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Can Environmental Regulations be
Good for Business?
An Assessment of the Porter Hypothesis
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ABSTRACT

The P011er hyp oth esis asserts that polluting firms ca n benefit from
environme nta l policies, arguing that well -designed environme nta l reg ulations
stimulate innovati on. This is ac hieve d by increasing either productivity or
product va lue w hich leads to privat e benefits. As a conse quence,
environme ntal regulations would benefit both soc iety and regulated firms.
Thi s point of view has found a receptive audie nce among poli cy makers and
the popular press but has been severe ly criti cized by economis ts. In this
paper, we present some of the argume nts in th is debate and review the
empir ical ev ide nce avai lab le so far in the economic literature.
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INTRODUCTION

Since the ea rly seventies, the scope of Environmental Regulations (ERs)
in most developed economies has considera bly broadened res ulting in
increased po llution control expenditures. For example, in the US, pollution
abatement investme nts increased by 137% over the 1979- 1994 per iod . In the
early nineti es, total pollut ion abatement cos ts represe nted between 1.51% and
2.5% of the US GDP (see Berman and Bui , 200 1). Th e same trend has been
observed in Ca nada where environmental protection expenditures by busin ess
increased by 27% from 1995 to 2002 (Statistics Canada, 1995 and 2002 ).
Given the growing concern for environmen tal quality and the threat of c limate
change s, significant increases in ERs and po llution co ntro l expenditures are
very likely to cont inue in the near future. Furthermore, ERs is espec ially
relevant in the energy sect or for it includes seve ral "pollution inten sive"
indu stri es such as petro leum or power generation.

The traditional view among eco nomists - ERs impo se private cos ts on
regul ated industries - was recentl y challenged by Porter ( 199 1) and Porter
and van der Linden ( 1995) . In fac t, what is now referred as the Porter
Hypoth esis (PH) states that stringe nt, well-designed ERs lead not only to
soc ial benefits but may vel:\, often also result in private benefits for regulated
companies. Mu ch of the controversy in this debat e has centered around the
"vel:\, often" g iven the ge neral conse nsus that there does indeed ex ist cases
where ERs have improved polluting firms ' profit. Cr itics of the PH arg ue that
such success stor ies are not the norm and that ove rall, imp roving
environmenta l quali ty is not a "free lunch" . Obvious ly, the po licy
implications of this question are potenti ally huge .

In Sec tion II, we review the main arguments in this debate and present
some of the theoretica l foundations of the PH. In section III, we assess the
empirica l ev ide nce avail abl e thus far in the economic literature. Since the
controversy ce ntere d on whether there is systematic positive or negat ive
re latio nship between ERs and regul ated firms' perfo rmance, we ignore case
studies and foc us on econometric analyses.

1. BACKGROUND

Traditiona lly, eco nomists believe that ERs have a negative impact on
polluting firms . Several reasons justify this hypothesis, the most obvious
being that ERs almost a lways require firms to alloca te some input (labor,
capita l) to pollut ion reduction, which is unp rodu ctive fro m a busin ess
perspective. For exa mple, new scrubbers installed in a power plant increase its
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capital stock but not its productive capacity. In oth er words, ERs redu ce firm
productivity thereby increasing cost and lowerin g pro fit. '

For Port er and va n der Lind en ( 1995 ), the traditional view has a narrow
static perspective on firms' react ion to ERs. Indeed, faced with the prospect
of higher abatement costs, firms will invest in inno vation activ ities to find
new ways to meet new regulatory requirements.' The resulting new
production process or new product specifications would reduce pol lution and
at the same time lower product ion costs or increase product market va lue:'
These benefits will very often offset and eve n exceed the cos ts initia lly
impo sed by regulations. Clearly, the nature of the ERs here is critical. Th ey
should be stringent enoug h to trigger firms to overh aul their production
proc ess, but offer firm s sufficient latitude regarding how to achieve the
environmental targets..J Figur e I summarizes the main causa l link s involved
in the PH.
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Figure 1. Schematic represent at ion of the Porter Hypothesis

1 Othcr reason s ju stifying a negati ve relationship between ERs and produ ct ivity inc lude : i )

emiss ion contro l techn o logy may reduce the produ cti on process efficiency: ii ) ERs may
redu ce investm ent s if they increase energy prices. an inp ut that is co mpleme ntary to
capi ta l: iii) investm ent s in abatemen t ca pita l may crowd out produ cti ve investm ent s; iv)
stricter ERs for new plant s may delay introd uction of new and more productive cap ita l.

2 Stric ter ERs may also boost R&D activities by the ceo-industry i.e. firms specializing in the
prod uction and del ivery of abatemen t or c leaner techno logy. This ind ust ry is presently
boo ming with wor ldw ide ea rning expected to reach ove r S700 bi llion by 20 10 (see David
and Sinc lair- Desnaanc , 2005).

.1 Adopting strict ERs-m71Y also be a way for a country to becom e a leader in develop ing new,
cleaner ex portable technologies, as othe r co unt ries ado pt more stringe nt env ironme ntal
norms.

.j It is genera lly admitted that econom ic instruments (such as emiss ion charges or trad ab le
perm its ) provide mo re flex ibil ity and thereby incentives to innovate than "command and
contro l approac hes' (e.g . techn ological standa rds) . ote however that the thr eat of
imposi ng techno logi ca l standa rds might enhance innovation (Cadot and Sinc lair­
Dcsgagne, 1995). Furthermore . "best-avai lable-tec hno logy" standards may actually
introduce a con test between producers of abateme nt techn ology the reby favori ng R&D
activities (see David and Sinc lair-Desgagne, 2005).
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Two main criticisms of the PH (see Pa lmer , Oates and Portney, 1995) are
as follows: first, this hypoth esis rests on the idea that firm s sys tematica lly
ignore profit abl e oppo rtunities. In other words, why wo uld reg ulation
actua lly be needed for firms to adopt profit-inc reasing innovations? In fact,
Porter and van del' Linden directly question the view that firms are profit­
maximizing entities: "The possibility of regu lation might act as a spur to
innovation arises because the world does not fit the Panglossian belief that
firms always make optima l choices."

Second, eve n if there are systematically- profitable busin ess opportunities
that are missed (" low hanging fruit") , the next question is how cou ld ERs
change that rea lity? Are bureaucrats better informed about bus iness con ditions
than managers? Porter and van del' Linden argue that ERs may help firms
identify inefficient use of cost ly resources. They may also produ ce and
dissemin ate new informati on (e.g. best practice techn ologies) and help
ove rco me organi zational inertia.

A few research papers have set for th forma l theoretical models
underlining con ditions under which profit increasing projects may
systematically be missed and how ERs could pote ntially help. A first set of
explanatio ns departs from the neo-classic profit maxi mizing framework.
Kenn edy ( 1994) exa mines the R&D investment decision of a risk-averse
manager ." Since the ou tcome of the R&D program is unc ert ain , the manager
will not choose an investment level that minimizes expec ted costs. He will
have a tendency to und er-invest in R&D as he places mor e weight on bad
outcomes than on good ones. In this context, ERs may bring the manager's
decision closer to the optimal one by affecting the marginal va lue of an ext ra
dollar spent on R&D.7 Therefore , ERs wou ld lead to a reduction in expected
cos ts. A necessary conditio n to obta in this result is that ERs increase benefits
assoc iated with goo d R&D outcomes more than those resulting from bad
outco mes thereby, offsetting the impact of risk aversion. It is difficult to
prec isely access the empirical relevance of this condition. However,
Ken nedy' s model suggests that testing for a posit ive relationship between ERs
and R&D activities may provide some indication on the va lidity of the PH.
As we wi ll see be low, this approach has bee n ado pte d in a few emp irica l
works.

The boom ing
justify the PH.

5 Porter and van del' Linden ( 1995 I. p.99.
6 Rather than maximizing expected profits. the manager is assumed to maximize a utility

function that is concave in the level of profit.
7 In Kennedy. ERs require that a port ion a of the input x be used for abatement activities.

Since the marginal value of R&D activities depends on the level of input used for
production ( l -o rx, ERs affect the manager' s investment decision.
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procrastination behaviours by ass uming that indi viduals have present-bi ased
preferences: "W hen con sid erin g trad e-offs between two future moment s,
present-biased preferences g ive stronge r relati ve we ight to the ea rlier moment
as it ge ts close r'Y In thi s contex t, good investment opportunities ("low
hanging fruit s") may be missed by a present -biased manager that has the
tend enc y to procrastinate co sts. A simple example can illustrat e this point.
Suppose that a manager has the opportunity to invest c in one period to obt ain
V in benefits in the nex t period. Tra ditiona lly, economists have assumed that
inve stment will occ ur whenever c« 5V wit h (5< 1 representing the manager ' s
discount rate. A present-biased manager is also assumed to trade-off between
any two consecutive future periods using 6. However, when it comes to
trading off betw een " now" or " later", he is ass umed to use a different discount
factor f3c5 with /3<1. Th ese "beta-de lta" preferenc es, as they are referred in the
literature, impli es that when looking into the future, the manager plan s to
und ertake every inves tment project such that c«)V Yet, in rea lity, he onl y
undertakes tho se that respect c < jX5V In oth er words, he has a tend enc y to
continuo usly procrastinate projects that are such that jX5 V<c« 5V ERs may
therefore help the manager to ove rco me his se lf-co ntrol pro blem." Note
however tha t if the manager is "sophisticate" (i.e. award of his se lf-control
problem), he may also try to control his tendenc y to procrastinate by
impl ementing incenti ve devic es that commits his "tornorrow-se lf" to invest.
An exa mple of such a device could be an ISO 14001 certifica tion whi ch
commits the firm to continuously improve its env ironmenta l performance.10

In the traditional profit maximi zing paradi gm , the PH ca n be exp lained
by intra-firm ineffi ciencies due to asymmetric information. Ambec and Bar la
(2002) develop a principa l-agent model wit h renegotiation to formali ze the
idea that ERs may ove rcome org ani zationa l inertia,I I In their model, a
manager (agent) has private informat ion about the outco me of an R& D
investment. A successfu l R&D program mean s a more productive and less
polluting technology becomes ava ilable. In order to favor revelation by the
agent , the shareholder (i .e . the principal ) must offer a compensation structure
with a bonus, kno wn as " informational rent" , when success is reported. To
lower this rent , the principal would like to lower the age nt welfare when
failure is reported . Without renegotiation, this could be achieved by lowerin g
the firm ' s level of prod uction when the agent announces failure since his

8 O'Donoghuc and Rabin . 1999. page 103. Sec also Akcrlof. 199 1 or Laibson. 1997.
9 Obviously. the project sho uld also impro ve thc firm ' s environmental perform ance.
10 See also Gabe l and Sinclair- Desgagne ( 1998). Gold stein (2002) and Ambcc and Barla (2005)

for further di scussions on why "be hav ioural" managers might miss profitable business
opportunities without ERs.

I I See also Campbel l (2003) for a model where enviro nmental regu lat ions improve the
principal' s posi tion.
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remunerati on is a function of output. The pro blem is that this distortion is not
credible: the age nt realizes that the prin cipal will renegotiate ex post
(imposi ng the distorti on also red uces the prin cipal ex post profit). By
imposing limitat ions on production (e .g. quotas, standards) or supplementary
prod uction cost (taxes on emissions), ERs renders the production distortion
credible, thereby minimizing the rent and increasing the principa l ex ante
pro fit. The level of R&D investment is a lso increased and thus cleaner
tec hno logy is also mor e likely to be ado pted.

A third set of theoretical explanations reli es on inter-firm imperfect
competi tion. In a stra teg ic trade model, Simpson and Brad ford ( 1996) show
that a government may provide a strategic adva ntage to its domestic industry
by imposing a strict ER. The ER acts as a co mmitment device for the
industry to invest aggressive ly in R&D act ivities that reduce marginal cos ts .
Once aga in, very spec ific conditions (in terms of pa rame ters and rival
behavior) are necessary to obtain the Port er result. Greak er (2003) also
showed that str ict ERs may improve a domestic firm's competitiveness in
intern ational markets if it transforms some of its variable costs into sunk
expendit ures. Interestingly, he shows that the existence of eco nomies of scale
in abatement may lead to such an outco me .

A lso using an inter-firm argument but with technological spillove rs,
Mohr (200 I) shows that coordination failure may prevent introduct ion of
cleane r and more productive technolo gies. In his model, new technology
product ivity increases with the indu stry ' s acc umulated experience . Therefore,
this new techno logy may not be introduce d because nobody wants to bea r the
init ial learn ing cost. An ER forci ng adoption may thus result in long- term
private ga ins for the indu stry.

Xe papadeas and Zeeuw (1999) also ana lyze the impac ts of ERs on the
dynamics of capital accumulation. Specifica lly, they exa mine the effec ts of
emiss ion tax on the compos ition of capita l usin g a vintage cap ita l model.
They show tha t under some condit ions , an emission tax leads to retirement of
older vintage capital, thereby increasing average productivity. However,
des pite th is productivity gai n, the tax negat ive ly impacts firms ' profit.
Furthermore, Feic htinge r et al. (2005) shows the oppos ite may also occ ur: an
emiss ion tax may increase the capital's average age.

From thi s overview of theoret ical contr ibutio ns, we ca n draw the
following co nc lusio ns.12 Justifying the PH requires either givi ng up the
traditional profit-maximizing hypoth esis or using a framework with specific
conditions. Indeed, in the traditional para dig m, the Porter outcome seems to
only occ ur wh en the externa lity assoc iated wit h pollu tion is combined with

12 See Ambec and Barla (2005) for a more co mpl ete description of other theoretical arguments
that co uld be made to j ustify the PH.
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another source of distort ion (asymme tric information, mar ket power,
technological sp illovers). In suc h a context , ERs should not only reduce
pollution but a lso affect the ot her distortions in a way that improves regulated
firms' profit. For example, ERs increase market power or reduce firm s '
agency costs. In other words , the PH req uires fairly specific condi tions whose
prevalence sho uld be empirica lly evaluated. Moreover, the type of ERs
susceptib le to ge nerate the Port er outco me will depend upon the nat ure of the
interactin g distortions. For example, it is not obvious that flexibl e reg ulations
are the best way to overcome orga nizationa l inertia. Nex t, we turn to the
empirical evi de nce avai lable so far.

2. EMPIRICAL EVIDENCE

While theoretical analyses underline conditions favoring the PH, its
ultimate va lidity shou ld be empirica lly eva luated. ':' Table I provides a basic
summary of the empirical studies we co ns idered for this rev iew. Rath er than
bein g ex haust ive , we have tr ied to provide an ove rview of the various
empirica l stra tegies that help access the PH . Most of the se lected researches
have been published in peer -reviewed jo urna ls. Mo reover, we have
privileged studies relat ing to the energy sector.

2.1 Impact of ERs on Innovation

The first strategy for accessing the Porter argument is to test whether
strict ERs do indeed stimulate innovation . In fact, this is a necessary if not
suffic ient co ndition for the PH . Loo king at a panel of US manu factu ring
indu str ies for the 1973-1991 period , Jaffe and Palmer ( 1997) est ima ted a
redu ced- form equat ion to tes t the relationship between total R&D expe nditure
and po llutio n abatement cos t (a proxy for envi ronme ntal severity). Besid e the
abatement cost, the aut hors co ntro lled the indu stry va lue added (a measure of
size), a proxy for government-funded R&D wit hin the industry and fixed
effects associated with industries and years. They found that total R&D
expenditure increased by 0.15% with pollution abatement cost inc reases of
1% (a proxy for environmental severity) . Interestingly, their results suggest a
somewhat larger impact for the petroleu m refining and ext ract ion industry.
They did not find any stat istica lly significa nt link between the number of
successful patent applica tions by U.S. co rporations (a proxy for success of
R&D activ ities ) and ERs.l~ However, Brunnerm eier and Co hen (2003) report
a positive bu t small relat ionsh ip between ERs and the number of

U For an earlier review see Jaffe et al. (J 995 ).
1-1 In this equation. they replace the gove rnment fund ing proxy for a variable repre senting the

number of successful applications in a given year by foreign corporations.
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environmentally-related successful patent applications." Resea rch result s
thus far suggest a weak positive link between ERs and innovation, but the
ev idence is sti ll inconclusive given the scarcity of studies co nducted on this
topi c. Moreover, one lim itat ion of thi s approac h is that even if strict ERs do
not st imu late R&D activit ies in the regu lated industry it may very we ll do so
in the abatement equipment indu stry.

2.2 ERs and Productivity

Anot her necessary condition for profit to increase as a result of process
offset is that ERs lead to productivity gains. The relationship between these
two variab les has long been exp lore d by the economic literature. Two broad
methodolo gical approaches can be distingu ished . Some studies deri ve
productivity changes from the estima tion of the technology that inc lude ERs
prox ies as explanatory va riab les (for examp le Go llop and Robert, 1983,
A lpay, Buccola and Kerkvliet, 2002). Others proceed in two steps: first , a
productivity index is co mp ute d then , it is reg ressed on ERs prox ies and other
co ntro l varia bles (for exampl e Dufour, Lanoie and Patry , 1998, Gray and
Shadbegian, 2003). The list in Table I is a fai rly represe ntative samp le of the
res ults found in the literature: most stu dies report a negative re lationship
between ERs and productivity (or productivity grow th). The impact may be
qu ite imp ort ant for some poll utio n-intensive industries. Fo r exa mple, Go llop
and Robert (1983) found that S02 regul at ions slowed product ivity growth of'
US electric utilities by as much as 43 % in the seventies. Two studies provide
some support of PH. Berman and Bui (200 I) reports that refineries located in
the Los Angeles area, where stringent air po llution contro l regu lations came
into effect in the late eig hties , enjoyed sig nificantly- hig her pr odu ct ivity than
othe r US refineries, suggesting that pollution co ntro l investment s also
en ha nce d productiv ity ." A lpay, Buccola and Ke rkv liet (2002) provide
somewhat similar results for the Mexican food processing industry faced with
increasing envi ron mental reg ulations in the nineties. Their empirical results
show these increas ing pressures were associated with productivity growth.
They es timate that a 10% increase in pollution regul ation pressure resulted in
an average 2.8% increase in productivity growth. However, despite this
positive impact, they show that ERs negatively affect profits. Moreover, they

15 They use a methodolog ical approach sim ilar to Jaffe and Palmer ( 1997). Their co ntro l
var iab les arc how ever somewhat different (see tabl e I ). Using simple descriptive
statistics . Landjouw and Mody ( 1996 ) and Popp (2004 ) also find so me ev ide nce s of a
positive link between pat ent application and envi ronmental sev erity using international
dat a.

16 There is no obvious factor explaining thi s positi ve result. The ERs were not pa rticular ly
flexible imposing emission red uction s and investments in po llution contro l equipment.
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do not find a similar pattern for the U.S. food indu stry. Overall, the bul k of
ev idence is for a negative impact of ERs on productivity . No te however that
a ll these researches use "traditional" produ ctivity measures i.e. measu res that
do not directly inc lude po llutio n in the produc tion process. It can easily be
shown that these measures bias down prod uct ivity gains by firms or ind ustries
that improve their env ironmenta l performance (see Ko lstad, 1999). Whi le a
growing literature proposes productivity indexes that include po llution as an
input or an undesirable output (see for example Fare, Gross kopf, Lovell and
Pasurka, 1989) , these researches do not directly address the question of how
ERs affect productivity.

2.3 Evidence on product offset

We did not find any studies spec ifica lly examining how ERs per se may
have result ed in increased product va lue ("product offset") . However , the
literature contains an increasing number of atte mpts to eva lua te the premium
consumers may be wi lling to pay for more environmenta lly-friendly products.
We review some of these works in Table 1.17 These researches indicate that
pro ducts with green attributes (e .g. eco-labeled) enjoy some market adva ntage
e ither through higher prices or increase d market share. While these
researches do not directly test the PH , they provide at least some indicat ions
on how consumers ' choices may be affec ted by env ironmental conce rns.
FU11her studies are however necessary to test if co nsumers are also wi lling to
pay more for pro duc ts that become less pollu ting followi ng the
imp lementation of new ERs and if these prem iums do trans late into higher
indu stry profits.

2.4 Impact of ERs on Investment and Capital

Theoretically, ERs may affect regulated firms costs and profits by
changing their investment decisions. A few empirical con trib utions have
addressed this question . Contrary to the modernizat ion effect underlin ed by
the theoretical analys is of Xepapadeas and Zeeuw ( 1999 ), Ne lson et al. ( 1993)
find s that ERs increase the average capital age in US electric utiliti es.
However, th is result is likely to be dr iven by the fact that stricter regul ations
are imposed on new power plants thereby slow ing down investment in new
faci lities. For the US pulp and paper industry , Gray and Shabegian (1998)
find that State ERs significantly affec t technological choices and somewhat
red uce investm ent levels. Moreover, a I% abatement investment increase

17 These studies develop eco nometrica I models to mea sure consumers ' response to
environmental attributes of consumpt ion good s. Th eir met hodo logy varies dep endin g
notab ly upon whether actua l or hypothetical choic e data arc analyzed.
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would crowd out productive investment by 1.88%. Therefore. these resu lts
more stro ng ly support the traditiona l hyp oth esis.

2.5 ERs and Fin ns' Financial Performance

Some studies have examined the impac t of environmenta l regulation on
firms' financia l per formance thereby direct ly tes ting for the Po rte r outco me.
For exa mple, Brannlund et a1. (1995) shows that ERs reduce the short-term
profit of the Swedish pulp and paper industry, whiIe King and Lennox (2001)
found evi de nce of a positive relatio nship between ER proxies and Tobin's Q
using data fro m the US ma nufact uring sector. However, thi s latt er resul t is
only stat istica lly signi fica nt in one of the four specificatio ns reported in thei r
paper. For US electric utilities. Filbeck and Gorma n (2004 ) find s that ERs
negatively impact financia l returns. More research work on thi s link is
require d but , at thi s stage, no clear positive re lat ionship between ERs and
profit ability see ms to emerge.

It is also useful to men tion a growing empirica l literature examining the
relationships between firm s ' en vironment al and finan cial performance. Thi s
research usuall y show that bad (go od) unexpected news about a firm ' s
environmental performance result in sig ni fican t negative (positive) abnorma l
returns. If. as expected, envi ronmenta l performa nce is posi tively affected by
ERs, thi s would impl y a posit ive imp act of ERs on return . Ho wever , thi s
conclus ion may be misleading for severa l reason s. Fir st, higher
enviro nmenta l performance may be a sig na l for investors of good
management the reby creat ing an "artificia l" co rre lation be tween returns and
environmental result s. Second, it may also signa l lower than expec ted
abatement costs. In contrast, poor env ironme nta l result s are bad new s for
investors as they anticipa te inc reased future liability cos ts and intensifyin g
regul ator scrut iny.

2.6 Evidence on the "Pollution Haven Hypothesis"

Lastly, the literature on the impact o f ERs on firm locati on deci sion and
cross-countries trade patterns may a lso be useful in access ing the PH. In fact ,
usua lly tested in the literature is the "pollutio n haven hypothesis," which
states that str ict ERs are likely to hurt the co mpetitive ness of domestic
polluting firms , thereby reducing thei r mark et share or eve n dri vin g them to
move to countries with less stringe nt regul ations. Ob viou sly, if the PH holds,
one should observe no trade diversion effect and eve n a trad e st imulating
effect of ERs . Rath er than reviewing this literature in detail, we ca n directl y
refer to Brunnermeier and Levinson (2004) for an up -to-d ate overview of thi s
literature. Th eir ma in conclusion is the fo llowing : "The earl y literature based
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on cross -sectiona l analysis typi cally tended to find that env ironme nta l
regulations did not significa ntly affect firm s ' location decisions. However,
seve ra l recent studies using panel data to control for unobserved
heterogeneit y, or instrument s to cont rol for endogene ity, do find statist ica lly­
significa nt pollut ion haven effects of reasonabl e magn itude". Once again the
ev ide nce does not support the PH .

CONCLUSIONS

From thi s review the fo llowing conc lus ions can be drawn :

• The re is only sca nty, weak ev ide nce to date showing that ERs
stimulate inno vation activit y. More research is necessary to provide
conclus ive results regarding that relationship.

• Mo st evidence points towards ERs as having a negative impact on
productivity growth. For pollution-intensive indu stries, thi s imp act
could be significa nt.

• The re is mounting ev ide nce that a pric e premium ex ists for more
env ironmentally-frie ndly products. It remain s to be established if
forcing green products in the market through regulations also results
in increased product value .

• Th e scarce ev ide nce available suggests that ERs may have a
significant negati ve impact on investments and increase the ave rage
age of cap ital.

• Th ere is mixed ev idence on the relat ions hip between financial and
enviro nme nta l performance. Several studies find that investors react
positi vely to une xpected good env ironmenta l performance. However,
it is not clear wh ether thi s result actu all y support s the PH. Studies
directly exa mining the imp act of ERs on firms ' finan cial performance
have ge nerated contradictory results.

• Recent studies suggest that ERs may have an impact on businesses '
locali zati on that is contrary to the PH predi ct ion .

Overall , it app ears that to dat e, more evidence has been reported again st,
than in favor of, PH. However , it would be unreasonable, at thi s stage, to
simply reject thi s hypoth esis. Ind eed , the ex isting emp irica l research efforts
are taint ed wi th several weaknesses. First, most studies examine the imp act of
traditional comma nd and contro l reg ulatio ns, while theoret ical research
findings suggest that innovation acti viti es (thu s offsets) are mor e likely to
result from incentive-based regulations. As recourse to economic instruments
is expanding , future research ma y be abl e to properly address the PH.
Sec ond, more progress is required toward s accessing regul ation stringe ncy .
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Indeed , the proxies now used in the literature are usually cr ude and possibly
mislead ing. Fo r exa mple, high pollut ion- control expe nditures may not only
result from ER severity , but also from poor man agement practi ces. A
negative relationship between a firm 's financial performance and its
abatement ex pe ndi tures may therefore simply reflect that ineffi cient firm s
have both high er pollution- con trol costs and weak fina ncia l results. A third.
probl em is re lated to the indicators used to access a firm's per formance. Fo r
exa mple, studies examining the impact of ERs on producti vity usually use
productivity indi cators that underestimate the productivity growth rate of
firm s that reduce emissio ns . Indeed , these " traditional" measures take into
acc ount the negati ve effect on produ ct ivity of reduc ing pollut ion (increased
use of pollution control inputs) but completely ignore the reduction of "bad
outputs" that ma y be va luable for the firm. IS Fourth, whil e the PH is in
essence a dynamic hypoth esis, most empirical research use empirica l
specification with a very simple dynami c structure or none at all. In a
working pap er, Lanoie et 01. (200 I ) shows that allowi ng richer dynam ic
effects may dr astically chang e the relationship between pollut ion control
expenditure and productivity growth in the Quebec manufacturing sector.
Lastly, future empirica l research should tak e into account recent theoreti cal
contri butions showing that the Porter results require interact ions of several
d istortions. This could help to more accurate ly pinpoint whe re to look for
Port er effects .

Table I. Empirica l studies relevant for accessing the Porter Hypoth esis.
SIlt{~I ' Data Methodology Main Results

I. Impact of E Rs on Innovation

Jaffe and Palmer • Panel ofU.S.

(1997) manufacturing

industries -1973-

1991.

• Reducedform model.

• Innovation proxy: R&D

investments and number of

successful patentapplications.

• ERs proxy: Pollution control

capitalcosts.

• Control variables: industry value

added, a proxy for government­

funded R&D within the industry,

time and industryfixed effects.

• R&D significantly

increases with ERs.

Elasticity: +0. 15.

• Nosignificant impactof

ERs on numberof patents.

18 For a firm. redu cin g emissions will be va luable if these " undesirable outputs" have negat ive
shadow prices.
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Study Dolo Methodology Main Resul ts

II. Impact of ERs 011 Productivity

Gollop and

Robert (1983)

Smith and Sims

(1983)

Gray (1987)

• 56 U.S. electric

utilities, 1973-1979.

• 4 Canadian beer

breweries , 1971­

1980.

· 450 U.S.

manufacturing

industries , 1958­

1978.

• Productivity measure: derived

fromtheestimation of a cost

function that includes the ERs

proxy.

• ERs: the intensity of S02

regulations based onactual

emissions, statestandard andthe

utilityestimated unconstrained

emissionlevels.

• Productivity measure: derived

from the estimation ofa cost

function.

• Twobreweries were submitted

toan effluent surcharge and two

breweries were not.

• Change inaverage annual total

factor productivity growth between

1959-69 period and the 1973-78

period regresses on pollution

control operating costs.

• Controlvariables: occupational

safety and health inspections rate,

average industryshare of energy

andcapital, changein growth rate

ofproductionworkershoursand

changeinproductivitygrowth rate

inthe sixties.

• ERs reduce productivity

growth by43%.

• Average productivity

growth regulated breweries

-0.08%compared to +1.6%

for the unregulated plants.

• 30% of the decline in

productivity growth in the

seventies due to ERs.
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SI/I({r DOlo Methodology Main Results

Dufour, Lanoie ·19 Quebec • Total factor productivitygrowth • ERs have a significantly

and Patry (1998) manufacturing regressed on changes in the ratioof negative impact on

industries, 1985- thevalue ofinvestmentin pollution- productivity growth rate.

1988. controlequipment tototal cost.

• Control variables: occupational

safety and health inspection rate,

time and industrydummies, share of

energycosts intotal cost,

Berman and Bui • US petroleum • Comparisonoftotal factor • Stricterregulations imply

(2001) refining industry, productivityof California South Coast higher abatement costs.

1987-1995. refineries (submitted tostricterair However, these investments

pollution regulations) withotherUS appear to increase
refineries. productivity.
• ERs severity ismeasured bythe

number ofenvironmental regulations

each refineryis submitted.

Alpay, Buccola • Mexican and U.S. • Productivity measure obtained • US: negligible effect of

and Kerkvliet processed food through the estimation of a profit ERs onboth profit and

(2002) sectors (1962-1994) function that includes pollution productivity.

abatement expenditures (US) and • Mexico: ERs have a

inspection frequency (Mexico) as negative impactonprofits

proxies for ERs. but a positiveimpacton

productivity.

Gray and • 116 U.S. paper • Regression of total factor • Significant reduction in

Shadbegian mills, 1979-1 990. productivity onpollution abatement productivityassociated with

(2003) operating costs, technology and abatement efforts

vintage dummies and interaction particularly in integrated

terms between thedummies and paper mills.

the abatement variable.

• Estimation of a production

function that includes beside input

prices, pollution abatement costs

and other control variables.
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Studv Data Methodo log y Main Result s

II I. Price prem iu ms for enviro nme nta lly-fr iendly pro ducts

Roe etal. (2001) • Survey Goint • Econometric analysis of price

analysis) 835 premium forgreen label electricity

respondents . as dependant upon demographic

• Cross-section of 21 characteristics and product

green electricity attributes .

productsand

attributes (2000)

Teils, Roe and

Hicks (2002)

Bjorner et al.

(2004)

• 66months of post­

label timeseries

obtained from

scanner data in3000

US supermarkets

• Panel data for

1,596 Danish

households from

1997 to 2001 .

• Impact of dolphin-safe labels on

consumer purchases of tuna.

Estimation of a demand system

(almost ideal demand system) for

canned proteinmarket expanded to

include information effects (label).

Impact of Scandinavian

environmental label (Nordic Swan)

on consumer choices for toilet

paper, paper towels and detergent

brands. Estimation of a mixed logit

model of brand selection.

• Small premiumfor

tangible improvements in

air emissions even without

altering fuel mix.

• Significantlylarger

premium if reliance upon

renewable fuels increases.

• Significant impact ofeco­

label.

• Small positive impact of

the label on market share.

• Statistically-significant

pricepremiumforlabeled

toilet paper: 13%to 18%.

• Premium for detergent: 17

to 29%. Small premium for

paper towels (less

statistically-significant

results).

IV. Imp act of ERs o n Investments

Nelson

(1993)

et al. • 44 U.S. electric

utilities over the

1969-1983 period.

• Three-equation rnodel : i) age of

capital; ii) emissions; and iii)

regulatory expenditures.

• Model includes two ER proxies:

airpollution cost and total pollution

control costs per KW capacity.

• ERs significantly increase

ageof capital (elasticity:

+0.15).

• Age of capital has no

statistically-significant

impact on emissions.

• Regulation has impacted

emission levels.
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Main Result s

Gray and

Shadbegian

(1998)

o Panel of 11 6 U.S. 0Multinomiallogit for technological

paper mills (1972- choice(Kraft, sulfite, mechanical,

1990). etc.), and investment level equation.

o ER proxies: i) pro environmental

votesby Statecongressional

delegation: and ii) indexof air and

waterregulation severity.

o Technological choice

significantly affected byERs.

o Negativeimpact of ERson

investment level (marginally

significant).

o Productive investment is

significantlyreduced by

abatement investments (­

188%).

V. Impact of ERs on Fir ms' Financia l Performance

SWc!I ' Data Me thodolog v Mai n Results

Khanna et a/. 091 U.S. Chemical o Event study: test forabnormal

(1998) firms over 1989-1 994 returns following annual disclosure of

period toxic release inventory.

o Panel regression model to identify

determinantsof abnormal returns.

Particu larly on-site/off-site releases

and firm rankingwithinindustry.

o Test impact of negativeabnormal

returns onfuture on-site/off-site and

total releases.

Dasgupta and o 126 events involving o Event study: test for abnormal

Laplante (2001) 48publ icly-traded returns following positive (investment

firms in Argentina, in pollution control , awards) or

Chile, thePhilippines negative(complaints, spills)

and Mexico environmental news.

Brannlund et a/.

(1995)

o 41 Swedishpulp and

paper mills - 1989­

1990.

o Estimationof regulatedand

unregulated profit using a non­

parametricmodel of the technology.

o Average reduction inprofits

due to regulation -between

4%and 17%. However,

between 66%and88%of

mills are unaffected by

regulation.

o Negative abnormal returns

duringone-day period

following disclosure.

o Abnormal losses are higher

for firms thatdonot reduce

emissionsor whose

performance worsens

compared toother firms.

o Abnormal losses push firms

to increasewastes

transferredoff-site.

o 20out of39positive events

lead to positive abnormal

returns (+20%in firm value

over a 11 dayswindow)

o 33of 85negative events

lead to negative abnormal

returns.
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5 11 /(1\' Data Methodology Main Results

King and Lenox • Panel of652U.S. • Tobin's Q regressed on control • Positive impactof ERs on

(2001) manufacturing firms variables, firms' environmental financial performance but

(1987-1996). Firms performance and proxyforERs. only significant inone

must beincluded in • ERs: number of environmental specification.

theEPA's Toxic permitsrequired and average • Positive link between

Release Inventory. pollution per capitainpolluting financial and environmental

industries in Stateof firm's performance.

operations.

Filbeck and • 24U.S. electrical • Impactof environmental requlation • Negative relationship

Gorman (2004) utilities 1996-1 998. compliance indexon financial returns between returnsand

environmental regulation

compliance.

Gupta and Goldar • 17Indian pulp and • Event study: test forabnormal • Negativerelationship

(2005) paper plants, 15 auto returns following public releaseofa between abnormal returns

firms and 18 chlor GreenRating byan NGO. and environmental rating.

alkali firms (1999- • Greenrating based onbest

2001). practice.
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