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Common Property Resources: Can Everyone B e n e f i t From Growth? 

1. I n t r o d u c t i o n 

We consider s u r p l u s - s h a r i n g problems a r i s i n g when some common pr o p e r t y 

resources must be j o i n t l y u t i l i z e d f o r the b e n e f i t of a l l . These resources 

can be used d i r e c t l y f o r consumption, as in the f a m i l i a r Cake D i v i s i o n problem, 

or used as i n p u t s in a p r o d u c t i o n process ( t h i n k of the e x t r a c t i o n of p u b l i c l y 

owned e x h a u s t i b l e r e s o u r c e s ) ; or they could be the technology of p r o d u c t i o n 

i t s e l f as when some commodities are s u p p l i e d by a reg u l a t e d monopoly, or when 

every c o a l i t i o n of agents has access to the technology f o r producing a p u b l i c 

good - see Foley [1967] - ). 

The p o i n t of common property i s that the resources should be used to the 

common b e n e f i t . This does not p r e s c r i b e any p r e c i s e d i s t r i b u t i o n r u l e , yet i t 

does c o n s t r a i n our a l l o c a t i o n methods. One compelling consequence (perhaps 

the only one) of common property i s the Resource M o n o t o n i c i t y (RM) p r o p e r t y , 

r e q u i r i n g that growth of the j o i n t l y owned resources should b e n e f i t to 

everyone, or at l e a s t that the u t i l i t y of no agent should decrease when the 

common property resources i n c r e a s e . I f we I n t e r p r e t common pr o p e r t y as g i v i n g 

t o each agent the power to veto any u t i l i z a t i o n of the r e s o u r c e s , then s u r e l y 

an a l l o c a t i o n of growing resources v i o l a t i n g the RM axiom would face a veto. 

Even a l e s s s t r i n g e n t i n t e r p r e t a t i o n of common property i s c o n t r a d i c t e d when 

an agent s u f f e r s a u t i l i t y l o s s as the value of h i s property i n c r e a s e s 

o b j e c t i v e l y . For a more d e t a i l e d d i s c u s s i o n of Resource M o n o t o n i c i t y and 

p u b l i c ownership see Roemer [1986], Moulin and Roemer [1986], Roemer and 

S i l v e s t r e [1987], 

Resource M o n o t o n i c i t y alone i s always compatible w i t h f i r s t best Pareto 

o p t i m a l i t y . Indeed p i c k some f a i r l y a r b i t r a r y c a r d i n a l u t i l i t y r e p r e s e n t a t i o n 

of i n d i v i d u a l p r e f e r e n c e s , and c o n s i d e r the w e l f a r e e g a l i t a r i a n outcome(s) 
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ach i e v i n g the hig h e s t f e a s i b l e e g a l i t a r i a n u t i l i t y v e c t o r ( t h a t i s , a l l agents 

end up with the same c a r d i n a l u t i l i t y l e v e l ) . T h i s , b a r r i n g a t e c h n i c a l 

d i f f i c u l t y known as the dilemma e q u a l i t y - e f f i c i e n c y , d e f i n e s a Pareto o p t i m a l 

s o l u t i o n . When resources i n c r e a s e , the f e a s i b l e u t i l i t y set expands and the 

Pareto optimal e g a l i t a r i a n u t i l i t y v e c t o r i n c r e a s e s , too, s o t h i s s o l u t i o n i s 

resource monotonic. 

In most s u r p l u s - s h a r i n g problems, however, we must i n c o r p o r a t e an 

I n d i v i d u a l R a t i o n a l i t y (IR) c o n s t r a i n t , s e t t i n g a lower bound on I n d i v i d u a l 

u t i l i t i e s . This secure u t i l i t y l e v e l i s i n t e r p r e t e d as a disagreement pay-off 

in Nash's a x i o m a t i c b a r g a i n i n g approach. In the more general p e r s p e c t i v e of 

cooperative games, it measures the o p p o r t u n i t y cost of c o o p e r a t i o n to each 

i n d i v i d u a l agent. In the models d i s c u s s e d below, the secure u t i l i t y l e v e l 

r e s u l t s from i n d i v i d u a l r i g h t s over the common property resources: f o r 

instance each agent is e n t i t l e d to the 1/n-th share of the consumption goods 

(case of the Cake D i v i s i o n problem) or each agent can f r e e l y use the 

technology f o r h i m s e l f (case of the p r o d u c t i o n economy). 

W i t h i n the I n d i v i d u a l R a t i o n a l i t y bounds, Resource M o n o t o n i c i t y may be 

hard to meet, as growth a l s o r a i s e s every agent's secure u t i l i t y l e v e l . The 

exist e n c e of a Pareto optimal s u r p l u s - s h a r i n g r u l e s a t i s f y i n g both Resource 

Monotonicity and I n d i v i d u a l R a t i o n a l i t y i s the p r i n c i p a l q u e s t i o n addressed i n 

t h i s paper. 

Consider the problem of d i v i d i n g a v e c t o r of commodities (cake) among a 

given set of agents w i t h equal c l a i m s on i t . P r o d u c t i o n and borrowing are 

r u l e d out. This much s t u d i e d model (see e.g. Thomson and Va r i a n [1986]) i s 

the general form of the Cake D i v i s i o n problem. The equal c l a i m assumption 

n a t u r a l l y suggests the secure u t i l i t y l e v e l whereby an agent gets the n-th 

share (n is the number of agents) of each commodity. Resource M o n o t o n i c i t y , 
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on the other hand, f o l l o w s from j o i n t ownership: if agents get to eat a 

bigger cake, t h i s o b j e c t i v e improvement should not lower anyone's u t i l i t y . 

That RM and IR may not be compatible w i t h a Pareto optimal D i v i s i o n of the 

cake was shown i n Moulin and Thomson [1987]. Our general r e s u l t s w i l l be 

s y s t e m a t i c a l l y a p p l i e d to Cake D i v i s i o n , thereby throwing more l i g h t on t h i s 

d i f f i c u l t y : see example 5 i n S e c t i o n 4, Lemma 1 and Example 6 i n S e c t i o n 5, 

Examples 7, 9 and Lemma 4 i n S e c t i o n 6. 

A second f o c a l example f o r the RM axiom i s the pro d u c t i o n economy where 

the technology i s p u b l i c l y owned. In the ar c h e t y p a l s t o r y d i s c u s s e d i n Moulin 

and Roemer [1986] the n agents own t h e i r l a b o r and can produce c o r n from l a b o r 

by means of an i n c r e a s i n g r e t u r n s to s c a l e technology. The RM axiom i s then 

formulated as T e c h n o l o g i c a l M o n o t o n i c i t y : if the technology improves upon 

( i . e . the p r o d u c t i o n set expands) the u t i l i t y of no agent decreases. The IR 

c o n s t r a i n t is d i c t a t e d by the p u b l i c c h a r a c t e r of the technology: each agent 

has free access to i t , so by running the production process at h i s own cost he 

can secure a c e r t a i n u t i l i t y l e v e l . Since returns t o s c a l e are i n c r e a s i n g the 

vector of secure u t i l i t y l e v e l s can be improved upon by c o o p e r a t i o n , whence the 

su r p l u s - s h a r i n g i s s u e . 

A t h i r d example i s the remuneration of the inputs of a ( p u b l i c l y owned) 

production process. Each agent b r i n g s h i s own " s k i l l " to the j o i n t 

production; he d e r i v e s no u t i l i t y from consuming h i s s k i l l . The most r a d i c a l 

supporters of e g a l i t a r i a n i s m (e.g. Dworkin [1981] Cohen [1984]) propose that 

i n d i v i d u a l t a l e n t s should not be viewed as p r i v a t e property but r a t h e r as a 

resource to be u t i l i z e d f o r the sake of common w e l f a r e . With n o n t r a n s f e r a b l e 

i n p u t s , the s i m p l e s t e x p r e s s i o n of the common property of those i n p u t s i s , 

again, a mon o t o n i c i t y p r o p e r t y : when the s k i l l of any s i n g l e agent i n c r e a s e s , 

the u t i l i t y of none decreases. I n d i v i d u a l R a t i o n a l i t y , on the o t h e r hand, 







In S e c t i o n 6, we d e r i v e a simple necessary c o n d i t i o n f o r the e x i s t e n c e of 

a monotonic s o l u t i o n i n a two person problem. When the f e a s i b l e set 

correspondence s a t i s f i e s a c e r t a i n l a t t i c e property c a l l e d s u p e r m o d u l a r i t y , 

t h i s c o n d i t i o n turns out to be s u f f i c i e n t a l s o . We apply t h i s r e s u l t to the 

remuneration of i n p u t s problem and to Cake D i v i s i o n , thereby s t r e n g t h e n i n g the 

previous r e s u l t s i n Mou l i n and Thomson [1987] (see Lemma 4). 

In S e c t i o n 7 we study d e f i c i t - s h a r i n g ( i n s t e a d of s u p r l u s - s h a r i n g ) by 

s i m i l a r methods. Here the bound on i n d i v i d u a l u t i l i t y l e v e l s i s an upper 

bound ( i n s t e a d of a lower bound when we speak of a secure u t i l i t y l e v e l ) . An 

example is the p r o d u c t i o n economies where the agents share a technology w i t h 

decreasing r e t u r n s to s c a l e : as j o i n t p r o d u c t i o n creates a negative 

e x t e r n a l i t y one does not want any agent t o end up w i t h a higher u t i l i t y than 

when he runs alone the p r o d u c t i o n f u n c t i o n . Another example i s c o l l u s i o n i n 

an o l i g o p o l y where we view the demand f u n c t i o n as the common pr o p e r t y that the 

c a r t e l must j o i n t l y e x p l o i t . A n a t u r a l upper bound on the p r o f i t of any f i r m 

i s i t s monopoly p r o f i t ( t h a t i t would achieve i n the absence o f any 

c o m p e t i t o r ) : see Example 11. 

Resource M o n o t o n i c i t y i s e q u a l l y appealing i n d e f i c i t - s h a r i n g a s i t i s i n 

s u r p l u s - s h a r i n g , and i t r a i s e s a very s i m i l a r mathematical q u e s t i o n . I n 

S e c t i o n 7 we e x p l a i n how the s u c c e s s i v e r e s u l t s f o r s u r p l u s - s h a r i n g can be 

adapted to d e f i c i t - s h a r i n g as w e l l . Concluding comments are gathered i n 

Section 8. A mathematical appendix c o n t a i n s a l l the proofs as w e l l as a 

general c h a r a c t e r i z a t i o n r e s u l t f o r the two-person e x i s t e n c e problem. 

2. The Model 

Denote by n the number of agents. The i n d i v i d u a l u t i l i t y l e v e l s vary 

w i t h i n a f i x e d i n t e r v a l [0,L] where L is p o s i t i v e and p o s s i b l y too. The 


















































































































