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production possibilities set and are therefore potentially harmful to economic growth. In
recent years, however, it has been recognized that environmental regulation can enhance
the prospects for growth if improved environmental quality increases the productivity of
inputs or the efficiency of the education system. It is also held that environmental
regulation promotes pollution abatement activity and can lead to the exploitation of
increasing returns to scale in abatement. Furthermore, expectations of a better
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Introduction

Two parallel developments have marked the past fifteen years. On the one hand, environmental
policy was confronted with global challenges, and the international community responded by
shaping a number of restrictive environmental policies. These include the 1987 Montreal Treaty
banning the use of the chemical products that damage the ozone layer, the earth summits of
Rio de Janeiro in 1992 and Johannesburg in 2002, and the 1997 Kyoto protocol to regulate
the emissions of greenhouse gases. On the other hand, economic research on the determinants
of economic growth gained fresh momentum from the seminal contributions of Romer (1986,
1990), Lucas (1988), Barro (1990), Grossman and Helpman (1991), and Aghion and Howitt
(1992). This new research direction has been labelled endogenous growth theory, because it
tackles the basic issue of technological progress, analyzing directly how market imperfections,
institutions, policies, demographics, trade and preferences affect the rate of growth of total factor
productivity and, ultimately, of per capita value added.
Over the past decade, the economic analysis of sustainable development and environmental
policy has gained new impetus from endogenous growth theory. A great deal of attention has
been given to the conditions under which sustainable growth is feasible and/or desirable. If
substituting other factors of production for emissions is easy enough, growth of value added
is compatible with a constant, or even decreasing, flow of polluting emissions, provided that
the process generating technological progress does not itself create (too much) pollution. For
instance, education enables society to increase labor productivity and, similarly, research and
development (R&D) activity spurs innovation which in turn increases the quality of services
and consumption goods, the productivity of intermediate goods, or the efficiency of pollution
abatement. From a macro perspective environmental services to production are rival goods,
and can in principle be excluded, while the environment that absorbs pollution and provides
amenity value is a public good, affecting the welfare of society. A socially efficient environmental
policy should ensure that polluters pay the social cost of emissions. This goal can be attained
either directly by levying a tax on emissions, or indirectly by implementing a market for tradable
pollution permits. From the perspective of endogenous growth theory, the additional presence of
intertemporal externalities - due to the accumulation of pollution, physical and human capital,
and knowledge - is relevant for the design of an optimal environmental policy. Much of the
literature has focused on the study of optimal dynamic environmental policies. For a survey
of the results concerning these issues see Smulders (1995b, 2000), Beltratti (1997), Chevé and
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Ragot (1998), Bretschger and Egli 2001.
The effects of environmental policy on investment, education, R&D and - through these
channels - on economic growth have been addressed in several papers. This paper attempts
to bridge the gap in the literature by surveying the mechanisms put forward in this strand of
literature. In a static context, it is quite obvious that a restrictive environmental policy lowers
aggregate output because it imposes an additional constraint on the production possibilities
set. In fact, in order to decrease pollution firms undertake abatement activities which result
in increased production costs. In a dynamic context, a similar argument claims that higher
production costs reduce return on capital and incentives to investment and that lower investment
leads to slower economic growth. This is a negative, direct input effect. However, as we move from
a static to a dynamic context this argument is not quite so evident. In fact, as in the long run
technology and crucial factors such as human capital tend to become endogenous it is difficult
to forecast how the production possibilities set of the economy would react to a restrictive
environmental policy. As argued by Michael Porter (1991, 1995), the additional constraint
imposed on firms by environmental policy could trigger technological adjustments capable of
expanding production possibilities. According to this Porter hypothesis, environmental policy
can have a win-win outcome: i.e. it can improve the quality of the environment while fostering
the rate of growth of value added.
Setting out from endogenous growth theory, this survey addresses each of the various channels
of transmission of environmental policy to economic growth. In the section that follows I present
the negative direct input effect. The remainder of the paper deals with channels of transmission
which either mitigate the negative direct effect or generate win-win environmental policies. One
possibility is to make the most of increasing returns in the pollution abatement sector or in the
environment’s natural capacity to assimilate pollution. Section 4 considers the case in which
improved environmental quality significantly increases total factor productivity or the efficiency
of education. Next, I will set forth the more subtle argument that environmental policy modifies
the levels of savings or the assets portfolios available to households in a way conducive to
productive investment. Section 6 is concerned with multi-sector endogenous growth models, i.e.
those with education or R&D as the dynamic sector. In these model economies, environmental
policy spurs growth indirectly if it increases (reduces) the cost of business in the dynamic sector
less (more) than its reward. A few concluding remarks are presented in the last section.

3
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The trade-off between environmental quality and growth

Diminishing returns on capital rule out the possibility of sustaining the growth of per capita
output using capital accumulation only (Solow, 1956). In the long run, growth is due to technological progress, which sustains the productivity of capital, hence returns on capital and the
incentive of households to save and invest in capital. This implies that the aggregate production
function is characterized by constant returns to scale with respect to physical capital. This
means that along a balanced growth path capital and production will grow at the same rate a rate which increases with the propensity to save and invest and, therefore, with the rate of
return on capital (i.e. capital productivity).
The negative impact of a restrictive environmental policy on economic growth stems from
the additional costs that it imposes on the production sector, as can be easily illustrated. The
pursued improvement in environmental quality requires a permanent reduction in the flow of
polluting emissions, one of the implicit or explicit inputs of the production process. In a model
with constant returns on aggregate capital (K), e.g. Y = AP α K, any permanent reduction in
the flow of emissions, P , weakens the productivity of capital, AP α ,1 and this leads to a lower
rate of investment and slower growth of production.
Using the following simple specification of the law of motion of the ecosystem:
Ė = N (E) − P

(1)

where N 0 > 0 and E measures environmental quality, Musu (1995) shows that the flow of
emissions must be constant at a level P = N (E ∗ ) if the quality of the environment is to be kept
at any arbitrary level E ∗ and growth is to be sustainable. Any improvement in environmental
quality implies a smaller flow of emissions as input in the production process, reducing the
return on investment and, ultimately, slowing the pace of growth. In this context, a continuous
improvement in environmental quality is obviously incompatible with economic growth, because
the productivity of capital would tend to zero.
The same mechanism is at work when current expenditure is enough to finance abatement
activities to increase the efficiency of emissions as inputs of production. Van Marrewjik et al.
(1993) and Gradus and Smulders (1993) propose a formalization of pollution abatement where
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emissions represent an undesirable by-product of the production process, as follows
Y
P

= AK
 η
K
=
D

(2)

K̇ = Y − D − c
and D measures current expenditure on abatement activity in terms of output, with η > 0.
One can see that output net of abatement activity, y, is:


−1
y =Y −D = A−P η K
The net marginal product of capital (A − P

− η1

) is thus an increasing function of the flow of

emissions. A restrictive environmental policy, which shifts the economy onto a path characterized
by a constant and lower flow of emissions, reduces the productivity of capital and, consequently,
investment and the rate of growth.
Some papers present abatement activities as using specific abatement capital stock. This
approach broadens the scope of economic planning in terms that abatement activities are directly
targeted at the existing level of pollution and may possibly generate a negative net flow of
pollution.
In Cazzavillan and Musu (1998) this feature is not exploited and their results are similar
to those obtained with abatement financed by current expenditure. Their paper considers a
production function Y = AKP and a pollution function P = Y /KD , where K = KP + KD .
Rearranging the production function as Y = A(KP /K)K, one can see that the marginal product
of aggregate capital, A(KP /K), is a decreasing function of the share of capital employed in the
abatement sector. A reduction in the flow of emissions requires an increase in the share of
capital devoted to abatement activity, since P = A(KP /KD ), and will thus result in a lower
productivity of capital. This in turn implies a trade-off between the conservation of the quality
of the environment and economic growth.2

3

Increasing returns in the pollution abatement sector

In general, increased investment in abatement activity reduces productive investment and hampers economic growth. But the presence of increasing returns to scale in pollution abatement
technology may reconcile (regulated) economic growth with the protection of the ecosystem. As
5

Andreoni and Levinson (2001) clearly explain, an expanding economy is able to more efficiently
exploit economies of scale in abatement activity. The initial adoption of a dirty path of growth
makes environmental quality scarce relative to consumption. At some point in time, therefore,
investment in abatement will become optimal, and a regulated economy would adopt a sustainable growth path along which consumption increases and the flow of polluting emissions is
reduced through an ever-increasing abatement effort (at ever lower unit cost).
Assuming constant returns to scale in the pollution abatement sector, Michel and Rotillon
(1995) rule out the conflict between environmental policy and growth. They consider the model:3
Y

= AKP

P

= BKP − DKD

K = KP + K D
with K̇ = Y − c. Rearranging, output as a function of aggregate capital and emissions is:
Y =

A
AD
P+
K
B+D
B+D

This representation of the production function clearly shows that the approach is based on
the assumption of an implicitly perfect substitutability between emissions and capital. Hence
any pattern of input intensity (P/K) is feasible. Although the allocation of aggregate capital
between the two sectors depends on preferences and policies, the marginal product of capital
depends only on the contribution of capital to the production sector and its role in generating net
emissions. Within this framework, a restrictive environmental policy will permanently decrease
the flow of emissions, P , and reduce the initial level of output, but has no influence on the rate
of growth of the economy.
In this first example there is no conflict between the goal of environmental protection and
economic growth. The remainder of the survey addresses the different, individual channels
of transmission of environmental policy counteracting the negative direct input effect on the
prospects of economic growth. Xepapadeas (1994) considers an implicit pollution abatement
function characterized by regions of increasing returns to scale. Each of the n symmetric firms
generates emissions according to:
P = z(kD , nkD )f (kP , nkP )
where f (.) is the production function and is characterized by constant returns with respect to
aggregate capital, because of the positive externality linked to the accumulation of productive
6

capital KP = nkP (as in Romer, 1986). The function z(.) defines the emission intensity of
output. It decreases in proportion to a firm’s investment in specific abatement capital, kD , but
also, through an externality, with the aggregate stock of specific capital, KD = nkD . Xepapadeas
studies the case where the abatement function is characterized by increasing returns starting
from a critical threshold level of KD , and by decreasing returns for lower levels.
The effect of a tax on emissions varies according to the level of aggregate abatement capital
in the economy. When this is below the critical threshold, firms respond by reducing their
production. When it is above the threshold, the tax triggers firms’investment in abatement
activity and the resulting increase in aggregate returns enables firms to reduce emissions and to
free resources for investment in production capital.4 In this case, restrictive environmental policy
is win-win. Xepapadeas’ argument recalls the “poverty traps” of Azariadis and Drazen (1990): a
policy stimulating investment in the abatement sector can permanently shift the economy from
an equilibrium where environmental policy hampers economic growth, to an equilibrium where
the same policy is win-win.
Smulders (1995a) argues that the function describing the natural assimilation capacity of
the environment, N (E) in (1), is concave with a maximum and two minima in zero. In fact,
when environmental quality tends to zero, so does its ability to assimilate pollution. Vice versa,
if the environment is a stable system, in the absence of any emissions (P = 0) environmental
quality would tend to a maximum E max , a rest point. Figure 1 illustrates this type of natural
assimilation function. If this is the case, it follows that the regions of E are two: one where
0

0

N > 0 and the other where N < 0. We can therefore compare two sustainable steady states (i.e.
with E constant), before and after environmental policy restriction, E1 < E2 . If this policy is
0

put in place when the ecosystem is particularly dirty (i.e. when N > 0), the long run sustainable
flow of emissions could ultimately be increased, generating a permanent increase in one of the
inputs of production, P2 = N (E2 ) > N (E1 ) = P1 . A larger supply of this input increases
the return on capital, and therefore the rate of growth. This is a case where environmental
policy enables the economy to exploit the region of increasing returns in the natural capacity
to assimilate polluting emissions. The environment is a public good (factor) which is being
excessively exploited as in the Tragedy of Commons, so that public intervention is called for due
to the presence of this negative production externality.

7
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External effects of the environment on productivity

Most theories which try to account for the positive impact of restrictive environmental policy on
economic growth assume that environmental quality generates external effects which enhance
productivity, either directly within the production sector, or indirectly in the core sector driving
the growth process.
Bovenberg and Smulders (1995), Smulders and Gradus (1996), Michel (1993), Smulders
(1995a), Rosendahl (1996), Rubio and Aznar (2000) all assume that an improvement in the
quality of the environment has a positive effect on total factor productivity, so that the aggregate
production function can be represented as:
Y = A (E) F (K, P )
with AE , FK , FP > 0.

Along a sustainable balanced growth path P and E are constant

which means that prerequisites for growth are either constant returns on capital or pollutionaugmenting technological progress.
The direct negative effect of reduced emission inputs is partially offset by the increase in
total factor productivity. Consider for instance the production function Y = AE η P α K. Using
(1), the immediate impact of environmental policy on the productivity of capital is:
!
"
#
Ė
Ṗ
Ṗ
dYK
η α
η−1 α
= AE P
η +α
= AE
P η (N (E) − P ) + α E
dτ
E
P
P
Suppose that initially N (E) = P . The policy implies a direct negative input effect (Ṗ /P < 0),
but also a positive effect afforded by improved environmental quality (as N (E) − P becomes
positive). The productivity of capital - hence growth - increases if this externality outweighs
the role of emissions as inputs.
This kind of situation is characterized by the typical inefficiency of decentralized economies
which is found to arise when one of the factors of production is a public good (here E). Firms
exploit in an excessive manner those services from the environment that are rival (P ) without
internalizing the social cost inherent in the resulting reduction of environmental quality. A good
example of this kind of inefficiency at the sectorial level is agriculture, a sector where firms both
generate and suffer water pollution.
This channel of transmission seems plausible for economies relying heavily on the exploitation
of natural resources, such as agriculture, forestry or fishing, and for the study of communities
living in particularly dirty environments. But as far as industrialized economies are concerned,
8

one may argue that an improvement in environmental quality can only have a marginal (direct)
impact on aggregate production.
The indirect negative externality of pollution on the core sector driving the growth process
is the most appropriate for theories of growth based on human capital accumulation, along the
lines of Uzawa (1965) and Lucas (1988). Consider the problem of a representative -infinitely
lived- household in a decentralized economy, using the standard iso-elastic utility function:
Z
max
∞

{cτ }0

∞

e−ρτ

0

c1−ε
−1
τ
dτ
1−ε

K̇τ = YK Kτ + Y(1−n) (1 − nτ ) − cτ
Ḃτ = f (nτ , Pτ )Bτ
Y = AP α K 1−β [B (1 − n)]β
where: the mass of labor is normalized, with a share n employed in knowledge accumulation
(i.e. education and training) and the complement (1 − n) in production; B measures the stock
of human capital and knowledge, determining labor productivity; fn > 0, with the externality
given by fP < 0; savings are entirely invested in capital, and the return on savings equals the
net marginal product of capital YK . In this case human capital is a private good and the wage
matches effective labor productivity, Y(1−n) . Knowledge accumulation is thus an intentional
process resulting from the decisions of households. The balanced growth path solution gives the
following equilibrium rate of growth of consumption and production:5
ċ
1
= [f (n, P ) + fn (1 − n) − ρ]
c
ε
This rule equalizes the opportunity cost of foregoing consumption (ρ+ε ċc ) to the rate of return on
human capital investment (f (n, P )+fn (1 − n)), which in turn takes into account the arbitrages,
on the one hand, over the allocation of labor between production and education, and on the
other hand, over the alternative assets.
Gradus and Smulders (1993) consider the case where the flow of emissions P causes depreciation of the stock of human capital in a linear fashion. This is the case, for instance, when
pollution reduces life expectancy. The authors posit the function for human capital accumula0

tion: f (n, P ) = γn − g (P ), with g > 0, leading to the rate of growth:
ċ
c

=

1
[γ − g (P ) − ρ]
ε
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As a result a reduction in emissions increases the rate of economic growth in the long run by
augmenting the return on human capital accumulation.
The case in which pollution reduces directly the productivity of investment in human capital
by damaging the cognitive abilities of pupils is considered in van Ewijk and van Wijnbergen
(1995) and in Kany and Ragot (1998). Specifying the function for human capital accumulation
0

as f (n, P ) = γg (P ) n, with g < 0, one gets:
1
ċ
= [γg (P ) − ρ]
c
ε
Lower emissions improve the efficiency of the education system and increase the growth rate of
productivity.

5

Environmental policy and savings decisions

Improvements in environmental quality can affect the saving behavior of households and, therefore, the investment rate and the pace of economic growth. To show this, let us consider a
representative -infinitely lived- household that values consumption, c, and environmental quality, E. It will choose its savings (consumption) strategy with intent to solve the problem
Z
max
∞

{cτ }0

∞

e−ρτ U (cτ , Eτ )dτ

0

Ẇτ = wτ + rτ Wτ − cτ
where ρ is the subjective discount rate, W is wealth, w is exogenous income unrelated to savings
c
and r is the rate of return on savings. The solution is the Ramsey rule, r = ρ − U̇
Uc , which states

that the return on savings must compensate for impatience and for the expected change in the
value of consumption. Developing the rule, one gets :
r =ρ−
For growth to be balanced, i.e. with

ċ
c

Ucc c ċ UcE E Ė
−
Uc c
Uc E

> 0 and r > 0 constant, it is necessary that Ucc c/Uc = −ε

(CRRA utility function), so that:


ċ
1
UcE
=
r−ρ+
Ė
c
ε
Uc
Mohtadi (1996) shows that, ceteris paribus, an expected improvement in environmental quality
is conducive to growth only if UcE > 0. Assuming that consumption and environmental quality
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are complements, households will be willing to postpone part of their consumption if they expect
environmental quality to improve. To do so, they increase their levels of saving. A higher savings
rate entails more investment and faster growth. Michel and Rotillon (1995) refer to it as the
“distaste” effect because an increase in the stock of pollution, S, reduces the marginal utility
of consumption (UcS < 0). In most cases this channel of transmission cannot be predominant,
that is it cannot reverse the direct negative input effect of a restrictive environmental policy.
This analysis emphasizes some non trivial consequences of environmental policy, though the
argument seems weak because it is based on the influence of environmental policy on saving
behavior. In fact, this behavior is mainly dependent on other considerations and is influenced
by much more direct policies.
Environmental policy can also modify the assets portfolios available to households, with implications for their investment decisions. To the extent that emissions are inputs in a production
function with globally constant returns, the absence of a price, e.g. a tax, implies that polluting
firms earn a rent. If factors are paid their marginal product, profits are positive:
π = F (K, L, P ) − FK K − FL L = FP P > 0
Using an overlapping generations model, Fisher and van Marrewijk (1998) show that levying
a tax on emissions increases the rate of growth by promoting investment in productive capital.
In fact, in this context firms ownership entitles an household to a stream of dividends originating
from the “pollution” rent. Each generation can purchase this asset when young to finance consumption during retirement. By levying a tax on emissions, the government compels households
to entirely invest their savings in capital. While this policy is costly for the initial owners of
firms, Fisher and van Marrewjik show that this higher cost can be refunded by running a public
deficit that can be financed using the dividends of a faster economic growth. This restrictive
environmental policy is thus Pareto welfare improving.6

6

Induced adjustment in two-sector endogenous growth models

In multi-sector growth models there are two types of distinct sectors: the production sector,
characterized by a technology with constant returns to scale and the employment of some fixed
factor; and the dynamic sector, where costly and targeted efforts are made to constantly improve
the efficiency of the fixed factor. The dynamic sector can be modelled as the education sector
employing two crucial factors: the stock of human capital (the labor productivity index) as a
11

public input and with a constant returns technology, and a certain amount of spare time which
households would otherwise be in a position to use for working or to enjoy leisure. The decision
concerning the time devoted to the accumulation of human capital (education and training) will
determine the rate of growth.
An alternative approach views R&D activity as the dynamic sector. R&D laboratories
employ some tradable factors in competition with the production sector (most often skilled
labor) and public knowledge, which evolves according to the flow of innovations. The quantity
of factors employed in the R&D sector determines the innovation rate and thus the pace of
productivity growth and, ultimately, the rate of growth of the economy. Education or R&D are
rewarded with wages or local monopoly rents (accruing from patent protection), but no reward
is envisaged for the contribution they make to the supply of knowledge to future education or
R&D activities.

6.1

Human capital accumulation: stimulating education

Hettich (1998) presents an endogenous growth model based on human capital accumulation
where labor supply is endogenous and emissions are a side product of the stock of capital,
but can be kept under control with abatement expenditure, as in (2).7 In this case a restrictive
environmental policy can induce the substitution of clean human capital for dirty physical capital
at the aggregate level. A tax on emissions forces firms to engage in costly abatement activities
which reduce output net of abatement expenditure. Lower household consumption raises the
opportunity cost of leisure. Furthermore, firms’ relative demand for factors of production shifts
toward clean human capital, countering the depressive impact of reduced production on wages.
This change, together with a lower net return on capital due to costly abatement, increases the
relative return on human capital. As a result, households reduce their leisure and increase their
education. More time spent on education and training stimulates productivity growth and hence
the growth of per capita income.
The result is driven by the ability of environmental policy to discriminate against physical
investment and in favor of education and training. Therefore a crucial assumption is that
polluting emissions are linked to the stock of capital and not directly to the level of production.
The reduction in leisure implies that higher growth may not be socially optimal.
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6.2

R&D driven growth: distorting competition on factor markets

A number of papers have studied environmental policy in R&D-driven models of growth, but
few have detected channels of transmission favorable to growth (see Hung, Chang and Blackburn
1994, Grimaud 1999, Grimaud and Ricci 1999, Schou 2000, da Costa 2003, van Zon and Yetkiner
2003).
Elbasha and Roe (1996) use a model with two fixed factors (e.g. skilled and unskilled labor)
and four sectors. There are two final goods sectors, differentiated only in their factor intensity,
both employing the two fixed factors along with intermediate goods. The intermediate goods
sector, where firms are local monopolists protected by patents, employs the two fixed factors.
The expansion in the mass of these goods results from the activity of competitive R&D labs
which employ the same two factors of production factors, along with public knowledge. This
approach, due to Romer (1990), describes a process of Smithian growth, where the division of
labor raises total factor productivity: with a larger mass of goods, economies of specialization
are exploited since each intermediate good uses a smaller quantity of one fixed factor, increasing
its productivity.
In Elbasha and Roe the production and R&D sectors compete on factor markets. Environmental policy distorts the terms of competition and may affect the rate of growth through
this channel. The authors find that taxing emissions stimulates economic growth, if the tax on
emissions has a disproportionate impact on one of the two final goods sectors: the one which
is the most intensive in the crucial input to R&D.8 The mechanism at work is simple, though
not trivial. Supposing that skilled labor is the crucial factor for R&D, if a tax is levied on the
relatively skilled-labor-intensive sector, demand for skilled labor diminishes and this reduces the
corresponding wage and thus the cost of R&D. In other words, this policy frees skilled labor to
the advantage of R&D. Elbasha and Roe’s analysis draws our attention to the distortions in the
competition between sectors that environmental policy can introduce. Nevertheless, the authors
have failed to provide an accurate picture of environmental policy, arbitrarily limiting its scope
and confusing it with public R&D policy.
Bretschger (1998) pushes the analysis of general equilibrium adjustments to a restrictive
environmental policy even further by assessing substitutability between emissions and other
inputs of production.9 He uses a model with two types of consumption goods: a traditional
good and a composite one assembled from differentiated intermediate goods generated by R&D
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activity. All three activities - R&D, production of intermediate goods, and production of the
traditional good - employ labor and emissions as inputs. R&D and the traditional sector are
the least and the most intensive in emissions, respectively.
In this context, a higher tax on emissions will depress the demand for labor from the production sector, thus reducing wages and (indirectly) the cost of R&D. This will encourage R&D
activity, increase the innovation rate, and promote a rise in productivity. A crucial assumption
for this result to hold is reduced demand for labor in the production sector and this will only
be the case if its ability to substitute emissions for labor is poor, i.e. only if the elasticity of
substitution between inputs of production is low enough (below unity).10 This result is quite
surprising and opposite to the one obtained with a one-sector model, where a high degree of
substitutability of emissions for other inputs is necessary to reconcile growth with a declining
use of natural resources or emissions (see Dasgupta and Heal 1974).11
The result is also based on the independence of the value of innovations from environmental
policy. This property of independence holds because the policy has no influence on the distribution of profits between the traditional good and the composite good, nor on the distribution
of profits among patent holders within the composite good sector.12

6.3

R&D driven growth:
induced technological change and distorted competition across vintages

Over the last few years a strand of literature allowed for endogenous R&D activity and technical
targets into dynamic macroeconomic models, to simulate the economic and ecological impact of
restrictive environmental policies (e.g. Goulder and Mathai 2000, van der Zwaan et al. 2002,
Popp 2004). In general these analysis aim at assesing quantitatively the scope for induced
technological change in scaling down the social cost of reducing emissions of green-house gases
(for early surveys of this field see Weyant and Olavson 1999, Grubb and Ulph 2002). Their
attention is concentrated therefore on the transition path, and rely on a framework of analysis
where growth is ultimately exogenous, or in any case independent of environmental policy. For
this reason and for a lack of space, I have chosen to present in this subsection only the endogenous
growth models that account for induced technological change, capable of rationalizing a positive
effect of environmental policy on growth.
In Verdier (1995), the direction of technological change is endogenous because innovations
can be more or less environmental friendly. Reducing the demand for polluting goods, a tax on
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emissions creates incentives for R&D labs to target cleaner innovations, i.e. innovations with
lower pollution intensity levels. This additional objective raises the marginal cost of the R&D
program (or reduces its prospects of success). Along a balanced growth path R&D employment is
constant and stands at a level where marginal costs (wages) equal marginal rewards (proportional
to the value of a patent). The burden of the emissions tax, which is a combination of the level
of the tax and of the pollution intensity embodied in the innovation, decreases the value of a
patent.
An environmental policy will only be of the win-win type if the level of the tax on emissions
is so low that no R&D lab finds it worthwhile to target cleaner innovations. In this case, instead
of directly increasing the cost of R&D, a marginal increase in the tax will indirectly reduce
it by depressing demand for labor from the production sector and, therefore, wages. On the
contrary, R&D labs adopting clean technologies will incur greater costs and no win-win outcome
can emerge.
As Verdier relies on the endogenous growth model driven by variety expansion a la Romer
(1990) he reduces the scope of his analysis to the symmetric case in which all goods are assumed
to have the same pollution intensity. This is inappropriate for the study of induced technological
change.13 The alternative approach to model R&D based growth assumes that innovations
improve the quality - or productivity - of existing goods and drive out of business incumbent
producers (Aghion and Howitt 1992, Grossman and Helpman 1991). With this framework it is
possible to extend the analysis to intermediate goods with different pollution intensity level.
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In Hart (2004) and Ricci (2002) designing cleaner innovations entails a loss of the potential
productivity of innovations either because emissions are inputs complementary to the intermediate good, or because the researchers’ effort is diverted away from productivity maximization.
If the emissions tax is not high enough, R&D labs do not improve on the cleanliness of intermediate goods. Conversely, if taxes are high enough R&D labs introduce environmental friendly
innovations. In this case a restrictive environmental policy tends to have an adverse impact on
economic growth, by reducing the contribution of innovation to productivity growth.
However, if innovations are consistently cleaner than the goods they replace, the goods
present on the market at a given date will have different pollution intensity levels, with the older
vintages being dirtier and recent vintages being cleaner. Hart (2004) and Ricci (2002) show that
this differentiation of goods in their pollution intensity allows environmental policy to stimulate
R&D activity through an additional channel. In fact, an emissions tax reduces the relative
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competitiveness of older and dirtier vintages of intermediate goods and increases the market
shares of recent vintages. A more intensive use of recent and more productive intermediate
goods increases the average productivity of the intermediate goods employed in production (as
in Xepapadeas and de Zeeuw 1999). Ceteris paribus, capital productivity increases, thereby
stimulating investment and growth.15
The latter, i.e. the original channel of transmission of environmental policy, stimulates
R&D and spurs innovation. The comprehensive impact of environmental policy on productivity
growth depends on the balance between this proliferation of innovations and the decline in their
productivity advantage over older goods. Hart assumes that R&D labs face a discontinuous
trade-off between productivity and cleanliness of innovations. When this trade-off is not too
steep, win-win environmental polices are attained. Ricci instead considers a case where R&D labs
face a continuous trade-off between productivity and cleanliness.16 A restrictive environmental
policy induces a significant adjustment of the pollution intensity targeted by R&D labs, which
explains its globally negative impact on growth. Nevertheless, the channel of transmission based
on the structural change in market shares is operational and mitigates the cost of environmental
policy.

7

Concluding remarks

This survey presents the channels of transmission of environmental policy to growth discussed
in the economic literature over the past ten years. It shows that a restrictive policy can operate
through a variety of possible mechanisms. The breadth of this set of possibilities calls for two
final questions.
What plausible channels of transmission have been ignored by theoretical analysis? I see
two possible lines of research. First of all, it seems possible to extend to an endogenous growth
framework the original argument of Michael Porter: namely, that managers do not act as fullyrational profit maximizers, so that the burden of environmental regulation may force them to
adapt to, adopt and introduce innovative production processes. To model this environmental
policy stimulus without dropping the assumption of rationality, we can assume informational
asymmetries between shareholders and creditors on the one hand, and managers on the other,
along the lines of the literature on competition and growth (see Aghion et al. 2001 and the
references therein). Secondly, it would be rewarding to go beyond balanced growth path analysis.

16

In fact, environmental problems, and the policies that seek to solve them, are transitionary
phenomena in many respects and there is substantial evidence that they are linked to structural
change (e.g. Hettige et al., 2000). To the extent that “the structural transformations that
accompany growth have beneficial side-effects on the environment” (Grossman, 1995, p.21), the
influence of environmental policy on the process of growth is likely to vary through the stages
of development. Only a few papers take this stance, e.g. Bretschger and Smulders (2001).
The other obvious question is: what does empirical evidence tell us about the significance
and relative magnitude of the different channels of transmission? This is an impelling question,
given the diversity of the mechanisms suggested by theorists and the absence of any empirical
study that tackles the issue. There is, however, indirect evidence concerning a number of
the mechanisms reviewed in this article. For instance, Andreoni and Levinson (2001) provide
evidence of increasing returns to scale in abatement activity, using US industry data relating
to the period 1974-1994. There is also evidence of considerable pollution-related damage on
children’s health (Ostro et al. 1998, Chay and Greenstone 2003) which could support the claim
of an improved efficiency of the education channel. Finally, a number of studies indicate that
innovation in the energy and environment areas is induced by relative price changes, and hence,
potentially, by policies (for a survey see section 3 in Jaffe et al., 2002). But this is only sketchy
evidence which cannot adequately account for the relative importance of the alternative channels
of transmission.
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Notes
1

It is assumed that firms use a finite quantity of emissions in the absence of any price on

emissions, as they pollute “as much as they wish”, but in a finite amount.
2 This

link is made even more explicit in Musu (1994), where the production function is

Y = A(DP )α KP1−α , with D = KD determining the efficiency of emissions. The marginal product
of capital is (1−KP /K)α (KP /K)1−α P α , an increasing function of the level of emissions. A limit
of this formalization is the implicit assumption that production comes to an end if abatement
is inactive.
3 Michel

(1993) makes the same assumption of constant returns to scale in the abatement

sector, but within an overlapping generations model.
4 The

size of the investment in abatement, necessary to marginally decrease the emissions

intensity of output, falls with the quantity of aggregate specific capital, KD .
5 Upon
6 Fisher

request the author can provide the proof.
and van Marrewijk (1998) also argue that a tax on emissions does not necessarily

reduce production on impact, to the extent that it fosters the entry of new firms.
7 Oueslati

(2002) studies the transitional dynamics of this model, to accomplish a compre-

hensive normative analysis of environmental policy.
8 The

multisector structure, the differentiation in factor intensity and the tax levied asym-

metrically across sectors are all necessary elements for this result. In fact in sections II.3 and III
of Elbasha and Roe (1995) these three properties are absent and as a result the tax on emissions
does not affect the rate of growth.
9 The

paper considers a decreasing flow of natural resources as inputs to production, which

can be interpreted as a flow of emissions.
10 Also

Bovenberg and de Mooij (1997) find that environmental policy can promote growth if

the elasticity of substitution between emissions and the other inputs is low. Their argument is
very different as they consider a model with productive public expenditure a la Barro (1990),
financed through distortionary taxation of capital income. It is then optimal to levy a tax on
emissions above its pigouvian level, in order to collect tax revenues to decrease the tax rate on
capital income. This second-best fiscal policy increases the rate of growth and improves the
quality of the environment.
11 In

Bretschger, instead, if substitution is easy, firms react to environmental policy by in-

creasing their demand for labor, a harmful behavior for R&D and, ultimately, for economic
growth.
18

12 The

value of innovations is independent of environmental policy because the emissions tax

does not influence (i ) patent holders mark-up over marginal costs (a CES assembly function),
nor (ii ) household expenditure share on the composite good (a Cobb-Douglas utility function).
13 The

Romer (1990) framework implies that no good can ever become obsolete. Hence, any

change in the technology embedded in innovations implies some degree of differentiation across
goods, even in the very long run, at least between goods introduced before and after the change
in the pollution intensity of innovations.
14 Actually,

only the framework of Aghion and Howitt (1998), chapter 3, makes it possible to

generate an endogenous distribution of market shares across vintages of intermediate goods.
15 Let

us interpret the result in terms of costs and rewards to R&D. In Ricci (2002) when

innovations are not environmental friendly, the cost of R&D (the wage) and its reward fall in
the same amount, and R&D activity is unaltered by a tax on emissions. Vice versa, when
innovations are environmental friendly, a rise in the tax reduces the wage more than the value
of an innovation. The reason for this asymmetry is that the tax burden weighs more heavily
on older goods which means that for the innovator the loss of profits is relatively concentrated
in the distant future. But the innovator is much more interested in near-future profits which
instead benefit from the gain in market shares.
16 This

trade-off results from the assumption that emissions are inputs complementary to

intermediate goods in a Cobb-Douglas production function.
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(ed.s) L’environnement : une nouvelle dimension de l’analyse économique. Vuibert, Paris,
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Ė = 0

P1

-

E1

E max E

E2

Figure 1: Non-linear natural emissions assimilation capacity of the environment

26

NOTE DI LAVORO DELLA FONDAZIONE ENI ENRICO MATTEI
Fondazione Eni Enrico Mattei Working Paper Series
Our Note di Lavoro are available on the Internet at the following addresses:
http://www.feem.it/Feem/Pub/Publications/WPapers/default.html
http://www.ssrn.com/link/feem.html

NOTE DI LAVORO PUBLISHED IN 2003
PRIV

1.2003

PRIV
PRIV

2.2003
3.2003

CLIM

4.2003

KNOW
ETA
SIEV

5.2003
6.2003
7.2003

NRM
CLIM

8.2003
9.2003

KNOW
CLIM

10.2003
11.2003

KNOW

12.2003

KNOW

13.2003

KNOW

14.2003

KNOW

15.2003

KNOW

16.2003

KNOW
KNOW
Coalition
Theory
Network
PRIV
PRIV

17.2003
18.2003

Gabriella CHIESA and Giovanna NICODANO: Privatization and Financial Market Development: Theoretical
Issues
Ibolya SCHINDELE: Theory of Privatization in Eastern Europe: Literature Review
Wietze LISE, Claudia KEMFERT and Richard S.J. TOL: Strategic Action in the Liberalised German Electricity
Market
Laura MARSILIANI and Thomas I. RENSTRÖM: Environmental Policy and Capital Movements: The Role of
Government Commitment
Reyer GERLAGH: Induced Technological Change under Technological Competition
Efrem CASTELNUOVO: Squeezing the Interest Rate Smoothing Weight with a Hybrid Expectations Model
Anna ALBERINI, Alberto LONGO, Stefania TONIN, Francesco TROMBETTA and Margherita TURVANI: The
Role of Liability, Regulation and Economic Incentives in Brownfield Remediation and Redevelopment:
Evidence from Surveys of Developers
Elissaios PAPYRAKIS and Reyer GERLAGH: Natural Resources: A Blessing or a Curse?
A. CAPARRÓS, J.-C. PEREAU and T. TAZDAÏT: North-South Climate Change Negotiations: a Sequential Game
with Asymmetric Information
Giorgio BRUNELLO and Daniele CHECCHI: School Quality and Family Background in Italy
Efrem CASTELNUOVO and Marzio GALEOTTI: Learning By Doing vs Learning By Researching in a Model of
Climate Change Policy Analysis
Carole MAIGNAN, Gianmarco OTTAVIANO and Dino PINELLI (eds.): Economic Growth, Innovation, Cultural
Diversity: What are we all talking about? A critical survey of the state-of-the-art
Carole MAIGNAN, Gianmarco OTTAVIANO, Dino PINELLI and Francesco RULLANI (lix): Bio-Ecological
Diversity vs. Socio-Economic Diversity. A Comparison of Existing Measures
Maddy JANSSENS and Chris STEYAERT (lix): Theories of Diversity within Organisation Studies: Debates and
Future Trajectories
Tuzin BAYCAN LEVENT, Enno MASUREL and Peter NIJKAMP (lix): Diversity in Entrepreneurship: Ethnic and
Female Roles in Urban Economic Life
Alexandra BITUSIKOVA (lix): Post-Communist City on its Way from Grey to Colourful: The Case Study from
Slovakia
Billy E. VAUGHN and Katarina MLEKOV (lix): A Stage Model of Developing an Inclusive Community
Selma van LONDEN and Arie de RUIJTER (lix): Managing Diversity in a Glocalizing World

19.2003

Sergio CURRARINI: On the Stability of Hierarchies in Games with Externalities

20.2003
21.2003

PRIV

22.2003

PRIV
PRIV
PRIV

23.2003
24.2003
25.2003

PRIV
PRIV
PRIV

26.2003
27.2003
28.2003

PRIV
PRIV
ETA

29.2003
30.2003
31.2003

KNOW
PRIV
KNOW

32.2003
33.2003
34.2003

ETA

35.2003

Giacomo CALZOLARI and Alessandro PAVAN (lx): Monopoly with Resale
Claudio MEZZETTI (lx): Auction Design with Interdependent Valuations: The Generalized Revelation
Principle, Efficiency, Full Surplus Extraction and Information Acquisition
Marco LiCalzi and Alessandro PAVAN (lx): Tilting the Supply Schedule to Enhance Competition in UniformPrice Auctions
David ETTINGER (lx): Bidding among Friends and Enemies
Hannu VARTIAINEN (lx): Auction Design without Commitment
Matti KELOHARJU, Kjell G. NYBORG and Kristian RYDQVIST (lx): Strategic Behavior and Underpricing in
Uniform Price Auctions: Evidence from Finnish Treasury Auctions
Christine A. PARLOUR and Uday RAJAN (lx): Rationing in IPOs
Kjell G. NYBORG and Ilya A. STREBULAEV (lx): Multiple Unit Auctions and Short Squeezes
Anders LUNANDER and Jan-Eric NILSSON (lx): Taking the Lab to the Field: Experimental Tests of Alternative
Mechanisms to Procure Multiple Contracts
TangaMcDANIEL and Karsten NEUHOFF (lx): Use of Long-term Auctions for Network Investment
Emiel MAASLAND and Sander ONDERSTAL (lx): Auctions with Financial Externalities
Michael FINUS and Bianca RUNDSHAGEN: A Non-cooperative Foundation of Core-Stability in Positive
Externality NTU-Coalition Games
Michele MORETTO: Competition and Irreversible Investments under Uncertainty_
Philippe QUIRION: Relative Quotas: Correct Answer to Uncertainty or Case of Regulatory Capture?
Giuseppe MEDA, Claudio PIGA and Donald SIEGEL: On the Relationship between R&D and Productivity: A
Treatment Effect Analysis
Alessandra DEL BOCA, Marzio GALEOTTI and Paola ROTA: Non-convexities in the Adjustment of Different
Capital Inputs: A Firm-level Investigation

GG
PRIV

36.2003
37.2003

CLIM
KNOW
CTN
KNOW
KNOW

38.2003
39.2003
40.2003
41.2003
42.2003

ETA

43.2003

CLIM

44.2003

PRIV
SIEV

45.2003
46.2003

ETA

47.2003

CLIM

48.2003

CLIM

49.2003

CTN

50.2003

CTN
CTN
CTN
CTN
CTN
CTN
CTN

51.2003
52.2003
53.2003
54.2003
55.2003
56.2003
57.2003

KNOW

58.2003

KNOW
ETA
CLIM

59.2003
60.2003
61.2003

GG

62.2003

SIEV
CLIM

63.2003
64.2003

SIEV
SIEV
SIEV

65.2003
66.2003
67.2003

CLIM

68.2003

KNOW
KNOW
KNOW
KNOW

69.2003
70.2003
71.2003
72.2003

KNOW

73.2003

KNOW
KNOW

74.2003
75.2003

KNOW
KNOW
KNOW

76.2003
77.2003
78.2003

KNOW

79.2003

ETA

80.2003

Matthieu GLACHANT: Voluntary Agreements under Endogenous Legislative Threats
Narjess BOUBAKRI, Jean-Claude COSSET and Omrane GUEDHAMI: Postprivatization Corporate
Governance: the Role of Ownership Structure and Investor Protection
Rolf GOLOMBEK and Michael HOEL: Climate Policy under Technology Spillovers
Slim BEN YOUSSEF: Transboundary Pollution, R&D Spillovers and International Trade
Carlo CARRARO and Carmen MARCHIORI: Endogenous Strategic Issue Linkage in International Negotiations
Sonia OREFFICE: Abortion and Female Power in the Household: Evidence from Labor Supply
Timo GOESCHL and Timothy SWANSON: On Biology and Technology: The Economics of Managing
Biotechnologies
Giorgio BUSETTI and Matteo MANERA: STAR-GARCH Models for Stock Market Interactions in the Pacific
Basin Region, Japan and US
Katrin MILLOCK and Céline NAUGES: The French Tax on Air Pollution: Some Preliminary Results on its
Effectiveness
Bernardo BORTOLOTTI and Paolo PINOTTI: The Political Economy of Privatization
Elbert DIJKGRAAF and Herman R.J. VOLLEBERGH: Burn or Bury? A Social Cost Comparison of Final Waste
Disposal Methods
Jens HORBACH: Employment and Innovations in the Environmental Sector: Determinants and Econometrical
Results for Germany
Lori SNYDER, Nolan MILLER and Robert STAVINS: The Effects of Environmental Regulation on Technology
Diffusion: The Case of Chlorine Manufacturing
Lori SNYDER, Robert STAVINS and Alexander F. WAGNER: Private Options to Use Public Goods. Exploiting
Revealed Preferences to Estimate Environmental Benefits
László Á. KÓCZY and Luc LAUWERS (lxi): The Minimal Dominant Set is a Non-Empty Core-Extension
Matthew O. JACKSON (lxi):Allocation Rules for Network Games
Ana MAULEON and Vincent VANNETELBOSCH (lxi): Farsightedness and Cautiousness in Coalition Formation
Fernando VEGA-REDONDO (lxi): Building Up Social Capital in a Changing World: a network approach
Matthew HAAG and Roger LAGUNOFF (lxi): On the Size and Structure of Group Cooperation
Taiji FURUSAWA and Hideo KONISHI (lxi): Free Trade Networks
Halis Murat YILDIZ (lxi): National Versus International Mergers and Trade Liberalization
Santiago RUBIO and Alistair ULPH (lxi): An Infinite-Horizon Model of Dynamic Membership of International
Environmental Agreements
Carole MAIGNAN, Dino PINELLI and Gianmarco I.P. OTTAVIANO: ICT, Clusters and Regional Cohesion: A
Summary of Theoretical and Empirical Research
Giorgio BELLETTINI and Gianmarco I.P. OTTAVIANO: Special Interests and Technological Change
Ronnie SCHÖB: The Double Dividend Hypothesis of Environmental Taxes: A Survey
Michael FINUS, Ekko van IERLAND and Robert DELLINK: Stability of Climate Coalitions in a Cartel
Formation Game
Michael FINUS and Bianca RUNDSHAGEN: How the Rules of Coalition Formation Affect Stability of
International Environmental Agreements
Alberto PETRUCCI: Taxing Land Rent in an Open Economy
Joseph E. ALDY, Scott BARRETT and Robert N. STAVINS: Thirteen Plus One: A Comparison of Global Climate
Policy Architectures
Edi DEFRANCESCO: The Beginning of Organic Fish Farming in Italy
Klaus CONRAD: Price Competition and Product Differentiation when Consumers Care for the Environment
Paulo A.L.D. NUNES, Luca ROSSETTO, Arianne DE BLAEIJ: Monetary Value Assessment of Clam Fishing
Management Practices in the Venice Lagoon: Results from a Stated Choice Exercise
ZhongXiang ZHANG: Open Trade with the U.S. Without Compromising Canada’s Ability to Comply with its
Kyoto Target
David FRANTZ (lix): Lorenzo Market between Diversity and Mutation
Ercole SORI (lix): Mapping Diversity in Social History
Ljiljana DERU SIMIC (lxii): What is Specific about Art/Cultural Projects?
Natalya V. TARANOVA (lxii):The Role of the City in Fostering Intergroup Communication in a Multicultural
Environment: Saint-Petersburg’s Case
Kristine CRANE (lxii): The City as an Arena for the Expression of Multiple Identities in the Age of
Globalisation and Migration
Kazuma MATOBA (lxii): Glocal Dialogue- Transformation through Transcultural Communication
Catarina REIS OLIVEIRA (lxii): Immigrants’ Entrepreneurial Opportunities: The Case of the Chinese in
Portugal
Sandra WALLMAN (lxii): The Diversity of Diversity - towards a typology of urban systems
Richard PEARCE (lxii): A Biologist’s View of Individual Cultural Identity for the Study of Cities
Vincent MERK (lxii): Communication Across Cultures: from Cultural Awareness to Reconciliation of the
Dilemmas
Giorgio BELLETTINI, Carlotta BERTI CERONI and Gianmarco I.P.OTTAVIANO: Child Labor and Resistance
to Change
Michele MORETTO, Paolo M. PANTEGHINI and Carlo SCARPA: Investment Size and Firm’s Value under
Profit Sharing Regulation

IEM

81.2003

CLIM

82.2003

CLIM
CLIM
NRM

83.2003
84.2003
85.2003

KNOW

86.2003

SIEV

87.2003

CLIM

88.2003

CLIM
CLIM
CLIM
IEM

89.2003
90.2003
91.2003
92.2003

ETA
CTN
IEM

93.2003
94.2003
95.2003

IEM

96.2003

CTN

97.2003

KNOW

98.2003

KNOW
KNOW
KNOW
KNOW

99.2003
100.2003
101.2003
102.2003

CLIM
CLIM

103.2003
104.2003

CLIM
NRM
NRM
SIEV
SIEV

105.2003
106.2003
107.2003
108.2003
109.2003

NRM
NRM
ETA
CTN

110.2003
111.2003
112.2003
113.2003

CTN
CTN
CTN
CTN
CTN
CTN

114.2003
115.2003
116.2003
117.2003
118.2003
119.2003

CTN
CTN

120.2003
121.2003

CTN
CTN

122.2003
123.2003
1000

Alessandro LANZA, Matteo MANERA and Massimo GIOVANNINI: Oil and Product Dynamics in International
Petroleum Markets
Y. Hossein FARZIN and Jinhua ZHAO: Pollution Abatement Investment When Firms Lobby Against
Environmental Regulation
Giuseppe DI VITA: Is the Discount Rate Relevant in Explaining the Environmental Kuznets Curve?
Reyer GERLAGH and Wietze LISE: Induced Technological Change Under Carbon Taxes
Rinaldo BRAU, Alessandro LANZA and Francesco PIGLIARU: How Fast are the Tourism Countries Growing?
The cross-country evidence
Elena BELLINI, Gianmarco I.P. OTTAVIANO and Dino PINELLI: The ICT Revolution: opportunities and risks
for the Mezzogiorno
Lucas BRETSCGHER and Sjak SMULDERS: Sustainability and Substitution of Exhaustible Natural Resources.
How resource prices affect long-term R&D investments
Johan EYCKMANS and Michael FINUS: New Roads to International Environmental Agreements: The Case of
Global Warming
Marzio GALEOTTI: Economic Development and Environmental Protection
Marzio GALEOTTI: Environment and Economic Growth: Is Technical Change the Key to Decoupling?
Marzio GALEOTTI and Barbara BUCHNER: Climate Policy and Economic Growth in Developing Countries
A. MARKANDYA, A. GOLUB and E. STRUKOVA: The Influence of Climate Change Considerations on Energy
Policy: The Case of Russia
Andrea BELTRATTI: Socially Responsible Investment in General Equilibrium
Parkash CHANDER: The γ-Core and Coalition Formation
Matteo MANERA and Angelo MARZULLO: Modelling the Load Curve of Aggregate Electricity Consumption
Using Principal Components
Alessandro LANZA, Matteo MANERA, Margherita GRASSO and Massimo GIOVANNINI: Long-run Models of
Oil Stock Prices
Steven J. BRAMS, Michael A. JONES, and D. Marc KILGOUR: Forming Stable Coalitions: The Process
Matters
John CROWLEY, Marie-Cecile NAVES (lxiii): Anti-Racist Policies in France. From Ideological and Historical
Schemes to Socio-Political Realities
Richard THOMPSON FORD (lxiii): Cultural Rights and Civic Virtue
Alaknanda PATEL (lxiii): Cultural Diversity and Conflict in Multicultural Cities
David MAY (lxiii): The Struggle of Becoming Established in a Deprived Inner-City Neighbourhood
Sébastien ARCAND, Danielle JUTEAU, Sirma BILGE, and Francine LEMIRE (lxiii) : Municipal Reform on the
Island of Montreal: Tensions Between Two Majority Groups in a Multicultural City
Barbara BUCHNER and Carlo CARRARO: China and the Evolution of the Present Climate Regime
Barbara BUCHNER and Carlo CARRARO: Emissions Trading Regimes and Incentives to Participate in
International Climate Agreements
Anil MARKANDYA and Dirk T.G. RÜBBELKE: Ancillary Benefits of Climate Policy
Anne Sophie CRÉPIN (lxiv): Management Challenges for Multiple-Species Boreal Forests
Anne Sophie CRÉPIN (lxiv): Threshold Effects in Coral Reef Fisheries
Sara ANIYAR ( lxiv): Estimating the Value of Oil Capital in a Small Open Economy: The Venezuela’s Example
Kenneth ARROW, Partha DASGUPTA and Karl-Göran MÄLER(lxiv): Evaluating Projects and Assessing
Sustainable Development in Imperfect Economies
Anastasios XEPAPADEAS and Catarina ROSETA-PALMA(lxiv): Instabilities and Robust Control in Fisheries
Charles PERRINGS and Brian WALKER (lxiv): Conservation and Optimal Use of Rangelands
Jack GOODY (lxiv): Globalisation, Population and Ecology
Carlo CARRARO, Carmen MARCHIORI and Sonia OREFFICE: Endogenous Minimum Participation in
International Environmental Treaties
Guillaume HAERINGER and Myrna WOODERS: Decentralized Job Matching
Hideo KONISHI and M. Utku UNVER: Credible Group Stability in Multi-Partner Matching Problems
Somdeb LAHIRI: Stable Matchings for the Room-Mates Problem
Somdeb LAHIRI: Stable Matchings for a Generalized Marriage Problem
Marita LAUKKANEN: Transboundary Fisheries Management under Implementation Uncertainty
Edward CARTWRIGHT and Myrna WOODERS: Social Conformity and Bounded Rationality in Arbitrary
Games with Incomplete Information: Some First Results
Gianluigi VERNASCA: Dynamic Price Competition with Price Adjustment Costs and Product Differentiation
Myrna WOODERS, Edward CARTWRIGHT and Reinhard SELTEN: Social Conformity in Games with Many
Players
Edward CARTWRIGHT and Myrna WOODERS: On Equilibrium in Pure Strategies in Games with Many Players
Edward CARTWRIGHT and Myrna WOODERS: Conformity and Bounded Rationality in Games with Many
Players
Carlo CARRARO, Alessandro LANZA and Valeria PAPPONETTI: One Thousand Working Papers

NOTE DI LAVORO PUBLISHED IN 2004
IEM

1.2004

ETA
PRA

2.2004
3.2004

ETA
ETA
CCMP
PRA
PRA

4.2004
5.2004
6.2004
7.2004
8.2004

PRA

9.2004

PRA

10.2004

PRA

11.2004

Anil MARKANDYA, Suzette PEDROSO and Alexander GOLUB: Empirical Analysis of National Income and
So2 Emissions in Selected European Countries
Masahisa FUJITA and Shlomo WEBER: Strategic Immigration Policies and Welfare in Heterogeneous Countries
Adolfo DI CARLUCCIO, Giovanni FERRI, Cecilia FRALE and Ottavio RICCHI: Do Privatizations Boost
Household Shareholding? Evidence from Italy
Victor GINSBURGH and Shlomo WEBER: Languages Disenfranchisement in the European Union
Romano PIRAS: Growth, Congestion of Public Goods, and Second-Best Optimal Policy
Herman R.J. VOLLEBERGH: Lessons from the Polder: Is Dutch CO2-Taxation Optimal
Sandro BRUSCO, Giuseppe LOPOMO and S. VISWANATHAN (lxv): Merger Mechanisms
Wolfgang AUSSENEGG, Pegaret PICHLER and Alex STOMPER (lxv): IPO Pricing with Bookbuilding, and a
When-Issued Market
Pegaret PICHLER and Alex STOMPER (lxv): Primary Market Design: Direct Mechanisms and Markets

PRA

12.2004

Florian ENGLMAIER, Pablo GUILLEN, Loreto LLORENTE, Sander ONDERSTAL and Rupert SAUSGRUBER
(lxv): The Chopstick Auction: A Study of the Exposure Problem in Multi-Unit Auctions
Bjarne BRENDSTRUP and Harry J. PAARSCH (lxv): Nonparametric Identification and Estimation of MultiUnit, Sequential, Oral, Ascending-Price Auctions With Asymmetric Bidders
Ohad KADAN (lxv): Equilibrium in the Two Player, k-Double Auction with Affiliated Private Values

PRA

13.2004

Maarten C.W. JANSSEN (lxv): Auctions as Coordination Devices

PRA
PRA

14.2004
15.2004

PRA
CCMP
NRM

16.2004
17.2004
18.2004

SIEV

19.2004

NRM

20.2004

NRM

21.2004

NRM

22.2004

NRM

23.2004

NRM
NRM
NRM

24.2004
25.2004
26.2004

Gadi FIBICH, Arieh GAVIOUS and Aner SELA (lxv): All-Pay Auctions with Weakly Risk-Averse Buyers
Orly SADE, Charles SCHNITZLEIN and Jaime F. ZENDER (lxv): Competition and Cooperation in Divisible
Good Auctions: An Experimental Examination
Marta STRYSZOWSKA (lxv): Late and Multiple Bidding in Competing Second Price Internet Auctions
Slim Ben YOUSSEF: R&D in Cleaner Technology and International Trade
Angelo ANTOCI, Simone BORGHESI and Paolo RUSSU (lxvi): Biodiversity and Economic Growth:
Stabilization Versus Preservation of the Ecological Dynamics
Anna ALBERINI, Paolo ROSATO, Alberto LONGO and Valentina ZANATTA: Information and Willingness to
Pay in a Contingent Valuation Study: The Value of S. Erasmo in the Lagoon of Venice
Guido CANDELA and Roberto CELLINI (lxvii): Investment in Tourism Market: A Dynamic Model of
Differentiated Oligopoly
Jacqueline M. HAMILTON (lxvii): Climate and the Destination Choice of German Tourists
Javier Rey-MAQUIEIRA PALMER, Javier LOZANO IBÁÑEZ and Carlos Mario GÓMEZ GÓMEZ (lxvii):
Land, Environmental Externalities and Tourism Development
Pius ODUNGA and Henk FOLMER (lxvii): Profiling Tourists for Balanced Utilization of Tourism-Based
Resources in Kenya
Jean-Jacques NOWAK, Mondher SAHLI and Pasquale M. SGRO (lxvii):Tourism, Trade and Domestic Welfare
Riaz SHAREEF (lxvii): Country Risk Ratings of Small Island Tourism Economies
Juan Luis Eugenio-MARTÍN, Noelia MARTÍN MORALES and Riccardo SCARPA (lxvii): Tourism and
Economic Growth in Latin American Countries: A Panel Data Approach

NRM

27.2004

Raúl Hernández MARTÍN (lxvii): Impact of Tourism Consumption on GDP. The Role of Imports

CSRM

28.2004

NRM

29.2004

NRM

30.2004

CCMP

31.2004

CCMP

32.2004

CTN
KTHC

33.2004
34.2004

KTHC
KTHC

35.2004
36.2004

KTHC

37.2004

KTHC

38.2004

ETA
PRA

39.2004
40.2004

Nicoletta FERRO: Cross-Country Ethical Dilemmas in Business, a Descriptive Framework
Marian WEBER (lxvi): Assessing the Effectiveness of Tradable Landuse Rights for Biodiversity Conservation:
an Application to Canada's Boreal Mixedwood Forest
Trond BJORNDAL, Phoebe KOUNDOURI and Sean PASCOE (lxvi): Output Substitution in Multi-Species
Trawl Fisheries: Implications for Quota Setting
Marzio GALEOTTI, Alessandra GORIA, Paolo MOMBRINI and Evi SPANTIDAKI: Weather Impacts on
Natural, Social and Economic System (WISE) Part I: Sectoral Analysis of Climate Impacts in Italy
Marzio GALEOTTI, Alessandra GORIA ,Paolo MOMBRINI and Evi SPANTIDAKI: Weather Impacts on
Natural, Social and Economic System (WISE) Part II: Individual Perception of Climate Extremes in Italy
Wilson PEREZ: Divide and Conquer: Noisy Communication in Networks, Power, and Wealth Distribution
Gianmarco I.P. OTTAVIANO and Giovanni PERI (lxviii): The Economic Value of Cultural Diversity: Evidence
from US Cities
Linda CHAIB (lxviii): Immigration and Local Urban Participatory Democracy: A Boston-Paris Comparison
Franca ECKERT COEN and Claudio ROSSI (lxviii): Foreigners, Immigrants, Host Cities: The Policies of
Multi-Ethnicity in Rome. Reading Governance in a Local Context
Kristine CRANE (lxviii): Governing Migration: Immigrant Groups’ Strategies in Three Italian Cities – Rome,
Naples and Bari
Kiflemariam HAMDE (lxviii): Mind in Africa, Body in Europe: The Struggle for Maintaining and Transforming
Cultural Identity - A Note from the Experience of Eritrean Immigrants in Stockholm
Alberto CAVALIERE: Price Competition with Information Disparities in a Vertically Differentiated Duopoly
Andrea BIGANO and Stef PROOST: The Opening of the European Electricity Market and Environmental Policy:
Does the Degree of Competition Matter?

CCMP

41.2004

Micheal FINUS (lxix): International Cooperation to Resolve International Pollution Problems

KTHC

42.2004

Francesco CRESPI: Notes on the Determinants of Innovation: A Multi-Perspective Analysis

CTN

43.2004

Sergio CURRARINI and Marco MARINI: Coalition Formation in Games without Synergies

CTN

44.2004

NRM

45.2004

NRM

46.2004

NRM

47.2004

NRM

48.2004

CCMP

49.2004

GG
CTN

50.2004
51.2004

SIEV

52.2004

Marc ESCRIHUELA-VILLAR: Cartel Sustainability and Cartel Stability
Sebastian BERVOETS and Nicolas GRAVEL (lxvi): Appraising Diversity with an Ordinal Notion of Similarity:
An Axiomatic Approach
Signe ANTHON and Bo JELLESMARK THORSEN (lxvi): Optimal Afforestation Contracts with Asymmetric
Information on Private Environmental Benefits
John MBURU (lxvi): Wildlife Conservation and Management in Kenya: Towards a Co-management Approach
Ekin BIROL, Ágnes GYOVAI and Melinda SMALE (lxvi): Using a Choice Experiment to Value Agricultural
Biodiversity on Hungarian Small Farms: Agri-Environmental Policies in a Transitional Economy
Gernot KLEPPER and Sonja PETERSON: The EU Emissions Trading Scheme Allowance Prices, Trade Flows,
Competitiveness Effects
Scott BARRETT and Michael HOEL: Optimal Disease Eradication
Dinko DIMITROV, Peter BORM, Ruud HENDRICKX and Shao CHIN SUNG: Simple Priorities and Core
Stability in Hedonic Games
Francesco RICCI: Channels of Transmission of Environmental Policy to Economic Growth: A Survey of the
Theory

(lix) This paper was presented at the ENGIME Workshop on “Mapping Diversity”, Leuven, May 1617, 2002
(lx) This paper was presented at the EuroConference on “Auctions and Market Design: Theory,
Evidence and Applications”, organised by the Fondazione Eni Enrico Mattei, Milan, September 2628, 2002
(lxi) This paper was presented at the Eighth Meeting of the Coalition Theory Network organised by
the GREQAM, Aix-en-Provence, France, January 24-25, 2003
(lxii) This paper was presented at the ENGIME Workshop on “Communication across Cultures in
Multicultural Cities”, The Hague, November 7-8, 2002
(lxiii) This paper was presented at the ENGIME Workshop on “Social dynamics and conflicts in
multicultural cities”, Milan, March 20-21, 2003
(lxiv) This paper was presented at the International Conference on “Theoretical Topics in Ecological
Economics”, organised by the Abdus Salam International Centre for Theoretical Physics - ICTP, the
Beijer International Institute of Ecological Economics, and Fondazione Eni Enrico Mattei – FEEM
Trieste, February 10-21, 2003
(lxv) This paper was presented at the EuroConference on “Auctions and Market Design: Theory,
Evidence and Applications” organised by Fondazione Eni Enrico Mattei and sponsored by the EU,
Milan, September 25-27, 2003
(lxvi) This paper has been presented at the 4th BioEcon Workshop on “Economic Analysis of
Policies for Biodiversity Conservation” organised on behalf of the BIOECON Network by
Fondazione Eni Enrico Mattei, Venice International University (VIU) and University College London
(UCL) , Venice, August 28-29, 2003
(lxvii) This paper has been presented at the international conference on “Tourism and Sustainable
Economic Development – Macro and Micro Economic Issues” jointly organised by CRENoS
(Università di Cagliari e Sassari, Italy) and Fondazione Eni Enrico Mattei, and supported by the
World Bank, Sardinia, September 19-20, 2003
(lxviii) This paper was presented at the ENGIME Workshop on “Governance and Policies in
Multicultural Cities”, Rome, June 5-6, 2003
(lxix) This paper was presented at the Fourth EEP Plenary Workshop and EEP Conference “The
Future of Climate Policy” , Cagliari, Italy, 27-28 March 2003

2003 SERIES
CLIM

Climate Change Modelling and Policy (Editor: Marzio Galeotti )

GG

Global Governance (Editor: Carlo Carraro)

SIEV

Sustainability Indicators and Environmental Valuation (Editor: Anna Alberini)

NRM

Natural Resources Management (Editor: Carlo Giupponi)

KNOW

Knowledge, Technology, Human Capital (Editor: Gianmarco Ottaviano)

IEM

International Energy Markets (Editor: Anil Markandya)

CSRM

Corporate Social Responsibility and Management (Editor: Sabina Ratti)

PRIV

Privatisation, Regulation, Antitrust (Editor: Bernardo Bortolotti)

ETA

Economic Theory and Applications (Editor: Carlo Carraro)

CTN

Coalition Theory Network

2004 SERIES
CCMP

Climate Change Modelling and Policy (Editor: Marzio Galeotti )

GG

Global Governance (Editor: Carlo Carraro)

SIEV

Sustainability Indicators and Environmental Valuation (Editor: Anna Alberini)

NRM

Natural Resources Management (Editor: Carlo Giupponi)

KTHC

Knowledge, Technology, Human Capital (Editor: Gianmarco Ottaviano)

IEM

International Energy Markets (Editor: Anil Markandya)

CSRM

Corporate Social Responsibility and Management (Editor: Sabina Ratti)

PRA

Privatisation, Regulation, Antitrust (Editor: Bernardo Bortolotti)

ETA

Economic Theory and Applications (Editor: Carlo Carraro)

CTN

Coalition Theory Network

