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Abstract

This paper presents causal evidence on the immartah corporate governance for the
environmental performance of firms. Using changedakeover legislation to establish
exogenous variations in the quality of corporateegoance, we show that worse-governed
firms patent fewer clean innovations relative teithotal innovation effort. We also find
that worse-governed firms patent more non-greerovations, suggesting that the
governance shock affects the composition of infiegactivities by inducing a substitution
from green to dirty projects. Our findings are mprenounced for firms with limited stock
of clean innovations, industries with lower enedgpendence, firms operating in states
with lower pollution abatement costs and for firmgh a lower share of institutional
ownership. Overall, our results suggest that gaeivities increase shareholder value but
that myopic CEO behavior tends to bias towardy girbjects. Thus external pressure from
(stronger) shareholder interests improves envirortai@erformance as well as shareholder
value.
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1. Introduction

Global climate change is the greatest economicsacdl challenge that humanity faces in
the foreseen future. Although some important detents of environmental efficiency,
such as public policies (Jaffe et al. 2002; Johmstd al. 2010), energy prices and
technology (Popp 2002; Martin 2010), and other fgpecific factors (Cole et al. 2007; De
Canio and Watkins 1998) have been studied, theséllisnuch variation across firms that
remains unexplained. Academic scholars are thumgagcreasing attention to the effect
of corporate governance on environmental polidiessting works examine, for instance,
the effect of managerial quality on energy efficigr(Bloom et al. 2010) and pollution
outcomes (Kock et al. 2011). The prevailing viewtbis recent research is that good
corporate governance is positive correlated witmgi environmental efficiency. However,
as acknowledged in existing works (e.g. Bloom et2@l10), the literature has not found
firm evidence on the direction of causality in tihexus between corporate governance and
environmental outcomes.

We contribute to this literature by providing caugvidence for how corporate
governance shapes firms’ environmental innovatiolicp, measured by the number of
patents related to energy-saving and environmetgehnologies. As documented in
existing works, environmental patents represenew driver to reduce toxic emissions
(Carrion-Flores and Innes 2010). Our contributisrthius twofold. First, by investigating
the effect of corporate governance on green patadsilustrate a specific channel that
explains how good governance can effectively redockution outcomes. Second, we
adopt an empirical identification based on changethe U.S. takeover legislation that
allows us to discern the causal effect of corpogaeernance on firms’ environmental
policies.

Using data on U.S. manufacturing companies froenGbmpustat and NBER patent
datasets, we exploit information on patents’ tedbgiocal class to identify environmental-
related innovations. We then adopt a differencdiferences approach based on the

passage of business combination (BC) laws in ti& ktates during the second half of the



1980s. BC laws had a negative effect on corporatemance because firms incorporated
in the legislating states improved their abilitydefend from uninvited takeovers, which in
turn increased managerial slack (Bertrand and Muthan 2003). The staggered passage
of BC laws across U.S. states provides geographictieme variations in the quality of
corporate governance. Moreover, given that BC laffected firms in their state of
incorporation, we can exploit the discrepancy betwestate of headquarter and
incorporation to carefully control for geographfteets.

Our main result indicates that the exogenous vmimgeof corporate governance
generated by the passage of the BC laws led tatistgtally significant and economically
relevant reduction in firms’ green innovation aitfiv Following the passage of BC laws,
firms experienced, on average, a 7 percent reducioenvironmental-related patents in
their patent portfolio. The reduction in green imatton was matched by an increase in
non-green innovation with no significant impact @search and development activities.
Our results are robust to the exclusion of Delawasbere many U.S. firms are
incorporated, firms headquartered in Californiaj 8nms incorporated in states that never
implemented the BC laws.

We show that the economic size of the impact opa@te governance on firms’
green innovation activities is shaped by the oppoty costs of substituting from green
towards non-green innovation: First, the largerirm’é stock of clean innovation, the
smaller reduction in green innovation following Bfvs. Second, the negative effect of BC
law passages on green innovations is more pronduncesectors with lower energy
dependence. Finally, the substitution in innovasativities is larger for firms operating in
states with lower cost of pollution abatement. ddition to these economic factors we also
show that the substitution effect is negativelyatedl to the size of institutional ownership.
Taken together, our results suggest that there bath economic and governance
determinants of firms’ green innovation activityhéh the internal governance incentives
(measured by size of institutional ownership) antlie economic incentives (measured by
marginal opportunity costs) are strong, a changstate-level corporate governance has a
lower impact on firms green innovation activities.



Finally, we ask what are the market value impiareg of changing environmental
performance as a result of BC laws. While it iswnadhat the implication of the BC laws
was to reduce firm value (Bertrand and Mullainati2©3), we show that there is a
positive correlation between firm value reductiord ghe reduction in green innovation
activity after the introduction of the BC laws.

To our knowledge there is no formal theoreticaldele analyzing how changes in
corporate governance affect firms’ green patentWg believe there are at least three
channels through which green innovation activitpn te affected by the improvement in
take over protection that was the main consequehtiee BC laws. First, there iscuiet
life argument. Since managers are less exposed todbiploiing role of takeovers, they
will focus less on shareholder value and more ovape rent extraction. This would imply
that managers are tempted to engage less in oggpitdifficult activities such as
innovation. Hence, according to this argument, oapd take over protection should lead
to less innovation and thus a decline in both gaeahnon-green research projects.

Second, there is @areer concernargument. Managers working under strong
shareholder pressure may on average face a langace of being removed from their job
in cases where there shareholder cannot extraat ic®rmation about managers effort and
talent. Assuming that green projects requires gdoriime span but in expectation have
higher NPV. Since managers under strong sharehptessure faces a higher risk of being
fired, they may have higher incentive to favor pot¢ with a relative short time horizon
compared to more risky long term projects. By reggichareholder pressure, the BC laws
can induce higher incentives to engage in long t@mmjects and, hence, induce a
substitution from non-green to green research praje

Third, there is arinstitutional monitoringargument. In the realistic case where
ownership is dispersed and that institutional dtalckers are the main block holders of the
firms, the BC laws lower the ability of institutiahshareholder to affect the behavior of
firm management. The reduction in institutional rethalders’ power will provide more
leverage for risk averse managers to choose lskg projects against the shareholders’

interest. Assuming that green innovation projecésraore risky but also potentially more



rewarding, the institutional monitoring argumenegict that the BC laws may induce a
substitution from green to non-green projects.

Our empirical results are consistent with the tofttnal monitoring argument and
inconsistent with the first two arguments above: fvel that the BC laws imply a
substitution from green to non-green innovatiorg Hrat the size of the substitution effect
is correlated with a reduction in shareholder vakigthermore, the effect is mostly present
when the share of institutional ownership is snalfjgesting that large institutional owners
have power to efficiently monitor management beydmel impact of the BC laws. By
contrast, the reduction of green innovation agtiist inconsistent with the career concern
argument that predicted an increase in green irtravactivity. Further more, our findings
are also inconsistent with a quiet life argumeegduse we find an increase in non-green
innovation activity.

Section 2 describes the data and provides sumstatigtics. Section 3 illustrates
the empirical strategy. Section 4 presents the reampirical findings and a number of
robustness checks. Section 5 illustrates how osultrevaries depending on firm and
industry characteristics, whereas Section 6 dissugte market value effect of fewer clean

patents. Section 7 concludes.

2. Data and summary statistics

2.1 Financial data

We use firm-level data from the Compustat datasétich contains comprehensive
financial information on U.S. publicly traded firm#/e restrict the dataset to firms with
positive sales and book value of assets that amporated and headquartered in the U.S.
Also, similar to other studies in this field (Blooet al. 2010; Carrion-Flores and Innes
2010; Kock et al. 2011; Konar and Cohen 2001), esdrict the dataset primarily to the

manufacturing sector (SIC codes up to 4000), wigatonsidered the main source of toxic



emissionS and also account for most of the patenting aetiviScherer 1983;
Balasubramanian and Sivadasan 2011).

We construct a set of firm-level variables sucHias sales, capital to labor ratio,
firm age, market to book value, and R&D to assetsor We also construct such an
industry-level control as the Herfindahl-Hirschmémdex (HHI), to account for the
potential effect of market structures on environtakmctivities (Fernandez-Kranz and
Santalo 2010). We compute the HHI using the distrdn of firms’ revenues in a particular
three-digit SIC industry, and we correct for potantisclassifications due to the presence
of a single firm in a given industry by droppind% of the firm-year observations at the
right tail of the HHI distribution (Giroud and Muet 2010). Table A2 offers a complete
description of how each variable was constructedhld 1, Panel A, presents the summary
statistics.

2.2 Environmental innovation

We measure firms’ environmental innovation usirgaal patents (Aghion et al. 2011; Jaffe
and Palmer 1997; Brunnermeier and Cohen 2003; @@aFiores and Innes 2010). Patent
data come from the dataset assembled at the NhtBuwr@au of Economic Research
(NBER), which contains information on more thanethmillion patents granted by the
U.S. Patent and Trademark Office (USPTO) and tdkions made to these patents starting
from 1976 (Hall et al. 2001; Bessen 2009). Usingepts, as opposite to e.g. R&D
expenses, allows us to classify innovations acogrdo their technological content. Our
classification of clean patents follow closely GamrFlores and Innes (2010) and is based
on the primary three-digit patent classificationoypded by the USPTO. The main
technological categories considered are broadatedlto: air or water pollution; hazardous
waste prevention; disposal and control; recycliagd alternative energy defined. A

detailed description of the technology classes useadentify clean patents is provided in

! Manufacturing activities are, however, highly egeneous in terms of pollution emissions and donta
sectors with relatively high (e.g. chemicals) anw [e.g. apparel) emission levels. In unreportealyses, we
find that our results are present in the subsampthe most pollution-intensive industries as wadlin all
other industries. Following existing studies (&gller and Levinson 2002), pollution-intensive isthies are
classified as pulp and paper (SIC 26), chemicdlB &B), petroleum (SIC 29), stone clay and glas€ (&),
primary metals (SIC 33), fabricated metals (SIC, 24y transportation equipment (SIC 37).



Table Al, while Table 1, Panel B, provides summstatistics for the main innovation
variables used in the empirical analysis.

We adopt finer classifications of clean innovasiom a number of robustness
checks. First, we use the classification of engratents in (Popp 2002; Popp and Newell
2011)? This classification, which is based both on patemnain classifications and
subclassifications, is apt to define renewablenetdygies as well as new sources that may
use fossil fuels, such as fuel cells and coal kacteon; hence, it captures technological
efforts in both improving the use of existing enesgpplies and in developing entirely new
sources. Second, we adopt the classification agdwable energy technologies provided by
Johnstone et al. (2010). Using the Internation&meClassification (IPC), Johnstone et al.
(2010) provide a list of appropriate IPC codes tegladirectly to such renewable
technologies as wind, solar, geothermal, oceam&ss, and waste.

2.3 Cor por ate governance measur es
Our main corporate governance variable is the aoloptf BC laws by thirty U.S. states in
the late 1980s. BC laws were the most stringentitsts of a wave of laws enacted in the
1980s and aimed at limiting the takeover activitmyoag firms incorporated in the
legislating states. Specifically, BC laws increatesl cost of hostile takeovers by imposing
a moratorium on the transfer of assets from thgetaio the acquirer company, thus limiting
the ability to pay down acquisition debt. Becausesé laws made much harder to realize
the benefits of takeovers, the consequence wasastidiweakening of the market for
corporate control. Given that the market for cogpercontrol is a powerful mechanism to
discipline managers (Shleifer and Vishny 1997)esalvempirical works have exploited the
passage of BC laws and other changes in takeoggsldgon to establish exogenous
worsening in the quality of corporate governahce.

Table 2 shows the staggered passage of BC lathe iperiod 1985-1991. We use a
time window that spans from 1976 to 1995, thusudirig a few years before and after the

passage of BC laws. Table 3 shows the number tfsséand firm-year observations subject

2 See Appendix A in Popp and Newell (2011) for aaiet! description of energy patents
% See e.g. Bertrand and Mullainathan (1999; 2002 éis et al. (2011), and Giroud and Mueller (2010)



to BC laws in our sample. Thirty U.S. states (68.@P&tates in the sample, representing
87.8% of firm-year observations) passed BC lawsleafburteen states (13.3% of states in
the sample, representing 12.2% of firm-year obsmms) never passed a BC law.

3. Empirical strategy

Our main goal is to establish whether corporate egmance matters for firms’
environmental innovation. One common approach tiress$ this question is to compare
the environmental performance of firms with differecorporate governance quality.
However, provided that such approach reveals atip®siassociation, its causal

interpretation (i.e. better corporate governanaeses better environmental performance) is



last state of incorporation, and therefore we catexkle this issue directly. However, the
literature has provided some evidence that chamfeacorporation during the period
considered were quite rare (Romano 1993). Berteardl Mullainathan (2003) randomly
sampled 200 firms from their dataset and manudlcked how many firms changed state
of incorporation; they found only three changekpathem to Delaware and several years
prior to the passage of the BC law in that state.

Another important advantage of BC laws is thaythtected firms at their state of
incorporation, which often differs from the stateoperation® This discrepancy allows us
to compare, within the same state and industry.ethearonmental activities of firms that
were affected by worse governance (i.e. incorpdratea BC-passing state) using as
control group firms that were not exposed to goaroe changes (i.e. incorporated in a
state that did not pass a BC law, or that pasdatkitin time).

An illustration of our difference-in-differencesethodology is presented in Graph
1, which compares the average clean patenting ilgctf firms incorporated in
Massachusetts and California. While the formelaftreent group) experienced a worsening
in corporate governance due to the passage of mB@ 1989, the latter (control group)
did not experience such change as California didpass a BC law. Focusing on the pre-
BC years, we observe that though Massachusettspoi@iions patented more clean
innovations on average, the slightly upward treftlrbt drastically differ from California
incorporations. However, focusing on post-BC lawarge we observe a sharp decline in the
clean patenting activity of Massachusetts incorpang, which were exposed to the law
passage, while California incorporations seem tdlovio the existing trends. Our
identification generalizes this example to all esaand BC passages over the years.

Specifically, we estimate the following differenitedifferences model:

Yikt = o + or + fBCit + ¥’ Xike-1 + €ikt (2)

whereYj« measures at timethe clean patenting activity of firmincorporated in statk.

BCy: is a dummy equal to one if a firm is incorporaied state that has passed a BC law

* In our sample, 64.5% of firms are incorporatedsilg their state of operations.



by timet (treatment group), and zero otherwise (control gyotdence, the coefficient
measures the effect of BC law passages on firnegincpatenting activity relative to firms
incorporated in states that passed BC laws latemia or that never passed a BC law.

Given that firms incorporated in BC passing statee different from those
incorporated in states that never passed BC lawsy@&and Mueller 2010), it is important
to include a comprehensive set of contralsanda; represent, respectively, firm and year
fixed effects, which are included to absorb commsimocks potentially affecting
environmental activities, e.g. the energy crisethef1970s, and unobserved heterogeneity
across firms that is invariant over tim&y:.1 is a vector of controls which, depending on
the specification, includes firm sales, capitalaber ratio, R&D stock, HHI, and firm age.
Controls are lagged by one year to prevent potesimaultaneous effects of BC laws.
Finally, we include headquarters’ state and thiigé-thdustry linear trends, computed as
year averages of the dependent variable excludadiim in question.

gje are the residuals, which we estimate by clustesinthe state of incorporation.
This procedure accounts for arbitrary correlatiohsesiduals across different firms in a
given year and state of incorporation, across diffefirms in a given state of incorporation

over time as well as over different years for aegiirm (Giroud and Mueller 2010).

4. Results

4.1 Main results
We begin by analyzing our benchmark effect of wagegernance on the probability of
patenting a clean innovation. In particular, weneate a linear probability model in which
the dependent variable is an indicator equal toipr®nditional on being a patenting firm,
a firm in a given year reports at least one envirental-related patent.

Table 4 show that firms exposed to BC law passa&yeerienced a drop in the
frequency of patenting clean innovation. In Coluinmve present the basic difference in
difference regression without controls. We noticat the BC laws induced a drop in green

innovation of 7,23 pct point and this effect isrsfigant on a 5 pct level. Introducing a set



of controls in Column 2 only marginally reduces #enomic size of the effect which is
still statistically significant at a 5 pct level.

Columns 3 and 4 presents further evidence forréaeiction in green innovation
using as dependent variable the count of cleamfsativided by the overall number of
patents of a firnf. As shown, the coefficient of BC laws is negatived astatistically
significant at 1%. The most comprehensive spetiboa(Column 4) indicates that
following BC laws, firms incorporated in legislatirstates reduced their clean patenting
activity by 3.9 percentage points. Given that tierage ratio of clean patents to total
patents is 25.7%, the decrease can be quantifiadproximately 15% of the average clean

innovation, and is therefore economically relevant.

4.2 Substitution between innovation projects

So far our results indicate that firms patented ledsan innovations. We next address the
guestion if this is a general reduction in innovatactivities (as predicted by theite life
argument) or if there is a substitution from grénon-green activities (as predicted by the
institutionalmonitoring argument). We do this in two steps.

First, we investigate if the reduction in greemtepéing was followed by an increase
in non-green patenting. In Panel A of Table 5, weut on the patenting of clean
innovations, using as dependent variable the ldgariof one plus clean patent counts
(Column 1). Consistent with our previous result® fnd that worse-governed firms
experienced a drop in environmental innovation.Column (2), we use as dependent
variable the logarithm of one plus non-clean patenints. Opposite to the case of clean
patents, our results indicate that worse-governieohsf experienced an increase in
environmental-unrelated patents. Taken togethels #vidence indicates that worse
corporate governance caused a drop in clean psoggt a simultaneous increase in non-

clean projects.

> The endogenous variable is a discrete number. Tiusyreported analyses, we further confirm thiute
using a conditional fixed-effects logit model

® By construction, this variable is missing when fine reports zero patents. However, results abrisoto
replacing these missing values with zeros.



Second, given the observed substitution from gteemon-green projects, we ask if there
was an overall effect on research and developmethiei affected firms. We test this notion
in Table 5, Panel B. First, we use R&D expense®tal assets as dependent variable. If
lower clean projects are due to a change in theposition of innovation projects,
aggregate R&D expenses should not exhibit any ahamy contrast, if firms are
decreasing clean investment due to a drop in irmmvainputs, aggregate R&D
expenditures should decline following BC laws pgssa As shown in Column (1), BC
laws had no significant impact on R&D expendituigsnilarly, consistent with the notion
that the decrease in clean patents was offset liycagase in non-clean patents, we do not
find any significant change in the total numbepaftents (Column 2).

To sum up our benchmark results we conclude tmatintroduction of BC laws
implied a substitution from green innovation to fgreen innovation without any overall
impact on the research and development activifies.substitution effect was significant in
both economic and statistical sense. Thus our teessé far is consistent with the
institutional monitoringargument above but not consistent with neither dheet life
argument nor theareer concermargument. The quiet life argument predicted a gdne
reduction in research and development activitied te did not see in data. The career
concern argument predicted an increase in greesvation which is the opposite of what
we find in data. We will provide further evidena# theinstitutional monitoring argument
below.

4.3 Robustness checks

Table 4 and 5 above showed out main finding, thdwing the introduction of the BC
law firms substitute from clean to non-clean inrtewa projects. Our simple difference in
difference setup raises a number of questions aeuvalidity of our identification. We
address a number of these issues in Table 6 thaépr a battery of robustness exercises.
Given that Table 4 and 5 established the substitiftom clean to non-clean patenting we
will to save space in the following focus on th&aaf clean innovation as our dependent

variable.



First, we take into account the fact that OLS mayitppropriate because the
dependent variable is a proportion, which also @ostseveral zeros due to firms that do
not patent any clean innovation. Table 6, Columnsffows results obtained using a fixed
effect- Tobit model, computed using bootstrappehdard errors.We observe that the
substitution effect is statistically significant atl pct level and large in economic terms.
Column (2) shows the results obtained using a podlactional non-linear procedure
estimated using Quasi-Maximum Likelihood (QML),msposed in Papke and Wooldridge
(1996), including states and three-digit SIC indusiummies® We notice that the effect is
smaller using the pooled estimation method but stdtistically significant at a 10 pct
level.

Second, clean projects can be defined in seveagswnd we it may be a concern
that we focus on one particular categorisationaiépts. To cater to this, we use a host of
alternative dependent variables. In Column (3), use the ratio of cite-weighted clean
patents to firms’ total cite-weighted patents, a&et into account not just the number of
patents but also their technological importanceeiscted by future citations received. It is
interesting to notice that the BC law dummy is riegaand significant at a 1 pct level. In
Column (4), we adopt the ratio of patents for newergy technologies (Popp 2002; Popp
and Newell 2011) to a firm's total paterit;n Column (5), we adopt we adopt the ratio of
patents for renewable technologies (Johnstone €04D) to a firm’s total patent§.Both
of these specifications also provide a significampact effect of BC laws on the ratio of
clean projects. Thus, Column 3 to 5 confirm that¢ Bubstitution effect is robust to
alternative definitions of clean patenting.

Third, we can be concerned that the implementaifadhe BC laws contain a signal

that state policy is less favourable to green imtion. Now the key in this argument is that

’ Specifically, we use the pantob procedure develdyyeBo Honoré.

8 We also extend this model to the longitudinal isgttby using a fractional probit model with
heteroskedasticity-robust standard errors as irkéamd Wooldridge (2008). While our result are édyg
robust to the adoption of this procedure, it shdudnoticed that there are some difficulties imgsthis
model with unbalanced data (Papke and Wooldrid@S8R0

°® While we only report OLS estimates, this resultdbust to the use of the alternative models as don
Table 5, Columns (1) and (2).

10 One common problem when using these classificatto compute the ratio of clean patents is tigl hi
presence of zeros. For this reason, we have coatirour finding using as well the fixed-effect Toaitd the
pooled fractional procedure which we introduce oiuthn (1) and (2) for our main classification.



the BC law could be correlated with some other nmigtion release about how states in
general provide incentives to engage in clean iatiom. It is important to notice that this
argument validity is limited because of the stroetaf the firm governance. The BC laws
affect the headquarter of the firm through theestit incorporation. Now general state
policy towards green innovation is likely to be ionfant for a firm’s production plants,
which in many cases are located in different stthes the state of incorporation. For
instance, 55.4 pct of our sample are incorporateDelaware and most of these firms do
have their production facilities in other statebu§, if the introduction of the BC law is
correlated with a signal that states put less esipbaon green corporate behaviour, then
the substitution effect should mainly be presentirims which have headquarter in states
where they also have their production facilitieswéver, to cater to this argument directly
we adopt the G-index as an alternative measurerpbcate governance. The GIM index is
assembled by Gompers et al. (2003) using data tharinvestor Responsibility Research
Center (IRRC) and it assigns a score based onummder of firm and state-level provisions
that restrict shareholder rights. The key elemenofir analysis is that a significant part of
the variation in this index is due to variation fom and industry level, not on state level.
Since the GIM index is available from 1990 to 20@€,conduct this check on a subsample
that covers this period, rather than the period61Bg95 used in our main analyses.
Moreover, we replace the BC passage dummy with rantjy equal to one if the firm
displays a number of provisions above the medidnev@.e. worse governance) and zero
otherwise. Table 5, Column (6) yields a economycalid statistically significant negative
effect on the ratio of clean patenting for firmsattthave worse corporate governance
according to the Gompers index. Hence, Column (@)fians our finding that worse
governance is associated with a substitution friarcto non-clean innovation activities.
Fourth, we are concerned that the results mayierdby specific states. Thus, to
make sure that the results are not driven by intiaé states that report the highest
innovation activity, we exclude firms headquartenedCalifornia (Column 7). Given that
the majority of firms are incorporated in Delawane are also concerned that the average
effect of BC laws may simply be driven by Delawareorporated firms. To test whether

1 Missing values of the G-index are replaced with Itist value available.



this is the case, we exclude firms incorporatethibelaware in Column (8). Finally, In
Column (9) we exclude states that never passed adaBC thus employing only the
staggered passage of BC laws in the constructioth@fcontrol group. None of these
exclusions affect the robustness of our main figdjrthat the introduction of the BC laws
implied a substitution from clean to non-clean ivaiton activities.

Fifth, it is theoretically possible that the cdateon between BC laws and
substitution of clean innovation project were dnvey the general performance of the
firms. Struggling firms may in general have diffites in being successful in clean
innovation. However, the managers of strugglingnérhave higher incentive to protect
their jobs through lobbying states for increasedagrial protection. According to this
argument the observed correlation between intraolucof BC laws and substitution
towards more non-green innovation activities cobkl driven by a omitted variable
measuring the general performance of the firmhi s the case states that introduced BC
laws should have many struggling firms before thteoduction and thus the substitution
from clean to non-clean innovation activities shiostart before the introduction of the BC
laws. We check whether the effect of BC laws wagigated by firms, e.g. due to the fact
that firms in states with given characteristicsbiell for the passage of BC laws. We do so
by creating a placebo BC law passage two yeargdéf® real implementation. Column
(10) shows that the placebo BC laws did not have significant effect on firms’
environmental policy; as such, this result streagththe argument that BC laws had a
causal effect on corporate environmental policies.

In unreported analyses, we further confirm ouultssn several ways. For example,
we restrict the analysis to firms that remain ia tfataset for at least 4 years (or 8, or 12
years) in order to mitigate the effects of entrg axit. Another concern arises because we
cannot identify the month when a BC law were pasbihce, it may be inappropriate to
consider as post-BC period observations in stétasgassed a BC law at the end of the
year. To avoid this concern, we drop firm-year obsgons corresponding to the year of
the BC passage. We also deal with outliers, irendithat report a very high number of
clean patents, by dropping 1% (or 5%) of obserwatio the right tail of the distribution of

the clean patent counts. We also allow for hetereges time and state effects by



interacting all the covariates with year and treattrstate dummies. While equation (1)
contains one-year lagged controls, we replicate msults using two-year lags or
contemporaneous controls. We further confirm that @sults are robust to alternative
procedures to estimate the standard errors, eugtecing at the firm level or adopting
block-bootstrap (as proposed in Bertrand et al4208ing 100 replications. Finally,
we also test for dynamic effects by replace the Mynndicating the passage of BC laws
with a set of dummies indicating each two-yearenoent from two years prior to the BC
passage up to six years or more after the BC pas3&g omitted group is hence formed
by observations in the third year or earlier ptithe BC passage, as well as observations
in never-BC states. Results (untabulated) showthi@ahegative effect of BC laws is largest
from three years after the reform onwards, posshi@gause it takes time before the
managerial slack translates into fewer environmeptajects selected. Moreover, the
negative effect of BC laws is rather persistent egrdains significant until the fifth year
since the reform passage.

To sum up, we have in this section shown thattam finding that the introduction
of BC laws implied a change in firms innovationigities towards more non-clean projects
is vary robust. In particular, we have shown tlne tindings are robust to a number of
alternative estimation methods, to various wayslefining what is clean innovation, to
replacing the BC law with an alternative governamaasure, to alternative composition of
treatment and control states and that it is natedriby that struggling firms reduced their

clean innovation activities and lobbied for theaduction of the BC law.

5. Economic and gover nance variations

In this section, we investigate how and why the B®s caused a substitution in firms
innovation activity. We follow two steps. We bediy documenting that the substitution
from clean to non-clean patenting was shaped bya@uow factors. Broadly defined, we
show that the effect was larger when the economgeritives were favoring clean
patenting. In the second part, we provide speeficlence for thénstitutional monitoring

argument as discussed in the introduction.



5.1 Economic incentives

A recent literature on innovation (see e.g. Acemogf al. (2011), Aghion et al.
(2011)) has documented that innovation activitiiteroexhibit path dependency. When
firms have a large stock of innovation projectsrarginal cost of new products is reduced
by using lasting resources such as knowledge dmtdogy from previous projects. The
idea is that “firms build on their existing stock technology-specific knowledge to
develop new innovations, which in turn can leadechnological lock-in” (Aghion et al.
2011). Thus, according to the path dependency yhwershould observe that the existing
stock of clean patents has a positive effect on ghepensity to patent new clean
innovations.

Applying this argument, we claim that it is relaiy easier for worse-governed
managers to reduce clean innovations when theifirnot subject to heavy technological
lock-in induced by past innovation decisions. Teestigate this claim, we construct the
stock of clean patents using the perpetual invgntoethod (Peri 2005; Cockburn and
Griliches 1988) and a 15% depreciation ratalNe interact the indicator of worse
governance with a dummy equal to one if the firns halarge (above-median) or small
(below-median) stock of clean patents. Consistetit the notion of technological lock-in,
results presented in Table 8, Column (1), indith&t, compared to firms with small clean
patents stock, firms with large clean patents steskond less to the passage BC laws. The
difference between the coefficients are close top2d Even if the difference is not
statistically significant, results suggests tham§ are partly locked in the technologies
acquired in the past, which influences the respdosexogenous variations in corporate
governance.

Next, we argue that the opportunity cost of switghfrom clean to non-clean

innovation activities is higher for a firm operairn an industry highly dependent on

12 To account for the heterogeneity in the value atept stock, in an unreported check we use thé stbc
clean patents weighted by citations received irsegbent patents.



energy resources. For such industries we theprgadict a lower substitution effect from
introducing the BC laws. To test this claim, we ute an industry-level measure of
energy dependence using data from the NBER manufagtdataset. In particular, we take
the ratio of energy expenses (cost of electricsfaal$) to the total value added. Then we
classify industries as highly (above-median) ow [delow-median) dependent on energy
and interact this indicator with the BC law dumrResults, reported in Column (2), show
that introduction of BC laws reduces the ratio w¥ieonmental related patents to all patent
with 4,67 pct points in industries with low enerdgpendence and with 3,39 pct points in
industries with high energy dependent&@he 25 pct difference is suggestive (even if the
difference is not statistical significant) that tBE€ laws induced more substitution in firms
innovation activities in industries where energpeledence were lower.

Another source of variation in firms opportunitysts of substituting towards more
non-clean innovation project is the stringency ofinmental regulations in the state
where the firm is headquartered. We expect thatdbst of lowering environmental
innovation is higher in states with stringent ptdla regulations. To test this argument, we
adopt the index computed by Levinson (2001) andeKelnd Levinson (2002), who use
data from the Pollution Abatement Costs and Exgarek Survey to quantify industry-
adjusted pollution abatement costs in 48 U.S. state higher value indicates a more
stringent state environmental regulation. For aunmppse, we interact the BC law dummy
with an indicator equal to one if a firm’'s statehwadquarter has high (above-median) or
low (below-median) pollution abatement cost ind&xAs shown in Column (3) the
negative effect of worse governance is significami economically larger when the firm
operates in a state where pollution abatement emstw. In other words, a higher cost of
complying with pollution regulations deter the dropenvironmental innovation caused by
the managerial slack following the passage of BGla

To sum up, Table 8 provides suggestive eviderze, ariation in opportunity cost
of reducing clean innovation activity impacts thegree of substitution from clean to non-

clean projects induced by the introduction of ti& IBws.

13 This analysis is limited to firms in the SIC cod&300-4000, as the NBER manufacturing dataset only
covers industries in these SIC codes.
14 We also exclude 1987 due to missing data in thggrad survey.



5.2 Institutional ownership

In the introduction we outlined three theoretieauments for why more manger
protection reduce firms clean innovatiotite quiet lifeargument,the career concern
argument and thenstitutional monitoringargument. We have already concluded that
evidence is against the first two arguments. Thietglife argument predicts a general
reduction in R&D projects and is not consistenthwihe documented substitution from
clean to non-clean projects. The career concermunagt predicts that the added
managerial protection should induce a substitutoswards more risky and longer running
clean innovation projects. This is inconsistent wit



statistically significant on a 5 pct level. Henagyr findings support the institutional
monitoring argument and is consistent with thagjéainstitutional owners have power to
efficiently monitor management beyond the impacthef BC laws. and thus mitigate the

negative effect of BC laws on clean patenting.

6. The value of green innovation

Results so far have established that the introdoaf BC laws caused a substitution from
environmental to non-environmental innovation pctgethat the size of the substitution is
driven by variation in opportunity costs and that effect is related to institutional owners
ability to implement their preferred policy on firmanagement.

It is important to emphasize that it is conceptualht clear whether this substitution
in innovation activities is harmful or beneficia tompanies. On the one hand, it may be
that before the passage of BC laws managers wbejecsuo institutional owners and other
stakeholders’ demand for costly environmental ativies with unclear real benefits;
following a weakening of the market for corporatenttol, managers became more
insulated from these pressures (Kock et al. 20Iij thus were able to reallocate
investment from clean projects to other projectsiding higher returns. Under such
circumstances, we expect the drop in firms’ envimental innovation to be associated with
higher market value.

On the other hand, a weaker market for corporatgrao may have reduced
environmental effort because a greater entrenchiednianagers focus on projects with
lower risk and reduced activities that were diffido pursue, such as clean innovation,
even if these activities were potentially valuafbe the company at lar§® Under such
alternative circumstances, we expect the drop uir@mmental innovation to be associated
with a decline in market value.

We shed light into these issues by first analytirggassociation between changes in

clean patenting and market to book ratios arouag#ssage of BC laws.

% This view is broadly consistent with Liou and Shar(2011), who report a positive association betwee
firms’ energy-related patents and Tobin's Q, aslvasl with Dowell et al. (2000) who find a positive
association between firms’ environmental standardsmarket value.



In Table 9, we use as dependent variable the ehanmarket to book around the
BC law passage (computed as the average of posteBGd minus the average of the pre-
BC period). We compute in a similar way the chaimgine ratio of clean patents, which is
used as explanatory variable together with yeaedfeffects and industry intercepts.
Column (1) indicates a positive association betwa®mges in market to book and clean
patenting, i.e. lowering the clean patent ratiouatbthe BC passages is associated with
lower market value. We know from existing worksttB& laws affected other aspects of
firm operations which may correlate with both eomimental innovation and market value.
To reduce this concern, in Column (2) we includarges in other key variables that are
often used in market value regressions, such as,R&Wibility, leverage and total assets.
Although the effect displays a smaller economic mnitagle, it remains statistically
significant at the 10% level.

These findings provides little support to the idleat firms reallocated investment
from unproductive clean projects to more productexpenditures. By contrast, our
findings suggest that while being green is podyiassociated with financial performance
(King and Lenox 2001, 2002) entrenched managenscesdeffort in complicated tasks as

required to pursue a clean innovation policy.

7. Concluding remarks



However, we since innovation may have significartemalities we are not able to
conclude what is the social welfare consequenceshefreduction in environmental
innovation. If environmental unrelated projects éaw higher social return, even after
taking into account the negative private returrfions, we cannot conclude that the drop in
clean innovation due to worse governance was harfofuthe society. Yet, Popp and
Newell (2011) offer two arguments suggesting thiééraative energy innovations are
among the projects with highest social return.tFitsere is comparatively less amount of
research available on alternative energy thanherdiields, which makes the potential for
generating positive knowledge spillovers highercdel, alternative energy innovations
may affect a broader array of industries than ti@al innovations, and thus have a better
potential to constitute General Purpose TechnosogiEhese arguments offer some
indication that cutting environmental innovation edio worse governance may be

detrimental for the society at large.

References

Acemoglu D., Aghion P., Bursztyn L. and Hemous RO0X1) “The Environment and
Directed Technical ChangeAmerican Economic Revieforthcoming.

Aghion P., Dechezleoretre A., Hemous D., MartinaRd Van Reenen J. (2011) “Carbon
Taxes, Path Dependency and Directed Technical gghdfvidence from the Auto
Industry”, Working Paper.

Albert M.B., Avery D., Narin F. and McAllister P1991) “Direct Validation of Citation
Counts as Indicators of Industrially Important Pét& Research Policy20, 251-
259.

Atanassov J. (2009) “Do Hostile Takeovers Stiflendwations? Evidence from Anti-
Takeover Legislation and Corporate Patenting”, WagkPaper.

Balasubramanian N. and Sivadasan J. (2011) “Whaipétss when Firms Patent: New
Evidence from US Economic Census DatRéview of Economics and Statistics
forthcoming.

Bessen J. (2009) “NBER PDP Project User DocumamtatMatching Patent Data to

Compustat Firms”, available dittp://www.nber.org/~jbessen/matchdoc.pdf




Bertrand M., Duflo E. and Mullainathan S. (2004) ot Much Should we Trust
Difference-in-Differences EstimatesQuarterly Journal of Economic&19, 249-
275.

Bertrand M. and Mullainathan S. (1999) “Is Theresd@etion in Wage Setting? A Test
Using Takeover LegislationRand Journal of Economi@&9, 535-554.

Bertrand M. and Mullainathan S. (2003) “Enjoyin@ tQuiet Life? Corporate Governance
and Managerial Preferencegqurnal of Political Econom§11, 1043-1075.

Bloom N., Genakos C., Martin R. and Sadun R. (20Mydern Management: Good for
the Environment or Just Hot Air7ZEconomic Journal 20, 551-572.

Bloom N. and Van Reenen J. (2007) “Measuring andl&nring Management Practices
Across Firms and CountrieQuarterly Journal of Economick22, 1351-1408.
Bloom N. and Van Reenen J. (2010) “New Approaclee8/easuring Management and
Firm Organization” American Economic Review, Papers & Proceedib@8, 105-

109.

Brunnermeier S. and Cohen M (2003) “DeterminantEmfironmental Innovation in U.S.
Manufacturing Industries’Journal of Environmental Economics and Management
45, 278-293.

Carrion-Flores C. and Innes R. (2010) “Environmkntaovation and Environmental
Performance”Journal of Environmental Economics and Managen»®n27-42.

Chemmanur T.J. and Tian X. (2011) “Do Anti-Takeowrovisions Spur Corporate
Innovation?”, Working Paper.

Cockburn 1. and Griliches Z. (1988) “Industry Effeand Appropriability Measures in the
Stock Market's Valuation of R&D and Patent®&merican Economic Reviews,
419-23.

Cole M.A,, Elliot R.J.R. and Strobl E. (2007) “TE®vironmental Performance of Firms:
The Role of Foreign Ownership, Training, and Eigere”, Ecological Economics
65, 538-546.

De Canio S. and Watkins W. (1998) “Investment ineigyy Efficiency: Do the
Characteristics of Firms MatterReview of Economics and StatistBts 95-107.



Dowell G., Hart S. and Yeung B. (2000) “Do Corper&lobal Environmental Standards
Create or Destroy Value”Management Sciene, 1059-1064.

Fernandez-Kranz D. and Santalo J. (2010) “When d&tgeBecomes a Virtue: The Effect
of Product Market Competition on Corporate Sod&sponsibility”, Journal of
Economics & Management Stratety, 453-487.

Francis B.B., Hasan |., Kose J. and Song L. (20Cbyrporate Governance and Dividend
Payout Policy: A Test Using Antitakeover Legishati, Financial Management
40, 83-112.

Giroud X. and Mueller H. (2010) “Does Corporate 8mance Matter in Competitive
Industries?” Journal of Financial Economic85, 312-331.

Gompers P., Ishii J. and Metrick A. (2003) “Corger&overnance and Equity Prices”,
Quarterly Journal of Economickl8, 107-155.

Hall B.H., Jaffe A. and Trajtenberg M. (2001) “TINBER Patent Citation Data File:
Lessons, Insights and Methodological Tools”, WogkiPaper 8498 National
Bureau of Economic Research

Hall B.H., Jaffe A. and Trajtenberg M. (2005) “Matkvalue and Patent Citationd)R AND
Journal of Economic86, 16-38.

Hong H., Kubik J.D. and Scheinkman J.A. (2011) #&fioial Constraint®n Corporate
Goodness”, Working Paper.

Jaffe A. and Palmer K. “Environmental Regulatior dnnovation: A Panel Data Study”,
Review of Economics and Statistig$6510-619.

Jaffe A., Fogarty M.S. and Trajtenberg M. (2000)ntkvledge Spillovers and Patent
Citations: Evidence from a Survey of Inventor&merican Economic Revie90,
215-218.

Jaffe A., Newell R. and Stavins R.N. (2002) “Teclmgical Change and the
Environment” Environmental and Resource Econonft@s 41-69.

Johnstone N., Hascic I. and Popp D. (2010) “René&vBhergy Policy and Technological
Innovation: Evidence from Patent CountsEnvironmental and Resource
Economic#t5, 133-155.



Keller W. and Levinson A. (2002) “Pollution AbatenteCosts and Foreign Direct
Investment Inflows to U.S. StatesReview of Economics and Statisti®4, 691-
703.

King A. and Lenox M. (2001) “Does it Really Paylte Green? An Empirical Study on
Firm Environmental and Financial Performanc@&3urnal of Industrial Ecologyp,
105-116.

King A. and Lenox M. (2002) “Exploring the Locus Bfofitable Pollution Reduction”,
Management Scieneks, 289-299.

Kock C.J., Santalo J. and Diestre L. (2011) “Coap®rGovernance and the Environment:
What Type of Governance Creates Greener Compdnigs®nal of Management
Studiesforthcoming.

Konar S. and Cohen M.A. (2001) “Does the MarketuwéaEnvironmental Performance?”,
Review of Economics and Statisi#& 281-289.

Levinson A. (2001) “An Industry-Adjusted Index otaf Environmental Compliance
Costs”, in Metcalf G. and Carraro C. (ed&ghavioral and Distributional Effects of
Environmental PolicyUniversity of Chicago Press.

Lioui A. and Sharma Z. (2011) “Environmental Corer Social Responsibility and Firm
Value”, Working Paper.

Martin R. (2010) “Why is the U.S. so Energy Interesl Evidence from US Multinationals
in the UK”, CEP Discussion Pape&365.

Papke L.E. and Wooldridge J. (1996) “EconometrictiMds for Fractional Response
Variables with an Application to 401(k) Plan Peigation Rates”,Journal of
Applied Econometric$l, 619-632.

Papke L.E. and Wooldridge J. (2008) “Panel Datahdes for Fractional Response
Variables with an Application to Test Pass Ratdsyrnal of Econometricd45,
121-133.

Peri G. (2005) “Determinants of Knowledge Flows aheéir Effects on Innovation”,
Review of Economics and Statist8® 308-322.

Popp D. (2002) “Induced Innovation and Energy RicAmerican Economic Revie92,
160-180.



Popp D. and Newell R. (2011) “Where Does Energy R&Dme From? Examining
Crowding Out from Energy R&D'Energy Economiggorthcoming.

Romano R. (1987) “The Political Economy of Takeo®#atutes”,Virginia Law Review
73, 111-199.

Romano R. (1993) “Competition for Corporate Chartand the Lesson of Takeover
Statutes”Fordham Law Review1, 843—-64.

Sapra H., Subramanian A. and Subramanian K. (20Cbyporate Governance and
Innovation: Theory and Evidence”, Working Paper.

Scherer F.M. (1983)” The Propensity to Paterititernational Journal of Industrial
Organizationl, 226-237.

Shleifer A. and Vishny R.W. (1997) “A Survey on @orate GovernanceJournal of
Finance52, 737-783.

Stein J.C. (1988) “Takeover Threats and Managekabpia”, Journal of Political
Economy96, 61-80.



Graph 1.
Example of identification using BC laws

This graph illustrates the average logarithm of phes clean patents for firms incorporated in
California and Massachusetts in the years befodeafter 1989. In 1989, Massachusetts passed a BC

law, California never passed a BC law.
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Table 1.
Summary statistics

This table provides summary statistics for the fichmaracteristics. A complete description of each
variable is provided in Table A2.

Number of Mean Standard Median

observations deviation

1) (2) 3) (4)
Paned A. Firm characteristics
Firm sales 18876 4457 2.341 4.396
Capital/Labor 18876 2.861 0.935 2.834
Firm age 18876 2.441 0.925 2.565
HHI 18876 0.162 0.101 0.136
Panel B. Innovation measures
R&D/Assets 18876 0.063 0.082 0.037
Patent counts 18876 12.1045.667 1
Environment-related patent counts 18876 2.843 H0.630

Environment-related patents/All patent$0298 0.257 0.320 0.115




Table 2.
Business combination laws by state

This table illustrates the passage of business catibn (BC) laws in the U.S. states. States tlesten passed a BC law
are listed at the bottom of the table.

State BC law
passage



Table4.
Changesin clean patenting activity

This table presents results obtained from OLS s=joes. The dependent variable in Columns (1) and
(2) is an indicator equal to one if a patentingnfireports at least one clean patent in a given, yeat
zero otherwise. The dependent variable in Colun®satd (4) is the ratio of environmental-related
patents to all patents. Each regression includesffked effects, year dummies, and headquartéase s
and industry linear trends, computed as annualagesr of the dependent variable after excluding the
firm in question. Furthermore, Columns (2) andi(@jude the 1-year lagged logarithm of sales, epit
to labor ratio, R&D stock, firm age. The constroatiof each variable is described in Table A2. Saad
errors, clustered by the state of incorporatiore egported in parenthesis. *, ** and *** denote
significance at the 10%, 5%, and 1%, respectively.

At least one environmental- Ratio of environmental-
related patent related patents/All patents

Dependent variable:

1) (2) 3) (4)
BC -0.0723** -0.0639** -0.0393***  -0.0405***
(0.0293) (0.0253) (0.0142) (0.0143)
Firm sales 0.0414** -0.0026
(0.0178) (0.0080)
Capital/Labor -0.0023 0.0078
(0.0112) (0.0069)
R&D stock 0.0735*** -0.0014
(0.0121) (0.0071)
HHI 0.1220 -0.0988**
(0.0998) (0.0407)
Firm age -0.0153 -0.0101
(0.0199) (0.0122)
Year fixed effects Yes Yes Yes Yes
Firm fixed effects Yes Yes Yes Yes

State and industry trendsres

Number of observations

10030

Yes
10030

Yes
10296

Yes
10296



Tableb.
Substitution between innovation projects

This table presents results obtained from OLS s=joes. Panel A illustrates results obtained usimgronmental-related and unrelated cite weightgent counts as dependent
variables. Each regression in Panel A includesltyear lagged logarithm of sales, capital to latadio, R&D stock, HHI, firm age, logarithm of onéup patent counts, firm
fixed effects, year dummies, and headquarterse statl industry linear trends, computed as annwabges of the dependent variable after excludiaditim in question. Panel
B illustrates results obtained using measures efalvinnovation as dependent variables. Specific@olumn (1) uses the logarithm of one plus pataunts, Column (2) uses
the ratio of R&D expenditures to the book valuessets. Each regression in Panel B includes treadlggged logarithm of sales, capital to labaor&&D stock, HHI, firm
age, firm fixed effects, year dummies, and headgusrstate and industry linear trends, computedrawial averages of the dependent variable afiduding the firm in
question. The construction of each variable is desd in Table A2. Standard errors, clustered leystate of incorporation, are reported in pareigh&s**, and *** denote
significance at the 10%, 5%, and 1%, respectively.

Pand A. Environment-related and unrelated innovations Panel B. Aggregate innovation

Dependent variable: Environment-  Environment- Dependent variable: All patents R&D/Assets
related patent  unrelated patent
counts counts
1) 2) 1) (2)
BC -0.0210** 0.0115* BC 0.0216 0.0014
(0.0085) (0.0058) (0.0289) (0.0017)
Firm sales 0.4409*** 0.8734*** Firm sales 0.1110%** -0.0153***
(0.0108) (0.0143) (0.0141) (0.0011)
Capital/Labor 0.0067 0.0060** Capital/Labor -0.0110 -0.0024**
(0.0055) (0.0026) (0.0099) (0.0011)
R&D stock 0.0016 -0.0045 R&D stock 0.3434*** 0.0294***
(0.0066) (0.0031) (0.0244) (0.0020)
HHI -0.0010 0.0276*** HHI 0.1493 0.0106
(0.0093) (0.0048) (0.1783) (0.0075)
Firm age 0.0142 0.1017*** Firm age -0.0769*** 0.0103***
(0.0745) (0.0372) (0.0208) (0.0021)
Patent counts -0.0529*** -0.0025 Year fixed effects Yes Yes
(0.0145) (0.0076) Firm fixed effects Yes Yes
Year fixed effects Yes Yes State and industry trends  Yes Yes
Firm fixed effects Yes Yes Number of observations 18868 18868
State and industry trends Yes Yes
Number of observations 18868 18868



Table®6.
Robustness checks

This table present results from various specificeti In Columns (1)-(2), we re-estimate Table Su®a (6) using a variety of estimation methodsCloslumn (1), we estimate a fixed-effect
Tobit model with bootstrapped standard errors, giffire pantob Stata code developed by Bo Honoré. In Columnw)estimate a pooled fractional logit model whichbliides state and three-
digit SIC industry fixed effects instead of firmx&d effects. In Columns (3)-(7), we use a varidtgependent variables and subsamples. In Columm@provide OLS estimates using the ratio
of cite-weighted environmental-related patenth#tbtal of cite-weighted patents. In Column (4¢, adopt the ratio of firms’ energy-related pate¢atthe total number of patents. In Column (5),
we adopt the ratio of renewable-related patent€dlumn (6), we use a sample of firms between 18802006 and adopt the G-index as measure of @igpgovernance. In particular, BC is
replaced with a dummy equal to one if the firm hasse governance (above the median G-index) ofatptal or below the median G-index). In Column (¥@,exclude firms headquartered in
California. In Column (8), we exclude firms incorpted in Delaware. In Column (9), we exclude fimzorporated in states that never passed a BClta®@olumn (10), we use a placebo BC
law passage two years its real implementation. &ntifferently specified, each regression incluthescontrols of Table 5, Column (6). The constartidf each variable is described in Table
A2. Standard errors, which are clustered by thee sté incorporation unless differently specifiede aeported in parenthesis. *, **, and ** denotigrsficance at the 10%, 5%, and 1%,
respectively.

Dependent variable: Environmer-related patents/All pater

Alternative Alternative Alternative Alternative Revers
estimation methods dependent variables governance subsamples causality
measure
Fixec- Poolet Ratio of Ratio of Ratio of G-index Excluding Excluding Excluding Placeb
effect fractional  cite- energy renewable California Delaware never BC BC passage
Tobit logit weighted  patents patents HQ incorp. states t=-2
counts
1) (2) 3) 4) 5) (6) () (8) (C)) (10)
BC -0.2763** -0.0279* -0.0475** -0.0126*** -0.0024* -0.0470** -0.0296** -0.0378** -0.0310***  -0.0152
(0.0789) (0.0146) (0.0161) (0.0038) (0.0013) (0.0184) (0.0111) (0.0185) (0.0109) (0.0165)
Year fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Firm fixed effects Yes No Yes Yes Yes Yes Yes Yes Yes Yes
State and industry trendsyes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Number of observations 10296 10296 10211 10296 10296 4099 8721 4826 9596 10296




Table?.
Economic costs

This table presents results obtained from OLS s=joes. The dependent variable is the
ratio of firms’ environmental-related patents te tbtal number of patents. Small and large
stock of environmental-related patents are compuséay the median threshold of a firms’
stock of environmental-related patents. Low andhlagatement costs are computed using
the median threshold of the abatement cost inderstoucted in Levinson (2001) and
Keller and Levinson (2002). Low and high energy efefence are computed using the
median threshold of an energy dependence index.inidex is computed at the industry-
level from the NBER Manufacturing Dataset as theoraf energy expenses (cost of
electric and fuels) to the total value added. Bagnession includes the controls of Table 5,
Column (6). The construction of each variable isadibed in Table A2. Standard errors,
clustered by the state of incorporation, are regubih parenthesis. *, **, and ** denote
significance at the 10%, 5%, and 1%, respectively.

Dependent variable: Environmental-related patetitpétents



Table8.
Institutional owner ship variations

This table presents results obtained from OLS s=jpas. The dependent
variable is the ratio of firms’ environmental-reddt patents to the total
number of patents. Low and high shares of instihgi ownership are

computed using the median threshold. Each regregsabudes the controls
of Table 5, Column (6). The construction of eachialde is described in

Table A2. Standard errors, clustered by the stdténcorporation, are

reported in parenthesis. *, **, and *** denote siigance at the 10%, 5%,
and 1%, respectively.

Dependent variable: Environmental-related patetitpétents

1)
BCxLow institutional ownership -0.0525**
(0.0211)
BCxHigh institutional ownership -0.0392*
(0.0221)
High institutional ownership -0.0101
(0.0143)
Year fixed effects Yes
Firm fixed effects Yes
State and industry trends Yes
Controls Yes
Number of observations 6392

34



Table.
Clean patenting and market value

This table presents results obtained from OLS s=ijpes. The dependent
variable is the change in the market to book ratound the passage of BC
laws. In particular, it is computed as the diffarernf the average of market to
book in the post-BC period minus the average ofpileeBC period. The main
explanatory variable is the change in environmetated patent ratio around
the passage of BC laws, computed similar to thenghaof market to book.

Column (1) also includes year and industry dummi@slumn (2) further

controls for the changes in ROA (EBITDA to totatets), leverage, tangibility
and logarithm of book value of assets. Standamrgrclustered by the state of
incorporation, are reported in parenthesis. * a@fd *** denote significance at

the 10%, 5%, and 1%, respectively.

Dependent variable: Market to book changes arouDg&ssages

1) (2)
Changes in clean patents ratio 0.0152*** 0.0078*

(0.0050) (0.0039)
Year fixed effects Yes Yes
Industry dummies Yes Yes
Controls No Yes
Number of observations 913 804

35



Table Al
Environmental patents

This table illustrates the patent utility classesvided by the U.S. patent classification systdrat were used to classify environmental-related
patents. The grouping and definition of each claisws Carrion-Flores and Innes (2010).

Wind energy 242,073, 180, 440, 340, 343, 422, 260, 374

Solid waste prevention 137, 435, 165, 119, 210, 205, 065

Water Pollution 405, 203, 210

Recycling 264, 201, 229, 460, 536, 106, 205, 425, 060, 098, D00, 162, 164, 198, 210, 216, 266,
422,431, 432, 502, 523, 525, 902

Alternative energy 204, 062, 228, 248, 425, 048, 222, 222, 708, 976

Alternative energy sources 062, 425, 222

Geothermal energy 060, 436

Air pollution control 123, 060, 110, 422, 015, 0423

Solid waste disposal 241, 239, 523, 588, 137, 928, 405

Solid waste control 060, 137, 976, 239, 165, 241, 075, 422, 266, 118, 435, 210, 405, 034, 122, 423, 205,

209, 065, 099, 162, 106, 203, 431

36



Table A2.
List of variables

Name Description Source
Innovation variables

Patent coun Count of a firm’s number of patel NBER
Cite-weighted patercount: [ Count a firm’s number of patents weighed by fuitations received and adjust | NBER

for truncation (as described in Hall et al. 2004&]Itdt al. 2005)
R&D/Asset: R&D expenses to the book value of total assetgping observations with valu Compuste

smaller than zero or greater than 1
Environmente-related Count of a firm’s number of clean pate NBER
patent counts
Cite-weighted Count a firm’s number of environmer-related patents weighed by futuitations | NBER
environmental-related received and adjusted for truncation (as desciibéthll et al. 2001; Hall et al. 200%)
patent counts
Small, medium and lar¢ | Tertiles of a firm’s stock of environmen-related patents, computed usin NBER
stock of environmental- | perpetual inventory method assuming a 15% annymkdgtion rate
related patents
Environmente-related Ratio of a firm’s environmental patent counts te tbtal patent counts. Tl NBER
patents/Total patents definition of environmental-related patents is pded in Table Al
Energy patents/Toti Ratio of a firm’s energy patent counts to the tptient counts. The definition NBER
patents energy patents is provided in Popp and Newell (2011
Renewable patents/Tol Ratio of a firm’s renewable patent countthe total patent counts. The definition | NBER
patents energy patents is provided in Johnstone et al.qR01

Firm characteristics

Firm sale Logarithm of a firm’s sale Compuste
Capital/labo Logarithm of capital (property, plants and equipthém labor(employees) rat Compuste
Firm age Logarithm of (1+age), where age are years a firm has been in Compu Compuste
Market to book rati (prcc_f xcshtr_f)/ceq, where prcc_f is the markétgpof a common share at the ¢ | Compuste

of the fiscal year, cshtr_f is the number of commsbares outstanding and ceq is t
book value of equity. Following Baker and Wurgl2002), we exclude observatior
with values lower than zero or greater than ten

ne
S

Industry and state characteristics

HHI

Industry linear trenc
State linear tren:

Pollution abatement co
index

Herfindah-Hirschman Index, computed as the sum of squarelansihares of a
firms, based on sales, in a given three-digit SdListry in each year. We drop 2.5
of observations at the right tail of the distrilomtito mitigate potential
misclassifications (Giroud and Mueller 2010)

Average of the dependent variable across all fimike same thredigit SIC
industry, where averages are computed excludin§jirthen question

Average otthe dependent variable across all firms in the sstate of location of th
firm, where averages are computed excluding tine ifir question

Computed by Levinson (2001) and Keller and Levin&f02) using data «

U.S. Census Bureau. The index is computed at #te lstvel after adjusting for
industrial composition at the two-digit SIC lev2D(39)

Compuste

0

Compuste

Compuste

Levinson (200%;
abatement costs from the Pollution Abatement CarstisExpenditures survey by thekeller and
Levinson (2002)

Energy dependen Computed at the-digit SIC level from the NBER Manufacturing Dataastthe ratic| NBER
of energy expenses (cost of electric and fuelff)e¢dotal value added
Governance Characteristics
BC | Dummy variable, set equal to 1 starting from tharyehen the BC law was pass |
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Institutional ownershi

G-index

by the state where the firm is incorporated (and toherwise); see Table 1 tthe

listing of passage dates
Fraction of firm’s outstanding sharthat are held by institutional investc

Index developed in Gompers et al. (2003) basedoeargance provisions from tl
Institute of Responsibility Research Center (IRRRQJe index is available for the
years 1990, 1993, 1995, 1998, 2000, 2003, and 2i36ing years are replaced

using the last data available.

Thompsor
Financial CDA
Spectrum
IRRC
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