITAL EMPLOYED, BONDSAND
EARNINGS FROM ABROAD

For ease of understanding, let us consider a cpuhtit invests a part of its
domestically owned capital abroad. (Since labassumed to be immobile, and since X
commodity is produced only using labor, we needavtory only about capital and the

production of Y)
PtCt +(Ken=Ki) +(Bta—Bt) :Yt(Kt) + Py X, 1, Bi+ paymento (Kt_ Ky )

K, is the amount that is employed in the country

and k~t is the amount of capital owned by the economyh \A:ﬂ~1> K,

B: is the amount of bonds held for the purpose osamption smoothing.

In the first period when the economies open upradd, we know exactly how

much of the domestic capital locates abroad. In ghbsequent periods there is no
additional structural equation that determinesebaution of K in relation to the other

variables of the systemzt appears only in defining the budget equation. Askwrow

and have seen above, bonds and capital get pthd aame rate.r
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What has happened is that the two variables: amo@intapital employed abroad

Et - K, and amount of bonds heﬁ , are linearly dependant.

Let us define a new variabl8, =§t+(lzt— K, .)lfhe summation of the two

variables does not pose a contradiction in any gfaitte model because the payments to
both these variables and the pollution effects ¢iWwhs none) of both these variables are
identical in every period.

The existing system of structural equations is takele to trace out the evolution

of K, and B, . One only has to be careful in interpretiBg because it is different from

the way bonds are usually defined: ie for consuompsimoothing purposes. T here

represents flow of domestic wealth to foreign mnagidfor purpose of consumption
smoothing and investments in production both ofcltearns returns at the ratenrthe

current period.

APPENDIX 1D: MODEL WITH NON-SPECIFIC INPUTS
When both capital and labor inputs may be useaih bectors, we have four additional
variables that were not present before: the labedun Y sector and the amount of capital used
in X sector in the home country as well as theifpreountry. In addition to the new Euler
equation for capital stock in X sector, the systdso has to ensure that the returns to each input
is equalized across the two sectors. It is assuh@dhe inter-sectoral decision for labor can be

made in the current period but the decision abapital stock is made in the previous period.
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Yt(KtY'LT)"' Ptht (KtX’LtX)+rtBt _(Kttrl_KtY)_(Kt)il_ Ktx)_(Bt _Bt—l)

P }

e, o' [In{
2

t=0

~AZ (KO L)+ Z0(KE LN

First order condition with respect #§,, :

0Z (K Ly
Ky

Y. (K'Y L'
1 :p 1 {a t+1( H\—(l’ = +1_1'F)t+1Ct+l
PtCt I:)t+1Ct+1 aKt+1

}

First order condition with respect 1§, :

1 1 X, (KX, LY 0z} (KX, LY)
= p {P . t+1 t+1 +1 +1_ J’PJ, C . t+1 t+1 +1 }
RCt I:1+lCt+l X aKt):l T aKt):l
F.O.Cw.r.t. B
R LI PR
RC, P.Cu "

As investors have the option either to invest ipitedin X sector, capital in Y sector or in bonds,

the returns across these options must be equaizg period.

Mg = YI(Kttl) - }'Pt+1Ct+1Z'(Ktt1) = PXt+1X I(Ktél) - yF)t+1Ct+lzl(Kt>il)

or, 1, =Y'(KY)(1- RC, Tﬂ) = X'(KX)P, (L- }RC, Tﬁ)

t
Under the optimal pollution tarx = JP,C,, the above relation reduces to
r=@A-a)Y'(K) =P, L- AX'(K{)

For labor market growth of labor is not a choicealale in this model. Thus for labor
market to be in equilibrium it is sufficient théiet value of marginal returns on labor is equalized
across the two sectors every period. This equaizdiowever occurs under the influence of

pollution taxes in place, which ensures that optiemissions calculations already affect the

production function and the marginal product ofdiab
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Substitution of the market clearing conditidg® = L- L into the intertemporal
welfare function and consideration of the firsterdondition with respect to labor employed in
any one of the sectors, provides the following ¢iqua

oY, (K)',LY)
oL

0z (KY ,LY) _ 0%, (KX L) _
oL oL~

aztx (Ktx ! th)
oL~

_}'F)tct }'Ptct

With efficient pollution tax, the above equatiomuees to:

w, = L-a)Y' (L) = P @~ B)X'(L;)

In the absence of any abatement activity Y'=(K*) ®,z= K* L'*

Output level with abatement activity: Y={(#) (K" L'*)}®

Emission level after abatement activity: Z=6t%(K" L'*)

Elimination of6 between the above two production functions resultee Cobb Douglas form of
production relation. Y=2Z°K*>**

The labor market and capital market equilibriumditans can be combined to provide a

relation between capital-labor ratios in the twotses.

w _ @-a)Y'(LY) _ P A-B)X'(L)
o Q-a)Y'(K) P -B)X'(K)

Y'(L) _ X'(L)
YK XK

K/
LY

() = f(

K X
L; ) under Cobb-Douglas production function.
t

Numerical Simulation:

Under constant returns to scale

F =—-1 (13)

N

Equations (8) and (10) reveal that in the integtageonomy, the growth of consumption

expenditure is identical in the two countries. Thus
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PC _ Wealth
PC* Wealth

(14)

Wealth , Wealth, are the value of the endowments of the home areigio economy at the
beginning of trade, valued at the internationalketprices.
Y Y.
1_1: 1-a) aY (K ,YL ' T)
P oK

a = -

o0 Yo, L,

1 1-q-a) FC
0

oK,

Hy SyH
Ky'Ly

< (15)

1 a a
_—1= 1— 1-a
P ( a)(_yPC) U

a « M ox SY-H
a . KL (16)
Ky

1
——-1=(Qa- 1-a
P ( a)(yP*C*) H

1 X (K*,L*;7)
Z-1=P (1-
p - B) KR

1 i-p a-p € ’
0

B ny 1
%‘1=<1—/3)(Px)1-ﬂ(ﬁ ot

(15X)

1 1=a-pr)
0

J'P* C* ”K—* (16X)
X

X (K*,L%;1)
oL

_ N OY(KY, LT _ ~

- Lﬁ - —KY#LYSWI: - ﬁi% N
@ a)(yPC) () L, L-B)(P) (yPC) /) L (17)

Dividing 17 by 18:
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Uy SyH ny  sen
Ky"Ly Ky"Ly

a g
*pC* L L *PC* L. L
e e Tl G e e (18)
wC KL, we KL
L, L,
PC=Y+P, X +rB (19)
PC*=Y*+P X*-rB (20)
P,[X(P,L)+ X * (P,L*)] = o] PC + PC¥|
(21)
Y(K)+Y*(K *) = (1- w)(PC + PC*)
(22)

While solving equation (13) - (20) for the steatlyts values, equations (14), (15), (16),

(15X), (16x), (17), (18), (21), (22) form a self nmntained system

for PC*I?’CK_XK_XK_YKEEP_X Once these values are solved, (13), (19) and (20)

provide the solutions fd?, rB.

Actual solution process:
1) Create a grid of Ly from 0 to 1, Ky 1 to veryda number.
First four equations create grid for PC, PC*, Kiyy;*

2) For each element, calculate PC using equation 15

1

Uy sy-H
KY LY

a L
—-1l=Q0-a)( )" u (15)
p yPC Ky
3) Calculate PC* grid using equation 14.
PC _ Wealth (14)
PC* Wealth

4) Calculate the demand for Y, and the amount preduby home to get the grid of market

clearing supply of Y from foreign country.
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5) Use equation (22") and (16) to solve for Ky* dnd grid

a 2 Wl % SYy-H — ==
(—)1‘”K L +( )re K, L =(1-w)(PC+PC*)
yPC yxpCc* T (22)
(—Z )oKy L, ™™ = - w)(PC +PC*) - Coc )1- K,“L,°
y*PC 22)
w o x Sy-H
Y A (16)
P wC Ky
(22") divided by (16) provides Ky. Put that backareither (22") to solve for Ly*.
Next 3 equations create grid for Kx, Kx* and Px’owkver, Px* is left for later.
6) Calculate aggregate demand for X.
1 B B
(P ICE ™ KL 4 ) KL = [ PC + PO
y*P*C 21)
1 B ny sxn
1120 pP ) (Lo S (15%)
p yPC Ky
/1)‘1 o5 L
(P )YA(LENEBRK TS 15X’
d gy - BT TKL, (15X)
1 B Ny« sx1
1 -5 Ky 'L
By - L s (16X)
P wp*C Kx
1
o B
K, —5——=(P,)** AR 16X’
dogy - BRI KL, (16X)
Use (15X") and (16X’) to rewrite equation (21)
)
P —  IDPC 4 P ,
(K +K,)=af PC+PC* (21"
@-Bn §
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7) Also the already created grid of Ly and Ly* pides Lx and Lx* grid. So dividing equation

(15X) by (16X) provides:

&1—/7: y*PC* ﬁ LX sx-1
(K:() e JPC ) (Lx) (1516)

Equation (21) provided sum of Kx, Kx* and equat{d®16) provides ratio of these two. Hence

the grid of Kx, Kx* is determined.

Next two equations are used to choose a single icatnbn out of the grid.
Equation 17 says that wage in the two sectors donéhcountry must be same. This equation is

divided by the returns to capital in the two sestoirhome country equations 15 and 15X.

B Lﬁ B KYﬂLYSy—/JZ B éié B Kx” %17
@-a) yPC) (sy ﬂ)—LY @L=-B)(P) " ( ypc) (sx /7)—|_X (17)
K, "L, i B s KL, ™
1-a)( 7 yra(s— 1- PP (L) -n) X% —
( a)(yPC) (s-—t)———— L, ( L) (Py)’ (yPC) @-) N
A KK SYH LB L kLT
1-a -a % 1- PB( L yBpyDx =X
( )(yP) <, 1= B)(P) (yPC) n <,
(sy—p) Ky _ (sx=17) Ky
“o Ly n Ly
Ky Ky H (sx=1) a7)
L, Ly (sy Y n
Similarly equation (18) in conjunction with previgly used equations provides (18)
_ & _ K;IUL:{SY_'U _ _ é ,8 % _ K;ﬂ L*XSX—U
-0 g )™ A= = AR (e )™ A= 2 (8)
Ky Ky # (sx=1) (18)

L:( I-*x (Sy_ ,u) n
Next the remaining variables: Px and B are solved.

Px : equation 21, 15X or 16X
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r: equation 13r == -1

D+

B: Equation 19 or 20: PC=Y +P_XY +rB

PCr=Y*+ B, X*~TB

APPENDIX 1E: SENSITIVITY OF RESULTS TO POLLUTION BUTILITY
PARAMETER

Capital accumulates as the difference between ptmatuand consumption in
both the standard growth models as well as in tineent one with pollution disutility.
This is captured in equation (1). The corresponderg investment locus is given by

equation (2).

sy-a a

(K. —K) + A= @)PC, = (K,) - (%)1-0 (1)

sy-a a

(Kui —K) =0~ Q- @)PRC, = (KJH(%)H

1-a

K, =[1- »)RC, (5)1-0]”-“ 2)

The consumption growth equation in the standaravtironodel is given by
equation (3). Equation (4) is the correspondin@ z@nsumption expenditure growth

equation. This expression embodies the fact thagwoption expenditure attains a
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—-1
steady level when the welfare cost of delayingatresumption by one period
equals the payoff MPof doing so.

_ sy-1
Pt+1ct+1 Ptct :10[1+(Kt+1)1_ Sy 0’( )1—a] 1 (3)
RC
P.C..~PC =0 1-1=(K yia SY=a @5 (4)
t+1~t+1 ,0 t+1 1 a T

With pollution disutility there is an additionalrte to the above equations. This
appears because though the welfare cost of delagimgumption by one period is
unchanged, the payoff from investment has chanfjeel reward for investing is the
additional production (MP) minus the disutility of pollution that is genezdtby using
the unit of resource for future production inste&ddurrent consumption. This is
reflected in equation (5) while the associated zemsumption-expenditure growth locus
is represented by equation (6).

P..C., —PC, Y sy-a a
T =l (K S )1-0{1 PnCia N - 5)
t™~t

1 P sy-a ,a
PCin =R =0 =~ =15 (Ko™ y- T )H{l PCon (& )}

sy-a

Fa )10{1 PrCon(D)} e

[ - L] = (K,,) (6)
=-1

0

Equation (1) is a positively sloped line in the somption expenditure — capital

plane as shown in Diagram 1. A higher abatementniakes capital less productive.
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Hence for any steady state level of capital stadkwer value of consumption
expenditure can be sustained as shown by a leftglafidof the curve.

The zero consumption-expenditure growth locusHerdtandard growth model is
given by a horizontal locus in the consumption exjieire — capital plane. A higher
abatement tax lowers the marginal productivity aital and hence lowers the level of

capital at which consumption expenditure remaieady. This is also represented in

Diagram Al.
E AR a0 i AR (=0

APCHl{r0) =0 | z o llose)

; 3 AP (z0)=0

™\
APCh|lzppn) = 0 1
APCH(gar=0 i ¢ | —
= ¢S24
APCH(ny) =0 p— g AMPCxil{x1 010
| AR () >0 1
7 © AK{(0) <0 |

Saddle path|(; gl Saddle pathi(m0)
~ARi) <04
AR = 0 :'i,.*')

(PC)
Diagram Al: Steady state consumption locus undéerdnt emission tax

When pollution disutility is an additional costmfoductive capital, the level of
capital at which consumption expenditure remaigady is a decreasing function of
consumption expenditure. This happens becausglaehconsumption levels, pollution
disutility is valued more strongly, making a loweapital stock desirable. This can be

seen by comparing the solid lines in Diagram A2.
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APCl(30) = 0

APCH (500 =10

APCH (1) =0

APCHGz =0

gl
®C),

Diagram A2: Steady state consumption locus uddtarent disutility parameters

A higher pollution tax has the previous dampenifigat on the desired capital
stock arising due to lowered productivity reas@g. the higher tax also lowers the
pollution disutility and this difference is valuetbre strongly with higher consumption
levels. This causes the gap between the desirethicsock in the high-tax low-tax
scenarios to narrow at increasingly higher inconies is seen in Diagram 2.

For sufficiently high pollution disutility sensitity (highy), the loci for different
pollution tax regimes might even intersect indiegtihat the decreased attractiveness of
capital due lower productivity is more than offbgtthe increased attractiveness due to

the cleaner technology used. This is depicted agiim 3.
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APCH(ny) =10

APCx(n 20 = 0

APCH(ny) =0

._\.I:PC)[|:IQ_-=.[:: =0

(PCh

Diagram A3: Intersecting steady state consumgdbous under different disutility

parameters
The steady state of the system is at the inteseofithe zero capital growth and

zero consumption-expenditure growth loci. To prethe effect of higher pollution taxes
on the steady state, one has to note that fosl¥ locus higher tax rates has positive
effect on steady state capital and a negative tefiethe expenditure level. For the
APC=0 locus, higher tax rate has a negative impatioth steady capital and
consumption expenditure levels. This is depicteDiagram 4. The movement of the
steady state solution depends on the directiohexd two shifts. While the effect on the
consumption expenditure is unambiguously negatheputcome for capital depends on

the relative strength of the two shifts.
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1 ARG 20 AKG) =0

52K . : ._\.I\PC] |;:('_\'] ¥

.......

—"~|fPC_J:-{:'..';'.} 0

P
(PC)

Diagram A4: Steady states equilibria under défifie disutility parameter values

The steady state capital stock might increase ewout the intersection of
samey differential taxAPC=0 loci. This is depicted in Diagram A5. For e&sed;, the
APC=0 loci shift down. However the distance betweains of same different tax loci
decreases as the clean technology associatedhasitiigher tax is valued more with
largery. Comparison of pairs of steady state (A,A"), (B,RC,C"), (D,D’) show that
though in the standard growth models withO, the steady state capital is low for a high
pollution tax, this might be reversedyamcreases. This may happen even whery ke

not large enough for the samdifferent taxAPC=0 loci to intersect.
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|
APCY (o 1)
: .
'll.l
fl.ll

£y
T ARG B

//.
2
'

) --;\-(-P-.E:".E {1t 40 =0

APCH|(z11)=0
'FJT [:EI.';E)=0
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Diagram A5: Possibilities of steady states forefi#int pollution disutility parameters
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APPENDIX 1F: TWO TRADING ECONOMIES THAT ARE IDENTISL IN ALL
RESPECTS, EXCEPT IN RELATIVE VALUATION OF POLLUTION
From the perspective of the home country, the 8dnas almost similar to the
one where the foreign economy was willing to aceefgrnational capital because it was
poor. The home economy is not concerned whetleetrétde partner is willing to take in

the dirty capital because it is poor, or because ghrtner cares less about domestic

pollution.
EKC for Home country
250
------- Aware Hame
bl Benchmark:
S 150
n
]
E 100
]
a0 -
0 T T T T T
5 10 15 20 25 a0 35
Income

Diagram A6: Income-emission relation for a more @a&conomy

When we compare the foreign economy, the outconsensewhat different than
before. For one, it is has an equal share in alptioductive resources wherever they may
have been employed. This makes the final incont@eforeign country to equal that of
the home country.

Also as this foreign country is less concerned ahlimmestic environmental

conditions, it is willing to accept large volumekaapital, thus providing a much looser
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restrain on the growth of incomes of the world exog. For this reason, both countries

end up at a higher income than possible otherwise.

EKC for Less aware trade partner

22— nnnnnnnnnnnnnnn— .. ... Lezz awars Foreign
SConomy

200 4 --

< S Benchmark
£ 150 :
s ' :
w /
? 100 - :

0 r r r r .
5 10 15 20 25 30 35

Income

Diagram A7: Income-emission relation for a less i@x&conomy

It is often the case that the poorer economieglaethe ones that care less about
environmental regulations, perhaps in the hopenoberaging domestic growth. So a
combination of if we are to combine the last twersarios, it would emerge that the
richer and more aware home will experience a bettgironmental condition and higher
income. The poorer and less environmentally resptanforeign economy will
experience a worse environmental condition andlvélible to increase its income
compared to enforcing strict environmental policidewever, in this model, income in
the foreign economy does not catch up with thahefhome as in a perfectly integrated
model. The home always shares the increased pivitiyctf the environmentally less-

strict foreign economy.
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APPENDIX 2: RELATIONSHIP BETWEEN TARIFFS AND PRICES

2a — xe+ X.EE _I

Py = 25 5
do, (), de, 0E, 1
dT ~ 28 dar’ 2

dp, _ (1) (A2~ Tw6w’) , B2~ 9\N+6\N)] 1
dT ~ 28 2wx@Bw-1) WXE@NV-1) © 2

dp, _ (1)[ (2-7w+6w?)  (2- 9\N+6\N)] 1
dT 2w(3w—1) WENV-1) © 2

If w=W, ie if the weight that producers get rel&tito consumers is same in both

economies, then the above term can be simplified.

dp, _ (1)[ 2- 7W+6W) (2-9w+ 6W? )] 1

dT 2w(Bw-1) 2w(Bw-1) 2

dp, _ 2 _ 2
——( E)[ZW(3W 1)[ (2-7w+6wW) + (2-9w+6wW) +1]
%<0 [;{—(2—7w+6w2)+(2—9w+6w2)}+1]>0

dT “2w@w-1)

{—(2-7w+6W?) + (2-9w+6W?)} + 2w(Bw-1) >0
-2w+2w@Bw-1) >0

GBw-1>1

w>2/3

For w>2/3, domestic prices of exports are risinfpieign tariffs
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_2A-yf+YF t

Y 2B 2
dp, (11, df . dF
t 2 28V d | at
dp, _1_ 1, B(2—9W+6W2)+Y(—B)(2—7\N+6\N2)}
d 2 2B'7 2wy@w-1) 2WY(3W -1)
dp, (1 1 (2—9W+6W2)_(2—7W+6W2)}
t 2 25 2w@Bw-1) 2W (3W -1)

The above expression can be simplified when w=W

%>0

2 — 9w+ 6W? 2-T7w+ 6w’
= _{( ) _( )}>0

1
2 2w(@Bw-1) 2w(3w-1)

1
2

2w(BwW-1) —{(2-9w+6wW?) - (2- 7w+ 6W?)} >0
2w@Bw-1)+2w >0
w>0

For w>2/3, domestic prices of imports are risinglamestic tariffs.
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APPENDIX 3: CHANGE IN INCOME DUE TO CHANGE IN INPUPRICES

Looking at the terms within parentheses:

BB |A]
AYK/]YL | HI
It is useful to look at the effect of abatement ikaonly labor using or only capital using.

1
dl = YW (HZLSAL + HZKSAK)(/]ZKJL + AZL5K ) - (GZLSAL + HZK SAK)(/]XLJK + AXK5L )]

If abatement uses both inputs, then the effecthwila combination of the two effects.

Coefficient of s, :

1
= m (A0, +A5,0,)8, 8 (A Ask = AvAx) = Ay Ok + A O ) AV AV (B4 O — BBy )]

rwa,Ya,X a,Xa,Y

A0, + A, 0
_lgl[(ZK 20¢)— oL K L K)
—(A 5+ A J)YY wa, ra, ray waXL)
XL XK
p 1 p
1 a Ay X kX ayXa Y a, ay a, a
= A a‘ /1 5 (YL XL YK A a‘ +A a‘ YL — YK XL
|6|[(ZK ZL ) ( 1 1 ) (XL XK )1(1 1 1 1)
_ 1
_[(/]ZKJL +AZL5K)BX _(/]XLJK +/]><K5|_)Y
(A0 + A, 0 )X = (A O + A, )YP
(2 g+ Vo 5% = (B g, + X8 5 v

(G20, +25) = (X5 +2X5)p

O, = (AxbxTx + Ay by Oy)

Ok = (AxOx Ty + Ay Oy 0y)

G (A 0.0y +A,00,0,)+ (A6, T, +A06,.0))
K LX ¥KX ™ X LY ¥YKY™Y L KX ¥YLX ™ X KYYLY™Y

a a
- (% (/]KXHLX Oy +/]KY0LYUY) +%(ALX6KX Oy +ALY0KY0-Y)) P
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a Xa
(%(%HKXJX +

~ (B (X
UK

T8y g 0,) + 22 (22 +33%.6,,0,)

KYJY)+%( KKX O x Oy
a Xa Y
i(%HKxa—x +%HKYUY)) p

Y
Hanx +%HLYJY)+
(aZK(XaLXHKXJX +YaLY9KYJY)+aZL(XaKX6LXJX +YaKY9LYUY))

- (aXL (XaKX BLX JX + YaKY BLY JY) + aXK (XaLX BKX JX + YaLY HKY JY )) p

Coefficient ono, : X(azcaix Bex + 8z 8kx Oix ) = (Bx Bix Oux + B Bux Bex ) P
X

. ra, wa, « wa, « ra,y
Oy : X(aZKaLX 1 + 8z Ayx 1 )_(aXLaKX 1 +axkAux 1 )p

Oy 1 X(agt +ay W) —(way, +ayr)p

. (a-ZKr + aZLW) _ (WaLX + aXKr)
p 1

=0

X

The coefficients simplify to zero, implying the cige in input prices have no net effect
on income
Coeff|C|ent OnaY : aZK aLY HKY + aZLaKY HLY - (aXLaKY HLY + aXK aLYBKY)p

wa,

. ra KY WaLY r‘aKY
JY . aZK aLY p + aZL aKY - (aXLaKY p + aXK aLY p ) p

Oy laxlr+ta; w- (aXLW+ aXKr) p

. aZKr + aZLW _ a‘XLW+ a‘XK
oy: (

p 1

I’):o

1 A
Al =YP (@50 +OreSu) 0l +A, 80 ZE A 0 s v s 30+ 4]
A1l8 A 18]

Oy 111

Coefficient of s, :[(6,.Sa )AL + 4, 0¢) A 16

- (6ZLSAL)(/| XLJK + /]XK 5,_ )]
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1
HZL[l A (AZKJL + AZLJK )QYKHYL - /]YK/]YL | 6] (/]XLa_K + AXKJL )]

16]
1
| 9] ZL[(AYLAXK /]YKAXL)(/]ZKJL +/]ZL5K )HYKgYL _AYK/]YL(HYLQXK - 6YK6XL)(AXL5K +AXK5L )
ZL[( a'YLY aXKX a'XLX aYKY)(AZKJ + AZLJ ) raYK WaYL

I9I K L p P
a,.Ya,Y wa, ra ra,, wa
- \;z YII__ ( ZYL ]i(K _ YK XL)(AXLJ +A><K5 )]
1 XYrw 1l
PR

YYrW
LKp a'YK aYL (aYLaXK a><LaYK )(/] XL JK + /] XK 5L )]

X
[F(AZKJL +/]ZL5K) _Y(/]XLJK +/]XK5|_)]

(aYLaXK a'><La'YK )(/]ZK 5L + /]ZLJK )aYK aYL

Y Y Xa Xa
[X( EK 5, + aL‘ZL 5) = YR + M5 )]
[(%5L+a—f5K)-p(a—lfL5K+aXK5)]

Substituting ind, = (A3 O Ox + A0y Oy)
Ok = (A b0y +A0,0)
aZK a'ZL
[(? (/]Lx erUx +/1LY6KYJY) +T(/]Kx6Lxe +/]KY6LYUY)) -

a a
p(% (4 KX ng Oy * /]KYHLY Oy )+ % (4 LX ng Oy * /]LY HKYJY )]

. a a a a
Coefficient onoy :[(%ALXQKX +%AKX0LX) - p(%/‘KXHLX +%ALX6KX )]

Oy [(% xi—x ng +a_|iL XiKX HLX)_ (aEL Xin LX alzK xi—x ng )]

UX : [( aZK aLX 6KX + aZL a'KX 6LX ) - p(aXLaKX 6LX + a'XK aLX HKX )]
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Oy - [(aZK Ay My +az g Wa ) - p(aXLaKX Wayy +aya x Mgy )]
Oy . [(aZKr + aZLW) - p(aXLW+ aXKr)]

(aZKr + aZLW) _ (aXLW+ aXKr)

Oy
x - 0 1

1=0

Each coefficient simplifies to zero, implying thieamge in input prices have no net effect
on income

Change in income due to change in effective endawiseseen in the following
calculations.

Term inside parenthesis:

a.e, |A
[{/]ZK * /]ZLSAL _/‘ZL * /]ZK SAK}{ ﬁu} +{/]><|_ * AZK Sak _/‘XK * /]ZLSAL}]
kL |9|

If abatement if only capital using or only laboings both should reduce income. So

each term should be accompanied by a negativeicieett

1
Sk - W{AXL * /]ZKAYKAYL | 6' _/]ZL * /]ZKQYKQYL | A |}

1
Sak :W{AXL/]YK |61 =66, | A} <0

1

Sa :W{/}ZK * /]ZLHYKGYL M | _/]XK * /]ZL/]YK/]YL |9 |}

1
SaL :m{eYKHYL | A|=Ax * A5 161} <0

Reduction in effective endowment has a negativecefin aggregate income as shown

by the negative coefficients
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