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1. Introduction

This is a sequel to our paper Otani (2001 a) in which the existence of a strategic
equilibrium in a Lindahl strategic game is investigated. In this paper we investigates
properties of the set of consumption allocations resulting from non-cooperative strategic
interactions of agents who try to manipulate their demand behaviors to improve their
well-beings in an economy with a public good and the Lindahl allocation mechanism.

As in Otani and Sicilian (1982, 1990) and Otani (1996) which investigate a model of a
private goods economy with the Walrasian mechanism, we shall be interested in finding
properties of the set of strategic or Cournot-Nash (C-N) equilibrium allocations, instead of
those of incentive compatibility. The incentive compatibility problem as in Roberts and
Postlewaite (1976) for private goods economies and Roberts (1976) for economies with
public goods is mainly concerned with whether or not any agent will deviate from correctly
revealing his/her true demand (or preferences) while other agents correctly reveal their
true demand (or preferences). But our concern in this paper as well as in Otani and
Sicilian (1982, 1990) and Otani (1996) is to answer questions on what would be the
aggregate effects of strategic externalities resulting from manipulations of demand among
agents. In particular, we shall investigate the structure and the size of strategic Lindahl
equilibrium allocations whose existence is established in Otani (2001 a). We shall
answer the question on limiting properties as the economy becomes larger in the paper to
be followed [Otani (2001 c)].

1. The Model, Definitions, Assumptions and Basic Lemmas

In this section, we provide the description of our model and definitions and collect basic
lemmas. For further explanations and the proofs of lemmas, readers should see Otani
(2001 a). We shall generally consider an economy with 1 public good, | private goods and
T consumption agents. We abuse a notation using T for the number of agents as well as

for the set of all agents.

1.1. Production of the public good
The public good is produced by the application of inputs of private goods and the

technology is assumed to be represented by the production function F : R'+ — R denoted



by y=F(v). The production function is assumed to be continuous, strictly quasi-concave,

F(0)=0 and homogeneous of degree one. An input coefficient vector is denoted by

a, =v/y. Given the price vector p of private goods, the unit cost function is defined as

follows:
c(p)=min{p-a,[F(a,)>1]
The minimizing vector of input coefficients as a function of prices of private goods will be

denoted by: a,=a (p). Clearly c(p)=p-a,(p). The profitability condition for the

production of the public good is given as follows:
g-c(p)<0, and

yla-c(p)]=0

where = zteTq[ denotes the price of the public good with @, being the contribution or

the cost share of agent t.

1.2. Consumption agents

Consumption agent t is characterized by (U,®,) where U :R™ >R is his/her

utility function and o, € P' with P indicating the set of strictly positive real numbers.

The range R of utility functions is assumed to be the set of extended real numbers and
thus possibly assume an infinite value at the boundary of the consumption set as in

log-linear functions. We assume that the utility function is strictly quasi-concave,

/

continuously differentiable on the positive orthant, du, =(d,u,,du)>0,, and if
u (%, y) > U (®,0), then x € P'. The budget map of agent t is defined as follows:

B(p.a)={(x.Y)eR"*p-Xx+q y<p-o}

Let § be a parametric strategy space for agent t that is assumed to be a nonempty subset
of a finite dimensional Euclidean space. We suppose that a given parameter § €S
determines a strategic utility function u,(X,Y,S) the agent uses. Strategic utility



functions are assumed to be U,(+,5):C(s) > R where C(s)< R™. A strategic utility
function in turn determines a strategic demand function f,:P'xR xS — R for private

goods and a cost share function k :P'xR xS — R, for the public good as follows:

[f.(p.y.8).k(P,Y.8)]
={(%,9)] (%) = argmax {u, (%, ¥,)[(x,y) € B(p,q) " C(3)}}

1.3. Definitions of equilibria

Let denote SEHteTS. A lindahl equilibrium given (ay,c,s) and a consistent

Lindahl equilibrium are defined as follows.

Definition 1. (a) (p,y)eP'xR is said to be a Lindahl equilibrium given

(a,,c,5)eR xR xS if
(I) zth{ft(p! yist)_wt}_ayyzov and

(i) >, k(p.y.5)-c=0.

() (p,y)eP' xR is said to be a consistent Lindahl equilibrium given seS if, in
addition to (i) and (ii) above,

(iii) a,=a,(p) and c=c(p)

holds.

The set of Lindahl equilibria given (ay,c, s) will be denoted by L(ay,c, S) and the set of

consistent Lindahl equilibria given S will be denoted by L(S).

Definition 2. (p,y,X,s)eP' xR xR"xS is said to be a strategic Lindahl

equilibrium if (i) (p,y)eL(s) and X = f(p,y,s) forevery teT,and (ii) for every



teT and for every 5§, if (py)el(a,c,s/s), a=a,(p). ¢ =c(p) and

x = f(p,y,5). then U (X, y) <u(x,y).

Given strategies (S/S ) of other agents and given the input coefficient vector, agent

7 faces the excess supply of private goods available to him/her as follows.

Xr(p’ y’ay’S/Sf) EZteTa)t _zti‘r ft(p’ y’st)_ayy

which will be called the residual supply map of private goods for agent .

2.4. Strategy Space Contraction and Strategic Lindahl Equilibria

Let us consider the following family of utility functions u(s,s):C(s) > R with a
vector of 2| strategic parameters s=(«a,f,7,0) € Rf' .

u(x,y,9) =Y In(x - B)+x +7In(y+v) + 8y

in which C(s) E{(X, y)|><i >p(@0=L--,1-1),x=20y> O}, v>0 is a fixed non-strategic

parameter common to all agents. This utility function generates the following system of
demand functions for private goods and the cost share function for the public good as

follows;

fi(p,y,s9)=(a/p)+ 4 (i=12--,1-1
LR Y, =Y P~ B)+(@ -, a)-8y-yyl(y+v)

k(y,s)=0+yI(y+v)
where p denotes the price of private good i relative to that of good | provided that

X =f(p,y,9)>0. Let §=AxBxG xD, where

A=R*%B={fcR?f <o (=11-D},G=R,D =R

We shall assume that the above family of utility functions is in the strategy set of each

agent.



Assumption 1. Foreach teT, § < § holds.

When § eS[O for every t# 7, then the residual supply map for private goods for
agent 7 is given as follows.

xi(p,y.a,,s/s)=w,;+w, —a;y-[(a;/p)+b;], (i=1---1-1),

X‘rl(p’ y’a'y’S/S‘r) Ea)rl +a‘r +[gry/(y+u)]+5ty_ayly_z:;j: pi (W‘ri _b‘ri)

where Wri = tirwti ’ ari = 1¢1—aﬁ ! bTi Ezwr 'Bti ! gf = Zt#‘r}/t ! dT EZI;&T §t ! and
-1 .
a =) .4a,;. Define

z,(p,s/s)=(w;-b;)-(a;/p) (=1--1-1),and
z,(p.s/s)=a -y p(w,-b,)
Then we have that

Xri(p! y!ay'S/Sr):a)ri _ayiy+zri(p’S/Sr) (I =:L"'1I _l)’and

x,(p,y,a,,8/8)=0,-a,y+[0,y/(y+v)]+d.y+z,(p,s/s),
or
x.(p,y,a,,s/s)=w. —ay+[d y+g.y/(y+v)lg§ +z(p,s/s)
with € denoting the |-th unit vector. Consider the following set-valued mapping
Z (sls) z{zr eR ‘(Hpe P')(z < z,(p,s/sr))}
When a,(w, —b,;)>0 (i =1---,1 -1), then the above can be rewritten as follows.
Z.(s/s)={Z eR|Z <2.2,=a -3 a,(w, ~b)/{(w, ~b) -2, }.

The above set-valued mapping has the following properties.



Lemma 1. Foreach €T and for each s/s., (i) Z.(s/sS.) is a convex set bounded
from above, and (ii) if a,(w,—-b,)>0 (i=1---,1-1), then 0, eZ (s/s) and Z_(s/s)

is strictly convex.

The residual consumption map for agent 7 is defined by

X.(a,,s/s) z{(x,,y) eR xR |x ~w, +a,y-[d, +g.y/(y+v)le e z,(s/s,)}.

The residual consumption map has properties similar to Z_(s/s,) as follows.

Lemma 2. For each 7eT and for each s/s , (i) X (a,,s/s) is a convex set
bounded from above, and (i) if a,(w,-b,)>0 ( i=L---1-1 ), then

(w,,0) e X.(a,,s/s,) and the upper frontier of X (a,,S/s,) is strictly convex.

The residual cost share function ¢, : R xR th#S — R for the public good will be

defined as follows.

a.(v.cs/s)=c-Y k(y,s)=c-_(5+7 /(y+u))=c——y9+ru—d,

Lemma 3. Given (p,Yy,s/s)eP' xR x[]..S. if x=x(py.a,s/s)>0 and
g, =9,(c,y,s/s)>0, then there exists S €S’ such that x =f (p,y,s) and

qr :kr(y1sr) with (ar’ﬁr) > 02(|—1)'

Lemma4. If (p,y,Xx,s)eP xR xR"xS is a strategic Lindahl equilibrium with
respect to the strategy set S°, then (p,y,X,S) is also a strategic Lindahl equilibrium
with respect to the strategy set S.

3. The Structure of Strategic Lindahl Equilibrium Allocations



By Lemma 4 of the previous section, it suffices to restrict the strategy set to S in
proving the existence of a strategic Lindahl equilibrium. In a related paper [Otani (2001
a)], we show the following theorem on the existence of equilibrium in which prices and
consumption vectors are all positive, i.e., (p,X)eP' xPT |, and hence strategic

parameters on private goods are also positive.
Theorem 1. There exists a strategic Lindahl equilibrium
(p,y,X,s)eP' xR xR"xS’ so that (p,X)eP' xPT and for every teT ,

(@ B) P with §; <o, (i=1-1-1),

Based on the above existence theorem, we shall examine the manifold structure of
strategic Lindahl equilibrium allocations in this section. We note that in proving the
existence of a strategic equilibrium, the parameter &, in strategic utility functions is

redundant and we set 6, =0.

We partition agents into T, and T,. For agent 7z in T, we have 7/; >0 and for

agent 7 in T, we have 7/: =0. Agents in T, accept the level y* of the public good

dictated by other agents with positive cost shares and agents in T, are positively
contributing to the production of the public good and thus want a level of the public good
larger than that desired by other agents. Agents in T, will be called unconstrained and

agents in T, constrained. Let the cost share of agent 7 €T, be denoted by ¢ which

satisfies

o =y./(y +v)>0.
We first slightly modify the strategy S'. Choose any (7,,5.), sothat 7. >0,5. >0 and
q: :71/(y* +U)+(§T :

Let § be the strategy in which § =(c,5.,7.,6,) for 7T, and § =s for 7€T,.



Then it is clear that (p’,Y ,X,3) is also a Lindahl strategic equilibrium. We shall be

starting from this equilibrium § in which 5T>O and still denote it as S . The

parameter 5;EST>O may appear redundant, but the presence of this additional

parameter facilitates our computation of the size of strategic Lindahl equilibrium
allocations.
Agent 7 faces the residual supply (or excess supply) map of private goods

X.(p,Y,a,,s/s,) of other agents and tries to find the best consumption X he/she could

secure at a particular price, say p’, i.e, X :xr(p',y,ay,slsr). Then he/she would

choose a strategy S, so that X = f (p',y,s.). If for any pair of (p’,X.) we can always
find astrategy S sothat X = f (p',y,S), then finding an optimum strategy S reduces

to finding an optimum p’ maximizing U.(X,Yy) subject to X =Xx(p,Y,a,s/s) .

Indeed our strategic demand functions for private goods and Assumption 1 guarantees that

this is always possible.  Since agents perceive that their strategic behaviors do not affect

(a;,c*) and the production of the public good obeys the constant returns to scale, the

supply of the public good is infinitely elastic at the price q* =C . Moreover if agent 7 is
in T,, he/she can choose (y.,08,) for any desired level of the public good. Thus we can

consider the following maximization problem for agent 7 in T,
mexu,[x.(p, ¥:8,,S /8,),Y]

and for agent 7 in T,
maxu,[x, (p, y.a,s/s)y]

First order conditions applicable to these maximization problems are as follows:

Forevery 7eT,
[ou, (X, y) 1ox J[ex (P, .8, /5.)/ ap] =0,

and for agent 7 in T,



[aur(X:’ y*)/axr][axr(p*! y*!a‘:/’s* /Sr)/ay] +[aur(XZ’ y*)/ay] = 0
In view of residual demand functions we have that

x,/op, =0 (i # j;i,j=L1...,| -1,

axri/api :aﬂ/plz (i=1...,1-D,
aX‘rl /apl :W‘ri _b‘ri '

O%; /0y =2y,
ox, Joy=-a, +d. + 9, v/(y+v)

where X =X (p,Y,a,S/s). Thus the above system of equations can be reduced to the
following: for every i=1,---,1 -1, and forevery 7eT
[ou, /0x,](a,/ p?)—[ou, / x,](w, —b,) =0,
and forevery reT,
- lou, 1o Ja, +[0u, 10x,11d, + 9./ (y+v)*]+[éu, / 6y] =0
which must be evaluated at (p,y,X,S). Consider the following relations
X —or =) (o,=x%)-a,(p)y
Bi=%—(a/p) (i=L--1-LteT)

g =c—(d,+9,/(y+v)) or d.=(c—q,)-9,/(y+v) (teT),
qu = C( p) _ZteTl,I;tquT ’ and

W, —b; = zm(a’ti — X%t/ P) =X~ 0, +ayiy+(zmati )/pu

(i=1---,1-LzeT).
Let us define
P=(Py--- Py,
d=(q,..., qTrl)

10



%y = (4) e PT,

S= ((at)tT:r 2 tTil) e PUDT » RIl,
r(p)=o0u(x,y)/ox, (i=1...1-LteT),and
ry(p)=ou(xy)/oy (teT).

Then the left-hand side of the first-order conditions can be expressed as the following

system of functions of (3, P, % _,,Yy) as follows.

H (8,6, B.% 1, 0) = {(r 1 02) = (/)N o)~ 1 (% — @4+ 24Y)
((1=2...1-L7=T),
H (8,0, 8% 1Y) = {(rn / 07) = (/0 (X @ )= { D s (@ = %)} (1=2..,1-D)

3.(8,G.P %0 ) =2 a1 (SR =0 )= (Y +0)°) X e 1) T
(reT,t#T),
I, (56 P %1, y) = _Z I8y + I {ztﬂ 0 — 9y, y/(y"' v) } Ty

K nY)=p-(X-0)+qy  (7=1...T,-1,
(gqpx'l'liy)_p(x[ a)) (TETz)-

If we define H!=(H,,--,H ), H'=(H)_, J=,3), K)=(K,....K; ),

(Kz)'E(KTﬁl,...,KT) , K’E((Kl)',(KZ)’)and F'=(H',J,K’). Then we have that

F(3..0.%,.Y)= Orr.,

where (p,Yy,X,S) isa strategic Lindahl equilioriumand g =k (p,Y,s).

It may be noted that the budget condition for agent T, is not in the system of
equations because of the Walras law, but this presumes that T,>1 or y >0. There are
(I-)T equations in H, T, equations in J, (T —-1) equations in K. Thus the total
number of equations in the above system F is (I-)T+T,+T-1=IT+T,-1. Our main

interest is to find the degree of freedom in the set of consumption allocations (X; ,,Y)

11



whose dimension is [(T-1)+1 . The number of variables in (5§,p) is
(1-DT+T,+(M-D+(-)=IT+T,-1-(T-T)+(-1). Thus if the number of variables
in (5,4, P) is greater than or equal to that of equations in F, i.e., if |-1>T-T, =T,,
then (X ,,Y) and some of variables in (5,4, P) will possibly be free. If otherwise, i.e.,
| -1<T,, then (T,-1+1) variables in (%X _,,y¥) would be bound and the degree of
freedom in (% _,,y) would possibly be reduced to IT-T,=(-1)T+T,. But of course
these computations of degrees of freedom are subject to the rank condition of the Jacobian
of F which will be examined below.

First note that the mapping H is independent of y, the mapping J is independent
of «, the mapping K' is independent of («,y) and the mapping K? is independent of
(ct,7,q). Derivatives of H_ with respectto ¢, the derivatives of J_ with respectto y,

and the derivatives of K_ with respectto P and X are given as follows:

aHZ. /aaT = O(|71)><(|,1) ’

oM. 10a, =D[(r, 1P~ (r, 1 p)] | (t=7),
8 1oy, =0,
0,18y, =(vi(y+v)*)r, (t=7),

oK Iop=(X -@.) (r=1--T-1),

-1

GKl/aq - D[y]i:l '

K, Jox =p'=(p) (r=1-T-D),
oK Jox =0 (r=1..T,t=7)

where D[a,]:: denotes a diagonal (I —1)x (I —1) -matrix with a as the i-th diagonal

element. Since both 0H_/dc, and 0J_ /0y, (t#7) are independent of t, we may

write

OH,/0a, =D, and 8J,/0y,=D, (t#7).

ar 7T

First suppose that T,<|-1. Generically excess demand vectors (X —®.) for
7€T, are linearly independent. Thus generically the T,x(I—-1) -matrix 8K2/8f)
contains a T, xT,-submatrix with the full rank denoted by K? and we let the T, x1 price

=1 =2

vector corresponding to K? be P'. Let x=(56p) . p=(p.p°) ., and

12



p=(P*,%_.,y). Note that the dimension of y is IT+T,—1 which coincides with the
number of equations in the system F . Then the Jacobian of F with respect to y is

given as follows:

oH /oa * * *
OF 10y = Opgar 0310y *H *
Ornayr Omp, DIVEL ¥
Ogyr  Opa  Ongay K°
where
Oppay Da D,,
tioael P G o P |
D.r Di - Oy
0 Dy D,
ad 1oy = D:ﬂ D,,
D D 0

The following lemma on determinants is easy to prove.

Lemma5. Let A bean (nxn) real matrix for i=1---,m. Then

On A - A
dlet AZ ?’jﬁ“ 3 AZ = ()" (m-1)"] ", det(A)
A A Ohg

where det(A) denotes the determinant of the matrix A.

If we apply Lemma 5, then determinants of oF /0y, oH /0a, and 8J/0y can be

written as in the following lemma.

Lemma 6. (i) For the case of T,<|-1, oF /9y =det(0H /oa)

13



xdet(0J /0y ) x y™* xdet(K?);
(ii) det(dH /oa)= (-1 (T -], det(D,);
(iii) det(2/0y)=(-)"*(T,-D[ ] ,det(D,,).

We next suppose that (I —1) <T, which would perhaps be a more interesting case.

We divide agents in T, into T, of first (I —1) agents and 'I?Z of the rest of T,—(I-1)

agents. Correspondingly we partition the matrix oK 2/8{3 as follows:
KZ
oK ? /op= l: zz:l
K

K*=[oK?/op ]

where

K2 =[oK? /op]

teT, ’

Note that 0K?/dx, =1 and 0K?/ox, =0 for t#7. Letusdefine X =(X) - and the

teT,

rest of private goods in the vector %, be denoted by X _,/X Then

0 -
oKZIax% = V.
B

T2

We then define the following T, xT, matrix denoted by Kz:

I/ 2
i 0 .-
K,=[oK?/op oK?/ex]=| = "

K, I
For the case of (I-1)<T,, we let y=(5,6,p,X), and p=(%_,/X,y). Note that the
dimension of y is again IT+T,—1. Then the Jacobian of F with respect to y is

given as follows:

14



[ OH /0a * * *
Orgnr 03/ 0y * *
Onapgyr Omapr, DI [l

72
L OT2><(|—1)T OT2le Osz(Tl—l) K i

OF 10y =

Lemma 7. (i) For the case of (I-1)<T,, oF /9y =det(dH /da)

xdet (83 /0y)x y** xdet(K?).

Assumption 2. (Regularity) (i) At a strategic equilibrium, either rank(Kz) =T, when
T,<I-1 or rank(Kz) =|-1 when (I-1<T,; (ii) forevery 7€T,,

[aur(x;('y*)/gxr][axr(p*’y*’a;’s* /Sr)/gy]-i_[aur(xz'y*)/ay] <O

holds at a strategic equilibrium; and (iii) at the strategic Lindahl equilibrium (p'y’,X,s),
no agent is Walrasian in any private good market in the sense that r, —r, p, #0 for every

reT andforevery i=1---,1-1.

We note that 9K, /dp= (X, —@.). Thus 0K?/dp is a T,x(l —1)-matrix consisting

of excess demand vectors for agents in T,. When T,<1-1, oK 2/8{3 generically has an
T,xT, -submatrix K? with the full rank T,. Similarly when (I-1)<T,, 0K?/op
generically contains an (I —1)x (I —1) -submatrix K? with the full rank (I—1). This is
Assumption 2 (i).

Assumption 2 (ii) implies that in a neighborhood of a strategic equilibrium, agents in
T, remain to be in T,. Also note that if r,—r,p =0, then the marginal rate of

substitution between good i and good | is equal to p indicating the price taking

condition. By the first-order conditions, r;—r,p, =0 implies that (X; —@,)+a;y=0

7i

and thus, at least at the equilibrium, agent t is self-sufficient in (or not trading) good i.

It is clear that Assumptions 2 (ii) and (iii) hold generically.

15



Under Assumption 2, the Jacobian of F with respect to the variable y becomes full

in both cases, i.e.,
rank (aF (", p") 18y ) =1T +T,-1.

Therefore by the implicit function theorem, there exists a unique smooth mapping

x =&(p) from a neighborhood of p* into a neighborhood of ;(*. Then define a mapping

w from a neighborhood of (y',p ) into RY with M =#(y)+#(p) as follows:
v(x,p)=(x=5(p).p).

Clearly the inverse mapping of i is given by v (7,p) = (7 +&(p),p) and thus yis a

local diffeomorphism. Moreover (y,p) < F’l(O,nTl) if and only if w(y,p)=(0y,.p0)-

Thus we have shown that Ffl(OmTrl) is a differentiable submanifold of dimension #(p)

with p serving as a local coordinate system. We state this as a theorem.

Theorem 2. Under Assumptions 1 and 2, Ffl(O,nTl_l) is a differentiable

submanifold of dimension #(p) with p serving as a local coordinate system.

If any p in a neighborhood of p* is given, y can be determined by y=£&(p).
Then the pair (y,p) determines a strategic Lindahl equilibrium. Our interest is on the
size of strategic Lindahl equilibrium allocations. When T,<(1-1), then p=(p* %, Y)
and thus (% _,,Y) will be the free variable in the space of allocations. Therefore the
dimension of equilibrium allocations will be |(T-1)+1. On the other hand, when
(I-)<T,, then p=(%_/X,y). Thus the dimension of equilibrium allocations will be
IT-T,=(1-)T+T,.

Proposition 1. Under Assumptions 1 and 2, generically the set of strategic Lindahl
equilibrium allocations is a differentiable manifold of dimension [(T-1)+1 when

T,<(-2) and IT-T,=(-1)T+T, when (I-1)<T, provided that T,>1 or y >0,.

For the case of a private good economy with | private goods and T agents, we have
shown in Otani (1996) that the dimension of indeterminacy in the set of strategic
equilibrium allocations is of (i) I(T—1) when T <I| and (ii) (I-)T when T >|. Case

16



(i) of T <I| for the private good economy is analogous to the case of T, <(I-1) in the
public good economy resulting in the dimension of indeterminacy of |(T —1)+1 increasing
by the number of the public good compared to the private good economy. Case (ii) of T >|
for the private good economy corresponds to the case of (I-1)<T,. In this case, the
dimension of indeterminacy becomes |IT —T, =(I =T +T, increasing by the number T, of
contributing agents. Thus when all agents are free riding or not contributing for a positive
level of the public good, the economy degenerates to a private goods economy with no
production of the public good and the dimension of indeterminacy coincides with that of
private goods economies.

Let us consider the case of a sequence of replica economies in which T = nT" with T
denoting the number of agent types and n denoting the number of replicas. Similarly we

write T = nTi*. Then the average dimension per replica for the private good economy in

Otani (1996) becomes (i) IT —1/n when T <I and (ii) (I-)T when T>I.
On the other hand, the average dimension per replica for our public good economy
when T, <(I -1) becomes

(1T - +1}/n=IT" —[(1 -2)/n].

The above convergesto T'| as n— . Therefore the set of equilibrium allocations stays
large as the economy gets larger in the sense of Nn—>oco. But this is the same size of
indeterminacy as in the case of the private good economy in Otani (1996) since IT —I/n
convergesto Tl as Nn— .

When (I-1) <T,, the average dimension per replica for our public good economy
becomes

(I1-DT" +Tl*.
Thus again the set of equilibrium allocations stays large as the economy gets larger and the
dimension of indeterminacy increases by the number of contributing agent types compared
with the private good economy.

It may be noted that in a large economy, the latter case of (I -1)<T, will tend to
prevail since (I —1)<T, can be rewritten as (I-1)/n<T, and (I-1)/n converges to O
as N—o. Thus we can conclude that the dimension of indeterminacy for the public good
economy will stay large for a large economy and will be larger by the number of

contributing agent types compared with the private good economy.
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