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I. INTRODUCTION 

Hall and Jorgenson developed a formula f o r  t h e  p r i c e  of c a p i t a l  

s e r v i c e s  [1967, 19711 t h a t  is  widely used. Their formula, however, 

f a i l s  t o  d i s t i n g u i s h  between the  real discount rate f o r  f u t u r e  services 

of c a p i t a l  and the  nominal discount  rate f o r  depreciat ion.  It a l s o  

a d j u s t s  t h e  d iscount  rate t o  allow f o r  t he  d e d u c t i b i l i t y  of i n t e r e s t ,  

when the  proper  procedure is  t o  inc lude  i n t e r e s t  as an e x p l i c i t  deduc­

t i o n ,  l i k e  deprec ia t ion .  The Hall-Jorgenson procedure y i e l d s  the  c o r r e c t  

answer i n  the  s p e c i a l  case of exponent ia l  decay and t a x  dep rec i a t ion  

equal  t o  economic deprec i a t ion ,  bu t  no t  i n  general .  

This paper slowly develops a formula f o r  t he  cos t  of c a p i t a l  services, 

t r e a t i n g  each complication as it arises. The formula is  then appl ied  

i n  a d i scuss ion  of t h e  tax r u l e s  t h a t  would be n e u t r a l  w i th  r e s p e c t  t o  

i n f l a t i o n ,  forms of f inanc ing ,  t he  longevi ty  of c a p i t a l ,  and apprec ia t ing  

assets . 
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11. THE PRICE OF CAPITAL SERVICES 

To avoid having t o  d e a l  w i t h  l a b o r ,  consider a firm t h a t  only buys 

c a p i t a l  equipment and r e n t s  i t  out .  To avoid t h e  need f o r  a scale 

parameter, assume t h a t  each investment under cons ide ra t ion  i s  t h e  pur­

chase of an asset t h a t  c o s t s  $1. Each investment i s  f inanced by a 

combination of debt  and e q u i t y  i n  t h e  proport ions f of debt  and (1-f) 

of equi ty .  The f i rm  i s s u e s  and retires debt and e q u i t y  as necessary 

so as t o  keep t h e  deb t / equ i ty  r a t i o  at  f / ( l - f ) ,  which i t  h a s  chosen t o  

minimize cos t s .  Debt must b e  pa id  a market r e t u r n  (before  i n d i v i d u a l  

taxes)  of rd, whi l e  e q u i t y  receives dividends and a n t i c i p a t e d  c a p i t a l  

gains t h a t  t h e  market va lues  a t  re. These r e t u r n s  can be  measured e i t h e r  

as nominal r e t u r n s ,  o r  as real r e t u r n s ,  where t h e  real  r e t u r n  i s  t h e  

nominal r e t u r n  minus t h e  i n f l a t i o n  rate. Some of t h e  s t e p s  i n  t h e  suc­

ceeding a n a l y s i s  w i l l  vary w i t h  t h e  choice of nominal o r  real measures, 

but  equivalent  real  r e s u l t s  can b e  obtained from t h e  two approaches. 

Nominal a n a l y s i s  has  been chosen f o r  t h i s  paper because f i x e d  nominal t a x  

rates make i t  s l i g h t l y  s impler .  

The nominal r e t u r n ,  R, t h a t  t h e  f i rm  must e a r n  a f t e r  corporate  

taxes is a weighted average of rd and re: 

R = f r d  + (1-f) re . 
By making only investments t h a t  y i e l d  a non-negative p r o f i t  ( a f t e r  taxes)  

when discounted a t  t h e  rate R,  t h e  f i rm insu res  t h a t  i t  w i l l  b e  a b l e  t o  
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pay i ts  debt  and e q u i t y  inves to r s  t he  market rates of return.  I n  t h e  

long run,  competit ion w i l l  f o r c e  excess p r o f i t  t o  zero. The discount  

rate of R r e f l e c t s  the f a c t  t h a t  an investment is  a j o i n t  ven tu re  of 

debt  and equ i ty ,  even i f  l e g a l  c o n t r o l  i s  i n  the hands of equi ty .  

Define pt as the  expected r e n t a l  p r i c e  of t i m e  t of a machine 

t h a t  might be purchased a t  t i m e  0. The present  value of t h e  a n t i c i p a t e d  

f u t u r e  rental  payments f o r  t he  asset when i t  is new, Po, i s  

= impte-Rt d t0 

Define Uo as t h e  present  value of t he  corporate  taxes on t h e  r e n t a l  

payments on a new asset, and k as t h e  investment tax c r e d i t  t h a t  t h e  

government would provide. I n  market equilibrium, 

Po - Uo =: 1 - k (3)  

Corporate t axes  are l ev ied  a t  a nominal rate of u, b u t  only on 

r e a l i z e d  income, n e t  of dep rec i a t ion  allowances, t h a t  goes t o  equi ty .  

Addit ional  income f o r  c a p i t a l ,  exempt from the  corporat ion income t a x ,  

accrues i n  t h e  form of i n t e r e s t  on debt and i n  t h e  form of changes i n  

c a p i t a l  value f o r  equ i ty ,  of j u s t  t he  r i g h t  amount i n  market equ i l ib r ium 

t o  i n s u r e  t h a t  c u r r e n t  income p l u s  t h e  c a p i t a l  gain o r  l o s s  w i l l  provide 

t h e  market rate of r e tu rn .  When a l o s s  is  involved, i t  i s  c a l l e d  de­

p r e c i a t i o n ,  and the  t a x  r u l e s  seek t o  exempt i t ,  though they do n o t  

succeed pe r fec t ly .  But t h e r e  i s  no coun te rpa r t  (negat ive dep rec i a t ion )  

f o r  c a p i t a l  gains ,  The d e d u c t i b i l i t y  of interest  and t h e  imperfect ions i n  

t a x  dep rec i a t ion  imply t h a t  t h e  t r u e  tax rate on c a p i t a l  i s  v e r y  complex. 
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I f  Zo i s  t h e  present  va lue  of dep rec i a t ion  allowances on a new 

asset and Io i s  the present  va lue  of i n t e r e s t  deductions,  then t h e  

present  value of the  taxes  on a new asset i s  given by 

uo = u(Po-zo-Io) ( 4 )  

Subs t i t u t ing  from ( 4 )  i n t o  (3) and so lv ing  f o r  Po, 

1 - k - uZ0 - uI0 
Po = 1 - u  (5) 

To transform ( 5 )  i n t o  a s ta tement  about r e n t a l  payments, t he  economic 

l i f e  of t h e  asset must be introduced. Define Y as the present  equiva­

l e n t  of t he  years  of service t h a t  w i l l  be de l ivered  by the  a s s e t .  That 

i s ,  i f  po i s  t h e  r e n t a l  p r i c e  of a new asset, 

n 

Theref ore  

1 - k - u Z  - u I0- 0 
Po - Y (1-u) (7) 

This formula f o r  t he  r e n t a l  p r i c e  of c a p i t a l  can be appl ied t o  an 

asset wi th  any p a t t e r n  of dep rec i a t ion ,  as long as p, # 0, which 

would i n v a l i d a t e  (6).  

Further  i n t e r e s t i n g  r e s u l t s  can be  obtained by applying the  formula 

t o  t h e  s p e c i a l  case of exponent ia l  decay i n  t h e  services of an asset, 

with exponent ia l  growth i n  the  p r i c e  l e v e l .  With exponent ia l  decay i n  
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which is t h e  same as (14), s i n c e  what H a l l  and Jorgenson appear t o  

mean by p is 

This c o r r e c t  r e s u l t  f o r  a s p e c i a l  case may have caused them t o  overlook 

the f a c t  t h a t  t h e  formula does no t  work general ly .  To show t h a t  t h e  

two formulas do n o t  always y i e l d  t h e  same r e s u l t s ,  consider  t h e  case 

where t a x  dep rec i a t ion  is  a f u l l  write-off on t h e  f i f t h  anniversary of 

purchase. Then, w i th  no t a x  c r e d i t  and no i n f l a t i o n ,  t h e  two formulas 

would y i e l d  t h e  same r e s u l t  i f  and only i f  (R+ were equal  t o  

[ (l-u>e+ 6 ]e-5(1-u)p+ 6 ,  and t h i s  i s  gene ra l ly  n o t  t rue .  



- 

- 6 - 


between t h e  formulas are: 1) I n f l a t i o n  appears i n  (12) and no t  i n  (13). 

A real  d i scoun t  rate i s  app l i ed  t o  r e n t a l  payment and f u t u r e  interest  

c o s t ,  wh i l e  a nominal discount  rate i s  applied t o  dep rec i a t ion  allowances, 

i n  (12). 2) I n t e r e s t  appears  as an e x p l i c i t  deduction i n  (12), while i n  

(13) an adjustment i s  made i n  p t o  allow f o r  t he  d e d u c t i b i l i t y  of 

i n t e r e s t .  

I f  t h e r e  is  no i n f l a t i o n  and no t a x  c r e d i t ,  and i f  tax deprec i a t ion  

equals  economic deprec i a t ion ,  then t h e  two formulas y i e l d  t h e  same r e s u l t .  

With exponen t i a l  decay, t h e  p re sen t  va lue  of economic deprec i a t ion  is  

6 /(R+ 6 )  a t  a discount  rate of R, and 6 / [  (1-u)p + 6 1  a t  a discount 

rate of (1-u)p. S u b s t i t u t i n g  6 / ( R +  6 )  f o r  Zo i n  (12),  and s e t t i n g  

i = 0 and k = 0,  

R - u f r  
-	 d + 61 - u  

When 6 / [  (1-u)p + 6 ] is  s u b s t i t u t e d  f o r  % i n  (13) along with k=O, 

t he  r e s u l t  i s  

- (1-u)p + 6 - u6 
Po - 1 - u  

= p + 6  
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i n f l a t i o n .  With exponent ia l  decay, t h e  p re sen t  value of economic 

deprec i a t ion  w i l l  equal  6 / (R+ 6 ) . S u b s t i t u t i n g  t h i s  i n t o  (12),  t h e  

p r i c e  of c a p i t a l  services reduces t o  

(R-i+ 6 )  (1-k - R+ 6 - ufrd( l -k)  
n =r 

0 1 - u  

C. Tax N e u t r a l i t y  wi th  Respect t o  I n f l a t i o n ,  The f i r s t  s e n s i b l e  

adjustment would be  t o  e l imina te  t h e  e f f e c t s  of i n f l a t i o n  on t h e  p r i c e  

of capi ta l  services. One way of achieving t h i s  would be to r e q u i r e  a l l  

f i n a n c i a l  records t o  be indexed f o r  changes i n  the  va lue  of d o l l a r s ,  s o  

t h a t  when d o l l a r s  of d i f f e r e n t  pe r iods  are added and sub t r ac t ed ,  i n f l a t i o n  

would cause no d i s t o r t i o n s .  If t h e  sweeping change is  not enacted,  

four  s e p a r a t e  changes are needed. 

1. Depreciation allowances must be indexed. That i s ,  t h e  deprecia­

t i o n  t h a t  i s  appropr i a t e  when t h e r e  i s  no i n f l a t i o n  must be m u l t i p l i e d  

by t h e  r a t i o  of t h e  p r i c e  index a t  t h e t f m e  of t h e  allowance t o  t h e  

p r i c e  index a t  t h e  t i m e  t h e  asset was purchased. Some people would 

propose t h a t  indexat ion be l i nked  t o  changes i n  t h e  p r i c e  of t h e  ind i ­

v i d u a l  asset, bu t  t h i s  would improve n e u t r a l i t y  only i f  a l l  asset p r i c e  

changes were included as income, whether r e a l i z e d  as c a p i t a l  gains  and 

l o s s e s  o r  not.  The indexat ion of dep rec i a t ion  allowances converts  t h e i r  

p re sen t  value to 

6z 
0 R - i + 6  
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so t h a t  (19) becomes 

(R-i+ 6 ) (1-k) - US - uf rd  

(R-i) (1-k) - k6 - u f r
d 

(1-k)-- + 6
1 - u  

2. The i n f l a t i o n  component of i n t e r e s t  must n o t  be deduc t ib l e .  

Then t h e  interest  deduction f o r  any yea r  is f ( r d - i )  and (21) becomes 

(R-i) (1-k) - laS - uf (r
d
-i)(1-k)--

1 - u  + 6  (22) 

Now t h e  p r i c e  of c a p i t a l  services has a form such t h a t  equal  i n c r e a s e s  

i n  i n t e r e s t  rates and i n f l a t i o n  w i l l  have no e f f e c t  on it. To keep 

i n t e r e s t  rates from r i s i n g  by more than i n f l a t i o n ,  two more changes are 

needed. 

3.  The i n f l a t i o n  component of i n t e r e s t  received by ind iv idua l s  

must n o t  be taxed. If i n t e r e s t  income i s  n o t  ad jus t ed  f o r  i n f l a t i o n ,  

t he  income of c a p i t a l  w i l l  be taxed more heav i ly  when the re  i s  i n f l a t i o n ,  

a f f e c t i n g  saving and real interest rates. 

4 .  The i n f l a t i o n  component of c a p i t a l  gains must n o t  be taxed. 

This i n s u r e s  t h a t  t h e  relative advantages of c a p i t a l  gains  and ordinary 

income w i l l  n o t  be a f f e c t e d  by i n f l a t i o n .  

D. Tax N e u t r a l i t y  between Debt and Equity Financing. The deduc­

t i b i l i t y  of i n t e r e s t  causes f i rms t o  b e n e f i t  from debt  f inance even when 

t h e i r  nominal c a p i t a l  c o s t s  are r a i s e d  i n  the  process. This d i s t o r t i o n  
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increases the  r i s k  of bankruptcy and favors  investments with lower r isk.  

One way of e l imina t ing  t h i s  d i s t o r t i o n  would be t o  abo l i sh  the  corporate  

p r o f i t s  t a x ,  a t t r i b u t e  a l l  corporate  income t o  shareholders ,  and make up 

any revenue loss by higher  taxes on a l l  non-labor income. But t h a t  i s  

n o t  l i k e l y  t o  happen because v o t e r s  tend t o  favor  the i d e a  t h a t  corpora­

t i o n s  as e n t i t i e s  pay taxes.  It  may be more p o l i t i c a l l y  f e a s i b l e  t o  

convert  t h e  corporat ion income t a x  t o  a withholding tax, by l e t t i n g  share-

holders  take t a x  c r e d i t s  f o r  t h e i r  po r t ion  of corporat ion income taxes 

withheld,  again a t t r i b u t i n g  a l l  corporate  income, whether d i s t r i b u t e d  o r  

n o t ,  t o  shareholders .  This approach may be more p o l i t i c a l l y  f e a s i b l e  

simply because i t  preserves  the  appearance of a corporate  tax. 

Another way of e l imina t ing  t h e  b i a s  toward deb t  f inanc ing  would be 

t o  make debt as w e l l  as equ i ty  s u b j e c t  t o  t h e  corporate  tax, and lower 

t h e  tax ra te  t o  keep revenue constant .  This would preserve the discrimina­

t i o n  aga ins t  corporate  a c t i v i t y  compared t o  unincorporated e n t e r p r i s e ,  

while e l imina t ing  the  b i a s  aga ins t  equ i ty  f inancing.  

I f  v o t e r s  r e a l l y  want d i sc r imina t ion  aga ins t  corporate  a c t i v i t y ,  

because of an e v i l  a s soc ia t ed  with bigness ,  i t  would make more sense 

t o  pu t  a more continuous degree of progression i n t o  the  tax, so  t h a t  f i rms 

would have an i n c e n t i v e  t o  break themselves up. It might also be 

d e s i r a b l e  t o  base the  tax on assets r a t h e r  than income, as assets are 

probably more h igh ly  c o r r e l a t e d  than income with t h e  excess power of 

corporat ions t h a t  people perceive.  

Y 
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I f  t he  d e d u c t i b i l i t y  of i n t e r e s t  i s  el iminated,  (22) becomes 

This formula is  n e u t r a l  between deb t  and equ i ty  f inanc ing  i f  t h e r e  i s  no 

investment t a x  c r e d i t .  

E. A Neutral  Investment Tax Cred i t  with Respect t o  t h e  Longevity 

of Capital ,  The investment tax c r e d i t  may b e  understood as a s u b s t i t u t e  

f o r  a c a p i t a l  levy. I f  t h e  Federal  Government were t o  c o n f i s c a t e  h a l f  

of a l l  c a p i t a l  and s e l l  i t  t o  e s t a b l i s h  a t r u s t  fund, we could maintain 

the level of p u b l i c  services whi l e  g r e a t l y  lowering e x i s t i n g  t axes  and 

t h e i r  d i s t o r t i n g  e f f e c t s .  A s  long as no one thought t h e r e  would be another  

round of conf i sca t ion ,  t h e r e  would be an inc rease  i n  p r o d u c t i v i t y .  I f  

i n s t e a d  of c o n f i s c a t i n g  t h e  c a p i t a l ,  t h e  Government were t o  stamp a l l  

e x i s t i n g  c a p i t a l  "old," and enac t  a s p e c i a l  t a x  on a l l  o l d  c a p i t a l ,  t he  

e f f e c t  would be n e a r l y  t h e  same. A t  a f u r t h e r  level of ref inement ,  t h e  

Government could say  t h a t  a l l  c a p i t a l  w i l l  be s u b j e c t  t o  tax, b u t  anyone 

who accumulates c a p i t a l  from now on w i l l  be given a check f o r  some f r a c t i o n  

of t h e  p re sen t  value of t h e  taxes t h a t  w i l l  be pa id  on it .  The e f f e c t  

would again be t h e  same, This is  the p r i n c i p l e  by which t h e  investment 

t a x  c r e d i t  works. New c a p i t a l  i s  subsidized t o  lower t h e  e f f e c t i v e  level 

of taxes  on i t ,  and o l d  c a p i t a l ,  though i t  i s  n o t  conf i sca t ed ,  f a l l s  i n  

value because i t  must compete w i t h  new, subsidized c a p i t a l .  

An investment t a x  c r e d i t  i s  n e u t r a l  with r e s p e c t  t o  t h e  longev i ty  

of c a p i t a l  only i f  t he  p r i c e  of c a p i t a l  services, less d e p r e c i a t i o n ,  f.s 
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land development, t h i s  r equ i r e s  t h a t  negat ive deprec ia t ion  be included 

as income, i n  o ther  words, t h a t  c a p i t a l  gains  be taxed as they accrue. 

To de fe r  t h e  taxes OR c a p i t a l  ga ins  is t o  lower t h e i r  p resent  va lue ,  

t he re fo re  lowering the  equi l ibr ium rate of r e t u r n  of such investments. 
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independent of t he  rate of deprec ia t ion .  Taking (23) as the  p r i c e  of 

c a p i t a l  s e rv i ces ,  t h i s  means 

(R-i)(l-k) - ZPS 
' P  

* 
1 - u  

o r ,  so lv ing  f o r  k, 

* 
k =  R - i - p (1-u) 

R - i + 6  

This implies  t h a t  a f t e r  o the r  d i s t o r t i o n s  are e l imina ted ,  an investment 

t a x  c r e d i t  t h a t  i s  n e u t r a l  wi th  r e spec t  t o  longevi ty  must be of t he  

r e l a t i v e l y  simple form 

X 
k = ~ - i + &  

where x i s  any p o s i t i v e  number. If .05 i s  a reasonable  estimate of 

R - i, then a va lue  of .02 f o r  x produces a n e u t r a l  investment tax 

c r e d i t  with approximately the  same average va lue  as t h e  p r e s e n t  c r e d i t ,  

which is 10.0% f o r  assets wi th  l i v e s  over  6 years ,  6.67% f o r  lives of 5 o r  

6 yea r s ,  3.33% f o r  lives of 3 o r  4 years ,  and nothing f o r  s h o r t e r  lives. 

Taking the  rate of dep rec i a t ion  as 2/T, where T i s  economic l i f e  f o r  

tax purposes ( a s  i f  double dec l in ing  balance d e p r e c i a t i o n  i n  pe rpe tu i ty  

were exac t ly  r i g h t ) ,  t h e  comparison of the  present  c r e d i t  wi th  a n e u t r a l  

c r e d i t  i s  shown i n  Table 1. 

F. N e u t r a l i t y  toward Appreciat ing Assets. A t  t h e  beginning of t he  

d iscuss ion  of n e u t r a l i t y ,  it was assumed t h a t  t a x  d e p r e c i a t i o n  equals  

economic deprec ia t ion .  For apprec i a t ing  a s s e t s ,  such as trees, wine, and 
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TABLE 1 

Tax Present  Neut ra l  Tax Present Neut ra l  
L i f e  Credi t  Credi t  L i f e  Credi t  Cred i t  

~~ 

2 0 %  1.90% 11 10.00% 8.63% 

3 3.33 2.79 1 2  10.00 9.23 

4 3.33 3.64 1 5  10.00 10.91 

5 6.67 4.44 20 10.00 13.33 

6 6.67 5.22 25 10.00 15.38 

7 10.00 5.96 30 10.00 17.14 

8 10.00 6.67 40 10.00 20.00 

9 10.00 7.35 50 10.00 22.22 

10  10.00 8.00 OD 10.00 40.00 


