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Abstract

Regulating externalities is particularly challenging in the presence of uncertainty and
disagreement among economic agents. Traditional Pigouvian and Coasean approaches
often fail because they require either precise knowledge of externality costs or frictionless
bargaining. We propose an “uncertainty-based regulation” (UBR) mechanism that
harnesses heterogeneous information and disagreement among firms to achieve socially
efficient outcomes without requiring explicit information revelation. UBR modifies firms’
payoffs based on their deviation from the aggregate action, weighted by observable
outcomes, effectively creating a synthetic market that internalizes externalities. This
mechanism implicitly defines property rights, aligns incentives, and elicits private
information without direct negotiation. We show that UBR achieves team efficiency,
dominates conventional regulation, incentivizes information acquisition, and remains
robust even when firms distrust each others’ signals. Moreover, if brought to a vote, it
would receive unanimous support, making it politically viable.
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1 Introduction

A central challenge in economics is the design of effective regulation for activities that generate
externalities. This task is made all the more difficult in the presence of uncertainty and
disagreement among economic agents. Nowhere is this more evident than in the current
climate-change debate, where uncertainty about future climate outcomes and disagreement
among stakeholders have led to political gridlock and stalled policy adoption. Traditional
approaches, rooted in the work of Pigou (1920) and Coase (1960), often falter in these
complex environments. Pigouvian taxes or subsidies, while theoretically appealing, require
the regulator to possess precise knowledge of the externality’s magnitude (such as the social
cost of carbon)—a requirement rendered unattainable by the combination of pervasive
uncertainty and firms’ private information (Mirrlees, 1971; Weitzman, 1974; Stiglitz, 1982).
Similarly, Coasean bargaining relies on well-defined property rights and negligible transaction
costs, conditions rarely met in practice, especially when dealing with diffuse externalities and
large numbers of actors holding private information (Kwerel, 1977; Farrell, 1987).

The literature has responded to this challenge through two main approaches. The first
approach, mechanism design, consists of developing sophisticated schemes to elicit private
information from firms (e.g., Dasgupta, Hammond, and Maskin, 1979). These mechanisms are
often complex, difficult to implement, and vulnerable to collusion or strategic misreporting,
particularly when trust among agents is limited (Laffont and Tirole, 1986; Laffont, 1994).
The second approach explores second-best policies that rely solely on publicly available
information, such as uniform standards or taxes based on aggregate outcomes (e.g., Roberts
and Spence, 1976; Weitzman, 1974). While simpler, these approaches sacrifice efficiency by
failing to utilize the valuable private information held by firms. The regulation of externalities
is then confronted with a challenging trade off: either complex mechanisms with potential
fragility or simpler mechanisms with inherent inefficiency.

In this paper we address this challenge by proposing a novel regulatory approach that
harnesses uncertainty and disagreement to achieve efficiency without explicit information

revelation. We label this approach “Uncertainty-Based Regulation” (UBR). We consider a



setting where firms undertake socially beneficial actions (e.g., investing in green technologies,
contributing to public goods, enhancing cybersecurity) whose effectiveness is uncertain and
about which firms possess heterogeneous private information.

Instead of directly controlling prices or quantities, UBR adjusts firms’ payoffs based on
(i) the gap between their individual actions and the average, and (ii) observable aggregate
outcomes such as temperature changes or total emissions. We show that this seemingly minor
adjustment—a “quiet hand” of regulation—is equivalent to creating a synthetic Coasean
market for the externality. An endogenous “shadow price” emerges for deviating from the
average, reflecting both the overall level of socially beneficial activity and the true, underlying
state of the environment. By maximizing their profits under this regulation, firms implicitly
act as Cournot competitors responding to this endogenous price. This implicit price mimics
the outcome of Coasean bargaining, but without requiring explicit negotiation or ex-ante
defined property rights. It induces firms to internalize the externality and coordinate their
actions in a way that implicitly incorporates their private information.

Our key result is to show that the proposed UBR achieves the team-efficient allocation in
the economy, that is, the best outcome a benevolent social planner could attain, given the con-
straint that private information remains decentralized and cannot be directly communicated
among agents (Radner, 1962; Angeletos and Pavan, 2007, 2009). This shows that efficiency
can be achieved without explicit information revelation or centralized control, unlike standard
regulatory instruments such as Pigouvian taxes, which often fall short of even the second-best
outcome under uncertainty and heterogeneous information. UBR strictly dominates both the
status quo (no regulation) and a social planner with only public information. This stems
from two sources: a beneficial “tilting” of aggregate activity and the freedom of firms to
choose actions tailored to their private information, which is absent under uniform policies.
UBR elicits firms’ dispersed knowledge, thereby boosting efficiency. This mechanism remains
effective even when agents distrust the quality of others’ information; in fact, distrust further
strengthens their incentive to acquire more precise private signals. Finally, we examine the
political economy implications of the proposed regulation, showing that in a voting setting,

all firms would ex-ante prefer this approach, making it politically viable.



In sum, UBR bridges the Pigouvian goal of internalizing externalities and the Coasean
principle of decentralized efficiency, achieving both without the precise ex-ante knowledge
demanded by Pigou (1920) or the restrictive conditions required by Coase (1960). We show
that the proposed mechanism is formally equivalent to a Cournot game in a hypothetical
market for the externality, where the equilibrium price is determined by observable outcomes,
connecting our results to the broader literature on market-based mechanisms and information

aggregation in Cournot settings (e.g., Vives, 1988).

Literature. The work most closely related to ours is Angeletos and Pavan (2009), who
analyze economies with dispersed information about aggregate shocks and characterize the
resulting inefficiencies, suggesting that taxes contingent on aggregate outcomes could improve
welfare. We build directly on their framework and propose an implementable mechanism.
Unlike standard regulatory tools, UBR achieves team efficiency by creating a synthetic market
that aligns private incentives with social goals without the need to observe firms’ private
information. We prove this is impossible with standard Pigouvian taxation or a cap-and-trade
scheme, and offer a new economic interpretation, showing how the mechanism creates implicit
property rights that mimics the outcome of Coasean bargaining.

Our work is also related to the literature on information economics and heterogeneous
beliefs. Our model builds on Romer (1986), where agents take an aggregate variable—
knowledge in Romer’s model, environmental quality in ours—as given. While individual agents
cannot directly influence environmental quality, their collective actions shape it, generating
positive externalities. We extend this framework by introducing belief heterogeneity and a
regulatory design that elicits private information, demonstrating how a regulator can leverage
uncertainty and disagreement to align individual incentives with societal goals. This places
our work within the literature on regulation under information asymmetry, e.g., Roberts and
Spence (1976); Kwerel (1977); Montero (2008), though we focus specifically on leveraging
agents’ disagreements and private signals to coordinate actions toward a social optimum.

Additionally, by incorporating agents with diverse private signals, our work is related to

the literature on heterogeneous beliefs and market dynamics (Keynes, 1964; Bikhchandani,



Hirshleifer, and Welch, 1992; Morris and Shin, 2002; Veldkamp, 2011; Myatt and Wallace,
2008). As in Morris and Shin (2002), agents anticipate others’ actions, with a firm’s profit
depending on its deviation from aggregate actions, a form of “beauty contest”. Furthermore,
similar to Banerjee (2011), our model includes agents who may distrust others’ signals. Unlike
most of this literature, however, our focus is on how regulation can exploit uncertainty and
disagreement as policy tools to align individual actions with societal goals, even amid agent
distrust.

Finally, our work contributes to the broader literature on uncertainty, economic decision-
making, and regulatory design. Since the seminal work of Knight (1921), uncertainty has
often been viewed as a barrier to effective decision-making (e.g., Bernanke, 1983; Rodrik,
1991; Dixit and Pindyck, 1994; Caballero and Pindyck, 1996). We challenge this perspective
by demonstrating that uncertainty can be harnessed to achieve desirable societal goals. This
insight aligns with Wang (2022), who shows that environmental regulatory uncertainty can
incentivize firms to adopt greener practices preemptively, and with Pindyck (2007, 2022),
who explore uncertainty’s role in prompting proactive environmental policies. In the context
of climate policy and regulatory economics (Nordhaus, 2019; Stern, 2007; Heal, 2009), our
approach offers an alternative to traditional regulatory tools. While Pigouvian taxes (Pigou,
1920) require precise estimates of externalities and Coasean bargaining (Coase, 1960) relies on
well-defined property rights and frictionless negotiations—conditions rarely met in practice
(Farrell, 1987)—our framework bridges these perspectives by designing a regulatory mechanism
that internalizes externalities without explicit information revelation or centralized control.
In so doing, our work connects to the literature on market-based mechanisms and information
aggregation in strategic settings (Vives, 1988).

In summary, our findings contribute to the long-standing debate on optimal regulation
under uncertainty and asymmetric information, and have broad potential applications, ranging
from environmental policy and the promotion of innovation to public health and cybersecurity.
By demonstrating that it is possible to achieve a high degree of efficiency without resorting to
complex, potentially fragile revelation mechanisms or sacrificing the benefits of decentralized

decision-making, we offer a practical and theoretically sound alternative to traditional



regulatory tools.

The paper proceeds as follows. Section 2 introduces the model, presents benchmark
allocations, and characterizes the equilibrium allocation under UBR. Section 3 analyzes
welfare and political viability. Section 4 studies the impact of distrust. Section 5 concludes.

Appendix A contains all proofs.

2 The Model

Consider an economy with two dates, ¢ € {0, 1}, populated by a continuum of households
indexed by ¢ € [0, 1]. Each household acts as both a consumer and a producer (owning and
operating a firm). There is a single consumption good, which serves as the numéraire. Each

household i is endowed with e units of the consumption good at time 0.

Actions and payoffs. At time ¢t = 1, consumers derive utility from consumption and from
the overall quality of the environment. We begin with a general utility function, U(c;, ¢), where
¢; represents consumer ¢’s consumption and ¢ represents environmental quality. We assume
that consumers prefer higher consumption and higher environmental quality (U, (c;,q) > 0
and U,(c;, q) > 0), and that there are diminishing marginal returns (or increasing marginal
damages) to environmental quality (Uy,(ci,¢) < 0).! The utility function incorporates
environmental quality as a non-pecuniary factor. This is consistent with integrated climate
assessment models (Nordhaus, 1991, 2015), which incorporate the effects of climate change
and emissions into the utility function.?

Each household ¢ operates a firm. At t = 0, household ¢ chooses v;, which represents
its firm’s contribution to a socially desirable activity (e.g., investment in green technology).
We denote by v; the firm’s level of “greenness.” While individual households choose ~;,

aggregate greenness, I = fol v;di, is determined by the combined actions of all households and

IThroughout this paper, we use subscripts to denote partial derivatives. For example, given a function
f(z,y), we have f, = 0f/0z, f, = 0f/0y, fox = 0?f/02?, fry, = 0*f /020y, and so on.

2See, e.g., Michel and Rotillon (1995) and Baker, Hollifield, and Osambela (2022) for further discussion,
and Acemoglu, Aghion, Bursztyn, and Hemous (2012) for an additional application.



is uncertain at ¢t = 0.3

The firm’s profit, 7(~y;), depends on the household’s choice of greenness, ;. We assume that
all firms initially operate at a status quo level of greenness, I'g. The profit function is quadratic,
concave (i.e., m,, < 0 is a negative constant), and maximized at ; = [y, reflecting diminishing
returns and adjustment costs incurred for changing the level of greenness. Consequently,

time-1 consumption for household 7 is:

¢ = e+ (7). (1)

Environmental quality is measured through changes in an Environmental Performance
Index (EPI), where a higher EPI reflects a healthier environment.? A higher EPI reflects
reductions in greenhouse gas emissions, carbon dioxide levels, deforestation, and other climate
risks. We define ¢ as the change in the EPI from time 0 to time 1. To link environmental

quality to aggregate greenness, we assume the following relationship:

G=0+a(l —Ty), (2)

where 0 is a random variable representing the underlying uncertain environmental trend
absent human interventions and a > 0 is a “climate sensitivity” parameter. Equation (2)
implies that increased aggregate greenness relative to the status quo improves environmental
quality. We assume that the expected environmental trend py = E[f] is public information.
Although 6 and T are uncertain at ¢ = 0, the realized value of ¢ is publicly observed at t = 1.
At t = 1, the values of 0, ', and ¢; are realized. At t = 0, household i chooses ~; to
maximize its expected utility. Ideally, the household would choose 7; to maximize E;[U(¢;, )],
where ¢; is given in equation (1), ¢ is defined in equation (2), and the expectation E;[] is based
on the information available to household ¢ at ¢ = 0. However, because of the general form of
U and the uncertainty surrounding ¢, this optimization problem is analytically intractable.
To proceed, we approximate the general utility function U(c;, ¢) using a Taylor expansion

around (cg, qo), where ¢g is a baseline level of consumption and gy = pg is the expected value

3We use a tilde (e.g., T') to denote variables that are uncertain at ¢ = 0, when households make their
decisions. Variables without tildes (e.g., q, ¢i, i, [0, a) represent either quantities known at ¢ = 0 or values
realized at t = 1.

4See https://epi.yale.edu/ for an example.


https://epi.yale.edu/

of environmental quality in the status quo (both corresponding to the status quo greenness

level I'y and the expected environmental trend ). Specifically,

Ulc;i, 0,1) := U(co, o) + Uc(co, o) (ci — co) + Uy(co, 1to)(q — o) + ;qu(coa 110)(q — po)*. (3)

Substituting the expression for ¢; from equation (1) and ¢ from equation (2) into the
Taylor expansion (3), we obtain a new utility function, U(¢;,0,T), that is quadratic in 6
and I, and linear in ¢;.> This linear-quadratic form is commonly used in macroeconomic
models with dispersed information (Angeletos and Pavan, 2007, 2009) and renders the model
analytically tractable.

Therefore, at t = 0, household ¢ chooses ~; to maximize:

max E;[U(¢;, 0, f)], (4)

Vi

subject to equation (1).

The Taylor approximation (3) and our assumptions on U yield the following properties
for U:
Property 1 U. = U.(co, j19) > 0 is a positive constant. The first-order approximation of U
in ¢; implies U is linear in c¢;.
Property 2 Ur(é, f) is linear in @ and T'. This follows from the second-order approximation
of U in ¢ and the linearity of (2).
Property 3 Urr = a®U,,(co, 119) < 0 is a negative constant. Since Uy, (co, 11g) < 0, we have
Urr < 0, reflecting diminishing marginal returns to aggregate greenness.
Property 4 U.r = 0. Marginal utility of consumption is independent of aggregate greenness,
following from U’s linearity in ¢; and the lack of ¢;I" interaction after substituting (2).
Property 5 Upr = aldy,(co, 1t9) < 0 is a negative constant. Given a > 0 and Uy,(co, pg) < 0,

we have Upr < 0.

5The function U(c;, 09:, f) represents the approximated utility, expressed as a function of consumption and
the uncertain variables 6 and I". The household’s choice of ~; directly affects its utility through its impact on
¢i, where ¢; = e + w(7;).



Information. At time ¢ = 0, all households share a common prior belief about the unob-
servable environmental trend @, which we assume to be represented by a normal distribution,

0 ~N (po, 03). Each household i observes a private signal y; and a public signal z about 6:
Y, = é"‘ éyﬂ;, (5)

z=0+¢., (6)

where &,; ~ N(0,7, Dy and &, ~ N(0,7,!) are independent noise terms, also independent
of 8. The parameters 7, and 7, represent the precisions of the private and public signals,
respectively. We assume throughout that households trust the informational content of others’
signals. Section 4 relaxes this assumption and explores the implications of agents’ distrust in
the quality of each others’ private signals.

Let E;[6] := E[f]y;, 2] denote household i’s posterior expectation of 6, conditional on its

information set {y;, z}. The posterior precision, 7, is defined as:

T = (Var[9~|yz-, z])_1 = 09_2 + 7+ 7, (7)

By Bayes’ theorem, household i’s posterior expectation is the prior mean plus precision-

weighted deviations of the private and public signals from that mean:

Eilf] = o + (i — o) + = (2 — ). (8)

2.1 Benchmark Allocations

Before introducing our regulatory mechanism, we define several benchmark allocations that
will serve as points of comparison. These benchmarks help illustrate the inefficiencies that
arise in the absence of regulation and the potential gains from our proposed approach.

We begin by characterizing the status quo allocation, which represents the outcome when
there is no regulation and households do not internalize the externality. Since each household
owns and operates a single firm, we can equivalently refer to the household’s decision as the

firm’s decision.

Lemma 1 (Status quo allocation). In the absence of requlation or policy intervention, each



firm chooses its greenness level to mazximize the household’s utility, ignoring the environmental

impact. This results in all firms choosing the status quo level of greenness:

vt =T, Vie[0,1]. (9)

Hence, aggregate greenness is also at the status quo level:

% =T,. (10)

Given the assumption that 7(7;) is a quadratic concave function maximized at I'y, the
status quo (777 =T) is, by construction, privately optimal. It is, however, socially inefficient
because ;7 does not accounts for the positive externality of green investments, which enhance
environmental quality.

Next, consider the first-best allocation. This allocation is defined as the solution to a
social planner’s problem, where the planner possesses perfect information regarding the
environmental trend 6 at time ¢ = 0, that is, it observes 6 directly and has direct control over
all firms’ greenness choices. The planner’s objective is to maximize social welfare, subject
to the constraint that the planner internalizes the externality arising from the impact of
individual greenness choices on aggregate greenness.

Since the social planner observes 6 directly, all households are effectively homogeneous.
Consequently, the planner’s problem reduces to choosing a uniform greenness level, v, for all

firms. The first-best allocation is thus the solution to the following:
max U(e(7), 6, T'(7)), (11)
subject to ¢(y) = e+ m(y) and I'(y) = 7.

Lemma 2 (First-best allocation). The first-best allocation is characterized by a uniform

greenness level v* across all firms that is a linear function of the realized environmental trend:

Y(0) = g + K10 — pe), (12)
where
UF(MG,FO) Uopr
T T U+ U YT T U, + Urp (13)



This first-best allocation is unattainable in our main setting because # is unobservable at
t = 0. In the first-best, all firms choose v*(#) contingent on the realized value of 6. Since
Ugr < 0 (by Property 5), U. > 0 (by Property 1), 7., < 0 (by assumption), and Urr < 0 (by
Property 3), we have k] < 0. Therefore, the first-best level of greenness, 7*, is decreasing in
0: a worse environmental trend (lower #) requires a higher level of green investment.

Finally, consider the team-efficient allocation. Following Radner (1962), and Angeletos
and Pavan (2007, 2009), this benchmark represents the best achievable outcome when a social
planner can specify a decision rule that maps each firm’s private and public information to a
recommended greenness level, but cannot directly observe individual firms’ information sets.
Firms are assumed to commit to this rule, maximizing ex-ante expected social welfare. This
differs from the first-best because actions are decentralized.

To formalize this, the ex-ante expected social welfare in this economy is given by:

E[U] := /(az) /y Ule+(70).0.0)dP (0. 2)dP (0. ), (14)

where dP(y;]f, z) is the conditional probability distribution of the private signal y; given @
and z, and dP(0, z) is the joint probability distribution of # and the public signal z.
The team-efficient allocation is then defined as the strategy ~v!¢(y;, z) that solves the

following maximization problem:

mars [ ] Ule+n(18 0 2)) .70.2))dP(uld, AP0, ) (15)

ve()
subject to I"¢(6, z) = i i (i 2)dP(y;]0, 2).

Lemma 3 (Team-efficient allocation). The team-efficient allocation is characterized by
each firm choosing a greenness level, 7€, that is a linear function of its conditional expectations

of the first-best level of individual greenness, v*, and the aggregate greenness, T'¢:

7= (1= )Bi[y'] + aBi[I*], (16)

where E;[-] denotes the expectation conditional on household i’s information set {y;, z}, v* is

the first-best level of greenness defined in Lemma 2, T'¢ = fol Yiedi is the aggregate greenness,

10



and « is defined as

o= = (17)
Uemtyy

Since Urr < 0, U, > 0 and 7\, < 0, we have o < 0, implying that firms’ actions are strategic

substitutes in equilibrium.

In the team-efficient allocation, each firm’s action, /¢, is a weighted average of its
expectation of the first-best action, E;[y*], and its expectation of the aggregate action, I;[I'*).
This reflects the dual goals of responding to private information and coordinating with others.
The weight o governs the balance between these considerations and represents the equilibrium
degree of coordination. When av < 0, as in this case, actions are strategic substitutes, pushing
firms to differentiate from others and rely more on their private information. As shown
by Angeletos and Pavan (2007, 2009), this optimal action, shaped by expectations of both
individual and aggregate targets, is a hallmark of economies with dispersed information and
strategic interactions.

We now compare the welfare implications of the three benchmark allocations.

Lemma 4 (Welfare ranking). The ex-ante expected social welfare, defined in (14), is

ranked across the three benchmark allocations as follows:

E[U™] < EB[U"] <E[U7], (18)

where E[U*], BE[U'], and E[U*] denote the ex-ante expected social welfare under the status

quo, team-efficient, and first-best allocations, respectively.

The team-efficient allocation improves upon the status quo by leveraging dispersed
private information, even without direct information sharing or centralized control. However,
because information remains dispersed, the team-efficient allocation remains inferior to the

unattainable first-best, where 6 is perfectly observed.
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2.2  Uncertainty-Based Regulation (UBR)

The goal of the regulatory mechanism we propose, UBR, is to harness uncertainty and
disagreement without requiring the regulator to have precise knowledge of the externality’s
magnitude or to observe firms’ private information. The central idea of UBR is to modify
firms’ payoffs by adding a term that depends on both the firm’s individual action and
observable aggregate outcomes. Crucially, this modification is not a command-and-control
approach; firms retain their freedom to choose their greenness levels. Instead, as we will show
below, the mechanism creates an implicit “market” for the externality, where the “shadow
price” of deviating from the average action is determined ex post by realized environmental
outcomes.

Formally, let f(q) be a function of the realized environmental quality, ¢. This function is
known to all agents at ¢ = 0 and is part of the regulatory framework, even though its value
depends on the ex-post realizations of q. The regulator modifies each firm’s profit at time

t = 1 by adding the following term:
T T, %) = (v = D) f(a). (19)

This regulatory term has a specific interpretation. The factor (v; — I') represents the
difference between firm ¢’s greenness choice and aggregate greenness, measuring the firm’s
deviation from the average action. The function f(q) acts as a “shadow price” for this
deviation, determined ex post by the realized environmental quality, q. Although the value
of this price depends on a realized outcome, the function f(q) itself is fully specified ex ante
as part of the regulatory framework. This term introduces a beauty contest element into the
firms’ decisions, creating incentives similar to those studied by Morris and Shin (2002).

Accounting for the regulatory term, the household’s time-1 consumption becomes:

ci=e+m(v)+ T(gT,7) (20)

At t = 0, firm ¢ chooses the level of greenness ~; to solve the following maximization

problem:

maXEi[U(éi,é, f)], (21)



where by equation (20), the consumption at time ¢ = 1 is & = e + m(7;) + T(¢, T, ;). Note
that, from the household’s perspective at ¢t = 0, consumption at ¢ = 1 is now uncertain due
to the regulatory term 7(g, T, %).

What functional form for f(g) will induce firms to choose the team-efficient allocation?
In other words, how can we design the regulatory mechanism to align individual incentives
with the socially desirable outcome, despite the presence of asymmetric information and
uncertainty? As Angeletos and Pavan (2009) suggest, appropriately designed interventions
that are contingent on aggregate outcomes can, in principle, achieve team efficiency in
economies with dispersed information. In the following proposition we provide a concrete

mechanism that achieves team efficiency.

Proposition 1 (Team efficiency of UBR). Let the regulatory function f(q) be given by:

f(@) = a[MRS — ERA(q — po)], (22)

where MRS is the marginal rate of substitution between environmental quality and consumption
(evaluated at the status quo) and ERA represents society’s aversion to environmental risk

(also evaluated at the status quo):

U (Co Me)
MRS = 200 1) 23
U, (co, o) (23)
U, (COa,ue)
ERA = — 222077 ). 24
Unlco. o) (2

Then, the unique linear equilibrium in an economy with UBR is for each firm to choose the

team-efficient level of greenness, 7€, as defined in Lemma 3.

i

The marginal rate of substitution (MRS) between environmental quality and consumption
represents the baseline social cost of reducing environmental quality—or equivalently, the
social benefit of improving it—expressed in units of consumption. Society’s aversion to
environmental risk (ERA) reflects the concavity of the utility function with respect to
environmental quality; a more negative U, (i.e., stronger diminishing marginal utility of
environmental quality) implies a higher ERA. The term (§ — pg), unknown at ¢ = 0, captures

the deviation of realized environmental quality from its expected status quo level.
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Proposition 1 shows that the regulatory function acts as an endogenous price for deviations
from average greenness. This price consists of two components: a baseline term, a x MRS,
which captures the fundamental trade-off between consumption and environmental quality,
and a risk adjustment term, —a x ERA x (¢ — ug), which scales with both society’s aversion
to environmental risk (ERA) and the environmental surprise (¢ — ug). For instance, if the
realized value of ¢ — g is strongly negative, meaning environmental quality is much worse
than expected, the price of greenness rises significantly. In such bad times, greenness becomes
especially valuable, as mitigating environmental damage is more urgent.

Because ¢ is publicly observable at ¢ = 1 and all other components are predetermined,
the UBR mechanism is implementable. The regulator specifies the function f(-) ex ante,
announcing calibrated values for a, MRS, and ERA. The climate sensitivity a is informed by
scientific evidence,® while MRS and ERA can be either estimated from economic data or set
as policy choices. Firms then choose 7;, incorporating the regulatory rule and their private
information. Ex post, ¢ is observed and the regulatory adjustment 7 (¢q,I",;) is applied to
each firm’s realized profit. As such, UBR requires no firm-specific cost data, adapts to shocks,
incentivizes efficient action, and remains transparent. Moreover, the regulation is neutral,
solely redistributing profits among firms—that is, from equation (19), [ T(q,T',v;)di = 0,
hence the regulatory term cancels out when integrated across firms. Finally, its flexibility
allows policymakers to embed different degrees of environmental risk aversion through ERA.

Proposition 1 establishes that the appropriately defined regulatory function, f(§), achieves
the team-efficient allocation even without the regulator accessing firms’ private signals. This
function creates an endogenous “price” on deviations from aggregate greenness. This “price”
induces firms to internalize the externality and encourages them to act based on their private
information. The UBR needs no complex revelation mechanisms, or even advanced knowledge
of externality levels. In the next section we show that this regulatory mechanism is equivalent

to a synthetic Cournot market for greenness.

6The parameter a is informed by estimates of the relationship between greenhouse gas emissions and
environmental quality, in the broader context of limiting global warming. See Meinshausen, Meinshausen,
Hare, Raper, Frieler, Knutti, Frame, and Allen (2009) and the references therein.
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2.2.1 Equivalence Between UBR and a Synthetic Cournot Market

Consider a hypothetical Cournot market where firms produce and trade “units of greenness”
at an endogenous price, p. At t = 1, after uncertainty is resolved, each consumer i solves the

following optimization problem:

max U(Ci7 67 gl) (25)
{Civgi

subject to
Ci +Dpgi = e+ mi, (26)

where the utility function U(-,-,-) is defined as in equation (3), ¢; is consumption of the
numéraire good, g; is the quantity of greenness purchased, e is an endowment of the numéraire,
and 7; represents consumer ¢’s share of firm profits, which the consumer treats as exogenous.
This framework is analogous to a consumer maximizing utility over greenness and the
numéraire, with the utility function remaining consistent with the main model. Equation
(26) is an imaginary budget constraint where the consumer would pay a price p for greenness.

At time t = 0, before the environmental state 6 and aggregate greenness I' are revealed,
each firm ¢ chooses its level of greenness, 7§ (where the superscript ‘c’ denotes the Cournot

analogy), to maximize household i’s expected utility:

where ' = [;7¢di. This objective function includes the firm’s revenue from selling greenness,
py¢, in addition to its standard profit function, m(vf) (which remains unchanged from the
original model). Because each firm is infinitesimally small, it acts as a price-taker, treating
the market price of greenness, p, as given.

In essence, the above analysis describes a market where firms supply greenness, and con-
sumers demand it, even though this market doesn’t literally exist. The following proposition

shows that this synthetic Cournot market achieves the same outcome as UBR in equilibrium.

Proposition 2 (Cournot equivalence). The UBR mechanism with the regulatory function

f(q) defined in Proposition 1 is equivalent to a Cournot game in which firms supply greenness

15



to a market with an inverse demand curve given by p = f(q). In this Cournot game:

1. The realized equilibrium price of greenness at time t = 1 is given by p = f(q).
2. Each firm’s optimal greenness level is given by ¢ = ¢, as defined in Lemma 3.

3. The realized aggregate greenness level at time t = 1 is given by I'*® = fol Viedi.

Proposition 2 reveals the underlying mechanism of UBR: the regulatory function, f(q),
serves as the inverse demand curve in a synthetic Cournot market for greenness. By maximizing
their augmented profits, firms implicitly act as Cournot competitors responding to this
endogenous “price,” which reflects both aggregate greenness, I', and the realized environmental
state, #. This construction shares conceptual similarities with the information aggregation
properties explored in Cournot models (see, e.g., Vives, 1988), but within a synthetically
created market. Consequently, UBR achieves the Coasean ideal of efficient resource allocation
in the presence of externalities (Coase, 1960), yet circumvents the need for explicit bargaining

or perfectly defined property rights.

2.3 Strategic Behavior and Information Acquisition

Having established that UBR can achieve the team-efficient allocation, we now characterize

the equilibrium behavior of firms and their incentives regarding information acquisition.

Proposition 3 (Equilibrium greenness). Under UBR, with the requlatory function defined
in Proposition 1, a linear equilibrium is for each firm i to choose a greenness level, ~;, that is

a linear function of its private signal, y;, and the public signal, z:

Vi = Bo + By(yi — pe) + B=(z — 1g), (28)
where

Bo :=To — m> (29)

by = _UCWWZ&:—TyUppTy <0, (30)

AL Y ) (31)

1 —aUsmyy7m + Urrt,
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and where « is defined in Lemma 3.7

The coefficients 3, and 3, are negative. Consequently, firms increase their greenness
investments in response to either private or public signals that indicate a deterioration in the
expected environmental trend. The following corollary examines the relative weight firms

place on private versus public information, as reflected in the ratio 3,/5..

Corollary 3.1 (Strategic substitutability and information weighting). In the linear
equilibrium of Proposition 3, firms’ actions are strategic substitutes. Furthermore, the ratio

of the weights placed on private and public signals is:

gi’ =(1- a)Tz > :‘Z, (32)

Ty

implying that firms overweight their private information relative to the public signal, compared

to the Bayesian posterior weights in equation (8).

As established in Lemma 3, the parameter «;, which determines the nature of strategic
interaction, is negative. Following Angeletos and Pavan (2007), « represents the equilibrium
degree of coordination and reflects the slope of a firm’s best response function with respect
to the average action of other firms. A negative o implies strategic substitutability: firms
increase (decrease) their greenness when they expect others to decrease (increase) theirs. In
essence, firms have an incentive to differentiate their actions from their competitors. This
drive to differentiate is what motivates firms overweight on their private information, as
shown in the corollary.

While strategic substitutability might suggest a free-rider problem, it has a key offsetting
benefit: it amplifies the informational content of firms’ actions. Because each firm reacts
more strongly to its private signal than it would in a purely Bayesian update, aggregate
greenness, I, becomes more sensitive to the dispersed private information in the economy.
This heightened responsiveness, driven by the (1 — «) term in the ratio 3,/03,, improves the
informational efficiency of the aggregate outcome. We show in Section 3 that this effect

contributes to the welfare gains under UBR.

"We restrict attention to linear strategies, consistent with the linear-quadratic framework. See, e.g.,
Angeletos and Pavan (2007, 2009) for similar approaches.

17



2.3.1 Aggregate Greenness and its Determinants

We now examine the aggregate implications of firms’ equilibrium behavior. Substituting the
equilibrium expression for ~; from Proposition 3 into the definition of aggregate greenness,

I = fol v;di, and noting that fol (yi — po)di = 0 — 119 by the law of large numbers, we obtain:

T =By + By(0 — pg) + B.(2 — o). (33)

The coefficients §, and 8, (given in Proposition 3) govern the sensitivity of aggregate
greenness to the unobservable environmental trend, 6, and the public signal, z, respectively.
Thus, UBR induces firms to collectively respond to the underlying environmental state, 6,
even though this state is not directly observable by the regulator. As shown in Proposition
3, the sum 3, + 3, is negative. Equation (33) thus reveals that aggregate green investment
compensates for adverse environmental shocks: a lower # (worse underlying conditions)
triggers a rise in T.

We define the information sensitivity of aggregate greenness, denoted by B, as the absolute

magnitude of the combined response to the environmental trend and the public signal:

B = |5, + B.|. (34)

This measure captures the overall responsiveness of aggregate green investment to changes in
available information about the environmental state. A higher B implies that UBR more
effectively translates dispersed private and public signals into collective action, better aligning
green investment with the (unobserved) environmental needs. This improved alignment
contrasts with the unresponsive status quo. The regulator’s goal is to achieve the team-
efficient level of responsiveness, meaning that B should be high enough to reflect the available
information, but not so high as to overreact to noise.

The following corollary characterizes the key determinants of this information sensitivity.

Corollary 3.2 (Information sensitivity). The information sensitivity, B, of aggregate

green investment has the following properties:

(a) It increases with greater uncertainty about 0 (higher o).
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(b) It increases with the precision of private information (t,).
(¢) It increases with the precision of public information (T,).

Point (a) of Corollary 3.2 reveals a key feature of UBR: it transforms environmental
uncertainty, typically an impediment to effective policy, into a mechanism for enhancing
information sensitivity. Specifically, a higher oy increases the responsiveness of aggregate
greenness to informative signals, promoting a more efficient aggregate response.

Points (b) and (c) of Corollary 3.2 further demonstrate UBR’s effectiveness in aggregating
information. Increased precision of either private information (7,) or public information (7,)
also increases the information sensitivity, B. While seemingly distinct from the effect of
uncertainty in (a), these results are complementary. Higher 7, and 7, increase the weights, 3,
and [, respectively, placed on the corresponding signals in the aggregate greenness equation
(33). Thus, both greater uncertainty (higher oy) and greater precision (higher 7, or 7)

enhance the information sensitivity of the system, albeit through different channels.

2.3.2 Incentives for Information Acquisition

We now examine whether individual firms have an incentive to acquire more precise private
information about the underlying environmental trend, , when the UBR mechanism is in
place. To analyze this, we consider a unilateral deviation by a single firm. We assume this
firm can exogenously increase the precision of its private signal and we examine the impact
on its ex-ante expected utility.

Suppose firm i increases the precision of its private information from 7, to 7, = {7, where
¢ > 1. This represents an exogenous increase in the quality of the firm’s private signal, y;.
We assume this is a unilateral deviation: firm ¢ takes the actions of all other firms, and
the parameters of the UBR mechanism, as given. It does not anticipate that its action will
change the equilibrium behavior of other firms or the aggregate outcome, except insofar
as its own action affects its payoff. To isolate the effect of increased signal precision, the
following corollary characterizes its impact on the firm’s action and its ex-ante expected

utility—evaluated before the firm observes its private signal y; but after the public signal z
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has been revealed.

Corollary 3.3 (Incentives for Information Acquisition). Under the UBR mechanism,
consider a unilateral increase in the precision of firm i’s private signal about 8 from Ty to
7, = &7y, where § > 1. The firm’s action, v, is then given by:

(€ —-1)(1+021.)

(=D —a)in
1+ o0f(émy + 72)

1+ o3(émy + 72)

vi= 0o+ By |1+ ](?Ji—ﬂe)%-ﬁz[ (2 — o), (35)

where the coefficients By, By, and B, are determined in Proposition 3. The resulting change

in ex-ante expected utility, conditional on the public signal z, is:

Ue - .

AE[U]z] = —5— (Var [E;[f(q)]|2] — Var[E:[f()]|]) > 0. (36)
Y

where E;[f(G)] denotes the expectation of f(G) conditional on the more precise private signal.

Consequently, the firm’s ex-ante expected utility is strictly increasing in the precision of its

private signal.

Equation (35) shows how the firm’s optimal action adjusts in response to the increased
precision. If & = 1, then v/ = ~;, and the firm’s action reverts to the original equilibrium.
However, if £ > 1, the firm places relatively more weight on its (now more precise) private
signal, (y; — ), and relatively less weight on the public signal, (z — py), reflecting the
enhanced informational content of its private signal.

Equation (36) shows a strict increase in ex-ante expected utility due to the enhanced
signal precision. A more precise private signal leads to a more precise posterior belief about
f(q), which is reflected in a higher variance of the ezpectation of f(§) conditional on z. This,
in turn, allows a more efficient response to the underlying environmental state, providing a
clear incentive for information acquisition.

In sum, UBR achieves the team-efficient allocation and incentivizes firms to acquire
more precise private information about the environmental trend, 6. Therefore, UBR has the
potential to not only align current actions with social objectives but also to encourage firms

to actively seek more accurate information about environmental trends.
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3 Welfare Analysis and Political Viability of UBR

We now turn to a welfare analysis, comparing UBR to alternative policy approaches and
subsequently examining its political feasibility. We begin with a comparison to a social

planner constrained by limited information.

3.1 The Social Planner’s Allocation

Consider a benevolent social planner who seeks to maximize ex-ante expected social welfare.
The planner’s information set consists solely of publicly available information—the prior
distribution of 6 and, potentially, the public signal z—excluding individual private signals, y;,
and the true state, #. Therefore, the only feasible policy is to set a uniform greenness level,
Vsp, for all firms.

The social planner’s problem can be formally stated as:

max B, [U(e(75), 6, (7)) (37)

Ysp

where ¢(7sp) = e+ T(7sp)s [(7sp) = Vsp, and Egp[-] denotes the expectation taken with respect
to the social planner’s information set. We now characterize the solution to this constrained

optimization problem and its welfare implications.

Proposition 4 (Social Planner’s solution). The solution to the social planner’s problem
in equation (37) is given by:

_ESP[UF(éa FO)}
Ucﬂ-'y’y + UFF

Ysp = FO + = Esp[/y*]v (38)

*

where v* is the first-best allocation derived in Lemma 2.

The social planner allocation s, yields a higher ex-ante expected utility than the status
quo (v; = Lo for all i). Specifically, define the welfare gain relative to the status quo by
AWy, == E[AU;], where AU; := Bi[U(e + 7(Ysp), 0, vsp)] — Ei[U(e 4+ (L), 0,T0)]. Then the

welfare gain can be written as

—1 9 O'gTZ

AW,, = Ur (1, To)? + U2.—2072 | S . 39
4 2<UC7T'yPy+UFF) [‘(/,I/Q 0) + 9F0_—2 ( )
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The welfare gain is increasing in the precision of the public signal , T,. However, the first-best
allocation v* (Lemma 2) and the team-efficient allocation vi¢ (Lemma 3) both yield strictly

higher exz-ante welfare than the social planner allocation .

The constrained social planner’s optimal uniform greenness level, 7s,, given by (38), is
equivalent to the expected first-best level of greenness, conditional on public information.
This reflects the planner’s inability to condition policy on private signals; the best achievable
outcome is thus the average first-best, given the public signal z and the prior on 6.

The welfare gain AWj, arises from two distinct channels. The first term, Ur(ug, T'o)?,
captures the welfare improvement from adjusting the allocation away from the status quo
(I'p) toward the social planner’s chosen allocation (7s,). This improvement occurs because

at the status quo, the marginal social benefit Ur(ug, o) differs from zero. The second term,

Upr a;éj;, captures the value of adjusting greenness based on the public signal z. This term
increases with both the precision of the public signal (7.) and the responsiveness of the
marginal social benefit to the underlying state (Ugr). Hence, the social planner’s intervention
unambiguously improves welfare relative to the status quo. Nonetheless, welfare remains
strictly below the team-efficient and first-best allocations because the planner cannot use
private information.

Going forward, we assume that the social planner’s chosen allocation v, exceeds the

status quo I'y, reflecting the presence of a positive externality from green investment.

3.1.1 Implementing the Social Planner’s Solution

We next demonstrate that the social planner’s allocation, vs,, can be implemented through
either a Pigouvian tax or a cap-and-trade system, as in the classic “prices-versus-quantities”
framework of Weitzman (1974). For this purpose, let £(;) denote the emissions generated by
a firm investing v; in greenness. We assume £(y;) > 0, £'(y;) < 0, and £”(7;) > 0. Thus, all
firms generate some negative environmental impact, but emissions decrease (at a diminishing

rate) as firm greenness increases.

A suitably designed Pigouvian tax on emissions can replicate the social planner’s outcome.
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Corollary 4.1 (Pigouvian tax on emissions). The social planner’s optimal uniform

greenness level, vs,, can be implemented by imposing a Pigouvian taz, T, per unit of emissions:

sp — L

T — M‘ (40)
E"(Vsp)

Since we have assumed that green investment generates a positive externality, i.e., vs, > I,

it follows that the emissions tax is strictly positive: T > 0.

Intuitively, the tax internalizes the expected environmental externality perceived by the
social planner, who observes only public signals and the prior distribution of 6. When a
firm considers deviating its greenness from -,,, it must now account for the tax on the
emissions thereby generated. Because T depends solely on public information, all firms
respond uniformly by choosing vs,, and the resulting aggregate emissions coincide with those
in the social planner’s constrained optimum.

An alternative approach to implementing the social planner’s solution is through a system
of tradable permits, or “cap-and-trade.” As before, let each firm’s emissions be given by £(v;),
and suppose the regulator issues a total quantity of permits, (), where each permit allows
one unit of emissions. Firms must acquire permits equal to the emission they produce, and

the equilibrium permit price is denoted by ppermit-

Corollary 4.2 (Cap-and-Trade implementation). The social planner’s optimal uniform
greenness level, vs,, can be implemented by issuing a quantity of tradable permits, @), equal
to the aggregate emissions associated with 7y, i.e., Q = E(Vsp). The resulting equilibrium
permit price, Ppermit, Will be identical to the Pigouvian tax, T', derived in Corollary 4.1, and

will induce all firms to choose v; = vsp.

By setting @ = £(7sp), the regulator ensures that the equilibrium permit price—identical
to the Pigouvian tax T' from Corollary 4.1—induces all firms to choose the social planner’s
greenness level v;,. Critically, however, neither () nor ppe.mi can be contingent on firms’
private information. Thus, the permit price reflects only public information available to the
social planner, precluding firm-specific, information-contingent responses required for team

efficiency.

23



Unlike standard Pigouvian taxes or cap-and-trade, which rely exclusively on ex-ante public
information, UBR harnesses uncertainty and dispersed private signals, thereby generating
social value from private information and improving welfare outcomes (see, e.g., Angeletos
and Pavan, 2007; Vives, 1988; Hayek, 1945). Given these theoretical advantages, a natural

question arises concerning the political viability of UBR, which we analyze next.

3.2 Is UBR Politically Viable?

Suppose households, after observing their private signals, y;, and the public signal, z, must
vote on whether to adopt UBR or implement the social planner’s allocation (as shown in
Lemma 4 and Proposition 4, both these alternative dominate the status quo). The next

proposition establishes the political viability of UBR.

Proposition 5 (Political viability of UBR). After observing their private signals, y;, and
the public signal, z, all households compare UBR to the social planner’s uniform policy. The
expected utility gain from UBR, compared to the social planner’s allocation, is given by:

1 e 1 Tte
Ei[AUZ’] = _§Uc7"w(’ﬁ - ’Ysp)z _iUFFEiKFt - 78p)2]~ (41)

Gain from individualized greenness Gain from aggregate greenness

Since both terms are positive, every household experiences a strictly positive utility gain under
UBR. Therefore, in a direct vote between UBR and the social planner’s uniform policy, UBR

would receive unanimous support.

The difference in equation (41) is strictly positive due to two distinct mechanisms. The
first term, —3U.my. (/¢ — 75p)? > 0, captures the value of individualized greenness choices
permitted under UBR, allowing firms to tailor their actions to their private signals. The
second term, —%UppEi[(fte — vsp)?] > 0, reflects the utility gain from aggregate greenness
adjusting to the unobservable environmental state, §. This latter mechanism can be viewed
as a form of social insurance: adopting UBR allows aggregate greenness to adjust to the
realized environmental state, thereby insuring society against environmental risk.

Since both terms in equation (41) are positive, regardless of the specific values of y; and

z, all households strictly prefer UBR over the social planner’s allocation. This unanimous
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preference, driven by both firm-level benefits and aggregate risk mitigation, holds despite
dispersed private information and heterogeneous beliefs. It suggests that UBR is not only

theoretically superior but also politically viable.

4 Distrust and UBR

Thus far, our analysis has assumed that households have rational expectations and fully trust
the informational content of others’ signals. We now relax this assumption, introducing the
possibility of distrust in the signals received by other agents. This allows us to explore the
robustness of UBR in a setting where agents may have differing, and potentially biased, views
about the informativeness of others’ observations. It is particularly relevant in the context of
climate change, where public opinion is often polarized and trust in scientific data can vary
significantly across groups.®

To capture disagreement that may emerge from difference of opinion, we build on insights
from Morris (1995) and introduce the concept of trust in others’ private signals. While each
agent i observes its own private signal y;, it believes that the private signals of other agents

(which it does not observe) follow a different structure:
y; = ol + V1-— 020 + €y, (42)

where, ¢; ~ N(0, ai) captures added noise or bias in others’ signals (see, e.g. Banerjee, 2011).
The parameter ¢ € [0, 1] measures the extent to which agent i trusts that others’ signals are
correlated with the true environmental trend ji. A higher ¢ indicates greater trust in others’
private information.

By varying the parameter ¢, our model encompasses both the standard rational expecta-
tions framework and scenarios with different level of trust. When ¢ = 1, agents fully trust that
others’ private signals are as informative as their own, consistent with rational expectations.

In contrast, when ¢ = 0, agents regard others’ signals as pure noise, representing a complete

8Research documents significant political polarization in public views on climate change, highlighting
differing beliefs about environmental data across groups (McCright and Dunlap, 2011). For further evidence
on polarized beliefs and skepticism about environmental data, see Dunlap and McCright (2008) and Douglas,
Uscinski, Sutton, Cichocka, Nefes, Ang, and Deravi (2019).
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lack of trust. Examining our regulation under varying trust levels helps us understand its

robustness in settings where agents are not fully rational.

Impact on strategy and information. Distrust among agents fundamentally alters
the information environment, with consequences for equilibrium greenness, the information
sensitivity B, and firms’ incentives for private information acquisition. While several results
from Section 2 continue to hold, the presence of distrust introduces important changes and new
results. These modifications are summarized in Proposition 6 below. A detailed discussion of

how each result from Section 2 is affected by distrust is provided in the Appendix.
Proposition 6. When agents distrust the information of others:

(a) The implementation of UBR, specifically the functional form of f(G) defined in Proposi-

tion 1, remains valid for achieving team efficiency.

(b) The information sensitivity B increases with the precision of public information, ., if

1
2 .
QogTy

and only if o > 1+

(¢c) The information sensitivity of aggregate greenness, B, increases with the degree of

distrust, that is, it decreases with ¢:

4
oB akjopT,(Ty — Ty + T2)

3~ (U todn,tr—anpp - (43)

(d) Incentives for information acquisition increase with the degree of distrust.

Point (a) highlights the robustness of the UBR mechanism’s design. While the presence
of distrust alters equilibrium outcomes, the functional form of the payment function, f(§),
remains optimal for achieving team efficiency.

However, distrust significantly impacts firm behavior and information aggregation. In-
creased distrust (represented by a lower ¢) induces firms to rely more heavily on their private
signals, y;, and to discount the influence of public information precision, denoted by 7.
This shift in information weighting has three key consequences. First, the impact of public

information precision (7,) on information sensitivity (B) is contingent on the level of trust;
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specifically, 7, increases B only when ¢ exceeds a critical threshold (point (b)). Second,
increased distrust (a decrease in ) raises the information sensitivity, B (point (c)), as firms
place greater weight on their private information. Third, distrust strengthens incentives for
firms to acquire private information (point (d)), as the relative value of their private signals

increases. Ultimately, distrust makes private signals matter more.

Impact on Welfare and Political Viability. We now examine the effect of distrust on
welfare and the political viability of UBR. Because UBR achieves team efficiency for any level
of distrust (Proposition 6), it continues to dominate the social planner’s allocation in terms of

ex-ante welfare. The following proposition formalizes the implications for political viability.

Proposition 7. Under UBR, and with a trust parameter ¢ € [0,1], all households strictly

prefer UBR to the social planner’s allocation, irrespective of the value of .

In summary, while distrust among introduces complexities into the equilibrium, it does
not undermine the fundamental advantages of UBR. The mechanism’s design, specifically the
functional form of f(§), remains optimal for achieving team efficiency regardless of the level
of distrust. Furthermore, UBR continues to dominate the social planner’s allocation, ensuring
its political viability. Distrust does, however, affect firm behavior: it increases information
sensitivity by inducing greater reliance on private signals, and it strengthens incentives for
information acquisition. Thus, UBR remains a robust and effective regulatory tool even in

the presence of significant disagreement among economic agents.

5 Conclusion

We challenge the common view that uncertainty and disagreement hinder good decision-
making. Instead, we show how both can drive markets toward efficient and socially desirable
outcomes. We propose a new regulatory mechanism that embeds a synthetic market for
the externality, ensuring firms internalize social costs and benefits—without requiring direct
information disclosure. By harnessing private signals and differences in opinion, this approach

turns perceived obstacles into policy tools.
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Although our main implementation focuses specifically on climate-change policies, we
believe that the framework we propose applies more broadly whenever there are externalities
and private information varies across agents. For example, it could guide regulation in areas
like cybersecurity, public health, or artificial intelligence, where uncertainty and ethical or
practical disagreements are widespread. In each case, the same principle—linking individual
payoffs to deviations from an aggregate benchmark—channels uncertainty and disagreement
into productive coordination.

For simplicity, we assume each household owns a single firm, isolating the core incentives
behind our regulation. A valuable next step is to relax this assumption and incorporate
financial markets. Share prices would provide an extra public signal about firms’ prospects and
the broader environment. This could strengthen firms’ incentives to invest in green innovation
(or make other beneficial investments) since financial markets aggregate information beyond
what regulators observe. Portfolio mandates—an increasingly debated policy tool—could also
shape how market signals influence firms’ decisions. Studying how our mechanism interacts
with financial markets, particularly in pricing climate or other external risks, is a promising
avenue for future research.

By showing how uncertainty and disagreement can be managed, our work contributes to
the broader discussion on governance in complex environments. Rather than seeing imperfect
information as a barrier, we show it can fuel market-based regulatory solutions. We hope
this offers a useful template not only for climate policy but for any regulation where private

information is hard to gather yet crucial for efficient outcomes.
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A  Proofs

A.1 Proof of Lemma 1

In the status quo, household ¢ maximizes its expected utility:

II}%X E;[U(c;, é,f)], (A1)

subject to ¢; = e + 7(7;). Because household i is infinitesimal, its choice of v; does not affect

I= jol ~idi. Therefore, I can be treated as a constant with respect to the maximization over ~;.

Substituting the constraint, then taking the first-order condition with respect to ~; is leads to:

E; [Ue(e +m(:),0,1) - my(3:)| = 0. (A2)

By Property 1, U, is a positive constant. Therefore, the first-order condition simplifies to:

(%) = 0. (A3)

By assumption, the profit function m(v;) is maximized at v; = I'g. Therefore, v;? = I'y. Since all
households are identical ex-ante and face the same optimization problem, they all choose the same

level of greenness. Aggregate greenness is then:

~ 1 1
e = / Vdi = / Todi =Ty. O (A4)
0 0

A.2 Proof of Lemma 2

The perfectly informed social planner maximizes social welfare, while internalizing the externality.

Due to household homogeneity, +; = ~ for all 4, and thus I = 4. The planner’s problem is then:

max U(c(7),6,T()), (A5)

subject to ¢(y) = e + 7(y) and I'(y) = . Substituting the constraints, we have:

max Ule +7(v),0,7). (A6)

The first-order condition with respect to -y is:

dUu

a = UCT‘-'Y(’Y) + UF(97 7) = 0. (A7)

By Property 1, U, is a constant. The quadratic profit function, maximized at I'g, implies 7, (y) =

Ty~ (v —T'0). Applying a first-order Taylor expansion to Ur(6,~) around (g, o), which is justified
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by Property 2, yields:

Ur(0,7) = Ur (o, To) + Ugr (6 — p) + Urr(y — To). (A8)

Substituting into the first-order condition:

Uemtyy (v = To) + Ur(pg, To) + Usr (60 — po) + Urr(y — To) = 0. (A9)

Solving for 7, which we denote as v*(6) in the first-best:

Ur(po,To) Usr
UCTF’W + Urr UCTF’W + Urr

7(0) =To — (0 — pp). O (A10)

A.3 Proof of Lemma 3

An efficient allocation is a strategy v/¢(y;, z) that maximizes

E[U] = /(é’z) / ue (7 (yis 2)), 0, T (8, 2))dP (], 2)dP (8, 2), (A11)

subject to I'*¢(0, z) = s vt (yi, 2)dP(y;]0, z). Note that given the continuum of firms, the empirical
distribution of private signals converges to the conditional distribution P(y;|0, z) by the Law of Large
Numbers. Consequently, the aggregate greenness, f‘(é, z), can be represented both as an integral
over the signal distribution and as an integral over the firm index: [, 7i(yi, 2)dP(y;|0, 2) = [, vidi.

Write the Lagrangian:

A= [ [ Ulesm((0,2)), 0,50 ) dP(ild, )P @, 2
(0,2) Jyi

[ NOA[FE,2) ~ [ Al 2)AP 16 2)]dP . 2). (A12)
(6,2) Yi

The first order condition for I'*¢(6, z),

/ Ur(8.7(0, 2) ) dP(yild, =) + M@ =) = 0, (A13)
Yi

must hold for almost all (6, z). Thus:

Ur(8,17(0, 2)) + A0, 2) = 0. (A14)
The chain rule of probability states that:

dP(y;,0, z) = dP(y;]0, 2)dP(0, z) = dP(0y;, 2)dP(yi, 2). (A15)
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By the chain rule and Fubini’s theorem (to change the order of integration), the Lagrangian becomes:

A= / /U e+ m(yie( yz,z)),é, fte(é,z))dP(myi,z)dP(yi,z)
yu

+ /( § /~)\(§, 2) [fte(é, z) — /yZ %?e(yi, Z)dP(yl-‘@7 z)} dp(§|yi, 2)dP(y;, 2). (A16)

The first order condition for 7/¢(y;, ) is then:

/é[Ucm,('yfe(yi, 2)) = (0, 2)|dP (0], ) = 0, (A17)

which must hold for almost all (y;, z). Replacing the first-order condition for I, we obtain:

E; [Uemy (11 (31, 2))| + BaUn(0,1%(6,2) )] = 0. (A18)

Since 7, and Ur are linear in their arguments, we can write:
Ty (Vi (i, 2)) = Ty (77) + 7y (30 (Wi 2) — ), (A19)

Up(é, N2 z)) = Ur(0,v) + Urr(T%(0, 2) — v*). (A20)

By definition of the first-best allocation (see equation (AT7)):

Uerry (%) + UF(é, 7*) =0, (A21)

and thus one can rewrite equation (A18) as

UemtyyEi [’yfe(yi, z) — "] + UrrE; [fte(év z) =" =0. (A22)

Solving for 7¥¢(y;, z) yields:

% i, 2) = (1= Q)Ei[y'] + oEi[1*(0, 2)), (A23)

where « is defined as in Lemma 3, equation (17). O

A.4 Proof of Lemma 4

The ranking E[U*?] < E[U%] follows from the definition of the team-efficient allocation as the
solution to the welfare maximization problem. The team-efficient allocation, 7!¢(y;, z), is chosen
to maximize E[U] subject to the constraint that actions depend only on the available information
(private and public signals). The status quo allocation, v;? = T\, is not the solution to this

maximization problem, and thus cannot yield a higher level of ex-ante expected welfare.
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We now prove the statement that welfare is highest in the first-best. The ex-ante expected social
welfare in this economy is given by equation (14). Recall that T' = fol v;di and that U is linear in
¢i = e+ 7m(y;) and 7(v;) is quadratic in «;. Thus, U can be written as:
o R . . 1 .

Ule+m(v),0,1)=U(e+n(I),0,T) + Ucny(I') - (v = T') + §UC7Tw (v = D)2 (A24)
This is a Taylor series expansion around the point «; = I'. The transformation is exact, since U is
quadratic in ;. We omit the dependence of 7, on [ since 7(-) is a quadratic function.
The linear term, Uqr, (T)-(7;—T'), vanishes when integrated over the conditional distribution of private
signals in equation (14), [, Uem (D) (i —T)dP(yi]0, 2), because s vidP(y;0, z) = T. The quadratic
term, when integrated over the conditional distribution of private signals, is the variance of ~;

conditional on § and z: Ly (vi—T)2dP(y:]0, ) = 02, where 02 := S i1, YIdP(y)0, 2))2dP(y;]0, 2).

Thus, defining W(8,T,0,) := U(e + n(T),0,T) + %U(ﬂrwag, ex-ante welfare can be rewritten as:

E[U] = - W (0,T,0.,)dP(0, 2). (A25)

We notice that the first-best v* is the unique solution to Wp(é, ~v*,0) = 0. A second-order Taylor

expansion of W (6,T, o) around I =~* and o, = 0 gives:

W(éa f7 O-’Y) = W(éa ’Y*v 0) + WF(9~7 7*70) : (f - ’7*) + Wa»y(é7 ’Y*? 0) : U’Y

1 n . * = * 1 n . *
+ §WI—T(9”7 )O) ’ (F -7 )2 + §W0707(9)’Y ’O) : 0-3/' (A26)

Replacing Wr(6,~*,0) = 0 and Wo., (6,7*,0) = 0 and recognizing that f(é,z) (T — v*)2dP(8,z2) =
E[(T —~*)?] and Ji.2) 02dP(f, z) = E[(y; — I')?], we obtain

B[U] = EW(6,7°,0)] + 5 Uty + Upr) - BIE — 7] 4 SUsty B[~ T (A20)

Since Ucmyy + Upr < 0 and Ucmr, < 0, it implies that welfare is highest in the first-best:

E[U] <E[W(0,~",0)]. (A28)

The additional terms, §(Ucmyy + Urr) - E[(T —~*)% and U.m, - E[(7; — T')?], measure welfare losses
due to volatility and dispersion, as —(U.m,+Urr) can be interpreted as “social aversion to volatility”
and —U,m,, can be interpreted as “social aversion to dispersion.” See Angeletos and Pavan (2007)

for similar interpretations. O
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A.5 Proof of Proposition 1
Under UBR, firm i’s maximization problem leads to the first-order condition:

Ei[Ue(my () + £(@))] = 0. (A29)

Substituting 7, () = 7, (7: — o), then solving for ~;:

vi=To— M (A30)
Tyy
Consider the team-efficient allocation from Lemma 3:
e = (1 ¥ Ufj;) Eily] - g B (A31)
where 7* is the first-best greenness level (obtained in Lemma 2):
S LT3 R — ) (A32)

Ucﬂ"yfy + Urr Ucﬂ"y'y + Urr

We want to find a regulatory function f(§) such that the firm’s optimal choice under UBR given by
equation (A30) equals the team-efficient greenness, v/¢ (given by the general form of equation (A31)

without the ‘te” superscript on the last term). That is, we seek to satisfy:

Ei[f(@)] _ Ur e U o=
Lo — Trn <1 + UCM> Ei[y"] Ucﬂsz [T]. (A33)

Substituting in the expression for 4* from equation (A32) and taking expectations:

E'L q Uj U, 7F U ) 4 [
- BU@L_ (1 Uor ) (p, Uelsedo) U g ) U gy )
Ty UeTryy Ueyy + Urr - Ueryy + Urr <y

Multiplying through and simplifying, we want (A33) to hold, meaning we need:

- U , I U, ~ U
Bilf(@) = (T | g ) O

E[I" — To). (A35)

From the Taylor expansion of the utility function & provided in equation (3), we can derive:

Upr Uyq(co, 1g)
— o La 10 ERA, A36
Uc UC(COMUﬂ) ( )

Urr oUgq(co, 119) 2
=q = —a“ - ERA, A37
Uc UC(C(), N@) ( )
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and

Ur(pg,To)  Ug(co, po)
=a = a - MRS. A38
U. UC(C(), M@) ( )

Consider now the following candidate function:

. Ur(ue,To) | Upr ,;

Urr (T —Ty). (A39)

Using equations (A36), (A37), and (A38), and recalling the definition of ¢ from (2), leads to:

f(@) = a[MRS — ERA(q — po)] - (A40)

Take the expectation of this candidate function, conditional on household ¢’s information:

Eilf (@) = 0 Ol ) Mgy (Ad1)

Equation (A41) is identical to equation (A35), which is the required condition for the firm’s optimal
choice under UBR to coincide with the general form of the team-efficient action. Because the
candidate f(g) given by equation (A39) (or equivalently, (A40)) satisfies the necessary condition
(A35), it follows that under UBR, each firm’s optimal choice of greenness, ;, will be given by:

IT IT =
= (14 ) By — 2. A42
Y ( U, W) [v*] Uetyy L] ( )

This is the defining characteristic of the team-efficient equilibrium. Since each firm ¢ is acting

according to this rule, the aggregate outcome I' will be the team-efficient aggregate outcome, I'*.
Therefore, the regulatory function defined by (A39) (or (A40)) ensures that each firm chooses the

team-efficient level of greenness, 7/¢, in the unique linear equilibrium. O

A.6 Proof of Proposition 2

Substituting the budget constraint (26) into the utility maximization problem (25) yields:

max Ule + i — pgi, 0, 9:)- (A43)

Taking the first-order condition with respect to g;, then rearranging, we find the condition for

optimal greenness choice:

(Ad4)



Because Ur is linear in g; and U, is constant, condition (A44) implies that all consumers choose the
same level of greenness, g; = G for all i. Aggregating across all consumers, the total demand for
greenness is then [; g;di = G. Substituting G into (A44), we obtain the inverse demand function for

greenness:

Ur(6,G)

i (A45)

p g
Expanding Ur (6, G) around the status quo (g, ) using a first-order Taylor expansion (consistent

with Property 2), we have:

Ur(116.T0)  Upr (119, T
b= P(lg) o)+ er(ge 0)(9—M9)+

Urr(ue, o)
Ue.

(G —To). (A46)

We notice that the “price of greenness” in the hypothetical Cournot market has the same structure

as the UBR regulatory function, f(§), from Proposition 1:

f(G =a-MRS —a-ERA(A — py) — a® - ERA(I — Tp). (A47)

Consider now firms’ problem in this hypothetical Cournot market. Firm ¢ chooses its “greenness

output,” denoted by 75, to maximize household i’s expected utility:

max By |U(e + 7(vf) +p3, 0,19)] | (A48)

[

where 7(7f) is the firm’s profit (exactly the same function as before) to which we add the revenues

that the firm gets from selling “greenness,” and hence the new term pv{. The aggregate supply of
greenness is ['¢ = J;¥§di. Note that the firm is taking as given p and Ire (firms are infinitesimally

small). The first-order condition leads to:

0=E; [p + ﬂ-’Y’Y(’YiC - FO)]a (A49)
and thus
E;
V¢ =T ) (A50)
Ty

Substituting the expression for p from the inverse demand function (A46) into (A50), and imposing

the market-clearing condition I'¢ = G (since aggregate supply of “greenness” must equal aggregate

demand in equilibrium), we have:

1 T
e =Ty— B, Ur(po,T0) 4 Uor
Ty~ Ue Ue

Urr =

(0~ o) + (T = o) (A1)
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Substituting, we get:

1 _ .
Vf:Ibg—;—[a&MRS—a-ERAEJG—uM44f~ERAE4FC—Fd}. (A52)
vy

Equation (A52) is identical to the first-order condition for ~; under UBR (equation (A30) in
Proposition 1), implying ¢ = 4%¢. Thus, the UBR mechanism effectively creates a synthetic Cournot

market, achieving the team-efficient outcome. O

A.7 Proof of Proposition 3
The firm’s problem is to maximize (21), where consumption is given by:

¢ =e+m() + (v — D) f(@). (A53)

Substituting (A53) into the objective function (21) and taking the first-order condition with respect

to ; gives ; = I'g — w. Substituting f(§) from equation (A39) leads to:
1 - -
% =To =~ [Un(g,To) + Urr (B[] = To) + Upr (Bil6] — o) (A54)
TyyYe

From equations (8) and (33), we are given that:

Eil0] — 1o = (4 — o) + (= — o), (A55)
Ei[T] = Bo + ByEil6 — pol + B2(2 — o), (A56)

where the last equation follows from aggregating the conjectured form in equation (28).
Substituting (A55) and (A56) into (A54), and using our conjecture (28) yields:

1
Ty Ue

Bo + By(yi — pe) + B=(z — pg) =To — [Ur(ﬂe, I'o)

+ Urr (50 + 574%(%’ — pg) + </3y7; + 5z> (z — po) — F0>
+ Upr (:f’(yz — 1p) + %(Z - Me)) } (A57)

We equate coefficients for the constant term, the coefficients for (y; — pp), and the coefficients for

(z — up). First, solving for fp:

Bo=To—

- [Ur(pg, o) + Urr(Bo — To)l, (A58)
Ve
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and thus:

fo =T — m (A59)
Second, solving for 3,:
By = _Uc7lrw Urrﬁy% + Uer% : (A60)
yields:
By = — Ucmjjfﬂfrrry <0. (A61)
Third and finally, solving for ,:
B, = _U;rw {UFF (511:'_2 + ﬁz) + Uer:z] : (A62)

which, after substituting the solution for 3, from (A61), leads to

U U,
B, = T (A63)
Ucﬂ'v'y + Urr UCTF,WT + UFFTy
and thus, recognizing that % = = (Lemma 3, equation (17)):
1 U
B, = — LI} (A64)

1 —aUsmyy7 + Urrty

Equations (A59), (A61), and (A64) characterize the coefficients 3y, 5y, and 3, in terms of the model

parameters, and confirm equations (29) through (31) in Proposition 3. O

A.8 Proof of Corollary 3.1

From Lemma 3, we know that a = _U(c]%zw‘ We also know that Uprr < 0, U, > 0, and w4, < 0.

Therefore, v < 0. Consequently, as shown in equation (16) of Lemma 3, firm i’s expectation of the
average action of others, E;[I'*¢], enters with a negative coefficient, implying that firms’ actions are

strategic substitutes.

From Proposition 3, using the expressions for 3, and 3., we can directly calculate the ratio %:
By Ty Ty
B 173(1 ( Tz ( )
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Since o < 0, we have (1 — a)) > 1. Therefore:

By _q_)us T, (AG6)
B Tz Tz
This confirms that firms overweight their private information relative to the public signal. O

A.9 Proof of Corollary 3.2

We start first by writing the coefficients 8y, 3y, and 3, as functions of §, ~], and «, noting that

these latter three coefficients do not depend on oy, 7, and 7:

Bo = K, (A67)
(1- a)’{{UgTy
_ A68
By l+o3(ry —ary+12)’ (A68)
/{{037}
B (A69)

1 +o03(ty —ary + 7).

We aim to show that 887[1 > 0, where B = |8, +3:|. Since , < 0 and 8, < 0, we have B = —(5,+.):

. 1
B=ri <1+0'3(Ty(1—0é)+7'z) _1> (AT0)

Noting that x} < 0 and a < 0, points (a), (b), and (c) of Corollary 3.2 result immediately. O

A.10 Proof of Corollary 3.3

Consider a firm ¢ that unilaterally increases its private signal precision to T; = {1y, where { > 1. Let
[E’[] denote expectations conditional on this more precise signal. The first-order condition implies
the firm’s optimal greenness level, denoted ~;:

_E@]

/
Ty

(AT1)

We know from Proposition 1 that f(§) = %ﬂro) + UULCF(G~ — o) + UTFCF(IN‘ —T'y), which remains the
same as in the main model. Replacing this in (A71) yields:

Ur(po,To)  Ugr
Uettyy UeTyy

Urr

o (BT~ To). (A72)

(E5[6] — po) —

v =To —
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Make the following substitutions:

-2

E;[f] = ¢ - Ty i+ i 2, AT3
1] 09_2—1—5@—1—7'2”9 0'9_2+ny+sz 09_2—0—573,—&—72 ( )
Ei[T] = Bo + By(Ei[0] — po) + B=(z — po), (A74)

and replace the solutions for fy, §,, and (3, given in equations (29)—(31) of Proposition 3. Straight-
forward but tedious algebra (details omitted) then leads to equation (35) of Corollary 3.3:

(R
1+03(§Ty + 72)

(€= 1A+ oj7:)

1_
1+ 05(éry + 72)

vi=Bo+ By |1+ ] (yi — po) + B (z — o). (AT5)

We now demonstrate that firm i’s ex-ante expected utility (conditional on z, but before observing
y;) is strictly increasing in the precision of its private signal. From Proposition 1, we note that the

regulatory function can also be written as:

UF(QN f) Up(é, Fo) + Upp(f — Fo)

f@) = =7 = o . (A76)

Consider a second-order Taylor expansion of the utility function U(e + 7(v;) + (7 — I)f(§),0,T)

around the status quo point (y;,I') = (g, T'o):

Ur(6,T¢) + Upr(T —Tp)
U

U (e + (i) + (vi — f) 0, f‘> =U (6 + W(Fo),é, FO)
+0-(T'—To) + Ur(6,To) - (v — To) (AT7)

1 ~ 1 -
— iUFF . (F — Fo)Q + §UC7T77 . (%- — Fo)Q + Urr - (F — FO)(")’i — Fo).

This expansion is exact, given the linear-quadratic structure of the model. The expected utility

(conditional on both y; and z) is then

Ei[U] = U (e + (L), ,To ) + Ei[Ur(d, To)] (v — To)
1 ) , ) (AT8)
- §UFFE1’[(F —To)% + §Uc77w(%‘ —To)® + UprEq[I — T (7 — o).

Recall from Lemma 2 that the first-best greenness level is given by v* = & + k%(6 — 1), and that

ko =10 — % and K] = —%. We can therefore rewrite the expression for v* as
'Y* =T+ *UF(M% FO) - UQF(é - //JG) — Ty — UF(§7 FO) (A79)
Uc7r77 + UFF Uc7r'y'y + UFF
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Thus, we can write E;[Ur(0,To)] = —(Uemtyy + Urr)E;i[y* — T], which leads to:

_ 1 ) 1
Ei[U] = U (e + n(To),0,To) SURE(E = To)?] 4 5Ustyy (3 = To)?

(AS0)
- ((Ucﬂw + Urr)Ei[y* — To] — UrrEi[T' — Fo]) (vi = To),
or, using that o = — -JIr_
; g that o = — 2=,
~ 1 -
U] = U (e +m(I),6,To ) - SUrrE[(T' = To)’] + U Ty (i = To)?
(A81)

— Uety (1= @)Bs[y* = T] + Byl = To] ) (% — To).
Finally, recognizing from Lemma 3 that (1 — a)E;[y* — To] + oF;[T — Tg] = ~; — To:
_ 1 ~ 1
EiU] = U (e +w(T'),0,T0) = SUrrEi[(T — To)?) + SUcmy (3 = T0)* = Uy (3 — o) (A82)
5 1 = 2 1 2
= U (e+7(T0),0,T0) - SURTE(F = T0)%] = SUemoy (7 — Do), (A83)

Taking the ez-ante expectation (conditional on z), for both ~; and ~/, yields:

E[Ei[U]|z] = E[U (e + 7(T'o),0,To)|z] — 1UcﬁwE[(% —To)*|z] — %UFFE[(f —To)’lz],  (A84)

2

E[E;[U]|2] = E[U(e +7(T0),6,To)|2] - %UcﬂwE[(%‘ —T0)?|2] ~ %UFFE[(f —To)?le].  (A85)

The difference in ex-ante expected utilities is therefore:

1
AE[U]2] := E[E{[U]|2] ~ E[E:[U]|2] = —5Uemyy (E[(3 — T0)*l2] ~ El(3 —To)’l]) . (AS6)
From Propositions 2 and 3, we have v; — I'g = [f(q)] and v, — g = —W. Substituting these
into the expression for AE[U|z], we obtain:
AE[U)2]) = =22 (E[EAf (@)]2)2] - E[ELf ()2 A8T7
(Ul) = == (BIE{[f(@)I2] - E[E(f (@)]2]) (A8T)

Toyy

Applying the definition of variance, Var[X] = E[X?] — E[X]?, and the Law of Iterated Expectations:
E[E;[f(2))%|2] = Var[Ei[f(D)]|2] + E[f()|2)%, (A88)
E[Ei[f(q))?|2] = Var[Ei[f(q)]]2] + E[f(q)|2]. (A89)
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Substituting these into the expression for the difference in expected utilities, we get

AB[U]E] = 5 (VarlEL{F(@)]2) - VarlE{f@)]2) (A%0)

The term o Zi is positive (1, < 0 and U. > 0). The increased precision (7, = {7, £ > 1) implies

that the posterior belief about f(g) based on y, varies more than the posterior based on y;. Thus, a
more precise signal leads to a larger variance of the conditional expectation. This can be understood
from the Law of Total Variance (LTV). Denoting Var;[f(§)] as shorthand notation for Var[f(q)|v:, 2],
the LTV states that:

Var[f(q)|z] = E[Var;[f(q)][z] + Var[Es[f(q)]|z]. (A91)
In this setting, Var;[f(G)] is a constant with respect to both y; and z. Thus, we can write:
Var(f(q)|z] = Var[f(@)|y;, 2] + Var[E;[f(q)]|2], (A92)

Var[f(q)|2] = Var[f(q)|y:, 2] + Var[Ei[f(q)]|2] (A93)

Var[f(§)|z] is the same in both LTV equations as it depends on the distribution of f(§) given the
public signal, z, which is unchanged by firm #’s private signal precision. Since the precision of the

private signal is increased, we have Var[f(q)|y}, z] < Var[f(qd)|y:, z]. Therefore, it must be that:

Var[Ej[f(q)]l2] > Var[E;i[f()]|2]. (A94)

Plugging this result into equation (A90), we conclude that AE[U|z] > 0. Thus, the firm has a strict

incentive to increase its private information precision, 7. ]

A.11 Proof of Proposition 4

The social planner’s problem is:

max Eqp [U(e +7(15p), 0,70 (A95)

The first-order condition (FOC) with respect to g, is:

0= Esp [Ucﬂ"y(')/sp) + Up(é, 'Ysp)} . (A96)

Rewrite Ur (6, Vop) = Ur(6,Tg) + Urr(vsp — T'o) and Uemy (vsp) = Uemyny (sp — To), and substitute:

0=E [UCWW ('YSP —T'o) 4+ Ur (év I'o) + Urr ('YSP - FO)} . (A97)
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Solving for 7,,, we obtain:

Esp[Ur(6,T0)]

=T — . A98
T =0T Yoy + Urr (A98)

Taking expectation of equation (A79) conditional only on public information gives:

Esp[Ur(6,T0)]
B, [y = Ty — =207 20l A99
(7] 0 Uty + Urr ( )
Comparing this with equation (A98), we see that:

Ysp = Esp[77]- (A100)

We now compare the ex-ante expected social welfare under the social planner’s allocation to the

status quo. Define the difference in expected utility for household 4, conditional on y; and z as:

AU; = Ei[U(e + 7(7sp), 0, vsp)] — Ei[U (e + 7(To),0,To)]. (A101)

Write a second-order Taylor expansion of U around the status quo point (I',v;) = (I'g, I'):

Ule +n(%),0,T) = U(0,Tg, e+ m(To)) + Ur(8, To)(T' — To) + Uerr, (To) (7 — To)
(A102)
1 . , 1 )

+ §UFF(F —Tp)* + §Uc77'w(%‘ —Tp)~.

Since 7, (I'g) = 0, and evaluating the expression at v; = I = Vsp, the expansion becomes:

- - ~ Ucrny + U
Ule+m(vsp), 8.75p) = U6, To, e+ () + Ur(6,To) (sp — To) + =57 (55 —T0)*. (A103)
Thus, the difference AU, simplifies to:
~ Uc7T + U;
AU; = E;[Ur(8,T0)](7vsp — To) + #”(%p —Tp)2. (A104)
From equation (A98), we know that s, — g = _]&frng?}:ﬁ)] = 755:5@1[}21?}, where the second

equality holds because the social planner’s information set consists only of the prior and z. Thus:

~ ~ 2
~ —E[UF(G, FO)‘Z] Urr + Uc'ﬂyy —E[UF(Q, F0)|Z]
AU; = E;[Up(6,T A105
(Ur(6,To) Uty + Urr 2 UeTropy + Urr (A105)
-1 _ _ 1 )
= (E,[Ur(0,T0)E[Ur(0,T0)|2] — ~E[Ur(4,T0)|2)*) . Al
Gyt (BAUR . TOJEIUY 6. o)) — B0 T ) (A106)
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The welfare difference is the the ex-ante expectation E[AU;] = AWy, which averages over y; and z:

— —1 ‘ ] 7] _ 1 7] 2
AWep = i BV, TOJE . o) ] — G206 | (A107)

Recall that Up(6,To) = Ur(ug, o) + Upr (0 — pe). Also, Ei[f — pg] = 2 (y; — pg) + =(2 — pg) and

E[0 — pg|z] = TTTZP(Z — pg), where 7 = 0,2 + 7, + 7, and 75, = 0, > + 7,. Therefore:

Tz

Ei[Ur(8,T0)] = Ur(ug,To) + Upr (TTy(yz‘ — pg) + = (z — Ma)) ; (A108)

E[Ur(0,To)|2] = Ur(ug, To) + UQFTLZ(Z — ug). (A109)
sp

Substituting into the expression for AWy,:

-1 T T
AWy = ——————E{ |Ur(ug,To) + Usr | 2 (yi — LY ﬂ
» = U + Urr { [ (1, o) + Upr (T (i — po) + — (2 = o)

(A110)

T 1 T 2

X |Ur(pg, To) + Usr—(z — po) | — 3 Ur(pg,To) + Ugr—(z — Me)] }
Sp sp
Now, we expand the terms inside the expectation and apply the following rules:

Ely; — pol = Elz — po] = 0, (A111)
E[(yi — o) (2 — o)) = E[(0 — pg + &) (0 — po + £2)] = 03, (A112)
E[(z — p9)?] = Var(z) = 03 + 1/7,. (A113)

Expanding the product and taking expectations, then replacing 75, = o 247 and T = oy 2+ Ty

1 2,
AWy = lUr(ue,Fo)2 + ngafff; >0. O (A114)

Q(Ucﬂ'»y»y —|—UFF) 0 + 7

A.12 Proof of Corollary 4.1
Consider a firm facing a tax T per unit of emissions, £(y;). The firm’s objective function is:

max E; [U(e+ () = TEM),0,D)] . (A115)

Taking the first-order condition with respect to v; (and noting that firm 7 takes I as given) implies:

Ei[my (7i)] = TE[€'(7:)]. (A116)
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To implement the social planner’s solution, vs,, we need all firms to choose «; = vsp. Since the tax

is uniform and all firms are identical ex ante, we need to impose:

77’7('75;0) = Tg,('Ysp)7 (A117)

and noting that 7 (vsp) = Tyy(vsp — I'0), we must have

(’Ysp - FO)W'W
T—=-——— "1 A118
& (7mp) (A118)

Because 7y, < 0 and &'(7ysp) < 0, the sign of ¢ is dictated by the difference 75, — I'g. Since we have
assumed that green investment generates a positive externality, we have 7, > I'g and thus 7" > 0.
Consequently, the per-unit-emissions tax is strictly positive and ensures that all firms choose the

social planner’s greenness level 7g,. O

A.13 Proof of Corollary 4.2
When firm ¢ purchases @QQ; permits, its profit function is:

T = 77(772) - ppermitQi' (Allg)

Firms must hold enough permits to cover their emissions. Therefore, the quantity of permits

purchased, ();, must equal the firm’s emissions:

Qi = &) (A120)

The firm maximizes its expected utility. Substituting (A120) into the profit function:

max Ei[U(e + 7(7i) — Ppermit€ (7i), 0, T)]. (A121)

Taking the first-order condition with respect to 7; (the firm takes ppermit and I as given):
E’L’[UC(T(’Y(’W) - ppermitg,(Vi))] = 0, (A122)

or

Tr’Y’Y(’Yi - FO) - ppermitgl(’Yi) =0. (A123)

Since £'(v;) < 0 and £”(7;) > 0, the left-hand side of (A123) is strictly decreasing in 7;. It is also
strictly positive at 7; = I'g. Thus, for a given ppermit, there’s a unique v; > I'g that solves the FOC.
Because ppermit is uniform across firms, and 7 (-) and £(-) are identical for all firms, all firms will

choose the same level of greenness.
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The social planner aims to implement ~,,. In equilibrium, aggregate emissions must equal the total

permits issued, ). Since all firms choose v,, aggregate emissions are:
1
/O E(Yap)di = E(ap). (A124)
Therefore, to implement the social planner’s solution () must solve:
Q@ = E(sp)- (A125)

Substituting s, into the firm’s FOC:

Ty (’YSp - FO) - ppermitgl(’}/sp) =0. (A126)

Solving for the equilibrium permit price, ppermic and using the result of Proposition 4:

Ty (vsp — To) A
= —— . 127
Ppermit &l ('Ysp) ( )
Thus, the equilibrium permit price, ppermit, is identical to the Pigouvian tax, T'. O

A.14 Proof of Proposition 5

A household with signal y; compares its expected utility under the two regimes:

1. UBR: E;[U(cVBE §, TUBE)] where ¢V B = e+ 7(v;) + (vi —T) £(§). As shown in Proposition

1, 7; is the team-efficient greenness level under UBR. Furthermore, from Proposition 1, we

notice that the regulatory function can also be written as:

Ur(,1) _ Ur(8,7sp) + Urr (L = 7sp)

F@) == o . (A125)

2. Social Planner: E;[U(c?,0,7s,)], where ¢;7 = e + m(7sp).

The household votes for the social planner if the second expression is greater than the first; otherwise,

it votes for UBR. Define the difference in utility for household i as:

AU; == U(IBR 9 TUBRY —U(EP,0,v4p). (A129)

Take a second-order Taylor expansion of U (CZUBR, 0, fUBR) around the social planner’s solution:

U(Cz‘UBRa év fUBR) = U(Cfp7 é’ %p) + [UF(év 'Ysp) + UCW’V('YS;D)](% - 'Ysp)
1 ) 1 ) (A130)
- §UFF(F - ’78p)2 + QUCT‘-’W(’YZ' - ’Ysp)2 + UFF(F - ’Vsp)(% - 'Ysp)‘
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Substituting this expansion into AUj;, and using the fact that 7y (ysp) = 7y - (7sp — o), We get:

AU; = [Up(@, "ysp) + Ucﬂ"w(’}’sp - FO)](% - 'Ysp)
: ) . i (A131)
B §UI‘F(F — ’Ysp)2 + §UC7TW(%‘ - ’Ysp)2 + Urr(I' = vsp) (Vi — Vsp)-

The household’s voting decision is based on E;[AU;]. Given household i’s information set {y;, z},

Vsp is known, and so is ;. The only random variables are 6 and I'. Taking the expectation:

E[AU;] = Ei[Ur (8, vsp) + Uemtyy (vsp — L)1 (% — Vsp)

1 ) 1 ) (A132)
- §UFFEZ'[(F - 751))2] + §UC7TW(%‘ - ’Ysp)2 + UrrE[(I' = 7sp)] (i — Ysp)-
Make the following substitutions:
Ur(8,7sp) = Ur(uo, vsp) + Upr(9 — po), (A133)
~ 1 l1-«a X

B[l — ysp] = a(% — Yep) — Es[v* — vspl, (A134)

where the the latter comes from Lemma 3: v; = (1 — a)E;[y*] 4+ aE;[[']. Thus:

_ 1 .
Ei[AU] = [Ur (1, sp) + UsrEil0) — tg] + Uerryy (vsp = T0)l (% — Ysp) — 5 UrrEil (T = 75p)?]

(A135)

1

1 11—«
+ §Uc7fw(%‘ - %p)2 + Urr a(%’ - ’Ysp) -

E; [7* - ’YSP] (71' - VSP)'

Using the definition of a@ = _UICJTF:W and simplifying:

E; [AUi] = {UF(,UO,'Ysp) + UprE; [é - NG] + Ucﬂ"y"f(’)/sp - FO) + (UFF + UCWV’Y)EZ' [’Y* - 78;7]} (’Yz‘ - '}’sp)

1

1 ~
- iUcW“/W(%' - ’Ysp)2 - iUFFEi[(F - ’Ysp>2]~ (A136)

From the first-best solution (Lemma 2) and equation (A79), we can write:

* * _UI‘(N07 I 0) - U@FEi[é - Me]
E; — vep| = E; — Tl — (4sp — T'9) =
[’y Y. p] [7 o] (7. p 0) Uy + Urr

— (vp —To).  (A137)

Substituting and simplifying leads to:

E:[AU;] = {Ur(ug,vsp) — Ur(pg, To) — Urr(vsp — o)} (i — Ysp)

1 1 -
- iUcW’W(’Yi - 'Ysp)2 - iUFFEi[(F - '75;0)2]- (A138)
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Recognizing that Ur(ue,vsp) = Ur(pe,T'o) + Urr(vsp — o) cancels the first term:

1 1 ~
Ei[AU] = =5 Ucmyn (vi = Ysp)® — SUrrE:[(I' — Ysp)’)- (A139)

Since U, > 0, myy < 0, and Urr < 0, we have E;[AU;] > 0. O

A.15 Proof of Proposition 6

We examine how distrust affects the equilibrium. Individual learning about 6 remains unchanged,

but learning about the aggregate, T', is altered. Under the conjecture (28), household i perceives

the aggregate greenness as:

B =+, ( /] yidi — o) + Bz — o) (A140)
= Bo + By(pf + /1 — ©2¢; — pg) + B:(2 — pe). (A141)

Consequently, household ¢’s expectation of aggregate greenness is:

Ei [f‘z} = 60 + By(SDEi [é] - MG) + Bz(z - ,UG)' (A142)

We proceed by revisiting the relevant results.
Lemma 1 (Status quo allocation): Unchanged.
Lemma 2 (First-Best allocation): Unchanged.

Lemma 3 (Team-efficient allocation): Equation (A18), reproduced here, remains valid:

Ei{Ucm(vfe(y,-, z))} + Ei{Up(e + m(D(8, 2)),8,T(8, z))} — 0. (A143)

Taking the derivative and rearranging, we obtain

Uemry Bi[v1€ — 4*] + UrrE[T%¢ — +*] = 0, (A144)

which, as in Lemma 3, implies

U U -
i = <1 gz )Eim RAR I (A1)
Ueryy cTyy

Recall from Lemma 2 that v* = k{ + k7(0 — pp). Thus, E;[y*] is unaffected by distrust. However,
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E;[I'**] depends on the trust parameter, ¢. In the limiting case of complete distrust (¢ = 0), E;[T*]

becomes independent of 8, as seen from equation (A142). Still, the key result from Lemma 3, given

in equation (16), holds, and firms’ actions remain strategic substitutes.
Lemma 4 (Welfare Ranking): Unchanged.

Proposition 1 (Team efficiency of UBR): The function f(§) must still satisfy (A41):

Eilr(@) = T T g ) 4 ST

(B[] — Tp). (A146)

This yields the same functional form as in Proposition 1:

f(@) = a[MRS — ERA(q — )] - (A147)

Therefore, UBR is robust to distrust among economic agents.
Proposition 2 (Cournot equivalence): Unchanged.

Proposition 3 (Equilibrium greenness): Under distrust, the coefficients of the conjectured
equilibrium greenness, given by equation (28), are modified. To highlight the impact of distrust, we
express these coefficients in terms of xj, 7, and a, which remain unchanged from the no-distrust

case. The modified coefficients 3y, 3,, and (3. are:

. akipgoit, (¢ — 1
Bo = K L v ) , (A148)
14 05(1y + 72 — aTyp)

(1 - a)riogmy

By_

_ : A149
1+ Ug(Ty + 7, — aryp) ( )

_ KiopT
1+ Ug(Ty + 7, — aryp)

B (A150)

When ¢ = 1, we fall back on the original coefficients of Proposition 3 (see equations (A67)-(A69)).
Corollary 3.1 (Strategic substitutability and information weighting): Unchanged.

Corollary 3.2 (Information sensitivity): Points (a) and (b) of the corollary are unchanged.

For point (c), the sign of dependence of the information sensitivity on the precision of public
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information depends on the trust parameter . To see this, write

95 _ kiod(-1+ aodr,(~1+¢)
or, (1+ o3(ty + 7. —aryp))?

(A151)

The sign of this derivative depends on the sign of (=1 + acim,(—1 + ¢)). Since £} < 0, it follows
that 0B/0t, > 0 if and only if

(=1 4+ acgry(—1+¢)) <0, (A152)
or, equivalently, if and only if
>1+ = (A153)
7 ity

Finally, we check the dependence of I3 on the trust parameter ¢:

oB am“{agTy(Ty — oty +72)

—_— = — < 0. Al154
dp ~ (Lt 02y + 72— aryp))? (A154)

Corollary 3.3 (Incentives for Information Acquisition): Equation (A90) remains valid

under distrust:

AB[U]:] = 5 (VB (F(@)]2) - VarlE(F(@)|) > 0. (A155)

Thus, firms have a strict incentive to increase the precision of their private information.

Denote the difference in variances Var[E}[f(§)]|z] — Var[E;[f(§)]|z] by AV(E, ¢). We analyze how
the incentive for information acquisition, driven by AV(§, ), changes with the trust parameter ¢.
Recall that E] denotes the expectation after the firm increases the precision of its private signal y;

by a factor of £ > 1, and E; is the expectation with the original precision.

First, we substitute T' = By + 3, (00 + /1 — ¢2h; — pg) + B.(2 — pg) into the expression for f(q):

(@) = Il d0) TGy U0 5 ) (A156)
_ Urpo.To) | Uor 5
=0 ' (6 — po)
+ UUFF (Bo + B:(2 — o) + By (00 + /1 — 02¢i — pg) — Fo) : (A157)

Next, we compute the conditional expectations E.[f(§)|z] and E;[f(§)|z]. Given that z is observed,

the only remaining random variables in (A157) are  and ¢;. We have E[¢;]2] = 0. The conditional
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expectation of § given z and y; (with precision 7,) is given in equation (8):

Tz

————— (& — o). A158
e ) (A158)

~ T,
E[9 z,y] = + [ N O +
012, yi] = e - B (yi — 1o)

When the precision of y; increases by a factor of £, we replace y; with y; and 7, with {7,. Thus:

B8yl = i+ ——0 (i — o)+ —— (2 — ). A159
(012, yi] = po e S —— (yi — 1o) e B TZ( 1i6) (A159)
Substituting these into the expression (A157) for f(§), we are interested in the coefficients of y;
in the resulting expression, as the variance with respect to y; is what determines the difference
AV (&, ) = Var[EL[f()]|z] — Var[E;[f(d)]|z]. Let ¢, and ¢; be the coefficients of y; in E}[f(¢)|z] and
E;[f(q)|z], respectively. These coefficients are

037y (Ugr + UrrByp)
U(l+02(ry+ 7))

J ¢, (Upr + UrrBye)
! Ue(1+ ag(gry +7.))

and ¢ = (A160)

We also need the conditional variances of y; and y, given z. Using standard results for conditional

distributions of jointly normal variables:

Vol = -+ — % and Vel = LT (A161)
Yil#l = &ty 1+oTs bilel = Ty l4o3m
The difference in variances of the expectations is then:
AV(&, p) = (¢f)*Varlyj|z] — ¢ Var[y,|] (A162)
— 1)1, (Ugr + U, 2
- (€ — Ury(Uor + Urrbyp)” (A163)
Uz(og "+ 1y +7:2)(0p " + &y + 72)
This expression is positive since £ > 1. Substitute the solution for j3,:
UorT,
By = — = : : (A164)
Uentyy(op = + 1y + 72) + Urrryep
simplifying, then taking the derivative of this expression with respect to ¢ leads to:
) UrrUZ (€ — D2 m2(0:2 + 71, + T
LAV, ) = — g or(6 1) @g( o Ty T . (A165)
I (09" + &7y + 72) (Uemyy (09 * + 7y + 72) + Urrryp)

Under the assumptions Ugr < 0, m,y <0, 09 >0, 7, >0, 7. >0,U.>0,0< ¢ <1, Urr <0, and
& > 1, this derivative is negative. Therefore, the incentive for information acquisition increases as

trust () decreases. O
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A.16 Proof of Proposition 7

We examine how distrust affects the results from Section 3.

Proposition 4 (Social Planner’s solution): Unchanged.
Corollary 4.1 (Pigouvian tax on emissions): Unchanged.
Corollary 4.2 (Cap-and-Trade implementation): Unchanged.

Proposition 5 (Political viability of UBR): Unchanged.
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