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The A t t a i n m e n t of M i n n e s o t a ' s I n d e x i n g O b j e c t i v e s v i a A l t e r n a t i v e 
Tax I n d e x i n g Techn iques 

S i n c e 1978, a t l e a s t n i ne s t a t e s , i n c l u d i n g M i n n e s o t a , have adop ted 

income tax i n d e x i n g measures i n t e n d e d t o i n f l a t i o n p roo f t h e i r t ax s y s t e m s . 

In a d d i t i o n , i n d e x i n g measures have been i n t r o d u c e d i n many o t h e r s t a t e l e g i s ­

l a t u r e s . Most of these measures a t tempt to i n f l a t i o n p roo f income t axes by a 

t e c h n i q u e of w i d e n i n g the t ax b r a c k e t s a n d / o r i n c r e a s i n g the l e v e l o f d e d u c ­

t i o n s and c r e d i t s p e r m i t t e d . The amount of change depends , a t l e a s t i n p a r t , 

on an i ndex of i n f l a t i o n , wh ich i s t y p i c a l l y the consumer p r i c e i n d e x . T h e r e ­

f o r e , these measures a re r e f e r r e d to as t ax i n d e x i n g . 

But whether or not these measures r e a l l y do i n f l a t i o n p roo f an 

income tax system depends on what i s meant by the term of " i n f l a t i o n p r o o f ­

i n g " , and on how to measure p r o g r e s s towards i t . I n the absence o f i n d e x i n g , 

i n f l a t i o n teams up w i t h a p r o g r e s s i v e s t a t e income tax s c h e d u l e to push p e o p l e 

i n t o h i g h e r and h i g h e r t a x b r a c k e t s — a pheonomena r e f e r r e d to as " b r a c k e t 

c r e e p " . T h i s r e s u l t s i n u n l e g i s l a t e d changes i n bo th the t ax burden borne by 

some income c l a s s e s , and i n the income tax revenue c o l l e c t e d by s t a t e g o v e r n ­

ment . To some, i n f l a t i o n p r o o f i n g means the p r e v e n t i o n of the fo rmer u n l e g i s ­

l a t e d change. To o t h e r s , i t means the p r e v e n t i o n o f the l a t t e r . But p r o g r e s s 

towards the p r e v e n t i o n of e i t h e r or bo th of t hese u n l e g i s l a t e d changes c a n ' t 

r e a l l y be measured u n t i l some q u a n t i t a t i v e measures of p r o g r e s s a re s t a t e d . 

Once such q u a n t i t a t i v e measu res , wh i ch i n t h i s paper a r e termed o b j e c t i v e s , 

a r e s t a t e d , t ax p l a n n e r s can a t tempt to de te rm ine j u s t how e f f e c t i v e p roposed 

i n d e x i n g t e c h n i q u e s w i l l b e . 

One commonly s t a t e d i n f l a t i o n p r o o f i n g o b j e c t i v e , wh ich I dub o b j e c - 

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

have h e r / h i s r e a l t a x l i a b i l i t y h e l d c o n s t a n t as w e l l . The ACIR s u c c i n c t l y 

s t a t e s t h i s o b j e c t i v e i n a r e c e n t p a p e r . —' 
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"Under an i ndexed tax s y s t e m , i f an employee r e c e i v e s a 10 p e r c e n t 
wage i n c r e a s e to o f f s e t a 10 p e r c e n t i n f l a t i o n r a t e , he wou ld o n l y 
pay 10 pe rcen t more i n income t a x e s . " 

An employee i n the s t a t e d c i r c u m s t a n c e has an unchanged r e a l income. I n an 

u n i n d e x e d , p r o g r e s s i v e t ax s y s t e m , t h i s employee w o u l d , due to b r a c k e t c r e e p , 

pay more than a 10 p e r c e n t i n c r e a s e i n income t a x e s . I n the absence of i n d e x ­

i n g o r t ax r a t e c u t s , bo th the e m p l o y e e ' s t a x burden and the s t a t e ' s revenue 

would r i s e i n r e a l t e r m s . The a t t a i n m e n t of o b j e c t i v e C would h e l p i n f l a t i o n 

p roo f the tax system on bo th f r o n t s . Ano the r i n f l a t i o n p r o o f i n g o b j e c t i v e , 

w h i c h I dub o b j e c t i v e F , m o t i v a t e d r e c e n t changes i n M i n n e s o t a t ax l a w . I t i s 

t ha t a r e p r e s e n t a t i v e t a x p a y e r ' s r e a l t ax l i a b i l i t y s h o u l d never f a l l a t a 

f a s t e r r a t e than h e r / h i s r e a l income d o e s . Ano the r way of s t a t i n g t h i s i s 

t h a t a r e p r e s e n t a t i v e t a x p a y e r ' s nom ina l t ax l i a b i l i t y shou ld r i s e a t l e a s t as 

f a s t as h e r / h i s nomina l income d o e s , when the l a t t e r does not r i s e as f a s t as 

i n f l a t i o n d o e s . The i n d e x i n g t e c h n i q u e adopted i n 1979 by M i n n e s o t a r e s u l t e d 

i n the v i o l a t i o n of t h i s o b j e c t i v e . Taxpaye r r e a l income i n M i n n e s o t a d e ­

c l i n e d , and the i n d e x i n g t e c h n i q u e caused nom ina l t ax l i a b i l i t y to grow s l o w e r 

than nomina l income d i d . The r e s u l t i n g s low revenue growth was u n a n t i c i p a t e d 

and h e n c e , i n a s e n s e , " u n l e g i s l a t e d " . The a t t a i n m e n t of o b j e c t i v e F wou ld 

h e l p i n f l a t i o n p roo f the t ax sys tem a g a i n s t t h i s " u n l e g i s l a t e d " change i n t ax 

r e v e n u e . In 1981, a new, r a t h e r c o m p l i c a t e d i n d e x i n g t e c h n i q u e was adop ted i n 
7 / 

M i n n e s o t a wh ich does a t t a i n o b j e c t i v e F i n a d d i t i o n to o b j e c t i v e C . — But 

how does i t work? And a re t h e r e o t h e r , s i m p l e r , i n d e x i n g technques wh ich can 

a l s o a t t a i n these o b j e c t i v e s ? 

T h i s paper w i l l show how a d i f f e r e n t i n d e x i n g t e c h n i q u e can be 

e a s i l y used to a t t a i n both o b j e c t i v e C and F , even i n complex t ax s y s t e m s . 

When compared to the commonly used b r a c k e t e x p a n s i o n t e c h n i q u e , t ax p l a n n e r s 

shou ld f i n d t h i s i n d e x i n g t e c h n i q u e e a s i e r to use i n d e s i g n i n g q u a n t i t a t i v e 
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o b j e c t i v e s l i k e C and F i n t o i ndexed tax s y s t e m s . The t e c h n i q u e i s a l s o com­

pared to a t h i r d p o s s i b l e i n d e x i n g t e c h n i q u e , w h i c h , we w i l l s e e , cannot 

a t t a i n o b j e c t i v e s C and F i n complex t a x s y s t e m s . 

To show wh ich o b j e c t i v e s , i f any , these t h r e e d i f f e r e n t i n d e x i n g 

t e c h n i q u e s can a t t a i n i n s i m p l e t ax s y s t e m s , assume, f o r the moment, an u n -

3 / 

i n d e x e d , p r o g r e s s i v e —-' t a x sys tem not c o m p l i c a t e d by the p e r m i s s i b i l i t y o f 

f e d e r a l income t a x d e d u c t i o n s nor the e x i s t e n c e o f o t h e r d e d u c t i o n s or c r e d ­

i t s . These assump t i on w i l l be r e l a x e d i n t u r n . F o r examp le , c o n s i d e r the 

s i m p l e t ax sys tem — whose b r a c k e t s a r e shown i n Tab le 1 and whose tax s c h e d ­

u l e i s graphed i n F i g u r e 1. 

F i g u r e 1 shows t h a t a r e p r e s e n t a t i v e t a x p a y e r e a r n i n g $ 1 5 , 0 0 0 , wh ich 

i n t h i s s i m p l e t ax sys tem e q u a l s h e r / h i s t a x a b l e income, pays 14 p e r c e n t more 

t a x e s when h e r / h i s income r i s e s 10 p e r c e n t to $ 1 6 , 5 0 0 . The ( a r c ) income 

e l a s t i c i t y of the t ax s c h e d u l e a t the $15,000 income l e v e l i s thus 

14/10 = 1 .4 . F o r t h i s t ax s y s t e m , the income e l a s t i c i t y v a r i e s somewhat f rom 

income l e v e l to income l e v e l . D i f f e r e n t tax s c h e d u l e s i n wh ich the income 

e l a s t i c i t y does not v a r y from income l e v e l to income l e v e l a re s a i d to have 

c o n s t a n t e l a s t i c i t y . To i l l u s t r a t e the d i f f e r e n c e , the c o n s t a n t e l a s t i c i t y 

t a x s c h e d u l e wh ich bes t app rox ima tes the t ax schedu le of F i g u r e I— i s g raphed 

i n F i g u r e 2 . In a d d i t i o n , w h i l e the e l a s t i c i t y may v a r y , i t a lways exceeds 

one i n p r o g r e s s i v e t ax s c h e d u l e s ^ , l i k e t h i s one. 

I f the r a t e of i n f l a t i o n was a l s o 10 p e r c e n t , the r e p r e s e n t a t i v e 

t a x p a y e r i n F i g u r e 1 would have no r e a l income change. B u t , the r e p r e s e n t a ­

t i v e t a x p a y e r ' s r e a l t ax l i a b i l i t y wou ld r i s e by 14 - 10 = 4 p e r c e n t . T h u s , 

a t l e a s t a t the $15,000 income l e v e l , o b j e c t i v e C i s v i o l a t e d . In f a c t , t h i s 

v i o l a t i o n of o b j e c t i v e C w i l l o c c u r a t any income l e v e l , because the e l a s t i ­

c i t y of the p r o g r e s s i v e t ax s c h e d u l e exceeds one a t a l l income l e v e l s . How 

can t h i s v i o l a t i o n be remedied? 
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In the s i m p l e t ax s y s t e m , one i n d e x i n g t e c h n i q u e wh ich w i l l a t t a i n 

o b j e c t i v e C i s t o w iden the t ax b r a c k e t by 100 p e r c e n t of the r a t e of i n f l a ­

t i o n . In our examp le , the b r a c k e t s would be expanded by 10 p e r c e n t , as shown 

i n T a b l e l a . The r e s u l t i n g i ndexed tax s c h e d u l e i s a l s o graphed i n F i g u r e 

1. T h e r e , i t i s seen t h a t the b r a c k e t w i d e n i n g does indeed l i m i t the t a x 

i n c r e a s e f o r the r e p r e s e n t a t i v e t a x p a y e r to 10 p e r c e n t , thus a t t a i n i n g o b j e c ­

t i v e C f o r t a x p a y e r s whose income l e v e l i s $ 1 5 , 0 0 0 . In f a c t , o b j e c t i v e C w i l l 

be a t t a i n e d f o r a r e p r e s e n t a t i v e t a x p a y e r w i t h any income, because any t a x ­

paye r w i t h a 10 p e r c e n t income i n c r e a s e w i l l not l e a v e the t a x b r a c k e t t h a t 

s h e / h e s t a r t e d i n . B r a c k e t c reep i s thus e l i m i n a t e d . But t h i s says n o t h i n g 

about the a t t a i n m e n t of o b j e c t i v e F . 

Even i n the s i m p l e t ax s y s t e m , b r a c k e t w i d e n i n g by 100 p e r c e n t of 

the r a t e of i n f l a t i o n w i l l v i o l a t e o b j e c t i v e F . To prove t h i s , c o n t i n u e to 

suppose that the income of a r e p r e s e n t a t i v e t a x p a y e r i n F i g u r e 1 r o s e by 10 

p e r c e n t , but t ha t the i n f l a t i o n r a t e had been g r e a t e r t han 10 p e r c e n t — s a y , 12 

p e r c e n t . So , the t a x p a y e r ' s r e a l income d e c l i n e d by 2 p e r c e n t . Then , w i d e n ­

i n g the b r a c k e t s by 12 pe rcen t would have lowered the i ndexed tax s c h e d u l e 

f u r t h e r than i s r e p r e s e n t e d i n F i g u r e 1. The r e p r e s e n t a t i v e t a x p a y e r ' s l i a b i ­

l i t y would thus i n c r e a s e by l e s s than 10 p e r c e n t , i . e . by l e s s than h e r / h i s 

nom ina l income g row th . T h i s v i o l a t e s o b j e c t i v e F . 

However , b r a c k e t w i d e n i n g by 100 p e r c e n t of the r a t e of n o m i n a l 

income g r o w t h , r a t h e r than by 100 p e r c e n t of the r a t e of i n f l a t i o n , w i l l 

a t t a i n o b j e c t i v e F w i t h o u t s a c r i f i c i n g o b j e c t i v e C . In the p r e v i o u s examp le , 

t ha t suppose the b r a c k e t s had been widened by o n l y the nomina l income growth 

r a t e o f 10 p e r c e n t . Then , the i ndexed tax schedu le would not have been l o w ­

e red f u r t h e r than i s r e p r e s e n t e d i n F i g u r e 1, and the t a x p a y e r ' s l i a b i l i t y 

would have r i s e n by 10 p e r c e n t , i . e . by the r a t e of nomina l income g r o w t h . 
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T h u s , o b j e c t i v e F would have been a t t a i n e d . O b j e c t i v e C would a l s o be a t ­

t a i n e d , f o r i f the r a t e of i n f l a t i o n has a c t u a l l y been 10 p e r c e n t , bo th the 

r e p r e s e n t a t i v e t a x p a y e r ' s r e a l income and r e a l t ax l i a b i l i t y would have r e ­

mained unchanged . Of c o u r s e , t hese arguments a p p l y e q u a l l y w e l l t o any r e p r e ­

s e n t a t i v e t a x p a y e r w i t h an income l e v e l o t h e r than $ 1 5 , 0 0 0 . 

T h u s , a t l e a s t i n the s i m p l e t ax system u n f e t t e r e d by d e d u c t i o n s 

a n d / o r c r e d i t s , the i n d e x i n g t e c h n i q u e of expand ing the b r a c k e t s by 100 p e r ­

c e n t of the r a t e of i n f l a t i o n when the r e p r e s e n t a t i v e t a x p a y e r ' s r e a l income 

i s c o n s t a n t o r r i s i n g , and by 100 p e r c e n t of the r e p r e s e n t a t i v e t a x p a y e r ' s 

r a t e o f nom ina l income growth when h e r / h i s r e a l income i s f a l l i n g , w i l l a t t a i n 

o b j e c t i v e s C and F . Of c o u r s e , t h e r e may be a l t e r n a t i v e i n d e x i n g t e c h n i q u e s 

wh ich a l s o a t t a i n o b j e c t i v e s C and F . In a d d i t i o n , t h e r e may be a l t e r n a t i v e 

o b j e c t i v e s wh ich may be a t t a i n e d by some i n d e x i n g t e c h n i q u e s but not by 

o t h e r s — . T h u s , i t i s i n t e r e s t i n g to e x p l o r e a l t e r n a t i v e i n d e x i n g t e c h ­

n i q u e s . 

One a l t e r n a t i v e i n d e x i n g t e c h n i q u e c a n , a t l e a s t i n t h i s s i m p l e t ax 

s y s t e m , a t t a i n o b j e c t i v e s C and F . The t e c h n i q u e , wh ich I ' l l c a l l the income  

ad jus tmen t t e c h n i q u e , i s to a d j u s t a t a x p a y e r ' s t a x a b l e income downward by a 

m u l t i p l i e r termed " B " , wh ich i s computed from da ta f o r a r e p r e s e n t a t i v e t a x ­

p a y e r . A t a x p a y e r ' s a d j u s t e d t a x a b l e income would then be e n t e r e d on to the 

un indexed tax s c h e d u l e to compute h e r / h i s t ax l i a b i l i t y . An example o f t h i s 

i s i l l u s t r a t e d i n F i g u r e 1. There B i s computed so t h a t a r e p r e s e n t a t i v e 

t a x p a y e r w i t h $15,000 t a x a b l e income w i l l o n l y pay 10 p e r c e n t more t axes when 

h e r / h i s income r i s e s 10 p e r c e n t . I f the i n f l a t i o n r a t e were 10 p e r c e n t , and 

the r e p r e s e n t a t i v e t a x p a y e r made $ 1 5 , 0 0 0 , o b j e c t i v e C would be a t t a i n e d . To 

prove t h a t some v a l u e of B can a lways be found so tha t t h i s t e c h n i q u e can 

a t t a i n o b j e c t i v e s C and F i n more g e n e r a l c i r c u m s t a n c e s , i t h e l p s to i n t r o d u c e 
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a m a t h e m a t i c a l f ramework . T h i s f ramework w i l l a l s o be of use i n a n a l y z i n g the 

t h i r d i n d e x i n g t e c h n i q u e d i s c u s s e d l a t e r . 

Denote the p r i c e l e v e l by P and a r e p r e s e n t a t i v e t a x p a y e r ' s r e a l 

income by Q. Then a r e p r e s e n t a t i v e t a x p a y e r ' s nomina l income i s g i v e n by 

(1) Y = PQ. 

I n t h i s s i m p l e t ax s y s t e m , any t a x p a y e r ' s l i a b i l i t y w i l l depend 

s o l e l y on h e r / h i s a d j u s t e d t a x a b l e i ncome. F o r the r e p r e s e n t a t i v e t a x p a y e r 

w i t h a d j u s t e d income BY, t h i s i s r e p r e s e n t e d by : 

(2) T = T(BY) 

where the f u n c t i o n T i s the un indexed tax s c h e d u l e . I n the absence of i n d e x ­

i n g , s e t t i n g B=l y i e l d s the un indexed tax l i a b i l i t y . We denote p e r c e n t a g e 

changes i n the v a l u e s P , 0 , B, Y and T by t h e i r l ower cases p, q , b, y and t , 

r e s p e c t i v e l y . Mak ing use of the f a c t s tha t the pe rcen tage change i n r e a l t a x 

l i a b i l i t y T / P i s t - p and tha t the p e r c e n t a g e change i n nom ina l income Y i s 

8 / 

y = p + q — o b j e c t i v e C i s w r i t t e n : 

[C] i f q = o , then t - p = o , o r , a l t e r n a t i v e l y , t = p when q = o . 

O b j e c t i v e F i s w r i t t e n 

[F ] i f q < o , then t - p > q , o r , a l t e r n a t i v e l y , t > p + q when q < 

o . 

Now we a re ready to see how o b j e c t i v e s C and F can be a t t a i n e d by 

t h i s i n d e x i n g t e c h n i q u e , i . e . how to f i n d an a p p r o p r i a t e v a l u e of B . As b e ­

f o r e , the a t t a i n m e n t of o b j e c t i v e C i s t r e a t e d f i r s t . T h u s , i t i s shown how 

to a d d i t i o n a l l y a t t a i n o b j e c t i v e F . 
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To f i n d a v a l u e o f B wh ich w i l l l e a d to the a t t a i n m e n t of o b j e c t i v e 

C, we f i r s t l o g a r i t h m i c a l l y d i f f e r e n t i a t e (2) to o b t a i n U, 

(3) t = E(BY) [b+p+q] , 

where B=l i n the i n i t i a l , un indexed s i t u a t i o n , and where E(BY) deno tes the 

e l a s t i c i t y of the un indexed tax s c h e d u l e a t the r e p r e s e n t a t i v e t a x p a y e r ' s 

a d j u s t e d income of BY. Note tha t o b j e c t i v e C r e q u i r e s t h a t i f q = o , then b 

must e q u a l p i n ( 3 ) . Then , a l i t t l e r e a r r a n g i n g of terms i n (3) shows t h a t be 

must be s e t by the f o l l o w i n g f o r m u l a to a c c o m p l i s h o b j e c t i v e C: 

(4) b ° [ E ( B Y ) " *1 P» w i t h B = 1 i n i t i a l l y . 

F o r example , f o r the r e p r e s e n t a t i v e t a x p a y e r w i t h 515,000 income i n 

F i g u r e 1, the ( a r c ) income e l a s t i c i t y i s 1 .4 . A l s o as i n F i g u r e 1, suppose 

t h a t the r a t e of i n f l a t i o n i s 10 p e r c e n t . Then , B must be changed to 1 + b t o 

a c c o m p l i s h o b j e c t i v e C , where b = { y ^ - 1} . 10 = - . 0 2 9 . Thus , i n F i g u r e 1, B 

e q u a l t o .971 would be used to a d j u s t the t a x p a y e r ' s i n f l a t e d income of 16,500 

downward to $ 1 6 , 0 2 1 . 5 0 . The l a t t e r f i g u r e i s then e n t e r e d onto the un indexed 

t a x sch edu le to compute the l i a b i l i t y . A l l t a x p a y e r s wou ld have t h e i r income 

a d j u s t e d downward by B=.971 as w e l l . The f o l l o w i n g y e a r , the p r o c e d u r e would 

be r e p e a t e d s t a r t i n g w i t h B = . 9 7 1 . T h i s t e c h n i q u e w i l l a t t a i n o b j e c t i v e C . 

But w i l l i t a t t a i n o b j e c t i v e F as w e l l ? 

W h i l e the use of (4) w i l l v i o l a t e o b j e c t i v e F , a s i m p l e rep lacemen t 

o f y f o r p i n (4) w i l l r e c t i f y the s i t u a t i o n . To prove t h i s , s u b s t i t u t e (4) 

i n t o (3) and s i m p l i f y to f i n d 

(5) t - p = E(BY)q 
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Because the un indexed s c h e d u l e i s p r o g r e s s i v e , E (BY)>1 . T h e r e f o r e , 

when (4) i s u s e d , t - p < q when q < o , wh i ch v i o l a t e s [ F ] . When q < o , 

suppose we r e p l a c e p i n (4) w i t h y , o b t a i n i n g a new f o r m u l a (6) used when q < 

o . 

(6) b = { - l } y , w i t h B - l i n i t i a l l y . 

S u b s t i t u t i n g (6) i n t o (3) f i n d : 

(7) t = p + q = y . 

U s i n g (6) when q < o causes the t a x l i a b i l i t y to grow a t the r a t e of 

nom ina l income g r o w t h , wh i ch a t t a i n s [ F ] . Thus , a p p l y i n g (4) when q > 0 , and 

a p p l y i n g (6) when q < o , w i l l a t t a i n bo th o b j e c t i v e s C and F . 

The t h i r d , and f i n a l , i n d e x i n g t e c h n i q u e examined h e r e i n w i l l , a t 

l e a s t i n s i m p l e t ax s y s t e m s , a t t a i n [C] but not [ F ] . The t e c h n i q u e i s to 

d e f l a t e the t a x p a y e r ' s t a x a b l e i ncome, then e n t e r the r e s u l t i n g r e a l t a x a b l e 

income onto the un indexed tax s c h e d u l e , and f i n a l l y r e f l a t e the r e s u l t i n g t ax 

f i g u r e to compute the t a x p a y e r ' s l i a b i l i t y . — ^ M a t h e m a t i c a l l y , t h i s t e c h ­

n i q u e i s denoted by (8) be low : 

(8) T = PT(p) = P T ( 0 ) . 

To see tha t [C] i s a t t a i n e d by (8) but t ha t [F] i s n o t , l o g a r i t h m i ­

c a l l y d i f f e r e n t i a t e (8) to o b t a i n : 

(9) t = p + F,(0)q. 

I f q = o , (9) shows tha t t = p, thus a t t a i n i n g [ C ] . But because 

E(Q) exceeds 1, t - p < q when q < o . T h i s v i o l a t e s [ F ] . 
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In summary, we have e s t a b l i s h e d t h a t a l l t h r e e i n d e x i n g t e c h n i q u e s 

can be e a s i l y used to a t t a i n o b j e c t i v e C i n s i m p l e t ax systems d e v o i d of 

d e d u c t i o n s or c r e d i t s . However , o n l y the b r a c k e t w i d e n i n g and income a d j u s t ­

ment t e c h n i q u e s c o u l d a l s o be used to a t t a i n o b j e c t i v e F i n these s i m p l e t ax 

s y s t e m s . We now examine whether any of these t e c h n i q u e s can be e a s i l y used to 

a t t a i n e i t h e r or bo th o f these o b j e c t i v e s i n the s e v e r a l s t a t e s , l i k e M i n n e ­

s o t a , wh i ch pe rm i t the d e d u c t i o n of f e d e r a l income t a x l i a b i l i t i e s i n comput ­

i n g t a x a b l e income. 

When d e d u c t i o n s of the un indexed f e d e r a l income tax a re p e r m i t t e d , 

i t may be p o s s i b l e to a t t a i n o b j e c t i v e s C and F v i a a b r a c k e t w i d e n i n g t e c h n i ­

que , but i t i s c e r t a i n l y not easy to see how t o do s o . F o r examp le , u n l i k e 

the case i n s i m p l e t ax s y s t e m s , b r a c k e t w i d e n i n g by 100 p e r c e n t of e i t h e r the 

r a t e of i n f l a t i o n o r the r a t e of the r e p r e s e n t a t i v e t a x p a y e r ' s income growth 

w i l l not a t t a i n o b j e c t i v e C . To see t h i s , denote the un indexed f e d e r a l t ax 

l i a b i l i t y Tp o f the r e p r e s e n t a t i v e t a x p a y e r by 

(10) T F => T p ( Y ) , 

where T p ( Y ) i s the u n i n d e x e d , p r o g r e s s i v e , f e d e r a l t ax s c h e d u l e . The r e p r e ­

s e n t a t i v e t a x p a y e r ' s t a x a b l e income i s then Y - T p , so s h e / h e has a s t a t e t ax 

l i a b i l i t y i n the absence of s t a t e t ax i n d e x i n g of 

(11) T = T ( Y - T F ( Y ) ) 

when Y i n c r e a s e s by a g i v e n pe rcen tage lOOy, Tp w i l l i n c r e a s e by more than 

t h a t p e r c e n t a g e , due to the p r o g r e s s i v i t y of the un indexed f e d e r a l t ax s c h e ­

d u l e ( 1 0 ) . T a x a b l e income Y - Tp w i l l thus r i s e by l e s s than 100y. For 

examp le , i n F i g u r e 1, the r e p r e s e n t a t i v e t a x p a y e r ' s t a x a b l e income would r i s e 

by l e s s than the 10 p e r c e n t i n f l a t i o n r a t e assumed t h e r e . But t hen w i d e n i n g 
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the b r a c k e t s by the f u l l 10 p e r c e n t r a t e of i n f l a t i o n w i l l r e s u l t i n an i n ­

c r e a s e i n the r e p r e s e n t a t i v e t a x p a y e r ' s l i a b i l i t y o f l e s s than 10 p e r c e n t . I f 

the r e p r e s e n t a t i v e t a x p a y e r ' s r e a l income remained c o n s t a n t , " [C] would have 

thus been v i o l a t e d , as t < p. I t might be p o s s i b l e to a t t a i n o b j e c t i v e C by 

w i d e n i n g the b r a c k e t s by l e s s than 100 p e r c e n t of the r a t e of i n f l a t i o n , bu t 

by how much l e s s ? M i n n e s o t a l a t e r found t h a t b r a c k e t w i d e n i n g by 85 pe rcen t 

of the r a t e of i n f l a t i o n , as p r e s c r i b e d i n i t s i n i t i a l 1979 i n d e x i n g measu re , 

was i n s u f f i c i e n t . I t i s j u s t not easy t o see how much the b r a c k e t s s h o u l d be 

widened to a t t a i n o b j e c t i v e C , l e t a l o n e o b j e c t i v e F . F o r t u n a t e l y , i t i s 

s t i l l easy to a t t a i n o b j e c t i v e s C and F w i t h the income ad jus tmen t t e c h n i ­

q u e . As i n the case of s i m p l e t ax s y s t e m s , we f i r s t show how to a t t a i n o b j e c ­

t i v e C . 

To a t t a i n o b j e c t i v e C v i a the income ad jus tment t e c h n i q u e , r e p r e s e n t 

the t ax l i a b i l i t y i n c u r r e d under i t b y : 

(12) T = T ( B ( Y - T p ( Y ) ) ) , w i t h B=l i n i t i a l l y . 

L o g a r i t h m i c a l l y d i f f e r e n t i a t e (12) to o b t a i n : 

where E p ( Y ) i s the e l a s t i c i t y of the f e d e r a l income t a x a t the r e p r e s e n t a t i v e 

t a x p a y e r ' s nomina l income Y . Remembering t h a t y = p + q , s u b s t i t u t i n g p f o r 

t , s e t t i n g q = o , and s o l v i n g f o r b i n (13) y i e l d s the ad jus tmen t r e q u i r e d to 

a t t a i n o b j e c t i v e C: 

F e d e r a l tax p r o g r e s s i v i t y i m p l i e s t h a t E p (Y) > 1, wh ich means t h a t the second 

term i n (10) i s l e s s than 1. Compar ing (14) w i t h the ad jus tment (4) wou ld 

(13) 

Y -E„ (Y )T . 
w i t h B = 1 i n i t i a l l y . 
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g i v e f o r a t a x p a y e r w i t h income Y, and assuming t h a t E does not change too 

much w i t h Y, we then see t h a t a s m a l l e r i n d e x i n g ad jus tmen t i s r e q u i r e d when 

p r o g r e s s i v e f e d e r a l taxes a r e d e d u c t e d . Thus , the i n a p p r o p r i a t e use of (4) 

when f e d e r a l income t axes a re deduc ted would l e a d to too much i n d e x i n g . F o r 

examp le , suppose a r e p r e s e n t a t i v e t a x p a y e r w i t h Y = $15,000 and Tp = $2 ,472 

f a c e d a f e d e r a l e l a s t i c i t y of about 1 .8 . Suppose the s t a t e e l a s t i c i t y a t a 

t a x a b l e income of $12,528 i s s t i l l 1 .4 . Then , the i n i t i a l p e r c e n t a g e i n d e x i n g 

, . 1 , 1 5 , 0 0 0 - 1 . 8 ( 2 , 4 7 2 K 1 / A ad jus tmen t i s to a d j u s t g r o s s income by b = y - j r - (—15 000-2 742 = ~ 

of the i n f l a t i o n r a t e p, r a t h e r than by y - £ - 1 = - . 2 8 6 of p. W i th p = .10 

the c o r r e c t B = 1 + b = 1 - ( .146 x .10) = . 9 8 5 , r a t h e r t han the v a l u e of .971 

computed e a r l i e r f rom ( 4 ) . 

Fo rmu la (14) may o r may not r e s u l t i n the a t t a i n m e n t o f o b j e c t i v e F , 

though , depend ing on the s i z e of the average f e d e r a l t ax r a t e p a i d by the 

r e p r e s e n t a t i v e t a x p a y e r . To prove t h i s , s u b s t i t u t e (14) i n t o (13) and r e ­

a r range to o b t a i n : 

( Y - E (Y)T ) 

(15) t - p = [ E ( B ( Y - T „ ) ) v " t —1 9 . 
i - i . F 

[F] w i l l be v i o l a t e d i f the b r a c k e t e d term exceeds one . However , i t i s not 

c l e a r t h a t i t does exceed one , because w h i l e p r o g r e s s i v i t y i m p l i e s t h a t E ( B ( Y -
Y - E p O 

Tp)) > 1, i t a l s o i m p l i e s t h a t — Ẑf 

Y - E (Y)T 
T~)) > 1, i t a l s o i m p l i e s t h a t —rr-= < 1. The b r a c k e t e d t e rm , b e i n g the 

F 

p r o d u c t of the two, c o u l d p o s s i b l y be e i t h e r g r e a t e r or l e s s than one. A l g e ­

b r a i c m a n i p u l a t i o n demons t ra tes tha t the b r a c k e t e d term w i l l exceed o n e , so 

t h a t [F] w i l l be v i o l a t e d , i f and o n l y i f the f o l l o w i n g c o n d i t i o n h o l d s : 

Tp E ( B ( Y - T p ) ) - 1 
( 1 6 ) Y ~ < E p ( Y ) E ( B ( Y - T F ) ) - l * 

W i t h the da ta se t used b e f o r e , E ( B ( Y - T p ) ) = 1.4 and E p ( Y ) = 1 .8 , so the 
T F 

r e p r e s e n t a t i v e t a x p a y e r s ' ave rage f e d e r a l tax r a t e — must be l e s s than .26 
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T F 

f o r (RT) to be v i o l a t e d . In the d a t a s e t used above = . 1 6 , so (F ) i s 

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

d i f f e r e n t c h o i c e of r e p r e s e n t a t i v e t a x p a y e r i n the same tax s y s t e m , would 

produce the o p p o s i t e c o n c l u s i o n . 

To i n s u r e t h a t [F] w i l l a lways be a t t a i n e d a l o n g w i t h [ C ] , one can 

adopt a t w o - p a r t f o r m u l a a n a l o g o u s to the one d e r i v e d f o r s i m p l e t a x 

s y s t e m s . To do s o , one need mere l y change p to y i n (14) when q < 0 , wh i ch 

w i l l cause t = y when q < 0 , and t he reby a t t a i n [ F ] . T h i s can be seen by 

s u b s t i t u t i n g 

1 Y - E F ( Y ) T p 

( 1 7 ) b = [ E ( B ( Y - T ) ) " ( Y -T } J y 

F r 

i n t o (13) when q < o and s i m p l i f y i n g the r e s u l t t o f i n d tha t t = y when q < o 

when (17) i s u s e d . (14) i s used when q > 0 . We now t u r n to an e x a m i n a t i o n o f 

o b j e c t i v e a t t a i n m e n t by our t h i r d p o s s i b l e i n d e x i n g t e c h n i q u e . 

Our t h i r d i n d e x i n g t e c h n i q u e , wh ich a t t a i n e d [C] but not [F] i s 

s i m p l e t ax s y s t e m s , w i l l no l o n g e r even a t t a i n the fo rmer when un indexed 

f e d e r a l t axes a r e d e d u c t a b l e . To prove t h i s , denote the t ax l i a b i l i t y I n ­

c u r r e d under i t b y : 

Y - T (Y) 
(18) T = PT { - }. 

I f q = o , then y = p. But the u n i n d e x e d , p r o g r e s s i v e , f e d e r a l income tax 

l i a b i l i t y Tp w i l l r i s e by a pe rcen tage g r e a t e r than lOOp. Then , t a x a b l e 

income Y - T p ( Y ) w i l l r i s e a t a p e r c e n t a g e r a t e l e s s than 100p. — ' But t h i s 
Y - T (Y) 

causes r e a l t a x a b l e income ^ to f a l l . Then , a f t e r r e f l a t i n g the now 
Y-T (Y) 

s m a l l e r T( - ) by the r a t e of i n f l a t i o n p, the t a x p a y e r ' s i ndexed l i a b i ­

l i t y w i l l r i s e by l e s s than the r a t e of i n f l a t i o n , i . e . t < p, when q = 0 . 

T h i s , o f c o u r s e , v i o l a t e s [ C ] . 
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1 2 / However , i n 1985, when the f e d e r a l t ax i s supposed to be i n d e x e d — 

the use of (18) o r b r a c k e t w i d e n i n g by 100 p e r c e n t o f the r a t e o f i n f l a t i o n 

w i l l a t t a i n [ C ] . In both c a s e s , the arguments wh ich showed tha t [C] wou ld no t 

be a t t a i n e d depended s o l e l y on the f a c t t h a t the r a t e of growth of t a x a b l e 

income Y - T p was l e s s than the r a t e o f growth of Y , 121 when q = 0 and the p r o ­

g r e s s i v e f e d e r a l t a x s c h e d u l e i s not i n d e x e d . When the f e d e r a l t ax i s i n ­

dexed , t hough , these growth r a t e s w i l l be i d e n t i c a l when q = 0 . A g l a n c e a t 

the r e s t o f the r e s p e c t i v e arguments shows tha t both (18) and b r a c k e t w i d e n i n g 

by 100 p e r c e n t of the r a t e of i n f l a t i o n w i l l t hen a t t a i n [ C ] . 

I n the meant ime, t ax p l a n n e r s i n s t a t e s h a v i n g t ax sys tems wh ich 

pe rm i t the d e d u c t i o n of the f e d e r a l t ax must t ake t h i s f a c t I n t o a c c o u n t , 

perhaps by u s i n g the income ad jus tmen t t e c h n i q u e . A l s o , most of t hese t ax 

systems a l s o pe rm i t o t h e r d e d u c t i o n s a n d / o r c r e d i t s as w e l l . Of c o u r s e , 

b r a c k e t w i d e n i n g and our t h i r d t e c h n i q u e w i l l be of no more use i n t hese 

s t a t e s , l i k e M i n n e s o t a . We now t u r n to a d i s c u s s i o n of how the income a d j u s t ­

ment t e c h n i q u e can a t t a i n o b j e c t i v e s C and F i n s t a t e s h a v i n g these more 

c o m p l i c a t e d t ax s y s t e m s . 

A more c o m p l i c a t e d t a x sys tem p e r m i t s o t h e r d e d u c t i o n s a n d / o r c r e d ­

i t s i n a d d i t i o n to the f e d e r a l t ax d e d u c t i o n . These d e d u c t i o n s a n d / o r c r e d i t s 

grow ove r t i m e , due to n a t u r a l f a c t o r s o r t a x law c h a n g e s . F o r a r e p r e s e n t a ­

t i v e t a x p a y e r , denote the l e v e l o f o t h e r d e d u c t i o n s and the l e v e l o f c r e d i t s 

by D, and C , r e s p e c t i v e l y . T h e i r r e s p e c t i v e r a t e s of change a re thus denoted 

d and c . Denote the t a x a b l e income Y - T p ( Y ) - D by N I ( Y , D ) , and i t s r a t e o f 

change by n i . F i n a l l y , denote the i ndexed tax l i a b i l i t y , i n c l u d i n g t ax c r e d ­

i t s , by T c , and i t s r a t e of change by t c . Then , the i ndexed tax l i a b i l i t y o f 

the r e p r e s e n t a t i v e t a x p a y e r i s : 

(19) T c = T ( B ( N I ( Y , D ) ) ) + C , w i t h B=l i n the i n i t i a l , u n i n d e x e d , s i t u a t i o n . 



To f i n d a l e v e l o f B wh ich a t t a i n s [C] i n t h i s more c o m p l i c a t e d t a x 

s y s t e m , l o g a r i t h m i c a l l y d i f f e r e n t (19) to o b t a i n 

t c = E ( B ( N I ) ) [ b + n i ] + 
c c 

o r 

(20) t c - E ( B ( N I ) ) [b+4 - E F ( Y ) - d ^ ] f + c f . 

c c 

Remembering t h a t y = p + q , m u l t i p l y i n g (20) out and r e q u i r i n g [C] a l l o w s us 

to s o l v e (20) f o r the v a l u e o f b such t h a t B = 1 + b w i l l a t t a i n [ C ] . I t i s 

g i v e n by the f o l l o w i n g r a t h e r l ong f o r m u l a , where E ( B ( N I ) ) has been s h o r t e n e d 

to j u s t E to save s p a c e : 

( 2 1 ) b = [ E f - ( ^ > ] P - W d + l f C -

For examp le , assume as b e f o r e , t h a t E = 1 .4 , E F = 1 .8 , Y = $ 1 5 , 0 0 0 , and T F = 

$ 2 , 4 7 2 . A l s o assume, not u n r e a l i s t i c a l l y , t h a t D = $ 1 , 0 0 0 , C = $50 , and p = c 

= d = . 1 0 . So , NI = $15,000 - $2 ,472 - $1 ,000 = $ 1 1 , 5 2 8 . Then , i f the u n i n -

dexed tax s c h e d u l e i s the one graphed i n F i g u r e 1, T = T (NI ) = T ( l 1,528) = 

$1030, and T c = T + C = $ 1 , 0 8 0 . S u b s t i t u t i n g t h i s d a t a i n t o (21) y i e l d s b = 

- . 0 2 2 , so the v a l u e of B wh ich w i l l i n i t i a l l y a t t a i n [C] i s B = 1 + b = 

. 9 7 8 . As i t shou ld b e , (21) i s e q u i v a l e n t to (14) when D = C = 0 , because T £ 

i s then e q u a l to T and NI i s t hen e q u a l to Y - T p . 

As was t r u e i n the l e s s c o m p l i c a t e d t ax systems c o n s i d e r e d e a r l i e r , 

s u b s t i t u t i n g y f o r p i n the income ad jus tmen t f o rmu la w i l l r e s u l t i n the 

a d d i t i o n a l a t t a i n m e n t o f [ F ] , To prove t h i s , when q < o s u b s t i t u t e y = t c i n 

(20) and s o l v e f o r b to o b t a i n : 
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Thus , u s i n g (21) to a d j u s t income when q > o , and u s i n g (22) when q < o , w i l l 

a t t a i n bo th [C] and [ F ] . T h i s t e c h n i q u e c o n t r a s t s s h a r p l y w i t h the b r a c k e t 

w i d e n i n g t e c h n i q u e , wh ich c o u l d p o s s i b l y a t t a i n [C] and [ P ] , a l t h o u g h i t s h a r d 

t o see how. But perhaps i t would be e a s i e r to see how a h y b r i d t e c h n i q u e , 

c o n t a i n i n g e lements of bo th the b r a c k e t w i d e n i n g and the income ad jus tmen t 

t e c h n i q u e , c o u l d a t t a i n [C] and [ F ] . 

The s t a t e of M i n n e s o t a adopted j u s t such a h y b r i d i n d e x i n g t e c h n i q u e 

i n 1981 . I t i s c a r r i e d out i n two s t e p s . The f i r s t s tep c o n s i s t s of an 

upward ad jus tment to t a x a b l e income N I . I t i s f o l l o w e d by a second s t e p 

c o n s i s t i n g of a b r a c k e t w i d e n i n g by 100 p e r c e n t of e i t h e r the r a t e of i n f l a ­

t i o n ( the C P I ) , o r the r a t e o f nomina l income g r o w t h , w h i c h e v e r i s s m a l l e r . 

The r e p r e s e n t a t i v e t a x p a y e r used t o compute the income ad jus tment and the r a t e 

o f nomina l income growth i s t aken to be a h y p o t h e t i c a l t a x p a y e r who " p a y s " the 

s t a t e w i d e t o t a l f o r the da ta emp loyed . Salomone ( 1 9 8 / ( b ) ) shows tha t t h i s 

r a t h e r c o m p l i c a t e d h y b r i d t e c h n i q u e does indeed a t t a i n [C] and [ F ] . 

Compared to the h y b r i d t e c h n i q u e , u s i n g (21) when q > 0 and (22) 

when q < o i s s i m p l e r to a d m i n i s t e r and comprehend. I t o n l y r e q u i r e s a s i n g l e 

c a l c u l a t i o n , wh ich makes i t s i m p l e r to a d m i n i s t e r . F u r t h e r m o r e , the t a x p a y e r 

wou ld more r e a d i l y comprehend the e f f e c t s of a downward ad jus tment to h e r / h i s 

t a x a b l e income, then s h e / h e would comprehend the combined e f f e c t s of an upward 

ad jus tment to t a x a b l e income f o l l o w e d by a b r a c k e t w i d e n i n g . I f t a x p l a n n e r s 

i n M i n n e s o t a had no o t h e r o b j e c t i v e s b e s i d e s [C] and [ F ] , they may w i sh to 

adop t the s i m p l e r t e c h n i q u e i n s t e a d . 

However , even i f t ax p l a n n e r s do indeed have o t h e r o b j e c t i v e s i n 

m i n d , i t i s hoped t h a t the income ad jus tmen t t e c h n i q u e d e s c r i b e d h e r e i n can be 

used to a t t a i n them. Once tax p l a n n e r s p r e c i s e l y s p e c i f y a s e t o f o b j e c t i v e s , 

the methods of p roo f used h e r e i n s h o u l d h e l p to prove whether or not the 

income ad jus tment t e c h n i q u e can a t t a i n them. 
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FOOTNOTES 

— See Shannon, J . and L u c k e , R. ( 1 9 8 0 ) . T h i s paper has been r e l i e d upon f o r 

much of the m a t e r i a l used up to t h i s p o i n t . 

— See Salomone (1981a) f o r a s ta temen t o f , and m o t i v a t i o n f o r , t h i s o b j e c ­

t i v e . 

— Deno t i ng income by Y and the t ax s c h e d u l e by T ( Y ) , a p r o g r e s s i v e t ax s c h e -

T (Y ) 

d u l e i s d e f i n e d to be one whose ave rage tax r a t e —^— r i s e s w i t h i n c o m e . 

— T h i s was the 1977 tax s c h e d u l e M i n n e s o t a s i n g l e t a x p a y e r s e n t e r e d t h e i r 

s t a t e t a x a b l e income ( income l e s s t h e i r f e d e r a l income tax and t h e i r o t h e r 

d e d u c t i o n s ) o n t o . 

1! The c o n s t a n t e l a s t i c i t y f u n c t i o n T (Y ) = K Y E , where K and E a re p a r a m e t e r s , 

was f i t t e d i n l o g form to the un indexed tax schedu le by o r d i n a r y l e a s t 

s q u a r e s . P o i n t e s t i m a t e s a re k = .0008 and E = 1.4449 

i/ D i f f e r e n t i a t e 2130. t o o b t a i n { ^ y Y - T } / Y 2 > 0 . M u l t i p l y i n g bo th s i d e s by Y 2 

and d i v i d i n g by T y i e l d s the c o n c l u s i o n t h a t E (Y) > 1. R e v e r s i n g the o p e r a ­

t i o n s y i e l d s the c o n v e r s e p r o p o s i t i o n . 

li( E c o n o m i s t s , f o r examp le , u s u a l l y d i s c u s s the d e s i r a b i l i t y o f changes to 

e x i s t i n g t ax systems i n the f ramework of the s o - c a l l e d o p t i m a l t ax t h e o r y (see 

A t k i n s o n and S t i g l i t z (1980) f o r an e x p o s i t i o n of o p t i m a l t ax t h e o r y ) . I n 

t h i s f ramework, a d e s i r a b l e i n d e x i n g o b j e c t i v e would be to reduce deadwe igh t 

l o s s . Because the d i s c u s s i o n o f s t a t e tax i n d e x i n g o b j e c t i v e s has not t aken 

p l a c e I n t h i s f ramework , i t i s u n c l e a r whether o r not o b j e c t i v e s C and F a r e 

c o n s i s t e n t w i t h the r e d u c t i o n of deadweigh t l o s s . T h u s , we make no c l a i m t h a t 

o b j e c t i v e s C and F a re d e s i r a b l e , and mere l y examine d i f f e r e n t ways of a t t a i n ­

i n g them. 

JLI In f a c t , f o r any two v a r i a b l e s X and Z , the pe rcen tage change In the q u o ­

t i e n t X / Z i s a p p r o x i m a t e l y equa l to x - z , and the pe rcen tage change i n the 
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p roduc t XZ i s a p p r o x i m a t e l y x+z . They a r e app rox ima te r u l e s o n l y because 

l i n e a r i z a t i o n , i . e . c a l c u l u s , i s used to d e r i v e them. To d e r i v e the l a t t e r , 

r u l e , f o r examp le , t o t a l l y d i f f e r e n t i a t e XZ to o b t a i n d (XZ)= (dX)Z+X(dZ) . 

D i v i d e bo th s i d e s by XZ and note t h a t ^ = z Co o b t a i n the r u l e . The r u l e i s , 

o f c o u r s e , more a c c u r a t e the s m a l l e r dX and dZ a r e . 

9 / 

—' The g e n e r a l r u l e b e i n g used he re i s t h a t i f F ( Z ) i s any f u n c t i o n of a 

v a r i a b l e Z , then f = E ( Z ) z , where E(«) i s the e l a s t i c i t y of F w i t h r e s p e c t to 

Z . I f Z i s i t s e l f the p roduc t o r q u o t i e n t o f 2 o r more o t h e r v a r i a b l e s , one 

j u s t a p p l i e s the s i m p l e r u l e s d i s c u s s e d i n f o o t n o t e 8 above to compute z . 

1QJ T h i s t e c h n i q u e was sugges ted by my f e l l o w s t a f f e r , D i c k Todd . 
Ill L o g a r i t h m i c a l l y d i f f e r e n t i a t e Y - T p , and f i n d t h a t i t s pe rcen tage change 

Y - E p ( Y ) T 
i s (p+q) [—=-= J wh ich i s l e s s than p when q = o . 

Y - T 
1 ? / 

JtsJ The Economic Recovery Tax Ac t of 1981 s p e c i f i e s tha t the f e d e r a l income 

tax be i n d e x e d , s t a r t i n g i n 1985. 

13 / 

——' A c t u a l l y , when q = 0 , t a x a b l e income c o u l d p o s s i b l y grow a t a r a t e d i f ­

f e r e n t than the i n f l a t i o n r a t e even i n our s i m p l e t ax s y s t e m . T h i s i s because 

i t may be t r u e i n some economies t h a t r e a l income 0 depends on the r a t e of the 

p r i c e l e v e l P, i . e . Q ( P ) . then Y - P Q ( P ) , so — - Q(P) i s not i ndependen t o f 

changes i n P . I f t h i s i s t r u e , (8) would not a t t a i n [C] i n s i m p l e t ax 

s y s t e m s , e i t h e r . The a u t h o r i s i n d e b t e d to D i c k Todd f o r t h i s p o i n t . 
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