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Abstract This paper analyzes, in a simple two-region model, the undertaking of nox-
ious facilities when the central government has limited prerogatives. The central gov-
ernment decides whether to construct a noxious facility in one of the regions, and
how to finance it. We study this problem under both full and asymmetric informa-
tion on the damage caused by the noxious facility in the host region. We particularly
emphasize the role of the central government prerogatives on the optimal allocations.
We finally discuss our results with respect to the previous literature on NIMBY and
argue that taking into account these limited prerogatives is indeed important.
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1 Introduction

For most jurisdictional authorities, the construction of noxious facilities [e.g., air-
ports, prisons, and waste disposals] is usually problematic. Such facilities produce
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important benefits for the jurisdiction as a whole, while their costs are mainly con-
centrated in the host locality. Therefore, localities oppose to host noxious facilities,
generating what is commonly known as the “NIMBY” syndrome.

An important strand of literature analyzes NIMBY as a problem of asymmetric in-
formation, assuming that localities possess more information than the jurisdictional
authority. Under these circumstances, localities use their private information strategi-
cally to induce the jurisdictional authority to make a decision that favors them.? This
literature presents different mechanisms to fill this informational gap, like auctions,
insurance devices, and incentive-compatible monetary compensations.

We depart from this previous literature in the following important aspect: the pre-
rogatives that jurisdictional authorities have when they decide upon the construction
of a noxious facility. The previous literature adopts extreme assumptions concerning
these prerogatives. On the one hand, some contributions assume that the jurisdic-
tional authority is obliged to respect the localities’ status quo (i.e., their welfare when
the noxious facility is not constructed) or their autonomy (i.e., the level of welfare
when each locality constructs the noxious facility by itself). Formally, the mecha-
nisms designed to elicit the localities’ private information should include some kind
of ex-ante, interim, or ex-post “participation constraint”. On the other hand, other
authors assume that the jurisdictional authority is endowed with unlimited powers
to implement its preferred policy. Under this different institutional framework, the
mechanisms need to verify no participation constraint.

In fact, these assumptions are not adequate for a general analysis of NIMBY. Al-
though jurisdictional authorities do have prerogatives regarding the construction of
noxious facilities, these prerogatives are usually limited. On the one hand, a juris-
dictional authority is not always obliged to respect the status quo of all localities; it
can indeed force them to participate in the siting procedure. But, on the other hand,
a jurisdictional authority cannot impose any decision to the host locality. The former
is often constitutionally compelled to ensure the latter with a minimum level of wel-
fare. The following example concerning a federal noxious facility in the US illustrates
these assertions. Provided the choice of the site has followed the legal procedures, the
US congress has the last word about the construction of a federal noxious facility, no
matter the reaction at the state or at the local level.* Moreover, if the land on which
the noxious facility will sit is not owned by the federal government (but, for example,
by a state or a locality), the federal government can exercise the power of “eminent
domain” to expropriate it. But there is a limit to such power. When intergovernmental
takings occur, federal courts require the federal government to compel to the Takings

INIMBY is the acronym of the expression “Not In My Back Yard”.

2Goetze (1982) pointed that with respect to waste disposals, host localities express fears of risk that may
be exaggerated and strategically motivated.

3When spillovers are an issue, jurisdictional authorities can even prohibit localities to construct their own
facility, going beyond their autonomy. See footnote 12.

40n July 2002, the US Congress approved the construction of a deep, mined geologic repository for high-
level radioactive waste at Yucca Mountain, despite the Nevadans were strongly against the project.
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Clause of the Fifth Amendment to the US constitution and so to compensate the
owner for its taken land.’

The purpose of this paper is precisely to fill this gap in the literature® and find
the optimal mechanism to construct a noxious facility, integrating into the analysis
the limited prerogatives of jurisdictional authorities. We present a simple model of a
country, with two equally wealthy regions, each ruled by a local authority. The cen-
tral government has to decide whether to construct a noxious facility in one of the
regions and, if so, how to finance it. If the facility is undertaken, it causes a damage
in the host region but generates a benefit in the other region. When making its deci-
sion, the central government is constitutionally constrained to leave to each region the
same exogenous minimal level of welfare. The main novelty of this paper is that this
minimal level of welfare can be below the status quo but cannot reach —oo, which
is the value that characterizes a jurisdictional authority with unlimited powers. We
assimilate this minimal level of welfare to a “constitutional constraint”. Furthermore,
we assume that the central government does not observe the damage caused by the
noxious facility. This value is private information of the host region. To deal with this
informational gap, the central government designs an incentive-compatible mecha-
nism that, conditional on the reported damage, specifies whether the facility will be
constructed and a balanced schedule of transfers to the regions.

The most important results of the paper are as follows. Under full information,
there is an endogenous threshold such that if the value of the damage is below (above)
this threshold, the noxious facility is optimally constructed (not constructed). This
threshold depends upon the benefit generated in the other region and also upon how
stringent the constitutional constraint is. We also find the optimal full information
cost-sharing rule when the noxious facility is constructed. As expected, the higher is
the damage, the lower is the financial participation of the host region in the construc-
tion’s cost.

Under asymmetric information, the central government faces an evident incentive
problem. The host region wishes to exaggerate its damage, for two different reasons:
(1) to contribute less to the construction cost or to obtain an undue compensation or
(2) to induce the central government to not undertake the noxious facility. This last
misbehavior is precisely the “opposition to siting” described by the NIMBY litera-
ture.

We completely characterize the optimal mechanism. As usual, in order to atten-
uate the stakes for misreport, the central government distorts construction decisions
and transfers, with respect to the full information ones. Again, we find an endogenous
threshold for the damage, lower than the full information one, under which the nox-
ious facility is constructed. Hence, for each constitutional constraint, we identify fa-
cilities that are optimally not constructed, whereas they should have been undertaken

SThese assertions concerning limited prerogatives that governments have also apply to other areas of public
policy. Taxation is perhaps the paradigmatic case. Almost all constitutions endow governments to tax their
population. But this power is usually (constitutionally or judicially) limited: taxes cannot be “unfair” or
“confiscatory.” See Darby (1990).

6Some authors, like Rob (1989) and Minehart and Neeman (2002), recognized that jurisdictional author-
ities have sometimes the power to force localities to participate in the siting/constructing procedure. But
their formal models do not incorporate this issue.
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under full information. We also show that provided the central government has the
power to do so, it is optimal to tax the host region when the noxious facility should not
be undertaken. Therefore, adopting this more realistic assumption of limited preroga-
tives also implies that it is necessary to discuss about the restrictions on transfers that
the central government can impose to both regions. Finally, we prove that assuming
the same minimal level of welfare for both regions is without any loss of generality.
The layout of the remainder of the paper is as follows. In the next section, we
present the model. Section 3 analyzes the full information benchmark. In Sect. 4, we
study the problem under asymmetric information. In Sect. 5, we compare our results
to the existing literature. Finally, Sect. 6 concludes. All proofs are in the Appendix.

2 The model

In a country, there are two regions i = H, R. Each region is ruled by a local authority.
On the top of both local authorities, a central government decides whether to construct
a facility of a given size in region H. This construction decision is formalized as an
index variable §, where § = 1 if the facility is constructed and O otherwise.

If the facility is constructed, it produces a strictly positive benefit b in region R but
also causes a damage d to the host region H. These two values clearly characterize
the facility as being noxious. The damage d is a random variable, independent of b,
drawn from a differentiable cumulative distribution function (cdf) F (d), with support
in the interval [0, D], where D > 0. We also assume continuous differentiability of
this cdf and we denote its density by f(d). The noxious facility costs ¢, which is
common knowledge. If it is undertaken, the central government bears this cost.

The local authority is the representative agent of the region. For the sake of sim-
plicity, we assume that both regions have the same endowment w. Each region con-
sumes a private good in quantity g. They derive the same utility from the consumption
of this good. This utility is formalized as a strictly increasing and concave function
u(g), with u(0) =0.

The central government designs a scheme of transfers tf. When tf > (), the region
i is taxed; when ti‘S < 0, the region i is subsidized. Therefore, taking into account each
region’s budget constraint ¢; = w — tlfs, ex-post regional levels of welfare are’

Wy =u(w— t}si) —éd,
Wr = u(w—t%) + 8b.

The goal of the central government is to choose an allocation (8, tﬁ,, t;se) in order to
maximize an utilitarian social welfare YW = Wy 4 Wk, subject to the weakly budget
balance constraint ) _, ti‘S > §c. Note that the region’s utility is separable between the
private and the public good. In spite of being quasilinear in the noxious facility’s
damage or benefit, welfare is nontransferable because the function u«() is nonlinear.
As a consequence, the central government care about the distribution of after-tax
income between the two regions.

TWe assume that regional endowments w are such that we do not need to impose limited liability con-
straints.
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As we mentioned above, the central government controls the construction deci-
sion §. On the one hand, it can impose the construction of the noxious facility, even
if region H suffers the damage. On the other hand, it can decide the opposite, even if
the benefit b is so high that region R wants its construction. Although this seems to be
a “command-and-control” economy, the central government faces an important con-
straint on the allocations (§, t}S{, t;se) it wishes to implement. This restriction imposes
the central government to leave to each region i a minimal level of ex-post utility
k €]—o00, u(w)]. Formally, this restriction is W; > k,i € {H, R} and is denoted by
CC;. We call this constraint CC; a “constitutional constraint” because it is usually
the constitution that limits the prerogatives of the central government.

The upper bound u (w) reflects the status quo (i.e., the level of welfare each region
attains if the noxious facility is not constructed) and ensures only Pareto improving
constructions.® The lowest bound —oo corresponds to the case of a nonconstrained
central government, where every project that has a high enough value for the country
as a whole will be undertaken. As we have explained in the Introduction, the most
interesting and realistic case is when k € ] — oo, u(w)[: the central government has
limited prerogatives. Although it can construct a noxious facility that causes a damage
inregion H, the final allocation cannot be too detrimental for this region. If the central
government insists in imposing to region H an allocation that leaves to it a welfare
level below k, region H can obtain the noxious facility’s shutdown.”

The assumptions of the model deserve some comments. First, our paper does not
deal with the localization of the facility. Although this is a crucial problem for some
kind of facilities (e.g., prisons), there are many others for which their localization is
not an issue (e.g., nuclear waste disposals, dams). For such facilities, there often exists
only one locality that has, for example, the appropriate hydrological and geological
characteristics to become the host. Second, the construction decision § is discrete. We
could have assumed § € [0, 1] and thus considered it as the probability of construct-
ing the noxious facility. Although this generalization changes some results (specially
those concerning the optimal transfers under asymmetric information), it does not
improve substantially the understanding of the impact of the different constitutional
constraints upon the optimal allocations. Third, as the benefit b is known, we rule out
issues of revelation of multidimensional asymmetric information from our model.
The reason for doing that is to simplify at most the model to be able to characterize
allocations when the central government has limited prerogatives. Fourth, although it
may seem odd to assume the same level of minimal welfare for both regions, we show

8Here, ensuring the status quo is formally equivalent to the “respect for autonomy”, as set by O’Sullivan
(1993), Klibanoff and Morduch (1995) and Minehart and Neeman (2002). In those models, in case of
no agreement with the central government, each region is free to construct its own facility. First, in our
model, no region will voluntarily undertake the noxious facility. Second, the respect for the autonomy is
not always a realistic assumption for analyzing provision of public goods within a federation. For example,
in the US, no state can construct dams over interstate rivers without the approval of the Federal Energy
Regulatory Commission (Federal Power Act, 16 USC 797).

90ne can also interpret our constitutional constraint as a reduced form of a secession-proof constraint
like W; > (1 — k)u(w) = k where « € [0, oo[ represents the cost of secession. In this case, the central
government has some degree of freedom to implement its policy because the secession is costly for regions.
We thank B. Lockwood for suggesting this interpretation to us.
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in Sect. 4.1 that this assumption is without any loss of generality. Finally, by consider-
ing k exogenous, we do not seek to explain where this value comes from.'? Our goal
is simply, as we have just mentioned above, to see what can be achieved given differ-
ent constitutional constraints (i.e., different values of k) on the optimal allocations.

3 Full information

As a benchmark, we present the full information allocations {§*, }_1* t}{“}. When the
central government observes b and d, optimal transfers verify ), tl.1 =c and tlp =0.
These allocations appear in Figs. 1(a) and 1(b), where each point (b, d) represents a
noxious facility.

In both figures, the bold curve depicts the frontier d*, above which no facility is
constructed. In this area, each region has the status quo level of welfare u(w). Below
d*, each noxious facility is optimally constructed. There, the optimal transfers also
depend upon how stringent the constitutional constraint is. In Fig. 1(a), when k is

d
b
a
d
d*
5 =0 g e
0 =1and t, <5<1R
¢
u(w—z)—k
3" =1 and t};:t}::£
2
c b
2Qu(w)—u(w ——)]
2
b

Fig. 1 a Optimal allocations when k > u(w — ¢/2). b Optimal allocations when k < u(w — c/2)

101y 3 similar framework, Neeman (1999) gives a rationale for values of k < u(w). See Sect. 5.
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“relatively” high, the prerogatives of the central government are not so broad, and
thus the constitutional constraint CCy always binds. In this case, the transfer ¢ }I*
is simply given by the binding constitutional constraint, and the other transfer tlli,*,
by the central government’s budget constraint. Region H pays less than c¢/2 and its
contribution decreases with the damage d. Therefore, for relatively high values of the
damage, region H can even be compensated for hosting the noxious facility.

In Fig. 1(b), when k is “relatively” low, the central government has more power
and two different schedules of transfers emerge. If the damage is relatively low, be-
low u(w — ¢/2) — k, the constitutional constraint CCy does not bind. Consequently,
marginal utilities of consumption (and thus transfers) are equalized between the two
regions. But if the damage is relatively high, above u(w — ¢/2) — k, transfers are the
same than in the previous figure.

Looking at both figures, we can see how the frontier d* varies with k. In the first
figure, the frontier d* is increasing and concave in b. In the second figure, the shape
of the frontier d* is first linear with b, then it becomes concave. When k decreases,
the size of the linear part increases. The limit case is when k — —oo: the central
government faces no constitutional constraint. The frontier becomes a straight line
under which each facility is constructed and each region shares equally the cost c:
equalization of marginal utilities of consumption always applies. Summing up, the
less stringent the constitutional constraint is, the more facilities will be constructed,
ie.,d*(b, k) <d*(b,k') forany k > k'

4 Asymmetric information

Now, we assume that the central government observes b'! but only knows the distri-
bution F(d) over [0, D]. In fact, the damage d is the local authority’s private infor-
mation. This last assumption also deserves some comments. First, it is a short-cut for
a more general model, where the noxious facility generates two types of damages:
(i) damages to common interests d; (e.g., environmental risks) and, (ii) damages to
individual interests d» (see Wolsink 1994). In such a model, a central agency with
technical expertise could know the value of d; but only the local authority of re-
gion H is able to observe d>. For the sake of simplicity, we set d = d>. Second, the
informational superiority of the local authority can be justified, as in Crémer et al.
(1995), and Bucovetsky et al. (1998), on political economy grounds. To win elec-
tions, politicians need to know the preferences of their voters. In the context of our
model, this implies that local politicians have more incentives to learn about d than
national politicians because the latter have to deal with a larger set of voters.

In order to focus on the most general case, we only consider values of » and D
such that D > d* for k — —oo. We characterize the optimal allocations adopting
a mechanism-design approach. In our setting, the revelation principle applies. The
region H reports its damage d and the central government commits to implement

the allocations {§(d), t?{(d) (d), t}se(d) (d)}. Under asymmetric information, the optimal

Hn spite of that the value of b will play an important role in the implementation game.
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allocations solve the program P

Maxa(d),tf_l(d)(d),ti(d)(d) f()D [u(w — 11‘3_1(‘1) ) + u(w — t??(d) (d))
+6(d).(b—d)]dF(d)

subject to
u(w— 15\ (d)) - 8(d).d > k, (CCh)
P 8(d)
u(w—1tp""(d)) +68(d).b > k, (CCr)
17 Dd) = 8(d).c. (B)

(o — 5P @)) = 8(d).d > u(w — 5(d')) — 8(d)).d
vd,d € [0, D], (Ch)

where (CCy) and (CCpg) are the constitutional constraints, and (B) the central gov-
ernment’s budget constraint. The new constraints (/Cy) form the set of incentive-
compatibility constraints. Each of these constraints prevents a region H with damage
d to pretend to be a region with a different damage d’. The following lemma presents
some important intermediary results.

Lemma 1

1. Letd #d'". If8(d) =8(d') = 1, then 1V (d) = 21" ().

2. Ifd <d’, then §(d) > §(d’).

3. There exists a unique threshold d such that ifd < d, 6(d)=1 and, if d > d,
8(d)=0.

4. At the optimum, Yt} =cand 3", 1) =0.

5. The constraint u(w — t},) —d >k is redundant.

The first statement of the lemma shows that incentive-compatibility imposes a
huge constraint on transfers: for any pair of reports that yields the same construction
decision 8, the corresponding transfers must be the same.'> Therefore, from now on,
let tl.l and tl.o denote transfers when the noxious facility is constructed and not con-
structed, respectively. The second and the third statements characterize the optimal
construction decision: § is nonincreasing in d (monotonicity result) and, at d = d .0
jumps downwardly to 0. Hence, d is the highest damage for which the noxious facility
is constructed. The fourth statement of the lemma says that, at the optimum, all bud-
get constraints bind. Finally, the last statement shows one constraint that is redundant
at the optimum. Clearly, Lemma 1 simplifies the problem P. In the Appendix, we
solve the simpler problem using the Lagrangian technique. In the following proposi-
tion, we only present the results that we analyze afterward.

Proposition 1 Under asymmetric information on the damage d, the optimal alloca-
tions are as follows.

12This is the unique result that does not hold if § € [0, 1].

@ Springer



122 M. Besfamille, J.-M. Lozachmeur

. Whend <d,5=1andt), <th=c—1t},. Whend > d, § =0 and t% > 0.
. The threshold d and the transfers 1}1 and t% satisfy u(w — t,l_l) —d= u(w — t?,).
. The threshold d satisﬁesﬁ <d*.
. There exists a threshold k such that:
(a) when k > k, d decreases with k and u(w— t%) =k.
(b) when k < 12, t% and d do not depend upon k and u(w — t(f)[) > k.

R R S R

First, let us explain the first two statements of the proposition. On the one hand,
we know from Lemma 1 that the noxious facility is constructed in any region H with
damage d < d. To fulfill the incentive-compatibility constraint, the region H with
damage d should face the incentive transfer tll{. This transfer is designed to induce
this particular region H not to provoke the shutdown of the noxious facility by exag-
gerating its damage. This misbehavior is precisely the NIMBY syndrome. Moreover,
as we also know from Lemma 1, every region H with damage d < d must face the
same transfer ¢ I]_I, so that they have no incentives to report d , and thus to contribute
less to the construction of the noxious facility. This means that all regions H with
d < d receive a strictly positive informational rent. This informational rent is not
evaluated with respect to the status quo, but to the shutdown of the noxious facility.
As usual, this informational rent is costly. The reason is the following. As the region
R supports more of the construction cost, the difference in transfers generates a wel-
fare cost due to the concavity of the utility function u(). To attenuate this welfare
cost, the incentive-compatibility constraint binds. On the other hand, the noxious fa-
cility is not undertaken in regions H with damage d > d. In this case, these regions
pay the same tax t% > 0 (strictly positive as soon as k < u(w)), as Lemma 1 shows.
This tax reflects the trade-off between the welfare gain from relaxing the (binding)
incentive-compatibility constraint (due to a decrease in the informational rent to be
left to all regions H with damage d < d) and the welfare cost (due to a higher in-
equality between region H and R when the noxious facility is not constructed).

The third statement of the proposition affirms that under asymmetric information
on the damage d, less noxious facilities are constructed than under full information.
Now, the optimal value of d is the result of the following trade-off. Consider a given
threshold d’ < d* and increase it slightly to d”. On the one hand, expected welfare
increases because more socially valuable noxious facilities will be constructed. But,
on the other hand, by incentive-compatibility, the region H with damage d” faces a
lower transfer than the one that faced the region H with damage d’. Hence, all regions
H with damage d < d’ face a lower transfer, which increases the contribution of the
other region R and thus the inequality.

The last statement of the proposition shows that, as under full information, the
constitutional constraint CCy binds if k is high enough, i.e., if the prerogatives of
the central government are not so broad. Clearly, if the optimal transfer tg > O isrel-
atively high, one hits the constitutional constraint CCg . In this case, the threshold d
and the tax tg decrease with k, whereas the transfer ¢ }, goes in the opposite direction.
When £ is below a threshold 12, the constitutional constraint CCy ceases to bind and
the values of thl, t }1, and d become independent of k.

These results enable us to fully understand the impact of the different constitu-
tional constraints on the optimal allocations. When the government is compelled to
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respect the status quo in any region, no tax ’21 can be imposed when the noxious
facility is not constructed. Under this constitutional framework, the discussion about
constraints on transfers t% is useless. But this is not always the case. When the gov-
ernment can go beyond the respect of the status quo, it is necessary to address the
question whether taxes t101 are allowed. If according to Samuelson (1985), the gov-
ernment is not allowed to impose such taxes, the constitutional constraint does not
play any role, even if £ < u(w). Indeed, an incentive compatible mechanism has to
ensure the same welfare to the region H with damage d and to another host region
with damage d > d. As for the latter tl(f[ = 0, the noxious facility is constructed pro-
vided the level of welfare is above the status quo level u(w). But when the central
government can tax a region H when the noxious facility is not constructed, the for-
mer, using its prerogatives, should make use of this tax in order to relax the (binding)
incentive-compatibility constraint.

4.1 Optimal allocations with different constitutional constraints

Until now, we have assumed that both regions were facing the same minimal level of
ex-post utility k. Let’s consider a more general problem where, instead of k, the rhs
of each constitutional constraint CC; is replaced by k;, for i = H, R. The following
proposition affirms that, in fact, only ky matters in this case.

Proposition 2 Under asymmetric information on the damage d, the optimal allo-
cations described in Lemma 1 and Proposition 1 fulfill the constitutional constraint
CCRp, for any kg €] —00, u(w)].

This result can be proved by simply inspection of Lemma 1 and Proposition 1.
First, all statements of Lemma 1 are unaffected by the change mentioned above,
except for the last, where k is simply replaced by kg. Similarly, no statement of
Proposition 1 changes, except that in the fourth statement, k and k are replaced
by ky and kg. In other words, the optimal allocations only depend on the value
of k. Do these optimal allocations fulfill the constitutional constraint CCg, for any
kr €] —o0, u(w)]? The answer is yes. When & = 0, the first statement of Propo-
sition 1 affirms that region R at least benefits from a subsidy. This means that its
ex-post utility is strictly greater than the status quo level u(w), so that CCp is ful-
filled. When § = 1, optimality implies that a noxious facility with damage d and
benefit b is constructed provided the social welfare is at least higher than when the
project is not undertaken. Formally, this is equivalent to the following condition:
ww—t}) —d+u@—1th) +b—u(@—1%) — u(w+1%) > 0.!> Given that the
incentive-compatibility constraint /Cy always binds, this condition boils down to:
u(w — t}g) +b>u(w+ t?{). In other words, the ex-post utility of region R when the
noxious facility is constructed should at least be higher than the one when it is not un-
dertaken. Since in the latter case the ex-post utility is at least equal to the status quo
level u(w), the constitutional constraint CCg never binds when é = 1. This proves
that assuming kg = kg = k previously was without any loss of generality.

135¢e (6) in the Appendix.
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5 Related literature

Starting from Samuelson (1985), the contributions by Kleindorfer and Kunreuther
(1986), Easterling and Kunreuther (1992, 1996), O’Sullivan (1993), Kleindorfer and
Sertel (1994), Pérez-Castrillo and Wettstein (2002), Minehart and Neeman (2002),
Kim (2003) and Jean-Marie, Marchetti and Tidball (2004) present auction and com-
pensation like mechanisms to circumvent the NIMBY syndrome for the localization
of a noxious facility. Our model differ from these articles in two aspects. First, we do
not analyze localization of a noxious facility; we only deal with opposition to sit it in
a given region. Second, none of these articles consider forced participation into the
mechanism as we do.

Of course, we are not the first to allow for forced participation or expropriation
in mechanisms. The early literature on provision of public goods under asymmetric
information (Vickrey—Clarke—Groves mechanisms, d’Aspremont and Gérard-Varet
mechanisms, Green and Laffont 1979) and more recently Makowski and Mezzetti
(1994), Ledyard and Palfrey (1994) and Lescop (2007) among others “would per-
mit confiscatory action [...] if there were no constitutional limits on the proposals
that could be considered” (Tideman and Tullock 1976). As the mechanisms analyzed
in those articles are not ex-post individually rational, the social planner can impose
negative transfers when the project is not done, as our central government does. But
in those contributions negative transfers are unbounded, which is one of our main
criticisms against the assumption of a jurisdictional authority with unlimited pow-
ers. In spite of that, our result regarding the optimality of taxing the host region
when the noxious facility is not constructed is to be related to the transfers in the
Vickrey—Clarke—Groves mechanisms. The main difference between these transfers
and ours is the following: our taxes t% do not depend directly on the forgone benefit
in region R. The relationship with this benefit b is only indirect: t% has to verify
u(w—t ;1) —d= u(w— tg) and from the first-order conditions of the problem P, we
know that the value of d is related to b.

Our paper adopts the mechanism-design approach, as Rob (1989), Klibanoff and
Morduch (1995), Waehrer (2003) and Lescop (2007). Rob (1989) finds the optimal
mechanism that enables a polluting firm to elicit the private information of its nearby
residents, information about their cost of suffering pollution. The optimal mechanism
consists of a probability of installing the plant and a schedule of incentive compen-
sations. As it is usual in these settings, inefficient outcomes emerge, as it is the case
in our paper. Interestingly, at the end of his article, Rob (1989) presents a numerical
example where the residents are taxed if the plant is not constructed. With this ex-
ample, Rob (1989) shows that relaxing the ex-post individual rationality constraint
for a group of residents improves welfare. But he did not go beyond that numeri-
cal example. Our model, which considers explicitly this possibility, confirms rigor-
ously his conjecture and finds the optimal “penalties” for the potential host region if
the noxious facility is finally not constructed therein. Klibanoff and Morduch (1995)
study a federation of two regions that must decide on a project with spillovers under
asymmetric information. The authors also formalize constitutional constraints but in
a different way than we do because they endow the regions with the right to control
the project decision. The authors characterize the optimal allocations and analyze the
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relationship between distortions and the size of the spillovers. But their article does
not consider that centralized provision of public goods may occur in an institutional
setting where the central government has constitutional prerogatives to implement
policies that may not respect every region status quo or autonomy. In a general multi-
dimensional framework, Waehrer (2003) characterizes the optimal mechanism to sit
a noxious facility. In spite of assuming that localities can be excluded for the use of
the noxious facility, he does not consider the possibility that these excluded localities
could be taxed anyway.

Two articles discuss the importance of relaxing, in a nontrivial way, the usual
participation constraint. Gradstein (1994) analyzes a model of provision of a discrete
public good. The author studies different regimes, where the agents’ outside option
(interim and ex-post) adopt other values than the zero-utility status quo and, like our
approach, are bounded from below. But his results are less general than our findings
because he assumes that it is always optimal to provide the public good, whereas we
endogenize this decision.!* Neeman (1999) shows that efficient arrangements can be
obtained, even under asymmetric information, when the structure of property rights
is designed appropriately. This means, in a setting similar to Rob (1989), that it may
be optimal to give to the polluting firm the right to pollute a given amount, which
goes against (what is usually considered) the status quo of the nearby residents. But,
as the permitted level of pollution is given, the expression of the residents’ interim
reservation utility is bounded from below, as in our model. Given quasi-linearity and
the fact that he did not include in his model ex-post individual rationality constraints
(as we do), Neeman (1999) obtains efficient outcomes, unlike us.

Finally, our paper is related to the sizable literature on fiscal federalism under
asymmetric information. As we also do, this literature seeks to explain the properties
of intergovernmental grants designed by a central government that does not know the
preferences or production technologies of local jurisdictions. But our paper differs
from this literature in two related aspects. This literature treats local public goods as
continuous variables; whereas we consider a discrete noxious facility undertaken by
the central government, not by the local authority. Under this circumstance, the pre-
rogatives of the central government with respect to the project construction’s decision
and to the transfers it can impose become a crucial element of the analysis. In this pa-
per, the central government’s prerogatives are limited, whereas the fiscal federalism
literature adopts the same extreme assumptions that we mention in the Introduction.
On the one hand, Cremer et al. (1996), Raff and Wilson (1997), Cremer and Pestieau
(1997), Bucovetsky et al. (1998) and Bordignon et al. (2001) do not limit the pre-
rogatives of the central government. On the other hand, Lockwood (1999), Cornes
and Silva (2000, 2002) and Besfamille (2004) impose participation constraints on
the design of intergovernmental grants. In Lockwood (1999) and Besfamille (2004),
these constraints never bind at the optimum. Although in Cornes and Silva (2000,
2002) these constraints may bind, a careful examination of these two articles reveals
differences with respect to our paper. In their first article, the authors impose ex-ante
participation constraints; not ex-post, as we do. In their second article, they do con-
sider ex-post participation constraints. Nevertheless, to characterize the parameter

l4He only discusses the relaxation of this assumption informally, in the last section of his article.
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conditions under which these constraints bind, in the Appendix of their article they
normalize the outside option to 0. So, their analysis is less general than ours. There-
fore, neither of these articles raises the issue about the power and the prerogatives of
the central government in federations, in situations of asymmetric information, with
the generality as we do.

6 Conclusion

The construction of noxious facilities is a policy area where it is evident that jurisdic-
tional authorities have limited prerogatives. The goal of this paper was to incorporate
these limited prerogatives in a model solved with a mechanism design approach. We
formalized a country consisting of two regions, each ruled by a local authority. The
central government should decide whether to construct a noxious facility in one of
the regions and how to finance it. If it is constructed, this facility causes a damage in
the host region but generates a benefit in the other one.

The central government does not observe the damage because it is in fact pri-
vate information of the host region. To deal with this informational gap, the central
government designs an incentive-compatible mechanism, specifying if the noxious
facility should be undertaken and a balanced scheme of interregional transfers. In its
choice, the central government is constitutionally constrained to respect a given level
of minimal welfare in both regions.

In this very simple model, we have completely characterized the optimal alloca-
tions under asymmetric information. We have explained how different constitutional
constraints impact these allocations, specially the distortions that appear in the deci-
sion about which noxious facility is constructed and in the transfers imposed. We also
show that provided the central government has the power to do so, it is optimal to tax
the host region when the noxious facility should not be undertaken. Therefore, adopt-
ing more realistic assumptions of limited prerogatives implies that it is necessary to
discuss about the restrictions on transfers that the central government can impose to
both regions.

This model can be extended in many different directions. First of all, we can con-
sider multidimensional asymmetric information to analyze the localization of the
noxious facility. Second, the result that the host region should be taxed when the
noxious facility is not constructed raises the issue about the ability of the central gov-
ernment to commit to this policy. Relaxing the full-commitment assumption seems
also a promising venue for future research. Finally, a third direction could be to use
this model as a first step toward the endogenization of the constitutional setting. We
could obtain some insights concerning constitutional design for rising federations,
which could serve in political discussion, for example, at the European level.
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Appendix
A.1 Optimal allocations under full information

When the central government observes b and d, optimal transfers verify ), tl.l =c
and tio = 0. Conditional on the noxious facility being constructed, the central govern-
ment solves the following problem

Max;, 1, U(w —tg) —d+u(w—1tg)+b

p subject to
u(w—ty) —d =k, (CCh)
th+tp=c (B)

where (CCp) is the pertinent constitutional constraint and (B), the central govern-
ment’s budget constraint. From (B), we obtain 7z and replace it in the objective.
Therefore, we can write the Lagrangian of this problem as follows:

Ezu(a)—tH)—d+u(w—c+tH)+b—A[k—u(w—tH)+d]

where X is the Lagrange multiplier associated to (CCp). The first-order condition
that characterizes the optimal transfer ¢}, is

Ezu’(w—m)—(l + Vi’ (w—tg) =0. (D)
oty
Two possible cases can emerge.
First, if (CCp) does not bind, A = 0. So, by inspection of (1), optimal transfers
verify t}; =ty = ¢/2. The value of the damage above which the noxious facility is
optimally constructed is given by

d*=b—2[u(®) —u(w—c/2)].

Graphically, this is a line that increases with b.

Second, if (CCp) binds, the optimal transfer is simply given by this binding con-
straint and thus ’1*1 =w — u~l(k + d). The value of the damage above which the
noxious facility is optimally constructed, in this second case, is implicitly given by

2u(@) =k +uo —c—u"'(k+d)) +b. )

Applying the implicit function theorem to (2), we can show that this particular value
of the damage is an increasing and concave function of b.
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Finally, we find the parametric conditions such that (CCp) binds. These can be
obtained when A =0 (and thus t}; =t} = ¢/2) and u(w — ty) — d = k. Hence, the
value of the damage above which (CCpg) binds equals u(w — ¢/2) — k. With all this
information, we can draw Figs. 1(a) and 1(b) that appear in the text.

A.2 Proof of Lemma 1

1. If §(d) =68(d") = 1, by (ICg), we have

u(w—th(d) —d =u(w—thd)) —d
u(w—1h(d)) —d = u(w—thd) —d.

These two inequalities imply u(w — t}q d) =u(w—t }, (d")), which proves that
thd)=t}d".
Again, if §(d) = 8(d") =0, by (ICp), we have

u(w — 1%(d)) > u(w — 1y (d")),

u(w —1%(d")) > u(w — 1% (@)).

These two inequalities imply u(w — t% d) =u(w — t(g[ (d")), which proves that
19d) =15(d).
From now on, let tl.l d) = tl.l and tlp d) = tlp denote transfers when the noxious

facility is constructed and not constructed, respectively.
2. Letd < d’ and assume that §(d) =0 < 8(d’) = 1. By (ICy), we have

u(w— t,l_l) —d > u(w— t?—])a

w(w —1%) > u(w —1}) —d.

These two inequalities imply d — d’ > 0, which is a contradiction. Hence, §(d) >
5(d").

3. The existence of the threshold d is ensured by the parametric assumptions of the
model (i.e., D > d* for k — —o00). The uniqueness of d is an immediate conse-
quence of Part 2 of this lemma.

4. Assume first that, at the optimum, ¢ }1 +1 Ile > c. The central government can always
reduce ¢ }Q. This change does not alter the incentive properties of the mechanism,
relaxes (CCpg) and increases the expected welfare, which is a contradiction. So,
at the optimum, t111 + f}e =c.

Next, assume that at the optimum, tg, + t,oe > 0. The central government can
always reduce tlg. This change does not alter the incentive properties of the mech-
anism, relaxes (CCg) and increases the expected welfare, which is again a contra-
diction. So, at the optimum, zg + tg =0.

5. By (ICq), u(w — t}l(d)) —d>u(w— tl(){(d’)) if 8(d) =1 and §(d") = 0. Also, by
(CCh), u(w —1%(d")) > k. Hence, u(w — t},(d)) — d > k holds.
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A.3 Proof of Proposition 1

Using Lemma 1, the problem P boils down to the reduced problem P’

Maxg 1o 1 fi (@ = th) +u(@ = 1}) + (b — d)dF (d)
+ [P lu@ — 1) + u(w + 1)1 F (d)

P’ subject to

u(w—1p) =k (A1)

w(w—th) —d>u(@—1%) ()

th+th=c (A3)

where A1, A2, A3 are usual Lagrange multipliers. For the moment, we have neglected
three constraints; then we will show that they hold at the optimum. The set of
incentive-compatibility constraints (/Cp) has been replaced by a unique constraint,
the one that characterizes the region H with damage d, which is the highest damage
for which the noxious facility is constructed. If we denote by £ the Lagrangian of
this problem P’, the first-order conditions can be written as follows:

, i

% _ _f W' (@ — 1) dF(d) — Jou/ (@ — tly) + 23 =0, 3)
H 0

; i

3751 _ _[0 W (0 —1h)dF(d) + 43 =0, @
R

aC

azH

E:[u(a)—tll_l)—c?—}—u(w—t}e)—i—b—u(w—t,o,)—u(a)—l—t?,)]

[ [u’ (w—tH) —u (a)—i-tH)]dF(d)—f-(M —au’ (a)—tH)—O 5)

x fd)—ny= (6)

The following lemmas prove Proposition 1.
Lemma 2 At the optimum, L, > 0.
Proof We prove this by contradiction. Assume that A, = 0 at the optimum. Substi-
tuting A, =0 in (5) gives aL/azQ, < 0 for any t?l > 0, so that t% = 0. Moreover,
combining (3) and (4), we obtain ¢}, =t} = ¢/2. This implies that u(w — t},) —d —
u(w — tg,) =u(lw—c/2)— d— u(w) < 0 which violates the incentive-compatibility
constraint, a contradiction. So, Ay > 0.

Lemma 3 When k = u(w), thl = 0; while for any k < u(w), tIO{ > 0.
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Proof For k = u(w), it is clear that t?l cannot be positive otherwise the constitutional
constraint is not fulfilled. Now consider the case where k < u(w). If .1 =0, (5) gives

(1= F@)[u' (@ —tgy) —u' (@ + 5] = hau (@ — 17)). @)

Since A > 0, (7) implies u’ (@ — t%) > u’(w—i—t?{) so necessarily fg > 0 by concavity
of the utility function u(). If A1 > 0, u(w — t%) = k < u(w) so Y > 0.

Lempa 4 There exists a threshold k such that A > 0 for k > k and A =0, for
k<k.

Proof Suppose that A; = 0. Then for any k < u(w), tH > (0 by Lemma 3 and is

implicitly determined by (7) where A, and d are determined independently of k.
Thus, there exists k< u(w) such that u(w —t H) = k. Thus, for any k < k l =0;

whereas for any k > k, u(w — tH) < k so that A, > 0 and the optimal solution yields
0y _
u(w —ty) =k.

Lemma 5 Forany k < k,d is independent of k; whereas for k > k, dﬁ/dk <0.
Proof When k < k, A1 = 0 by Lemma 4. First-order conditions (3) to (6) and binding

constraints do not depend on k. When k > k, A1 > 0. Rearranging the first-order
conditions (6) with (3) to (5), one has

A=[M(w—t§)+b—u(w+tlg)]+;EZ;[ —Z((;"::i))} ®)

where
u(w—1%) =k, )
w(w—1}) —d=u(w—1%) (10)

Equalities (9) and (10) define ¢%, = t%; (k) with dt%, /dk = —1/u' (@ — 1) and t}, =
t}i (k, c?) with dt},/dk = dt},/dﬁ =—1/u'(w— t},). Hence, one can rewrite (8) as

oL
=¢d. k
; =¢(d. k)

= [u(@ —c+t(k,d) + b — u(w+ 1% (k)]
N F(d) [1 ~ u’(a)—c+t;,(k,ci))] B
f(d) w'(w—th(k,d))

(11)

and compute dd /dk = —(d¢/3k) /(3¢ /dd) where d¢/dd < 0 because of the second-

order condition. Thus,
sign dd sign 0¢
i — | =si — ).
8 k) =M ok
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Differentiation of the rhs of (11) with respect to k gives

%__u/(a)—t}e) u'(w+1Y)
k u’(a)—t}]) u/(a)—tgl)
~ F(d) [_ I N u’(w—t,g)] 0
F @ —1hP u'(w—tg) —u’(w tR)iu/(w—t}i) (12)

where
u’(a)—i—t%) u’(a)—t}e)

<0
W(w—1ty) uw(w—t})

since t% > 0 and t}e > tll{. The third term in the rhs is also negative, so d¢/dk < 0
implying that dd /dk < 0.

Lemma 6 d < d*.

Proof The first term in brackets of (11) evaluated at the point d* (b, u(w)) is equal
to 0. Thus, the first-order condition defining d evaluated at d*(b, u(w)) is negative.
By strict concavity of the objective function, this means that d < d*(b, u(w)). But
since d*(b, u(w)) < d(b, k) for any k < u(w) (as shown in Sect. 2), one has d <
d*(b,k).

With all these results, it is straightforward to verify that the remaining three con-
straints hold.
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