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Abstr act

N onpar ametr ic testable r estr ictions of household behavior

Th is p a p e r e xt e n d s t h e a n a lys is o f t e s t a b le r e s t r ic t io n s o f n o n p a r a m e t r ic e qu ilib r iu m
m o d e ls t o a m o d e l o f h o u s e h o ld la b o r s u p p ly. W e u s e s e m ia lg e b r a ic t h e o r y t o d e r ive
n o n p a r a m e t r ic t e s t a b le r e s t r ic t io n s o f P a r e t o e ± c ie n t b a r g a in in g b e h a vio r wit h in
a h o u s e h o ld . Th e s e t e s t s a r e a n a lo g o u s in fo r m t o S a m u e ls o n 's W e a k A xio m o f
R e ve a le d P r e fe r e n c e ( W A R P ) a n d a r e d e ¯ n e d o n ly o ve r p o t e n t ia lly o b s e r va b le va r i-
a b le s : h o u s e h o ld -le ve l d a t a p lu s in d ivid u a l la b o r s u p p lie s . Th u s wit h o u t o b s e r vin g
t h e a llo c a t io n o f c o n s u m p t io n wit h in t h e h o u s e h o ld , we c a n n o n p a r a m e t r ic a lly t e s t
wh e t h e r t h e r e e xis t n o n s a t ia t e d u t ilit y fu n c t io n s s u c h t h a t t h e h o u s e h o ld 's b e h a vio r
is c o n s is t e n t wit h P a r e t o e ± c ie n c y. W e a p p ly t h e s e t e s t s t o d a t a fr o m t h e N a t io n a l
L o n g it u d in a l S u r ve ys o n U .S . h o u s e h o ld s a n d ¯ n d t h a t t h e r e d o e xis t p r e fe r e n c e s
t h a t a r e c o n s is t e n t wit h P a r e t o e ± c ie n c y fo r e a c h h o u s e h o ld in t h e d a t a s e t .

Keywor ds: h o u s e h o ld b a r g a in in g , r e ve a le d p r e fe r e n c e , qu a n t ī e r e lim in a t io n , Fo u r ie r -
Mo t z kin e lim in a t io n

JE L Classi¯cation: D 1 1 ,D 1 2



1 I ntr oduction

E c o n o m is t s o ft e n t r e a t t h e h o u s e h o ld a s a s in g le , u t ilit y-m a xim iz in g a g e n t , r e g a r d -
le s s o f t h e n u m b e r o f m e m b e r s wh o m a ke u p t h e h o u s e h o ld . Th e r e is c e r t a in ly
in t u it ive a p p e a l t o t h e id e a t h a t a h o u s e h o ld 's m e m b e r s h a ve c o m m o n g o a ls u p o n
wh ic h t h e y a c t ; h o we ve r , m o d e lin g h o u s e h o ld s in t h is wa y is o ft e n in c o n s is t e n t wit h
t h e d o m in a n t m o d e l o f b e h a vio r in e c o n o m ic s , t h e m o d e l o f t h e in d ivid u a l r a t io n a l
d e c is io n m a ke r . On e r e a s o n fo r t h e p e r s is t e n c e o f t h e u n it a r y m o d e l o f t h e h o u s e h o ld
is t h a t o b s e r vin g in t r a -h o u s e h o ld d e c is io n m a kin g p r o c e s s e s , a llo c a t io n s , o r in c o m e
d ivis io n s is g e n e r a lly d i± c u lt . Mo r e o ft e n d a t a a r e a va ila b le a t t h e h o u s e h o ld le ve l.
Th u s if we wa n t t o m o d e l h o u s e h o ld s a s c o lle c t io n s o f in d ivid u a lly r a t io n a l a g e n t s ,
we s h o u ld a s k wh a t e m p ir ic a l im p lic a t io n s fo r h o u s e h o ld b e h a vio r r e s u lt fr o m in d i-
vid u a l u t ilit y m a xim iz a t io n .

Th is p a p e r u s e s s e m ia lg e b r a ic t h e o r y t o d e r ive n o n p a r a m e t r ic t e s t a b le r e s t r ic -
t io n s o f P a r e t o e ± c ie n t b a r g a in in g b e h a vio r wit h in t h e h o u s e h o ld . Th e s e t e s t s a r e in
t h e fo r m o f a s e t o f p o lyn o m ia l in e qu a lit ie s d e ¯ n e d o n ly o ve r p o t e n t ia lly o b s e r va b le
va r ia b le s : h o u s e h o ld -le ve l d a t a p lu s in d ivid u a l la b o r s u p p lie s . Th e d e r ive d t e s t s a r e
a n a lo g o u s in fo r m t o S a m u e ls o n 's W e a k A xio m o f R e ve a le d P r e fe r e n c e ( W A R P ) , a
n o n p a r a m e t r ic t e s t o f in d ivid u a l u t ilit y m a xim iz a t io n . Th e s e t e s t a b le r e s t r ic t io n s
a r e n e c e s s a r y a n d s u ± c ie n t c o n d it io n s ; a s s u c h t h e y a r e a ll t h e t e s t a b le r e s t r ic t io n s
o f t h e m o d e l g ive n t h e d a t a we a s s u m e a r e o b s e r va b le .

A p r e vio u s a p p r o a c h t o t h is p r o b le m is fo u n d in Ch ia p p o r i ( 1 9 8 8 ) , wh o ¯ r s t
p r e s e n t e d n o n -va c u o u s t e s t a b le r e s t r ic t io n s o n h o u s e h o ld -le ve l d a t a a n d in d ivid u a l
la b o r s u p p lie s o f P a r e t o e ± c ie n t b e h a vio r wit h in t h e h o u s e h o ld . Th e s e a r e n e c e s s a r y
a n d s u ± c ie n t t e s t s t h a t a r e in t h e fo r m o f ¯ n d in g wh e t h e r a s e t o f p o lyn o m ia l
in e qu a lit ie s h a s a s o lu t io n | if t h e p r o g r a m h a s a s o lu t io n , t h e n t h e d a t a a r e
c o n s is t e n t wit h t h e m o d e l; if n o t , t h e d a t a a r e n o t c o n s is t e n t wit h t h e m o d e l.

A r e la t e d p r o b le m is t h a t o f d e t e r m in in g t h e e m p ir ic a l im p lic a t io n s fo r a g g r e g a t e
d e m a n d d a t a g e n e r a t e d b y in d ivid u a l u t ilit y m a xim iz a t io n . Mo s t r e s u lt s r e la t in g t o
t h is p r o b le m a r e n e g a t ive , h o we ve r ; fo r e xa m p le , we ll-kn o wn r e s u lt s in a g g r e g a t io n
t h e o r y t e ll u s t h a t t h e a g g r e g a t e d e m a n d o f a g r o u p o f r a t io n a l d e c is io n m a ke r s h a s
t h e s a m e c h a r a c t e r is t ic s a s t h e d e m a n d o f o n e r a t io n a l d e c is io n m a ke r o n ly u n d e r ve r y
s t r o n g r e s t r ic t io n s ( S h a fe r a n d S o n n e n s c h e in , 1 9 8 2 ) . On e p o s it ive r e s u lt r e la t in g t o
t h is p r o b le m is s h o wn b y B r o wn a n d Ma t z kin ( 1 9 9 6 ) , wh o u s e s e m ia lg e b r a ic t h e o r y
t o ¯ n d n o n -va c u o u s t e s t a b le r e s t r ic t io n s o n d is c r e t e o b s e r va t io n s o f t h e e qu ilib r iu m
m a n ifo ld o f a n e c o n o m y. Th u s t h e r e a r e in t e r e s t in g e m p ir ic a l im p lic a t io n s g e n e r a t e d
b y c o m p e t it ive e qu ilib r iu m b e h a vio r o n a g g r e g a t e -le ve l d a t a t o g e t h e r wit h in d ivid u a l
e n d o wm e n t s o r in c o m e s . A n o t h e r in t e r p r e t a t io n o f t h e ir r e s u lt is t h a t in d ivid u a l
u t ilit y m a xim iz a t io n g e n e r a t e s e m p ir ic a l im p lic a t io n s o n a g g r e g a t e d e m a n d d a t a
t o g e t h e r wit h d a t a o n in d ivid u a l in c o m e s fo r m e m b e r s o f a g r o u p o r e c o n o m y.

In t h is p a p e r we m e r g e t h e s e t wo a p p r o a c h e s : u s in g s e m ia lg e b r a ic t h e o r y in -
t r o d u c e d in B r o wn a n d Ma t z kin ( 1 9 9 6 ) , we d e r ive t e s t a b le r e s t r ic t io n s fo r P a r e t o
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e ± c ie n t in t r a -h o u s e h o ld a llo c a t io n . Th e s e t e s t s a r e o f a d i®e r e n t fo r m t h a n , b u t
a r e e qu iva le n t t o , t h e lin e a r p r o g r a m m in g t e s t s d e r ive d in Ch ia p p o r i ( 1 9 8 8 ) . L ike
W A R P , t h e s e t e s t s will b e e a s y t o a p p ly in p r a c t ic e , a n d c a n b e r e a d ily c o m p a r e d
t o a n d in t e r p r e t e d in t e r m s o f t h e n o n p a r a m e t r ic t e s t a b le r e s t r ic t io n s o f o t h e r h y-
p o t h e s e s o f h o u s e h o ld b e h a vio r .

E m p ir ic a l wo r k o n h o u s e h o ld o r in d ivid u a l c o n s u m p t io n is u s u a lly c o n d u c t e d
wit h r e s t r ic t ive a s s u m p t io n s a b o u t t h e p r e fe r e n c e s o f t h e d e c is io n m a ke r s . Ge n e r a lly,
p a r a m e t r ic s p e c ī c a t io n s o f t h e u t ilit y fu n c t io n s a r e u s e d in o r d e r t o d e r ive t e s t a b le
p r o p o s it io n s o f t h e m o d e ls . Fo r e xa m p le , t h e e m p ir ic a l wo r k t e s t in g b e t we e n t h e
u n it a r y m o d e l a n d m o d e ls o f P a r e t o e ± c ie n t in t r a -h o u s e h o ld a llo c a t io n h a s u s e d
p a r a m e t r ic m e t h o d s ( fo r e xa m p le , s e e B r o wn in g e t a l. ( 1 9 9 4 ) ) . Th e va lid it y o f t h is
wo r k t h e n d e p e n d s in p a r t o n t h e va lid it y o f t h e s e a s s u m p t io n s a b o u t p r e fe r e n c e s .

Th e s t r e n g t h o f n o n p a r a m e t r ic t e s t s s u c h a s t h o s e p r e s e n t e d in t h is p a p e r is t h a t
t h e y m a ke ve r y we a k a s s u m p t io n s a b o u t p r e fe r e n c e s , e s s e n t ia lly o n ly t h a t u t ilit y
fu n c t io n s a r e n o n s a t ia t e d . A d d it io n a lly, if we h a ve m o r e t h a n o n e o b s e r va t io n o f
e a c h h o u s e h o ld o ve r t im e , we n e e d m a ke n o a s s u m p t io n s a b o u t p r e fe r e n c e s a c r o s s
h o u s e h o ld s . Th e s e t e s t s c o u ld p r o ve t o b e p a r t ic u la r ly u s e fu l a s s p e c ī c a t io n t e s t s
b e fo r e o n e d o e s m o r e t r a d it io n a l e c o n o m e t r ic wo r k o n a d a t a s e t .

Th e o u t lin e o f t h e p a p e r is a s fo llo ws . S e c t io n 2 g ive s a m o r e d e t a ile d e xp la n a t io n
o f t h e c o lle c t ive r a t io n a lit y m o d e l. S e c t io n 3 d e r ive s t h e n o n p a r a m e t r ic t e s t a b le
r e s t r ic t io n s o f t h e m o d e l. S e c t io n 4 d is c u s s e s h o w t o u s e t h e s e t e s t s t o d is t in g u is h
wh e t h e r h o u s e h o ld s b e h a ve a s u n it a r y a c t o r s o r a s a c o lle c t ive o f r a t io n a l in d ivid u a ls ,
wit h a n a p p lic a t io n t o d a t a o n U .S . h o u s e h o ld s . Th e c o n c lu s io n fo llo ws .

2 Collective Rationality Within the H ousehold

Th e r e c o g n it io n t h a t t h e u n it a r y m o d e l o f t h e h o u s e h o ld is o ft e n in c o n s is t e n t wit h
in d ivid u a l r a t io n a lit y, a s we ll a s t h e in a b ilit y o f t h e u n it a r y m o d e l t o m e a n in g fu lly
a d d r e s s qu e s t io n s c o n c e r n in g t h e d is t r ib u t io n o f in c o m e o r c o n s u m p t io n wit h in t h e
h o u s e h o ld , h a s le d t o t h e d e ve lo p m e n t o f m o d e ls o f c o lle c t ive d e c is io n m a kin g wit h in
t h e h o u s e h o ld . U s in g b o t h c o o p e r a t ive a n d n o n c o o p e r a t ive b a r g a in in g t h e o r y, t h e s e
m o d e ls d e s c r ib e h o u s e h o ld b e h a vio r a s t h e o u t c o m e o f a n e xp lic it b a r g a in in g p r o c e s s
b e t we e n t h e m e m b e r s o f t h e h o u s e h o ld ( fo r e xa m p le , s e e Ma n s e r a n d B r o wn ( 1 9 8 0 ) ,
Mc E lr o y a n d H o r n e y ( 1 9 8 1 ) , L u n d b e r g a n d P o lla k ( 1 9 9 4 ) ) . Th e s e m o d e ls c a n b e
u s e d t o d e r ive r ic h in s ig h t s in t o in t r a -h o u s e h o ld a llo c a t io n . H o we ve r , t h e e m p ir ic a l
p r o p o s it io n s d e r ive d fr o m t h e s e m o d e ls o ft e n d e p e n d o n in t r a -h o u s e h o ld d a t a t h a t
c a n b e d i± c u lt t o o b s e r ve . Th u s it is d i± c u lt t o t e s t wh e t h e r t h e s e c o lle c t ive
m o d e ls d e s c r ib e h o u s e h o ld b e h a vio r b e t t e r t h a n t h e u n it a r y m o d e l. E m p ir ic a l r e s u lt s
s u g g e s t , h o we ve r , t h e u n it a r y m o d e l r e s t r ic t io n s a r e o ft e n n o t s a t is ¯ e d r e g a r d le s s o f
t h e a lt e r n a t ive m o d e l s p e c ī e d ; s e e fo r e xa m p le S c h u lt z ( 1 9 9 0 ) , a n d Th o m a s ( 1 9 9 0 ) .

Ch ia p p o r i ( 1 9 8 8 ) d e ve lo p s a m o r e g e n e r a l m o d e l o f c o lle c t ive r a t io n a lit y in h o u s e -
h o ld b e h a vio r t h a t c a n b e t e s t e d wit h d a t a o n a g g r e g a t e h o u s e h o ld b e h a vio r a n d
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in d ivid u a l la b o r s u p p lie s . Th e h yp o t h e s is is t h a t t h e in d ivid u a ls wit h in t h e h o u s e -
h o ld r e a c h a P a r e t o e ± c ie n t a llo c a t io n . Th u s in s t e a d o f s p e c ifyin g a p a r t ic u la r p o in t
o n t h e c o n t r a c t c u r ve a s a fu n c t io n o f in d ivid u a l t h r e a t p o in t s , a s a N a s h -b a r g a in in g
m o d e l wo u ld , t h is m o d e l s p e c ī e s o n ly t h a t t h e h o u s e h o ld b e s o m e wh e r e o n t h is
c o n t r a c t c u r ve .

Th e m o d e l is a s fo llo ws . A h o u s e h o ld is m a d e u p o f t wo in d ivid u a ls , a a n d b.
Fo r i = a; b, e a c h m e m b e r c a n s u p p ly s o m e a m o u n t o f la b o r , `i, in a m a r ke t o u t s id e
t h e h o u s e h o ld . L e t T r e p r e s e n t t h e ¯ xe d a m o u n t o f t o t a l t im e a va ila b le t o e a c h
a a n d b; Li = T ¡ `i d e ¯ n e s le is u r e c o n s u m p t io n fo r e a c h in d ivid u a l ( t h e r e is n o
h o u s e h o ld p r o d u c t io n ) . Th e r e is a ls o a p r iva t e ly c o n s u m e d g o o d C; le t ci, a n o n -
n e g a t ive n u m b e r , d e n o t e e a c h m e m b e r 's c o n s u m p t io n o f t h e g o o d . Th e p r ic e o f t h e
c o n s u m p t io n g o o d is n o r m a liz e d t o o n e . Co n s u m p t io n a n d la b o r c h o ic e s a r e m a d e
g ive n wa g e s , wa; wb, a n d n o n -la b o r h o u s e h o ld in c o m e Y .

H e r e we fo c u s o n t h e va r ia n t o f t h e c o lle c t ive r a t io n a lit y m o d e l t h a t a s s u m e s t h a t
h o u s e h o ld m e m b e r s e a c h h a ve p r e fe r e n c e s o ve r o n ly t h e ir o wn p e r s o n a l c o n s u m p t io n ;
in Ch ia p p o r i's t e r m in o lo g y t h e s e a r e egoistic a g e n t s ( t h e m o d e l c a n in c o r p o r a t e
m o r e g e n e r a l p r e fe r e n c e s ) .1 A s s u m e e a c h a g e n t h a s p r e fe r e n c e s r e p r e s e n t a b le b y a
n o n s a t ia t e d u t ilit y fu n c t io n Ui ( Li; ci ) .

W h ile t h e e xa c t m e c h a n is m fo r d e t e r m in in g h o u s e h o ld c o n s u m p t io n is le ft u n -
s p e c ī e d , we c a n t h in k o f a P a r e t o e ± c ie n t a llo c a t io n a s r e s u lt in g fr o m in d ivid u a l
d e c is io n s s u b je c t t o a n a g r e e m e n t a b o u t t h e s h a r in g o f r e s o u r c e s wit h in t h e h o u s e -
h o ld . L e t a n income-sharing rule b e s o m e fu n c t io n G: G( wa; wb; Y ) = ( ya; yb ) s u c h
t h a t ya + yb = Y . Th e n if t h e c o n s u m p t io n c h o ic e s fo r e a c h in d ivid u a l i, fLi; cig,
a r e t h e s o lu t io n o f t h e fo llo win g p r o b le m :

m a xUi ( Li; ci ) s .t . ci · yi + wi`i

t h e r e s u lt in g a llo c a t io n will b e P a r e t o e ± c ie n t g ive n fUa; Ub; Gg ( Ch ia p p o r i ( 1 9 9 2 ) ) .
Th e s h a r in g r u le is c o m p le t e ly u n s p e c ī e d , a n d it m a y c h a n g e o ve r t im e . A ls o yi

is a llo we d t o b e n e g a t ive , wh ic h wo u ld im p ly o n e m e m b e r a g r e e s t o t r a n s fe r s o m e
p o r t io n o f t h e ir wa g e in c o m e t o t h e o t h e r .

Th is m o d e l c o n s t it u t e s a qu it e n a t u r a l a lt e r n a t ive t o t h e b a s ic u n it a r y m o d e l
o f h o u s e h o ld b e h a vio r . In s t e a d o f t h in kin g o f t h e h o u s e h o ld m a xim iz in g o n e u t ilit y
fu n c t io n s u b je c t t o a b u d g e t c o n s t r a in t , we t h in k o f t h e h o u s e h o ld a s b e in g c o m p o s e d
o f t wo in d ivid u a ls , e a c h m a xim iz in g t h e ir o wn u t ilit y fu n c t io n s u b je c t t o t h e ir o wn
b u d g e t c o n s t r a in t , wit h in d ivid u a l \ in c o m e s " s u m m in g u p t o h o u s e h o ld in c o m e .

U s in g p a r a m e t r ic m e t h o d s , B r o wn in g e t a l. ( 1 9 9 4 ) e s t im a t e t h e c o lle c t ive r a t io n -
a lit y m o d e l fo r d a t a o n Ca n a d ia n fa m ily e xp e n d it u r e s , a n d d o n o t r e je c t t h e c o lle c -
t ive r a t io n a lit y r e s t r ic t io n s . A d d it io n a lly, t h e y ¯ n d t h a t t h e r e s t r ic t io n s im p lie d b y
t h e u n it a r y m o d e l a r e r e je c t e d . W h ile t h e va lid it y o f t h e s e r e s u lt s d e p e n d s in p a r t

1In the non-egoistic model individual consumption becomes a public good within the household.
Testable propositions of the non-egoistic model are derived using semialgebraic methods in Snyder
(1999).
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o n t h e va lid it y o f t h e p a r a m e t r ic a s s u m p t io n s m a d e in e s t im a t io n , t h e c o lle c t ive
r a t io n a lit y m o d e l a p p e a r s t o b e a p r o m is in g a lt e r n a t ive t o t h e u n it a r y m o d e l.

3 N onpar ametr ic testable r estr ictions

W e will ¯ r s t d e r ive t h e t e s t a b le r e s t r ic t io n s o f t h is m o d e l wit h t h e a s s u m p t io n t h a t
we c a n o b s e r ve d a t a o n c o n s u m p t io n c h o ic e s a n d in c o m e a t t h e in d ivid u a l le ve l.
W e will t h e n u s e t h o s e r e s u lt s t o d e r ive r e s t r ic t io n s fo r wh e n we c a n n o t o b s e r ve
in d ivid u a l le ve l d a t a .

S u p p o s e we c o u ld o b s e r ve a s e r ie s o f o b s e r va t io n s o n t h e b e h a vio r o f a h o u s e h o ld
b o t h a t t h e h o u s e h o ld le ve l a n d a t t h e in d ivid u a l le ve l; t h a t is , we o b s e r ve h o u s e h o ld
c o n s u m p t io n , h o u s e h o ld n o n -la b o r in c o m e , wa g e s , in d ivid u a l la b o r s u p p lie s , in d ivid -
u a l c o n s u m p t io n , a n d in d ivid u a l s h a r e s o f n o n -la b o r in c o m e , fCr; Y r; wr

i ; `
r
i ; c

r
i ; y

r
i g

fo r i = a; b, wh e r e i in d ic a t e s a m e m b e r o f a h o u s e h o ld , a n d r = 1 ; ::::; R, wh e r e r
in d ic a t e s a d is t in c t t im e p e r io d . Ca n we s a y wh e t h e r t h e r e e xis t a n y n o n -s a t ia t e d
u t ilit y fu n c t io n s Ui a n d a s h a r in g r u le G s u c h t h a t t h e c o lle c t ive r a t io n a lit y m o d e l
c o u ld h a ve g e n e r a t e d t h is d a t a ? In o t h e r wo r d s , a r e t h e r e r e s t r ic t io n s o n t h e d a t a
t h a t will t e ll u s wh e t h e r o r n o t t h e d a t a c o u ld h a ve b e e n g e n e r a t e d b y t h e c o l-
le c t ive r a t io n a lit y m o d e l, wit h o u t m a kin g a n y fu r t h e r p a r a m e t r ic s p e c ī c a t io n s o f
p r e fe r e n c e s o r t h e s h a r in g r u le ?

In t h e c o lle c t ive r a t io n a lit y m o d e l e a c h in d ivid u a l m a xim iz e s t h e ir o wn u t ilit y
fu n c t io n s u b je c t t o a b u d g e t c o n s t r a in t . A n e c e s s a r y a n d s u ± c ie n t c o n d it io n fo r a
¯ n it e s e t o f d a t a o n in d ivid u a l c o n s u m p t io n a n d p r ic e s t o b e c o n s is t e n t wit h t h e
m a xim iz a t io n o f s o m e n o n s a t ia t e d u t ilit y fu n c t io n is t h e s a t is fa c t io n o f t h e Ge n e r a l-
iz e d A xio m o f R e ve a le d P r e fe r e n c e , a g e n e r a liz e d ve r s io n o f W A R P ( V a r ia n ( 1 9 8 2 ) ) .
It is c le a r t h a t GA R P is a n e c e s s a r y c o n d it io n o f u t ilit y m a xim iz a t io n . It is t h e
s u ± c ie n t p a r t o f t h is t h e o r e m t h a t is p e r h a p s n o t o b vio u s . Th is is n o t s u ± c ie n t in
t h e s e n s e t h a t t h e d a t a c a n im p ly t h a t c o n s u m e r s a c t a s u t ilit y-m a xim iz e r s | we
c a n n e ve r kn o w t h a t fo r s u r e | b u t s u ± c ie n t in t h e s e n s e t h a t t h e d a t a im p liy t h a t
t h e r e e xis t s a n o n s a t ia t e d u t ilit y fu n c t io n s u c h t h a t t h e c o n s u m e r c o u ld b e m a xi-
m iz in g u t ilit y wit h h e r c h o ic e s .2 Give n t h a t we c a n n o t o b s e r ve u t ilit y fu n c t io n s , t h is
is t h e s t r o n g e s t n o t io n o f s u ± c ie n c y t h a t t h e d a t a c a n s a t is fy.

Th u s t h e c o lle c t ive r a t io n a lit y m o d e l im p lie s t h a t e a c h in d ivid u a l in t h e h o u s e -
h o ld m u s t s a t is fy GA R P . To g e t h e r wit h s o m e a g g r e g a t io n c o n d it io n s , t h is g ive s u s
a ll t h e e m p ir ic a l im p lic a t io n s o f t h e c o lle c t ive r a t io n a lit y m o d e l.

Th e fo llo win g t h e o r e m a n d c o r o lla r y a r e r e s t a t e m e n t s o f Ch ia p p o r i's ( 1 9 8 8 )
P r o p o s it io n 2 :3

2Further, if there exists a nonsatiated utility function that could have generated the data, there
exists a concave utility function that could have generated the data, see Afriat (1967).

3To eliminate some uninteresting cases of restrictions, we assume wages are nonzero, and we
also assume (here and in theorem 2) that fY 1; w1

a; w1
bg 6= fY 2; w2

a; w2
bg, that is, there is some

change in at least one of the variables exogenous to the household.
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T heor em 1 L et data for one household, fCr; Y r; wr
i ; `

r
i ; c

r
i ; y

r
i g for i = a; b, and

r = 1 ; 2 , be given. Then there exist strictly monotonic, strictly concave utility func-
tions fUigi=a;b and income-sharing rule fGg such that the data are consistent with
a P areto optimal allocation within the household hUa ( La; ca ) ; Ub ( Lb; cb ) i i®:

1. Household aggregation conditions satis¯ed (for r = 1 ; 2 ):

cr
a + cr

b = Cr

yr
a + yr

b = Y r

2. Individual budget constraints satis¯ed:

cr
i = yr

i + wr
i `

r
i for i = a; b; r = 1 ; 2

3. Individuals satisfy Strong Axiom of R evealed P reference (SAR P )4:

c2
i + w1

i L
2
i > c1

i + w1
i L

1
i OR c1

i + w2
i L

1
i > c2

i + w2
i L

2
i for i = a; b

4. F easibility satis¯ed:
cr
a ¸ 0 ; cr

b ¸ 0

Th is t h e o r e m p r o vid e s a r e s t a t e m e n t o f t h e c o lle c t ive r a t io n a lit y m o d e l in t h e
fo r m o f a ¯ n it e s e t o f p o lyn o m ia l in e qu a lit ie s d e ¯ n e d o ve r a ¯ n it e s e t o f va r ia b le s .
A s s u c h , it p r o vid e s t h e t e s t a b le r e s t r ic t io n s o f t h e c o lle c t ive r a t io n a lit y m o d e l,
g ive n we c o u ld o b s e r ve b o t h h o u s e h o ld a n d in d ivid u a l le ve l b e h a vio r . If d a t a fr o m
a g ive n h o u s e h o ld s a t is fy t h e s e in e qu a lit ie s , t h e n t h e r e e xis t u t ilit y fu n c t io n s a n d
in c o m e -s h a r in g r u le s s u c h t h a t t h e d a t a a r e c o n s is t e n t wit h c o lle c t ive r a t io n a lit y. If
d a t a d o n o t s a t is fy t h e s e in e qu a lit ie s , t h e n t h e r e a r e n o n o n s a t ia t e d u t ilit y fu n c t io n s
( wit h s in g le -va lu e d d e m a n d ) s u c h t h a t t h e d a t a c o u ld h a ve b e e n g e n e r a t e d b y t h e
c o lle c t ive r a t io n a lit y m o d e l.

W e d o n o t e xp e c t it is g e n e r a lly p o s s ib le t o o b s e r ve a ll t h e s e va r ia b le s , h o we ve r ,
p a r t ic u la r ly t h e in t r a -h o u s e h o ld in c o m e s h a r in g o r in d ivid u a l c o n s u m p t io n . Co r o l-
la r y 1 , wh ic h a s s u m e s t h a t fcr

i ; y
r
i g, t h e in d ivid u a l c o n s u m p t io n s a n d t h e a s s ig n e d

in d ivid u a l n o n -la b o r in c o m e s , a r e u n o b s e r ve d , wh ile fCr; Y r; wr
i ; `

r
ig, t h e h o u s e -

h o ld le ve l c o n s u m p t io n s a n d n o n -la b o r in c o m e s , in d ivid u a l wa g e s , a n d in d ivid u a l
le is u r e / la b o r s u p p lie s , a r e o b s e r ve d , fo llo ws d ir e c t ly fr o m t h e o r e m 1 .

4Using the Strong Axiom of Revealed Preference instead of the Generalized Axiom greatly sim-
pli¯es the resulting tests and simply rules out data that could have been generated only by utility
functions that generate non-single-valued demands. If the data satisfy SARP, we can construct
strictly monotone, strictly concave utility functions to generate the data, see Matzkin and Richter
(1991).
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Cor ollar y 1 L et fCr; Y r; wr
i ; `

r
ig for i = a; b, and r = 1 ; 2 be given. Then there

exist strictly monotonic, strictly concave utility functions fUigi=a;b and an income-
sharing rule fGg such that the data are consistent with a P areto optimal allocation
within the household hUa ( La; ca ) ; Ub ( Lb; cb ) i i® there exist numbers fcr

i ; y
r
i g, cr

i ¸ 0 ,
such that the conditions of Theorem 1 are satis¯ed.

Th is c o r o lla r y p r o vid e s n o n p a r a m e t r ic t e s t a b le r e s t r ic t io n s o f t h e Co lle c t ive R a -
t io n a lit y m o d e l. Th e t e s t s a r e o f t h e fo llo win g fo r m : if t h e r e e xis t r e a l s o lu t io n s t o
t h e lin e a r p r o g r a m s d e s c r ib e d in c o r o lla r y 1 , t h e n t h e d a t a a r e c o n s is t e n t wit h t h e
m o d e l. If t h e r e d o n o t e xis t r e a l s o lu t io n s t o t h o s e p r o g r a m s , t h e n t h e d a t a a r e n o t
c o n s is t e n t wit h t h e m o d e l ( Ch ia p p o r i, 1 9 8 8 ) . N o n p a r a m e t r ic t e s t s o f t h is fo r m h a ve
b e e n d e ve lo p e d e xt e n s ive ly in D ie we r t a n d P a r ka n ( 1 9 8 5 ) , fo r e xa m p le .

N o t e a ls o t h a t t h e o r e m 1 a n d c o r o lla r y 1 p r e s e n t t h e c o lle c t ive r a t io n a lit y m o d e l
a s a ¯ n it e s e t o f p o lyn o m ia l in e qu a lit ie s in o b s e r ve d a n d u n o b s e r ve d va r ia b le s . Th u s
t h e s t r u c t u r e o f t h e c o m p le t e s e t o f t e s t a b le r e s t r ic t io n s o f t h is m o d e l is s e m ia lg e -
b r a ic . Th is r e s u lt s n o t fr o m a n y r e s t r ic t io n s o n p r e fe r e n c e s ; it is t h e ¯ n it e n e s s o f
d a t a t h a t lim it s t h e t e s t a b le r e s t r ic t io n s o f u t ilit y m a xim iz a t io n t o b e o f p o lyn o m ia l
fo r m .

B r o wn a n d Ma t z kin ( 1 9 9 6 ) u s e s e m ia lg e b r a ic t h e o r y t o e xa m in e t h e e m p ir ic a l
im p lic a t io n s o f t h e c o m p e t it ive e qu ilib r iu m m o d e l. It c a n b e s h o wn t h a t t h e c o m -
p le t e s e t o f t e s t a b le p r o p o s it io n s o f t h e c o m p e t it ive e qu ilib r iu m m o d e l o ve r ¯ n it e
d a t a c a n b e wr it t e n a s a ¯ n it e u n io n o f s e t s o f p o lyn o m ia l in e qu a lit ie s ; i.e ., t h e y fo r m
a s e m ia lg e b r a ic s e t . Th u s we c a n u s e t h e p r o p e r t ie s o f s e m ia lg e b r a ic g e o m e t r y t o
a d d r e s s m a n y e m p ir ic a l is s u e s o f g e n e r a l e qu ilib r iu m . Th e c o m p le t e s e t o f t e s t a b le
p r o p o s it io n s o f t h e c o lle c t ive r a t io n a lit y m o d e l a ls o fo r m a s e m ia lg e b r a ic s e t , s o we
c a n u s e s e m ia lg e b r a ic t h e o r y t o a d d r e s s e m p ir ic a l im p lic a t io n s o f t h is m o d e l a s we ll.

Mo s t im p o r t a n t ly, s e m ia lg e b r a ic t h e o r y p r o vid e s ¯ n it e -t im e m e t h o d s fo r d e r ivin g
t e s t a b le p r o p o s it io n s o ve r a p a r t ic u la r d a t a s t r u c t u r e . Th e s e t e s t a b le p r o p o s it io n s
will b e in t h e fo r m o f a ¯ n it e u n io n o f s e t s o f p o lyn o m ia l in e qu a lit ie s in t h e d a t a
( Mis h r a , 1 9 9 3 ) . In o t h e r wo r d s , g ive n t h e d a t a we b e lie ve t o b e o b s e r va b le , e ve n if
t h e s e d a t a d o n o t in c lu d e m a n y o f t h e m o d e l's ke y va r ia b le s , we h a ve m e t h o d s o f
s ys t e m a t ic a lly d e r ivin g a ll o f t h e m o d e l's e m p ir ic a l p r o p o s it io n s . Th e s e m e t h o d s t o
d e r ive t h e r e s t r ic t io n s m a y p r o ve in fe a s ib le in la r g e p r o b le m s ( V a n D e n D r ie s , 1 9 8 8 ) ;
if s o , we a t le a s t a ) kn o w t h e r e s t r ic t io n s will b e in t h e fo r m o f a s e m ia lg e b r a ic s e t ,
a n d b ) c a n a d d r e s s wh e t h e r t h e s e r e s t r ic t io n s a r e n o n -va c u o u s , wh ic h will o ft e n b e
o f p a r t ic u la r im p o r t a n c e wh e n ke y va r ia b le s o f t h e m o d e l a r e u n o b s e r va b le .

Th e d e r iva t io n o f t e s t a b le p r o p o s it io n s o ve r a s u b s e t o f a m o d e l's va r ia b le s is
a c c o m p lis h e d t h r o u g h t h e t e c h n iqu e o f qu a n t ī e r e lim in a t io n . Qu a n t ī e r e lim in a t io n
is t h e p r o c e s s o f e lim in a t in g \ qu a n t ī e d " va r ia b le s | in o u r c a s e , t h e u n o b s e r va b le
va r ia b le s a r e qu a n t ī e d wit h in t h e m o d e l in t h a t t h e y a p p e a r in c o n ju n c t io n wit h
t h e e xis t e n t ia l qu a n t i¯ e r ( \ t h e r e e xis t s " ) .

Th e r e a r e t h r e e p o s s ib le o u t c o m e s wh e n qu a n t ī e r e lim in a t io n is a p p lie d t o a
s ys t e m . On e p o s s ib ilit y is t h e e qu iva le n t s ys t e m r e d u c e s t o 1 ´ 0 , m e a n in g it
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is im p o s s ib le t o o b s e r ve d a t a c o n s is t e n t wit h t h e m o d e l; t h e t h e o r y is e m p ir ic a lly
in c o n s is t e n t . A n o t h e r p o s s ib ilit y is t h e s ys t e m r e d u c e s t o 1 ´ 1 , m e a n in g it is
im p o s s ib le t o o b s e r ve d a t a n o t c o n s is t e n t wit h t h e m o d e l; t h e t h e o r y im p o s e s n o
t e s t a b le r e s t r ic t io n s o n t h e s e t o f o b s e r va b le va r ia b le s . Th e t h ir d p o s s ib ilit y is t h e
s ys t e m r e d u c e s t o a ¯ n it e s e t o f p o lyn o m ia l in e qu a lit ie s in vo lvin g t h e o b s e r va b le
va r ia b le s . It is p o s s ib le t o o b s e r ve d a t a t h a t s a t is fy t h e s e in e qu a lit ie s , a n d it is
p o s s ib le t o o b s e r ve d a t a t h a t d o n o t s a t is fy t h e s e in e qu a lit ie s . In t h is c a s e we s a y
t e s t a b le r e s t r ic t io n s o f t h e m o d e l e xis t , g ive n t h e s e t o f o b s e r va b le va r ia b le s ( B r o wn
a n d Ma t z kin , 1 9 9 6 ) .

It is s t r a ig h t fo r wa r d t o s h o w t h a t t h is s ys t e m d e s c r ib in g t h e c o lle c t ive r a t io n a lit y
m o d e l s a t is ¯ e s e m p ir ic a l c o n s is t e n c y; t h a t is , we c a n ¯ n d d a t a t h a t a r e c o n s is t e n t
wit h t h e m o d e l. W e c a n a ls o s h o w t h a t t h e r e e xis t d a t a t h a t a r e n o t c o n s is t e n t
wit h t h e m o d e l. Ch ia p p o r i ( 1 9 8 8 ) p r o vid e s a n e xa m p le o f t h r e e o b s e r va t io n s o f d a t a
s u c h t h a t t h e r e ve a le d p r e fe r e n c e a xio m s c a n n o t b e s a t is ¯ e d fo r e a c h in d ivid u a l;
b e lo w we s h o w a n e xa m p le o f t wo o b s e r va t io n s o f d a t a s u c h t h a t t h e c o n d it io n s a r e
n o t s a t is ¯ e d . Th u s t h e r e d o e xis t n o n -va c u o u s t e s t a b le r e s t r ic t io n s o f t h e c o lle c t ive
r a t io n a lit y m o d e l o ve r h o u s e h o ld -le ve l d a t a t o g e t h e r wit h in d ivid u a l wa g e s a n d la b o r
s u p p lie s . If we a p p ly qu a n t ī e r e lim in a t io n t o t h e s ys t e m d e s c r ib e d in c o r o lla r y 1 ,
we will d e r ive t h e s e t e s t a b le r e s t r ic t io n s . Th e s e r e s t r ic t io n s will b e in t h e fo r m o f
c h e c kin g a s e t o f p o lyn o m ia l in e qu a lit ie s d e ¯ n e d d ir e c t ly o ve r o b s e r va b le va r ia b le s .

B e c a u s e t h is s ys t e m is lin e a r , o n e c a n u s e Fo u r ie r -Mo t z kin e lim in a t io n t o e lim i-
n a t e t h e u n o b s e r ve d va r ia b le s .5 W e a p p ly t h is t e c h n iqu e fo r t wo o b s e r va t io n s o f d a t a :

T heor em 2 L et hwr
a; w

r
b ; `

r
a; `

r
b; C

r; Y ri for r = 1 ; 2 be given. Then there exist
strictly monotonic, strictly concave utility functions fUigi=a;b and income-sharing
rules fGrg such that the data are consistent with a P areto optimal allocation within
the household hUa ( La; ca ) ; Ub ( Lb; cb ) i i® the collective rationality nonparametric re-
strictions are satis¯ed.

Collective Rationality M odel N onpar ametr ic Restr ictions

8r = 1 ; 2 Cr = Y r + wr
a`

r
a + wr

b`
r
b A N D

9r; s = 1 ; 2 ; r 6= s s .t . f( Cs + wr
aL

s
a > wr

aL
r
a a n d Cr + ws

bL
r
b > ws

bL
s
b ) OR

( Cs + wr
aL

s
a + wr

bL
s
b > Cr + wr

aL
r
a + wr

bL
r
b a n d

Cs + wr
aL

s
a > wr

aL
r
a a n d Cs + wr

bL
s
b > wr

bL
r
b ) g

P r oof: W e u s e d Fo u r ie r -Mo t z kin e lim in a t io n t o r e wr it e t h e e qu ilib r iu m c o n d it io n s
o f t h e m o d e l in t e r m s o f o n ly t h e o b s e r va b le va r ia b le s . S e e A p p e n d ix.

5Fourier-Motzkin elimination (sometimes called Fourier elimination) is a technique similar to
Gaussian elimination. See Dantzig and Eaves (1973).
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Co m p a r e t h e c o lle c t ive r a t io n a lit y r e s t r ic t io n s t o t h e t e s t a b le r e s t r ic t io n s o f t h e
u n it a r y m o d e l:

Unitar y M odel N onpar ametr ic Restr ictions

8r = 1 ; 2 Cr = Y r + wr
a`

r
a + wr

b`
r
b A N D

9r; s = 1 ; 2 ; r 6= s s .t . Cs + wr
aL

s
a + wr

bL
s
b > Cr + wr

aL
r
a + wr

bL
r
b

Th e h o u s e h o ld b u d g e t c o n s t r a in t m u s t b e s a t is ¯ e d u n d e r b o t h m o d e ls . A n a d -
d it io n a l r e s t r ic t io n in t h e u n it a r y m o d e l is t h a t t h e h o u s e h o ld c o n s u m p t io n c h o ic e s
m u s t s a t is fy t h e S t r o n g A xio m o f R e ve a le d P r e fe r e n c e ( S A R P ) . A s o n e wo u ld e x-
p e c t , t h e c o lle c t ive r a t io n a lit y m o d e l d o e s n o t im p ly S A R P a n d is n o t im p lie d b y
S A R P . Th u s it is p o s s ib le t o o b s e r ve d a t a t h a t a r e c o n s is t e n t wit h o n e m o d e l a n d
n o t t h e o t h e r , b o t h m o d e ls , o r n e it h e r m o d e l.

Th e c o lle c t ive r a t io n a lit y r e s t r ic t io n s r e s u lt fr o m t h e d e ¯ n it io n o f b o u n d s o n c o n -
s u m p t io n a n d la b o r s u p p ly d a t a s u c h t h a t it is p o s s ib le fo r e a c h in d ivid u a l in t h e
h o u s e h o ld t o b e s a t is fyin g t h e a xio m o f r e ve a le d p r e fe r e n c e . Th e n o n -va c u o u s n e s s o f
t h e r e s t r ic t io n s c o m e s e s s e n t ia lly fr o m t h e n o n -n e g a t ivit y r e s t r ic t io n s o n in d ivid u a l
c o n s u m p t io n . Give n t h is le ve l o f o b s e r va b ilit y, it is a lwa ys p o s s ib le fo r e a c h in d i-
vid u a l t o b e m a xim iz in g u t ilit y g ive n a n y d a t a ; it is n o t a lwa ys p o s s ib le , h o we ve r ,
fo r e a c h in d ivid u a l t o b e m a xim iz in g u t ilit y g ive n t h a t t h e o t h e r in d ivid u a l in t h e
h o u s e h o ld is m a xim iz in g u t ilit y a s we ll.

Fig u r e o n e illu s t r a t e s a s it u a t io n wh e r e t h e r e s t r ic t io n s will n o t b e s a t is ¯ e d .
B e c a u s e t h e c o n s u m p t io n g o o d c a n b e t r a d e d wit h in t h e h o u s e h o ld , it is u s e fu l t o
u s e a n E d g e wo r t h b o x t o m o d e l t h e p r o b le m e a c h p e r io d , ke e p in g in m in d t h a t le is u r e
is n o t t r a d e a b le wit h in t h e h o u s e h o ld . Th e ¯ r s t p ic t u r e r e p r e s e n t s t h e s it u a t io n fo r
c o n s u m e r a. E a c h p e r io d c o n s u m e r a fa c e s a u t ilit y m a xim iz a t io n p r o b le m wh e r e h e
c h o o s e s b e t we e n le is u r e a n d c o n s u m p t io n . W e d o n o t kn o w h o w in c o m e is d ivid e d u p
wit h in t h e h o u s e h o ld , b u t we d o kn o w t h e s lo p e o f t h e b u d g e t c o n s t r a in t t h a t a fa c e s
( b e c a u s e we o b s e r ve t h e n o r m a liz e d wa g e s ) , a n d we kn o w t h a t t h e b u d g e t c o n s t r a in t
in e a c h p e r io d r m u s t p a s s t h r o u g h s o m e p o in t ( cr

a; L
r
a ) , wh e r e Lr

a, le is u r e , is o b s e r ve d .
Th u s we kn o w t h e r a n g e o f p o s s ib le b u d g e t c o n s t r a in t s in e a c h p e r io d , fr o m h ig h e s t
le ve l o f in c o m e t o lo we s t le ve l o f in c o m e . Th is r a n g e o f b u d g e t c o n s t r a in t s , fr o m BL

t o BH , is r e p r e s e n t e d o n t h e g r a p h e a c h p e r io d .
N o t e t h a t fo r a n y p o s s ib le le ve l o f in c o m e , c o n s u m e r a0s s e c o n d p e r io d b u n d le is

a lwa ys r e ve a le d p r e fe r r e d t o h is ¯ r s t p e r io d b u n d le . Th u s in o r d e r t o s a t is fy S A R P ,
in c o m e in t h e ¯ r s t p e r io d m u s t b e s u c h t h a t h is ¯ r s t p e r io d c o n s u m p t io n is n o t
r e ve a le d p r e fe r r e d t o h is s e c o n d p e r io d c o n s u m p t io n . A b u d g e t c o n s t r a in t b e lo w B̂a

is n e c e s s a r y. In o t h e r wo r d s , a m u s t c o n s u m e le s s t h a n ĉ1
a o f t h e c o n s u m p t io n g o o d

in o r d e r fo r S A R P t o b e s a t is ¯ e d .
S u p p o s e b fa c e s t h e s it u a t io n in t h e s e c o n d g r a p h . L e is u r e fo r c o n s u m e r b r e p la c e s

a0s le is u r e o n t h e x a xis , wh ile t h e c o n s u m p t io n g o o d r e m a in s o n t h e y a xis . W it h
t h e s e wa g e s , a g a in we h a ve a s it u a t io n wh e r e c o n s u m e r b0s s e c o n d p e r io d b u n d le is
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a lwa ys r e ve a le d p r e fe r r e d t o h e r ¯ r s t p e r io d b u n d le . Th u s in o r d e r t o s a t is fy S A R P ,
in c o m e in t h e ¯ r s t p e r io d m u s t b e s u c h t h a t h e r ¯ r s t p e r io d is n o t r e ve a le d p r e fe r r e d
t o t h e s e c o n d p e r io d b u n d le . A g a in we c a n ¯ n d a n u p p e r b o u n d o n in c o m e s u c h
t h a t t h is is p o s s ib le . B u t in o r d e r t o e n s u r e t h a t a s a t is ¯ e s S A R P , it m u s t b e t h e
c a s e t h a t b m u s t c o n s u m e a t le a s t ĉ1

b = C1 ¡ ĉ1
a o f t h e c o n s u m p t io n g o o d . Th is

p u t s a lo we r b o u n d o n b0s b u d g e t c o n s t r a in t , B̂b. In t h e s it u a t io n h e r e , t h is lo we r
b o u n d is above t h e u p p e r b o u n d o n in c o m e t h a t will s a t is fy S A R P . Th u s wh ile e a c h
c o n s u m e r c o u ld s a t is fy S A R P , t h e y c a n n o t b o t h s a t is fy S A R P a t t h e s a m e t im e .
Th e s e d a t a fa il t h e c o lle c t ive r a t io n a lit y r e s t r ic t io n s .

4 I mplementation and application

Th e c o lle c t ive r a t io n a lit y t e s t a b le r e s t r ic t io n s d e r ive d a b o ve a r e s im ila r in fo r m t o
r e ve a le d p r e fe r e n c e t e s t s o f in d ivid u a l u t ilit y m a xim iz a t io n . Th e y r e qu ir e lit t le d a t a
t o im p le m e n t a n d a r e s t r a ig h t fo r wa r d t o a p p ly.

If t h e d a t a s a t is fy t h e r e s t r ic t io n s , o n e c o u ld in t e r p r e t t h is a s t h e s a t is fa c t io n o f a
s p e c ī c a t io n t e s t .6 Th a t is , if t h e d a t a s a t is fy t h e c o lle c t ive r a t io n a lit y r e s t r ic t io n s ,
t h e n o n e c o u ld b e m o r e c o n ¯ d e n t a b o u t d o in g fu r t h e r e m p ir ic a l wo r k, m a kin g m o r e
r e s t r ic t ive a s s u m p t io n s a b o u t fu n c t io n a l fo r m , fo r e xa m p le , a n d e s t im a t in g p a r a m -
e t e r s s u c h a s t h e s h a r in g r u le wit h in t h e h o u s e h o ld . N o t e t h a t t h e s e r e s t r ic t io n s
a r e n e c e s s a r y a n d s u ± c ie n t c o n d it io n s o n t h e d a t a ; t h u s if t h e s e r e s t r ic t io n s we r e
s a t is ¯ e d b y a p a r t ic u la r d a t a s e t , t h e r e e xis t n o o t h e r r e s t r ic t io n s o n t h a t d a t a s e t
t h a t wo u ld im p ly t h e c o lle c t ive r a t io n a lit y m o d e l wa s n o t s a t is ¯ e d .

If t h e d a t a d o n o t s a t is fy t h e r e s t r ic t io n s , it is n o t c le a r wh a t t h e in t e r p r e t a -
t io n s h o u ld b e . A s in o t h e r r e ve a le d p r e fe r e n c e t e s t s , we h a ve n o t a llo we d fo r a n y
s t o c h a s t ic e le m e n t s in t h e m o d e l o r t h e d a t a . V a r ia n ( 1 9 8 5 , 1 9 9 0 ) a d d r e s s e s t h e
p r o b le m t h a t t h e r e is like ly t o b e s o m e m e a s u r e m e n t e r r o r in t h e d a t a t h a t c o u ld
c a u s e n o n p a r a m e t r ic t e s t s t o le a d t o r e je c t io n . Th e s e p a p e r s a d d r e s s t h e qu e s t io n
o f h o w t o ju d g e h o w \ c lo s e " t h e c o n d it io n s a r e t o b e in g s a t is ¯ e d . A lt e r n a t ive ly, o n e
c o u ld p o s it t h a t t h e r e is s o m e s t o c h a s t ic r a n d o m n e s s in p r e fe r e n c e s , a s in B r o wn
a n d Ma t z kin ( 1 9 9 5 ) , wh o d is c u s s t h e n o n p a r a m e t r ic a p p r o a c h t o t e s t in g wh e n u t ilit y
d e p e n d s lin e a r ly o n a r a n d o m va r ia b le ².

4.1 Application to data on U.S. households

W e will a p p ly t h e s e t e s t s t o d a t a o n U .S . h o u s e h o ld s t o d e t e r m in e wh e t h e r t h e s e
h o u s e h o ld s a p p e a r t o b e b e h a vin g c o n s is t e n t ly wit h t h e c o lle c t ive r a t io n a lit y m o d e l,
t h e u n it a r y m o d e l, b o t h , o r n e it h e r . Th e d a t a we u s e a r e fr o m t h e N a t io n a l L o n g i-
t u d in a l S u r ve ys ( N L S ) , s p o n s o r e d b y t h e B u r e a u o f L a b o r S t a t is t ic s . Th e s e s u r ve ys
g a t h e r e d in fo r m a t io n o n t h e la b o r m a r ke t a c t ivit ie s a n d o t h e r in c o m e s o u r c e s o f

6See Diewert and Parkan (1983).
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s e le c t e d A m e r ic a n m e n a n d wo m e n o ve r a n u m b e r o f ye a r s . H o r n e y a n d Mc E lr o y
( 1 9 8 8 ) u s e N L S d a t a t o e s t im a t e a ( p a r a m e t r iz e d ) N a s h -b a r g a in in g m o d e l o f h o u s e -
h o ld b e h a vio r , a n d fo u n d s o m e e vid e n c e t h a t t h is m o d e l p e r fo r m e d b e t t e r t h a n t h e
u n it a r y m o d e l.

W e u s e a s u b s a m p le fr o m t h e 1 9 6 9 a n d 1 9 7 1 N a t io n a l L o n g it u d in a l S u r ve y o f Me n
( t h e m e n we r e b e t we e n a g e s 4 5 -5 9 in 1 9 6 6 ) .7 Th e s u b s a m p le u s e d o n ly o b s e r va t io n s
o f fa m ilie s wh e r e : b o t h s p o u s e s wo r ke d m o r e t h a n z e r o h o u r s e a c h ye a r , t h e r e we r e
n o c h ild r e n , t h e fa m ily r e c e ive d n o fa r m in c o m e , t o t a l h o u s e h o ld in c o m e wa s p o s it ive ,
a n d t h e r e we r e n o m is s in g o b s e r va t io n s fo r t h e va r ia b le s we u s e d in t h e t e s t s . W e
m a ke n o c la im t h a t t h e s e h o u s e h o ld s a r e r e p r e s e n t a t ive o f U .S . h o u s e h o ld s in g e n e r a l;
fo r e xa m p le , t h e s e h o u s e h o ld s c o n t a in wo r ke r s t h a t a r e o ld e r t h a n a ve r a g e , a n d t h e y
h a ve a h ig h e r p e r c e n t a g e o f wo m e n wo r kin g o u t s id e t h e h o m e t h a n a ve r a g e .

B o t h t h e c o lle c t ive r a t io n a lit y n o n p a r a m e t r ic r e s t r ic t io n s a n d t h e u n it a r y r e s t r ic -
t io n s a r e d e ¯ n e d o ve r t wo o b s e r va t io n s o f d a t a o n h o u s e h o ld c o n s u m p t io n , h o u s e h o ld
n o n -la b o r in c o m e , wa g e s , a n d in d ivid u a l la b o r s u p p lie s . W e d o n o t h a ve d a t a o n
c o n s u m p t io n e xp e n d it u r e s , s o we h a ve a s s u m e d t h a t h o u s e h o ld b u d g e t c o n s t r a in t s
we r e s a t is ¯ e d s o t h a t h o u s e h o ld c o n s u m p t io n e xp e n d it u r e s e qu a le d t o t a l in c o m e .
Th e N L S p r o vid e d a t a o n m a n y s o u r c e s o f n o n -la b o r in c o m e . W a g e s fo r e a c h s p o u s e
we r e c o m p u t e d fr o m d a t a o n h o u r s wo r ke d a n d in c o m e fr o m wa g e s a n d s a la r y. W e
n o r m a liz e d c o n s u m p t io n e xp e n d it u r e a n d wa g e s b y e a c h ye a r 's CP I-U p r ic e le ve l.
S im p le s t a t is t ic s a n d m o r e d e t a ils a b o u t t h e va r ia b le s u s e d a r e g ive n in t h e D a t a
A p p e n d ix.

Th e r e s u lt s o f t h e n o n p a r a m e t r ic t e s t s o f t h e c o lle c t ive r a t io n a lit y m o d e l a n d t h e
u n it a r y m o d e l a r e r e p o r t e d in Ta b le 1 . A b o u t 9 8 % o f t h e 2 4 3 h o u s e h o ld s s a t is ¯ e d t h e
r e s t r ic t io n s fo r b o t h m o d e ls , a n d a ll h o u s e h o ld s s a t is ¯ e d t h e Co lle c t ive R a t io n a lit y
r e s t r ic t io n s . Th u s fo r e ve r y h o u s e h o ld in t h e s a m p le , t h e r e e xis t in d ivid u a l n o n -
s a t ia t e d u t ilit y fu n c t io n s a n d a n in t r a -h o u s e h o ld s h a r in g r u le s u c h t h a t h o u s e h o ld
c o n s u m p t io n a n d la b o r s u p p ly b e h a vio r is c o n s is t e n t wit h P a r e t o e ± c ie n c y.

Ta b le 1 : Results of N onpar ametr ic tests: 243 households
U n it a r y Mo d e l S a t is ¯ e d U n it a r y Mo d e l N o t S a t is ¯ e d

Co lle c t ive R a t io n a lit y
S a t is ¯ e d 2 3 7 6
Co lle c t ive R a t io n a lit y
N o t S a t is ¯ e d 0 0

Th e fa c t t h a t t h e s a m p le 's h o u s e h o ld s a r e a ll c o n s is t e n t wit h c o lle c t ive r a t io n a lit y
is p e r h a p s n o t s u r p r is in g . W e a r e e s s e n t ia lly t e s t in g in d ivid u a lly r a t io n a l b e h a vio r
wit h m o s t ly a g g r e g a t e -le ve l ( h o u s e h o ld -le ve l) d a t a . A ls o , t h e p a r a m e t r ic e s t im a t io n s
o f t h e c o lle c t ive r a t io n a lit y m o d e l fo r o t h e r d a t a s e t s h a ve g e n e r a lly le d t o g o o d ¯ t s ;

7We replicated this approach for the 1969 and 1971 NLS Women dataset also and found very
similar results.
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wh e n we we a ke n t h e m a in t a in e d h yp o t h e s e s m a d e in t h e s e e m p ir ic a l s t u d ie s b y
a s s u m in g n o p a r t ic u la r fu n c t io n a l fo r m , we s h o u ld e xp e c t t h e r e s u lt s t o b e e ve n
m o r e fa vo r a b le .

A m o r e fu n d a m e n t a l p r o b le m wit h r e ve a le d p r e fe r e n c e t e s t s is t h a t s o m e t im e s
c o n s u m e r s c a n n o t vio la t e r e ve a le d p r e fe r e n c e c o n d it io n s n o m a t t e r h o w t h e y a c t .
Fo r e xa m p le , if o n e h o u s e h o ld m e m b e r h a d b o t h h is wa g e a n d h is n o n la b o r in c o m e
in c r e a s e fr o m ye a r 1 t o ye a r 2 , t h e n h e c o u ld n o t p o s s ib ly vio la t e S A R P b e c a u s e h is
t wo b u d g e t lin e s d o n o t c r o s s | a n y b u n d le h e c o u ld c h o o s e in ye a r 2 wo u ld a lwa ys
b e r e ve a le d p r e fe r r e d t o a n y b u n d le h e c o u ld c h o o s e in ye a r 1 , a n d a n y b u n d le h e
c o u ld c h o o s e in ye a r 1 wo u ld n e ve r b e r e ve a le d p r e fe r r e d t o a n y b u n d le h e c o u ld
c h o o s e in ye a r 2 . In o u r p r o b le m , h o we ve r , we a s s u m e in d ivid u a l n o n la b o r in c o m e
is u n o b s e r va b le ; t h u s t h e r e a lwa ys e xis t s a n a s s ig n m e n t o f n o n la b o r in c o m e wit h in
t h e h o u s e h o ld s u c h t h a t a t le a s t o n e h o u s e h o ld m e m b e r 's b u d g e t lin e s c r o s s . Th u s
g ive n t h e e xo g e n o u s d a t a o f wa g e s a n d h o u s e h o ld -le ve l n o n la b o r in c o m e , it is a lwa ys
t h e o r e t ic a lly p o s s ib le t o h a ve b e h a vio r in c o n s is t e n t wit h c o lle c t ive r a t io n a lit y.8

A d d it io n a lly, t h e r e ve a le d p r e fe r e n c e c o n d it io n s u s e d in t h e c o lle c t ive r a t io n a lit y
r e s t r ic t io n s a r e kn ife -e d g e c o n d it io n s ; t h e r e is n o s t o c h a s t ic e le m e n t b u ilt in . Th u s
o n e m ig h t e xp e c t t o s e e n u m e r o u s vio la t io n s in p r a c t ic e . E r r o r s in r e p o r t in g o r
r e c o r d in g t h e d a t a , o m it t e d va r ia b le s , m is s p e c ī c a t io n o f t h e b a s ic m a xim iz a t io n
p r o b le m fa c e d b y in d ivid u a ls ( fo r e xa m p le , t h e a s s u m p t io n t h a t t h e r e is n o in -h o u s e
p r o d u c t io n ) o r r a n d o m e le m e n t s o f p r e fe r e n c e o r c o n s u m p t io n b e h a vio r c o u ld a ll
le a d t o vio la t io n s o f t h e r e s t r ic t io n s .

In t e r e s t in g ly, wh ile t h e c o lle c t ive r a t io n a lit y r e s t r ic t io n s a r e a lwa ys s a t is ¯ e d , t h e
u n it a r y r e s t r ic t io n s a r e vio la t e d fo r s o m e h o u s e h o ld s . Th e n u m b e r o f h o u s e h o ld s vi-
o la t in g t h e u n it a r y r e s t r ic t io n s is t o o s m a ll t o c o n c lu d e t h a t t h e c o lle c t ive r a t io n a lit y
m o d e l ¯ t s t h e d a t a b e t t e r .9

Give n t h a t t h e d a t a s a t is fy t h e c o lle c t ive r a t io n a lit y r e s t r ic t io n s , o n e c o u ld p r o -
c e e d t o d o in g fu r t h e r wo r k wit h N L S d a t a s u c h a s m a kin g fu n c t io n a l fo r m a s s u m p -
t io n s a n d e s t im a t in g s h a r in g r u le s wit h in t h e h o u s e h o ld . Or , o n e c o u ld c o n t in u e t o
wo r k in t h e n o n p a r a m e t r ic s e t t in g a n d t e s t s h a r p e r h yp o t h e s e s a b o u t p r e fe r e n c e s o r
t h e s h a r in g r u le wit h in t h e h o u s e h o ld . Fu r t h e r , o n e c a n r e c o ve r b o u n d s o n u t ilit y
fu n c t io n s a n d s h a r in g r u le s c o n s is t e n t wit h t h is d a t a ( A fr ia t , 1 9 6 7 ) .10

8This does not address the "power" of the collective rationality test, however, or under what
conditions it is possible to see a violation of the collective rationality conditions as given. See
Bronars (1987) and Manser and McDonald (1988) for di®erent approaches to computing the power
of revealed preference tests.

9We replicated these tests for the survey of mature women in the NLS and found very similar
results: of 108 households, all satisfy the collective rationality tests and 4 out of 108 (4%) fail the
unitary tests.

10For more discussion on recovering utility functions from revealed preference tests, see Var-
ian (1982). Approximate bounds could be recovered even if the tests were not satis¯ed for all
observations (Afriat, 1973).
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5 Conclusion

Th is p a p e r h a s u s e d s e m ia lg e b r a ic t h e o r y t o d e r ive n o n p a r a m e t r ic t e s t a b le r e s t r ic -
t io n s o f t h e c o lle c t ive r a t io n a lit y m o d e l o f h o u s e h o ld b e h a vio r . Th e s e r e s t r ic t io n s
a r e n e c e s s a r y a n d s u ± c ie n t c o n d it io n s fo r h o u s e h o ld -le ve l d a t a ( in c lu d in g in d ivid u a l-
le ve l la b o r s u p p lie s ) t o b e c o n s is t e n t wit h P a r e t o -e ± c ie n t in t r a -h o u s e h o ld a llo c a t io n .
Th e s e n o n p a r a m e t r ic r e s t r ic t io n s s h o u ld p r o vid e a u s e fu l s u p p le m e n t t o e c o n o m e t r ic
t e s t s t h a t u s e a s s u m p t io n s a b o u t p a r a m e t r ic fo r m s ; fo r e xa m p le , t h e y c o u ld b e u s e d
a s s p e c ī c a t io n t e s t s .

W e h a ve u s e d t h e s e r e s t r ic t io n s t o t e s t wh e t h e r d a t a fr o m t h e N L S d e s c r ib e
h o u s e h o ld s t h a t a c t a s o n e u t ilit y m a xim iz in g a g e n t o r t wo u t ilit y m a xim iz in g a g e n t s
wh o a r r a n g e a P a r e t o e ± c ie n t in t r a -h o u s e h o ld a llo c a t io n . W e c o n c lu d e t h e r e d o
e xis t p r e fe r e n c e s t h a t a r e c o n s is t e n t wit h P a r e t o e ± c ie n c y fo r a ll o f t h e h o u s e h o ld s
in t h is d a t a s e t . W e a ls o ¯ n d 2 % o f t h e h o u s e h o ld s a r e n o t b e h a vin g c o n s is t e n t ly
wit h t h e u n it a r y m o d e l. Fu r t h e r in ve s t ig a t io n s c o u ld p e r h a p s fo c u s o n h o w c lo s e
t h e s e h o u s e h o ld s we r e t o s a t is fyin g t h e u n it a r y r e s t r ic t io n s , a s s u g g e s t e d in V a r ia n
( 1 9 8 5 ) , V a r ia n ( 1 9 9 0 ) ; if t h e ¯ t is c lo s e , t h e n we m ig h t c o n c lu d e we c a n n o t r e je c t
t h e u n it a r y m o d e l. If s o , t h is c o u ld b e s o m e e vid e n c e t h a t t h e p a r a m e t r ic t e s t s in
o t h e r e m p ir ic a l wo r k a r e r e je c t in g n o t t h e u n it a r y m o d e l b u t r a t h e r t h e p a r t ic u la r
p a r a m e t r ic s p e c ī c a t io n t h a t wa s u s e d .

6 Appendix: P r oof of theor em 2

E qu ilib r iu m in t h e c o lle c t ive r a t io n a lit y m o d e l is d e s c r ib e d b y t h e fo llo win g qu a n t i-
¯ e d s e t o f p o lyn o m ia l e qu a lit ie s a n d in e qu a lit ie s , ¡ .

¡ : Th e r e e xis t n u m b e r s fcr
i ; y

r
i g s u c h t h a t :

cr
a + cr

b = Cr fo r r = 1 ; 2 ( 1 )

yr
a + yr

b = Y r fo r r = 1 ; 2 ( 2 )

yr
i + wr

i `
r
i = cr

i fo r r = 1 ; 2 ; i = a; b ( 3 )

c2
a + w1

aL
2
a > c1

a + w1
aL

1
a OR c1

a + w2
aL

1
a > c2

a + w2
aL

2
a ( 4 )

c2
b + w1

bL
2
b > c1

b + w1
bL

1
b OR c1

b + w2
bL

1
b > c2

b + w2
bL

2
b ( 5 )

cr
i ¸ 0 fo r r = 1 ; 2 ; i = a; b ( 6 )

To d e r ive a n e qu iva le n t n o n -qu a n t i¯ e d s e t o f p o lyn o m ia l e qu a lit ie s a n d in e qu a li-
t ie s , t h e va r ia b le s fcr

i ; y
r
i g m u s t b e e lim in a t e d . Fir s t u s e t h e e qu a lit ie s t o m a ke s o m e

o b vio u s s u b s t it u t io n s . E qu a t io n s ( 1 ) a llo ws u s t o s o lve fo r cr
b, a n d e qu a t io n s ( 3 )

a llo w u s t o s o lve fo r yr
i . S u b s t it u t in g b a c k in t o E qu a t io n s ( 2 ) , we g e t :

Y r + wr
a`

r
a + wr

b`
r
b = Cr fo r r = 1 ; 2
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Th e s e a r e s im p ly t h e h o u s e h o ld b u d g e t c o n s t r a in t c o n d it io n s . Th e y a r e d e ¯ n e d o ve r
o b s e r va b le va r ia b le s , a n d s o fo r m t e s t a b le r e s t r ic t io n s o f t h e m o d e l.

Th e fo llo win g s ys t e m £, t o g e t h e r wit h t h e h o u s e h o ld b u d g e t c o n s t r a in t s , is
e qu iva le n t t o t h e o r ig in a l s ys t e m :

£: Th e r e e xis t n u m b e r s fcr
ag s u c h t h a t :

c2
a + w1

aL
2
a > c1

a + w1
aL

1
a OR c1

a + w2
aL

1
a > c2

a + w2
aL

2
a

C2 ¡ c2
a + w1

bL
2
b > C1 ¡ c1

a + w1
bL

1
b OR C1 ¡ c1

a + w2
bL

1
b > C2 ¡ c2

a + w2
bL

2
b

0 · cr
a · Cr fo r r = 1 ; 2

Th is s ys t e m is e qu iva le n t t o ©, t h e d is ju n c t io n o f fo u r s e t s o f lin e a r in e qu a lit ie s :

©: ©1 o r ©2 o r ©3 o r ©4 is s a t is ¯ e d .

©1: Th e r e e xis t n u m b e r s fcr
ag s u c h t h a t :

c2
a + w1

aL
2
a > c1

a + w1
aL

1
a

C2 ¡ c2
a + w1

bL
2
b > C1 ¡ c1

a + w1
bL

1
b

0 · cr
a · Cr fo r r = 1 ; 2

©2: Th e r e e xis t n u m b e r s fcr
ag s u c h t h a t :

c2
a + w1

aL
2
a > c1

a + w1
aL

1
a

C1 ¡ c1
a + w2

bL
1
b > C2 ¡ c2

a + w2
bL

2
b

0 · cr
a · Cr fo r r = 1 ; 2

©3: Th e r e e xis t n u m b e r s fcr
ag s u c h t h a t :

c1
a + w2

aL
1
a > c2

a + w2
aL

2
a

C2 ¡ c2
a + w1

bL
2
b > C1 ¡ c1

a + w1
bL

1
b

0 · cr
a · Cr fo r r = 1 ; 2

©4: Th e r e e xis t n u m b e r s fcr
ag s u c h t h a t :

c1
a + w2

aL
1
a > c2

a + w2
aL

2
a

C1 ¡ c1
a + w2

bL
1
b > C2 ¡ c2

a + w2
bL

2
b

0 · cr
a · Cr fo r r = 1 ; 2
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E a c h ©i is a s e t o f in e qu a lit ie s t h a t is lin e a r in t h e qu a n t ī e d va r ia b le s s o we
c a n a p p ly Fo u r ie r -Mo t z kin e lim in a t io n t o e a c h s e t . If o n e ©i is s a t is ¯ e d , t h e n © is
s a t is ¯ e d . N o t e t h a t ©1 a n d ©4 a r e t h e s a m e s e t s o f in e qu a lit ie s wit h r e ve r s e d o b s e r -
va t io n s , a n d ©2 a n d ©3 a r e t h e s a m e s e t s o f in e qu a lit ie s wit h r e ve r s e d o b s e r va t io n s .

6.1 Four ier -M otzkin elimination on ©1

Fir s t , we will e lim in a t e c1
a fr o m t h e ©1. R e wr it e a ll t h e in e qu a lit ie s t h a t in vo lve c1

a

wit h c1
a is o la t e d :

c1
a < c2

a + w1
aL

2
a ¡ w1

aL
1
a

c1
a > C1 ¡ C2 + w1

bL
1
b ¡ w1

bL
2
b + c2

a

c1
a ¸ 0

c1
a · C1

Th e r e e xis t s a c1
a s u c h t h a t t h a t s ys t e m is s a t is ¯ e d if a n d o n ly if:

C1 ¡ C2 + w1
bL

1
b ¡ w1

bL
2
b + c2

a < c2
a + w1

aL
2
a ¡ w1

aL
1
a

0 < c2
a + w1

aL
2
a ¡ w1

aL
1
a

C1 ¡ C2 + w1
bL

1
b ¡ w1

bL
2
b + c2

a < C1

Th e ¯ r s t in e qu a lit y c a n b e r e wr it t e n

C2 + w1
aL

2
a + w1

bL
2
b > C1 + w1

aL
1
a + w1

bL
1
b

Th e r e a r e n o u n o b s e r va b le s in t h is in e qu a lit y, s o it is o n e o f t h e t e s t a b le r e s t r ic -
t io n s o f t h is s ys t e m . N o w t o e lim in a t e c2

a fr o m t h e r e s t o f t h e s ys t e m , is o la t e t h e
c2
a:

c2
a < w1

a ( L
1
a ¡ L2

a )

c2
a < C2 + w1

b ( L
2
b ¡ L1

b )

c2
a ¸ 0

c2
a · C2
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Th e r e e xis t s a c2
a s u c h t h a t t h a t s ys t e m is s a t is ¯ e d if a n d o n ly if:

w1
a ( L

1
a ¡ L2

a ) < C2 + w1
b ( L

2
b ¡ L1

b )

w1
a ( L

1
a ¡ L2

a ) < C2

0 < C2 + w1
b ( L

2
b ¡ L1

b )

N o t e t h a t t h e ¯ r s t in e qu a lit y is im p lie d b y t h e ¯ r s t t e s t a b le r e s t r ic t io n . Th e
s ys t e m ©1 c a n b e s a t is ¯ e d if a n d o n ly if:

C2 + w1
aL

2
a + w1

bL
2
b > C1 + w1

aL
1
a + w1

bL
1
b

C2 + w1
aL

2
a > w1

aL
1
a

C2 + w1
bL

2
b > w1

bL
1
b

Th e t e s t a b le r e s t r ic t io n s o f s ys t e m ©4 a r e d e r ive d in a s im ila r wa y. Th e y a r e :

C1 + w2
aL

1
a + w2

bL
1
b > C2 + w2

aL
2
a + w2

bL
2
b

C1 + w2
aL

1
a > w2

aL
2
a

C1 + w2
bL

1
b > w2

bL
2
b

6.2 Four ier -M otzkin elimination on ©2

Fir s t , we will e lim in a t e c1
a fr o m t h e s ys t e m . R e wr it e a ll t h e in e qu a lit ie s t h a t in vo lve

c1
a wit h c1

a is o la t e d :

c1
a < c2

a + w1
aL

2
a ¡ w1

aL
1
a

c1
a < C1 ¡ C2 + w2

bL
1
b ¡ w2

bL
2
b + c2

a

c1
a ¸ 0

c1
a · C1

Th e r e e xis t s a c1
a s u c h t h a t t h a t s ys t e m is s a t is ¯ e d if a n d o n ly if:

0 < c2
a + w1

aL
2
a ¡ w1

aL
1
a

0 < C1 ¡ C2 + w2
bL

1
b ¡ w2

bL
2
b + c2

a
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N o w t o e lim in a t e c2
a fr o m t h e r e s t o f t h e s ys t e m , is o la t e t h e c2

a:

c2
a > w1

a ( L
1
a ¡ L2

a )

c2
a > C2 ¡ C1 + w2

bL
2
b ¡ w2

bL
1
b

c2
a ¸ 0

c2
a · C2

Th e r e e xis t s a c2
a s u c h t h a t t h a t s ys t e m is s a t is ¯ e d if a n d o n ly if:

w1
a ( L

1
a ¡ L2

a ) < C2

C2 ¡ C1 + w2
bL

2
b ¡ w2

bL
1
b < C2

Th e s ys t e m ©2 c a n b e s a t is ¯ e d if a n d o n ly if:

C2 + w1
aL

2
a > w1

aL
1
a

C1 + w2
bL

1
b > w2

bL
2
b

Th e t e s t a b le r e s t r ic t io n s o f ©3 a r e d e r ive d in a s im ila r wa y. Th e y a r e :

C1 + w2
aL

1
a > w2

aL
2
a

C2 + w1
bL

2
b > w1

bL
1
b

1 7



7 Data Appendix

Ta b le 2 : D e s c r ip t ive S t a t is t ic s ( n =2 4 3 )
V a r ia b le Me a n S D Min . Ma x.
H our s wor ked (year ly)11

H u s b a n d s , 1 9 6 8 / 6 9 12 2 0 7 9 4 5 4 3 5 0 3 6 0 0
W ive s , 1 9 6 8 / 6 9 1 7 3 0 5 9 2 8 0 2 9 1 2
H u s b a n d s , 1 9 7 0 / 7 1 2 0 9 4 3 1 4 8 0 0 3 6 0 0
W ive s , 1 9 7 0 / 7 1 1 6 8 8 6 1 8 3 0 3 1 2 0
I ncome fr om wages and salar y
H u s b a n d s , 1 9 6 8 / 6 9 7 5 7 0 3 1 5 3 1 0 0 0 1 8 6 0 0
W ive s , 1 9 6 8 / 6 9 4 0 0 7 2 2 5 3 1 0 0 1 2 0 0 0
H u s b a n d s , 1 9 7 0 / 7 1 8 5 8 6 4 1 0 5 1 2 0 0 3 2 0 0 0
W ive s , 1 9 7 0 / 7 1 4 6 3 6 2 7 2 9 1 0 0 1 5 0 0 0
H our ly Wages13

H u s b a n d s , 1 9 6 8 / 6 9 4 .2 3 3 .9 0 0 .5 0 3 0 .5 0
W ive s , 1 9 6 8 / 6 9 2 .3 8 1 .4 2 0 .1 6 1 2 .5 0
H u s b a n d s , 1 9 7 0 / 7 1 4 .1 4 2 .0 1 0 .4 8 1 6 .0 0
W ive s , 1 9 7 0 / 7 1 3 .1 5 4 .6 0 0 .1 9 6 6 .6 7
N on-labor income14

N o n -la b o r in c o m e , 1 9 6 8 / 6 9 4 6 0 1 0 1 1 -4 6 9 7 7 0 0
N o n -la b o r in c o m e , 1 9 7 0 / 7 1 7 0 9 1 5 1 4 -9 3 0 1 3 9 0 0

CP I-U p r ic e le ve l, 1 9 6 9 3 6 .7
CP I-U p r ic e le ve l, 1 9 7 1 4 0 .5

11All data required were not available in any two years so a mixture of 1968 and 1969 data are
used to create the 1969 observations and a mixture of 1970 and 1971 data are used to create the
1971 observations.

12Yearly hours worked for husbands for both observations was computed by multiplying hours
worked per week by 50.

13Computed from hours worked and income data.
14Sources are: Net income from business, partnership, rent; income from Bonds, Stocks and Mu-

tual Funds; interest and dividends; unemployment compensation; veterans compensation/pension;
workmen's compensation; aid to the disabled or blind; other disability payments; social security,
both disability and other; welfare or public assistance; food stamps; government pensions; retire-
ment pensions; and \other sources". In computing non-labor income, we set missing values for any
of these variables to zero.
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