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E fficiency of joint enter pr ises

with inter nal bar gaining

Abstr act : In t h is p a p e r we t a ke a c lo s e lo o k a t t h o s e s t r a t e g ic in c e n t ive s a r is in g in

a s it u a t io n wh e r e fi r m s s h a r e t h e c o s t s a n d p r o fi t s in a m u lt i-fi r m p r o je c t , a n d

b a r g a in fo r t h e ir r e s p e c t ive ( p r e c o m m it t e d ) s p lit o f c o s t - a n d p r o fi t -s h a r e s . W e

e s t a b lis h t h a t , wh e n e a c h fi r m ’s e ffo r t c o n t r ib u t io n t o t h e jo in t u n d e r t a kin g is

m u t u a lly o b s e r va b le ( wh ic h is o ft e n t h e c a s e in c lo s e ly c o lla b o r a t ive o p e r a t io n s )

a n d h e n c e c a n fo r m b a s is o f t h e c o n t in g e n t c o s t - a n d p r o fi t -s h a r in g s c h e m e , it is n o t

t h e g r o s s e c o n o m ic e ffi c ie n c y b u t t h e s u p e r -/ s u b -a d d it ivit y o f t h e n e t t r e t u r n s fr o m

e ffo r t t h a t d ir e c t ly a ffe c t s t h e s u s t a in a b ilit y o f a p r o fi le o f fi r m s ’ e ffo r t c o n t r ib u t io n s .

Th e ( in ) e ffi c ie n c y r e s u lt we o b t a in in t h is p a p e r is o f d iffe r e n t n a t u r e fr o m s o -c a lle d

“ fr e e r id in g ” o r “ t e a m c o m p e t it io n “ p r o b le m s : t h e s e t o f s u s t a in a b le o u t c o m e s wit h

b a r g a in in g o ve r p r e c o m m e t t e d c o s t - a n d p r o fi t -s h a r e s is g e n e r a lly n e it h e r a s u p e r s e t

n o r a s u b s e t o f t h e s u s t a in a b le s e t wit h o u t b a r g a in in g .

Keywor ds : c o s t s h a r in g , p r o fi t s h a r in g , r e p a ym e n t , s u b g a m e p e r fe c t io n .

JE L classification : L 1 3 , G3 1 , O3 2 .
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1 I ntr oduction

Co s t s h a r in g b e t we e n m u lt ip le e c o n o m ic b o d ie s , s u c h a s a r e s e a r c h jo in t ve n t u r e u n d e r -

t a ke n b y m u lt ip le fi r m s o p e r a t in g in t h e s a m e in d u s t r y, o ft e n t e n d s t o b e e n c o u r a g e d fr o m

p o lic y- a n d we lfa r e -p o in t s o f vie w.1 A p p a r e n t ly, t h e le a d in g r e a s o n fo r s u c h “ o ffi c ia l”

e n c o u r a g e m e n t is t h e a s s e r t io n t h a t c o s t s h a r in g c a n e n h a n c e c o s t -e ffi c ie n c y, e lim in a t in g

o t h e r wis e wa s t e fu l e ffo r t d u p lic a t io n . A r e le va n t e xa m p le is t h e p o s s ib ilit y o f c a r r yin g

o u t jo in t R &D a c t ivit ie s in t h e d e ve lo p m e n t o f n e w p r o d u c t s a n d p r o c e s s e s ( s e e K a t z ,

1 9 8 6 ; d ’A s p r e m o n t a n d Ja c qu e m in , 1 9 8 8 ; K a t z a n d Or d o ve r , 1 9 9 0 ; K a m ie n e t a l., 1 9 9 2 ;

S u z u m u r a , 1 9 9 2 ) . On t h e o t h e r h a n d it is we ll n o t e d t h a t , g e n e r a lly, e a c h p a r t ic ip a n t in

a n y jo in t p r o je c t h a s a n in c e n t ive t o “ fr e e r id e ” t h e e ffo r t e xe r t e d b y o t h e r p a r t ic ip a n t s ,

wh ic h t e n d s t o e n t a il a n in e ffi c ie n t o u t c o m e wit h a s u b o p t im a lly lo w le ve l o f e ffo r t c h o s e n

s t r a t e g ic a lly b y e a c h p a r t ic ip a n t .

P e r h a p s o n e o f t h e m o s t n a t u r a l a n d t h e m o s t s p o n t a n e o u s “ s o lu t io n ” t o t h is in c e n t ive

p r o b le m is t o a llo w fi r m s t o m a ke t h e ir c o s t - a n d p r o fi t -s h a r e s in t h e jo in t p r o je c t d ir e c t ly

c o n t in g e n t u p o n t h e ir e xe r t e d e ffo r t le ve ls . In a jo in t p r o je c t wh e r e p a r t ic ip a t in g fi r m s

c lo s e ly c o lla b o r a t e wit h o n e a n o t h e r , it is o ft e n n o t a t a ll u n r e a lis t ic t o a s s u m e t h a t t h e y

c a n a c c u r a t e ly m o n it o r e a c h o t h e r ’s e ffo r t le ve ls . In t h is p a p e r we m o d e l s u c h a s it u a t io n

b y a s im p le t wo -s t a g e g a m e wh e r e e a c h fi r m d e c id e s it s o wn e ffo r t in ve s t m e n t in t h e

fi r s t s t a g e , fo llo we d b y t h e r e a lis a t io n o f t h e ir r e s p e c t ive n e t t p r o fi t s h a r e s in t h e e n s u in g

s t a g e . B y p r e c o m m it t in g t h e ir n e t t p r o fi t s h a r e s b e fo r e d e c id in g t h e ir r e s p e c t ive e ffo r t

in ve s t m e n t , fi r m s c a n r e wa r d o r p u n is h e a c h o t h e r ’s e ffo r t d e c is io n s a n d t h e r e b y e n fo r c e

a c e r t a in p r o fi le o f e ffo r t in ve s t m e n t e ve n if t h e ir d e c is io n s ( in t h e fi r s t s t a g e o f t h e g a m e )

a r e s im u lt a n e o u s ly a n d n o n c o o p e r a t ive ly m a d e .

Ou r m a in fi n d in g in t h is p a p e r is t h a t , e ve n t h o u g h t h e a fo r e m e n t io n e d c o n t in g e n t

p r o fi t -s h a r in g s c h e m e s e r ve s a s a m e a n s t o c ir c u m ve n t t h e c la s s ic a l fr e e r id in g p r o b le m , it

c a n h a r b o u r a d iffe r e n t kin d o f in e ffi c ie n c y. Th e g is t o f t h e d iffe r e n c e b e t we e n p r e c e d in g

s t u d ie s a n d o u r m o d e l is n o t t h e m e r e fa c t t h a t fi r m s c a n p r e c o m m it wit h t h e ir n e t t p r o fi t

s h a r e s a n d m o n it o r e a c h o t h e r ’s e ffo r t , b u t t h a t t h e r e c a n b e r o o m fo r b a r g a in in g a m o n g

fi r m s wh e n t h e y p r e d e t e r m in e t h e ir n e t t p r o fi t s h a r e s . E s s e n t ia lly, e a c h fi r m ’s b a r g a in in g

p o we r is c lo s e ly r e la t e d t o it s “ o u t s id e a lt e r n a t ive ” wh ic h , in a g a m e -t h e o r e t ic c o n t e xt ,

1See the National Cooperative Research Act in the US ; EC Commission (1990) ; and Goto and

Wakasugi (1988), inter alia.
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is la r g e ly p a r a lle l t o t h e fi r m ’s u n ila t e r a l d e via t io n in c e n t ive s . Th is in e vit a b ly im p lie s

t h a t a n o u t c o m e wh ic h is n o t s u s c e p t ib le t o s t r o n g u n ila t e r a l d e via t io n in c e n t ive s b y a n y

o f t h e p a r t ic ip a t in g fi r m s , c a n b e s u s t a in e d a s a ( s u b g a m e p e r fe c t ) e qu ilib r iu m wh e t h e r

e c o n o m ic a lly e ffi c ie n t o r n o t .

To s u m m a r is e , if e a c h fi r m ’s c o s t s h a r e is d e t e r m in e d in d e p e n d e n t ly o f t h e ir r e s p e c t ive

c o n t r ib u t io n s , it t e n d s t o e n t a il t h e c la s s ic a l fr e e r id in g p r o b le m . A lt e r n a t ive ly, if p r o fi t

s h a r in g c a n b e m a d e c o n t in g e n t u p o n e a c h fi r m s ’ s t r a t e g ic c o n t r ib u t io n d e c is io n s , t h e n

t h e b a r g a in in g b e t we e n p a r t ic ip a t in g fi r m s t e n d s t o g ive r is e t o m u lt ip le e qu ilib r ia , a m o n g

wh ic h t h e e ffo r t le ve ls a r e c o m p le m e n t a r y b e t we e n fi r m s ( i.e ., t h e lo c u s o f e qu ilib r ia is

d o wn wa r d -s lo p in g ) if n e t t jo in t r e t u r n s t o e ffo r t is s u b m o d u la r b e t we e n fi r m s ; o r c o m p le -

m e n t a r y b e t we e n fi r m s ( i.e ., t h e lo c u s o f e qu ilib r ia is u p wa r d -s lo p in g ) if n e t t jo in t r e t u r n s

t o e ffo r t is s u b m o d u la r .

Th e b a s ic s t r u c t u r e o f o u r m o d e l, t o g e t h e r wit h it s g e n e r a l qu a lit a t ive fe a t u r e , is la id

o u t in s e c t io n 2 . W e p r e s e n t illu s t r a t ive e xa m p le s in s e c t io n 3 t o d e ve lo p in t u it io n o n h o w

p r e c o m m it t e d b a r g a in in g c a n a ffe c t t h e s u s t a in a b ilit y o f e c o n o m ic a lly e ffi c ie n t o u t c o m e s .

S e c t io n 4 c o n c lu d e s t h e p a p e r . A g lim p s e o f e xt e n s io n t o a m o r e qu a n t it a t ive d e c is io n s

m a d e b y e a c h o f t h e p a r t ic ip a t in g fi r m s in a jo in t p r o je c t , is g ive n in A p p e n d ix B .

2 B asic model

W e s t a r t o u r a n a lys is fr o m a s im p le m o d e l o f c o s t - a n d p r o fi t -s h a r in g b e t we e n t wo e c o n o m ic

b o d ie s , r e fe r r e d t o a s “ fi r m 1 ” a n d “ fi r m 2 ” h e n c e fo r t h . A lt h o u g h t h e s e t wo “ fi r m s ” a r e t o

la u n c h a jo in t ly u n d e r t a ke n p r o je c t , e a c h o f t h e m is t o d e c id e , s im u lt a n e o u s ly a n d n o n c o -

o p e r a t ive ly, wh e t h e r o r n o t t o m a ke a n in c r e m e n t a l m a r g in a l c o n t r ib u t io n t o t h e jo in t

p r o je c t . Th e n e t t jo in t r e t u r n s fr o m t h e ir d e c is io n s c a n b e s u m m a r is e d in t h e fo llo win g

t a b le .

fi r m 2 c o n t r ib u t e n o t c o n t r ib u t e

fi r m 1 c o n t r ib u t e Y [1 , 1 ] Y [1 , 0 ]

n o t c o n t r ib u t e Y [0 , 1 ] Y [0 , 0 ]

Th r o u g h o u t t h e p a p e r we a s s u m e t h a t c o n t r ib u t io n s a r e m u t u a lly o b s e r va b le , s o t h a t

fi r m s c a n m a ke t h e ir s h a r e s o f n e t t p r o fi t s y1[K] a n d y2[K] c o n t in g e n t d ir e c t ly u p o n t h e
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p r o fi le o f t h e ir c o n t r ib u t io n s s u b je c t , o b vio u s ly, t o

y1[K] + y2[K] = Y [K] [K] ∈ {[1 , 1 ], [1 , 0 ], [0 , 1 ], [0 , 0 ]} .

H e n c e , t h e p r o c e d u r a l s t r u c t u r e o f t h is g a m e c a n b e s u m m a r is e d b y t h e t r e e in fi g u r e 1 .

Figur e 1 : c o s t / p r o fi t s h a r in g c o n t in g e n t u p o n c o n t r ib u t io n s .

B a r g a in in g •» »
» » »

» » »:

X X X X X X X Xz

)

{y1[1 , 1 ], y2[1 , 1 ],
y1[1 , 0 ], y2[1 , 0 ],
y1[0 , 1 ], y2[0 , 1 ],
y1[0 , 0 ], y2[0 , 0 ]}

•
fi r m 1

³ ³
³ ³

³ ³
³ ³³1c o n t r ib u t e •» »

» »»
-c o n t r ib u t e y1[1 , 1 ], y2[1 , 1 ]

X X X XX -
n o t c o n t r ib u t e

y1[1 , 0 ], y2[1 , 0 ]

P P P P P P P PPqn o t c o n t r ib u t e •

fi r m 2

» » »
»» -c o n t r ib u t e y1[0 , 1 ], y2[0 , 1 ]

X X X XX -
n o t c o n t r ib u t e

y1[0 , 0 ], y2[0 , 0 ]

n e t t p r o fi t s fo r

fi r m 1 , fi r m 2

A t t h e b e g in n in g , t h e t wo fi r m s b a r g a in 2 fo r t h e c o m p le t e c o n t in g e n t s e t o f n e t t p r o fi t

s h a r e s . To r e t a in a s m u c h g e n e r a lit y a s p o s s ib le we a vo id n a r r o wly s p e c ifyin g t h e p r o c e d u r e

o f b a r g a in in g , o t h e r t h a n im p o s in g t h e fo llo win g we a k r e g u la r it y r e qu ir e m e n t wh ic h s e e m s

p la u s ib le in a n y s t a n d a r d e c o n o m ic s e n s e .

Definition : A b a r g a in in g fu n c t io n b[·, ·, ·] = ( b1[·, ·, ·], b2[·, ·, ·]) wh e r e

y1[k1, k2] = b1 [y1[¬k1, k2], y2[k1,¬k2], Y [k1, k2]]

y2[k1, k2] = b2 [y1[¬k1, k2], y2[k1,¬k2], Y [k1, k2]]
{k1,¬k1} = {k2,¬k2} = {0 , 1 }

is s a id t o b e r egular if

• b1 in c r e a s e s in y1[¬k1, k2] , d e c r e a s e s in y2[k1,¬k2] , a n d in c r e a s e s in Y [k1, k2] ;

• b2 d e c r e a s e s in y1[¬k1, k2] , in c r e a s e s in y2[k1,¬k2] , a n d in c r e a s e s in Y [k1, k2] ;

• b1 = y1[¬k1, k2] a n d b2 = y2[k1,¬k2] wh e n e ve r y1[¬k1, k2] + y2[k1,¬k2] = Y [k1, k2] .

N o t e t h a t o u r d e fi n it io n o f r e g u la r it y im p lie s

s ig n [y1[k1, k2]− y1[¬k1, k2]] = s ig n [y2[k1, k2]− y2[k1,¬k2]] .

Th is a u t o m a t ic a lly im p lie s t h e fo llo win g g e n e r a l fe a t u r e .

2It deserves heightened attention that the presence of bargaining should not be mistaken as if we were

invoking any sort of cooperative decision making. As is well known, for instance, Nash bargaining can

be viewed as a limiting solution for Rubinstein’s bargaining, which is in fact a genuinely noncooperative

game and is entirely devoid of any form of cooperative decision making (Rubinstein, 1982).
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P r oposition 1 : Fo r a n y r e g u la r b a r g a in in g fu n c t io n b[·, ·, ·] a n d n e t t jo in t p r o fi t s c h e d u le

Y [·, ·] , wh e n e ve r a s o lu t io n
{

{yi[k1, k2]}
k2∈{0,1}
k1∈{0,1}

}

i=1,2
e xis t s , it s u s t a in s t h e e qu ilib r iu m

o u t c o m e s u c h t h a t :

• e it h e r b o t h fi r m s c o n t r ib u t e o r n e it h e r fi r m c o n t r ib u t e s if

Y [1 , 1 ] + Y [0 , 0 ] ≥ Y [1 , 0 ] + Y [0 , 1 ] ; ( 2 .1 )

• o n ly o n e o f t h e t wo fi r m s c o n t r ib u t e s if

Y [1 , 1 ] + Y [0 , 0 ] ≤ Y [1 , 0 ] + Y [0 , 1 ] . ( 2 .2 )

In wo r d s , {c o n t r ib u t e , c o n t r ib u t e } a n d {n o t c o n t r ib u t e , n o t c o n t r ib u t e } a r e e qu ilib r iu m

o u t c o m e s if t h e n e t t g a in s fr o m t h e t wo fi r m s ’ c o n t r ib u t io n s a r e s u p e r a d d it ive ( a s in

in e qu a lit y ( 2 .1 ) ) .3 Ot h e r wis e , if t h e s t r a t e g ic c o n t r ib u t io n d e c is io n s a r e t o yie ld s u b a d -

d it ive n e t t p r o fi t s ( in d ic a t e d b y in e qu a lit y ( 2 .2 ) , t h e n {c o n t r ib u t e , n o t c o n t r ib u t e } a n d

{n o t c o n t r ib u t e , c o n t r ib u t e } a r e e qu ilib r iu m o u t c o m e s .4

E conomic implication : P r o p o s it io n 1 im p lie s t h a t , in t h e p r o s p e c t o f b a r g a in in g

b e t we e n t h e p a r t ic ip a n t fi r m s in s id e t h e jo in t p r o je c t , t h e e qu ilib r ia r e s u lt in g fr o m e a c h

fi r m ’s “ s e lfi s h ” c o n t r ib u t io n d e c is io n s a r e d e t e r m in e d s o le ly o n t h e g r o u n d s o f s u p e r -/ s u b -

a d d it ivit y o f t h e n e t t g a in s fr o m c o n t r ib u t io n s , n o t o n t h e g r o u n d s o f e ffi c ie n t o u t c o m e s

per se. Th is c a n b e illu s t r a t e d in fi g u r e 2 , wh e r e t h e m o s t e ffi c ie n t c o n t r ib u t io n p r o fi le s

c h a n g e a c r o s s t h ic ke n e d b o r d e r s . Th e y a r e s u s t a in a b le t h r o u g h N a s h b a r g a in in g wh e r e

c ir c le d , u n s u s t a in a b le wh e r e c r o s s e d o u t . Fo r , t o t h e u p p e r -r ig h t o f t h e d a s h e d d ia g o n a l

t h e e qu ilib r iu m p r o fi le s a r e [1 , 0 ] a n d [0 , 1 ], t o it s lo we r -le ft t h e y a r e [1 , 1 ] a n d [0 , 0 ].

3Here, we refer to the discrete action version of superadditivity Y [1, 1] − Y [0, 1] ≥ Y [1, 0] − Y [0, 0]

and submodularity Y [1, 1] − Y [0, 1] ≤ Y [1, 0] − Y [0, 0] . In the former, the incentives for (or against)

contribution are supermodular between the two firms (i.e., one firm’s incentive to contribute is higher

when the other firm does likewise than when the other firm does elsewise). In the latter, these incentives

are submodular.

4Again, the analysis of R&D activity provides well known examples of both subadditivity and super-

additivity, depending upon whether the choice of R&D efforts is followed by Cournot or Bertrand compe-

tition (see Brander and Spencer, 1983; Dixon, 1985; Bester and Petrakis, 1993).
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Figur e 2 : e ffi c ie n t o u t c o m e s a n d t h e ir s u s t a in a b ilit y via N a s h b a r g a in in g :

(2a) wh e n Y [1 , 1 ]− Y [0 , 0 ] = β ≥ 0 ;

0

Y [0 , 1 ]− Y [0 , 0 ]

Y [1 , 0 ]− Y [0 , 0 ]

β

0
Y [1 , 1 ]− Y [1 , 0 ]
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β

@
@@

@
@@

@
@@

@
@@

@
@@

@
@@

@
@@

@
@@

1 , 0©

1 , 0©
1 , 0×

0 , 1©
0 , 1©

0 , 1×

1 , 1©

1 , 1©

1 , 1×

--

66

¾¾

??

¡
¡
¡
¡
¡
¡¡

¡
¡
¡
¡
¡
¡¡

(2b) wh e n Y [1 , 1 ]− Y [0 , 0 ] = γ ≤ 0 .

0

Y [0 , 1 ]− Y [0 , 0 ]

Y [1 , 0 ]− Y [0 , 0 ]
γ 0
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3 I llustr ative examples

P r o b a b ly t h e m o s t p o p u la r ly a c c e p t e d b a r g a in in g s o lu t io n c o n c e p t is t h e N a s h s o lu t io n .5

L e t t h e r a t io o f b a r g a in in g p o we r b e t we e n t h e t wo fi r m s b e ψ1 : ψ2 . Th e t wo fi r m s ’ n e t t

p r o fi t s h a r e s wh e n b o t h fi r m s c o n t r ib u t e a r e d e t e r m in e d a s

y1[1 , 1 ]− y1[0 , 1 ]

ψ1

=
y2[1 , 1 ]− y2[1 , 0 ]

ψ2

, y1[1 , 1 ] + y2[1 , 1 ] = Y [1 , 1 ] . ( 3 .1 )

In wo r d s , fi r m 1 ’s in c e n t ive ( o r d is in c e n t ive ) t o “ d e via t e ” fr o m c o n t r ib u t io n ( [1 , ·]) t o n o

c o n t r ib u t io n ( [0 , ·]) s h o u ld b e m a t c h e d a g a in s t t h a t fo r fi r m 2 ( fr o m [·, 1 ] t o [·, 0 ]) , we ig h t e d

b y t h e ir r e s p e c t ive b a r g a in in g p o we r .6 L ike wis e ,

y1[1 , 0 ]− y1[0 , 0 ]

ψ1

=
y2[1 , 0 ]− y2[1 , 1 ]

ψ2

, y1[1 , 0 ] + y2[1 , 0 ] = Y [1 , 0 ] , ( 3 .2 )

y1[0 , 1 ]− y1[1 , 1 ]

ψ1

=
y2[0 , 1 ]− y2[0 , 0 ]

ψ2

, y1[0 , 1 ] + y2[0 , 1 ] = Y [0 , 1 ] , ( 3 .3 )

y1[0 , 0 ]− y1[1 , 0 ]

ψ1

=
y2[0 , 0 ]− y2[0 , 1 ]

ψ2

, y1[0 , 0 ] + y2[0 , 0 ] = Y [0 , 0 ] . ( 3 .4 )

Th e a b o ve s ys t e m o f e ig h t e qu a t io n s wit h e ig h t u n kn o wn s le a ve s o n e d e g r e e o f fr e e d o m

a n d g ive s u s t h e g e n e r a l s o lu t io n

y1[0 , 0 ] + y2[0 , 0 ] = Y [0 , 0 ] ,

y1[1 , 1 ] = y1[0 , 0 ] +
Y [1 , 1 ]− Y [1 , 0 ] + Y [0 , 1 ]− Y [0 , 0 ]

2
,

y2[1 , 1 ] = y2[0 , 0 ] +
Y [1 , 1 ]− Y [0 , 1 ] + Y [1 , 0 ]− Y [0 , 0 ]

2
,

y1[1 , 0 ] = y1[0 , 0 ] +
ψ1 ( Y [0 , 1 ] + Y [1 , 0 ]− Y [1 , 1 ]− Y [0 , 0 ])

2 ( ψ1 + ψ2 )
,

y2[0 , 1 ] = y2[0 , 0 ] +
ψ2 ( Y [1 , 0 ] + Y [0 , 1 ]− Y [1 , 1 ]− Y [0 , 0 ])

2 ( ψ2 + ψ1 )
,

5For algebraic simplicity, we treat Nash bargaining as sharing of the nett excess surplus, i.e., the nett

profit differential in comparison to the “outside option” available to each firm, be the excess surplus

positive or negative. The qualitative nature of the game would stand largely unaffected if we interpreted

it as sharing of a positive excess surplus only, not adopting the same form of solution when the excess

surplus is negative. The latter is technically more intricate but can be plausible depending upon what

sort of economic circumstance is in question (see Appendix A).

6Again, in our metaphor to Rubinstein’s bargaining and its limiting solution, this corresponds to the

case where the two firms’ degrees of patience, measured in terms of discount rates r1 and r2 , are in the

ratio r1 : r2 =
1

ψ1

:
1

ψ2

. As we see hereinafter, we introduce these bargaining power parameters for the

sake of completeness, or differently put, to demonstrate that our qualitative results do not hinge upon

the distribution of bargaining power between the participating firms.
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y1[0 , 1 ] = y1[0 , 0 ] +
ψ2 ( Y [1 , 1 ]− Y [1 , 0 ]) + ( 2 ψ1 + ψ2 ) ( Y [0 , 1 ]− Y [0 , 0 ])

2 ( ψ1 + ψ2 )
,

y2[1 , 0 ] = y2[0 , 0 ] +
ψ1 ( Y [1 , 1 ]− Y [0 , 1 ]) + ( 2 ψ2 + ψ1 ) ( Y [1 , 0 ]− Y [0 , 0 ])

2 ( ψ2 + ψ1 )
.

E xample 1 : A priori e qu a l b a r g a in in g p o we r ψ1 = ψ2 , t h e p r iva t e c o s t o f c o n t r i-

b u t io n is £8 m illio n p e r fi r m wh ils t t h e g r o s s b e n e fi t fr o m c o n t r ib u t io n is £ 1 0 m illio n if

o n ly o n e fi r m c o n t r ib u t e s a n d £2 4 m illio n if b o t h c o n t r ib u t e .

Th e n e t t jo in t r e t u r n t a b le b e c o m e s :

fi r m 2 c o n t r ib u t e n o t c o n t r ib u t e

fi r m 1 c o n t r ib u t e Y [1 , 1 ] = 8 Y [1 , 0 ] = 2

n o t c o n t r ib u t e Y [0 , 1 ] = 2 Y [0 , 0 ] = 0

in £ m illio n .

Th e n e t t jo in t r e t u r n fr o m a s o le fi r m ’s c o n t r ib u t io n is £2 m illio n wh ils t t h a t fr o m a n

a d d it io n a l fi r m ’s c o n t r ib u t io n is £6 m illio n , wh e r e b y n e t t r e t u r n s fr o m c o n t r ib u t io n is

s u p e r a d d it ive b e t we e n t h e t wo fi r m s .

A s a fo r e m e n t io n e d t h e r e a r e a c o n t in u u m o f b a r g a in in g s o lu t io n s , b u t t h e r e is o n ly

o n e s ym m e t r ic s o lu t io n 7 ( in £ m illio n ) :

y1[0 , 0 ] = y2[0 , 0 ] = 0 , y1[1 , 0 ] = y2[0 , 1 ] = − 1 ,

y1[0 , 1 ] = y2[1 , 0 ] = 3 , y1[1 , 1 ] = y2[1 , 1 ] = 4 .

Th is e n t a ils t wo p u r e s t r a t e g y s u b g a m e p e r fe c t e qu ilib r ia ( s im p ly “ e qu ilib r ia ” h e r e in a ft e r

u n le s s o t h e r wis e s p e c ifi e d ) , in o n e o f wh ic h n e it h e r fi r m c o n t r ib u t e s , in t h e o t h e r b o t h

fi r m s c o n t r ib u t e a n d s h a r e t h e p r o fi t e qu a lly. Th is r e fl e c t s t h e fa c t t h a t n e t t r e t u r n s

fr o m c o n t r ib u t io n is s u p e r a d d it ive ( s e e P r o p o s it io n 1 in s e c t io n 2 ) . Ob vio u s ly, t h e la t t e r

e qu ilib r iu m e n t a ils t h e m o s t e ffi c ie n t ( fi r s t b e s t ) o u t c o m e .

W e r e t h e r e n o b a r g a in in g , in s t e a d if t h e t wo fi r m s we r e t o s h a r e t h e g r o s s p r o fi t

e qu a lly ir r e s p e c t ive o f t h e ir c o n t r ib u t io n s , t h e n t h e u n iqu e e qu ilib r iu m o u t c o m e wo u ld b e

fo r n e it h e r fi r m t o c o n t r ib u t e . Th is is d u e t o t h e c la s s ic a l fr e e r id in g p r o b le m le a d in g t o

u n d e r in c e n t ive s fo r e a c h fi r m t o c o n t r ib u t e . It is h e r e b y c o n c lu d e d t h a t t h e p r o s p e c t o f

b a r g a in in g c a n h e lp s u s t a in t h e e c o n o m ic a lly e ffi c ie n t o u t c o m e .

7We list the symmetric solution for nothing but concreteness. The set of equilibrium outcomes would,

of course, be the same whether we selected the symmetric bargaining solution or an asymmetric solution.
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E xample 2 : A priori e qu a l b a r g a in in g p o we r ψ1 = ψ2 , t h e p r iva t e c o s t o f c o n t r i-

b u t io n is £2 m illio n p e r fi r m wh ils t t h e g r o s s b e n e fi t fr o m c o n t r ib u t io n is £ 1 0 m illio n if

o n ly o n e fi r m c o n t r ib u t e s a n d £1 6 m illio n if b o t h c o n t r ib u t e .

Th e n e t t jo in t r e t u r n t a b le b e c o m e s :

fi r m 2 c o n t r ib u t e n o t c o n t r ib u t e

fi r m 1 c o n t r ib u t e Y [1 , 1 ] = 1 2 Y [1 , 0 ] = 8

n o t c o n t r ib u t e Y [0 , 1 ] = 8 Y [0 , 0 ] = 0

in £ m illio n .

Th e n e t t jo in t r e t u r n fr o m a s o le fi r m ’s c o n t r ib u t io n is £8 m illio n wh ils t t h a t fr o m a n

a d d it io n a l fi r m ’s c o n t r ib u t io n is £4 m illio n , wh e r e b y n e t t r e t u r n s fr o m c o n t r ib u t io n is

s u b a d d it ive b e t we e n t h e t wo fi r m s .

Th e u n iqu e s ym m e t r ic s o lu t io n ( in £ m illio n ) is :

y1[0 , 0 ] = y2[0 , 0 ] = 0 , y1[1 , 0 ] = y2[0 , 1 ] = 1 ,

y1[0 , 1 ] = y2[1 , 0 ] = 7 , y1[1 , 1 ] = y2[1 , 1 ] = 6 ,

wh e r e t h e e qu ilib r ia a r e fo r o n ly o n e o f t h e fi r m s t o c o n t r ib u t e a n d t a ke £ 3 m illio n o u t

o f t h e g r o s s p r o fi t o f £1 0 m illio n wh ils t t h e o t h e r fi r m t a ke s t h e r e m a in d e r , £7 m illio n ,

wit h o u t m a kin g c o n t r ib u t io n . Th is is t h e r e fl e xio n o f t h e s u b a d d it ivit y o f n e t t r e t u r n s

fr o m c o n t r ib u t io n .

Ob vio u s ly, t h e n e t t r e t u r n fr o m c o n t r ib u t io n is a lwa ys p o s it ive , h e n c e e c o n o m ic a lly

t h e m o s t e ffi c ie n t o u t c o m e wo u ld b e fo r b o t h fi r m s t o c o n t r ib u t e , wh ic h is n e ve r t h e le s s

u n s u s t a in a b le t h r o u g h b a r g a in in g . W it h o u t b a r g a in in g , if t h e t wo fi r m s we r e t o s p lit

t h e g r o s s p r o fi t a lwa ys e ve n ly, t h e n t h e e ffi c ie n t o u t c o m e wo u ld in d e e d b e t h e u n iqu e

e qu ilib r iu m o u t c o m e . In t h is c a s e , u n like in o u r p r e vio u s e xa m p le , b a r g a in in g h in d e r s t h e

s u s t a in a b ilit y o f e c o n o m ic a lly t h e m o s t e ffi c ie n t o u t c o m e .

E xample 3 : A priori e qu a l b a r g a in in g p o we r ψ1 = ψ2 , t h e p r iva t e c o s t o f c o n t r i-

b u t io n is n il fo r fi r m 1 a n d £ 1 0 m illio n fo r fi r m 2 , wh ils t t h e g r o s s b e n e fi t fr o m c o n t r ib u t io n

is £4 m illio n if o n ly o n e fi r m c o n t r ib u t e s a n d £1 2 m illio n if b o t h c o n t r ib u t e .

Th e n e t t jo in t r e t u r n t a b le is :
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fi r m 2 c o n t r ib u t e n o t c o n t r ib u t e

fi r m 1 c o n t r ib u t e Y [1 , 1 ] = 2 Y [1 , 0 ] = 4

n o t c o n t r ib u t e Y [0 , 1 ] = − 6 Y [0 , 0 ] = 0

in £ m illio n .

A s t h is g a m e is a priori a s ym m e t r ic b e t we e n t h e t wo fi r m s , t h e r e is n o “ s ym m e t r ic ”

s o lu t io n . On e o f t h e s o lu t io n s is

y1[0 , 0 ] = y2[0 , 0 ] = 0 , y1[1 , 0 ] = y2[0 , 1 ] = − 1 ,

y1[0 , 1 ] = −5 , y2[1 , 0 ] = 5 , y1[1 , 1 ] = −4 , y2[1 , 1 ] = 6 ,

wh ic h a c c o m m o d a t e s t wo e qu ilib r ia , in o n e o f wh ic h n e it h e r fi r m c o n t r ib u t e s , in t h e o t h e r

b o t h fi r m s c o n t r ib u t e . Ob vio u s ly in t h is c a s e fi r m 1 ’s c o n t r ib u t io n is u n ifo r m ly e ffi c ie n t

wh ils t fi r m 2 ’s c o n t r ib u t io n is u n ifo r m ly in e ffi c ie n t , h e n c e t h e m o s t e ffi c ie n t o u t c o m e is

o n ly fo r fi r m 1 n o t fo r fi r m 2 t o c o n t r ib u t e . Th is e ffi c ie n t o u t c o m e wo u ld b e s u s t a in a b le

if g r o s s p r o fi t s a r e s h a r e d e ve n ly a ll t h e t im e , b u t is n o t s u s t a in a b le wit h t h e b a r g a in in g

fo r p r o fi t s h a r in g s c h e d u le s .

4 Conclusion

S t a n d a r d g a m e -t h e o r e t ic lit e r a t u r e h a s it t h a t , in a n y jo in t ly u n d e r t a ke n p r o d u c t ive

a c t ivit y, if t h e p r o fi t s h a r in g s c h e d u le c a n n o t b e m a d e c o n t in g e n t u p o n t h e le ve l o f e ffo r t

e xe r t e d b y e a c h p a r t ic ip a t in g fi r m a n d h e n c e e a c h fi r m in e vit a b ly b e a r s it s o wn e ffo r t

c o s t s , t h e n t h e r e a r is e s s ys t e m a t ic u n d e r in c e n t ive s fo r e ffo r t s , e n t a ilin g lo we r a g g r e g a t e

e ffo r t t h a n e c o n o m ic a lly e ffi c ie n t . Th is is t h e c la s s ic a l fr e e r id in g p r o b le m .

W h a t we h a ve s h o wn in t h is p a p e r is t h a t b a r g a in in g o ve r a p r o fi t s h a r in g s c h e d u le t h a t

is c o n t in g e n t u p o n o b s e r ve d e ffo r t e xe r t e d b y e a c h p a r t ic ip a t in g fi r m [I] c a n a lle via t e t h e

fr e e r id in g p r o b le m , ye t [II] t e n d s t o e n t a il a p r o fi le o f e ffo r t le ve ls b a s e d s o le ly u p o n t h e

s u p e r -/ s u b -a d d it ivit y o f n e t t r e t u r n s t o e ffo r t , ir r e s p e c t ive o f t h e n e t t jo in t p r o d u c t ivit y o f

e ffo r t . Th e la t t e r in e vit a b ly im p lie s t h a t [IIa ] wh e n n e t t r e t u r n s t o e ffo r t a r e s u b a d d it ive ,

a fi r m ’s lo w e ffo r t t e n d s t o b e t r a d e d fo r a n o t h e r fi r m ’s h ig h e ffo r t e ve n wh e n t h e jo in t n e t t

r e t u r n s t o e ffo r t is u n ifo r m ly p o s it ive ( in wh ic h c a s e t h e e ffi c ie n t o u t c o m e o f a ll fi r m s ’ h ig h

e ffo r t b e c o m e s u n s u s t a in a b le ) o r wh e n t h e jo in t n e t t r e t u r n s is u n ifo r m ly n e g a t ive ( wh e r e

t h e e ffi c ie n t o u t c o m e wo u ld b e a ll fi r m s ’ lo w e ffo r t ) , a n d t h a t [IIb ] wh e n n e t t r e t u r n s t o
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e ffo r t a r e s u p e r a d d it ive , a fi r m ’s h ig h e ffo r t t e n d s t o lin k wit h a n o t h e r fi r m ’s h ig h e ffo r t ,

wh e r e b y t h e s ys t e m fa ils t o s e le c t fo r a n e ffi c ie n t fi r m a g a in s t a n in e ffi c ie n t fi r m .

Appendix A

Th e a lt e r n a t ive , t e c h n ic a lly m o r e in t r ic a t e , s c e n a r io is t h a t fi r m s m u s t fo llo w N a s h s o lu t io n

o n ly if e a c h fi r m ’s e xc e s s s u r p lu s s h a r e is p o s it ive . Th e s ys t e m o f e qu a t io n s ( 3 .1 ) t h r o u g h

( 3 .4 ) is n o w r e p la c e d wit h :

y1[1 , 1 ]− y1[0 , 1 ]

ψ1

=
y2[1 , 1 ]− y2[1 , 0 ]

ψ2

if y1[1 , 1 ] + y2[1 , 1 ] = Y [1 , 1 ] ≥ y1[0 , 1 ] + y2[1 , 0 ] ,

y1[1 , 0 ]− y1[0 , 0 ]

ψ1

=
y2[1 , 0 ]− y2[1 , 1 ]

ψ2

if y1[1 , 0 ] + y2[1 , 0 ] = Y [1 , 0 ] ≥ y1[0 , 0 ] + y2[1 , 1 ] ,

y1[0 , 1 ]− y1[1 , 1 ]

ψ1

=
y2[0 , 1 ]− y2[0 , 0 ]

ψ2

if y1[0 , 1 ] + y2[0 , 1 ] = Y [0 , 1 ] ≥ y1[1 , 1 ] + y2[0 , 0 ] ,

y1[0 , 0 ]− y1[1 , 0 ]

ψ1

=
y2[0 , 0 ]− y2[0 , 1 ]

ψ2

if y1[0 , 0 ] + y2[0 , 0 ] = Y [0 , 0 ] ≥ y1[1 , 0 ] + y2[0 , 1 ] .

It is in t u it ive ly c le a r t h a t t h is le a d s t o t h e s a m e e qu ilib r iu m r e s u lt a s in P r o p o s it io n 1 ,

a lt h o u g h t h e e xa c t s e t o f s u s t a in a b le s o lu t io n s c a n n o w h a ve o n e m o r e d e g r e e o f fr e e d o m

t h a n in s e c t io n 2 ( t h a t is , t wo d e g r e e s o f fr e e d o m in t o t a l) .

Appendix B

Ou r b a s ic a n a lys is in s e c t io n 2 c a n b e s t r a ig h t fo r wa r d ly e xt e n d e d t o a d e s c r e t e c o n t r i-

b u t io n s s p a c e . A s s u m e n o w t h a t e a c h o f t h e t wo fi r m s h a s a t r in a r y, a s o p p o s e d t o t h e

p r e vio u s ly b in a r y, c h o ic e o f c o n t r ib u t in g e it h e r 0 , 1 , o r 2 u n it s t o t h e jo in t ly u n d e r t a ke n

p r o je c t . Th e n e t t jo in t r e t u r n s t a b le n o w b e c o m e s a s fo llo ws .

fi r m 2 2 u n it s 1 u n it 0 u n it s

2 u n it s Y [2 , 2 ] Y [2 , 1 ] Y [2 , 0 ]

fi r m 1 1 u n it Y [1 , 2 ] Y [1 , 1 ] Y [1 , 0 ]

0 u n it s Y [0 , 2 ] Y [0 , 1 ] Y [0 , 0 ]

A c c o r d in g ly, o u r c o n c e p t o f r e g u la r it y n e e d s t o b e r e d e fi n e d a s fo llo ws .
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Redefinition : A b a r g a in in g fu n c t io n b[·, ·, ·] = ( b1[·, ·, ·], b2[·, ·, ·]) :

y1[k1, k2] = b1 [m a x y1[¬k1, k2], m a x y2[k1,¬k2], Y [k1, k2]] ,

y2[k1, k2] = b2 [m a x y1[¬k1, k2], m a x y2[k1,¬k2], Y [k1, k2]] ,

wh e r e

m a x y1[¬k1, k2] ≡ m a x {y1[k
•
1, k2], y1[k

◦
1, k2]} {k1, k

•
1, k

◦
1} = {0 , 1 , 2 } ,

m a x y2[k1,¬k2] ≡ m a x {y2[k1, k
•
2], y1[k1, k

◦
2]} {k2, k

•
2, k

◦
2} = {0 , 1 , 2 } ,

is s a id t o b e r egular if

• b1 in c r e a s e s in m a xy1[¬k1, k2] , d e c r e a s e s in m a xy2[k1,¬k2] , a n d in c r e a s e s in Y [k1, k2] ;

• b2 d e c r e a s e s in m a xy1[¬k1, k2] , in c r e a s e s in m a xy2[k1,¬k2] , a n d in c r e a s e s in Y [k1, k2] ;

• b1 = m a x y1[¬k1, k2] a n d b2 = m a x y2[k1,¬k2] wh e n e ve r

m a x y1[¬k1, k2] + m a x y2[k1,¬k2] = Y [k1, k2] .

Ou r in t e r e s t is n o t in a n e xh a u s t ive e qu ilib r iu m c o m p a r a t ive s t a t ic s r e s u lt o n t h is g a m e ,

b u t in s t e a d in t h e fo llo win g a n a lo g u e o f o u r fo r e g o in g P r o p o s it io n 1 ( s e e s e c t io n 2 ) .8

P r oposition 2 :

• Th e t wo fi r m s ’ c o n t r ib u t in g t h e s a m e n u m b e r o f u n it s , e it h e r 0 , 1 , o r 2 u n it s e a c h ,

is a n e qu ilib r iu m o u t c o m e if

Y [2 , 2 ] + Y [1 , 1 ] ≥ Y [2 , 1 ] + Y [1 , 2 ] ; ( B .1 )

Y [2 , 2 ] + Y [0 , 0 ] ≥ Y [2 , 0 ] + Y [0 , 2 ] ; ( B .2 )

Y [1 , 1 ] + Y [0 , 0 ] ≥ Y [1 , 0 ] + Y [0 , 1 ] . ( B .3 )

• Th e t wo fi r m s ’ c o n t r ib u t in g t wo u n it s a lt o g e t h e r , b e it s p lit 2 -0 o r 1 -1 , is a n

e qu ilib r iu m o u t c o m e if

Y [2 , 0 ] + Y [1 , 1 ] ≥ Y [2 , 1 ] + Y [0 , 1 ] ; ( B .4 )

Y [2 , 0 ] + Y [0 , 2 ] ≥ Y [2 , 2 ] + Y [0 , 0 ] ; ( B .5 )

Y [1 , 1 ] + Y [0 , 2 ] ≥ Y [1 , 0 ] + Y [1 , 2 ] . ( B .6 )

8Note that Proposition 2, unlike Proposition 1, does not exhaust the entire feasible range of parameter

values Y [·, ·] . For instance, it is possible that inequality (B.1) may be satisfied whilst inequalities (B.2)

and (B.3) may be violated. Our intention here is to focus on those two cases listed specifically on

Proposition 2, as these two are the relevant cases hereinafter.
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N a m e ly, wh e n t h e n e t t g a in s fr o m t h e t wo fi r m s ’ c o n t r ib u t io n s a r e s u p e r a d d it ive in t h e

s e n s e o f p o s it ive a ffi lia t io n ( a s in ( B .1 ) t h r o u g h ( B .3 ) ) t h e t wo fi r m s ’ e qu ilib r iu m c o n t r i-

b u t io n s a r e s t r a t e g ic a lly p e r fe c t ly c o m p le m e n t a r y ; o t h e r wis e wh e n t h e n e t t g a in s a r e

s u b a d d it ive ( a s in ( B .4 ) t h r o u g h ( B .6 ) ) t h e e qu ilib r iu m c o n t r ib u t io n s a r e s t r a t e g ic a lly

p e r fe c t ly s u b s t it u t a b le b e t we e n t h e t wo fi r m s .

Th e r e a s o n wh y t h e s e t wo “ e xt r e m e ” c a s e s a p p e a l t o o u r in t e r e s t is b e c a u s e t h e y e n a b le

u s t o e xt r a p o la t e o u r a n a lys is fu r t h e r t o a c o n t in u o u s c o n t r ib u t io n s s p a c e . A n a n a lo g u e

o f P r o p o s it io n s 1 a n d 2 is a s b e lo w.

P r oposition 3 :

• Th e t wo fi r m s ’ e ffo r t le ve ls k1, k2 a r e c o m p le m e n t a r y a lo n g t h e lo c u s o f e qu ilib r ia if
∂2Y [k1, k2]

∂k1 ∂k2
> 0 ;

• Th e t wo fi r m s ’ e ffo r t le ve ls k1, k2 a r e s u b s t it u t io n a l a lo n g t h e lo c u s o f e qu ilib r ia if
∂2Y [k1, k2]

∂k1 ∂k2
< 0 .
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