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Abstract

In this paper we bring together patent data, survey data on environmental values, and com-
petition data, to analyze the joint effect of consumers’ social responsibility and product market
competition on firms’ decision whether to innovate clean or dirty. We first develop a model which
captures the basic intuition that socially responsible consumers induce firms to escape competition
by pursuing greener innovations. Our main empirical findings are that pro-environment attitudes and
competition have both a significant positive effect on the probability for a firm to patent more in the
clean direction and that the interaction term between attitudes and competition is also significantly

positive.

1 Introduction

Should private firms get involved in dealing with global warming and other rising environmental prob-
lems? A traditional view against such corporate social responsibility by Milton Friedman (1970), is that
firms should concentrate on achieving their economic objectives (starting with profit maximization) and
let governments, and/or markets, and/or contracts and regulations, deal with the various kinds of exter-
nalities. However, we see governments dragging their feet when it comes to implementing policies that
effectively deal with global warming and more generally environmental problems. Indeed, as pointed out
by Benabou and Tirole (2010), governments are often captured by lobbies.

Other reasons for why corporate social responsibility should play a growing role in fighting global
warming, are: (a) environmental issues are global, and cannot be resolved by any single country; (b)
carbon taxes are highly unpopular even with electorates that otherwise proclaim their “greenness”: a

)

recent illustration of this fact, was the ”yellow vest” movement in France which was triggered by a

government decision to increase fuel and gasoline taxes. This in turn calls for firms and citizens to
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also take part in the environmental challenge. This is all the more true when consumers, investors,
entrepreneurs, are increasingly willing to act on their own, as they feel a responsibility to ”do their
part”: in other words, private agents and firms respond to intrinsic motivation.

Our focus in this paper is on firms’ incentives to ”innovate clean” | and on the extent to which citizen’s

I More specifically, we argue that

environmental values can be effective in shaping firms’ decisions.
product market competition amplifies firms’ response to citizens’ demand for greater social responsibility
and in particular, for better environment: namely, firms will pursue greener innovations when facing
consumers with a higher degree of social responsibility particularly if they face a higher degree of product
market competition. The basic intuition is that socially responsible consumers induce firms to escape

competition by pursuing greener innovations.

There already exists an extensive literature on the effects of product market competition. First, from
a static point of view, more competition increases consumer surplus by reducing equilibrium (quality-
adjusted) prices, thereby increasing equilibrium consumption (e.g. see Tirole, 1988). Second, from
a dynamic point of view, competition can encourage more innovation by firms which try to escape
competition (see Aghion et al, 2005). We contribute to this literature by introducing environmental
externalities into the analysis of the effects of product market competition. While the static effect of
competition on the environment is likely to be unambiguous - more competition induces more mass
consumption and therefore more pollution?- the dynamic effect of competition on the environment is
more ambiguous a priori. Moreover, what matters for the environment is not so much the effect of
competition on the level of innovation, but rather the effect of competition on the direction of innovation:
namely, to which extent and under which circumstances does product market competition induce firms

to develop new products that are more or less environmentally friendly.

Thus our main question is how do consumers’ environmental values and the degree of market compe-
tition interact empirically, to shape: (i) firms’ R&D effort of firms, hence the types of goods consumed;
(ii) ultimately, the level of pollution/emissions, and social welfare. We show that the answer depends
upon consumers’ (and investors) willingness to pay more for such “socially responsible” products (e.g.,
clean cars, as opposed to bigger, faster, fancier ones).

In the first part of the paper we develop a theoretical model. The economy is populated by representa-
tive agents with standard CES taste-for-variety preferences, but who also care about the environmental
“footprint” of their own consumption bundle. There is a continuum of differentiated goods, such as
cars, appliances, etc., and the production and/or consumption of each good generates a certain amount
of pollution, which is negatively correlated with the environmental-friendliness or “ethicality” of the
technology embodied in the good by its producer. Producing cleaner goods, or producing more cleanly,
requires incurring up-front fized costs, such as R&D expenditures to develop the appropriate technolo-
gies. We then look at how the equilibrium amount of clean R&D, and then the equilibrium amount
of pollution and aggregate welfare, depend upon consumers’ degree of environmental concern (or social
responsibility), product market competition, and the interaction between the two. While higher market
competition reduces post innovation rents, we show that under suitable parameter restrictions the es-
cape competition incentive to innovate green dominates, and that there is a positive interaction between
consumers’ degree of social responsibility and product market competition on the equilibrium amount

1Citizens could also directly impact on the environment by contributing to environmental NGO’s, but it may be more
efficient to “delegate” some of their socially responsible preferences to firms, who have knowledge to directly affect outcomes.
Moreover, enhancing one’s social image may be more effectively achieved through the choice of consumption items (e.g by
purchasing greener cars) than through writing checks to charitable causes: the latter tends to be less visible except for the
very rich, who write huge and well-publicized checks.

2The examples of China or India today, or of the US since the 1980s, are particularly illustrative in that respect.



of green R&D and innovation.

In the second part of the paper, we bring together patent data, survey data on environmental values,
and competition data to test empirically the model’s key comparative statics. We relate the extent to
which firms innovate in a clean direction to firm specific measures of exposure to pro-environmental
attitudes and to competition. A firm’s exposure to attitudes and competition is defined as a weighted
average of country level measures of attitudes and competition, where the weights proxy for the impor-
tance of the various countries for the firm. For competition, we also show results using firm-level Lerner
index type of competition measures but we can only do this for a sub-sample of firms. We follow Aghion
et al. (2016) in two respects: first, we focus primarily on the automobile sector, where the distinction
between clean and dirty patents is easy to make and relevant;second, the weights above mentioned are
computed using the firm’s patenting activity between 1950 and 1995, i.e. before our period of analysis.
This is based on the assumption that firms only take out patent protection in a particular market if this
market is important to them. We also check robustness to alternative weights definition and to specifica-
tion at the firm-country level where no weights are needed. Our main findings are that pro-environment
attitudes and competition have both a significant positive effect on the probability for a firm to patent
more in the clean direction and that the interaction term between attitudes and competition is also
significantly positive.

Our research relates to several strands of literature. First, our paper relates to the environment and
growth literature pioneered by Nordhaus (1994).° However innovation, competition and corporate social
responsibility considerations are absent from this literature which revolves around the introduction
of environmental costs in an otherwise classical Ramsey growth model. Second, there is the recent
literature on corporate social responsibility. Here we refer the readers particularly to Benabou-Tirole
(2010) and to Hart-Zingales (2019) and to the references mentioned in these two papers. We contribute
to this literature by introducing product market competition as a channel whereby consumers’ social
preferences can influence firms’ decisions.

Our paper also relates to the literature on competition and innovation, see e.g. Vives (2008) and
Aghion et al. (2005). We contribute to this literature by introducing environmental and corporate social
responsibility considerations into the analysis.

More closely related to our analysis in this paper are recent papers on innovation and the environment,
in particular by Acemoglu et al. (2012), Acemoglu et. al (2016) and Aghion et al. (2016). However,
none of these papers looks at the joint effect of product market competition and consumers’ social
responsibility on the greenness of innovation.

The remaining part of the paper is organized as follows. Section 2 develops the theoretical analysis.
Section 3 discusses the empirical strategy and data sources. Section 4 presents the empirical results.
And Section 5 concludes.

3See also Nordhaus (2002), Stern (2007) and Weitzman (2007, 2009),



2 Theoretical analysis

2.1 Basic Model

2.1.1 Consumers

There is a continuum of differentiated good, such as cars, appliances, etc., indexed by ¢ € [0,1]. The
production or consumption of each unit of good i generates 7; € [0, 1] units of pollution or similar
negative externality. Conversely, e; = 1 — 7; measures the environmental-friendliness or “ethicality” of
the technology embodied in the good by its producer.

The economy is populated by representative agents with standard taste-for-variety preferences, but
who are also care about the environmental “footprint” of their own consumption bundle. Formally,

preferences are given by:
o
o—1 o—1

U= U [C:(1—m)°] 7 di| (1)

where § > 0 parameterizes the extent to which consumers feel a social responsibility for the externalities
they generate, or avoid. The elasticity of substitution (or inverse product differentiation) o > 1, will, as

usual, be a key measure of the degree of market competition.

Given goods’ prices p; and “greenness” levels e;, consumer’s problem is standard. Normalizing income

to Y =1, the optimality conditions take the form

o7l 2o, (2)
A= /\/piC,;di - /Cf%ef(%)di. (3)

Hence

Pi = g d 1 ) (4)
o1 s(e=1)
JC;° ej( 7 )dj

which clearly shows he “ethical premium” that socially responsible consumers are willing to pay for

cleaner goods.

2.1.2 Firms

Producing cleaner goods, or producing more cleanly, requires incurring up-front fized costs, such as

R& D expenditures to develop the appropriate technologies. Monopolistic competitive firms thus choose

prices and investments to maximize:*

max IT; = (p; — ¢)X; — gef, subject to (5)
Pi€i
Xi = Cl = (/\pi)_ge(?(oil),

(3

40ne could also incorporate a variable cost of the form ¢ (e;)* X;, but this would just rescale d.



leading to the optimality conditions:

p=e(50), )

Sle—1)
ke, =0 (0 —1)(p; — c)(Apy) 7 +——. (7)

€;

The first one is familiar and implies that all firms charge the same price p; by (6) they then also choose
the same technology e, and by (4) all goods’ consumption levels are also equal. The equilibrium is
therefore necessarily symmetric, with e given as a function of A by substituting p into (7):

oo ()

5C1_GA_U <O' - 1) _ K‘,@Q_J(U_l)- (8)

which simplifies to

g

2.2 Equilibrium and main result

Conversely, we now solve for the marginal utility of income X as a function of technology e, using (6)-(4)
and symmetry: p; =1/C :

Substituting into (8) and simplifying leads to the following results.

Proposition 1 (technological choices). Technology’s level of environmental-friendliness e is given

by:
6 (fo—1
2—7
e —K( - ) (10)

with e = 1 — 7 < 1 (interior solution) as long as cleanliness is not too “cheap” to achieve relative to

consumers’ desire for it (§ < Kk is a sufficient condition for all values of o). Moreover:

oe* de* 0%e*
_— . 11
26/m) " a0 7 acam (11)

These are the three main predictions that will be tested in our empirical analysis: the intensity
of “green” innovation by firms, measured through their patent mix, should rise with the strength of
consumers’ social responsibility concerns and the degree of market competition, and rise more which
each of these factors, the higher is the other, thus displaying complementarity.

A final remark to conclude this section: in the above analysis we have restricted attention to param-
eter values for which an interior solution e > 0 exists; however, when product market competition as
measured by o increases, the set of parameter values for which profits are no longer sufficient to cover the



fixed R&D cost and consequently e* = 0, expands. In other words, there is a counteracting *Schumpete-
rian* effect to the escape competition effect driving the above proposition: namely, higher competition
reduces ex post rents to (clean) innovation. This counteracting *Schumpeterian effect® appears even
more clearly in Appendix B where we endogeneize o by making it depend on the number of firms (the
number of firms is in turn is determined by a free entry condition, thus in equilibrium it depends upon
an entry cost parameter).

2.3 Competition, pollution and welfare

One is ultimately interested in clean innovation not per se, but really because pollution is a public bad,
and conversely reducing it a public good. We therefore now ask how the equilibrium level of pollution
(and, later on, welfare) varies with competition, citizens’ social responsibility, and their interaction. Of
course, whereas firms’ patenting mix is observable at the country and even firm level, there is no data
on the resulting changes in local or global pollution that would allow an empirical implementation of
this part of the model. The theoretical analysis is nonetheless important to understand the key forces
determining whether competition is ultimately “green or brown,” and how this relates to the presence
and strength of the innovation-directing effects that we do empirically document.

Let us start by noting that direct effect of competition on pollution is always an adverse one: by
driving prices down, it increases demand and production (C) and therefore, for any fixed technology,

results in higher emissions

Z=Cr=(1-e). (12)

One can see this effect operating dramatically in China, India, and other developing countries, where
allowing producer competition (including via imports, foreign subsidiaries and joint ventures) has mas-
sively increased the number of vehicles, and correspondingly the level of pollution. (As well as congestion,
which is a very similar externality). One can also see it in the US, both: (i) in historical terms of mass
access to cars; (ii) in the trend toward bigger and more powerful cars (an increase in per-driver C or X) :
gas-guzzlers in the 60’ and 70’s, and then SUV’s since the 90’s, with regular sedans now increasingly
rare. There are of course other intervening factors, like fluctuations in oil prices ¢ (which the previous
section incorporates) and safety concerns, the latter also involving an arms-race-type externality.’

This makes even more interesting and critical the extent of green R&D and innovation, by raising

the questions following questions:

1. Can the green-innovation effect of competition, analyzed above and empirically documented in
Section..., prevail over the “mass consumption” effect, resulting in a decrease of total emissions?
(For instance, for more cars but mostly hybrid or electric). And if so, what is the role of consumer’s
social-responsibility motivation in making this happen?

2. More generally, given that both consumption-utility

U=cCe (13)

5This “mass consumption” or direct “quantity” effect obviates the need to also consider investments in dirtier but
cheaper technologies: competition already has offsetting good and bad effects on emissions, the latter occurring because
goods become cheaper (in sales prices rather than production costs). Investments in cost-cutting technologies that simply
reduce the marginal cost ¢ without changing 7, or that make cars more attractive at a given price (e.g., more fun or
comfortable) would, similarly, also be intrinsically “dirty,” as again they would lead to more consumption C' and pollution
TC.



and pollution damages Z = (1 — ¢)C matter for welfare, how does the latter ultimately vary with
competition, preferences, and their interaction?

In what follows we answer these questions using the basic model without carbon taxes (they could
be added back in, but the additional complexity might require the model to be solved numerically), and
focusing again on the elasticity of substitution as the key measure of competition.

2.3.1 Pollution

From (2), (6) and (9), we have:

1
aC~7ed™ = \p = %! 7% (—

Using (10), total pollution therefore equals

Z:i(l—e):i(l—ﬂﬁ), (15)

which naturally decreases with environmental concerns § and production costs ¢, while increasing with
green-R& D costs k. As to competition, we clearly see its two opposing effects: a higher a increases
consumption and production C' (by driving down prices p closer to marginal cost), but it also induces
firms to adopt cleaner technologies. What is the net impact?

Proposition 2 (pollution and competition). Total pollution is given by (15). When environmen-
tal preferences are low relative to the costs of green RED, 6/k < 2/3, it always rises as competition
intensifies. When §/k > 2/3, pollution is hump-shaped in competition, peaking at

. ot —1 (27
Q= E<36>, (16)

then declining. The benefit of competition appears earlier, and reduces pollution faster, the higher is 0 /k.
In both cases, 0°Z/0ad (§/k) < 0.

Naturally, pollution’s global minimum is always at zero consumption and production, which corre-
sponds to minimal competition, @ = 0 (infinite prices, zero demand). But of course that primitive,
“horse-and-carriage” state of technology is far from optimal from any reasonable welfare perspective.

2.3.2 Consumption utility

The first component of individuals’ welfare is their utility from consumption, which here includes their
displeasure or guilt from the externalities their own behavior creates:

146/2 $
U = C@‘; = @ <5) . (17)

c K

For any given level of competition o, it is naturally decreasing in costs ¢ and . To examine how U varies
with prosocial concerns, note that:



ou 1

Therefore U increases with § up to §* = exp(1/2) = 1.65, then declines. On one hand, a higher ¢
means that consumers experience more disutility —e.g., guilt— from each unit of pollution embodied in
their consumption. On the other hand, a more environmentally concerned population pushes firms to

produce cleaner goods (albeit more expensive ones). Turning now to the effects of competition, we have:

)

Proposition 3. Competition results in higher consumption utility, OU/0a > 0, by both pushing goods
prices down and their environmental quality up. This effect of competition increases with consumers’
degree of social responsibility, U /060 > 0, if and only if either of these two factors is high enough,

1 2
a>d55exp< +6), (18)

namely,

446

where the right-hand side threshold is decreasing in 6.

The first result is immediate from (19), the second one is shown in the appendix.

2.3.3 Welfare

Consumer welfare The second major component of people’s welfare are the damages inflicted on

then by total emissions. Their net utility is thus
V=U-y(Z)=Ce —U(C(1—e)),

where 1 is some increasing and convex function. Clearly, welfare’s variations with respect to «, and
thus also the optimal level of competition from consumers’ point of view, will depend on the level and
sensitivity of ¢(-). We analyze them here using a convenient functional form, but also show more general

results in the appendix (Proposition 7).

Specifying ¥(Z) = ¢ Z**¢ and using (14)-(15), we have

SRS

Differentiating (19) with respect to o and using the fact that e = da/x then leads to:
oV ) § 3 K\¢ 2
—=(14+=)e -y (1-Ze)(1 ) % (1 —e)s. 2
e =(1+3) e —v(1-3) avo (1) a0 (20)

Clearly, V is always increasing for « large enough that e > 2/3, as in this range consumer utility rises
and pollution declines. Its maximum is therefore reached either on [0,x/d)4/2/3] or at 1, and in the

appendix we show:

Proposition 4 (consumer welfare). Let utility losses from pollution level Z be % Z1+¢, ¢ > 0.

60ne could also try to relate consumers’ intrinsic dislike for the (infinitesimal) externalities they create on others to
the marginal reduction in the aggregate welfare loss ¥(Z) that would result from a coordinated reduction in C. While
such exactly “Kantian” preferences, linking the marginal utility of individual consumption to ¥/(Z), are not analytically
compatible, with the current setup, imposing a positive relationship between ¢ and ¢ would capture some of that intuition.



1. For ¢ <§/2, consumer welfare V(a!) is mazimized at o = 1 (perfect competition) if and only if
s
“ ()

1+¢
(V%)

and at « =0 (no competition) otherwise. The first case is more likely, the higher are §/k and c.

> 1), (21)

2. For ¢ > 6/2, (21) is a sufficient condition for V(«a) to have an interior mazimum, which is then
such 0 < aj, < (k/6)+/2/3. Furthermore, O, /OY < 0 < Doy /D6.

Profits The last component of total social welfare is firms’ profits, which (absent entry, and normalizing

N =1) equal:
)
I=1- (1+§)a. (22)
Naturally, they fall with «, as competition forces firms to both reduce their markup and make costly
investments in green R& D; they also decline with 6. It clearly follows that increases in competition «
and/or in consumer’s social responsibility § will have less favorable effects on both total economic surplus
U = U +1I and total social welfare V = V 411 than those analyzed above for U and V. As a result, the

corresponding optimal degree of competition o will be lower.

The case of U is relatively simple. From (17) and (A.16), consumption utility and firm profits sum

146/2 $
U+H=O‘C (i) —|—1—<1+6)a. (23)

to:

2
Differentiating yields:

Proposition 5. Total economic surplus (gross of pollution damages) is U-shaped in the degree of com-
petition: starting from o = 0 it declines, then starts rising once (e*)é = (ad/K)° > c.

Note that since we have been assuming ad/k to ensure an interior solution (7* > 0), the above
condition for there to be a rising part requires that ¢ < 1.Similarly,

s
lim(U+H):1(6> —g

a—1 C KR

is positive (alternatively, greater than lim,_,o(U + II) = 1) if an only if ¢ is small enough. This may
seem odd but is not specifically linked to endogenous technological choice, however. Indeed, as § — 0
we get back the standard Dixit-Stiglitz model, in which

U+H—>a+1—a:1+a<1—1>.

c ¢

The U-shape and the possibility that & = 0 could be the optimum are thus general features of CES
preferences and fixed consumer income (normalized to 1). For “full” general equilibrium, one would
want to rebate firms profits (positive or negative) to consumers, or allow for endogenous entry so that
rents will be dissipated on entry costs, with now an endogenous mass [0, N| of firms/goods as opposed
to the current [0, 1].



2.4 Incorporating carbon prices or taxes

In this section we extend the model to allow for carbon or other environmental taxes, or equivalently
variations in the price of polluting inputs; in the empirical analysis, the corresponding variable will be
the tax-adjusted price of oil.. We show that all the results in Proposition 1 remain unchanged, and
derive further predictions about the impact of the tax or oil price and its interactions with both market
competition and consumer preferences.

Assume that a tax of ¢ per unit of pollution emitted when consuming/using a good, or in the process
of producing it, is now imposed on consumers. Thus, when producer prices are p;, consumers face prices
gi = pi + t1;. Equivalently, the pollution is created by the use of a complementary good (gas for the car,
heavy metals components in electronics, CFC’s in air-conditioning units) in fixed proportion 7;, and the
total price (including taxes or subsidies) of that input is ¢ per unit.

Producers’ problem is unchanged, and thus still leads to p; = p and e; = e = 1 — 7 given, as a
function of A, by (8). On consumers’ side, the prices p; are replaced by ¢; = p+te = ¢q. The equilibrium
is therefore again symmetric, with now: C'=1/q and (3) taking the form

1-0 5(07*1)

Substituting into (8), the new equation defining e is therefore:

1-o [ 122 s5(2z1)]77 -1\ _ L ,2-8(c—1) g -1\ g\t _ k2
oc [q e } ( > ) Ke <— ( > (c) 56.
Or, finally:
~1 1— —1\17"
(5 () ()] -5 @

The left-hand side is decreasing in e and the right-hand side increasing, so again as long as /k < 1 (or

< 0/(0 — 1) more generally), there is a unique equilibrium and it is interior. We can furthermore show
(proof in the appendix).

Proposition 6 (carbon prices and technological choices). Technology’s level of environmental
friendliness e = 1 — 17 € (0,1) is uniquely given by (24), and has the following comparative-statics

properties:
de* de* d%e
56/%) =% a0 7 Geaismy Y (25)
Oe* 0%e*

atjo) ~  avaje < (26)

The level effects are the same as before, except that now the marginal cost of production ¢ also
matters, reducing clean investments, whereas carbon or oil prices ¢ correspondingly raise them; this is
intuitive. Also unchanged is the result that competition and environmental preferences are complements,
whereas we now see that competition and carbon taxes (or oil prices) are substitutes. The underlying
intuition is that both ¢/c and o push firms to increase e*, thus moving up the increasing-marginal-cost

curve.

10



3 Empirical Strategy

We now turn to testing empirically the model’s key comparative statics. In particular we relate the ex-
tent to which firms innovate in a clean direction to firm specific measures of exposure to pro-environment
values and to competition. Our main analysis is at the firm-level. We run regressions of the following
form, where 7 is the main coefficient of interest

Innovation; s = aValues;; + fCompetition; : + yValues;, x Competition;

+ 5Xj7t +Ji + T+ (27)

In our main specification, Innovation;, is the number clean patents that firm j made in period ¢,
net of dirty patents, measured as log(1+number of clean patents) -log(14+number of dirty patents). In
some specifications, we investigate the effect on clean and dirty patents separately. J; are firms fixed
effects, T} period fixed effects (t= 2000 or 2010). Standard errors are clustered at the firm level.
Values; s is a firm specific measure of exposure to pro-environment values. It is defined as a weighted
average of country level attitude measures. Thus the attitude variable for firm j in period ¢ is given by:

31
Values; = E wje X values.

c=1

Where values.; is the attitude level in country c period ¢ and wj . is our measure of the importance
of country c¢ for firm j. We compute it using patenting activity from PATSTAT data in a pre-period
of analysis. More precisely, we define w; . as the share of patents made in country c by firm j between
1950 and 1995. We restrict attention to the 31 countries for which we have data on social values. For
countries who did not patent in the pre-period, or at least did not patent in the relevant set of countries
in the pre-period, we assign uniform weights.

Our main competition measures for firm j in period t are defined similarly as a weighted average of
country level measures of competition. For a subset of firms, we are able to check robustness to firm
level measures of competition, defined in more details in Appendix B but that can be interpreted es-
sentially as a Lerner index. X, are controls, including GDP, population and oil prices. They are also
defined for each firm as a weighted average of country level variables, with weights defined as above.

In order to check the robustness of our results to our weighting approach, we use two alternative def-
initions of the weights and we also run the analysis at the firm-country level, where no weights are
needed. Regarding the alternative weighting approaches, the first one aims at taking into account the
fact that richer countries might matter a lot even for firms who did not patent there in the pre-period.
Therefore the first variant includes per capita GDP in the pre-period in the weight definition, such that

Zilzl w;j, e XGDPPC¢ pre—period Xvaluesc i
3211 wj,e XGDPPCe pre—period
firms who did not patent in the pre-period of analysis. Instead of assigning them uniform weights for

Values;; = The second variant has to do with the way we treat

each country, we weight each country based the average weights that firms who did patent get for this

country (results to be included later).
In terms of the analysis at the firm-country level, where no weights are needed, the specification is as

11



follows

Innovation; . = aValues.; + BCompetition.; + vV alues., x Competition.

+ 6Xc7t + Jj x C. + Tt+j,c,t (28)

The dependent variable is based on the number of patents of firm j at time ¢, in country c, which we
can directly relate to country level measures of values and competition. We show results with either
firm, country and time fixed effects, all separate, or with firm times country fixed effects and time fixed
effects.

4 Data sources and summary statistics

4.1 Clean innovation data

We look at the number of clean innovations, the number of dirty ones, and most importantly the dif-
ference between the two. Our main variable of interest is thus Log(1+ number of clean patents) minus
Log(1+ number of dirty patents). We focus on innovations in the car industry following Aghion et al.
(2016) which we derive from patent data. Our sample consists of all the firms who patented in the car
industry at least once either in the first period of analysis (1998-2002) or in the second one (2008-2012).
This gives us 8,562 firms.

Any given innovation is typically patented in a variety of countries. However, the PATSTAT patent
database maintained by the European patent office allows to track all individual patents belonging to
the same patent family. We use this to count families rather than patents and refer to a family as an
innovation. Using the patent classification system (IPC”) we identify clean innovations as all innovations
related to non fossil fuel based methods of propulsion such as electric and hydrogen cars and related
technologies (e.g. batteries). Similarly, we identify dirty innovation as those related to the internal
combustion engine. In robustness tests we also explore the impact on grey technologies; i.e. technolo-
gies that improve the efficiency of the internal combustion engine. For that we rely on the recently
introduced Y02 classification system.® This was introduced by the European patent office with the help
of patent examiners to identify innovations that are relevant to mitigate climate impact and was also
applied retrospectively; i.e. for innovations from before the introduction of the classification system.

Figure 1 looks at the share of clean, dirty and grey innovations in total innovations in recent years.
Since 1990 the shares of both clean and grey innovation have been increasing while the share of dirty
innovation has been declining. However, at the end of our sample this trend has been reversing with a
sharp decline in clean innovations, a somewhat less sharp decline in grey innovations and an increase
in dirty innovations since 2010. There is no conclusive evidence yet as to what could be responsible for
this reversal. It could be connected to declining oil prices and/or the changed climate for more risky
investments in the wake of the great recession.

"https://www.wipo.int/classifications/ipc/en/
8https://www.epo.org/news-issues/issues/classification/classification.html
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Figure 1: Share of clean automotive innovations
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Notes: The figure shows the share of worldwide clean, grey and dirty automotive in total innovations
over time.

4.2 Social values data

The data on social values come from the International Social Survey Program (ISSP) and from the World
Value Survey (WVS). Several questions could capture the pro-environment values we are interested in.
We focus on the one that is common to both surveys and allows to maximise coverage both in terms
of countries and time periods. This question is stated as follows in the ISSP: "How willing would you
be to pay much higher taxes in order to protect the environment?” Answers vary from 1.”very willing”
to 5. ”very unwilling” and we reverse code it such that a higher value means a more pro-environmental
attitude. In the WVS, the corresponding question is the following: "I am now going to read out two
statements about the environment. For each of them, can you tell me whether you strongly agree,
agree, disagree or strongly disagree? First statement: I would agree to an increase in taxes if the extra
money were used to prevent environmental pollution”. Answers are 1. ”strongly agree”, 2. "agree”,
4. "disagree” and 5 "strongly disagree”. We code as 3 the "dont know” answers and then reverse code
the other answers as we did for ISSP such that a higher value means a more pro-environmental atti-
tude. Using these two question from ISSP and WVS, we cover 31 countries for 2 periods: 2000 and 2010.

We also use one additional variable from each survey to create an index. For ISSP, the question is:
”"How willing would you be to pay much higher prices in order to protect the environment?”. For the
WVS, the question is about the respondent agrees with the following statement: ”I would give part of my
income if I were certain that the money would be used to prevent environmental pollution”. Answers to
these two additional variables are reverse coded exactly similarly as what is done for the main variables.
We then collapse all variables at the country-period level, transform in z-scores and then average over
which ever is available for the country-period observation.

Figure 2 provides time series plots of (average) pro social values over time for the 32 countries for which
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Figure 2: Pro environmental values over time by country
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Notes: The figure shows the average level of pro environmental support (support for environmental
taxes) across 32 countries included in our study. Pro environmetal support is measured on a scale from
1=Strongly opposed to environmental measures to 5=strongly supportive of environmental measures.

we were able to obtain such information at several points in time.” There are at least two interesting
facts to point out: Firstly, there is surprisingly much variation of this figure within countries. Secondly,
over the period from 1992 to 2017 the prevailing trend has been a sharp reduction in pro-environmental
attitudes in nearly all countries considered. The reasons for this are still largely unclear and there is little
awareness of this fact in the literature. Franzen and Vogl (2013) suggest a general fatigue of the public
for environmental topics. It is notable, that the decline goes along with the widespread introduction of

major policy efforts to address climate change.

4.3 Competition data

To measure competition, we use two approaches. The first one relies on country-level competition
measures, using two different indicators coming from different sources: the OECD Product Market
Regulation (PMR) indicator and the World Bank openness measure. The second approach relies on

firm-level measure of competition.

The PMR indicator from the OECD (Koske and Barbiero, 2015) is comprehensive variable which aggre-
gates responses to three main areas: state control, barriers to entrepreneurship, and barriers to trade
and investment. It captures the degree to which policies promote or inhibit competition in areas of

9Note that this includes most major economies, although there are some notable exceptions including Italy and Spain.
Despite this the bulk (over 80%) of the firms innovating in the automotive sector reside in those countries.
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the product market where competition is viable. It covers all OECD members as well as 21 non-OECD
members, and is computed every five years since 1998, but the complete data is not available for all years
and countries. This indicator is built using a questionnaire of 700 questions which are then numerically
coded and normalized over a zero to six scale. A greater numerical value indicates more (less) prod-
uct market regulation (competition). These normalized answers are then aggregated into 18 low-level
weighted average, which are then grouped into seven mid-level indicators used to compute the value of
state control, barriers to entrepreneurship, and barriers to trade and investment. The final PMR value
is just a simple average of these three areas. For robustness we also use as an alternative measure of
competition the openness measure of the World Bank.

To compute firm level measures of competition we rely on a Lerner Index style approach which we derive
from a structural production function regression. Compared to a standard Lerner Index this allows
for non-constant returns to scale as well quasi fixed production factors. A detailed description of the
approach can be found in Appendix B.

Figure 3 plots the country level indices over time (normalised to 2000 values). This suggests consid-
erable variation over time with indicators increasing by more than 50% in many countries. That said,
there are also a number of countries, where competition indicators have been flatlining or reducing; e.g.
in Canada, New Zealand, Russia or the Philippines. By contrast, the firm level competition measures
suggest more homogeneity over time. Panel (a) of Figure 4 shows deciles of the distribution of markups
over marginal costs - i.e. the inverse of the Lerner Index - across firms. This suggests that markups (and
by implications competition) have been flatlining over time with the exception of the top decile where
we see an upward trend from 2003 onwards. Panel (b) on the other hand shows changes in market power
in continuing firms between 2002 and 2012. This would suggest that in the majority of firms, there was

actually a reduction in market power over that time period.'.

10These observations are interesting in light of recent discussions about so called superstar firms (e.g. Autor & al., 2017).
While panel (a) would seem broadly support of the idea that some firms at the top of the distribution are able to gain
increasing amounts of market power, panel (b) suggests that this could be the result of compositional changes; i.e. firms
with low market power exiting along with weaking market power in remaining firms.
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Figure 3: Competition over time by country
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Notes: The figure shows the Worldbank openness index over time (normalised to 2002) across 32 countries
included in our study.
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Figure 4: Firm level Markups

(a) Distribution over time (b) Changes 2002-2012
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Notes: Panel (a) shows centiles (10th to 90th percentile) of firm level markups (i.e. inverse of the Lerner
index) over time. Panel (b) show the distribution of changes in markups between 2002 and 2012.

4.4 Patent portfolio weights

Figure 5 shows descriptive statistics of the raw patent weights. In panel (a) we report mean values.
This shows huge heterogeneity. Only larger countries with dominating automotive sectors have average
share of more than two percent: e.g. US, Germany (DE), Japan, the UK (GB) and France. For most
countries the share is smaller than 1 percent. That said almost all countries have some firms that
patent exclusively in that country as panel (b) reporting density plots of non zero shares for all countries
demonstrates. Again for the most dominating countries the probability distribution is bi-modal with a

substantial probability mass of firms only focused on the domestic market.

Figure 5: Patent shares
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Notes: The Figure reports statistics on the patentshare weights that we use to compute firm level
weighted averages of country level variables. Panel (a) The average patent share across firms for all
countries in the dataset. Panel (b) shows density plots of non zero patent shares.
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4.5 Country-level controls

GDP data and population come from the IMF World Economic Outlook database. It covers IMF
members since 1980 using data from national statistics offices and international financial institutions.

We get data on country level end user automotive fuel prices from the International Energy Agency
(IEA).

5 Empirical results

5.1 Main results: firm-level analysis

Table 1 reports our main results from specification (27). In this table the dependent variable is
log(1 + #clean patents) — log(1 + #dirty patents). We see that both pro-environmental values and
competition have a significant positive effect on net clean innovation and that the coefficient of the
interaction term between these two variables is also significantly positive. Thus the data support the
three comparative statics of Proposition 1.

Columns (1) through (4) show that these results are robust to using alternative data source or vari-
ables to measure either competition or values. For competition, as described in section 4.3, we use either
a weighted average of country level measures from the OECD (columns 1 and 2) or from the World
Bank (column 3) or a firm-level measure (column 4). The construction of the firm-level measure of
competition is described in the appendix B. It requires using balance sheet data from another dataset
(ORBIS). The merge between ORBIS data and our main patent data is only possible for a subset of
firms, hence the sample shrinkage in column 4. But despite this smaller sample size, we still find that

competition interacted with values has a positive effect on clean innovation.

The robustness to different measures of values is assessed by comparing column 1 and column 2. In
the first column, we use the ”higher tax” question described in section 4.2 whereas in column 2 we use
an index also described in section 4.2 which takes into account two additional variables whenever they
are available. We see that results are very similar whether we use the index or the higher tax question

only.

To ease the interpretation of the magnitudes, all variables are z-score. Using estimates from column
1, we see that a one standard deviation increase in exposure to pro-environmental values is associated
with a growth rate of clean patents 17% higher than that of dirty patents, at the mean level of competi-
tion. This effect increases to 28% for levels of competition one standard deviation higher than the mean.
In terms of the main effect of competition, a one standard deviation increase in exposure to competition
is associated with a growth rate of clean patents 19% higher that that of dirty patents, at the mean level
of social values. As expected an increase in fuel prices is also associated with a higher growth rate of

clean patents relative to dirty ones.
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Table 1: Effect of values and competition on clean innovation - firm level analysis

M ) ) @
VARIABLES Log (1++#clean)- Log (1++#dirty)
Values 0.170%** 0.229%** 0.233%%* 0.594%+*
(0.0397) (0.0500) (0.0524) (0.144)
Competition 0.189*** 0.161%*** 0.325%* -0.0223
(0.0614)  (0.0605) (0.139) (0.0305)
ValuesXCompetition 0.109%**  0.0703***  0.0875*** 0.0620**
(0.0370) (0.0234) (0.0231) (0.0243)
Log fuel price 0.766%+* 0.601** 0.151 0.856
(0.235) (0.244) (0.236) (0.663)
Competition measure OECD OECD World Bank Lerner
Values measure Higher tax Index Higher tax  Higher tax
Observations 17,124 17,124 17,124 2,706
R-squared 0.121 0.122 0.121 0.199
Number of xbvdid 8,562 8,562 8,562 1,854

Note: this table reports results from our main firm-level specification (see equation (27) in section 3)
Columns differ by the measure of values or competition used. Standard errors are clustered at the
firm-level. Regressions control for log of GDP and log of population

Table 2: Interacting values and competition with the price effect

(1) (2) (3) (4)
VARIABLES Log (14+#clean)- Log (1++#dirty)
Values 0.163***  0.216%** 0.253*** 0.424***
(0.0608) (0.0569) (0.0559) (0.160)
Competition 0.234***  (.195%** 0.300%* -0.0135
(0.0705) (0.0700) (0.162) (0.0305)
ValuesXcompetition 0.0909* 0.0568 0.0440 0.151%**
(0.0548) (0.0425) (0.0524) (0.0524)
CompetitionXprice 0.0793 0.0619 -0.00159 0.111**
(0.0567) (0.0513) (0.0614) (0.0495)
ValuesXprice 0.0694 0.0404 0.0841 0.0803
(0.0469) (0.0419) (0.0724) (0.0943)
log_fuel_price 0.350 0.378 -0.207 0.455
(0.378) (0.360) (0.560) (0.727)
Competition measure OECD OECD  World Bank Lerner
Values measure Higher tax Index Higher tax  Higher tax
Observations 17,124 17,124 17,124 2,706
R-squared 0.122 0.122 0.121 0.207
Number of firms 8,562 8,562 8,562 1,854

Note: this table is the same as Table 1 except that it adds interaction terms between log of fuel price
and values on the one hand and competition on the other hand.
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In the Appendix, we report results separately for clean and dirty innovations (respectively in table
Al and table A2). We see that the interaction between values and competition has a significant positive
effect on clean innovation. Regarding dirty innovation, pro-environmental values have a quite strong
negative effect while competition has either no statistically significant effect or a positive one. This
suggests that although competition increases clean patents relatively more than dirty ones, it always
increases innovation whereas values really decrease the rate of growth of dirty innovation.

Table 2 reports results when we add two interaction terms, one between the log of fuel price and values
and one between the log of fuel price and competition. Indeed the predictions of the model are that
the first one should be positive while the second one should be negative. Overall, empirical results are
largely insignificant and if anything the two interaction terms seem to yield small positive coeflicients.

5.2 Analysis at the firm-country level

Table 3 reports results from the firm-country level analysis, using specification (28). Indeed, since
we only measure values at the country level, we have to use a weighted average to get a firm-level
measure of exposure to pro-environment attitudes. However an alternative is to run the regressions at
the firm x country level, which is what we do in Table 3. As in Table 1, the dependent variable is
log(1 + #clean patents) — log(1 + #dirty patents) and each column uses a different measure of values
and competition. Panel A and B differ only by the set of fixed effects used. In panel A, we introduce
firm, country and time fixed effects all separate. In panel B we interact the firm and country fixed
effects, on top of the time fixed effects. We see that by and large results are consistent with those of
the firm-level analysis. Most importantly, our main coefficient of interest, that of the interaction term

between competition and values remain significantly positive in all specifications.
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Table 3: Effect of values and competition on clean innovation - Firm*country level analysis

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

VARIABLES Log (1++#clean)- Log (1++#dirty)

Panel A: Firm, country and period fixed effects
Values 4.31e-05  0.0214%** 0.000330 0.0383%**

(0.00615)  (0.00771) (0.00457) (0.0104)
Competition -0.00745 0.00285 0.0371*** 0.0112

(0.00834)  (0.00820) (0.00935) (0.0205)
ValuesXcompetition 0.0150***  0.0185***  0.0236*** 0.0139**

(0.00371)  (0.00396) (0.00305) (0.00610)
Log fuel price 0.294%+* 0.295%** 0.210%** 0.279%**

(0.0237) (0.0234) (0.0174) (0.0455)
Competition measure OECD OECD World Bank Lerner
Values measure Higher tax Index Higher tax  Higher tax
Observations 51,569 51,569 55,231 10,136
R-squared 0.034 0.034 0.033 0.039
Number of firms 6,510 6,510 6,514 1,138

Values

Competition
ValuesXcompetition
Log fuel price
Competition measure
Values measure

Observations
R-squared

Number of firms*country

Panel B: Firm x country and period fixed effects

-0.0153 0.0106 -0.00901 0.0372*
(0.00973) (0.0124) (0.00730) (0.0202)
-0.00647 0.0127 0.0516*** 0.0120
(0.0105) (0.0111) (0.0144) (0.0163)
0.0250%**  0.0317***  0.0330%*** 0.0223
(0.00535)  (0.00561) (0.00469) (0.0146)
0.277%%* 0.289%** 0.179%** 0.263***
(0.0273) (0.0264) (0.0242) (0.0652)
OECD OECD World Bank Lerner
Higher tax Index Higher tax  Higher tax
51,569 51,569 55,231 10,136
0.048 0.048 0.046 0.056
37,739 37,739 40,008 7,860

Note: this table reports results from the firm x country analysis, following specification (28) in section
3. Columns differ by the measure of values or competition used. The 2 panels differ by the set of fixed
effects included. Standard errors are clustered at the firm-level in panel A and at the firm X country

level in panel B.
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6 Conclusion

In this paper we brought together patent data, survey data on environmental values, and competition
data, to analyze the joint effect of consumers’ social responsibility and product market competition on
firms’ decision whether to innovate clean or dirty. We found supporting evidence to the effect that
pro-environment attitudes and competition both have a significantly positive effect on the probability
for a firm to aim at cleaner patents. Moreover, the interaction term between consumers’ attitudes and
product market competition is itself positive and significant. Our results are robust to a broad set of
indicators for environmental values and product market competition.

Although our analysis remains more positive than normative, our empirical findings suggest that
educational policies aimed at increasing consumers awareness on environmental issues, should be imple-

mented together with a more active competition policy.

This paper should be seen as a very first step in a broader research agenda. In particular, we need to
better understand how product market competition interacts with carbon prices. A first step is taken up
in Appendix B. Also, we should extend our empirical analysis beyond the car manufacturing industry.
These and other extensions of the analysis in this paper are left for future research.
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A Further proofs and propositions

Proof of Proposition 1. Substituting (9) into type (8) yields
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Proof of Proposition 8. Counsider first the comparative statics of N. From (A.18) it is clear that
ONOn < 0, while 9NOn < 0 if and only if
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which simplifies to 7y < 1. Note also that, in this case, N > N(4o00) = « for all 4, which is the
first requirement in (A.15). As to the second, it holds for all § if and only if N(0) = /v/n < 27, or
equivalently 4vn > 1. Both conditions thus hold, for all 4, if and only if

1

Since (A.15) was shown to be necessary and sufficient for (A.13), it follows that when 7y is in the above

range, we have:

de Oe
o <0< % (A.3)

Finally, we turn to the cross-derivative 9%e* /dnds. Since

de*? 5 |:O/(N)NOL(N):| ON and ON a(N)/2
= — _— —_— 1 _— = —
o ok N? an B 1+ (N)+7y
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e 1[ o= ] 50 [ o) =
onmos kK (1+g)a’(]\7)+n Kk 00 (1+g)a’(N)+77

For ¢ small the second term is negligible compared to the first, which is negative given that (A.2) ensures
that N < 27, itself equivalent to dIna(N)/dIn N > 1. Finally, letting u* = €*?, we have
de* 1 8371;;

3777_211*

Having shown that G55 < 0 for 0 small enough, it it will follow that 5795 < 0 provided that a > 0 for
small 4. Indeed, substltutlng for o(N) = N/~ in (A.11) and using the fact that N tends to ( Y=7/n
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as J tends to zero, we have:

which establishes the result. W

Proof of Proposition 6. Taking logarithms in (24), the equilibrium e is uniquely given by
p(o,t,e,k/0) = 0, where we define the function:

oot e,r/0) = In (U;1> +(0—1)h [1+t (1;6> (”;1” —2Ine—1In (g) (A.4)

Since ¢ is increasing in o and ¢, and decreasing e, ¢ and x/d, properties (25) are immediate. Turning

now to cross-derivatives, we have:
dp 1—e
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:U+1+t(1_e> (c—1).

Therefore: ) is increasing in o, implying that de/0t is decreasing in o, or 9%¢/0tdoc < 0. Next:
0p/0(d/Kk) = K/, so:
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which is decreasing in o. Therefore, 8%¢/0cd(5/k) > 0. R
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Proof of Proposition 2Define f = §/x < 1 and x = y/a € [0,1], so that (15) can be rewritten as:
f(z) = 2*(1 — Bx). (A.6)

We have f/(z) < 0 < 2(1 — fBz) < Bz, i.e. z > 2/(38). Therefore f is increasing in a = 2% on
[0, 1]N[0, \/4r/98] and decreasing on [0, 1]N[y/4k/983, 1]. In both cases, moreover, we have 92 f /930x < 0,
therefore the rate of pollution increase (respectively, decrease) is slower (respectively, faster), the larger
isd/k. A

Proof of Proposition 3. From (17), 92U/050a > 0 if and only if

9 {<1+5> (m;)%} >0 = 9 {111 (1+6) +gln(a5)] >0 <

a6 2 a6 2
1 1 1 440
253 + 5([1 +In(ad)]) >0 = a> 5 oxXP <_2+5) .

The last term is the threshold &, and it derivative with respect to ¢ has the sign of 2/(2+6)?—1/5 < 0. ®

Proof of Proposition 4. (1) From (20), V'(«) > 0 if and only if

o () () w

allowing us to analyze the variations of V(«a) as a function of e = \/ad/k. For § > 2¢, v(e) is strictly
increasing, so V' is either monotonic on [0, 1] (if v(0) > 0) or first decreasing on some [0, @] and then

increasing on [@&, 1]. (For ¢ = 0, in particular, V is convex in «). In either case, its global maximum is
reached at 0 or 1,which yields the first part of the proposition.

(2) For ¢ < 2¢, on the other hand, v(0) = +00, so @ = 0 is never even a local optimum of V. The
global optimum is then o = 1 or some interior of,, and a sufficient condition for the latter case is that
V(0) > V(1), which again is the stated condition.

Turning comparative-statics result, it is clear from (20) that *V/dyda < 0, which establishes the
first claim since 9*V/0a? < 0 at any interior maximum. Turning to the effects of social values, we have

82‘/ 65 3 (1+<)< K ¢ 2¢ ¢ ae

.o 2+¢(126> (5 ><5¢) (1 - o) + Qs (A.8)
where
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Q_<1+2)6e 2040 (£) - —v (1-2e) 140 (5) ¢ (5= 7 ) e*1-e).
(A.9)

Evaluating (A.9) and (A.8) at the optimum, which satisfies the first-order-condition

AN e e (149) €
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yields:
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Examining the terms proportional to ¢ inside the square brackets, we can observe that:

_|_

1 3\ 1
1>——(1—= — = 1- 1-3¢/2 <= ¢/2>0
>1_36/2( 26) T2 e> e/ e/2>0,

which finishes to establish that 82V/d3da > 0 at the interior optimum. W

Generalization of Proposition 4. We combine here Propositions 2 and 3, with o*(J) and &(0)

given by (16) and (18) respectively, and further note that

2+ 2\ 2
A(0) < a* () <= e — <=,
a0) <) = dewn (35) < (5)
in which the left-hand-side is clearly increasing in 0. This allows to state the following results.
Proposition 7. There are thresholds a*(5) and &(0) for the intensity of market competition, both
decreasing in consumers’ social-responsibility concerns 0, such that:
1. For a > a*(9), further increases in competition unambiguously raise consumer welfare V, by si-

multaneously increasing consumption utility U and reducing total pollution Z.

2. For a > &(9), competition’s effect on consumer welfare is more favorable (less negative or more

positive), the greater are individuals’ ethical concerns: 9?V/dads > 0.

3. There exists a 0 (increasing in k) such that o*(8) < &(0) if and only if § < 4.
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A.1 Entry

An alternative measure of competition is the number of firms in the market, which we will denote N,
or, in the long run, the size of entry costs determining it. The direct, mechanical effect of a smaller
market share 1/N for each firm is to make fixed-cost investments less profitable, and this applies in
particular to the kind of “green R&D” on which we focus here. At the same time, an essential feature of
competition as usually understood is to increase consumers’ ability to play one firm against the other,
captured for instance by an increase in the elasticity of substitution, as analyzed above. Appealing to a
recent literature on entry and endogenous markups, we shall posit in what follows a relationship between
N and o that, while chosen as a convenient reduced form, is very close to the one for which Behrens,
and Murata (2007) provide explicit microfoundations.

Ezxogenous number of firms. In a first step, let us abstract from the-free entry condition, thus treating
N as exogenous in the short to medium run. Proposition 1 was derived under the normalization N = 1,
but this immediately extends to any fixed number of firms, with

o 1do-1
et = ——
Nk o

, (A.11)

The direct investment-reducing effect of a smaller market share is immediately apparent. As explained
above, however, we also allow a greater density of firms to affect the elasticity of substitution; thus o,or

a5<0;1), (A.12)

Let us now look for conditions under which greater competition, now defined in the sense of a higher

equivalently the inverse markup

is taken to be an increasing function of V.

N, continues to increase investments in clean technologies, in a manner complementary with consumers’

social-responsibility concerns. From (A.11), it is then clear that

Oe* - 0%e* -
ON " 90N

0, (A.13)

if and only if firms’ markup falls more than one for one with N : dlna/dIn N > 1, or equivalently in
terms of o :

No'(N) +o(N) > (a(N))?. (A.14)

That a higher N should make demand more elastic is intuitive, but note that since @ < 1 the effect
on (A.11) bounded, so that the desired elasticity condition requires that N not be too large. To make
things concrete, we shall assume from here on that

a(N) = N/,

where N must be such that N > v to ensure that o(N) > 1, or equivalently a(N) =1 —~/N > 0."!

1 As a comparison, in Behrens and Murata’s (2007) general-equilibrium model of monopolistic competition with CARA
preferences, the elasticity of substitution in any symmetric equilibrium is shown to take the form o =1+ c¢N/~.
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Substituting into (A.14), the comparative statics (A.13) thus hold for N in the range:
N € [v,29]. (A.15)

Free-entry equilibrium. Each firm’s profits are Il = (p — ¢)C — ke?/2 = (1 — ¢/p)/N — ke?/2, which by

(A.11) equals

H:(l—a)—gazl—(l—i-g)a. (A.16)

In the long run, N is thus determined by the free-entry condition:

In= % (1 —a(N) - ga(N)> =, (A.17)

where 77 > 0 is the fixed cost of entering the market. With o(IN) = N/, this takes the form 142 — %N =

IN 2. s0 the equilibrium number of firms is

8vn 2

-1 1+ — (14 =
+ \/ += ( + 5)
naturally decreasing in 7. In the appendix we show that it is decreasing in ¢ if and only if n < 1/, as
evidenced by the fact that N(n,4+o00) = v and N(n,0) = ﬁ These results lead, in turn to a set of

N—6

-5 : (A.18)

sufficient conditions under which comparative statics to similar to (11) for o and (A.13) for N obtain,

but now only involving the exogenous entry cost 1 as a measure of competition.

Proposition 8 Eeffects of entry). For ny € (1/4,1), we have % <0< % If, furthermore, § is small
enough, then % < 0.

Thus, increased competition in the sense of reduced barriers to entry can again increase green in-
vestment, and the more ethically concerned consumers are, the more so. It need not have that effect,
however, and in particular 17 cannot be driven too low, or else the number of firms becomes so large that
the market-share effect swamps the elasticity effect. Which way the balance of these two forces goes
thus is thus ultimately an empirical question, and Section ?? will show (using multiple indicators of firm
competition and environmental concerns) that the data largely support the green-R&D promoting of
competition, an especially of its interaction with social responsibility

For these reasons, and clearly also for tractability, we chose to work with the basic CES model,
in which competition is directly parametrized by o. This allowed us to both derive further positive
predictions that we will examine in the data, and to carry out a welfare analysis, a key part of which

involve determining when competition increases or lowers the equilibrium level of emissions.
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B Computation of firm level Lerner Index

We estimate firm level measures of competition using a (revenue) production function framework. Note

that firm level (log) revenue (R;+) growth can be written as

1
Ar; ~ ﬂi + Snrit (Amlt — Akjlt) + Srit (Allt — Akit) + ?Awit (Alg)

it it
where Ar;; = In Ry — In R;;—1 (and equivalently for production factors) and we assume a homothetic
translog production function with materials M;; and labor L;; as flexible factors and capital K;; a quasi

fixed production factor. + is a scale paramter. Sy = is the average share of materials

SMit+Smit—1
2
expendisture in revenue between period ¢t and ¢t — 1 (and equivalently for labor inputs). w is a composite
shock comprising of a Hicks neutral production shifter (TFPQ) and a demand shifter. fi;; is the average
markup of prices over marginal cost between period ¢ and ¢t — 1. Hence, fi;; -1 is a Lerner index specific

to firm ¢ at time ¢. Short run profit maxmisation implies that

sarip = Mt (A.20)
Mt

where apy;; is the elasticity of output w.r.t to changes in production factor M (and analougously for

labor). Note that in the translog case

ot = o + ek + anali + anrprma (A.21)

Note that the specification is consistent with a wide variaty of market structures. For further discus-
sion see Martin (2012) and Forlani (2016). We can rewrite equation A.19 as

o~ )
LHS; 2M — Akyy = = Awyy (A.22)
g Y
where

Ary — % + Sarit (Amige — Akiy) + 51i (Al — Akyy)

SMit

LHS; =
Subject to assumptions about the evolution of the Aw;; shock, we can fit this to standard firm level data

using a GMM approach; e.g. suppose that Aw;; follows an AR(1) process so that

Wit = PWit—1 + Nit

where 1;; ~ iid. We can then write

Nie = LHSy aMit Ak — L |:LHSit—1 AMit=l Akit—l]
vy Y vy

and to estimate the parameters

5:[pocM QKM QLM OéM]VI:|
Yoyl oy Ty Ty

31



we can use the moment conditions

" 1 ki lie gy
E i LHSZ -1 ) ) 9
{nt 8 { TV Ak Ak Ak Akit:|}

After identifying §, we can compute “/”Tf\f using equation A.21 Using A.20 we can then compute

—_— — 71
= s (aMzt> (A.23)
Hit Y

which is an inverse Lerner Index scaled by the returns to scale parameter v; i.e. it tells us the excess of
markups over returns to scale. Hence, while this is different from the markup over marginal costs this
is the more relevant in terms of measuring market power as it corresponds to the excess earnings over
what would be reasonable to compensate for increasing returns.

We also implement a simpler version assuming a Cobb Douglas production function implying that
aprit = apy. Both approaches lead to similar results.
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Table Al: Effect of values

and competition on clean innovation - firm level analysis

(1) (2) (3) (4)
VARIABLES Log (1+4+#clean)
Values 0.0111 0.0524 -0.0242 0.271%*
(0.0340)  (0.0422)  (0.0421) (0.119)
Competition 0.201%** 0.192%** 0.589*** 0.0243
(0.0536)  (0.0517) (0.105) (0.0243)
ValuesXcompetition 0.0743**  0.0545%** 0.0334* 0.0422**
(0.0306) (0.0195) (0.0191) (0.0182)
Log fuel price 0.569%** 0.473** 0.280 1.608%**
(0.187) (0.194) (0.200) (0.654)
Competition measure OECD OECD World Bank Lerner
Values measure Higher tax Index Higher tax ~ Higher tax
Observations 17,124 17,124 17,124 2,706
R-squared 0.183 0.183 0.180 0.299
Number of firms 8,562 8,562 8,562 1,854

Note: same as Table 1 except for the dependent variable.

Table A2: Effect of values and competition on clean innovation - firm level analysis

(1) (2) (3) (4)
VARIABLES Log (1++#dirty)
Values -0.159%%* 0. 176%**  _0.258*** -0.323***
(0.0343) (0.0426) (0.0422) (0.102)
Competition 0.0119 0.0316 0.264** 0.0466*
(0.0568) (0.0533) (0.109) (0.0250)
ValuesXCompetition -0.0344 -0.0158 -0.0541%** -0.0198
(0.0328) (0.0205) (0.0183) (0.0194)
Log fuel price -0.197 -0.128 0.129 0.752
(0.217) (0.227) (0.206) (0.497)
Competition measure OECD OECD World Bank Lerner
Values measure Higher tax Index Higher tax  Higher tax
Observations 17,124 17,124 17,124 2,706
R-squared 0.024 0.025 0.026 0.060
Number of xbvdid 8,562 8,562 8,562 1,854

Note: same as Table 1 except for the dependent variable.
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