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1. INTRODUCTION

We think the environment has two character-
istics -= non—-excludability, and non-rivalry.
Samuelson offered pure public goods which the
individual consumes in the same quantity (Sam-—
uelson {1]). But the environment is not always
consumed s0. Some consumers living near Lhe

forest get more the natural environment than
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other consumers living in the city. The environ-
mental consumption depends upon the area where
the consumer lives. We define Fnvironmental
Goods which is non—-excludability and non-rival-
ry, but is not consumed in the same quantity.

This paper is organized as follows:

Section 2 presents the definition of Envi-
ronmental Goods and the basic model. We dis-—
course the relation between public goods and

Environmental Goods.

The center of this paper is Section 3 : it
presents the relation belween local public goods
and Environmental Goods. Eﬁvironmental Goods is
a kind of local public goods, becausc cnviron-—
mental consumption depends upon the local gov-—
ernment. But it is not club goods, because it
has non—excludability and non-rivalry.
Environmental Goods need not Tiebout hypothesis.,
When we move, we consider a house rent, distlance

of the place of work, station, school, and so on
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rather than the natural environment, such as the
forest resource and water resource. We do not
"vote with the feet” for Environmental Goods. We
act at random for the environment. We call this
behavior Entropy hypothesis. This hypothesis
simplify cost—-share system of Environmental
Goods. Under this hypothesis, optimal cost—share
ratio is equal to the environmental ratio.

Section 4 is final remarks. It mentions the

question of assessment of Environmental Goods.

2. DEFINITION OF KNVIRONMENTAL GOODS

2.1 The RBasic Model

In this section, we first describe the
structure of the basic model and then the condi-
tion for Pareto optimality. we use the following

notation

xi'=the amount of private goods consumed by
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individual 7 in the local government J
(i=1,..., N(Jj)Y) (i=1,..., m)

zi’=the amount of Environmental Goods consumed
by individual 7 in the local government

X=22xi? total emission of private goods

Z=total emission of Environmental Goods

Ud (x40, zv9) =utility function of individual 1
in the local government

F (X, Z) =production set of farm.

G’ (Z) =the local characteristic function of
individual / in the local government J
S(/y=1{1,2,...,N¥N(j)lthe set of the individuals

in the local government .
={1,2,...,m the set of local governmenls.

N(j)=the population of local government J

For example, z is the forestl resource.
Environmental Goods is non-excludability and

non-rivalry, but it is not consumed in same
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quantity. The consumption depends upon the area
where the consumer lives. The landscape of the
forest is non-excludability and non-rivalry. But
the individual living in the forest consumes
more the landscape than other individual living
in the city. The landscape (z+) of the individ-
ual /7 in / depends upon the forest resource (7)
and the local characteristic ().

We utilize the model of Baumol and Oates
[2]. Pareto optimal allocation is the solution
of following problem:
(1)
Max ' (x,t, z,Y)
Subject to

U (xd, z?) 2U0%5 (i=1,...,N(Jj))

F(X,2)<0 (Jj=1,....m)

m Nty

X xis X

J
z’5 G (2)

all xi’'20, Zi9z0, Zz20



We assume this model satisfies concave

convexity. Because of this assumption, we can

use the Kuhn-Tucker theorem. The Lagrangian is

following:

(2)

LEZZAD [UD () ~U*P) =k () v (X¥=23 xid)

J i J o

+ITEV[Gid (Z) — 2z49)

Joi

(A4, u,w, £ :Lagrange multipliers)

Pareto optimality for Environmental Goods re-

quires the following first—-order condition:

(3)
o Ui’ o i)
Aid— —ws0 X' (AP — —w) =0
dxi? 0 x,?
oF oFr
—-u—+ws0 X(~u—+w) =0
axX 0X
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o U P NUN

Ait— —£€4950 2z (A — —§€47) =0
3z’ 9z
oF 0 G oF 0 Gy
-u— + 23€E99— 20 Z(~u—+32&0— ) =0
oz i a7z oz It az

Eliminating the Lagrange multipliers, we can get

the marginal condition:

(4)

LRUT oF
m NeD) 0 zi’ 0 G L4
2z — —_ = —
J 1

2.2 Fnvironmental Goods and Public Goods

In this basic model!l, Environmental Goods is
a kind of pure public goods. We consider Lhe
function Viv (x3%, Z) which is the composite

function between the area characteristic func-
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tion G (2) and ¢, Then,

Vid (x39, Z) =Ud (x99, G’ (2))

Pareto optimality problem become:

(5)
Max M (x,', 2)
Subject to
Vs (x39, Z) 2 1*p
FX, 2} 20

2 2xsX

Joi

This problem is equal Lo Samuelson’s pure public
goods. So Lindahl equilibrium can apply to
Environmental goods. The difference belwecen pure
public goods and Environmental goods is the

local characteristic function (G)) . Environmen-



tal goods has more information than pure public
goods. In section 3, we utilize this information

for cost—share system.

2.3 Environmental Goods and Pigouvian Subsidy.

Then, we consider competitive equilibrium of
Environmental Goods. The tax and subsidy is

ti" (xi’) =the consumption tax function of the
consumer 7 in the local government J

tp (X) =the production subsidy function of the

forest
ts=the Environmental subsidy ratio of the
forest
p=the price of the private goods

We obtain the Lagrangian:

(6)
consumer: Li'=pxid+ tiitad [U%9— U (4) ]

forest: Li=pX+ tp+ tsZ—BF (')



The first—-order

condition:

(7)
ati’ o U3 oty R
p+— —aii— 20 x? ( p+— —ai— ) =0
0 xy’ dx’ dxy) Jx,’
dtp OF agte aF
p+— -B8—=<0 X(pt— -8— ) =0
oX 04X oX 9X
aF oF
ts—B8 — <0 Z( ts—8— ) =0
8z 0z
By (3) and (7), one of the Pareto

tax/subsidy solution

(8)

o Ui’ 0Gy
fs=22A9 — « —
J 1 0z’ 07

all i,j 9 ¢ty
=0 —_— =
d x;) R

(Pigouvian
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Thus Pigouvian Tax/Subsidy system can apply to
Environmental Goods. Pigouvian subsidy (ts) is
composed of consumer’s lump-sum tax.

However, Pigouvian Tax/Subsidy for Environ-
mental Goods has the equitable problem. Environ-
mental Goods is not consumed in the same quanti-
ty. For example, some consumers in the city gel
less Environmental Goods of the forest than
other consumers in the forest. The consumer

living in the remote and lonely small island can

not watch the landscape of Lhe forest, S0 he
consumes Environmental Goods of the forest in
the very small quantity. Nevertheless, can we

impose lump-sum tax on the consumers? It is true

Pigouvian Tax/Subsidy can apply to Environmental

Goods logically, but it can not realize because

of ethical problem. We should pursue other cost

share system.
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3. ENVIRONMENTAL COST-SHARE SYSTEM (ECSS)

3.1 Personalized Tax—-~-lindahlian Approach

As Environmental Goods is not consumed in
same quantity, it is difficult to impose the
lump-sum tax on the consumers. We should adopt
the personalized tax system. Personalized tax
ratio (g’) is imposed on the quantity of Envi-
ronmental Goods (zi’) consumed by the individual
i in the local area Jj. Then, the Lagrangian of

markcet equilibrium become:

(9)

consumer: LiyP=pxiitaid [X90—-U (¢) ] +qidzyd

forest: Li=pX-BF (') +52 qi7z)

J i

(z3=Gi’ (2))
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First-order

(10)

o Ui’
Pl — 20
0 x;id

9 l/is
—aid— +4g3520
0z

oF
P-B8—=50
oX

oF 0 Gyd
—B— +Z3¢0— <0
0z a8z

Joi

Eliminating g7 from B

(11)
oF -3 UV 86y
~B-— +33 +q; — i
oz i 0z’ oz

condition

is:

o Uy

yil(p-aps— ) =0

6.&'1"

RO

zi? (mai'— +g9) =0

Oz

dF
X(p-B—) =0

oX

or

9 Gy’

Z(=B— +3% gy — ) =0

J ot

o0z

and D

0
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This satisfies the Pareto optimum marginal
condition (3) . The cost-share (esv) of the
consumer ; in the local govérnment J is equal to
the personalized tax (gi’ z39)
(12)

o U9
Cr=gizid=a— . o4

0zl

U [3U»

=pegzide — —

dzi¥/ 9x,d

=pzi’*MRS,;J
3.2 Local Environmenta Goods (1)

The cCost-share of Environmental Goods is
depends upon the Marginai Rate of Substitute
(MRS zx) and the quantity of Environmental
Goods (z9) . When we enforce the cost~-share
System, we must get the information of MRSzx and
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zi’. However, the consumers do not always report

true MRSzx. They can >free-ride”.

Therefore we offer the assumption of the
consumer’ s preferences which can decide us the

optimal cost—-share ratio without the information

of MRSzx.

ASSUMPTION 1.

The individuals living in the same local

government consume the Fnvironmental Goods In

the same quantity. Name |y,

Assumption 1 means that the quantity of Environ-

mental Goods depends upon the region where the

individual live.

ASSUMPTION 2.

The local governments
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population, and we can consider the local gov-
ernments have approximate same rpopulation (
individual! 1i=1,....N).

Assumption 2 makes the model simple. We will

release this assumption latler.

ASSUMPTION 3.
There are the individuals who have the

similar utiltity function.

ASSUMPTION 4., (Entropy—-Maximizing Hypothesis)
When the individual moves, he dose not
consider Environmental Goods. Thus, the individ-

ual acts at random for Fnvironmental! Goods.

When we move, we consider a house rent, a dis-
tance of the place of work, school, station, and
SO0 on rather than the natural environment such

as the forest, river, and lake. Assumption 4 is
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the opposite of Tiebout hypothesis. In

Tiebout

hypothesis, the individuals "vote with the feet”

for the various public packages, as a

the local government

uals which have the

result,
is composed of the individ-

similar preferences for the

public goods (Tieboaut [*]). In Assumption 4, the

individuals do not

"vote with the feet” at all,

therefore, the local government is composed of

the individuals which have the various

ences

for the Environmental Goods. I'n

prefer-

Tiebout

hypothesis, the individual moves in the entropy

reducing

the individual moves entropy-increasing

tion, and

entropy is

"Entropy-maximizing

Entropy—-increasing

that the individual

concern the natural

We now state

direction, whereas in

the moving is

the maximum. We call

assumption 4,
direc—
completed when the
assumption 4
Hypothesis”. The law of
is natural law. We consider
follows the natural 1aw, as
environment.

our main

result which can
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decide us the optimal cost—share ratio:

PROPOSITION 1

Under the assumptions 1, 2. 3, and 4, the
optimal cost—share ratio of the Jocal governmenl
J is equal the ratio of the consumption of

Environmental! Goods per head (Z£°).

Proof
From assumption 1, the cost—-share () of

the local government J is

(13)

=% c3=2 gt z:3=2 g 2}
€S () i i

U [OU

:pZJZ._ R
Vo9 zi Oxi?

From assumption 3 and 4, the probability of any

MRSz x in each local government is equal, when
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the moving of the individuals is completed.
Namely, the distribution of MRSzx in each local
government is equal. And with assumption 2, we

can specify the individual's utility function:

(14)

i=1,...,N

o Uit o Ui! o Ui [0 U;? ouUM™ o U™

—_— —_— =t —_ — esesee = B E”i
dzi'/ 9x,! dzi%] 0 xi? azi"/ 9xi"

(MRSi'!=MRS;?=-.=MRSi"=7;)

Then all probability of MRS’ in each local

government is 1/N, and the entropy is (See

Shannon [*x])

(18)
N 1 1

E=3 (— —1logz—) =log:N
i=1 N N

This entropy is the maximum. From (13) and (14),
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the cost-share (¢’) of local government Jj is
(16)
N QU |9 Uid
Ci=p2'y — —
=l 9z 9 xid
N

=p2} Ami=p LIl (N=2m;)

i i=1

P and /I do not depend on the local government
(/) ,therefore the cost-share ratio of the local
government / depends upon only 2 (the consump-
tion of Environmental Goods in the local govern-—

ment J).

Proposition 1 makes us avoid worrying the free
riding problem. When we decide the cost—share,
we have only to estimate the consumption of

Environmental Goods.

3.3 Local Environmental Goods (2)
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We have accepted assumption 2 (the popula-

tion of the each local government is equal).

This assumption seems unrealistic. Now, we

release the assumption 2, and proof the proposi-

tion 2:

DEFENITION 1

If the cost-share ratio is equal Lthe ratio

of whole consumplion of Environmental Goods
(Z°N (Jj)) in the local government, we call this
cost-share systltem "Knvironmental cost-share

system: KCSS"™.

PROPOSITION 2
Under assumption 1, 3, and 4, Enviroomental
cost—-share system (FECSS) is the opltimal cos i

share systemnm.

Proof
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; The local government Jj has the population

N(J). From assumption 3, we can consider the

preference vector V and the ratio matrix A:

(17)

V= ( I"’1) Vz:’“) L’ht"') "Z)

¢ll ¢‘2 ......
$a! "

A: M ¢hJ
¢Zl ...... ¢Zm

%N is the row of marginal ratio of substitutes
(MRS all I, J7)Y. The set V={V, V¥V, WV, ¥} concludes

all MRSi’. Namely,
Vier, Viestyn , VODMRS9

> is the ratio of the individuals who have W
and live in the local government J. @’ and A

correspond to g and =zi°. @’ is the tax ratio,

i - 22 -



and I is the amount of Environmental Goods
consumed by individuals who have ¥ and live

in the local government Jj. For example,

N(1)=10 :the population of the local gov-—

ernment 1
1'=0. 83, ¢:'=0.5, ¢3'=0.2

In this case, the structure of individuals 1is

individual 1-83 MRS;'=MRS;'=MRS,'=#
g1'=g2' =gy = Q!
z'=z'= 25 = 2!

individual 4-8 MRS4!'=MRSs'=MRS!=MRS7'=MRSs'=V,
q‘l_—_. .. = q8i=02l
zZ4'=. . . =z = 25!

individual 9-10 MRSs!'=MRSo'= I
gs' = qio' = @'

Zol= zyol= Zy!

Now, we reconstruct Proposition 1 with ¥ and

We can transfer (13) to

_23_
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(18)

z
C=Z N (J) Qo 2
h=1

=pN (J) S¢n W 24

oW Jo
( &=p— —
02w/ 0 xn?

From Assumption
ratio vector ¢:

@1
P2’
¢J = E

@’

=pW )

1, Z\9= Zodmeeeeee= 279

Then, the cost—-share is

(19)
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C=pN(Jj) 22 W
h

=pN(J) - 2°¢V

And from assumption 4, the ratio of MRS in each
local government is equal. (g =g 2= == =Dy )

Therefore,

(20)
$) b,
P2 b,
Vier, ¢ = = =¢
o 7

Ci=pN(J) 20V

p and ®V do not depend upon J. This means the

cost—-share ratio of local government J depend



upon only WN~N(j)Z. Thus, Under assumplion 1,

>
and 4, environmental cost-share system (ECSS)
optimum cost—share system.

Q.E.D

3.4 The necessary—-sufficient condition

3,

ig

We proof the Proposition 2 with the assump-

tion 1, 3, and 4. But the assumption 1,3, and

4

are not the necessary-sufficient condition

always. We consider the necessary-sufficient

condition under the assumption 1 and 3. Under

the assumption 1 and 3, the cost—-share ()

the local government J is:

(21)

C=pN(J) 2T W
h

=pN(J) - 22¢>V
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Therefore, the neccessary—-sufficient condition

for the environmental cost—-share system (ECSS) is

(22)

Vet $7- Y =constant

4, Final Remark

The proposition 2 makes our decision for
environmental policy easy. When we can estimate
the consumption of the environment, and can not
the utility function of the consumers, it 18
difficult to acquire the optimum cost—-share.
The proposition 2 offers the optimum cost-share
ratio without utility function. The proposition
2 needs the assumption 1, 3, and 4. Using the
statistics, we can guess whether the assumptions
are true or not.

Tiebout hypothesis is the extreme case, and
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entropy maximizing hypothesis (agssumplion 4) [

another extreme case. The real case seems to be

in between then.,

The proposition 2 offers the optimum cost

share ratio, but it can nol offer the amount of

optimum cost—share. In the assessment of the

amount of optimum cost, we need the information

about the consumers’ utility function. But, Lhe

proposition 2 offers only Lhe optimum ratio.

This is the defect of the environmental cost

share system

Under assumption 4, Henry—-George Theo-

rem [*¥] and Hedonic approach [*%] are unvalid,

because they assume Tiebout hypothesis. When we

assess the amount of optimum cost, we need other

tools.
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