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Abstract

We consider a three-period economy with two firms, green and brown, where the
brown firm generates pollution. The availability of a costly pollution-abatement tech-
nology is revealed in period 2. Without activism, the brown firm’s manager, who
maximizes shareholder value, will not adopt the technology even though it is socially
optimal to do so. We consider three activist strategies: Exit (divestment of shares),
Boycott (of goods), and Voice (proxy-voting). Boycott is more effective than Exit.
Voice is most effective, requiring fewest activists provided the brown firm is small
with shares having equal voting power. The personal cost to activists can be higher
for Voice. When the number of activists is large but too low to be effective, the green
share’s price will rise and the brown share’s price will fall when the technology becomes
available. An unanticipated jump in the number of activists can move the economy
from one equilibrium to another, making activism effective. If this happens, the green

share’s price will fall with a much smaller further decline in brown share’s price.

JEL classification codes: D62, G12, L21
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1 Introduction

Attention to environmental, social, and governance issues in investment decisions among
professional money managers has become widespread since the launch of the Principles for
Responsible investment in 2006 by the United Nations and the widespread public concern
about the use of fossil fuels and their role in global warming. Such attention has led to
activism through divestment,! boycotts by consumers, and use of proxy voting campaigns
to wean firms away from fossil fuels and toward development of greener energy sources.
Legislative actions have led to direct subsidies, tax credits and grants to consumers and
producers for qualifying renewable energy projects and establishment of markets for trading
carbon credits.”

The effectiveness of activism, especially through divestment, has been the subject of much
debate. However, some skeptics have moved towards activism. In a Financial Times inter-
view in September 2019, Bill Gates said that “[d]ivestment, to date, probably has reduced
about zero tonnes of emissions. It’s not like you've capital-starved [the] people making steel
and gasoline.” Later, however, he stated that in 2019 both he and the Gates Foundation’s
endowment “divested all ... direct holdings in oil and gas companies.”® Further, “[plension
funds and other traditional investors in private-equity energy funds have cut their allocation
to the conventional-energy sector to as little as 1% of their portfolios. ... Meanwhile, most
investors and lenders refuse to be involved in coal companies despite surging energy prices.”?

We examine the effects of activism on share prices and managerial behavior, considering
a three-period economy where a fraction k of agents are environmental activists, and there
are two types of firms, green and brown. The green firm does not pollute, but the brown
firm does, causing environmental damage affecting all agents in the economy. With some

probability, a technology becomes available that will give the brown firm the option become

! According to divestmentdatabase.org, as many as 1,497 institutions with a combined assets under man-
aging of about $39.88 trillion have committed to divesting or excluding some type of fossil fuel related
investments in October 2021.

2The Baker-Schultz carbon dividends plan that has bi-partisan support and the Waxman-Markey bill of
2009 are examples of legislative action.

3Bloomberg, February 14, 2021.

4“Investor Shift From Fossil Fuels Leaves Surging Market to Smaller Players”, Wall Street Journal,
October 13, 2021.


https://divestmentdatabase.org/

green.

In this setting we consider three strategies for activists, which we treat as mutually
exclusive:” Exit (selling brown shares), Boycott (not purchasing goods from brown firms),
and Voice (holding brown shares and voting in favor of the manager adopting green policies).
We characterize equilibria as a function of k, the fraction of activists in the economy. We
find that there are two thresholds, & and Z, with & < k for Exit and Boycott (the thresholds
generally differ by strategy). When k < k (low k), activists have no impact on prices. When
k<k< k (intermediate k), Exit and Boycott have similar effects. They both adversely
affect the targeted brown firm’s stock price. However, the price effect is not large enough to
induce the brown firm to become green.® When k > k (high k), activists succeed. We show
that Boycott is more effective than Exit in the model in that the thresholds can be lower
under Boycott. In the case of Voice, there is no k, but only Z:, i.e., k can only be low or high,
because activists can enforce the adoption of green technology once they hold the majority
of the brown firm’s shares. Voice can be more effective than the other two strategies under
certain conditions.” In general, activists pay a price for their activism: under Exit, when
they sell brown shares they do so at a low price; under Boycott, they pay more for green
goods; and under Voice, when they accumulate brown shares they may have to pay a high
price.® It is important to keep in mind that taxation and Boycott will be applicable to all
firms irrespective of whether they are public or private companies, whereas Exit and Voice
are applicable only for firms with publicly traded shares. However, Boycott also requires the
ability to identify goods by their origin. We assume that the emissions tax is low and hence

the green technology will not be adopted without the intervention of activists.”

5Mutual exclusivity ignores complementarities — for example, in practice agents who exit would presum-
ably boycott as well if they could discern origins of goods.

6We assume that activists do not collaborate. As documented in Dimson et al. (2015), collaboration
among activists increases effectiveness.

"We assume that shares have equal voting power. In reality, a firm may have different classes of shares,
with some share classes having more votes even though all shares have the same cash flow rights. Meta
(formerly Facebook) is an example with class A shares (one vote per share) and class B shares (with 10 votes
per share) with the same cash flow rights.

8Hwang et al. (2021) document that firms after revelation of higher SRI ownership have negative stock
returns and firm values come down after anticipated increase in CSR activities.

9Golosov et al. (2014) develop a general equilibrium model and find that the optimal tax on fossil fuel
should be higher than the median estimates in the literature. Nordhaus (2019) argues that the price of COq
is much lower than it is supposed to be.



Uncertainty concerns the existence of a technology to convert brown production to green.
As an example, consider production facilities that are hydro-powered in one area, with
otherwise identical facilities elsewhere that are powered by coal or oil. Converting the latter
requires that a feasible cost-effective transition be possible. This could involve adoption of
renewable power, or the installation of carbon capture technology. It is important to keep
in mind that many such transitions can only occur at scale; electric vehicles, for example,
require a charging network and renewable power requires both low priced power generation
and an electric grid that can adapt to fluctuations in generation.'’

We show that activism can introduce endogenous risk when the equilibrium involves the
brown firm manager following a mixed strategy of technology adoption. When activists
follow the Exit strategy, although the unconditional returns from period 1 to 2 are the same
for both shares, conditional on the green technology being available the green shares are

riskier in the near term and earn a short-term conditional risk premium, while brown shares

are riskier in the long term and earn a risk premium.

2 Related Literature

There is a vast literature on socially responsible and sustainable investing, and we refer the
interested reader to several survey articles. Kitzmueller and Shimshack (2012) synthesize the
literature on corporate social responsibility and explore why it exists. Besley and Ghatak
(2018) review the literature on the role of incentives in providing goods and services that
have returns with significant social components. Matos (2020) surveys the literature from
the perspective of industry practitioners. Christensen et al. (2021) review the literature
on economic effects of mandated disclosure for corporate social responsibility and sustain-
ability. Our paper contributes to this broader literature on corporate social responsibility,
emphasizing environmental responsibility and focusing on implementation mechanisms.
How to achieve the socially responsible activities by private firms has been a widely dis-

cussed issue in the literature. Besley and Ghatak (2017) consider three types of organizations,

10The solar cell was first developed in 1883 by American inventor Charles Fritts. In the last 40 years,
the cost of photovoltaic modules has declined by 99%, with the decline attributable to reduced input costs,
economies of scale, government-funded R&D, and subsidies. See Kavlak et al. (2018).



social enterprise, non-profits, and for-profits, and the important role of citizen-managers with
non-selfish preferences in running firms with flexible missions. Chowdhry et al. (2019) ex-
amine a project that produces profits and a social good at the same time, with two types of
investors, one motivated by profit and another by social impact.!! They show that when the
project’s social impact is large, joint financing by both types of investors can be mutually
beneficial. In our model, too, we consider a case of two types of investors, one who care
only about profits and another who care about social goods as well, but our interest is in
examining the effectiveness of various strategies available to those who care about social
goods.

Various approaches to socially responsible investors’ behavior have been explored in the
literature. Gollier and Pouget (2014) examine a model where some investors are socially
responsible and take externalities into account, but their focus is on large investors. They
show that a large activist investor can profit by buying out a non-socially responsible firm
and selling it after converting it into a responsible one. Heinkel et al. (2001) assume that
some investors do not want to hold shares of firms with negative externalities and consider
the impact of their Exit on firms’ share prices and show how that affects firms’ decisions to
reform. Péstor et al. (2021) extend the framework in Heinkel et al. (2001) so that investors
have smooth preference for consumption good as well as the non-pecuniary flow of benefits
to investing in shares that depend on their ESG characteristics. They derive a linear beta
model for the expected return on financial assets.'” Goldstein et al. (2022) also consider two
types of investors — ESG and non-ESG. However, they focus on the informational content
of asset price from which outside investors can learn the monetary prospects of a firm. By
contrast, we exploit the incentivizing aspects of asset prices. Our main goal is to study the
effect of activist strategies and how it induces the firm value maximizing manager to adopt

the green technology.

HBansal et al. (2022) argue that investors’ concern about socially responsibility is higher during good
times. Riedl and Smeets (2017) and Barber et al. (2021) provide the evidence of investors’ social preferences.
Starks et al. (2020) find that the use of ESG considerations are influencing investment decisions of investors
with longer investment horizons — in both US mutual funds as well as institutional investors, which means
that investors’ sensitivity to ESG issues while making portfolio choice decisions is here to stay.

12Pedersen et al. (2021) develop a four-factor equilibrium asset pricing model when an asset’s ESG score
conveys information about the firm’s fundamentals in addition to its contribution to negative social exter-
nalities.



In a closely related paper, Broccardo et al. (2022) model agents as deriving utility by
consuming the good, as well as the aggregate welfare of agents in the economy affected by
their decision.'® Our conclusions are similar to theirs: Exit and Boycott are less effective
than Voice in inducing firms to act in socially responsible manner. We also show that the
effectiveness of Voice depends on the relative size of the two firms and Voice is least effective
when the brown firm is large. Berk and van Binsbergen (2022) also confirm empirically that
the price effects of disinvestment are likely too small for exit o affect firm behavior.

We consider an economy where green and brown products are perfect substitutes and a
fraction of agents restrict themselves in consumption or investment decisions. This setup
is in line with the intuition of Aghion et al. (2020), the synergetic interaction between
market competition and socially responsible agents. While Aghion et al. (2020) consider
only boycott by consumers, we extend the activist strategies and compare their effects across
Exit, Boycott, and Voice.

In our model, agents’ utility function depends on goods consumed as well as the public
bad, which can be thought of as a characteristic of the brown firm as in Péstor et al. (2021).
However, the public bad in our model depends on the brown firm’s equilibrium output and
technology choice, and the agents are infinitesimal so that they do not internalize the public
bad into their decisions, unlike Oehmke and Opp (2020). As in Heinkel et al. (2001), some
agents are socially responsible and will not invest in brown firm shares when they follow the
Exit strategy. Given our interest in examining how different activist strategies induce the
brown firm manager to take the socially right action, we abstract away from risk and model
firms’ outputs as being certain, unlike in Heinkel et al. (2001) and Pastor et al. (2021). The
only exogenous uncertainty is about the availability of a technology to convert the brown
firm into a green firm, at a cost.!* We do not consider green mandates imposed on the firms
as in Hong et al. (2021), either. We find that legislative action by taxing public bad can
attain what can also be achieved by activism using Exit, Boycott, or Voice strategy, provided

that there are sufficient activist agents in the economy.'® In our framework, when there are

13Heeb et al. (2022) finds the evidence that investors care about whether the investments are sustainable,
but not how much the impacts are.

MWe introduce an endogenous risk in Section IA.4 due to the brown firm manager following a mixed
strategy of technology adoption.

15Gantchev et al. (2021) provide the evidence that a sufficiently large number of investors, even though



enough activist investors, Exit and Boycott will increase the expected return on the brown
firm and depress its share price, consistent with the findings in Hong and Kacperczyk (2009),
Chava (2014), Péstor et al. (2022), and Bolton and Kacperczyk (2021a).'9

An important insight from our model is that activism changes the nature of the equilib-
rium. The brown firm manager compares the brown firm value when the green technology
is adopted with the value when not adopted.'” The scenario with the lower firm value will
not be on the equilibrium path, and the out-of-equilibrium prices are never observed.

Activism by socially conscious investors can lead to legislative action, like taxation of
brown outputs, and convince other agents in the economy to become activists. Our model
does not directly reflect this aspect of reality but leave such features for future research.'®

The rest of the paper is organized as follows. Section 3 lays out the structure and
underlying assumptions of the economy in our model. Section 4 gives a detailed description
of the timeline of the model and presents the decision problems of agents and firms. Section
5 defines and solves the equilibrium under each activist strategy. Section 7 summarizes the

model and concludes.

3 Structure of the Economy

This section explains the structure of the model. We consider a stylized three-period economy
(t = 1,2,3). A continuum of agents is endowed with the non-storable consumption good
in periods 1 and 2. They are also endowed in period 1 with shares in two firms that pay
consumable dividends in period 3. Agents consume in all three periods. The only uncertainty

concerns the availability of a technology to reduce environmental externalities created by one

they do not have large stakes in the firm, can affect the share price through their E&S preferences and induce
the firm to improve E&S policies.

16See Roell (2019), Kim and Yoon (2020), Lindsey et al. (2021), and Heath et al. (2021) for other aspects
of socially responsible investments.

17 Albuquerque et al. (2019), Akey and Appel (2019), Naaraayanan et al. (2021), and Bolton and Kacper-
czyk (2021b) also study the effects of activism on the firms and the economy. Albuquerque et al. (2019) build
a model where customers are more loyal to green products, so firm has an incentive to go green. Akey and
Appel (2019) empirically show that divestment leads to reduction in emissions due to brown output coming
down. Naaraayanan et al. (2021) find that the drop comes from emission reducing technology adoption and
not from reduction in output. Bolton and Kacperczyk (2021b) empirically find that greener firms have lower
cost of capital, due to institutional investors divesting from brown shares.

18See Dunn et al. (2018), Jagannathan et al. (2018), Hsu et al. (2020), and Ardia et al. (2020).



of the firms. For analytical convenience, we abstract away from other risk considerations that
affect portfolio choice and stock prices.!” In addition to examining different strategies for
agents, we also impose a tax at rate 7 on consumption of goods produced by the polluting
firm when the green technology is not used. Tax proceeds are rebated equally across all
agents.

Each period in the model serves a distinct purpose. In period 1, agents receive initial
share allocations and trade. In period 2, agents learn whether the green technology exists,
and they trade again. Finally, in period 3, agents consume output from the firms. The
central question is whether the green technology, if it exists, is adopted by the brown firm.

Actions taken by the agents have the opportunity to influence this adoption decision.

3.1 Firms and the green technology

There are two firms, one brown (B) and one green (G), each of which has one share outstand-
ing. Firms produce output only in period 3. Consumption goods produced by both firms in
period 3 are paid out to the shareholders of the respective firms as liquidating dividends, Dpg3
and Dgs. Consumption goods received as dividends are tagged so that agents can identify
whether they are from firm B or G. The green firm always converts the intermediate good
one-for-one into Dg3 units of consumption good. Output of the brown firm, by contrast,
depends on adoption of the green technology, for which the existence is revealed in period

2. The probability that the green technology exists is p. There are three possibilities:

 The green technology does not exist. In this case the brown firm converts Dps
units of intermediate goods into Dp3 units of consumption good. Firm B produces b
units of public bad as well, which adversely affects all agents in the economy equally.
The scale factor that converts public bad into its consumption equivalent is §, so that
b = d D3, which is not a choice variable by agents. Goods produced by the brown firm

are taxed at rate 7.

o The green technology exists but is not adopted. In this case, production occurs

19When there is economy-wide pervasive risk, there will be an additional utility cost to holding concentrated
positions by deviating from the market portfolio. This should not directionally affect our main results.



as if the green technology did not exist, but output is tagged, so strategies such as

Boycott are feasible. Goods produced by the brown firm are taxed at rate 7.

o The green technology exists and is adopted. If the green technology is available
and is adopted by firm B, no public bad will be produced when firm B converts its
intermediate good to consumption good, but conversion is less efficient: each interme-
diary good will be converted to (1 — 1) consumption good, where 0 < 1 < 1. There is

no tax on goods produced by firm B.

3.2 Agents

Agents live 3 periods and have CARA utility with coefficient A, with no time discounting.?’
Consumption by agent 7 in period t is ¢;;. Per capita consumption of the public bad produced
by the brown firm (if it does not adopt the green technology) is b. The lifetime utility of

agent i is therefore?!

U = —e At — g=Acz _ p=Aleia=h), (3.1)
Each agent ¢ at birth is endowed with
e 0,50 shares of firm j,j = B, G.

o 1 of the consumption good, received at the beginning of periods t = 1,2. We use 9
to denote consumable endowments in periods 1 and 2 and Dpgs and Dg3 to denote the
consumable dividend paid by the brown and green firms in period 3, in which there is

no endowed consumption.

e A type, either ESG (the fraction k of agents, i € [0,k]), or NESG (the fraction
1 —k of agents, i € (1 — k, 1]). ESG agents care about reducing the creation of public
bad even if they incur a personal cost. Throughout the paper, we will use the terms

“ESG agents” and “activists” interchangeably.

29The main results for our paper are qualitatively identical under CRRA utilities.
2In our model, the public bad enters additively in the utility function as in Péstor et al. (2021).

10



Adoption of the green technology reduces output, so in order to ensure that it can be socially
optimal to adopt the green technology we assume that the consumption equivalent of firm
B’s output of public bad, §Dp3, exceeds the loss in output from adoption of the green
technology, nDp3:

d>n. (3.2)

If the brown firm does not adopt the green technology when it is available, consumption goods
produced by the brown and green firms are distinct and denoted as ¢;p3 and ¢;g3. Apart
from their origin, the two goods are perfect substitutes, so that agent ¢’s total consumption
in period 3 is ¢;3 = ¢;p3+ Cig3. Consumption goods received as endowments in earlier periods
have no labels and are interchangeable.

When ESG and N ESG agents have different per-capita endowments, we write aggregate

consumption in periods 1 and 2 as

b= kYS9 + (1= k)P, tel,2 (3.3)

In the base case, with homogeneous endowment across ESG and NESG agents, we set

79 = )Y and we simply write 1; and 1, to denote aggregate consumption in periods 1
and 2.

Individual consumption and endowments of shares and goods are — ¢;1, ¢ia, ¢ij3, Gij0, Vit
and ;5 are expressed in terms of intensity for an infinitesimal agent i. When all agents are
identical, the individual equilibrium consumption intensity ¢ will be the same for all agents
and we will denote this ¢* without the subscript . In that case, aggregate consumption
is fol c;di = c,where we use the same notation, c, for individual consumption intensity and

aggregate consumption. We will also drop the superscript * for notational convenience.

3.3 Markets

Stocks are traded during periods 1 and 2. In period 1, trading of shares takes place after
agents learn their type (ESG or NESG) and receive their endowment of the consumption

good. In period 2, trading in stocks takes place after the uncertainty about the availability

11



of the green technology is resolved. In period 3, trading takes place after the brown firm
has decided whether or not to adopt the green technology. Following the adoption decision,
liquidating dividends are paid to shareholders, who then consume the dividend. The con-
sumption good is the numeraire in periods 1 and 2, and the consumption good produced by

firm G is the numeraire in period 3.

3.4 Activist strategies and behaviors

ESG agents make some decisions without regard for personal cost. We make the following

behavioral assumptions:

o Exit strategy ESG agents will liquidate all the shares of firm B in period 2 if the
green technology is available and is not adopted.Boycott strategy FSG agents will
avoid the consumption good produced by firm B in period 3 if the green technology is

not adopted when available.??

» Voice strategy F'SG agents will liquidate their holdings of shares in firm G and invest
the proceeds in shares of firm B in order to participate in a proxy vote in period 1 that

directs the management to adopt the green technology if it becomes available.

In any event, we assume that the government levies a tax at rate 7 on firm B’s output of
the consumption good paid out as dividends if the green technology was not used, whether
available or not. How the ESG agents will behave is public knowledge. There is only one
source of uncertainty in this economy — whether the green technology will be available in

period 2.

4 Decision Problem of Individual Agents and Firms

We now describe the consumption-portfolio choice problem of each type of agent. NESG

agents choose consumption and share holdings to maximize utility taking the public bad

22The Boycott strategy induces a lexicographic preference for the green consumption good. Similarly, the
Exit strategy is as if the agents had lexicographic preference for the green firm’s shares. By contrast, in
Péstor et al. (2021) an agent’s preference for a firm’s characteristics is continuous.

12



as given. They value shares of brown and green firms based on their dividends and treat
the consumption goods produced by firms B and G as perfect substitutes. ESG agents
also maximize utility, but subject to the behavioral constraints outlined in Section 3.4.
Throughout, we assume no short-selling of shares.

As with shareholders, there are also NESG and ESG managers. The default firm B
manager type is NESG. This manager will adopt green technology if doing so maximizes
the share price. An ESG manager of firm B, by contrast, will adopt the green technology

as long as it exists. Voice provides a mechanism for changing the manager type.

4.1 Timeline

Figure 1 depicts the evolution of events and the decisions the agents and firm managers make
over time.

Period 1. Each agent i enters period ¢t = 1 (S;) endowed with 6;5¢ of firm B’s shares,
0ico of firm G’s shares, and 1);; of consumption good. Given share prices pj, and pg,, agents
choose consumption ¢;; and shareholdings 6;5; and 6;5;. In the case of Voice, EFSG agents
sell their green shares (setting 6,51 = 0) to buy brown shares, in hopes of electing a an ESG
manager for the brown firm.?*

Period 2. Each agent ¢ enters period t = 2 holding 6,5, shares of firm B, 0,5, shares of
firm G, and an endowment of consumption good of ;5. The availability of green technology

is determined by nature:

« With probability 1 — p, the green technology is not available (state Sy;),** so there is

no decision to be made by Firm B.%*

« With probability p, the green technology is available (state Sas). By default, firm B’s
manager is NESG.

— In Exit and Boycott, we assume that the N ESG manager adopts the green tech-

nology (state Sa24) only if doing so maximizes the share price at the beginning of

ZShareholdings of 6,;1 and 6,2 are the holding intensities chosen by an infinitesimal agent i.

24The first subscript denotes the time period and the second denotes the state.

25The state So1 helps benchmark share prices when no technology is available and thus period 1 is necessary.
Our model has the flexibility to examine technology development/innovation for future work.

13



period 2. Otherwise, the firm remains brown (state Saay).

— In Voice, the manager type is determined by an election in period 1, in which
a majority vote determines whether there will be a switch to an ESG manager.
If the vote is successful, the brown firm will adopt the green technology if it is

available.

o In each of the states Sa1, Soon and Soo4, agents choose consumption ¢;o and sharehold-

ings 0,52 and 0,52 given share prices pp, and pg,in that state.

Period 3. In period t = 3, there are three possible states denoted by S31, S32 and S33. Each
agent ¢ enters period 3 holding 6,5, shares of firm B and 6,52 shares of firm G, possibly
different for different states, following which the outputs of intermediate goods of firms B
and G are realized and converted into final consumption goods that are paid out as dividends.

Firm G’s dividend, Dgs, does not depend on the state, but firm B’s dividend, Dpgss,
does. When firm B does not adopt the green technology (either in state 1 — where the
technology is not available — or state 2 — where it is available but not adopted), the dividend
is Dps = Dpgs1 = Dpss. Not adopting the green technology has two consequences. First, firm
B generates § D3 units of public bad. Second, the government taxes firm B’s output at the
rate 7. The government redistributes the tax revenue uniformly to all agents. On the other
hand, if the green technology is adopted (state Ss3), firm B will produce (1 — 1) Dps units
of consumption goods, which will be paid out as dividends, without generating any public
bad, and there is no tax. In each of the states S31, S32 and Ss3, agents choose consumption
¢ips and ¢;q3 given the price of brown consumption goods.

In summary, states Sp; and Ssy are determined by nature (availability of the green tech-
nology). States Sgoa and Saon (and the subsequent states at t = 3) are the outcomes of the

actions by the agents and firm B’s manager.

4.2 Optimization problem of individual agents

We now describe the optimization problems of individual agents in each period. Recall that

an FSG agent is indexed by i € [0,k] and a NESG agent is indexed by i € (k, 1].

14



Period 1. Under the Exit and Boycott strategies, both ESG and NESG agents face
the same problem at ¢t = 1. Each agent ¢ € [0, 1] takes prices as given and decides how much

to consume and what portfolio to hold by maximizing

Ua = max {—efAC“ +E; [Ui2 (eiBh 91’6‘1)]} ) (4-1)

0:B1,0:c1,ci1

subject to the budget constraint

ci1 + 0ig1ps1 + Gicipen = Oipopy1 + GicoPen + Vil

where U is the period-2 utility of agent i, to be specified below. This may have different
values for different activist strategies and different equilibrium paths. E; is the expectation
with respect to the availability of the green technology and the technology adoption rules to
be specified in Section 4.3.2.

At t = 1, agents take into account uncertainty about the availability of green technology.
Denote the share prices of firms B and G at t = 1 as pj; and pg,, respectively. The numeraire
in this period is the consumption good, assumed to be from the green sources at ¢t = 1 and
2.

Under the Voice strategy, ESG agents are subject to the additional constraint that
ica = 0 for ¢ € [0, k].

Period 2. At t = 2, the green technology is not adopted in states Sy; and Saon, and
adopted in state S954. The numeraire in this period is again the consumption good. Denote
the share prices of firms B and G at t = 2 as pjp, and pg,, respectively. Under the Boycott
and Voice strategies, both ESG and NESG agents face the same problem at t = 2. In each
of the states Sai, Seon and Saoa, each agent ¢ € [0, 1] takes prices as given and decides how

much to consume and what portfolio to hold by maximizing

Uio (0iB1,0ic1) = max {—6_’4% + Uiz (62, 92‘6‘2)} ; (4.2)

0;B2,0;G2,Ci2

subject to the budget constraint c;o + 0;pappe + GicePie = 0iB1PBs + Vic1PEe + Vie, Where

Ui,z is the period-3 utility of agent ¢ to be specified below and may have different values for

15



different activist strategies and different equilibrium paths.
Under Exit, NESG agents continue to solve the above optimization problem, but £SG
agents will be subject to an additional constraint: ;52 = 0 for i € [0, k] in state Soon.
Period 3. At t = 3, we use the consumption good produced by firm G as the numeraire.
Denote p%5 as the pre-tax price of consumption good from firm B. Under the Exit and
Voice strategies, both ESG and NESG agents face the same problem at ¢ = 3. In each of
the states S31, 532 and Ssg, each agent i € [0, 1] chooses how much of firm G’s and firm B’s

consumption good to consume so as to maximize the utility

CiB3,CiG3

U, (91‘327 9@‘02) — max {_eA(CiBS+CiG35DBS(11(5‘33)))} (4.3)
subject to the budget constraint

cicz + Pps(1+ 7(1 — L(s)))Ci3

= bYic2Das + 0ip2pBs(Dps — 1D p3l(syy)) + 053(1 — 1(sy)) Dis,

where 1(g,,) denotes the indicator function that takes the value of 1 if the state in period 3
is S33 and 0 otherwise. In the states where the green technology is not adopted, the budget
constraint includes terms reflecting the negative externality, 7, as well as the tax and tax
rebate.

Under the Exit strategy in state Saop, 0,52 = 0 for i € [0, k]. Under Boycott, ESG agents
will be subject to an additional constraint: ¢;p3 = 0 for ¢ € [0, k] in state Ssa.

Under the Exit and Voice strategies, the maximization problem in (4.3) is straightforward
and can be reduced to maximizing the total quantity of consumption, ¢;p3 + cig3

To summarize, all NESG agents solve standard portfolio-choice problems at each point
in time, taking into account the uncertainty in the availability of the green technology at
t = 2. Each ESG agent i € [0,k] is subject to an additional constraint 6;g; = 0 at t = 1
under Voice, 0,50 = 0 at t = 2 under Exit in state Sy, and ¢;p3 = 0 at t = 3 under Boycott

in state Ssa.
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4.3 Decision problem of firms

4.3.1 Firm G

Firm G in this economy produces the green output, and its manager makes no decisions

regarding production or technology adoption.

4.3.2 Firm B

If the green technology is available (state Si2), the manager of firm B can adopt the tech-
nology at a cost of reducing output by the fraction 7. Following adoption, firm B will not
produce any public bad and agents in the economy will know that firm B adopted used the
green technology.

The objective of firm B’s existing manager, who is an N ESG manager, is to make the
technology decision that maximizes the value of the shares at ¢ = 2, which is a standard
assumption in corporate finance.?® Thus, the manager needs to compare firm B’s value along
the two possible equilibrium paths, adoption and no adoption, i.e., Paths 2 and 3 in Figure
1, adopting the green technology if and only if it results in a higher firm value. By contrast,
an FSG manager is the one who always chooses to adopt the green technology in state Sao,
even if the adoption leads to a drop in firm value. Firm B comes with the default NESG
manager, and shareholders can vote to replace the NESG manager with an FSG manager
by a proxy vote at t = 1 under the Voice strategy.

The state of the economy when the green technology is available, but prior to the adoption
decision, is Sgo. The firm B manager will select state So24 (adoption) or Sayen (no adoption).
dependingon which state will have a higher brown share price. Therefore, we write state Soo
as a function of the manager’s decision rule as follows. If there is an NESG manager, the

adoption rule depends on the stock price conditional on adoption:

Soga if  pfh, (S > ph, (S
Sy — 224 52 (5224) %2 (S22n) ‘ (4.4)

Soan if Do (S224) < Do (S22w)

26We have assumed the firms are large enough so that manager’s decision will affect share prices, but the
manager will not deliberately manipulate prices. We leave the study of infinitesimal firms for future research.
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With an ESG manager, by contrast, the technology is always adopted, so the state is

Sa94. We will use indicator functions 1( ) and 1< ) to denote

Do (S224)>p%, (S22N) P55 (S224) <P (S22N)

the states defined in expression 4.4.
In the next section, we characterize the equilibrium in our economy when the £SG agents
follow one of the three strategies: Exit, Boycott and Voice. Proofs of the propositions that

appear in the next section are given in Appendix A.

5 Equilibrium

In this section, we define equilibrium and present numerical solutions of the model. We
first discuss the benchmark economy with an emissions tax. Unsurprisingly, imposing a
sufficiently high emissions tax can induce the brown firm manager to adopt the green tech-
nology. In practice, such taxes have been unpopular, so we allow ESG agents to follow one of
the three strategies: Exit, Boycott, and Voice. Throughout this section, we assume homoge-
neous endowments among each group of agents (ESG and NESG) but allow heterogeneity
between ESG and NESG agents, and we also allow firms G and B to be of different sizes.

In Section 5.1, we define the benchmark equilibrium in which there is an emissions tax
and in which ESG agents do not engage in activist strategies.?” In Section 5.2, we examine
the equilibrium when all agents have identical endowments of shares and consumption goods,
while in Section 6.1 we examine the equilibrium when ESG and N ESG agents differ in their
endowments but are identical within their group. In Section 6.2, we allow heterogeneous firm

sizes. In Sections 5.2-6.2, we characterize the equilibrium under Exit, Boycott, and Voice.

5.1 Definition of benchmark equilibrium

Definition 5.1. In the benchmark equilibrium:

o FESG agents do not undertake activist strategies

_ __ A(6—m)Dp3
e TLT = £ - -

below)

— 1, (firm B does not convert to green technology; Proposition 5.1,

2TWe characterize equilibrium with non-activist ESG agents in order to introduce the relevant notation.

18



« a set of the consumption and portfolio holdings given by (¢, 6;p¢, 0ict) for each agent

i € [0,1] in periods ¢t = 1, 2, and with period 3 consumption given by (¢;ps, cig3)-
« a technology adoption decision rule given in (4.4);

o prices of shares of firms B and G in periods 1 and 2, and price of the consumption

good produced by firm B in period 3 given by the price vector (p%;, P& Dy Paos Phs) ;

such that

(i) given the price vector and the technology adoption rule, the consumption and portfolio
holdings in each period solve the maximization problems given in equations (4.1), (4.2),

and (4.3);

(ii) the markets for consumption goods and shares clear given the consumption and portfo-
lio holdings at t = 1, 2, consumption at t = 3, and the price vector. The market clearing
conditions are given by: [ ciidi = [;Vindi = 1, [, ciodi = [, iadi = )9, [; cigsdi = D3
and [;¢;psdi = Dpz — nDp3l(g,,) for the consumption goods market, and [; ;g di =

J;bicadi =1 and [; 0;podi = [; 0;cedi = 1 for the shares market.

Proposition 5.1. In the Benchmark equilibrium, the green technology is not adopted by the

value maximizing manager if T < T, where

A D

T = B 1. (5.1)

Most of our derivations will be in Appendix A, but we describe here the proof of Proposition
5.1 to illustrate the workings of the model. The question is whether the manager of the
brown firm will adopt the green technology. This decision is only relevant in State S, in
which the technology exists, and has an effect only in period 3, in which production occurs
and the tax is levied on output if the technology is not adopted. The manager decides by
comparing share prices in States Syon (non-adoption) and Si4 (adoption), and takes the

action that maximizes the share price.”® Standard calculations, detailed in Appendix A,

28Note that in making the decision, the manager is comparing two equilibria and affecting the discount
factor. This is the reason that even if n =0, 7 > 0.
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show that the discount factors in the two states are

My (ci2, Das + Dps(1 —n)) = eAciz=A(Das+Dp3(1-m)) (5.2)

My (ciz, Das + Dps(1 — 6)) = e APestDos(1=0), (5.3)

If there is adoption, period 2 consumption is unaffected but period 3 consumption is reduced
by the fraction n. If there is no adoption, aggregate consumption is reduced by the exter-
nality, 0 Dps. Shares provide a claim to period 3 output. Agents will pay the same price
for output from both firms, so when the technology is not adopted, the price of the brown
output must be reduced by the factor 1/(1+ 7), so that the post tax price equals that of the
green good. The price of the brown shares in the two states is the discount factor times the

cash flow in that state. Thus, the ratio of equilibrium share prices is

Pia (Saan) My (¢, Dgs + Dps) 72
pSBQ (SQZA) MA (wQaDG?)‘i‘DB?, (1 —77)) DBg (1 —77)
eA(6—n)Dp3
A=)ty

This expression is less than 1 (tax-induced adoption is optimal) when 7 > 7, as defined
in equation (5.1) in Proposition 5.1. Thus, Proposition 5.1 defines the tax rate at which the
brown firm is incentivized to adopt the green technology. Carbon taxes are frequently dis-
cussed but infrequently enacted, consistent with the observation of Golosov et al. (2014) and
Nordhaus (2019) that tax rates in practice are often lower than optimal due to institutional
restrictions. Thus, we will retain the tax in the model but focus on the role of activists. In
particular, we assume 7 < 7 for the rest of the paper.

Finally, going forward we define the interest rate to be the return on the green share,
which is a claim to the green consumption good at ¢ = 3. Note that in the benchmark
equilibrium all agents are identical and there are no activists, so in order for markets to clear
the return on brown and green firm shares must be the same.

In the following, we see how the economy changes with activism undertaken by ESG
agents, those with ¢ € [0,k]. Agents of a given type (ESG or NESG) are identical and

we assume that, in equilibrium, they make the same consumption, investment, and activism
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decisions. Hence, instead the subscript of ¢, we use superscripts esg and nesg to distinguish
the types. For example, we use ¢i* for ¢;; with i € [0, k]. We further normalize the initial

supply of shares to be one for each firm.

5.2 Equilibrium with activist agents

We will illustrate equilibrium under each activist strategy with numerical examples using
parameters defined in Table 1. We choose these parameters so that in the equilibrium with
k =0 (no ESG agents), the net returns on both brown and green shares are zero. We set

d > 1 as in expression (3.2).

5.2.1 Equilibrium under Exit

In the Exit strategy, £ SG agents sell brown shares in period 2 if the green technology exists
and is not adopted (state Sayon). If the technology is adopted or does not exist they take
no action. FExistence of the green technology is the only uncertainty, and the conditional
strategy of the ESG shareholders in period 2 is rationally anticipated in period 1. ESG

agents will hold no brown shares in state Soopn:

We are interested in the effect of the exit strategy on both shares and goods prices,
Proposition 5.2. In an Fxit equilibrium there are thresholds Kewiz and l?:em such that

o if k < ke, share prices will be the same as in the Benchmark equilibrium, and the

green technology will not be adopted when it is available.

o if Kewit < k < lzfem, shares prices will deviate from prices in the Benchmark equilibrium,
and the green technology will not be adopted in a pure strateqy equilibrium when it is

available.?’

29By assumption, activist strategies are only present when the green technology is available but not
adopted, which means that ESG agents do not have preferences for green in states Sg; or Sao4.

39There can be mixed strategies of adoption in this region and within a small neighborhood of l:cemg. See
Table TA.3 for numerical examples.
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o if k> /:cem, the green technology, if available, will be adopted in a pure strategy equi-

librium.

o the price of the green good is 1 (it is numeraire); the price of the brown good in different

states is PG5(S31) = phs(S32) = 14%7 and pp3(Ss3) = 1.

When following the Exit strategy, FSG agents do not distinguish green and brown goods.
Therefore the cum-tax price of the brown good must equal that of the (untaxed) green good.
Thus, we have pG;(Ss1) = phs(Ss2) = 137 and phy(Sss) = 1.

The mechanism in the case of Exit is straightforward, although the results require some
explanation. The basic idea is that in period 1, ESG agents sell all their brown shares in
exchange for green shares. NESG agents are the counterparty. The behavior of ESG agents
is mechanical, but NESG agents are willing holders of both brown and green shares, and
the shares must be priced accordingly.

The Exit strategy can work only if the fraction of ESG agents is large enough for di-
vestment to affect the brown stock price significantly. “Significant” in this case means that
divestment must drive the brown stock price so low that the share price gain from adopting
the green technology outweighs the cost of adoption. From this verbal description, it’s clear
there will are potentially three regions: no price effect for low k; a price effect insufficient
to induce adoption for intermediate k; and adoption for large k. Figure 2 illustrates brown
and green share prices, as a function of k, at time 1 and in state Sy;. We will now explain
that figure and how we determine the cutoffs k and k. Panel (a) in Figure 2 corresponds to
t = 1 and panel (b) corresponds to ¢t = 2 when the green technology is available, i.e., state
Sao. There are two critical thresholds for k, ket = 0.524 and /;exit = (0.577.

Example 1. Using the parameters in Table 1, we characterize the Exit equilibrium.!

Figure 2 plots the prices of brown and green shares against k, the fraction of ESG agents.

31Tn Section IA.4, we demonstrate that for a small region of k, there could be multiple pure strategies.
When this occurs, we pick the non-adoption equilibrium for Example 1. Furthermore, there may exist mixed
strategy equilibria. A detailed discussion of multiple pure and mixed strategy equilibria is given in Section
TA .4, and the existence of a mixed strategy equilibrium can be found in Appendix TA.1.1.
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Small k: k <k

We define k as the largest value of k for which the economy is unaffected by ESG agents
selling all their brown shares. For the values in Table 1, & = 0.524. To understand how
k is determined, note that when k < k, adoption will not occur, regardless of whether or
not the technology exists. In this case brown and green shares are priced so that agents are
indifferent about which they hold, and the price of each is the present value of dividends
that share will receive. Thus the price of the green shares is pg, = 0.570 (the value to be
paid in period 3), while the price of the brown shares is p%, = f_s% = 0.518.%? Below k, prices
of both the brown and green shares are constant and identical in period 1 and state Sh,.*
These results are plotted in Figure 2.

To understand how k is determined, all agents have equal endowments of green and
brown shares at t = 1, and the two shares must have the same return when NESG agents
willingly hold brown and green shares. We may thus assume that all agents arrive at state
Soon holding their endowed shares. When the stock market opens at the beginning of ¢ = 2
and the technology exists, ESG agents will divest brown shares. Therefore NESG agents
in aggregate will exchange 1 — k green shares for k brown shares from the ESG agents.
For NESG agents to make this trade, the value of brown shares divested by ESG agents
must be equal to the value of green shares sold by NESG agents. That is, kp%,(Soan) =
(1 — k)p&y(Saan). Solving, we obtain k = 0.5238. This (and other results) obviously rely on
the absence of cash flow risks. By way of comparison, Heinkel et al. (2001) have cash flow
risks, so even with few activist investors, prices are affected by divestment. However, if the
cash flows from brown and green firms are highly correlated, then the risk is analogous to a
systematic risk, and we would also expect no price effect in their model when the number of

activists is sufficiently small.

32We selected parameters so that the expected return is zero when the technology is not adopted. Thus,
when adoption will not occur, the present value of the period 3 dividend is just the amount of the dividend
that will be paid.

33NESG agents will be indifferent because they are not activists, and therefore prices must be such that
they are willing to trade and to hold both kinds of shares.
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Intermediate k: k < k < /?;

In this region, where k= 0.577, the aggregate wealth of ESG agents is sufficient to buy all
green shares. As a result, if k is greater, the price of green shares is higher (more agents
purchase the existing stock of green shares) and the price of brown shares (purchased by
fewer agents) is lower. In this region, however, the brown price is not low enough for the
price benefit of adoption (more agents willing to hold brown shares) to overcome the cost of

adoption (reduced output).*! The effect of k on share prices is apparent in Figure 2.

Large k: k > l:f

In this region the Exit strategy is successful: the brown firm adopts the green technology.
Output declines from 1 to 1 — 7, but the emissions tax is not levied. The net result is that
the brown share price declines by more than the green share price relative to the Benchmark
equilibrium.

Figure 2 highlights the response of shares prices to an unexpected increase in activists.
Suppose the fraction of activists changes from k—eto /?+ ¢. The economy then transitions
from no adoption to adoption if the green technology is available. In the example, we observe
that green share price falls from 0.604 to 0.553 while the brown share price remains almost
unchanged. This is an example where the technology exists and is adopted but green shares
are riskier than brown shares.

The threshold & is determined by the brown firm manager’s comparison of the brown firm
share price if the technology is adopted (phy(S5224)) or is not adopted (p%hy(Saen)); k is the
smallest k& at which the technology is adopted if it exists. The calculation of ks complicated
because it takes into account optimizing decisions in all three periods. To understand the
calculation, agents know in period 1 if & > k. If so, adoption of the technology depends
only on its existence. Uncertainty about existence creates risk that affects agents’ period
1 share holdings. Once in period 2, whether the technology exists affects wealth and thus
affects the realized marginal rate of substitution between period 2 and 3; this in turn affects

the valuation of shares in period 2. Because of the complexity of this calculation we solve

34When A is large (e.g. A = 7), there will be only mixed strategy equilibria when &k < k but sufficiently
greater than k. Nevertheless, the results are otherwise qualitatively similar to those in this section.
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numerically for k% Note that when k > k the share price associated with non-adoption will
be off-equilibrium and that price will never be observed by agents.
To explain the computation in this and other cases, we briefly sketch the calculations

that determine adoption if the technology exists. When the green technology is not adopted,

ESG and NESG agents hold the entire green and brown firm, respectively: 0¢s (Saon) = &
and 0557 (Seon) = ﬁ With a uniform tax rebate f=Dps, the period 3 consumption of
each agent is
1 1
7L€Sg S 55
(S = 75757 1+7 (5:5)
c57(S; 5.6
(82) = Doy + 1 (5:6)
The market clearing condition for consumption goods in state Ssay is
k5 (Saan) + (1 — k)5 (Saan) = k5™ + (1 — )y ™. (5.7)

The budget constraints at ¢ = 2 depend upon investments in period 1. For example,

nesg

given 0577 and 657", the budget constraint for a NESG agent in state Saoy is

nes ]' S nes S nes S nes
?(S22n) + T Ppa(S22w) = 051 P (Son) + 061 P2 (S2an) + 42" (5.8)

1

Given consumption in periods 2 and 3, we can compute share prices in period 2 in the

different states:

Dexo(Soan) = eAcgsg(SZQN)_A(Cgsg(S32)_5DB3)DGg- (5.9)

AcgeSg(5'221\1)_A(CQESQ(S32)_5DB3) LD (510)

psBz(522N> =€ 147 B3.

If the green technology is adopted, the brown share price ph,(S224) can be computed in

35Notice that unlike state Sis4 where the shareholdings are indeterminate because both shares have the
same return and there is no output risk, the shareholdings at t = 1 will be exactly pinned down by the above
intertemporal optimizations even if state S324 will be reached in equilibrium. This is because agents must
take into account different share prices in states So; and Sz24 when choosing portfolios at ¢ = 1.
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a similar way as in the Benchmark equilibrium, and it satisfies

Poan(Saa) = € ARy +(1—k)yy 9 ) — A(DG3+(1*TI)DBS)(1 — 1) Dps. (5.11)

In the first period, ESG agents do not have a preference for green. Both types of agents
will hold the brown shares, which implies that all agents must agree on the green and brown
share prices at ¢ = 1. From intertemporal optimizations, the period-1 green share price

satisfies both

psGle—Acisg = pe — A5 (522) s (SQQ) ( p) e—Ac2 (521) s (521> (5‘12)

pie T = pem AT pe (Sho) + (1 — p)e A (Sp (Syy) (5.13)

from NESG agents’ perspective, where pf., (Sa2) is the equilibrium green share price when
the green technology is available. The equilibrium pricing equations for the brown share can

be derived similarly as follows

Pl 44 = pem AT 52 (Soy) + (1 — p) e 4" (S2)p) (Sy) (5.14)

Pine T = pem AT ORI (Sag) + (1 —p) e Sy, (Sy). (5.15)

We obtain the equilibrium shareholdings at t = 1 by taking into account that the share
prices at t = 2 depend on the period-1 shareholdings, together with period-1 budget con-
straint for ESG agents

968‘(] eesg esg _ 9659

= P50 + Penteo + 9T (5.16)

Ph1 + P

and the market clearing condition for consumption good
kel 4+ (1 — k)i = k™ + (1 — k). (5.17)
The adoption threshold k = k is defined such that D9(Soan) = DP%o(S224). Together
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with (5.9) and (5.10) as well as (5.5)—(5.17), we obtain a system of equations in k = k. We
use this numerical example to illustrate the calculation of k. The proof of the existence and
uniqueness of % can be found in Appendix A.1.

Figure 3 shows the ratio of brown share price to green share price. The relative share
price stays at 14%7 = 0.909 when k < k. Fork < k < /?:, the price ratio decreases until the
point % where the green technology is adopted. The ratio is constant at 1 —»n = 0.85 in state
Soo 4, after adoption; the brown firm is green, but produces less output after adoption.

Figure 4 shows the utilities of both types of agents at t = 1. When k < k, the utilities are
the same across all agents because the equilibrium is identical to the Benchmark equilibrium.
When k < k < l?:, the ESG agents’ preferences for green will incur a utility cost as they buy
the more expensive green shares and sell the cheaper brown shares. NESG agents benefit
from this behavior.? Since NESG agents are indifferent, they can purchase the cheaper
brown shares and have greater utility. Once the green technology is adopted (k > l:f), firm B
is essentially green. The equilibrium becomes the Benchmark equilibrium with lower brown
firm’s output and no public bad. As a result, the utilities of both types of agents are identical.

Table 2 provides equilibrium and off-equilibrium values of holdings, share prices, returns,
consumption allocations and utilities for three values of k:k = 0.3 < k; k < k = 0.54 < lzc;
and & < k = 0.65. The table reports off-equilibrium share prices; when £ = 0.65, the off-
equilibrium brown share price, 0.374, is lower than the (equilibrium) adoption price, 0.464.

The manager therefore chooses to adopt.

5.2.2 Equilibrium under Boycott

Next, we consider a case where ESG agents follow the Boycott strategy, which is a boycott
of brown firm consumption goods in state S3s when the technology was available but not
adopted:

chy (S32) = 0. (5.18)

In a Boycott equilibrium, the fraction of ESG agents is crucial for the adoption of

the green technology as in an Exit equilibrium. Since ESG agents treat the two types of

36In equilibrium, N ESG cannot have lower utilities than ESG agents because they can always mimic the
behaviors of ESG agents.
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consumption goods differently, the pre-tax price of brown consumption goods in units of

green goods will not necessarily be IJ%T in state S3s.

Proposition 5.3. There are thresholds Eboycott and l?:boycott such that when k < l;:boycott, share
prices in a Boycott equilibrium will be the same as share prices in the Benchmark equilibrium,
and the green technology is never adopted. When k < /?;boymtt, the green technology will be

adopted if available.

The intuition for this proposition is similar to that in Proposition 5.2. It is natural to
compare the adoption threshold levels of k under the Exit and Boycott strategies, which is

given in the following proposition.

Proposition 5.4. In any state where the brown firm manager adopts the green technol-
ogy under Ezit equilibrium, the green technology is also adopted under Boycott equilibrium.

However, the converse does not hold.

First, if there is no taxation, the two mechanisms have equivalent effectiveness. In the
Boycott equilibrium, if the brown firm manager does not adopt the green technology, ESG
agents allocate all of their wealth to the green consumption goods. For the Boycott strategy
to make a difference in the economy, there has to be a large enough difference in the prices
of the green and brown goods. This requires that the ESG agents consume all of the green
output, which drives up its price.. Similarly, under Exit, the ESG agents allocate 100% of
their savings to the shares and output of the green firm. Exit and Boycott are equivalent
when there are no taxes but differ when brown output is taxed. The tax widens the wedge
between green and brown output prices, affects the share prices similarly and enables boycott
to succeed at a lower k. As a result, the period-three consumption by an individual NESG

agent when there is a price effect (k > k) is ¢ (exit) = (ﬁﬁ + ﬁ) Dps under Exit

and ¢ (boycott) = 14 Dps under Boycott. The first term in ¢5*?(exit) is due to each

NESG agent holding of ﬁ shares of the brown firm and the second term is due to the

uniform tax rebate. It is easy to see that ¢5“(exit) < 57

(boycott), so we should expect a
higher brown share price under Exit than under Boycott, leading to Boycott being a more

effective strategy. Indeed, Lemma A.10 in the Internet Appendix shows such comparison.
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Example 2. We assume the same set of parameters as in Example 1. Again, the
two firms have equal size for the purpose of exposition. The features and intuition of the
Boycott equilibrium are similar to the Exit equilibrium discussed earlier except for one crucial
difference as follows. We observe that both of the thresholds k = 0.5 and & = 0.553 in the
Boycott equilibrium are lower than their counterparts in the Exit equilibrium as mentioned
in Proposition 5.4. This implies that holding everything else equal, the Boycott strategy is
more effective than Exit in terms of requiring a lower fraction of ESG agents to be present

for technology adoption. See Internet Appendix [A.3.1 for further discussions.

5.2.3 Equilibrium under Voice

Finally, we consider Voice. Consider a scenario in which ESG agents hold only the shares of
the brown firm (and divest from investing in the green firm) at ¢ = 1. When the aggregate
share of ESG agents is more than half of the outstanding shares of the brown firm, the £SG
agents can replace the incumbent manager of the brown firm with an £SG manager who

adopts the green technology if available, i.e.,
«92819 =0 and 522 = SQQA if keeleg > 0.5. (519)

We examine the equilibrium when ESG agents behave in this manner as given in (5.19). As
in an Exit or Boycott equilibrium, a sufficiently large ESG population is necessary to make

any difference in a Voice equilibrium.

Proposition 5.5. In a Voice equilibrium, there is a threshold l?;wice such that the green
technology is adopted if k > l?:vm-ce.. There is another threshold l%m-ce > l?:wice, beyond which
only ESG agents hold the brown shares after trading at t = 1.

With Voice, Evoice = lzcvoice. We can compare the thresholds of k such that the green technology
is adopted under Boycott and Voice. We have already shown that for a given fraction of
ESG agents in the population, if the green technology is adopted under Boycott, it will also
be adopted in the Exit equilibrium.
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Dgs

Proposition 5.6. With homogeneous endowments across agents, k > Drsibos

1S necessary
for the green technology to be adopted in Fxit and Boycott equilibria. In a Voice equilibrium,

Dps(1-7) ] when it becomes available.

the green technology will be adopted if k > % " Dot Dos(1=7)

Proposition 5.6 implies that when Dpg3 = Dgs, k > % is a necessary condition for the green
technology to be adopted in Exit and Boycott equilibria, and k£ > % . ;:—: is a sufficient
condition for the green technology to be adopted in a Voice equilibrium. If the brown firm
is larger than the green firm, the Boycott strategy easily becomes effective by boosting the
price of green consumption good. By contrast, when the green firm is larger than the brown
firm, the E.SG agents can easily hold the majority of the brown firm shares through the Voice
strategy. When the firms are of the same size, adoption of the green technology requires
fewer ESG agents in the population under the Voice strategy.

When the firms are equal-sized (Dp3 = Dg3), in an Exit equilibrium the ESG agents have

to hold 100% of the green firm’s shares to affect brown share prices. In a Voice equilibrium,

it is sufficient for ESG agents to hold just more than 50% of the brown firm shares for

Dgs
Dp3+Dgs

the green technology to be adopted. Furthermore, note that the condition k& > is
necessary for the green technology to be adopted in an Exit or Boycott equilibria. In fact,
this condition just guarantees that the Exit (5.4) or Boycott (5.18) makes the equilibrium
different from the Benchmark equilibrium (Section 5.1). However, we find that k needs to
be sufficiently larger than ﬁ to make p%ho (S224) > Py (S22n) so that the brown firm
manager adopts the green technology.

So far, we have shown that with equal firm size, fewer ESG agents are needed for the
adoption of the green technology under Voice than under Exit or Boycott. However, from the
perspective of ESG agents, Voice can be costly, especially when the fraction of ESG agents
in the economy is very large. Note that when the fraction of FSG agents is sufficiently large
(e.g., k> /%), the green technology, if available, is adopted in under Exit, Boycott as well as
Voice. Under Exit or Boycott, the ESG agents do not have to exit or boycott in equilibrium.
Hence, the ESG agents do not incur any cost. By contrast, under Voice, the ESG agents
will boost the brown firm share price at ¢ = 1 since they will be holding 100% of the brown

firm shares and therefore suffer from the buying brown shares at a high price.

Example 3. In this example, we assume the same set of parameters as in the previous
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examples, where the two firms still have the same size. We defer the discussion of unequal
firm sizes to Section 6.2. We also provide equilibrium values for three different values of &
in the Internet Appendix [A.3.2.

Figure 5 plots the share prices at ¢ = 1 and in state Sy when the green technology is
available. The ESG manager for the brown firm is elected when the ESG agents hold more
than 50% of the brown firm’s shares, i.e., k > k. As shown in Proposition 5.6, when firm
sizes are equal, the Voice strategy requires the least fraction of ESG agents to have the green
technology adopted once available. In the example, we see that the threshold is 0.238, much
lower than the one under Exit or Boycott.

More interesting is the behavior of share prices at t = 1 when the ESG agents own all of
the brown firm’s shares (k > ]Af) By assumption, every agent has the same endowments of
shares prior to trading at ¢t = 1. As k increases, the ESG agents in aggregate will offload more
endowed green shares in order to purchase the brown shares. This will create a downward
pressure on the green share price while boosting the brown share price.®” Furthermore, to
incentivize the NESG agents who are indifferent toward holding brown or green shares to
hold only the green shares, the return on the green shares must be high enough. The binding
short-selling constraint ensures the share prices do not converge.

It is also worth mentioning that even though the share prices in states So; and Sio4 are
constant in k£ when k > l::, the consumption (at ¢ = 1 and in states Sy; and Si94) is not.
This is in contrast to the Examples 1 and 2 that agents just consume their endowments
when the green technology is adopted. The reason is that under either Exit or Boycott, the
ESG agents can choose to exit or boycott conditional on the brown firm manager’s decision.
The manager, knowing how prices will behave as a function of the decision to adopt the
green technology, takes the decision that maximizes firm value. Therefore, if the technology
is adopted when available, in equilibrium the Exit or Boycott strategy will never show up.

However, in a Voice equilibrium, the EFSG agent must a priori sell off all of their green

3"When k approaches 1, the brown share price at ¢ = 1 starts to decrease for the following reasons. All
agents start with equal wealth, and as k increases, the green share price becomes low and brown share price
becomes high. Since the ESG agents need to sell all of their holdings of green shares and purchase only
the brown shares, the per capita consumption at ¢ = 1 will be lowered when k is sufficiently high. This
will increase their marginal utilities at ¢ = 1, and their intertemporal optimization will imply a lower brown
share price.
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shares and purchase only the brown shares before voting for the £SG manager. This means
that when k > k, the shares earn different returns from period 1 to period 2, which in turn
implies that the consumption will deviate from the endowments at ¢ = 1.

Figure 6 plots the utilities at ¢t = 1. When k£ < ]Af, agents have the same utility, although
the utility is slightly higher when k£ € [l?:, l%] due to the removal of public bad. When ESG
agents are the only shareholders of the brown firm, the utility of the ESG (N ESG) agents
become lower (higher). This is because the ESG agents have to bear the high cost of and low
returns on brown shares when k is large. The NESG agents, on the other hand, enjoy both
the benefits of high returns on green shares and no public bad, leading to higher utilities.
This illustrates that even though Voice appears to be the most effective strategy, it can
be very costly to ESG agents when the technology is adopted.®® By contrast, when the
technology is adopted under either Exit or Boycott, ESG and N ESG agents have identical

utilities.

5.2.4 Summary of equilibria under various strategies

From the previous analyses and numerical illustrations, we observe that the fraction of
ESG agents is crucial for determining share prices and green technology adoption (4.4)
under the Exit (5.4), Boycott (5.18), and Voice (5.19) strategies. The intuition in general is
that when there are too few ESG agents in the economy, their actions will not cause any
material impact on equilibrium prices. Thus, the strategy will result in the same equilibrium
as the Benchmark equilibrium. When there are a sufficient number of ESG agents and
their aggregate wealth is large enough to buy out all of the green shares (Exit) or green
consumption goods (Boycott), or own the majority shares of brown firm (Voice), their actions
will be reflected in equilibrium prices. In the Voice strategy, this means that the ESG
manager will be elected and the green technology is adopted. For Exit and Boycott, however,
it does not mean the green technology will be automatically adopted. The default brown
firm manager compares share prices and acts according to the technology rule (4.4). Only

when the number of ESG agents is high enough (k > l?:em or l?:boycott), which causes a large

38If we allow ESG agents to coordinate with each other, then even if their population is above k, they
will only hold the majority but not all of the brown firm’s shares in order to avoid the cost of holding all
brown shares.
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enough equilibrium price impact, will the green technology be adopted. We summarize the
threshold levels of £ under different strategies in Table 3.

Finally, we examine how the resolution of technological uncertainty affects share prices.
Figure 7 shows the difference between the period-2 prices when the availability of the green
technology is revealed and the period-1 price when the technology is uncertain. We observe
that when & is up to the first threshold (k for Exit and Boycott and k for Voice) there is no
price impact because the share prices in this case are identical to those in the Benchmark
equilibrium. If k is beyond the first threshold but less than the second one (1?; for Exit
and Boycott and k for Voice), under Exit and Boycott, green (brown) share price increases
(decreases) when the green technology is available and vice versa. This is because Exit and
Boycott strategies alter the prices in this region, as discussed earlier. Under Voice, the green
share price decreases upon the arrival of the green technology since the technology will be
adopted in this region and agents treat both types of shares in the same way. Thus, the
larger “supply” of green shares makes the price lower. For firm B’s shares, the price decrease
in state So is mainly due to the reduced output.

When k£ is above the second threshold, under Exit and Boycott, both green and brown
share prices decrease when the green technology is available and vice versa for the same
reason as discussed for the middle region under Voice. The price impact under Voice when
k > k is due to the low (high) period-1 green (brown) share price as ESG agents hold all of

the brown shares at ¢ = 1.

6 Heterogeneous Endowments and Firm Sizes

6.1 Heterogeneous endowments

In this section, we assume that FSG and NESG agents have different endowments. How-
ever, all agents of a given type have the same endowments. It is straightforward to see
that in equilibrium all agents of same type will make the same decision. Since there is
no heterogeneity within each type of agents, we continue to denote the consumption and

shareholdings of ESG (NESG) agents with a superscript esg (nesg). The fraction of ESG
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agents is given by k € [0, 1] as before, but their endowments are no longer identical to the
NESG agents’. Let Ay denote the ratio of the endowments of consumption goods of each
ESG agent to that of each NESG agent, i.e., ;" = Ay, for t = 1 and 2. Similarly, we
let Ay be the ratio of the initial shares of each firm owned by each ESG agent to that of each
NESG agent, i.e., 057 = MO and 0cy = Mfgo?. In what follows, we set A = Ay = Ag
for simplicity and name A as the individual wealth ratio. The homogeneous cases studied in
Sections 5.2.1-5.2.3 correspond to A = 1.

Since the intuition behind the results in the homogeneous endowments cases does not
depend on homogeneity per se, we expect the theoretical results of the homogeneous en-
dowments case to continue to hold for the heterogeneous endowments case. However, under
heterogeneous endowments, as the population size changes, we need to adjust either the in-
dividual endowments or the aggregate endowments in a somewhat arbitrary manner, which
makes the economic intuition unclear and the proofs of propositions unnecessarily compli-
cated. Hence, we rely on numerical examples in this section.

Instead of presenting all the numerical results, we will provide comparisons of individual
utilities relative to the corresponding Benchmark equilibrium for various combinations of
individual wealth ratio A and fraction k of ESG population. The rest of the numerical
results as well as discussions can be found in the Internet Appendix [A.5.

In the homogeneous endowments case (A = 1), the individual utilities remain constant
with respect to k in the Benchmark equilibrium. Under heterogeneous endowments, however,
Benchmark utilities will vary for different combinations of k£ and A as agents face different
initial wealth. Figure 8 plots the heat maps of level changes in individual ESG and NESG
agents’ utilities relative to the corresponding Benchmark. The black and red dashed curves
in each sub-figure indicate combinations of (k,\) and (l:c, j\), respectively. The area to the
left of the black curve represents the region where share prices under the Exit or Boycott
strategies are identical to Benchmark prices. In this region, the Exit or Boycott strategy has
no price impact, which ultimately leads to the same consumption plans and same utilities
as in the Benchmark equilibrium.

The next region is where the Exit or Boycott strategy has an effect on share prices but

the brown share price is not sufficiently depressed to have the green technology adopted.
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This region is between the two dashed curves. We observe that as k becomes larger, we
need a smaller A to enter this region; also, as A becomes larger, we need a smaller k. This
is consistent with the intuition of Figure 2 that the aggregate wealth of ESG agents needs
to be large enough to make an impact on share prices. We observe that the ESG (NESG)
agents are worse (better) off relative to the Benchmark. This is because the Exit strategy
causes the price of green shares to increase, and the ESG agents are restricted to holding
the more expensive green shares only. Similarly, the Boycott strategy dampens the brown
consumption good price at ¢ = 3, and the ESG agents can consume only the more expensive
green consumption goods.

The last region of our interest is the technology adoption region to the right of the
red curve. When individual £SG agents become poorer, a higher fraction of them will be
required to have the brown firm’s manager adopt the green technology when it is available.
For ESG agents, we observe that the poorer they are, the larger utility gain they will
receive when the green technology is adopted. This is because a poor ESG agent only
consumes a small fraction of the outputs, but prior to adoption of the green technology the
public bad affects everyone equally. A wealthy N ESG agent, on the other hand, enjoys more
consumption goods but is not subject to more public bad. The disutility from the public bad
has a higher weight in the overall utility of a poor ESG agent than a wealthy NESG agent.
Therefore, removing the public bad through the green technology will have a larger positive
effect for individual ESG agents. Indeed, we see that for NESG agents, the wealthier they
are, the smaller utility gain they will have after the technology adoption.

Furthermore, for a fixed A, both & and k in the Boycott equilibrium are smaller than
those in the Exit equilibrium. Similarly, given k, both A and X are also smaller in the Boycott
equilibrium. This shows that even under heterogeneous endowments, the Boycott strategy
is still more effective than the Exit in terms of requiring lower aggregate wealth of ESG
agents.

Finally, Figure 9 shows the changes in individual utilities relative to the corresponding
Benchmark under the Voice strategy. To the left of the red curve, the utility levels are
identical to the Benchmark as ESG agents in aggregate do not hold more than 50% of the

brown shares. The region between the red and white curves is the one where the ESG
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manager is voted in for the brown firm as ESG agents are the majority but not the only
shareholders. In this region, the E.SG agents have a higher utility relative to the Benchmark.
The utility gain is larger when A is smaller for the same reason as in the Exit and Boycott
cases. When the EFSG agents hold all of the brown shares in the region to the right of the
white curve, they experience a utility loss compared with the Benchmark. This is because
the ESG agents have to bear the high initial cost of the brown shares at ¢ = 1, but once the
green technology is adopted the two types of shares are essentially the same, which shows
that an effective Voice strategy can be very costly to ESG agents. This feature can also be

found in Figure 6 for the homogeneous endowments case.

6.1.1 Summary of equilibria under various strategies

Our analysis shows that the wealth of ESG agents play a crucial role in determining share
prices and the green technology adoption (4.4) under all activist strategies — Exit, Boy-
cott, and Voice. When ESG agents collectively are much poorer than NESG agents taken
together as a group, their actions will not have any material impact on equilibrium prices.
Thus, all three activist strategies will render the same equilibrium as the Benchmark equi-
librium. When the aggregate wealth of ESG agents is large enough, their actions will be
reflected in equilibrium prices. Only when the wealth of FSG agents is high enough, which
causes a large equilibrium price impact, will the green technology be adopted, if available.

We summarize the threshold levels of A under different activist strategies in Table 4.

6.2 Heterogeneous firm sizes

In this section, we extend the examples in Section 5.2 by allowing firms to have different
sizes (Dps # Dgs). Every agent still has identical endowments in shares and consumption
goods. Except for the firm sizes, we use the same parameters as in Section 5.2. We fix the
total output size to be the same as the previous section, i.e., Dg3+ Dgs = 1.14, and vary the
ratio of firm G’s output to firm B’s, denoted by (. Figure 10 plots the relationship between
the technology adoption threshold k and relative firm size ¢ for all three activist strategies.

We also provide examples for two particular values of ¢ in the Internet Appendix [A.6.
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There are several important observations. First, for each given firm size ratio (, the
blue curve for Boycott is always to the left of red curve for Exit. As a result, in regions F
and F', the green technology is adopted under Boycott but not under Exit. This echos the
result in Proposition 5.4 that Boycott is always more effective than Exit in terms of requiring
fewer ESG agents in the population for the green technology to be adopted. Second, for
Exit and Boycott, as the green firm becomes larger, the adoption threshold also increases.
This is because a larger green firm makes both Exit and Boycott more difficult to affect the
equilibrium share prices as a higher aggregate wealth of ESG agents is needed to absorb
all the green shares or green consumption goods. This consequently increases the adoption
threshold. For Voice, the situation is the opposite. As the brown firm becomes smaller,
the brown share price also decreases, which makes it easier for the ESG agents to hold
the majority of brown shares. Thus, as the green firm becomes larger (or equivalently the
brown firm becomes smaller), the adoption threshold decreases. Indeed, in region B where
( is sufficiently large, the green technology is adopted only under Voice. Finally, when the
brown firm is sufficiently large, Voice becomes the least effective and has the largest k among
all three activist strategies. In region D, the green technology is adopted under both Exit

~

and Boycott but not under Voice. These results are reflected in Proposition 5.6

6.2.1 Numerical calibration and discussion

One way to assess the effectiveness of the three strategies is to calibrating the firm sizes
using the 10 Industry Portfolios in Ken French’s data library.** The energy industry consists
of oil, gas, and coal companies, which represent about 3.6% by value. If we use the energy
industry as a proxy for the brown firm, the relative size of the green firm is ( = 27.8.

Using this value with other parameters as in Table 1, Exit and Boycott require k to be
0.971 and 0.968, respectively.*’ Voice, on the other hand, will be the most effective strategy
as it only requires k to be less than 2%.

All three strategies have limitations we have not modeled. Exit and Voice work only

for public companies, but firms may become private in response to activism. Boycott,

39mba.tuck.dartmouth.edu/pages/faculty /ken.french /data_library.html
40A contemporaneous work by Berk and van Binsbergen (2022) studies the effectiveness of Exit and reaches
a similar conclusion.
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requires that consumers are able to identify the origins of consumption goods, and substitutes
for brown goods must be available. Even with limitations, activism may increase public
awareness of environmental issues among both the wealthy and poor and hence increase the

chance of legislative enactment of Pigouvian taxes and subsidies.*!

7 Summary and Conclusion

We develop a three-period model economy with two firms, one green and one brown, where
the brown firm generates a negative externality when producing the consumption good. With
some probability, a costly technology becomes available, which permits the brown firm to
become green. Agents in the economy are atomistic and cannot individually affect adoption
of the green technology. However, their action in the aggregate can affect equilibrium share
prices and induce the brown firm manager to adopt the green technology if and when it
becomes available. Pollution risk abatement through technology adoption depends on the
number of activists in the economy, which in reality is endogenous. While we do not model
this endogeneity, we characterize this dependence.

We examine three possible strategies that activist agents in the economy may follow:
Exit, Boycott, and Voice. We find that Exit and Boycott have much in common. A low
fraction of activists has no effect on share prices, and a sufficiently high fraction of activists
induces the brown firm manager to adopt the green technology. With an intermediate
fraction of activists, green shares sell at a large premium relative to brown shares but the
green technology is not adopted. The thresholds that the fraction of activist agents need
to cross for Boycott are lower than those for Exit, suggesting that Boycott may be a more
effective strategy.

Voice requires a much lower threshold than Exit and Boycott, provided that the brown
firm is not too large. Nevertheless, when activists become the only shareholders of the brown
firm (leading to technology adoption), they incur a significant personal cost due to initially

buying brown shares at a large premium. This observation is in contrast to Exit and Boycott,

41Tn contrast to Voice, Pigouvian taxes and subsidies may lead to development of clean alternatives to
brown technology. The rise of the photovoltaic solar industry is an example.
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under which all agents have the same utility after technology adoption. Furthermore, there
are several impediments to implementing Voice in practice. For example, not all shares may
have equal voting power, a few agents may control most of the votes, and it may not be
easy to get a shareholder resolution on the proxy-ballot for voting. All these will limit the
effectiveness of Voice.

We find that relative firm size and the initial wealth of activists also play an important role
in technology adoption. The larger the green firm is, the less effective the Exit and Boycott
strategies become, since their aggregate effect on equilibrium share prices are smaller. The
opposite occurs for the Voice strategy — a larger brown firm makes the strategy less effective.
When activists are wealthier, their aggregate wealth and consumption will be larger and their
actions have a larger impact on share prices. Therefore, all of the activist strategies become
more effective.

Increasing concerns about pollution can lead to an unexpected increase in the number
of activists. When the economy shifts from there being no activists to a large number of
activists, green shares can trade at a huge premium to brown shares, even after accounting
for emissions tax. For example, when k = 0, the price ratio of brown to green shares is 0.909
while the ratio becomes 0.808 when k = 0.57.

Reality is more complex since firms in practice may go private as a response to activist
pressure. Privatization stymies both Exit and Voice strategies and would be appealing to
agents who do not care about a firm’s negative externality. Boycott, by contrast, does not
require shares to be publicly traded. However, it assumes that agents know the source of
the consumption good and the associated public bad. In practice, accurately labeling goods
as green may be difficult, especially with a globally distributed supply chain.

When a sufficiently high emissions tax is imposed on brown output through legislative
action, the brown firm’s manager will adopt the green technology whenever it is available,
leading to the socially optimal outcome. Given enough activists, all three activist strategies
can also achieve the socially optimal outcome of converting the brown firm to green, but in
practice, for reasons we have outlined, there may be no real alternative to legislative action.
That said, legislative action requires awareness, and activism plays an important role in

increasing awareness.
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o Nature determines the availability of
green technology.

e The technology is available with
probability p and not available with
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e The manager of the brown firm
decides whether or not to adopt the
green technology so as to maximize
the firm value.

e At the beginning of ¢t = 2, agent 7 is
endowed with %2 and holds 6;g1
green shares and ;51 brown shares.
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Att = 3, agenti holds 0;g2, 0;p2.
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Figure 1: Timeline of the model. The symbols S;—S33 represent the “state” of the economy. For states Ss; and Sy, the first
subscript denotes the time and the second subscript indicates the availability or unavailability of the green technology. For states
Saon and Sao4, the third subscript indicates whether firm B’s manager adopts the green technology when available. For states
S31, 532 and Ss3, the first subscript denotes the time and the second subscript indicates unavailability of the green technology
or the manager’s decision to adopt or not when the green technology is available. Paths 1,2 and 3 denote possible equilibrium
paths. In equilibrium, only one of the three paths will ex post be realized. Manager’s decision to adopt or not adopt the green
technology will determine whether Path 2 or 3 will be realized when the green technology is available.
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Figure 2: Exit - share prices. This figure plots share prices at ¢ = 1 and in state Sy as
functions of the fraction k of ESG agents. The green curve indicates the price of a green
share and the brown dash-dot curve is the price of a brown share. The purple dotted lines

denote the threshold level of k, beyond which the Exit strategy either has a price impact (k)

or induces firm B’s manager to adopt the green technology (k). Parameters are from Table
1.
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Figure 3: Exit - share price ratio. This figure plots ratios of share prices at ¢ = 1 and in
state Syo as functions of the fraction k of ESG agents. The purple dotted lines denote the

threshold level of &, beyond which the Exit strategy either has a price impact (k) or induces

firm B’s manager to adopt the green technology (k). Parameters are from Table 1.
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Utilities under Exit strategy at t = 1
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Figure 4: Exit - utility at ¢ = 1. This figure plots utilities of individual ESG and NESG
agents at ¢ = 1 as functions of the fraction k of ESG agents. The purple dotted lines denote

the threshold level of k, beyond which the Exit strategy either has a price impact (k) or

induces firm B’s manager to adopt the green technology (k). The blue line is the utility
level for both ESG and NESG agents when k < k. The green and brown lines indicate the

utility levels for ESG and NESG agents, respectively, when k € [k, k]. The red line is the
utility level for both ESG and NESG agents when k > k. Parameters are from Table 1.
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Figure 5: Voice - share prices. This figure plots share prices at t = 1 and in state Sy as
functions of the fraction k£ of ESG agents. The green curve indicates the price of a green
share and the brown dash-dot curve is the price of a brown share. The purple dotted lines
denote the threshold level of k, beyond which the ESG agents as a whole either hold the

~

majority but not all of firm B’s shares (k) or all of firm B’s shares (k). Parameters are from
Table 1.
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Figure 6: Voice - utility at ¢ = 1. This figure plots utilities of individual £SG and NESG
agents at ¢ = 1 as functions of the fraction k of ESG agents. The purple dotted lines denote
the threshold level of k, beyond which the ESG agents as a whole either hold the majority

but not all of firm B’s shares (k) or all of firm B’s shares (k). The blue line is the utility
level for both £SG and NESG agents when £ < k. The red line is the utility level for both
ESG and NESG agents when k € [k, k]. The green and brown lines indicate the utility

levels for ESG and N ESG agents, respectively, when k > k. Parameters are from Table 1.
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(b) Change in utilities under Boycott

Figure 8: Exit and Boycott - change in individual utilities at t = 1 relative to the Benchmark.
This figure plots change in utility levels of individual agents relative to the Benchmark at
t = 1 for various individual wealth ratios A and fractions k of ESG agents. A positive change
indicates an agent’s utility is higher under the Exit or Boycott strategy than the Benchmark,
and vice versa. The dashed black and red curves represent combinations of thresholds for
individual wealth ratios A and fractions k& of ESG agents. Share prices coincide with those
in the Benchmark in the region to the left of the black curve. Exit and Boycott strategies
impact the share prices between the black and red curves. The green technology is adopted,
if available, in the region to the right of the red curve. Parameters are from Table 1 except
that the individual endowments vary with aggregate consumption fixed at ¢; = 1y = 1 at
t =1 and 2 and aggregate supply of shares of each firm fixed at 1.
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Figure 9: Voice - change in individual utilities at ¢ = 1 relative to the Benchmark. This
figure plots change in utility levels of individual agents relative to the Benchmark at ¢ = 1 for
various individual wealth ratios A and fractions k of ESG agents. A positive change indicates
an agent’s utility is higher under the Voice strategy than the Benchmark, and vice versa.
The dashed red and white curves represent combinations of thresholds for individual wealth
ratios A and fractions k of E£SG agents. Share prices coincide with those in the Benchmark
in the region to the left of the black curve. The green technology is adopted, if available, in
the region between the black and red curves. All of the brown shares are held by the ESG
agents in the region to the right of the red curve. Parameters are from Table 1 except that
the individual endowments vary with aggregate consumption fixed at ¢, =y =1l att =1
and 2 and aggregate supply of shares of each firm fixed at 1.
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Figure 10: Comparison of activist strategies for different firm sizes. This figure plots the
adoption threshold k for each of the three activist strategies as the firm size ratio ¢ = g—gg
varies. The vertical axis is on a log scale. For Exit, the green technology is adopted in
regions C' and D. For Boycott, the technology is adopted in regions C, D, E, and F. For
Voice, the technology is adopted in regions B,C, and F'. In region A, none of the activist
strategies adopts the technology. Parameters are from Table 1 except that individual firm
size varies and we fix Dgs + (1 — 0)Dp3 = 1 so that the interest rate is still zero under each
respective benchmark equilibrium.
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Table 1: Base-case parameters for examples. This table reports the baseline parameters used
in the numerical examples. Endowments in the table refer to individual endowments of a
type-i agent, where i € {esg,nesg}. All agents of same type receive identical endowments.

Aggregate endowments are computed as follows: k7™ + (1 — k)7 = by, k5™ + (1 —
ks = abe, k05 + (1 — k)05 = 0po, and kOgy + (1 — k)05 = Oco.
Description Parameter Value
Individual endowment of consumption good, t = 1,2 i i € {esg, nesg} 1
Individual endowment of brown and green shares, t =1 0%, 05,1 € {esg, nesg} 1
Aggregate endowment of consumption good, t = 1,2 Wy, Yo 1
Aggregate endowment of brown and green shares, t = 1 050, 0co 1
CARA coefficient A 0.8
Emissions tax T 0.1
Probability of green technology existence P 0.7
Output reduction from adopting green technology n 0.15
Scale factor for public bad 0 0.2456
Dividends from brown and green firms, ¢t = 3 Dps3, Dgs 0.57
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Table 2: Exit - equilibrium and off-equilibrium values. This table reports the equilibrium
and off-equilibrium values for three fractions k of ESG population. An off-equilibrium is
defined such that the green technology is not but should have been adopted, and vice versa.
Parameters are from Table 1. Off-equilibrium values are denoted by . Share holdings that
do not have a unique value are denoted by *. We use A to denote that the share holdings
depend on holdings labeled by * in the same state.

Symbols k=03<k k<k=054<k k< k=065
Price deviation - No Yes No
Adoption - No No Yes
(per, P551) (0.570,0.518) (0.581,0.507) (0.553, 0.480)
Share prices (D Do) (So1) (0.570,0.518) (0.570,0.518) (0.570,0.518)
(P, D) (Sa2n) (0.570,0.518) (0.586, 0.502) (0.679,0.374)"
(D Do) (S224) (0.546, 0.464)" (0.546,0.464) (0.545,0.464)
Returms (Gaan—s2, Baans2) (0,0) (—0.027,0.032)  (—0.161,0.385)"
(Gaas3, Booasss)  (0.045,0.045)" (0.045, 0.045)" (0.045,0.045)
(059 079 (1,1) (0.873,1.149) (1,1)
(059, 07559 (1,1) (1.143,0.832) (1,1)
(059, 0259 (Syy) (1,1)" (0.873,1.149)" (1,1)"
Holdings (053, 0559) (Sa1) (1, H" (1.141,0.834)" (1, )"
(9;;29, 0759) (Saan) (1.909,0.610) (1.852,0) (1.538,0)"
(059, 0759) (Syan) (0,1.429) (0,2.174) (0,2.857)"
(92857 0G27) (S224) (1, ) (1, )" (1,1)°
(059 0759) (Sypn) (1, )" (0.997,1.003)™ (1, )"
(¢5%9, e (1,1) (1.001,0.999) (1,1)
(¢5%9, c5%9) (Syy) (1,1) (1.001,0.999) (1,1)
(¢5°9, ¢5°°9) (Sn) (1,1) (1.001,0.999) (1.008,0.985)"
Consumption (5%, 53%%) (S4) (1,1)f (0.998,1.002)1 (1,1)
(¢5°9, ¢3°9) (Ssy) (1.140,1.140) (1.141,1.139) (1.140,1.140)
(¢5%9, he9) (Syp) (1.140, 1.140) (1.107,1.178) (0.929,1.532)"
(¢5°9, ¢599) (Si3) (1.055,1.055)" (1.053,1.056)" (1.055,1.055)
(U9, e (—1.348,—-1.348)  (—1.355,—1.339) (—1.335, —1.335)

(US*9, U2*9) (Sy1)  (—0.899, —0.899)  (—0.898,—0.899)  (—0.899, —0.899)
(US*9, U39 (Spon)  (—0.899,—0.899)  (—0.910,—0.886) (—0.978, —0.783)"
Utility (US*9, U39 (Spp4)  (—0.879,—0.879)  (—0.880,—0.878)"  (—0.879, —0.879)
(US*9, U7*9) (S31)  (—0.449, —0.449)  (—0.449, —0.450)  (—0.449, —0.449)
(US9,U2*9) (S35)  (—0.449, —0.449)  (—0.461,—0.436) (—0.532, —0.328)"

(S33)

(U9 UZ9) (S33)  (—0.430,—0.430)" (—0.431,—-0.430)" (—0.430, —0.430)
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Table 3: Thresholds comparison. This table reports the thresholds IE:,Z and k for different
activist strategies. Parameters are from Table 1.

k k k

Exit 0.524 0.577 -

Boycott  0.500 0.553 -
Voice - 0.238 0.465

Table 4: Thresholds comparison. This table reports the thresholds A, A and ) for different
activist strategies when k = 0.65. Parameters are from Table 1 except that the individual
endowments vary with aggregate consumption fixed at ¢ = ¢y = 1 at t = 1 and 2 and
aggregate supply of shares of each firm fixed at 1.

A A A

Exit 0.576  0.695 -
Boycott 0.505 0.611 -
Voice - 0.158 0.461
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A Proofs

We first prove Proposition 5.1. For that purpose, we develop several lemmas. Lemma A.1
identifies the prices of brown consumption goods at ¢t = 3 for different states. The share
prices of the brown firm in states Soos and Sy are examined in Lemmas A.2 and A.3,
respectively. Then, we prove Proposition 5.1 using Lemmas A.1-A.3. Furthermore, Lemma
A 4 characterizes the Benchmark equilibrium, the properties of which will be used for proving
subsequent propositions.

The discount factor between ¢t = 2 and ¢t = 3 is

My (ca, c5) = ez AlcomnDns) (A1)

My (cg,¢3) = eACQ’A(CS"SDB?’), (A.2)

where ¢, and ¢z are consumption at ¢ = 2 and 3, M4 (¢, ¢3) represents the marginal rate of
substitution between states Soo4 and Ssz and My (co, c3) represents the discount factor in
period 2 when the green technology is not adopted (in states Sa;, Soan). Also, we define v,
and 1, as

Uy = kY 4 (1= k) o™ (A.3)
Wy = kg™ + (1= k) ™, (A.4)

where k represents of the fraction of ESG agents and 1! denotes the type-i agent’s endow-
ment of consumption at time ¢, where ¢t € {1,2} and i € {esg, nesg}.

Lemma A.1. In the Benchmark equilibrium, Ezxit equilibrium, and Voice equilibrium, phs =
1 in state Ss3 and pgy = H% in states S31 and Sss. Furthermore, for a Boycott equilibrium,
pCB?) = 14,_% in state 531 and pCB3 =1 in state 533.

Proof of Lemma A.1 Note that in any state of the Benchmark equilibrium, Exit equi-
librium, or Voice equilibrium, there is no restriction on buying consumption goods from the

brown firm. Hence, a NESG agent i maximizes ¢;q3 + ¢;p3 in (4.3). If phy > m,

agent ¢ will not consume any brown consumption goods. If p%, < agent ¢ will

not consume any green consumption goods. Hence, the market clearing conditions for con-
sumption goods cannot be satisfied. Thus, in the Benchmark, Exit, and Voice equilibria, the
equilibrium price of brown consumption good at ¢t = 3 satisfies p4 = m

Similarly, for a Boycott equilibrium, there is no restriction on buying consumption goods

from firm B in states S5 and Ss3. Thus, pgy = IJ%T in state S3; and py4 = 1 in state Ssz. [

Lemma A.2. In the Benchmark equilibrium, Ezit equilibrium, Boycott equilibrium, and
Voice equilibrium, the equilibrium price pho in state Saoa is given by

Phe = Ma (Y2, Dps (1 — 1) + D¢s) Dps,

where the discount factor M4 is defined by (A.1).
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Proof of Lemma A.2 From Lemma A.1, p%; = 1. Hence, U;3 in (4.3) simplifies to

—A(0ig2D 0;32D 1—
Uiz (0ic2, 0ip2) = —e (Oic2Das+0ip2Dps( n))’

which in conjunction with Ujs in (4.2) implies that

U, (QiGly 92,31) _ max {_e_ACiZ _ e_A(eiGQDG3+9iBZDB3(1_77))}

)
0ic2,0:B2,Ci2

subject to the budget constraint:
iz = Uic1Pgn + 0iB1PBy + Yiz — OicaDie — UiB2p’Bo-
Then, the FOC with respect to 6,5, yields

_efACmpSBZ + (1 — ?7)DB3€7A(92'G2DG3+91'B2DB3(177))) =0

Y

which gives
Py = eACiz—A(9iG2DG3+9iB2D33(1—77))DB3 (1—mn).
Hence,

which, integrated over 7, gives

_ Pe ) _ o | o
o (DB3 (1- 77)) N /iG[OJ] Acip — A(0ig2Das + bip2Dps (1 — 1)) di
= AR5 + (1= k) ¥5™) — A(Dis (1 =) + Do)

where the last equality is from the market clearing conditions. Hence, with (A.1), the lemma
follows. O

Lemma A.3. In the Benchmark equilibrium and Voice equilibrium, the equilibrium price
Phy in State Syon 1S given by

1
147’

Pp2 = My (Y2, Dp3(1 — 6) + Dgs) Dps
where the discount factor My is defined by (A.2).

Proof of Lemma A.3 The logic is similar to the proof of Lemma A.2. From Lemma A.1,
Phs = 117 Hence, Us in (4.3) simplifies to

U. (9'G2 9‘82) _ _6—A(9iG2DG3+91‘32H_%DB3+$D33—5DB3)
K KA b A

Y

which in conjunction with Ujs in (4.2) that

7Ac7l —A C; —6D
Ui (01'6'1701‘31) = max {—e 2 _ e (cis 33)}’
0;c2,9:B2,ci2
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subject to the budget constraints:

Cio = 0ic1Po + 0iB1PBy + Viz — OicapGe — 0iB2Dpo

DBg T
3 a2las By s
Then, the FOC with respect to 6;52 yields
D
—Aciz 8 B3 —A(ci3—6Dp3)
—e + 0,
B2 147
which gives
Py = eACz‘Q*A<9iG2DG3+0¢BQ%+H%DB3*5DB3) Dps3

1+7
Integrating the above over i gives

Dps 1+7 147
= A (k5™ + (1 — k)59 — A(Dp3 (1 —6) + Dgs) ,

5o (1 D
log <pB2(+T)> = / 0] Acip — A (eiGQDGS gy 4 a Dps — 5DB3) di
1€|0,
where the last equality is from the market clearing conditions. Hence, with (A.2), the lemma

follows. O

Proof of Proposition 5.1 Let p%, (S224) and p%, (S2an) denote the share prices of the
brown firm in states Soox and Soon, respectively. Lemmas A.2 and A.3 imply that

Pp2 (S22n) My (13, Dps + D) 22
Pha (522A) Ma (%, Dps3 (1 - 77) + Das) Dps (1 — 77)
eA(é—U)Dss
= > 1,
(I=n)(1+7)

where the second equality is from (A.1) and (A.2), and the inequality is from 7 < 7 and
(5.1). According to the technology adoption rule (4.4), the default brown firm manager does
not adopt the green technology. This completes the proof of the proposition. 0

Now, we are ready to characterize the Benchmark equilibrium. Let (6g¢, 055, 17, 15%)
and (047,050,019, 13) denote the endowments of a representative ESG and NESG
agent, respectively. Note that we use superscript of esg and nesg even in the Benchmark

equilibrium for the ease of comparison to the equilibrium with ESG agents.

Lemma A.4. We have the following results for the Benchmark equilibrium.
(i) The equilibrium consumption vector of ESG agents (c7*, 5™, ciy + ¢p3) satisfies

(e, ¢57, cad + cg3) = (1,49, Das + Dps) + 47 - (1,1,1), (A.5)

for some constant v°*9.
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(ii) The equilibrium share prices of (D&, Ph1, Pie) are given by

Pén = Mn (Y2, Dgs + Dps) Das, (A.6)
Pen = ey )pG’Qv
Dp;

Pp1 = Pc1m7

where My is given by (A.2).
(7ii) v¢%9 in (A.5) satisfies

esg B esg s esg Py esg
7@592(9 — 1) pén + (055 — 1) piy + (1 —¢1)+%( wz) (A7)

p p
(1+ Gl+D§;3)

When the endowments are the same across all agents,

) (A.8)

A.1 Exit and Boycott equilibria

We prove Propositions 5.2-5.4 in this subsection. Lemma A.5 characterizes the conditions
where Exit and Boycott equilibria are equivalent to the Benchmark equilibrium. Lemmas A.6
and A.7 examine the Benchmark equilibrium when the fraction of ESG agents is very small
or very large. Then, we prove Propositions 5.2 and 5.3, which establish Exit and Boycott
equilibria when the fraction of FSG agents is small such that the equilibrium quantities
coincide with those in the Benchmark equilibrium. Next, we move to the opposite case
where the fraction of FSG agents is sufficiently large such that the brown firm manager will
adopt the green technology when available. In particular, it is important to investigate state
Soon on the off-equilibrium path. Lemma A.8 characterizes the equilibria in state Saon under
Exit. Lemma A.9 analyzes it under Boycott. Lemma A.10 compares the two equilibria in
Lemmas A.8 and A.9. Finally, we prove Propositions 5.2 and 5.3 as well as Proposition 5.4.

The following lemma establishes the conditions whether the equilibrium share prices in
the Benchmark equilibrium are the same as those in the Exit or Boycott equilibria.

Lemma A.5. Fven in the presence of ESG agents, if the fraction of ESG agents, k, is
small enough to satisfy the conditions given below, the resulting equilibrium prices under exit
and boycott will be the same as the prices in the Benchmark equilibrium.

kTt

1+7
Boycott: k (Dgg + Dps + ’768g) < Dgs (AlO)

Exit: k (ch + DB3 + ,Yesg) < Dgg + DB3 (Ag)

where v is given in Lemma A.4.

The next two lemmas examine the Benchmark equilibrium when the fraction of ESG
agents is very small or very large.

58



Lemma A.6. Consider the Benchmark equilibrium. Assume that, as the fraction of ESG
agents k — 0, kOgg — 0, k05 — 0, kOgy + (1 — k) 0549 = k05 + (1 — k) 05,9 = 1. Then,

lim p&z, = My ($2™, Das + Dps) Das, (A.11)
. ( ?esg nesg) . s

llclg(l)pm € hg(l) Paa; (A.12)

lim pj, = _ Dss lim p¢ (A.13)

k=081 Dy (14 7) k0" GV

and limy_,0v**9 € (K1, K3) for some constants Ky and K.

Proof The claims (A.11)—(A.13) directly follow from Lemma A.4(ii). Furthermore, from
the expression (A.7) and the boundedness of limy_,o pfy, limg_opgy and limg_,o p%; given in
(A.11)—(A.13), the boundedness of limy_,v** is straightforward. This completes the proof
of the lemma. O

Lemma A.7. Consider the Benchmark equilibrium. Assume that, as the fraction of ESG
agents k — 1, kOgd — 1, kO5d — 1, kOGS + (1 — k) 0557 = k038 + (1 — k) 0py? = 1. Then,

lim p§;2 = My (Y5, D3 + Dps3) Das, (A.14)
lim pgy = e Ay lim py, (A.15)
lim p3 __ Dms lim p? (A.16)
k=151 D 3 (14 7) k>l Gl

and limy_,, y*%9 = 0.

Proof The claims (A.14)—(A.16) directly follow from Lemma A.4(ii). Furthermore, from
the expression (A.7) and the boundedness of limy_,y pfy, limg_; pfy and limg,y p%, given
n (A.14)—(A.16), because Ocg — 1, 055 — 1, 7 — 11 — 0, Y57 — by — 0, the numerator
of v¢%9 converges to zero while the denomlnator is strictly positive in the limit. Hence,
limg_.; v¢*9 = 0. This completes the proof of the lemma. [

With the lemmas established above, we are now ready to prove Propositions 5.2 and 5.3.

Proof of Propositions 5.2 and 5.3 From Lemma A.5 and Proposition 5.1, it suffices
to show that the inequality (A.9) holds for an Exit equilibrium and (A.10) for a Boycott
equilibrium. As k£ — 0, 7°*9 is bounded according to Lemma A.6. Hence, (A.9) holds for an
Exit equilibrium and (A.10) holds for a Boycott equilibrium. This completes the proof of
the first half of the propositions. 0J

Next, we move to the case where the fraction of FSG agents is sufficiently large and
examine the equilibria in the off-equilibrium state Saop.

Lemma A.8. In state Seon when the equilibrium prices under Ezit (5./) are different from
the Benchmark equilibrium prices, they have the following properties.

59



(i) The following relations hold along equilibrium and off-equilibrium paths, irrespective of
whether the green technology is adopted in equilibrium.:

s es DG3 T

pG2 :MN (62 Q,T—i— 1—|—7'DB3) DGS (Al?)
DBg 1 T D33
e = M o ) A.18
P2 N(CQ T—kldr 147 )14 (A.18)
1 nes s nes s anes nes

0= (p%Ql—k: + ¢y g) — (PGabn™ + Ppabpy” + ¥5°) (A.19)
0= (k3™ + (1 = k)cy™) — (k3™ + (1 — k)ihy™) (A.20)

where My is given by (A.2).

(ii) As k — 1, p%y — 0.

(7ii) When all agents have the same endowments and in equilibrium the green technology is
adopted, the off-equilibrium firm B’s share price corresponding to not adopting the technology,
Do, decreases with k in state Saan.

Lemma A.9. In state Seon when the equilibrium prices under Boycott (5.18) are different
from the Benchmark equilibrium prices, they have the following properties.

(i) The following relations hold along equilibrium and off-equilibrium paths, irrespective of
whether the green technology is adopted in equilibrium:

P2 = My <C§Sg, DkGd> Des (A.21)
o = My (g0, 200 ) 28 (422
Des _ Diabs (A.23)
Pas DPp2
DB3P1%3_(]1 *+7) = ?523 (PG00 + D350 + 3™ — 5°) + T Dp3pGhy (A.24)
0= (kc5™ + (1 — k)ey™) — (k5™ + (1 — k)y™) (A.25)

where My is given by (A.2).

(i) As k — 1, p5y — 0.

(iii) When all agents have the same endowments and in equilibrium the green technology is
adopted, the off-equilibrium firm B’s share price corresponding to not adopting the technology,
DPhe, decreases with k in state Soon.

Lemma A.10. In state Syon when the equilibrium prices under Exit (5.4) and Boycott
(5.18) are different from the Benchmark equilibrium prices, the brown firm price under the
Exit equilibrium, ph,y, is larger than that under the Boycott equilibrium.

Based on the lemmas above, we prove Propositions 5.2, 5.3, and 5.4.

Proof of Propositions 5.2 and 5.3 Fix a state Syy and set k = I3 First, we show that
when £ is close to 1

Pho (S224) > Pho (S22w) -
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Then, we show that for k = k + ¢, where € € (O, 1-— E), the above inequality continues to
hold.

Step 1. The equilibrium prices under Exit (5.4) and Boycott (5.18) are different from the
Benchmark equilibrium prices as k (: E) — 1: From Lemma A.7, lim_,; 7**9 = 0, which
shows that the inequalities (A.9) and (A.10) in Lemma A.5 do not hold. Hence, from Lemma
A5, the equilibrium prices under Exit (5.4) as well as the Boycott (5.18) are different from
those in the Benchmark. B

Step 2. p%y (S2en) — 0 as k (: E) — 1: From Step 1 and Lemma A.8(ii), the claim
holds for an Exit equilibrium. Similarly, from Step 1 and Lemma A.9(ii), the claim holds
for a Boycott equilibrium. _

Step 3. There exists ¢ > 0 such that p}, (Saoa) > € as k (: E) — 1: Recall that in the
state of S 4 the green technology is adopted and there is no restriction in trading the shares
of the brown firm or consuming the goods from the brown firm. Hence, the claim follows.

Step 4. phy (Sa24) > Do (S22n) as k (: E) — 1: This follows from Steps 2 and 3.

Step 5. Fix k such that the inequality in Step 4 holds. Then, pi, (S224) > Py (Saon) for
k =k + ¢, where ¢ € (O, 1— E): This follows from Lemma A.8(ii) for an Exit equilibrium

and from A.9(ii) for a Boycott equilibrium.
This completes the proof of the second half of the proposition. O

Proof of Proposition 5.4 Note that there is no difference between Exit and Boycott
in the state Sy24. Then, given the technology adoption rule (4.4), the Proposition directly
follows from Lemma A.10. O

A.2 Voice Equilibrium

Finally, we move to Voice equilibrium. Lemma A.11 establishes the condition on whether
the equilibrium share prices and consumption allocations are the same as those in a Voice
equilibrium. Then, the proofs for Propositions 5.5 and 5.6 follow.

Lemma A.11. The Voice equilibrium consumption allocations are the same as the Bench-
mark equilibrium consumption allocations when the fraction of ESG agents, k, is small,
satisfying the following inequality.

CSD 1+ €eSs 1 €es es
k:<9G0903(T)+93(§]—|— —( €9 ah — g)) <

, A.26
Dps Pp1 ( )

DN | —

where ph, and ¥**9 are given in Lemma A.J.

Using the lemma above and all the results so far, we prove Propositions 5.5 and 5.6.

Proof of Proposition 5.5 Consider the case £ — 0. Then, in conjunction with limy_,qy**?
and limy_,0 p%, in Lemma A.6, the LHS of (A.26) in Lemma A.11 has the following limit

. Dgs k 1
lim k%59 ——G3 4 Lgeso €sg _ — A9y =0 < —.
kg% Go DB3 (1 — 7') * 5o * psBl ( ' djl ! ) 2
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Hence, from Lemma A.11, the green technology is not adopted.
Next, consider the case & — 1. Then, in conjunction with limy_,; v**9 and limy_,; p%, in
Lemma A.7, the LHS of (A.26) in Lemma A.11 has the following limit

~ Des k Dgs (14 7) 1
lim kO k0L + — (W7 — )y — ) = — L+ 1> —.

klg)ﬂ% GO DB3 (1 . 7_) + B0 + psBl ( 1 1/)1 Y ) DB3 + 2
Hence, from Lemma A.11, the ESG agents hold the majority of brown shares and the ESG
manager will be elected, leading to the green technology adoption. This completes the proof
of the proposition. O

Proof of Proposition 5.6 First, note that v**9 in Lemma A .4 is zero under homogeneous
endowment. Then the first claim follows from Lemma A.5. Move to the second claim. Note
that LHS of (A.26) in Lemma A.11 becomes k%ff“. Hence, the second claim follows.

This completes the proof of the proposition. 0
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IA.1 Additional Proofs

Proof of Lemma A.4 We show that the three claims of (i), (ii) and (iii) follow from the
definition of the Benchmark equilibrium given in Definition 5.1 specialized to emissions tax.
From Proposition 5.1, the green technology is not adopted in the Benchmark equilibrium.
Hence, we ignore the uncertainty at ¢ = 2 and solve the equilibrium as if the green technology
were never available. With this simplification, the consumption vector for a generic agent ¢
can be expressed as a triplet of (¢;1, ¢, Cigz + ¢;ip3) as in (A.5). Furthermore, because Sgoa
is on the off-equilibrium path, pgs = 14%7 from Lemma A.1. Also, the lifetime utility U;; in
(4.1) simplifies to

Ui = U (ci1, cia, Cigs + CiB3) (IA.1.1)
. _efACil _ e*ACiQ _ e*(A(Cigg%*ciBg)f(sDBg;).

First, to show (i), we rewrite the budget constraints in (4.1), (4.2) and (4.3) as follows:

cin = Vi + Gicopen + Oipops1 — GiciDen — OiB1PE
Cio = Vio + 0ic1De + 0i1P5y — OicoDie — ViB2Dho

DBg T
a3 + iy = 0igoDas + 0ipg——— + ——— Dps,
Cig3 T CiB3 a2V@G3 321—1—7' 1+ 7 B3

which are substituted into U (-, -,-) in (IA.1.1).
Taking the derivative of U (-, -, -) in (IA.1.1) with respect to 6;51, we have

_Ul ('7 "y )pSGl + UQ ('a ) )p?}'Q = 07

which can be rewritten as .
e~ Alen—ciz) _ @ (IA.1.2)
bca
In conjunction with goods market clearing conditions for consumption goods, the equation
above yields

Ci1 — Cig = P1 — Y2
Y1 — ¢t = P2 — Cip. (IA.1.3)

Similarly, taking derivative with respect to 6,52, we have
_U2 ('7 ) )péQ + U3 (‘7 ) ) DG3 = 07
which can be rewritten as

Dgs

e~ Alciz—(cigateins)+6Dps) —
s
Da2

(IA.1.4)



In conjunction with goods market clearing conditions, the above yields

cio — (cigs + ¢ips) = Y2 — (Das + Dps)
Yy — o = (Das + Dps) — (cigs + cigs) - (IA.1.5)

From (IA.1.3) and (IA.1.5), there exists a constant 7; € R such that
1 — ¢ = 9 — ¢io = (Das + Dps) — (cies + ¢ig3) = i,

which confirms the claim (A.5) for the first k& agents.
Next, we move to (ii). From (A.5), we have

cio — (Cigs + ¢ips) = U2 — Dgs — D,
which in conjunction with (IA.1.4) yields

¢~AW2-Das-(1-8)Dps) _ Das.

PG2
This in turn gives
Py = eAW2=Das=(1=0)Dp3) ) . (IA.1.6)
Again, from (A.5), we have
Ci1 — Ciz = Y1 — o,
which in conjunction with (IA.1.2) yields
e~ AW1—2) _ @
Pen
The above can be rewritten as
P = e Tpg,. (IA.1.7)

Also, noting that the shares of brown firm and green firm are identical in terms of returns
and that p%; = ——, no-arbitrage between t = 1 and ¢t = 3 yields that

1+77
Dp3
DG3 147
s s 0
P Pp1

which can be rewritten as

Ph1 = D¢ _ D

B1 G1 DG3 (1 + 7_)'

Combining the expression of My in (A.2) with (IA.1.6), (IA.1.7) and (IA.1.8) confirms the
claim (A.6).

Finally, we move to (iii). For agent i, we equate the price of the equilibrium consumption

(IA.1.8)



allocations in (A.5) at ¢ = 1 to the value of endowment at t = 1:

S s s
P + Pp1 + Vi ( pGl pG’l > QZ%JPGI + eggpsBl + 77besg pfl Ssg’
G2 -7 Dgs £

which implies (A.7). The special case of (A.8) follows from imposing homogeneous endow-
ments Ogy = 055 = 1,077 = 1y, and 5% = 1. This completes the proof of the lemma.
O

Proof of Lemma A.5 Assume the Benchmark equilibrium. Then, we show that the Exit
constraint (5.4) is satisfied under (A.9) and that Boycott constraint (5.18) is satisfied under
o (A.10).

First, we examine (A.9) under Exit. Recall the optimal consumption path of ESG agents
given by Lemma A.4(i). Hence, the wealth of ESG agents at the beginning of ¢t = 2 is given
by

es es p es 65 S €es eS
wy™ =Py + 52 (Oc6pen + 0pipp + U1 — 1)
fell
es p es 65 S €esg es
27+ pf2 (Oc6 e + 055 pE + U7 — (1 +9°9)),
fell

which, in conjunction with ¢5* = 1, + %9 and Exit constraint (5.4), gives the aggregate
demand of the green shares by ESG agents as

esg esg

1
kO = k (w2 — )

p es €S S €S es
pG2 (0cdpen + 00 pp + U1 — (b1 + g)))
a1

S

PGl

1 ( ESg
pfm
1 68 €es S 68 S €S ps
( T —bo) + (0G0 P51 + 0o + U177 — b)) — 4 < §1>>
G2 PGo
Pen | Pea Dén
P+ e 7 1++>—7 <1+ ))
( o bl < P& Das Do
Dps p501 Dps 1
=k— Py + 0o =7 Y | =kl |,
Dén ( “ “ Dg 3(147) Dgs Des (1+ 1) Des

where the third equality is from (A.7) and the fourth equality is from (A.6). Hence, we need

DBg 1
kOgy =k |1+ ——— " 4 ><1
( DG?, (1 —f- T) v DG?,

which is equivalent to (A.9).
Next, consider (A.10) under Boycott. From Lemma A.4(i) and Boycott constraint (5.18),
the aggregate demand for green consumption good by ESG agents at t = 3 is

kcgsg = k’ (Dgg + DBg + 7@39) .



Furthermore, we need that the supply of green consumption good D¢ is large enough to
meet kcgy. Note that (A.10) implies Dgs > kegy. This completes the proof of the lemma.
O

Proof of Lemma A.8 First, we show (i): the system of equations (A.17)—(A.20) are
satisfied in state Seony. When the equilibrium prices under Exit (5.4) are different from the
Benchmark equilibrium prices, the ESG agents hold only the shares of the green firm and
the NESG agents hold only the shares of the brown firm. Hence, each ESG agent will
consume the dividends from the green firm £ =% and the tax rebate {7~ Dps. Similarly, each
NESG agent will consume the dividends from the brown firm % I}FT and the tax rebate
777 Dps in the subsequent state at ¢ = 3. Furthermore, the ESG agents are the marginal
investors for shares of the green firm and the N ESG agents are those for shares of the brown
firm. Hence, equilibrium share prices satisfy (A.17) and (A.18). The third equation (A.19)
is the budget constraint for the NESG agents and the last equation (A.20) is the market
clearing condition for the consumption goods, both at t = 2.

Second, we move to (ii). Assume that there exists € > 0 such that p%, > €. Then, (A.18)
yields ¢5“* — oo, which in conjunction with (A.20) implies ¢5* — —oo. Then, from (A.17),

Dgs Dps
Déw — 0. Because ppy > € and pgy — 0, we have e > e () This is a contradiction

because N ESG agents are supposed to prefer the shares of the brown firm. Hence, p%, — 0.
Finally, we establish (iii). Note that in state Sson because the NESG agents strictly
prefer the shares of the brown firm to those of the green firm, we have

P2 Dgs
s > D 1>
Ppo B31y+

which in conjunction with (A.17) and (A.18) implies that

DG3 DB3
— esg __ nesg 0. IA.1.9
e T B TR Ay i (IA-L9)

Furthermore, if the green technology is adopted, there is no difference between ESG and
NESG agents. Hence, all agents hold and consume the equal endowments as their optimal

consumption. In conjunction with 65;* = 657" = 1, we apply the implicit function theorem
to (i) and obtain the following:

dgjjz = pi. <Ad2:g A%’) (IA.1.10)

dgls? = ply (Adi:g - A(EB;Q : Jlr T) (IA.1.11)

0= 5™ — B9 4 (kd;:g +(1- k)di;:g> . (IA.1.13)



Combining (IA.1.11) and (IA.1.12), we have

Ll De 1 dph (k1) dp
P T T =kl dk  \1—k  ppA) dk

(IA.1.14)

Next, rearranging (IA.1.13) gives

dcgsg Dgg dcg,esg DBg 1
- Pos) 1k -
<0 ( (dkz T ) T T T i) )

where g¢ is given by (IA.1.9). Plugging (IA.1.10) and (IA.1.11) to the above yields

1 dp8G2 1 dpSBQ
1—k .
vead dk TP A

—eg =k (IA.1.15)

Finally, combining (IA.1.14) and (IA.1.15) gives

1 1 Dps 1 1 k 1 1 dpps
- 7 + — ey = + + (1 -k ,
PGaA (pBQ(l - k)2 (1- k)2 1+ T> ° (png <1 —k pSJBQA> ( ) PsBzA> dk

which together with the sign of (IA.1.9) confirms dfl%? < 0, i.e., the claim (iii). This completes
the proof of the lemma. [l

Proof of Lemma A.9 First, we show (i): the system of equations (A.21)—(A.25) is satisfied
in the state Syon. When the equilibrium prices under Boycott (5.18) are different from the
Benchmark equilibrium prices, each ESG agent consumes % in a subsequent state at ¢t = 3.
Furthermore, from the market clearing condition for the consumption goods, each NESG
agent consumes % in the subsequent state at ¢ = 3. Hence, the equilibrium share prices
satisfy (A.21) and (A.22). The third equation (A.23) is the equal return restriction, which is
necessary for the market clearing conditions for shares to hold. The fourth equation shows
that the aggregate value of brown consumption goods, Dpg3p%s (1 + 7), is determined by the
aggregate wealth of the NESG agents at t = 3. The last equation (A.25) is the market
clearing condition for the consumption goods at t = 2.

Second, we move to (ii). Assume that there exists € > 0 such that pj, > €. Then, (A.22)
yields ¢5°*? — oo, which in conjunction with (A.24) implies p%, < 0, a contradiction. Hence,
Pa — 0.

Finally, we establish (iii). Note that in state Soon, (A.21) and (A.22) imply

es D nes D
P _ A2 ) - (4577~ 225) Dos

14+17),
DB B3( )

which in conjunction with (A.23) gives

Phs (1 +7) '



Hence, we have

es Dg nes Dp
605629—73—62 g (1_2) > 0. (TA.1.16)
Also, note that combining (A.23) and (A.24) yields
s -7 nesg s pnesg nesg nesg
0= ppy (1_k+7'_931 ) —Pabc” — Uy T o (IA.1.17)

For the proof of (iii), it is convenient to exploit the system of equations in (i), where (A.24)
is replaced by (IA.1.17).
If the green technology is adopted, there is no difference between £ SG and N ESG agents.
Hence, all agents hold and consume the equal endowments as the optimal consumption. In
nesg

conjunction with 0577 = 057 = 1, we apply the implicit function theorem to (i), where
(A.24) is replaced by (IA.1.17), and obtain the following:

dpg., dcs™ Dgs
=piy | A A—= IA1.1
dk  Per ( TR (IA.1.18)
dp%, dey ™ Dps
(A Y TA.1.19
k.~ TP ( dk (1— k) ( )
dps dps . i dpc
dz’? Des = DB?,TZZ P + DngG27d£3 (IA.1.20)
dppa k(L —7)  dpgy | dey™
= — [IA.1.21
0 dk  1—k dk dk ( )
os nes dcesg dC’I’LGSg
0= (" — 3"+ k dj{ +(1—k) ;k (1A.1.22)
We rearrange (IA.1.21) to
D _dvipk(l-7) (45 Dpy | dpiy
(1—k)? dk 1—k dk (1—k)® dk
which in conjunction with (IA.1.19) gives
Dps k(1-1) 1 dpps  dpes
— = — . [A.1.2
(1— k) ( 1=k ppA) dk dk (14.1.23)

Also, rearranging (IA.1.22) gives

dcesg DGg dcnesg D33
—go=k | —=— + =2 1—Fk 2 _
€0 (dk +k2>+( )<dk; (1—k)?)

where ¢ is given by (IA.1.16). Combining the above with (IA.1.18) and (IA.1.19) yields

_ 1 —kdpp, k  dpgs
P A dk P A dk

—&p (IA124)



Finally, from (IA.1.23) and (IA.1.24) in conjunction with the sign in (IA.1.16), we confirm
that dZ’,iQ < 0, i.e., the claim (iii). This completes the proof of the lemma. O

Proof of Lemma A.10 First, we reformulate the Boycott equilibrium. From (A.23) and
(A.24) in Lemma A.9, we have

DB3PC (1 + T) c Dngc nes nes nes nes
lB3 k — P33 Dps = =22 (pgaben™ + phallp? + 5™ — 5°),
- Ppa

which can be rearranged as

1 + k nes nes nes nes
(1_,;> Pha 657 = piabcr” + Phabpr” + 12" (IA.1.25)

We use the subscripts of exit and boycott to denote the Exit and the Boycott, respectively.
From (A.17) and (A.21), we have

S
; esg esg 7Dp3
M — eA(CZ exit €2 boycott) —A 147 ,
S
pG2,boycott
1—k nesg nesg B3 k
A )
k 2 it 2,b tt 1 1-k
_p eait ™ boyeon T TET TR | (TA.1.26)

where the last equality is from the market clearing conditions. From (A.18) and (A.22), we
have

Phaenic_ A58 ot 2 )
SB2,e;r:ut —e 2,exit 2boycott (1—k)(1+7) (IA.1.27)
pB2,boycott
Finally, subtracting (IA.1.25) from (A.19), we have
S S
PB2exit — pB2,boycott kT nesg nesg
1—k - 1 — k’pB2 exit + Gy ,exit CQ,boycott

nesg

— (S nesg
- (pG2,e:mt pG2 boycott) 0 + (pB2,em't - pBZ,boycott) ‘931 )
which can be rearranged to

nesg nesg

1 nes < < kr
(1_1{: - 9 g) (pBZ,ea:it - pBZ,boycott) - mpBQ,em‘t + (C2 exit — C2 boycott) (IA128>

= (pz&,emt pG’2 boycott) 9"659.

Next, we verify that piy .pir = PBa poyeots PY Showing that the three conditions of (IA.1.26),
(IA.1.27) and (IA.1.28) cannot hold simultaneously with pgy .. < PBopoyeort- ASSUME Pho iy <
Phoboyeor- Lhen, from (TA.1.27), we get cyomit — Copocort T+ (ITA < 0, which combined

2,exit k)(1+7)
with (IA.1.26) implies pspmﬂ > 1 but when combined with (IA.1.28) implies pfy opir —
G2,boycott ’
PG2.boyeort < 0. This is a contradiction. Hence, phy it = Ppo poyeort- This completes the proof
of the lemma. O



Proof of Lemma A.11 We show that in the Benchmark equilibrium under (A.26) , when
ESG agents hold only the shares of the brown firm, they do not the majority of the brown
firm’s shares. Recall the budget constraint for a generic agent ¢ at t = 1:

Oicopen + Oipops1 + Vi = cin + 01Dy
1+ + 0,105,

where the last equality is from Lemma A.4. Hence, rearranging the above yields

F 1
Oip1 = chopsﬂ + Oipo + —— (Y — (Y1 + 7))
PBi P
Dgs(1+71 1 os
= 92‘00%15) + 0ipo + — (Vi — (Y1 +7°)),
B3 PB1
where the last equality is from the same return condition % = #ﬁﬂ in the Benchmark
G1 B1
equilibrium. Aggregating the above over ESG agents gives
k . es ‘D 1 + T es 1 €es es
/ 0;p1di = k@GOgM + kOpg + —— (kY™ — k(1 +9°)) .
0 Dps DB

Hence, as long as RHS is less than %, which is (A.26), the ESG agents do not hold the

29
majority. This completes the proof of the lemma. 0

IA.1.1 Probabilistic Adoption of the green technology

In a pure strategy equilibrium, we let the brown firm manager to either adopt or not adopt
the green technology in the state Sso, the green technology is available. However, we can
allow the manager of the brown firm to randomly adopt the green technology as long as
the share prices of brown firm are identical over Sss4 and Sson. Furthermore, if we do not
allow the random adoption, an equilibrium may not exist under some parameters of the
economy. For example, if the manager assumes that he/she will adopt, the non-adoption
may be optimal while if the manager assumes that he/she will not adopt, the adoption may
be optimal. In fact, by allowing the random adoption, we can always find an equilibrium
(Lemma [A.1.1). More interestingly, we find an equilibrium with random adoption exists

around the critical population level k& from which the brown firm manager can adopt the
green technology optimally (Lemma [A.1.2).

We need to introduce some notations. Let m be the probability with which the brown
firm manager to adopt the green technology in the state Si;. To express the share price of
brown firm is a function of population level k and probability 7, we use p%, (S204, 7, k) and
P50 (Soon, T, k) for the share price of brown firm in the state Syo4 and state Seon. Next, we
define A (7, k) as p%y (S22a, T, k) — D% (Sean, 7, k) . Exploiting the continuity of the economy
with respect to k and 7, the continuity of A is guaranteed. First, we establish the existence
of equilibria by allowing random adoption of green technology.

Lemma TA.1.1. If there is no pure-strateqy equilibrium, there exists a mized-strateqy equi-
librium.



Proof Assume that there is no pure equilibria for a certain k. Then, A (1, k) < 0 because
the certain adoption is not optimal and A (0, k) > 0 because the certain non-adoption is not
optimal. From the intermediate value theorem, there is 7 € (0, 1) such that A (7, k) = 0.
Hence, there is a mixed-strategy equilibria with the random adoption with the probability
7. This completes the proof of the Lemma. O

Next, we show that there exists a mixed strategy equilibria around the critical population

level k. Note that this lemma does not imply all mixed-strategy equilibria exist around k.

Lemma IA.1.2. Pick any e > 0. Then, there exist m € (0,1) and k € (k; —g, k + 6) such
that A (m, k) = 0.

Proof Note that A (1,7{) = 0. Also, note that Wa(5224mk) _ () hocayse the population

ok
Oppo(S22n,1,k)

o <0

does not affect the price once the green technology is adopted and that
from Lemmas A.8(iii) and A.9(iii). Hence,

OA (1, k)
ok

The claim will be proved by showing that A (mw, k) = 0 holds with # € (0,1) and k €

(/;: — ¢, 2 + 8) for each of the following cases, which are collectively exhaustive.

> 0. (IA.1.29)

Case 1: A <0,l§> >0

Set k =k — 6 for a sufficiently small § > 0. Then, it holds that A (0,k) >0 > A(1,k),
where the first inequality is due to the continuity of A in k£ and the second inequality is from
[A.1.29. From the intermediate value theorem, there exists m € (0, 1) such that A (7, k) = 0.

Case 2: A (0, ]:€> <0
Set k = k + 4 for a sufficiently small 6 > 0. Then, it holds that A (0,k) <0 < A (1,k),

where the first inequality is due to the continuity of A in k and the second inequality is from
[A.1.29. From the intermediate value theorem, there exists = € (0, 1) such that A (7, k) = 0.

Case 3: A (0, l?;) =0

Case 3-1: A (7?, l?) = 0 for some 7 € (0, 1)
The claim holds by construction.
Case 3-2: A (7?, k:) > 0 for all m € (0,1)

Note that A <0.5, l?:) > 0. Set k =k — 6 for a sufficiently small 6 > 0. Then, it holds

that A (0.5,k) > 0 > A (1, k), where the first inequality is due to the continuity of A in k
and the second inequality is from [A.1.29. From the intermediate value theorem, there exists
m € (0.5,1) such that A (7, k) = 0.

Case 3-3: A (7?, k) < 0 for all m € (0,1)

10



Note that A <0.5, l?) < 0. Set k = /?—{— 0 for a sufficiently small § > 0. Then, it holds

that A (0.5,k) < 0 < A(1,k), where the first inequality is due to the continuity of A in k
and the second inequality is from [A.1.29. From the intermediate value theorem, there exists
7 € (0.5,1) such that A (7, k) = 0.

This completes the proof of the Lemma. 0

IA.2 Numerical Algorithms

The general procedure of our numerical algorithm is that we first solve the model back-
wardly to obtain equilibrium quantities at ¢ = 2 as functions of shareholdings at ¢t = 1.
Then, we plug these quantities (functions) into equilibrium conditions at ¢ = 1 to solve for
shareholdings and consumption allocations at ¢ = 1. During the process, we check whether
the equilibrium prices are identical to the Benchmark prices. Our procedure also gives the
technology adoption decision by the brown firm manager. Below, we describe in detail the
equilibrium equations at each node of the timeline (Figure 1)." In what follows, we assume
ESG and NESG agents are homogeneous within their type so that we label the quantities
with esg and nesg.

IA.2.1 Equilibrium under Exit
State 521.

In this state, ESG agents do not have a preference for green. Thus, the equilibrium is
identical to the Benchmark equilibrium.

1. Input?

esg nesg esg nesg pnesg nesg
° 931>0G1a¢2 931 7901 y Yo

2. Output?®
esg pnesg _esg pnesg pnesg _mesg esg _nesg
o 055,005,607, 0py" 000" Ca 7 Doy Piras C3 5 C3

3. Equilibrium conditions
. psG2 (kaSQ_Hl k)wnesg) A(DB3+DC;3—5D33)DG3

s s Dp3
* Pp2 = 1+TPG2 Des

esg _ 051 P0G Do 5™ +Tphy— (kdf;%r(l k)lﬁ;e”erC’? (D33+DG3))

* 7

[
1+ G2
Das3

. Cgsg ‘9%85}1732 + eeasggpsaz ‘9381 Pha+ Gl PGQ + w

!'Equilibrium equations at ¢ = 3 are included in the description of time-2 equilibrium conditions.

2Recall that at t = 2 we take shareholdings chosen at t = 1 as given.

3We drop the state indicator (e.g., So1) in these quantities for simplicity. Note that the equilibrium
quantities can be different across different states.

11



" + U3 Pha + 062 P = 051 Do + 061 i + 102
o 50— JS g (1 — k) e 4 e
o B9 = S 4 (1 — k) g — b yess
e ¢ = Dp3+ Daz + 7
e 57 =Dpz+ Dgsz — 1_k’7659

o Set O3 = 0757 =1 and back out 033, 655 using time-2 budget constraints.

State Soz4.

In this state, the two types of shares are the same. Thus, the equilibrium is identical to the
Benchmark equilibrium.

1. Input
esg esg esg pnesg pnesg nesg
® 9317 Gl7¢2 931 >9G1 ) V2
2. Output
esqg pnesg _esg pnnesg nnesg nesg esg mesg
o 059,005,007, 0py 000" Co 7 Doy Piras C3 5 C3

3. Equilibrium conditions

S

. i A(ky§™ +(1—k)ypy ) — A(Dgs+Dps(1-m) ) .,

=€

S __ .S DBs(l—U)
* Pp2 = PG2™ pg,

051 PR t0G1 Do 5™ — (lﬂp;gg‘f’(l k)5 94+ 522 pG2 (D03+D33(1 77)))

p
1 G2
+ Dgs
esg esg

o &5+ 0505y + 063 p5s = 057 D5s + 061 DG + 157

B O + O s = O3 b 00 + U3
T = R (L= R+

o DO = kS 4 (1 — k)it — &fyesg

. ESQ DG’3 —I'_ (1 _ 77) DB3 + ,yesg

o 5= Dgz+ (1 =) Dps — 1557

o Set Oc5 = 0457 =1 and back out 053, 0557 using time-2 budget constraints.

o Y =

State SQQN.

We first check whether the equilibrium prices are identical to the Benchmark prices.
1. Input
N RN R

2. Output

12



e B = 1(price effect) or 0 (no price effect)
3. Equilibrium conditions

 A(KE I (1—K)p %) — A(D 3+ Dgs—8D

« piy=e A(ky5* I +(1—k)y5**?) — A(Dps+Das 83) D g
s _ 1 s Dps

* P2 = 177PG2 D,

es es s s es nes P
051 PratOci PGa s g+rp32—(kw2 IH(1—k)vy 9+D%23<D33+DG3))

. esg _
! =
« B= 1(Dcsﬁk(DB3+DG3+’Yesg)—k1+%DBs)'

If B =0, we then solve the equilibrium at S as if it is the Benchmark equilibrium.

1. Input
. (963819’@%9197 ;39 enesg 9”6597 gesg
2. Output
. 9?5,&2929’ esg Hnesg Hnesg Cgesg’pB%prcgsg cgesg

3. Equilibrium conditions

kYS9 +(1—k)yYh*9)—A(Dgs+Dgs—6D

« P, =e (wg (1—Fk), ) (Dp3+Dgs3 BS)DG3
s Dps

* P2 = 1+7p02 Dcs

es es s s es nes Pe
050 P t0Gy Poa T ™ +7Ppo— (kw I+(1-k)y; 9+D%23(D33+Dc3))

. esg
7 1+pG2

Das
o &+ 053 pps + 005 DGe = 051 Dhe + 001 DGe + 157
&+ 053Dy + 0657 DGs = 05 P + 067" P + 05
o 5= kS 4 (1 — k)t 4 e
o DU = fpst 4 (1 — k)i — E_~esg

%
o 5 = Dps+ Dgs +

o " = Dps+ Dgs — 127
e 059 =0and 0357 =

« Back out 673 and 6557 using time-2 budget constraints.
If B =1, we then solve the equilibrium at S as follows.
1. Input
€59 gesq yesq gnesg gnesg nesg

* 0B17

2. Output
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esg pnesg esg nesg pnnesg _mnesg esg nmesg
. 032706‘2’ 2 932 706‘2 Cy 3 DBy Paas C3 5 Cy
3. Equilibrium conditions
esg esg nesg nesgy _ (1 1
o (055,055,065, 0557) = (£.0,0, %)

Acs® —(Acs®9—A6Dp-
° pSGZ = e 2 ( 3 Bj)DGg

© Diot Py = photni + PGQQGSQ + 5™
. kcesg (1 i l{?) nesg _ k_wesg ( ]{?) ;Lesg

Acgesg—(Acgﬁsg—AdDBg) 1 D

esqg

o esg 1DG3 + 1+7—D B3
o o7 = k1+TDB3 + 1+TD B3-
State 5;.
1. Input

sg pnesg esg esg nesg pnesg nesg nesg
° 93()’9@0’ 1 7930 >9G0a 1 %2

2. Output

esg pnesg _esg pnesg pnesg _nesg

o 07,0c1,c17, 01,061 ,¢1 " PB1> Pan

3. Equilibrium conditions
o pine T = per e 2)p, (Syy) + (1 — p) e A% S0pg, (Sy)
o et = per e E2)p, (Sy) + (1 —p) e A4S Epg, (Sy)
o pipe T = pem e 52)ps, (Sy) + (1 —p) e Epg) (Sy)
o pipe T = perAaT Rl s (Shy) 4 (1 — p) e AT B ps, (Sy)
o Pyi05T + 05067 + e’ = p5i0p0 + penbad + U
o REET b (1 — ) = R (1 — k)

o The actual state of Say € {S924, Soon} is determined by the brown firm manager’s
decision specified below.
Firm B manager’s technology adoption decision.

In order to determine the technology adoption decision on the equilibrium path, we compare
Pho(S224) With p5,(Sean) using the same {057, 057, 0007, 05,7} and make the adoption de-
cision based on (4.4). Then, Sasa (Saon) will be on the equlhbrlum path if the technology is
adopted (not adopted).

IA.2.2 Equilibrium under Boycott
State 521.

Same as the Exit equilibrium.

14



State SQQA.

Same as the Exit equilibrium.

State Sy .
We first check whether the equilibrium prices are identical to the Benchmark prices.
1. Input
. 59 9 o9 gress gness yneso
2. Output
e B = 1(price effect) or 0 (no price effect)
3. Equilibrium conditions
. Py = AR5 +(1=k)5 ) —A(Dos+Dps—0Da) )
* Ppy = HTpGng,,i

ps
Oesgp52+9€squ2+1ZJ239+TpSBQ (lﬂ/lgqur(l k)wvzesq+DLC;(D33+DG3))

. ,yesg —

D
1+ G2
Das3

* B = 1(Dgy<k(Dps+Dastrew9))-

If B =0, we then solve the equilibrium at S as if it is the Benchmark equilibrium.

1. Input
o eeleg’ 2?7¢§89 enesg enesg nesg
2. Output
3. Equilibrium conditions
. Py = AR5+ (AR5 ) ~A(Dpa+Das—6Dms) ) .,

S _ 1 S D33
* P2 = 177PG2 D,

es es es s es nes Pe
0530 D%y 05 g 105 g+rp32—(kw2 +(1-K)05 9+ 102 (Dpa+ Do) )

. fyesg _

P
G2
1+ Das

. Cgsg + egzgpsm + 902 Poe = e%siqpsBQ gslgpfm + 5™
O + O Py = O W 00 s + 08
¢ = BT (L k)

k
. nesg _ k¢88g ( ]{Z) gesg o ﬂ'yesg

esg

. = Dps + Dgz + v

15



nesg __ k
e ¢g " =Dp3+ Dgz — 737

o Set 60y = 1and 6757 = 1 and back out 055 and 65,7 using time-2 budget
constraints.

If B =1, we then solve the equilibrium at Sosn as follows.

1. Input
sg nesg esqg nnesg nesg nesg
* 931>9G1a 2 01061 s
2. Output
esg pnesg _esg pnesg pnesg nesg g esg mnesg
o 0p3,065,¢5", 0py"  0c” s Co s Doy Disos D3 €3 5 C3
3. Equilibrium conditions
esg esg__
- oA (Ac3 A5D33) Des
s A9 (Ache9_ASDps) 1
* Ppp=¢7 (4 )71+TDB3
o Daz _ Pp3Dss
Peo Pho
1 esg esg esg esg
* Pioy + 7 =Dhabpi +Peebci + ¥y + TPhy
R kcesg (1 . k’) nesg __ kwesg + (1 . k) ;Lesg
+ ¥ = LDy
nesg 1
o C =—D
3 1—k B3
o Set 053 = 057 and 0557 = 604779 and back out 053 and 6735 using time-2 budget
constraints.

State 5;.

Same as the Exit equilibrium.

Firm B manager’s technology adoption decision.

Same as the Exit equilibrium.

IA.2.3 Equilibrium under Voice
State 521.

Same as the Exit equilibrium.

State SQQA.

Same as the Exit equilibrium.
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State SQQN .

Same as state So;.

State 5;.

We first solve the equilibrium assuming ESG agents in aggregate own less than 100% of firm
B’s shares. We refer to this as the interior equilibrium.

1. Input

Sg pnesg esg esg nnesg nnesg ;mesg nesg
° 030796‘07 1 %2 7930 79G07 1 s V2

2. Output

. 9689 eesg esg enesg enesg nesg

S
B1:YG1,C1 Bl »Y%g1 ¢ > PB1: P

3. From input to output
N psBlefAci“’Q _ p€7A62 (522 (5'22)

(1-
o pie AT = peAa™ (522)29 (Sa2) + (1 — p) e 42" Sgl)Pcz (Sa1)
+ )

. p‘%ﬁ*ACIL%g = peAc"(S22) Pho (S22) + (1 —p)e —AGT (S21) s (S21)
e 0o =0
. pBleesg esg o pBleesg + pGlgesg wesg

. kCng + (1 o ]{?) nesg __ kwesg ( ]{I) ?esg'

Next, we check whether 657Y > 0. If not, then the ESG agents will own all of firm B’s
shares. We refer to this as the boundary equilibrium and proceed as follows.

1. Input

esg pnesg esg esg pnesg pnesg nesg nesg
° 9B0>0G0a¢ Yy 7930 79007 1 Y2

2. Output

esg pnesg _esg pnesg pnesg _nesg

o Op1,061.¢". 051" 0171 P Pen
3. From input to output

_A.es9
Acy

. p%le — pe—Acgsg(Szz)pSBQ (SQQ) + (1 _ ) —Acgsq(Sm (5’21)

N psGle—Ac?esg — pe—Acgesg(SQQ)pSG2 <S22) + (1 _ p) 6—Acgesg(521 pG2 <S21)
« 0gi =0

. enesg -0

. pBleesg + CTSg _pBleesg +pc10€89 _i_wesg

o R (1 — k)T = Ry 4 (1— Rygpes.
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Voting outcome and technology adoption decision.

In order to determine the technology adoption decision on the equilibrium path, we first
solve the above equations and determine whether it is the interior or boundary equilibrium
at t = 1. Next, if it is the boundary equilibrium, then the ESG manager is elected and the
technology will be adopted if available. If the equilibrium is interior, we compute k0%57. If
k057 > (<)i, then the FSG manager is elected (not elected) and the technology will (not)

be adopted if available.

IA.3 Additional Results for Homogeneous Endowments

IA.3.1 Boycott equilibrium

Figure IA.1 plots the share prices as functions of the fraction k£ of FSG agents at ¢t = 1
on the left panel and in state Sss on the right panel, and Figure IA.2 plots the price ratios
at t = 1 and in state Soy. Similar to the Exit equilibrium in Section 5.2.1, there are two
thresholds, one for shifting the share prices away from the Benchmark equilibrium and one
for the brown firm manager to adopt the green technology.

The share prices to the left of k are identical to share prices in the Benchmark equilibrium
with the ratio of brown to green share prices being IJ%T ~ 0.909. As the fraction of ESG

agents crosses k, the Boycott strategy starts to affect the share prices, where the green
(brown) share price becomes increasing (decreasing) in the number of ESG agents and the
ratio of brown share price to green share price is decreasing in k.

To find out the value of k, we apply a similar argument as in the Exit case. Suppose k
approaches k from the left. As discussed earlier, ESG agents have no preference towards
green shares under Boycott and the returns on the two types of shares must be equal. We
may assume agents arrive at Ssp holding their endowed shares. Therefore, ESG agents in
aggregate will exchange kDps units of brown goods for l;;pCB3(532)D33 units of green goods.
In addition, they will use the tax rebate l;:TpCB3(532)D B3 to purchase green goods, so the total
demand of green goods is k(1 + 7)p%s(Ss2)Dps. The NESG agents will supply (1 — k)Dgs
units of green goods. Thus, we must have k(1 4 7)p%h3(Ss2) Dps = (1 — k)Des. Since we set
Dgz = Dps = 0.57 and 7 = 0.1, we obtain that k=0.5.

Once the fraction of ESG agents reaches l;:, the share prices in state Sss4 become identical
to the Benchmark equilibrium with no public bad, no tax, and reduced brown firm’s output.
The ratio of brown share price to green share price in this region stays at 1 —7 in state Spa4.

The intuition for the behaviors of share prices and their ratios when k < kand k > k

is analogous to the Exit case. For k € [k, k], i.e., state Sy, the aggregate wealth of ESG
agents is high enough to absorb all of the green consumption goods at S32. Since the NESG
agents are indifferent toward both types of consumption goods, the price p%5(Ss2) of brown
consumption good must be sufficiently low in order to incentivize them to consume all of
the brown good. In the Boycott equilibrium, none of the agents has a preference for shares.
Therefore, the two types of shares must earn the same return; otherwise, the markets for
shares will not clear. In particular, this implies that in equilibrium the share prices in state
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Soon must satisfy

Dgs _ P633(532)DB3
Pea(Saan)  Pha(Sean)

Y

where left-hand side is the return on a green share from ¢ = 2 to 3 and the right-hand side
is the return on a brown share taken into account of the brown consumption good price at
t = 3. Note that the brown consumption tax is collected by the government and thus the
tax does not enter the computation of the brown share return. Given the parameters that
Dps = Dgs, it is clear as p%4(Ss2) becomes low, the ratio of brown share price to green share
price must fall to equalize the returns, which is shown in Figure [A.2.

As every agent is indifferent towards both shares, all agents must agree on the share
prices. In particular, the share prices must satisfy

AcS*9(Saan)—A (%—5[)33)

Paa(S2n) =€ Des (TA.3.1)
cnesg _ DB3 _ 1
pSBQ(SQ2N) - eA : (S22) A( 1ok 6DB3) ?DB:;, (IASQ)
T

where we have used the equilibrium conditions that ¢5™(Ss,) = 298 and ¢;*9(S3,) = 222
We see that an increase in k has a first-order effect on the consumption in state Ss, but only
a second-order effect on consumption in state Soon through share prices and holdings. As

a result, we see an increasing (decreasing) green (brown) share price in Figure IA.1 when

k e [l;:, l;:]. Since the ESG agents hold brown shares, in equilibrium the brown share price
must also satisfy

Ac®9(Saan)—A (% —5D53)

psBQ(SQQN) =e p%S(Sgg)DBg. (IA33)

Comparing equation (IA.3.2) with (IA.3.3) and using D3 = Dgs, we see that a decreasing
brown share price in k is a clear manifestation of cash flow effect (p%4(Ss2)) dominating the
discount effect (the exponential term in (IA.3.3)).

Figure IA.3 shows the utilities of ESG and NESG agents at t = 1. Similar to the Exit

case, both agents have identical utilities when k& < k and k > k. In the middle region where

k € [k, k], NESG agents take advantage of the lower price of brown consumption goods at
the cost of ESG paying a relatively higher price on green goods while every agent suffers
the public bad equally.

Table TA.1 provides three examples of equilibrium and off-equilibrium values based on
the fraction of FSG agents. The intuition for these value is similar to the Exit case except
for two notable differences. First, when k = 0.54, both the Exit and Boycott strategies
affect share prices. However, the brown (green) share price in the Boycott equilibrium is
lower (higher) than the Exit equilibrium.” Since the brown share price is the same for both
equilibria after adopting the green technology, this difference shows that it is more easily
to adopt the technology under the Boycott strategy as it requires a lower fraction of ESG

4Refer to Lemma A.10 for a detailed proof.
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agents in the economy, which is a manifestation of Proposition 5.4. The second difference is
that in the Exit equilibrium the price of brown consumption goods is always fixed at IJ%T
In the Boycott case, this price starts to decrease when k > k. In Table IA.1, we see that the

pre-tax price phs(Ss2) = 0.783 < 1=

TA.3.2 Voice equilibrium

Table [A.2 provides equilibrium and off-equilibrium values for three fractions of ESG agents.
There are several important differences from the Exit and Boycott. First, as discussed for
Figure 5, the share holdings at ¢ = 1 are not same as agents’ endowed shares due to the

mechanism of the Voice strategy (5.19). Therefore, when k > k (e.g., k = 0.35 and 0.65),
the equilibrium consumption in states S; and Ss4 will no longer equal to consumption
endowments as well because agents will have different wealth entering t = 2. Second, even
though the equilibrium consumption allocations deviate from endowments at ¢t = 2 when
k = 0.35, the time-1 consumption is still identical to their endowments. This is because

NESG agents hold both types of shares when k € [k, l%] and the expected returns at t = 1
must be the same. Otherwise, NESG agents will strictly prefer the share with a higher
return. This implies that the consumption at ¢ = 1 must coincide with the one in a no-trade
equilibrium, which is equal to the endowments. By contrast, the time-1 consumption for
k = 0.65 is different from endowments because the shares have different expected returns
when k > k. Third, a very high fraction of ESG agents may not be welfare improving as
opposite to the Exit and Boycott equilibria. In Table [A.2, the highest aggregate welfare is
achieved when k = 0.35 while the lowest is in fact attained when k£ = 0.65. This is because
the price deviation from the Benchmark when k = 0.65 severely dampens the utilities of
ESG agents. As the size of ESG agents is large, the aggregate utility loss outweighs the
utility gain of the NESG agents relative to the case of k = 0.35.

IA.4 Mixed Strategy Equilibria

So far, we have studied only the pure strategy equilibria. That is, for a given activist
strategy and fraction k£ of ESG agents, the manager’s decision in state Sy is certain. In
this section, we demonstrate that for some values of k > k, there exist one or more mixed
strategy equilibria, where the brown firm manager is indifferent toward adopting and not
adopting the green technology and thus randomizes the adoption decision. The probabilities
of adoption are solved endogenously.

The decision problems of individual agents are identical to a pure strategy equilibrium
in Section 4.2 except that the agents will have to take into account the probability ¢ that
the green technology is adopted in state S;;. An important feature of our model is that
an endogenous aggregate uncertainty of technology adoption arises when the brown firm
manager follows a mixed strategy. It represents the risk of whether or not the pollution can
be avoided conditional on arrival of the green technology. That is, the uncertainty whether
or not the manager will act in a socially optimal way to reduce the pollution.

The adoption probability is determined endogenously in equilibrium such that the brown
firm manager is indifferent toward technology adoption, i.e., we choose ¢ such that pgs(Saan) =
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pp2(S224). As before, we shut down other systematic risks such as output risks, which are
typical exogenous in most equilibrium models. Intuitively, on one hand, when ¢ = 1, the
green technology is almost surely adopted. Relative to the benchmark equilibrium (Section
5.1), there will be a reduction in firm B’s output due to the cost of adoption and hence a
lower share price, which can be observed in Figure 2b. On the other hand, when ¢ = 0,
the brown firm manager will almost surely not adopt the green technology. As we learn
from Section 5.2.1, when k > k the brown share price is depressed due to the preferences
of ESG agents. Therefore, the equilibrium probability ¢ strikes a balance between the cost
of adopting the technology and the price dampening effect due to activism. The proof of
existence is given in Section [A.1.1. We further provide numerical examples below.

IA.4.1 Numerical Examples of Endogenous Risk

We illustrate the situation of multiple equilibria and mixed strategy equilibrium using nu-
merical examples in Table TA.3. We first observe that when k is small (large) enough, there
is only a unique pure strategy equilibrium of non-adoption (adoption). For intermediate
values of k, there exist multiple equilibria. In particular, when & = 0.576, both the pure
strategies of adoption and non-adoption can be an equilibrium. Moreover, a mixed strategy
equilibrium with ¢ = 0.95 also exists. When k = 0.5765, there exist two mixed strategy
equilibria with ¢ = 0.245 and 0.886 in addition to a pure strategy of adoption.

We now proceed to examine the behaviors of prices and returns for the two types of
shares. Let us focus on a mixed strategy equilibrium with ¢ = 0.886 when k£ = 0.5765.
Suppose the reality corresponds to ¢t = 1 in our model. Taking into account the probabilities
of technology arrival and manager’s adoption decision, the expected one-period return from
t = 1 to 2 is zero for both green and brown shares. However, brown shares have a higher
expected two-period return (¢ = 1 to 3) of 3.57% versus 2.01% for green shares. As we
take the green output as the numeraire at ¢ = 3, this implies that brown shares earn an
unconditional risk premium of 1.56% from ¢ = 1 to 3. In addition, the two-period return for
green shares is less risky than brown shares. Regardless of the state at ¢ = 3, green shares
always earn a return of 2.01% since the green output is unaffected by technology availability
or manager’s adoption decision. The returns on brown shares are more variable, ranging
from 0.91% in state Ss3 to 7.92% in states S3; and Sss.

Next, we consider the returns conditional on technology being available (S52). Both green
and brown shares earn negative returns from ¢t = 1 to 2 if the technology is adopted: —2.3%
for green shares and —3.39% for brown. However, green shares have a positive one-period
return from period 1 to 2 and brown shares have a negative one-period return from period
1 to 2 if the technology is not adopted: 10.7% for green shares and —3.39% for brown. The
conditional expected return for green shares is —0.86%), i.e., a conditional risk premium of
2.54% relative to brown shares, while unconditionally they both earn zero expected one-
period return. The returns on green shares range from —2.3% in state Saz4 to 10.7% in state
Saan while the brown share return stays at —3.39% in both states. Hence, conditional on
technology being available, green shares have a riskier return from ¢ = 1 to 2 than brown
shares. s a result, the relative risk ordering of green and brown shares changes depending on
the horizon. Green preference induces endogenous uncertainty in the economy and makes
green share riskier in the near term and brown share riskier in the longer term.
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In this example, green shares are valued higher than brown shares even after accounting
for emissions tax. Because of the endogenous risks in state Sso, the outperformance of green
shares may not sustain in the long run. To see this, consider state Syon. Green shares have a
high one-period return from ¢ = 1 to 2 followed by a low return from ¢ = 2 to 3. By contrast,
brown share returns are low during period 1-2 and high from period 2 to 3. This is consistent
with the observation in Pastor et al. (2022) that high (low) returns on green (brown) stocks
do not necessarily imply the same pattern in the future. Going forward green and brown
share effects will not persist and hence value stocks may outperform growth stocks.

IA.5 Additional Results for Heterogeneous Endowments

This section provides additional numerical results for Exit, Boycott, and Voice strategies
under heterogeneous endowments.

TA.5.1 Exit

Under Exit, we assume that the ESG agents do not invest in the brown firm at ¢ = 2,
059 = 0. (IA.5.1)

We examine an equilibrium where the ESG agents are willing to restrict their choices with
(IA.5.1). Same as Section 5.2.1, the pre-tax price of the brown consumption goods in states
Ss1 and Sso is 14%7 and in state Ss3 is 1.

We characterize the Exit equilibrium in the figures below and in particular examine
equilibrium outcomes when an individual ESG agent is less wealthy than an individual
NESG agents. We fix the fraction of ESG agents to be kK = 0.65 so that it is possible
to have the green technology adoption in equilibrium when ESG agents are sufficiently
wealthy.” Similar to Section 5.2.1, the parameters are calibrated such that both shares have
zero net returns in the Benchmark.

Figure IA .4 plots the green and brown share prices with respect to the individual wealth
ratio A at ¢ = 1 on the left panel and in state S5 on the right panel. Similar to the ho-
mogeneous case in Figure 2, there are also two critical thresholds for the individual wealth
ratio. The first threshold, \, determines when the Exit strategy begins to affect the equi-
librium share prices. When A < ), each individual ESG agent is substantially poorer than
a NESG agent. Since we have fixed the fraction k£ of FSG agents, there is a one-to-one
relation between individual wealth and the aggregate wealth of each type. This implies that
the aggregate wealth of ESG agents is low when A < \. However, such low aggregate wealth
is not enough to absorb all the green shares available. As discussed for Figure 2, NESG
agents will also hold green shares, which forces both shares to earn the same return.

Once the ESG agents become wealthy enough, i.e., A starts to rise above \, the Exit
strategy will affect the share prices as the aggregate wealth of ESG agents is more than
enough to buy all of the green shares. Similar to Figure 2, the green (brown) share price

5Tf we choose k such that it is lower than k in the corresponding homogeneous case, then the green
technology will never be adopted for any A € [0, 1].
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is upward (downward) sloping when A is between the two thresholds. The reason is that in
order to incentivize ESG agents to clear the market for the green shares, the interest rate
must be low enough. When A grows, the ESG agents will have more wealth to spend. Such
incentive needs to be stronger. Since the interest rate is directly linked to the green share
return, this leads to a higher price for the green shares. For the brown shares, however, the
no-short selling constraint prohibits the NESG agents from taking advantage of the high
green share price by short selling them to buy more consumption goods. The return on the
brown shares must be high enough to incentivize the N ESG agents to hold all of the brown
shares and to not borrow. This induces a lower price for the brown shares.

As the ESG agents become wealthier when A > X, the brown share price will be lower.
Once the brown share price is depressed sufficiently low, the brown firm’s manager will adopt
the green technology according to the rule (4.4). After the adoption, two firms are essentially
identical in terms of ESG agents’ preferences, which results in constant prices with respect
to A

Figure IA.5 shows the price ratios at ¢ = 1 and in state Syy. Similar to Figure 3, the ratio

stays at H% ~ 0.909 when A < A and becomes flat again when A > \. In particular, in state
So24, the ratio is 1 —n = 0.85 as seen in plot on the right panel. The price ratio decrease

with respect to A when A € [5\, 5\] because the green share price increases and brown share
price decreases in this region as discussed above. In addition, the price ratio in this region
can be lower than the ratio when A > \. Again, the manager does not adopt the technology
by looking at the relative price. Instead, the decision is made based on the price level of the
brown shares.

Figure [A.6 plot the individual utility levels for both types of agents at t = 1. Unlike
Figure 4 where all agents have the same utility in the first region, in the current scenario an
individual FSG agent has a much lower utility than a NESG agent when A\ < . This is
because an individual ESG agent has very little endowment wealth when A is small, leading
to low equilibrium consumption, which in turn results in a low utility level. Another dis-
tinction is that in the middle region the ESG (N ESG) utility keeps increasing (decreasing)
whereas it is the reverse in the homogeneous case. While the ESG agents have to pay a
high price for the green shares and NESG agents can enjoy the cheaper brown shares, the
wealth effect dominates in the sense that the ESG agents become wealthier as \ gets larger
and NESG agents becomes poorer due to the market clearing conditions. The wealth ef-

fect continues dominating when A > X, which is the third difference from the homogeneous
case. Once A = 1, the two utility levels coincide. Finally, we also provide equilibrium and
off-equilibrium values for three examples of individual wealth ratios in Table IA 4.

TA.5.2 Boycott

Next, we consider a case where the FSG agents do not consume the consumption good from
the brown firm at ¢ = 3 if the brown firm did not adopt the green technology,

Ce;g (Sgg) =0. (IA52)
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We investigate an equilibrium where the ESG agents are willing to sacrifice their choices
with (IA.5.2).

We use the same set of parameters as in the Exit equilibrium above. Figure IA.7 plots
the share prices as functions of the individual wealth ratio A\ at £ = 1 and in state Ssy. Just
like the Exit equilibrium above, there are two thresholds of A, one for price impact and the
other for technology adoption. Similar to the homogeneous case, both thresholds are lower
than those in the corresponding Exit equilibrium, leading to the conclusion that Boycott is
more effective, in terms of requiring a lower individual wealth ratio, under the heterogeneous
wealth case as well.

The intuition for the relation between share prices and individual wealth ratio is as
follows. When individual ESG agents are sufficiently poorer than NESG agents (A < \),
the aggregate wealth of ESG agents is also low because the ESG population is fixed. This
implies that ESG agents are unable to absorb all the green consumption goods at t = 3.
Therefore, the price of brown consumption good at ¢t = 3 will not be affected by the Boycott
strategy, nor will share prices be.

As the individual wealth ratio reaches beyond X, the Boycott strategy will impact the
share prices since the aggregate wealth of ESG agents is sufficiently high. Unlike the Exit
case where the price impact operates through a high return on brown shares, in the Boycott
equilibrium both green and brown shares earn the same return regardless of \. Instead, the
Boycott strategy will dampen the brown consumption good price pG4(Ss2) in state Sz in
order to incentivize N ESG agents to consume all the brown goods. Therefore, the relative
price of brown shares decreases as seen in Figure [A.8.

Recall that the share prices must satisfy

AC;SQ(SQQN)—A (%—(SDB:Q,)

Péa(San) =€ Dgs
Acnesg(522N)—A(D§3 —5DB3> 1
S S — 2 1—k .D
pB2( 22N) € 71—1—7' B3

Since we have fixed the fraction k of ESG agents, the individual consumption at ¢t = 3 is also

fixed when A € [\, \] because all of the green (brown) consumption goods are consumed by
ESG (NESG) agents. As X increases, individual ESG agents become wealthier, meaning
that ¢5(Sa2n) will become larger than before and ¢5“*?(Sa2x) becomes smaller due to market

clearing. This implies that the green (brown) share price increases (decreases) with A € [\, A].
In this case, only the discount effect is in action. By contrast, in the Exit equilibrium, both
the cash flow and discount effects are present, and the cash flow effect dominates.

When the individual wealth ratio is larger than ), the brown share price will be sufficiently
low if the green technology is not adopted in state Sson. The brown firm’s manager will
then have an incentive to adopt the technology to boost the share price at ¢t = 2. Therefore,
share prices will remain constant for any A > X. The ratio of share prices at Ssy will stay at
1 —n =0.85 as shown in Figure [A.8.

Figure TA.9 plots individual utility levels at ¢t = 1. Similar to Figure IA.6, ESG agents
have much lower utilities when A\ < X because of lower wealth. As A increases, the utility
for ESG (NESG) agents keeps increasing (decreasing). Two utility levels coincide when
A =1, i.e., when they have the same initial wealth. Finally, we also provide equilibrium and
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off-equilibrium values for three examples of individual wealth ratios in Table TA.5.

IA.5.3 Voice

Finally, we consider Voice strategy. In particular, we consider a scenario in which the ESG
agents all-in the shares of the brown firm (or abstain from investing in the green firm) at
t = 1, and contingent on that the aggregate shares of ESG agents for the brown firm is
the majority or not, the ESG agents replace the incumbent manager of the brown with the
ESG type, who will adopt the green technology whenever it is feasible,

«92819 =0 and 522 = SQQA if k@?lg > 0.5. (IA53)

We examine an equilibrium where the ESG agents engage in a manner of (IA.5.3). The
same set of parameters as before is used in the figures below.

Figure TA.10 shows the relationship between share prices and individual wealth ratio A
at t = 1 and in state Sp;. Similar to the homogeneous case, there are two thresholds, one
for technology adoption (5\) and the other for the FSG agents to hold all of the brown
shares (;\) When the wealth ratio is less than ), the share prices are identical to those in
the Benchmark equilibrium. When the EFSG agents are sufficiently wealthy in aggregate
(A > \), they will hold more than 50% of the brown shares and the ESG manager will be
elected for the brown firm. As a result, the green technology will be adopted when available.
In both of these two regions, the ratios of share prices are constant in A, as shown in Figure
[A.11.

When the aggregate wealth of ESG agents is large enough, they will able to purchase

all of the brown shares (A > 5\). Compared with the situation when \ < 5\, there is now a
downward price pressure at t = 1 for the green shares as ESG agents in aggregate offload
more endowed green shares. Furthermore, the return on the green shares must be high
enough to incentivize the N ESG agents, who are indifferent towards the types of shares, to
hold only the green shares. The ratio of share prices also increases in A when A > A.

Figure [A.12 plots the individual utilities at t = 1. Similar to Figures [A.6 and TA.9, the
utility for an ESG agent rises in A due to increases in wealth. However, unlike Exit and
Boycott, when A = 1, the two utilities do not coincide. This is because for the particular
fraction of ESG agents that we chose (k = 0.65), an individual NESG agent has a higher
utility than an ESG agent even when they have identical endowments, which is shown in
Figure 6. Finally, we also provide equilibrium and off-equilibrium values for three examples
of individual wealth ratios in Table TA.6.

IA.6 Additional Results for Heterogeneous Firm Sizes

This section gives two examples of heterogeneous firm sizes, one for larger firm G and the
other for larger firm B. As in Section 6.2, we fix the total output size to be Dgs+ Dg3 = 1.14
and vary the ratio of Dg3 to Dps.
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IA.6.1 Firm G is larger

In the first example, we let firm G be the larger part of the economy. We set the firm size
ratio ¢ = 1.5, which implies the firm G’s dividend is Dg3 = 0.684, and firm B’s dividend is
Dp3 = 0.456.

Exit

As before, we first analyze the Exit strategy case. Figure [A.13 plots the green and brown
share prices at t = 1 and in state S;,. Comparing these with Figure 2, there are two notable
differences. One is that the gap between the green and brown share prices is much larger than
the previous case with equal firm sizes. This is because the share price is defined to be the
discounted value of dividend payout. With a higher dividend from the green firm, the green
share price must be larger than before. The second difference is that both thresholds k and

k are also much larger compared to the previous case. Since agents have equal endowments,
the total supply of shares of each firm is 1. Since the gap in share prices is increased, a higher
aggregate wealth of FSG agents will be needed to absorb all the green shares. Thus, we
observe higher threshold levels. Apart from these differences, the behaviors of share prices
with respect to k follow the same intuition as for Figure 2.

Figure [A.14 shows the price ration of brown and green shares. The ratio, either at ¢t = 1
or in state Sso, is much smaller than the one in Figure 3 because D3 < Dgs. Indeed, the
price ratio after the green technology adoption at t = 2 (in state Saga) is % ~ 0.567
as shown in Figure [A.14b.

Finally, for Exit we plot the individual utility levels at ¢ = 1 in Figure [A.15. We notice
that in the region where the Exit strategy affects share prices but the green technology
is not adopted (i.e., k € [k,k]), the ESG agents tend to have higher utility and NESG
agents tend to have lower utility compared with the same region in Figure 4. For example,
this comparison can be seen by comparing utility levels at the second threshold % in each
case. This is because the ESG agents are the sole claimants to the green firm’s dividend,
which is the larger part of the economy, while the N ESG agents only claim the brown firm’s
dividend. With the given parameters, an individual £SG agent in this example has more
to spend on consumption than a NESG agent at ¢ = 3 compared to the case of equal firm
sizes. Therefore, the ESG agents will consume more at ¢ = 3 and have a higher utility level

at the second threshold k.

Boycott

We next move to the Boycott strategy. Figures [A.16 and [A.17 plot share prices and price
ratio, respectively, at ¢ = 1 and in state Sy. As with the scenario of equal firm sizes, both
of the thresholds k and k are lower than the Exit case due to Proposition 5.4. The intuition
for these plots is similar to Figures [A.1 and [A.2. The larger price gap is again because of
the unequal firm sizes as discussed for the Exit case above.

Figure IA.18 shows the individual utilities at £ = 1. Similar to the Exit case, all agents

have identical utilities when k < k and k > k. In the region where k € [k, k], ESG agents
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tend to have higher and NESG agents tend to have lower utilities compared to Figure [A.3
for a similar reason discussed for Figure [A.15.

Voice

Figures TA.19 and [A.20 plot share prices and utilities for the Voice strategy. We notice
that given this set of parameters the Voice strategy is the most effective one in adopting
the green technology as it requires the least fraction of FSG agents. The intuition for these
plots follow similarly from Section 5.2.3 and thus we omit the discussions here.

IA.6.2 Firm B is larger

In the second example, we let firm B be the larger part of the economy. We set the firm size
ratio ¢ = 0.25, which implies the firm G’s dividend is Dg3 = 0.228, and firm B’s dividend is
Dpg3 = 0.912.

Exit

Figure [A.21 plots the share prices at t = 1 and in state Sy, for the Exit case. There are two
stark differences from Figure [A.13 where Dg3 > Dps. The first one is that the brown share
price is much higher than the green share price. This is because the brown tree becomes
the larger part of the economy and the larger output results in a higher price. The behavior
of each share price with respect to k, though, is similar to before. The intuition for such
behavior is identical to Figure 2. The second difference is that the two thresholds, k and
k, are much lower than those in Figure IA.13. The reason is that as the green share price
is low, the aggregate wealth of E.SG agents required to absorb all green shares will also be
low. Since all agents have identical endowments, this results in a lower fraction of £SG
agents to cause price deviation from the Benchmark, i.e., lower k, and subsequently a lower
technology adoption threshold .

Figure [A.22 shows the price ratios at t = 1 and in state Sss. As discussed above, the
brown share price is much higher than the green share price, resulting in the price ratio larger

than 1. The ratio stays constant with respect to k when k < k and k > k. In particular, the

ratio is a +D % ~ 3.636 when the green technology is available but not adopted (state Saon)

and becomes (1 D")DBS = 3.4 after the technology is adopted (state Ss4) in Figure [A.22b.
The last plot of the Exit case (Figure IA.23) shows the individual utilities. We notice that
in the region where the share prices deviate from the Benchmark but the green technology is
not adopted, the ESG agents have lower utilities than the one in Figure [A.15. The reason
is that the £'SG agents are the sole claimants to the green firm’s output, which is the smaller
part of the economy. The ESG agents thus have less to spend at ¢ = 3 on consumption
than the NESG agents. Therefore, ESG agents will consume less at ¢ = 3 and have a lower

utility level at the second threshold k compared to Figure IA.15.
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Boycott

Figures [A.24 and [A.25 plot share prices and price ratios, respectively. Similar to Section
[A.6.1, both thresholds in the Boycott equilibrium are lower than the Exit case. The brown
share price is still larger than the green share price due to a higher dividend from the brown
firm.

Figure IA.26 shows individual utilities at ¢ = 1. The ESG agents have lower utility in
the region between the two thresholds because they only consume the green consumption
good, which is produced from the green output. As the green output is lower than the brown
output, the ESG agents will consume less than the N ESG agents, resulting in a lower utility
for ESG agents.

Voice

Finally, we consider the Voice strategy. The intuition for Figures [A.27 and [A.28 is similar
to Section 5.2.3. Comparing to the Voice case in Section [A.6.1, one important difference is
that both thresholds here are much higher. The reason is that when the size of the brown
firm is sufficiently large, we would also need a large fraction of FSG agents in order to hold
the majority of brown shares. This shows that Voice need not dominate Exit or Boycott as
stated in Proposition 5.6.
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Figure TA.1: Boycott - share prices. This figure plots share prices at t = 1 and in state Sy
as functions of the fraction k of ESG agents. The green curve indicates the price of a green
share and the brown dash-dot curve is the price of a brown share. The purple dotted lines
denote the threshold level of &, beyond which the Boycott strategy either has a price impact

(k) or induces firm B’s manager to adopt the green technology (k). Parameters are from
Table 1.
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Figure TA.2: Boycott - share price ratio. This figure plots ratios of share prices at t = 1 and
in state Sos as functions of the fraction k of ESG agents. The purple dotted lines denote

the threshold level of k, beyond which the Boycott strategy either has a price impact (k) or

induces firm B’s manager to adopt the green technology (k). Parameters are from Table 1.
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Utilities under Boycott strategy at t = 1
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Figure TA.3: Boycott - utility at ¢ = 1. This figure plots utilities of individual ESG and
NESG agents at t = 1 as functions of the fraction k£ of ESG agents. The purple dotted
lines denote the threshold level of k, beyond which the Boycott strategy either has a price

impact (k) or induces firm B’s manager to adopt the green technology (k). The blue line is
the utility level for both £SG and NESG agents when k < k. The green and brown lines

indicate the utility levels for ESG and NESG agents, respectively, when k € [l;:, /_f] The red
line is the utility level for both ESG and NESG agents when k > k. Parameters are from
Table 1.
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Figure TA.4: Exit - share prices. This figure plots share prices at ¢ = 1 and in state Sy as
functions of the individual wealth ratio A when the fraction of ESG agents is &k = 0.65. The
green curve indicates the price of a green share and the brown dash-dot curve is the price of
a brown share. The purple dotted lines denote the threshold level of A, beyond which the

Exit strategy either has a price impact ()) or induces firm B’s manager to adopt the green

technology (A). Parameters are from Table 1 except that the individual endowments vary
with aggregate consumption fixed at ¢ = ¥ = 1 at t = 1 and 2 and aggregate supply of
shares of each firm fixed at 1.
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Figure TA.5: Exit - share price ratio. This figure plots ratios of share prices at t = 1 and
in state Sy as functions of the individual wealth ratio A when the fraction of ESG agents
is k = 0.65. The purple dotted lines denote the threshold level of A, beyond which the

Exit strategy either has a price impact (A) or induces firm B’s manager to adopt the green

technology (). Parameters are from Table 1 except that the individual endowments vary
with aggregate consumption fixed at ¢y = ¥y = 1 at t = 1 and 2 and aggregate supply of
shares of each firm fixed at 1.

Utilities under Exit strategy at ¢ =1

0422 T

-2.519

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
A

Figure TA.6: Exit - utility at ¢ = 1. This figure plots utilities of individual £SG and NESG
agents at ¢ = 1 as functions of the individual wealth ratio A\ when the fraction of ESG
agents is £ = 0.65. The purple dotted lines denote the threshold level of A\, beyond which

the Exit strategy either has a price impact (\) or induces firm B’s manager to adopt the green

technology (A). The green and brown lines indicate the utility levels for ESG and NESG
agents, respectively. Parameters are from Table 1 except that the individual endowments
vary with aggregate consumption fixed at ¢ =1, =1 at t = 1 and 2 and aggregate supply
of shares of each firm fixed at 1.
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Figure TA.7: Boycott - share prices. This figure plots share prices at t = 1 and in state So; as
functions of the individual wealth ratio A when the fraction of ESG agents is k = 0.65. The
green curve indicates the price of a green share and the brown dash-dot curve is the price of
a brown share. The purple dotted lines denote the threshold level of A, beyond which the

Boycott strategy either has a price impact (M) or induces firm B’s manager to adopt the

green technology (\). Parameters are from Table 1 except that the individual endowments
vary with aggregate consumption fixed at ¥y =9 =1 at t = 1 and 2 and aggregate supply
of shares of each firm fixed at 1.
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Figure IA.8: Boycott - share price ratio. This figure plots ratios of share prices at t = 1
and in state Sy as functions of the individual wealth ratio A when the fraction of ESG
agents is kK = 0.65. The purple dotted lines denote the threshold level of A, beyond which

the Boycott strategy either has a price impact (A) or induces firm B’s manager to adopt the
green technology ()\). Parameters are from Table 1 except that the individual endowments
vary with aggregate consumption fixed at ¢ =1, =1 at t = 1 and 2 and aggregate supply

of shares of each firm fixed at 1.
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Figure IA.9: Boycott - utility at ¢ = 1. This figure plots utilities of individual ESG and
NESG agents at t = 1 as functions of the individual wealth ratio A when the fraction of
ESG agents is k = 0.65. The purple dotted lines denote the threshold level of A, beyond

which the Boycott strategy either has a price impact (\) or induces firm B’s manager to

adopt the green technology (A). The red and blue lines indicate the utility levels for ESG
and NESG agents, respectively. Parameters are from Table 1 except that the individual
endowments vary with aggregate consumption fixed at ¢; = ¢y = 1 at t = 1 and 2 and
aggregate supply of shares of each firm fixed at 1.
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Figure IA.10: Voice - share prices. This figure plots share prices at t = 1 and in state Sy as
functions of the individual wealth ratio A when the fraction of ESG agents is &k = 0.65. The
green curve indicates the price of a green share and the brown dash-dot curve is the price of
a brown share. The purple dotted lines denote the threshold level of A, beyond which the

ESG agents as a whole either hold the majority but not all of firm B’s shares (\) or all of
the firm B’s shares (). Parameters are from Table 1 except that the individual endowments
vary with aggregate consumption fixed at ¥ = ¥9 =1 at t = 1 and 2 and aggregate supply

of shares of each firm fixed at 1.
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Figure TA.11: Voice - share price ratio. This figure plots ratios of share prices at ¢ = 1 and
in state Sy as functions of the individual wealth ratio A when the fraction of FSG agents
is k = 0.65. The purple dotted lines denote the threshold level of A, beyond which the ESG

agents as a whole either hold the majority but not all of firm B’s shares (5\) or all of the firm
B’s shares (5\) Parameters are from Table 1 except that the individual endowments vary
with aggregate consumption fixed at ¢y = ¥y = 1 at t = 1 and 2 and aggregate supply of
shares of each firm fixed at 1.
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Figure TA.12: Voice - utility at ¢ = 1. This figure plots utilities of individual ESG and
NESG agents at t = 1 as functions of the individual wealth ratio A when the fraction of
ESG agents is k = 0.65. The purple dotted lines denote the threshold level of A, beyond
which the ESG agents as a whole either hold the majority but not all of firm B’s shares
(A) or all of the firm B’s shares (A). The green and brown lines indicate the utility levels
for ESG and NESG agents, respectively. Parameters are from Table 1 except that the
individual endowments vary with aggregate consumption fixed at ¢ = =1 at t = 1 and
2 and aggregate supply of shares of each firm fixed at 1.
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Figure [A.13: Exit - share prices. This figure plots share prices at ¢ = 1 and in state Sy,
as functions of the fraction k of ESG agents when firm G is larger than firm B. The green
curve indicates the price of a green share and the brown dash-dot curve is the price of a
brown share. The purple dotted lines denote the threshold level of k, beyond which the

Exit strategy either has a price impact (k) or induces firm B’s manager to adopt the green

technology (k). Parameters are from Table 1 except that the output ratio is ( = 1.5 with
the total size fixed at D3 + Dgz = 1.14.
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Figure TA.14: Exit - share price ratio. This figure plots ratios of share prices at t = 1 and
in state Syo as functions of the fraction k of ESG agents when firm G is larger than firm
B. The purple dotted lines denote the threshold level of &, beyond which the Exit strategy

either has a price impact (k) or induces firm B’s manager to adopt the green technology (k).
Parameters are from Table 1 except that the output ratio is ( = 1.5 with the total size fixed

at DBg + Dgg = 1.14.
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Figure TA.15: Exit - utility at ¢ = 1. This figure plots utilities of individual £SG and NESG
agents at ¢ = 1 as functions of the fraction k of ESG agents when firm G is larger than firm
B. The purple dotted lines denote the threshold level of k, beyond which the Exit strategy

either has a price impact (k) or induces e firm B’s manager to adopt the green technology
(k). The blue line is the utility level for both ESG and NESG agents when k < k. The
green and brown lines indicate the utility levels for ESG and NESG agents, respectively,
when k € [k, k]. The red line is the utility level for both ESG and NESG agents when
k > k. Parameters are from Table 1 except that the output ratio is ¢ = 1.5 with the total
size fixed at Dps + Dg3 = 1.14.
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Figure IA.16: Boycott - share prices. This figure plots share prices at ¢ = 1 and in state
Soo as functions of the fraction k of ESG agents when firm G is larger than firm B. The
green curve indicates the price of a green share and the brown dash-dot curve is the price
of a brown share. The purple dotted lines denote the threshold level of &k, beyond which the

Boycott strategy either has a price impact (k) or induces firm B’s manager to adopt the

green technology (k). Parameters are from Table 1 except that the output ratio is ¢ = 1.5
with the total size fixed at Dps + Dgs = 1.14.
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Figure IA.17: Boycott - share price ratio. This figure plots ratios of share prices at ¢ = 1 and
in state So9 as functions of the fraction k of ESG agents when firm G is larger than firm B.
The purple dotted lines denote the threshold level of k, beyond which the Boycott strategy

either has a price impact (k) or induces firm B’s manager to adopt the green technology (k).
Parameters are from Table 1 except that the output ratio is ( = 1.5 with the total size fixed
at Dps + Dgs = 1.14.

Utilities under Boycott strategy at t = 1

131 0| <1310
1315 F i
1321 _ |
k= 0.640 >
1.325 |
> 183f » » “"
% s -1.338 -1.338 ’A 1.397
134 k = 0.600 >\
1.345 \
135
-1.355 P
0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9

k

Figure TA.18: Boycott - utility at ¢ = 1. This figure plots utilities of individual £SG and
NESG agents at t = 1 as functions of the fraction k of ESG agents when firm G is larger
than firm B. The purple dotted lines denote the threshold level of k, beyond which the

Boycott strategy either has a price impact (k) or induces firm B’s manager to adopt the

green technology (k). The blue line is the utility level for both £SG and NESG agents
when £ < k. The green and brown lines indicate the utility levels for £ESG and NESG

agents, respectively, when k € [k, lzc] The red line is the utility level for both ESG and

NESG agents when k > k. Parameters are from Table 1 except that the output ratio is
¢ = 1.5 with the total size fixed at Dp3 + Dgz = 1.14.
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Figure IA.19: Voice - share prices. This figure plots share prices at t = 1 and in state Sy,
as functions of the fraction k£ of ESG agents when firm G is larger than firm B. The green
curve indicates the price of a green share and the brown dash-dot curve is the price of a
brown share. The purple dotted lines denote the threshold level of k, beyond which the

ESG agents as a whole either hold the majority but not all of firm B’s shares (k) or all of

the firm B’s shares (k). Parameters are from Table 1 except that the output ratio is ( = 1.5
with the total size fixed at Dgs + Dgs = 1.14.
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Figure TA.20: Voice - utility at ¢ = 1. This figure plots utilities of individual ESG and
NESG agents at t = 1 as functions of the fraction k of ESG agents when firm G is larger
than firm B. The purple dashed lines denote the threshold level of k, beyond which the ESG

agents as a whole either hold the majority but not all of firm B’s shares (k) or all of the

A

firm B’s shares (k). The blue line is the utility level for both ESG and NESG agents when

k < k. The red line is the utility level for both ESG and N ESG agents when k € [k, k]. The
green and brown lines indicate the utility levels for ESG and NESG agents, respectively,
when k > k. Parameters are from Table 1 except that the output ratio is ( = 1.5 with the
total size fixed at Dps + Dgsz = 1.14.
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Figure TA.21: Exit - share prices. This figure plots share prices at ¢ = 1 and in state Sao
as functions of the fraction k£ of ESG agents when firm B is larger than firm G. The green
curve indicates the price of a green share and the brown dash-dot curve is the price of a
brown share. The purple dotted lines denote the threshold level of k, beyond which the

Exit strategy either has a price impact (k) or induces firm B’s manager to adopt the green

technology (k). Parameters are from Table 1 except that the output ratio is ¢ = 0.25 with
the total size fixed at Dps + Dgz = 1.14.
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Figure TA.22: Exit - share price ratio. This figure plots ratios of share prices at t = 1 and
in state Syy as functions of the fraction k of ESG agents when firm B is larger than firm
G. The purple dotted lines denote the threshold level of &, beyond which the Exit strategy
cither has a price impact (k) or induces firm B’s manager to adopt the green technology

(k). Parameters are from Table 1 except that the output ratio is ( = 0.25 with the total size
fixed at DBS + DG3 =1.14.
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Figure TA.23: Exit - utility at ¢ = 1. This figure plots utilities of individual FSG and
NESG agents at t = 1 as functions of the fraction k of ESG agents when firm B is larger
than firm G. The purple dotted lines denote the threshold level of k, beyond which the

Exit strategy either has a price impact (k) or induces firm B’s manager to adopt the green

technology (k). The blue line is the utility level for both £SG and NESG agents when
k < k. The green and brown dash-dot lines indicate the utility levels for £SG and NESG

agents, respectively, when £k € [k,k]. The red line is the utility level for both ESG and

NESG agents when k& > k. Parameters are from Table 1 except that the output ratio is
¢ = 0.25 with the total size fixed at Dg3z + Dgg = 1.14.
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Figure IA.24: Boycott - share prices. This figure plots share prices at ¢ = 1 and in state
Soo as functions of the fraction k of ESG agents when firm B is larger than firm G. The
green curve indicates the price of a green share and the brown dash-dot curve is the price
of a brown share. The purple dotted lines denote the threshold level of &k, beyond which the

Boycott strategy either has a price impact (k) or induces firm B’s manager to adopt the

green technology (k). Parameters are from Table 1 except that the output ratio is ¢ = 0.25
with the total size fixed at Dps + Dgs = 1.14.
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Figure IA.25: Boycott - share price ratio. This figure plots ratios of share prices at ¢ = 1 and
in state Syo as functions of the fraction k of ESG agents when firm B is larger than firm G.
The purple dotted lines denote the threshold level of k, beyond which the Boycott strategy

either has a price impact (k) or induces firm B’s manager to adopt the green technology

(k). Parameters are from Table 1 except that the output ratio is ¢ = 0.25 with the total size
fixed at DBg + Dgg = 1.14.
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Figure IA.26: Boycott - utility at ¢ = 1. This figure plots utilities of individual ESG and
NESG agents at t = 1 as functions of the fraction k of ESG agents when firm B is larger
than firm G. The purple dotted lines denote the threshold level of k, beyond which the

Boycott strategy either has a price impact (k) or induces firm B’s manager to adopt the

green technology (k). The blue line is the utility level for both £SG and NESG agents
when & < k. The green and brown lines indicate the utility levels for £SG and NESG

agents, respectively, when £k € [k,k]. The red line is the utility level for both ESG and

NESG agents when k > k. Parameters are from Table 1 except that the output ratio is
¢ = 0.25 with the total size fixed at Dg3 + Dgg = 1.14.
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Figure IA.27: Voice - share prices. This figure plots share prices at t = 1 and in state Sy,
as functions of the fraction k£ of ESG agents when firm B is larger than firm G. The green
curve indicates the price of a green share and the brown dash-dot curve is the price of a
brown share. The purple dotted lines denote the threshold level of k, beyond which the

ESG agents as a whole either hold the majority but not all of firm B’s shares (k) or all of

~

the firm B’s shares (k). Parameters are from Table 1 except that the output ratio is ¢ = 0.25
with the total size fixed at Dgs + Dgs = 1.14.
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Figure TA.28: Voice - utility at ¢ = 1. This figure plots utilities of individual ESG and
NESG agents at t = 1 as functions of the fraction k of ESG agents when firm B is larger
than firm G. The purple dotted lines denote the threshold level of &, beyond which the ESG

agents as a whole either hold the majority but not all of firm B’s shares (k) or all of the

A

firm B’s shares (k). The blue line is the utility level for both ESG and NESG agents when

k < k. The red line is the utility level for both ESG and NESG agents when k € [k, k]. The
green and brown lines indicate the utility levels for ESG and NESG agents, respectively,
when k > k. Parameters are from Table 1 except that the output ratio is ( = 0.25 with the
total size fixed at Dps + Dgsz = 1.14.
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Table IA.1: Boycott - equilibrium and off-equilibrium values. This table reports the equilib-
rium and off-equilibrium values for three fractions k& of ESG population. An off-equilibrium
is defined such that the green technology is not but should have been adopted, and vice versa.
Parameters are from Table 1. Off-equilibrium values are denoted by {. Share holdings that
do not have a unique value are denoted by *. We use A to denote that the share holdings

depend on holdings labeled by * in the same state.

Symbols k=03<k k<k=054<k k<k=0.65
Price deviation - No Yes No
Adoption - No No Yes
Brown good price P53(532) 0.909 0.783 0.4941

(P&1:PB1)
(P&2s P2) (S21)
(P&2: Pip2) (S22w)
(P&os P2) (S224)

Share prices

(0.570,0.518)
(0.570,0.518)
(0.570,0.518)
(0.546, 0.464)"

(0.598,0.490)
(0.570,0.518)
(0.611,0.478)
(0.546, 0.464)"

(0.553,0.480)
(0.570,0.518)
(0.706,0.349)"
(0.546, 0.464)

(%9 gresa) (1,1) (0.918,1.095) (1,1)
(059 gresa) (1,1) (1.096, 0.887) (1,1)
(059, 07559) (Soy) (1,1)" (0.918,1.095)" (1,1)"
Holdings (053,079 (Sa1) (1, )" (1.093,0.891)" (1, )"
(05, 6657) (Saan) (1,1)° (0.918,1.095)" (1, 0"
(053,079 (Saan) (1, )" (1.093,0.891)" (0.990,1.019)™
(059 0759) (Sa24) (1,1)™ (0.918,1.095)"™ (1,1)"
(0590759 (Spa4) (1, )" (1.096,0.887)™ (1,1)"
(¢5%9 cnesay (1,1) (1.002, 0.998) (1,1)
(¢5%9, ¢5°%9) (1) (1,1) (1.002, 0.998) (1,1)
(¢5°9. 59 (S ) (1,1) (1.002,0.998) (1.004,0.993)"
Consumption (577, ¢5) (Saz4) (1, 1)T (1, 1)T (1,1)

(5%, ¢c5°) (S31)
(5%, ¢c5°7) (S32)
)

((’ggga gegg) (Ss3

(1.140, 1.140)
(1.140, 1.140)

(1.055,1.055)"

(1.142,1.138)
(1.056, 1.239)
(1.055,1.054)"

(1.140,1.140)
(0.877,1.629)"
(1.055,1.055)

(Ufsg Unesg>

(U3, U57) (S2)

(U™, U37) (Sa2n)

Utility (US9, U9 (Sp4)
(Us™, U3) (S31)

(Us™, U3) (S32)
U3*™) (S33)

(vs”,

(—1.348, —1.348)
(—0.899, —0.899)
(—0.899, —0.899)
(—0.879, —0.879)"
(—0.449, —0.449)
(—0.449, —0.449)
(—0.430, —0.430)"

(—1.369, —1.326)
(—0.897, —0.900)
(~0.929, ~0.865)
(—0.879, —0.879)
(—0.449, —0.450)
(~0.481, —0.415)
(—0.430, —0.430)

(—1.335, —1.335)
(—0.899, —0.899)
(—1.003, —0.756)"
(—0.879, —0.879)
(—0.449, —0.449)
(—0.555, —0.304)"
(—0.430, —0.430)
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Table IA.2: Voice - equilibrium and off-equilibrium values. This table reports the equilibrium
and off-equilibrium values for three fractions k of ESG population. An off-equilibrium is
defined such that the green technology is not but should have been adopted, and vice versa.
Parameters are from Table 1. Off-equilibrium values are denoted by t. Share holdings that
do not have a unique value are denoted by *. We use A to denote that the share holdings

depend on holdings labeled by

* in the same state.

Symbols k=015<k k<k=035<k hk<k=065
Price deviation - No No Yes
Adoption - No Yes Yes

Share prices

(P&1: 1)
(D&s2s P2) (S21)
(P&2: P2) (S22n)
(P&as Pha) (S224)

(0.570,0.518)
(0.570,0.518)
(0.570,0.518)
(0.546,0.464)"

(0.553,0.480)
(0.570,0.518)
(0.570,0.518)"
(0.546, 0.464)

(0.392,0.577)
(0.570,0.518)
(0.570,0.518)"
(0.546,0.464)

(059, 079) (0,1.176) (0,1.538) (0,2.857)
(059, 6729) (2.100, 0.806) (2.151,0.380) (1.538,0)
(03, 0627) (S21) (1,1)° (1,1)° (1,1)°
Holdings (055, 07557) (Sa1) (1, )" (1.026,0.986)" (0.719, 1.521)"
(663 0c2”) (S22 ) (1,1)° (1,1 (1,
(egfg,emg) (Saan) (1,1)" (1.026,0.986)"  (0.719,1.521)"
(07, 0627) (S224) (1, (1,1)° (1,1)"
(96;5, 0759) (Sgp4)  (0.963,1.007)™ (0.988,1.006)" (0.688,1.580)"
(¢5%9, e (1,1) (1,1) (1.081,0.849)
(¢5%9, ¢5°%9) (Syy) (1,1) (1.013,0.993) (0.855,1.270)
(¢5%9, ¢5%9) (Span) (1,1) (1.013,0.993) (0.855,1.270)"
Consumption (5™, 5“Y) (Sa24) (0.982,1.003)" (0.994,1.003) (0.849,1.281)
(¢5%9, ¢5°9) (Siy) (1.140, 1.140) (1.153,1.133) (0.995,1.410)
(59, ¢3°*9) (Ssp) (1.140, 1.140) (1.153,1.133)" (0.995,1.410)"
(¢5%9, 3% (Sg3) (1.036,1.058)" (1.048,1.058) (0.903,1.335)
(U9, U7 (—1.348,—1.348)  (—1.335,—1.335) (—1.419, —1.216)
(Us*, U59) (Sy1)  (—0.899, —0.899)  (—0.889, —0.904)  (—1.010, —0.724)
(Us* UF9) (Syon)  (—0.899, —0.899)  (—0.889, —0.904)" (—1.010,—0.724)"
Utility (Us*9 U5 (Syp4)  (—0.892, —0.877)"  (—0.884, —0.877)  (—0.993, —0.703)
(U*9, U59) (Sg1)  (—0.449, —0.449)  (—0.445, —0. 452) (—0.505, —0.362)
(U9 Uy9) (Sgp)  (—0.449, —0.449)  (—0.445,—0.452)"  (—0.505, —0.362)"
(Ugsg Uye9) (Sss)  (—0.436,—0.429)"  (—0.432,—0.429)  (—0.485, —0.344)
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Table TA.3: Exit - multiple equilibria. This table shows share prices and returns for certain values of k, where multiple equilibria
may exist. Parameters are from Table 1. An off-equilibrium is defined such that the green technology is not but should have
been adopted, and vice versa, and it is denoted by 7.

Symbols k= 0.570 k= 0.576 k = 0.5765 k=0.577
Type of equilibrium - Pure (Pure 1, Pure 2, Mixed) (Mixed 1, Mixed 2, Pure) Pure
Adoption probability 1 - 0 (0,1,0.950) (0.245,0.886, 1) 1
pc2(Sh) 0.600 (0.604,0.553, 0.556) (0.591,0.559, 0.553) 0.553
- Pc2(S21) 0.570 (0.570,0.570, 0.570) (0.570,0.570, 0.570) 0.570
Green share prices
Pc2(Saan) 0.613 (0.618,0.6207,0.618) (0.618,0.618,0.6207) 0.6217
Pa2(Saa) 0.546' (0.5461,0.546, 0.546) (0.546,0.546, 0.546) 0.546
pp2(Sh) 0.485 (0.4803,0.4801, 0.4801) (0.4801,0.4801,0.4801) 0.4801
_ pBa(Sa1) 0.518 (0.518,0.518,0.518) (0.518,0.518,0.518) 0.518
Brown share prices
pp2(Sa2n) 0.471 (0.4641,0.4621,0.4638) (0.4638, 0.4638,0.462") 0.4611
pBa(S224) 0.4641 (0.46387,0.4638, 0.4638) (0.4638, 0.4638, 0.4638) 0.4638
S; — So1 —0.050 (—0.056,0.031,0.026) (—0.036,0.020,0.031) 0.031
S; — Soon 0.021 (0.024,0.1217,0.113) (0.046,0.107, 0.1221) 0.123f
S; = Sopx —0.0917 (—0.096", —0.013, —0.018) (—0.077,-0.023, —0.013) —-0.013
Green share returns
So1 — 531 0 (0,0,0) (0,0,0) 0
Soony — Szp —0.070 (—0.078, —0.0807, —0.078) (—0.078,—0.078,—0.081")  —0.082f
Sooq — Szz 0.0457 (0.045,0.045,0.045) (0.045,0.045, 0.045) 0.045
S; — So1 0.069 (0.079,0.079, 0.079) (0.079,0.079, 0.079) 0.079
S; — Soon —0.029  (—0.0338, —0.0377, —0.0339)  (—0.0339, —0.0339, —0.038")  —0.039%
Sp — Sopa —0.043"  (—0.03447, —0.0340, —0.0339)  (—0.0339, —0.0339, —0.0339)  —0.0339
Brown share returns
So1 — 531 0 (0, 0, O) (0, 0, O) 0
Soon — Sz 0.101 (0.116,0.1217,0.117) (0.117,0.117,0.1227) 0.123f
Sooq — Szz 0.0457 (0.0457,0.045,0.045) (0.045,0.045, 0.045) 0.045




Table TA.4: Exit - equilibrium and off-equilibrium values. This table reports the equilibrium
and off-equilibrium values for three different A\ when the fraction of ESG agents is k = 0.65.
An off-equilibrium is defined such that the green technology is not but should have been
adopted, and vice versa. Parameters are from Table 1 except that the individual endowments
vary with aggregate consumption fixed at ¢y =1, =1 at t = 1 and 2 and aggregate supply
of shares of each firm fixed at 1. Off-equilibrium values are denoted by {. Share holdings that
do not have a unique value are denoted by *. We use A to denote that the share holdings
depend on holdings labeled by * in the same state.

State Symbols A=03<A A<A=059 <\ A<A=08
(W59 7o) (0.550, 1.835) (0.804, 1.363) (0.920,1.149)
Endowments (1539 pipesd) (0.550, 1.835) (0.804, 1.363) (0.920, 1.149)
(058,029 058 0757)  (0.550,1.835,0.550,1.835)  (0.804,1.363,0.804,1.363)  (0.920, 1.149, 0.920, 1.149)
Price deviation - No Yes No
Adoption - No No Yes
S, (P&, P351) (0.570,0.518) (0.573,0.513) (0.553,0.480)
Share prices Sy (P> D32) (Sa1) (0.570,0.518) (0.570,0.518) (0.570,0.518)
Syan (Das Do) (0.570,0.518) (0.575,0.511) (0.631,0.429)"
Syon (s Da) (0.546, 0.464)" (0.546, 0.464)" (0.546,0.464)
Retums (Gaan 32, Baan32) (0,00 (—0.008,0.015) (—0.097,0.208)"
(Gaaassss, Baoas33) (0.045,0.045)" (0.045,0.045)" (0.045,0.045)
5 (059, 0709 (0.559, 1.820) (0.773,1.421) (0.851,1.277)
5, (059, 079 (0.567,1.803) (0.850,1.278) (1.002,0.996)
Say (055,075 (0.559, 1.820)" (0.773,1.421)" (0.851,1.277)"
Holdings S (059, 075°9) (0.593,1.756)" (0.861,1.258)" (1.005,0.990)"
San (058, 079 (1.097,0.819) (1.538,0) (1.538,0)"
Syan (052, s (0,2.857) (0,2.857) (0,2.857)"
Saoa (059, 0159) (0.559,1.820)"™ (0.773,1.421)™ (0.851,1.277)"
Saoa (059,079 (0.580,1.780)™ (0.857,1.266)™ (1.006,0.989)"
S (c5°9, 7% (0.537,1.859) (0.799,1.374) (0.918,1.153)
Sy (c5°9, c5°9) (0.537,1.859) (0.799,1.374) (0.918,1.153)
San (¢577, c5°9) (0.537,1.859) (0.799,1.374) (0.916,1.157)"
Consumption  Spys (¢5%9, ¢hes9) (0.545,1.846)" (0.801,1.369)" (0.918,1.153)
Sy (c5°9, ¢5°9) (0.677,1.999) (0.939,1.514) (1.058,1.293)
S (¢5°9, 5o (0.677,1.999) (0.929,1.532) (0.929,1.532)"
Sss (¢5%9, chess) (0.599,1.900)" (0.856,1.423)" (0.972,1.207)
5, (U9, U7e9) (~1.952, —0.678) (—1.586, —0.996) (—1.425,—1.181)
Son (Us™,Uy°) (—1.301, —0.452) (—1.056, —0.666) (—0.960, —0.795)
Syan (Us*9, Uge9) (—1.301, —0.452) (—1.060, —0.661) (=1.013,-0.725)"
Utility Saon (U9, Upess) (—1.266, —0.447)" (—1.031, —0.655)" (—0.939, —0.778)
Ssy (U5, UFe9) (—0.651, —0.226) (—0.528, —0.333) (—0.480, —0.398)
S (U£9, U5e9) (—0.651, —0.226) (—0.532, —0.328) (—0.532, —0.328)"
Sy (U9, Upess) (—0.619, —0.219)" (—0.504, —0.320)" (—0.459, —0.381)
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Table TA.5: Boycott - equilibrium and off-equilibrium values. This table reports the equi-
librium and off-equilibrium values for three different A when the fraction of ESG agents is
k = 0.65. An off-equilibrium is defined such that the green technology is not but should
have been adopted, and vice versa. Parameters are from Table 1 except that the individual
endowments vary with aggregate consumption fixed at ¢y = ¢, = 1 at t = 1 and 2 and
aggregate supply of shares of each firm fixed at 1. Off-equilibrium values are denoted by f.
Share holdings that do not have a unique value are denoted by *. We use A to denote that
the share holdings depend on holdings labeled by * in the same state.

Symbols A=03 <A A< A=059 <A A<A=038
(59, 7°9) (0.550, 1.835) (0.804,1.363) (0.920, 1.149)
Endowments (159, 05°9) (0.550,1.835) (0.804,1.363) (0.920,1.149)
(058,029 058, 0759) (0.550,1.835,0.550,1.835)  (0.804, 1.363,0.804, 1.363)  (0.920,1.149, 0.920, 1.149)
Price deviation - No Yes No
Adoption - No No Yes
(P, 1) (0.570,0.518) (0.590, 0.486) (0.553, 0.480)
Share prices (P Diga) (Sa1) (0.570,0.518) (0.570,0.518) (0.570, 0.518)T
(Do Pi2) (Saan) (0.570,0.518) (0.599, 0.473) (0.655, 0.400)
(s Do) (S224) (0.546,0.464)" (0.546,0.464)" (0.546,0.464)
(059, 0259) (0.558,1.820) (0.817,1.340) (0.851,1.277)
(059, 075729) (0.567,1.803) (0.801,1.370) (1.002, 0.996)
(055,025 (San) (0.558,1.820)" (0.817,1.340)" (0.851,1.277)"
Holdings (055,055 (Sa1) (0.593,1.756)" (0.812,1.349)" (1.005,0.990)"
(055, 075°9) (Saan) (0.558,1.820)" (0.817,1.340)" (0.851,1.277)"
(059, 67559) (Saan) (0.593,1.756)" (0.813,1.347)" (1.025,0.954)"
(055,075°7) (Sa2a) (0.558,1.820)™ (0.817,1.340)"™ (0.851,1.277)"
(059, 07559) (Sg2.) (0.580,1.780)™ (0.806,1.360)™ (1.006,0.989)"
(c;’fc ey (0.537,1.859) (0.798,1.374) (0.918,1.153)
(¢5%9, ¢5°9) (Say) (0.537,1.859) (0.798,1.374) (0.918,1.153)
(6579, ¢5°9) (Saan) (0.537,1.859) (0.798,1.374) (0.911,1.166)"
Consumption  (¢5%, ¢3%) (Sy24) (0.545,1.846)" (0.802,1.368)" (0.918,1.153)
(659, ¢3°*9) (Ss1) (0.677,1.999) (0.938,1.514) (1.058,1.293)
(659, ¢3°*9) (Ssa) (0.677,1.999) (0.877,1.629) (0.877,1.629)"
(659, ¢5°9) (Ss3) (0.599,1.900)" (0.856,1.422)" (0.972,1.207)
(U9, Ue9) (—1.952, —0.678) (—1.602, —0.979) (—1.425,—1.181)
(U5, U3%) (Sa) (—1.301, —0.452) (—1.056, —0.666) (—0.960, —0.795)
(Us™, Uy*%) (Syan) (—1.301, —0.452) (—1.083, —0.637) (—1.037,-0.697)"
Utility (US™9, U3*9) (Sy4) (—1.266, —0.447)" (—1.031, —0.655)" (—0.939, —0.778)
(U5, UF9) (S5 (—0.651, —0.226) (—0.528, —0.333) (—0.480, 0398)
(U5, UF9) (Ss) (—0.651, —0.226) (—0.555, —0.304) (—0.555, —0.304)"
(US*9 U39 (Ss3) (—0.619, —0.219)" (—0.504, —0.320)" (—0.459, —0.381)
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Table IA.6: Voice - equilibrium and off-equilibrium values. This table reports the equilibrium
and off-equilibrium values for three different A\ when the fraction of ESG agents is k = 0.65.
An off-equilibrium is defined such that the green technology is not but should have been
adopted, and vice versa. Parameters are from Table 1 except that the individual endowments
vary with aggregate consumption fixed at ¥y = ¥9 =1 at t = 1 and 2 and aggregate supply
of shares of each firm fixed at 1. Off-equilibrium values are denoted by {. Share holdings that
do not have a unique value are denoted by *. We use A to denote that the share holdings
depend on holdings labeled by * in the same state.

Symbols A=0.1<2\ A< A=025< A A=08< A\
(W59, 7ess) (0.241,2.410) (0.488,1.951) (0.920,1.149)
Endowments (59, 4pes9) (0.241, 2.410) (0.488,1.951) (0.920,1.149)
(6559 Gress g9 97es9)  (0.241,2.410,0.241,2.410)  (0.488,1.951,0.488,1.951) (0.920,1.149,0.488,1.951)
Price deviation - No No Yes
Adoption - No Yes Yes

Share prices

(P?n D)
(P&2, P52) (Sa1)

(PG2: P2) (Saan)
(PG2) PB2) (Sa2a)

(0.570,0.518)
(0.570,0.518)
(0.570,0.518)
(0.546, 0.464)"

(0.553, 0.480)
(0.570,0.518)
(0.570,0.518)"
(0.546, 0.464)

(0.431, 0.549)
(0.570, 0.518)
(0.570,0.518)"
(0.546, 0.464)

(059, g9 (0,2.857) (0,2.857) (0,2.857)
(9;;57 9”&59) (0.549,1.837) (1.072,0.866) (1.538,0)
(063, 067) (S21) (0.241,2.410)" (0.488,1.951)° (0.920,1.149)"
Holdings 053, enesg) (Sa1) (0.327, 2-250)A (0.555, 14826)A (0.730, 1'501)A
(065, 0657) (S2an) (0.241,2.410)" (0.488,1.951)"" (0.920,1.149)"
(055, 0%5) (Saan) (0.327,2.250)" (0.555,1.826)'" (0.730,1.501)""
(6539, 07559 (o) (0.241,2.410)" (0.488,1.951) (0.920,1.149)"
(0559, 0759 (o) (0297’2306)m (0.522,1.887)" (0.698,1.561)"
(0;597 o) (0.219,2.451) (0.477,1.971) (0.977,1.043)
(€59, B%9) (S1) (0.219,2.451) (0.478,1.970) (0.814,1.345)
(6579, ¢5°9) (Saan) (0.219,2.451) (0.478,1.970)" (0.814,1.345)'
Consumption 5™, 5% (Sa24) (0.227, 2-436)1\ (0.476,1.972) (0.808,1.357)
(559, 199 (S3) (0.359,2.591) (0.618,2.110) (0.954,1.485)
(¢5%9, ch*9) (Sga) (0.359,2.591) (0.618,2.110)" (0.954,1.485)"
(€59, %9 (S3) (0.281,2.491)f (0.531,2.026) (0.862,1.412)
(U9 U= (—2.519, —0.422) (—2.028,-0.614) (—1.489,—-1.101)
U9, U5459) () (—1.679, —0.281) (—1.365, —0.414) (—1.043, —0.682)
(US59, U259 (San) (—1.679, —0.281) (—1.365, —0.414)" (—1.043, —0.682)"
Utility (U™, US*9) (Saz) (—1.633,-0.279)" (—1.337,-0.404) (—1.026, —0.661)
(U9, UZ%) (Sy1) (—0.840, —0.141) (—0.682, —0.207) (=0.521, 0. 341)
(UE39, 17159 (Si) (~0.840, —0.141) (~0.682,-0.207)" (—0.521, ~0.341)!
(US59, U259 (Sys) (—0.799, —0.136)" (—0.654, —0.198) (—0.502, —0.323)
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