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Abstract

We study economies with uncertainty and dispersed private information in which
externalities arise because individual actions jointly determine an observable aggregate
outcome. First, we characterize outcome-contingent “Coasean transfers” that achieve
efficiency by creating a synthetic market for the externality. Agents’ deviations from
the aggregate action are priced according to a schedule contingent on the realized
outcome. The resulting prices coincide with equilibrium prices in a hypothetical
competitive market for the externality and decentralize the efficient allocation. Next,
we characterize the informational properties of Coasean transfers. Because the transfers’
pricing schedule depends only on the realized outcome, dispersed private information
is aggregated without communication, bargaining, or state verification—in contrast
to standard quantity- and price-based policy instruments. Hence, uncertainty and
disagreement strengthen information aggregation. Finally, we show that Coasean
transfers are politically viable. We apply the analysis to the knowledge-spillover model
of Romer (1986) and the common-property resource model of Gordon (1954).
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1 Introduction

An externality reflects a missing market (Meade, 1952; Arrow, 1969). When agents cannot
trade the effects they impose on others, equilibrium allocations fail to internalize the social
costs of individual actions. In economies without uncertainty and with complete information,
the remedy is well understood: a regulator can impose a Pigouvian tax equal to the social
cost (Pigou, 1920), or agents can bargain to efficiency under well-defined property rights
(Coase, 1960). Both approaches operate by creating the missing market.

These remedies rely on informational conditions that are rarely satisfied. Pigouvian
taxation requires knowledge of the social cost of the externality, which may be difficult
or impossible for the regulator to obtain when information is dispersed across agents. As
Weitzman (1974) formalized, uncertainty forces the regulator into a second-best choice between
prices and quantities. Coasean bargaining becomes infeasible when agents are numerous. Even
with complete information, Ellingsen and Paltseva (2016) show that voluntary negotiation
breaks down in large groups due to strategic non-participation. Dispersed information further
compounds this breakdown, rendering decentralized trade impractical.

We show that uncertainty and disagreement need not be obstacles to efficiency. Instead,
they can be exploited through outcome-contingent transfers that create a synthetic market
for the externality. The regulator need not observe the underlying fundamentals, nor do
agents need to reveal their private information. Rather, the regulator commits to a price
schedule contingent on an observable aggregate outcome, and agents act based on their own
information. Conditioning transfers on the realized aggregate outcome induces agents to
internalize the social value of their actions while dispersed private information is aggregated
through the market equilibrium.

We consider an economy with a continuum of agents whose actions jointly determine an
observable aggregate outcome. Each agent’s welfare depends on this outcome, but no agent
internalizes their contribution to it. The efficient allocation cannot be prescribed, because
it depends on private information that the regulator does not observe. We show, however,

that it can be induced through a system of Coasean transfers: payments or charges to each



agent based on their deviation from the cross-sectional average, priced at a rate contingent on
the realized aggregate outcome. Specifically, agent i receives a transfer (a; — A)p(Q2), where
a; denotes the individual action, A the average action, and p(£2) the outcome-contingent
price. These transfers resemble futures contracts on the externality, in which agents take
positions relative to the average and settlements occur ex post at the realized price. By
pricing deviations from collective behavior, the transfer assigns social value to agents’ private
information.

We establish a formal market equivalence. Coasean transfers decentralize the same
allocation that would arise if the externality were traded in a competitive market, a benchmark
we refer to as the Coasean ideal. In this hypothetical market, agents supply socially beneficial
actions, with the equilibrium price determined by society’s marginal valuation of the aggregate
outcome, captured by the price schedule p(€2). Formally, this schedule coincides with the
Lindahl price of a public good (Lindahl, 1958). Under Lindahl pricing, agents face personalized
per-unit prices reflecting their valuations, yet demand the same quantity of the public good.
The resulting price p(Q2) ensures that each agent internalizes the social value of their marginal
contribution. This equivalence clarifies why Coasean transfers are effective: they unify
Pigouvian internalization of externalities with the Coasean logic of decentralized adjustment
through a single pricing rule.

This equivalence yields three implications. First, the equilibrium allocation is team-
efficient: it maximizes social welfare subject to dispersed private information that cannot
be communicated to a center (Radner, 1962). Coasean transfers attain this frontier without
reports, negotiation, or centralized information processing.

Second, the allocation satisfies a separation property. The regulator need only know
society’s valuation of the aggregate outcome and how that outcome responds to collective
actions. The regulator need not observe the distribution of fundamental uncertainty, the
structure of agents’ private signals, or heterogeneity in agent types; all private information
remains decentralized. As in a competitive market, the outcome-contingent price schedule
acts as a sufficient statistic encoding the information relevant for efficient pricing.

Third, Coasean transfers strictly dominate both Pigouvian taxation and cap-and-trade,



escaping the classical price-versus-quantity trade-off (Weitzman, 1974) by exploiting the
friction that activates it: dispersed private information. The mechanism nests these standard
instruments and the first best as limiting cases. When private information vanishes and agents
rely solely on common priors, the transfers replicate the optimal tax or quantity cap. When
agents’ information is perfect and they observe the fundamental state, the allocation under
Coasean transfers converges to the first best. In contrast, because the planner does not have
access to agents’ private information, the allocation under standard quantity- and price-based
instruments does not reach first best. The welfare gain from Coasean transfers therefore
measures the social value of private information: the surplus generated by aggregating
dispersed knowledge that neither instrument can exploit.

That Coasean transfers extract the social value of private information highlights a broader
point about information aggregation. Hayek (1945) argued that markets are indispensable
because prices encode dispersed knowledge that no central authority could collect. Our
analysis suggests a more nuanced interpretation. The schedule p(£2) is not a market price
formed through trading, but a rule fixed ex ante; yet it replicates the informational role of a
market price. Private information is never centralized: it enters the aggregate outcome (2
through agents’ actions and is reflected in equilibrium transfers. In this sense, regulation
operates with a “Quiet Hand”: it fixes a pricing rule, while decentralized actions embed
dispersed information into the market equilibrium. Coasean transfers thus show that the
aggregation property Hayek attributed to markets can be replicated by appropriately designed
policy instruments.

Coasean transfers harness uncertainty and disagreement by reshaping equilibrium incen-
tives. When society is averse to volatility in the aggregate outcome, the pricing rule induces
strategic substitutability. Agents are rewarded for deviating from the average action and
therefore place greater weight on their private signals. When uncertainty is high or agents
distrust one another’s information, this reliance intensifies, so that disagreement strengthens
incentives and improves information aggregation in equilibrium.

These incentives extend to information acquisition. By tying payoffs to the aggregate

outcome, Coasean transfers induce agents to expand their informational scope beyond purely



private concerns. Agents have incentives to monitor risks that affect the social outcome, even
when those risks are irrelevant for their standalone payoffs. In this way, Coasean transfers
generate social value from information that would otherwise remain uncollected or unused.

We assess the political viability of Coasean transfers by comparing them to the optimal
Pigouvian tax and the optimal cap-and-trade scheme. The welfare difference decomposes
into efficiency gains and distributional transfers. Efficiency gains arise from two sources:
individual flexibility, as agents tailor actions to private information rather than to a fixed
tax or quantity cap, and collective adaptability, as the aggregate outcome adjusts to the
realized state. These gains are strictly positive. Distributional transfers reflect heterogeneity
in agents’ valuations, creating winners and losers. When agents are homogeneous, these
distributional effects vanish and Coasean transfers command unanimity.

Finally, to illustrate the generality of the analysis, we apply the framework to two
canonical environments featuring opposite externalities. The first is a knowledge spillover
environment, which generates a positive externality; the second is a common-property resource
environment, which generates a negative externality. We formalize these environments using
the knowledge-spillover model of Romer (1986) and the common-property resource model of
Gordon (1954). We extend both environments to allow for dispersed information and show
that Coasean transfers implement team efficiency in each case. Thus, regardless of whether the
externality is positive or negative, or whether strategic interactions exhibit complementarity

or substitutability, the synthetic market created by Coasean transfers restores efficiency.

Literature. Our analysis builds on the coordination games literature (Morris and Shin, 2002;
Angeletos and Pavan, 2007). We use this framework to formalize the creation of a missing
market. This perspective unifies recent proposals for state-contingent instruments, such as
the carbon securities in Lemoine (2024) or the indexed subsidies in Colombo, Femminis,
and Pavan (2025). We show that outcome contingency is not merely a workaround for
unobservable fundamentals, but the mechanism that implements Lindahl pricing. A closely
related informational logic appears in Li (2023), who shows that, in a firm-level contracting

environment, profit-sharing contracts aggregate dispersed private information by conditioning



payoffs on a common outcome. Our transfer applies the same principle at the economy-wide
level, treating externality resolution as a shared social surplus. Finally, our result that
disagreement strengthens efficiency connects to work on heterogeneous beliefs (Banerjee,
2011; Dumas, Kurshev, and Uppal, 2009). We show that distrust, rather than undermining
coordination, intensifies reliance on private signals and improves aggregate outcomes.

Our work departs from the literature on policy analysis in economies with dispersed
information. Angeletos and Pavan (2009) characterize optimal tax wedges, extending the
Pigouvian paradigm to environments in which information is privately held. That approach
takes the tax instrument as given and asks how it should be adjusted to internalize externalities
under informational constraints. We take a different perspective, starting from the observation
that an externality reflects a missing market. The question is then which market is absent and
how it can be decentralized. Coasean transfers provide an answer: they replicate the allocation
that would arise if the externality were traded in a competitive market. The regulator need
not observe agents’ private information or the distribution of types. Information aggregation
emerges endogenously in equilibrium, through agents’ actions and the resulting aggregate
outcome.

The use of market-based instruments to regulate externalities is a central theme in
the general equilibrium literature on climate policy. Anderson and Duanmu (2025) embed
quota and emission tax systems in a fully specified Arrow-Debreu economy and show that
competitive equilibria exist and are constrained Pareto optimal. Their analysis provides a
rigorous general equilibrium foundation for cap-and-trade systems in which market forces
implement an emission target under complete information. Our analysis complements this
work by extending the market-based logic to environments with dispersed private information.
In such settings, we show that cap-and-trade pricing need not implement the team-efficient
allocation, whereas outcome-contingent Coasean transfers do.

The rest of the paper proceeds as follows. Section 2 introduces the model. Section 3 derives
the Coasean transfer, establishes its market equivalence, and analyzes the informational
requirements of the approach. Section 4 shows how Coasean transfers harness uncertainty

and disagreement. Section 5 generalizes the classical Weitzman (1974) price-versus-quantity



trade-off to environments with dispersed private information. Section 6 studies incentives
for information acquisition. Section 7 addresses the political viability of Coasean transfers.
Section 8 applies the framework to knowledge spillovers and common-property resources.

Section 9 concludes.

2 Model

We consider an economy with a continuum of agents, i € [0, 1], each choosing an action
a; € R. The aggregate action is A = fol a;di. Agent i has a cost parameter 7; > 0 and a
benefit parameter 3; > 0, which measures how sensitive the agent’s private benefit is to an
underlying fundamental 8 € R. The aggregate action and the fundamental, together with an

exogenous shock v € R, determine the aggregate outcome () via the linear technology

Q=rA+T(0,v), (1)

where £ > 0 and I'(d,v) depends on the fundamental and the exogenous shock.
Agent ¢’s utility consists of a private payoff component and a social-value component that
depends on the aggregate outcome. Without loss of generality, all agents have a common

endowment e. Agent ¢’s utility is given by

Private payoff

Social value

The term (;6a; is the agent’s private benefit from action a; and depends on the fundamental 6.
The term Za? is the convex private cost. The social value S;(2) captures agent i’s valuation
of the aggregate outcome. We assume that S;(-) is increasing and allow it to vary across
agents.

We refer to a collection of actions {a; }icjo,1] as an allocation. Expected social welfare,

W ({a;}), is the utilitarian sum of agents’ payoffs:
1 .
W({a)) = E U (e — 2 + i + sz-(sz)) dz’] ,
0

where E[] denotes expectations taken with respect to the social planner’s information set.



Because 2 is common across agents, welfare depends only on the average social value
S(Q) = ) Si(Q)di, which is increasing in Q.

In this economy, an externality arises because agents ignore the social value of their
actions when maximizing their expected utility. The parameter x in equation (1) governs the
strength of this externality: it measures how the aggregate action translates into the socially
valued outcome 2. Since £ > 0 and S;(€2) > 0, the model features a positive externality:
agents do not fully internalize the social benefit of their actions. The case of a negative
externality, with S/(Q2) < 0, is analogous. For the remainder of the paper, we impose the

following assumption on social preferences.

Assumption 1 (Concave Social Value). For each agent i, the social value function S;(-) is

twice continuously differentiable and strictly concave, i.e., S!'(-) < 0.

Assumption 1 ensures that the planner’s problem is well defined and that marginal social
value is diminishing in the aggregate outcome 2. Concavity implies aversion to volatility in
Q. As shown below, this property, together with x > 0, generates strategic substitutability in
agents’ actions.

Timing is as follows. Nature draws the state (6, ) and the cross-sectional distribution of
agent types {(1:, B, Si(+)) bicpoa]- At time ¢ = 0, each agent 7 knows its type (n;, 3;, Si(-)) and
observes private and public information about (0, v). Let Z; denote agent i’s information set,
and define posterior means m; g = E;[f] and m,;,, = E;[v], where E;[-]| = E[- | Z;]. Agents then
choose a; simultaneously without observing the aggregate action A. At time ¢t =1, 4, v, and

Q) are realized and payoffs accrue.

2.1 Status Quo Allocation

We begin by characterizing the status-quo equilibrium. In this benchmark, agents are atomistic
and maximize their private payoffs, taking the social value 5;(€2) as exogenous. Agent i

chooses a; to maximize

o T2 .
g}gﬂ}gEz e~ 5a; + Biba;| . (3)



The first-order condition is n;a; = B;E;[], so the optimal status-quo action is

5q _ Bz

a;

— M 0. (4>

%

Aggregating across agents yields A% = [, 1 5 L odi. If types (n;,3;) are independent of

posterior beliefs m; g, then

A% = </0 " dz) (/ m; 9d2> = Byiny,

-1
where my = fo m; pdi. Define H = ( fol n; 1di) as the harmonic mean of the cost parameters
and By = fol %dz as the average ratio 3;/n;. Since 5; > 0 and n; > 0 for all 7, both H and

By are strictly positive.
The status-quo allocation {a;?} induces the aggregate outcome Q%7 = kA% 4+ T'(0, v). We
use the unconditional mean of this outcome as a reference benchmark, denoted pgy. By the

Law of Iterated Expectations, E[mg| = E[6], so

p = B[] = kByE[0) + E[L'(6, v)]. (5)

Because the aggregate outcome (2 is observable, we treat pg as known to the regulator.

2.2 First-Best Allocation

We next characterize the socially optimal allocation under complete information. A full-
information planner observes the realized state (0, v) and the full profile of types {(n;, 5, Si(+))},
and then chooses an allocation {a/"} to maximize social welfare W ({a;}) state by state. The

following proposition characterizes the resulting first-best allocation.

Proposition 1 (First-best allocation). Under Assumption 1 and strictly convez individual
cost functions, with n; > 0 for all i, the unique first-best allocation {a{b}ie[o,l] satisfies, for

each (0,v) and i € [0, 1],

al’ = big, = —5'(Q7?), (6)

i i



where S'(Q) = [y SHQ)di. The aggregate action AT® = [} a{bdi is then the unique fized point

of the following equation

h_p K ar(,. qrv
A —BH9+HS</<A +T(0,v)), (7)

where H = (fol n[ldi)il and By = Olg—dz

By Assumption 1 and n; > 0, the first-best allocation is unique and characterized by the
first-order condition (6). Aggregation yields the scalar fixed-point equation (7). Since S’(-) is
strictly decreasing, the associated fixed-point map is continuous and nonincreasing, implying
a unique solution.

The first-best allocation maximizes utilitarian social welfare under complete information
but is infeasible in the environment we study, as it requires the planner to observe agents’
types and the realized state. This motivates the introduction of an efficiency benchmark that

respects the informational constraints of the economy.

2.3 Team-Efficient Allocation

We now introduce our efficiency benchmark. Following Radner (1962) and Angeletos and
Pavan (2007), we define the efficient allocation as the one that solves a utilitarian planner’s
problem. The planner chooses decision rules a;(-) mapping each agent’s private information
Z; into actions in order to maximize ex-ante expected welfare W ({a;}). The planner is
constrained by the informational structure: private information cannot be communicated or
centralized. Formally, the problem is one of functional optimization over admissible decision
rules.

This notion of efficiency differs from standard constrained-efficiency concepts in mech-
anism design (e.g., Mirrlees, 1971; Holmstrom and Myerson, 1983), which assume costless
communication and focus on incentive constraints. In contrast, the planner here faces an
informational constraint reflecting dispersed knowledge in the sense of Hayek (1945). The

planner does not observe the state (6,v) and assigns to each agent ¢ a decision rule that



depends only on Z;.!

Unlike individual agents, the planner internalizes the payoff externality generated by
aggregate action A through the outcome (). Efficiency therefore requires each agent to
internalize the expected marginal externality. The next proposition characterizes the team-
efficient allocation. Under concave social preferences and strictly convex individual costs, the
planner’s problem admits a unique solution. The optimal decision rules reflect the trade-off
between implementability and internalization of the payoff externality generated by aggregate

action.

Proposition 2 (Existence and Uniqueness of the Team-efficient Allocation). Under Assump-
tion 1 and strictly convex individual cost functions, with n; > 0 for all v, there exists a unique

team-efficient allocation {al}c17. This allocation satisfies

aﬁe = @mi,e + iEi[gl(Qteﬂ: with Q' = kA" + I'0,v), (8)

T i
where At = [} al°di.

Relative to the status quo (4), the team-efficient allocation (8) shares the same first term,
%m@g, reflecting the dependence of actions on agents’ private beliefs. The difference arises
from the additional term ;*E; [S7(€2%)], which induces agents to internalize the expected
marginal social value of their actions.

Relative to the first best (6), the team-efficient allocation (8) differs because the planner
cannot condition on the true state (0, ). Instead, optimal actions depend on agents’ private
estimates, so the team-efficient allocation is governed by the expected marginal social value
conditional on Z;, rather than by the realized marginal social value available in the first best.

When agents observe (0, ) perfectly, the team-efficient allocation coincides with the first

best.

IThis notion of efficiency is closer in spirit to constrained efficiency in general equilibrium with incomplete
markets (e.g., Diamond, 1978; Stiglitz, 1982; Greenwald and Stiglitz, 1986; Davila, Hong, Krusell, and Rios-
Rull, 2012). In those settings, the planner takes market incompleteness as given but internalizes pecuniary
externalities. Analogously, the planner here takes dispersed information as given but internalizes the payoff
externality.

10



2.4 Strategic Characterization of the Team-Efficient Allocation

To gain further insight into the structure of the team-efficient allocation, we make the following

parametric assumption on social preferences.

Assumption 2 (Linear-Quadratic Social Value). The average marginal social value function

S'(Q) is linear in Q and takes the form

S'(Q) = 51— (2 — pg),
for some sy > 0, where pg is defined in equation (5).

Assumption 2 delivers a linear-quadratic structure that is standard in the dispersed-
information literature (e.g., Angeletos and Pavan, 2007, 2009) and implies linear decision
rules. This specification arises, for example, when each agent’s marginal social value is linear,
SHQ) = 515 — 595(Q — pY), with 5, = [ s1:di and 5y = [ s9;di.

The following proposition characterizes the first-best and team-efficient allocations under

this specification.

Proposition 3. Under Assumptions 1 and 2:

(i) The unique first-best allocation {a{b}ie[o,l] satisfies

ﬁi R _ — s
af” = =0+ —[51 — 5(2" — pgh), (9)
i i
where
N KBy + (k2/H)5, + (k5o H) gl +T(0,v) (10)
B 1+ K25, /H '
1 e unique team-efficient allocation {a:®+}icio 1 satisfies the strategic form:
i) Th / t ent all | te 0,1] ) the strategi
ale = (1 - O‘) Bl + SB[ — 2By -2, (11)
(A H (2 ,r]z ,r]l H k]
Private Motive Strategic Motive Heterogeneity Correction

where a = —k255 < 0.

Under the linear-quadratic specification, first-best actions in (9) are linear functions of the

11



fundamentals. In the absence of the externality (x — 0), the first-best allocation collapses to
the autarky benchmark, under which the social optimum coincides with private incentives.

The strategic form (11) decomposes the agent’s action into three components. The
first term anchors the action to the agent’s expected first-best. The second term captures
the response to the expected aggregate action, scaled by the agent’s private cost n;. The
coefficient o measures the equilibrium degree of coordination; since @ < 0, actions are
strategic substitutes, so agents optimally moderate their actions when they expect others to
act more aggressively. The third term corrects for deviations from the population-average
type By.

This structure highlights two departures from Angeletos and Pavan (2007). First, the
strategic motive is heterogeneous: agents with higher costs (higher 7;) are less responsive to
expected aggregate action. Second, the heterogeneity-correction term vanishes only when
an agent’s type coincides with the population average (3;/H = By). For agents with above-
average private benefits (3;/H > By), this term is negative (since a < 0), attenuating the
excessive response implied by their idiosyncratic type and pulling their action toward the
team-efficient benchmark.

The last two terms in (11) reflect a single underlying force: society’s aversion to volatility
in the aggregate outcome. Because S” < 0, fluctuations in Q are socially costly. To dampen
such fluctuations, the planner induces agents to lean against the aggregate: when others are
expected to act more aggressively, each agent optimally moderates their own action. This
mechanism gives rise to strategic substitutability (a < 0).

The heterogeneity correction arises from the same force interacting with convex private
costs. Since marginal costs increase with action (1; > 0), cross-sectional dispersion in actions
is socially inefficient: producing a given aggregate A is cheaper when individual actions are
more aligned. The correction term therefore compresses the distribution of actions toward

the team-efficient average, reducing dispersion costs.

12



2.5 The Coasean Ideal: A Synthetic Market

The team-efficient allocation serves as the social planner’s target. In a decentralized economy
without intervention, however, this allocation will generally fail to arise, as atomistic agents do
not internalize the social value of their actions. The objective is therefore to design transfers
that implement the team-efficient outcome as a decentralized equilibrium. To motivate our
mechanism, we begin with an idealized market environment in which the externality is fully
priced. This construction creates the missing market that resolves what Arrow (1969, p. 58)
calls the “difference of prices between buyer and seller.”

In this idealized benchmark, the aggregate action A is priced at time 1, after the state is
realized. At time 0, agents choose their actions while anticipating the time-1 price. Let the
state be w = (0,v). Let A™*(w) denote the aggregate action realized in state w under this

benchmark, and define

Q™M (w) = KA™ (W) + T'(w).

We begin by determining pricing at time 1. Fix a realized state w and consider a Lindahl
(1958) pricing system for the aggregate action. Each agent ¢ is charged a personalized per-unit
price p;(w) for the aggregate action, reflecting their marginal valuation. Suppliers receive a

common producer price p(w) per unit. Budget balance in state w requires
A 1 .
pw) = [ pi)di (12

Given p;(w), agent i, as a “consumer,” chooses a desired level A of the aggregate action to

maximize net benefit,

max {Si (kKA+T(0,v)) — pi(w)A}.

An interior optimum satisfies

kS, (kA+T(0,v)) = pi(w). (13)

In a Lindahl equilibrium, the aggregate action is a public good: all agents face the same level

13



A™M (). Evaluating (13) at A™*(w) yields the personalized Lindahl prices,

pi(w) = kS, (kat(w)) . (14)

These prices are heterogeneous: agents with higher marginal valuations S;({2) pay more for
the aggregate action. Substituting (14) into the budget-balance condition (12) yields the

producer price,
plw) = /0 LS (Q™(w)) di = £S' (Q™(w)). (15)

The producer price in (15) depends on w only through the outcome Q™*(w), since the average

social value depends on w only through 2. We therefore write

P(Q) = kS (Q). (16)

At time 0, each atomistic agent i, as a “producer,” chooses a; taking the mapping € — p(2)

as given and forming expectations conditional on Z;:

max E; e — %a? + Bifla; + Si(Q™*) + H(Q™* ) a, ] .
Because agents are atomistic, their choice does not affect Q™ or H(Q™*). The first-order

condition yields

a; = &mz',e + iEi[ﬁ(kat)]- (17)

K3 K3

Substituting (15) into (17) gives

a; = &mw + E]Ei {gl(kat)} . (18)

i i
Condition (18) coincides with the characterization of the team-efficient allocation (8). Hence,
in this benchmark, pricing the aggregate action at time 1 according to equation (16) imple-
ments the team-efficient allocation at time 0. We refer to this benchmark as the Coasean
ideal.

This benchmark assumes an institution that, in each realized state, enforces the Lindahl

pricing identities in (14)-(16). A Lindahl equilibrium achieves constrained Pareto efficiency:

14



all agents agree on the aggregate level of the public good, and personalized prices align
individual incentives with the social optimum. However, computing the individualized
prices p;(w) requires observing each agent’s marginal valuation S.(2), which reflects both
preferences and beliefs. This informational requirement poses a fundamental implementation
challenge (see, e.g., Anderson and Duanmu, 2025). The next section instead constructs simple
outcome-contingent transfers that replicate the incentives implied by (15) without requiring

the regulator to observe agent-specific valuations.

3 The Coasean Transfer

Section 2.5 introduced an idealized environment in which the externality is perfectly priced
through a synthetic market, yielding the team-efficient allocation. We now show how to
replicate the outcome of that synthetic market in the original decentralized economy using a
simple transfer scheme based only on observables. This scheme implements the team-efficient
allocation without communication, bargaining, or state verification. We refer to it as the
Coasean transfer.

The key idea is to make agents trade deviations from the aggregate action at a price that
reflects the social value of the outcome. To this end, we assign each agent a transfer that is
proportional to their deviation from the aggregate action and priced by a function of the

realized outcome. Formally, the transfer to agent ¢ is

T; = (a; — A)p(92). (19)

Under this transfer scheme, agent ¢ solves:

max E; |e — %a? + Bifa; + S;(Q) + (a; — A)p(Q)| . (20)

a;

Because the agent is atomless, they take A and €2 as given. The first-order condition yields:

a; = émi,e + lEz [p(22)].

3 3

We now determine the pricing function p(€2) that implements the desired allocation.

Recall from Section 2.5 that, in the idealized Coasean market, the equilibrium producer price
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is given by p(Q) = kS'(Q). As shown in (18), behavior in that market satisfies

0= Do+ R[S (21)

7 2

To replicate the outcome of the Coasean market, the transfer mechanism must induce the

same first-order condition for all agents, regardless of their beliefs. Therefore, it suffices to set

p(Q) = KS'(Q). (22)

Thus, the optimal pricing rule sets the transfer price equal to the average marginal social

value. The following proposition formalizes the implementation result.

Proposition 4 (Coasean Transfer Implementation). Suppose Assumption 1 holds and agents
are atomless. If the requlator sets transfers of the form (19), with pricing rule (22), then the

resulting decentralized allocation coincides with the team-efficient allocation.

The transfer 7; = (a; — A)p(§2) operates like a futures contract: agent i takes a net
position (a; — A) that settles ex post at the realized price p(£2). This mechanism has several
useful properties. It uses only observables, that is, individual actions a;, the aggregate A,
and the realized outcome 2. It requires no reports of private beliefs or states. Finally, it is
budget-balanced ex post: [ T;di = [y (a; — A)p(Q) di = p(Q) fy (a; — A) di = 0. The Coasean
transfer thus replicates the Lindahl equilibrium with a single, outcome-indexed price.

The Coasean transfer aligns private incentives with the Coasean market by making each
agent face the average marginal social value of their action. Effectively, the mechanism
decentralizes the planner’s functional optimization problem from Section 2.3: the transfer
induces agents to voluntarily adopt the team-efficient decision rules a;(-) without direct
mandates. This result relies on three features of the environment: agents are atomless; the
externality operates through the aggregate outcome; and the observable €2 is a sufficient
statistic for the unobservable state w = (6, v) relevant for pricing the externality.?

Proposition 4 implies that implementing the Coasean transfer does not require the

regulator to observe agents’ private information. The transfer T; = (a; — A)p(Q2) depends

*Formally, € is a sufficient statistic because the payoff-relevant effect of the state w = (6, v) on welfare
operates entirely through the realized outcome Q. The average marginal social value p(2) = xS’(2) depends
on (0,v) only via €, so conditioning transfers on  captures all information needed to price the externality.
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only on the pricing function p(Q2) = x5'(Q) and on the realized outcome . In particular,
the regulator need not know the distribution of states (0, v), the signal structure, or the
cross-sectional distribution of private types (n;, 5, S;(+)).

The Coasean transfer therefore delivers a separation result: policy design depends only on
social preferences and technology, while all informational details remain decentralized. The
regulator specifies only the pricing rule p(Q), which depends solely on social preferences S(-)
and the technology parameter . All other information remains private. The mechanism is
anonymous, budget-balanced, and requires no reports. Agents’ private information aggregates
endogenously into the outcome €2, and pricing this single observable suffices to implement
the team-efficient allocation.

This approach resolves the span problem that arises in policy mechanisms that are linear
in the fundamentals (e.g., Angeletos and Pavan, 2009). Such instruments fail when shocks,
such as v or nonlinear functions of €, fall outside their span. Coasean transfers bypass this
limitation by conditioning directly on the realized outcome €2, which is a sufficient statistic
embedding all payoff-relevant uncertainty.

The same logic addresses a broader concern raised by Radner (1982, Section 1.6), who
argued that complete state-contingent markets are infeasible when the state space is too rich
for a workable contract system. The Coasean transfer replaces the entire state space with
a single outcome-indexed price p(2), thereby achieving the Coasean ideal with a feasible

instrument.

Interpretation under Linear Marginal Social Value. We now specialize to the linear-
quadratic case in Assumption 2. Although not essential for implementation, this restriction
imposes linearity on the marginal social value function S’(Q) = 5, — 55(Q — &) and yields a
transparent interpretation of the Coasean transfer price. Let ORA = 5, = —S”(Q2) denote
outcome risk aversion, i.e., the social aversion to fluctuations in 2, and MSV*? = 5, = S'(ug!)

the marginal social value at the status-quo benchmark. The Coasean transfer price is then

p(Q) = £k [MSV*? — ORA(Q — ud)] .
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The price consists of a baseline component, kMSV?*?, adjusted for deviations of the realized
outcome from the benchmark. The adjustment term reflects society’s aversion to outcome

volatility.

4 Harnessing Uncertainty and Disagreement

The Coasean transfer introduced in the previous section implements the team-efficient
allocation by conditioning the transfer price p(€2) on the realized outcome. We now study how
this mechanism interacts with the informational environment—specifically, how uncertainty
and disagreement shape the equilibrium allocation and how the mechanism remains robust
to departures from rational expectations.

We specialize the environment to a standard benchmark. The following assumption
imposes a simple parametric structure on the outcome process and the information structure.
This specialization allows us to derive closed-form solutions for the team-efficient allocation

and to characterize how uncertainty and disagreement shape equilibrium behavior.

Assumption 3 (Additive Outcome and Affine Information Structure). The erogenous
component I'(0,v) of the outcome 2 is additive and linear in the fundamental state 0 and the

noise term v:

I'@,v)=0+v.

Furthermore, the information structure is affine: for z € {0,v}, the average posterior belief

1s linear in the true state,

1
/ M di = Aoz + (1 — A\, (23)
0

where X, € [0, 1] measures the weight agents place on private signals (reflecting aggregate

precision of information about z).

Condition (23) obtains under Bayesian updating. For example, it holds when agents

observe signals of the form y; = z +¢; and (z, ¢;) are jointly Gaussian, and it extends more
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generally to elliptical distributions.® The result is robust to the number and composition
of public and private signals. Throughout the remainder of this section, we maintain
Assumptions 2 and 3 and further assume that agent types (n;, 3;, Si(+)) are independent of
posterior beliefs m; ,. We first examine how uncertainty shapes the team-efficient allocation

and then turn to the role of disagreement across agents.

4.1 Harnessing Uncertainty

We begin by characterizing the effect of aggregate uncertainty on the team-efficient allocation.
The following proposition establishes that the fixed point in equation (11) admits a closed-form

solution under Assumptions 2 and 3.

Proposition 5 (Team-Efficient Allocation under Linear-Quadratic-Affine Structure). Under
Assumptions 2 and 3, the team-efficient aggregate action is A'® = Cy + Cpf + C,v, with

sensitivity coefficients:

(BgH + a/k) g (a/K) Ay
C@ = ) C(l/ = T\ 0
H — alg H—a),
with o = —k?3, the efficient degree of coordination derived in Proposition 3. The constant

Cy does not affect the response to fundamentals and is provided in the proof.

Proposition 5 establishes that the sensitivity of aggregate action to the fundamentals
0 and v depends endogenously on the information precision parameters Ay and \,. These
parameters capture the weight agents assign to private signals, which increases with prior
uncertainty. The magnitudes |Cy| and |C, | are increasing in Ay and A,, respectively, with
9|Cy|/ONg > 0 whenever HBy + a/k # 0 and 0|C,|/d)\, > 0.

Thus, the equilibrium aggregate response to fundamentals adjusts endogenously to infor-
mational conditions. Higher prior uncertainty leads agents to place greater weight on private
signals, and outcome-contingent transfers aggregate these responses efficiently, yielding an

allocation that becomes more sensitive to fundamentals as uncertainty rises.

3In the Gaussian case, suppose y; = 2z + &; with 2 ~ N(u,,02) and &; ~ N(0,02) independent. Then
the posterior mean is m; , = A\,y; + (1 — X\,)u., where A\, = 02/(02 + 02). By the law of large numbers,
1 Coe s
Jo vidi = z, which implies condition (23).
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4.2 Harnessing Disagreement

Thus far, the analysis has assumed rational expectations. We now study how disagreement
about others’ information affects the team-efficient allocation. We introduce distrust, whereby
agents discount the informational content of others’ actions due to uncertainty about their
beliefs. This approach builds on work on learning and higher-order beliefs (Banerjee, 2011)
and is related to the sentiment-risk channel in Dumas et al. (2009).

We model distrust as a distortion in agents’ beliefs about the responsiveness of aggregate
action to fundamentals. For each fundamental z € {0, v}, we introduce a trust parameter
¢, € [0,1]. The case ¢, = 1 corresponds to the rational-expectations benchmark, while
v, < 1 captures distrust. To formalize this distortion, consider agent ¢’s beliefs about others’
private signals regarding a fundamental z € {6,v}. Agent ¢ fully trusts their own signal y;,
but views other agents’ signals y;, for j # 7, as less informative. Let y; denote agent i’s belief

about agent j’s signal. We assume that
Y = e+ @a(2 — ) + /1= 020i + ey, (24)

Here, ¢, captures the correlation that agent i believes agent j’s signal has with the true state
z, relative to their own. When ¢, = 1, agent ¢ believes others’ signals are structured like
their own. When ¢, < 1, agent ¢ believes others’ signals are distorted by an unobservable,
mean-zero noise ¢;, which weakens their correlation with the truth.

The next proposition characterizes the team-efficient allocation when agents distrust each

other’s information.

Proposition 6 (Team-Efficient Allocation under Distrust). Under Assumptions 2 and 3, with
distrust parameterized by (pg, ,), there is a unique team-efficient allocation. The individual
action al® satisfies the strategic form (11) from Proposition 3, but the expectation E; reflects
agent i’s distrust. The aggregate action is A = Cy + Cpf + C, v, with sensitivity coefficients

(BpH + a/k) g o - (a/K)\,
H—alpg Y H—alg,’

Cy = with « = —k%59 < 0.

The constant Cy does not affect responses to fundamentals and is provided in the proof.
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Distrust enters the agent’s problem through their perceived strategic motive, E;[A™], by
attenuating the inferred sensitivity of aggregate action to z. Since o < 0, the sensitivity coef-
ficients |Cy| and |C,| are strictly decreasing in the trust parameters ¢,y and ¢,. Proposition 6
implies that distrust increases aggregate responsiveness to fundamentals. With strategic
substitutability, agents who discount others’ information underestimate aggregate adjust-
ment and optimally respond more strongly to their own signals. The resulting equilibrium
aggregates these responses, leading to greater sensitivity to fundamentals than under rational
expectations.

A key implication of Proposition 6 is the robustness of Coasean transfers to distrust.
As established by Lemma 1 in the Appendix, the standard transfer scheme, T; = (a; —
A)p(€2), implements the team-efficient allocation without requiring the regulator to observe
or parameterize the degree of distrust, that is, the trust parameters g and ,. The pricing
function p(Q) = kS’(2) depends only on the social objective and the technology, and is
therefore invariant to agents’ beliefs. While the instrument itself is fixed, equilibrium behavior
adjusts endogenously. As distrust increases, agents perceive aggregate action to be less
responsive and optimally increase the weight placed on their own private signals. As a result,
aggregate responsiveness to fundamentals is amplified. Even in the limit of vanishing trust

(p, — 0 for z € {0,v}), the equilibrium allocation remains sensitive to the state.

5 The Price-vs.-Quantity Trade-off

The preceding analysis showed that Coasean transfers harness uncertainty and disagreement
by conditioning prices on the realized outcome. We now show that conventional instruments
cannot replicate this property. When the regulator is restricted to setting either a fixed tax or
a fixed quantity cap, the same uncertainty that Coasean transfers exploit forces a second-best
choice between stabilizing prices and stabilizing quantities.

We characterize the optimal tax and the optimal quantity cap in our environment and
show that the welfare ranking between them depends on the curvature of private costs relative
to social benefits—a version of the Weitzman (1974) price-versus-quantity trade-off. Coasean

transfers strictly dominate both instruments by escaping this trade-off entirely. Finally, we
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show that price discovery in a competitive permit market does not restore efficiency.

5.1 Optimal Price Instrument: Pigouvian Tax/Subsidy

We begin by contrasting the Coasean transfer with the standard Pigouvian tax or subsidy.
Suppose the regulator is restricted to a single, uniform tax or subsidy 7 on individual actions
a;, set ex ante and independent of realized outcomes. The regulator chooses 7 to internalize
the expected marginal externality and maximize social welfare.

Given a uniform tax 7 on a; and a lump-sum rebate R = 7A of aggregate tax revenue,

each agent 7 takes 7 and aggregates as given and chooses a; to maximize expected utility

max E; e — %a? + Biba; + S;(Q) — Ta; + R| . (25)

The agent’s best response to a given 7 is

tas () — DilMio 7T (26)

a
(A
b

The regulator chooses the tax rate 7 to maximize ex-ante welfare, taking into account how

agents optimally respond to the tax. Formally, the optimal Pigouvian tax solves

max [/01 (e - %af‘”(T)Q + Bifal™ (1) + SZ(Q(T») dz} ,

where Q(7) = kA (1) + T'(0,v) is the resulting outcome and A"*(7) = [ a'®(7)di is
the corresponding aggregate action. The following proposition characterizes the optimal

Pigouvian tax in closed form.

Proposition 7 (Optimal Pigouvian Tax/Subsidy). Consider a uniform tazx or subsidy T
per unit of action. Under Assumptions 1 and 2, and assuming agent types (B;, ni, Si(+)) are
independent of posterior beliefs m; ., z € {0,v}, the unique welfare-mazimizing Pigouvian
rate T* s

H
= —KS : 27
T KS1—— (27)

The optimal Pigouvian rate satisfies 7% = —kE[S"(Q(7*))]: it is a tax when S'(Q) < 0 and a
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subsidy when S'(Q) > 0.

The regulator sets a baseline tax (—k5;) scaled by the factor H/(H — «). Since a < 0, the
market’s own strategic forces naturally dampen the externality, lowering the magnitude of the
tax. Implementing the optimal tax requires the regulator to know the technology parameter
Kk, social preferences (5; and S3), and the curvature of private costs H. By contrast, the
Coasean transfer relies only on social preferences, the technology, and the realized outcome €2
(relative to the observable status-quo benchmark pg), but does not require knowledge of H.

The next corollary shows that Coasean transfers nest the optimal Pigouvian instrument

as a special case when private information is absent.

Corollary 7.1. Suppose agents have no private information about (0,v) beyond the public
prior, so that posterior beliefs coincide with priors. Under Assumptions 1 and 2, the allocation
implemented by the Coasean transfer coincides with the allocation induced by the optimal

uniform Pigouvian tax or subsidy T* in Proposition 7.

Coasean transfers implement this Pigouvian outcome without requiring the regulator to
know the cross-sectional aggregate cost H. When private information is absent, the uniform
tax or subsidy emerges endogenously as a special case of the Coasean transfer, with rate

Tl = —KE[S"(Q)].

5.2 Optimal Quantity Instrument: Cap-and-Trade

We next consider the optimal quantity-based policy instrument, the natural counterpart to
the Pigouvian tax analyzed in Section 5.1. Suppose the regulator is restricted to setting a
single aggregate cap A“? on total action A, chosen ex ante on the basis of public information.
The regulator’s problem is to select the cap that maximizes social welfare.

Given a cap A°P and a competitive permit price P, with permit revenues rebated lump-
sum as R = PA°P, each agent ¢ takes P, R, and aggregates as given and chooses a; to

maximize expected utility

max E; e — %a? + Biba; + S;(Q) — Pa; + R| . (28)

23



The agent’s best response to a given price P is

. 51'77%,9 - P

a" (P)
U

1

(29)

For a given cap A°?, the competitive permit price P(A“P) clears the market by equating
aggregate demand to the fixed supply, so that the induced allocation aggregates to A“?. The
regulator then chooses AP to maximize ex-ante welfare, anticipating that the permit market

implements this allocation. The following proposition provides the closed-form solution.

Proposition 8 (Optimal cap-and-trade quantity). Under Assumptions 1 and 2, and inde-
pendence of types and posterior beliefs, the unique welfare-mazximizing cap is

_ KS
Acap* — BH]E[Q] + H 1

. 30
— (30)
The expected permit price under cap-and-trade equals the optimal Pigouvian rate from Proposi-

tion 7, i.e., E[P(A“P*)] = 7*. The expected aggregate action under Pigouvian tazation equals

the optimal cap, i.e., E[A™*(7*)] = AP+,

Propositions 7 and 8 show that Pigouvian taxation and cap-and-trade are equivalent in
expectation: under cap-and-trade the expected permit price equals the optimal Pigouvian
tax, and under Pigouvian taxation the expected aggregate action equals the optimal cap. Yet
the instruments differ in their informational requirements. Setting the optimal cap requires
the regulator to know the expected fundamental E[f] and the average agent type By; the
optimal tax does not. Thus, although the instruments deliver the same average outcome,
cap-and-trade places a heavier informational burden on the regulator.

Beyond these informational differences, the instruments differ state by state. Under
cap-and-trade, aggregate action is fixed at A°P* while the permit price varies with agents’
information. Under Pigouvian taxation, the tax rate 7 is fixed while aggregate action adjusts
to realized information. The regulator therefore chooses between stabilizing quantities and
stabilizing prices. This is the price-versus-quantity trade-off emphasized by Weitzman (1974),

which we now characterize under dispersed information.
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5.3 Prices vs. Quantities

We compare expected welfare under Pigouvian taxation and cap-and-trade. Pigouvian taxes
let aggregate action respond to private information, increasing outcome volatility and reducing
welfare. Cap-and-trade fixes aggregate action, but convex private costs render permit price

volatility costly. The following proposition quantifies this trade-off.

Proposition 9 (Prices vs. Quantities). Under Assumptions 1, 2, and 3, the expected welfare

difference between cap-and-trade and Pigouvian taxation is

§2KBH

_ \ _
E[Wcap] _ E[me] — —HB%I (1 — ;) Og)\g -+ (2 -+ HBH)\Q)O'g)\g. (31)

Loss from Price Volatility Gain from Outcome Stabilization

The first term captures the private loss from price volatility under cap-and-trade. With
convex private costs, permit price fluctuations inherent to cap-and-trade lower expected
private payoffs. The second term captures the social gain from outcome stabilization. By
fixing quantity, cap-and-trade eliminates the amplification of fundamental shocks that arises
when agents respond to private information. The price-versus-quantity trade-off therefore
pits H (the curvature of private costs) against Sy (the curvature of social value).

Both terms are proportional to o3\g. When agents have no private information about 6
(Mg = 0), the instruments deliver the same welfare and the trade-off disappears. Dispersed
information is thus the friction that activates the trade-off. Weitzman (1974) analyzed the
limiting case A\g = 1, where firms observe the state perfectly after the regulator acts. Our
analysis extends the trade-off to environments with dispersed information.

Coasean transfers obviate this trade-off by internalizing the informational friction that gives
rise to it. Because they implement the unconstrained team-efficient allocation, they strictly
dominate both standard instruments whenever \g > 0 or A\, > 0.* Agents’ informational
advantage over the regulator, captured by Ay > 0 or A, > 0, enables outcome-contingent

transfers to implement the efficient allocation, without requiring a choice between price

4In the proof of Proposition 10, Lemma 2 formally derives the welfare difference between Coasean transfers
and the optimal Pigouvian tax. It shows that the gain is strictly positive whenever agents possess private
information (Ag > 0 or A, > 0). A similar result holds when comparing with cap-and-trade.
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stability and quantity stability.

5.4 Can Price Revelation Restore Efficiency?

A natural objection to the claim that Coasean transfers strictly dominate standard instruments
is that cap-and-trade may also exploit agents’ informational advantage through price discovery.
In a rational-expectations equilibrium, permit prices aggregate private signals and may reveal
information about fundamentals. Because the price clears the market by equating aggregate
demand to the fixed cap, it reveals the aggregate signal driving that demand. This raises the
possibility that price discovery could restore efficiency and make cap-and-trade the preferred
instrument.

We show that this is not the case. Even under the most favorable assumptions for
cap-and-trade—mamely that the permit price perfectly reveals the fundamental state f—an
inherent limitation remains. Price discovery can improve allocative efficiency by reallocating
activity toward agents with lower costs or higher benefits, but it does not address the central
problem of pricing the externality.

We formalize this argument by comparing Coasean transfers with a cap-and-trade regime
in which the permit price fully reveals . Full price revelation alters agents’ actions but
does not change the regulator’s ex-ante problem. In particular, the optimal cap A“’* from
Proposition 8 remains unchanged and, as shown in the proof of Proposition 10, the equivalence
E[P(AP*)] = 7* continues to hold. The only effect of price discovery is therefore on expected
welfare. The following proposition quantifies the welfare gain from Coasean transfers relative

to cap-and-trade with full price revelation.

Proposition 10 (Coasean Transfers vs. Cap-and-Trade with Full Price Revelation). Under
Assumptions 1, 2, and 3, the expected welfare difference AE[W| = E[W*]| — E[W?] between

Coasean transfers and a cap-and-trade regime with full price revelation is

a? 02 No(a + kHBy)*c} 1
AE = viv - (1= A 2 9
. 262 (H — aly) " 262(H — a\g) 2( A0) Brety (32)

Allocative Efficiency Loss

Ezxogenous Stabilization  Fundamental Stabilization
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where Apey = [o (62/n;)di — HBY, >0, By = [y (8i/m:) di, and H = (fol n[ldi)_l.

The first two terms in (32) are strictly positive and favor Coasean transfers. They capture
the social gains from letting the aggregate outcome adjust to the exogenous shock v and
the fundamental 6. By pricing the externality directly, Coasean transfers induce agents to
respond to these shocks, adjusting the aggregate outcome. In contrast, cap-and-trade fixes
the aggregate ex ante, and price discovery cannot overcome this rigidity.

The third term is negative and favors cap-and-trade. It captures the value of perfect
information about 6, which lets agents allocate the fixed aggregate burden A efficiently across
heterogeneous types. This advantage arises entirely from the private component of the payoft
function (2) and is unrelated to the social objective of pricing the externality. If agents are
homogeneous (Ape; = 0), the advantage disappears, and Coasean transfers strictly dominate.

Proposition 10 clarifies the distinction between informational efficiency and social efficiency.
Price revelation under cap-and-trade improves the cross-sectional allocation of effort, but
the permit price P reflects the scarcity of the aggregate constraint rather than the marginal
social value of the outcome, S’ (). In this sense, cap-and-trade prices the constraint, not the

externality.

6 Incentives for Information Acquisition

Thus far, the analysis has taken the information structure as given and shown that outcome-
contingent Coasean transfers implement the team-efficient allocation under uncertainty and
disagreement. We now study how the same mechanism affects agents’ incentives to acquire
information. Coasean transfers operate along two margins. First, for fundamentals that
directly affect private payoffs (such as @), the dependence of transfers on the aggregate
outcome introduces an additional strategic motive—forecasting the state-contingent price—
which strengthens existing incentives to learn. Second, by tying payoffs to the aggregate
outcome €2, the mechanism creates incentives to acquire information about fundamentals
that do not directly enter private payoffs (such as v). As a result, agents optimally acquire

information about all fundamentals relevant for social welfare.
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6.1 Acquiring Information about the Fundamental 6

We first analyze incentives to acquire information about the fundamental §. To obtain
closed-form comparisons, we maintain the linear-quadratic-affine structure in Assumptions 2
and 3. In the status quo, agents acquire information about € only to improve the private
payoff term (;0a;. A Pigouvian tax, being fixed ex ante, does not affect this incentive, as it
shifts actions but does not alter their information sensitivity.

Under Coasean transfers, optimal actions depend on agents’ forecasts of the state-
contingent price, E;[p(2)]. Information about € therefore affects payoffs both directly
and through the induced price response. The next proposition characterizes when Coasean

transfers strengthen incentives to acquire information about € relative to the status quo.

Proposition 11 (Information Acquisition about 6). The incentive to acquire information

about 0 is strictly stronger under the Coasean transfer than in the status quo if and only if

—OéH(l + KBH)W)

O S el = an) (33)

Under strategic substitutability (o < 0), Coasean transfers induce agents to differentiate
their actions from the aggregate. The right-hand side of condition (33) represents this
strategic differentiation motive. The left-hand side is the private benefit 5;. For an agent
with large (;, the response to 6 is primarily driven by the private motive, leaving little
scope for information to affect strategic differentiation. Thus, condition (33) establishes that
Coasean transfers strengthen the incentive to acquire information for agents whose strategic

differentiation motive dominates their private benefit.

6.2 Acquiring Information about the Exogenous Shock v

We next analyze incentives to acquire information about the exogenous state v. In the status
quo, optimal actions depend only on agents’ beliefs about # and are independent of v. A
Pigouvian tax likewise leaves actions invariant to v, as it shifts the level of actions without
affecting their informational sensitivity. In both cases, information about v has zero marginal

value.
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Because the Coasean transfer price depends on the aggregate outcome 2, and 2 depends
on v, information about v affects payoffs through the price response. As a result, acquiring
information about v becomes payoff-relevant. The next proposition characterizes agents’

incentives to acquire information about v under Coasean transfers relative to the status quo.

Proposition 12 (Information Acquisition about v). Under Assumptions 2 and 3, Coasean

transfers create a strictly positive incentive to acquire information about v.

The logic parallels the case of 6, with one important difference. For v, there is no private
payoff motive to offset the strategic incentive induced by Coasean transfers. In the status quo,
v does not enter private payoffs, and agents optimally ignore it. Under Coasean transfers,
the state-contingent price depends on () and therefore on v, so agents must forecast v to
anticipate their payoffs. In the absence of any countervailing private incentive, the strategic
motive operates without attenuation, implying a strictly positive value of information for all
agents.

This comparison highlights a qualitative difference in how Coasean transfers affect in-
formation acquisition. For fundamentals such as # that already enter private payoffs, the
mechanism operates on the intensive margin by strengthening existing learning incentives.
For fundamentals such as v that matter only through the aggregate outcome, the mechanism
operates on the extensive margin by creating learning incentives where none exist in the
status quo. By linking payoffs to the aggregate outcome 2, Coasean transfers align private
information acquisition with the full set of fundamentals relevant for the team-efficient

allocation.

7 Political Viability

In this section, we study the political viability of Coasean transfers by comparing them to
the optimal Pigouvian tax from Section 5.1 and the optimal cap-and-trade scheme from
Section 5.2. To unify the analysis, let P denote the benchmark marginal price (]3 =7
under taxation, P = P under cap-and-trade) and let d@; and A denote the corresponding

individual and aggregate actions. An agent supports Coasean transfers over the benchmark
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when the expected utility difference, conditional on Z;, is positive. The following proposition

decomposes this welfare difference into an efficiency gain and a distributional component.

Proposition 13 (Coasean Transfers versus Standard Instruments). Fiz agent i with type
(Biymiy Si(+)) under Assumption 2. Let af* and A denote individual and aggregate actions
under the Coasean transfer, and let a; and A denote the corresponding actions under the
benchmark regulation. Define Aa; == af* —a; and AA := A — A. The agent’s expected utility

difference admits the decomposition

Eilui" — @] = AST + AP, (34)
where
n; K2
AT = i(Aai)Q + 552 Ei[(AA)] (35)

is the efficiency gain and

AP = (50 E(AAV] + AE[(SUQ)~ 5'(0)AA] + Eil(a— A) (@) + P (36)

is the distributional component, which vanishes under preference homogeneity.

The decomposition in (34) reveals that Coasean transfers generate strictly positive
efficiency gains (equation (35)), while heterogeneity induces zero-sum transfers (equation (36)).
If agents are homogeneous (sy; = 52, S{(Q) = S'(2), n; = n, and B; = 3), the distributional
terms vanish. In this case, Coasean transfers Pareto-dominate both benchmarks and command
unanimous support.

The efficiency gain AT arises from two sources. The term % (Aa;)? reflects individual
flexibility: relative to the benchmark instrument, the Coasean transfer lets agents adjust their
actions more efficiently in response to private information. The term %ZégEi[(AA)ﬂ reflects
collective adaptability: aggregate action responds to the realized state, reducing outcome
volatility that is socially costly.

The distributional component A&t arises from preference heterogeneity and has three

sources. The term %2(52 — 59;)E;[(AA)?] reflects risk reallocation: transfers price aggregate
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volatility at the social average s, so agents with below-average curvature (sy; < S3) earn
a surplus by bearing risk for more risk-averse agents. The term «E;[(S/(Q) — §'(Q))AA]
reflects valuation heterogeneity, capturing differences between an agent’s marginal valuation
of the aggregate outcome (the Lindahl personalized price £5/(€2)) and the population average.
The term E;[(a; — A)(p(Q) + P)] reflects an agent’s net position in the externality: agents

with @; > A sell excess contributions, while those with a; < A buy them, with gains or losses

determined by the realized Coasean price relative to the benchmark price —P.

8 Applications

We illustrate the generality of the Coasean transfer by applying it to two canonical environ-
ments with externalities. The first is the endogenous growth model of Romer (1986), which
features positive knowledge spillovers. The second is the common-property resource model of
Gordon (1954), which features a negative congestion externality. In both cases, we extend

the original formulations to allow for dispersed information about fundamentals.

8.1 Positive Externalities: Knowledge Spillovers

We extend the two-period endogenous growth model of Romer (1986) to allow for dispersed
information about productivity. A continuum of firms ¢ € [0, 1] live for two periods. In
period 1, each firm is endowed with e units of the consumption good and chooses investment
k; € R in knowledge capital. Aggregate investment is K = fol k;di. Investment entails a
convex adjustment cost, so period-1 consumption is ¢;; = e — %k‘f In period 2, output is
co; = (0+vK)k;, where v > 0 measures the knowledge spillover: each firm’s investment raises
all firms’ productivity through the aggregate stock K. Firm ¢ maximizes total net output,

c1; + €95, SO its payoff is®

wiks, K, 0) = ¢ — gk:,? (0 + Kk,

®Romer (1986) models the cost of knowledge investment as foregone consumption, ¢; = & — k. We instead
assume a convex adjustment cost, %kf, which is standard in investment models and delivers an interior
optimum. The linear term —k; can be absorbed into the endowment normalization without changing the
equilibrium structure or the externality.
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We assume ¢ > 27 to ensure a well-defined equilibrium by making the private cost sufficiently
convex relative to the spillover. This setting maps to our baseline framework with a; = k;,
A = K, and k = . The key difference is that the externality enters multiplicatively through
production rather than additively through a separable social value function. Despite this
difference, the same market-equivalence logic applies, and Coasean transfers implement the
team-efficient allocation.

As in Romer’s original model, aggregate investment raises the social marginal product
of knowledge. We introduce uncertainty by assuming that productivity 8 ~ N(u,03) is
unobserved, with p large enough that 6 > 0 with high probability. Each firm observes a private
signal y; = 0+¢;, where g; ~ N'(0,02) isi.i.d. across firms. Let m; = E[0 | y;] = (1—\)u+ Ay,
where A\ = 0/(03 + 02) € (0,1) measures signal precision.

Lemma 4 in the Appendix characterizes the status quo and team-efficient allocations. In
the status quo, firms take aggregate investment as given, yielding the first-order condition
ck; = m; + vE;[K]. Under team efficiency, the planner internalizes the spillover, leading to

ck; = m; + 2+E,;[K]. Both can be written as

1
ki = —m; + O./EZ[K],
C

where a®? = v/c and o' = 2v/c. The optimal degree of coordination a'® is positive, reflecting
strategic complementarity: higher expected aggregate investment raises each firm’s marginal
productivity. Coordination is weaker in the status quo because firms do not internalize
knowledge spillovers.

Consider a regulator who imposes the transfer T;(k;, K) = (k; — K)p(K) with price

p(K) = yK. This price equals the Lindahl price obtained by aggregating marginal valuations,

1 auz
0 OK

1
di = / Vhidi = VK.
0

Under this transfer, firm ¢ maximizes E;[u; + T;], yielding

1 2
C C

Thus, Coasean transfers implement the team-efficient allocation.
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The allocation implemented by Coasean transfers nests the standard Pigouvian subsidy
and the first best. When private signals are uninformative (A — 0), firms rely on the prior
and the team-efficient allocation converges to K'® = /(¢ — 27), which coincides with the
outcome under the optimal Pigouvian subsidy. When information is perfect (A — 1), firms
observe 6 and the team-efficient allocation equals the first best K* = 0/(c — 27).

A Pigouvian subsidy fixed ex ante cannot reach this frontier. As A — 1, it induces an
aggregate response coefficient 1/(c — ), which is strictly smaller than the first-best coefficient
1/(c — 2v). Coasean transfers therefore interpolate between fixed Pigouvian subsidy and
state-contingent first-best efficiency, with the precision of dispersed information determining

the degree of responsiveness.

8.2 Negative Externalities: Common-Property Resources

We next consider a canonical negative externality: the open-access fishery model of Gordon
(1954). In this model, aggregate harvesting effort reduces the productivity of the fish stock,
generating a crowding externality that leads to overexploitation under open access.

Let e; denote the effort exerted by agent i, and let aggregate effort be £ = fol e; di. Total
catch depends on aggregate effort and on the size of the fish stock, which we write as a = a+96,
where 6 captures fluctuations in biological productivity. The aggregate production function

takes the form

_ cak
1+ cbE’
with ¢, b > 0. This specification captures diminishing returns to aggregate effort due to stock
depletion: as FE rises, congestion lowers average productivity.
To bring the model into our linear-quadratic framework and introduce dispersed infor-
mation, we linearize the production function around low congestion, cbF < 1, and assume

Gaussian uncertainty, 6 ~ N(0,02). This yields the approximation (derived in the Appendix)

L(E,0) ~ aF + B0E — vE?, (37)

where a = ca, 3 = ¢, and v = c?ab > 0. The term —vE? captures the crowding externality:

33



higher aggregate effort reduces marginal productivity for all agents.
Under open access, each agent receives the average product L/FE = o + 0 — yvE. With

convex effort costs %e?, agent ¢’s payoff is
m = e(a+ 0 —yE) — =e;.

Agents take F as given and equate private marginal cost to the average product, failing
to internalize the effect of their effort on aggregate productivity. As in Gordon’s original
analysis, this leads to excessive and overly volatile aggregate effort.

The structure of this environment is isomorphic to the Romer application, with one key
difference: the spillover parameter is negative. Aggregate effort reduces individual marginal
returns, implying strategic substitutability instead of complementarity. The team-efficient
allocation internalizes the crowding term —~vFE, resulting in lower and less volatile aggregate
effort. In this setting, the Coasean transfer prices each agent’s deviation from the average

effort at the state-contingent rate

so that agent i receives (e; — F)p(F). The price p(F) coincides with the marginal external cost
of aggregate effort. Agents forecast E using their private information about ¢ and optimally
reduce effort in anticipation of the transfer. As a result, the Coasean transfer implements the
team-efficient allocation by pricing congestion in the commons.

Taken together, the applications in this section illustrate that outcome-contingent Coasean
transfers restore efficiency in both positive and negative externality environments. The sign
of the externality determines whether the mechanism operates through a subsidy or a tax,

but the underlying market-equivalence logic is unchanged.

9 Conclusion

Externality regulation under dispersed information poses a fundamental challenge. Pigouvian
instruments require centralized knowledge that the regulator cannot possess, while Coasean

bargaining fails when agents are numerous. This tension has traditionally forced a trade-off
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between simplicity and efficiency.

This paper resolves the tension by recognizing that an externality is a missing market.
The solution is to create that market through outcome-contingent Coasean transfers. Pricing
agents’ deviations from the cross-sectional average at a rate contingent on the realized
aggregate outcome replicates the allocation that would arise if the externality were traded
competitively. The regulator need only observe the outcome and know its social marginal
value. Information about fundamentals, signals, and agent types remains dispersed.

The analysis reveals a broader principle. Uncertainty and disagreement, often viewed as
obstacles to policy implementation, can instead facilitate efficient decentralization. When
agents face greater uncertainty or hold divergent beliefs, they place greater weight on private
information, and outcome-contingent pricing aggregates these responses into the team-efficient
allocation. Informational frictions therefore strengthen, rather than weaken, decentralized
implementation.

The appropriate response to uncertainty is thus not to centralize information, but to design
instruments that decentralize its use. Coasean transfers achieve this by mapping observable
outcomes into prices. More generally, when aggregate outcomes summarize payoff-relevant

uncertainty, contingent pricing can substitute for direct observability of fundamentals.
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A  Proofs

A.1 Proof of Proposition 1

The social planner maximizes ex-post welfare state by state. Fix the state (0, ). The objective

function

W({as},0,v) = /01 <e ~ Lo + fiba; + S: (H /01 a;dj + (0, y)>> di (A1)

is strictly concave in the actions {a;};c[o,1] because the private cost functions are strictly convex

(n; > 0) and each social value function S;(-) is strictly concave in total activity (Assumption 1).
Thus, the first-best allocation exists, is unique, and is characterized by the first-order condition.

Differentiating the objective function (A1) with respect to a; yields

afb - ,819 + ﬂgl(be)

i (42)

where S(Q) = fol S;j(Q)dj. Integrating over the population ¢ € [0,1], we obtain the aggregate
condition Af® = ] %di + &S(Q) [} %di = By0 + £5(Q7), where By = Jo(Bi/mi)di and
H = (fol n; 'di)~'. Substituting Qf* = xA/® + T'(0,v) yields equation (7). To establish the
uniqueness of A/%, define the mapping ¥(A) = By6 + £5' (kA +T(0,v)). Since S/(-) < 0 for all 4,
we have S”(-) < 0, so the function x.S’(-) is strictly decreasing, which implies that W(A) is strictly
decreasing in A. Because the left-hand side of (7) is strictly increasing in A while the right-hand

side is strictly decreasing, there exists a unique fixed point A/* = W(AS 5). The individual actions

{a{ b} are then uniquely determined by the first-order condition (A2). O

A.2 Proof of Proposition 2

The utilitarian planner chooses decision rules a;(Z;) to maximize expected social welfare

W({a;}) = E [/01 (e B 4 i0i + si(9)> dz} ,

1
subject to: a;(-) is Z;-measurable for each i; A = / a;di; Q=rA+T(0,v).
0

The planner’s problem is a functional optimization problem. Unlike the first-best benchmark, in
which the planner selects state-contingent actions a; € R, the planner here chooses measurable

decision rules a; : Z; — R. We characterize the optimum using a variational argument, following the
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approach in Davila et al. (2012). In particular, optimality requires that the functional derivative of
the planner’s objective vanish for all admissible Z;-measurable perturbations.

Because (1 is common across agents, aggregate social value satisfies fol Si(Q)di = S(Q). By
Assumption 1, each S;(-) is strictly concave, and hence so is S(-). Since Q is an affine function of the
allocation {a;}, the composition S(kA + I'(0,v)) is strictly concave in {a;}. The private component
of welfare is strictly concave in a; for each agent because 7; > 0. Thus, for any realization of (6,v),
instantaneous welfare is strictly concave in {a;}. Taking expectations preserves strict concavity, so
the expected welfare functional W ({a;(-)}) is strictly concave in the decision rules. A unique global
maximizer therefore exists.

Let A\(0,v) denote the Lagrange multiplier associated with the constraint A — fol a;di = 0 in state
(0,v). The Lagrangian is:

A=E [/01 (e— Ziaf—i-ﬁiﬁai) di + S(Q) + \(0,v) <A—/01aidi)] :

The first-order condition with respect to the aggregate variable A in state (6, v) is A(0,v) = —xS'(Q).
The planner chooses the decision rule a;(-) to maximize the Lagrangian. Because a; must be Z;-
measurable, the optimal rule must satisfy the first-order condition pointwise conditional on Z;. To

see this, consider a perturbation a;(-) + €h(-), where h(-) is an arbitrary Z;-measurable function.

The first-order condition requires the derivative % to be zero at the optimum (i.e., when £ = 0):

dA

@l E[(=niai + B0 — M0, v)) h(Z;)] = 0,

or E[E[—ma; + Bi0 — A(0,v) | Z;) h(Z;)] = 0 by the Law of Iterated Expectations. Since this must
hold for all Z;-measurable functions h, the fundamental lemma of the calculus of variations (see,
e.g., Gelfand and Fomin, 1963, Section 1.3, Lemma 1) implies E [—n;a; + 8;0 — \(0,v) | Z;] = 0.
Substituting the expression for the Lagrange multiplier A(6,v) = —xS’(Q) we have —n;a; + ZE[0 |
Z,) + E[xS"(Q) | Z;] = 0. Using the notation m; s = E[f | Z;] and E;[-] = E[- | Z;], and rearranging

terms, we obtain equation (8):

0t = Dim g + TR (S (@) (A3)

7 - .
i i

To establish the existence and uniqueness of the equilibrium aggregate A, we appeal to the
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properties of the planner’s objective function. The welfare functional is:

W({a;}) =E [/01 (e - %a% + 51‘9617;) di+ S(kA+T(0,v))].

Under Assumption 1, each social value function S;(-) is strictly concave, and hence so is S(-).
Because the outcome (2 is affine in the allocation {a;}, the composition S(2) is strictly concave in
{a;}. The private component —%a? is strictly concave for each agent since n; > 0. It follows that

the welfare functional W (a;(-)) is strictly concave on the convex set of admissible decision rules,
defined as Z;-measurable, square-integrable functions.
A strictly concave functional admits at most one maximizer. Existence follows because the feasible

set is closed and the objective is coercive due to the quadratic cost term. The team-efficient
allocation {al¢} is therefore unique, and the associated aggregate outcome A*(6,v) = [; al® di is

uniquely determined. O

A.3 Proof of Proposition 3

Part (i) From Proposition 1, the first-best allocation satisfies the condition ma{b = Bi0+xS'(Qf?).

Substituting the linear average marginal social value function from Assumption 2, §'(Q) = 5, —
52(92 — pdl), yields the expression for the individual action, asz = %0 + st — 59(Q0 — ).
Aggregating across agents and using the definitions By = fol(ﬁi/m)di and H = (fgl n; tdi)L,
we obtain A" = By + £[5; — 52(Q/° — )], The aggregate outcome is Q/° = kA +T(6,v).
Substituting the expression for A/ yields Q" = kB0 + "“—H2[§1 — 5(Q — ] + T(0, v). Solving
for Qf? yields the closed-form expression stated in equation (10). Uniqueness is guaranteed by the

strict concavity of the objective function (S”(-) = —32 < 0).

Part (ii) The first-order conditions for the first-best (fb) allocation in (A2) and the team-efficient

(te) allocation in (A3) are:
nial” = Bif + kS'(QT), (A4)

maze = ﬁim@g + HEi[S/(Qte)]. (A5)

Taking the conditional expectation E;[-] of (A4) and subtracting it from (A5) yields

ni(alf — E; [afb]) = KE; [S'(Q) — §'(Q/Y)]. (A6)

2 7
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Under Assumption 2, the average marginal social value is linear with slope —ss. Consequently,
KE; [5”(9“) — g’(be)] = —K5E, [QF — be] = —r?5E;[Al — Afb]. Using the definition o = —x?5,

equation (A6) becomes

ni(al® — E; [afb]) = o [A" — AT, (A7)

(2 1
From Proposition 1, A’ = By + £5'(Qf"), where, using equation (A4), we obtain

B 1 B ) )
AT = Bp6 + ﬁ(ma{b — (i) =06 <BH - i;) + %a{b.
Taking the conditional expectation E;[] leads to E;[A%] = m, (BH - %) + BE; [a{b]. Substituting

into (A7) and rearranging terms yields the strategic form (11). O

A.4 Proof of Proposition 4

Consider the problem of agent i under the Coasean transfer T; = (a; — A)p(£2). The agent chooses

a; to maximize the expected payoft:

max E; |e — %a? + Bifa; + Si(Q) + (a; — A)p(Q)| .

a;

Since agents are atomless, they treat the aggregate action A and the outcome {2 as independent of
their individual choice a;. Thus, 9Q2/da; = 0 and Ip(2)/da; = 0. The first-order condition with
respect to a; is E;[—n;a; + B0 + p(Q)] = 0. Rearranging terms yields the optimal decision rule for
the agent, nja; = fim; o + Ei[p(Q2)].

By Proposition 2, the team-efficient allocation {al®} is characterized by n;al® = B;m; g+ 1 E;[S'(Q)].
If the Coasean transfer sets the price equal to the marginal social value, p(Q) = xS’(Q), for all
outcomes, then the agent’s optimality condition under the transfer matches the team-efficient
condition. Thus, the equilibrium allocation induced by the Coasean transfer coincides with the

unique team-efficient allocation. ]

A.5 Proof of Proposition 5

We first establish the coefficients for the first-best aggregate action Af*. From Proposition 1, Af?
satisfies the fixed-point equation (7): A/ = By + £5' (kA +T(6,v)). Under Assumptions 2
and 3, this becomes the linear equation HA/® = HBy0 + k[5; — 52(kAT" + 0 + v — pdl)]. Using

o = —r%5y, substituting —k52 = a/k, and collecting terms on A/ we obtain A*(H — a) =
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(HBu+a/k)0+(a/k)v+r51—(a/k)ugy. Thus, the first-best aggregate action is A/® = Jo+Jp0+J,v,

with coefficients
5, _ 59 HB
s = (ofmg - HButofw g O/K (A8)

Jo H-« ’ H—-—«a '’ H -«

For the team-efficient aggregate action A%, we postulate the linear form A = Cy+Cyf+ C,v. From
equation (A7) in the proof of Proposition 3, individual actions satisfy n; (al¢—E;[a f b]) = aF,;[Ate— AT

Dividing by 7; and integrating over the population i € [0, 1] yields
1
Ate _ / Jal® / E;[A%] — E;[AT))di. (A9)
0 T H

Under the affine information structure of Assumption 3, for any linear variable X = K+ K¢0+ K, v,
the cross-sectional average of expectations is fol E;[X]di = Ko + Kgmg + K,m,, where mg = (1 —
Ao) o+ Ng0, and m, = (1—\, ), +Apv. Since the first-best action a ® is linear in the state and agent
types are independent of signals, the aggregate expectation fo E; [ai ] di inherits the same coefficients
(Jo, Jg, J,,) as AT but applied to the average posterior beliefs. Specifically, write af = cpitcif+cyiv,

where the coefficients depend on agent i’s type. Then E; [ai } = co; + coim; g + cyim; . Integrating:

1 1 1 1
/ Ei[a{b] di = / coi di + (/ Coi dl) mg + </ Cui d’L) my, = Jo + Jomg + J,my,
0 0 0 0

where fol czidi = J, for z € {0,0,v}. Applying this to equation (A9), we equate the coefficients on
the fundamental 6: Cp—JyAg = 7 (CopAg— JoAg). Rearranging to solve for Cy gives Cp = Jphg L= jrim a/\g

Substituting the expression for Jy from (A8), we obtain

(HBpy + a/K) g

Cyp =

H —al)g
Similarly, from (A9), equating coefficients for v gives C,, —J, A\, = 5 (Cu A, —Jy Ay ), which, using (A8),
leads to
_ (a/r)\
G = H—a)\,’

Finally, from (A9), equating the constant terms yields

HJyg(1— Xg) e n HJ,(1—= X))y

Co=Jo+ H —alg H—a),
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To verify that uncertainty strengthens responsiveness, consider the magnitude |Cy|. Let N =

|HBpy + a/k| and D = —a > 0 (since a = —k%55 < 0). Then |Cy| = #j‘)@)\e. Differentiating with

respect to Ag yields a|,\9‘ = (HiVDI{)\Q

I which is strictly positive provided N > 0. The same logic

applies to |Cy| with N = |a/k| > 0. Thus, as prior uncertainty rises (increasing Ag or A, ), the

aggregate action becomes strictly more sensitive to the state. O

A.6 Proof of Proposition 6

We solve for the aggregate action A implied by the team-efficient allocation {aﬁe}ie[o,l] when agents

distrust others’ signals. The derivation of the strategic form in Part (ii) of Proposition 3 carries
over unchanged: agent i holds correct beliefs about the fundamentals (0, v), and distrust affects

only the forecast of A*. Thus, equation (11) continues to hold. Aggregating across agents yields

the fixed-point equation for the aggregate action:

Ate (1—)/11-3 ldi + — / E;[A]d (A10)

The first term, fol E; [a{ b] di, is unaffected by distrust because agents hold undistorted beliefs about
the fundamentals. From the proof of Proposition 5, Af® = Jy + Jy0 + J, v, with coefficients given in
equation (A8). Write azf = cg; + cgi0 + cuiv, where the coefficients depend on agent i’s type. Then

E; [alf b] = coi + cpimi g + cuim; . Integrating and using independence of types and signals:

1
/ Eila!")di = Jo + Joimg + Jym, (A11)
0

where mg = Mgl + (1 — Ag)pg and my, = A\yv + (1 — X)) .

For the second term in (A10), fol E;[At]di, we must explicitly account for how agent i forecasts the
actions of other agents j # 4 under distrust. We first conjecture the linear form A% = Cy+Cyf+C,v.
Because A = fol aéedj, the individual equilibrium strategy aze must be linear in the agent’s
private beliefs m;gy and m;,. Focusing on the fundamental 6, we note that the average belief is
Mg = fol mjedj = A 4+ (1 — Xg) 9. For the aggregate action to load on 6§ with coefficient Cy, the
te

individual action a“

;- must load on the belief m ;g with coefficient Cg/Ng. The same applies to v.

Thus, we can write the individual strategy as a =Ko+ ¢ oY mjo + %mj,y, where K is a constant

determined by the requirement that the strategy aggregates to Cy. Since [ alfdj = A', Ko must
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satisfy

C Cy
Co= Ko + TZ“ = Ao)o + (1= ). (A12)

Now consider agent i’s expectation of agent j’s action, denoted by E; [aﬁ-e]. This depends on agent

1’s expectation of j’s belief:

C
Ei[aée] = K() + iEZ [mj,g] +

. SR, m;). (A13)
0

Av

Recall that m; . = (1—X;)p. + Ay, for z € {6, v}. The distrust assumption in equation (24) implies
that agent ¢ views agent j’s signal as having a dampened correlation with the truth. Specifically,
E; [y;] = p, + @-(mi, — pz). Substituting this into the expectation of beliefs yields E; [m;Z] =
(T =)z + AE; [yﬂ = iz + A9z (M, — p). Substituting this back into the expression (A13) for

E; [az-e] :

1 1
E;[a}] = {Ko + Copig (>\9 - w) + Copi (/\ - cpu)] +Copomig + Copymi,.

Constant =K

Substituting Ky from equation (A12) into the definition of K| yields K = Cy + Cypua(1 — pp) +

Cyuy (1 — p,). We aggregate the expectations to find agent i’s forecast of the aggregate action:

1 1
Ei[A"] = E, [ /0 a?edj} = /0 Ei[a)dj = K{ + Copomio + Copmi,. (A14)

Note that since E; [ag-e] is independent of j, the integral over j simply returns the integrand.

We can now integrate (A14) over the population i (where fol mi di = m;):

1
/ E;[A"]di = K!, + Coparng + Copyimy. (A15)
0

Substitute (A11) and (A15) into the fixed-point equation (A10) to solve for the coefficients. Using

m, = (1 — X\;)pu, + A.z, matching coefficients on 6 and solving for Cy, we obtain Cy = %'

Substituting Jp from (A8) gives Cp = %. Similarly, matching coefficients on v and

Jo(H=—a) v _  (a/r)Ny
Hfa)\l,gol, - H*QAVQOV

substituting J, from (A8) implies C), = . Finally, matching constant terms
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yields:

Jo(a — H)gpg n Ju(a — H) Ay

Co = Jo+ J, Ju 1y )
0 o+ Jope + Jupy + H — ahooo H—aho,

with Jy, Jy, and J, given in (A8). Setting ¢y = ¢, = 1 recovers the coefficients in Proposition 5.
Since o < 0, |Cy| is decreasing in ¢y and |C)| is decreasing in ¢, . O
The following lemma establishes that the Coasean transfer implements the team-efficient allocation

under distrust.

Lemma 1. The Coasean transfer scheme T; = (a; — A)p(Q) with the pricing rule p(Q) = xS'(Q)
implements the team-efficient allocation characterized in Proposition 6, regardless of the degree of

distrust parameterized by wg and @,.

Proof. Consider the problem of agent ¢ who distrusts others’ signals, facing the Coasean transfer

T; = (a; — A)p(2). The agent chooses a; to maximize their subjective expected payoff:

max E; |e— %a? + Bifla; + Si(§2) + (a; — A)p(Q) | ,

where the expectation E; is computed using the distrustful beliefs about others’ signals defined in
equation (24). Since agents are atomless, they treat the aggregate action A and the outcome 2
(and thus the price p(£2)) as independent of their individual choice a;. The first-order condition
with respect to a; yields n;a; = fim; 9 + E;[p(£2)]. This condition matches the general form of the
team-efficient equilibrium derived in Proposition 2: n;al® = Bim; ¢ + KE;[S’(Q2¢)]. In the present
context, the operator E;[-] reflects the agent’s subjective (distrustful) beliefs defined in equation (24).
If the Coasean transfer sets the price equal to the marginal social value, p(Q) = xS5’(Q), the agent’s
optimization condition becomes identical to the team-efficient condition. Thus, Coasean transfers

implement the team-efficient equilibrium subject to the constraint of agent distrust. O

A.7 Proof of Proposition 7

The regulator determines the optimal uniform tax 7 by maximizing expected welfare subject to

agents’ best responses. Given a uniform tax 7 and a lump-sum rebate R = 7 A, agent ¢ maximizes

H}lain [(6 — 2&?) + Bi0a; + SZ(Q) —71a; + R|.
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Atomless agents treat the aggregates as exogenous. This yields the decision rule

tam(T) — 6imi,9 - T.

at A16
" (A16)

]

The regulator chooses 7 to maximize ex-ante expected welfare E[W(7)]. Because tax revenues

are rebated (R = TA), the transfer terms cancel out in the aggregate. Expected welfare is
E[W(7)] = [fo (e — Lalor (1) + Bi0al™* (1) + S;(Q(7))) dz}, where Q(7) = kA" (7)+T(0,v), and
At (1) is the aggregate action:

A1(7) = Byimg —

e (A17)

with mg = fol m; pdi. Defining the average social value S(Q) = fol Si(Q)di, we obtain E[W ()] =
[fo (e — Lal** ()% + B;0al™* (7)) di+5’(Q(7’))]. Because the best response al®(7) in (A16) is

linear in 7, the private-cost term —%al**(7)? is strictly concave in 7. Since Q(7) is linear in 7

and S is strictly concave, S(2(7)) is strictly concave in 7, so the objective is strictly concave.

Differentiating with respect to 7 and using (A16), we have

BV g ][ (<ot + 5i0) (— ) i + 82 250 (A18)

Using the individual first-order condition (A16), —n;al** (1) 4+ 8,6 = 7 + B;(6 — m; ), and noting
that E[0 — m; g] = 0, the integral term in (A18) reduces to —7/H. Since Q(1) = kA" (1) + '(0,v)

d]E[W] .

is affine in 7 with slope —x/H, it follows that = —7 — £E[S'(?)]. Setting this derivative to
zero characterizes the optimal tax/subsidy as
™ = —kE[S"(Q(T))]. (A19)

Assumption 2 implies —7* = k51 — k52 (E[Q(7%)] — pg)). Using E[Q(7*)] = kE[A"™*(7*)] + E[T'(0, v)]
and (A17), which gives E[A"* ()] = ByE[f] — 7/H, then replacing pg from equation (5) and using

o = —K?59 yields (27). Uniqueness follows from the global concavity of the welfare function. [
Proof of Corollary 7.1
With uninformative private information, the team-efficient first-order condition (8) becomes n;al® =

BiE[0] + KE[S'(Q2¢)]. Define 7¢ = —xE[S’(Q')]. Then a;(7'¢) = %}:#57 which coincides with the

private best response under a uniform tax (or subsidy) 7'¢ in (A16) when private information is
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uninformative. Aggregating and using Q¢ = Q(7t¢) = kA(7%¢)+T'(0,v) yields 7%¢ = —skE[S"(Q(7?))],
which coincides with the fixed-point condition (A19). By Proposition 7, 7t = 7*, so the induced

allocations coincide. O

A.8 Proof of Proposition 8

We derive the welfare-maximizing cap A“P* in two steps. First, we characterize the competitive
permit price for a given cap A“P. Second, we determine the cap that maximizes expected welfare.
Market equilibrium for a given cap. Consider a cap-and-trade system with a fixed supply of
permits A°P. The regulator auctions these permits at a market-clearing price P and redistributes
the revenue as a lump-sum rebate R = PA“P. Each atomistic agent i acts as a price-taker, choosing

a demand schedule a;(P) to maximize expected utility:

H}la_,X E; {6 — %af + Bifa; + Sz(Q) — Pa; + R},
where Q = kAP +-T'(0,v). Since S;(2), P, and R do not depend on a;, the first-order condition
yields the agent’s optimal demand:

_ Bimijg— P

: (A20)

Aggregating across agents, using independence of types and posterior beliefs, and defining mgy =
fol m; pdi, we obtain the aggregate demand under price P, A(P) = fol a;®P(P)di = Byimg — %.
Given the cap A“P, the market clearing condition A(P) = AP determines the unique permit price

(i.e., the aggregate inverse demand for permits):

P(A“P) = HBpymg — HA“P. (A21)

Regulator’s choice of the cap. Given a cap A“”?, the permit market described above generates
a competitive equilibrium with aggregate action A“®? and outcome Q = kAP +T'(0,v). Because
permit revenues P(A“P)A“P are rebated lump-sum, they cancel out in aggregate welfare. Expected

welfare is

E[W (AP)] = E[ /0 1 (e - %agap(P(Acap))Q + Bi0aP (P(AP)) + si(Q))di]

Separating the social value term and defining the average S(Q) = fol S;(2)di, then consider the private
payoff component of welfare, Wy, (A“P) = fol (e — La;™P(P(AP))? + B;0a;"? (P(A“P)))di. We dif-

ferentiate this term with respect to A°?. From the individual best response (A20), a;"*(P(A“P)) =

(2
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(Bimip — P(AP))/n;, and the price sensitivity from (A21), dP(A“P)/dA“P = —H, the sensitivity

cap cap cap
of the individual action is %% d(,fc(a? ) _ dZZP T = (—%)(—H ) = % The derivative of private

welfare is then ddVX’ZZ;” =H fol %Hdi —H fol a;®P(P(AP))di = HByf — HAP. Thus, the first-order

condition for the regulator is % = HByE[§] — HA? + kE[S'(k AP +T(,v))] = 0, which

under Assumption 2 becomes:

0= HByE[f] — HA“P + k51 — 5 (kAP + E[0(0,)] — i) (A22)
Solving for A“P*  then replacing pg from equation (5) and using o = —k25,, gives the unique
welfare-maximizing cap in equation (30). Since d*W (A%P)/d(A“P)? = —(H + x%53) < 0, strict

concavity implies that A““P* is unique.

Equivalence in expectation. We establish the two equalities stated in the text:

E[P(A“P")] = 7* and E[A(r*)] = A%P*, (A23)

For the first equality in (A23), compute first the expected permit price by applying the law of
iterated expectations to (A21), E[P(A°P)] = HByE[f] — H AP, then substitute the optimal cap

Acar* R[P(AP*)] = HByE[0] — H [BHE[H] + H_’:?%Q}. Simplifying yields 7* from Proposition 7,

E[P(AP)] = 7550 = 7,

For the second equality in (A23), note from equation (A17) that A*®(7*) = Bymg — 7*/H. Taking

expectations and replacing 7* from Proposition 7 yields E[A"(7*)] = ByE[6]+ % _';;?252 = AP*. [0

A.9 Proof of Proposition 9

Total expected welfare is the sum of a private component and a social component,

E[W] = E[Wpriv] + E[Wsoc]a

where E[W,i] = E [fol (e — La? + Bifa;) di} and E[W,] = E[S(Q2)]. We analyze each in turn.

Private component. Under the tax and cap regimes, individual actions are a{** = (8;m; 9 —7*)/n;

and a;"" = (Bym; 9 — P)/n;, respectively; see (A16) and (A20). The difference is Aa; = (7% — P)/n; =

d/ni, where § = 7 — P. We evaluate the welfare difference by performing a second-order expansion

of the private payoff W around the tax allocation a!

iy ;4%. Since private payoffs are quadratic, this
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expansion is exact:
ca t ! t . 1 1 2 5.
Wprﬁ; - Wp%} = /0 (—m‘aiax + Bif) Aa; di — 5/0 m(Aaz‘) di.

Substituting Aa; = §/n; and using the agent’s first-order condition (A16) under the Pigouvian
regime, —n;al® + 3,0 = 7 + B;(0 — m; p), yields

_ 62

ot*
cap tar __
Wpriv - Wpriv =

Under Assumption 3, the forecast error is 6 — my = (1 — A\g)(0 — pp) and mg — g = Ag(0 — pg).
We characterize the moments of 6 = 7* — P. Since E[P] = 7* by (A23), we have E[§] = 0. Using
the equilibrium cap-and-trade permit price (A21), P = HBping — HA®P* § is

6 = E[P] — P = —HBp(mg — pg) = —HBr Ao (0 — o). (A25)

This implies that the variance of § is Var(d) = H2B% 202 = Var(P).
Taking expectations of the welfare difference in equation (A24), the first term vanishes because

E[6] = 0. Using (A25), the expected cross-term in (A24) is E [5BH(0 - m@)} = —HB% (1 - N\g)oZ.

. . . 52 . HBN, o .
The expected quadratic term in (A24) is E [—ﬁ} = —5 Var(d) = ———=20j. Combining these
results yields the expected private welfare loss:
- A
BW;h) ~ BWje) = ~H B} (1~ 7 )ob. (A26)

Noting that Var(P) = Var(d) = H2B% 302, this loss can be interpreted as —;I_{iz Var(P). Thus,
the expected private welfare loss is driven by price volatility in the permit market.

Social component. The outcomes are QP = g A“P*+T(0, v) and Q%% = Kk AN (7*)+T(6, v). From
equation (A23), E[A"*(7*)] = A“P* so the expected outcomes are identical: E[QP] = E[Q!].
Under Assumption 2, the average social value function is quadratic with constant second derivative

5"(Q) = —52. We use an exact second-order Taylor expansion around the mean E[Q] to express the

expected social value:

E[S(Q)] =E |S(E[Q) + S"(EIQ])(Q - EQ]) — %(Q - E[Q)?|, (A27)
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which simplifies to E[S(Q)] = S(E[Q)]) — % Var(2) and yields

soc soc

S
E[Wer) — B[ler] — (S(E[pr] ) — E;Var(Qcap)) _ (S(IE[Q“”] ) — E;Var(Qm‘”)>

= % [Var(Qtax) — Var(Qcap)} : (A28)

Under Assumption 3, I'(d,v) = 6 + v. Cap-and-trade fixes the aggregate action at A“P*  so
Var(Q°P) = 03 + 02. Under the Pigouvian tax, equation (A17), A¥*(7*) = Bymgy — 7*/H, and
meg = (1 — Xg)po + Mg imply Q% = (1 + kByXg) + v + kB (1 — N\g)ug — “—17;, which gives
Var(Q%%) = (1 + kBg)g)?02 + 02. The difference in variances is then Var(Q!®) — Var(Q?) =

kBuXg(2 + kB g)o2. Substituting in equation (A28) yields

SokByg

E[Wol] — E[WEr] = (2 + KBrAg)0G As. (A29)

Combining the private (A26) and social (A29) components yields equation (31). O

A.10 Proof of Proposition 10

The proof has two parts. First, we characterize the equilibrium under cap-and-trade with price
revelation and show that the optimal cap is unchanged. Second, we derive the welfare difference

between the Coasean transfer system and cap-and-trade with price revelation.

Part 1: Cap-and-Trade with Price Discovery. We first characterize the competitive
permit price for a given cap A“P under a Rational Expectations Equilibrium (REE). We then
determine the optimal cap.

Consider a cap-and-trade system with a fixed supply of permits A°®P. The regulator auctions these
permits at a market-clearing price P. Agents observe P and the cap AP, and thus understand
that the price contains information about 8. Conjecture that the equilibrium price takes the linear
form P(A“P) = agf + a4 A“P. Given this conjecture, each agent infers 6§ = (P(A“P) — a4 A“P)/ay
and chooses the action

i (pacy) = P2 DAT), (A30)

Ui
Aggregating individual demands yields the aggregate demand function A(P) = By — %. Market

clearing requires A(P) = AP. Substituting the conjecture into the market clearing condition allows

us to match coefficients. We find ap = HBp and ay = —H. The fully revealing equilibrium permit
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price is therefore:

P(A“P) = HBy6 — HA“P. (A31)

The cap A“P is chosen ex ante to maximize expected social welfare. The regulator does not

directly observe #. With budget-balanced permit revenues, expected welfare is E[W (A“P)] =

E[ [y (e — Ba{™(P(AP))2 + Bi0ai™ (P(AP)))di + S (kAP + (6, v))].

(]
As in the proof of Proposition 8, consider the private payoff component, Wy, (A°P), and differentiate

with respect to AP, Substituting the first-order condition 3;0 — n;a;"¥ = P(AP), the derivative of

the private component equals the competitive permit price:

AWpriv 1 da$™ Udal™
— 29 —n cap ) di = P Acap 7 di =P Acap .
dAcap /0(5 13 ) gaean ¥ = LA™ | Rt = PAT)

cap
To see that fol %di = 1, note from (A30) that a;"” depends on A®P only through the price P(A“P)

obtained in (A31). Thus, ;izzz = 77—11 dgip = % Integrating across agents yields fol %di =
H [y Ldi=1.
Thus, the regulator’s first-order condition is % = E[P(A“P) + kS'(kA“? +T(0,v))] = 0.
From (A31), we compute the expected permit price:

E[P(A“P)] = HByRE[0] — HA“?. (A32)

The expected price expression (A32) depends on E[f], just as in the cap-and-trade case without
learning from prices, and similarly for the expected marginal social value. Therefore, the optimality

condition is identical to the one derived in the proof of Proposition 8, equation (A22), 0 =
HByE[f] — HAP* + H[El — So(kA“P* + E[I'(0,v)] — ,ugq)]. Thus, the optimal cap A°P* remains

as in Proposition 8, equation (30).

We further verify the equalities

E[P(A“P*)] = r* and [E[A"%(%)] = A%P*, (A33)

For the first equality, substitute the optimal cap A°P* into the expected inverse demand (A32),

E[P(ACap*)] = HBHE[H} — H [BHE[Q] + I‘,;ila:| — —Hniloljl — r*
For the second equality, note that, from equation (A17), A'**(7*) = Bpging — 7*/H. Taking

expectations and replacing 7* from Proposition 7 yields E[A"?(7*)] = ByE[0] + £ = A“P*_ This
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is a cross-regime comparison between cap-and-trade with price discovery and Pigouvian taxation
without price discovery. This result holds because the aggregate action is linear in the average belief
mg. Since E[my] = E[f] by the Law of Iterated Expectations, the differing information structures
do not affect the expected aggregate action. Finally, since Q@ = kA + I'(6,v), we also note that
E[Qcap] — E[Qta.r]

Part 2: Welfare analysis. We evaluate the welfare difference E[W ] —E[W ] by decomposing
it into two parts relative to the optimal Pigouvian tax benchmark E[W/?%]:

E[W<!) — E[We] = (E[W™) - E[W**]) - (B[W"7] — E[W'*=]),

Lemma 2 Lemma 3

where WP denotes welfare under a cap-and-trade regime with full price revelation. Lemma 2 below
confirms that Coasean transfers strictly dominate the Pigouvian tax whenever agents hold private
information. Lemma 3 extends the Weitzman (1974) trade-off (Proposition 9) to the cross-regime

comparison between the cap-and-trade regime with full price revelation and Pigouvian taxation.

Lemma 2. The welfare gain of Coasean transfers relative to the Pigouvian tax is

a®Xo(1+ KBy Xg)?a? a’\,o?

E[WCt] - E[Wtax] = 2,€2(H _ a)\ﬁ) 25;2(H — a)\y) '

(A34)

Proof. As in the proof of Proposition 9, we decompose welfare into private and social components,

W = Wpriv + Wisoe, and analyze each in turn. The individual actions under each regime are

get — Bimio + Ei[p(Q)]

]

and al™ = M (A35)

Y i
Define the action difference Aa; = a$* — al® = §;/n;, where §; = E;[p(Q)] + 7* represents agent
i’s perceived price deviation from the fixed tax. A second-order (exact) Taylor expansion of WS,
around a{** leads to W, — Wi = Jo (—miate® + B;0) Aa;di—3 [y ni(Aa;)?di. Using the Pigouvian

first-order condition (A16), —n;al® + 3,6 = 7* + B;(6 — m, ), and substituting Aa; = &;/n;, we

obtain
wet. — wlhar — ~ /1 6;di + By /1 0i(0 —myp)di — L /1 62di. (A36)
pre e H Jo 0 ’ 2H Jo

We first show that the expected aggregate actions coincide, i.e., E[A!] = E[A!*]. Aggregating

the Coasean transfer actions a§’ from (A35) yields A% = Bymg + £ Jo E;[S(Q)]di. Taking
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unconditional expectations and using the linearity of S’(-) leads to

E[A%) = By + % (51— 52(KE[A”] + E[T(0,v)] — 1)) (A37)

Similarly, aggregating al® from (A35) yields A" = Bymg — 7*/H, which together with the
Pigouvian condition 7* = —sE[S"(Q!*)] = —E[p(2!%®)] yields an equation for E[A?®] identical
o (A37). Uniqueness implies E[A%] = E[A"*]. Since ( is linear in A and p(Q) is linear in €, we
also have E[p(Q2)] = E[p(Q2!9%)]. Therefore, E[5;] = E[p(Q%)] + 7* = E[p(2)] — E[p(2!**)] = 0.
To evaluate the expectation of the second term in (A36), we note that 0; is Z;-measurable and
E;[0 — mig] = 0. Thus E[0;(0 —m; )] = E[d; - E;[0 — m;g]] = 0. Consequently, the expected private
welfare difference (A36) reduces to E[Wr, | — E[W/e] = — o7 Var(6;).
Using the price function p(Q2) = k[51 — 52(2 — p¢)] and the outcome Q% = kA® + 0 + v, the
deviation is & = k81 — K52(E;[Q] — pg)) + 7%, implying Var(8;) = x%53Var(E;[Q]).
By Proposition 4, the Coasean transfer implements the team-efficient allocation, hence A = A%, As
shown in the proof of Proposition 5, the team-efficient aggregate action is linear, A = Cy+Cyf+C,v.
Thus, the conditional expectation of the outcome is E;[Q%] = kCo + (1 + £Cy)m; g + (1 + £Cy)m .
Since individual posteriors satisfy Var(m;,) = \,02 for 2 € {,v} and 52 = —a/k?, we have
Var(d;) = “—2 [(1+ £Cp)?Xgoi + (1 + KkC,)2N\,02]. Substituting this variance into the expected

private welfare difference E[W<, — W] vields

prw prw
[Wct ] . [Wtax] — _La72 |:(1_|_/<;,C )2)\ 0’2—|—(1—|—K}C )2)\ 0_2:|
priv priv] = 2H K/Q 0 2] [2] v vVl -

Next, we evaluate the social welfare difference. Equation (A27) shows that E[S(Q)] = S(E[)]) —

2Var(Q2). Expected outcomes are identical across regimes, E[Q] = E[Q!?], thus E[W

soc] -

E(W!e] = % [Var(Q) — Var(Q)].

Under Pigouvian taxation, substituting A“* = By[\gf + (1 — N\g)ug] — 7*/H into Q' yields
Var(Qt) = (1 4+ kBg)g)? 09 + 02. Under Coasean transfers, substituting A% = Cy + Cyf + C,v

into Q< yields Var(Q) = (1 + kCy)?0 + (1 + kC,,)%02
Summing the private and social components, substituting 5 = —a/x?, and using the expressions
for Cy and C,, from Proposition 5, yields the decomposition in (A34). O

Lemma 3. The welfare difference between cap-and-trade (with full price revelation) and the
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Pigouvian tax is:

o2 5ok B _
E[W ]~ E[W'*] = = 0 [(1=x)B - HB}| + o2r 5 22+ KBy Ag)o2e, (A38)

where Bg) = fol (B2 /n)di

Proof. Under the Pigouvian tax 7%, the agent relies on the private signal m; . Under cap-and-trade,
the price P reveals 6. Therefore the agents optimize using the true value of the fundamental
§. The individual actions are a!*® = (B;m; 9 — 7)/n; and a;"” = (8;0 — P)/n;. We define the

P

action difference Aa; = a;"? — al®. Let & = 6 — m; ¢ denote the agent’s forecast error under the

tax, and let 6 = 7* — P denote the price surprise under the cap. We can express the difference

as Aa; = (Bi& +0)/m;. As before, WP — pytar — fol(—mafax + Bif)Aa;di — %fol ni(Aa;)?di.

priv priv

Using the agent’s first-order condition under the tax, —n;al® + B;m; 9 — 7 = 0, we substitute

2
—n;al®® + ;0 = 7 + B;&;. The integrand becomes (7* + (;&;) (ﬁ@M) o (%) . Expanding

the terms yields
wewr _ pytar /1 l |:7—*(5§ + 5) + 1/3252 — 1(52:| di
priv prwv 0 M 15 27t 2 '

Since E[¢§;] = E[] = 0, the linear terms 7%(5;&; + J) vanish in expectation (see (A33)). The expected
private welfare difference is then E[W] — E[W/%] = [ 21 B2Var(&)di — [y ZimVar(é)di. Under

prwv prw
standard Bayesian updating, individual posteriors satisfy m; g = (1 — Xg) g + Ag(6 + ;) with &; i.i.d.
mean-zero. By the law of total variance, Var(¢;) = (1 — A\g)oa. For 6, recall that P = HBy6 — HA
and 7" = E[P]. Thus 6 = —HBg(0 — E[f]), implying Var(§) = H2B%o0Z. Substituting these

variances and defining Bg) = fol (8% /m;)di, the private component is:

HB?
TP o2,

ax 1 (2
E[Wseh] — EIWi] = 5 (1= Xo)og By — =5

priv pTZ’U

We next consider the social component. As before, welfare differences are driven entirely by outcome

variances, E[W&P] — E[W!] = 32 [Var(Q'**) — Var(Q?)]. Under Pigouvian taxation, substituting
the aggregate action A = By —7*/H into the outcome equation yields Q'* = (14 xkByg)0 +
v + const. Thus, Var(Q%®) = (1 + kByXg)?02 + o2. Under cap-and-trade, the aggregate action is
fixed at A“P*, so Q%P = A“P* + 0 + v, implying Var(Q“P) = 02 + o2. Computing the difference

in variances yields Var(Q/%) — Var(Q°?) = kByg(2 + kByg)oz. Substituting this back into the
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welfare difference yields the final social component, E[WS%P]| — E[W!] = @(2 + kBpXg)od .

soc soc

Combining the private and social components yields the expression (A38) in the lemma. O

Derivation of equation (32) in Proposition 10. Subtracting the welfare difference in Lemma 3
from that in Lemma 2 yields the total difference E[W | —E[W<?] = (E[W | —E[W!**]) — (E[WP] —
E[1te]).

We group the resulting terms by source. The term involving o2 comes solely from Coasean transfers

oe2)\1,012,

(Lemma 2) and corresponds to the exogenous stabilization gain, TR —ar) "

The term involving
heterogeneity comes solely from the private component of cap-and-trade (Lemma 3) and corresponds

to the allocative efficiency loss, —3(1 — Ag)(Bg) — HB%)o32. The remaining terms involving o3

combine to form the fundamental stabilization gain. Specifically, subtracting the stabilization term

in Lemma 3 from the f-term in Lemma 2 yields o Ao(1 4B o) 03— gQKQBH (24 KBy Xg)oaNg. Using

2k2(H—aMg)
>, 2 2
5y = —a/k? and simplifying the algebraic fraction results in %. Summing these three
components yields the final expression in equation (32). ]

A.11 Proof of Proposition 11

The agent’s objective functions in the four regimes are given by: equation (3) in the status
quo; equation (25) in the Pigouvian tax regime; equation (28) in the cap-and-trade regime; and
equation (20) in the Coasean transfer regime.

In all four regimes, agent ¢ chooses a; to maximize an objective of the general form:

w; = E {—Zia? + aiMZ} +Cy, (A39)
where M; is the regime-specific marginal benefit (dependent on 6 and potentially Q) and C;
contains constant terms independent of a;. Specifically: in the Status Quo regime, M; = ;0 and
C; = e+ E;[S;(Q)]; in the Pigouvian Tax regime, M; = 3,0 — 7 and C; = e + E;[S;(Q) + R]; in the
Cap-and-Trade regime, M; = 3,0 — P and C; = e + E;[S;(?) + R]; and in the Coasean Transfer
regime, M; = ;0 + p(Q2) and C; = e + E;[S;(©2) — Ap(Q)].

The first-order condition is n;a; = E;[M;]. To evaluate the ex-ante expected payoff E[u;], we
substitute the optimal action back into the objective. Because we evaluate the payoff for a
fixed agent ¢, n; is a deterministic parameter. Considering the terms that depend on a;, we have

E [-%a? + a; M;] = —"LE[a?]+E[a; M;]. By the Law of Iterated Expectations, E[a;M;] = E[a;E;[M;]].
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Using the first-order condition E;[M;] = n;a;, we have E[a; M;] = E[a;(n;a;)] = n;E[a?]. Substituting
this back in (A39) yields:

Efu;] = 2 E[a?] + :E[a?] + E[C}] = T Ela?] + E[Ci]. (A40)

Let the optimal action be linear in the posterior belief: a; = K;m; ¢ + Z;, where Z; is uncorrelated
with m; g, a conjecture that we will verify in all cases. Using E[m;g] = py, the expected squared
action is:

Elaf] = K} (Var(mqg) + ng) + 2K;ueE[Z;] + E[Z] , (A41)

Terms independent of m; ¢

where we used the property of variance, E[m?ﬁ] = Var(m; ) + u3. The agent chooses information
precision to maximize this value. Since Var(m;g) increases with information precision, the marginal
benefit of acquiring information is directly proportional to the coefficient K?. By (A40) and (A41),
the comparison across regulatory systems reduces to comparing squared responsiveness K2.

Status Quo: The agent maximizes max,, E;[e — —a + Bifa;]. From the first-order condition we

— & _ B

obtain a; LM The responsiveness is the derivative with respect to the posterior m; g, K; 5 — .

Pigouvian Tax: The agent faces a constant tax 7 set ex-ante. From the first-order condition we

. S
obtain a; = &m, 0 — —. Since 7 is constant, the derivative remains unchanged: Kj taz — Bi — Kiq.
Z

/Bz LOP

Cap-and-Trade: From Proposition 8, the agent chose price-contingent actions, a;(P) = .

In the absence of learning from prices, equation (A21) shows that the market-clearing price is linear

in the aggregate belief my, i.e., P = HBymy — HA. To identify K", we compute the coefficient

Cov(ai,m;,g)

Var(mie) " Starting from the demand schedule and
T 1,9)

. . L. cap __
in the linear projection of a; onto m; g, K, =

the price equation, we have:

1 _
Cov(ai,m;g) = — |B:Var(mig) — HBCov(mi g, my))| . (A42)

7

Since mg = Agf + (1 — Xg) g, Cov(mg, m; ) = AgCov(0,m; ). To evaluate Cov(f,m;g), we apply

the law of total covariance with respect to Z;:

COV(@, mw) = E[COV(Q, mie ’ IZ)} + COV(E[@ | Ii],]E[mi,@ | Il])

The first term vanishes because m; g is Z;-measurable and thus constant conditional on Z;. For

the second term, E[ | Z;] = m; ¢ and E[m; g | Z;] = m; . Therefore, Cov(#,m;9) = Var(m,g), and

56



thus Cov(mg, m;9) = AgVar(m; ). Substituting back in equation (A42), we have Cov(a;, mig) =

i {ﬁi — HB H)\g} Var(m;g). Therefore the responsiveness coefficient is K" = 'BZ*HT?H)“"

For most agents, cap-and-trade dampens the incentive to acquire information relative to the status

quo. The incentive to acquire information under cap-and-trade exceeds that under the status quo if

and only if (K{*")? > (K;9)2, or equivalently, (3; — HBg\g)? > 32, which simplifies to 3; < @.

Coasean Transfer: We derive K¢ directly from the agent’s first-order condition (21) under the

Coasean transfer:

nia; = Pim;g + Ei[p()]. (A43)

Using the price p(2) = k[51 — 52(Q — pgl)] and the definition o = —x?

So, we can express the
expected price as E;[p(Q)] = k51 + 2(E;[Q] — pgy). Substituting the outcome Q = kA? + 60 + v in
equation (A43) yields n;a; = fim; g + k51 — %u‘;zq + %]Ei[ﬁACt + 6+ v]. Using A% = Cy + Cyb + C,v

and taking expectations we obtain:
_ Qs 1 1
nia; = |k51 4+ aCp — —ha |+ Bi+a|Cy+ )| i +|a C,+ )| miw- (A44)

Hence, K¢ = % [ﬁi + (Cg + %)} . The incentive is strictly higher under Coasean transfers if and

only if (K¢)? > (K;7)%

(2

<5i+a<ce+1/m)>2 N (@-)2'

i E
Since n; > 0, this inequality is equivalent to:
aZ (20; +aZ) >0, (A45)

where Z = (Cy + 1/k). Substituting Cy from Proposition 5:

7 - (BHH+ Oz/li))\g + l _ H — Ot)\@ + KJBHH)\Q + Oé)\g o H(l + HBH)\Q) (A46)
N H— alg Ko k(H — a)g)  k(H —a)g)

Since H,k, By >0, \g € [0,1], and a < 0, Z > 0. Given Z > 0 and a < 0, for the inequality (A45)
to hold, the term 23; +aZ must be strictly negative, implying 3; < —§ Z. Substituting the expression
for Z from (A46) yields condition (33). O
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A.12 Proof of Proposition 12

As shown in the proof of Proposition 11, the agent’s ex-ante expected payoff in any linear-quadratic
regime takes the form in equation (A40), E[u;] = LE[a?] + E[C;]. If the optimal action is linear
in the posterior belief m;,, such that a; = K;,m;, + Z; (with Z; uncorrelated with m;, ), then

the marginal value of information regarding v is proportional to (K;,)?Var[m;,]. The value of

da;

T is non-zero.
™mi,u

information is strictly positive if and only if the action responsiveness K;, =

Status Quo, Pigouvian Tax, and Cap-and-Trade. In the status quo, the optimal action is
a;? = Bim; p/n; (see equation (4)). Under a Pigouvian tax and under cap-and-trade, optimal actions

cap

;U= (Bim; g — P)/n;, respectively (see equations (26) and (29)).

are al®® = (Bimip — 7)/m; and a

In all three regimes, actions depend only on posterior beliefs about the fundamental 6 and fixed
parameters, and are independent of beliefs about v. It follows that Kzs 1 = Kf‘},‘” =K f P =0, so the
marginal value of information about v is zero.

Coasean Transfer. The individual action under the Coasean transfer satisfies equation (A44).

The responsiveness to the belief about v is therefore identified directly as Kf', = m (Cl, + %) . To

determine if this is non-zero, we substitute C,, from Proposition 5 to obtain Kf*, = %ﬁ Since
H > 0 and a < 0, the denominator is strictly positive, so (Kfty)2 > (. Because the agent’s optimal

action responds to m; ,, the marginal value of information regarding v is strictly positive. O

A.13 Proof of Proposition 13

We compare the equilibrium payoffs under the Coasean transfer regime (denoted by ct) and the
benchmark regulation (denoted by *), characterized by the marginal price P and induced actions
a;, A. Note that P acts as a random variable within the expectation operator E;, covering both the
deterministic Pigouvian tax case (P = 7*) and the stochastic cap-and-trade case (P = P).

Under the Coasean transfer, the agent’s ex-post payoff is uf’ = e — %(aft)z + Bifas® + S;(Q) +

(at — A)p(Q), where the pricing function is p(Q2) = xS5’(Q). The first-order condition is

E;[—niast + ;0 + p(Q)] = 0. (A47)

Under the benchmark regulation, the agent pays P per unit of action and receives a lump-sum
rebate proportional to the aggregate A, such that the net transfer is —P(&i — fl) The payoff is

;= e — 2 (a;)* + Bifa; + S;() + (a; — A)(—P). The first-order condition in the benchmark regime
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is —m;a; + Bimiﬂ — P = 0, which implies n:0; = ﬁimi"g — p
Let Au; = u* — @, and define the differences in allocations as Aa; = a¢ — a; and AA = A — A:
Au; = = F{(af")” = (@)"] + Bifda; + S(Q) = 5(Q)

A

+ (aff = A)p(Q) + (a; — A)P. (A48)

We expand the payoff difference Awu;. The difference in the private cost term is

~ 1@ = (@) = —masBa; — 2 (Aa;)?. (A49)

The difference in social value, using the exact second-order expansion for the quadratic function
S;(-) around £, is
Si(Q) — S;() = SHQ) (kAA) — %(RAA)? (A50)
We next decompose the net transfer difference Au; in (A48). The Coasean transfer is (a§’ — A)p(Q)
and the benchmark transfer is —If’(&i — fl) Substituting a$* = a; + Aa; and A% = A+ AA, we write
(a5t — ANYp(Qt) = (a; — A)p(Q?) + (Aa; — AA)p(Q). The total transfer difference is therefore
(a5" = ANp(Q™) + (6 — A)P = (a; — A)(p(Q7) + P) + (Aa; — AA)p(Q). (A51)
Substituting (A49), (A50), and (A51) into (A48), we obtain
Au; = (=nidi + Bif + p(Q*))Aa; — %(Aaz’)Q
+ (S — p(2)) AA - %HQ(AA)Q
+ (a; — A)(p(Q) + P). (A52)

Substituting a’ = a; + Aa; into (A47) and using Z;-measurability of Aa; yields

]Ez‘[_mdi + 5;0 +p(QCt)] = n;Aa;. (A53)
Taking the conditional expectation of the terms involving Aa; in (A52) and using (A53) yields
Ei[(_m&i + 5;0 —i—p(QCt))Aai] — %(Aai)Q = Aa; - niAai — %(Aai)z = %(AGZ)Q

Since 2 = kA +T'(0,v), the outcome difference is Q° — Q) = kAA. Under Assumption 2, the price

difference is linear in the aggregate difference:

(%) — p(Q) = k[S"(Q%) — §'(Q)] = —K25,AA. (A54)
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For the terms involving AA in (A52), we use p(Q) = kS’ (Q%) together with (A54) to obtain
5/(Qct) = §/(Q) — 53kAA and p(Q?) = kS'(Q) — k259 AA. Thus, the expectation of the second line
in (A52), By [(S/(Q)k — p(2)) AA — 5152 (AA)?], equals

RE((S(Q) — §/())AA] + 12 ( - 2) Ei[(AA)?].

Combining all terms, we obtain agent i’s expectation of (A52):

Eiou] = ¥ (8a)? + 5 SE(A4))

+ = (52 — 520) B (AA)?] + KE;[(S]($2) — §'()) AA]

l\D‘Z’E\D

+Eil(a; — A)(p(2) + P,

which correspond to equations (34)-(36) in Proposition 13. O

A.14 Equilibrium in the Romer (1986) Knowledge Spillover Model

The following lemma characterizes the unique linear equilibrium for any first-order condition of the

form

where 6 > 0, K = fol k; di, and m; = E[0 | y;] = E;[f]. Under the Gaussian information structure in
the text, m; = (1 — A\)u + Ay; with A € [0,1]. We will subsequently show that the status quo regime

generates this form with 6 = «, and the team-efficient regime generates it with § = 2~.

Lemma 4. Assume ¢ > 0. There exists a unique, globally stable, symmetric linear equilibrium

ki = ¢o + p1my, (A56)
. (1= Np 1
characterized by ¢g = =0 =% and ¢1 = =55 Moreover,

K(6) =¢0+¢1((1 —/\),u—i-)\é?). (A5T)

Proof. Conjecture (A56). Aggregating across i yields K () = f01(¢0 + ¢1m;)di = ¢o + 1 fol m;di.

Because y; = 0 + &; with &; ~ N(0,02), [ yidi = 0 a.s., so [} midi = (1 — )+ N, giving (A57).
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Firm 7’s forecast of K is

Ei[K] = Ei g0 + 61 (1~ N+ A8)] = do + d1((1 — N+ himi), (A58)

where we have used E;[0] = m;.
Substituting (A56) and (A58) into (A55) and matching coefficients, we obtain ¢; = — and

by = 810X _ 501X
c—4 (c—0)(c—dN) "

To verify that the solution is globally stable, consider the best-response mapping from conjectured
coefficients (<;~50, <;~51) to actual coefficients (¢g, ¢1). Suppose agent i believes all other agents are
using the strategy defined by the coefficients ¢y and ¢1. Agent i forecasts the aggregate as

E;[K] = ¢o + ¢1((1 — N+ Am;). Substituting this into the first-order condition ck; = m; + 0E;[K]

generates a best response k; with updated coefficients %d;o + @&1 and % + ‘%‘ggl This defines
the map 7 : R? — R2, where T (¢, ¢1) = (%qgo + @Qgh % + ‘%‘(fh) . The Jacobian matrix Jy

represents the sensitivity of the updated coefficients to the conjecture:

g¢0 g¢0 5 S(1=XN)p
r=lom )= & )
o Od c

Since the matrix is upper-triangular, its eigenvalues are the diagonal entries: d/c and é)\/c. Because

A € ]0,1] and ¢ > ¢, both eigenvalues are strictly less than one. This implies that the mapping
is a contraction: iterated best responses converge to the unique fixed point (¢, ¢1). Thus, the

equilibrium is unique and globally stable if ¢ > 4. O

Status quo equilibrium. In the status quo, firm 7 solves

c
max E, {e - 514:22 + (0 + 'yK)k:Z},
taking K as given. The first-order condition is ck; = m; +~E;[K]. This is (A55) with § = 7. Lemma
4 then implies

71 = Mp 1 _ = Mp A

=M= Te— and qu(e)_(c—v)(c—%) c—'Me’

5q __
k9 =

Team-efficient equilibrium. Ex-post welfare in state 0 is

1 1 1
/ [e—gk§+(9+7f()ki}di:e+9K+~yK2—%/ k2di, K:/ keidli.
0 0 0
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The team planner chooses Z;-measurable decision rules k;(-) to maximize ex-ante welfare subject to

the constraint K = fol ki(Z;)di:

1
Ele + 0K K2—f/ k2dil.
() e+ 0K+ =5 | kidi

Let A(f) be the multiplier on K — fol k;di = 0. The Lagrangian is

CzE[e+0K+vK2;/OlkfdiJrA(O)(K/olkidz’)]

The pointwise first-order condition with respect to K yields

AB) = —(0+2vK(0)). (A59)
By the same variational argument as in Proposition 2, the optimal rule k;(Z;) satisfies

Ei[—cki(Z:) — A(0)] = 0. (AGO)
Substituting (A59) into (A60) and using E;[#] = m; yields

ckl® = m; + 29E;[K'™]. (A61)

This is (A55) with 0 = 2y. Lemma 4 then implies

29(1 = Mp 1
(c=27y)(c—29\)  c—2vA

A-Np A ae)

ki =
' (c=27)(c—2y\)  c—29\"

m; and K'(0) =
which is well-defined when ¢ > 27.

Implementation with Coasean transfers. Consider the transfer schedule T;(k;, K) = (k; —
K)p(K) with price p(K) = vK. This price corresponds to the Lindahl pricing schedule, obtained by

aggregating individual marginal valuations of the aggregate stock (holding private actions k; fixed):

(K POui [k di = K
( )—OaKZ—/OMZ—v ~

Firm ¢ maximizes E;[(6 + vK)k; — $k? + (k; — K)yK]. Because the firm is atomistic, it takes K as
given. Thus, the first-order condition is ck; = m; + 2vE;[K], which coincides with (A61). Hence the
Coasean transfer implements the team-efficient allocation.

Limit cases. From (A62), as A — 0 (no private information),

Kte lu’ . A
0) = L5 (A63)
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As A — 1 (perfect private information),

0

Kte )
0) — p—

(AG4)

Implementation with Pigouvian tax/subsidy. Consider a regulator who sets a constant subsidy

7 ex ante, with lump-sum revenue R = —7 K redistributed. Firm ¢ solves

H}fax Ei[e—gkf—i—(@—i-’YK)ki—i-Tki‘f‘R},

7

taking K and R as given. The first-order condition is ck; = m;+vE;[K|+7. Conjecture k; = 1po+1p1m;.

By the same steps as in Lemma 4, matching coefficients yields

1 YA = Np T

= = : A65
M T = e (A65)
The aggregate response is
; 1= A0 T
Ksubs%dy 7_79 — C( + . A66
T e e—m T Tey (A6

Ex-ante welfare is defined as W(7) = E[[ (e + (0 + vK (7, 0))k; — £k2)di]. Using K = Ji kidi and

the identity fol k2di = K? + fol(ki — K)?di, we decompose welfare as follows:

W(r)=E {e +0K(7,0) +yK(1,0)* — g (K(T’ 6)” + /Ol(ki B K)2di>}

c— 2y

—E e+ 0K (r,0) - S5 K(r. 00| - B [Var(h).

where Var(k;) denotes cross-sectional variance across firms. In the linear equilibrium k; = ¥y + 11m;,
the cross-sectional variance is Var(k;) = 13 Var(m;). Since 11 = (¢ —yA)~! and Var(m;) = \20? are

independent of 7, the subsidy affects only the mean capital stock, not its dispersion. Consequently,

the regulator’s problem reduces to maximizing the first term, E[e + 0K (,6) — C_QQVK (1,6)?]. The

first-order condition with respect to 7 yields E[(# — (¢ — 2v)K) ci,y] = 0, and thus

E[Ksubsidy] _ H
c—2v’

which, using (A66), implies the optimal subsidy 7" = Cﬁg,y. Substituting 7* into the equilibrium
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coefficients (A65) gives

subsi 2-1) m; ; ple(l = X) + ) Y
5 bsidy _ /JfY( and Ksubszdy 0) = )
i = Ne—29) T emm O = = Ne—29) Te=m

Limit Cases. Consider now the behavior of the Pigouvian solution in the limits of information

precision. First, as private information becomes uninformative (A — 0), firms rely solely on the

prior (m; — p). The allocation converges to kabSZdy — f—% and Ksubsidy _, f_% This is the

team-efficient allocation in equation (A63). Second, as information becomes perfect (A — 1), firms

observe the fundamental (m; — ). The allocation converges to:

; 0
k§ubszdy N uy ’
Z 27 c—r

- 0
Ksubszdy 9) — wy + )
D= e = T

This deviates from the team-efficient allocation in equation (A64). First, the intercept remains

dependent on the prior u because the subsidy is fixed ex ante based on prior information. Second,

1

and most importantly, the aggregate responsiveness to the fundamental 6 remains exactly as in

=
the status quo. This is strictly less than the team-efficient responsiveness, ﬁ A fixed Pigouvian
subsidy corrects the level of investment on average (E[K*%s'%(9)] = E[K*(0)] = —£-), but fails

c—2y
to correct the marginal incentive to respond to information. Thus, even when agents have perfect

information, the Pigouvian solution is inefficient. O

A.15 Equilibrium in the Gordon (1954) Fishery Model

The original production function in Gordon (1954) is L = caFE/(1 + ¢bE), where a is the natural
population, ¢ is the production coefficient, and b is the depletion coefficient. We first linearize the
model for small congestion (chbE < 1) using the first-order Taylor expansion (1 4+ z)™' ~ 1 — =,
which yields L ~ caE(1 — ¢bE) = caE — c2abE?. We define the state 6 as the deviation of the
population from its mean a, such that a = a + 6, where 6 ~ N (0, 03). Substituting this into the
linear term and approximating a ~ a in the quadratic crowding term (consistent with standard

LQG frameworks to avoid cubic terms) yields:

L~c(a+0)E — abE? = caE + c9E — *abE?.
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Mapping the physical parameters to the linear-quadratic coefficients a = ca, 8 = ¢, and v = c?ab,
we obtain the approximation (37), L(E, ) ~ oE + BOE — yE?2.

Agents receive private noisy signals y; = 0 + &; with g; ~ N(0,02), and update beliefs to form the
posterior mean m; = E[f | y;] = Ay;, where A = 03/(07 + 02) is the signal-to-noise ratio.

Under open access, agents maximize m; = e;(a+ 0 —yE) — %e?. This problem is isomorphic to the
Romer (1986) model in Section 8.1, with the negative externality term —+FE replacing the positive
spillover term vK. Conjecture e; = ag+ai;m;. Using the first-order condition ¢e; = a+ fm; —yE;[E]

and m = fol m;di = M\, aggregating, and matching coefficients, the symmetric linear equilibrium is:

sq « /8 S « 5)\
e and FE°®1 = + 0.
o+ o+A

oty ota
Since the team-efficient problem is isomorphic to the Romer model, the solution follows from the
same fixed-point technique as in Lemma 4:

te « B te « /8)\
e — + i and E'= + 0.
€ ¢+ 2y <]5+2’y/\m an d+2v  p+2vA

Because v > 0, the intercept and slope coefficients in the status quo are strictly larger than in
the team-efficient allocation, implying that open access leads to inefficiently high average effort
and excessive sensitivity to the stock. As in the Romer (1986) model, the efficient allocation
is implemented by the Coasean transfer scheme T; = (e; — E)p(E), where the price p(E) =

—~E represents the aggregated marginal congestion cost (the Lindahl price), p(F) = 01 g’g di =

fol(—vei) di = —yE. Under this transfer, agent ¢ maximizes E;[m; + T;]. Taking E as given, the

first-order condition is ¢e; = a + Bm; — 2yE;[E], which implements e’®. O
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