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Macroeconomic I m p l i c a t i o n s f o r Tax I n d e x i n g 
i n the M c C a l l u m - W h i t a k e r Framework* 

H i g h r a t e s o f i n f l a t i o n d u r i n g t he p a s t few y e a r s have g e n e r a t e d a 

v i g o r o u s p u b l i c d e b a t e on t he q u e s t i o n o f i n d e x i n g the f e d e r a l income t a x s y s t e m . 

A r e c e n t paper by M c C a l l u m and W h i t a k e r (MW 1979) shows t h a t a u t o m a t i c s t a b i 

l i z e r s a r e e f f e c t i v e i n b o t h i n d e x e d and n o n i n d e x e d t a x s t r u c t u r e s . B u t , s i n c e 

t h a t i s no t t he pu rpose o f t h e i r p a p e r , t h e y do no t d i r e c t l y a d d r e s s the q u e s t i o n 

o f whe the r o r no t t o i n d e x . The p u r p o s e o f t h i s n o t e i s t o e x t e n d the MW 

f ramework s o t h a t t he i n d e x i n g q u e s t i o n s can be a d d r e s s e d d i r e c t l y . T h i s a n a l 

y s i s l e a d s t o e x p l i c i t p r o p o s i t i o n s abou t t he macroeconomic c o n s e q u e n c e s o f t he 

i n d e x i n g d e c i s i o n . 

MW use a macroeconomic model t h a t i n c o r p o r a t e s r a t i o n a l e x p e c t a t i o n s 

and the n a t u r a l - r a t e h y p o t h e s i s t o show t h a t s y s t e m a t i c f i s c a l and mone ta ry 

s t a b i l i z a t i o n p o l i c i e s i n t he fo rm o f f e e d b a c k r u l e s w i l l be i n e f f e c t i v e i n 

d e t e r m i n i n g t he l e v e l o f o u t p u t . I n a d d i t i o n t o t h i s s t a n d a r d r e s u l t , MW show 

t h a t f i s c a l p o l i c y i n t he fo rm o f s o - c a l l e d b u i l t - i n s t a b i l i z e r s can a f f e c t t he 

v a r i a b i l i t y o f r e a l o u t p u t . Bu t u n l e s s a c e r t a i n c o n d i t i o n i s s a t i s f i e d , MW show 

t h a t b u i l t - i n s t a b i l i z e r s may be d e s t a b i l i z i n g i n t he f a c e o f s u p p l y s h o c k s . 

They c o n c l u d e t h a t " a n i n c r e a s e i n the v a l u e o f [ the] p r o g r e s s i v i t y p a r a m e t e r 

w i l l r e d u c e t he v a r i a b i l i t y o f o u t p u t i f t he t a x sys tem i s i n d e x e d to make r e a l 

t a x e s i n d e p e n d e n t o f t he p r i c e l e v e l . Bu t w i t h o u t i n d e x a t i o n an i n c r e a s e i n 

p r o g r e s s i v i t y may c o n c e i v a b l y make v a r i a t i o n s i n o u t p u t ( r e l a t i v e t o c a p a c i t y ) 

more s e v e r e . " W h i l e t hey n e v e r d i r e c t l y pose t he q u e s t i o n o f whe the r o r n o t t o 

• C o n s t r u c t i v e comments were r e c e i v e d f rom P r e s t o n M i l l e r , A r t h u r R o l -
n i c k , and an anonymous r e f e r e e . Rema in ing e r r o r s a r e m i n e . The v i e w s e x p r e s s e d 
h e r e i n a r e s o l e l y t h o s e o f t he a u t h o r and do no t n e c e s s a r i l y r e p r e s e n t t h e v i e w s 
o f t h e 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 o r t he F e d e r a l R e s e r v e S y s t e m . 
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i n d e x t he t a x s t r u c t u r e , t h e i r d i s c u s s i o n l e a v e s t he r e a d e r w i t h t he i m p r e s s i o n 

t h a t t he r e s o l u t i o n o f t h i s i s s u e i n t he c o n t e x t o f t h e i r model can depend on t he 

s t a b i l i t y c o n d i t i o n . 

I n t h i s n o t e I show t h a t t he MW s t a b i l i t y c o n d i t i o n i s i r r e l e v a n t t o 

t he i n d e x i n g i s s u e . Even i f s u p p l y s h o c k s a r e no t d e s t a b i l i z i n g , an i n d e x e d t a x 

s t r u c t u r e can domina te a n o m i n a l t a x s t r u c t u r e i n te rms o f o u t p u t v a r i a n c e . 

S i m i l a r l y , i n te rms o f p r i c e v a r i a n c e , a n o m i n a l t a x s t r u c t u r e c a n dom ina te an 

i n d e x e d t a x s t r u c t u r e r e g a r d l e s s o f t he s t a b i l i t y c o n d i t i o n . I n o r d e r t o f o c u s 

d i r e c t l y on t he t a x i n d e x i n g q u e s t i o n , i n the c o n t e x t o f t h e i r macro s e t u p , I 

compare two mode ls t h a t d i f f e r o n l y i n t he t a x revenue f u n c t i o n , whereas MW 

compare models t h a t d i f f e r i n b o t h t he government r evenue and s p e n d i n g f u n c t i o n s . 

T h e i r c o n c l u s i o n s r e g a r d i n g t he e f f e c t i v e n e s s o f b u i l t - i n s t a b i l i z e r s and t he 

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

s p e c i f i c a t i o n . I a l s o show t h a t the MW s t a b i l i t y c o n d i t i o n i s e q u i v a l e n t t o t he 

c o n d i t i o n t h a t t he a g g r e g a t e demand c u r v e has e l a s t i c i t y g r e a t e r t h a n u n i t y . 

I f i r s t s e t ou t t he MW model a l o n g w i t h an i n d e x e d v e r s i o n o f t he 

m o d e l , and t h e n p r e s e n t and d i s c u s s t he g e o m e t r i c s o l u t i o n s t o t h e s e m o d e l s . 

The MW model f o r what I c a l l the n o m i n a l t a x c a s e i s : 

y t = a 0 + a 1 ( P t - E t - 1 p t ) + a 2 y t - 1 + u t ( 1 ) 

where a 1 > 0 < a 2 < 1. 

y t = b 0 + b 1 [ r t " E t - 1 ( p t + r p t ) ] + b 2 « t + b

3

z t + v t ( 2 ) 

\ = P t + c 0 + c 1 y t + G 2 r t + e t ( 3 ) 

where b - , b~, c ? < 0 < b ? , c 1 . 
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z t + p t = To + T i ( y t + P t } + k ( 4 ) 

S t + P t - E t - 1 P t = ^0 + ^ 1 g t - 1 + Y 2 y t - 1 + n t ( 5 ) 

\ = ^0 + "iVl + y 2 y t - 1 + W ( 6 ) 

A l l v a r i a b l e s , e x c e p t t he n o m i n a l i n t e r e s t r a t e ( r ^ . ) , a r e l o g a r i t h m s where y^. i s 

o u t p u t , p. i s t he p r i c e l e v e l , g . i s r e a l government s p e n d i n g on goods and 

s e r v i c e s , z . i s r e a l t a x l i a b i l i t i e s ( n e t o f t r a n s f e r s ) , m f c i s t he n o m i n a l money 

s t o c k , and E. . d e n o t e s t he e x p e c t a t i o n c o n d i t i o n a l on i n f o r m a t i o n a t t he end o f 

p e r i o d t - 1 . E q u a t i o n (1 ) i s the a g g r e g a t e s u p p l y f u n c t i o n , (2) i s t he IS 

f u n c t i o n , and (3 ) i s t he LM f u n c t i o n . The l a s t t h r e e e q u a t i o n s r e p r e s e n t p o l i c y 

r u l e s , w i t h (5 ) r e f l e c t i n g t he i d e a t h a t the f i s c a l a u t h o r i t i e s c o n t r o l n o m i n a l 

s p e n d i n g s o t h a t e x p e c t e d r e a l s p e n d i n g i s s e t a t some d e s i r e d l e v e l . S i n c e t he 

v a r i a b l e s a r e i n l o g a r i t h m s , t he t a x p r o g r e s s i v i t y p a r a m e t e r ( T ^ ) i s t he r a t i o o f 

t he m a r g i n a l t o t he a v e r a g e t a x r a t e . A l l d i s t u r b a n c e s a r e assumed t o be 

t e m p o r a l l y i n d e p e n d e n t w h i t e n o i s e p r o c e s s e s w h i c h may be c o n t e m p o r a n e o u s l y 

c o r r e l a t e d , bu t t h e p o l i c y r u l e d i s t u r b a n c e s canno t be c o n t e m p o r a n e o u s l y c o r r e 

l a t e d w i t h t he f i r s t t h r e e d i s t u r b a n c e s . 

The a l t e r n a t i v e model t h a t I c a l l t he i n d e x e d t a x c a s e i s e x a c t l y the 

same as the n o m i n a l t a x c a s e , e x c e p t t h a t t he t a x r u l e i s 

Z t = T 0 + T 1 y t * * f ( 7 ) 

The o u t p u t / p r i c e s o l u t i o n s t o t h e s e mode ls a r e o f t he fo rm 

y t " *10 + n 1 1 y t - 1 + ^ 1 2 ^ - 1 + * 1 3 g t - 1 + ffmut ( 8 )  

+ * 1 5 V t + ^ 1 6 ^ + + V \ B \ + * 1 9 C t 



T a b l e 1 

N o m i n a l Tax 
S t r u c t u r e 

C o e f f i c i e n t s 

Indexed Tax 
S t r u c t u r e 

C o e f f i c i e n t s 

T T 1 4 

T T 1 5 

^18 

7 I 1 9 

e/«j) 

- a ^ A j , 

b

3

a

1

c 2 / * 

b 2 3 1 c 2 / ' < ^ 

a ^ A j , 

x 0 / x 1 

a 1 C 2 / x 1 

" alVX1 
a 1 c 2 b 3 / x l 

a 1 b 2 ° 2 / x 1 

a 1 b 1 / x 1 

T T 2 L J 

" 2 5 

7T 26 

'27 

^28 

" 2 9 

where 

- ( b 1 c 1 + c 2 ( 1 - b 3 T 1 ))/<|) 

c 2 / 4 . 

b 3 c 2 /4> 

b 2c 2/<t) 

b / * 

• ( b 1 c 1 + c 2 ( 1 - b 3 x 1 ) ) / x 1 

c 2 / x 1 

-V x1 
c 2 b 3 / x 1 

b 2 c 2 / x 1 

V X1 

9 = b 1 + b 2 c 2 - b 3 c 2 ( T r 1 ) 

4> = a ^ C j + a 1 c 2 ( l - b _ T 1 ) + 

X 0 = b 1 + b 2 C 2 

x 1 = a 1 b 1 c 1 + a 1 c 2 ( 1 - b 3 T l ) + x Q 

and 

I» * , x 0 , x 1 < 0 f o r T 1 > 1. 
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P t = T T 2 0 • i r 2 1 y t _ 1 + H 2 2 m t - 1 + w 2 3 g t - 1 + 1 T 2 4 u t ( 9 ) 

+ W 2 5 V t + * 2 6 e t + 7 T 2 7 ^ t + 1 T 2 8 n t + * 2 9 C f 

S i n c e we a r e o n l y i n t e r e s t e d i n d i s c u s s i n g v a r i a n c e s h e r e , the c o e f f i 

c i e n t s o f t he d i s t u r b a n c e te rms a r e shown i n T a b l e 1.—^ B o t h § and a r e 

d e c r e a s i n g f u n c t i o n s o f T 1 S O t h a t a l l c o e f f i c i e n t s , e x c e p t p o s s i b l y T T ^ a n d ^ j j , 

unamb iguous l y d e c l i n e i n a b s o l u t e v a l u e a s i n c r e a s e s . S i n c e i t i s o n l y 

a b s o l u t e v a l u e s t h a t a r e r e l e v a n t to the d i s c u s s i o n o f v a r i a n c e , I w i l l d i s c u s s 

-T^n r a t h e r t h a n ^ ^ , and s i n c e t he q u a l i t a t i v e r e s p o n s e t o a change i n i s t h e 

same f o r a l l o f t he n o n s u p p l y shock c o e f f i c i e n t s , I w i l l s i m p l i f y t he d i s c u s s i o n 

by t a l k i n g o n l y abou t T T ^ and I T ^ r a t h e r t h a n a l l o f t he n o n s u p p l y shock c o e f f i 

c i e n t s . 

I n t h e n o m i n a l t a x c a s e , the model a s s u m p t i o n s a r e i n s u f f i c i e n t t o 

p e r m i t an a p r i o r i d e t e r m i n a t i o n o f how T T ^ w i l l r e s p o n d t o a change i n x ^ . B u t 

2 2 
MW show t h a t t he o u t p u t v a r i a n c e due t o s u p p l y s h o c k s ( i . e . , T T ^ ^ C T u ) w i l l d e c r e a s e 

2 / 
( i s s t a b i l i z i n g ) w i t h an i n c r e a s e i n T^ i f and o n l y if— 

c 2 
c 1 < 1 - ^ ( 1 - b 2 - b 3 ) . (10) 

—^For t he i n d e x e d m o d e l , TT^Q = a ^ , T T ^ = a , , , T T ^ = 7 T 13 = 0> s o t n e W 

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

2 / 
— In o r d e r t o d i s c u s s s e p a r a t e s u p p l y and demand s h o c k s , I assume f r om 

t h i s p o i n t on t h a t t he s h o c k s a r e i n d e p e n d e n t so t h a t c o v a r i a n c e te rms a r e 
i g n o r e d . However , a l l o f the r e s u l t s i n t he t w o - v a r i a b l e c a s e h o l d as l o n g a s 
t he s h o c k s a r e no t n e g a t i v e l y c o r r e l a t e d . I n t he c a s e t h a t u and v a r e n e g a 
t i v e l y c o r r e l a t e d , t he o b s e r v a t i o n s on dominance be low must be m o d i f i e d . F o r 

o u t p u t v a r i a t i o n , t h e r e a l w a y s e x i s t s a T 1 i n t he i n d e x e d sys tem ( x j ) w h i c h i s 

g r e a t e r t han t he o f t he n o m i n a l s ys tem ( x " ) and w h i c h p r o d u c e s a l o w e r 

v a r i a n c e o f y , bu t a < x n c o u l d a l s o p roduce a l o w e r v a r i a n c e o f o u t p u t . F o r 

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

x " , l a r g e r o r s m a l l e r t h a n xij", w h i c h p r o d u c e s a s m a l l e r v a r i a n c e t h a n t he i n d e x e d 

t a x s t r u c t u r e . 
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T h i s c o n d i t i o n i s e q u i v a l e n t to t he a g g r e g a t e demand c u r v e b e i n g i n t he e l a s t i c 

range and i s i n d e p e n d e n t o f t he l e v e l o f . The s l o p e o f the a g g r e g a t e demand 

c u r v e i n t he n o m i n a l t a x c a s e i s 

b- + b 0 c 0 + b ~ c 0 - b 0 c 0 T . , dy_ _ _ 1 2 2 3 2 3 2 1^ 
dp + t>iC-| - b 3 c 2 T i 

I t i s easy to show t h a t ^ < -1 ( e l a s t i c demand) i f and o n l y i f c o n d i t i o n (10) 

h o l d s . And a s a f u n c t i o n o f ^ , t he e l a s t i c i t y o f t he a g g r e g a t e demand s c h e d u l e 

v a r i e s as shown i n F i g u r e 1. 

[ I n s e r t F i g u r e 1 Here] 

A l t h o u g h [as seen i n F i g u r e s (2a) and (2b) ] t he v a r i a n c e o f o u t p u t due to a 

s u p p l y shock i s s m a l l e r i n t he i n e l a s t i c a g g r e g a t e demand c a s e , t he v a r i a n c e o f 

o u t p u t i n c r e a s e s a s t a x p r o g r e s s i v i t y i s i n c r e a s e d when a g g r e g a t e demand i s 

i n e l a s t i c . 

I n t he i n d e x e d t a x c a s e i t may be shown t h a t an i n c r e a s e i n a l w a y s 

r e d u c e s o u t p u t v a r i a n c e r e g a r d l e s s o f t h e e l a s t i c i t y o f a g g r e g a t e demand. As t a x 

p r o g r e s s i v i t y i n c r e a s e s , t he a g g r e g a t e demand c u r v e a l w a y s becomes more 

i n e l a s t i c . 

The v a r i o u s t r a d e - o f f s between t he n o m i n a l and i n d e x e d t a x s y s t e m s and 

between o u t p u t and p r i c e v a r i a n c e a r e summar ized i n F i g u r e 2.—^ T h i s f i g u r e 

shows how the c o e f f i c i e n t s ( T ^ J , T T ^ , and — T r

2 4 ' ^25^ o f > t h e s u P P * y a n d demand 

s h o c k s shown i n T a b l e 1 v a r y w i t h . I n the c o e f f i c i e n t p l a n e o f F i g u r e 2 , 

i s o v a r i a n c e c u r v e s would g e n e r a l l y be i n t he fo rm o f an e l l i p s e c e n t e r e d a t t he 

o r i g i n whose p r e c i s e shape depends on t he v a r i a n c e s and c o v a r i a n c e s o f u and v . 

— Compar ing t he pa rame te r l e v e l s a c r o s s mode ls a s i s done i n F i g u r e 2 
i n v o l v e s the q u e s t i o n a b l e a s s u m p t i o n t h a t b e h a v i o r a l p a r a m e t e r s a r e i n d e p e n d e n t 
o f t he form o f t he t a x f u n c t i o n : s e e , f o r examp le , S a r g e n t ( 1 9 8 0 ) . I t i s no t 
c l e a r t h a t t h i s a s s u m p t i o n i s any more h e r o i c t h a n t he a s s u m p t i o n t h a t t h e 
b e h a v i o r a l p a r a m e t e r s a r e i n d e p e n d e n t o f t he l e v e l o f t he t a x p r o g r e s s i v i t y 
p a r a m e t e r . 



Figure 1 



- 6 -

When u and v a r e u n c o r r e l a t e d , a movement a l o n g a n e g a t i v e l y s l o p e d l i n e , t h e r e 

f o r e , p r o d u c e s an ambiguous e f f e c t on t o t a l v a r i a n c e , bu t a movement i n t he 

s o u t h w e s t d i r e c t i o n unamb iguous l y r e d u c e s t o t a l v a r i a n c e . A l l o f t he i n t e r s e c 

t i o n s i n F i g u r e 2 o c c u r when x^ = 1, so as l o n g as we r e s t r i c t ou r a t t e n t i o n t o 

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

t he i n t e r s e c t i o n s . Movement to the l e f t means i s i n c r e a s i n g . 

[ I n s e r t F i g u r e 2 Here] 

F i g u r e s (2a) and (2b) show t h a t , a t t he same s e t t i n g o f = x ^ , an 

i n d e x e d t a x s t r u c t u r e has a l o w e r o u t p u t v a r i a n c e w i t h r e s p e c t t o s u p p l y s h o c k s 

bu t a h i g h e r v a r i a n c e w i t h r e s p e c t to demand s h o c k s t h a n a n o m i n a l t a x sys tem 

r e g a r d l e s s o f t he e l a s t i c i t y o f a g g r e g a t e demand. However , i t i s c l e a r t h a t 

t h e r e e x i s t s a h i g h e r t a x p r o g r e s s i v i t y s e t t i n g a t w h i c h an i n d e x e d t a x s t r u c t u r e 

dom ina tes t he n o m i n a l t a x s t r u c t u r e . A t t he same v a r i a n c e w i t h r e s p e c t t o demand 

s h o c k s , t h e r e i s a s m a l l e r v a r i a n c e w i t h r e s p e c t t o s u p p l y s h o c k s . — 

As MW o b s e r v e , a s t r o n g c a s e can be made t h a t a more r e l e v a n t c r i t e r i o n 

f o r s t a b i l i z a t i o n p o l i c y i s t h e m i n i m i z a t i o n o f t h e mean s q u a r e e x p e c t a t i o n a l 

p 

e r r o r E ( p . - E . . p . ) , i . e . , v a r i a n c e o f t he e x p e c t a t i o n a l e r r o r o f t he ( l o g o f 

t h e ) p r i c e l e v e l , r a t h e r t han m i n i m i z a t i o n o f o u t p u t v a r i a n c e . The e x p e c t a t i o n a l 

e r r o r i s d e t e r m i n e d i n our s e t u p by e q u a t i o n (9) and i s dependen t on c o e f f i c i e n t s 

IT^II and iTgtj a s shown i n F i g u r e s ( 2 c ) and ( 2 d ) . Under t h i s c r i t e r i o n , t he n o m i n a l 

t a x s t r u c t u r e dom ina tes t he i n d e x e d t a x s y s t e m , even a t t he same t a x p r o g r e s 

s i v i t y s e t t i n g . 

— F o l l o w i n g t h i s d e f i n i t i o n o f d o m i n a n c e , and f rom the c o e f f i c i e n t s o f 
T a b l e 1, the n o n s u p p l y shock c o e f f i c i e n t s ( i n p a r t i c u l a r ^ ^ ) w i l l be t he same 

a c r o s s t a x s t r u c t u r e s i f x^ = <j>. T h i s o c c u r s when x^ i n t he i n d e x e d sys tem ( x | ) 

i s l a r g e r t h a n x^ i n t he n o m i n a l s ys tem ( x " ) by t he amount x ^ - x n = ( 1 / a ^ ) ( T " - 1 ) . 

I t may t h e n be shown t h a t a t t h e s e s e t t i n g s o f x ^ , TT^ i n t he i n d e x e d s y s t e m i s 

s m a l l e r t h a n n 1 i l i n t he n o m i n a l s y s t e m . 



F igure 2 

(n = nominal tax s t r u c t u r e ; i = indexed tax s t r u c t u r e ) 

Cond i t i on (10) holds 
( e l a s t i c demand) 

(2a) 

Cond i t i on (10) f a i l s 
( i n e l a s t i c demand) 

(2b) 

'm l 
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T h u s , i n t he macroeconomic c o n t e x t o f t he MW m o d e l , o n e ' s p o s i t i o n on 

t he t a x i n d e x i n g q u e s t i o n depends c r i t i c a l l y on t he p o l i c y c r i t e r i o n . I f e x p e c -

t a t i o n a l p r i c e v a r i a n c e i s t he r e l e v a n t c r i t e r i o n , t he n o m i n a l t a x s t r u c t u r e 

c l e a r l y dom ina tes t he i n d e x e d t a x s t r u c t u r e . But under t he o u t p u t v a r i a n c e 

c r i t e r i o n , t he i n d e x e d t a x s t r u c t u r e can domina te unamb iguous l y o n l y w i t h a 

h i g h e r t a x p r o g r e s s i v i t y s e t t i n g . A t t he same t a x r a t e s , whe the r o r no t t h e 

i n d e x e d sys tem has a l o w e r t o t a l v a r i a n c e o f o u t p u t i s a q u a n t i t a t i v e q u e s t i o n . 

I n c r e a s i n g m a r g i n a l t a x r a t e s t o a c h i e v e t he o u t p u t dominance d e s c r i b e d above 

r a i s e s q u e s t i o n s o f i n c e n t i v e s w h i c h a r e p r o p e r l y r e c o g n i z e d by MW t o be o u t s i d e 

t he s c o p e o f t he m o d e l . 

F i n a l l y , i n c e n t i v e q u e s t i o n s a s i d e , w h i c h e v e r t a x s t r u c t u r e p r e v a i l s , 

t h e r e i s no o p t i m a l s e t t i n g o f t he p r o g r e s s i v i t y pa rame te r t h a t can m i n i m i z e b o t h 

p r i c e and o u t p u t v a r i a n c e . C o n s i d e r , f o r e x a m p l e , t he n o m i n a l t a x s t r u c t u r e 

d e s c r i b e d i n F i g u r e s (2a) and ( 2 c ) where t he a g g r e g a t e demand c u r v e i s e l a s t i c . 

B e c a u s e t he - 1T25 l i n e i s n e g a t i v e l y s l o p e d , t h e r e c o u l d p o s s i b l y e x i s t a 

p r i c e i s o v a r i a n c e c u r v e t h a t i s t a n g e n t t o t h e l i n e . B u t a t t h a t o p t i m a l s e t t i n g 

f o r T . under t he p r i c e v a r i a n c e c r i t e r i o n , o u t p u t v a r i a n c e i s no t m i n i m i z e d . 
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