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Abstract

Policies to mitigate global climate change entail significant economic costs. Yet a
growing number of firms lobby actively in favor of regulation to mitigate carbon emis-
sions. Why do firms support environmental policies that directly increase production
costs? By imposing differential costs on market participants, policies designed to miti-
gate carbon emissions shift market share towards firms with low anticipated adjustment
costs. I develop a model of climate change policy making in the presence of market
competition and show how heterogeneity in adjustment costs induces a preference for
regulation among low-cost firms. Reducing adjustment costs for high-cost firms may
lead to worse regulatory outcomes by eroding political demand for regulation. I test
these arguments using firm-level data on lobbying in the U.S. Congress and find strong
support: firms anticipating high competitor adjustment costs are more likely to lobby
in favor of climate change legislation.
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1 Introduction

Policy efforts to mitigate global climate change are projected to impose significant economic

costs. Yet a large and growing number of firms lobby actively in favor of climate change

cooperation and domestic regulation to mitigate carbon emissions. Support for mitigation

policies can be found across a range of industries, from transportation and electronics to

cement production and finance. Even within the oil and gas industry, infamous for its

historically trenchant opposition to climate action, major players such as BP and Shell have

come out in favor of policies designed to reduce carbon emissions.

Firms’ have voiced support for both international cooperation and domestic regulation to

mitigate carbon emissions. As an example of the former, when President J. Donald Trump

threatened to pull out of the Paris Climate Accord, hundreds of companies, including Nike,

General Mills, and Monsanto, publicly urged the administration to reconsider its position

(Tabuchi, 2016). In domestic politics, when the U.S. House of Representatives passed nation-

wide carbon cap and trade legislation in 2009, the bill was modeled directly on draft legisla-

tion published by the U.S. Climate Action Partnership (CAP), an industry group counting

BP, Alcoa, and Caterpillar among its members (U.S. CAP).

To be sure, private sector opposition remains. In 2016 the U.S. Chamber of Commerce listed

opposing EPA efforts to regulate carbon emissions as a key policy priority. Working with

electric utility Southern Company and other opponents, it also secured an immediate stay

from the Supreme Court of the EPA’s Clean Power Plan, designed to limit carbon emissions

from power generation. During debate over comprehensive climate change legislation in 2009,

the American Petroleum Institute funded public protests around the country in an attempt

to pressure lawmakers into rejecting the bill.

In fact a key feature of industry’s response to climate change policy has been its divisiveness

within industries. While BP promoted the 2009 cap and trade bill as a member of U.S.
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CAP, Exxon Mobil denied the threat of climate change until a change in leadership brought

grudging acknowledgment in 2014. One of BP’s partners in U.S. CAP, Alcoa has long been

an outspoken advocate of climate change policy. Yet its competitor, Noranda Aluminum

publicly threatened to relocate to Mexico if Waxman-Markey became law and lobbied law-

makers to oppose (“Blunt’s visit brings up health care issues”). Major agricultural groups

including the National Farmers Union supported the cap and trade bill while the American

Farm Bureau and others lobbied against.1

Why do some firms support costly legislation while others continue to oppose? I argue that

competition for market share drives firms to support climate change policies in order to

impose costs on industry competitors. While policies to combat climate change impose costs

on all firms in the economy, these costs vary across firms. It follows that while climate change

policy increases costs across the board, it also leads to shifts in market share which benefit

those firms with relatively low adjustment costs. If these shifts in market share are large,

they may compensate for the policy’s direct costs, creating incentive for low-adjustment cost

firms to lobby in favor.

There are several reasons why firms might anticipate lower adjustment costs relative to their

competitors. First, cost advantages may arise due to variation in firms’ ex ante capital

stock. Increasing the energy efficiency of production becomes more expensive the older a

firm’s machinery and equipment currently in use. Second, adjustment costs may vary with

the location of firms’ production facilities. Within the United States, regions vary in the mix

of fuels commonly used for electricity generation. Those regions that rely more intensively on

coal in particular tend to emit high levels of green house gases. The costs of emissions reduc-

tion in these areas are thus anticipated to be higher relative to regions that rely on cleaner

sources of fuel. These anticipated costs affect not only utility companies themselves, but
1These divisions within the agricultural lobby led one commentator to remark that the legislation had

“succeeded in doing something neither the nation’s environmental groups or [sic] the Bush administration
could do: Create fault lines in the farm bloc” (Laws, 2009).
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are also passed on to industrial consumers of electricity including manufacturers and other

energy intensive industries. Third, asymmetric adjustment costs may reflect endogenous

firm strategies. When presented with the opportunity, firms may choose to invest resources

in energy efficiency or green technology in order to position themselves advantageously in

anticipation of climate change legislation. From here on the term “green capital” will denote

any firm-specific advantage in adjusting to the costs of mitigation policies.

To study how green capital affects firm behavior I develop a game theoretic model in which

two firms have the opportunity to participate in the political process prior to engaging in

market competition. The model consists of two phases. In the policy phase firms offer cam-

paign contributions to a single policy maker who subsequently chooses a level of regulation

for the economy. In the competition phase each firm selects a level of output and sells its

product at the resulting market price. Tying the two phases together is the relationship be-

tween the level of regulation in the economy and firms’ (relative) marginal costs. Marginal

costs are increasing in the level of regulation in the economy. Yet the sensitivity of marginal

costs to regulation depends upon firm-specific green capital: firms with high green capital

anticipate lower marginal adjustment costs than their competitors.

I provide conditions under which firms facing low adjustment costs lobby in favor of climate

change legislation. The degree of heterogeneity is key: supportive lobbying will emerge

only where firms hold a significant cost advantage over the competition. When it emerges,

this green lobbying will have implications for equilibrium levels of regulation. I describe

conditions under which decreasing average adjustment costs leads to lower levels of regulation

in equilibrium: if decreases in average adjustment costs are driven by decreasing adjustment

costs for high cost firms, this erodes the incentive for low cost opponents to lobby in favor

of regulation, undermining political support for reform. Similar results obtain in a more

realistic setting in which a large population of firms (n > 2) compete for market share. In

fact I show that if the number of productive firms is sufficiently large, then green lobbying
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will almost always emerge. Furthermore, equilibrium regulation nearly always decreases in

the green capital of the highest cost firms as decreasing heterogeneity undermines incentives

to support climate change legislation.

In addition to these results the model makes clear the significant role of political ideology in

determining not only regulatory outcomes, but lobbying behavior itself. Where policy makers

prefer lower levels of regulation, green lobbying becomes increasingly unlikely to emerge and

regulation converges to the policy maker’s own ideal point. This result is consistent with

empirical patterns of lobbying observed during the Bush and Obama administrations as well

as a growing body of literature which highlights ideology as a key factor in the politics of

global climate change.2 Thus in addition to elucidating the role of firms in mitigation policy,

the model sheds light on the interaction of private sector lobbying and political ideology.

A final extension explores the effects of firms’ strategic investments on the emergence of

green lobbying. If firms anticipate the competitive effects of regulation they may choose to

invest in order to make green lobbying less attractive to industry competitors. Analyzing an

extension of the model in which firms endogenously select a level of investment I show that

heterogeneity in adjustment costs nearly always persists: levels of green capital will converge

only when investment costs are small and identical for both firms.

In addition to this analysis, I demonstrate the plausibility of the theoretical model by pro-

viding empirical evidence consistent with the core argument that competitive concerns drive

lobbying on climate change legislation. I analyze newly-collected data on firm lobbying in fa-

vor of the American Clean Energy and Security Act, a nation-wide cap and trade bill passed

by the U.S. House of Representatives in 2009. Regional variation in the carbon intensity

of electricity generation was widely expected to mediate the economic impact of the bill. I

use this regional variation as a proxy for anticipated adjustment costs for all publicly-traded
2See Wiest et al. (2015); Weber (2015); Poortinga et al. (2011); Mccright and Dunlap (2011); Dunlap

and Mccright (2008, 2011)
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U.S. firms and find that firms whose competitors were expected to bear high costs were

significantly more likely to lobby in favor. The results are substantively large and robust to

a variety of firm-level covariates and model specifications.

This paper makes several contributions to existing literature on climate change politics and

the strategic behavior of firms. A growing body of literature explores the distribution of cit-

izens’ preferences and willingness to pay for climate change mitigation policies (Tingley and

Tomz, 2014; Bechtel and Scheve, 2013; Bernauer and Gampfer, 2015; Aklin and Urpelainen,

2013; Bechtel et al., 2014). Fewer studies have explored the preferences and political behav-

ior of firms in the context of mitigation, despite their prominence in the political process.

Moreover, many existing studies adopt a narrow focus on lobbying only by particular in-

dustries such as electric utilities, automobiles, insurance, and pulp and paper (Kim et al.,

2015; Kang, 2015; Levy and Rothenberg, 2002; Brieger et al., 2001; Doern, 1995). Those

studies which take a broader view typically analyze industry as a monolithic interest group

or consider political support only from renewable energy producers (Hughes and Urpelainen,

2015; Aklin and Urpelainen, 2015; DeShazo and Freeman, 2007; Bernhagen, 2008; Pinkse and

Kolk, 2007).3 Thus existing literature has yet to advance a general theory of heterogeneous

firm preferences over climate change policy making.

The current work fills this gap by drawing from literature on strategic management and the

competitive behavior of firms. Porter (1980) was among the first to emphasize differences

across firms as drivers of strategic advantage. Earlier work by Stigler (1971) highlighted

firms’ demand for market interventions in the form of subsidies, barriers to entry, or price

controls.4 Synthesizing these themes, a number of papers formalize the shifts in market share

arising from costly regulation (Oster, 1982; Salop and Scheffman, 1983, 1987).5 For the most
3Another body of literature explores firms’ incentives to undertake climate friendly action via voluntary

environmental programs. For a review of this literature see Potaski and Prakash (2013).
4See also Peltzman (1976)
5For a survey of this literature see Shaffer (1995). For a more recent contribution see Hviid and Olczak

(2015).
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part these works model the competitive effects of regulation without explicit consideration of

firms’ participation in the policy making process.6 The current work adds to this literature

by exploring not only the distributional impact of regulation on firms’ competitive position,

but also the resulting impact of firms’ political behavior on policy outcomes. As such it also

contributes to a growing interest in the field of international political economy on the effects

of firm heterogeneity (Osgood et al., 2017; Kim, 2017).

There are two main alternative explanations for firm support of climate change legislation.

First, scholars have argued that firms lobby in order to shape policy initiatives to their abso-

lute advantage (Pinkse and Kolk, 2007). That is, recognizing the inevitability of regulation,

firms attempt to minimize costs without reference to their competitors. Second, firms who

operate across international boundaries may lobby on climate change issues in order to en-

sure compatibility of national policy initiatives (Garcia-Johnson, 2000). In the absence of

a unified regulatory approach to climate change regulation, firms face a potentially diverse

array of standards and requirements, multiplying the costs of any one policy initiative. Both

of these accounts speak to firms’ desire to reduce the absolute costs of regulation.

Yet neither can explain why firms should prefer to adopt this strategy rather than simply

continuing to oppose regulation across the board, by far the least costly policy outcome

in absolute terms. Since nearly every major attempt to pass climate change regulation to

date has failed, this strategy should appear likely to succeed. These alternative explanations

may shape the lobbying priorities of firms who choose to support climate change legislation,

but cannot explain the choice to lobby in the first place. The argument advanced below

is consistent with either of these explanations for the form of lobbying yet provides a fuller

account of the decision to engage in supportive lobbying in the first place. In the next section

I describe the formal model of policy making in the presence of market competition.
6One exception to this is Michaelis (1994) which develops a model of electoral politics in which firms

may support either a low-regulation or high-regulation candidate and party platforms are endogenously
determined.
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2 Model

Let there be two firms i = 1, 2 and a policy maker. In the initial phase, firms attempt to

influence the policy maker’s choice of a (unidimensional) regulatory regime, r ∈ R+. To

do so, firms simulataneously announce contribution schedules, si : R+ → R+ for i = 1, 2.

Each contribution schedule is a function, mapping every possible level of regulation to a

correponding non-negative campaign contribution, which the firm commits to providing in

case that level of regulation is adopted. Contribution schedules are binding so firms cannot

renege on their promises once they’ve been announced.7

Following firms’ announcements of their contribution schedules, the policy maker selects a

level of regulation. I assume that the policy maker cares about both the policy outcome and

her realized campaign contributions. In particular her ideal policy is given by rPM ∈ R+.

While I take this ideal point to be exogenous, it can be interpreted as the social value of

regulation, weighted by the policy maker’s beliefs about the dangers of climate change.8 The

policy maker values campaign contributions and is indifferent to their source. The policy

maker’s objective function is:

g(r|s1(·), s2(·), rPM) = −λ(rPM − r)2 + (1− λ)(s1(r) + s2(r))

where λ ∈ [0, 1] is the weight the policy maker attaches to her own policy preferences and

(1− λ) is the weight she attaches to campaign contributions.9

In the competition phase of the game firms produce a single homogenous good which they
7Here political participation takes the form of campaign contributions. The model is also consistent with

lobbying as information provision in that this can be interpreted as a subsidy to the policy maker’s legislative
resources.

8Empirical evidence suggests that these beliefs covary with political orientation. Thus conservative,
climate skeptic politicians should have a relatively low, or zero, ideal point, while progressive policy makers
should have a relatively high and strictly positive ideal point.

9This initial phase follows Bernheim and Whinston (1986) as well as Grossman and Helpman (1996,
2001) in modelling lobbying as a first price menu auction.
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sell at an endogenously determined market price. The phase begins with firms simultaneusly

selecting output levels qi ∈ R+ for i = 1, 2. Price is decreasing in aggregate output according

to the inverse demand function:

p(qi, qj) =

 α− qi − qj if qi + qj ≤ α

0 if qi + qj > α
(1)

for some α > 0.10

Firms have constant, asymmetric marginal costs reflecting the level of regulation in the

economy, r, and a firm-specific parameter, Fi, representing firm i’s level of “green capital.”

Green capital can be interpreted as any geographic or firm-level characteristic which provides

advantage in the case that more stringent regulation is passed. For example, a low Fi may

reflect the location of production facilities in regions expected to be hardest-hit by legislation

or may reflect obstacles to increasing the energy efficiency of a firm’s capital stock. Higher

values of Fi indicate that a firm holds a competitive advantage in coping with climate change

regulation. Marginal costs are c(Fi, r) = r
Fi
.

For both firms costs are increasing in r and decreasing in Fi. Moreover the marginal cost of

regulation, r, is strictly decreasing in green capital, Fi. These assumptions are key for the

results of the model. They ensure that firms holding high levels of green capital face lower

adjustment costs than their high cost competitors.

Each firm’s profits are defined by total revenue less total costs, or:

πi(qi, qj, Fi) =

 qi [α− qi − qj − c(Fi, r)] if qi + qj ≤ α

−qic(Fi, r) if qi + qj > α
(2)

10Thus firms compete by selecting quantities as in models of Cournot competition. The main results
presented below are robust to the assumption that firms engage instead in price (Bertrand) competition.
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for i = 1, 2. I assume that firms seek to maximize profits less the cost of their equilibrium

campaign contribution. Finally I assume that there are some (unmodeled) barriers to entry

which prevent profits from being disipated (Oster, 1982).

In the analysis I restrict attention to Truthful (Subgame Perfect) Nash Equilibria (Bernheim

and Whinston, 1986). A firm’s contribution schedule is said to be truthful relative to equi-

librium policy r∗ if one of the following conditions obtains for every policy alternative, r′:

(1) the promised contribution, si(r′), leaves the firm with the same net utility if either r∗

or r′ is selected, or (2) the promised contribution is exactly zero. That is, if firm i’s contri-

bution schedule is truthful, then it offers for each alternative exactly its value for switching

from r∗ to that alternative, provided this value is nonnegative. Otherwise the firm offers

zero. A Truthful Nash Equilibrium is a Nash Equilibrium in which all firms employ truthful

strategies.11

3 Results

The focus of the following analysis is the emergence of firm lobbying in favor of climate

change legislation. I first characterize optimal behavior at each stage of the game. Conditions

for the emergence of green lobbying follow naturally from this analysis.

3.1 Characterization of Equilibrium

The game is solved via backwards induction, beginning in the market competition stage.

Firm i maximizes profits, taking into account firm j’s output qj. The best response function

maps firm j’s output to firm i’s optimal choice, q̃i(qj). Equilibrium outputs are determined
11Truthful Nash Equilibria have several properties which make it an appealing strategy for equilibrium

selection. See Bernheim and Whinston (1986).
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by the intersection of the best response functions for the two firms. Firm i’s equilibrium

output is,

q∗i = max

{
1

3
(α + r∗γi), 0

}
(3)

where γi = 1
Fj
− 2

Fi
.

The parameter γi is a measure of the distance between the two firms’ marginal cost of

regulation or firm i’s relative efficiency. It is central to our analysis. For any positive level

of regulation, firm i’s output is increasing in its relative efficiency. At the same time, the

impact of γi on equilibrium output is moderated by the level of regulation. For low levels

of regulation, differences in adjustment costs matter little. For higher levels of regulation,

differences in adjustment cost will lead to significant divergence in firm outputs.

Firm profits depend both on total output and on production costs. Equilibrium profits are,

πi(q
∗
i ) =


1
9

(α + rγi)
2 if q∗i > 0

0 if q∗i = 0
(4)

It is immediate from this expression that firm i’s profits are increasing in r when γi > 0.

This requires that firm i hold twice the level of green capital as firm j, Fi > 2Fj. If firm i

holds only a slight advantage over his competitor, or if it is his competitor who holds the

advantage, firm i’s profits are decreasing in r. Note that if γi > 0, it must be that γj < 0.

Profits can be increasing in regulation for at most one firm.12

Finally note that while firm i produces, firm j is willing to produce if and only if α ≥ −rγj.

Recall that γj is increasing in Fj. If the high-cost firm is willing to produce, then the low-cost

firm is surely also willing. Throughout the remaining analysis I restrict attention to the case

in which α is sufficiently large to ensure that the high-cost firm participates in the market.
12We will see in the case of N firms that this no longer holds.
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Now that we have characterized equilibrium behavior in the market competition phase of

the game we can proceed to analyze optimal behavior during the policy making phase. In

selecting a level of regulation, the policy maker takes each firm’s contribution schedule, si(·)

and sj(·), as fixed and chooses the optimal r, setting the marginal benefit of increasing

regulation equal to its marginal cost. Re-arranging the policy maker’s first order condition

yields,

r∗ = rPM +
1− λ

2λ

(
ds1(r)

dr

∣∣∣∣
r∗

+
ds2(r

∗)

dr

∣∣∣∣
r∗

)
(5)

This expression makes clear that equilibrium regulation depends not on the absolute level

of political contributions, but rather the marginal contribution from each firm. Recall that,

given the assumption of truthful contribution schedules, firm contributions are such that

they receive the same level of utility given policy choice r∗ as for any r′ 6= r∗. This implies

that any change in profits brought about by a shift in policy must be exactly offset by a

corresponding change in the firm’s expenditure on lobbying. Since each firm’s marginal value

for money is constant (and equal to one) this in turn implies that any change in profits must

be offset by an identical and opposite change in the firm’s contribution. For small deviations

from the equilibrium policy, it must then be the case that firms’ marginal contributions in

equilibrium are exactly equal to their marginal change in profits. Evaluating the required

derivatives and re-arranging (5) yields the equilibrium policy. The policy is,

r∗ = max

{
rPM + αβ(γi + γj)

1− β(γ2i + γ2j )
, 0

}
(6)

where β ≡ 1
9
· 1−λ

λ
is a measure of the weight the policy maker assigns to campaign contribu-

tions versus her own policy preferences. Note that γi + γj = −
(

1
Fi

+ 1
Fj

)
, or the marginal

cost of regulation for the economy as a whole. Thus the numerator in equation (9) is strictly

decreasing in the average marginal costs of regulation. In contrast, the denominator is

decreasing in the distance between firms’ adjustment costs. Equilibrium regulation then
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depends both on average and relative adjustment costs.

Finally we consider firms’ optimal contribution schedules. Recall that in any Truthful Nash

Equilibrium firms’ contribution schedules must be truthful relative to the policy, r∗. This

implies that contribution schedules will take the following form,

si(r) = max {πi(r)− πi(r∗) + si(r
∗), 0} (7)

The schedule is completely pinned down by firm i’s equilibrium contribution, si(r∗). All that

remains then is to calculate this contribution. We have already characterized equilibrium

regulation, r∗. Using a similar approach we can characterize the equilibrium outcome if firm

i chooses not to contribute, rj. If firm i chooses not to contribute then the policy maker

attains utility g(rj). Taking into account i’s equilibrium contribution, the policy maker

attains utility g(r∗). Given that the policy maker can achieve g(rj) by ignoring firm i and

choosing rj, it must be that if she chooses r∗ in equilibrium, she is at least as well off. Firm

i never optimally provides a greater contribution than what is strictly required to induce r∗

thus the equilibrium contribution is that which yields exactly g(rj) = g(r∗).

Plugging firm j’s contribution schedule (defined similarly to (7)) into the policy maker’s

indifference condition establishes firm i’s equilibrium contribution. Proposition 1 summarizes

the analysis so far.

Proposition 1. The following strategy profile is the unique (truthful) sub-game perfect

equilibrium:

(a) In the final stage of the game, firms i = 1, 2 choose production levels:

q∗i = max

{
1

3
(α + r∗γi), 0

}
(8)

where γi = 1
Fj
− 2

Fi
.
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(b) In the policy making stage, the legislator selects r∗ ∈ R where,

r∗ = max

{
rPM + αβ(γi + γj)

1− β(γ2i + γ2j )
, 0

}
(9)

and β = 1
9
· 1−λ

λ
.

(c) Prior to the selection of policy, firms announce contribution schedules:

si(r) = max {πi(r)− πi(r∗) + si(r
∗), 0} (10)

where si(r∗) = λ
1−λ

[
(rPM − r∗)2 − (rPM − rj)2

]
+ πj(r

j)− πj(r∗).

The proof of Proposition 1 along with those of all other results are included in Appendix A.

Note that in any equilibrium, firm i offers higher contributions in exchange for policies that

improve its welfare, relative to r∗, and lower contributions (or zero) for policies which leave

it worse off. From here on we say that firm i lobbies in favor of regulation if si(r) > si(r
∗)

for all r > r∗, and firm i lobbies against regulation if si(r) > si(r
∗) for all r < r∗. In the

next section I describe the formal results of the model.

3.2 Green Lobbying

The central claim of this paper is that relatively low-cost firms lobby in favor of climate

change regulation in order to gain market share at the expense of high-cost competitors.

The next proposition establishes this core result.

Proposition 2. Let γi > 0. Then firm i lobbies in favor of climate change legislation while

j lobbies against.

The intuition behind Proposition 2 is clear from the discussion above. When γi is greater than

zero, firm i’s profits are strictly increasing in regulation. It is then optimal for firm i to offer
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greater contributions for higher levels of regulation in equilibrium. Recall that γi > 0 requires

Fi > 2Fj, that is firm i holds twice the level of green capital as firm j. Thus competitive

lobbying emerges only if there exists significant heterogeneity in adjustment costs. This

reflects the fact that climate change legislation has both a direct and an indirect effect on

firm profits. The direct effect of regulation is that of increasing each firm’s production

cost. The indirect effect is that of shifting market share towards the low cost firm. If firms

are relatively close in terms of their adjustment costs, the former will dominate the latter

since the shift in market share must be small. As heterogeneity in adjustment cost grows,

the impact of regulation on market share grows, eventually overtaking the direct effect of

increasing costs.

A natural next question is how increasing or decreasing heterogeneity in adjustment costs

would impact equilibrium regulation. As noted earlier equilibrium regulation depends on

both average and relative marginal costs of regulation. These two quantities are closely

linked. Suppose that γi > 0 so that firm i has lower adjustment costs than firm j. Increasing

Fi has the dual effect of decreasing average adjustment costs and increasing firm hetero-

geneity. Both of these effects tend to increase equilibrium regulation. Thus in this case a

decrease in average adjustment costs is associated with a higher level of regulation.

Consider instead a decrease in the adjustment costs for firm j. Again this has the effect

of lowering average costs of regulation. This should lead to a higher level of equilibrium

regulation all else equal. Yet increasing Fj also has implications for firm heterogeneity: by

decreasing the distance between firms’ adjustment costs, an increase in Fj reduces firm i’s

incentive to lobby in favor of climate change legislation. This exerts a counter-veiling effect

on equilibrium regulation. The overall effect of increasing Fj then depends on the relative

strength of these two dynamics. Proposition 3 establishes a condition under which the latter

outweighs the former: increasing Fj reduces average adjustment costs, yet leads to strictly

lower equilibrium regulation.
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Figure 1: Effect of Green Capital on Regulation
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Effect of an increase in either Fi and Fj on equilibrium regulation. Grey line represents γi in both panels.

Proposition 3. Let 2r∗(γi− 2γj) > α. Then equilibrium regulation is strictly decreasing in

the less competitive firm’s green capital.

Figure (1) plots equilibrium regulation against green capital for each firm, holding the other’s

green capital constant. γi is plotted in gray in both panels. On the left hand side, γi is

increasing in Fi as firm i’s marginal cost of regulation decreases relative to that of firm j.

Accordingly, higher levels of Fi are associated with strictly higher levels of regulation for a

range of parameters (results are depicted for three representative values of α). On the right

hand side, γi is strictly decreasing in Fj as the high cost firm catches up to his competitor.

For each value of α depicted, higher levels of Fj are sometimes associated with lower levels of

equilibrium regulation and sometimes with higher levels. Thus the effect of Fj is ambiguous

overall. Yet equilibria clearly exist in which it exerts an overall negative effect on regulation.

The final result in this section establishes an important scope condition for the emergence

of green lobbying. Above I describe several examples of firm lobbying in favor of climate

change legislation. Yet as noted the emergence of green lobbying, at least in the United

States, represents a relatively new phenomenon. To illustrate this point, consider firm lob-

bying on climate change policy during the Bush administration, the vast majority of which
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was carried out exclusively by firms opposed to U.S. participation in the Kyoto Protocol.13

This was the case despite the administration’s own predisposition against climate change reg-

ulation, stemming from the past experiences of key administration officials in the oil and gas

industry (Coll, 2013). Proposition 4 establishes a relationship between the policy maker’s

own preference and the emergence of green lobbying: as the policy maker’s ideal level of

regulation becomes more conservative, green lobbying is increasingly unlikely to emerge.

Proposition 4. Consider a sequence of ideal points {rPMn }n∈N converging to zero. There

exists a corresponding sequence of competitive equilibria in which (i) equilibrium regulation

converges to zero, (ii) firm i’s equilibrium contribution converges to zero, and (iii) firm j’s

equilibrium contribution is bounded strictly away from zero.

A pre-condition for the result in Proposition 4 is that regulation is economically inefficient.14

Suppose that γi > 0 so that firm i’s profits are increasing in r. If regulation is economically

inefficient then firm j’s loss from any positive level of regulation exceeds firm i’s gain. Recall

that in equilibrium, each firm offers the policy maker a contribution exactly equal to its

marginal gain from changing policy. Thus j will always be willing to “outbid” i, giving firm

j an advantage in the competition for influence. This advantage can be offset only by the

policy maker’s own bias.

If the policy maker prefers greater regulation this makes influence relatively cheaper for

firm i and relatively more expensive for firm j, re-balancing the scales in favor of the low

cost firm. As the policy maker’s ideal point goes to zero, influence becomes increasingly

expensive for firm i until he is unable to afford any change in policy and thus drops out

of the contest altogether. Nonetheless firm j continues to provide campaign contributions

since it is precisely these contributions which inflate the cost of influence beyond what i can

afford. Firm j’s contribution acts as a deterrent even where the policy maker strictly prefers
13For example see Vidal (2005).
14Regulation will be inefficient provided that firm heterogeneity is not too great. Formally this implies

an upper bound on γi.

16



Figure 2

n

sj

si

r∗ rPM

A sequence of competitive equilibria. As rPM converges to zero so do r∗ and si(r∗). sj(r∗) remains bounded away from zero.

zero regulation and would implement this anyway in the absence of lobbying. Figure (2)

depicts one such sequence of equilibria.

A small modification to the model makes clear that green lobbying may be suppressed entirely

for a range of policy maker ideal points. Suppose that firms must each pay a fixed lobbying

cost, ψ > 0, in order to participate in the political process. For any such fixed cost, there

exists an interval (0, r̄PM) with r̄PM > 0 such that if the policy maker’s ideal point falls

within this interval, then in the resulting equilibrium, firm i chooses not to lobby while firm

j continues to do so. Overall, when policy makers see little value in regulation, not only

should we observe lower levels of regulation in equilibrium, we should observe less support

for regulation from actors in the private sector. Nonetheless these same firms would be likely

to engage in supportive lobbying given a more favorable political environment.

The next section extends these main results to the case in which N firms compete for market

share.
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3.3 Industries with Multiple Firms

Up until now I have restricted attention to the case in which only two firms compete for

market share. How does the presence of multiple competitors within industry affect incentives

to lobby for particular policies? Consider a variation of the original model in which a set

of N firms with asymmetric costs compete for market share. Again, I assume that all firms

produce a single homogeneous good. As in the original model, each firm i ∈ {1, ..., n} has

marginal cost r
Fi

where Fi 6= Fj for all i, j ∈ {1, ..., n}. All other features of the model

remain the same. In contrast to the competitive equilibrium with only two firms, in which

one firm lobbied in favor of regulation and one firm lobbied against, in the case of N firms a

competitive equilibrium will consist of some strict subset of firms lobbying favor of regulation

with the remaining firms lobbying against. Denote by FH
−i the harmonic mean of green capital

for all firms j 6= i.15

Proposition 5. Let G ⊂ N be the subset of firms who lobby in favor of regulation in

equilibrium. If,

Fi >
N

N − 1
FH
−i

for at least one firm, then G is non-empty.

In equilibrium, any firm whose green capital meets the condition above will lobby in favor

of climate change policy. The harmonic mean in this context is equivalent to the reciprocal

of the mean marginal adjustment cost for all competitor firms. In other words, if Fi > FH
−i

then firm i’s marginal adjustment cost is strictly less than the mean adjustment cost of its

competitors. For i to lobby in favor of climate change legislation it must be the case that Fi

exceeds the harmonic mean of competitor green capital by an amount which is decreasing in

N .16 When N = 2 the required difference is at its greatest, and the condition simplifies to
15That is, 1

1
N−1

∑
j 6=i

1
Fj

16This amount is exactly N2−N(N−1)
N(N−1) .
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exactly that which obtained in the case of two firms, Fi > 2Fj. For N very large the required

difference goes to zero and the condition reduces to Fi > FH
−i. This is a far stronger result

than that established earlier in the case of two firms (Proposition 2) in which competitive

lobbying emerged for some parameter values. Here, for N sufficiently large, if firm costs are

not perfectly symmetric then in every equilibrium there exists a non-empty subset of firms

who optimally lobby in favor of higher regulation.

The final result in this section generalizes the effects of green lobbying on equilibrium regu-

lation to the case of N firms.17 Proposition 6 establishes the existence of equilibria in which

equilibrium regulation is decreasing in the green capital of a subset of high-cost firms.

Proposition 6. Let K denote the subset of firms such that equilibrium regulation is strictly

decreasing in Fi for any i ∈ K. If,

N2 +N − 1
α

2rN (N+2)(N−1) + 1
N−1

∑
j 6=k

1
Fj

> (N2 +N − 2)Fk (11)

for at least one firm, then K is non-empty.

Proposition 6 establishes a condition under which equilibrium regulation will be decreasing

in the green capital of high cost firms. Any firm i such that the above holds will be a member

of K. As in the baseline analysis earlier, this result implies that reducing average adjustment

costs may actually lead to worse regulatory outcomes. The result is driven by the fact that

the aggregate economic cost associated with higher regulation is increasing in firm i’s green

capital, 0 > d
dFi

(∑
j
dπj
dr

)
, for every firm in K. This is a stark reversal of our assumptions

at the individual level, that the marginal cost of regulation is decreasing in green capital.

Note that for N very large, re-arranging the expression above yields the harmonic mean of

i’s competitors’ green capital on the left hand side and i’s own green capital on the right
17I do not formally consider the interaction of policy maker ideology and firm lobbying, but a similar result

to that in Proposition 4 obtains for the case of N firms. As rPM approaches zero, equilibrium contributions
from all members of G also tend towards zero.

19



hand side. Thus when N is large equilibrium regulation is decreasing in the green capital of

all firms with green capital below the harmonic mean of population green capital. This is a

stronger result than that established in the case of just two firms where we show only that

regulation may be decreasing in the green capital of the high-cost firm. Here, for a large set

of (asymmetric) firms, regulation is always decreasing in the green capital of high cost firms.

3.4 Investments in Energy Efficiency

Finally I consider the role of investment in green capital in the emergence or suppression

of green lobbying. If high cost firms anticipate their competitors’ strategy of lobbying in

favor of climate change, they may find it optimal to invest additional resources in reducing

their adjustment costs. Not only does this strategy reduce the costs of any future regulation,

it undermines the benefits of green lobbying by competitor firms, making it less likely to

emerge.

Consider again the model with only two firms. I analyze an extension in which each firm

endogenously chooses whether and how much to invest in reducing future investment costs. In

particular, I assume that firms’ green capital is equivalent to investments in energy efficiency.

Climate change legislation is designed to reduce carbon emissions by increasing the cost of

energy. Thus firms with a more energy efficient capital stock face lower adjustment costs than

their competitors who invest fewer resources in efficiency. This interpretation of adjustment

costs is not without loss of generality since I also assume that increasing energy efficiency

reduces marginal production costs, holding all else equal.18

To incorporate investments in energy efficiency I assume that each firm may now choose to

invest resources prior to engaging in market competition. Investment is costly ex ante but

leads to lower marginal costs during the subsequent competition stage. Denote each firm’s
18An implication of this is that firms benefit from their investments regardless of the regulatory outcome.
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Figure 3: Equilibrium Investments in Green Capital
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Equilibrium green capital for firms i (blue) and j (red) when initial endowments are F̃i = 3 and F̃j = 1. In panel (a) firm i’s
investment cost is fixed at ci = 2. In panel (b) firm investment costs are symmetric. Convergence occurs only when costs are
symmetric and small (left side of panel (b)).

initial endowment of green capital by F̃i. Costs are linear and given by,

h(Fi, F̃i) = ci(Fi − F̃i)

for ci > 0 for i = 1, 2. Fi can now be interpreted as firm i’s green capital net investment.

Firms pay no cost in order to maintain their initial level of efficiency (i.e. there is no

depreciation). Once investments have been made, firms have the opportunity to participate

in the political process and engage in market competition as before. The sequence of play

and all other parameters of the model remain the same as in the baseline case.

Proposition 7. If ci 6= cj then levels of green capital never converge.

Proposition 7 establishes that except in the case in which firms face identical costs of invest-

ment, investments are unlikely to eradicate heterogeneity. Figure (3a) depicts equilibrium

green capital (net of investment) for two firms facing heterogeneous costs. In the absence

of investment firm i favors regulation and optimally lobbies in support. In the presence of

investment, asymmetry of costs becomes a key determinant of heterogeneity. On the left

hand side, when firm j’s costs are low relative to those of firm i, firm j invests substantially

in equilibrium, overtaking his competitor as the relatively low-cost firm. As firm j’s per
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unit cost of investment increases, his investment falls while his opponent’s investment rises

moderately. The two converge only at the point at which ci = cj = 2. After this point firm i

once again retains his position as the low-cost firm. When cost differentials are high, γi > 0

meaning that sufficient heterogeneity remains that firm i is willing to support climate change

regulation in equilibrium.

Figure (3b) depicts the case in which firms face identical marginal costs of investment. When

costs are sufficiently low (on the left hand side), equilibrium green capital converges exactly.

Firm j invests at a faster rate than firm j, eliminating all heterogeneity. As costs increase,

both firms invest lower amounts until firm i’s investment is driven to zero. Beyond this

point firm i’s equilibrium green capital remains equal to its initial endowment. Firm j’s

investment continues to decline. Even in the case of symmetric costs then, when those costs

are sufficiently high, heterogeneity persists.

4 Empirical Evidence

Above I argue that firms will be more likely to support climate change legislation, or in-

ternational cooperation, when they expect it to impose high costs on industry competitors.

I test this argument using data on firm lobbying related to H.R.2454, the American Clean

Energy and Security Act (ACES). Passed by the U.S. House of Representatives on June 26,

2009, the ACES called for a nation-wide “cap and trade” system to reduce emissions of car-

bon dioxide and other greenhouse gases. By placing a cap on the total amount of emissions

permitted in the course of energy generation, the bill was projected to increase energy costs

nationwide. The private sector would be especially hard hit due to the intensity of energy

use in many production activities. According to a Heritage Foundation estimate, profits

from U.S. agriculture alone would drop by 28 percent within two years and by 57 percent
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within 25 years under the proposed allocations (Lieberman, 2009).19,20

As described above, a key feature of the ACES was its divisiveness within industries. This

can be seen in the distribution of industry campaign contributions to key lawmakers. Figure

4 plots an index of campaign contributions given to Democratic versus Republican members

of the House Committee on Energy and Commerce from January to June 2009.21,22 These

contributions serve as a useful, though imperfect, proxy for support or opposition of the

climate bill which received nearly unanimously support from Democratic lawmakers and the

opposite from Republicans. Both sides were active during this period either in shaping the

ACES or in attempting to slow its progress: Republican members of the committee proposed

over 400 amendments to the bill before it was finally passed in late June. While a small

number of industries appear to direct their campaign giving entirely to one side or the other,

the vast majority of industries appear to give significant contributions to both Democrats

and Republicans.

To test the core argument of the paper I construct a dataset of firm lobbying in support of

H.R.2454. Beginning with the universe of publicly-traded firms, I code support for the ACES

using federally mandated lobby disclosure reports, compiled by the Center for Responsive

Politics, and a range of public sources including press releases, media coverage, and firm

annual reports.23 For example, in a press release dated June 26, 2009, Louisiana-based

electric utility Entergy states: “We support the Waxman-Markey bill’s market-based cap-

and-trade system as it is a major step forward in solving the biggest challenge of our time”
19Given the Heritage Foundation’s own opposition to the bill this should perhaps be interpreted as an

upper bound on realistic cost estimates. At the same time it provides a useful estimate of the perceived
legislative costs among opponents of cap and trade.

20While the bill eventually stalled in the Senate, the legislation was widely viewed as credible when it was
passed by the House and represents the closest the U.S. Congress has come so far to enacting comprehensive
climate change legislation.

21Figure 7 in Appendix B displays the total campaign contributions for each industry.
22The ACES was passed by the House of Representatives on June 26, 2009.
23In some cases firms do not lobby explicitly in favor of legislation, but do lobby in favor of the inclusion

of particular provisions, for example those related to carbon sequestration. This describes lobbying by many
firms in the renewable energy sector in particular. Since these provisions would take effect only in the case
in which the legislation passes I code either type of lobbying as supportive.
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Figure 4

Difference in percentage of campaign contributions to Democratic versus Republican members of the House Committee on
Energy and the Environment from January to June 2009. Industries depicted are top 25 most active in lobbying on the ACES.
Blue indicates majority of contributions given to Democrats. Red indicates majority of contributions given to Republicans.

(Entergy, 2009).

Relying on these and other sources I coded the direction of lobbying for 101 firms, roughly

half of all firms reported to have lobied on H.R. 2454.24 In particular, I identified 71 instances

of favorable lobbying and 30 instances of opposition to the proposed legislation. The data

reveal a striking amount of support for cap and trade legislation from the private sector. I

estimate that, at a minimum, nearly 35% of firms lobbying on the bill supported its passage

in one form or another.25 Given the number of firms for which it is not possible to code the

direction of lobbying it is likely that the data under-estimate the true extent of supportive

lobbying by firms. If anything, this meaurement error should bias coefficient estimates

towards zero in the analysis below.

As a proxy for competitor adjustment costs I leverage geographic variation in the carbon-
24Publicly-available records were insufficient to code the remaining firms.
25Figure 8 in Appendix B displays the distribution of lobbying by industry.
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Figure 5: Heat Map of Carbon Emissions per Capita

Carbon emissions from electricity generation per capita, by U.S. state. Blue states indicate more efficient electricity production.
Red states represent more carbon intensive electricity production.

intensity of electricity generation. States where electricity generation relies heavily on coal

were projected to face greater increases in energy costs, and concerns about regional variation

in adjustment costs were widely discussed at the time. In an open letter to the Congressional

Budget Office, Senator James Inhofe (R-OK) criticized CBO estimates of the bill’s impact for

downplaying these regional impacts, noting “electricity consumers in relatively less populated

Midwestern and Southern states that rely primarily upon coal to generate electricity will

suffer greater harships from the program than consumers in populous, natural gas burning

and hydro-powered states on the West Coast and the Northeast” (Inhofe, 2009). Firms

whose main competitors are located in these areas should thus expect the ACES to impose

significant costs, controlling for the firm’s own geographic location. Figure 5 displays the

spatial distribution of carbon intensity across the fifty states.26,27

I operationalize my measure of competitor costs in two ways. First, I calculate the share

of competitor firms located within the top quartile of states by per capita carbon emissions
26See also Figure 9 in Appendix B.
27Data on energy-related carbon emissions come from the U.S. Energy Information Administration. State

population data is taken from the U.S. census.
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from electricity generation, CompetitorCosts1. Second, I calculate the market share held

by these same firms, CompetitorCosts2.28 I include a variety of covariates to control for

potential alternative explanations. To control for a firm’s own anticipated costs I include

a dichotomous variable, HighEmissionsState, which takes a value of one if the firm is

located within a high emissions state. To account for the possibility that international supply

chains create incentives to lobby for regulatory harmonization I code a second dichotomous

variable, Multinational, which takes a value of one if the firm reports ownership of foreign

subsidiaries (Garcia-Johnson, 2000). Firms with higher market share may also be those most

likely to overcome the collective action problem and bear the costs of lobby (Olson, 1971).

Thus I include a measure of MarketShare calculated as each firm’s proportion of industry

net sales.

Much of the literature on lobbying argues that larger firms with more resources are more

likely to lobby across the board (de Figueiredo and Richter, 2014). To account for this possi-

bility I include variables corresponding to each firm’s PP&E,29 MarketCap, and Productivity.

The last variable is calculated as a firm’s total sales less cost of goods sold per employee (Kim,

2017).30,31 I include a dichotomous variable equal to one for firms engaged in high energy-

intensity manufacturing, EnergyIntensiveManufacturing.32 Lastly I include an indicator

variable for firms in industries related to electricity generation and services, ElectricityProvider.

As lobbying is a rare event in the data I subset to “relevant observations” defined as firms

with total assets above the median (King and Zeng, 2003).33

28Defining high emitting states as those above the national median does not change the results. The
same results also obtain using the (continuous) measure of average carbon emissions per capita weighted by
market share.

29Property, plant, and equipment
30I do not include these component variables directly in the analysis below. The results remain substan-

tively similar if these variables are included individually instead.
31Financial variables obtained from the Osiris database.
32Energy intensity for manufacturing sectors obtained from U.S. Energy Information Administration. I

define high intensity sectors as the top five manufacturing sectors by energy use.
33Total there are 2, 721 complete observations in the dataset with lobbying observed in just under 2%

of those cases. Employing the rare events correction from King and Zeng (2003) on the full sample yields
similar results.
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Figure 6: Marginal Effects

Logistic regression. Dependent variable is support for H.R. 5424 The American Clean Energy and Security Act of 2009.
CompetitorCosts1 is share of competitors located in top quartile of states by carbon emissions in electricity generation. Com-
petitorCosts2 is market share held by same competitors. Additional (unreported) covariates include Productivity, PP&E,
MarketCap, EnergyIntensiveManufacturing, and ElectricityProvider.

Logistic regression confirms the existence of a positive and statistically significant relationship

between the measures of competitor adjustment costs and a firm’s propensity to lobby in favor

of cap and trade legislation. Figure 6 depicts the marginal effects of regressing both measures

of competitor costs on supportive lobbying. The effects are substantively large. Moving from

the lowest to the highest possible value for each independent variable more than doubles the

probability that a firm lobbies in favor of climate change legislation. Appendix B contains

the full results of both models along with additional results confirming the robustness of

the findings. In particular the results remain substantively similar when extreme outliers,

defined as the top five percent of firms for each variable, are dropped from the analysis

or when all models are re-estimated using rare events logistic regression on the full sample

(King and Zeng, 2003).

One final concern is that carbon emissions from electricity generation may be endogenous

to the concentration of industry within the state. If firms lobby for lax environmental regu-
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lations then electricity generation may be less efficient as a result. A final robustness check

confirms that this does not drive the findings above: the same results obtain if competi-

tor costs are estimated replacing per capita carbon emissions with the presence of in-state

coal reserves. Coal reserves are strongly associated with per capita carbon emissions from

electricity generation yet, unlike the latter, are strictly exogenous to the policy making en-

vironment.34

Overall the analysis supports the intuition that firms take into account not only their own

anticipated costs, but also those of their most important competitors. A brief case study

which complements the statistical analysis presented here is included in Appendix C.

5 Conclusion

I argue that firms support climate change legislation in order to gain advantage over market

competitors. In a model of policy making in the presence of competition for market share I

show that firms holding an advantage in adjustment costs may see increased profits following

the introduction of carbon regulation and thus find it optimal to invest resources in lobbying

in support of the new regime. In addition to formally establishing this intuition, the model

demonstrates that decreasing average adjustment costs, through technological innovation or

through government subsidies, may have the perverse effect of undermining political support

for climate change regulation amongst those firms holding an ex ante competitive advantage,

leading to less stringent policies ceteris paribus. Finally, a critical mediator of these incentives

is the political environment in which firms find themselves. A pre-condition for the emergence

of green lobbying is that the policy maker herself prefers some positive level of regulation,

highlighting how the interaction of political ideology and firms’ self interest jointly determine
34Data on 2008 coal reserves obtained from the U.S. Energy Information Administration’s 2009 Annual

Coal Report. Identifying coal reserves at the zip code rather than the state level does not alter the results.
The former analysis relies on data from the U.S. Geological Survey’s Energy Vision database.
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the policy outcome.

These arguments have key theoretical and empirical implications. First, I contribute to

existing literature on the domestic politics of climate change cooperation. Existing work

views firms as largely monolithic in their opposition to climate change legislation. In contrast,

I document support for climate change policy by firms across a range of industries and

develop a theory of heterogeneous firm preferences consistent with these patterns of support.

By highlighting industry structure as a key determinant of lobbying behavior, the model

also provides a potentially novel explanation for cross-national variation in the adoption of

climate change mitigation policies (Bernauer, 2013).

This work also contributes to a burgeoning literature in open economy politics on the role of

firm heterogeneity. Existing work argues that firms may differ in the extent to which they

benefit from trade liberalization, implying incentives to lobby in favor by highly productive

firms Kim (2017). In contrast, policy efforts to mitigate climate change impose costs on

nearly all firms. Yet the current work shows how incentives to support these policies emerge

nonetheless due to heterogeneity in these adjustment costs. Future work could explore the

implications of these arguments for other policy areas in which relative costs or benefits may

play as great a role as absolute advantage in determining firm preferences.

Finally, I contribute to literature on the effects of political polarization in the United States.

Much work has documented the growing divide between the major U.S. political parties. Yet

evidence of the effects of this polarization on policy outcomes remains mixed (Lee, 2015).

The analysis above suggests that polarization may have implications not only for policy

outcomes but also for the political behavior of other actors who anticipate their ability to

achieve their policy goals. In the context of climate change legislation, these anticipatory

effects are likely to reinforce the direct effects of polarization among policy makers.
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Appendix A: Proofs

Proof of Proposition 1. Call any equilibrium as described in Proposition 1 a competi-

tive equilibrium. The game is solved via backwards induction, beginning with the market

competition stage. Let γi = r
Fj
− 2r

Fi
.

Lemma 1. Firm i’s equilibrium output and profit are as follows:

q∗i = max

{
1

3
(α + rγi) , 0

}
(12)

πi(q
∗
i ) =


1
9

(α + rγi)
2 if q∗i > 0

0 if q∗i = 0
(13)

Proof of Lemma 1. In the final stage of the game, firm i maximizes profits, taking into

account firm j’s output qj:

Max
qi

qi

(
α− qi − qj −

r

Fi

)
(14)

Re-arranging i’s first order condition yields i’s best response as a function of qj:

q̃i(qj) =
1

2

(
α− qj −

r

Fi

)
(15)

Letting γi = r
Fj
− 2r

Fi
, we obtain i’s equilibrium output and profits:

q∗i = max

{
1

3
(α + rγi) , 0

}
(16)

πi(q
∗
i ) =


1
9

(α + rγi)
2 if q∗i > 0

0 if q∗i = 0
(17)

�
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As described in the main text we restrict attention to truthful Nash equilibria. Letting

β = 1
9
· 1−λ

λ
, lemma 2 characterizes the level of equilibrium regulation.

Lemma 2. In any Truthful Nash Equilibrium regulation is given by,

r∗ = max

{(
rPM + αβ(γi + γj)

)
1− β(γ2i + γ2j )

, 0

}
(18)

Proof of Lemma 2. The policy maker’s problem is:

Max
r

− λ(rPM − r)2 + (1− λ)(s1(r) + s2(r)) (19)

Re-arranging the first order condition, we have:

r∗ = rPM +
1− λ

2λ

(
ds1(r)

dr

∣∣∣∣
r∗

+
ds2(r

∗)

dr

∣∣∣∣
r∗

)
(20)

Given the assumption of truthful contribution schedules, firm contributions are such that

they receive the same level of utility given policy choice r∗ as for any r′ 6= r∗. This implies

that any change in profits brought about by a shift in policy must be exactly offset by a

corresponding change in the firm’s expenditure on lobbying. Since each firm’s marginal value

for money is constant (and equal to one) this in turn implies that any change in profits must

be offset by an identical and opposite change in the firm’s contribution. For small deviations

from the equilibrium policy, this yields the following relation for both firms:

∂si(r)

∂r

∣∣∣∣
r∗

=
∂πi
∂r

∣∣∣∣
r∗

Taking the derivative of (17) and plugging into (20) we obtain the expression for equilibrium
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policy. Noting that regulation is bounded below by zero we have,

r∗ = max

{(
rPM + αβ(γi + γj)

)
1− β(γ2i + γ2j )

, 0

}
(21)

�

Lemma 3 characterizes equilibrium contribution schedules for each firm.

Lemma 3. Firm i’s equilibrium contribution schedule takes the form,

si(r) = max {πi(r)− πi(r∗) + si(r
∗), 0} (22)

where si(r∗) = λ
1−λ [(rPM − r∗)2 − (rPM − rj)2] +

(
πj(rj)− πj(r∗)

)
.

Proof of Lemma 3. Equilibrium contribution thus take the form:

si(r) = max {πi(r)− πi(r∗) + si(r
∗), 0} (23)

where r∗ is the equilibrium policy outcome. The schedule is completely pinned down by firm

i’s equilibrium contribution, si(r∗). All that remains then is to calculate this contribution.

The calculation is made tractable by the fact that we have already characterized equilibrium

regulation, r∗. Additionally, using a similar method to that above we can easily characterize

the equilibrium outcome if firm i chose not to contribute anything. Setting si(r) = 0 for all

r in equation (20) and solving yields,

rj =
rPM + αβγj

1− βγ2j

If firm i chooses not to contribute anything the policy maker attains utility g(rj). Taking

into account i’s equilibrium contribution, the policy maker attains utility g(r∗). Given that

the policy maker can attain g(rj) by ignoring firm i and choosing rj, it must be that if she
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chooses r∗ in equilibrium, she is at least as well off. Firm i never optimally provides a greater

contribution than what is strictly required to induce r∗ thus the equilibrium contribution is

that which yields exactly g(rj) = g(r∗), or

−λ(rPM − r∗)2 + (1− λ)(si(r
∗) + sj(r

∗)) = −λ(rPM − rj)2 + (1− λ)sj(r
j) (24)

Given firm j’s contribution schedule (defined similarly to (23)) we can plug-in the resulting

value for sj(rj). Re-arranging yields,

si(r
∗) =

λ

1− λ
[(rPM − r∗)2 − (rPM − rj)2] +

(
πj(rj)− πj(r∗)

)
(25)

�

Existence is given by a final lemma.

Lemma 4. Define a vector of parameters of ΓG as ω = (Fi, Fj, r
PM , α, λ) and let Ω be the

set of all possible parameter vectors. Then there exists an open subset O ∈ Ω such that any

parameter vector ω ∈ O admits a competitive equilibrium.

Proof of Lemma 4. A parameter vector ω admits a competitive equilibrium if the following

conditions are met.

1. Both firms prefer to produce positive quantities given equilibrium regulation:

α > −γir∗ for i = 1, 2.

2. Equilibrium regulation is non-zero: rPM+αβ(γi+γj)

1−β(γ2i +γ2j )
> 0.

3. Both firms prefer to make their equilibrium contribution than to offer zero:

πi(r
∗)− πi(rj) > λ

1−λ [(rPM − r∗)2 − (rPM − rj)2] + πj(r
j)− πj(r∗) for i = 1, 2.

Consider the following parameter values: Fi = 3Fj, α = 3rPM

Fj
, and λ = 26

9F 2
j +26

for any
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pair (Fj, r
PM). That is any ω of the form (3Fj, Fj, r

PM , 3r
PM

Fj
, 26
9F 2

j +26
). Denote a vector

of this form as ω̃. Each ω̃ admits a competitive equilibrium as defined in Proposition 1.

Additionally, since the three conditions listed above will hold strictly for each such vector,

there is an open subset O ∈ Ω containing all ω̃ and such that any ω ∈ O admits a competitive

equilibrium. �

This concludes the proof of Proposition 1. �

Proof of Proposition 2 . The marginal effect of r on firm i’s profits is:

dπi
dr

=
2

9
(α + rγi)γi (26)

This is positive when γi > 0. Also if dπi/dr > 0 it must be that firm i’s production is

non-zero. Thus α > −rγi. But then dπi/dr > 0 implies γi > 0.

For the second part, recall firm i’s equilibrium contribution schedule:

si(r) = max {πi(r)− πi(r∗) + si(r
∗), 0}

Suppose γi > 0. By Lemma 1, πi(r) > πi(r
∗) for any r > r∗. This implies si(r) > si(r

∗) for

all r > r∗. Thus firm i offers greater contributions for higher levels of regulation and lesser

contributions for lower levels of regulation. Since γj < 0 when γi > 0 the reverse is true for

firm j. �

Proof of Proposition 3 . The partial derivatives of r∗ with respect to Fi and Fj are:

∂r∗

∂Fi
=

1

F 2
i

[
αβ + 2r∗β(2γi − γj)

1− β(γ2i + γ2j )

]
∂r∗

∂Fj
=

1

F 2
j

[
αβ + 2r∗β(2γj − γi)

1− β(γ2j + γ2i )

]

The first expression is strictly positive. The second expression will be strictly negative
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whenever α < 2r∗(γi − 2γj).

Recall that for both firms to produce requires α > −r∗γj. An equilibrium exists in which r∗

is decreasing in Fj as long as,

2r∗(γi − 2γj) > −r∗γj

γi >
2

3
γj

which clearly holds if γi > 0. �

Proof of Proposition 4 .

Let γi ∈
(

0,min
{

1
β
,
√

1
β

})
. As n→ N it must be that r∗ → 0 by the definition of r∗. Since

r∗n must be strictly greater than rjn for any n, it must be that the difference r∗n − rjn is also

converging to zero. This implies that both of the quantities (rPM − r∗)2 − (rPM − rj)2 and

πj(r
j)− πj(r∗) converge to zero. Then si(r∗n)→ 0 as n→ N .

Next consider sj(r∗N). This depends on the regulatory outcome which would obtain in the

limit if j provided no campaign contribution. For any n this is rin = (rPMn +αβγi)/(1−βγi).

As n→ N , rin → αβγi/(1− βγi) > 0. The limit of sj(rPMn ) is:

1

9
((α + riNγi)

2 − α2)− λ

1− λ
ri

2

Plugging in riN and re-arranging it can be seen that this expression is strictly greater than

zero whenever 1− βγi > 0. So sj(r∗n) is bounded away from zero. �

Proof of Proposition 5 .
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In the model with N firms, firm i maximizes solves

maxqiqi

(
α−

∑
i

qi −
r

Fi

)

Firm i’s best response is,

q̃i =
1

2

(
α−

∑
j 6=i

qj −
r

Fi

)

Note that equilibrium price is given by P (Q) = α − Q where Q denotes total demand.

Following Ledvina and Circar (2011) we can re-write i’s best response in terms of this

equilibrium price,

q̃i = P (Q)− r

Fi
(27)

Summing across all i and re-arranging we obtain the following expression for equilibrium

price in terms of primitives, P (Q) =
α+r

∑
j

1
Fj

N+1
. Plugging this back into the best response

gives i’s optimal production level,

q∗,Ni =
1

N + 1

[
α + r

(∑
j 6=i

1

Fj
− N

Fi

)]

Note that (27) is also exactly equivalent to firm i’s per unit net revenue. Thus equilibrium

profits are,

πNi =
1

(N + 1)2

[
α + r

(∑
j 6=i

1

Fj
− N

Fi

)]2

Differentiating with respect to r and re-arranging yields,

dπi
dr

=
2

(N + 1)2

[
α + r

(∑
j 6=i

1

Fj
− N

Fi

)]
·

[∑
j 6=i

1

Fj
− N

Fi

]
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Thus firm i’s profits are increasing in r whenever γNi =
∑
j 6=i

1
Fj
− N

Fi
> 0 or,

Fi >
N

N − 1
· FH
−i

where FH
−i is the harmonic mean of green capital for all firms not including i.35 Note that

for N = 2 this condition reduces to the same condition as in the baseline model, Fi > 2Fj.

The condition for non-emptiness of G then follows from the last expression. �

Proof of Proposition 6 .

The equilibrium level of regulation solves,

rN = rPM +
1− λ
λ

(∑
i

dπi
dr

)

Again let γNi =
∑

j 6=i
1
Fj
−N
Fi

and define βN = 1−λ
λ
· 2
(N+1)2

. Plugging in the required derivatives

and re-arranging yields,

rN =
rPM + αβN

∑
i γ

N
i

1− βN
∑

i(γ
N
i )2

Differentiating rN with respect to any Fk we have,

∂rN

∂Fk
=

1

F 2
k

[
αβN + 2rNβN

(
NγNk −

∑
i 6=k γi

)
1− βN

∑
i(γ

N
i )2

]

Note that the bracketed term in the numerator is less than zero whenever:

N2 +N − 1
α

2rN (N+2)(N−1) + 1
N−1

∑
j 6=k

1
Fj

> (N2 +N − 2)Fk

Again when N = 2 this condition reduces to the same as in Proposition 3 above. The
35That is, FH

−i =
1

1
N−1

∑
j 6=i

1
Fj

.
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condition for non-emptiness of K follows. �

Proof of Proposition 7

First we characterize equilibrium investments in the extended game. Conditional on firms

behaving optimally, we can define the following function which maps each firm’s green capital

stock to its expected profits,

π̃i(q
∗
i (Fi), Fi)

Similarly, firm i’s campaign contribution, conditional on optimality, can be written as a

function of Fi,

s̃i(Fi)

We use these two functions to define the following value function,

Vi(Fi) = π̃i(q
∗
i (Fi), Fi)− s̃i(Fi)

When choosing it’s optimal level of investment, firm i solves,

Max
Fi

Vi(Fi)− h(Fi, F̃i)

and likewise for firm j. Applying the envelope theorem, the first order conditions yield the

following system of equations,

h′(Fi, F̃i) =
∂π̃i(q

∗
i (Fi), Fi)

∂Fi

h′(Fj, F̃i) =
∂π̃j(q

∗
j (Fj), Fj)

∂Fj

Note that by the envelope theorem both qi and qj remain unchanged as does equilibrium
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price which is completely determined by those two quantities. Thus Fi affects profits directly

only through its effect on marginal cost, that is through equilibrium regulation and through

the direct effect of Fi. Equilibrium investments are a pair (F ∗i , F
∗
j ) defined by the following

system of equations,

ci =
q∗i (Fi)

F 2
i

(
r∗ − 1

Fi

[
αβ + 2r∗β(2γi − γj)

1− β(γ2i + γ2j )

])
cj =

q∗j (Fj)

F 2
j

(
r∗ − 1

Fj

[
αβ + 2r∗β(2γj − γi)

1− β(γ2i + γ2j )

])

Let f(Fi, Fj) =
q∗i (Fi)

F 2
i

(
r∗ − 1

Fi

[
αβ+2r∗β(2γi−γj)

1−β(γ2i +γ2j )

])
. Suppose that ci 6= cj, but F ∗i = F ∗j = F ∗.

Then f(Fi, Fj) = f(Fj, Fi) = f(F ∗, F ∗). Without loss of generality, assume ci > cj. But

then ci = f(F ∗, F ∗) = cj, a contradiction.

�
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Appendix B: Additional Figures and Empirical Results

Figure 7

Total campaign contributions to members of the House Committee on Energy and Environment from January to June 2009.
Industries depicted are top 25 most active in lobbying on ACES.
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Figure 9: Carbon Emissions per Capita (Million Metric Tons)

Density of carbon emissions from electricity generation per capita for U.S. states.

Figure 8

Distribution of firms by industry lobbying in favor (left) and against (right) the American Clean Energy and Security Act.
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Table 1: Basline Results

Model 1 Model 2
(Intercept) −5.96∗ −5.74∗

(0.61) (0.57)
CompetitorCosts 2.22∗

(0.72)
CompetitorCosts2 2.20∗

(0.85)
HighEmissionsState 0.55 0.59

(0.41) (0.41)
Multinational 0.19 0.19

(0.37) (0.37)
MarketShare 2.14∗ 1.10

(1.02) (1.00)
Productivity −0.00 −0.00

(0.00) (0.00)
PP&E 0.00∗ 0.00∗

(0.00) (0.00)
MarketCap −0.02 −0.02

(0.03) (0.03)
EnergyIntensiveManufacturing 2.07 2.12

(1.08) (1.08)
ElectricityProvider 3.65∗ 3.53∗

(0.45) (0.43)
N 2306 2300

Logistic regression. Dependent variable is support for H.R. 5424 The American Clean Energy and Security Act of 2009.
CompetitorCosts1 is share of competitors located in top quartile of states by carbon emissions in electricity generation. Com-
petitorCosts2 is market share held by same competitors. Sample includes firms with total assets greater than the median.
Standard errors in parentheses. ∗ indicates significance at p < 0.05.
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Table 2: Additional Results

Model 1 Model 2 Model 3 Model 4
(Intercept) −5.96∗ −5.89∗ −6.13∗ −6.47∗

(0.53) (0.51) (0.54) (0.61)
CompetitorCosts1 2.53∗ 3.10∗

(0.64) (0.70)
CompetitorCosts2 2.85∗ 3.88∗

(0.76) (1.42)
HighEmissionsState 0.35 0.43 0.39 0.36

(0.36) (0.37) (0.36) (0.38)
Multinational 0.30 0.43 0.35 0.60

(0.34) (0.34) (0.34) (0.40)
MarketShare 2.74∗ 0.78 2.66∗ 2.00∗

(0.85) (0.99) (0.87) (0.98)
Productivity −0.00 −0.00 −0.00 −0.00

(0.00) (0.00) (0.00) (0.00)
PP&E 0.00∗ 0.00∗ 0.00∗ 0.00∗

(0.00) (0.00) (0.00) (0.00)
MarketCap −0.00 −0.01 −0.01 −0.00

(0.02) (0.02) (0.02) (0.02)
EnergyIntensiveManufacturing 2.31∗ 2.43∗ 1.90 2.05

(1.07) (1.08) (1.08) (1.09)
ElectricityProvider 3.76∗ 3.61∗ 3.76∗ 4.03∗

(0.41) (0.40) (0.41) (0.45)
N 2722 2715 2626 2512
Rare Events Correction Y es Y es No No
Outliers Excluded No No Y es Y es

Logistic regression. Dependent variable is support for H.R. 5424 The American Clean Energy and Security Act of 2009.
CompetitorCosts1 is share of competitors located in top quartile of states by carbon emissions in electricity generation. Com-
petitorCosts2 is market share held by same competitors. Rare events correction implemented using the Zelig package in R.
Outliers are defined as higher than 95th percentile for the relevant independent variable. ∗ indicates significance at p < 0.05.
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Table 3: Measuring Costs with Coal Reserves

Model 1 Model 2
(Intercept) −6.64∗ −6.50∗

(0.76) (0.70)
CompetitorCosts3 2.70∗

(0.88)
CompetitorCosts4 2.85∗

(0.91)
HighEmissionsState 0.56 0.55

(0.41) (0.41)
Multinational 0.23 0.25

(0.37) (0.37)
MarketShare 2.76∗ 1.18

(1.13) (0.99)
Productivity −0.00 −0.00

(0.00) (0.00)
PP&E 0.00∗ 0.00∗

(0.00) (0.00)
MarketCap −0.02 −0.02

(0.03) (0.03)
EnergyIntensiveManufacturing 1.60 1.65

(1.08) (1.07)
ElectricityProvider 3.71∗ 3.47∗

(0.46) (0.43)
N 2306 2298

Logistic regression. Dependent variable is support for H.R. 5424 The American Clean Energy and Security Act of 2009.
CompetitorCosts3 is share of competitors located in states possesing coal reserves. CompetitorCosts4 is market share held by
same competitors. Sample includes firms with total assets greater than the median. Standard errors in parentheses. ∗ indicates
significance at p < 0.05.
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Appendix C: Case Study (Xcel Energy)

In 2004, Colorado voters approved a state-wide renewable energy portfolio standard in spite

of opposition from local utility companies. The standard required all retail utilities to gen-

erate a specified percentage of their electricity using renewable sources. The percentage

specified varies across utility types and is scheduled to gradually increase over time. Ini-

tially, investor owned utilities (IOUs) were required to generate 10% of their electricity from

renewable sources by 2015 (Peterson et al. 2011). While it initially opposed the RES, Col-

orado’s largest electricity provider, Xcel Energy quickly discovered that it was on track to

meet its renewable energy targets ahead of the deadline. A few years later the utility did an

about-face lobbying hard in favor of an even stricter renewable energy standard. The new

standard passed in 2007, increasing the required threshold of electricity generated from re-

newable sources to 20% by 2020. Additionally, the new measure adopted a renewable energy

standard of 10% for smaller utilities, many of whom compete directly with Xcel (Kenworthy,

2009).

This was not the only time that Xcel supported green policy initiatives which imposed costs

on both itself and its market competitors. The company has also supported the Waxman-

Markey cap and trade bill, referenced above, and has argued in favor of a direct tax on

carbon. As one commentator notes:

One of Xcel’s priorities is winning market share from independent power pro-

ducers on the wholesale electricity market. Older natural gas plants are Xcel’s

fiercest competitors, because they have already paid off their capital costs, so

they can bid electricity prices relatively low. The $20/ton carbon tax eliminates

this advantage, because new plants are more efficient than older plants. It tilts

the playing field to Xcel’s favor (Yeatman, 2011).

More recently, Xcel lobbied in favor of legislation incentivizing utilities to reduce emissions
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from coal plants by upgrading to more efficient technologies or switching to alternative

sources of fuel. In particular, Xcel pushed for provisions which support the construction of

entirely new natural gas plants, to the dismay of both existing natural gas providers, who

view Xcel’s plans to contrust new plants as a direct threat to market share, and other coal-

reliant utilities, who argued in favor of extending the life of coal-fired plants through pollution

controls. While the law required Xcel itself to contruct new electricity generation facilities,

these costs could be largely passed on to consumers rather than borne by Xcel. Thus the

legislation in its final form imposed relatively low costs on Xcel while worsening the market

share of its industry competitors. Commenting on Xcel’s lobbying strategy, one former

Colorado utility commissioner noted, “There is nothing pretty about utility regulation...It is

just a bunch of rent seekers at the trough” (quoted in Denver Post, 2010).

Finally, the case of Xcel Energy highlights another important dynamic of the interaction

between firms and policy makers in the realm of climate change policy. In 2010 Xcel peti-

tioned local authorities for permission to cancel plans for a 250 megawatt solar power plant

it had promised to build. In its petition, Xcel cited “changed circumstances” in particular

“the expectation that carbon legislation won’t be enacted for several years.” Xcel claimed

that the failure of national climate change legislation made such investments in energy effi-

ciency economically unappealing (Hill, 2010, cited in Yeatman, 2011). Thus, even for firms

predisposed to support climate change legislation, willingness to invest in energy efficiency

is conditioned by the political environment.
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