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V a r i a b l e R a t e S u b s i d i e s : The I n e f f i c i e n c y o f 
I n - K i n d T r a n s f e r s R e v i s i t e d 

The i n e f f i c i e n c y o f f i x e d r a t e p r i c e s u b s i d i e s f o r c o n s u m e r g o o d s i s 

one o f t h e b e s t - k n o w n p r o p o s i t i o n s i n w e l f a r e e c o n o m i c s . Among o t h e r s , A a r o n 

a n d V o n F u r s t e n b e r g a n d S m o l e n s k y h a v e u s e d t h i s p r o p o s i t i o n t o e x a m i n e t h e 

i n e f f i c i e n c y o f h o u s i n g s u b s i d i e s when c o m p a r e d t o c a s h t r a n s f e r s . H a s k e l l , 

T h u r o w , and W i l d e h a v e a l s o u s e d i t t o show t h a t r e c i p i e n t g o v e r n m e n t s w i l l 

p r e f e r i n t e r g o v e r n m e n t a l a i d w i t h no s t r i n g s a t t a c h e d t o e q u a l l y c o s t l y , f i x e d 

r a t e m a t c h i n g g r a n t s . F i n a l l y , F r i e d m a n h a s u s e d t h e p r o p o s i t i o n t o p r o m o t e 

t h e n e g a t i v e i n c o m e t a x a s a r e p l a c e m e n t f o r f o o d s t a m p s and o t h e r i n - k i n d 

t r a n s f e r s . 

I n a d d i t i o n , t h e s e s t u d i e s o f t e n c i t e a n o t h e r d r a w b a c k o f f i x e d r a t e 

p r i c e s u b s i d i e s . I n t h e a b s e n c e o f a g o o d e s t i m a t e f o r t h e p r i c e e l a s t i c i t y 

o f t h e s u b s i d i z e d g o o d , t h e s p o n s o r i n g g o v e r n m e n t c a n n o t d e t e r m i n e t h e t o t a l 

amoun t o f a i d t o be d i s t r i b u t e d . W h i l e t h e s p o n s o r i n g g o v e r n m e n t c a n p l a c e a 

" c a p " o n t h e t o t a l a m o u n t o f a i d t o be d i s t r i b u t e d , d o i n g s o i n t r o d u c e s a k i n k 

i n t o t h e b u d g e t c o n s t r a i n t o f t h e r e c i p i e n t . T h i s k i n k c o m p l i c a t e s t h e p r o b ­

l e m o f p r e d i c t i n g t h e r e c i p i e n t r e s p o n s e t o c h a n g e s i n t h e s u b s i d y r a t e . — ' ' 

I n t h i s p a p e r , I show t h a t a b r o a d c l a s s o f v a r i a b l e r a t e p r i c e 

s u b s i d i e s d o m i n a t e s f i x e d r a t e p r i c e s u b s i d i e s o n b o t h c o u n t s . R e c i p i e n t s 

a l w a y s l i k e them b e t t e r t h a n e q u a l l y c o s t l y f i x e d r a t e s u b s i d i e s , a n d t h e 

t o t a l amoun t o f a i d c a n be f i x e d i n a d v a n c e w i t h o u t i n t r o d u c i n g t r o u b l e s o m e 

k i n k s i n t o t h e b u d g e t c o n s t r a i n t . 

T h e v a r i a b l e r a t e p r i c e s u b s i d i e s e x a m i n e d h e r e i n h a v e a n a d d i t i o n a l 

a d v a n t a g e . The r a t e o f s u b s i d y c a n be d e s i g n e d t o v a r y among r e c i p i e n t s , 

d e p e n d i n g on t h e i r s o c i o e c o n o m i c c h a r a c t e r i s t i c s . F o r e x a m p l e , a s p e c i a l c a s e 

o f t h e v a r i a b l e r a t e s u b s i d y i s f o u n d i n t h e f e d e r a l g o v e r n m e n t ' s t h r e e -
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f a c t o r G e n e r a l R e v e n u e S h a r i n g ( F G R S ) f o r m u l a . T h r o u g h a t a x e f f o r t f a c t o r 

i n c o r p o r a t e d i n t o i t , FGRS l o w e r s t h e p r i c e o f g o v e r n m e n t s e r v i c e s p r o v i d e d by 

r e c i p i e n t s t a t e a n d l o c a l g o v e r n m e n t s . The r a t e o f p r i c e r e d u c t i o n d e p e n d s o n 

t h e r e c i p i e n t g o v e r n m e n t s ' p o p u l a t i o n and p e r s o n a l i n c o m e . 

A f t e r a b r i e f r e v i e w o f t h e t h e o r y o f f i x e d r a t e s u b s i d i e s , I d e f i n e 

t h e c l a s s o f v a r i a b l e r a t e s u b s i d i e s t o be s t u d i e d and d e m o n s t r a t e t h e i r 

d o m i n a n c e i n t h e two a r e a s c i t e d a b o v e . The d e m o n s t r a t i o n a s s u m e s t h a t a l l 

r e c i p i e n t s a r e i d e n t i c a l , a n a s s u m p t i o n w h i c h i s d r o p p e d i n t h e f i n a l s e c ­

t i o n . T h e r e , a s a n a p p l i c a t i o n o f t h e g e n e r a l t h e o r y , I e s t i m a t e t h e d i f f e r ­

e n c e s b e t w e e n FGRS i n 1972 and a h y p o t h e t i c a l , f i x e d r a t e s u b s i d y c a l c u l a t e d 

t o p r o v i d e e a c h s t a t e g o v e r n m e n t w i t h t h e i r a c t u a l 1972 FGRS a l l o t m e n t . 

A B r i e f R e v i e w 

A b r i e f r e v i e w o f t h e s t a n d a r d i n e f f i c i e n c y a r g u m e n t i s i n o r d e r . 

T h e r e a r e N r e c i p i e n t s o f a p r i c e s u b s i d y , t h e i 1 " * 1 o f w h i c h i s a s s u m e d t o 

a l l o c a t e i t s d i s p o s a b l e i n c o m e ( l - t ) M ^ by m a x i m i z i n g a u t i l i t y U o f t h e 

s u b s i d i z e d g o o d G j and a c o m p o s i t e u n s u b s i d i z e d g o o d C ^ . U n i t s a r e c h o s e n s o 

t h a t p r i c e s a r e i n i t i a l l y e q u a l t o o n e . I n a d d i t i o n , t h e a n a l y s t s p l i t s 

s p e n d i n g o n G ^ i n t o two c o m p o n e n t s : s p e n d i n g f r o m d i s p o s a b l e i n c o m e T j , a n d 

t h e d o l l a r amoun t o f s u b s i d y R ^ , s o t h a t : 

( 1 ) G i = T i + R i -

A f i x e d r a t e p r i c e s u b s i d y i s c a l c u l a t e d a s a f i x e d r a t e o f T ^ , i . e . 

( 2 ) R ± = r i T t . 

C o n s u m p t i o n o f t h e u n s u b s i d i z e d c o m p o s i t e g o o d i s t h e n g i v e n b y : 

( 3 ) C j = ( l - t ) M 1 - T i . 
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The p r o b l e m f a c e d by t h e 1 t h r e c i p i e n t i s t o m a x i m i z e U i ( C 1 , G i ) 

s u b j e c t t o ( 1 ) , ( 2 ) , a n d ( 3 ) . S o l v i n g ( 3 ) f o r Tj a n d s u b s t i t u t i n g i n t o ( 2 ) , 

f i n d 

( 4 ) R t = r i t ( l - t ) M i - C i ] 

S u b s t i t u t i n g f o r T^ a n d R^ i n ( 1 ) a n d s i m p l i f y i n g y i e l d s t h e b u d g e t c o n ­

s t r a i n t : 

( 5 ) C i + l T r 7 G i = ( 1 - t ) M i 

w h i c h c l e a r l y shows t h a t ( 2 ) i s a f i x e d r a t e p r i c e s u b s i d y o f G . T h e i 1 " * 1 

r e c i p i e n t i s t h u s a s s u m e d t o : 

( 6 ) max U 1 (C±,Gt) 

S , t ' C i + T f r 7 G i = ( 1 - t ) M i ' 

A s s u m i n g a n i n t e r i o r s o l u t i o n (CMG,GMG) e x i s t s , i t i s c h a r a c t e r i z e d 

b y : 

( 7 ) / - ^ r - (CMG.GMG) - l + r i 

The s o l u t i o n o c c u r s a t t h e t a n g e n c y MG d e p i c t e d i n f i g u r e 1. K a y , 

R o s e n , a n d S t u t z e r ( 1 9 8 2 ) m e a s u r e r e c i p i e n t i ' s d e a d w e i g h t l o s s w i t h a n 

e q u i v a l e n t v a r i a t i o n - b a s e d m e a s u r e , w h i c h f o r a s u b s i d y i s : 

( 8 ) w i = R i " E V ± , 

w h e r e E V ^ i s t h e e q u i v a l e n t v a r i a t i o n i n i n c o m e n e e d e d t o p r o d u c e t h e same 
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u t i l i t y U Q as d i d t h e f i x e d r a t e s u b s i d y . i s t h e l a r g e s t amoun t o f m o n e y 

r e c i p i e n t i w o u l d be w i l l i n g t o f o r g o i n o r d e r t o o b t a i n a l ump sum s u b s i d y 

r a t h e r t h a n a f i x e d r a t e s u b s i d y . T h u s , Wj m e a s u r e s t h e s a v i n g s t h e s p o n s o r ­

i n g g o v e r n m e n t c o u l d a t t a i n by r e p l a c i n g a f i x e d r a t e p r i c e s u b s i d y w i t h a n 

e q u a l u t i l i t y p r o d u c i n g lump sum s u b s i d y , E V ^ . 

F i n a l l y , i t i s c l e a r t h a t t h e t o t a l a m o u n t o f s u b s i d i e s , d e n o t e d 0 , 

c a n n o t be f i x e d i n a d v a n c e w i t h o u t d e t a i l e d k n o w l e d g e o f e a c h r e c i p i e n t ' s 

p r o b l e m ( 6 ) , b e c a u s e : 

N 
( 9 ) Q - I R . - lr TMG 

i = l 1 1 3 

V a r i a b l e R a t e S u b s i d i e s 

A b r o a d c l a s s o f v a r i a b l e r a t e s u b s i d i e s f o r b o t h c o n s u m e r and 

i n t e r g o v e r n m e n t a l a i d c a n be c r e a t e d by g e n e r a l i z i n g t h e s o - c a l l e d t h r e e -

f a c t o r o r " S e n a t e " f o r m u l a u s e d , i n p a r t , t o d i s t r i b u t e F e d e r a l G e n e r a l R e v e -

2 / 
nue S h a r i n g f u n d s t o t h e s t a t e s ^ - ' The f o r m u l a i s : 

w T 
( 1 0 ) Ri = I j L ( T 1 ) Q = 5 } 1 Q ; 1 - 1 , . . . . 51 

3 / V 
w h e r e R j i s t h e a i d t o s t a t e i . — N o t e t h a t I R j = Q , s o t h a t 0 c a n be 

1-1 

f i x e d i n a d v a n c e . i s t h u s a f u n c t i o n g i v i n g t h e f r a c t i o n o f 0 d i s t r i b ­

u t e d t o s t a t e i . I t d e p e n d s o n t h e l e v e l o f t a x e s T^ l e v i e d w i t h i n s t a t e i , 

a n d a w e i g h t w^ r e f l e c t i n g t h e s o c i o e c o n o m i c c h a r a c t e r i s t i c s o f s t a t e i . The 

w e i g h t w^ e q u a l s t h e s q u a r e o f t h e r e c i p r o c a l o f s t a t e i ' s p e r c a p i t a i n ­

come J i / The g o o d b e i n g s u b s i d i z e d i s s t a t e g o v e r n m e n t s p e n d i n g G ^ = T^ + R j , 

a s : 
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3G 3R 
= 1 + 

3 T . 

W ± J . W j T j 
1 f J * 1 0 > 1 , 

b e c a u s e a n i n c r e a s e i n s t a t e t a x e s i n c r e a s e s i t s r e v e n u e s h a r i n g g r a n t , 

c e t e r i s p a r i b u s . A l s o , n o t e t h a t t h e m a r g i n a l r a t e o f s u b s i d y 3 l j . / 3 T j t o s t a t e 

i d e c l i n e s a s i t s p e n d s more o f i t s own r e v e n u e T . , , b e c a u s e : 

( 1 2 ) 
3T\ 

< 0 

T h u s , u n l i k e t h e f i x e d r a t e s u b s i d y ( 2 ) , ( 1 0 ) i s n o n l i n e a r i n T^. I t i s 

i n c r e a s i n g a n d c o n c a v e i n T ^ . A s s u m i n g t h a t s t a t e i ' s s h a r e o f t h e f u n d 0 i s 

l e s s t h a n 50 p e r c e n t , i t s m a r g i n a l r a t e o f s u b s i d y a l s o d e c l i n e s when some 

o t h e r s t a t e i n c r e a s e s i t s t a x e s , b e c a u s e : 

3 2 I , 
( 1 3 ) 

w i w k 
3 T . 3 T , 

i k 
3 [ l r I i J < 0 

Xw.-r.r j*i J 

S i m i l a r f o r m u l a e h a v e b e e n u s e d i n some s t a t e s t o d i s t r i b u t e s t a t e 

r e v e n u e t o l o c a l g o v e r n m e n t s . M o r e g e n e r a l l y , f o r b o t h c o n s u m e r and i n t e r ­

g o v e r n m e n t a l p r o g r a m s , one c o u l d d e f i n e a s y s t e m : 

V i ( V 
( 1 4 ) R i = V V Q = j w . f j ( T . ) ° ' 1 = 1 ' » 



c 

F i g u r e 1: E q u a l Util ity P r o g r a m s 
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w h e r e i s c o n c a v e a n d i n c r e a s i n g i n T ^ , t h e r e c i p i e n t ' s o w n - s o u r c e e x p e n d i ­

t u r e o n t h e s u b s i d i z e d g o o d . 

T h e o r y o f V a r i a b l e R a t e S u b s i d i e s 

B y s u b s t i t u t i n g ( 1 0 ) f o r ( 2 ) , a m o d e l o f r e c i p i e n t r e s p o n s e t o 

v a r i a b l e r a t e s u b s i d i e s c a n be c r e a t e d . F o l l o w i n g t h e same s t e p s a s d o n e 

e a r l i e r , t h e i ^ r e c i p i e n t i s a s s u m e d t o s o l v e : — ^ 

( 1 5 ) max U i ( C 1 , G i ) 1 - 1 , . . . . N 

C i ' G i 

s . t . C± + G t - ( l - t ) M 1 - I i ( ( l - t ) M i - C i ) 0 

w ( ( l - t ) M - C ) 
= ( l - O M j - - ^ — 0 

I w ( ( l - t ) M - C ) 

t r e a t i n g C j , j * i p a r a m e t r i c a l l y . 

I t s s o l u t i o n i s c h a r a c t e r i z e d b y : 

i i 3T w±l w ( ( l - t ) M - C 1 

( 1 6 ) j^/w- ( C , , G . ) = i + ^ - i Q = — ~ - Q ; 1=1, . . . . N . 
3 C i 3 G i 1 1 3 T i ( I w j ( ( l - t ) M j - C . ) ) 2 

Once t h e b u d g e t c o n s t r a i n t f r o m ( 1 5 ) i s s o l v e d f o r G^ a n d s u b s t i ­

t u t e d i n t o ( 1 6 ) , t h e r e r e s u l t s N s i m u l t a n e o u s e q u a t i o n s i n N u n k n o w n s C j , 

C N . B e c a u s e t h e i c ^ r e c i p i e n t i s a s s u m e d t o t r e a t C j , j * i p a r a m e t r i c a l l y , a 

s i m u l t a n e o u s s o l u t i o n ( C R S ^ , G R S ^ ) , i • 1 , . . . , N t o ( 1 6 ) i s a N a s h e q u i l i b r i u m 

f o r t h e n o n c o o p e r a t i v e game d e s c r i b e d by ( 1 5 ) J i / G i v e n v a l u e s C R S j , j * i i n 

a N a s h e q u i l i b r i u m , t h e i c ^ r e c i p i e n t ' s b u d g e t c o n s t r a i n t i n ( 1 5 ) i s r e p r e ­

s e n t e d i n F i g u r e 1 a s t h e c o n c a v e c u r v e t a n g e n t t o U Q a t R S . I t s c o n c a v i t y 
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f o l l o w s f r o m t h e c o n c a v i t y o f I j i n T ^ . I n t h e f i g u r e , t h e p a r a m e t e r s 0 a n d 

W j , wjq h a v e b e e n s e t s o t h a t t h e u t i l i t y UQ a t t a i n e d i s t h e same a s t h a t 

a t t a i n e d u n d e r a f i x e d r a t e s u b s i d y ( 2 ) . A t l e a s t i n t h i s f i g u r e , we s e e 

t h a t : 

( a ) The d e a d w e i g h t l o s s o f t h e v a r i a b l e r a t e s u b s i d y ( w h i c h i s t h e a n a l o ­

g o u s v e r t i c a l d i s t a n c e b e l o w R S ) i s s m a l l e r t h a n f o r a n e q u a l u t i l i t y 

f i x e d r a t e s u b s i d y . 

( b ) V a r i a b l e r a t e s u b s i d i e s s t i m u l a t e l e s s s p e n d i n g o n t h e s u b s i d i z e d 

g o o d G t h a n do e q u a l u t i l i t y f i x e d r a t e s u b s i d i e s . 

I n C h a p t e r 3 o f S t u t z e r ( 1 9 8 1 ) , b o t h o f t h e s e p r o p e r t i e s a r e s h o w n t o h o l d f o r 

g e n e r a l f o r m u l a e I ^ C T ^ ) w h i c h a r e c o n c a v e a n d i n c r e a s i n g i n T * , l i k e ( 1 4 ) i s . 

2 

F u r t h e r m o r e , u n d e r t h e a d d i t i o n a l m i l d a s s u m p t i o n t h a t 3 U ^ / 3 C ^ 3 G ^ > 0 , i t i s 

a l s o r i g o r o u s l y p r o v e n t h e r e t h a t p r o p e r t i e s ( a ) and ( b ) h o l d f o r e q u a l c o s t , 

r a t h e r t h a n e q u a l u t i l i t y , s u b s i d i e s . — ' 1 ' How much l e s s t h e d e a d w e i g h t l o s s a n d 

t h e s p e n d i n g o n t h e s u b s i d i z e d g o o d i s d e p e n d s o n a l l t h e u t i l i t y f u n c t i o n s U * 

a n d a l l t h e p a r a m e t e r s r^ , w ^ , ( l - t ) M ^ , a n d 0 . 

Q u a n t i t a t i v e C o m p a r i s o n o f F i x e d and V a r i a b l e R a t e S u b s i d i e s 

I n o r d e r t o i s o l a t e t h e i n h e r e n t d i f f e r e n c e s b e t w e e n f i x e d a n d 

v a r i a b l e r a t e s u b s i d i e s , one m u s t f i r s t c o n t r o l f o r v a r i a t i o n s i n t h e u t i l i t y 

f u n c t i o n s and p a r a m e t e r s . To do s o , I f o l l o w A a r o n and V o n F u r s t e n b e r g ' s 

s t u d y o f f i x e d r a t e s u b s i d i e s i n a s s u m i n g t h a t r e c i p i e n t s p o s s e s s i d e n t i c a l 

u t i l i t y f u n c t i o n s , h a v e i d e n t i c a l d i s p o s a b l e i n c o m e s , a n d f a c e t h e same f i x e d 

r a t e s u b s i d y r . A l s o , f o l l o w i n g F i s h e r ( 1 9 8 1 ) , I a s s u m e t h e w e i g h t s w^ i n 

8 / 

( 1 0 ) h a v e a common v a l u e w.— T h e s e a s s u m p t i o n s w i l l be r e l a x e d i n t h e e m p i r ­

i c a l a p p l i c a t i o n w h i c h f o l l o w s t h i s s e c t i o n , t h o u g h . B e c a u s e r e c i p i e n t s a r e , 

f o r t h e momen t , a s s u m e d t o be i d e n t i c a l , one c a n d r o p t h e s u b s c r i p t i a n d sum 



- 8 -

t h e r i g h t - h a n d s i d e o f ( 1 6 ) t o o b t a i n t h e N a s h e q u i l i b r i u m c o n d i t i o n f o r t h e 

v a r i a b l e r a t e s u b s i d y ( 1 0 ) : 

( 1 7 ) a f t o g . O M ) - 1 
N T 

M a k i n g u s e o f t h e b u d g e t c o n s t r a i n t i n ( 1 5 ) and t h e f a c t t h a t N r e c i p i e n t s 

w i t h i d e n t i c a l w e i g h t s w and t a x l e v e l s T w i l l e a c h o b t a i n R = ^ , t h e f o l l o w ­

i n g n o n l i n e a r e q u a t i o n i n CRS r e s u l t s : 

( 1 8 ) | £ / | J k c R S , ( l - t ) M - K y N - C R S ) = 1 + ( N ~ 1 ) 0  

3 C 3 G N 2 ( ( l - t ) M - C R S ) 

S i m i l a r l y , a f i x e d r a t e s u b s i d y r w o u l d r e s u l t i n a common l e v e l o f C , d e n o t e d 

CMC, s o l v i n g : 

( 1 9 ) | | / | | ( C M G , ( l + r ) ( ( l - t ) M - C M G ) ) - 1 + r 

A l s o f o l l o w i n g A a r o n and V o n F u r s t e n b e r g , I a s s u m e a CFS u t i l i t y f u n c t i o n 

( 2 0 ) U ( C , G ) = ( a C v + ( l - a ) G v ) 1 / v , w h e r e v = 1 - £ , a n d a i s t h e c o n s t a n t 

e l a s t i c i t y o f s u b s t i t u t i o n o f C f o r G . 

D e n o t e t h e s h a r e o f i n c o m e t h e r e c i p i e n t a l l o c a t e s t o G , i n t h e a b s e n c e o f a n y 

s u b s i d y ( r = 0 ) , by b . T h e n , i t i s e a s y t o show f r o m ( 1 9 ) t h a t : 

( 2 1 ) a = ( l + c i j S ) - 1 ' 0 ) - 1 

T h e n , f o r a n y l e v e l s o f ( l - t ) M a n d b , t h e s o l u t i o n o f ( 1 9 ) d e p e n d s s o l e l y o n r 

a n d o . T h u s , g i v e n l e v e l s o f t h e s e f o u r p a r a m e t e r s , one c a n c o m p u t e CMG f r o m 
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( 1 9 ) , t h e c o s t o f t h e s u b s i d y p e r r e c i p i e n t f r o m ( 4 ) , t h e c o n s u m p t i o n o f t h e 

s u b s i d i z e d g o o d GMG - ( l + r ) ( ( l - t ) M - C M G ) , a n d t h e d e a d w e i g h t l o s s W p e r r e ­

c i p i e n t f r o m ( 8 ) . F o r h o m o t h e t i c u t i l i t y f u n c t i o n s s u c h a s ( 2 0 ) , S t u t z e r 

( 1 9 8 2 ) h a s shown t h a t W i s s t r i c t l y p r o p o r t i o n a l t o d i s p o s a b l e i n c o m e , s o i t 

i s c o n v e n i e n t t o d e f i n e : 

( 2 2 ) ^ = 0 ^ 

a s t h e f i x e d r a t e d e a d w e i g h t l o s s p e r r e c i p i e n t d o l l a r o f d i s p o s a b l e i n c o m e . 

T h i s number w i l l , o f c o u r s e , be much s m a l l e r t h a n h a d t h e r a t i o b e e n e x p r e s s e d 

a s a f r a c t i o n o f t h e s u b s i d y c o s t . B u t a d e c r e a s e i n w e l f a r e may n o t a l w a y s 

be s i g n a l l e d by a d e c r e a s e i n t h e l a t t e r f r a c t i o n , s o ( 2 2 ) i s a d o p t e d i n s t e a d . 

T o c o m p a r e a f i x e d r a t e s u b s i d y r w i t h a n e q u a l c o s t v a r i a b l e r a t e 

s u b s i d y f o r v a r i o u s a a n d b , we s e t Q i n ( 1 8 ) e q u a l t o ( 4 ) t i m e s N , a n d s o l v e 

t o o b t a i n C R S . F r o m t h i s , we c o m p u t e GRS f r o m t h e b u d g e t c o n s t r a i n t i n ( 1 5 ) 

and t h e d e a d w e i g h t l o s s p e r r e c i p i e n t f r o m ( 8 ) . To c o m p a r e w i t h ( 2 2 ) , t h e 

v a r i a b l e r a t e d e a d w e i g h t l o s s i s a l s o e x p r e s s e d p e r r e c i p i e n t d o l l a r o f i n ­

c o m e , and i s d e n o t e d WRS. 

F i n a l l y , i n k e e p i n g w i t h c o n v e n t i o n f r o m o t h e r s t u d i e s , we r e p r e s e n t 

t h e f i x e d r a t e s u b s i d y r a s a p e r c e n t a g e p r i c e r e d u c t i o n i n G . N o t i n g f r o m 

( 5 ) t h a t t h e p r i c e o f G i s r r » t h e p e r c e n t a g e p r i c e r e d u c t i o n S i s : 

( 2 3 ) 

The c o m p a r i s o n s f o r N = 50 r e c i p i e n t s w i t h $ 1 0 , 0 0 0 d i s p o s a b l e i n c o m e 

who s p e n d b = . 2 5 o f t h e i n c o m e o n G i n t h e a b s e n c e o f a s u b s i d y a r e s h o w n i n 

9 / 

F i g u r e 2 b e l o w . — T h e r e , n o t e t h a t s p e n d i n g o n G i n c r e a s e s w i t h t h e p r i c e 

r e d u c t i o n S and t h e e l a s t i c i t y o f s u b s t i t u t i o n o . As was c l a i m e d e a r l i e r , 

GRS < GMG, and WRS < WMG. W h i l e t h e q u a n t i t a t i v e d i f f e r e n c e s p e r r e c i p i e n t 



SIGMA .50 .75 1 .50 2.00 4 .00 
s H a * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

05 » 2581.285784 2606.350978 2682.521162 2734.107997 2946.793796 
10 » 2669.478593 2723.264632 2888.966971 3003.003003 3486.385664 
20 * 2870.856056 2996.083191 3393.712849 3676.470588 4929.022082 
30 3115.284130 3337.943323 4070.027169 4608.294931 7040 .766035 
AO ft 3420.218269 3780.439828 5014.356090 5952.380952 10113.268608 
50 * 3814*871397 4378.646672 6407.544820 3000.000000 14545.454545 
60 * 4352.809872 5238.563897 8628.524963 11363.636364 20973.154362 
70 » 5146. 236293 6595.957391 12611.130834 17543.859649 30835.646007 
80 * 6486.595378 9114.031648 21 352.5491 56 31250.000000 4882b.125000 
90 » 9535.767394 15785.722755 51316.701949 76923.076923 99700.897308 

• 
SIGMA .50 .75 1 .50 2 .00 4 .00 

S ft»»»»»ft»»»ft»ft»«»»»»ftft»»»»i»*»»ftft»ftft»««»«ft»ft»»»»»»»»*ft»» , , « » « « « . . . » , . « « « « « * * « • 
05 » 2580.341845 2604.939288 2679.721536 2730.394690 2939.502088 
10 » 2667.578424 2720 .431 187 2883.388607 2995.632286 3472.052906 
20 ft 2867.011430 2990.382110 3382.608957 3661 .855568 4900.851058 
30 » 3109.465186 3329.356311 4053.383790 4586.384986 6999 .30 5972 
40 » 3412.420744 3768.973045 4992.080392 5922.979500 10060.949076 
50 ft 3805.136575 4364.345194 6379.446177 7962.822117 14488.480754 
60 it 4341.262615 5221 .538316 8594.286176 11318.459435 20921.993974 
70 « 5133.164913 6576.439115 12570.268904 17490.970872 30801 .234215 
80 » 6472.647958 9092.512553 21304.397904 31191.670536 4881 3 .74961 2 
90 « 9522.604366 15763.465112 51260.854003 

f D C 

76869.321028 99698.669786 

SIGMA .50 .75 

C J K O 

1.50 2 .00 4 .00 
S * # f t f t f t » * f t » f t » f t # f t ) < f t * f t » » » f t » » * f t f t f t » » » f t » » f t f t f t » * < < * * « » N « * * » f t * f t * * » N » K M ft * ft * ft K f t * X M X f t » » f t f t 

05 ft .000125 .000188 .000381 .000513 .001059 
10 ft .000534 .000808 .001661 .002252 .004798 
20 ft .002465 .003772 .007987 .0 11 029 .024740 
30 ft .006499 .010080 .022104 .031106 .071911 
AO ft .013811 .021778 .049785 .071429 .164361 
50 ft .026484 .042655 .102547 .150000 .326253 
60 ft .048564 .080445 .206034 .306818 .588534 
70 ft .089017 .153394 .427293 .644737 1.003396 
80 ft .172498 .316025 .994678 1.500000 1.731448 
90 ft .403325 .831078 3 .245149 4.673077 3.667182 

SIGMA .50 .75 
WMG 

1 .50 2 .00 4 .00 
S 
05 ft .000120 .000181 .000367 .000494 .001 023 
10 ft .000515 .000780 .001604 .002177 . 004652 
20 ft .002384 .003653 .007753 .010721 .024138 
20 ft .006311 .009800 .021558 .030382 .0705^1 
AO ft .013463 .021263 .048764 .070063 .161778 
50 ft .025920 .041818 .100843 .1476*55 .322283 
60 ft .047726 .079189 .203348 .303104 .533441 
70 ft .087856 .1 51 61 0 .423140 .638895 .998245 
80 ft .17099b .313596 .988094 1 .490703 1 .727830 
90 ft .401603 .827896 3.233251 4.657435 3.665931 

WRS 

F I G U R E 2 : N=50, ( 1 - t ) M = 1 0 0 0 0 , b = . 2 5 



SIGMA .50 .75 1 .50 2.00 4.00 
s 
05 X 2581.285784 2606.350978 2682.521162 2734.107997 2946.793796 
1 0 x 2669.A78593 2723.264632 2838.966971 3003.003003 3486.385664 
20 X 2870.856056 2996.083191 3393.712849 3676.470588 4929.022082 
30 X 3115.28A130 3337.943323 4070.027169 4608.294931 7040 .766035 
40 X 3420.218269 3780.439828 5014.356090 5952.380952 10113.268608 
50 X 381 A.871397 4378.646672 6407.544320 8000.000000 14545.454545 
60 X 4352.809872 5238.563897 8628.524963 1 1363 .636364 20973.154362 
70 X 51A6.236293 6595.957391 12611.130834 17543.859649 30835 .646007 
to X 6486.595378 9114.031648 21 352.5491 56 31250.000000 48828.125000 
90 X 9535.767394 15785.722755 51316.701949 76923.0 76923 99700.897308 

SIGMA .50 .75 

UW1VJ 

1.50 2 .00 4.00 
S X * * X M X « X » « K * M X X « X t t X * » « « » « X « f t f t » » X X * X X X X X X X X X X X X X X X X X X * X * X * X X X X X * X * X * X X X X X X X X 

05 x 2581.281066 2606.343926 2682.507180 2734.089456 2946.757410 
1 0 X 2669.469106 2723.250488 2888.939139 3002.966240 3486.314238 
20 X 2870.836887 2996.054775 3393.657541 3676.397815 4928.881940 
30 X 3115.255154 3337.900577 4069.944368 4608.185960 7040.560088 
AO X 3420.179483 3780.382805 5014.245363 5952.234844 10113.009228 
50 X 3814.823018 4378.57S606 6407.405230 7999.815378 14545.173004 
60 X 4352.752522 5238.479332 8628.354941 11363.412196 20972.902925 
70 X 5146.171389 6595.860451 12610.928001 17543.597520 30835 .478288 
ao X 6486.526099 9113.924726 21352.310277 31249.711523 48828.055646 
90 X 9535.701920 15785.612041 51316.425279 76922.812326 99700.386656 

SIGMA .50 .75 
GRS 

1 .50 2.00 4 . 00 
s X X X X * X * X X X * * X < * X X X X X * » X X * * X * X X X X X X X X X * X X X X X X X X X X X * * X X * * * * X X X X X » X X * X X X * * » X * X 

05 X .000125 .000188 .000381 .000513 .001059 
10 X .000534 .000808 .001661 .002252 .004798 
2& X •002465 .003772 .007987 .011029 .024740 
30 X .006499 .010080 .022104 .031106 .071911 
AO X .013811 .021773 .049785 .071429 .164361 
50 X .026484 .042655 .102547 .150000 .326253 
60 X .048564 .080445 .206034 .306813 .588534 
70 X .089017 .153394 .42 72 93 .644737 1 .003396 
80 X .172498 .316025 .994678 1 . 500000 1 .731443 
90 X .403325 .831078 3 .245149 4.673077 3.667182 

SIGMA .50 .75 
WMG 

1 .50 2 .00 4.00 
S X X * » * * X * X X » X X X * X X X X X X X X X X X X * X * X X X X * * X * X X * X * X X X * * X » X X X * * X X * * » X * X * X * X X * * X X X X X 

C5 X .000125 .000138 .000381 .000513 .001059 
10 • .000534 .000808 .001660 .002252 .004798 
20 X .002464 .003772 .007985 .011028 .024737 
30 X .006498 .010078 .022102 •031102 .071904 
AO X .013809 .021775 .049780 .071422 .164343 
50 X .026481 .042651 .1 02539 .149988 .326233 
60 X .048559 .080439 .206021 .306300 . 588509 
70 X .089011 .153385 .427272 .644708 1.003370 
80 X .172491 .316013 .994646 1 .499954 1.731430 
90 X .403317 .831063 3.245090 4.673000 3.667176 

WRS 

F I G U R E 3 : N = 1 0 0 0 0 , ( l - t ) M = 1 0 0 0 0 , b = . 2 5 



- 1 0 -

a r e s m a l l , t h e y w i l l be m a g n i f i e d i n t h e a g g r e g a t e . A l s o , t h e d e a d w e i g h t 

l o s s e s u s u a l l y i n c r e a s e w i t h a , w i t h e x c e p t i o n s o c c u r i n g o n l y f o r v e r y h i g h 

l e v e l s o f o . The l a t t e r mus t e v e n t u a l l y o c c u r , f o r a s O • C a n d G become 

p e r f e c t s u b s t i t u t e s , i n w h i c h c a s e t h e r e i s n o d i f f e r e n c e b e t w e e n c a s h and i n -

k i n d t r a n s f e r s . A ? - / F i n a l l y , n o t e t h a t t h e d e a d w e i g h t l o s s i n d e x c a n e x c e e d 

u n i t y f o r b o t h s u b s i d y s c h e m e s when b o t h S and a , a n d , h e n c e , t h e s u b s i d y 

c o s t s , a r e v e r y h i g h . T h u s , f o r t h e v e r y c o s t l y p r o g r a m s , t h e d e a d w e i g h t l o s s 

p e r r e c i p i e n t c a n a c t u a l l y e x c e e d t h e $ 1 0 , 0 0 0 d i s p o s a b l e i n c o m e p e r r e c i p i e n t . 

I n F i g u r e 3 , t h e same c o m p a r i s o n s a r e made f o r N = 1 0 , 0 0 0 . The g a p s 

b e t w e e n GRS and GMG and b e t w e e n WRS a n d WMG h a v e n a r r o w e d s u b s t a n t i a l l y . T o 

e x a m i n e t h i s f u r t h e r , a r e l a t i v e i n e f f i c i e n c y i n d e x R I • WMG/WRS i s t a b l e d i n 

f i g u r e 4 . T h e r e , n o t e t h a t t h e r e l a t i v e i n e f f i c i e n c y f a l l s w h e n N i s i n ­

c r e a s e d t o 1 0 , 0 0 0 . F i x e d r a t e s u b s i d i e s , w h i c h w e r e a t m o s t 3 . 9 p e r c e n t m o r e 

i n e f f i c i e n t when N = 5 0 , a r e a l w a y s l e s s t h a n .1 p e r c e n t more i n e f f i c i e n t when 

N = 1 0 , 0 0 0 . T h e s e c o m p u t a t i o n s s u g g e s t t h a t t h e r e w o u l d be no d i f f e r e n c e s 

b e t w e e n e q u a l c o s t f i x e d a n d v a r i a b l e r a t e s u b s i d i e s ( 1 0 ) i n t h e l i m i t a s N * 

0 0 , a t l e a s t when t h e r e c i p i e n t s a r e i d e n t i c a l . I n t h e a p p e n d i x , I p r e s e n t a 

s i m p l e p r o o f o f t h i s c l a i m , w h i c h i s v a l i d f o r a n y u t i l i t y f u n c t i o n - i i / T h i s 

r e s u l t s u g g e s t s t h a t t h e w e l f a r e and s p e n d i n g d i f f e r e n c e s b e t w e e n f i x e d a n d 

v a r i a b l e r a t e s u b s i d i e s may be more i m p o r t a n t f o r h i g h c o s t p r o g r a m s w i t h a 

s m a l l number o f r e c i p i e n t s , s u c h a s f e d e r a l a i d t o s t a t e s , t h a n f o r c o n s u m e r 

w e l f a r e p r o g r a m s l i k e f o o d s t a m p s o r h o u s i n g a s s i s t a n c e . 

An A p p l i c a t i o n : G e n e r a l R e v e n u e S h a r i n g V s . F i x e d R a t e M a t c h i n g G r a n t s 

I n t h i s s e c t i o n , s t a t e - b y - s t a t e a n d a g g r e g a t e i m p a c t s o f F e d e r a l 

G e n e r a l R e v e n u e S h a r i n g i n 1972 a r e s i m u l a t e d and c o n t r a s t e d w i t h a s y s t e m o f 

h y p o t h e t i c a l , e q u a l l y c o s t l y , f i x e d r a t e m a t c h i n g g r a n t s . 



S I G M A . 5 0 . 7 5 1 . 5 0 2 . 0 0 4 . 0 0 
s X * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

. 0 5 X 1 . 0 3 9 3 9 9 1 . 0 3 9 1 0 6 1 . 0 3 8 2 6 6 1 . 0 3 7 7 3 7 1 . 0 3 5 8 3 6 

. 1 0 N 1 . 0 3 7 5 4 2 1 . 0 3 6 9 7 8 1 . 0 3 5 4 3 5 1 . 0 3 4 5 1 6 1 . 0 3 1 5 0 8 

. 2 0 * 1 . 0 3 3 7 5 6 1 . 0 3 2 7 2 2 1 . 0 3 0 1 5 3 1 . 0 2 8 7 8 0 1 . 0 2 4 9 2 2 

. 3 0 1 . 0 2 9 1 6 3 1 . 0 2 8 4 7 1 1 . 0 2 5 3 3 4 1 . 0 2 3 8 2 5 1 . 0 2 0 0 0 0 

. 4 0 N 1 . 0 2 5 3 7 2 1 . 0 2 4 2 3 7 1 . 0 2 0 9 3 1 1 . 0 1 9 4 9 7 1 . 0 1 5 9 6 5 

. 5 0 * 1 . 0 2 1 7 6 5 1 . 0 2 0 0 3 1 1 . 0 1 6 9 0 3 1 . 0 1 5 6 7 4 1 . 0 1 2 3 1 8 

. 6 0 N 1 . 0 1 7 5 4 3 1 . 0 1 5 8 6 7 1 . 0 1 3 2 1 0 1 . 0 1 2 2 5 4 1 . 0 0 8 7 3 0 

. 70 1 . 0 1 3 2 0 3 1*011764 1 . 0 0 9 8 1 3 1 . 0 0 9 1 4 4 1 . 0 0 5 1 6 0 

. S O * 1 . 0 0 8 7 7 3 1 . 0 0 7 7 4 6 1 . 0 0 6 6 6 4 1 . 0 0 6 2 3 7 1 . 0 0 2 0 9 4 

. 9 0 X 1 . 0 0 4 2 6 9 1 . 0 0 3 8 4 4 1 . 0 0 3 6 8 0 1 . 0 0 3 3 5 3 1 . 0 0 0 3 4 1 

N - 5 0 

S I G M A . 5 0 . 7 5 1 . 5 0 2 . 0 0 4 . 0 0 

s » * » » * X * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * K M * * * * * * * * * * * * 

0 5 N 1 . 0 0 0 1 9 1 1 . 0 0 0 1 90 1 . 0 0 0 1 8 6 1 . 0 0 0 1 8 3 1 . 0 0 0 1 7 4 

1 0 x 1 . 0 0 0 1 8 2 1 . 0 0 0 1 8 0 1 . 0 0 0 1 7 2 1 . 0 0 0 1 6 3 1 . 0 0 0 1 5 3 
20 X 1 . 0 0 0 1 6 4 1 . 0 0 0 1 5 9 1 . 0 0 0 1 4 7 1 . 0 0 0 1 4 0 1 . 0 0 0 1 2 2 
30 » 1 . 0 0 0 1 4 5 1 . 0 0 0 1 3 9 1 . 0 0 0 1 2 4 1 . 0 0 0 1 1 6 1 . 0 0 0 0 9 3 

40 » 1 . 0 0 0 1 2 6 1 . 0 0 0 1 1 3 1 . 0 0 01 02 1 . 0 0 0 0 9 5 1 . 0 0 0 0 7 6 

50 X 1 . 0 0 0 1 0 6 1 . 0 0 0 0 9 3 1 . 0 0 0 0 o 3 1 . 0 0 0 0 7 7 1 . 0 0 0 0 6 0 
SC X 1 . 0 0 0 0 8 6 1 . 0 0 0 0 7 3 1 . 0 0 0 0 6 5 1 . 0 0 0 0 6 0 1 . 0 0 0 0 4 3 

70 X 1 . 0 0 0 0 6 5 1 . 0 0 0 0 5 6 1 . 0 0 0 0 4 8 1 . 0 0 0 0 4 5 1 . 0 0 0 0 2 5 
8 0 x 1 . 0 0 0 0 4 3 1 . 0 0 0 0 3 6 1 . 0 0 0 0 3 3 1 . 0 0 0 0 3 1 1 . 0 0 0 0 1 0 
vO X 1 . 0 0 0 0 2 1 1 . 0 0 0 0 1 9 1 . 0 0 00 1 8 1 . 0 0 0 0 1 7 1 . 0 0 0 0 0 2 

N - 1 0 0 0 0 

F i g u r e 4: RI=WMG/WRS 
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I n t h e p r e s e n c e o f FGRS i n a n y y e a r , a s s u m e t h a t s t a t e , i , w o u l d 

b e h a v e a s i f i t s o l v e d p r o b l e m ( 1 5 ) , w i t h W j , w ^ j , a n d 0 g i v e n by d a t a 

a n d o b t a i n e d f o r t h a t y e a r , and w i t h g i v e n by t h e CES f o r m : 

( 2 4 ) U ^ C ^ G j ) = ( a 1 C 1

v + ( l - a 1 ) G 1

v ) 1 / v ; i = 1 51 

T h u s , t h e d i s t r i b u t i o n p a r a m e t e r a ^ i s p e r m i t t e d t o v a r y a c r o s s r e c i p i e n t s , 

w h i l e t h e e l a s t i c i t y o f s u b s t i t u t i o n a = -r-^— i s n o t . F o r e a c h s t a t e i , t h e 
' 1 - v ' 

d i s t r i b u t i o n p a r a m e t e r a ^ m u s t be e s t i m a t e d . 

T o e s t i m a t e a.^ f o r 1 9 7 2 , a s s u m e t h a t t h e a d v e n t o f FGRS was n o t 

a n t i c i p a t e d p r i o r t o r e c i p i e n t g o v e r n m e n t b u d g e t i n g f o r 1 9 7 2 . T h e n , i n 1 9 7 2 , 

s t a t e i a c t e d a s i f i t m a x i m i z e d ( 2 4 ) s u b j e c t t o + G j = ( l - t ) M i . F o r 

a n y 0 = » t n e f i r s t o r d e r c o n d i t i o n s f o r t h i s p r o b l e m c a n be s o l v e d f o r a.^ 

i n t e r m s o f t h e o b s e r v e d C^ a n d G^ i n 1 9 7 2 : 

( 2 5 ) a. . 

T h u s , f o r a n y a s s u m e d common e l a s t i c i t y o f s u b s t i t u t i o n o i n 1 9 7 2 , one c a n 

o b t a i n t h e f r o m 1972 N I P A d a t a o n a n d G±. 

A f t e r c a l i b r a t i n g t h e m o d e l by t h i s m e t h o d , ( 1 6 ) i s s o l v e d s i m u l t a n ­

e o u s l y t o o b t a i n t h e N a s h e q u i l i b r i u m ( C R S ^ G R S j ) , i = 1 , 5 1 . The e q u i l ­

i b r i u m FGRS a l l o c a t i o n t o s t a t e i i s t h e n RS± = I 1 ( ( l - t ) M 1 ~ C R S i ) o g i v e n i n 

( 1 5 ) . The d e a d w e i g h t l o s s f o r e a c h s t a t e i i s c a l c u l a t e d by s u b t r a c t i n g a 

c o m p u t e d e q u i v a l e n t v a r i a t i o n E V ^ f r o m R S ^ , a n d i s summed t o o b t a i n a t o t a l 

d e a d w e i g h t l o s s e s t i m a t e f o r FGRS i n 1 9 7 2 , d e n o t e d W. 

T o o b t a i n t h e c o m p a r i s o n b e t w e e n t h e r e v e n u e s h a r i n g e q u i l i b r i u m and 

t h e f i x e d r a t e m a t c h i n g g r a n t s , c o m p u t e a n e q u a l l y c o s t l y m a t c h i n g g r a n t r a t e 

r^ f o r e a c h s t a t e i by s o l v i n g t h e f o l l o w i n g two e q u a t i o n s i n t h e u n k n o w n s r i 

a n d T M G j : 
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( 2 6 ) JC~/JG~ C ( l - t ) M 1 - T M G i , ( l + r 1 ) T M G 1 ) - 1 + r± ; i = 1 , . . . . 51 

r i ™ G i = R S i * 

T h e n , n u m e r i c a l l y c o m p u t e a n e q u i v a l e n t v a r i a t i o n i n i n c o m e f o r ( 2 6 ) a n d 

s u b t r a c t f r o m R S j t o o b t a i n t h e d e a d w e i g h t l o s s r e s u l t i n g f r o m s t a t e 1 r e ­

c e i v i n g a n e q u a l l y c o s t l y , f i x e d r a t e m a t c h i n g g r a n t a t t h e r a t e r ^ . T h i s i s 

d e n o t e d WM^ i n f i g u r e 5 , and i s summed t o o b t a i n a t o t a l f i x e d r a t e d e a d w e i g h t 

l o s s WM. 

E x a m i n i n g f i g u r e 5 , we s e e t h a t t h e 1972 d e a d w e i g h t l o s s f r o m t h e 

$ 5 . 3 b i l l i o n FGRS p r o g r a m w o u l d h a v e b e e n W = 2 4 2 . 8 m i l l i o n , w h i c h i s 4 . 6 

p e r c e n t o f t h e p r o g r a m c o s t , h a d t h e common e l a s t i c i t y o f s u b s t i t u t i o n a = 

2 . An e q u a l l y c o s t l y s y s t e m o f f i x e d r a t e s u b s i d i e s w o u l d h a v e g e n e r a t e d a 

l a r g e r d e a d w e i g h t l o s s WM * 2 5 8 . 8 m i l l i o n , w h i c h i s 6 . 6 p e r c e n t l a r g e r t h a n 

t h e l o s s due t o F G R S . B o t h o f t h e s e f i g u r e s w o u l d h a v e b e e n l o w e r h a d a = 

. 6 7 , t h u s c o n f i r m i n g t h e e v i d e n c e f r o m t h e i d e n t i c a l r e c i p i e n t s c a s e r e s u l t s 

o f f i g u r e 2 . H o w e v e r , t h e r e l a t i v e i n e f f i c i e n c y o f 1 . 0 6 6 i s s o m e w h a t l a r g e r 

t h a n one w o u l d h a v e i n f e r r e d f r o m t h e i d e n t i c a l r e c i p i e n t s e v i d e n c e o f f i g u r e 

4 . 

A Q u a l i f i c a t i o n 

I t h a s b e e n a s s u m e d t o t h i s p o i n t t h a t t h e t o t a l c o s t 0 o f e i t h e r 

s u b s i d y p r o g r a m i s n o t f i n a n c e d by t h e r e c i p i e n t s o f t h e p r o g r a m , i . e . , t h a t t 

i s i n d e p e n d e n t o f Q. T h i s may be a v a l i d a s s u m p t i o n f o r c o n s u m e r w e l f a r e 

p r o g r a m s , b u t i s s u r e l y n o t a s v a l i d f o r i n t e r g o v e r n m e n t a l a i d p r o g r a m s . 

R e i n t e r p r e t i n g M t o be r e c i p i e n t d i s p o s a b l e i n c o m e g r o s s o f i t s c o n t r i b u t i o n 

t o f i n a n c e Q , i t s c o n t r i b u t i o n t o a f u l l y f u n d e d p r o g r a m mus t b e : 



S T A T E 4H S 
* * » • * , t »*»**» 

A L 7 . v 1 0 9 8 . 2 4 3 0 . 0693 
AX .1 = 76 • 1 6 * 2 . 0 3 6 7 

AZ 2 . 7 5 2 9 2". 3 0 5 4 . 0 5 8 1 
A R 5 . 3 9 9 7 5 . 5 0 6 6 . 0 9 7 8 
C A 1 3 . 9 1 7 7 1 6 . 7 9 2 5 . 0 3 8 6 
CO 2 . 6 2 5 4 2 . 6 8 9 2 . 05 20 
CT 1 . 6 5 9 4 1 . 6 9 4 2 . 0 3 3 2 
DE .51 Os . 5 1 3 2 . 0 4 3 9 
DC . 3760 . 3 7 7 9 . 0303 
FL 7 . A ? ° 1 7 . 9 0 7 b . 054V 
G A 7 . 1 7 6 V 7 . 4 7 5 3 . 0 6 3 5 
H I . 7 2 74 . 7 3 2 8 . 0 4 0 5 
I D 1 . 4 527 1 .4641 . 0 7 0 8 
IL 7 . c C G 2 8 . 5 1 8 1 . 0 3 9 5 
I N 5 . 5 : 9 7 5 . 3 3 4 9 . 0 5 2 9 
I A 4 . C 3 9 7 4 . 1 5 5 4 . 0 5 7 6 
KS 2 . 73 74 2 . 7 9 1 5 . 0547 
H Y ft. 745c 6 . 9 6 4 1 . 0 8 0 0 
LA 9 . 52 16 9 . 9 5 8 4 . 0834 
M E 2 . 1 4 9 & 2 . 1 7 4 4 . 0726 
-.0 3 . 2 0 7 2 3 . 2 1 2 1 . 0 4 1 5 
M A 4 . 9 1 5 5 5 . 1 7 0 7 . 041 8 
« I 3 . 0 5 1 0 8 . 7 0 0 2 . 0 4 5 4 
MN 4 . * c 02 5 . 1 7 9 0 . 0 5 3 0 
M S 1 0 . 0366 1 0 . 3 5 5 4 . 1 1 5 5 
- 0 5 . 1 9 3 ? 5 .3881 . 0561 
* T 1 . 3 1 2 5 1 . 3 2 2 5 . 0 6 6 7 
N E 2 . 1 7 1 6 2 . 2 0 3 3 . 0 5 6 4 
N V . 4054 . 4 0 7 2 . 0 3 3 6 
N H . 9 2 0 3 . 9 2 6 0 . 0 5 7 2 
N J 4 . 4 7 5 o 4 . 7 1 2 6 . 0370 
NM 2 • LiS60 2 . 5 1 8 2 • . 0 7 3 4 
NY 1 2 . 5 0 0 5 1 4 . 9 9 O 0 . 0 3 6 2 
NC 9 . f t744 1 0 . 1 7 3 2 . 0 7 5 4 
\D 1 • 7 5 o 4 1 . 7 5 0 4 . 0808 
OH c • 5 1 7 ft 9 . 1 6 8 1 . 0 4 8 5 
OK 3 . 9 1 4 7 4 . 0 0 1 2 . 0 6 6 0 
OR 2 . 3 9 S 6 2 . 4 4 2 4 . 0523 
P A 1 2 . 0 2 0 7 1 3 . 3 5 2 1 . 0 5 1 0 
R I 1 . 0 9 5 4 1 . 1 0 4 9 • 0506 
SC 0 . 2 1 4 7 6 . 3 7 9 8 . 0875 
SO 1 .6251 1 . 3 4 1 2 . 0791 
T N 7 . 5 1 4 0 7 . 7 9 1 9 . 0785 
TX 1 3 . 7 C 5 e 1 5 . 0 5 6 7 .061 5 
U T 2 . G 7 2 5 2 . 0 9 6 2 . 0700 
V T . 6 709 . 3757 . 0 6 3 4 
V A 5 . 3 c 5 2 5 . 5 7 2 5 . 0564 
WA 3 . 2 7 6 6 3 . 3 7 6 6 • 0460 
WV «.. 224Q u.3142 . 0329 
U I 6 . 3 4 3 c 6 . 6 7 4 5 . 05 44 
» Y . 5630 .5651 . 0597 

* 4 2 . 3 4 7 6 25 3 . 5 2 0 1 

WM S 
« * * * > « * * * » » 

2 . 8 3 1 4 2 . 9 2 7 9 . 0950 
. 0694 • 0 6 9 6 . 0391 

1 . 0 0 3 7 1 . 0 2 3 6 . 0 6 1 8 
1 . 8 9 9 3 1 . 9 3 7 3 . 1 0 3 9 
5 . 1 3 7 2 6 . 2 6 1 2 .041 3 

. 9641 . 9 3 4 6 . 05 54 

. 6 1 5 5 . 6291 . 0354 

. 1 6 3 0 . 1 639 . 0 4 6 7 

. 1 3 9 7 .1 404 . 0 3 2 3 
2 .72 f t6 2 . 8 9 1 5 . 0 585 
2 . 5 8 9 9 2 . 7 0 1 0 . 0730 

. 2 6 6 9 . 2 7 1 0 . 0432 

. 5243 . 5 2 6 5 . 0753 
2 . 8 7 o 3 3 . 1 5 7 1 . 0 4 2 2 
2 . 0 4 2 6 2 . 1 3 6 1 . 0564 
1 . 4 7 3 1 1 . 5 1 7 0 . 0 6 1 2 

. 9 9 3 3 1 . 0 1 8 8 . 0583 
2 . 4 1 3 2 2 . 4 9 2 2 . 0 3 5 1 
3 . 4 1 2 4 3 . 5 7 2 7 . 0887 

. 7754 . 7845 . 0772 
1 . 1 6 2 9 1 . 2 2 3 4 . 0442 
1 . 6 1 3 5 1 . 9 1 2 3 . 0446 
2 . 9 6 0 9 3 . 2 1 1 5 . 0434 
1 . 8 2 4 0 1 . 9 0 0 0 . 0564 
3 . 5 0 3 6 3 . 6 1 5 3 . 1 2 2 6 
1 . 8 9 1 7 1 . 9 o 5 2 . 0597 

. 4 7 5 1 • 47 38 . 0709 

. 7 9 0 3 . 8 0 2 3 . 0622 

. 1 5 0 0 . 1 5 0 6 . 0411 

. 3351 . 3 3 7 2 . 0609 
1 • 65*»6 1 . 7467 . 0394 

. 8 9 3 0 . 9041 . 0 6 3 4 
4 . e 2 2 2 5 .6011 . 036 6 
3 . 4 7 6 0 3 . 6 6 2 4 . 0 « 0 3 

. 6 2 1 8 . 6 2 7 0 . 0 6 5 9 
3 . 1 1 9 4 3 .36=4 . 0 5 1 6 
1 . 4 1 2 0 1 . 4 4 4 2 . 0722 

. e 7 6 3 . C 9 3 4 . 0 562 
4 . 4 0 4 3 4 . 9 1 4 9 • 0 5 44 

. 4 0 1 3 . 4 0 4 9 . 0 5 29 
2 . 2 0 8 9 2 . 2 6 c 7 . 0920 

. 6 5 5 2 .661 2 . 064', 
2 . o90 5 2 . 7 ^ 2 6 . 0 c 5c 
4 . 9 7 9 4 5 .4901 . 0657 

. 7 4 S 2 . 7 570 . 0 745 

. 2 1 6 9 . 3 1 8 7 . 0675 
1 . 9 5 4 5 2 . 0 3 3 0 i c C v i 
1 . 2 0 5 9 1 .2 42 6 . 0 4 90 
1 . 5 1 0 4 1 • 5 5 9 c . 06 92 
2 . 3 2 6 7 2 . 4 5 1 2 • 0 5cC 

. 20 5 1 . 2 0 5 9 . 0 6 3 ; 

3 o • 1 c iu 9 4 . 1 5 9 3 

Figure 5 
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( 2 7 ) tM = § 

One c o u l d a r g u e t h a t t h i s c o n t r i b u t i o n i s t r e a t e d a s a l ump sum t a x by t h e 

r e c i p i e n t i n ( 6 ) o r ( 1 5 ) , i n w h i c h c a s e t h e r e c i p i e n t s w i l l s t i l l p r e f e r e q u a l 

c o s t v a r i a b l e r a t e s u b s i d i e s t o f i x e d r a t e o n e s . H o w e v e r , a s h a s b e e n n o t i c e d 

by b o t h T e e p l e s a n d F i s h e r ( 1 9 8 1 ) , f u n d i n g f i x e d r a t e s u b s i d i e s by r e c i p i e n t 

c o n t r i b u t i o n s i n t r o d u c e s a n o t h e r d i s t o r t i o n , f o r i n t h i s c a s e : 

N 

r I ( ( l - t ) M j - C j ) 
( 2 8 ) t M = f = - J z L _ 

w h i c h r e s u l t s i n t h e m a x i m i z a t i o n c o n d i t i o n ( 1 9 ) b e i n g m o d i f i e d t o 

3 U . 3 U r « „ , 1+r 
( 2 9 ) ^ / ^ ( C M G , ( l + r ) ( ( l - t ) M - C M G ) ) = r g f a . 

C l e a r l y , a s N • °° , t h e r e i s no d i f f e r e n c e b e t w e e n ( 2 9 ) a n d ( 1 9 ) . B e c a u s e o f 

t h i s , t h e l i m i t i n g e q u i v a l e n c e o f f i x e d a n d v a r i a b l e r a t e s u b s i d i e s p r o v e n i n 

t h e a p p e n d i x i s s t i l l v a l i d when t h e p r o g r a m i s f u l l y f u n d e d by i t s r e -

1 2 / 
c i p i e n t s . — 

M i c h a e l J . S t u t z e r 
F e d e r a l R e s e r v e Bank o f M i n n e a p o l i s 



F o o t n o t e s 

— See W a l d a u e r f o r f u r t h e r d i s c u s s i o n o f t h i s p r o b l e m . 

— ^ F e d e r a l G e n e r a l R e v e n u e S h a r i n g i s a f a r m o r e c o m p l i c a t e d s y s t e m 

t h a n j u s t t h e " S e n a t e " f o r m u l a . See N a t h a n , M a n v e l , a n d C a l k i n s f o r a m o r e 

d e t a i l e d d e s c r i p t i o n . 

— ^ P u e r t o R i c o i s c o u n t e d a s t h e 5 1 s t s t a t e . 

— ^ S e e J o h n s o n ( 1 9 7 5 ) f o r d e t a i l s . 

i / A l s o s e e J o h n s o n ( 1 9 7 7 ) a n d F i s h e r ( 1 9 7 7 ) . 

— For a f o r m a l e x i s t e n c e p r o o f , s e e S t u t z e r ( 1 9 8 1 ) , C h a p t e r 4 . 

— See J o h n s o n ( 1 9 7 5 ) f o r a g r a p h i c a l i l l u s t r a t i o n o f t h e s e p r o p o s i ­

t i o n s . 

— ' ' T h e s e a s s u m p t i o n s a r e n o t n e c e s s a r y f o r a c t u a l a p p l i c a t i o n s . I n 

C h a p t e r 4 o f S t u t z e r ( 1 9 8 1 ) , l a r g e s c a l e s i m u l a t i o n w i t h r e c i p i e n t s d i f f e r i n g 

i n t h e i r w e i g h t s and i n c o m e s i s s h o w n t o be a p r a c t i c a l t e c h n i q u e . 

9 / 

— A c o m p u t e r p r o g r a m c a l c u l a t i n g t h e c o m p a r i s i o n s f o r a r b i t r a r y 

p a r a m e t e r v a l u e s i s a v a i l a b l e f r o m t h e a u t h o r . 

- ^ • ^ T h e a u t h o r i s i n d e b t e d t o H e n r y A a r o n f o r p o i n t i n g t h i s o u t . 

HJTOT a more l e n g t h y p r o o f o f t h i s , v a l i d o n l y f o r C o b b - D o u g l a s 

u t i l i t i e s , s e e F i s h e r ( 1 9 8 1 ) . 

— ^ F i s h e r ( 1 9 8 1 ) h a s a r g u e d t h a t t h i s d i s t o r t i o n b r i n g s v a r i a b l e 

r a t e s u b s i d i e s c l o s e r t o f i x e d r a t e s u b s i d i e s f o r f i n i t e N a s w e l l . 



A p p e n d i x 

D e n o t e t h e " d e m a n d " f u n c t i o n s o l v i n g ( 1 8 ) by C R S ( N ) , s u b s t i t u t e t h e 

e q u a l c o s t c o n d i t i o n Q = N r ( ( l - t ) M - C M G ) i n t o ( 1 8 ) " , a n d t a k e t h e l i m i t a s N + » 

i n ( 1 8 ) t o o b t a i n : 

( i ) ( C R S ( - ) , ( l - t ) M + r ( ( l - t ) M - C M G ) - C R S ( » ) ) 

. 1 + r ( ( l - t ) M - C M G ) 
( ( l - t ) M - C R S ( ~ ) ) 

w h e r e CMG s o l v e s t h e f i x e d r a t e s u b s i d y m a x i m i z a t i o n c o n d i t i o n ( 1 9 ) . A s i m p l e 

s u b s t i t u t i o n v e r i f i e s t h a t CRS(°°) = CMG i s t h e u n i q u e s o l u t i o n t o ( i ) . 
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