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Abstract

This study analyzes a conservation procurement auction with bidirectional externalities, that
is, conservation output can affect the costs of individuals dedicated to market production, and
vice versa. The procurer observes neither bidders’ conversation nor their market efficiency. We
show that, under complete information, optimal output is lower with than without negative
externalities, as the procurer needs to compensate landowners for their cost increase due to
externalities. Under incomplete information, such reduction in optimal output is larger, since
the procurer must now provide information rents for landowners to truthfully report both their
conservation and market efficiency. We demonstrate that when conservation and market out-
put generate externalities on each other, the above output inefficiencies are emphasized, but

ameliorated if the procurer observes either conservation or market efficiency.
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1 Introduction

Procurement auctions are often used to conserve territories rich in biodiversity, or protect endan-
gered species. Examples include the Conservation Reserve Program in the United States (Latacz-
Lohmann and Van der Hamsvoort, 1997 and Hellerstein et al., 2015), the Bush Tender Programme
in Australia (Stoneham et al., 2003), and the Countryside Stewardship Scheme in the United King-
dom (Dobbs and Pretty, 2004).! The participation in a conservation program usually implies the
suspension of all market activities and the dedication of the land to conservation, thus requiring a
sufficient compensation from the procurer.? In addition, the conservation activity can generate ex-
ternalities on other landowners, potentially increasing (or decreasing) the costs of those who do not
dedicate their land to conservation. For instance, Jarrad et al. (2016) analyze a riparian watershed
restoration project in Portland, Oregon, showing an increase in home prices of 37% for properties
located on the restoration site in the six years following the project, thus reflecting a positive ex-
ternality from the conservation program to the housing market.> Externalities can also stem from
non-participants to participants of the conservation program. For example, Leathers and Harring-
ton (2000) study the Conservation Reserve Program, showing that it induces non-participating
landowners to expand their production to areas that were not previously cultivated, a phenomenon
known as slippage.* The main crops in the region analyzed by Leathers and Harrington (2000) are
wheat, corn, and grain sorghum. Since these crops require an intense use of pesticides, landowners
dedicated to conservation will find it more difficult and expensive to continue their activities.” Our
paper examines how the existence of negative or positive externalities distorts conservation output
in procurement auctions, and its corresponding transfers to landowners.

While several papers analyzed auctions with unidirectional externalities®, we allow for bidirec-
tional externalities, whereby landowners participating in the conservation program can generate
externalities on those dedicated to market activities and vice versa. In this context, a negative

(positive) externality from conservation to market activities, increases (decreases, respectively)

! As of May 2016, the Conservation Reserve Program has 652,305 contracts with 365,771 farms participating in
the program, totaling an annual rental payment of $1.7 billion USS. In the case of the Bush Tender Programme, it
signed 586 contracts with 465 landowners from 2001 to 2012, with total payments of $17.51 (million AUS$).

?In the Georgia Irrigation Reduction Auction studied by Cummings et al. (2004), farmers suspend irrigation of the
land to conserve water for downstream users. In particular, farmers turn their irrigation permit over to the regulator
during the drought season in exchange for a one-time lump-sum compensation.

$However, properties located 0.5 to 1 km from the restoration site show a mild decrease in property prices of
1% during the same period. Prior studies also found a positive effect of watershed restoration on property prices.
Streiner and Loomis (1995), for instance, use a hedonic price model to show that urban stream restoration projects
increase property values by 3-13% in California. (The range depends on whether the main benefits of the project are
reduced flood damage, revegetation, or enhanced aesthetics.) For other studies finding similar results using contingent
valuation methods, see Loomis et al. (2000) and Holmes et al. (2004).

4Leathers and Harrington (2000) report slippage for both participating and non-participating landowners. On
average, they find an annual slippage of 53% for the 1988-1994 period. Other studies report an average slippage rate
of 33% in the period between 1956 and 1985; see Joyce and Skold (1987).

Tegtmeier and Duffy (2004) find that the environmental damage of pesticides on crops amounts to $1.1 billion in
2002 dollars. Together with manure runoff from livestock production, these damages include killing fish, poisoning
honeybees, losing predators of pest species, and intoxicating birds.

5See Jehiel et al. (1996, 1999 and 2000), Espinola-Arredondo (2008), and Figueroa and Skreta (2011). We
elaborate on this literature below.



production costs. Similarly, a negative (positive) externality from market to conservation activ-
ities increases (decreases) conservation costs. In addition, the procurer is unable to observe the
landowners’ efficiency level either in the conservation, the market activity, or both.

We first analyze the case in which the procurer has complete information as our benchmark
(observing efficiency levels in both activities for all bidders), and then compare our results with
those in the case of incomplete information. In the context of complete information, the negative
(positive) externality that the conservation activity imposes on market production increases (de-
creases) market costs, thus rising (reducing) the procurer’s compensation to the affected parties
due to their loss in market profits. As a consequence, conservation output becomes more expensive
(cheaper) to implement, leading the procurer to decrease (increase) the optimal conservation out-
put level. The previous argument also applies when market production generates externalities on
conservation costs.

Under an incomplete information setting, we develop a direct revelation mechanism that induces
landowners to truthfully reveal their private information. For comparison purposes, we first present
the case in which externalities are absent. As in Myerson (1981), the procurer increases conser-
vation output until its marginal benefit coincides with its virtual marginal cost, where the latter
includes information rents. However, in our setting, the regulator has two sources of uncertainty:
he does not observe bidders’ market nor their conservation efficiency, thus yielding information
rents stemming from both unknown parameters. When conservation externalities are present, the
procurer must consider not only the virtual marginal costs but also the external effect that every
bidder #’s conservation output imposes on those producing market goods. Similar to the com-
plete information setting, negative externalities increase landowner j’s market cost, thus raising
the compensation that the procurer needs to offer to induce full participation.” Nonetheless, under
incomplete information, the procurer must pay two types of information rents in order to induce
truthful revelation of both market and conservation efficiency. Hence, the presence of externalities
yields more output inefficiencies when the regulator operates under incomplete than complete in-
formation. In other words, the inefficiencies from externalities are emphasized under incomplete
information, making our results particularly useful for uninformed regulators seeking to implement
conservation programs. As a consequence, the acquisition of information leads to larger efficiency
gains when regulators face auctions in which bidders generate externalities than otherwise.

A similar argument applies when landowners dedicated to market activities produce negative
externalities which increase the conservation costs of those bidders implementing the conservation
program. In this context, the procurer needs to increase the compensation to landowners dedicated
to conservation, thus making the program more expensive to implement, ultimately leading the
procurer to reduce conservation output. Finally, when both conservation and production externali-

ties coexist, conservation output decreases relative to the case in which only one form of externality

"The participation of all landowners helps the uninformed procurer infer their production and conservation effi-
ciencies, thus allowing for an efficient assignment of output levels in the direct revelation mechanism. The opposite
argument applies in the case of positive externalities, where landowner i’s conservation output decreases landowner
j’s market cost, thus reducing the procurer’s compensation.



is present. In addition, we examine optimal output when the procurer observes both market and
conservation efficiency, only one of these, or none; showing that, as he becomes less informed, the
bidders’ information rents increase, inducing the procurer to decrease conservation output.

We also identify optimal transfers, which depend on every bidder’s virtual conservation cost
and the contingent market profit he would have obtained should he continue his market activities
(foregone profits). Hence, both components of the transfers are affected by externalities. In partic-
ular, when negative conservation externalities are present, first, every bidder’s virtual conservation
cost decreases as his conservation output is lower under externalities; and, second, if he were to
continue his market activity, he would suffer a negative externality from those bidders dedicated
to conservation, thus reducing his contingent market profit. Therefore, every bidder’s transfer is
lower with than without externalities since both costs and outside options are lower when this type
of externality is present. Finally, a similar argument applies under negative production externali-
ties, since the procurer implements a smaller conservation output, which ultimately decreases every
bidder ¢’s virtual conservation costs.

Our results could help procurers designing conservation programs in areas with little information
about landowners’ conservation costs, or about their current market efficiency, when bidirectional
externalities exist. Similarly, our model extends to the procurement of utility contracts, in regions
where competing firms have no prior experience delivering such utility (e.g., building companies
seeking to obtain a water treatment and distribution contract). In that setting, bidirectional ex-
ternalities could arise if, for instance, water treatment improves health conditions on the region,
thus increasing labor productivity of those firms still dedicated to market activities and, in addi-
tion, polluting market activities raise the costs of the water company. In addition, our findings
shed some light about the consequences of ignoring one or both types of externalities. For in-
stance, if the regulator considers a negative externality from conservation to market activities (but
ignores externalities from market to conservation), we show that the conservation output is exces-
sive (insufficient) when the externality he ignores is negative (positive, respectively). Therefore,
the conservation program would be too aggressive as it hurts market activities, or too passive as it

jeopardizes biodiversity.

Related literature. Several papers have analyzed the effects of negative externalities on
auctions. For instance, Jehiel et al. (1996, 1999 and 2000) and Figueroa and Skreta (2011) consider
that a bidder’s payoff from not participating in the auction (or participating but not winning the
object) is affected by who gets the object.® Espinola-Arredondo (2008) assumes that bidders’ payoffs
have two components, revenue and costs, where only costs are being affected by externalities. In
particular, she considers that the production cost of those bidders losing the auction is affected
not only by the identity of the winner but also by the output decision (namely, conservation

level) of the winning bidder.® Similarly, our paper considers that externalities affect the bidders’

8Filiz-Ozbay and Ozbay (2007) study an externality created by the bidder to herself, and Bartling and Netzer
(2016) experimentally analyze players’ motives to affect other players’ monetary payoffs.
Tn addition, she considers that only a single efficiency parameter is unobserved by the procurer, while our model



conservation/production cost. However, we examine bidirectional externalities: those produced
by the winning bidders developing the conservation program, and also by the losing bidders still
operating in the market.

Hansen (1988), Desgagne (1988) and Dasgupta and Spulber (1990) examine two-dimensional
bid auctions.!’ In addition, Che (1993) studies a score-based system of two-dimensional bid auc-
tions (quality, price) in order to implement an optimal mechanism, and Branco (1997) also analyzes
a multidimensional bid auction, but considers the impact of costs’ correlation on the design of mul-
tidimensional mechanisms. Similarly, we examine a direct revelation mechanism in which every
bidder truthfully reveals his two-dimensional type, efficiency in conservation and in market activi-
ties, since the former affects the bidder’s ability to generate conservation while the latter increases
the compensation that the procurer needs to offer to achieve participation.

Finally, several authors have analyzed procurement auctions for environmental investments,
since they are considered to be more cost-efficient than uniform-rate payment schemes.!'’ This
is mainly due to the heterogeneity of conservation benefits and costs across different parcels of
land (Latacz-Lohmann and Van der Hamsvoort, 1997), despite of the fact that auctions entail
information rents that participating bidders receive and higher administrative costs; see Kirwan et
al. (2005) and Connor et al. (2008). Additionally, studies have shown that uniform-rate payment
schemes are prone to adverse selection problems, since they attract landowners with low market
efficiencies (e.g., poor soil quality) who may not be the most efficient in conservation; see Osterberg
(2001), Hynes and Garvey (2009), and Quillérou et al. (2010). Our paper focuses on a procurement
auction as a tool to promote biodiversity where, in addition, we allow for externalities to affect both
the costs of landowners producing conservation and those who continue their market activities.

Our paper is structured as follows. Section 2 develops the model, Section 3 analyzes output and
transfers under complete information, while section 4 examines them under incomplete information.

Section 5 discusses our main results and conclusions.

2 Model

Consider N landowners producing a homogenous market good. In order to promote biodiver-
sity, the regulator conducts a procurement auction. When landowner 7 implements a conservation
project, he dedicates the land to a predefined environmental service, such as biodiversity enrich-
ment, and refrains from alternative land use activities, such as market production. Let HZK denote
landowner #’s efficiency, where superscript K = {C, M } represents conservation or market produc-
tion, respectively. Efficiency parameter QZ-K is only observable to landowner ¢, but its distribution,

—K7] . T .
QiK ~ FiK [GK 0 ], is common knowledge. For simplicity, we assume that the production and

i 0V

allows for two parameters (conservation and market efficiency).

'"Bichler (2000) experimentally examines multi-attribute auctions, and Asker and Cantillon (2010) study a pro-
curement auction considering price and quality. For a literature review, see Rochet and Stole (2003).

1 Costa Rica’s Payments for Environmental Services and Mexico’s Payments for Hydrological Environmental Ser-
vices are examples of uniform-rate payment schemes; for more details see Wunder et al. (2008).



conservation efficiency parameters are independent of each other. In addition, our model allows for
market production to generate a positive or negative externality on conservation, and vice versa;
thus allowing for bidirectional externalities.
The utility of landowner ¢ from activity K is
K ( K pK K ( K K (K J gK
;i (Qi 0 ) =t (qi )_Oi (qi 1474, 0; ) (1)
When landowner ¢ produces qZM units of the market good, he receives a market revenue of
tf\/l (qiM ) = pqiM , where p > 0 denotes a given price. If instead, landowner i produces qZ-C units of
conservation, the transfer that he receives from the procurer is tic (qzC ) which is a function of his

conservation output qic . In addition, the second term in expression (1), CZ-K (qZK .q” i1 GZK ), represents
landowner 4’s cost, which is a function of (i) his own output ¢; (ii) the externalities that activity
J # K of other landowners impose on him as described by the vector ¢7, = (q;], . qZ{l, q;]H, e q}{,);
and (iii) his efficiency in activity K, 6. Finally, when qu = 0, costs are nil, C’ZK (0, q’ i oK ) =0

for all ¢/, and 6X.

2.1 Assumptions

We next describe how landowner ¢’s total cost in activity K, Cl-K , and his marginal cost, M C’iK =

K
%g}( , are affected by his output decisions and efficiency.

Assumption 1. Total and marginal costs of landowner i in activity K increase in his own

. ock omMmcK . . . . .
output level, i.e., 8q;< , aqKZ > 0. These costs are, however, decreasing in his own efficiency, i.e.,
oCK 9MCK ' .y 9°CK  92MCK 9 MCOK
k3 7 < . 7 k3 > . k3 <
20K ppF = 0; at a decreasing rate 20F2" aEF)z = 0; and 9aFo0K = 0.

K
Hence, the single-crossing condition holds since 8249% < 0; and the last part of assumption

1 states that the convexity of the cost function decreases as landowner ¢ becomes more efficient.

Given the similarities that negative and positive externalities impose on costs, we next present our
assumptions for the case of negative externalities, and at the end of this subsection discuss the main
differences with positive externalities. The following assumption describes how total and marginal

costs are affected by negative externalities.

Assumption 2. Total and marginal costs of landowner i increase in the negative externalities
oCK  aMCK
B o]

that landowner j # i imposes on him, i.e., > 0. These are attenuated by his own

A K K
6(607‘]) a(aNIC} )
dq? 9q?
J J S 0

96K 1 T 90K

efficiency, that is,

Hence, total and marginal cost increase with negative externalities, and such effects diminish
in landowner ¢’s own efficiency. When he is relatively inefficient in activity K, a given increase in
negative externalities, q}] , vields a large increase in his cost. However, when he is relatively efficient,

such an increase is minor.



Assumption 3. The effect of externalities on landowner i’s cost increase in the output gener-
02 C

ated by other landowners j # k # i, i.e., re J)Q >0 and a Ja 7 > 0. These effects are attenuated
o(25) o 2t)
by the efficiency of landowner 1, that is, 59K B;K L <0.

Intuitively, not only landowner 4’s costs increase in landowner j’s production, but at an increas-
ing rate, thus reflecting that i’s costs are convex in negative externalities, as depicted in Figure
1.'2 Also, the efficiency of landowner 4 attenuates the convexity of his cost function. In order to
illustrate our model and results, we next present a parametric example, which is further developed

throughout the paper.

ck

c¥(af.ql.0,")

K,
cF(qf.ql.0/"

qj

Fig 1. Effect of externalities on total and marginal costs.

Example 1. Consider cost function

qf (Q{(+O‘J ijﬁi (J}])
1+6K

CF (¢, ¢!, 0F) =
for activity K. Following Jehiel et al. (1996), o/ > 0 measures the intensity of the negative ex-

ternality from all other N — 1 landowners dedicated to activity J # K.'3 Let us next examine
1+16{( (2qu +a’ > it qj) which

Assumptions 1-3. In particular, the marginal cost is MCE =

2For illustration purposes, Figure 1 considers two efficiency levels Gf(L and Of(H which represent low and high
. . . . KL KH
levels of efficiency respectively, satisfying ;"% < 6;
13 For simplicity, this functional form assumes that the intensity of negative externality is symmetric across landown-
ers. The externality that each of them experiences can, however, be different if output levels are different, that is,
a’ D i q] #a’ > ik qil for two landwoners ¢ and k.



is unambiguously positive and increasing in output. Furthermore, total and marginal costs are

A K K
decreasing in efficiency 65 at a decreasing rate, i.e., (;(;;{ = _(14;1;5“)2 (CZZK—V-OK] Z#i qf) <0,
o’cl 24 K J J oMCf 1 K J J
sy = e (@ Sind)) 2 0 B =~ (2 4 D)) < 0 and
2 K
i; (];/[KC;E — (1+ZK)3 (2qu + o’ Zj 4 qj ) > 0. Assumption 2 is also satisfied given that landowner

8CiK . a"qu
dq] 140

i’s total and marginal costs (weakly) increase in other landowners’ output, > 0 and

MCKE J . . . . K 1 .
MO 651 = 7146:01( > 0; which are attenuated in landowners i’s efficiency, 6;" . Finally, Assumption 3
7 i

2K 2K
weakly holds due to the linearity of the cost function in externalities, that is, % = % = 0.
j 9.

O
We next study the market activity of landowner i. (All proofs are relegated to the appendix.)
Lemma 1. Landowner i chooses an optimal market output, qlM*, that maximizes (1) which
solves

1 )

GqZM

_CM (a4, 01)

(2)

which is independent of others’ market output. In addition, qZM* and market profit, UiM (qZM*, HlM),

increase in landowner i’s production efficiency, QZM.

Remark. In the case of positive externalities, landowner i’s total and marginal costs decrease
in other landowner’s output; and such a decrease is attenuated by landowner i’s own efficiency. In
addition, landowner i’s costs are convex in externalities. That is, having received a certain level of
positive externality from landowner j, landowner ¢ does not have that much room for further cost
reduction upon a higher level of externality from landowner j (or another positive externality from

landowner k.)

Social Welfare. The welfare that landowner i generates when producing conservation output
C .
gy is

Wilq) =V (¢f) — Q1+ Nt (¢f) (3)

where V' (qzc ) denotes the value that the procurer assigns to conservation, which is increasing and
concave in qu ; and A > 0 represents the shadow cost of raising public funds. In addition, let
0; = (GZM, HZC) be landowner i’s efficiency pair, where 8¢ € @M and 6 € ©C; and 6 = (6y,...,0n)

be the efficiency profile for all landowners, such that § € © where © is the Cartesian product

OM % ©C. Since the procurer does not observe 6, he takes the expected welfare from each landowner

Y41f landowner j imposes a positive externality while landowner k generates a negative externality, then the two
externalities attenuate each other, entailing that landowner 4’s costs can increase or decrease, depending on which
effect dominates.



i, Wi (¢;), and sums over all landowners, that is,
N
EW (¢9,t9) = BiEs (Wi (¢:)] (4)
i=1

where (3, denotes the weight the procurer assigns to landowner ¢, subject to 0 < 8, < 1 and
Ei]\il B; = 1; while qc = (qlc, .. ,qf,) and t¢ = (tf, ... ,t%) represent the profile of conservation

output and transfer, respectively.

3 Complete information

As a benchmark for future comparisons, we next describe the optimal contract (i.e., output and
v (af’)
aqf
aCE (¢,4™,6¢)
3qu

. . . B; OCM (gM g 63")
the marginal conservation cost of landowner i; and, M EC; = > ki B—?% represent the
marginal external cost that landowner ¢’s conservation output imposes on other landowners’ costs.

transfer profiles) under complete information. For compactness, let M BZ-C = represent the

marginal benefit from the additional unit of conservation output; M CZ-C = denote

Lemma 2 [Complete information]. When the procurer observes every landowner i’s effi-
05,60}

0 ), he chooses the conservation output qic** that solves

ciency pair 0; = (
MBE = (14 \) [MCE — MEC;]. (5)
In addition, the transfer to landowner i is
£ (a) = CF (6, a7, 07) + [pg — &M (g a5, 01)]
where GM denotes the contingent market output of landowner i that solves (2).

Hence, under no externalities, M EC; becomes nil, and the procurer chooses landowner i’s out-
put by solving M Bic =(1+\NM CZ-C , i.e., balancing the marginal value of additional conservation
output and its marginal conservation cost, which yields qZ-C . However, when negative (positive)
conservation externalities are present, M EC; is negative (positive) since landowner i’s output in-
creases (decreases) the production costs of other landowners, entailing that (1+X) [MCE — M EC;]
lies above (below, respectively) (1+A\)MCE. As a consequence, the presence of negative (positive)
conservation externalities induces a smaller (larger) optimal output than when externalities are
absent; as depicted in figure 2. Similarly, if only production externalities exist, i.e., from landown-
ers dedicated to market activities to those doing conservation, landowner 7’s marginal conservation

cost increases, which reduces his optimal conservation output.



Conservation Ne

Externality Externality

Fig 2. Complete information, with and without externalities.

Example 2. Continuing our above parametric example, we can now evaluate expression (5), as-
suming that the procurer assigns a value V' (qZC ) = ql-c to conservation output, where 3, = 1 for every
landowner 7. For simplicity, we assume that 01K € [0, 1] for every landowner 4 and for every activity
K. In a setting with two landowners, we need to find M EC; evaluated at the profit-maximizing mar-
2gM+a%¢ . v p(1+6M)—a%f :

e which yields ¢;* = ————5——", where the optimal con-

tingent market output of landowner i is affected by the conservation externalities from landowner j.
M C 9M> _ [p(461") —aCF[p(1+461) +a 4] ]
4G 45,9 | = a(1+6M) :

), with respect to qio yields

ket output solving (1), i.e., p =

This output entails a contingent market cost of CM (

The first-order derivative of this cost for landowner j, C’JM (QJM , qic , 9?4

C 2
MEC; = —2((1619)]\4)%0 . In that setting, expression (5) becomes
j

2qu + oMM af)?
1=(1+2X) —Cj - —(7)]\4%0 (6)
1+0; 2(1406;")
C o MoM MY_,C,C
since MO = qu;;Tq]. Simultaneously solving (6) and Q}/[ = w, we obtain
M M C

(1+ ) [aMac (14060M) —4(146Y) = ()2 (1 +9$)}

which is lower when externalities are present than absent.'® O

K
[e2e oK —

5 .
15In particular,

<0 for all K = {C, M} since 65 € [0, 1] by definition.
0

10



4 Incomplete information

As described in the previous sections, the procurer does not observe efficiency parameters, and uses a
Direct Revelation Mechanism (DRM) to solve equation (4).10 In particular, in a DRM the procurer

asks each landowner ¢ to report his production and conservation efficiency, 6; = (HZM ) 9?) € 0, such

that the procurer can choose the conservation and transfer profile (qC, tc) to solve
c ,C
;}gi)é EW (q ,t )
subject to:
1. Bayesian Incentive Compatibility:
ue (6¢,6€) > UC (90 0C) forall 07, 07 € ©F where §5 # 6 (7)
UM (0M,0M) > UM (éZ.M M) for all 6} 0 c M where §)" # oM (8)
2. Individual Rationality:
uf (69) = v} (8;") (9)

Conditions (7) and (8) imply that landowner 4 truthfully reveals his conservation efficiency, 6,
and production efficiency, HZM , respectively, when taking expectation of other landowners’ efficiency
into account. Condition (9) implies that, even if landowner ¢ is the least efficient in conservation and
the most efficient in production, he still has incentives to participate. Hence, any other landowner,
who is more efficient in conservation or less efficient in production, will also participate. Before

solving the DRM, we present two definitions.

8CC (¢ M 6 . . .
Definition 1. Let VMC’iC = % be the Virtual Marginal Conservation Cost of

landowner i, where

L - FC(07) 0C7 (af 4%, 07)
FE07) a0;

Cf (af . q".07) = CF (af, a2, 6F) ~

—ir Ve —12 Y1

represents his virtual conservation cost.

In particular, C’zc (+) comprises his actual conservation cost, Cic (qlc G5, 0; ), and his informa-

—FO(69) acC (¢ ,qM. 0¢
! f_c’( 9(03) . (qée’g‘“ ) > 0, to truthfully reveal 6%; as in Myerson (1981). Hence,

79
VM Cic can also be expressed as VM C’ic =M C’ic —
property entails that VM Cic > M C’ZC .

tion rent, —

1-FF(67) 8°CC ()
FE(65) 065 0af”

which by the single-crossing

YSTf the government owned the land to be dedicated to conservation, it would observe its cost efficiency, thus,
reducing the mechanism to one in which only market costs are unknown. We analyze this mechanism in section 4.2.

11



o M g€
Definition 2. Let VEC; = Z#z ﬁv %

i, which is the weighted sum of his marginal external effect on the virtual contingent production

be the Virtual External Cost of landowner

costs of landowners j # i if the procurer also chooses them for conservation, and thus they produce

the contingent market output, qAé\/[, where

M (sM O gM

C M C oMY = oM (gM C MY | FjM (ejw) aCj (qj ’qu’ej)
(q] 14—, )— J (q] 14—355 Y ) M (QM) EYL

i \Yj J

represents landowner j’s virtual contingent production cost.

Specifically, CM (-
Fj ( ")

mation rent, 7 (QM)

) comprises the actual production cost, C'M (ij ,q_J,Hj ), and the infor-
0!

o} (4} a2;:0)")

89]\/[

Therefore, VEC; can be expressed as VEC; = MEC; +

BJ F]W(QM) 820M(-)
D i Bi M (027) aa]Maqu’
j # i require an information rent to truthfully reveal their types, which increases the procurer’s

which by assumption 2 entails that M EC; > V EC;. Hence, landowners

cost of implementing output qC due to his lack of information.

4.1 Optimal output profile

We next show that using the Revelation Principle, the DRM is implementable; and find the optimal

output levels that the procurer assigns to each landowner.

Proposition 1. The DRM truthfully implements the social welfare function EW (-) in Bayesian
Nash Equilibrium, yielding an optimal output profile ¢* = (qf,...,qy), where every landowner i’s

market output is qlM* =0, and his conservation output, qic*, solves

MBF = (1+\) [VMCE - VEC;] (10)

if 9-0 > éc (0M GG GM-). Otherwise, landowner i keeps its market production as described in

C'x

Lemma 1. In addition, the optimal conservation output q;’* increases in landowner i’s own con-

servation efficiency, QZ-C.

We next analyze the optimal conservation output of landowner ¢ arising from Proposition 1.
For illustration purposes, we first present the case in which externalities are absent; then the case
in which conservation externalities are present; and finally the setting where both conservation and

production externalities exist.

4.1.1 Benchmark - Incomplete information without externalities

Under incomplete information, the procurer does not observe M CZ-C but constructs the virtual
marginal cost VMCE, which includes the information rent to landowner 4. Hence, in the case of no
externalities, V EC; is absent from expression (10), and the procurer chooses conservation output

as the following Corollary describes.
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Corollary 1 [No externalities, Myerson (1981)]. When externalities are absent and the
0¢, 0}

i, 0; ) he chooses a market

procurer does not observe every landowner i’s eﬁiczency pair 0; = (

output of qZ =0, and a conservation output g; % that solves
MBS = (14+\VMCE
. ~C . . . . . .
if 05 >0, (0{”) Otherwise, landowner i keeps its market production as described in Lemma 1.

Therefore, as in standard mechanism design problems without externalities, the procurer equates
the marginal benefit with the virtual marginal cost; as illustrated in Figure 3a. When landowner

. . . . . -C . .
i’s conservation efficiency is the highest, 6, , his conservation costs are lower than those of all other

landowners, implying that information rents are nil, i.e., Fl-o(gic) = 1 entailing W(Ca)) 0 (“no

distortion at the top”). In contrast, when Qic < 9? < gio, the procurer induces participation by
paying an information rent. This is illustrated in Figure 3a, where the information rent is depicted
by the shaded area between (1+\)VMCE and (14 A\)MCE. Hence, the output under incomplete
information, qiC 5, is lower than under complete information, qic o

However, when his market efficiency is the lowest, QZM , his production cost cannot be further
increased. Therefore, FM (0M) = 0, entailing that the landowner extracts no information rent; see
Definition 2. This is called “no distortion at the bottom,” implying that his actual and virtual
production costs coincide. Whereas for 8/ < M < @f\/l , the landowner captures an information
rent, which is represented by the shaded area between the actual and virtual marginal production
cost; as depicted in Figure 3b. As shown in the figure, output under incomplete information is larger

M %

than under complete information, i.e., qZM o> ¢

**. Hence, the total revenue that the landowner

obtains under incomplete information is larger, thus implying a higher compensation to implement

the conservation program.
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Fig 3a. Information rent in conservation. Fig 3b. Information rent in market activities.

4.1.2 Introducing Externalities

Conservation Externalities. If, however, landowner ¢ imposes negative conservation externali-
ties on landowners dedicated to market activities, V EC; becomes negative. Intuitively, landowner
1’s externality increases the marginal virtual costs for market output of other landowners. Figure
4a depicts the optimal conservation output without and with negative conservation externalities.
Under no externalities, the marginal benefit and VM CZ-C functions cross at conservation output
qic 0. In the presence of negative conservation externalities, however, the (VM C’Z-C — VEC’i) curve
lies above the VM C’ic curve which, because of the concavity of the benefit function, entails a lower
conservation output than that in the absence of externalities. Relative to the case of no externali-
ties, the procurer now faces higher costs, since landowner j’s market cost increases, thus raising the
compensation that the procurer needs to offer to induce full participation. Hence, the procurer sets
a lower conservation output when negative conservation externalities are present than otherwise.
(The opposite argument applies in the case of positive externalities.) In summary, under no exter-
nalities, landowner 4 produces qu 0 with conservation cost of Ch + E1 and welfare of A; + By + D;.
With negative externalities on others, his conservation output decreases to qicl* and costs change
to C1 + By. Area Bj represents the increase in production cost that other landowners experience
from landowner i’s output. That is, for these landowners to participate, the procurer needs to

compensate them with a more generous transfer than under no externalities.
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i/
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Externality
VMCE Externality
I (4
. - af — - qf
qu1'________ qfn qu‘_ qfu ql'C" '
Fig 4a. Negative conservation externalities from 2. Fig 4b. Negative production externalities to 2.

Production Externalities. If the market activities of other landowners impose negative ex-
ternalities on landowner ¢, his marginal cost increases, implying that V M Cic would also increase;
ultimately increasing the right-hand side of (10). Figure 4b depicts this case, showing that, since
VM C’l-c "> VM C’Z-C , optimal conservation is smaller with than without production externalities.
(The opposite result applies if market production generates positive externalities on the costs of
landowners dedicated to conservation, where VM CZ-C "< VM C’Z-C , thus entailing a higher conserva-
tion output.)!” Finally, when both conservation and production externalities coexist, conservation
output decreases relative to the case in which only conservation externalities are present; as depicted

*

. . Cy C.
in Figure 4b, where ¢; ' decreases to ¢; *.

Comparison. Since CZ-K (0, qii, QZK) =0 for all q{i and OlK, MCZ-C and VMCZC have the same
intercept, and so do M EC; and VEC;. As a consequence, the leftward shift in output under
incomplete information is larger than that under complete information. Hence, the presence of
externalities yields more output inefficiencies when the regulator operates under incomplete than

complete information.

Selection criteria. Our above discussion describes the optimal conservation output of Propo-
sition 1, and how it is affected by conservation and production externalities. We were, however,
. . . ~C .
silent on the conservation efficiency cutoff, 6, (9{” ,0%,, 0%), that the procurer uses to determine

whether or not it is socially optimal to have landowner ¢ enrolling in the program. Intuitively,

17Similarly as in the case of conservation externalities analyzed above, the VMCE’ curve is steeper than the
VMCE curve since they both originate at zero when ¢ = 0. In words, negative production externalities from others
emphasize the convexity of landowner i’s virtual conservation cost function.
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. . . . . . . ~C
when his conservation efficiency is relatively high, that is, 9? >0, (Hf\/[ , 991, 0%), he produces the

conservation output qu * that solves (10) and stops the production of the market good. If, instead,
C

. . . . . ~C
his conservation efficiency is relatively low, 91-0 < 6; (95‘4 , 0_1-,9%), he produces the market good

. . ~C .
sz * but does not generate any conservation output.'® In particular, cutoff 6, (wa , 02, 9%) is the
conservation efficiency for which landowner ¢ yields a positive welfare contribution, WiD (q) =0,

defined as follows!?

WP (q) =V (¢f) — 1+ Nt ()

F NS M (@, (o) ,0) — C (2, (0.4C7) 03]
PN T8 (6 @ al") . 05) - OF (o 0.01) 09)]

This function considers landowner i’s welfare in (3) and also his weighted sum of externalities

" represents the output in activity K of landowner j without i’s

on other landowners, where qJK
participation. The bracket in the second line represents landowner i’s marginal external effect
on others’ virtual contingent production costs, which is positive (negative) if his total weighted
externalities are negative (positive) because the procurer needs to compensate them for a lower
(higher) forgone market profit. Similarly, the bracket in the third line represents the effect of
landowner i’s market production on others’ conservation costs, which is positive (negative) if his

externalities are negative (positive).

Example 3. Consider the cost function in Examples 1 and 2, and assume that 65 ~ U]0, 1]

for every ¢ and K, thus yielding

2 (qF +agl)

(1+69)°

(a9)? ¢

and VEC; = ————~—1
2(1+06}")

VMCE =

Inserting them in expression (10), yields an output level of

o 2(14+6)1) [aM(1+ 1) (1+0)7) p— (1+067)°]

NN [2aMaC (1+0M)* =8 (1+6M)" — (a€)* (1 + 9?)2}

As qu ** under complete information, ql-c * is lower when externalities are present than absent. [

. . ~C . . . . .
18 The expression of landowner #’s cutoff 6; (GZM, 0, 6%) is a function of other landowners’ conservation efficiencies,

6, thus yielding a system of N equations. Simultaneously solving for 65 for every landowner i € N, we obtain

~C . . . . . .
0; (05/[, 0%), which is no longer a function of other landowners’ conservation efficiencies.
YThis welfare contribution function is analogous to the score function in Che (1993).
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4.2 Layers of uncertainty

Previous sections consider that the procurer can either observe the profile of pair types, 0 =
(90, oM ), in the complete information setting; or that he cannot observe the profile of 8¢ nor 6.
We next analyze optimal output choices when the procurer observes landowners’ market efficiency

alone, i.e., ™ but not ¢, or their conservation efficiency alone, i.e., 8¢ but not 6.

Corollary 2. When the procurer only observes oM (90) he chooses the conservation output

qic* that solves, respectively,

MBE = (1+\) [VMCE — MEC;]  and (11)

(2

MBE = (14 \) [MCE - VEC,] (12)

respectively, if 05 > ézc (07];\/[, 0%, 9%) Otherwise, conservation output becomes q&* = 0.

Hence, when the procurer only observes market efficiency 6, he does not need to consider
bidder ¢’s virtual external cost since the procurer can anticipate how landowner j’s observed cost
will be affected by landowner i’s conservation output. However, the procurer needs to consider the
virtual marginal cost of conservation, as he does not observe landowner i’s conservation efficiency. A
similar argument applies to the case in which the procurer observes conservation efficiency ¢ alone,
whereby he uses the marginal cost of conservation but the virtual external cost, since he ignores
how landowner j’s cost, and thus how it will be affected by a marginal increase in landowner i’s
conservation output.

We can now compare expressions that identify optimal output levels in each information context.
Starting from the setting in which the procurer observes both ™ and 6°, i.e., MBiC = (1+
A) [M ce —M ECZ-] in expression (5), we see that its associated output is larger than that arising
in contexts in which the procurer only observes one efficiency (either OM | as in expression 11, or 6
as in expression 12), and also larger than in the model in which the procurer observes neither oM
nor ¢ (see expression 10). In particular, since VMCC lies above MCE, then VMCE — MEC; >
MCE — MEC;, i.e., the right-hand side of (11) is larger than that of (5). Since MBS is weakly
decreasing, the output that solves (11) is smaller than that of (5); as depicted in figure 5a. A
similar argument applies to the comparison between expressions (12) and (5), whereby in this case
V EC; lies below M EC;, entailing that MCZC - VEC; > MC’l-C — M EC;, thus producing a lower
optimal output when the procurer can only observe 6¢ than in complete information; as illustrated
in figure 5b.20

20The above two arguments, hence, reinforce each other when we compare optimal output in expression (5) against
that in (10), as described in the previous section. This output reduction also holds when we compare the setting in
which the procurer only observes # against that in which he does not observe 8™ or 0°, yielding a lower optimal
output as the procurer does not have further information about the landowners’ efficiency.
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Observing neither a+a Observing neither (1+4)

(vMcf - VEC;) (vMcf - VEC;)
A+ 1+
(vMCE — MEC;) (Mcf - VEC,)
Observing 8] only Observing 6F only
+a L+
cf — MEC;) cf — MEC;)
Observing 0f and 0]" Observing 6f and 0}
el g 9F g% qf” “
Fig 5a. Only 8 is observed. Fig 5b. Only ¢ is observed.
4.3 Optimal transfer profile
We next study the procurer’s optimal transfer.
Proposition 2. The optimal transfer for bidder i is
c(.C ~C (,C M C ~M ~M (~M _C M
ti (q; *) =G (q'i * Q—i*aei ) + [Pqi -G, (Qi 7Q—:76i )] (13)

if 68 > élc (01M,HC 9%), and zero otherwise.

i
The optimal transfer, t{'(¢¢), is thus zero for those who continue the market activity; but
for those participating in the conservation program, it depends on the virtual conservation cost,
C~’ZC (qzc , qﬁ/[i, GZ-C ), and the virtual contingent market profit, pcle —C’ZM ((LM , qgi, HiM ) In addition, an
increase (decrease) in landowner i’s optimal conservation output increases (decreases) the transfer,
since
otf _ 9CT (af*, ¢, 07) _ a0f () 1-FZ (0F) 9°Cf ()

= = — >0
dqC 9’ daf’ FEOF) 007 0gf

given that marginal costs are positive and the single-crossing property holds. That is, for bidder

1 to increase his conservation output, he needs to be compensated for the additional cost and
information rent, both of them embodied in the virtual conservation cost.
Let us summarize the above results as follows: (1) without externalities, landowner i receives

ce (¢°,0)+ [qulM — CM (@M, oM )] ; (2) when negative conservation externalities exist, his transfer

7 1 7

—17 7

becomes C¢ (qlc 169 + [p?]\ZM — CM(gM, g%, 6M)| which is lower than that without conservation
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externalities since contingent market profit decreases due to others’ externalities on him and his
virtual conservation cost is also reduced due to a lower conservation output; and (3) when negative
(positive) production externalities are also considered, his transfer becomes Csz (qZC Q,q%*,@c ) +
[ — CM (@, g%, 0

smaller conservation output of landowner 4, as discussed in the previous section, which ultimately

)|, which is lower than that without production externalities because of a

reduces (increases) his conservation cost.

5 Discussion

Efficiencies with/without externalities. Our results show that, in the absence of externalities, the
procurer implements a lower output level under incomplete than complete information, as he needs
to induce landowners to truthfully reveal their efficiency in the conservation program. In the pres-
ence of externalities, such output inefficiency (relative to complete information) is emphasized, as
the procurer not only needs to induce landowners to reveal their efficiency in conservation, but also
to compensate them for the cost increase they suffer due to externalities if they were to continue
their market activities. In summary, the procurer’s lack of information yields more severe ineffi-
ciencies when conservation programs generate externalities than when they do not. Alternatively,
regulators would have larger efficiency gains by obtaining information about landowners’ and firms’
efficiency before conducting a procurement auction if, in particular, external effects emerge from
conservation and/or market production.

Ignoring the presence of externalities. Consider a procurer who mistakenly assumes that a con-
servation program does not generate externalities on bidders dedicated to market activities, nor
that production output entails externalities on those landowners in the conservation program. The
optimal conservation output he implements would be inefficiently high (low), if either one or both
types of negative (positive) externalities exist. The only setting in which his policy recommenda-
tion could be accurate would be that in which conservation output produces a negative (positive)
externality while market production generates a positive (negative) externality, and their magni-
tudes coincide. A similar argument applies to settings where two types of externalities coexist, but
regulators only consider one type (e.g., a negative externality from conservation to market activ-
ities) when designing optimal conservation outputs. In this case, the regulator would implement
an excessive (insufficient) conservation output when the externality he ignores is negative (posi-
tive, respectively). Hence, the conservation program would be too aggressive as it hurts market
activities, or too passive as it jeopardizes biodiversity.

Indirect Revelation Mechanism. In an Indirect Revelation Mechanism (IRM), the procurer can
ask landowners to submit a bi-dimensional bid comprising (1) the conservation output they intend
to produce; and (2) the transfer; from which the procurer can infer the underlying efficiency pairs of
the landowners. The IRM would yield different output-transfer pairs than the DRM if the procurer
implemented the output-transfer pair submitted by every landowner. However, the procurer does

not have an incentive to implement these pairs due to the existence of externalities, which he
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internalizes while the landowners ignore. As a consequence, as Branco (1997) noted, the procurer
can “adjust” the output-transfer pairs by proposing a take-it-or-leave-it offer to the landowners
in the last stage of the IRM, which still preserves ex-ante incentive compatibility. Therefore, the
DRM and IRM (after allowing for last-stage “adjustments” by the procurer as described above)
produce the same outcome, that is, the same output-transfer pair (qZC , tlc) for each landowner i.
Further research. Our analysis considered that firms produce a homogeneous market good sold
at a given price p. However, a more general model could allow for a strictly decreasing demand
function. In such context, market profits could be larger than in our analysis, thus implying
that landowners would require a larger compensation from the procurer to dedicate their land to
conservation. An alternative venue could consider that the regulator designs environmental policy
to market activities simultaneously with the auction of conservation output in order to reduce the

transfers necessary for voluntary participation in the auction.

6 Appendix

6.1 Proof of Lemma 1

Differentiating (1) with respect to qlM , landowner 4’s optimal market output, qlM *, satisfies

M ( M+ oM M ( Mx ,C oM
8ui (qi 791 ) _ _aCz (qz q—maz ) =0 (Al)

p
quM 3C]ZM

such that landov(vner 1 equates the expected marginal cost of production with the market price,
Mg} 49,0

aq{W
not allow externalities among landowners who are still dedicated to market activities.

. While we allow externalities from conservation to production, we do

that is, p =

Differentiating A1 with respect to H;M , and using the Implicit Function Theorem,

8201_1\/1(%[%*7(]0 9{\4)

—i)

9g}"* _ 0q;" 00, >0
aoM — PCM (@ aC0)
a(q]")?

Totally differentiating A1 with respect to Gf\/[ , and using the Envelope Theorem,

M ( M M M (M M M (M M
du}” (¢, 0;") _ oul (¢!, 07") g} _ oG (4,45, 0:") >0
doM ogM oM oM -
~~ SN——" v~ 4
=0 by Envelope Theorem >0 <0 by Assumption 1
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6.2 Proof of Lemma 2

When the procurer observes 0? and 9{” , he solves the following welfare maximization program.

max W ( to)

qC tC

- Zm )~ W+ V€ ()] by 3

{af ()¢

—H(g%}ZBZ{V ¢) = (1+A) [uf (¢f,67) +CF (af , ¥, 67)]} by (1)

The Individual Rationality constraint must be binding, otherwise the procurer could reduce the

residual utility and still induce the participation of landowner i. We thus obtain

u€ (¢F,605) = uM (¢M,0M) = pgM — CM (¢M, 4%, 0M)

such that we can rewrite the procurer’s welfare maximization program as follows:

mex ZB {V () -+ N [Cf (¢, 07) + pa — CM (¢, 4%, 01)]}

{af O i
Differentiating with respect to qZ , the optimal conservation output, qc** satisfies
C M
av( C**) _ (1+)\) aCzC( C**’ql\Jz**7910 _ZBJ 8CM q] ’q ;*’9] )
MB{ i MCy MEC; |

where (jj” denotes landowner j’s contingent market output. And from the condensed welfare max-
imization program above, we can infer that procurer’s transfer function to landowner i, tZ-C (qlc ),

under complete information is

t (¢f) = CF (¢, ¢, 05) + [pa" — CM (¢, 4%, 01")]
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6.3 Proof of Proposition 1

When the procurer observes neither 85 nor 6, he solves the following welfare maximization
program.

max Fjy [W (qc,tc)}

qC tC

= By 25 —(1+NE ()] by (3)

:{2%%?5}’592@ V() = (14 N) [u€ (¢€,0) + CF (o€, a™.09)]} by (1)

The Individual Rationality constraint (8) must be binding, otherwise the procurer could reduce

the residual utility and still induce the participation of landowner i. We thus obtain

Cc(.C pC M =M oM

U; (Qi 07) =ug (q;7,0;)
where QZ.C = ql-c (QZC) and ;" = q; <9 ) Applying Myerson’s Characterization Theorem (Myerson,
1981) to the Bayesian Incentive Compatibility constraints (6) and (7) and substituting into the

above expression, yields

aCM (gM, ¢, 0; y
7 (ql q—l (2 )] deiw

0,
(qZ ,90) —quM —qu‘i [C@M (qg\/laqgi70£w)] - /GM qui a@ZM

i

18
[ p

such that by applying the Law of Iterated Expectation because the procurer takes expectation

aCiC(Qz 7q]wz791 ) «C
6%

directly of how landowners take expectation of the conservation-production efficiency parameters

of each other, we can rewrite the procurer’s welfare maximization program as follows:

- .C -
o0 0CC (o€, 4,07 )
C (QZ 7qM“00) - /C aec dalc
max EQZB V(€)= (1+N) b T
lwOr i LM CM( M C HM) /01' aCM (¢, ¢¢ 1:91 )déM
I pq Q'L 7q—7,7 ) 97{\4 aeiw (2
Using integration by parts, the procurer’s social welfare function becomes
ma 55 (Vi) = (143 [CEE,a%.67) +pa = CM(aM,a% 0]} (A2)
a =1
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Differentiating A2 with respect to qic , the optimal conservation output, qZ-C * satisfies

Cx ACC (oC* oM 8CM ~M7 C*79M
8‘/8(qé« ) — (1 + )\) 7 (QIa7g—z ) Z B] (q]a q ] ) (AS)
4; 4q; #Z qi
MBf vMCy VEC;
In addition,
a(gc)?  A¢f)? a(q¢ ) £E0%) 3(% )259-0

x nM M x nM
LN Z 1 92CM(a,q%5,0)")  FM97) 9*CM (), 4%, 607"

=8 d(qf)? MOy oqe)2o0}

By assumption 1, the second term in the first bracket is negative such that the first bracket is
positive. Then, by assumption 3, the second bracket is positive if the (second-order) direct external
effect that landowner i’s Bosfmve externality dampens the curvature of landowner j’s production

20 M(q]V[ qC* o )
cost curve, (J 61)2_3 2~ > 0, more than offsets the (third-order) indirect attenuation effect

that landowner j’s production efficiency weakens the positive external effect from landowner i,

FM@6}) 9*C)M () a%5.6)") <0

fM(GM) a(af’)200}" -
Differentiating (A3) with respect to 6,

-1

g™ [32W(Q*)
o140 [
o6¢ ~1 TN a0y

7—7,71

9qC 96C  9gCa(69)?

8200( Cx M* 90) 8300( C*’ %*’GZC’)}

0 ([1=FF6)
005\ f69)

As the cumulative density function FF(@? ) weakly increases in HZ-C, the inverse hazard rate
1-FC(6%) . C 8 (1-FC(6%) ...
W weakly decreases in ;" such that [ ~ 200 (W)} > 0. In addition, by assump-
7 (3 82020( Z ,q7 Mx 0 ) 7 3
g€ 00¢

tion 1, we can determine that: (1) < 0, i.e., single crossing condition; and (2)

93CC (¢C* 60 83MC_C Cx* M 96‘ . . .
s é;a(:c—)g’ ) _ i ((90);1—“ ) > 0. Finally, by the concavity of the welfare function,

2 *
882/.0(312) < 0, which helps us to ultimately determine that optimal conservation output qic* is

monotonically increasing in conservation efficiency HZ-C.
We next derive the contribution function of landowner 7 to social welfare, denoting G; to be the
welfare gain from producing conservation output, qZ-C , and L; to be the welfare loss from stopping

the production of the market good, qZM , respectively. First, conducting an anti-derivative of (A3)
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with respect to qic ,

C

% V(¢
Gildf) =Gl + [ Tt
q; 7

=

de€

OCE (e, g™, 6F) OCM (M, (q¢ . q), 03"
1—|—A / qzy —i2Yq ZB q] (qzC qk) 7 ) quZC
q© 8qz~ 0g;

7

J#Z
=Gila") + V(a) = V(a€) = (1 + 1) [CE (a7, 4, 08) = CF (a7, 4, 67|

R 1771

SN Y2 (O 60 - O o a),0)
JFi

where QjM” represents the contingent market output of landowner j # 4 under the externality
imposed by landowner i being the least efficient in conservation, alongside other landowners k

{i,7}. Second, evaluating welfare gain generated by the type 65 landowner i,
Gila") =V (@) = (1+X) [C€ (a0, 06) + pad — CM (@)%, 011)]

+(1+A)Zg [CM( M (qC,qf), 0M) — CM (g, (o,chz),ej.”)}
j#i

/

where qu is the output of landowner j # ¢ in activity K without landowner i’s participation.

Third, combining the above results, welfare gain of type 9? landowner ¢ is
Gila") =V () = (1+3) [CE(a€a™, 0€) + pad — CM (3" %, 01)]

+(1+>\)Z? (M@ (0 af). 0 — (@ (0,467, 001)]
g#i Tt

Fourth, welfare loss is characterized by the removal of production externality on other landown-

ers, as landowner ¢ no longer produces the market good, such that

Li(g!") = (1+ ) Zg] [ " (@ "), 05) — CF (g5, (0, "), 65)
P

Fifth, his contribution to social welfare is found by taking welfare loss L; off welfare gain Gj,

WP(q) =Gi(af) + Li(q")
=V(a€) — (14 1) [CC(aC 0, 09) + pal = CM(a,a%,, 011

+ (1“)2? [CM@Y, (6 a),0) = (@, (0,467, 000)]
g# Tt

2 [CC G @ al), 05) — CF (af (0,021), 09)]
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Finally, we verify that WZD () is monotonically increasing in 6,

OWP(q) _ ) ov(¢F) oCE (¢, ¢, 0¢ B8;0CM (@)%, 00) | | oe¢

—i» Y4 ) -3 73
96¢ ¢ Y o4C 25 af 067
ol 0 (1ZESEE\| 0T ) 1= B P OEGE. )
062 \ " 769) o0¢ RO T

which, by the Envelope Theorem, the first brace is zero. Then, by assumption 1, the whole term

. . oW P (q)
under the second brace is negative such that 50

in6¢. m

> 0 and W/ (q) is monotonically increasing

6.4 Proof of Corollary 2

When the procurer observes the profile of ™, but not that of #°, he only treats the observed
profile 0™ as a parameter. Following an approach similar to Myerson (1981), it is straightforward
to obtain expression (11). An analogous argument applies in the case that the procurer observes
the profile of 8¢, but not that of 8, obtaining expression (12). W

6.5 Proof of Proposition 2

Equating equation (4) with (A2), the procurer’s transfer function to landowner i, tiC(qu ), is

t(a) = C7 (af . %, 07) + 0@ — CM(a! %, 0))

—10 71 7

which is different from the welfare gain function, Gi(qic ), from above and landowner i does not
compensate (or is not compensated) for the positive (negative) conservation externality on others

because this is already included in the transfer function the procurer proposes to other landowners
j#i. 1
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