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Sommario 

In uno scenario internazionale sempre più integrato, la regolamentazione ambientale po-
trebbe avere un ruolo importante nel determinare i vantaggi comparati delle nazioni. La 
protezione ambientale è tradizionalmente percepita come un costo addizionale imposto dai 
Governi alle imprese, con ricadute negative su competitività, crescita e occupazione. Al-
cuni analisti, tuttavia, hanno criticato questo paradigma. In particolare, Porter e Van der 
Linde (1995) ritengono che l’inquinamento sia spesso associato a uno spreco di risorse e 
che una legislazione ambientale più restrittiva possa stimolare l’innovazione con ricadute 
positive sulla produttività che più che compensino i costi addizionali. Questa è nota come 
l’ipotesi di Porter e suggerisce l’esistenza di un doppio dividendo di natura economica e 
ambientale determinato dall’implementazione di politiche per la protezione dell’ambiente. 
 
Parole chiave: Regolamentazione ambientale, produttività, innovazione, ipotesi di Porter. 
 
 
Abstract 

In an increasingly integrated world, environmental regulations can have a decisive role in 
shaping countries’ comparative advantages. The conventional wisdom about environmen-
tal protection is that it comes at an additional cost on firms imposed by the Government, 
which may erode their global competitiveness with negative impact on growth and em-
ployment. However, some analysts have challenged this paradigm. In particular, Porter 
and Van der Linde (1995) argue that pollution is often associated with a waste of re-
sources and that more stringent environmental policies can stimulate innovations that may 
over-compensate for the costs of complying with these policies. This is known as the Porter 
hypothesis and suggests the existence of a “double dividend”, for both economic and envi-
ronmental aspects, related to environmental regulation. 
 
Keywords: environmental regulation, productivity, innovation, Porter hypothesis 
 
 
 
Introduction 
In an increasingly integrated world, environmental regulations can have a decisive role in 
shaping countries’ comparative advantages. The conventional wisdom about environmen-
tal protection is that it comes at an additional cost on firms imposed by the Government, 
which may erode their global competitiveness with negative impact on growth and em-
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ployment. However, some analysts have challenged this paradigm. In particular, Porter and 
Van der Linde (1995) argue that pollution is often associated with a waste of resources and 
that more stringent environmental policies can stimulate innovations that may over-
compensate for the costs of complying with these policies. This is known as the Porter hy-
pothesis and suggests the existence of a “double dividend”, for both economic and envi-
ronmental aspects, related to environmental regulation.  
Empirical evidence on the effects of environmental policies on economic variables is rather 
weak. Many studies have been focused on international trade effects, but empirical evi-
dence on the impact on productivity is often context-specific and inconclusive. The majori-
ty of the studies evaluating the effect of environmental policies on productivity are at the 
firm or industry level, with only few papers adopting a macroeconomic perspective.  
In this paper, we adopt a macroeconomic approach to investigate the impact of environ-
mental policies on the economy as a whole. Our aim is to extend the analysis beyond the 
individual industries to test the effectiveness of environmental policy instruments over a 
relatively long period of time. 
We intend to evaluate whether the environmental regulation can provide a stimulus for in-
novation and productivity. The issue is particularly relevant for the EU member countries 
since the European Commission has recently established the toughest climate change target 
of any region in the world: greenhouse gas emission has to be cut by 40% and 27% of total 
energy production has to be from renewable sources before 2030 (in “2030 White Paper on 
climate change”1).  
Our study offers a new approach to test the effects of environmental policies on innovation 
and productivity. The empirical analysis covers 11 EU countries in1995-2008. We investi-
gate the impacts of various environmental stringency proxies on innovativeness and 
productivity adopting a dynamic cross-country perspective that has been rarely used in the 
literature.  
The paper is organized as follows: section 1 reports a survey of the literature, section 2 de-
scribes the data set, the empirical model and the estimation strategy, section 3 illustrates 
our empirical findings. Section 4 concludes. 
 
 
I.  A survey of literature: is there any “double dividend”? 

The empirical investigation of the consequences of environmental regulation on the aggre-
gate economy is rather scant.  
Only few studies documented the effect of tighter environmental regulation on environ-
mental innovation adopting a cross-country perspective (Popp, 2006; De Vries and 
Withagen, 2005). But the empirical evidence is rather inconclusive (see table 1). 
Interestingly, the effects of environmental policy stringency on adjusted MFP growth2, are 
not univocal. When the ratification of the UNFCCC is used as a proxy for the environmen-
tal policy the final impact on MFP can be positive or negative. A possible explanation is 
related to the adoption of different samples – Yörük and Zaim (2005) focus on OECD 
economies, Wu and Wang (2008) on APEC economies; or to some differences in the set of 
bad outputs used to adjust MFP growth. Yörük and Zaim (2005) for example, use a simple 
average of air and water pollutants, while Wu and Wang (2008) test only the CO2. How-
 
1 http://ec.europa.eu/clima/policies/2030/index_en.htm 
2 Environmentally adjusted measures of productivity growth are not aimed at answering the question about productivity 
effects of environmental policies per se. These productivity measures are rather developed to improve the measurement 
of productivity in the first place and can then be used to conduct analyses of the impact of environmental policies. For a 
broader discussion on this issue see Kozluk T and V. Zipperer, (2014). 
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ever, in both analyses the protocol ratification dummy seems rather prone to capturing a 
large number of other effects – an issue that would require further investigation. 
The empirical evidence about the positive impact of tighter environmental regulation on 
environmental innovation is rather weak (Lanjouw and Mody, 1996; Popp, 2006; De Vries 
and Withagen, 2005). On the other hand, the ‘light’ version of the Porter Hypothesis- more 
stringent environmental regulation will increase environmental innovation is rather well 
supported by the data. 
 
Table 1. Overview of empirical studies at macro level 

Auth., year Dep. Var. Indep. Var. Sample Methodology Result 
Lanjouw 
and 
Mody 
(1996) 

Patent 
counts 

PACE US, Japanese 
and German 
economies, 
1971 - 1988  

evaluate effect of pollution 
abatement capital expendi-
ture on patent count with 
simple timeseries correla-
tion 

positive effect on patent count, but 
lagged by 1-2 years 
• evidence is found that foreign regula-
tions also influence domestic patent 
count 

Jeon and 
Sickles 
(2004) 

∆ Efficiency 
score de-
rived from 
DEA 

CO2 emis-
sions 

17 OECD and 
11 Asian econ-
omies, 1980 - 
1995  

compares efficiency scores 
of three scenarios (free 
emission, no change of 
emission levels, partial re-
duction of emissions) 

adjusted TFP growth is lower than tra-
ditional for OECD countries whereas it 
is higher for ASEAN countries 
�productivity growth is lower in con-
stant emission scenario then in free 
emissions scenario for OECD and 
ASEAN economies ��productivity 
growth is higher in scenario of emis-
sion reduction in OECD and ASEAN 
economies 

De Vries 
and 
Withagen 
(2005) 

Environ-
mental pa-
tents 

Dummy 
variable for 
regulations 

14 OECD eco-
nomies, 1970 - 
2000 

instrumental variable ap-
proach 
�fixed effect estimation 

large positive effect on patent count 

Yörük and 
Zaim 
(2005) 

∆ Efficiency 
score de-
rived from 
DEA (CO2, 
NOX and 
water pollu-
tants) 

UNFCCC 
protocol 
ratification 

OECD econo-
mies, 1983- 
1998 

compares traditional with 
adjusted productivity index 
(emission reduction scenar-
io)  
�fixed effect regression of 
dummy marking years of 
UNFCCC ratification on 
adjusted productivity growth 

adjusted productivity growth is signifi-
cantly larger than traditional 
�effect of NOX and water pollutants is 
largest 
�significant positive effect of UNFCCC 
ratification non adjusted MFP growth 
(no effect on traditional MFP growth) 

Popp (2006) Environ-
mental pa-
tents 

SOX and 
NOX 
regulations 

US, Japanese 
and German 
economies, 
1967 - 2003  

evaluates effect of domestic 
and foreign regulation on 
innovation with simple time-
series correlation 

inventors respond to environmental 
regulation pressure in their own coun-
try but not to foreign environmental 
regulation 

Wu and 
Wang 
(2008) 

∆ Efficiency 
score de-
rived from 
DEA 

CO2 emis-
sions 

17 APEC eco-
nomies, 1980 
- 2004 

compares efficiency scores 
of three scenarios (free 
emission, no change of 
emission levels, partial re-
duction of emissions)  
�fixed effect regression of 
dummy marking years of 
UNFCCC ratification on 
productivity growth 

productivity growth slightly higher in 
scenario of no change and reduction of 
emission levels than in free emission 
scenario 
�negative effect of ratification of UN-
FCCC on productivity growth 

Johnstone 
et al. 
2010a 

Patent 
counts in 
renewable 
energy sec-
tors 

Renewable 
energy poli-
cy variables 

25 OECD coun-
tries, 1978 - 
2003 

panel estimated with a neg-
ative binomial model, 
�fixed effects are included, 
�3 of 6 policy variables are 
modelled with dummies 
(introduced or not 

renewable energy policies have a sig-
nificant effect on related patents, 
�feed-in-tariffs have an additional posi-
tive effect on solar power patents, re-
newable energy certificates have a 
positive effect on wind energy patents. 

Johnstone 
et al. 
2010b 

Environ-
mental pa-
tent counts 

Perceptions 
of environ-
mental poli-
cy stringen-
cy, flexibility 
and predict-
ability (WEF 
survey 

OECD countries, 
2000 - 2007  

panel estimated with a neg-
ative binomial model, 
�due to high collinearity of 
the policy variables, orthog-
onal factors are extracted, 
�no fixed effects are in-
cluded 

policy stringency, flexibility and stability 
have a positive coefficient (weak PH). 

Source: Kozluk T and V. Zipperer, (2014). 
 
 
II.   Equation, data set and econometric strategy 

The Porter assumption has been empirically examined evaluating three different degree of 
stringency: the weak, the strong and the narrow version of the Porter Hypothesis (Jaffe and 
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Palmer, 1997)3. In this paper we test the narrow hypotesis assuming that certain types of 
environmental regulation, those designed to target the outcome rather than the design of 
the production processes, are more likely to increase innovation and improve the perfor-
mance of the company.  
To investigate the impact of environmental regulation on the production performance of 
innovative countries we adopt a difference-in-differences approach. Our empirical strategy 
is closely related to Rajan and Zingales (1998) who proposed an estimation model with in-
teractions to test the impact of financial development on industry growth. Their approach 
has been widely adopted in the finance and industry growth literature to analyze the effects 
of labor market institutions on comparative advantage and productivity (e.g. Cingano et al., 
2010; Cuat and Melitz, 2010), to investigate the relation between human capital and com-
parative advantage (e.g. Ciccone and Papaioannou, 2010); and to examine the economic 
consequences of firm size, entry regulation, transaction costs, fiscal policy, risk sharing, 
and foreign aid (e.g.; Michelacci and Schivardi, 2010) 
The main hypothesis we investigate is whether those countries where the degree of envi-
ronmental regulation was relatively higher experience faster productivity growth and rela-
tively higher level of innovative activities. 
Our reference estimating equations are the following: 
 

lnLP = 1 + 2lnX + 3lnKI*Zj +       (1) 
 
Where LP is an indicator of labor productivity LP, X is a set of controls, KI is a measure of 
innovation capital stock (ICT, R&D) and Zj is a measure of environmental regulation. If 3 
is positive then our assumption (the Narrow Version of the Porter Hypothesis NVPH 
holds) is supported. In other words, this would confirm that the synergies between well de-
signed environmental policies and innovation can positively affect productivity growth 
(e.g. there is a double dividend).  
We also tested in equation (2) the correlation between a set of environmental stringency 
proxies and some measures of innovation capital stock (i.e. ICT, R&D) since innovation is 
a central aspect of productivity growth. 
 

lnKi = 1 + 2lnZj +         (2) 
 
If 2 is positive and significant we can take the results as an “indirect” test of NVPH. 
In particular, we test three different measures of environmental regulation4: i) CO2 emis-
sions in metric tons per capita, ii) the ratification of the Kyoto agreement and iii) the reve-
nues from environmental taxes in percentage of GDP. We also included in the estimates 
some interaction terms in order to catch some additional impact of environmental stringen-
cy on productivity and innovation. 
It is worth to notice that all the environmental stringency measures are mainly related to 
emission reduction and for this reason might have had a strong impact on a broad range of 

 
3 The weak version of the Porter Hypothesis implies that environmental regulation will lead to an increase in environ-
mental innovation. The strong version of the Porter Hypothesis claims that the cost savings from the improved production 
processes are sufficiently large to increase competitiveness. It rejects the assumption of perfect markets with profit max-
imizing firms and assumes instead that firms are not operating fully efficiently by leaving some profit opportunities un-
used. Environmental policies might hence induce the firm to rethink their production process.  
4 In equation (2) we also included a measure of environmental patents measured as number of patent applications to the 
EPO taken from OECD. 
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production techniques and competitive advantages also at the aggregate level. Thus they 
are particularly suitable for our purposes. 
Our analysis covers 11 EU countries (plus USA as a control country) over the period 1995-
2008. Annual data are from OECD and EUKLEMS. 
As for the empirical strategy, we use a panel data technique. A major motivation for this 
choice is the possibility to control for the correlated time invariant heterogeneity. We per-
form an Hausman specification test to check the presence of correlation between explana-
tory variables and individual effects. Results are reported in Table 1: the null hypothesis of 
zero correlation is accepted, showing that for our purposes the FE provides more efficient 
estimates than RE estimators5 
Equation (1) can be affected by endogeneity and measurement errors that will be con-
trolled by means of instrumental variables. At the moment, we do not yet fully control for 
the biases potentially induced by endogeneity of capital inputs. We only resort to lagged 
explanatory variables partially accounting for the endogeneity biases Thus, at this stage, 
our analysis is purely descriptive and aimed at identifying the presence of simple correla-
tions.   
 
 
III.  Estimation results 

Table (2) shows a set of preliminary results: (1) a positive and significant correlation be-
tween the proxies of environmental stringency (CO2 emissions and the revenues from en-
vironmental taxes) and labor market productivity (LP). This finding seems to indicate that 
the NVPH cannot be rejected. Interestingly enough the coefficient of the Kyoto agreement 
is not significant. 
 
To further investigate the impact on LP of the three environmental stringency regressors in 
table 2 (2) we included an interaction term between the Kyoto agreement and ICT capital 
accumulation. Thus we can catch the differential impact of ICT on labor productivity if a 
country has ratified the Kyoto agreement and thus has accepted tighter environmental con-
straints for the productive sectors. Our findings suggest that the impact is positive and sig-
nificant: having ratified the Kyoto agreement increases the positive impact of ICT on labor 
market productivity by the amount of the estimated coefficient. 
 
In table 3 (1), we tested the impact of environmental stringency directly on ICT capital ac-
cumulation. Furthermore, we checked for a possible effect from an environmental patent 
variable (). The impact of the environmental stringency measures with the exclusion of the 
CO2 emissions is positive and significant once again suggesting that the NVPH cannot be 
rejected. It is worth to notice that the estimated positive correlation between Kyoto and 
ICT is coherent with the result showed in table 2. 
In table 3 we introduced interaction terms but only the one between EU membership and 
Kyoto is statistically significant and positive6. 
 
5 The two most widely used panel data models are the random effect model (REM) and fixed effect model (FEM): both 
can control for heterogeneity. Their assumptions are different. REM models require that unobserved bilateral effects are ~ 
n.i.i. and orthogonal to the remaining part of the error term. regressors have to be uncorrelated to individual effects and 
error term for all cross sections and time periods. If the orthogonality conditions hold, the REM provides more efficient 
estimates than FE estimators. If explanatory variables are correlated with unobserved individual effects FEM is con-
sistent. 
6 It is worth to underline that in our sample 1985-2008 there were two waves of EU enlargement. The first in 1986 when 
Spain and Portugal joined and the second in 1995 when Austria, Finland and Sweden joined. Therefore, the fact that the 

interaction term is positive and significant can be interpreted as a robustness check of our previous findings. 
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Tab 2 Labor market productivity and environmental stringency 

(1)  (2) 

DlnH_k_nonict_klems 0.378** 0.416*** 

(0.138) (0.131) 

DlnH_k_ict_klems 0.0666* 0.0851** 

(0.0340) (0.0379) 

lnH_k_ict_klems -0.00681 

(0.00387) 

L.emission2 0.00168* 0.000870 

(0.000857) (0.00122) 

L.envtaxes 0.0110* 0.0115* 

(0.00604) (0.00619) 

L.kyoto 0.00282 

(0.00494) 

L.ict_ky_l 0.00274** 

(0.00120) 

kyoto 0.00134 

(0.00249) 

Constant -0.0399 -0.0245 

(0.0240) (0.0255) 

Observations 132 132 

R-squared 0.230 0.282 

Robust standard errors in parentheses  
*** p<0.01, ** p<0.05, * p<0.1 
 

 
Tab 3 ICT and environmental stringency 

(1) (2) (3) (4) 

L.emission2 -0.138** -0.114** -0.113** -0.114** 

(0.0440) (0.0370) (0.0366) (0.0362) 

L.envtaxes 0.381** 0.419** 0.411** 0.418** 

(0.159) (0.138) (0.134) (0.137) 

L.envpatent 0.00483*** 0.00471*** 0.00470*** 0.00472*** 

(0.000949) (0.000685) (0.000674) (0.000655) 

envp_ky -9.05e-06 

(0.000187) 

kyoto 0.701*** 0.646** 

(0.0560) (0.228) 

L.kyoto 0.682*** 

(0.0522) 

entx_ky 0.0176 

(0.0649) 

eu_ky 0.700*** 

(0.0482) 

o.eu - 

o.kyoto - 

Constant 1.386* 1.011 1.022 1.009 

(0.645) (0.569) (0.569) (0.570) 

Observations 143 143 143 143 

R-squared 0.658 0.715 0.715 0.715 
Robust standard errors in parentheses 
 *** p<0.01, ** p<0.05, * p<0.1 
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We tested also the impacts of R&D (table 4). Our preliminary estimates support our previous 
results and we identify a positive correlation between R&D and the environmental stringency 
variables (with the exception of the emissions).  
 
Tab 4 R&D and environmental stringency 

  (1) (2) (3) 

L.emission2 0.00401 -0.00116 0.00429

(0.0173) (0.0143) (0.0158)

L.envtaxes 0.299*** 0.305*** 0.289***

(0.0456) (0.0366) (0.0514)

L.envpatent 0.00106*** 0.000883*** 0.00103**

(0.000228) (0.000282) (0.000227

envp_ky -0.000412** 

(0.000147) 

kyoto 0.282*** 0.320*** 0.216**

(0.0372) (0.0450) (0.0940)

entx_ky 0.0217

(0.0278)

Constant 0.195 0.250 0.224 

(0.263) (0.232) (0.286)

Observations 156 156 156 

R-squared 0.693 0.709 0.695 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 
 
Preliminary conclusions and next steps 
Our preliminary results show that we cannot reject the narrow Porter Hypothesis. Interest-
ingly enough it seems that the environmental stringency measures, in the period 1995-2008, 
on average did not erode competitiveness in EU members but stimulated innovations and 
productivity over-compensating for the costs of complying with these policies.  
 
Accordingly to our estimates a double dividend might be at work in the European econo-
mies. This result could have important policy implications for the future environmental 
agreements negotiations not only at European level, in a moment in which the environmental 
issues have a central role in the economic policies at World level (e.g. Green Economy). 
 
We intend to improve our analysis investigating into effects of different types of environ-
mental stringency instruments and details of instrument design, exploiting cross-country var-
iation and the complementary use of different levels of data aggregation.  
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