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Abstract
This paper develops a theoretical model in order to study how
investment decisions in innovation taken by a single agent are
influenced by environmental externalities produced by
investment decisions taken by other agents. The model acts in a
dynamic framework, where knowledge stock represents the
capital good on which investment decisions are taken over time.
Knowledge stock is considered as an impure public good which
results in both public and private benefits. We first show that the
reaction function between one representative agent’s
investments in innovation and the other agents’ investments in
the public characteristic of the impure public good has a positive
slope under general conditions. We also find that its
sensitiveness is affected by the elasticity of substitution in the
benefit function as well as by the degree of complementarity
between public and private characteristics.
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1.

Introduction

Free riding behaviour can be one important reason behind the many weaknesses our
societies show with respect to global environmental concerns (Dietz and Maddison,
2009). If we stick to standard public economics reasoning on free riding, more provision
of public goods by others determines shrinking incentives. Nevertheless, when
introducing other conceptual categories, for instance the mixed (or impure public) good
feature of many environmentally-friendly technologies, it is possible to discover the
existence of several forms of complementarity and spillovers, thus reducing the
explanatory power of the free-riding approach, so that the innovation effort of one agent
(firm, sector or country) may be positively influenced by how other agents innovatively
behave towards the environment.
In this sense, even in the absence of stringent environmental targets, firms could
contribute to emissions reduction depending upon the nature of technology and intensity
of innovation spillovers, as well as the specific features of different types of
environmental externalities.
The relationship between environmental and innovation performances has received
increasing attention in the current policy agenda in advanced economies especially in
the energy sector, and in particular within the European Union (EU). Environmental
regulation and technology patterns are increasingly jointly investigated in order to
understand how to ensure conditions for fostering economic development while
protecting the environment (Costantini and Mazzanti, 2012; Jaffe et al., 2003; OECD,
2010, 2011a,b; van den Bergh et al., 2007).
Considering some stylized facts, we may notice that trends in energy intensity
(defined as total energy consumption per unit of GDP) for the EU at the aggregate level
within the period 1995-2008 are decreasing, with some exceptions (Figure 1).
Generally speaking, it is also worth noting that there is not a full correlation between
decreasing energy intensity levels and a reduction in GHG emissions (here defined as
the total man-made emissions in the Kyoto Protocol basket of GHG) as we may see in
Figure 2 for both the EU in aggregate and other selected countries.
As an example, the United Kingdom shows a strong decrease in energy intensity
while its reduction in GHG emissions is substantially lower. On the contrary, Germany
presents a trend in energy intensity which is above the EU aggregate, while emissions
reduction is substantially higher. If we consider that energy intensity is strongly
correlated with resource efficiency performance in the production system, we may well
assume that a reduction in energy intensity could be partially explained by productivity
gains.
Such evidence may be interpreted as a first sign of heterogeneity at the country level,
between the public (emissions reduction) and the private (energy intensity reduction)
characteristics deriving from interventions at the firm level which are dedicated to
improvement in productivity.
By comparing this evidence with investment efforts in research and development
(R&D) expenditures as shown in Figure 3, this relationship is much clearer. It is worth
noting that Germany presents the largest discrepancy between energy intensity
reduction and GHG emissions and the best performance in innovation efforts.
Figure 1 – Trends in energy intensity in the EU (ktoe per 1.000 €, base year=1995)
2

Source: elaboration on EUROSTAT

Figure 2 – Trends in total GHG in the EU (M ton, base year=1995)

Source: elaboration on EUROSTAT

Figure 3 – R&D total investments in the EU as % of GDP

Source: elaboration on EUROSTAT

To some extent, we may interpret these stylized facts as the first sign of a positive
correlation between investments in innovation and positive achievements in terms of

pollution reduction, which is not necessarily influenced by the amount of productivity
gains deriving from innovation efforts (Belis-Begouignan and Oltra, 2004; Johnstone et
al., 2010).
This evidence tells us only one part of the story, however, since it does not provide
any information about how investment decisions in R&D by a single agent are
influenced by others’ decisions. What interests us in particular in is developing an
analytical model which may help to understand in which way the single firm reacts to
other firms’ decisions about emissions abatement. Our aim is to offer an at least partial
explanation of some evidence about the fact that firms might voluntarily commit
themselves to exceeding regulatory requirements, even if the environmental benefits are
typically public goods. This is exactly the case for GHG emissions, where many EU
countries reached emissions levels in 2012 well below the emission targets necessary to
be compliant with the Kyoto Protocol (EUROSTAT, 2013).
Our research hypothesis can be synthesized as follows: Assuming that positive
environmental behaviours are closely correlated to innovation, and since positive
environmental performances are achieved and often result higher than the regulatory
requirement, we try to disentangle those mechanisms induced by other agents’
behaviours that can help explain increasing investments in knowledge creation and
innovation, which, in turn, can be one of the key explanatory factors for overcompliance with environmental targets.
In this paper we specifically investigate the reasons behind a given firm’s decision to
invest in innovation in a context of impure (or mixed) public good provision (Cornes
and Sandler, 1984, 1986). The novelty we offer with respect to the existing literature on
the subject is that we focus on investment decisions rather than on consumption
decisions. This necessarily entails a model which is able to account for dynamics. We
then integrate the mixed good theoretical approach in a dynamic setting that analyses
the extent to which the public characteristic associated to the mixed good influences the
investment behaviour of single firms.
More specifically in the analysis we present, the private characteristic of innovation
can be generally represented by higher economic productivity (resource efficiency),
whereas the public characteristic can be represented by lower negative environmental
externalities (a reduction in GHG emissions, for instance). Our impure public good can
thus be defined as the total amount of accumulated R&D efforts, namely an impure
public capital good.
Our discourse is hence placed within the ‘adaptation’ realm, or broadly in the
integration between mitigation and adaptation issues.1 In this context, it is worth noting
that while static analyses are sufficient for low capital intensity sectors that may adapt
rapidly, high capital intensity sectors' reactions require dynamic analyses (Adger et al.,
2005). Most polluting sectors in energy and manufacturing are highly capital intensive
(Cainelli, Mazzanti and Zoboli. 2013), with strong integration between diverse
(innovation) production inputs. Technological and behavioural reactions are thus
fruitfully studied over dynamic settings (Yang, Callaway and Tomlin, 2014), where the
cooperative ‘innovation’ response is a typical offset that might generate benefits out of a
social ‘problem’, such as a negative environmental externality.
The remaining portion of the paper is structured as follows. Section 2 presents the
1

See, for instance, Markandya et al. (2014) about climate change mitigation and adaptation.

relevant literature. Section 3 describes the theoretical model. Section 4 analyses the
main results of the theoretical model. Section 5 provides some conclusions and policy
implications.

2.

Relevant literature

An impure public good, or mixed public good, can be broadly defined as a marketed
good that jointly provides publicrivate and privateublic benefits. The early adoption of
an impure public good approach to better understand activity like philanthropy in
Cornes and Sandler (1984) was further developed by Andreoni (1989, 1990) in his
specification of warm-glow giving.
The existence of these two characteristics of an impure public good finds theoretical
basis where the exclusion principle can be applied only to a portion of the benefits
gained by the consumption of that good (Musgrave, 1959). Cornes and Sandler (1994)
analysed how different degrees of substitutability or complementarity of the public and
private characteristics of the impure public good lead to divergent comparative static
results in the provision of impure public goods.
The concept of mixed public good and its theoretical models have been applied
extensively to environmental issues. Environmental protection activities may generate
ancillary (or secondary) benefits which in some cases may be substantial (Ekins, 1996;
Rübbelke, 2002, 2003). As an example, some primary benefits of GHG control in terms
of a reduction of global warming may be followed by co-effects (the ancillary benefits)
such as a reduction in air pollution and congestion in transport (Markandya and
Rübbelke, 2004). By using an overlapping generation integrated assessment model,
Bahn and Leach (2008) show that the reduction in sulphur dioxide emissions as a result
of climate change mitigation policies leads to less morbidity and infant mortality, thus
increasing human capital stock accumulation. Primary and secondary benefits are also
addressed in geographical terms by Pittel and Rübbelke (2010), where the authors
analyse the implication of two alternative abatement solutions, one allowing for the
reduction of solely local polluting emissions; the other also mitigating global emissions.
By considering environmental protection activities in the global warming framework
as an impure public good, Altemeyer-Bartscher et al. (2010) provide interesting policy
implications in terms of how to design compensatory payments in order to induce
negotiating entities in the international bargaining process to adopt taxation measures
for polluting consumption.
A specific point is related to consumption and provision behaviours regarding
environmentally-friendly goods. Kotchen (2005) studies the comparative statistics of
environmentally-friendly consumption behaviour where green products are treated as
impure public goods.2 Kotchen and Moore (2007) investigate the incentive for
households to participate in a green-electricity market, while van’t Veld and Kotchen
(2011) define as ‘green clubs’ – i.e., those programs in which firms voluntarily agree to
respect environmental standards such as, for instance, eco-labelling - as a situation in
which a pure non-rivalry condition is respected while excludable reputation benefits are
allowed. The central question they focus on is why firms might voluntarily commit
themselves to exceeding regulatory requirements, when the environmental benefits
2

Kotchen (2006) focuses on the equilibrium results of a similar model, and analyses how green products
affect environmental quality and social welfare.

generated by members of the green clubs are typically public goods.
Even if the mixed goods literature has increased in scope over time, contributions
explicitly addressing the role of technological choices are still rare. Barrett (2006)
addresses the role of climate change treaties in promoting the joint supply of two public
goods: climate change mitigation and the creation of new technologies as a knowledge
stock which allows for a reduction in mitigation costs. The policy implication is the
need for international coordination not only on mitigation actions but also on R&D
planning. On the same line, Löschel and Rübbelke (2009) consider the influence on
impure public goods provision in the case where alternative technologies are available,
and Markandya and Rübbelke (2012) demonstrate that impure public goods are
provided in an inefficient way when alternative technologies are available as long as
there is no coordination between countries. As mentioned by Rübbelke (2003), an
important issue to be considered in this context is the choice of technologies adopted,
which may strongly influence the degree of complementarity between public and
private characteristics.
When focusing on technologies, an additional consideration is required as knowledge
itself has been recognized as an impure public good. Knowledge capital typically has a
public good property since it can be used in multiple locations simultaneously (Maskus
and Reichman, 2004), and its benefits can be freely spread around if specific protection
instruments are not well implemented (Scotchmer, 2004). More exactly, knowledge is
ideally globally available but because the returns for some forms of knowledge can to
some extent be appropriated (there is some degree of excludability), knowledge is often
thought of as an impure public good (Stiglitz, 1999).
Relying on the existing literature, in order to model knowledge as a mixed good, we
here propose a theoretical model with the aim of analysing what happens to
representative firms’ investment decisions concerning R&D efforts in the context of a
mixed public good. What makes our model different from the existing literature is that
the choices made by agents concern investment and not consumption. This implies that
our analytical framework must be dynamic. Consequently, the analysis focuses on the
reaction of dynamic equilibrium solutions to changes in parameters.

3.

The theoretical model

3.1
Model assumptions
We assume that there is a finite set of firms, indexed by i= 1, . . ,I . Each firm employs
and invests in a kind of capital, R, which has the characteristics of an impure public
good since it generates both a private characteristic (z) which has no effects on the other
firms and a public characteristic (a) which may influence other firms’ benefits.
In our case, the impure public capital good (R) can be represented by knowledge
capital given by R&D stock. The private characteristic is given by the benefits arising
out of new production techniques that ensure higher productivity, whereas the public
characteristic can be represented by emissions reductions. In other words, investing in
R&D activities produces the same amount of goods with less inputs and consequently
lower polluting emissions. While efficiency gains are clearly fully appropriable by the
firm i, benefits from pollution abatement will also be advantageous for other firms.
We may address benefits arising by abatement efforts from other firms. A decrease
in polluting emissions will reduce environmental damage and related recovery costs, for

instance those given by productivity losses due to higher morbidity of employees, or
costs related to building maintenance activities, as in the case of the acidification
processes related to trans-boundary pollution effects. In this case it is a clear example of
a negative environmental externality to be reduced. If some physical targets on
emissions levels are a binding constraint for production processes, the higher
availability of new technologies for emissions abatement developed by other firms may
also help to increase the speed of the diffusion process for environmental-friendly
technologies and consequently reduce implementation costs. In this second case, it is a
clear example of a positive knowledge externality in innovation.
Since R has the characteristic of an impure public good, each unit of R is such that:
(1)
(2)

z= αR

α> 0 given,
β> 0 given,

a= βR

where a and b are exogenously given coefficients reflecting a simple process, whereas
z and a are jointly generated in fixed proportion by one unit of R.
Therefore, we assume that whenever a firm invests in one unit of R, it invests in α
given units of the private characteristic and in β given units of the public
characteristic.
Moreover, since a also exerts effects on the other firms and vice versa, we define the
total investment amount in the public characteristic by all firms but i as follows:
(3)

A i = ∑ a j=
j≠ i

∑j ≠ i βR j

i,j .

Hence, the whole quantity of the public characteristic (A) is given by the sum of the
single contributions made by each single firm as:
I

(4)

A= ∑ ai =
i= 1

I

∑

i= 1

βR i= a i + A i .

We adopt the Nash-Cournot assumption that the single firm i regards A i as
exogenously given.3
From eqs. (1)-(4) the investment of firm i in one unit of R therefore has three effects:
(i) an increase in firm i’s private benefits due to the private characteristic ( z= αR ); (ii)
an increase in that firm’s private benefits due to the public characteristic ( a= βR ); (iii)
an increase in the total amount of public characteristic (A) available to all firms. These
three effects can be formally modelled as benefits coming from investment decisions.
In order to investigate if the relationships of complementarity/substitutability among
different components of the firm’s benefit function influence the equilibrium solutions,
we use a Constant Elasticity of Substitution (CES) function to represent firm i’s benefit
3

To simplify notation, since in our analysis we always refer to firm i, we will omit the subscript i in the
remaining text.

function on the impure public capital good at time t (Rt):

(5)

B ( R t )=

[(βR + A )

σ− 1
σ +

t

σ− 1
σ

(αR t )

σ
σ− 1

]

.

From eq. (2), we can re-write:

(6)

[

σ− 1
σ +

B ( R t )= (at + A )

σ− 1
σ

(αR t )

σ
σ− 1

]

,

where σ (0,+ ∞) is the elasticity of substitution between the two benefit components:
(i) the public component given by the contribution of firm i (a), and the contribution of
all the other firms ( A ); (ii) the private component ( αR ). As mentioned, we are
interested in the relationship of complementarity/substitutability between the two
benefit components. Consequently, we consider the case of σ> 1 , in which the two
components (A and αR ) are (gross) substitutes, the case of σ< 1 , in which the two
components are (gross) complements, while we ignore the Cobb-Douglas case of
σ= 1 (Acemoglu et al., 2012).
Firm i’s cost function of the R&D investments at time t is defined as:
(7)

K ( I t ) = p( I t ) I t ,

with
2
∂ p( I t )
∂ p( I t )
> 0 , and
p( I t )≥ 0 ,
≥0,
2
∂It
∂ It

where p( I t ) is the real price of the investment resources in R&D at time t. We assume
that p( I t ) is increasing in It. This captures the idea that there is an increasing
opportunity cost of employing scientists and engineers to develop new knowledge
(Goulder and Mathai, 2000; Goulder and Schneider, 1999).
Regarding the firm i’s adjustment cost function of R&D capital stock, it is defined,
∂C ( R t )
∂2 C ( R t )
≥0.
at time t, as C ( R t ) , with ∂ R > 0 , and
t
∂ R2
t

3.2
Equilibrium solutions
Each firm has an infinite lifespan and discounts the future with the discount factor r in
its net benefit maximisation function. Rt is the state variable and It is the costate
variable.

For simplicity of analysis, we assume that net benefit Π ( Rt ) is defined as gross
benefits minus R&D cost as:
Π ( Rt ) = B( R t )− C ( Rt ) .

(8)

Formally, the optimisation problem of firm i becomes:
∞

Maximise

∫ [Π ( Rt )− K ( I t ) ]e− ρt dt
0

s.t.:
Ṙt = I t− δR t ,
Rt= 0 = R 0 ,

where d is the standard capital depreciation rate. The current-value Hamiltonian
associated with the optimisation problem is given by:
H C ( R t ,I t ,lt )= Π ( Rt )− K ( I t ) + lt( I t− δR t ) .

Optimality conditions in terms of the current-value Hamiltonian are
∂HC
=0,
∂ It

Ṙ t=

∂HC
∂ lt ,

l̇ t = ρlt−

∂HC
∂ Rt .

'
−1
Assuming that f ( x )= ( K ( x)) , the state and costate equations and the optimality
equation of the current-value Hamiltonian become:

I t = f (l t )

Ṙt = f ( l t )− δR t ;
l̇ t= − Π ' ( R t )+( δ+ ρ) l t .

The equations for the equilibrium4 are:
1
f (l)
δ

R=

and
1
Π (R) ,
( δ+ ρ) R

l=

from which we obtain:
R=

(9)

4.

(

)

1
1
f
Π (R) .
δ ( δ+ ρ ) R

The reaction function

The present section is devoted to the analysis of the reaction function between one
firm’s investment in R&D and other firms’ investments in the public characteristic (A≠)
also providing some policy implications for the theoretical results which could be food
for thought for future theoretical and empirical research.
By differentiating eq. (9), with respect to A≠ we get:

(10)

R A=

ξ
B ( R) ,
1− ξΠ RR ( R ) RA

1
'
Given the assumption f = K '' > 0 , we obtain:

ξ=

(

)

Π R(R )
1
f'
>0 .
δ+ ρ
δ ( δ+ ρ)

Moreover, from eq. (8) we have Π RR ( R ) = BRR ( R )− C RR ( R) , with:

2

B RR ( R )= −

2

[

α A ( βR+ A )

σ− 1
σ

σ( βR+ A )

4

+ ( αR )

σ+ 1
σ

( αR )

2− σ
σ− 1
σ− 1
σ

σ+ 1
σ

]

<0 .

The equilibrium is a saddle point, hence, as showed in Appendix B, an asymptotic stability path exists.

Since by assumption C RR ( R )≥ 0 , for R= R we get Π RR ( R )< 0 , from which we
ξ
obtain 1− ξΠ ( R) > 0 .
RR
Finally, since we also get:

B RA ( R )=

[

2− σ
σ− 1
σ− 1
σ

σ− 1
σ

+( αR )
αA ( βR+ A )
σ+ 1
1
σ
σ
( βR+ A ) ( αR ) σ

]

0,

for R= R we obtain the following:
Proposition 1. In equilibrium the reaction function has a positive slope:
ξ
R A=
B ( R )> 0 .
1− ξΠ RR ( R ) RA
The exact policy implication of this first proposition is that the existence of a positive
correlation between environmental and innovation performances might be reinforced by
spillover mechanisms, which should be seriously taken into account when the policy
mix is designed.
We can therefore specify the behaviour of the reaction curve in three special cases,
depending on the parameters α and σ . In particular, expanding the previous relation
by means of a Taylor series up to the dominant order around α= 0 , σ =+∞ or σ= 0 ,
we obtain the following propositions:
Proposition 2. When the private component of R&D is very small ( α →0 ):5
1− 2σ
σ

(βR + A )

σ− 1
σ

(αR )

ifσ> 1

1
σ

1
(αR ) if $0< σ< 1
ξ α→0
σ+ 1
A
RA ~
1+ ξ α→0 C RR ( R) σR (βR + A ) σ

.

{}

Hence: R A →0 .
Proposition 3. When the two sorts of benefits are substitutes ( σ→∞ ):
RA ~

5

[

]

ξσ→∞
αA
1
1+ ξσ→∞ C RR ( R ) ( βR + A )( βR + A + αR ) σ .

For further detail regarding proofs of Propositions 2-4, see Appendix A.

Proposition 4. When the two sorts of benefits are complements ( σ→0 ):

[

( )
βR + A
αA
ifαR > βR + A
(
αR )
(R) σ ]
αR
βR + A

ξ σ →0
RA ~
1+ ξσ →0 C RR

1
σ ifαR < βR + A
1
σ

.

{}

Propositions 3 and 4 show that the reaction curve is more sensitive (firm i’s
investments in R&D react more promptly to the other firms’ decisions about the public
characteristic) for smaller values of the elasticity of substitution. In the first case
(Proposition 3: σ→∞ ), the reaction function is a power function. In the second case
(Proposition 4: σ→0 ), the reaction function is exponential. The effect of complements
and substitutes cases are therefore assessed on a relative basis. By assuming some fixed
parameters in the reaction function, from Figures 4-5 we can visualise different effects
on the reaction function.6
The above results merit various considerations. The first of these comes out of
Proposition 1: in equilibrium, the reaction function between one firm’s investments in
R&D and other firms’ investments in the public characteristic is positive.
Since according to eq. (2) whenever a firm invests in one unit of R&D, it invests in
β units of emissions abatement too, a positively sloped reaction function between one
firm’s investment in emissions abatement and other firms’ investments in emissions
abatement must also exist. This has clear implications for the free riding problem. It
means that each firm reacts positively to the other firms’ investments in emissions
abatement since each firm's investment in emissions abatement is increased by the other
firms’ investments. This leads to an individual equilibrium choice of emissions
abatement that can reach beyond legal and contractual obligations.7 This result may help
to explain why, in some cases, the environmental performance of firms goes beyond the
effective abatement target implemented by regulatory policies. Moreover, it could be
the case that by adopting policies which explicitly sustain R&D or, more generally,
innovation decisions by firms, environmental benefits might be higher than in the case
of implementing specific environmental regulatory constraints.
Figure 4 – The reaction function with large

6

7

σ

(Proposition 3)

As a purely demonstrative case we have assumed quadratic cost functions in the form

K ( I )= (1/2) I 2 and C ( R )= (1/2) R2 , with δ= 0. 01 and ρ= 0. 02 .

van’t Veld and Kotchen (2011)focus on focus on the central question of why firms might voluntarily
commit themselves to exceeding regulatory requirements, when the environmental benefits generated by
members of the green clubs are typically public goods.

Figure 5 – The reaction function with small

σ

(Proposition 4)

The second consideration comes out of Proposition 2: a firm’s investment in R&D
does not react with respect to A when the private characteristic of R&D is very small
( α →0 ). If R&D was a pure public capital, the single firm’s R&D investment would
not react positively to the other firms’ investment in the public component. The policy
implication we can derive here is that it is necessary to ensure as much as possible some
form of private profitability of investments in R&D, otherwise this virtuous cycle is
difficult to trigger.
Moreover, with Proposition 3 and 4, we see that the reaction of R with respect to A

is stronger when public and private components of the benefit function are complements
than when the two components are substitutes.
In the case of complementarity, an increase in other firms’ investment in the public
component increases the single firm’s marginal benefit of accumulating the
complementary private component. Therefore, each firm now wishes to increase its own
investment in the private component and, consequently, the overall mixed capital good.
In this way, through the extra investment in R&D, each firm determines an increase in
its investment in the public component as well. The policy implication we can suggest
here is to disclose as much as possible potential benefits and advantages deriving from
complementarity, which can otherwise be hidden to private agents due to incomplete
information. As an example we can provide the important role played by information in
the case of the United Kingdom, which is one of the EU countries where GHG
reduction is much higher than compulsory targets. In this country, information about
potential benefits coming from adopting low carbon technologies and consumption
behaviours is widespread, leading all agents to be particularly sensitive to this issue.

5.

Conclusions

We analyse the relationship between investment decisions in innovation activities and
environmental externalities in an impure public good context, wherein the mixed good
is the total amount of accumulated R&D stock.
The theoretical model extends previous mixed good analyses from agents’
consumption decisions to firms’ investment decisions, reconsidering the analysis in a
dynamic setting. It shows that the reaction function between one firm’s investment in
R&D and the public component (emission abatement) provided by other agents is
positive. When the private and the public component are complements in the benefit
function, an increase in other agents’ investment in the public component increases the
marginal benefit of accumulating the complementary private component and
consequently the whole mixed good, including the individual firm’s public
characteristic, that is its own investment in emissions abatement.
Overall, an investment in R&D that takes the form of a mixed public good might
help foster environmentally-friendly behaviours, although this effect is influenced by
the degree of complementarity of the two components.
From results obtained in our theoretical model it is possible to derive the following
policy implications. First, the existence of positive correlation between environmental
and innovation performances might be reinforced by spillover mechanisms, which
should be seriously taken into account when policy is designed.
Second, it is necessary to ensure, as much as possible, some form of private
profitability for investments in R&D, otherwise the virtuous cycle of higher investment
efforts in innovation and higher environmental performances is difficult to foster.
Third, it is necessary to disclose to the highest extent possible the potential
advantages deriving from complementarity, which can be hidden to private agents
otherwise.
To this purpose, the reasoning behind the optimal policy mix should include issues
related to the role of complementarity between public and private components. A pure
environmental regulation approach may be less effective than a mixed approach where
specific innovation incentives are measures complementary to reaching environmental

targets.
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