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1. Proof of lemma 1
Individual maximization problem is:
max 0,(F(x)F(x)=Ci(x;), (=1, ..N,).
Taking derivative with x;, the first order condition is
O/F () F/(x)F (x)+ 0,F/(x) = C{(x;) =0.

Multiplying % and taking sum over i,

N C! (x,) C} (xl)
F(x)— Z F(x)= Z
i=1 l
Set 67 = C( 2 Such constant sharing rule 0" satisfies the budget balancing condition and 67 F/ (xi) —

Cl(xi) =0, Wthh is necessary first order condition for x to be individually optimal with sharing rule of

0". Concavity of F (*) and convexity of C(*) assures the second order condition. '

" If a reader were interested in the proof for non-di_erentiable or discontinuous sharing rules, see Iwata (2004).
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2. Proof of proposition 1
. -1
(1) Note that X3~ @ O < 1, so that (1— Xp— %% ) > = @, = @, = 6= 0, and a; > ;=

Q;

Q4 . .. . .
o ~ 0 are obvious. The condition above is rewritten as follows.

1 N akﬁk c—1 1 2 aka c—1
iv—(1— - =a;{—|1— — ,
4i (% ) e s (5 ) =

where each terms in brackets is strictly positive. Therefore, if @;> «; , 0;> 0;is necessary. The

same equation tells that if 0, is equal to 0;, «&;and @; must be equal.

(2) Multiplying 6: 6, on both sides of the equation, we have

N D a.6.6 N Dad o
@ai (1_2 a,;(?k>_(a )Ualﬁtg_i =9, a <1_Z 011;0k>_(o‘ 270[, 6,0,.

k=1 k=1

Taking sum over j,

N N N
o @0\ (o—Daib; _ e @O\ (c—Dai0;
a,.<1 5 g) Dl = g, (13 k) gy D

k=1 k=1

N N N
akﬁk 1)(9 o o akﬁk (a—l)akﬁk
R (R

k=1 k=1

In the equation just above, on both sides, the terms in parentheses are strictly positive. Then, the

following lemma can easily be shown.
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