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Fairness, Neutrality, and Local Strategy
Proofness in Planning Procedures
with Public Goods

Kimitoshi Sato’

Abstract. The advent of the Malinvaud-Dreze-de la Vallee Poussin(MDP) Procedure
was epoch making. Malinvaud, Dreze and de la Vallee Poussin sowed the seeds for
the subsequent developments in the theory of public goods, and initiated the successful
introduction of a game theoretical approach in the planning theory of public goods.
Numerous succeeding contributions generated means of providing incentives to cor-
rectly reveal preferences for public goods. Nevertheless, the contributions by
Malinvaud, Dreze and de la Vallee Poussin share a common weakness. Although the
MDP Process possesses desirable properties, they lack incentive compatibility in the
strong sense. An attempt to generalize the MDP Process in order to make it robust
to preference misrepresentation was first undertaken by Fujigaki and Sato(1981) and
characterized in (1982).

The purpose of this paper is three-hold. The first is to clarify a number of ver-
sions of neutrality and fairness, so that we clearly distinguish them to obtain results
thereon. The second is to investigate the relations among fairness, neutrality, and
local strategy proofness, and we summarize the observations in the Table 5.1. The
third is to present the family of planning procedures which are simultaneously fair,
neutral and locally strategy proof and the family of Generalized Wicksell Procedures

is verified to be locally neutral, asymptotically efficient and locally strategy proof.

Key Wordsd The MDP Procedure, The Generalized MDP Procedure, The Nonlinearized
MDP Procedure, The Wicksell Procedure.
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1. INTRODUCTION

1.1.  This paper clarifies the relations among fairness, neutrality, and local strategy
proofness in the asymptotically efficient planning procedures with public goods. As
is well known, local strategy proofness is uniquely and unambiguously defined, while
there are a number of versions of fairness and neutrality that should be clearly dis-
tinguished to verify the relations among the above three important desiderata, which
play significant roles in analyzing continuous planning procedures with public goods.

I show that a shooting range distance of my foregoing analysis is much longer
and one can go further than one might have expected, by presenting the family of
procedures that are fair, locally neutral, and locally strategy proof, to be lucidly de-
fined below.

Since the seminal works presented by three great pioneers, i.e., Malinvaud(1970-
1971), and Dreze and de la Vallée Poussin(1971), no year passed until early nineties
without several papers being published in the major journals studying and developing
the theory of planning procedures with public goods. It also received much attention
in applying the methods for modelling incentives to other areas of scientific research.t)

One of the desired properties achievable via planning procedures is neutrality
advocated by Champsaur(1976), meaning that whatever allocation that is individually
rational and Pareto optimal is attainable by the procedures. As for the notions of
neutrality, another versions have been subsequently proposed by D’Aspremont and
Dreze(1979), Champsaur and Rochet(1983), Laffont and Maskin(1983), and Sato
(1983), those of which will be examined below in Section 5.

Another property prerequisite to the right operation of the procedures is called
local strategy proofness(I.SP) according to Champsaur and Rochet(1983), or equiva-
lently, strongly locally individually incentive compatibility(SLIIC) in the terminology
of Laffont and Maskin(1983), and the former will be used throughout this paper.
Under the procedures with this desideratum, every participating agent willingly re-
veals his/her true willingness to pay, i.e., marginal rate of substitution for public
goods as his dominant strategy in a local incentive game he/she plays. This field of
research made remarkable progress in the last three decades. Notably, the article of
Champsaur and Rochet(1983) further generalized the characterization theorems of

Fujigaki and Sato(1981) and (1982), as well as those of Laffont and Maskin(1983),
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that gave us an impression that this area had already reached an acme.”) Much yet
remains to be done, for if we were to arrive at a complete theory of planning proce-
dures, we should fully devote ourselves to study their equity and fairness aspects.
Before preceding the next property, it is worthy to point out here that neutral-
ity is related to the second fundamental theorem of welfare economics, so that the
planning procedures may well pursue also neutrality as well as local strategy
proofness as desiderata. The pursuit of the latter was concluded to impede the former
as was shown by Fujigaki and Sato(1981) and (1982) and Sato(2003); that is why we
stick to neutrality among other things in this paper. Foregoing attempt was made

by Sato(1983) on this issue.

1.2.  Malinvaud(1972) was the first economist to devote two sections in his article
for discussing equity along planning procedures with public goods. In his procedure
which 1s not necessarily monotonic, he defined his concept of equity which means that
the direction of change in utility is the same for every individual taking part in the
procedure; namely his procedure treats every agent symmetrically.

Nevertheless, stress has been put on the incentive and efficiency grounds of the
procedures, ignoring their equity and fairness consideractions except for Malinvaud
(1972), and Green and Laffont(1979), but Sato(1985) shed new light on this indispen-
sable and unavoidable issue. Having proposed the concepts of equity and fairness in
terms of equivalent surplus, he presents a planning procedure satisfying these proper-
ties.

Since Foley(1967) put forward the notion of equity, much effort has been de-
voted to this exciting research field in the last forty years,”) bringing about numer-
ous notions of equity and fairness, among which we choose some to be associated with
planning procedures.

From the works of Fujigaki and Sato(1981) and (1982), and Sato(2003), we
have been aware of the existence of planning procedures which are both asymptoti-
cally efficient and locally strategy proof. The thrust of our inquiry in this paper
therefore is to verify the compatibility among three desiderata presented above, i.e.,
fairness, local neutrality, and local strategy proofness in planning procedures with
public goods. By fairness we mean equity as well as efficiency. To achieve fairness
we propose as a condition imposed on procedures.

Six sections follow. The model is introduced in Section 2, and a review as well
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as comments on locally strategy proof procedures are given in Section 3. Section 4
presents some definitions of equity and fairness, and we shall show them to be attain-
able via planning procedures in Section 5, where we also summarize in the table the

performance characteristics of the procedures. Conclusion follows in the final section.

2. THE MODEL

2.1.  Notation

The simplest way to construct a model is to involve only two goods, one of
which is taken to be a public good, the other a private good, whose quantities are rep-
resented by x and y, respectively.?) Let there be a production sector and the planning

centre which is charged with providing optimal allocation of resources.

(i) Individual Consumers
Our society is supposed to contain 7 individuals. Each consumer i € N = {1,..., n}
is characterized by his/her initial endowment of private good w; > 0, and his/her util-

ity function u;.

u; = u,(z, y;), vi&E N.

(i) Production Sector

The production sector is represented by the transformation function g: R, —
R, wherey = g(x) signifies the private good quantities needed to produce the public
good r. We assume that there is no production of private good, and that the correct

information concerning the production technology is known to the planning centre.

2.2.  Assumptions
Assumption 1. For any i € N

u(+, +) is strictly quasiconcave and at least twice continuously differentiable

with
ul(z,y;) = ou,(z,y,)/0x =0
w?(z,y;) = ou,(x,y;)/0y; > 0
and ui(z,0) =0 for all (x, y;) =0.

Assumption 2. g is linear, i.e., g(z) = x.
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Remark 1. A2 is just for the sake of simplicity. Extension to more general

convex cases 1s possible.

2.3.  Definitions

Following definitions are used throughout this paper.

The marginal rate of substitution between the private good and the public good
is denoted by:

) = ui (z, y;)

, YiEN
ul(x, y;)

771'(1', Y;

Definition 1. An allocation z is feasible if and only if
227 { yu) € B Dute = 2o}
Definition 2. An allocation z is individually rational if and only if
(viE N [z g) = u;(0,0)].
Definition 3. A Pareto optimum for this economy is an allocation z € N such
that, there exists no feasible allocation Z with:
(F7EN) [u(2,9) > u(x, y)l.

These assumptions and definitions altogether give us a condition for Pareto op-

timality in our economy.

Lemma 1. Under Assumptions 1-2, a necessary and sufficient condition for an

allocation z € Z to be Pareto optimal is

Zini(x,yi)él and x>0 = Zini(r,yi)Zl.

Furthermore, conventional mathematical notation will be used throughout in
the same manner as in my previous article(1983). Hereafter, all variables are as-
sumed to be functions of time, and an overdot signifies a time derivative of a variable.
However, the argument ¢ will often be omitted unless confusion would arise. Given
any 7 -dimensional vector v = (v,,...,v,), v_, stands for any (n—1)-dimensional vector

(Uy,eees Uy 1, Viitserr U,) . We shall denote v = (v;,v_;).
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3. PLANNING PROCEDURES AS A LOCAL INCENTIVE GAME FORM

3.1.  Description of Procedures

This section provises a formal presentation of the procedures. A planning pro-
cedure is an algorithm, thereby the centre revises the whole allocation according to
the information on preferences collected from individuals as well as that on technol-
ogy of the production sector.

Although the well-known MDP Procedure possesses nice properties, it lacks a
strong incentive property. An attempt to generalize the MDP Procedure in order to
make it robust to preference misrepresentation on the part of myopic agents was first
made by Fujigaki and Sato(1981) who established a family of planning procedures for
providing public goods with the following properties:

i) The procedure converges monotonically to an individually rational Pareto
optimum, even if the agents do not reveal their true individual valuation, i.e., mar-
ginal rate of substitution(MRS) for a public good.

ii) Revealing his true MRS is always a dominant strategy for each myopically
behaving agent, which entails 6 = 1/n, Vi &€ N.

iti) The procedure generates in the feasible allocation space the same solution
path as the original MDP Procedure with equal distribution of the instantaneous sur-
plus generated at each iteration, which leaves no influence of the centre on the final

plan. Hence the procedure is non-neutral.

Remark 2. The property ii) is a remarkable one not enjoyed by the original

MDP Procedure except when there are only two agents with equal surplus sharing.

There 1s another case where neutrality property is unattainable. The literature
on incentives in planning procedures has commonly supposed myopic behaviour on the
part of the agents, which is one of the crucial underpinning for the theoretical devel-
opment in this field, obtaining numerous desirable properties in connection with the
MDP Procedure.”) Champsaur and Laroque(1981) and (1982), and Laroque and
Rochet(1983), however, analyse how the properties of the MDP Procedure cannot
choose but change under non-myopic assumption. Namely, they treat the case where

each agent attempts to forecast the influence of his announcement to the planning
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centre over a time horizon predetermined and optimizes his responses accordingly.
They verify that, under suitable assumptions, if this horizon is long enough, any
noncooperative equilibrium of intertemporal game achieves an approximately Pareto
optimal allocation. In such an equilibrium, however, the control of the centre on the
final allocation is negligible. Hence, the procedure becomes non-neutral in this case
too.

Their attempt, however, is to bridge the gap between the local instantaneous
game and global game, as was pointed out by Hammond(1979). There is another line
of research pursued by Truchon(1984) who also studies the non-myopia in the MDP
Procedure ; his claim of novelty is to introduce the threshold into the original MDP,
to obtain some interesting results, keeping neutrality property preserved.

Beginning our review with a model of a planning procedure defined by the fol-

lowing formulae we denoted as Process P(G, T):

x = G(Zﬁ—l)

g = —six+Ti<s, st].—1>, ViEN

where G(0) and T(0, D) are both continuously differentiable, and s = (s, ...,s,) is a
vector of marginal rates of substitution (MRSs) announced at date ¢, which may be
different from the true values.

In our works (1981) and (1982), we gave a set of conditions, which we thought,
should be satisfied by the planning procedures. We demonstrated that these condi-
tions characterize our procedure: viz, Process P(é, 17‘) or the Generalized MDP Procedure

is characterized as:

T = a<stj—l>‘stj—l

_— 1 . .
Yy, = *six+;<zjsj*1>x, ViE N.

n—2
, aE R

3.2.  General Characterization of the Family of Locally Strategy Proof Procedures
The above characterization seems to be complete except for one: that is, the
quantity revision of public good is required to be a function of the difference between
the sum of the MRSs and the MRT. We knew that this requirement played a crucial
role in proving our characterization theorem.
It is therefore quite natural to consider if one could imagine a weaker require-

ment which gives a general characterization theorem of quantity-guided locally
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strategy proof procedures that induce each agent to announce his true preferences
under the noncooperative myopic behavioural hypothesis. To give a satisfactory an-
swer to this issue, let us describe a generic model of a planning procedure for a public
good and a private good as:
7= X(s),
{yi = Y(s), ViEN.

Champsaur and Rochet(1983) give a systematic study on locally strategy proof
procedures, and further generalize our characterization theorems of (1981) and (1982)
as well as those of Laffont and Maskin(1983). They show that the class of locally
strategy proof procedures is in fact large enough. Now we know that several sub-
classes belong to this class, viz, the procedures of Bowen, Wicksell, Nonlinearized
MDP, Generalized MDP, Green-Laffont, Champsaur-Rochet, Laffont-Maskin, and
Generalized Wicksell which will be analyzed below.")

For the sake of completeness we shall briefly resume the resulting theorem on
planning procedures which are locally strategy proof and dynamically efficient.

The normative conditions they imposed, which are essentially the same as ours,
are in order.

Condition 1. Feasibility or Balancedness
(vsERD | 2, ¥ (9)+X () =0 |,
Condition 2. Monotonicity or Individual Rationality

(VseER") (VieN) [s;X(s)+Y (s) =0].
Condition 3. Pareto Efficiency

(Vs ER") [X(s) =0 < Zisj: 1]
Condition 4. Local Strategy Proofness

(vieN) (vseR") (; ER)

[z, X(z;, s D+ Y (m;, s ) =2, X(s)+ Y, (s)]

where 7; = 7; (x, y;).

These conditions altogether lead to the characterization theorem. With the view
to stating the theorem, we introduce some notations here.

Define the subsets of R" as follows:

s. = {ser X521}
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S, = {sER”\Zisié l}
§=5.n8={ser"X5-1}.

Moreover we set for s € S,

Als) = {pESIVIEN, p; <s; ).
Let us call % the set of functions, defining planning procedures such that

X(s) =0 for s in S
X(s) >0 for s in S\S
X(s) <0 for s in S;\S

Theorem 1. [Champsaur and Rochet(1983)]
Let X € & have at least one (n—-I) continuous cross partial derivative on the half
space Ss. Then, the corresponding mapping z° = (x, yi,..., yy) is balanced if and only
if there exists a continuous function f° from S to R., the support of which is equal to

S, such that

X (s) J ffwdy, vse S8,
ACS)

Y, (s) = —f ufP(wdu, VseE S,
AC(S)

where du is the Lebesgue measure on S.

Remark 3. X (s) can be defined on S in a similar manner with a function f°:
S — R.. See also Corollary 3 in Champsaur and Rochet(1983) for the mapping z*

which verifies all the Conditions 1-4.

General characterization theorems of locally strategy proof procedures are
proved by Laffont and Maskin(1983) under the regularity conditions. Weaker as-
sumptions are sufficient for the theorem proved by Champsaur and Rochet(1983), who
relax the differentiability of decision functions which define planning procedures.
Besides this rather mathematical work, Sato(1983) should be mentioned, which estab-
lishes that the Generalized MDP Procedure proposed by Fujigaki and Sato(1981) and
(1982) is more robust than we have expected: namely, its efficient operation does not

even require correct revelation for each individual to be a Nash equilibrium strategy
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shown by Roberts(1976), but needs only aggregate correct revelation to be a Nash
equilibrium. Moreover he showed that the public good decision function could be
characterized as the same form with two additional conditions without resorting to

Condition 4. See Sato(1983) for the details.

4. EQUITY AND FAIRNESS

Since Foley(1967) took equity into consideration, at least three concepts have
been proposed in the context of planning procedures. We shall therefore consider the
following notions in this section: (i) Foley’s no envy equity(1967), (i) Malinvaud’s
equity(1972), and (iii) Green and Laffont’s equity(1979), those of which we shall ex-

amine 1n this section.

(i) Foley’s Equity About the last four decades passed since Foley devoted one
section to the concept of equity, where he advocated equity based on envy. With our

notation, we have

Definition 4. An allocation z is Foley equitable if
(Vi,j€N) Lu(x,y) = ux,y;)].

We say that an allocation is no envy equitable if nobody prefers the other per-
son’s bundle of goods to his own, i.e., every agent subjectively feels himself to be bet-
ter off than anyone of the others. Moreover, we say that an allocation is Foley fair
if it is both Foley equitable and Pareto efficient. The Foley’s theorem, proved by
Kolm(1972) and Varian(1974), states that under suitable assumptions there exists a
Foley fair allocation in a pure exchange economy. In Suzumura and Sato(1985), we
conclude, by presenting several counterexamples, that none of the celebrated solutions
except the public competitive equilibrium can attain this Foley fairness in our model
economies with public goods, where existence of fair allocations is assured.

How about the MDP Procedure then? The answer is in the affirmative, since
it possesses neutrality put forward by Champsaur(1976), in the sense that a planning
procedure is neutral if it can attain whatever allocation which is individually rational
and Pareto optimal. Hence the MDP Procedure can achieve as one of its equilibrium

points a fair allocation which is individually rational. In so doing, however, the
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centre must acquire a priori the relevant information before the beginning of the
procedure’s working so as to reach the fair allocation. For this purpose, one has to
collect the necessary but privately held information from individual agents, in order
to establish the fair allocation. Neutrality will be considered in detail in the next sec-

tion.

(i) Malinvaud’s equity

As was already mentioned in the introduction, Malinvaud(1972) took precedence
over all others in accounting the equity issue remarkably important in the theory of
planning procedures. His idea is to treat individual agents symmetrically along the
operation of the procedure.

We can describe Malinvaud’s equity in a somewhat different way from the

original expression. Let #,(x, y;) = u,(z,y;) (m; X+ Y)).

Definition 5. An allocation zis Malinvaud equitable if

This amounts to say that the direction of the utility change is the same over individu-
als, namely, if instantaneous utility of one person increases(decreases), that of the
other also increases(decreases). This concept is formulated in a continuous frame-
work, which hints another condition to be considerable in planning processes.

Before rushing to the next concept, we would like to comment on the Malin-
vaud’s equity. His earlier concept was that a procedure is said to be equitable if every
participant could benefit from the revision of allocation. This notion, however, sub-
stantially equivalent to what we now call monotonicity, that is to say, the monotonic
procedures satisfy Malinvaud’s earlier notion included in the definition 5, involving
also negative monotonicity. Additionally, Malinvaud(1971) already pointed out the
issue of equity, and compared quantity and price guided procedures from the incentive

viewpoint.2)

(iii) Green and Laffont’s equity
In their celebrated book(1979, p.274), they wrote, “... By choosing equal shares
of the cost, the procedure can be made equitable in the following sense: if the agents

consider the procedure before knowing their own preferences, in the spirit of the
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Rawlsian approach, no particular agent is favored.” According to their criterion, the
procedures of Bowen, Green and Laffont, and Wicksell can be equitable for the agents
as in the original position a la Rawls, since these procedures can involve equal shares

of the cost.
5. FAIRNESS, NEUTRALITY AND LOCAL STRATEGY PROOFNESS

5.1.  Champsaur Neutrality

It was Champsaur(1976) who introduced neutrality as a desideratum that
should be achieved via planning procedures. It says that any individually rational
Pareto optimum can be attained by the procedures.

Originally, the problem that Champsaur considered was whether a procedure
can reach all the elements of the set P of all individually rational Pareto efficient
programmes. If it is true, we say that the procedure is neutral, which reads in the

mathematical expression:

Condition 5. Champsaur Neutrality
(vzeP)(36€8)(Fz(-)eF6N[z= tlim z ()]

where 6 = (§},...,6,) is a deterministic parameter in the simplex

S ={Gy6) ERLI D 0,=1)

and F (6) is the set of solutions.

Champsaur(1976) established the theorem that the MDP Procedure is neutral in
the sense that z(e, 6) describes all the elements of the set P according to & in the
simplex S. Subsequently, Cornet and Lasry(1976), Cornet(1977a, b, ¢) and (1983) fur-
ther generalized the results of Champsaur by dropping the uniqueness of solutions
and strict concavity of utility functions. Furthermore, it is worth pointing that the
neutrality of the procedures signifies that the planning centre can accomplish what-
ever programmes belonging to P, in accordance with the distributional parameter vec-
tor selected by the centre before the beginning of the procedure. There is hence a
large freedom left to the centre concerning a compatibility between distributional eq-
uity and allocative efficiency, and, not to mention, Green and Laffont’s equity is ful-

filled as well.
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5.2.  The Effect of Manipulation on Neutrality

Incidentally, neutrality does not require truthful revelation of preferences as
was already verified by Dreze and de la Vallée Poussin(1971), which is not necessarily
required to be a dominant strategy. With non-cooperative Nash type manipulation on
the part of agents, the original MDP Procedure cannot choose but be modified, as

shown by Roberts(1979) as follows:

= (/=) (2;5-1)
y; = {fsi +o; <stj71>}r, ViEN

where g, = (1-6;)/(n—1), vi&E N.

One can easily see that the possible range of o; reduces as the number of agents

n becomes large. Since

0<g;<1/(n—1)
and the ranges of 0; and J; coincide only when n = 2. Hence, the centre’s controllabil-
ity on the division of social surplus greatly diminishes under manipulation a la Nash,
which entails the unattainableness of neutrality, and only the subclass of individually
rational Pareto optima is achievable.

In the MDP-type procedures with distributional parameter vector 6 =(6,,...,6,),
truthful revelation of preferences for public goods ensues monotonicity and neutrality,
albeit it is not a dominant strategy for each player. This implies that true represen-
tation of preferences assures, via neutrality, the fulfillment of all of the versions of
equity presented in the preceding section. When we argue neutrality, we have to care-
fully distinguish a number of its versions, and we can say that there are two possi-
bilities as to the relations between neutrality and local strategy proofness. The first
is that the latter can prevent the achievement of the former in the original Champs
aur’s sense, as was shown by Fujigaki and Sato(1981), and the second is that the lat-
ter is compatible with the former in the sense of Sato(1983), and Champsaur and

Rochet(1983).

5.3.  Another Versions of Neutrality

As is easily seen from our paper(1981), the Generalized MDP Procedure is not
neutral, which means that local strategy proofness could impede the attainment of
neutrality. Hence, Sato(1983) proposed another version of neutrality, keeping the

same public good decision function as with Condition 4. In mathematical terms it can



158 O00oOooOoo 0580 OO0 20050

be stated as follows:

Condition 6. Neutrality*
(vzeP)(3Te 9 ) (3z(+) € F(8))[2 = lim z (1]

where 7 is the class of 7= {Ty,...,T,} and z (+) is a solution of P (G, T).

With this condition, we could revive neutrality by weakening the strength of in-
centives from dominant to aggregate Nash. With additional conditions, Sato(1983)
could characterize the public good decision function to be the same form as the one
obtained with Condition 4.

An extention of this concept was subsequently made by Champsaur and
Rochet(1983), who study the neutrality property of the planning procedures and dis-
tinguish two notions of neutrality, i.e., local neutrality and global neutrality, which

will be defined in order.

Condition 7. Local Neutrality
A family (% of planning procedures is locally neutral if

(VsERMH(V6ES)(IXE L )(VIEN)

[uff(s) =6, u¥(s) = 51.( > sj—1>X(s)}

where #*(s) = ¢ (X(s), ¥ (s)) = u, (7; X(s) + Y;(s)).

Condition 8. Global Neutrality
A family % of planning procedures is globally neutral if
(vzeP)(3Xe F)(VieN)

lu;(z, y;) > u;(0,w;) &2 = z(c0, 25)].

In effect, Champsaur and Rochet(1983) showed that the class of planning proce-
dures fulfilling all of the Conditions 1-4, i.e., the class of procedures which are asymp-
totically efficient as well as locally strategy proof is in fact large enough. To put it
differently, much yet remains to be done by the centre to exert a great influence on
the final outcome to be reached by the procedure. Then contrasting result different

from ours in (1981) and (1982) stems from the fact that in their process they make
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the centre adjust instantaneously the decision function X(s) at each iteration ¢, which
entails the simultaneous achievement of local neutrality and local strategy proofness.
Whereas, in our Generalized MDP Procedure we proposed in (1981) and (1982), we
made the centre preserve the functions throughout the operation of the procedure.
Laffont and Maskin(1983) considered the case where the centre can change the map-
ping 2% itself over time.

Finally, Champsaur and Rochet(1983) went even further and proved that the
failure of existence of globally neutral as well as locally strategy proof procedures is

general in a large class of economy with more than two agents. See their Proposition 5.

Remark 4. Laffont(1982),(1985b),(1987), and Laffont and Maskin(1983) elabo-
rately examine the locally strategy proof procedures with only two agents. A graphi-
cal presentation of original Champsaur neutrality is given in Figure of Laffont(1982)

and that of local neutrality in a Figure of Laffont(1985b, p.21).

5.4. The Family of Generalized Wicksell Procedures

Recall that Champsaur and Rochet(1983) interpret the class of procedures they
call the family of Generalized Wicksell Procedures as a subclass belonging to the fam-
ily of locally strategy proof procedures?): for any s € S

X(s)=a>0 if s; >py; for all i
Yi(s) =y, foralli if X(s) =«
X(s) =0 if s;, =u; for some i,
Yi(s) =0 for all ¢ if X(s) =0
where u; = si*é}(Z]»sj*l) is an individualized implicit unit tax.

With these definitions we now have the following result.

Theorem 2. [Rochet(1982)]

The family of Generalized Wicksell Procedures defined as above is locally neutral.

As verified by Champsaur and Rochet(1983), the class of locally strategy proof
procedures is rich enough, containing at least as its members the procedures of
Bowen, two-person MDP, Green-Laffont, Wicksell, Generalized MDP, and Generalized

Wicksell, performance of which will be summarized below in the Table 5.1.
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Among three alternatives of equity concepts, we select Malinvand equity as a
condition which can bring us some fruitful results surrounding the relationship be-
tween fairness and some versions of neutrailty.?)

Here we show the results in Theorem 2 and Corollary 3 in Champsaur and

Rochet(1983).

5.5.  The Class and the Classification of Procedures
Letybe the Borel o-algebra of §. A locally finite measure ¢ on (S, 9@ 1S
said to be strictly positive if it is positive, and if its support is equal to S.

All the above results altogether give us the following theorems.

Theorem 3. [Champsaur and Rochet(1983)]
Let 1° be a locally finite and strictly positive measure on (S, .&). Let X:8— R.
be defined on S, by
X(s) = u(AGs))
where A(s) = {u €8 |u; <s;, Vi E N} then the mapping z* verifies all the Con-
ditions CI1-C4, and CT7.

Theorem 4. The Generalized MDP Procedures achieve all the alove conditions in-

cluding Malinvand Equity.

Proof : We know from Theorem in Sato(2003) that there exists a class of procedures
which satisfy all conditions, to which the Generalized MDP Procedures belong. A ful-
fillment of Malinvand Equity immediately follows. O

Let me classify the Family of procedures.

Table 5.1 Performance Characteristics of Planning Procedures

Features

g o o o o o o o

Procedures

I Two-person case
i) MDP Procedure t 0t f t*t ot t ¢
[Dreze and de la Vallee Poussin(1971)]

ii) Bowen Procedure t + ¢t +
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Features
o o o oo oo b

Procedures

[Green and Laffont(1979)]

iii) Green—Laffont Procedure L A B t°
[Green and Laffont(1979)]

iv) Nonlinearized MDP Procedurel® tt + +t*+t t 1
[Fujigaki and Sato(1981)]

v) Laffont-Maskin Procedure tr+ + + t+ t+ t t
[Laffont and Maskin(1983)]

vi) Champsaur-Rochet Procedure + ¥+ + 1+ + + 1+ f
[Champsaur and Rochet(1983)]

vii) Generalized Wicksell Procedure t+ + + + + + t f
[Champsaur and Rochet(1983)]

vii) Wicksell Procedure t t t°1t 1 T

ix) Generalized MDP Procedure [Sato(2003)]1| + + + + + +t0+

II Many-person case

i) MDP Procedure + 0t 1 ot ot 1
ii) Bowen Procedure + +d ¢

iii) Green—Laffont Procedure t+ b b4 g
iv) Nonlinearized MDP Procedure tt t+ t t 0t
v ) Laffont-Maskin Procedure t Ot Ot t t t t %
vi) Champsaur-Rochet Procedure t +t + + t t 1 f
vii) Generalized Wicksell Procedure t t tf f t t %

vii) Wicksell Procedure t t t°1t 1 t
ix) Generalized MDP Procedure tt +t + t't ot 1

T means the statement already proven, or a conjecture not yet formally verified, but we consider
it to be easily shown.

Key to Features:
Feasibility or Balancedness
Monotonicity or Individual Rationality

Asymptotic or Dynamical Efficiency

»Aoamt—t

Local Strategy Proofness
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Champsaur Neutrality
Local Neutrality
Global Neutrality

P N> o

Malinvand Equity

O . In two-person case, the original MDP Procedure with equal sharing of sur-
plus and the Nonlinearized MDP coincide.

O . With the aid of a critical assumption, Green and Laffont(1979) verified that
the features 3 and 4 could be satisfied by their procedure. Furthermore, their proce-
dure could attain whatever Pareto optimum via the choice of sharing cost, which
plays a similar role as distributional parameter vector in the MDP-type procedures.
Feature 2 holds only for pivotal agents. See Green and Laffont(1979, Ch. 16).

0 . For this point, see Laffont and Rochet(1985, p.316).

O . The Bowen Procedure does not generally stop at a Pareto optimum unless
a special assumption that the median of the MRSs coincide with their mean, albeit the
earliest procedure designed to be locally strategy proof. See, Green and Laffont(1979,
Ch. 14).

O . Of course, the Green-Laffont Procedure satisfy Green-Laffont Equity.

O . The Generalized MDP Procedure also fulfills Neutrality.*

Remark 5. With many public goods there can arrive several difficulties with
some of the above procedures. The MDP Procedure can treat any number of public

goods, whereas the Generalized MDP needs an additional assumption to avoid the
boundary problem, i.e., the boundary condition Z ;7 (x(0), y(0)) > 1, which the

Generalized Wicksell Procedure can dispense with, since it does not impose the differ-
entiability of the public good decision function. Next, without separability of prefer-
ences, the Green-Laffont Procedure may cycle and it is not stable when there are
many public goods, the graphical illustration is presented by Green and Laffont(1979,
p.278, Fig. 16.1). Sato(1998) and (2003) dealt with the related problems.

6. CONCLUDIND REMARKS

Since the contributions of Malinvaud(1970-71), and Dréze and de la Vallée



Fairness, Neutrality, and Local Strategy Proofness in Planning Procedures with Public Goods 163

Poussin(1971), numerous advances have been made in the design and analyses of plan-
ning procedures thereby the allocation of resources is organized in a way which suits
some criterion, and for that purpose, information must be elicited from decentralized
agents. The properties of the procedures have been fully developed; especially, we are
now well acquainted with neutrality and local strategy proofness. Additional criteria
have been considered in this paper, viz, equity and fairness, but not thoroughly,
though.

Almost all of the literature uses as a theoretical foundation the MDP
Procedure, whose properties including neutrality and local strategy proofness have
been clearly observed, hence, one can legitimately wonder if it is worth to take seri-
ously enough to examine equity and fairness of the family of MDP Procedures. Of
course we have discovered another type of procedures which are locally strategy proof.
Thus, it is to be hoped that these procedures should have equity and fairness proper-
ties, which make them more attractive and powerful.

The purpose of this paper has been three-hold. The first is to clarify a number
of versions of neutrality and fairness, so that we have clearly distinguished them to
obtain results thereon. The second is to investigate the relations among fairness, neu-
trality, and local strategy proofness, and we have summarized the observations in the
Table 5.1. The third is to present the family of planning procedures which are simul-
taneously fair, neutral and locally strategy proof, i.e., the family of Generalized
Wicksell Procedures has been verified to be locally neutral, asymptotically efficient

and locally strategy proof.

T This is one of the series of papers dedicated to the XXXth annuversary of the
MDP Procedure. An earlier version of this paper was presented at the annual meet-
ing of the Japan Association of Theoretical Economics and Econometrics held at
Nagoya University, November 3, 1986. The author is grateful to Professor Toshihiro

Sato for his incisive comments.
NOTES

1. The relevant references are, among others, Laffont(1985a, Ch.10), Laffont and
Maskin(1982), and Lollivier and Rochet(1983).

2. Laffont(1985b) gave a systematic as well as pedagogical survey of numerous



164 O00oOooOoo 0580 OO0 20050

fascinating results on incentive compatibility in the generic context of planning proce-
dures, but he does not treat their equity aspects. See also Roberts(1986) for another
challenging issue: that is, he tries to relax simultaneously both the assumptions of
myopia and of complete information in an iterative planning framework, in which the
agents are initially imperfectly informed about each other, so they learn about one
another to predict future behaviour of the others. Furthermore, Laffont and
Rochet(1985) established the duality between locally strategy proof quantity-guided
planning procedures and nonlinear price planning procedures, which could overturn
the widely held view that the quantity—guided planning procedures are concluded to
excel the price-guided ones in incentive property. In this respect, see Malinvaud(1971,
p.92), and Sato(1986). Rochet(1982) brought together some developments in this field

of reseach.

3. Thomson and Varian(1985) provided a comprehensive and wide ranging description

and analysis of equity based on envy.

4. Generalization to multidimensional space of goods is straightforward by employing

the method developed by Sato(2003).

5. See, for example, Laffont(1985b, p.14) and Sato(2001) for a justification of myo-

pia.

6. It was the Green-Laffont Procedure(1979) that was proposed as an earliest mem-
ber belonging to the family of locally strategy proof procedures, nonetheless, they

needed a special assumption which prompted critical comments.

7. See Sato(1986) for this issme.

8. They consider a Dirac measure at point gy of S. For a simple Wicksell Procedure
with ex ante deterministic sharing of production costs, see Laffont and Rochet(1985,

p.315).

9. The discrete version of MDP Procedure proposed by Champsaur, Dréze and

Henry(1977) can be easily shown to achieve some notions of neutrality, which entails
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a fulfillment of the equity concepts presented above.

10. Sato(2003) ranamed the Fujigaki-Sato Procedure as the “Nonlinearized MDP Pro-

cedure” and then presented the genuine “Generalized MDP Procedure” which fulfills all

the features enumerated here.
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