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Abstract

The federal government spends billions of dollars to induce additional conservation on
private land annually, yet privately funded payments not to extract most federally-managed
resources are forbidden by nineteenth-century “use-it-or-lose-it” statutes. Recent attempts to
change these rules to allow private interests to advance voluntary “Coasean provision” of con-
servation on public lands have generated strong political backlash, despite the fact that they are
based on voluntary exchange. We develop a model of public-resource governance with three
parties (user, conservationist, government) that matches the institutional features of U.S. fed-
eral land management and characterize the distributional and welfare implications of allowing
conservationists to acquire resource rights. We find that conservationists always gain from be-
ing allowed to trade, but that the impact on resource users, governments, and overall welfare
depends on the interaction of several factors. Aggregate welfare can fall if government im-
plicitly over-subsidizes conservation by setting conservation fees less than resource user fees.
The extent to which these losses are borne by resource users vs. the government depends on
how rights are initially allocated. Crucially, free allocation of initial rights paired with conser-
vation fees set equivalent to extraction fees is Pareto-improving and unambiguously welfare-
improving. Calibrations to federal grazing and federal timber suggest that allowing buyouts
could be welfare improving within the range of plausible damage estimates, and the incidence
of gains and losses is consistent with the political economy of recent federal policy debates.
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1 Introduction

Market-based approaches to environmental regulation have gained ground steadily over the past
five decades. Where command-and-control rules mandate specific technologies, inputs, or pro-
cesses, market-based instruments in the tradition of Coase (1960) and Pigou (1932) either price the
externality or cap the activity that produces it and rely on agents’ optimizing behavior to deliver
cost-effective abatement (Weitzman, 1974; Banzhaf et al., 2013; Stavins, 1995, 2003). In the con-
text of natural resources, voluntary trade is celebrated in environmental economics as a leading
instrument for addressing externalities generated by private resource use via mechanisms includ-
ing conservation easements, payments for ecosystem services, and outright land acquisition and
preservation (Parker, 2004; Anderson and Libecap, 2014; Salzman et al., 2018). The concern with
market approaches is not that they are ineffective, but that they may be under-supplied without
government intervention.

However, recent literature has emphasized that voluntary contributions to environmental pub-
lic goods—by donors, environmental NGOs, and conservation-minded firms—are widespread
and growing in prevalence, contrary to the standing assumption in classical Pigouvian analysis
that voluntary abatement is negligible (Bergstrom et al., 1986; Andreoni, 1990; Kotchen, 2006).
Recent theoretical work has accordingly revisited optimal instrument choice in settings where
conservationists can directly intervene to lessen externality-generating activity or compensate ex-
tractors not to extract, a phenomenon termed Coasean provision (Costello and Kotchen, 2022; Chan,
2024; Chan and Kotchen, 2014, 2022). Working examples are by now varied: whale-protection
contracts (Costello et al., 2012; Huang et al., 2017), supply-side carbon buyouts (Harstad, 2012;
Asheim et al., 2019), and donor-funded freshwater transfers (Leonard et al., 2020).

We study Coasean provision in the context of public natural resource governance, where two
features of the institutional environment make voluntary provision a different problem than has
previously been studied. First, publicly owned natural resources are subject to both a quan-
tity cap and a per-unit fee whose levels are set politically rather than optimally—federal graz-
ing, timber, and oil-and-gas lease offerings (and prior-appropriation water rights) all share this
structure (Leshy et al., 2021). Second, “use-it-or-lose-it” requirements written into still-prevailing
nineteenth-century statutes preclude conservationists from acquiring extraction rights for the ex-
press purpose of holding them out of production (Leonard and Regan, 2019; Leonard et al., 2021).

Even as the federal government spends over $10 billion annually paying private landown-
ers to supply environmental public goods—through tools such as subsidized conservation ease-
ments (Parker and Thurman, 2018), the Conservation Reserve Program, and the Environmental
Quality Incentives program—this approach is structurally forbidden on federal land.! Unlike for
most externalities where voluntary provision is allowed but potentially under-supplied, volun-

tary Coasean provision is itself a policy parameter on federal lands. Moreover, recent attempts to

'It is estimated that annual foregone revenues from federal tax incentives for conservation easements are $6.5 billion
(Basche et al., 2020), while annual spending under the CRP reaches $1.8 billion (Cramton et al., 2021) and EQIP spending
exceeds $2 billion annually (Feld et al., 2022).



allow such provision have proven politically fraught.

The “Public Lands Rule” initially adopted by BLM in 2024 provides an illustrative example.
The rule explicitly recognized conservation as a valid “use” of federal land on par with activities
like grazing and oil and gas extraction, and created a loose framework for Coasean provision-like
arrangements through “conservation leases” and “restoration leases” (Ruple et al., 2023; Bureau of
Land Management, 2024). Extractive industries, agricultural groups, and Western state governors
staunchly condemned the rule, arguing that by allowing third parties to effectively lock up public
acreage, the Biden administration was orchestrating a zero-sum transfer of land control that posed
an existential threat to grazing rights, energy development, and the economic survival of rural
communities (Ruple et al., 2023). The new Trump administration signaled rescission of the rule as
one of its top priorities, and in April 2026 the White House Office of Information and Regulatory
Affairs (OIRA) officially concluded its review, clearing the final regulatory pathway to formally
revoke the rule’s market-based provisions Stevenson (2026).

This saga—and the broader dynamic it illustrates—raises several important questions about
Coasean provision for publicly managed natural resources, often termed “non-use” rights in this
context. First, given the voluntary nature of Coasean provision, why does it generate such fierce
opposition? Specifically, who wins and who loses from allowing conservation interests to ac-
quire “non-use” rights, and under what conditions? Second, how do these distributional gains
and losses aggregate into overall welfare? We show that the answer to both questions—and the
connection between them—depends critically on the interplay of two institutional parameters for
public natural resources: the mechanism for initially allocation rights and the implicit subsidy to
conservation contained in administratively set fees.

We model three parties—the resource user U, the conservationist C, and the government G—
and parameterize the policy environment with three levers: an overall extraction cap, the alloca-
tion regime (rights are either freely allocated to U or sold via auction) and the relative magnitudes
of the per-unit fees charged to resource users (f) vs. conservationists (k). We model equilibrium
resource use and the distribution of welfare without Coasean provision and then characterize im-
pacts to each party and to overall welfare if Coasean provision is allowed. We do not assume
that policy is initially calibrated optimally. Four results follow. First, the distributional incidence
of Coasean provision is as follows: conservationists always gain, resource users gain under free
allocation and lose under auction, the government weakly loses under free allocation (with am-
biguous implications under auction). Second, aggregate welfare can fall due to Coasean provision
for the same reason emphasized by Costello and Kotchen (2022): if £ < f then the government
may be over-subsidizing conservation, leading to welfare-reducing “overshoot” whereby extrac-
tion falls below the optimal level.

Our third core result is that aggregate welfare is allocation-invariant: free allocation and auction
yield identical welfare at any particular f vs. k fee wedge. This is because aggregate welfare
depends only on the equilibrium extraction quantity, which is determined entirely by f vs. k, not

the allocation mechanism. Finally, we show how the two pieces fit together. While aggregate



welfare does not depend on the allocation mechanism, its incidence does. In the welfare-reducing
overshoot regime, the loss falls uniquely on the government under free allocation. Under an
auction, welfare losses are either split between resource users and the government (k < f) or
borne entirely by resource users (k = f). Jointly, these results yield a direct policy implication:
free allocation paired with k = f is the unique configuration that is both unambiguously welfare-
improving and Pareto-improving.

We provide two extensions to the model to show how the core results are affected by real-
world considerations such as free-riding and transaction costs. We then illustrate the framework
with calibrations to federal grazing and federal timber. We find that allowing Coasean provision
is likely to increase overall welfare for both resources. The distributional implications are more
nuanced. For grazing rights, which are freely allocated, the government loses revenue when k = 0,
but these losses can be averted by charging conservationists for foregone grazing fees (k = f),
yielding a weak Pareto improvement. For timber, which is auctioned, existing resource users
suffer losses regardless of the level of k because equilibrium prices rise due to the entrance of
conservationists as competitive bidders.

We extend the emerging literature on voluntary Coasean provision in two directions. First,
we shift the focus from welfare to distributional incidence: holding aggregate welfare fixed by
allocation invariance, we ask which party bears the welfare change at each fee wedge, and find that
the loss-incidence pattern depends on allocation regimes (auctions vs. free allocation). Second,
recent work demonstrates that optimal policy differs in the presence of voluntary contribution
to environmental public goods (Costello and Kotchen, 2022; Chan, 2024), but we ask a different
question. Rather than characterize optimal policy with vs. without Coasean provision, we study
the distributional and welfare implications of allowing Coasean provision in the context of policy
that is not calibrated optimally ex ante. Our framework generalizes to any cap-and-fee setting
where voluntary contributions to a public good interact with a regulatory quantity instrument,
including fishery-quota retirements and supply-side carbon buyouts.

2 Background and Model

2.1 Context

Many natural resource stocks are owned and managed by governments. One reason for this is
widespread government ownership of land. In the United States the federal government owns
roughly 30% of the land, including about half the land in the American West. As a result, govern-
ment manages considerable oil, gas, and mineral deposits, timber, and grazing resources across
agencies including the Bureau of Land Management, the U.S. Forest Service, and various state
governments. In addition, federal and state governments manage surface water and marine
ecosystems. Globally, most governments retain ownership and management of subsurface re-
sources, even when land is privatized (unlike in the United States). Finally, externality-related
cap-and-trade markets can be thought of within this framework, to the extent that the govern-



ment initially owns all the pollution permits it creates before allocating them to firms.

In the United States, the statutory rules governing each of these resources entails both a quan-
tity instrument and a per-unit fee (Leshy et al., 2021). The Bureau of Land Management (BLM) sets
the annual ceiling on authorized animal-unit months for federal grazing and charges $1.35/AUM
under a statutory formula (Vincent, 2019). The U.S. Forest Service sets allowable cut and recov-
ers per-MBF administrative costs on each sale, with bid premia layered on top in competitive
auctions (Athey et al., 2011). BLM determines lease offerings for federal oil and gas, allocates
them via competitive auctions, and collects production-stage royalties. None of these quantity-
and-fee parameters is set by an externality calculation; instead, they are institutional hangovers—
e.g, the 1934 Taylor Grazing Act fee formula, the multiple-use mandates of the National Forest
Management Act, the 1920 Mineral Leasing Act royalty structure, and a century of state-by-state
water adjudications—that were geared toward promoting resource use during Westward expan-
sion, rather than aligning marginal social cost of extraction with the price that resource users face
(Leshy et al., 2021; Leonard and Regan, 2019).

The historical desire to promote development of the nation’s resources has a second important
legacy still shaping resource allocation. Statutory “beneficial-use” and “diligent-development” re-
quirements bar the acquisition of extraction rights for the express purpose of holding them out of
production: a permit or lease must be grazed, drilled, or harvested or it can be canceled and reis-
sued to another party. The legal genealogy traces to the General Mining Law of 1872, the Mineral
Leasing Act of 1920, the Taylor Grazing Act of 1934, and the prior appropriation doctrine for sur-
face water, which together were designed to prevent speculation and absentee ownership during
westward expansion (Leonard and Regan, 2019; Leonard et al., 2021). These requirements forced
productive entry and limited the monopolistic rent-extraction strategies that nineteenth-century
land speculators had used elsewhere. Their consequence today is that conservation organizations
cannot acquire and retire extraction rights even when their willingness to pay strictly exceeds the
resource users’ reservation price.

There have been recent attempts to address the structural barriers to voluntary, privately
funded conservation of federal resources, but they have proven to be politically contentious. For
example, the 2024 Public Lands Rule (Bureau of Land Management, 2024) redefined conservation
as a legitimate “use” of federal land for purposes of grazing-permit eligibility and introduced
“restoration leases” and “mitigation leases” as new use categories that place rangeland in non-
extractive status under regulator approval—a partial relaxation of beneficial-use, limited to the
BLM grazing side (Ruple et al., 2023; Henderson, 2025). Within months, Wyoming and Utah filed
federal-court challenges (State of Wyoming, 2024; State of Utah, 2024), an industry coalition led
by the Public Lands Council filed in parallel (Public Lands Council, 2024), and Congressional re-
versal proposals followed (U.S. Congress, 2024). The opposition’s economic logic centered on lost
state revenue from grazing permits and on the prospect of conservation buyers entering rangeland
markets at scale. The rule, which is being formally rescinded by the BLM (Stevenson, 2026), di-
verged in important ways from the idealized model we present below. Nevertheless, the dramatic



political reaction to a rule that would have expanded the scope for voluntary trades help provide
motivation for our model. Our goal is to provide the analytic structure to better understand which
parties gain, which lose, and whether aggregate welfare improves under any candidate configu-
ration of allocation and fees.

2.2 Model setup

The model has three actors. A resource user U derives benefits from the consumptive use or
extraction of a publicly owned natural resource, denoted (). The aggregate marginal benefit of
extraction M B(Q) is the horizontal sum of users” willingness to pay across marginal units; we
assume M B((Q) is positive and weakly decreasing on the relevant range. A conservationist C' faces
marginal damages from extraction, which could include ecological loss, foregone non-use value,
climate damages. Conservation impacts are represented by damage function M D(Q), which we
assume is weakly increasing (Krutilla, 1967). A government G owns the underlying resource and
sets the policy environment.

There are two critical policy levers. The first is a quantity cap Q, exogenously set, on the
maximum allowable extraction. The second is a fee schedule: a per-unit extraction fee f collected
from U and, when buyouts are permitted, a per-unit conservation fee k collected from C on each
conserved unit. We treat 0 < k < f as the policy-relevant range. Orthogonal to the fee schedule
is the allocation regime—the mechanism that initially distributes extraction rights. Under free
allocation, U receives all @ rights at no cost (subject to paying f on each extracted unit) and may
sell unused rights to C' at the market-clearing price. Under auction, the government allocates
rights via uniform-price auction; U and C bid against one another, the rights clear at the highest
losing bid, and revenue accrues to G. The two regimes correspond loosely to the status quo for
federal grazing (free allocation) and federal timber (auction); they can be though of as two natural
benchmarks rather than as the universe of possibilities.

We begin with general functional forms to establish the properties of potential conservation
buyouts. Figure 1 below uses a linearized parameterization for visual clarity, but Propositions 1-5

hold for any M B, M D satisfying the monotonicity assumptions.

2.3 Equilibrium with vs. without non-use rights

Without buyouts, the extraction cap binds whenever U’s marginal benefit at Q exceeds the fee,
MB(Q) > f, and equilibrium extraction is Q. The case M B(Q) < f collapses to a fee-only regime
in which the cap is slack; we treat this as outside the scope of the analysis and focus on the binding-
cap case throughout. When buyouts are permitted, C' purchases extraction rights as long as the
per-unit cost of acquiring a right falls below the marginal damage avoided by conserving it. C’s
effective per-unit cost is the price paid to U plus the conservation fee paid to G, and U’s reservation
price is the marginal extraction profit forgone, M B(Q)) — f. The marginal trade clears where

C’s willingness to pay equals U’s reservation price—equation (1) below defines the equilibrium



extraction quantity Q. At this equilibrium, C purchases Q — Q rights (either from U or G and
withholds them from production.

MB(Q)— f = MD(Q) — k. (1)

Figure 1. Equilibrium with non-use rights
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Notes: The cap Q would bind in the absence of buyouts. The per-unit price line M D(Q) — k = M B(Q) — f defines the
equilibrium extraction quantity Q < Q. Conservationists buy the rights to Q — @ units at the equilibrium price.

Three regimes are possible depending on where  falls relative to the cap and to the social
optimum Q* (the unique quantity solving M B(Q*) = M D(Q*)). We refer to them as the irrelevance
regime Q= Q, no buyouts occur), the improvement regime (Q* < Q< Q, buyouts conserve units
that should not be extracted), and the overshoot regime (Q < Q*, buyouts conserve units beyond
the social optimum). Whether the equilibrium falls in the improvement or the overshoot regime
depends entirely on the magnitude of the fee wedge f — k, as Proposition 1 makes precise.

Proposition 1 (Equilibrium characterization). Suppose MB' < 0 < M D' and MB(Q) — MD(Q) <
f — k. Then there exists a unique Q<Q satisfying (1), and

of  MB(Q-MD(Q) Ok  MB(Q-MDQ = 9Q

If instead MB(Q) — MD(Q) > f — k, then Q = Q and no buyouts occur. (Proof in Appendix A.1.)

There are several important implications of Proposition 1. First, raising the extraction fee f
lowers U’s reservation price for selling rights and so contracts equilibrium extraction; raising the
conservation fee k lowers C’s effective willingness to pay and so expands extraction. Second, the
cap @ does not appear in the interior equilibrium condition—once buyouts are active, the cap is
no longer the binding constraint on extraction. This is a basic consequence of allowing voluntary

trade on top of regulatory quantity instruments: the equilibrium extraction quantity is determined



by relative prices, with the cap serving as a boundary condition that determines whether trade
occurs at all.

Corollary 1.1 (Welfare-irrelevance regime). If f — k < MB(Q) — MD(Q), then Q = Q, no buyouts
occur, and AW = AC = AU = AG = 0. (Proof in Appendix A.1.)

Corollary 1.1 identifies the boundary at which Coasean provision is effectively foreclosed by
the policy environment. When the fee wedge f—F is too small relative to the gap between marginal
benefit and marginal damage at the cap, C’s willingness to pay never exceeds U’s reservation
price, and no trade occurs even when the law permits it. An extreme case would be one where
the cap is set efficiently ex ante (Q = Q*) and conservationists are charged equivalent fees to users
(f = k). As the f vs. k wedge increases, so does the scope for transactions. As we show below,
whether these transactions increase or decrease welfare depend on the stringency of the cap rela-
tive to optimal extraction. Before turning to aggregate welfare, we characterize the distributional

incidence of the gains and losses from allowing Coasean provision.

3 Distributional implications

3.1 Allocation mechanisms

The allocation regime—the mechanism by which the government distributes initial extraction
rights—plays a central role in shaping the distributional implications of allowing Coaseian provi-
sion. This choice is orthogonal to the fee schedule, and the two regimes we consider correspond to
the two natural benchmarks in U.S. public-resource policy. Under free allocation, the government
grants extraction rights to U at zero cost. U is then free to extract or to sell unused rights to C' at
the market-clearing price; a conservationist who acquires a right pays the market price p to U and
the conservation fee k to G for a total per-unit cost of p 4+ k. The current federal grazing regime
is the closest empirical analog—ranchers must hold permits corresponding to a certain amount of
grazing (denominated in animal unit months). These permits were initially allocated under the
Taylor Grazing Act in 1934 and are grandfathered to ranching operations. However, in addition
to the necessary permits, ranchers pay a fee per unit of actual grazing that has hovered around
$1.35/AUM for decades (Leshy et al., 2021).

Under auction, the government allocates all @) rights through an auction in which U and C
both bid; the rights clear at the marginal-loser bid (a second-price auction), revenue accrues to G,

and successful bidders pay any extraction or conservation fees in addition to the auction price.?

*The auction expressions in Proposition 2(b)—(c) assume a uniform-price auction with marginal-loser pricing and
price-taking by U and C. Demand reduction by strategic bidders (Ausubel et al., 2014), pay-as-bid rules, and reserve
prices below marginal cost can each break the clean expressions below; the qualitative result—that U’s welfare falls
and G’s welfare picks up an auction-revenue rebound—is robust, but the magnitudes depend on the auction format.
Federal timber sales clear at competitive auction (Athey et al., 2011) with administrative cost-recovery fees layered on
top, but use sale-by-sale oral or sealed-bid procedures rather than a uniform-price auction over an aggregate Q; the
calibration in Section 6.3 accordingly approximates rather than implements the model auction.



Federal timber sales are one example: stumpage rights clear at a competitive price, with admin-
istrative cost-recovery fees layered on top. Oil and gas leases are another: leases are allocated via
competitive bids paid as an up-front “bonus,” and producers subsequently pay a statutorily set
royalty on any production.

A key feature of equilibrium under both regimes is that the equilibrium extraction quantity Q
is determined by the same condition—the marginal-trade indifference described in Equation (1)—
and is therefore identical across allocation regimes. Allocation determines who captures the sur-
plus on the Q — () traded units, but it does not determine the location of the marginal trade. We use
this lemma throughout: the welfare results in Section 4 aggregate over U, C, and G in a way that
is allocation-invariant, but the distributional results in this section depend critically on whether
rights are auctioned or grandfathered.

3.2 Per-party welfare changes

The change in each party’s welfare from allowing buyouts is the difference between its with-
buyouts and without-buyouts payoffs. Without buyouts, U extracts Q and pays fQ in extraction
fees; C bears damage fOQ M D(q) dqg and makes no payments; G collects fQ in fees under free
allocation, or Q M B(Q) in auction revenue plus extraction fees under auction. With buyouts, U
extracts only Q and (under free allocation) sells the remaining Q-0 rights to C at price M B(Q) —
f; C bears damage fOQ MD(q) dg and pays a per-unit cost equal to M D(Q) on each conserved
unit (in equilibrium); G collects fees on remaining extraction plus k on each conserved unit, with
auction revenue adjusting accordingly under auction. Proposition 2 states the change in each
party’s welfare in closed form.

Proposition 2 (Distributional incidence). Let Q < Q be the buyout equilibrium. Then:

Q A
(a) AC = / (MD(q) — MD(Q))dg > 0 for any allocation regime.

Q

Q .
(b) AU = / (MB(Q)— MB(q))dg > 0,
Q —
. . _ Q _
AU = —Q(MB(Q) — MB(Q)) _/ (MB(q) — MB(Q)) dg < 0.

Q
©) AG = (k— f)(Q — Q) < 0, with equality iff k = .
AGauet — (MB(Q) ~MB(Q))Q — (Q — Q)(f — k), of ambiguous sign.

(Proof in Appendix A.2.)

The first part of the proposition establishes that the conservationist always gains. In equi-
librium, C’s effective per-unit cost for a conserved unit is M D(Q)—the price paid to U plus the
conservation fee paid to G exactly equal the marginal damage at the equilibrium quantity. Each

unit conserved between @ and Q delivers a per-unit gain of M D(q) — M D(Q), which is positive



because M D is strictly increasing. The integral aggregates these unit-by-unit gains into the area
shaded in Figure 2. No allocation parameter enters this calculation; hence C’s gain is identical

under free allocation and under auction.

Figure 2. Conservationist’s gain AC
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The second part of Proposition 2 shows that U’s welfare change depends on the allocation
regime. Under free allocation, U enters with all Q rights at zero cost and sells Q — Q rights at the
equilibrium price M B(Q) — f. Because M B is downward-sloping and Q < Q, the per-unit sale
price exceeds U’s reservation price for marginal units close to ), where U’s extraction rents had
been lowest; the area between the horizontal line at M B(Q) and the marginal-benefit curve over
[Q, Q] is U’s gain (Figure 3, Panel A). Under auction, the picture is reversed. Without buyouts, U
wins all @ rights at the auction-clearing price M B(Q) — f; with buyouts, C enters the auction and
pushes the clearing price up to MB(Q) — f. There are two consequences: U now pays a strictly
higher auction price on the Q units it still acquires, and it loses the rent it had been earning on the
Q — Q units that C now wins (Figure 3, Panel B). Both effects reduce U’s welfare, and the sign is
unambiguous: U loses under auction whenever buyouts occur. The reversal is driven entirely by

the allocation regime; the equilibrium quantity Q is identical across regimes.

The third part of Proposition 2 shows that the government’s revenue change is qualitatively
different across allocation regimes. Under free allocation, G collects a per-unit extraction fee f
on every unit U extracts and a per-unit conservation fee k on every unit C' acquires. The change
in revenue is (k — f)(Q — Q), which is weakly negative and equal to zero only in the knife-edge
case k = f. Under auction, the algebra has two competing terms. The auction-revenue effect,
(MB(Q) — MB(Q))Q, is strictly positive: every unit now clears at a higher price. The fee-revenue
loss on conserved units, (Q—Q)(f—k), is weakly positive and enters with a negative sign. Whether
the gain dominates the loss depends on the parameter values—specifically, on the curvature of
M B and the relative magnitudes of Q — Q and f — k. Consider two limit cases. When k = f, the
fee-revenue loss vanishes and G strictly gains under auction. When k£ = 0, the algebra reduces to
(MB(Q) — MB(Q))Q — f(Q — Q), which is of ambiguous sign in general.



Figure 3. Resource user’s welfare change AU
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price M B(Q) — f. Panel B illustrates the auction case (loss regions): U pays a higher auction price on retained units
and loses rent on the units bought by C.

Figure 4. Government’s revenue change AG
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4 Aggregate welfare

4.1 The role of G in aggregate welfare

Aggregate welfare in this setting is the sum of payoffs across the three parties, W = Usurplus +
Csurplus t+ Grevenue- It is worth emphasizing that the government is included in the welfare ag-

gregation; the welfare results below do not implicitly weight G’s revenue at zero. This approach
allows us to more directly map the distributional implications to the aggregate welfare implica-
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tions. It also enables consideration of a case where the marginal cost of public funds is greater
than one, as discussed below.

Although we explicitly include government revenue in our general welfare calculation, it often
nets out through transfers. Two transfers cancel completely. The extraction fee f enters AU as — f
on each retained unit and AG as +f on the same units, so the two entries sum to zero. Likewise,
the conservation payment p = M D( Q)—k enters AC as —p on each conserved unit and (under free
allocation) AU as +p. By contrast, the auction-induced price rise AP does not cancel completely:
it enters AU as —AP - Q (paid on the units U still acquires) but enters AG as +AP - Q (collected
on every unit auctioned, including the Q — @ units C' wins). The mismatch leaves a residual
difference of AP - (Q — Q) that distinguishes auction from free allocation in the per-party algebra;
this is the term behind the ambiguous sign of AG?"“! in Proposition 2(c). Adding AU + AC + AG
collapses the first two transfers to zero in the sum—they cancel because they appear on opposite
sides of pairs of parties’ balance sheets, not because they have been excluded from welfare—while
the residual term remains and contributes to the welfare integral via its effect on the equilibrium
quantity Q.

The welfare identity (which Proposition 3 below derives formally),

(MD(q) — MB(q)) dg, ()

Q
AW = AU +AC+AG = /
Q

holds by construction. When the welfare result yields AW < 0 and the distributional result yields
AC > 0, the deficit AU + AG < —AC < 0 must be absorbed by some combination of U and G.
Which party bears the loss depends on the allocation regime, by Proposition 2(b)—(c). We note that
this expression weights G’s revenue at par with the surplus accruing to private parties. If public
funds carry a marginal cost above unity—as they typically do when raising tax revenue distorts
other margins (Browning, 1976; Bastani, 2024)—a dollar of G’s revenue is worth more than a dollar
of U’s or C’s surplus, and overshoot welfare losses borne by G are larger in social terms than the
linear sum suggests. We return to this point later.

4.2 General welfare result
Our next proposition characterizes the overall welfare implications of allowing Coasean provision
for public natural resources.
Proposition 3 (General welfare change). Suppose Q < Q. Then AW is given by (2), depends only on
(Q,Q,MB, MD), and:

1. If Q > Q* (improvement or irrelevance regime), the integrand is non-negative and AW > 0.

2. If Q < Q* (overshoot regime), the integrand changes sign at Q*; AW may be of either sign and is
positive iff the gain on [Q*, Q] exceeds the loss on [Q, Q7.

A sufficient condition for AW > 0is MB(Q) — MD(Q) < f—k < MB(Q*) — MD(Q*). (Proof in
Appendix A.3.)
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The proposition has two components. The integrand M D(q) — M B(q) measures the net so-
cial value of conserving each unit between Q and Q: M D(q) is the damage avoided, M B(q) the
surplus forgone. The sign of the integrand changes at the social optimum @Q*, and the geometry
of the integral determines the sign of AW. In the improvement regime Q > Q*, the integrand
is nonnegative throughout the conserved range and welfare weakly improves; the boundary case
Q = Q* corresponds to k = f and yields the maximum welfare gain achievable through buyouts.
However, it is also possible that < Q*, so that the integral contains both positive and negative
regions.

Figure 5 illustrates the two regimes. In the overshoot regime Q < Q*, the integrand is negative
on [Q,Q*] and positive on [Q*, @], and the net sign of AW depends on whether the gain on the
second sub-interval exceeds the loss on the first. This is the same Pigouvian-overshoot logic iden-
tified by Costello and Kotchen (2022): the under-priced extraction fee acts as an implicit subsidy
on conservation buyouts, and C’s effective willingness to pay exceeds the social value of avoided
damage on units below Q*. The sufficient condition in Proposition 3 translates this geometry into
a condition on the fee wedge: f — k must be large enough to trigger buyouts—above the irrele-
vance threshold from Corollary 1.1—but small enough to avoid pushing Q below Q*. When f = Fk,

no overshoot is possible and aggregate welfare weakly improves from allowing buyouts.

Figure 5. Welfare improvement vs. welfare-reducing overshoot
$/Q $/Q

L MD(Q)

L MD(Q)

™ MB(Q) ™~ MB(Q)
. L@ L : L@
Q=@ © Q e Q
(A) Welfare improvement (B) Welfare-reducing overshoot

Notes: Geometric decomposition of AW = fg(MD(q) — MB(q)) dg. Panel A: when Q > Q*, MD > MB throughout

the conserved range; the gain triangle (green) is the entire welfare change and AW > 0. The boundary case Q = Q*
obtains under k = f. Panel B: when Q < Q*, the conserved range splits into a loss subregion [Q Q") where MB > M D
(red) and a gain subregion [Q*, Q] where M D > M B (green). A large enough fee wedge f — k pushes Q far enough
below Q* that the red loss exceeds the green gain, and AW < 0.

Corollary 3.1 (Allocation invariance). AW depends only on (Q, Q, M B, M D) and is identical under
free allocation and under auction. (Proof in Appendix A.3.)

Allocation invariance follows immediately from the welfare identity because the integrand
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contains no allocation argument, and the equilibrium quantity Q is determined by Equation (1),
which also contains no allocation argument. Allocation determines only the distribution of sur-
plus across parties; total welfare depends solely on the cap, the equilibrium quantity, and the
underlying cost and benefit curves. The distributional results of Proposition 2 and the welfare re-
sult of Proposition 3 are therefore complementary: changing the allocation reshuffles the payoffs
across U, C, and G without changing the total.

The policy debate over conservation buyouts often conflates two questions—*“are buyouts
good or bad?” and “who wins or loses?”—but they have different answers and depend on dif-
ferent policy parameters. The first is a function of Q and hence of f — k; the second is a function
of the allocation regime. This is an application of the Coase theorem to the specific cap-and-fee
public-resource structure in which G enters aggregate welfare W as a budget-constrained party
rather than as a Pigouvian planner.

Our next Corollary emphasizes the unique features of the Coasean logic in this setting—an
aggregate-welfare statement on its own is fairly ambiguous, but combined with regime-specific
incidence it identifies the policy levers that can redistribute losses to make welfare improvements

politically feasible.

Corollary 3.2 (Loss-incidence decomposition under overshoot). Suppose the overshoot regime ob-
tains, AW < 0. Then AC > 0 (Prop 2(a)), and the welfare loss decomposes as follows.

(a) Free allocation. U enjoys a strict surplus transfer, AU/ = [ c? (MB (Q) — MB (¢)) dg > 0, and G
bears the entire welfare loss plus the transfer:

AGI = —(f—E)(Q—-Q) = AW — AC — AU™ < AW < 0.

The share of |AW | borne by G exceeds unity, —AG/|AW| > 1; the excess —AG ™ — |AW| =
AC + AU™ > 0 is the surplus transferred from G to C and U.

(b) Auction. U loses, AU™ = —Q(MB(Q) — MB(Q)) — fg (MB(q) — MB(Q)) dg < 0, and the loss
is split between U and G in shares

_AUauct _AGauct

auct __ auct __ auct + Stgzct — 17

U T AW+ ACT ¢ T jaw|+ac U

where AG™ = Q(MB(Q) — Q) —
auction-revenue rebound Q (M B(Q MB
Appendix A.3.)

(Q — Q)(f — k) and sign(s%<") is determined by whether the
(Q)) exceeds the fee-revenue loss (Q — Q)(f — k). (Proof in

The connection between distribution incidence and aggregate welfare arises from combining
the welfare identity, the conservationist’s gain (Proposition 2(a)), and the user’s incidence under
each allocation regime (Proposition 2(b)). Because C' always gains, any welfare loss in the over-
shoot regime falls on the sum AU + AG. Under free allocation, U also gains, so the entire welfare

loss is absorbed by G—the magnitude of G’s loss strictly exceeds | AW | because it must also cover
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the surplus transferred to C' and U, formalized in Cor 3.2(a). Under auction, U loses, so the welfare
loss is split between U and G in the shares stated in Cor 3.2(b), with the sign of AG*"“* determined
by whether the auction-revenue gain covers the fee-revenue loss.

So far, our analysis weights G’s revenue at par with private surplus, but the policy ranking
strengthens under a plausible marginal cost of public funds (MCPF) above unity. Under free
allocation, G bears the entire welfare loss plus the transfer to U, so a dollar of AG™® counts
as MCPF - AG™™® in social terms; the welfare-reducing region widens monotonically in MCPF,
and the status-quo k£ = 0 regime worsens relative to k£ = f. However, if £ = f, then AGfree —
0 by Proposition 2(c), so the MCPF weight is irrelevant. Under auction, an increase in MCPF
affects both the auction-revenue gain and the fee-revenue loss for G equally. However, setting
k = f eliminates the fee-revenue loss and implies that increases MCPF would strictly increase G’s
welfare through the auction revenue gain. The upshot is that the policy ranking & = f over k = 0
strengthens as MCPF rises, regardless of the allocation mechanism. Appendix B illustrates this
for the grazing and timber calibrations.

Table 1 summarizes the qualitative pattern across the four boundary (allocation x fee) con-
figurations, with precise magnitudes in Table Al. State and industry opposition to conservation
buyouts is rational under a k£ = 0 regime that offers a subsidy to conservation, or under an auction
regime where U’s welfare decreases. In contrast, under &k = f and free allocation, U gains from
voluntary trade and G’s revenue is unaffected. The political-economy obstacles are therefore elim-
inated. Objections to non-use rights that lie outside the scope of M B and M D—non-pecuniary
attachment to ranching as a way of life, fairness-of-process concerns, or fear of NGO entry into
rangeland governance—are not represented in the model and may persist under any cap-and-fee
regime. Section 6 below illustrates these patterns numerically in calibrations of federal grazing
and federal timber.

Table 1. Distributional Incidence and Welfare Effects Under Boundary Conditions

Free allocation Auction
AC >0 AC >0
k=0 AU >0 AU <0
- AG<O AG ambiguous
AW depends on f — k AW same as free (Cor. 3.1)
AC >0 AC >0
k= f AU >0 AU <0
N AG =0 AG >0

Pareto-improving; AW >0 AW > 0 (improvement regime)

Notes: Signs follow from Proposition 2 and Corollary 3.2. Free allocation paired with £ = f is the unique Pareto-
improving cell. Linear closed forms for each cell are collected in Appendix Table Al.
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5 Extensions

5.1 Linearization and the welfare frontier

The propositions and corollaries above hold for arbitrary M B and M D satisfying the monotonic-
ity assumptions. To draw out the comparative statics in closed form and to anchor the calibration
in Section 6, we now adopt the linearization M B(Q)) = a — b@Q and MD(Q) = c + dQ with
a,b,c,d > 0 and a > c to ensure an interior social optimum. Under linearization, the social opti-
mum is Q* = (a—¢)/(b+d) and the buyout equilibrium is Q = (a —c+k — f)/(b+d). Substituting
into the welfare integral and simplifying yields a closed form for the welfare change,

AW = (@Q-Q)3(b+d)(Q-Q) = (f— k),
Solving for the fee wedge that delivers AW = O yields: (f—k)* = (b+d)Q— (a—c). This equation
defines the frontier for conservation buyouts reducing vs. improving welfare, corresponding to
whether or not overshoot occurs. The fee gap f — k is bounded from below by zero at Q* and is
increasing in Q. As the initial cap becomes more lax relative to the social optimum, the scope for
overshoot from an implicit conservation subsidy f — k declines, but if the initial cap is close to Q*,
the fee gap must shrink to avoid welfare-reducing overshoot. Figure 6 illustrates.

Figure 6. Welfare frontiers in (Q, f — k) space

Irrelevant S Improving
(No Buyouts) k = f Regime

Q Q
Notes: Linearized model: M B = a — bQ, M D = c+ dQ. Above the welfare-zero frontier (overshoot regime) buyouts
reduce welfare; between the welfare-zero frontier and the irrelevance frontier, buyouts strictly improve welfare; at or
below the irrelevance frontier, no buyouts occur.

We can also derive an analogous frontier from Corollary 1.1: the line f —k = (a —¢) — (b+d)Q
defines when conservation buyouts are welfare-irrelevant (no buyouts occur). The two frontiers
cross at (Q, f — k) = (Q*,0) and partition the (Q, f — k) plane into three regions: a welfare-
improving region between the two frontiers, an irrelevance region below, and a welfare-reducing

region above. Figure 6 depicts these frontiers and illustrates the central comparative-statics in-
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sight: the welfare effect of buyouts depends jointly on the cap and the fee wedge, and small
changes in either can move the policy regime across frontiers. The figure also underscores the
fact that it is not possible for Coaseean provision to increase welfare if the initial cap is set at or
below the social optimum. In this scenario, trades will either not occur, or will necessarily result
in overshoot that reduces Q below the social optimum.

5.2 Free-riding

The baseline analysis focuses only on C’s marginal damage function. In this conceptualization,
marginal damages would reflect a specific NGO or individual’s willingness-to-pay to avoid ex-
traction. Hence, our statements about total welfare are confined to the transacting parties and do
not reflect the broader social implications of conservation and non-use. In practice, environmental
NGOs and individual donors capture only a fraction of the social benefit from conservation, with
the rest accuring to other beneficiaries who do not contribute (Andreoni, 1990; Kotchen, 2006;
Bergstrom et al., 1986). We follow Costello and Kotchen (2022) and model this by writing the
conservationist’s effective marginal damage function as M D¢ (Q) = 8 M Dg(Q), where 5 € (0, 1]
denotes the share of social damages that are internalized by C' and M Dy is the underlying social
marginal damage function. The case 8 = 1 recovers the baseline where there are no social benefits
external to C; the case < 1 captures partial free-riding.

With free-riding, the cap-and-fee equilibrium condition becomes M B(Q) — f = 8 M Ds(Q) — k.
Two reference quantities help frame implications. We write Q() for the unsubsidized free-riding
equilibrium that solves M B(Q) = f M Dg(Q)—the cap-and-fee equilibrium evaluated at f = &,
which collapses to the no-fee Coase outcome—to keep it visually distinct from the main-text cap-
and-fee equilibrium QB =1, f—k > 0). The social optimum Q% solves M B(Q) = MDg(Q).
With M B strictly decreasing and M Dg strictly increasing, both reference quantities are unique by
single-crossing. At Q%, MB(Q%) = MDs(Q%) > BMDg(Q%) whenever § < 1, so Q(ﬁ) > Q%
private conservation underprovides relative to the social optimum, and the gap is governed by
B together with the curvature of M B and M Dg. Proposition 4 states the unique fee wedge that
closes this gap, for general monotone marginal benefit and damage functions.

Proposition 4 (Free-riding wedge). Let M B be continuous and strictly decreasing and M Dg contin-
uous and strictly increasing on [0, Q], with MDc(Q) = B M Dg(Q) for 8 € (0,1]. The fee wedge that
induces Q = Qgis

(f —B)7(B) = (1-B) MDs(Q%).
strictly positive whenever 3 < 1 and M Dg(Q%) > 0. (Proof in Appendix A.4.)

Corollary 4.1 (Linear closed form). Under linearization M B(Q) = a — bQ, M Dg(Q) = ¢+ dQ (with
b,d > 0), the wedge in Proposition 4 admits the closed form

(f = K)P(B) = (b+8d) (Q(B) - QF) = (1) (c+dQy),
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where Q% = (a — ¢)/(b+d) and Q(B) = (a — Be)/(b+ Bd). (Proof in Appendix A.4.)

The fee wedge (1 — ) MDg(Q%) is a Pigouvian correction for the externality that C’s free-
riding imposes on the rest of society. It equals the social marginal damage at the social optimum,
scaled by the share of damages C' does not internalize. This result is general—it does not de-
pend on linear M B or linear M Dg, only on monotonicity—and reduces to the baseline result
(f — k)°P(1) = 0 when conservation buyers fully internalize social damages. In the linearization
(Corollary 4.1), the wedge can be written in closed form as (b + 3d)(Q(8) — Q%), which scales
with the gap between private and social equilibria.” As Figure 7 illustrates, free-riding shifts the
welfare-zero frontier outward in (Q, f — k) space. In other words, a larger fee wedge is required

to reach any given welfare level when C’s effective demand is attenuated.

Figure 7. Welfare frontier under partial free-riding

Welfare-%

S Improving
Irrelevant b 8
~
(No Buyouts) S :
b, 5
Free-Riding Wedge~~~ . k= f Regime
~
B _ _
Qs Q) Q

Notes: Same axes as Figure 6 but with 8 < 1, so C' captures only fraction § of social conservation value. The welfare-
zero frontier shifts outward and the welfare-improving region shrinks.

5.3 Transaction costs as a symmetric filter

Conservation buyouts in practice involve substantial fixed costs of contracting, due-diligence, bro-
kering, and legal review (Stavins, 1995; Anderson and Parker, 2013), which our model abstracts
away. Adding them back delivers a result that is in the spirit of Coase (1960): fixed transaction
costs filter out small welfare-changing trades regardless of sign. Small welfare-reducing trades—
overshoots that occur when Q falls just below Q*—are blocked because the conservationist’s gain
is too small to cover the transaction cost 7". So are small welfare-improving trades just above the
irrelevance frontier, where the per-unit damage avoided is barely above the per-unit reservation
cost. Transaction costs are usually thought of as friction that prevents efficient trade; here they
double as a filter that screens out trades whose welfare effect is too small to justify the fixed cost
of executing them, in either direction.

3This can be rewritten as (1 — 8)(c + dQ%), which illustrates the share-of-damages interpretation.
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We model fixed transaction costs as a single 7' > 0 borne by C per buyout transaction. The
conservationist participates only if the gross gain—the integral [ C?(M D(q) — MD(Q)) dq from
Proposition 2(a)—exceeds 7. Under linearization, this gross gain equals %d(@ — Q)2, and the
participation condition simplifies to Q — Q > /2T/d.

Proposition 5 (Symmetric blocking under fixed transaction costs). Under linearization, with fixed
transaction cost T > 0 borne by C, buyouts are feasible iff

Q_Q 2 \/2T/d’

equivalently f —k > (a—c¢) — (b+d)Q + (b + d)\/2T/d. The feasibility frontier is parallel to the
irrelevance frontier, shifted upward by (b+ d)+/2T'/d. Trades with welfare impact |AW| < (b+d)T/d are
blocked, regardless of whether the welfare effect is positive or negative. (Proof in Appendix A.4.)

Figure 8 illustrates Proposition 5. The feasibility frontier is parallel to the irrelevance frontier
and shifted upward by (b + d)+/2T/d; the hatched band between the two parallel lines contains
the trades that would have occurred without transaction costs but are now blocked. For Q < Q*,
the band sits in the welfare-reducing region (small overshoots blocked); for Q > Q% it sits in the
welfare-improving region (small welfare-improving trades blocked). Although transaction costs
are symmetric in the sense that they can block trades on either side of Q*, they affect the welfare
implications of allowing Coasean provision asymmetrically. As Figure 8 illustrates, transaction
costs block some number of welfare-reducing trades regardless of f — k, but they only block
welfare-enhancing trades when f — k approaches zero. The net effect is to reduce the welfare-
reducing region (by correspondingly increasing the welfare-irrelevant region), making net losses
to society from allowing Coasean provision less likely in the presence of transaction costs.

Figure 8. Welfare frontier under fixed transaction costs

Blocked by
transaction costs

Welfare-
Improving

o k = f Regime
Q" Q

Notes: The hatched band between them is the set of (Q, f — k) pairs at which a trade would have occurred without T
but is blocked by it; the band crosses both the welfare-reducing and welfare-improving regions.
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(No Buyouts)
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Two additional implications are worth noting. First, the symmetric-blocking effect of trans-
action costs interacts with free-riding from Section 5.2. The effective transaction cost scales as
T/, so the filter is wider when conservation buyers internalize a smaller share of social damages.
Second, the welfare effect of allowing buyouts is asymmetric in expectation if M D is uncertain:
blocking the overshoots is more valuable when expected M D is low, because the welfare-reducing
region is wider in (Q, f — k) space when damages are smaller.

6 Calibration

6.1 General Approach

The propositions above identify the conditions under which conservation buyouts improve wel-
fare. While the results hold for general functional forms, an advantage of the linearization is that
most of the parameters can be anchored in observable data. The reservation value a corresponds
to the highest willingness to pay among extractors; the average slope b can be backed out from
the market price at the cap and the reservation value; the cap @ and the fees f and k are adminis-
trative variables. The marginal-damage parameters c and d are by contrast difficult to pin down,
particularly for resources whose damages include multiple nonmarket services such as ecosystem
function, watershed protection, or carbon storage.

We sidestep this difficulty by inverting the question. Our approach instead holds the observ-
able parameters fixed, estimates mdmax = ¢ + dQ (the marginal damage at the cap) across a plau-
sible range, and computes AW, AC, AU, and AG for each value. The break-even md},, ., at which

AW crosses zero is the threshold marginal damage above which buyouts deliver welfare gains

(under linearization). It has the closed form

mdi. = (a—c+f—k)—bQ.

*
max

As a credibility check, we then ask whether mdj, . lies inside or outside the literature-supported
range for the resource: if the threshold sits comfortably below the lowest plausible marginal dam-
age, buyouts robustly improve welfare; if it sits above the highest plausible value, they robustly
reduce welfare; if it falls inside the range, the conclusion is sensitive to the marginal-damage esti-
mate. We apply this approach to two settings below.

Table 2 summarizes the calibration parameters for the two settings. Sections 6.2 (grazing)
and 6.3 (timber) discuss the choice of each parameter and associated sources, as well as the results
of the calibrations. Appendix B demonstrates the robustness of both calibrations across a broad
range of parameters. In both calibrations we set ¢ = 0, implying zero marginal damage when there
is no extraction. Substituting b = (a — pg)/ Q collapses the closed form to md},,, = po+[f—k
so the break-even threshold itself does not depend on c. Allowing ¢ > 0 shifts the social optimum
Q* = (a — ¢)/(b+ d) leftward and, for a given mdmax, implies a flatter marginal-damage slope

d = (mdmax — ¢)/Q; both effects narrow the welfare-reducing region in (Q, f — k) space and
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reduce the welfare loss conditional on overshoot. The thresholds reported below are therefore

weakly conservative against allowing buyouts.

Table 2. Calibration parameters for federal grazing and federal timber

Parameter Federal grazing Federal timber
Cap, Q 12.3 million AUMs 3.0 million MBF
Extraction fee, f $1.35/AUM $4 /MBF
Reservation value, a $30/ AUM $100/MBF

Price at the cap, pg $23.40/ AUM $70/MBF

Slope, b = (a — p5)/Q $0.537/ AUM per million AUMs  $10/MBF per million MBF
M D intercept, ¢ 0 0

Mdmax SWeep range [$5, $40]/ AUM [$40, $7,000] /MBF
Allocation regime Free allocation Auction
Break-even md}, .. atk =0 $24.75/AUM $74/MBF
Break-even md}, . atk = f  $23.40/AUM $70/MBF

Notes: Sources: federal grazing fee under PRIA (Vincent, 2019); private grazing-lease rates from USDA-NASS Quick
Stats, 17-state average (USDA National Agricultural Statistics Service, 2024); federal stumpage prices and allowable
cut from USFS Cut and Sold reports; competitive-auction format for federal timber follows Athey et al. (2011). The
closed-form break-even mdr,.x = pg + f — k implies mdy,,, is invariant to a and Q (Appendix E.1). Atk = f, the
threshold collapses to the irrelevance boundary mdy,.x = pg for both settings.

6.2 Federal Grazing AUMs (Free Allocation)

We parameterize the model for federal grazing using publicly available administrative data and
the private grazing-lease market. The cap is Q = 12.3 million animal-unit months, corresponding
to BLM-authorized AUMs in force on federal rangeland (Vincent, 2019).* The federal grazing fee
is f = $1.35/AUM, set by formula under the Public Rangelands Improvement Act and updated
annually (Vincent, 2019). The reservation value a = $30/AUM is anchored at the upper end
of private grazing-lease rates on high-productivity allotments. The market price at the cap, pg ~
$23.40/ AUM,, is the 17-state average private-leasing rate reported by USDA-NASS for comparable
rangeland (USDA National Agricultural Statistics Service, 2024); combined with a and Q, this
implies a slope b = (a — pg)/Q ~ $0.537 per million AUMs. We set ¢ = 0 (no intercept for the MD
function) for simplicity and calibrate mdmax across [$5,$40]/AUM, a range that brackets carbon-
only damages at the low end and combined carbon-plus-ecosystem damages at the high end, as
described below.

The closed-form break-even thresholds are md ..

(k=0) =30+ 1.35 - 6.60 =~ $24.75/AUM
under the status-quo regime and md}, . (k = f) = $23.40/ AUM at the Pareto-improving fee set-
ting level (where the threshold collapses to the irrelevance boundary). The closed-form expression
simplifies further by recognizing that our estimate of the slope b is itself a function of other param-

eters. Substituting b = (a —pg)/Q into md},,, = a+ f —k—bQ delivers mdy,,, = pg+ [ —k, so the

max max

“The 12.3-million-AUM figure is the BLM “AUMs in force” total reported by CRS for FY2017; USFS rangeland
adds roughly 1-2 million authorized AUMs annually but is treated as out-of-scope here. The closed-form break-even
derived below is invariant to ) once the private lease rate is held fixed (Appendix E.1), so the calibration is insensitive
to whether USFS rangeland is included.
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welfare threshold depends only on the private lease rate, the federal fee, and the conservation-fee
setting—not on a or Q directly.

Figure 9 shows the results of the calibration. Panel A traces AW as a function of mdy.x under
both regimes. Under k£ = 0, the curve crosses zero from below at md},,, ~ $24.75/AUM, indi-
cating welfare gains for marginal damages above this threshold; under & = f, AW is everywhere
weakly positive, with the boundary at the irrelevance threshold mdmyax = $23.40/ AUM. Panel B
decomposes the k = 0 welfare effect into its distributional components and matches Corollary 3.2
directly: AC > 0 throughout the active range, AU > 0 (free allocation), and AG < 0, with the
magnitude of the government’s loss exactly accounting for the welfare loss in the (small) over-
shoot region. The policy implication is that if the marginal damage from federal grazing exceeds
$24.75/AUM, buyouts can improve welfare under the status-quo regime. Raising & to f removes

the overshoot region entirely.

Figure 9. Federal grazing AUMs — inverted-) D calibration (free allocation)

Panel A: Aggregate Welfare Change Panel B: Distributional Split (k = 0) Panel C: Distributional Split (k = f)
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Notes: Panel A: aggregate welfare change AW as a function of assumed marginal damage at the cap mdmax, under
k = 0 (status quo, solid) and k£ = f (Pareto regime, dashed). Panel B: distributional split under £k = 0 — AC > 0,
AU > 0 (free allocation), AG < 0. Visualizes Corollary 3.2: under overshoot+{ree allocation, G is the unique net loser.
Panel C: distributional split under k = f (Pareto regime) — AC > 0, AU > 0, AG = 0 by Proposition 2(c); G is held
harmless and aggregate welfare equals AC + AU.

How does the break-even threshold compare to existing estimates of grazing damages? Kauff-
man et al. (2022) measure per-AUM emissions from enteric fermentation and manure deposition
alone of 875 kgCOe at a 20-year GWP and 391 kgCO,e at a 100-year GWP, not accounting for
land-use change and lost sequestration. At the EPA 2023 SC-GHG estimate of $380/tCO,e for
2030 emissions at a 1.5% discount rate (U.S. Environmental Protection Agency, 2023), that gives
carbon-only damages of $149-$333/AUM across the two horizons; at the IWG 2021 SC-GHG of
$51/tCOze, the corresponding range is $20-$45/ AUM. Damage-function approaches that bypass
a single SC-GHG point estimate (Kauffman et al., 2023) report $72-$166/ AUM. The status-quo
break-even threshold is md;;,,, = $24.75/AUM. Nearly every estimate from the literature exceeds
this cutoff except the IWG 2021 anchor at the 100-year GWP horizon ($20/AUM), which sits a few

dollars below the threshold before land-use-change channels (lost soil-carbon stocks, foregone
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vegetation-carbon sequestration) and ecosystem-service damages on water yield and biodiversity
are added.

Section 4.1 flagged that aggregating G’s revenue at par with private surplus is conservative
when public funds carry a marginal cost above unity. Applying a marginal cost of public funds
(MCPF) above unity widens the welfare-reducing region under £ = 0 by amplifying G’s revenue
loss in social terms, but leaves the Pareto regime untouched: under k = f free allocation, AG = 0
by construction so the MCPF weight is inert, and the policy ranking k = f > k = 0 strengthens,
not weakens, as MCPF rises. See Figure B1.

6.3 Federal Timber (Auction)

We also develop a federal-timber calibration to illustrate the other allocation regime. We set the
cap at Q = 3.0 million thousand-board-feet (MBF), corresponding to roughly the 3 billion board-
feet allowable cut authorized by the U.S. Forest Service in recent years. We set the administrative-
cost-recovery fee at f = $4/MBF.° The reservation value is a = $100/MBF, anchored on the upper
end of stumpage prices for high-quality timber, and the price at the cap is po = $70/MBF, the
average federal stumpage price across recent USFS sales.® These imply a slope b = (a — pg)/Q =
$10 per MBF per million MBF. As with grazing, we make the simplifying assumption that ¢ = 0.
We vary mdmax over [$40, $7,000] /MBF, a range chosen to span the full-accounting carbon-damage
estimates discussed below. Federal timber is sold via competitive auction, so we apply the auction
expressions from Proposition 2 rather than the free-allocation expressions.

The closed-form break-even threshold is mdj},,, = 100 + 4 — 30 = $74/MBE. Figure 10 depicts
the full results. Panel A traces AW as a function of mdy,.x, with the curve crossing zero from below
at approximately $74/MBE. Panel B decomposes the welfare effect under auction, k = 0: AC' > 0
throughout the active range, AU < 0 (auction lowers U’s payoff), and AG > 0. The positive sign
on AG is consistent with Corollary 3.2’s second case—the auction-revenue rebound dominates
the fee-revenue loss in this calibration, so the welfare loss in the overshoot region falls entirely on
U. The policy implications parallels those for grazing: if the marginal damage from a marginal
MBEF of federal timber harvest plausibly exceeds $74/MBE, then buyouts improve welfare under

the status-quo auction regime.

Finally, we compare the break-even threshold to existing estimates of timber-harvest damages.
Talberth and Carlson (2024) report net forest-sector emissions of 9.29-16.74 tCO,e per MBF for
federal-style harvest, drawing on full-accounting estimates that include foregone above-ground
sequestration, soil-carbon pulse, slash decomposition, and operational emissions in addition to

°The $4/MBF figure is an approximation averaged across USFS regions and sale types; the agency does not publish
a single nationwide per-MBF administrative-cost number, and actual cost recovery varies with sale size and contract
structure. The model maps f to the per-unit charge actually collected on each sold unit, which the average captures
adequately for the calibration’s threshold purpose.

SThe $70/MBF figure is averaged across USFS regions and species categories; recent Northwest-region softwood
sawtimber prices on USFS land are in this range, but actual stumpage varies substantially by region, species, and sale
type (USFS Cut and Sold reports).
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Figure 10. Federal timber — inverted-)/ D calibration (auction regime)

Panel A: Aggregate Welfare Change Panel B: Distributional Split (k = 0) Panel C: Distributional Split (k = f)
/ . .
— k=0 (status quo) / AC , / AC /’
k = f (Pareto) / 150 — AU ’ 150 — AU ’
150 : / — AG // — AG ,
/ - aw ’ - aw ,
/’ . ’ R ’
/ | ’ : ’
/ 100 : L 100 : L

! / : . : .
100 ; 4 i ’ i ,

| / | 4 | ’

AW / Change ) Change L
/ 50 50 . 7

50

of ——

s ' '
50 100 150 200 250 50 100 150 200 250 50 100 150 200 250
Marginal Damage at Cap (USD per MBF) Marginal Damage at Cap (USD per MBF) Marginal Damage at Cap (USD per MBF)

Notes: Panel A: aggregate welfare change as a function of mdmax, under £ = 0 (status quo, solid) and k¥ = f (Pareto
regime, dashed). Panel B: distributional split under £k = 0 — AC > 0, AU < 0 (auction), AG > 0 (auction-revenue
rebound dominates fee-revenue loss). Panel C: distributional split under k = f — same qualitative pattern with smaller
AU loss because the fee wedge f — k = 0 removes the additional cost on retained units.

the wood-product carbon balance (Hudiburg et al., 2019). At the EPA 2023 SC-GHG estimate of
$380/tCOze for 2030 emissions at a 1.5% discount rate (U.S. Environmental Protection Agency,
2023), that gives carbon-only damages of roughly $3,500-$6,400/MBF, well above the break-even
threshold md},,, = $74/MBF. Watershed services—sediment delivery, peak-flow attenuation,
late-season streamflow—and habitat or biodiversity damages associated with intact stands add
further damages that vary widely by location and stand condition (Brown et al., 2007; Krieger,
2001; Polasky et al., 2008). As with grazing, the welfare-improving conclusion under buyouts is
robust to the SC-GHG and emissions-factor variation we observe in the literature; even under the
lower end of the Talberth—Carlson range and a lower SC-GHG anchor, carbon-only damages clear
the threshold. Figure B2 demonstrates that these findings are robust to alternative MCPFs.

6.4 Robustness of Calibration Exercises

Appendix B.1 reports the local sensitivity of the break-even threshold mdj ,, to each calibration

max

%
max

primitive. Working from the closed form md;, . = a+ f —k—bQ together with the slope restriction
b= (a—pg)/ Q, the threshold collapses to mdz,,, = pg + [ — k — only the private lease rate
at the cap and the fee setting (f, k) matter; the reservation value a and the cap @ drop out by
construction. Table B1 confirms this in numbers: Omd, .. /0a = 0 and dmd, . /0Q = 0 at both the
grazing and the timber calibration points, while the elasticity with respect to p;; approaches unity.
The break-even threshold therefore derives entirely from a single, market-observed quantity —
the private grazing-lease rate or the federal stumpage price — rather than from less-observable
demand intercepts or capacity choices. What this local exercise cannot, on its own, rule out is joint
movement of multiple primitives away from the calibration point.

Appendix B.3 demonstrates the robustness of the calibration along broader two-dimensional
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planes for each setting. In Panel A of Figures B3 (grazing) and B4 (timber), we trace the break-even

*
max

damage threshold md over (pg, Q) holding a fixed; the contours come out vertical, visually
confirming the closed-form result mdy,,. = ps+ f —k derived in Section 6.1 — the threshold tracks
the market price at the cap and is invariant in Q). In Panel B, we trace aggregate welfare AW over
(a,Q) at an above-threshold damage value ($30/AUM for grazing; $500/MBF for timber), hold-
ing pg at its calibration value. AW stays strictly positive across the full neighborhood (between
roughly $5M and $15M per year in the grazing context) and the AW = 0 contour lies entirely
outside the relevant region in both settings. The welfare conclusion supporting buyouts therefore
does not flip under joint perturbations of the demand intercept, the cap, or the market price; the
headline claim survives along the planes that the one-dimensional exercise in Appendix B.1 could

not, by construction, rule out.

6.5 Oil and Gas

The same approach in principle extends to federal oil and gas leasing, but several features of that
setting complicate a direct application. The lease pricing structure is not a simple per-unit fee:
federal oil and gas leases combine a bonus bid (paid up front), a royalty on production (a percent-
age of gross revenue), and administrative cost recovery, none of which maps cleanly onto our f.
When fees are fixed per unit, setting £ = f is trivial. But in the oil and gas context f = 6P, where
¢ is the federal royalty rate (currently 12.5%), and P is the price of oil. Because P is unknown, it
would be difficult to price conservation on par with extraction ex ante. Second, a compounding
factor is that unlike timber and grazing where quantities are estimated or administratively set ex
ante, oil and gas production is highly uncertain. Hence, obtaining the & = f equivalence in oil and
gas would be practically challenging. Finally, oil and gas leases run for decades, with declining-
well dynamics, abandonment liability, and option value of delayed development—margins that
a static cap-and-fee model does not capture (Harstad, 2012; Asheim et al., 2019). We accordingly
leave a calibration of oil and gas to future work, with a dynamic extension of the model and a
richer mapping from lease primitives to the policy variables (f, k, Q) as the natural next step.

7 Conclusion

This paper sheds new light on the welfare implications of extending voluntary Coasean provi-
sion, or “non-use rights” to natural resources on U.S. public lands. Recent proposals and attempts
to allow conservation interests to acquire federal grazing permits, oil and gas leases, and timber
leases for the purposes of “non-use” have been strongly opposed by resource users, state govern-
ments, and local communities (Ruple et al., 2023). The existing literature on Coasean provision
focuses on aggregate welfare in the context of purely private provision, and is thus not equipped
to understand the distributional implications of changing key features of public natural resource
governance.

We have shown that the controversy over buyouts is fundamentally distributional, and that
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the distributional structure depends on two policy levers—how rights are initially allocated, and
what fee conservation buyers are charged. We find that the question of whether buyouts improve
welfare is governed by the equilibrium extraction quantity, while the question of who gains and
loses is governed by the allocation regime. Understanding why requires careful mapping of the
distributional impacts.

Conservationists always gain from being allowed to participate. Resource users gain when
rights are freely allocated and lose when rights are auctioned. In contrast, the government’s rev-
enue weakly falls under free allocation and is ambiguous under auction; the only configuration
in which government is held harmless is free allocation paired with £k = f, which is also the
unique Pareto-improving regime and the only configuration that delivers an unambiguous wel-
fare improvement. A standard marginal-cost-of-public-funds correction (MCPF > 1) amplifies the
free-allocation loss to G' and strengthens the policy ranking k = f over k = 0.

Our analysis adds nuance to the prevailing rhetoric in policy debates. Resource users’” oppo-
sition to buyouts is rational under an auction regime but not under free allocation; states’ concern
about lost revenue is legitimate under a k = 0 regime but disappears under k& = f.” The U.S.
debate over the Public Lands Rule has largely conflated these dimensions, treating “allowing buy-
outs” as a single policy choice rather than a parameterized family of regimes with very different
distributional consequences. Our analysis suggests that a buyouts regime that paired free initial
allocation with £ = f would simultaneously address the principal objections of resource users and
revenue-collecting agencies while still delivering net welfare gains.

Several caveats warrant emphasis. The analysis is partial-equilibrium and abstracts from dy-
namics, market power, and the possibility that conservation organizations themselves face budget
constraints that limit their effective demand. The extensions in Section 5 relax the assumption
of full preference aggregation by C and allow for fixed transaction costs, but a full treatment of
the relevant frictions in any specific empirical setting—grazing AUMSs, oil-and-gas leases, wa-
ter rights, fishery quotas—requires application-specific calibration that we leave to future work.
The framework also captures political economy only to the extent it operates through the surplus
channels of U, C, and G in the M B/M D structure. Objections to non-use rights that lie outside
that structure—cultural, identity-based, fairness-of-process, or concerns about non-governmental
entry into rangeland governance—are not represented in the model and may persist under any
cap-and-fee regime. Future research by economists and others should attempt to grapple with
these other factors more directly. The framework here provides clarity to the debate by precisely
characterizing the direct, strictly economic gains and losses from allowing Coasean provision for
public natural resources. The central message is that conservation buyouts are a parameterized
family of policies rather than a single policy, and the choice of allocation and fee structure deter-

mines the magnitude of total social gains and losses, as well as who bears them.

"While fees are collected by the federal government, a fraction of the revenues is often shared with states, especially
for resources like oil, gas, and timber.
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Appendix A Proofs

The appendix contains formal proofs of all propositions and corollaries in the main text, organized
in four parts: A. equilibrium results (1, 1.1); B. distributional incidence (2(a)—(c)); C. aggregate
welfare (3, 3.1, 3.2); and D. extensions (4, 5).

Notation and standing assumptions. Throughout, M B : [0, 00) — R is strictly decreasing (M B’ <
0) and MD : [0,00) — R is strictly increasing (M D' > 0), both continuous. The cap Q, the
extraction fee f > 0, and the conservation fee & € [0, f] are exogenous policy parameters. The
social optimum Q* solves M B(Q*) = M D(Q*). With buyouts allowed, the equilibrium quantity
Q solves (1): M B(Q) —f=M D(Q) — k. Without buyouts, the cap binds and extraction equals Q.
Welfare changes AC, AU, AG, AW are differences (with-buyouts) — (without-buyouts).

A1 Equilibrium

Proof of Proposition 1. Define ®(Q) := MB(Q) — M D(Q). Since MB' < 0 < MD', ® is strictly
decreasing on [0, Q).

Step 1 (existence and uniqueness). The equilibrium condition (1) can be written ®(Q) = f — k.
Under the hypothesis ®(Q) = MB(Q) — MD(Q) < f — k, strict monotonicity of ® gives a unique
Q < Q satisfying ®(Q) = f — k.

Step 2 (comparative statics). By the implicit function theorem applied to ®(Q) = f —

0Q _
of

Since ®'(Q) = MB'(Q) — MD'(Q) < 0, the partials have the signs claimed. The cap Q does not
appear in @, so dQ/dQ = 0 on the interior.

Step 3 (corner case). If ®(Q) > f —k, thenforany Q < Q, ®(Q) > ®(Q) > f—k,s0®(Q) = f —k
has no interior solution; Q = Q binds and no buyouts occur. O

Q’\@

®'(Q) 57 =1, (Q)

Proof of Corollary 1.1. The hypothesis f — k < MB(Q) — MD(Q) = ®(Q) is the corner condition
in Step 3 of the previous proof, so Q=0. WithQ = Q, every welfare integral in Proposition 2
reduces to an integral over an empty interval, hence AC = AU = AG = 0 and consequently
AW =0. O

A.2 Distributional Incidence

The proofs in this section use one preliminary fact, which follows directly from the equilibrium

condition (1):

Lemma B.1. In equilibrium, the per-unit cost C' pays for each conserved unit equals M D(Q),
and the per-unit revenue U receives equals M B(Q) — f.

30



Proof of Lemma B.1. C' pays the equilibrium per-unit market price p to U plus the conservation fee

k to G, for total per-unit cost p + k. U accepts the lowest p such that p > M B((Q)) — f (its outside
option from extracting the unit). In equilibrium, p = M B(Q)— f. By (1), MB(Q)— f = MD(Q) -k,

~ ~

sop+k=MD(Q)—k+k=MDQ). O

Proof of Proposition 2(a). Setup. C’s payoff is — (damage borne) — (conservation payments).
Step 1 (without buyouts). C bears damage on all extracted units:

Step 2 (with buyouts). C bears damage on [0, Q] and pays per-unit cost M D(Q) on each of the
(Q — Q) conserved units (Lemma B.1):

Q . .
e = — [“MD@ds — @-QMD(Q)
Step 3 (difference).
AC =TI0Y — I
Q Q . .
_ / MD(q) dq — / MD(q)dg — (Q — Q)MD(Q)
07 0
Q .
:/Q (MD(q) — MD(Q)) dg.

Step 4 (sign). For q € (Q,Q], MD(q) > MD(Q) since M D' > 0. Hence AC > 0.
Step 5 (allocation invariance). No allocation parameter appears anywhere in Steps 1-4; AC' is
identical under free allocation and under auction. O

Proof of Proposition 2(b), free allocation. Setup. Under free allocation, U receives @ rights at zero cost,
pays the per-unit fee f on extracted units, and sells unused rights to C' at the equilibrium price

MB(Q) — f (Lemma B.1).
Step 1 (without buyouts). U extracts Q:

Q
r = [0

Step 2 (with buyouts). U extracts Q and sells (Q — Q) at price MB(Q) - f:

Hbuy,free i /Q(MB A4 5 _ OVMB(O) —
U = (@)= f)dg + (Q - Q)(MB(Q) - f).
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Step 3 (difference).

-@-QMB@ )~ [ (MBG) - 1)da
Q .
= | (4B(@) ~ MB(w) da
Step 4 (sign). For q € (Q, Q], MB(q) < M B(Q) since M B’ < 0. Hence AU > 0. O

Proof of Proposition 2(b), auction. Setup. Under auction, U bids for rights at the auction-clearing
price. Without buyouts, the marginal bidder is at @, so the price is M B(Q) — f. With buyouts, C’s
entry pushes the marginal bidder to @, so the price rises to M B(Q) — f.
Step 1 (without buyouts). U wins Q rights at price M B(Q) — f, then pays per-unit fee f on
extracted units:
Q _ _ _ Q _
et = [T MB(a)ds - QUBQ - )~ 1Q = [ (MBlo)~ MB(@) da

0

Step 2 (with buyouts). U wins Q rights at price M B(Q) — f, then pays per-unit fee f:

Hb“Y"““Ct—/QMB dqg — Q(MB(O ) = QMB MB(O
gt = [T B dg - Q (Q)—f)—fQ—/O( (q) - MB(Q)) dg.

Step 3 (difference).

Q . Q _
N / (MB(q) - MB(()) dq — / (MB(q) - MB(Q)) da.
0 0

Step 4 (rearrangement). Split the second integral at () and combine with the first:

O ) ~ Q _
AUt /0 [(MB(q) — MB(Q)) — (MB(q) — MB(Q))] dg — /Q (MB(q) — MB(Q)) dg

Q _ . Q _
= [ (8@ - MB@) s~ ["(B@ - MB@)d
. . _ Q _
= ~Q(MB(Q) - MB@) ~ [ (MBl) - MB(Q) dy
Step 5 (sign). Since MB' < 0 and Q < Q, MB(Q) > MB(Q), so the first term is strictly
negative. For ¢ € (Q,Q), MB(q) > MB(Q), so the integrand of the second term is positive and
the term enters with a negative sign. Both terms are non-positive (strictly negative whenever

Q < Q). Hence AUt < (. O
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Proof of Proposition 2(c), free allocation. Under free allocation, G collects only fee revenue: f per ex-
tracted unit and k per conserved unit (when buyouts are allowed).

Step 1 (without buyouts). I = fQ.

Step 2 (with buyouts). H]éuy’free = fO+k(Q-Q).

Step 3 (difference). AG™ = fQ + k(Q — Q) — fQ = (k— )(Q — Q).

Step 4 (sign). Since k < f and Q > Q, AG™ < 0, with equality iff k = f or Q = Q. O

Proof of Proposition 2(c), auction. Under auction, G collects auction revenue (the per-unit clearing
price times Q) plus fee revenue.
Step 1 (without buyouts). Auction price M B(Q) — f on Q units, plus f per extracted unit:

g™ = Q(MB(Q) — f) + fQ = QMB(Q).

Step 2 (with buyouts). Auction price M B(Q) — f on Q units, plus f on @ extracted units, plus

on (Q — Q) conserved units:
"™ = Q(MB(Q) — f) + fQ+kQ - Q).
Step 3 (difference).

AGauct — Q(
(

Step 4 (sign). The first term is strictly positive (M B(Q)) > M B(Q)). The second is non-negative

MB(Q) - f) + fQ+k(Q - Q) —QMB(Q)
MB(Q) - MB(Q)) — (Q - Q)(f — k).

Il
Qi

(and enters with a minus sign). The net sign is therefore indeterminate without additional restric-

tions on parameters. Two limiting cases:
e k = f: the second term vanishes and AG*"t = Q(MB(Q) — M B(Q)) > 0.

o k=0: AG*' = Q(MB(Q) — MB(Q)) — f(Q — Q), sign indeterminate; depends on relative

magnitudes of the auction-revenue rebound and the fee-revenue loss.

A.3 Aggregate welfare

Proof of Proposition 3. Step 1 (welfare identity). By definition AW = AU + AC + AG. We verify by
direct substitution that this sum reduces to the integral form regardless of allocation.
Step 2 (free allocation algebra). Substituting the closed forms from Propositions 2(a)—(c) under
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free allocation:

Q . .
(MB(Q) — MB(q))dg + (k— )(Q — Q)

Q
AWiree — MD(q) — MD(O))d
/Q (MD(q) - MD(Q))dg + /Q

Q . . .
- [ D)~ MB@)ds + (@~ Q)MBQ) ~MD@)+ 5~ 1)

By the equilibrium condition (1), M B (Q) -M D(Q) = f — k, so the bracketed term vanishes:

Q
AWiree — /Q (MD(q) — MB(q)) dg.

Step 3 (auction algebra). Substituting the auction expressions from Proposition 2(b)—(c):

Q .
AWAuCt — /@ (MD(q) — MD(Q))dq
Q _

(MB(q) — MB(Q))dq

Q
+Q(MB(Q) - MB(Q)) = (Q = Q)(f — k).

+[-QurB@Q) - MB@) - [

Combining the M B(Q) terms:
~Q(MB(Q) — MB(Q)) + QMB(Q) - MB(Q)) = (Q — Q)(MB(Q) - MB(Q)),

and noting that fg(MB(q) —~MB(Q))dq = ngB(q) dg— (Q — Q)M B(Q), the auction expression
simplifies to

Q . . A
AWauct:/Q (MD(q)—MB(Q))dq+(Q_Q)[MB(Q)_MD(Q)_(f_k)]’

and again the bracket vanishes by (1), giving the same expression as in Step 2.
Step 4 (sign analysis). Recall Q* solves M B(Q*) = MD(Q*). By MB' < 0 < MD', MD(q) —

M B(q) is strictly increasing in ¢ and changes sign at Q*. Two cases:
« IfQ > Q* (improvement or irrelevance regime): the integrand M D(q) — M B(q) > 0 for all
g €[Q,Ql,s0 AW > 0.
e If Q < Q* (overshoot regime): the integrand is negative on [Q, Q*) and positive on (Q*, Q].
The total AW is positive iff the gain on the second sub-interval exceeds the loss on the first.

Step 5 (sufficient condition). If f — k < MB(Q*) — MD(Q*) = 0, then Q > Q* (improvement
or irrelevance regime) by Proposition 1, so by Step 4 case (i), AW > 0. Combined with f — k >

MB(Q) — M D(Q) to rule out the irrelevance regime (Corollary 1.1), we obtain strict AW > 0. [

Proof of Corollary 3.1. By Steps 2-3 of the proof of Proposition 3, AWfree = Apyauct = [ g (MD(q)—
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MB(q)) dq. The integrand contains no allocation argument, and Q is determined by (1), which
also contains no allocation argument. Hence AW is allocation-invariant. O

Proof of Corollary 3.2. Suppose the overshoot regime holds, i.e., AW < 0.

Step 1 (welfare identity). By (2), AW = AU + AC + AG, hence AU + AG = AW — AC.

Step 2 (lower bound). By Proposition 2(a), AC > 0 (strict, since Q < Q in the overshoot regime).
Combined with AW < 0,

AU +AG = AW - AC < -AC < 0.
Step 3 (free allocation case). By Proposition 2(b), AU > 0. Combined with Step 2:
AGfree _ (AUfree+AGfree) _ AUfree < AW —AC -0 < 0.

Hence G is the unique net loser; the magnitude of G’s loss is at least |AW |+ AC, which equals the
welfare loss plus the transfer to U.

Step 4 (auction case). By Proposition 2(b), AU < 0. The loss AUt + AG*! < ( from
Step 2 is split between the two parties; nothing in Steps 1-2 pins down the sign of AG®, which
by Proposition 2(c) depends on whether the auction-revenue rebound dominates the fee-revenue
loss. O

Table A1 reports the linearization closed forms for each of the four (allocation x fee) configura-
tions summarized qualitatively in main-text Table 1. Two quantities are allocation-invariant under
linearization MB(Q) =a —bQ, MD(Q) =c+dQand Q = (a —c+ k — f)/(b+ d):

AC = 4Q-QPF AW = @Q-Q)3(b+dQ-Q) ~(f - k).

The remaining two quantities, AU and AG, vary across cells:

Table Al. Linear closed forms for AU and AG across the four configurations

Free allocation Auction

k=0 AUfe=28Q-Q)? AU =—-bQ(
AGR = Q- Q) AGM=(Q-

k=f AUfree — %(Q _ Q)2 Apauct — Q(Q Q
AGfree -0 AGauct — (Q )

—

) —
>0

Notes: Substituting MB(Q) = a — bQ, MD(Q) = ¢ +dQ, and Q = (a — ¢+ k — f)/(b + d) into the integrals of
Proposition 2. Atk = f,Q = Q* = (a — ¢)/(b+d) so (Q — Q) collapses to (Q — Q*). Auction AG at k = 0 is signed by
bQ = f: atk = f the fee-revenue loss vanishes and AG*™** > 0.
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A.4 Extensions

Proof of Proposition 4. We work directly with general M B and M Dy satisfying the monotonicity
assumptions; the linear closed form follows as Corollary 4.1.

Step 1 (existence and uniqueness of reference quantities). Define ®(Q) = M B(Q) — S MDgs(Q).
Strict monotonicity of M B (decreasing) and M Dg (increasing) makes @ strictly decreasing in @

for any 5 > 0. Provided ®(0) > 0 and ®(Q) < 0 (the standard interior assumption), Q(3) exists
and is unique; the same argument with 3 = 1 gives Q%.
Step 2 (over-bargaining when < 1). At Q5, MB(Q%) = MDgs(Q5). For < 1,

®(Qs) = MB(Qs) - fMDs(Qs) = (1—5)MDs(Qs) > 0,

so strict monotonicity of ® implies Q(8) > Q%: the private equilibrium overshoots the social
optimum.

Step 3 (modified equilibrium target). The cap-and-fee equilibrium condition is MB(Q) — f =
BMDg(Q) -k, equivalently ®(Q) = f — k. We seek the wedge f — k that yields Q = Q%.

Step 4 (solve for the wedge). Substituting:

(f = K)P(B) = ®(Q5) = MB(Q5) - BMDs(Q%) = (1-8) MDs(Q%),

where the last equality uses M B(Q%) = M Dg(Q%). The wedge is strictly positive whenever 3 < 1
and M Dg(Q%) > 0, and equals zero when 3 = 1, recovering the textbook Coase result. O

Proof of Corollary 4.1. Under linearization, M Dg(Q%) = ¢+ dQ§ with Q% = (a — ¢)/(b + d), so
substituting into Proposition 4 gives

ad + be
b+d

(f =k)P(B) = (1-B)(c+dQs) = (1-p)

The equivalent slope-distance form follows from Q(3) = (a— f¢)/(b+ (d). Direct expansion yields
the algebraic identity (a — fc)(b+ d) — (a — ¢)(b+ fd) = (1 — B)(ad + be), so

o (1= B)(ad+bo)

Multiplying by (b+ 3d) recovers (b+ 3d) (Q(B) -Q%) = (1-8)(ad+bc)/(b+d) = (1-5) (c+dQ%).
Both equalities equal (1 — 8) M Dgs(Q%), agreeing with Proposition 4. O

Proof of Proposition 5. Adopt linearization. By Proposition 2(a) under linear M D,

Q

Q R
dg—Q)dq =

(Vi

: Q- Q)

20(@.Q) = | A

(MD(q) — MD(©))dg = /
Q
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Step 1 (participation condition). C enters iff AC' > T
HQ-Q° 2T «— Q-Q = 27/d

Step 2 (translate to wedge). Substitute Q = (a — ¢+ k — f)/(b+d) from Proposition 1 (linear case,
k€ [0, f]):

Q- CtET S AT

b+d
Multiplying through by (b + d) and rearranging:

f—k > (a—c)—(b+d)Q+ (b+d)\/2T/d.

Step 3 (geometry). The irrelevance frontier from Corollary 1.1is f — k = (a — ¢) — (b + d)Q.
The feasibility frontier in Step 2 has the same slope —(b + d) in Q, shifted upward by the constant
(b+d)\/2T/d.

Step 4 (welfare-symmetric blocking). At the feasibility boundary, |Q — Q| = /2T /d, regardless of
whether Q exceeds or falls short of Q*. The aggregate welfare |AW| at the boundary is bounded
above by a function of T alone (specifically, |AW| < $(b+d)-2T/d = (b+d)T/d in the linear case).
Trades with welfare impact below this threshold are blocked, regardless of sign. O
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Appendix B Robustness of Calibration Exercises

This appendix presents three robustness exhibits that the calibration discussion in Section 6 sum-
marizes in prose. Together they show that the headline policy claim—that £ = f free allocation
is the Pareto-improving regime within the model’s surplus framework—is robust to plausible
perturbations of the calibration primitives, the marginal cost of public funds, and the inferential

parameters themselves.

B.1 Local sensitivity of the break-even threshold

Table B1 reports the partial derivatives of the break-even threshold mdj,,, with respect to each
calibration primitive, at the calibration point for grazing and timber. The closed form md},,, =
a+ f —k —bQ, combined with b = (a — po)/ Q, simplifies to md},,,, = po + [ — k: the threshold
depends only on the private lease rate p, and the fee setting (f, k), with the reservation value a
and the cap @ both dropping out. omdj,,./0a = 0 and Omd;;,,, /0Q = 0 in both calibrations, with

max

the elasticity of the threshold to p, approaching unity.

Table B1. Local sensitivity of the break-even threshold md}, ,, to calibration primitives

Grazing (k = 0) Timber (k = 0)
Parameter 6 Value 0md},,,/00 Elasticity Value 9Jmd},,, /00 Elasticity
a (MB intercept) 30 0 0 100 0 0
po (MB at cap) 23.40 1 0.945 70 1 0.946
Q (cap) 12.3 0 0 3 0 0
f (extraction fee) 1.35 1 0.0545 4 1 0.0541
k (conservation fee) 0 -1 0 0 -1 0
md, . at calibration 24.75 74.00

Notes: Closed-form derivatives evaluated at the grazing and timber calibration points (k=0). Elasticities are unit-free
0lnmdy,,,/01n 6. The threshold is invariant to a and Q because they cancel through b = (a — pg)/Q.

B.2 Marginal cost of public funds

Figure B1 shows the MCPF-weighted welfare AWMCTF = AU + AC +MCPF - AG as a function of
Mdmax for grazing under MCPF € {1.0,1.3,1.5}, a standard range from the literature (Brown-
ing, 1976, Hendren, 2016; Jacobs, 2018). The status-quo regime (k = 0) deepens the welfare-
reducing zone as MCPF rises—the break-even threshold shifts from $23.4/AUM at MCPF=1.0 to
$24.9/ AUM at MCPF=1.5—because G bears the entire fee-revenue loss and that loss is amplified
by the public-funds shadow price. The Pareto regime (k = f) is insensitive: AG = 0 by construc-
tion, so the MCPF weight is inert. Figure B2 shows the same exercise for timber. Under auction

the conclusion strengthens: the auction-revenue rebound makes AG > 0 in the active range, so
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MCPF > 1 amplifies a positive transfer rather than a negative one and aggregate welfare improves
uniformly with MCPF.

Figure B1. MCPF sensitivity: grazing AUMs (free allocation)

Grazing AUMs (free allocation): MCPF sensitivity
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Notes: AWMF vs mdmax under MCPF € {1.0,1.3,1.5}. Left panel: status-quo k = 0, where G bears the fee-revenue
loss and MCPF widens the welfare-reducing zone. Right panel: Pareto k = f, where AG = 0 and MCPF is inert.
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Figure B2. MCPF sensitivity: federal timber (auction)

Federal timber (auction): MCPF sensitivity
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Notes: AWMEF vs mdmax under MCPF € {1.0,1.3,1.5}. Under auction, the auction-revenue rebound makes AG > 0,
so MCPF amplifies a positive transfer and aggregate welfare improves uniformly with MCPF in the active range.

B.3 Two-dimensional robustness in (pg, Q) and (a, Q)

Figure B3 varies the grazing calibration along two two-dimensional planes. Panel A traces the

break-even threshold md*

max

the closed-form result that the threshold depends on pg; and not on Q. Panel B traces aggregate
welfare AW at mdmax = $30/AUM (a plausible above-threshold damage value) over (a, Q), hold-

over (pg, @), holding a fixed: contour lines are vertical, confirming
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ing py fixed at the calibration point. Welfare remains positive across the full sweep—100% of the
(a, Q) neighborhood delivers AW > 0—with the magnitude varying between roughly $5M and

$15M depending on the slope and cap parameters. The welfare conclusion does not flip in any
plausible neighborhood of the calibration.

Figure B3. Two-dimensional robustness for grazing
(A) Break-even threshold over (p_bar, Q_bar) (B) AW at mdax =30 over (a, Q)
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Notes: Red x marks the calibration point. Panel A: mdy, ., over (pg, Q), holding a fixed at $30/ AUM,; vertical contours
confirm threshold invariance in Q). Panel B: AW at mdmax = $30/AUM over (a, Q), holding ps fixed at $23.40/ AUM;
dashed red line traces AW = 0 contour, which lies entirely outside the swept neighborhood.

The same exercise for federal timber (Figure B4). Panel A traces the break-even threshold
mdyax OVET (P, Q), holding a fixed at $100/MBF; contour lines are vertical, confirming threshold
invariance in (). Panel B traces AW at mdmax = $500/MBF (a plausible above-threshold damage
value, well within the full-accounting carbon range from Section 6.3) over (a, ), holding pg fixed
at the calibration point. Welfare remains positive across the full range, with the welfare-zero con-
tour lying entirely outside the relevant neighborhood. As with grazing, the welfare conclusion

does not flip in any plausible neighborhood of the timber calibration.

Figure B4. Two-dimensional robustness for timber

(A) Break-even threshold over (p_bar, Q_bar) (B) AW at mdmax = 500 over (a, Q)
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Notes: Red x marks the calibratior_1 point. Panel A: mdy,.. over (pg, @), holding a fix§d at $100/MBEF, vertical contours
confirm threshold invariance in Q. Panel B: AW at mdmax = $500/MBF over (a, Q), holding ps fixed at $70/MBF;
dashed red line traces AW = 0 contour, which lies entirely outside the swept neighborhood.
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