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1.1 ODooggd

OO000000O0 rivaey DOOD0O0O0O0D0OO excludableOOO0ODO
gooobobbboooobobbbboooooobbbbbooooobo
0000000000000 0000000000O00000O0000
gooobobbboooobobbbboooooobbbbbooooobo
OO000000O0000OOoooDOO0O0n non-rivalryness 0 OO0 OO0
00 non-excludability 0000000000 (Musgrave (1969)0 Stiglitz
(1985))10

000 MasColell, Whinston and Green (1995)00 O O Oakland (1995)
googobbobbooooobo

(1) A public good is a commodity for which use of a unit of the good by
one agent does not preclude its use by other agents. Put somewhat
differently, public goods possess the feature that they are nonde-
pletable(MasColell, Whinston and Green (1995))2.

(2) A distinctive characteristic of public goods is that they are not
“used up” in the process of being consumed or utilized as an in-

put in a production process. ...0 O ... A further source of difficulty

TMusgrave, R.A.,(1959) The Theory of Public finance, MacGRAW-HILL. Stiglitz,
J.E., (1988) Economics of Public Sector, Second Edition, W.W. Norton & Company.

2MasColell A., M.D.Whinston and J.R. Green (1995) MicroEconomic Theory, Ox-
ford University Press.
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is encountered if the public good has the property that potential
users cannot be costlessly excluded form its services. ...0 0 ... As
Musgrave(1969) has aptly stated, public goods involve no “rivalry-
ness” among consumers while private goods involve perfect “rival-
ryness”.(Oakland (1987))3

0000000000000 000000O000D00ODO00OOOO00OO
O0000Oakland (1987) DOOUOO0OOOOOODOOOOOOROOOO
gooOoOoOoOOOO0OO0O0O0OOO0OOOoOOoOooOUOoOOOOO yoo
0000D0D00000000000 244i=1,2,...,n000000000
OO00O00O00000 purely private good DOO00OO0O0O0OOCOODOOO
0000 purely publicgood DO OODOOOOOO

n
0000000000000 ) 2 <y (1.1)

i=1

00000000000002' <y, foralli=1,2,...,n (1.2)

000000000000 OOakland (1987) 000000000 Musgrave
(1969) 00 0000000000000 000000000O00%0
(12)000000000000000000O0OUODO0O0DOOOOD
000000000 0000D0000D00 equal consumption 0O 000
gbooboobobobooboooboon

() 0000Do0ooooooo

30akland, W.H., (1987) “Theory of Public Goods,” in Handbook of Public Eco-
nomics, Vol.2 (Eds. Auerbach A. J., and M. Feldstein), 485-535.

{00000000000000000000000D000000000000000000
0000000 feasiblity 0000000000000 DODOOOOODODOOOOOOOO
goooobooboobobobooobobobobooooboooboobDUboDooobUobo
0o0o0000oooooooooOooDoooobO0obOobO0ObODbOoDbO0O0bO0oDbOoDbOoODbODOo
goooobooboooobooboobooboooobobobobobooboboobobUobo
000000000 Oakland D00 0O0O0O purely private good O purely public good O
DDDDDDDDDDDDDDD;&gy/nDDDDDDDDDDDDDDDDDDDDDD
0000000000000 000000000000000D0000 feasibility 0000
00DO0000DbO00O00DbO0O0O00000ooDOoobOooOoooOooDag (;rl,...,x")D[I[I
00000D0000000000000 ¥°,200000000000max{z},...,2"}
00o0bOo000Db0o0oDObhO0o00O00o0D0o00bo0o0DbOOo0ooDbOooooOooDboo
oobooog
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(i) 0000000000000 0O0O000oOo0UOoOOooUooOoUoOo
gboooooo

00000000000 (1.2) 00000000 0000000 2¢<y
ooooooboobobobooboobuoooob yoboobobooo
00000000000000 2=y 000000000000000
000000000000 00000 equal consumption 0000000
googd

gobooboooobooboobooboon

gbooobooboobobooboobooboobooboboo
gbooboboooobooboboooboboobobooooboon
gboobobooooobooooooboooobobooooobon
booobobooooobooooboobooboobooooooooon

gbooobooboobobobooboobooboobooboboo
gbooobooboobobboobooboobooboobobooon
gbooobobooooobooooboobooooobooo

1.2 OOO0dooobooogo

gddbooodouooodoboboooobooooooobouoooa
goooboououooboooooobououoooobouoddn
d0d0d0oU0oooooooooouooooooooo v0OO0O0OOOO
00 ¢ 0000 preference field O XiEIDDDXizRﬂDDDE’DDDD
ooood w oooo

u st € Xy u(at) €R, i =1,2,...,n

0000000« ¥ (2i,...,20) 0000000000000 w' € RY

rn

00000000000000006(20)00000000000 =0

00 R{ 0 ¢00000000000000000000{(z1,...,2¢) € Ré |z 2
0,i=1,...,}00000000R, | = {(z1,...,m) € R | @ > 0,i =1,...,£}
RY = {(z1,...,2¢) €ER¢ | 2, £0,i=1,...,£} 0000
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000000 ¢00000000000¢x000 ¢000000000
DDDDDDZ?ZlgiZIDDDDDDDDDDDDDD

0000000 Y CcRIOODOOOO 0eY OOOOOOOOOOOO
U0 gobooooooooooooooooooooobobooboog
0000 possilibity of inaction 000000y €Y, y= (y1,...,5) O
o000y, <00000000 yy>0000000000000000

O (z'...,2"y) e([[l., X)) xY ODOOOODOOOODOO alloca-
tion 000000 (2f,...,2%y) 00000 feasible 00000

000000000000000000 (z%,...,2™,y*) 0000000
O Pareto efficient 00O OO

(ml,...,x",y)DDDDDDDDDDDDDDDDDDDDD
00 i0000 w(z) > w(e™) 00000000 AhOOO
00 up(z) >uu(z?) 00000

gbooood

00 1.1 0000000 (z4,...,2%y) 00000000000000
00o000000000000

00 1.1 00000 (a), (b), () 00000000000 (p* (™, ...,
2™,y*)) 0 0000 competitive equilibrium 0 00 O

a max subject to y € ™=
y* 00 00max p*y subj yeYOODOOOr ¥y 0000

(b) ™ 000 O maxu;(z?) subject to p*z® < p*wi 4+ 0 DO0OOO0O
i=1,2,...,n0

Spossibility of inaction 00000000000 Y OOOODOOODOOODOOOOOO
000000000000 YOO convex 00000 closedset 0O0O0O00O0O0O0O0O0OO
YOR‘_%__F:(Z). [free disposall R_ CY. 0000000000000 0O0O00O00ODODOO
goooooooooog
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(c)OODODOOY 2" <y*+> . ,0'000000
0000000000000 +0000000 local non-satiation O O

00000000000 0000 2feXx; 00000

2" € {x € RY ||l2" — z|| < e} N X; such that u;(z") > u;(z?)
gooobbobbogd

0000 1.1 040000000000000000070000000
p=(p,...,p) 00000000000 0000000

max u;(z') subject to pa’ < T
00 z* 0000000dpze*=I000000
oo of

00 1.1 0000000000000 0D0000000000000
00000000000 (p(@!,...,2™,y"), pr 200000000
(z1*,...,2™,y*) 000000000000

00 00 (z,...,2",y*) 00000000000000000000
000mMoO0ooooo0o0o0o0oo (&3,...,37,§) 00000

wi (%) 2 uy(x™), i=1,2,...,n00

w;(#) > uj(z7*), for some j

000000000#eX,;,i=1,2,...,n00 geY OOOODODOOO
0000000 0000 p# <p*2™* 00000000000000
000000000000000 é00000p*z<p2™ 0000 7€
{xeRY |2’ —2] <& nX, 0000000000000000000OO
00 ze{zeRY |2t —z|| < ENX; 00000 ui(2) > ui (7)) = ug(z™)
0ooooooooooooooon

tpz* < 10000000
000000000o0ooo
0O00000000oo0oo
0O000000000ooo
0Oo000000000oon
0000000000ooo
oooooo
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0oooOoooo

p*‘%] > p*xj*
00000000000000Y,? ,p*2 > > ,pz* 0000000
0000 ;000000000000 poi+@r0000p*w" 2000

r=p*y*2000000000000000000000O0O00O0OODO 11
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n

n n
Zp*xz* = Z(p*wl +60'n) = E:p*wz + p*y*

i=1 i=1 i=1
0ooooDo0000o0o (7Y,...,27, ) 00000000000, 3 <
Yo, Wi+ 0000000000

n n
S optwi+ptgz ) pE
i=1 i=1

O00000000000p*y>p*y*0000000000000OD0 (a) O
00000000000O0D0O0 (zf,...,2™,y*) 0000000000
U0n

1.3 O0OOoogo
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obooboboooooooboobooooooboboooobooobon
gbogoboobobbobbooboboobooboobooboobooon
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000 X, 000oocooob youooooboobooooooooo
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ot = (2], 2, 2p,) € Xy = RY

Y= (Y1, 5y yer1) €Y C R
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1=1,2,...,n000000000000000000DOO00O0O0OOCDOO
ooooooobo

gbooobOoboooobobooooooboooo

U0 1.1 00000000000000

(QC)w; 00D DODO quasi concave D000

M), 0 R 00000000000 R'000000000
00 1.2 000000 yoooooooooo

O000000 YOO convexOOOODO closed set D OO0O
00000000YNRYE! =0.

O possibility of inactiond Y N R{T = {0}.

O free disposald R c V.

O every good is producibled (Y + {37, wi})ﬂRerl # 0.

O (z'...,2"y) e([[l., X;)xY OODOOODO0ODO0O0O0O0OO alloca-
tion 000000 (2f,...,2%,y) 00000 feasible 00000

A

n n
Topr Sy i =12 m Y @i Sy 4w =120
i=1 i=1

ooooboooo

00 1.2 000000000 (2,...,2",y*) 00000000 Pareto
efficient 00O 00O

(,...,2",y) 000000000000 O00O0DOOO00ODOO
000000 w(2Y) >w(+*) 00000000 AOODO
00 up(z") >up(2") 00D0DOO

gooooo
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1.3.1 00O0bOoodooo

000000000000000000000000000000000
v, 0 R 0000000000000 000000000000000
0000000 f0 R 0000000

Y ={yeR"™ | f(y) <0}

oY ={ye R | f(y)=0}
000D0000000Y OY 000 boundary 000 10 £(0) = 0
D00D000D00000000f000000008f/dy; 20, )=
1,2,...+1 000000000 f(y)<000000000000000
0YOOOOOOOOOOOOOOO0O000000000000¢4410

00000000000 f(y)=00000 yOOOUOOO production
efficient 0O OO0 OO0

ugb 12 0000000000

1. 0000b0b00boo0oooobobooooboboboooobooonoag
gobooooooo

2.00 f:R*!' - ROOODO YODODODOOOOO

3. 00000 (8f/dyeq)/(0f/0y) 00 0000000000000
0000000000000000000000000000000
00000000000000000000

0000 (ay,...,4,) 00000000000(@,...,2"y) 00000
0o000000000000

max uy (x') subject to u;(x’) = u; fori=2,...,n,

Zx§-§yj+2w§,j:1,...,€ (1.3)
i=1 i=1

xz-‘,—l §ye+17 i=1,2,...,n
and f(y) =0
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000000000000000000000000000 4;,j=2,...,n
000000000000000000000000000000000
0000000000000 D000000000 (1.3) 00000000
00000000000D00000D000000000000000000
0000000000000000000000000000000000
000000000000000000000000000000000
0000000000000000000000000000D00000
0000000000000 000000000000000000000
0000000(1.3)0000000000000000 (z,...,2™,y*)
0000000000000000000000000000D00000
DDDDDDDDDDDDDx“engRﬁbi:LlnwnDDDDD
Oy eRH' 000000000

0000000000000 0000

0000 1.2 00 (1.3) 0000 (2,...,2™,y) 000000000
O (z'*,...,2™,y*) 000 1.1,1.200000000000000000
Oo00000000o0oO

00o0ooo (z1*,...,2",y*) 0000000000000000000
0000000mMO0O0ooooon (&,...,#§) 000000

ui(‘%i) Z uz(x”)7 i= 1727 sy
u;(#7) > uj(z7*), for some j

00000000 j=1000000000(z,...,2™,y*) 000 (1.3)
0000000000000000000;#100000000000
000000000000000000

h(N\) (A7), 0 A <1
000000000000000A(1) > wu;(z/*)>h0)00000000
000000000 A\0<A<1000000hA) =u,(z/*) 0000

000000Ax ¥ (1-0N# 00000Ax >0000000

~1 i ~92 ~ 1 o
(T + A7 2%, .3 — Add . B )
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000000000000 uy (3 + Azd) > uy(3!) 2 uy(e) 00000
00000000000000 (2!,...,2™,y*) 00000000000
oooooQ

00000000000 j000000000000000000000
000000000000000000000000000000000
0000000000000(1.3)000000000000000000
0000000000000000000000000000

fly*) <0

0Oooo0oooOooo f(oOOoooOoUoooOoooUOooooo1IOoon
ooooo010+¢+1000000000D0OCOO0OO0OOe>0000
O00f(y +el)z0000000000000000000

(™ +e1, 2%, .. 2™, y* +el)

0000000000 w(z'*+e1)>w () 000000000000
0000y

00 (1.3) 000 (z,...,2",y*) 000 000000000000
00df/dy;(y*) >0,7=1,2,....+1 00000000 (1.3) 00000
000000000000000000000000000000000

L n n
L= () + ) N(wi(a’) —a) + > p (yj +) Wi - Z%)
; j=1 i=1 i=1

+ ZTi (ye+1 - 33}41) -nf(y)

i=1
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00000000000
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™ y*) 0000000000000
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oL oL
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0000 A, py,7n 0000 (a,...

2™y ) 000000000 o0

gooooa
8u1 .
w-#]:O’ ]:1,2,...,8, (]"4)
J
8’(1,1
— A =0 1.5
ax%_,’_l T1 B ( )
(9ui
)\1% pj =0, J=12,...4,1=23,...,n (16)
J
7 a?l Ti 07 1= 2; 37 1 (17)
Ozp
of
17 — =0, i=12...,¢, 1.8
! Y, )
- 0
S~ (1.9)
i=1 Oyets
u’b(x“) = U, L= 273a 1,
P SIS o MR EET I
=1 =1
szrl x%il - Oa 1= ]-7 2; , 1,

t00000ooooooo
OO000000 constraint
qualification 000000
gooOoooooooooo
goooooooooooo
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00000000000000000000000000000 (1.3) 0
0000000000000000000000

0000 «*00000000000000000000(1.4)<(1.9) O
O AayvosAny fds e fin, T1,---,Tn,n 00 0000000000000
000(14),(1.6)0 (1.8) 0000000

ou jou _py _ 0f 1 of

Qx| dx o Oyl Oyr’

0o0o0Db0b0o0o0oD jO00ooDbObObO0OO0OOOoUoDbDbOOOoOoOooOoO
O0o0b00o0b0bOb0o0o0oobooobobobOoo0oboboOogg private
ownership economy 00 000000000000 OODOOOOODOOO
O pricetaker 000000000000 ODO0O
000o00o0o0oooooooooooOo@soan)o 19ooooo

SOy, Oy S Oyen/ Oy

O0000000 +00000000000000000000 MRS'O
Oooo0ooOoO0ooboooOooooOoO0 MRTODOOOODOODOO

> MRS’ = MRT (1.10)
i=1

000000000 000000000 Samuelson Condition 000
000000000000000000000000000000000
0000000000000000000000000000
00000000000000000000000000000000
000000 yey1 = g(21,---,20), Yeg1 2 0, (21,...,2) € R 0000
000000000000000000000000 fO0 gO000O

T,y yer1) = yerr — g(=y1, -, —ye)
go00O0oO0ooooooooooo

o 08 0
Oyer1! Oy 0z1
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000000000D00000000000Oy+1=9(x) 000000
0000000000000000D000D00000000000O0000
z21=9gYy+1) 0DDOOODO0ODO0ODDO00000000Lxg Y(yes1)
00000000D00D000D001/¢(ye+1) 00000 MCOOOODODOD
0000000000 (11000000000000000

> MRS’ = MC (1.11)
i=1

goooboo

gbobooboooooboobooooooboooooboboooooooon
0000000000 (1.3)00o0000ooo0oUUooooUooo
00000O00O000o0000oU0oooooUoooooooo (1.3)0
gbooooobobooobooobooboooboooooboooobooogoobon
IZIIZIDDDDDDDDDDDDDDDDDDDEIEIEIEIDDDDDDIZIIZI
gbboobooooooboooobOobooobobooooobooon

gboo0 1.3 00000b00boobooboobobboiD uy,: =
1,...,n,00000000 (13)0000000O0O0OO

00007 0O (z%,...,2™,y)0000000000000000 00 0012000000
gooooa

U; et ui(z™),i=2,3,...,n
000000D01.300000000000000000 (@,...,2%9) 00
O0(z™,...,2",y*) 0 (1.3) 00000000000 0w (2') = ui(z'*)
0000000000000 w((@Y)>w(*)000000000

up(7') > ur (@) 00 wj(3) 2 uj(27*),5=2,...,n

0000000 (¢%,...,2™,y*)000000000000000000
000000000000w(E)=u(*) 00000000080

’000000000000000000000000000000000
800000000000000 ;00000 uj(3)=u;(z/*)000000
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0000000000 (z,...,2",y*) 0 (1.3) 0000000000
000000y

1.3.2 0O0O0O0OO0Ooooooo

00000000000000000000000000000000
0000000000000000000000000000000000
000000000000000000000000000000000
00000000 «+ 0000000 110000000 YOOOO00O
012000000000000

0000 (z%,...,2™,y*) 00000000000000000000
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yey
oooooooo(@,...,z2"g)eF00D0D000O0O0ODOOOOO
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Fy = { (.. .,2"y) € F ‘ wi(xt) Z ui(x™), i =2,...,n, }

0000000000000 (2%,...,2",y*) O
maxu'(z') subject to (z',...,2",y) € Fyy( (1.12)

O00000000000O000O0oOoOooOoo (112)000o (1.3)
0000000000000000°0

00 112000 (&,...,2%,g) 0000 (z',...,2™,y*) € Fj; 000
0000000 w(2') Zuwi(z'*) 0000000000000 wu(3) >
w(z*) 000000000

ur () > up(2M) 00 wi(@) 2 uj(z?*),j=2,...,n

00 (1.3)0 (1.12) 00000000000 0000000000000
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00000000000000000000 (1.3)00 (1.12) 0000
000000000000 000000000000000000000
00000000000000000000

(z1*,...,2"™,y*)000000000000000
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00000000(1L13)0000000000000000000000
(z1*,...,2™,y*) 00 00000000000000000000000
000000000000000000000000000000000
Oo00O00000000

000000000 {2feX; | u(2®) >u(0) } 00000w; 0000
0000000i=1,2,...,n0

000000w(0) 000 (M)000000 i000000000000
000000000000000000000000000000000
000000000000000000000000000

000000000000000000 (24,...,2"y) 000000

y xy (7
1, 1y def T} ns me def xy def Ye
Ea) = ) peen &) = n(y) =

Tgiq 0 Ye+1

0 x?+1 Ye+1

vgpoooo000000o0d ;00000 w(3)=u;(z/*) 000000
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(1]

def { ifi(axi) Vi we) = w(@™), 3j uy(ad) > uj(xj*)}
Hqg“m0|y€Y}+{§;gﬂﬂ)}

afafalalalalsls

§¥WM¢EDD7MS+§¥%ﬂEH

Dooooooo
0000000000000000(1.12)00 (2,...,2™,y*) 00

000000000000000(z,...,2™,y*) € By, 000000
S &™) Sy + YL, (W) 00000000000 j 000
0000000000000000000000000000 <00 4
0000000000000 0000000 #0000 0 22000
000000 1.1 (M) 000G 000000000000000000
0000@G) 0000000000000 (2!,...,2™,y*) 0 (1.12) 00
00000w(@) 000 (1.12) 0000000000000 u(2'*) O
00000000000000000000@G) 00000000 (G) 00
000000000000000000000000000000000
0000000000000000000000 (&Y, 2%,...,2™,y") 00
000000000 0000000 (1.12)0000000000(1.12) 0
O (2'*,...,2™,y*) 0 (1.14) 0000000000000000000
oo

(1]
)
T
|
=

(1.15)
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0000000(@z,...,2™,y)000000000000000000
0D0000O00=E0 HOOOOOOOOOOOOOOOOO0OO0O0000O
00 H-E0000000000

() E—HOO0000000
(ii) (2 - H)n (R“") = 0.
00000000000000MO00000000000

O00D0'TR"O00000000 X O -R} 0000000000000  +000000000000

0000 10.120 page 252
0000 pA00000000D00D0O0O0X O -R7 000000000 pooooo

pr20,VreX, OO p=0
ogooooo

0000000000 ()0 () 00000E-H 00000000000
000000000000000000000 p20, peRY™\{0}00
oooo

p¢t 2 p¢?, V¢ e EVCP € H, (1.16)

gbooobooboobobbooboobooboobooboboon
booboboooooboOpbOOOOODbOOOODOOOOODOODO

D000Y,_, (@) +el) €, ny")+ XL, (W) e HODDODOO
000100000000 10/¢+n000000000¢e>00000
0000(1.16) 00

pi:@“x”)+€1)Ezﬂ(n@*%+§:€%w5>

gbooobobooobe>0o0b00obOoOoOoobDOon

Py ¢ zp (n(y*) £y sw))
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0000000000000 (11400000000
p}jﬁfﬂsz@ﬂ+2k%ﬁ> (1.17)
i=1 i=1

000000000

000000000 (1.16) 000 (1.17) 0000000

p(y*) 2 pn(y) forally € Y
0000000000000 0000 yeY OOOODO

4 n 14 n
> iy + (me) Vi 2D iy + (me) yer1  (1.18)
j=1 J=1

i=1 i=1

0000000000000000000 (p1,--.,p0 Y0y pers) D00
0000000000000000000 ¢* 0000000000000

00000000 every good is producible00 00000000 y# O0O0OO
D0 p(y#*)+X1, §'(w') € HORYY D0O0O00OYT (¢'(a™)+e1) € &,
e>0000000(1.16)00000

pY (§@™) +e1) Zppy#) +p ) &) >0
i=1 i=1
0000000000 00000000000

p§:g%x“)>>o (1.19)

Dooooooorl ¥pdx*) 0000000 (1.17) 00

14

FZE)Wf+WH%¥J=LZ~wn
j=1

E:Ii—1)<nef)+-§:£%w5>
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0000000/ 000+0000000000000000000 &
0 wi(@) > u(2™) 0000000000000000Y,, &%)+
£ —nly") - Xin, & W) eE-HOODOOOODO

0<pYy &™) +pe (@) —pnly") —p)_ (W)
ki k=1

V4
=p&i(a") = I' = pidt + peyidly, — I'
j=1

goooboooo
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