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A BSTBACT 

Recen t  d i s c u s s  ion i n  a c c o u n t i n g  l i t e r a t u r e  h a s  emphas i sed  

t h a t  i n v e s t o f s  and  o t h e r  u s e r s  of f i n a n c i a l  s t a t e m e n t s  are 

i n c r e a s i n g l y  i n t e r e s t e d  i n  p r e d i c t i n g  c a s h  f low,  The  F i n a n c i a l  

A c c o u n t i n g  S t a n d a r d s  Board i n  i ts  S t a t e ~ f l e n t  of F i n a n c i a l  

AccounPrPnqCgggme_rJt&~ colncludes t h a t  i n f  oraa t i s n  a b o u t  

e n t e r p r i s e  e a r n i n g s  g e n e ~ a i l y  p r o v i d e s  it b e t t e r  i n d i c a t i o n  a b o u t  

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

T h i s  i m p l i e s  t h a t  t h e r e  is a  r e l a t i o m h i p  between e a r n i n g s  and 

s u b s e q u e n t  c a s h  flow, The Board also states t h a t  i n f o r n a t i o n  

about p a s t  c a s h  flow may be helpful i n  p r e d i c t i n g  c a s h  f low* The 

a b i l i t y  of c o n s t a n t  d o l l a r  e a r n i n g s  o r  c a s h  flow to p r e d i c t  coa- 

s t a n t  d o l l a r  c a s h  flow h a s  n o t  been a d a r e s s e d  i n  t h e  a c c o u n t i n g  

l i t e r a t u r e ,  f h i s  study e m p i r i c a l l y  a d d r e s s e s  t h e s e  i s s u e s .  

The o b j e c t i v e s  of t h i s  sktldy a r e  f 1) t o  d e t e r m i n e  t h o  

s t a t i s t i c a l  tinte-series p r o p e r t i e s  of h i s t o r i c a l  cost a n d  con- 

s t a n t  d o l l a r  c a s h  flow a n d  d e v e l o p  u n i v a r i a t e  f o r e c a s t i n g  models 

t o  f o r e c a s t  c a s h  flora, (2) to  d e t e r r a i n e  t h e  d i r e c t i o n  o f  any 

l e a d  r e l a t i o n s h i p  b e t s e e n  cash Elou and i ~ c o ~ e  a n d  d e v e l o p  

n t u l t i v a r i a t e  f o r e c a s t i n g  n o d e l s ,  (3) t o  compare  t h e  p r e d i c t i v e  

a b i l i t y  05  t h e  f o r e c a s t i a g  aode3.s v i t h i n  each a c c o u n t i n  g method, 

a n d  (4) t o  contpare t h e  p s e d i c t i v e  a b i l i t y  of t h e  models a c r o s s  

a c c o u n t i n g  ntethods. 

Box-Jenkins  p r o c e d u r e s  a r e  used t o  d e t e r m i n e  the 

tiae-series p r o p e r t i e s  of a n n u a l  c a sh  flow. A randols walk w i t h  

d r i f t  laudel is used  a s  benchstlark w i t h  which t o  compare t h e  

iii 



a c c u r a c y  o f  other models, 

T h e  &a j o r  c o n c l u s i o a s  c a n  be  stated b r i e f l y .  Cash  flow 

a p p e a r  t o  i o l f o v  either a n  a u t o x e g r e s s i v e  on: a  w h i t e  n o i s e  

p r o c e s s .  There is no e m p i r i c a l  evidence that income i s  a l e a d i n g  

i n d i c a t o r  o f  c a s h  flow, Fox one- perioa- a h e a d  p r e d i c t i v e  abi li t y  

tests  t h e  r e s u l t s  are a i x e d ,  e x c e p t  the rantiortl w a l k  with a d r i f t  

model u t i l i z i n g  h i s t o r i c a l  cost c a s h  f l o w  p e r f o r a e d  a s  well a s  

Box-Jenkins  u n i v a r i a t e  nodels u e i l  i z i n g  c o n s t a n t  do1 l a r  cash 

f l u s .  For the t w o - p a r - a h e a d  f o r e c a s t s  there  is no d i f f e r e n c e  i n  

t h e  a c c u r a c y  of the p r e d i c t i o ~  a o d e l s  when u s i n g  h i s t o r i c a l  cost 

data, !#hen u s i n g  constant dollar d a t a  the Box-Jenkins  u n i v a r i a t e  

ntodels o u t - p e r f  o r m d  t h e  randm w a l k  w i t h  a d f i f  t a o d e l .  The 

Box-Jenkins models  utilizing constant d o l l a r  c a s h  flow 

o a t - p e r f o r m e d  both m o d e l s  u t i l i z i n g  historical cost c a s h  flow i n  

the two-year-ahead forecasts. 
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G e n e r a l  S t a t e m e n t  and  Ila~oxftarrce of t h e  Problem ---------- 
C o n s i d e r a b l e  research has been done on t h e  t i a e - s e r i e s  be -  

h a v i o u s  o f  a c c o n n t i n g  incortie n u n b e r s  and  its i r sp l i ca t ions  fo r  

a c c o u n t i n g  r e s e a r c h  and  s e c n r i t y  p r i c e s ,  Bowever, very  l i t t l e  is 

kacrwn about t h e  process that b e s t  d e s c r i b e s  t h e  t i~e-ser ies  be- 

h a v i o u r  of c a s h  flow, 

T r a d i t  i o n a l l y  accountants h a v e  concentrated on t h e  

aeasnrer t ient  o f  e a r n i n g s  w i t h  f i t t l e  e m p h a s i s  o n  the aeasnre a e n t  

of cash f low.  A t t e a p t s  Ko f o c u s  a t t e n t i o n  on c a s h  f low were 

c o n s i d e r e d  .to b e  a n  o ~ e s r e a c t i o n  Lo the i a p e s P e c t i o n  of the 

aeasures of e a r n i q s ,  T h e  Canad ian  I n s t i t u t e  of C h a r t e r e d  

A c c o u n t a n t s *  Handbook tSec 1540.43) states:  

The a s a u n t  of c a s h  or o t h e r  funds provided  f r o a  
o p e r a t i o n s  i s  n o t  a s u b s t i t u t e  fo r  or aa intproveiaatent 
upon proper ly  d e t e r e i n e d  net incoate a s  a llzeasurs of re- 
salts of o p e r a t i o n s ,  

T h e s e  i m p e r f e c t i o ~ s  r e s u l t s  a a i a l y  f r o &  chasg-es  i n  t h e  

e a v i r o n ~ e n t  s u c h  a s  i n f l a t i o n ,  l a c k  of uni for r t l i ty  i n  accoran t ing  

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

w i t h  t h e  a e a s u r e m e n t  of incorae. Pioonitz i n  the d i r e c t o r  's 

p r e f a c e  t o  8ason (1361, p x i f  argued t h a t  rather t h a n  perfect t h e  

e a r n i n g s  f igmre,  sc@e accoua - t an t s  o v e r r e a c t e d  a n d  this g e n e r a l  



overreaction norroa l ly  t o o k  t h e  form of giving up measur ing  com- 

p l e x  p h e a o ~ e n a  s n c h  a s  e a r n i n g s  i n  f a v o u r  of p r i m i t i v e  o n e s  s u c h  

as cash f l ow*  

Cash f low,  however, have r e c e i v e d  c o n s i d e r a b l e  a t t e n t  i o n  i n  

t h e  last fev y e a r s ,  The o f f i c i a l  a c c o u n t i n g  bodies* emphas i s  o n  

c a s h  f low s t a r t e d  wi th  t h e  p u b l i c a t i o n  of t h e  YPrueblood Reportm 

of f i c i a l 2 y  known a s  t h e  r e p o r t  of t h e  "S tudy  Croup on  O b j e c t i v e s  

a•’ F i n a n c i a l  S t a t e a e n t s w ,  S t a r t i n g  w i t h  t h i s  p u b l i c a t i o n  c a s h  

s t o p p e d  b e i a g  an of feasive word for a c c o u n t a n t s  ( S o r t e r ,  3 982,  

p 1 8 8 )  T h e  o f f i c i a l  e m p h a s i s  on c a s h  f l o u  c a n  c l e a r l y  b e  n o t e d  

in t h e  Study  Group ' s  r e p o r t  t h a t  i n  p a r t  c o n t a i n e d  t h e  f o l l o w -  

i n g  : 

An objective o f  f i n a n c i a l  s t a t e a e n t s  i s  t o  p r o v i d e  in- 
forraation useful t o  i n v e s t o r s  and  c r e d i t o r s  f o r  
p r e d i c  ting , c o ~ p a r i n  g, and eva lw ti ng yoten ti a2 cas fi 
flows t o   the^ i n  t e f n s  o f  a twan t ,  t i ~ i n g ,  and r e l a t e d  
u n c e r t a i n t y ,  

and 

An objective o f  f i n a n c i a l  statemnts i s  t o  p r o v i d e  users 
w i t h  f i n a n c i a l  i n f o r m a t i o n  for p r e d i c t i n g ,  c e a p a r i n g ,  
and e v a l u a t i n g  e n t e r p r i s e  earning power [AXCPW, 1973, 
p23f 

where  e a r n i n g s  power i s  d e f i n e d  a s  t h e  a b i l i t y  t o  g e n e r a t e  ca sh*  

This emphasis o n  cash flow was l a t e r  affirmed b y  the Financ ia l .  

Accaunking S t a n d a r d s  Boar6 ia its T e ~ t a t i v e  C o n c l u s i o n s  on  

F i n a n c i a l .  S t a t e a e n t s  on B a s i n e s s  E n t e r p r i s e s  (December, 197rbb) 

a n d  s g a t e a e n t  o f  F i n a n c i a l  Account inq  Concep t  2 (1978, p a r a  37) 

as c a n  be e v i d e n c e d  by  one of its s t a t e d  ob j e c t i o e , :  

F i n a n c i a l  repost ing s h o u l d  g r o v i d e  i n f o r m a t i o n  t o  h e l p  
i n v e s t o r s ,  c r e d i t o r s ,  and  o t h e r s  a ssess t h e  ataounrts, 
tirriing, and uncertainty o f  prosgec t i~e  net c a s h  iznf lows  



Lo the r e l a t e d  e n t e r p r i s e ,  

A l though  t h e  o f f i c i a l  e n t p h a s i s  i s  recent, a c c o u n t i n g  

r e s e a ~ c h e r s  h a v e  examined cash flow f o r  a long t i w ,  B l ~ o s t  two 

d e c a d e s  ago, Hason ( l 8 6 l ,  p42) concluded that c a s h  flu% from 

o p e r a t i o n s  u a s  a v a l i d  and u s e f u l  a n a l y t i c a l  tool ,  C a s h  f l o v  a r e  

widely a c c e p t e d  a n d  used i n  v a r i o u s  v a l u a t i o n  m d e l s  i n  finance. 

D e s p i t e  t h e  i m p o r t a n c e  o f  f u t u r e  cash flow, o n l y  a few 

s t u d i e s  [ e, g ,  Khulttaval la (1 978)  ; Brooks 1198 I )  3 h a v e  d e a l t  w i t h  

time-series p r o p e r t i e s  s f  q u a r t e r l y  c a s h  flow a n d  e v e n  f e v e r  

[ Xcernan (197v ) h a v e  d e a l t  w i t h  a n n u a l  c a s h  flora, 

I n  o r d e r  to  p r e d i c t  f ulure c a s h  •’low, the P i n a n c i a  1  

Account ing S t a n d a r d s  Board i n  St ;a tem?nt  of Pinancia&&~ogg&&ig 

Cancepg-1 c o n c l u d e s  t h a t  investors and  o t h e r  u s e r s  are led 

* p r i m r i l y  t o  a n  i n t e r e s t  i n  i n f o r a t a t i o n  a b o u t  i ts  e a r n i n g s  

rather t ban i n f o r m a t i o n  Mrectl y afpou* its c a s h  f lowsa* 41978, 

p a r a  431,  T h e  Board s tates wPnfofn ta t ion  a b o u t  p a s t  cash f lows 

may be h e l p f u l  i x t  p r e d i c t i n g  f u t u r e  c a s h  f lows"  gt981, p a r a  2 8 ) ,  

T h e  above F i n a n c i a l  Acconnt ing  S t a n d a r d s  Board s t a t e m e n t s  

h a v e  two i g a p l i c a t i o n s  r e l e v a n t  f o r  t h i s  s t u d y ,  f i r s t l y ,  inforaaa- 

t i o n  about  past e a r n i a g s  l e a d s  t o  p r e d i c t i o n  of future c a s h  

flaw, T h i s  Beans a r e l a t i o n s h i p ,  thongh n o t  s p e c i f i e d  b y  t h e  

f i n a n c i a l .  Accoun t ing  Standards Board, e x i s t s  between past 

e a r n i n g s  and  future cash flow, S e c o n d l y ,  t h e r e  i s  a r e l a t i o n s h i p  

b e t a e e n  p a s t  c a s h  f l o v  and  f u t u r e  c a s h  flow, a l t h o u g h  i t  is 

a s s e r t e d  t h a t  t h i s  r e l a t i o n s h i p  i s  weaker t h a n  t h e  e a t n i n g s  t o  

c a s h  f fov  r e l a t i o n s h i p ,  



Since? t h e r e  is n o  e x i s t i n g  e m p i r i c a l  e v i d e n c e  f o r  s u c h  

a s s e r t e d  r e f a  t i a n s h i p s  t h i s  s t u d y  w i l l  d i m e  tlf a d d r e s s  t h e s e  

i s s u e s  in a a  e ~ f i r i c a l  c o n t e x t ,  

I n  o r d e r  to  a c c o u n t  for t b e  e f f e c t s  of  chang ing  p r i c e s  i n  

a c c o u n t i n g  r e p o r t s ,  t h e  o f f i c i a l  a c c o n n t i n g  b o d i e s  of both the 

U n i t e d  States  o f  Aaerica a n d  Canada have  c a l l e d  f o r  p r e s e n t a t i o n  

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

statements. &oreove r ,  t h e  f i n a n c i a l .  Accountiatg S t a n d a r d s  Board 

i n  stateaent # 3 3 ,  rccognis ing  t h e  lack of e m p i r i c a l  evidence t o  

s u p p o r t  k h e  u s e f  u l n a s s  of t h i s  i n f o m a t i o n ,  has  specif i c a f  ly 

e n c o u r a g e d  f u r t h e r  r e s e a r c h  a nd i r a r r e s t i g a t i o a  into the 

a s s e s s a e a t  of t h e  u s e f u l n e s s  of both c u r r e n t  cost and c o n s t a n t  

dollar i n f o r a a  t i o n  { p a r a  35) .  T h i s  ennpisicaf.  s t u d y  is  r r tot ivated 

by t h i s  ca l l  and t h e  g a p  i n  the literature on t h e  the-series 

properties and p r e d i c t i v e  a b i l i t y  of c o n s t a n t  dollar numbers. 

Therefore, t h i s  s t u d y  w i l l  also p r o v i d e  t i~e-series p r o p e r t i e s  

o f  c o n s t a n t  d o l l a r  annual,  cask f l o w  and  it sill exasiae w h e t h e r  

t h e  h y p o t h e s i z e d  r e l a t i o n s h i p s  between p a s t  e a r a i n g s  and future 

c a s h  flow e x i s t ,  

Pllay and Sujnde~a (1975),  arsong o t h e r s ,  r e c o g n i s e d  t h e  i ~ p o r -  

t a n c e  o f  time-series p r o p r t i e s  of a c c o u n t i n g  s i g n a l s  for 

a l t e r n a t i v e  accounting set bods, and ,  pa r t i c n l a r l  y, t h e  d e g r e e  t o  

which  t h e y  Biffer. Roreover ,  t h e y  h a v e  a l s o  snggestei.3 that t h e  

a l t e r n a t i v e  a c c o u n t i n g  methods be  e v a l u a t e d  a n d  selected b a s e d  

on their p r e d i c t i v e  a b i l i t y ,  a  c r i t e r i o n  advocated by m n y  other  

r e s e a r c h e r s  i n  a c c o u n t i n g ,  feg, Beaver, K e n n e l l y ,  a n 4  V ~ s s ,  



1963; Hakansson, '0933; P o s t e r ,  397"7), 

As e ~ p i r i c a l  ev i d e n c s  is aot  a v a i l a b l e  on t h e  d e g r e e  t o  

which t h e  time-series p r o p e r t i e s  o f  a n n u a l  cash  f f o u  d i f f e r  

antong t h e  two a l t e r n a t i v e  accoun t  in g ne thods ,  h i s t o r i  caf. cost 

a n d  c o n s t a n t  d c l l a r ,  t h i s  s t u d y  wiff a l s o  examine t h e  u s e f u l n e s s  

of t h e  r e p o r t e d  annual c a s h  flow a s  be tween  t h e  two a c c o u n t i n g  

~ e t h o d s  v i a  t h e  p r e d i c t i v e  ability criteron. 

I n t p q r t a n c e  of F o r e c a s t  i n s  C a s h  P 1 2 ~  

The  a c c o n n t i n g  e a r n i n g s  ~ u a b e r  i s  a r r i v e d  a %  by a  rttore com- 

p l e x  p r o c e d u r e  t h a n  the cash flaw nuaber i n v o l v i n g  the accrrtals, 

deferrals, and a l l o c a t i o n s  which are n o t  r e q u i r e d  in t h e  

c a k u l a  t i o n  of c a s h  flow au abefs, 

Sf t h e  a c c r u a l s ,  d e f e r x a l s  and a l l o c a t i o n s  were zero, 

lnaplyislg perfect s y a c h r o n i s a t i o n  of r e v e n u e s  a n d  e x p e n s e s  with 

c a s h  r e c e i p t s  and e x p e n a i t u r e s ,  e a r n i n g s  and c a s h  flow would b e  

the s a m ,  The a c c r u a P s  n o t  being zero r e s u l t s  fro@ a lack of 

s y n c h r o a i s a t i o n  due t o  t i ~ i n g  3iffeeefices s u c h  a s  the l a g  be- 

tween t h e  r e c o g n i t i o n  of r e v e n u e  aad t h e  c o l l e c t i o n  of c a s h p  I t  

c o u l d  be a r g u e d  t h a t  n e t  incone is a s i m u l a t e d  cash f low,  t h a t  

is cash flow t h a t  would h a v e  r e s u l t e d  i f  a l l  a c c r u a l s ,  d e f e r r a l s  

and a l l o c a t i o n s  had actaa l ly  o c c u r r e d  i n  cash- Thus t h e s e  corn- 

plex p r o c e d u r e s  are a n  a t t e a p t  t o  c o r r e c t  for  k i ~ t i n g  d i f f e r e n c e s  

by a s s n ~ i n g  t h a t  a l l  of t h e  r e v e n u e s  a n d  e x p e g s e s  haye a l r e a d y  

been r e c e i v e d  a n d  paid i n  c a s h *  



Staubus  11977) p o i n t s  o u t  t h a t  c a s h  flow is the ntost 

o b j e c t i v e  measure  s i n c e  it is n o t  a f z e c t e d  b y  a n y  a r b i t r a r y  

a c c r u a l s ,  deferrals a n d  a l 2 o c a t i o n s  1, So i f  t h i s  s i m u l a t i o n  

process is "perfect3* Lhen t h e  e a r n i n g s  aroula be " p e r f e c t n  

s i m u l a t e d  cash flow. T h i s  raises t h e  q u e s t i o n  o f  the i n t ~ o r t a n c e  

of t h e s e  two nurtlbers, which auaf ie r  is t h e  s o s t  r e l e v a n t  f o r  

d e c i s i o n  a a k e r s ?  Even i f  t h e  u s e r s  d e s i r e  the s i a u L a t e d  cash - 
flow, uith all the errors i n t r o d u c e d  d u e  t o  s i r a u l a t i o n  which is 

n e v e r  p e r f e c t  when t r y i n g  to d e p i c t  the real u o r l d ,  d o  the 

b e n e f i t s  j u s t i f y  t h e  costs? S i n c e  w e  d o  not know t h e  u s e r s  nor 

t h e i r  decision s o i i e l s ,  it is not p o s s i b l e  to a.nsuer t h i s  q n s -  

t i o n  on a n  a p r i o r i  basis, 

80 wever, a c h o i c e  c o u l d  be ~ a d e  b a s e d  on t h e  i n f  o r s a t i o n  

c o n t e n t  sf t h e  t u o  a u a b e r s .  I t  is p o s s i b l e  t h a t  t h e  two numbers  

convey  d i f f e r e n t  i n f o r l t t a t i o n  and  so  b o t h  s h o u f d  be provided.  

X~sfarntation c o n t e n t  can be defined as  t h e  a b i l i t y  of t h e  

a c c o u n t i n g  nuabers  [or a n y  o t h e r  r e l e v a n t  a u s b e r j  t o  a • ’  fect a 

d e c i s i o n  raaker's d e c i s i o n .  If a  decision m k e r  i s  s a k i n g  an  

i n v e s t n e n t  decision then t h e  r e l e v a n t  i n f o r t e a t i o n  w i l l  be 

r e f l e c t e d  i n  t h e  s t o c k  p r i c e s .  P o r  e x a n p l e ,  F o s t e r  (1978) n o t e s  

t h a t  i n  t h e  area of i n f u r a a t i a n  c o a t e a t ,  inferences are nade 

about t h e  degree of  a s s o c i a  t i o n  between a c c o u n t i n g  n u ~ b e r s  and 

the s e c u s i t y  r e t u r n s ,  These  i n f e r e n c e s  c a n  o n l y  be  t e s t e d  b y  a n  

a p p r o p r i a t e  e x p e c t a t i o n  m d e l  deaePoped t i t rough the-series 

analysis of t h e  u n d e r l y i n g  process g e n e r a t i n g  t h e  v a r i a t l e [ s )  of 

i n t e r e s t .  S t u d i e s  t o  test t h e  i n f o r a a t i o n  c o n t e n t  of a c c o u n t i n g  



announceaen t  e.g.  Beaver  (1968kt). B a l l  and  Brown (1968) j kave  

been r e p o r t e d  i n  t h e  l i t e r a t u r e ,  

S t a u b n s  [ 1965) i n v e s t i g a t e d  t h e  a s s o c i a t i o n  between funds 

f l o %  trteasures a n d  s t o c k  rttarket p r i c e s  and found t h a t  f u n d s  flow 

Eaeasures are a o s e  a s s o c i a t e d  w i t h  p r i c e s  thaa is incorate. Goabola  

a n d  Ketz (1  980)  i n z r e s t i g a t e d  the i n f o r r a a t i o n  c o n t a i n e d  i n  v a r i -  

ons a c c o u n t i n g  nuatbers and  found t h a t  working c a p i t a l  from 

operations added  l i t t l e  t o  the i n f o r ~ a t i o n  c o n t a i n e d  i n  t h e  n e t  

incose  f i g u r e  s i n c e  it behaved i a  a s imilar  maner t o  t h e  n e t  

i n c a w  f i g u r e .  Cash flow, however ,  behaved i n  a s i g n i f i c a n t l y  

d i  f f ereat nsann er t ban i n c o w -  

Bence if t h e  i n f o r m a t i o n  c c n t e n t  of cash flow is b e i n g  

exarttined a n d  if a n  e x p e c t  a t i o n  ttlodel s e l e c t e d  is i n a p p r o p r i a t e ,  

t h e n  the i n f o r w t i u n  c o n t e n t  s t u d i e s  would coaae t o  e r r o n e o u s  

c o n c f  usions,  Bouev-er, the e x p e c t a t i o a s  madel. is; an a b s t r a c t  i o n  

of what t h e  usersS rmtodels are, F o r  e x a a p l e ,  i n  t h e  s e c u r i t y  

~ a r k e t  c o n t e x t ,  s i n c e  the u s e r s s  a o d e l s  are n o t  known, a 

~ a t l z e a a a t i c a f  ~ o d e l  would be a p p r o p r i a t e  o n l y  i f  three c o n d i t i o n s  

a r e  n e t :  t h e  t f t a theea t i ca l  mdel predicts t h e  v a r i a b l e  o f  

i n t e r e s t  a c c u r a t e l y ;  the users e f f i c i e n t l y  p r o c e s s  the i n f o r a a -  

t i o n ;  and  t h e  ntartet is e f f i c i e n t  in t h e  s e ~ i - s t r o n g  for@. If 

t h e s e  condf t i o n s  b o l d ,  then t h e  r e s u l t s  of t h e  m a t h e ~ a t i c a l  

tliodel w i l l  b e  s i l l t i l a c  to  t h a t  o f  t h e  rtlarket, I n  the developmat 

of t h e  ~ a t h e ~ a t i c a f  sodel, Poster f1978) c o n c l u d e d  t h a t  t h e  

p r e d i c t i o n  o f  a  v a r i a b l e  [sf is enhanced  by a model i n c o r p o r a t i n g  

t h e  r e s n l t s  of the-series a n a l y s i s  of how a v a r i a b l e  b e h a v e s  



o v e r  t i a e ,  

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

a s  i n v e s t o r s  i n  v a l u i n g  t h e  s e c n r  i t ies  a s  u e l l  a s  t h e  firm a s  a 

whole. f t  is also a tlla jor p remise  u n d e r l y i n g  aost v a l u a t i o n  

iaodels  i n  econontics.  Both t h e  Financ ia l  Accoun t ing  S t a n d a r d s  

Board i n  i t s  s a t e s e n t  o f  F i n a n c i a l  _dccog&inq C o n c s t  a n d  t h e  

"Trueb lood  8 e p o r t w  [AICPA, 1973) h a v e  p l a c e d  t he main e m p h a s i s  

on t h e  p r e d i c t i o n  of f u t u r e  c a s h  flow, Staubas (39773 d i s c u s s e s  

s e v e r a l .  conmon s i t u a t i o n s  where e x t e r n a l  u s e r s  use a c c o n n t i n g  

d a t a  i n  t h e i r  ~ W ~ S ~ Q R  oaaking p r o c e s s ,  I n  p a r t i c u l a r  they use  

c a s h  f l o u  a n d  o t h e r  a teasures  t o  p r e d i c t  t h e  f u t u r e  c a p a c i t y  o f  

t h e  f i rm to meet i ts  f i n a n c i a l  o b l i g a t i o n s .  

The f o r e c a s t i n g  of a c c o u n t i n g  nnrtrbers s u c h  a s  c a s h  flow is 

a l s o  n s e f u l  i n  t a s k  a l l o c a t i o n  i n  a u d i t i n g ,  The a u d i t o r  c o u l d  

use t h e  aaost a p p r o p r i a t e  f o r e c a s t i n g  m d e l  to  p r e d i c t  the 

a c c o u n t i n g  v a r i a b l e  u I  i n t e r e s t  and  c a r r y  o u t  d e t a i l e d  a u d i t  

p r o c e d u r e s  on v a r i a b l e s  w i t h  a o r e  than acceptable f o r e c a s t  

e r r o r s *  

Def ia i t ion  oZ Cash  Plov --------------- 
C a s h  flow are t h e  result of three business a c t i v i t i e s ,  t h a t  

is, o p e r a t i n g ,  f i a a a c i n g  and i n v e s t i n g ,  T h e s e  a c t i v i t i e s  r e s u l t  

in d i f f e r e n t  s o u s c e s  and u s e s  of c a s h  flow, i-e,, c a s h  f l o u  froaz 

o p e r a t i o n s ,  c a s h  o b t a i n e d  from Borrolaing and  u s e d  t o  retire d e b t  

and  c a s h  o t t a i n e d  and p a i d  t o  s h a r e h o l d e r s ,  and  c a s h  o b t a i n e d  

f r o @  d i s p o s a l  of a s s e t s  a a d  c a s h  used f o r  r aa in t a i a ing  and  



e x p a n d i n g  c a p a c i t y .  T h i s  stud 3 b i l l .  exarntine o n l y  t h e  o p e r a t i n g  

a c t i v i t y  r a t h e r  t h a n  n e t  cash flow f r o a  a l l  a c t i v i t i e s  since 

t h i s  r e p r e s e n t s  a measure  o f  e n t e r p r i s e  p e s f o r ~ a n c e ,  

T h e  c e n t r a l  o p e r a t i o n s  a r e  t h e  Beans by which t h e  company 

c a r r i e s  o u t  i ts  a c t i v i t i e s  o•’ earn i lng  e x c e s s  cash flow s o  t h a t  

it is able t o  pay  f o r  a l l  resources u s e d  u p  and p r o v i d e  an 

a d e q u a t e  r e t u r n  t o  owners, A cogpany s u s t  h a v e  c o n s i s t e n t l y  

p o s i t i v e  a n d  adeguate c a s h  i n f f  ow from o p e r a t i o n s  t o  a v o i d  

bankruptcy, recoup i n v e s t a r e n t s ,  and provide f o r  both d i v i d e n d s  

and growth, Boreover ,  t h e  h i g h e r  t h e  f u t n r e  c a s h  f l ow  Eroltl 

o p e r a t i o n s  t h e  Less r i s k y  t h e  firm, a s  t h e r e  i s  a h i g h e f  

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

o p e r a t i n g  c o n d i t i o n s ,  However, i n  t h e  l o n g  run t h e  cash flow 

fro@ o p e r a t i o n s  and n e t  i a c o ~ e  will b e  t h e  saaeJ .  In t h e  s h o r t  

r u n ,  though ,  t h e r e  will be l a r g e  d i f f e r e n c e s ,  In t h i s  study, 

soae of  the o t h e r  a s e s  and sources of cash  ffou w i l l  n o t  be 

c o n s i  d@. red, 

S e v e r a l  s t u d i e s  i n  t h e  p a s t  have  used  cash f l o w  a s  one o f  

t h e  variables, The Backex and Grosman (1973) s u r v e y  found  t h a t  

a l l  s e c a r i t y  a n a l y s t s  i n t e r v i e w e d  i n d i c a t e d  that t h e y  r e g u l a r  l y  

c a l c u l a t e  e s t i r a a t e d  c a s h  flow i n  evaILvat ing t h e  coanpanies, 

However, t b e  definition of cash f l o#  is n o t  i n d i c a t e d ,  They de- 

f i n e d  ca sh  flow i n  the empirical s e c t i o n  a s  a f t e r - t a x  n e t  i n c o a e  

less e x t r a - o r d i n a r y  itertls plus d e p r e c i a t i o n  and a m r t i z a t i o n  

p l u s  d e f e r r e d  t a x e s ,  T h e i r  study shoved  -that cash f l o w  t o  d e b t  

r a t i o  d e t e r i o r a t e d  c o n s i d e r a b l y  o v e r  a two y e a r  p e r i o d  fo r  



downgraded firms, Beaver  * s  (1 966) Bankruptcy study concluded 

that cash f l o w  to t o t a l  debt r a t i o  had one of the s t r o n g e s t  

p r e d i c t i v e  powers.  I t  m i s e l a s s i f i e d  only 13% of  t h e  sample firws 

fox the first y e a r  b e f o r e  f a i l u r e ,  Rouever c a s h  flow was d e f i n e d  

a s  n e t  incom p l u s  d e p r e c i a t i o n ,  depletion and a n a o r t i z a t i o n ,  I t  

would h a v e  fieen interesting t o  see t h e  r e s u l t s  i f  o the r  w i d e l y  

u t i l i z e d  aeasnres of c a s k  flow u e r e  used, 

I n  t h e  past, analysts have often used woaking capital from 

o p e r a t i o n  and d e f i n e d  it a s  cash flow, It is p o s s i b h  that t h i s  

was nsed as  a  surrogate f o r  cash f l o g  s i n c e  it was v e r y  

d i f f i c u l t  t o  ca lcn la te  a c t u a l  cash f lo# fro& o p e r a t i o n s  p r i o r  t o  

t h e  d i s c l o s u r e s  of t h e  s t a t m a i t  of changes i n  financial posi- 

t i o n  by c o a p a n i e s ,  Hence the a n a l y s t s  say have used a s h o r t  cut 

& e l h o d  of adding  d e p r e c i a t i o n  t o  net incom a s  a proxy f o r  cash 

flow from o p e r a t i o n s .  

C a s h  f low h a s  been d e f i n e d  i n  different ways i n  t h e  

l i t e r a t u r e ,  {i, e. Beaver ,  1968a; F i n a n c i a l  Account ing  S t a n d a r d s  

Board,  1980, p, 119; Lookabifl, 1976)- *aver  (1958a) a n d  Backer 

a n d  Grosrtlaa (1978) h a v e  delEined cash f low a s  "net: incante plus 

d e p r e c i a t  ion, d e ~ f e t i o n  and aeor t i za t ionn ,  and  L o s k a b i l l  f 1976) 

a s  "net  knconae plus d e p r e c i a t i o n  and d e f e r r e d  t a x e s m  f p 7 3 5 f .  I n  

its d i s c u s s i o n  aeaoran8runa on " t l e p o r t i n q  Funds P l o w s  L i c ~ u i d i t y ~  

a n d  F i n a n c i a l .  Flexibility*, t h e  F i n a n c i a l  A c c o u n t i n g  Standards ---------------- 
Board f 1988) defined cash flour a s  Bet inco~xle adjusted f o r  i t e a s  

not a f f e c t i n g  work ing  c a p i t a l  and changes i n  contponarats of 

o p e r a t i n g  woxking c a p i t a l  (except cash) (p .49) .  For: the p u r p o s e s  



of t h i s  s t u d y  c a s h  f f o v   fro^ o p e r a t i o n s  %ill be defined a s  after 

t a x  income f r o m  o p e f a t i a n s  b e f o r e  e x t r a - o s d i n a r p  itafes and 

d i s c o n t i n u e d  o p e r a t  i o n s  a d  j n s i e d  f o r  n o w  workirng c a p i t a  l 

t r a n s a c t i o n s  a n d  c h a n g e s  i n  non-cash c u r r e n t  assets and  non-cash 

c u r r e n t .  l i a b i l i t i e s ,  T h i s  d e f i n i t i o n  e x c l n d e s  extra- o r d i n a r y  

itears a n d  d i s c o n t i n u e d  o p e r a t i o n s  b e c a u s e  t h e s e  items a re n o t  

r e c u r r i n g  i tem a n d  t h e i r  i n c l u s i o n  would i n t r o d u c e  e x t r a a e o u s  

da ta  similar t o  random shocks, S i n c e  t h e  v a l u e s  of the 

p r e d i c t i o n  a tode ls  h a v e  to  be e s t b a t e d  Erulit s e a l 1  samples, 

i n c b n s i o n  of s u c h  e x t r a n e o o s  d a t a  Bay b i a s  t h e  r e s u l t s ,  The 

above definition r e q u i r e s  that the c o ~ p a n i e s  i n  t h e  sa~ple must 

have t h e  d a t a  r e q u i r e d  to  calculate c a s h  flow f r o @  operatiorts, 

These d a t a  sets must be a v a i L a B l e  Tor t h e  e n t i r e  perioif  under  

rsxamina t i o a  ( 19 50- 3 983) , 

Research Rethodclogp - 
T h e  da ta  r e q n i r e d  for t h i s  s t u d y  i s  o b t a i n e d  p r i a a r i . f f  from 

t h e  COEIPUSTAT ilata base. In a d d i t i o n ,  iaf orarratian n o t  a v a i l a b l e  

o n  t h e  CO#PUSTBT tap? i s  o b t a i n e d  f f o a  t h e  Wooilyzs I n d u s t r i a l  

aanual s ,  ?OK r e p o r t s  and  t h e  c o q a n i e s f  f i n a n c i a l  s t a t e ~ e n t s .  In ---- 
order t o  be i n c l u d e d  i n  the saap le ,  t h e  coapanies iawt have the 

necessary data  i t e a s  f o r  t h e  e n t i r e  1950-81 p e r i o d  f o r  

c a l c u f a t i n g  cash flow fro& e a r n i n g s  and r e s t a t i n g  h i s t o r i c a l  

cost f i n a n c i a f  s t a t e m e n t s  t o  constant d o l l a r  f i n a n c i a 1  

s t a t e a e n t s .  P o r  t h e  p u r p o s e s  of t h i s  study, a c c o u n t i n g  series 

based  on h i s t o r i c a l  cost  a s  well a s  c o n s t a n t  d o l l a r  s h o u l d  be 



c o n s t r u c t e d ,  H i s t o r i c a l  cost f i n a n c i a l  s t a t e m e n t s  a r e  o k t a i n e d  

f r o e  t h e  d a t a  base. C o n s t a n t  d o l l a r  f i n a n c i a l  s t a t e m e n t s  are 

e s t i n a a t e d  u s i n g  a n  algorithnt s i m i l a r  to P a r k e r a s  [1973). T h e  

a l g o r i t h r t i  was m f f i f i e d  s l i g h t l y  t o  confornt  w i t h  t h e  

recornsendat i o n s  o f  f i n a n c i a l  Accounting S t a n d a r d s  Board t33. I n  

a d d i t i o n ,  t h e  companies  s h o u l d  have  t h e  saae f i s c a l  year end f o r  

e a c h  of t h e  y e a r s  •’so@ 1950-1981, and s h o u l d  h a v e  used  o n l y  one 

i n v e n t o r y  valuation method i n  any s p e c i f i c  p a r  a l t h o u g h  the 

~tte+hod may c h a a g e  • ’ r o e  y e a r  t o  y e a r ,  The s a s e  f i s c a l  year  ead 

c o n d i t i o n  is ieposed i n  o r d e r  t o  e n s u r e  t h a t  the time series a r e  

e q u a l l y  s p a c e d  and t o  iaake t h e  d a t a  amre contparab le  and 

h o ~ o g e n e o u s ,  The i n v e n t o r y  walua t i o n  c o n d i t i o n  is i  posed t o  

f a c i l i t a t e  laore a c c u r a t e  c o n s t a n t  d o l l a r  e s t i m a t i o n ,  Pf 

d i f f e r e n t  a e t h o d s  a r e  used  t h e  a w u n t  of i n v e n t o r y  valued on  

e a c h  bas i s  would b e  needed and t h a t  i n f o r n a t i o n  is n o t  a v a i l a b l e  

i n  t h e  d a t a  b a s e ,  A f i n a l  saeple of 64 firntits is i n c f n d e d  i n  t h i s  

st udp, 

T h e  p r i m a r y  o b j e c t i v e s  of t h i s  r e s e a r c h  arcs ( I f  t o  

e ~ p i r i c a i l y  iieteriaine %he s t a t i s t i c a l  tim- series p r o p e r t i e s  of 

historical c o s t  a n d  c o a s t a n t  d o i l a r  cash flow and develop 

f o r e c a s t i n g  models ,  (2)  to  e a p i r i c a l l y  d e t e r n t i n e  the l e a d  

r e l a t i o n s  h i p  between incorn a n d  c a s h  flow a n d  d e v e l o p  

m u l t i v a r i a t e  f t r a n s f e r  function) f o r e c a s t i n g  a o d e l s ,  13) t o  

compare the p r e d i c t i v e  a b i l i t y  o f  these f o r e c a s t i n g  a o d e l s  

w i t h i n  each a c c o u n t i n g  ntethad, and (4) to  test the p r e d i c t i v e  

a b i l i t y  o f  t h e  f o r e c a s t i n g  ~ & e P s  across the h i s t o r i c a l  cost and  



c o n s t a n t  d o l l a r  accounting methods,  These  o b j e c t i v e s  a r e  

s u a m a r i z e d  i n  Table 1, 

Using  t h e  Box-Jenkins  p r o c e d u r e s ,  firs s p e c i f i c  un i v a r  i a t e  

c a s h  flow trtodels f o r  each o f  the a c c o u n t i e g  ltlethods a r e  d e t e r -  

a i n e d  for  the p e r i o d  1951-1979, Then u s i n g  t h e s e  m d e l s  

one -yea r - ahead ,  (1980) , and two-year -ahead ,  t l 98  11, forecasts 

are g e n e r a t e d ,  Then, the base p e r i o d  is u p d a t e d  t o  i n c l u d e  1980 

o b s e r v a t i o n ,  a n d  a g a i n  the fir@ s p e c i f i c  u n i v a - f i a t e  models  are 

d e t e r a t i n e d  and one-year -ahead  f o r e c a s t s ,  I ) ,  a re  ntade, A s  a 

s t a n d a r d  a g a i n s t  which t o  compare  t h e s e  f o r e c a s t s ,  a r andog  w a l k  

w i t h  a d r i f t  atodel is used to g e n e r a t e  one-year-ahead and  

two- year- a h e a d  f o r e c a s t s  for t h e  b a s e  p e r i o d ,  a n d  one-year-ahead 

forecasts f o r  t h e  u p d a t e d  base period, 

T o  e v a l u a t e  t h e  p r e d i c t i v e  a k i l i t y  a•’ t h e  m d e l s ,  two 

w i d e l y  u t i l i z e d  e r r o r  measures  j ~ e t r i c s )  are used ,  T h e  error 

measu re s  a r e  a b s o l u t e  p e r c e n t a g e  error and  s p a r e d  p e r c e n t a g e  

error. The paranaetric test, a n a l y s i s  of variance, and  t h e  

n o r t - p a r a a e t r i c  Wifcoxon s i g n e d - r a n k  test, a r e  u t i l i z e d  t o  test 

the n u l l  h y p o t h e s e s  of no  difference f n  t h e i r  p r e d i c t i v e  

a c c u r a c y  . 
I n  o r d e r  t o  g a t h e r  e v i d e n c e  r o g a r d b g  the r e h t i c m s h i y s  be- 

tween t h e  e a r n i n g s  a n d  c a s h  f l o w ,  t h e  Box- Jenk ins  t r a n s f e r  func- 

t i o n  f m u l t i v a r i a t e )  p f o c e d u s e  is utilized t o  obtain the s t s e n g t b  

a n d  d i r e c t i o n  of r e l a t i o n s h i p ,  T h e s e  r e k k t i o d l s h i ~ s  a re  used t o  

build a u l t i v a r i a t e  f o r e c a s t i n g  taodels, A d e t a i l e d  d e s c r i p t i c n  a•’ 

this procedure is p r o v i d e d  i n  C h a p t e r  3 ,  





O r g a n i s a t i o n  o f  t h e  S t u d y  -- ---------------- 
T h i s  sec t i . cn  concfades the i n t r o d n c t o t y  c h a p t e r  one.  

C h a p t e r  two p f o v i d e s  tf te review of literature r e l e v a n t  t o  

t h i s  study. T t  exartlines c r o s s - s e c t i o n a  l, s t u d i e s ,  E i  rra specific 

u n i v a r i a t e  Box- Jenk ins  studies, transxer f u n c t i o n  ( m l  t i v a r i a t e )  

s t u d i e s ,  and finally, t h e  s t u d i e s  on p s e d i c t i v e  abil itp across 

a c c o u n t i n g  methods,  S i n c e  studies o n  cash flow are l i m i t e d ,  it 

also b r i e f l y  r e ~ i e v s  s t u d i e s  oa othw accounting nuebers .  

C h a p t e r  t h r e e  p r o v i d e s  details of the B o x - J e n R i ~ s  

u n i v a r i a t e  and transfer f u n c t i o n  tinre-series anal y s i s ,  

Chapter f o u r  p r o v i d e s  d e t a i l s  on the r e s e a r c h  a e t h o d s  

ertlpfoped, f t  d i s c u s s e s  the salxlple s e l e c t i o n  process, the c o w  

s t a n t  daf  Xar e s t i m a t i o n  p r o c e d u r e  used, t h e  c a l c a l a t i o n  of e r r o r  

setrics, and t h e  p s e d i c t i v e  a b i l i t y  tests as well a s  the 

s t a t i s t i c a l  tests, 

C h a p t e r  five presents t h e  em~izical resultst. 

Chagker s i x  p r e s e n t s  t h e  suagteary, c o n c f n s i o n ,  and  t h e  

l i a r i t a t i o n s  and i m p f i c a t i o n s  of t h i s  s t u d y ,  



1. But h e  a l s o  points o u t  t h a t  cash flow i s  s u b j e c t  to t h e  
gfea test operating i m n i p u l a t i o n s  by ~anageaent v k i l e  income 
is s u b j e c t  t o  t h e  least o p e r a t i n g  m a a i p n l a t i o n s ,  The 
operating aoanipulat i o n s  i n c l n d e  amng others tbe t i ~ i n g  and 
aatonnt of purchases  frog61 and payittents t o  s n p p l i e r s .  

2. The atafket  is said to be e f f i c i e n t  i n  t h e  serei-strong for@ 
i f  the current p r i c e s  of the s e c u r i t i e s  fully reflect a Z l  
publicly asaif a b l e  inforsakion. 

3 .  T e c h n i c a l l y ,  the cash flow front operation h a s  to be adjusterf 
for: investing a c t i v i t i e s  fe, g. purchases  and s a l e s  of 
property, p l a n t  and equ ipaent )  , 



T h i s  c h a p t e r  g i 1 l  review t h e  r e l e v a n t  f i t e r a t a r e  i n  t h e  

a r e a  of c a s h  flow p r e a i c t i o n s .  S i n c e  t h e  noaber o f  s t u d i e s  

d e a l i n g  d i r e c t l y  s i t h  c a s h  f l o w  are l i ~ i t e d ,  s t u d i e s  on o t h e r  

a c c o n a t i n g  nuabers  w i l l  a f  so  be briefly r e v i e w e d ,  T h i s  chapter 

is divided i n t o  fou r  sections, T h e  f i r s t  s e c t i o n  will r ev i e l r  

c r o s s  s e c t i o n a l  studies, T h e  s e c o n d  s e c t i o n  w i l l  deal w i t h  fb tn  

specific Box-Jenkins  u n i v a r i a t e  studies, The t h i r d  s e c t i o n  w i l l  

deal w i t h  t h e  in tu l t ivar ia  te ( traasfes  function) s t u d i e s  and t h e  

l a s t  s e c t i o n  w i l l  r e v i e v  t h e  p r e d i c t i v e  a b i l i t y  s t u d i e s  oa 

a l t e r n a t i v e  a c c o u n t i n g  atet hods. 

C a s h  flow and  p r e d i c t i o n  of cash f l o w  h a v e  received 

considerab3.e  a t t e n t i o n  since t h e  publication of the Trueb lood  

Report 13973)  o a  t h e  sb j e c t i v e s  of f i s a n c i a l  s t a t e m e n t s ,  T h e  i l t t -  

portance o f  cash f l o w  h a s  been d e b a t e d  lor a long t i ~ e ,  Bason 

1196 1 ,  pfl2f s t a t e d  t h a t  c a s h  f low  fro^ o p e r a t i o n s  was a  v a l i a  

a n d  useful a n a l y t i c a l  tool  for judg ing  v a r i o u s  a s p e c t s  of t h e  

b u s i n e s s .  Bowever, lrtany a c c o u n t a n t s  p e r c e i v e d  the i sportance o f  

cash f l o w s  a s  b e i n g  a d i r e c t  c h a l l e n g e  to  t h e  s n p r e a a c y  of 

accrual a c c o u n t i n g  n e t  incoatie and. vehe taen t ly  apposed it .  The 

comnaentr; of Se id imn (1961, p31) t h a t  ,,cash flow E i g n r e s  a r e  

d a n g e r o u s  a n d  @ i s l e a d i n g  and t h e  p r o f e s s i o n  w i l l .  have n o  p a r t  of 

them i s  r e p s e s e n t a - t i v e  of such c ~ p o s i  t ion, But  e ~ p i r i c a l  



r e s e a x c h  done  a t  a b o u t  the s a n e  time s h o v e d  that u s e r s  of 

account i n g  i n • ’  urnra t ion  wanted c a s h  f low i n f o r  laat ion,  A f i e l d  

st udp r e p o r t  by the National A s s o c i a t i o n  of Accountan ts  (1961, 

p59) s t a t e d  t h a t  w t o p  I t l anagwae~t  is strolngly i n t e r e s t e d  i n  t h e  

a s o u n t  of cash g e n e r a t e d  by o p e r a t i o n s  ., , I* 

Backer a n d  Grosrrtan f 1978 )  i n t e r v i e w e d  i n r e s t o n r s  a n d  

c r e d i t o r s  t o  find o u t  & a t  r a t s o s  t h e y  used. ta r a t i o  of cash 

•’lox t o  t o t a l  d e b t  was one of t h e  most wide ly  used.  T h e  i a p o r -  

t a n c e  of  t h i s  r a t i o  was c o n f i r m e d  i n  t h e i r  s t a t i s t i c a l  r e s u l t s  

u s i n g  d i s c r i a i n a n t  a n a l y s i s ,  

T i a e  Series R e s e a r c h  
I_--------- 

Tirtre series a n a l y s i s  refers t o  t h e  s t a - t i s t i c a l  atiethod of 

u s i n g  a h i s t o r i c a l  s equence  of pas& o b s e r v a t i o a s  of a 

v a r i a b l e  { s )  t o  p r e d i c t  f u l n r e  v a l u e s  of t h e  v a r i a b l e  (s) of 

i n t e m s t ,  

Tim-series r e s e a x c h  on a c c o u n t i n g  n u ~ b e r s  s t a r t e d  vith 

cross s e c t i o n a l  s t u d i e s  on e a r n i n g s  u s i n g  s e g r e s s i o n s  a n d  

c o r f e l a t i o n s .  With t h e  i n t r o d u c t i o n  of Box-Jenkins  u n i v a r i a t e  

p r o c e d u r e  t o  a c c o u n t i n g ,  cross-sect iona  l r e s e a r c h  on e a r a i n g s  

was replicated w i t h  i a ~ r o ~ e d  aethodofogg and /o r  l a r g e r  s a r e p l e  

sizes, Box- Jenk ins  c o a p u t e r  s o f t w a r e  c o u p l e d  w i t h  the aachine 

roaaable d a t a  b a s e s  such a s  COElPUSTZfT t a p e s ,  e n a b l e d  t h e  

r e s e a r c h  t o  e x t e n d  t o  Xira s p e c i f i c  a n a l y s i s .  The firm specific 

tim-series a n a l y s i s  was m s t l y  on e a r ~ i n g s ,  s t a r t i n g  v i t h  

a n n u a l  e a r n i n g s  and  l a t e r  a p p l i e d  t o  quarterly e a r n i n g s ,  Bt t h e  



salae t itrte, soae sa les  and expense i t em were also c o n s i d e r e d ,  

Al though soatte s t u d i e s  o v e r l a p  i a  t h e  sergrience and e x p a f ~ s i o a  

o f  this s e s e a s c h ,  t h e y  a r e  p re ses t t ed  ia the s e c t i o n  tnost 

r e l e v a a t  t o  a r e a  of i n q n i r y ,  

C r o s s - S e c t i o n a l  StutJ- ----- 
The s e a r c h  f o r  the-series b e h a v i o u r  of accounting e a r n i n g s  

and other a c c o u n t i n g  auabers was p i o n e e r e d  by L i t t l e  f 1962) - %is 
s t u d y  on e a r n i n g s  pef share growth of B r i t i s h  firms case t o  t h e  

s t a r t l i n g  c o n c l n s i c n  t h a t  e a r n i n g s  g f o v t h  o c c u r s  r a i n d o ~ l y  and  so 

can  n o t  be p r e d i c t e d .  L a t e r ,  Little and Rayner (1956) used  an 

i a p r o v e d  e e t h o d o l o g y  a e d  l a r g e r  saltlple of B r i t i s h  f i r ~ s .  They 

used 4Y 1 f i r m s ,  a l t h o u g h  t h e  nalrtbes of f irm and y e a r s  v a r i e d  

w i t h  t h e  tests. They reaf f i r m d  t h e  c o a c l n s i o n  t h a t  mearnings 

growth  o c c u r s  i n  a n  alms% purely ran do^ f a s h i o n w  {p 6 2 ) .  They 

a l s o  i n ~ e s t i g a  t e d  t h e  p e r s i s t e n c e  of long-terrtl growth b y exaain-  

i n g  t h e  bef iavionr  of t h e  growth  r a t i o  c o ~ p u t r d  as e a r n i n g s  wr 
share divided itty a s i a p f e  a v e r a g e  of t h e  e a r n i n g  E per s h a r e  f o r  

the entire per iod,  a p p l y i n g  r e g r e s s i o n  t e c h a i g u e s ,  g raphica l  and 

c o r r e l a t i o n  a n a l y s i s ,  t h e y  c o n c l n d e d  t h a t  i t  % a s  n o t  p o s s i b l e  t o  

Tind e i t h e r  s h o r t - t e r m  or l o n g - t e r a  c o n s i s t e n c y  o f  growth i n  t h e  

e a r n i n g s  p e r  share da ta .  

The ffurpby {I966 and 1967) s t u d i e s  investigated w h e t h e r  t h e  

L i t t l e  a n d  R a p n e r * s  ccxrclusions on t h e  growth r a t e  were 

a p p l i c a b l e  t o  Un i t ed  S t a t e s  firas. R e  u s e d  t h e  n a t u r a l  l o g  o f  

e a r n i n g s  per  s h a r e  t o  measure t h e  ra te  of growth i n  e a r n i n g s  per 



s h a r e ,  I n  the 7966 s t u d y  u s i n g  c o r r e l a t i o n  aetric, h e  made 458 

c o m p r i s i o n s  of r a t e s  and found 6% p o s i t i v e ,  2 5  negative a n d  

Ej9Y n o t  s t a t i s t i c a l l y  d i f f e r e n t  from z e r o  a t  -10  l e v e l ,  I n  t h e  

1967 s t u d y ,  h e  used r e t u r n  on c o m m n  epuity and d i v i d e n d  payont  

r a t i o s  f rom o n e  period to p r e d i c t  e a r n i n g s  per s h a r e  i n  the 

c o n s e c u t i v e  p e r i o d .  B i s  c o r r e l a t i o n  r e s u l t s  showed 5% p o s i t i v e ,  

10% n e g a t i v e ,  and  86% not d i f f e r e n t  from zero a t  , t O  l e v e l ,  thus 

p r o v i d i n g  a d a i t i o n a f  evidence s a p p o r t i n g  t h e  L i t t l e  and Rayner  

conc l u s i o n s ,  

L i n t n e r  a n d  Glauber f 1967) also i n v e s t i g a t e d  uhe t h e r  the 

L i t t l e  and Rayuer  c o n c l u s i o n s  on t h e  l o n g - t e r ~  g rowth  rate i n  

succeeding periods were appf i c a b l e  to Anerica n firats. They 

examined p e r s i s t e n c e  of grouth rates on a uaitriety of  incow 

s e a s n s e s  and s a l e s .  S a l e s  was i n c l u d e d  b e c a u s e  it is less 

a f f e c t e d  b y  t h e  a l l o c a t i o n  p r o c e s s ,  T h e i r  sample  c o n s i s t e d  of 

323 Bs te r ican  c o n p a n i e s  w i t h  p o s i t i v e  e a r n i n g s  fo r  e a c h  y e a r ,  se- 

l e c t e d  fro@ t h e  COHPUSTBT t a p e  c o n t a i n i n g  data  from 1946-1965 

i n c l u s i v e ,  They d i v i d e d  the 20 y e a r  period i n k o  two t e n - y e a r  and  

f o u r  f i r r e - y e a r  periods and ran t h r e e  r e g r e s s i o n s  i n  e a c h  of t h e  

p e r i o d s .  T h e y  r e g r e s s e d  e a r n i n g s  v e r s u s  tirxte, e a r n i n g s  v e r s u s  a 

P e d e ~ a l  Reserve Board index of Production against time and  

e a r n i n g s  v e r s u s  tirrte and  Federal Reserve Board i n d e x *  Using 

l o g a r  it baic  data and d e f i n i n g  t h e  r e g r e s s i o n  c o e f f i c i e n t  a s  t h e  

g rowth  rate, they f o u a d  t h a t  f o r  e a c h  of the v a r i a b l e s  

c r o s s - s e c t i o n  c o r r e l a t i o n  between the growth  ra tes of s n c c e s s i v e  

periods gas very siaall ,  T h i s  isplied t h a t  t h e r e  was n o  evidence 



of growth r a t e  p c l r s i s t e n c e  i n  the l o n g  run. However, when they 

s t r a t i f i e d  t h e  fisrns i n t o  f irre g r o u p s  on  the v a r i a b i l i t y  of the 

growth  rates of o p e r a t i n g  incortle f o r  1956-60 per iod ,  they f o u n d  

sonte e v i d e n c e  of growth  r a t e  p e r s i s t e n c e  for: o n e  subgroup  b u t  

l i t t l e  e v i d e n c e  fo r  n o s t  of  the^, They were then r e l n c t a n t  t o  

c o n c l u d e  t h a t  grosrtfi rates cou ld  n o t  Be p r e d i c t e d  aria arere 

r a n  do&, 

Like L i n t n e r  and Glauber ,  Trent f1969) &so s t u d i e d  the 

growth  rates of a c c o u n t i n g  variables over  t i a e .  H e  used t h r e e  

p r o f i t a b i l i t y  measures  [earnings p e r  s h a r e ,  r e t u r n  on e q u i t y ,  

an8. r e t u r n  on i n v e s t e d  c a p i t a l )  and two a g g r e g a t e  aeasnres 

{sales and conaaon equity), His saeapfe c o n s i s t e d  o f  459 f i r ~ s  and 

cove red  17 i n d  ustry c l a s s i f i c a t i o n s ,  The results were s i ~ i  l a r  t o  

L i t t l e  and Glaober i n  t h a t  t h e  c r o s s  s e c t i o n  c o r r e l a t i o n  was 

i n s i g l n i f i c a n t  178% at the - 1 0  l e v e l ) ,  

B r e a l e y  (7969) r e p l i c a t e d  t h e  Little a n d  Rayner st & y  u s i n g  

700 A ~ e r i c a n  conpanies o v e r  a  14 y e a r  period fro& 1951-64, 

D n f i k e  L i n t n e r  and Glauber, his s t u d y  exaained o n l y  t h e  

c r o s s - s e c t i o n a l  corref a t i o n  o f  the s h o r t  terrtl e a  r la ings  p e r  s h a r e  

growth  r a t e s .  H e  found t h e  c o r r e f a t i o a  to  be q u i t e  s m a l l  and  

n e g a t i v e .  W i s  c o n c l u s i o n s  %ere si~ilar t o  L i t t l e  aad Bayner. B e  

also speculated t h a t  t h e  rando@ n a t u r e  of w i n d f a l l  e v e n t s  rsay 

have  b i a s e d  the pear t o  y e a r  g r o w t h  t o w a r d s  r a n d o m e s s  but t h e  

long- terra growth  ~ i g h t  b e  s t a b l e ,  

Faaa and Babiak (1968) a l s o  n o t e  i n  their d i v i d e n d  study 

t h a t  the s i g n  of e a r n i n g s  p e r  s h a r e  changes are n e a r l y  



independent over tinae. This is  c o n s i s t e n t  v i t h  t h e  earlier re- 

s a l t s  that e a r n i n g s  p e r  s h a r e  fof Pow a p r o c e s s  s imilar  t o  a 

randortl walk. 

T h e  Beaver (3970) s i m u l a t i o n  and e m p i r i c a l  s t u d y  f mused on 

t h e  behaviour of four rates of r e t u r n  series o f  w h i c h  t h r e e  were 

a c c o u n t i n g  based. H i s  satraple coasisted of 57 firms f o r  t h e  

1949-58 p e r i o d ,  H e  s i rnu fa t ed  t h e  f o u r  rates of r e t u r n  series 

unde r  t h r e e  d i f f e c e n f :  p r o c e s s e s .  The p r o c e s s e s  i n c l u d e d  a p u r e  

nean reverting1 proces s ,  a pnre random walk+ p r o c e s s ,  and a 

a o v i n g  a v e r a g e  3 process. Cotrtp a s i n  g the e m p i r i c a l  c h a r a c  teri stics 

of a c t u a l  series and s i s u i a t e d  series, h e  found t h a t  the 

a c c o u n t i n g  ra te  of return series %as a attilean r e v e r t i n g  p r o c e s s ,  

bat t h e  Bean r e v e r s i o n  took s e v e r a l  y e a r s  due  to  t h e  a v e r a g i n g  

p r o c e s s  of  a c c o u n t i n g  procedures  such  a s  d e p r e c i a t i o n ,  Thus he 

concluded that the observed behavi our of a c c o n n t i n g  based rates 

of r e t u r n  a p p e a r  t o  b e  a m v i n g  a v e r a g e  Bean r e v e r t i n g  pmcess* 

Jensen  (7970), i n  i n t e r p r e t i n g  Beaver  8s r e s u l t s ,  conc luded  that 

"Beaver*s results on t h e  u n d e f l a t e d  incase series are consistent 

w i t h  p a s t  e v i d e n c e  t h a t  a c c o n n t i n g  e a r n i n g s  see@ t o  be well 

described by a Random M l k  proces s$* ,  

Ball a n d  Watts (1972) examined t h e  t i n e - s e r i e s  p r o p e r t i e s  

05 f o u r  a c c o u n t i n g  nurttbers : net i n c o ~ e  [ a f t e r  e x t r a - o r d i n a r y  

i t e ~ s ) ,  e a r n i n g s  p e r  s h a r e ,  n & t  iacorae d e f l a t e d  b y  t o t a l  assets, 

a n d  sales, Based on a s a s p l e  of Y31 firms over the 3947-65 

p e r i o d  a n d  u s i n g  r u n s  test, s e r i a l  c o r r e l a t i o a ,  mean s q u a r e d  

s u c c e s s i v e  d i f f e r e n c e  tests, and a * p a r t i a l  a d j u s t m e n t  model*,  



t h e y  conc2uded  t h a t  e a r n i n g s  p e r  share and d e f l a t e d  s e t  income 

appear t o  be a r a n a o ~  walk p r o c e s s ,  and net incone and s a l e s  

appear k o  f o l l o w  a s u b m a r t i n g a l e *  p r o c e s s ,  

B r o o k s  and  Buckmaster 11976) t ook  e x c e p t i o n  t o  B a l l  a n d  

v a t t s  c o n c l n s i o n  on  t h e . u n d r f l a t e d  n e t  incoltle series on  t h e  

1 grounds tha t ,  a e a n  and median a n a l y s i s  o n  t h e  % h o l e  saraple  

o b s c n r e  t h e  p r o c e s s  v h i c h  may be  o p e r a t i n g  i n  each s t ra ta .  They 

s t r a t i f i e d  the satttple based  o n  t h r e e  criteria: l i n e a r  

r e g s e s s i o n ,  i aod i f i ed  p e r c e n t a g e  chaage, and n o r m  l i s e d  f i r s t  

d i f f e r e n c e ,  I d e n t i f y i n g  e x p o n e n t i a l  s a o o t h i n g  aodels f o r  e a c h  

strata,  and a p p l y i n g  v a r i o u s  tests, t h e y  coac. lnded t h a t  n e t  

inconte s e r i e s  i n  the e x t z e ~ e  s t r a t a  d i d  nct follow a 

sub l s t a r t i nga l e  p r o c e s s  b u t  n o t e d  t h a t  i f  t h e  s a a p l e  was n o t  

d i v i d e d  into s t r a t a ,  t h e  p r o c e s s  g e n e r a t i n g  n e t  income would 

h a v e  been s u b a a r t i a g a l e .  

L o o k a f t i l l  j5976) e x t e n d e d  Beaveras  a n a l y s i s  of t h e  h igh- low 

r a t s  o f  r e t u r n  of f i r m s  us ing  a satrtple of 65  f i ras  from t h r e e  

d i f f e r e n t  i n d u s t r i e s  w i t h  v a r y i n g  r i s k  classes a n d  c a p i t a l  

i n t e n s i t i e s  f o r  the period 1950-68, Re a r g u e d  t h a t  i f  an 

e a r n i n g s *  u n d e r l y i n g  g e n e r a t i n g  p r o c e s s  is an  a u t o r e g r e s s i v e  

p r o c e s s ,  t h e n  a change  i n  e a r n i a g s  w i l l  h a v e  a g r e a t e r  impac t  on  

the f isna's vaf  u a t i o a  %hen compared t o  a moving a v e r a g e  p r o c e s s -  

Re t e s t e d  t h e  x l t a ~ k e t  rate oE r e t u r n  f o r  t h e  p o r t f o l i o  a n d  found 

it t o  be aean r e v e s t i n g ,  bu t  b e t a s  of e a c h  s u b  portfolio sere 

n u t  a e a n  ~ e v e ~ t i n g .  A a e a a  r e v e r t i n g  n t a r k e t  rate of reiturn would 

imply a moving average p r o c e s s  f o r  t h e  e a r n i n g s ,  Theref o r e ,  h e  



c o n c l u d e d  t h a t  the mean r e v e r s i o n  i n  the betas ( r i s k  class) 

crrufd n o t  b e  used a s  aa e x p l a n a t i o n  for t h e  moving average 

p r o c e s s  for t h e  e a r n i n g s .  He r e a s o n e d  t h a t  the historical cost 

s y s t e a  and, p e r h a p s ,  managesent  m a n i p n l a t i o a s  i n d a c e  a v e r a g i n g  

into the a c c o u n t i n g  series, 

P o s t e r  I 1  9775 examined t h e  b e h a v i o u r  of q n a r t e r l y  e a r n i n g s ,  

sales and  expenses series of: 6 9  firms o v e r  t h e  19Li6-76 p e r i d  on 

a c r o s s - s e c t i o n a l  basis, B e  examained t h e  p r e d i c t i v e  a b i l i t y  of 

s i x  f o r e c a s t i n g  a o d e l s  t o  f o r e c a s t  one-per iod-ahead for e a c h  

q u a r t e r  fron 3962-74, The ~ t rode ls  included two s i a p l e  seasonal 

quarter by quarter modeLs, two s i m p l e  a d j a c e n t .  quarter models, a 

mnodel s n g g e ~ t e a  by bin, and f i r m  s p e c i f i c  models  i d e n t i f i e d  by 

u s i n g  t h e  Box-Jenkins  t e c h s i q u e ,  H i s  suggested @ode1 had 

s e a s o n a l  f l n c t u a t i o n s  and a t r e n d  i n  t h e  tise-series, H e  

u t i l i s e d  three e r r o r  netrics;  a v e r a g e  rank ,  mean absof ute 

p e r c e n t a g e  e r r o r ,  and m a n  s q u a r e d  p e r c e n t a g e  error. H e  then ap- 

p l i e d  t h e  Priedraaa a a r a l y s i s  of v a r i a n c e  test w h e r e  t h e  r a n k  of 

one was a s s i g n e d  t o  the a o s t  a c c u r a t e  forecas?ts i n  any  g i v e n  

p e r i o d .  He c o n c l u d e d  t h a t  h i s  a o d s l  had t h e  lowest raak i n  e a c h  

q u a r t e r ,  Boreover ,  Box-Jenkins  models  were o u t p e r f o r ~ e d  b y  h i s  

ntodel vhen c o n s i d e r i n g  t h e  e a r n i n g s  series, a n d  t b e r e  was n o  

d i f  ferencs when considering t h e  sales and e x p e n s e  series, 

Gcif f i n  [ j  977) also examined q u a r t e r l y  e a r n i n g s ,  His s a m p l e  

c o n s i s t e d  of 94 f i r a s ,  H e  u sed  four ~ o d e l s  representing a broad 

r a n g e  of f i n e a r  auto r e g x e s s i v e  i n t e g r a t e d  s o v i n g  a v e r a g e  

( A R X f l A )  models. H e  p r e s e n t e d  some p r e l i m i m r y  e v i d e n c e  and its 



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

App ly ing  c r o s s - s e c t i o n a l  a n a l y s i s  h e  cow l a d e d  t h a t  " q u a r t e r l y  

e a r n i n g s  s a y  be parsinrtoaiouslj! described as a r e n l t i p l i c a t i v e  

c o l a b i n a t i o n  of two p r o c e s s e s .  One r e f l e c t s  t h e  a d j a c e n t  quarter 

movearent and  t h e  o t h e r  reflects t h e  quarter t o  q u a r t e r  aovement 

a v e r  tirtlert {p 8 1 ) -  He, however, d i d  n o t  u s e  t h e  aodals l o  

f o r e c a s t  e a r n i n g s ,  

Host o f  t h e  s t u d i e s  note i l  above are  cross s e c t i o n a l .  s t u d i e s  

based o n  the assnlrtption t h a t  each f i r m  h a s  t h e  saiw u n d e r l y i n g  

p r o c e s s  g e n e r a t i n g  t h e  a c c o u n t i n g  nultlber series, Due t o  t h e  sar- 

i o u s  i n t e r - i n d a s t r y  a n d  i n t e r - f  i r ~  d i f  f e r e n c e s . t h e  studies 

reviewed below are based  oe the a n a l y s i s  of time-series 

p r o p e r t i e s  on a n  i n d i v i d u a l  firm basis, 

U n i v a r i a t e  P i r ~  S ~ e c i f i c  " r i m - S e r i e s  Stud&_s 

One o f  the fixst s t u d i e s  to  b u i l d  AdifHA models on  an  

i n d i v i d u a l  f i r @  basis was b y  Dopuch and g a i t s  (1972). The s t u d y  

i n t e n d e d  t o  test  whether t h e  tinae-series process; of e a r n i n g s  

would c h a n g e  d u e  t o  a switch i n  the a e p r e c i a t i o n  m t h o d s .  They 

f o u n d  t h a t  e i g h t  o u t  of e l e v e n  firoas had a s i g n i f i c a n t  change  a t  

,05 l e v e l  i n  e a r n i n g s  w h i l e  o n l y  one s i g n i f i c a n t  cbange  i n  

a c c o u n t i n g  r a t e  clf r e t u r n ,  Rowever, t h e r e  was a do~irtance o f  

a u t o r e g r e s s i r r e  ~ttodels  in t h e  glodefs i d e n t i f i e d  f o r  t h e  sample 

firtus, 

Lorek, l"fc Donald and P a t z  [ 1976) compared t h e  rttanageorten t 

f o r e c a s t s  o f  a n a n a l  e a r n i n g s  vith f o r e c a s t s  of t be  f i ra  specific 



r 

Box-Jenkins  iaoi3el.s- They d i v i d e d  t h e  rtra nageaaent f o r e c a s t  errors 

i n t o  two groups, o n e s  w i t h  abovs  and ones w i t h  below 10% errors. 

T h e  r e s u l t s  shoved  t h a t  t h e  more accurate manageiaent group 

o u t p e r f o r a e d  the Box-Jenkins ~rtodels ,  while t h e r e  was no 

d i f f e r e n c e  in the p r e d i c t i o n s  of t h e  i n a c c u r a t e  g r o u p  and t h e  

f o r e c a s t i n g  iaodels. However, when t h e  two g r o u p s  were combined, 

the Box- Jenkins a o d e l s  out p e r  formed the aanagement  g r o u p  a t  - 0  1 

s i g n i f  i c a  nce l e v e l ,  

I c e r ~ a n  11 977) 

a a i n e  whether there 

cash  f l o w s   fro^ the 

u s e d  in t h e  fcermn 

1, H a r k e t  aode f  

2, I n d u s t r y  a o d e l  

used t h e  p r e d i c t i v e  ability c r i t e r i o n  t o  ex- 

was a d i f f e r e n c e  i n  the f o r e c a s t s  o f  annual 

s i x  p r e d i c t  i o n  t m d e l s ,  The r e g r e s s i o n  ~ o d e l s  

f1977) study sere: 

3- Accounting lnodel 

4, E x p o n e n t i a l  aode l ,  and  

5 ,  Waive a o d e f ,  

We concfudeil  t h a t  none o f  the regression aodels used i n  his 

study, w h i c h  are well documented i r a  the l i t e r a t u r e ,  performed 

a d e q u a t e l y  enough t o  b e  useful i n  p r a c t i c e ,  a l t h o u g h  t h e  indus- 

t r y  aodel. a p p e a r e d  to  be the b e s t ,  w h i l e  t h e  a c c o n n t i n g  raodel 

based o n  f a t i o s  was n o t  a t  all use•’ ul, H i s  s t a d p  c a n  be 

criticised on t h e  g r o u n d s  t h a t  i t  s e l e c t e d  t h e  v a r i a b l e s  i n  the 

different ~ o d e l s  o n  a n  ad  hoc b a s i s  r a t h e r  t h a n  in any 

s y s t e m t i c  manner. 



f a t t s  and L e f t n i c h  (1977) u p d a t e d  and  e x t e n d e d  a n  

u n p u b l i s h e d  p a p e s  o f  Vatts (I  970) , They obtained 47 t o  67 

o b s e r v a t i o n s  f o r  the annual. e a r n i n g s - a v a i l a b l e - f  c r - c o m o n  

s h a r e h o l d e r s  a c c o u n t i n g  series. T h e i r  s a a p l s  c o n s i s t e d  of 32  

f irms i a  t h r e e  d i f f e r e n t  i n d u s t r i e s  (ten f o r  r a i l r o a d s ,  e l e v e n  

f o r  p e t r o f e u a ,  e l e v e n  for steel), They f i t t e d  f o u r  ARXRA m d e l s  

f o r  each fir@ b a s e d  aa t h e  f irst  38, 50, 55, and 60 o b s e r v a t i o n s  

o f  a c c o u n t i a g  series f o r  t h e  f i r a s  t h a t  had the r e q u i r e d  data  

a v a i l a b l e ,  Baying  i d e n t i f i e d  t h e  tnodels f o r  e a c h  firm ( s e l e c t e d  

on t h e  b a s i s  of- ainirauat SUB o f  s q u a r e d  r e s i d u a l s )  f o r  e a c h  

p e r i o d ,  t h e  models  were then used  to g e n e r a t e  one t o  five 

p e r i o d s  ahead f o r e c a s t s ,  These  one t o  f i v e  p e r i o d  ahead  

f o r e c a s t s  f o r  e a c h  atodef fo r  e a c h  f i r @  were t h e n  compared s i i t h  

forecasts o f  two n a i v e  nrechanlical moaels, randon walk an4 r a n d m  

w a l k  w i t h  a d r i f t .  Applying t h f e e  forecasts efros a e t r i c s  (SUB 

of r a n k s ,  SUB s f  s q u a r e  e r r o r s ,  and w e i g h t e d  SBIB of a b s o l u t e  

errors), t h e y  c o n c l u d e d  t h a t  none of t h e  ertodels a p p e a r e d  

c lon inant ,  Efowefser, a p p l y i n g  oaLy two of t h e  t h r e e  criteria, the 

r a n d o a  walk w i t h  a d r i f t  a p p e a r e d  t o  be s u p e r i o r  o v e r  the ABIPJA 

models, T h e y  concluded t h a t  s i n c e  rasdors  lsalk m d e f s  d i d  as %ell 

a s  Box-Jenkins  ~ o d e l s ,  t h e r e  was no need t o  a e v e l o p  Box-Jenkins  

aode l s .  

A sirailLar s t u d y  by a l b r e t c h ,  L o o k a b i l l ,  and flcKeown 11977) 

exattlined t h e  time-series p r o p e r t i e s  of uadef f a t e d  e a r n i n g s  and  

e a r n i n g s  d e f l a t e d  by s h a m  h o l d e r s  e q u i t y .  Yhe s t u d y  u t i l i z e d  

only t w e n t y f i v e  o b s e r v a t i o n s  f o r  t h e  7947-75 p e r i o d  t o  a v o i d  



t h e  p r o b l e m s  of s t r u c t u r a l  chaages. T h e i r  sanaple c o n s i s t e d  of 49 

f i r m  Erora t h r e e  i n d u s t r i e s ,  T h e y  a l s o  cogapared the one ,  two, 

and  t h r e e - y e a r - a h e a d  p r e d i c t i o n s  fro@ t h e  - E i ~ t a  s p e c i f i c  rslodels 

w i t h  a r a n d o a  w a l k  w i t h  a  d r i f t  etodel, U t i x i z i n g  f i v e  error 

a e a s u r e s ,  Bean r e l a t i v e  e r r o r ,  m a n  absolute r e l a t i v e  error, 

Bean s q u a r e d  r e l a t i v e  error and a v e r a g e  r a n k i n g ,  t h e y  fonnd  that 

random w a l k  w i t h  a d r i f t  perforaed a s  well a s  the f i r m  s p e c i f i c  

models  f o r  t h e  u n d e f l a t e d  earnings, and r a n d o @  w a l k  o u t p e r f  ortaed 

t h e  f i m  s p e c i f i c  models  • ’ o r  t h e  d e f l a t e d  e a r n i a g s ,  

K h u m a ~ ~ a l l a  11 978) also used t h e  Box-Jenkins  u a i v a r  i a t e  

procedwr; t o  p r o ~ i d e  t b e  ti=-series p r o p e r t i e s  of  g u a r t e r f  y 

ca sh  ff ows for a s a a t p k  of 29 a i r l i n e  c o a p a n i e s .  She also 

compared t h e  a g g r e g a t i o n  o f  t h e  d a t a  on t h e  p r e d i c t i v e  a b i l i t y  

of q u a r t e r l y  c a s b  f f ous, Her s a a p l e  c o n s i s t e d  02 t h i r t y  a i r l i n e s  

c o v e r i n g  t h e  pesi~d 1965-76, The c a s h  flow was d e f i n e d  a s  c a s h  

flow f rog  o p e r a t i o n s ,  b u t  she d i d  n o t  i n c l u d e  m i n o r i t y  i n t e r e s t  

i n  t h e  c a l c u l a t i o n  o f  quarterly c a s h  f l o u s  and the vhcle of 

s u b s i d i a r y  incoae r e c o g n i s e d  undez t h e  e q a i t y  ~ e t h o d  o f  

a c c o u n t i n g  was t r e a t e d  a s  u a r e a i t t e d  e a r n i n g s ,  The s t u d y  a l s o  

coltlpared t h e  predictive a b i l i t y  of t h e  f i r e t  s p e c i f i c  Box-Jenkins  

p r e d i c t i o n  ~ o d e l s  w i t h  the f i n a n c i a l  a n a l y i s t s s  model and four 

n a i v e  a e c h a n i c a l  atnodels t h a t  have: been  used i n  previous 

r e s e a r c h ,  The raechanicaf. ~t tadePs  were used  a s  a  s t a n d a r d  a g a i n s t  

which t o  cotapare  t h e  Box-Jenkins  a o d e l s ,  The s t u d y  c o n c l u d e d  

t h a t  t h e  f o u r  n a i v e  n o d e f s  { two a d d i t i v e  and two l a u . l t i p l i c a t i v e )  

p r e d i c t e d  r a t h e r  p o o r f y  a n d  t h u s  can  n o t  b e  used i n  p r a c t i c e .  



T h e  f i n a n c i a l  a n a l y s t s *  &ode1 pe r fo rmed  a s  well a s  t h e  

Box-Jenkins  ~ o d e l s .  Due t o  t h e  d i v e r s i t y  of the i d e n t i f i e d  

Box-Jenkins  mdels, it was n o t  p o s s i b l e  t o  g e n e r a l i s e  t h e  behav- 

i o u r  of cash flow series, 

%&own and Bozedf ( I  979) c o ~ p a r e d  t h e  p r e d i c t i v e  a b i l i t y  of 

e a r n i n g s  per s h a r e  t o  predict e a r n i n g 2  p r  s h a r e .  T h e y  nsed 

t h r e e  guarterly f o r e c a s t i n g  mode l s  asd t h e  f irm s p e c i f i c  

Box-Jenkins  a o d e l s  , T h e  aodels  i n c l u d e d  a g e a e r a l  model  p roposed  

by them, the aode-f p roposed  b y  G r i f f i n  (7 977) and t h e  F o s t e r  

(1977) model,  %hey g e n e r a t e d  one-per  iod-ahead ,  f i v e - p e f i o d - a h e a d  

a n d  n ine-per iod-ahead f o r e c a s t s ,  C o s p a r i n g  t h e .  model f o r e c a s t s ,  

t h e y  c o n c l u d e d  t h a t  t h e i r  &ode1  outperformd or  perforaed a s  

w e l l  a s  o t h e r  a o d e l s  o v e r  a l l  h o r i z o n s ,  w h i l e  t h e  P o s t e r  model 

p e r  t o r ~ e d  v e r y  p o r l y .  

a u l t i v a r i a t e  t t r a n s f e r  f u n c t i o n 3  S t ~ i d i e s  

Cheung ( 1  977) attertlpted t o  p r e d i c t  net cash t r a n s f e r s  to 

e q u i t i e s ,  He d e f h e d  n e t  c a s h  t r a n s f e r s  a s  d i v i d e n d s ,  interest 

p a i d ,  n e t  cash frolil r e p u r c h a s e  o r  sale of a l l  c f a s s e s  o f  Stock* 

and t h e  n e t  cash f r o a  financing a c t i v i t i e s ,  H e  a r g u e d  that i n  an 

all e q u i t y  Eira t h e  c a s h  flow v a r i a b l e  is e q u i v a l e n t  t o  c a s h  

income less n e t  p u r c h a s e s  of  assets because t h i s  is i d e n t i c a l  t o  

a i v i 8 e n d s  p l u s  n e t  d i  s b u r s e s e n t s  f r o @  s t o c k  transac tioris. We 

u s e d  t h e  Box-Jenkins p r o c e d u r e  t o  f o r i t i u l a t e  t h e  p r e d i c t i o n  

a o d e l s  f a r  the a n n u a l  cash f l o w s ,  H i s  ma jo r  c o n c l u s i o n  was t h a t  

f o r e c a s t s  o f  cash f l o w s  d i d  not i ~ p r o v e  w i t h  the a d d i t i o n  o f  



other a c c o u n . t i n g  data to  p a s t  cash f l o n s ,  C h e u n g t s  s t u d y  s u f f e r s  

from s e v e r a l  p r o b l e ~ s ,  one  of t h e @  be ing  a d e f i n i t i o n a l  one. 

F i r s t l y ,  t h e  cash f low d e f i n i t i c n  i n  his study i s  neither c a s h  

f l o v  t o  investors nor cash f l o v  fro8 o p e r a t i o n s ,  In a n  a l l  

e q u i t y  f ira,  c a s h  flow t o  i n v e s t o r s  h a s  to taka i n t o  account t h e  

a c c r u a l s  i n  t he  c u r r e n t  a c c o u n t s  ( e x c l u d i n g  c a s h )  . Second ly ,  f e w  

firms a r e  a l l  eg[ukty- Thirdly, h i s  e m p h a s i s  on t h e  d i v i d e n d  

series a s  a n ta jor  coaponent: l e a d s  o n l y  t o  cash f l o v  to  awaers, 

w h i c h  is ~ n l y  o n e  aspect o f  t h e  firn's a c t i v i t y  and  hence not 

e n t e r  g r i m  cash  f l o v ,  

Ranago t d  f l98 1) i n v e s t i g a t e d  t h e  use of milt  ivaria te [actu- 

ally several bisar iate) ~ o d e l s  f o r  p r e d i c t i n g  future annual 

e a r n i n g s ,  H e  d e f i n e d  earnings fZ3T)  a s  earnings bef are t a x e s  but 

e x c l u d i n g  Ron operating i n c o a e  and e x p e n s e s ,  and e x t r a - o r d i n a r y  

i k e a s .  H e  a r g u e d  t h a t  e a r n i n g s  was a n  a g g r e g a t e  o f  s e v e r a l  

components and  each of t h e s e  components is directly r e l a t e d  t o  

soae o t h e r  v a r i a b l e  is) , Thus h e  p roposed  a coinponeat model t h a t  

d i s a g g r e g a t e d  t h e  e a r n i n g s  i n t o  s u b - c o a p o n e n t s  a n d  b u i l t  

bivar ia te  r e l a t i o n s h i p s  for each s u  b-conapoaeat, The coraponent 

~ttodel forecasts were t h e  aggregation of forecases f ~ o ~  t h e  

sub-cortlpoaests. He a r g u e d  t h a t  c o a p o n e n t  lode1 f o r e c a s t s  s h o u l d  

b e  superior t o  forecasts  froa u n i v a r i a t e  B o x - J e n k i n s  a o d e l s  oa 

t h e  a g g r e g a t e  earnings nunbler only, H i s  c o ~ ~ l e t e  model is a s  

follows ; 

EBT = Operating i n c o a e  b e f  m e  d e p r e c i a t i o n  

and i n t e r e s t  e x p e n s e  { O P I ) ,  



+ 'Depreciation [DEE)) + Interest expense [ I K )  

Where h e  defined: 

O P I  = Operating Bargin [OB) x Sales {Q) 

frJC = Debt * r a t e  

and t h e  d i f f e r e n t  s u b  conponent  ~ o d e l s  were: 

OR = f (oa) 

S a l e s  = f f i n d u s t r y  i n d e x )  

DEP = f [Gross Z n o e s t m n t )  

DEBT = f {Gfctss 1 n ~ e s t w n t )  

Rate  = f [Hark& rate) 

T b e  EBT e y u a t i c n  shoras t h a t  it can b e  d h a g g r e g a t e d  into 

thrcc parts.  T h e  n e x t  two assnraed f i x e d  ~ e L a t i o r s s h i p s  are 

c a l c u l a t i o n s  which show t h a t  operating i n c o ~ e  is a product  of an 

o p e r a t i n g  ~ a r g i n  and sales and t h a t  i n t e r e s t  e x p e n s e  i s  a 

p r o d u c t  of i n t e r e s t  fa te  and debt o u t s t a n d i n g .  The f i r s t  of the 

sub component m d e b  is a u n i v a r i a t e  nodef where t h e  f o r e c a s t  of 

operating raargin is obtained fmllt t h e  pas t  values of operating 

margins u s i n g  t h e  Box-Jenkins univariate procedure.  The l a s t  

four ~odels are  b i v a r i a t e  etcrdels where  t h e  forecast of t h e  out- 

p u t  variable is o b t a i n e d  lfroa t h e  past, v a l u e s  of the o u t p n t  var- 

iable and another input. v a r i a b l e  t h a t  i s  a l e a d i n g  i n d i c a t o r  of 

the o u t p u t  variable, 

H i s  saapfe c o n s i s t e d  o f  27 firms, fro@ each of three 

i n d u s t r i e s  [ food ,  c h e ~ b c d f .  and steel) o v e r  a per iod 1955-1974, 

The f o r e c a s t s  f r o %  these models  %ere then ~olrabined to o b t a i n  t h e  

f o r e c a s t  for EBT for t h e  component b a s e d  ~ltodel  , A e  was, 



however, unab le t o  show t h e  s u p e r r i o r i t y  of t h e  coarponea t based 

model f o s e c a s t s  a s  compared t o  t h e  u n i v a r i a t c  a o d e l ,  

Anothe r  study by Brooks (1981) c o ~ p a r e d  t h e  p r e d i c t i v e  

a b i l i t y  of q u a r t e r l y  cash flows for  a s i m p l e  of 30 firss- The 

s a g p f e  p e r i o d  was f r o s  1964 t o  3978. H e  u s e d  u n i v a r i a t e  and  

t r a n s f e r  f u n c t i o n  Box-Jenkins ~ r o c e d u r e  t o  d e v e l o p  f o r e c a s t i n g  

a todels .  He defined cash flow for  the q u a r t e r  as earnings f roitl 

o p e r a t i o n s  for the guazter p l u s  d e p r e c i a t i o n  and a ~ o r t i z a t i o n  i n  

the quarter p l u s  a quarter of the annual change i n  the d e f e r r e d  

t a x e s .  T h e  i n p u t  series i n  h i s  m u l t i v a r i a t e  sode l  was e a r n i n g s  

Before e x t r a - o r d i n a r y  items. The s t u d y  found &hat, 

1. t h e  a d d i t i o n  o f  e a r n i n g s  series t o  cash f l o v  sesies i n  a 

e n f t i v a r i a t e  s e t t i n g  d i d  not: ietprove t h e  p r e d i c t i o n  of cash 

f l o w s  t h a t  wefe o b t a i n e d  froa p a s t  c a s h  f low series a l o n e  i n  

a u r i i v a r i a t e  settiag. Thus these was n o  s t a t i s t i c a l l y  sig- 

n i f i c a n t  dif fesence between t h e  two Box-Jenkins f o r e c a s t i n g  

models. 

2, examining t h e  r e s i d u a l s  f rorrt the e a r n i n g s  u a i v a r i a t e  xaodftl 

and c a s h  f low u n i v a r i a t e  model,  on a  fir^ by f i r m  basis, t h e  

r e s i d u a l  mean s q u a r e  error gas s ~ a l l e r  f o r  the e a r n i n g s  

a o d e l  t h a n  cash flow model, t h u s  i n d i c a t i n g  t h a t  e a r n i n g s  

aod& n f i t " f  t h e  e a r n i n g s  data  better than c a s h  f l o n  m d e l  t o  

c a s h  f l o v  d a t a ,  

3 ,  f 03: twenty f o u r  o u t  of t h i r t y  f irras,  t h e  u n i v a r i a t e  models  

for t h e  c a s h  flow series are identical i n  forla t o  the 

e a r n i n g s  series, a n d  



Y ,  t h e  l a g  term for a l l  t h i r t y  transfer functions was zero, 

S e v e r a l .  coltlatents can fte reade on  t h e s e  r e s u l t s ,  The d e f i n i -  

t i o n  of c a s h  f log is i n a p p r o p r i a t e  s i n c e  a l l  a c c r u a l s  and 

d e f e c s a l s  h a v e  not b e a  i n c l u d e d ,  The d e f i n i t i o n  is a proxy for 

v o r k i n q  c a p i t a l .  f rora o p e r a t i o n s  r a t  h e r  t h a n  cash f l o w  f rosl 

operations, Eloxeorrer, h i s  exar inat ion  of t h e  residual s u a  of 

s q u a r e s  shoved  t h a t  t h e  earnings model ?fit* t h e  data b e t t e r  

t h a n  cash flov e o d e l s ,  T h e  e a r n i n g s  models had a lower r e s i d u a l  

sum o f  s q u a r e s  a s  compared to c a s h  flow etodels. T h i s  may h a v e  

beea due  to the d e f i n i t i o n  he used  which i n t r o d u c e d  randoia 

shocks oa t h e  cash ffon series, H e  u a s  a b l e  t o  f l n d  transfer 

f u n c t i o n  r e L a t i o n s h i p s  for a l l  of h i s  s a ~ p l e  of 30 firms, T h i s  

is s u r p r i s i n g  given his d i s t u r b i n g  o b s e r v a t i o n  t h a t  t w e n t y  f o u r  

of t h i r t y  e a r n i n g s  ~ s o d e l s  were i d e n t r i c a l  i n  form to  c a s h  f l o v  

aode3s. This m a n s  t h a t  the sa&e u n d e r l y i n g  process g e n e r a t e s  

both series and so one series c a n  n o t  b e  used i n  a Box-Jenkins 

t r a n s f e r  f u n c t i o n  t o  p r e d i c t  t h e  o t h e r ,  Lastly, the l a g  of z e r o  

i m p l i e s  t h a t  t h e r e  is a  ont tempo ran eons r e l a  t i o n s h i p  tetwelen t h e  

e a r n i n g s  a n d  c a s h  floss, S i n c e  t h e  models  of t h e  cash flow 

series and  e a r - n b g s  series a r e  i d e n t i c a l  for tueaty fonr o u t  of 

thirty Eirrtts and t h e r e  is a l a g  oP zera f o r  a l l  thirty firms, 

this my liteae t h a t  t h e r f  is a t h i r d  variable  which i s  the 

l e a d i n g  i n d i c a t o r  of both of the@, T h i s  caa a l s o  be o b s e r v e d  

 fro^ the tabfe of  t r a n s f e r  f u a c t i c n s  ( p  128-9) t h a t  show t h a t  

e i g h t e e n  out o f  i h i r t  p atodsls had only one s i g n i f i c a n t  c r o s s  

c o r r e l a t i o n  a t  zero (CCP [OJ ) , T h i s  a g a i n  i n a i c a t e s  t h a t  a t b i r d  



v a r i a b l e  may be  a l e a d i n g  i n d i c a t o r  of b o a  series- 

P i n a f l y ,  the study d i d  n o t  cogipare t h e  results of the 

u a i v a r i a t e  c a s h  Elov &&el to a irtechanicaf n a i v e  arodel, The 

naive ~ o d e l s  h a v e  b e e n  u s e d  i n  s e v e r a l  s t u d i e s  a s  a m i n i m @  

standard a g a i n s t  which  to c o n p a r e  the xesuf t s  of t h e  Box-Jenkins 

u s l i v a r i a t e  a o d e l ,  I f  t h e r e  was n o  d i f f e r e n c e  i n  the p r e d i c t i v e  

a b i l i t y  of  r a n d o ~  walk w i t h  a drift and the u n i v a r i a t e  

B O X - J e n k i n s  m o d e l s ,  t h e n  transfer function @ o d e l i n g ,  e s p e c i a l l y  

with e a r s i n g s  aodels being identical to cash flow ~odels for 

r u s t  of t h e  fir@$, Bay be i n a p p r o p r i a t e ,  

Hopwood an4 BcKeoun (1981) colapared tbe f o r e c a s t s  frog two 

t r a n s f e r  f u n c t i o a  r e l a t i o n s h i p s  t o  the f o r e c a s t s  f rora the 

q u a r t e r l y  e a r n i n g s  per share  s o d e l s  i d e n t i f i e t i  i n  t h e  l i terature  

as  b e i n g  r e p r e s e n t a t i v e  of t h e  process generating t h e  e a r n i n g s  

per s h a r e  series, The t r a n s f e r  function r e l a t i o n s h i p  i n c l u d e d  

e a r n i n g s  per s h a c e  and  a market i n d e x  of e a r n i n g s  per  s h a r e .  The 

~garLet i n d e x  was a weighted a v e r a g e  e a r n i n g s  per s h a r e  of a l l  

f i rm i n  the sartlple except t h e  firirt b e i n g  i o d e l l e d ,  T h e  t u o  

t r a n s f a r  f n n c t i o n s  were sirailar, e x c e p t  t h a t  one of ttnerrt had an 

extra  tera i n c l u d e d  o n  t h e o r e t i c a l  r e a s o n s ,  T h e  major c o n c l u s i o n  

of t h e  s t n d y  was that t h e  t r a n s f e r  f u n c t i o n  eodels o u t p e r f o r & e d  

un f v a r i a t e  q u a r t e r l y  e a r n i n g s  rttodels. 

T h e  above  survey of the l i t e r a t u r e  r e v e a l s  t h a t  t h e  nulxtber 

of studies i n  acconnting oa transfer Tnnctions are l i m i t e d *  

Bopgood and Beubold (1980) i n  tbeir s u f v e y  article c o m e a t  that 

t h e r e  are aany i n t e r e s t i n g  i s s u e s  that h a v e  not b e e n  r e s o l v e d .  



The e x p l o i t a t i o n  of l a u l t i v a r i a t e  m e t h a s ,  w h i c h  i s  as yak i a  its 

in fancy  i n  t h e  a r e a  of  accoun t ing ,  is olne of thea .  (p. 142). 

S t u d i e s  on P r e d l c t  i v ~  hAbf i t ~ , g f - & & t e r n a t i v e  Bccount iar~  ae t  hg& 
--.--Up----..- 

S i n t ~ ~ o a s  and G r a y  {19_69) s i r u l a t e d  f o u r  sets of incorrre 

series f o r  t h e  h i s t o r i c a l  c o s t ,  c o n s t a n t  d o l l a r  and r e p  l a c e  ~ e n 2  

c ~ s t ,  Each set o f  inco~tte  series was based on assumed p t  ice 

changes. By using a simple l i n e a s  ex trapo la t ion  of p a s t  income 

they f o r e c a s t e d  future v a l u e s  of t h e  saear? series, T h e  p r e d i c t i v e  

ability r e s u l t s  of t h e  four series were i n c o a c l u s i s e ,  

P r a n k  l1969) a l s o  e x a ~ i s t e d  the p r e d i c t i v e  a b i l i t y  of i n c o ~ e  

numbers. He used h i s t o r i c a l  cost and  r e p l a c e n e n t  cos* iracorne 

series, T h e  r e p l a c e m a t  cost incoae series was n t i f i z e d  t o  pre-  

d i e t  both h i s t o r i c a l  c o s t  and replacemnt c o s t  income, w h i l e  the 

h i s t o r i c a l  cost incone s e r i e s  was u t i l i z e d  t o  p r e d i c t  only the 

h i s t o r i c a l  c o s t  incone,  B e  concluded t h a t  t h e r e  was n o t  ~ n c h  

d i f f e r e n c e  i n  the predictive a b i l i t y  of the two methods, 

BcKenzie if1970) cofflpar~d t h e  predictive a b i l i t y  of f o u r  

inconae Beasures  t o  predic t :  its own values, •’ie used s i ~ p l e  l i n e a r  

regresskon inrodels t o  p r e d i c t  t h e  variables, T h e  four  incogte 

rtreasurfjs i n c l u d e d  n e t  incorae a n d  o p e r a t  iag income from 

h i s t o r i c a l  c o s t ,  and nek i n c o ~ e  and  o p e r a t i n g  incolae f r c a  con- 

stant d o f f  ar, Coatparing t h e  p r e d i c t i v e  a b i l l i  ty across d i f f e r e n t  

methods, h e  conc luded  t h a t  t h e  h i s t o r i c a l  cost numbers provided 

ketter p r e d i c t  i o n s  o f  t h e i r  owa values ,  



Lorek ,  PIcKeoun a n d  P i c u r  ( I  975) s i m u l a t e d  h i s t o r i c a l  c o s t  

income, b o s i n e s s  prof  i t ,  currexi t o p e r a t i n g  p r o f i t ,  and n e t  

r e a l i s a b l e  v a l u e  series f o r  70 f i r m s ,  They t h e n  n s e d  Box-Jenkins  

t e c h n i q u e s  t o  identify f i r @  s p e c i f i c  iaodefs, Based on their 

i d e n t i f i c a t i o n ,  t h e y  concf uded t h a t  pure moving a v e r a g e  rttodels 

d o a i n a t e d  t h e  t o t a l  nusber of a o d e l s  i d e n t i f i e d  a c r o s s  

a c c o n n t i n g  a e t h o d s ,  They had i d e n t i f i e d  71r-56 p u r e  rttoving a v e r a g e ,  

23% wixed m d e l s  a n d  o n l y  3% a n t o r e g r e s s i v e  models* 

Flcflesun and  Shalchi  f 1983) used t h e  f i r a  s p e c i f i c  

Box-Jenkins  an i v a  i a t e  p r o c e d u r e  t o  test  vhetber  there was a 

d i f  Ee rence  i n  t h e  p r e d i c t i r r e  a b i l i t y  of two a l t e r n a t i v e  

a c c o u n t i n g  xeethods, t h e  h i s t o r i c a l  cost a  ad c o n s t a n t  d o l l a r ,  i n  

f o r e c a s t i n g  a n n u a l  e a r n i n g s  Both  a n d e f l a t e d  and d e f l a t e d  by 

t o t a l  a s s e t s  and r e t a i n e d  earnings. l o n d e f l a t e d  e a r n i n g s  

B e a s u s e s  were d e f i n e d  as follows: 

1, h i s t o r i c a l  cost e a r n i n g s  b e f o r e  e x t r a - o r d i n a r y  iteats 

(HCB- NI) ; 

2, C o n s t a n t  d o l l a r  earnings before e x t r a - o r d i n a r  y items [ in-  

c l u  ding oaoaetary gains and  losses) (GPPA-HI) ; 

3. C o n s t a n t  d o l l a r  e a r n i n g s  b e f o r e  extra-ordinary items (ex- 

c l u d i n g  & o n e t a r  y g a i n s  and l o s s e s )  ( C D A - N f )  , 

The d e f l a t e d  earnings s e a s u r e s  were d e f i n e d  a s  fo l forss :  

1, HCA-HZ d e f l a t e d  by h i s t o r i c a l  cos t  beginning t o t a l  a s s e t s  

(tic&-aa) ; 

2 ,  CPPA-WI d e f l a t e d  b y  c o n s t a n t  d o l l a r  beginning t o t a l .  assets 

(GPPA-R A)  ; 



CD1-M 1 iiiaef l a t e d  by c o n s t a a t  d o l l a r  b e g i n n i n g  t u t a l  a s s e t s  

{CDa-R A) ; 

HCA-HI d e f l a t e d  by h i s t o r i c a l  cost  beginning s t o c k h o l d e r s '  

e g u i t y  (HCB-RE) ; 

GPP A-NI deflated by c o n s t a n t  d o l l a r  b e g i n n i n g  s t o c k h o l d e r s  * 

e q u i t y  [GPPA-BE); 

CDA-83 d e f l a t e d  by c o n s t a n t  d o l f  a r  b e g i n n i n g  s t o c k h o f d e r s *  

e q u i t y  ( C D A - R E ) ,  

T h e i r  s a m p l e  consisted of 47 f i r l t l s  f o r  t h e  p e r i o d  

1952-1979, The aa jor c o n c l u s i o a t s  sere that (a) for e a r n i n g s  va l -  

u e s  (i) the p r e d i c t i o n s  f r o a  GPPA u e r s  g e n e r a l l y  i n f e r i o r  t o  the 

o t h e r  two an3 {ii) t h e r e  was no  s t a t i s t i c a l  d i f f e r e n c e  i n  the 

predictions of HCB and CDB ; fb) f o r  t h e  P I  defLatea by equity, 

{i) i n  a11 cases BCA on tpe r fo r l aed  GPPA a l t h o a g b  o n l y  three o u t  

of s i x  were s t a t i s t i c a l l y  s i g n i f i c a n t  ; ( f i )  i n  a l l  cases b u t  

one HCA o u t p e r f o r a e d  CDA b u t  the d i f f e r e n c e s  Mere n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t  axid [c) f os t h e  n e t  income d e f l a t e d  by 

t o t a l  assets, (i) i n  all. cases HCA o u t g e r f c r ~ e d  GPPB, fii) i n  

a l l  b u t  o n e  case BCA o u t p e f o r a e d  CDA but aiffer.eatces were o n l y  

s t a t i s t i c a l l y  s i g n i f i c a n t  for one case (iii) t h e  f o r e c a s t s  of 

GPPA were f ouna t o  be  i n f e r i o r  to t h e  other two, Hczwwr, t h e y  

note t h a t  the r e s u l t s  were ~ixed a n d  no  s i n g l e  account ing m t h c d  

ou tpe r fo rmed  its connterparts i n  a l l  cases, 

T h i s  c h a p t e r  h a s  r e v i e w e d  t h e  s t u d i e s  o n  tiw-series 

p r o p e r t i e s  and  t h e  ~redictirre a b i l i t y  of  Bistorical and  c o n s t a n t  

d o l l a r  a n n u a l  cash flow, f t  has a l s o  reviewed the ~ u f t i v a r i a t e  



, 

[transfer function) studies to ~ r e d i c t  cash flow. S i n c e  t h e  num- 

b e r  of stadies on  cash f log a r e  l i a i t e d ,  related studies o n  

other accounting anmbefs were i n c l u d e d .  The rewiew has shown 

that t h e r e  i s  a big gap i n  the literature on the tise series 

properties of c a s h  glou, especially constant dollar c a s h  flow, 

Sf mifarfy, t h e r e  is  also a need for r e s e a r c h  on r a u l t i s a r i a t e  

( traafer function) relationships between cash flaw and incorae 

wasares  for both a c c o m t i n g  m e t h o d s ,  This study h a s  a t teapted  

to narrow t h e  ga 

T h e  next  chapter b r i e f  l p  d e s c r i b e s  t h e  Box-Jenkins ti%@ 

series procedures  used  i n  this study, Ik also describes some of 

t h e  naive f o r e c a s t i n g  a o d e l s  w e d  ia previous research. 



The expected v a l u e  of a Bean f e v e r t i n g  process is a con- 
s t a n t ,  It can b e  d e s c r i t e d  as: 

u h e r e  : 
1x i s  a c o n s t a n t .  
a is the error term, It i s  an independently and  

t identically d i s t r i b n t e d  randm v a r i a b l e  
w i t h  z ~ r o  mean and coastant v a r i a n c e .  

2, The expected value of a random walk p r o c e s s  is t h e  same a s  
t h e  f a s t  known o b s e r v a t i o n ,  It. can be d e s c r i b e d  as: 

X = X + a 
t t- l k 

and 
EtX j X g * r r r * p X  = X 

L 0 -  t- l t- l 

where: 
a i s  t h e  error term, Xt is a n  independent ly  and 
t i d e n t i c a l l y  d i s t r i b u t e d  random variable 

with zero Bean and c o n s t a n t  variance, 

The e x p e c t e d  valse of a ran do^ walk with a dsif t process is 
t h e  s a m  a s  t h e  last jknovn observation p l u s  a c o n s t a n t  ter@* 

3 ,  A pure  moving a v e r a g e  aay be d e s c r i b e d  as: 

where: 
a is t h e  error term. It is an i n d e p e n d e n t l y  and 
t identically d i s t r i b u t e d  random v a r i a b l e  

w i t h  zero aeaa a ~ l d  constant variance .  

an3 a p u r e  auto ~ l e g c e s s i v e  &ode1 say be described as 
X = $ X  - . . r o t * * t - +  X + a 
t 1 t-7 P t-I? t 



4, A martin g a l e  process is cona~osed of an expected elemeat and 
a random eleseat, The characterisation is  n o r s a l l y  i n  .terms 
of the expected elemeat a s  follows: 

L e t  Y ,Y ,,,, be the observations 
1 2  

fa) Bart inga le  process if : E ( I  / , f = Y 
t~ t - 7  e-I 

fb)  Submart inga le  p s u c e s s  i f  2 E ( P  f Y , . , , P  ) > Y 
t 1  t - I  = t - 1  

The a a r t l n g a h  process is a l s o  a randoa walk, except there 
a r e  no  3 i s t r i b u t i o n a l  p r o p e r t i e s  on the error tern of the 
@art ingale  process, HoW?V&?r, i n  t h e  l iterature, t h e  t o o  are  
r e f e r r e d  t o  interchangeably, 



This c h a p t e r  is  devoted t o  a e s c r i b i n g  t h e  Box-Je-nkins 

t i a e - s e r i e s  p r o c e d u r e s  used  i n  t h i s  s t u d y  t o  d e t e r m i n e  the 

u a d e r l y i n g  ti ~e-series p r o p e r t i e s  a n d  r e l a t i v e  p r e d i c t i v e  

a b i l i t y  of b o t h  h i s t o r i c a l  cost a n n u a l  c a s h  f l o w  and c o n s t a n t  

d o l l a r  a n n u a l  c a s h  flog, It  a l s o  d i s c u s s e s  s s R e  of t h e  o t h e r  

n a i v e  f o r e c a s t i n g  aodels  u sed  i n  the l i t e r a t u r e ,  As n o t e d  e a r l i -  

er, t h e m  is a b i g  gap i n  t h e  l i t e r a t u r e  on time-series 

p roper t i e s  a n d  t h e  ~ r e d i c t i v e  a b i l i t y  of a n n u a l  h i s t o r i c a l  cash 

flow aria c o n s t a n t  d o l l a r  c a s h  flow. Box- Jenk ins  procedure h a s  

been u t i l i z e d  i n  s e v e r a l F  s t u d i e s  t o  d e t e r m i n e  t h e  u n d e r l y i n g  

time-series p r o p e r t i e s  and  r e l a t i v e  p r e d i c t i v e  ability of a n n u a l  

and quar l texfy  e a r n i n g s  nnmbers 1 'bdatts and Lef tb t ich  (1 977) , 
P o s t e r  (1977) , Alfirecht,  L o o k a b i l f  and WKeown (1977) , Brown a n d  

Bctzef f (1939) , Zorek { 1979) 1. 

The Box-Jenkins  procednre is  a s t r u c t n s e d  a p p r o a c h  t o  

lfiodefing and f o r e c a s t i n g ,  It h e l p s  select t h e  rttost a p p r o p r i a t e  

irtodiel f ront a b r o a d  g e n e r a l i z e d  m d e l  which i s  i n c l u s i v e  of a l l  

a a t  hentat i c a  l aef i n i t i o n s  of tiate-ser ies w i t h  m i n i i a u ~  

a s s u m p t i o n s l  It i s  a l s o  t h e  n o s t  corapref iensive c lass  of a d e f  

for handling c o ~ p l e x  p a t t e r n s  with r e l a t i v e  e a s e  on t h e  p a r t  of 

the rtser, T h e  u s e r  n e e d  n o t  a s s u m  a n y  f i x e d  p a t t e r n  be fo rehand ,  

but a l l o v s  t h e  d a t a  t o  r e v e a l  t h e  p a t t e r n  e m p i r i c a l l y -  T h i s  
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Xn order t o  corttpace the p f e d i c t i v e  a b i l i t y  of the 

Box-Jer~kiras a o d e l s ,  a  "naivew a e c h a n i c a l  model, randore w a l k  w i t h  

a d r i f t ,  is a l so  u t i l i z e d  i n  t h i s  s t u d y ,  The randon ara lk  v i t h  a 

d r i f t  ~odel is easif y available a t  minilrtua cooatputational cost, 

If the r a n d m  walk v i t h  a d r i f t  ffiodel p e r f o r a s  a s  well  a s  the 

s o p h i s t i c a t e d  a o d e l s ,  t h e n ,  from a c o s t - b e n e f i t  p o i n t  o f  v iew,  

these s o p h i s t i c a t e d  sodels can n o t  be j u s t i f i e d ,  Since random 

aalk u i t h  a d r i f t  is cne of the taodels of the BRIe'IA c l a s s ,  it is 

p o s s i b l e  t h a t  t h e  t r u e  model is r a n d o a  u a l k  with a d r i f t  b u t  due 

t o  t h e  s a a p l i n g  e r r o r ,  some other rsadel is s e l e c t e d  usiog t b e  

Box-Jenkins  p r o c e d u r e s ,  P i n a l f  y, previous s t n d i e s  on  t h e  

p r e d i c t i v e  abif ity of a n n u a l  e a r n i n g s  h a v e  used  t h e  randoln ualk 

uith a d r i f t  model for compar i son  p u r p o s e s ,  There seem to  be 

near unanit tr i ty that for a n n u a l  earnings, randm w a l k  with a 

d r i f t  is t h e  aost a p p r o p r i a t e  nrodef (Hopwoad and l e v b o l d  [ I  980) 

p 1 r i O ) .  

B c o a g l e t e  d i s c n s s i o n  of t h e  Box-Jenkins p r o c e d u r e  i s  n o t  

g i v e n  here s i n c e  it is r e a d i l y  a v a i l a b l e  [see Wabert a n d  

B e d c l i f f e  f 1 9 7 4 ) ,  Box and J e n k i a s  (1976), lelson f 1 9 7 3 ) ,  

HcCleary  and  Ray (l98Q) f ,  Instead a b r i e f  d e s c r i p t i o n  of the 

aodel b u i l d i n g  process f ox the u n i a a r i a t e  ARIPSA m d e l  and -the 

t r a n s f e  r f u n c t i o n  ( m u l t i v a r i a t e )  fsodel  is presented, 



Box- J e n k i n s  Un ivar iat e PI uddfs 
I--.-------- 

A statist icaZ time-series is a single r e a l i s a t i o n  of sortle 

u n d e r l y i n g  s t o c h a s t i c  Fracess that folloras a p r o b a b i l i t y  d e n s i t y  

f u n c t i o n .  Each o n e  o f  t h e  o b s e r v a a i o n s  is an a c t u a l  o u t c o m e  froat 

i n f i n i t e  p o s s i b l e  o u t c o e e s ,  R ith j u s t  o n e  o b s e r v a t i o n  f roia a n  

infinite range of outcornes  a t  e a c h  tiae p o i a t ,  i t  is difficult 

t o  model a the-series, Therefore a strong a s s u m p t i o n  o f  

s t a t i o n a r i t y  is aade, The s t a t i a n a r i t y  assv t i tp t ion  s t a t e s  t h a t  

the p r o c e s s  g e n e r a t i n g  t h e  tim-series a t  each p o i n t  i n  t i a e  is 

t h e  saBe. T h i s  process h a s  c o n s t a n k  mean and variance. Since the 

process g e n e r a t i n g  tho time series is t h e  sage a n d  it h a s  con-  

stant iwan a n d  v a r i a n c e ,  a n y  o b s e r v e d  r e g u l a r i t i e s  i n  the p a s t  

series will c o n t i n u e  t o  hold i n  t h e  f u t u r e ,  and the p r o p e r t i e s  

of t h e  p r o c e s s  are u n a f f e c t e d  by the s h i f t i n g  of t h e  o r i g i n ,  I n  

o t h e r  u o s d s ,  t h e  u n d e r l y i n g  s tochas t i c  process is i n v a r i a n t  w i t h  

respect t o  t i m e ,  This is a very s t r o n g  a s s n a p t i o n  and w i t h o u t  

t h i s  a s s u ~ p t i o n ,  it woald n o t  be p o s s i b l e  to node l  a 

tiae-series. The d i s t i n g u i s h i n g  featuse of $his s t a t i o n a r y  

stochastic tiae-series is that the o b s e r v a t i o n s  o f  the 

r e a l i s a t i o a  s e t  are  not a s s m e d  t o  be i n d e p e n d e n t ,  

T h e  Box-Jenkins u n i v a r i a t e  p r o c e d u r e  b u i l d s  BRIHA e o & e f s  of 

the titae-series a r o u n d  t h e  t h r e e  Frocess c o a p a n e n t s ,  Auto 

R e g r e s s i v e  {AA), I n t e g r a t e d  {P) and gar r ing  Average (RA)  . If a 

tise-series e x h i b i t s  c o r r e l a i i o n ,  t h i s  s y s t e l a a i i c  p a t t e r n  can be 

e x p l o i t e d  by a p p r o p r i a t e  e o d e l i n g  which uill transform t h e  

stochastic the-series t o  a aeries of randcm e r r o r s  which 



conveys 80 a d d i t i o n a l  i n f o r m a t i o n  a b o u t  t h e  g e n e r a t i n g  p r o c e s s *  

The randm errors a r e  c a l l e d  t h e  whi te  n o i s e  p r o c e s s .  They are 

assuntct/d t o  be  i s d e  pendently a n d  i d e n t i c a l l y  ncrmally d i s t r i b u t e d  

(i, i, d) r a n d o ~ l  v a r i a b l e s  w i t h  Rean zero a n d  constant w a r i a a c e ,  

Thus t h e  the-series m d e l i n g  asserts that the w h i t e  noise 

errors p a s s  t h r o u g h  a l i n e a r  generating p r c c e s s  and a p p e a r  a s  

ti as@-series o b s e m a t i o n s ,  The ttlodel i n g  p r o c e s s  t h e n  a t t e n g t s  to 

i d e n t i f y  %he g e n e r a t i n g  p r o c e s s  b y  i d e n t i l f y i n g  a l i n e a r  f i l ter  

which when used on t h e  a c t u a l  o b s e r v a t i o n s  w i l l  t r a n s f o r m  it 

i n t o  a white noise  p r o c e s s  w i t h  Bean zero and c o n s t a n t  v a r i a n c e  

a s  shown below: 

1 I 
f Linear F i l t e r  1 

X ------- > I I------- > a 
t I (aarnit node l )  a t 

t i a e - s e r i e s  3 f w h i t e  noise ------------------ 

I f  a p a r t i c u l a r  l i n e a t  f i l t e x :  f a i k  t r r  transforltl the 

o b s e r v a t i o n s  i a t o  w h i t e  noise w i t h  Bean zero and  c o n s t a n t  

v a r i a n c e ,  i t  is r e j e c t e d  a s  r e p r e s e n t a t i v e  of t h e  g e n e r a t i n g  

process, Each filter is one model a m n g  t h e  class of A R f f i B  

a o d e l s ,  

The RfjtfltlA model, using the b a c k s h i f t  operator, c a n  be r ep -  

m s e a t e d  as: 

cp(3) D t B )  Cf = u + e f S )  A 
t t 

where: 



CF is t h e  cash f low at time t 
t 

B is the b a c k s h i f t  operator on Cf such t h a t  
k t 

33 CCF = CP 
t t - k  

d 
D p )  = { I - B )  where d is the nuatber of regular differencing 

Q , r . ,@ :p is t h e  nnrabsr of  autoregsess ive  parafaeters 
7 P 

e ,,,,,, , ,e : q is t h e  n u e e r  of  mviag average para~eters  
? Q 

n is t h e  Bean o f  t h e  s e r i e s  when d=O and t rend  otherwise 

A i s  randora lrariabie w i t h  mean zero aed  c o n s t a n t  variance  
t 

The above &ode1 is the B8TMA [p,d,q)  

ar here : 

p = t h e  nuabes af a utoregress i v e  para rnta te rs 

d = the a a ~ b e r  of regular differencing 

q = the nuntber of ntoviag average paragiaters 



HcCleary and Hay [1980) poinit out that for  s o c i a l  science 

series, the a n t o r e g r e s s i v e  paranteter, p, i s  no  g r e a t e r  than two 

and ,  t h e  atoving average p a r a m e k e r ,  q, i s  also n o  g r e a t e r  than 

tuo, Lf t h e  rsodef f o r  annual series, h a s  F greater t h a n  two, i t  

can be tetter r e p r e s e n t e d  b y  a low order (no  g r e a t e r  than t w o )  

~ o v i n g  average model. and v i c e  v e r s a ,  This is because of the  

d u a l i t y  of the  AB and Yb9A modefs ,  Bn A B t 7 )  lttodel i s  ideatical t o  

an t4R (in•’ i a i t e )  ~ c d e l  and an HA (1) nodel is egnisaleat to an 

AR j h f  ini te) rtlodel, 

Box-Jenkins r e c o ~ a e n d  p a r s i n o n y  ia t h e  ~liodef s e l e c t i o n .  

T h i s  B e a n s  t h a t  the aodel. wit8 t h e  sgaallest possible nuaber of 

p a r a e t e r s  for adeyuate r e p r e s e n t a l i o i l  be employed,  Xn t h i s  

s t u d y  o n l y  t h r e e  out of 256 8aodels  selected f o r  c a s h  f log  series 

have A W  or B B  parageters g r e a t e r  than two, 

As nientiapted earlier,  t h e  s tat iom ri ty a s s u m p t i o n  requires 

t h a t  t h e  time series s h o n l d  have constant  Rean aad variance. A 

time-ser ies that dues n o t  r e q u i r e  d i f f e r e n c i n g  b e c a u s e  it 

n e i t h e r  d r i f t s  n o r  t r e n d s ,  is s a i d  t o  b e  s t a t i o n a r y  i n  t h e  

hotgogeaeous sease ( i n  mean),  Must e c o a u a i c  series are  n o t  

s t a t i o a a r y  i n  t h e  hortiogeneous s e n s e .  Box- J e n k i n s  p o i n t  o u t  t h a t  

f o r  a n n u a l  e c o n o m i c  tiae-series t h e  o r d e r  of d i f f e r a c i n g  re- 

q u i r e d  w i l l  b e  n o  B o r e  than s e c o n d  o r d e r  d i f f e r e n c i n g  t o  make it 

stationary, I m  the ~ s e s e n t  study, d i f f e r e a c i n g  of  o r d e r  one is 

a d e q u a t e  t o  m a k e  t h e  series s t a t i o n a r y  i n  t h e  Itlean, 



However, i f  the series is n o t  constant in the v a r i a n c e ,  i t  

can not b e  ~ a d e  constant by d i f f e r e n c i n g  but rather requires 

nonlinear t r a n s f o r ~ a t i o n .  Box-Jenkins r e c o ~ m e n d  the Box-Cox 

(1 964) trans•’ ormation to sake the variance approximate1 y con- 

stant, before modefling. The  purpose of t h e  transforlnat ictn is t o  

o b t a i n  a new transforaed series which has  an a p p r o x i ~ a t e l y  con- 

s t a n t  variance and normal errors. T h i s  w i l l  allow p a r s i m o n i ~ u s  

model1 ing, 

'-En this s t u d y ,  the f olloleling general n o a f i n e a r  Box-Cox 

power t s a n s f o r a a k i o n s  are u s e d :  

Where: 

P i s  a  traasforaaed observation a t  time t 
t 

GF is c a s h  flow a t  t ime t 
t 

S is a shift pramter [constant) to make 

a l l  v a l u e s  o f  CP p o s i t i v e  since 
t 

poser t r a n s f o r s a t i o n  can not b e  used o n  



P is the t r a n s f o r m t i o n  pamaeter, 

I f  the v a r i a n c e  o f  t h e  t i~e-ser ies  is i n c r e a s i n g  o r  

d e c r e a s i n g  v i t h  the l e ~ e l  of t h e  series, thea the l o g a r i t h m i c  

t r a n s f o r a a t i o n  of t h e  Box-Cox E a ~ i l y  of powel: t r a n s f o r l p a t i o n s  

w i l l  dampen t h e  series v a r i a n c e  and  make it  a p p r o x i m a t e l y  con-  

s t a n t .  Apar t  fro% t h e  s p e c i a l ,  case of n a t u r a l  l o g a r i t h m ,  other 

s p e c i a l  cases i n c l u d e  t h e  square root  when P = 0 , 5 ,  the 

r e c i p r o c a l  when P = -1,  and t h e  s q u a r e  root i n v e r s e  when P = 

-0.5.  The appropriate se lect ion of P ail1 depend on the p a t t e r n  

e x i b i t e d  by t h e  variance o f  t h e  tiee-series. P a i l  use  t o  a a k e  t h e  

var iances  a p p r o x i w a t e l y  c o n s t a n t  may lead tc i n a p p s o p r i a t e  model 

s e l e c t i o n ,  i n e f f i c i e n t  p a r a m t e r  e s t i a t a t e s  and Bay bias the 

f o r e c a s t s ,  

The P is i n i t i a l l y  s e l e c t e d  u s i n g  .the p r ~ c e d u s e  of 

r ange - sea  n plots a s  s u g g e s t  f d  by Je lnk ia s  (1 9791, The  p r o c e d u r e  

involves d i v i d i n g  s e g u e n t i a l l y  the time-series i n t o  several 

groups, c a l c u l a t i s g  t h e  r a n g e  and Rean of each group, and 

p l o t t i n g  t h e s e  ranges and Beans, T h e  s h a p e  of t h e  r a n g e - ~ e a n  

plot is compared with a few1 t h e o r e t i c a l  range-aean p l o t s  and an 

a p p r a x i i u a t e  t r a n s • ’  o r n a t i o n  paranaetez is s e l e c t e d ,  Jenkins 11979, 

p97) c a u t i o n s  t h a t  unusual v a l u e s  of P s h o u l d  be awoided i n  

o r d e r  t o  a a k e  it easier t o  i n t e r p r e t  the a o d e l  a n d  t h e  

forecasts, Then, t h e  b e s t  P front a  seal1 set  of P ' s  is s e l e c t e d  

at t h e  time of lpodel e s t i m a t i o n ,  us ing  t h e  maximum likelihood 

f u nc t ion2 .  



S i n c e  t h e s e  is an a b s e n c e  of a n y  theoretics l work on t h e  

s e Z e c t i o n  of 5, v a l u e s  o f  S a r e  s e l e c t e d  depending on the 

time-series b e i n g  considered, Power t r a n s f o r m a t i o n s  r e q u i r e  t h a t  

the v a l u e  of {CP + S )  be p o s i t i v e ,  I f  a l l  v a l u e s  of C F  a r e  
t t 

p o s i t i v e  f o r  any g iven  series, t h e n  S i s  set t o  zero, I n  other 

cases, the v a l u e  of S is selected s u c h  that the v a l  tli3 of the 

largest n e g a t i v e  o b s e r v a t i o n  is p o s i t i v e  a f t e r  S is added. 

T h e  Box-Jenkins  p r o c e d u r e  f o r  u a i v a r i a t e  time-ser ies 

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

identification, e s t i a a t i o n  and d i a g n o s t i c  c h e c k i n g .  Tbe f i r s t  

s t e p  i n  t h e  i d e n t i f i c a t i o n  s t a g e  is t o  ~ a k e  the tise-series 

s t a t i o z a a r y  by d i f f  ereacing and/or Box-Cox % s a n s • ’ a s n a t i o n s  where 

appropriate- T h e  a u t o  c o r r e l a t i o n  f u n c t i o n  a n d  t h e  p a r t i a l  a u t o  

c o r r e l a t i o n  f u n c t i o n  are examined t o  see i f  t h e  series are 

s t a t i o n a r y ,  Once the series are s t a t i o n a r y  the s e c o n d  s t e p  i n  

the i d e n t i f i c a t i o n  s t a g e  i n v o l v e s  d e t e r ~ i n i n g  t h e  p and  q o f  the 

BRX!4VIA @ode1 by e x a ~ l r i n i a g  the tiltle-series saatap1.e a u t o c u r r e l a t i o n  

f u n c t i o n  (SBCF) a n d  sample  p a r t i a l  a n t o c o r r e l a t i o n  fnnct i o n  

{SPBCP) . The SBCF and SPACF are contpared to the t h e o r e t i c a l  

c o r r e l a t i o n s  ACP a n d  PISCF, and a tentative model is identified. 

S i n c e  t h e  SBCP and 5PBCP w i l l  n o t  e x a c t l y  @at& t h e  t h e o r e t i c a l  

c o r r e l a t i o n s  d u e  t o  s a a p l i n g  e r r o r ,  a t e n t a t i v e  lxtodel i s  select- 

ea and  e s t i a a t e d .  The  t h i r d  s t e p  i n v o l v e s  d i a g n o s t i c  checking. 

T h i s  s t e p  I n v o l v e s  e x a & n i n g  t h e  Faraaeter e s t i ~ a t e s  t o  e n s u r e  

t h e y  are w i t h i n  t h e  s i a t i o n a r i t p  a n d  i n v e r t i b i f i t y  c o n d i t i o n s ,  

a n d  t h a t  the p a r a a e t e r  e s t i m a t e s  are  s t a t i s t i c a l l y  significaut- 



If they are n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  t h e n  t h e y  are d f o p p e d  

frolrt the n o d e l  altd t h e  model my b e  r e i d e n t i E i e d .  T h e  next step 

i n v o l v e s  t h e  e x a r a i n a t i o n  of the r e s i d u a l s ,  T h e  r e s i d u a l s  raust be 

d i s t r i b u t e d  as  white noise with  mean zero and c o n s t a n t  v a r i a n c e ,  

S i n c e  the WCF of u b i t e  noise is e x p e c t e d  t o  be n n i f o r m l y  zero, 

t h e  SACF of t h e  r e s i d u a l s  is examiaed t o  e n s u r e  t h a t  Bone of 

SACPS for l a g s  g r e a t e r  than o n e  are s t a t i s t i c a l l y  s i g n i f i c a n t ,  

T h e r e  ~ i g h t  be  one  or two s t a t i s t i c a i f y  s i g n i f i c a n t  ones by 

c h a n c e  alone i n  about 30 l a g s ,  but t h e s e  s h o u l d  n o t  b e  a t  t h e  

f i r s t  f e u  l ags .  The  Box-Pierce Q-statist ic of the resin uaf s 

[Box-P ie rce ,  19701, a a e a s u r e  to test t h e  s i g a i f i c a n c e  of t h e  

r e s i d u a l  c o r r e l a t i s n  t a k e n  as  a  whole, i s  also  e x m i n e d .  The 

Q-statistic, which f elf  cws a Chi-square d i s t r i b u t i o n  w i t h  k-p-q 

degrees of freedorit, is a c c e p t e d  o n l y  i f  i ts  v a l u e  is w i t h i n  0.05 

s i g n i f i c a n c e  level. I f  the c o ~ p u t e d  Chi -Square  is s s a l f  er thaa 

t h e  value fsora the Chi  Square  table for the g i v e n  degrees of 

Zreedoa, i t  B e a n s  t h a t  t h e  a u t o c o r r e l a t i o n  f u a c t i a n  of t h e  

r e s i d u a l s  is n o t  s i g n i E i c a n t l y  d i f f e r e ~ t  f rora zero, and t h e  

r e s i d u a l s  are randctsaly d i s t r i b u t e d .  This Beans t h a t  the m d e l  

selected is a g ~ o d  o w  k c a u s r ?  only randorrt errors [ w h i t e  n o i s e  

w i t h  mean zero and c o n s t a a t  variance) r e a a i n -  

Boreover, the Bean of the r e s i d n a l s  a u s t  s t a - t i s t i c a l l  y be 

s i g n i f i c a n t l y  d i f f e r e n t  Trarn zero. Where cotrrpetiag models  a m  

identified and  e s t i ~ a t e d  a n d  s a t i s f y  t h e  d i a g n o s t i c  c h e c k s ,  t h e n  

t h e  b e s t  @ode1  i s  selected on the b a s i s  of r e s i d u a l  Bean s q u a r e  

e r r o r  and the Q statist ic .  



If the e s t i ~ a t e d  model fails the d i a g n o s t i c  checks, then 

the ~ o d e . 1  is reidentified, reestimated and rediagnosed until an  

appropriate ~odel is selected, 

Box-Jenkins t r a ~ s f e r  f u a c t  ion [aolt ivaria te) procedure 

i n c o r p o r a t e s  t h e  s t r u c t u r a  1 rela t i o n s h i p  fret ween the on tput 

series and the inpnt series into a transfer f uncZion ~ttoilel, The 

r e l a t i o n s h i p  between the o u t p u t  series, P , aad the i n p u t  
t 

series, X , can be written a s s  
t 

r S 
( 7 - d  E3 )Y = (Id - fl 3 )X + e 

r t 0 s t -b  t 

where: 

Y i s  a s t a t i o n a r y  output s e r i e s  rralue a t  ti~tse t 
t 

X is a s tat ionary  i n p u t  series va lue  at t i a e  t 
t 

b is the delay lag i n  i n p u t  



r is t h e  o u t p u t  series operator of o rde r  r 

s is t h e  i n p u t  series t r a n s f e r  function o p e r a t o r  of o r d e r  s 

T h i s  a o d e l  bas r * s + 1 teritls, There are r terms of  l a g g e d  

Y in t h e  model. and s+'f terrss i n v o l v i n g  X . I t  i n c o r p o r a t e s  and 
t t 

u s e s  both t h e  p a s t  v a l u e s  of t h e  input series a n d  t h e  p a s t  v a l -  

ues o f  the o u t g u t  series t o  f o r e c a s t  f u t u r e  o n t p u t  series. 

S i ~ i l a r  to the u n i v a r i a t e  Box-Jenkins  p rocedure ,  the 

t r a n s f e r  f u n c t i o n  [ m a l t i v a x i a t e )  p r o c e d u r e  also fo lPaws  t h e  

iterative process o f  i d e n t i f i c a t i o n  e s t i e a t i o n  and  d i a g n o s t i c  

c h e c k i n g -  The i d e n  t i 2  i c a t i o a  s t a g e  i n v o l v e s  the s e l e c t i o n  of t h e  

v a l u e s  of t h e  r, s ,  b and u terms b y  examining t h e  sample  
U 

c r o s s - c u r r e f a t i o n  f u n c t i o n  {CCF) between t h e  i n p u t  and o u t p u t  

series and compar ing  i t  w i t h  t heoset i c a l  c r o s s - c o r r e l a t i o n ,  T h e  

c r o s s - c o r r e i a t i o n  f u n c t i o n  a e a s u r e s  not only t h e  s t r e n g t h  of t h e  

relationship but also  the d i r e c t i o n .  

D n t  b e f o r e  the c r o s s - c o r r e l a t i o n  f u n c t i o n  is c o ~ p u t e d ,  t h e  

w i t h i n  series c o f r e l a t i o n  h a s  t o  be xeirtoved i n  o r d e r  to b e  able 

t o  see the  betuea series c o r r e l a t i o r t .  Ff the w i t h i n  series 

correlation is  n o t  r e m v e d ,  t h e n  ' the  cross c o r r e l a t i o n  f u n c t i o n  

i s  n o t  i n t e r p r e t a b l e .  

There a re  two approaches t o  relltove t h e  u i t h i n  series 

c o r r e l a t i o n ,  a g e ~ e r a l  (double grewhiteniny)  a p p r o a c h  Y h i c h  

p r e w h i t e n s  b o t h  o r i g i n a l  series by t h e i r  own identified, 

e s k i m a t e d  and d i a g n o s e d  Eiltefs (AR3fPB aodel) , and tbe 

s i ~ p f i f i e d  (single preuhi ten i rng)  approach which f i l ters  both 



series by a cnrtlmon f i l t e r ,  the f i l t e r  of t h e  i n p u t  series, 

Pierce ( 3  97'8, p15) lists sortre p o s s i b l e  c a u s a l i t y  p a t t e r n s  

and t h e  associated r e s t r i c t i o n s  cf the c r o s s - c a r r e l a t i o n  f u n c -  

t i o n  a t  lags k, T h e  word "causa l i ty '?  is u s e d  o n l y  i n  t h e  s e n s e  

of indicator series, If a series, c a s h  flow, can b e  p r e d i c t e d  b y  

a n o t h e r  series, income, t h e n  incoae i s  s a i d  t o  b e  t k e  l e a d i n g  

i n d i c a t o r  or c a a m r  of cash flow. The c a u s a l i t y  p a t t e r n s  are 

l i s t e d  i n  T a b l e  3. f .  

Comparing these r e l a t i o n s h i p s  and r e s t r i c t i o n  of p a t t e r n s  

of CCP a t  Lag k w i t h  the saraple CCCP, t h e  v a l n e s  o f  a t e n t a t i v e  

i o d e l  c a n  be i d e n t i f i e d .  Below is a s a a p l e  of 'anodels that can b e  

i d e n t i f i e d  based on the p a t t e r n s  of cross c o r r e l a % i o n  f u n c t i o n  

[CCP) 2 

1. When s = 0, b = O and u = 1, t h e  v a l u e  of r ,  t h e  n u a b e r  of 
0 

lagged &rDs ~f Y 8 can be i d e n t i f i e d  by exa~fl ining the CCP- 
t 

T h e  vafue of s = 0 Beans t h e r e  is only one [s+7)  t e r a  

i n a o l v i n g  X and and t h e  valne of b = 0 m a n s  there i s  no 
t 

d e l a y  Lag i n  the i n p n t .  Par any r t h e  CCP w i l l  behave l i k e  

an  a n t o - c o r r e l a t i o n  funct ion  ( B G F )  of an auto-tegressitre of 

order r f f l R f ~ ) ) ,  e - g .  for r = 1, CCP will behave l i k e  an ACF 

of AWil), the c o r r e l a t i o n s  decline exponentially t o  zero. 

2. When s = 0 ,  and w = 1, the CCF w i l l .  behave like an RGF of 
0 

an WR [r) b u t  w i l l  be fagged  b p e r i o a .  Thus t h e  AGP p a t t e r n  

of AB tr)  will s t a r t  at  b [nos tra l ly  t h e  v a l u e  of b is Zag at 

which t h e  first significant c o r r e l a t i o n  =cars) . The ECFns 
a t  l a g s  < b are  n o t  significant, 



NI indicator  of CF 
Cf indicator of 241 
Instantaneous c a u s a l i t y  
feedback 

CF d o e s  n o t  cause HI: - 
O n i d i r e c t i o a a f  c a u s a l i t y ,  
%I to CP 

CP and II are i n s t a n t a n e o u s l y  
related b u t  i n  no other way 

CF and P I  are i n d e p e n d e n t  

CCFfk) P 0 for sonte k > 0 
CtFfk) # 0 for soItte k < O 
CCF10) # O 
C C F f k )  f 0 for some k >  O 

a n d  sane k < 0 
CCP(k) = 0 for all Ir < 3 
CClP(k) # 0 for some k > 0 and 

C C F l k )  = O for a l l  k < 0 
CCPIL) = O for all, k f O and 

CCFfO) # U 
CCP(k) = 0 for all k 

CF : Cash flow series 
HI z Zncoae series 
CCF : C r o s s - c o r r e l a t i o n  function of CF and NI series 



3, %hen u = 1,  t h e  CCF will behave l i k e  a n  ACF of A B I r )  but 
i) 

will be lagged b+s p e r i o d s ,  Thus CCF a t  hags < b w i l l  not b e  

s i g n i f i c a n t ,  s i g r i i f i c a a t  CCF [b) ,  GCIF @+I)  to CCF (b+s) 

will have  ao c l e a r  p a t t e r n  even if s i g n i f i c a n t  a n d  ACf p a t -  

t e r n  of Aff Is] rill s t a r t  frore l a g s  $ b + s ,  Therefore s is t h e  

d i f f e r e n c e  b e t v o e n  first significant cross c o r r e l a t i o n  and  

%hen AB {r) p a t t e r n  starts. 

Once a t e n t a t i v e  t r a n s f e r  f u n c t i o n  madel  h a s  been 

identifies, the ~obel is e s t i m a t e d ,  The n o i s e  tern r e ~ a i a i a g  

a f t e r  t h e  t r a n s f e r  function h a s  t o  be transformed i n t o  w h i t e  

noise w i t h  a e a n  zero and  c o n s t a n t  v a r i a n c e ,  To do t h i s ,  

u n i v a r k a t e  m d e f i n g  p r o c e d u r e  is f o l l o u e d  on t h e  n o i s e  series, 

Then t h e  whole  madel i s  e s t i i a a t e d  a n d  d i a g n o s t i c  c h e c k s  are 

made, T h e  f i rs t  s t e p  is t o  test t h e  r e s i d u a l s  fo r  w h i t e  n o i s e  

w i t h  mean zero  and  c o n s t a n t  variaace a s  explained unde r  the 

u n i v a r i a t e  section, Xf r e s i d u a l s  a r e  a u t o c o r r e l a  ted, t h e n  t h e  

noise @ o d e 1  is f e i s s p e c i f i e d  and  a n o t h e r  .noise rrtodel h a s  t o  be 

identified and  the c o ~ p l e t e  ~ o d e l  i s  r e - e s t i a a t e d  a n d  

r e -d i agnosed .  Second1 y, t h e  p r e w h i t e n e d  i n g u t  series i s  cross 

correltatsd w i t h  t h e  r e s i d u a l s .  If t h e r e  is any sign of 

c o r r e l a t i o n ,  thea the t r a n s f e r  f u n c t i o n  is  i a i s s p e c i f i e d ,  and  

i d e n t i • ’  i c a t i o n  has to s t a r t  aga in ,  a p a r t  fro@ these, all t h e  pa- 

r a ~ e t e r  estimates raust be s t a t i s t i c a l l y  s i g n i f  i c a n k  and  o t h e r -  

wise a c c e p t a b f  e to  b e  inc luded .  T o  be a c c e p t a b l e  t h e  p a r a r a e t e r s  

lltust be w i t h i n  b a u n a s  to  sps ten t  s t a b i . l i t y  a n d  i n r e r t i b i l i t y  

c o n d i t i o n s .  



B a r t i n g a l e  P r o c e s s e s  
--I-- ----urn--- 

An observat ion  froa the tZae series my b e  t h o u g h t  of a s  

b e i n g  c o s p u s e d  ~f p a r t l y  an expected d e t e r ~ i n i s t  ic e le~ent  and  

p a r t l y  an u n e x p e c t e d  rando@ e l e m e n t ,  T h e  r art in gale process c a n  

b e  c h a r a c t e r i s e d  by t h e  for@ of t h e  deterlainistic p o r t i o n  of the 

process. T h i s  process can h e  vr i t t e n  as: 

L e t  Y ,9 ,,,, b e  the o b s e r v a t i o n s  
t 2 

and E(Y / II ,...Y = f 
t 1  t- 1 t - 1  

w here 
'3: is the mst recent actual v a l u e ,  
t- 1 

a i s  a  faadicra v a r i a b l e  w i t h  no d i s t r i b u t i o n a l  
t proper ties. 

The s u b m r t i n g a l e  can be  characterised as: 

and B(Y / H l . + , I  ) > Y 
t 3  t - 1  = t - 1  

Zf the cash flow follovs a @artingale p n o c e s s ,  then t h e  

changes in the cash E l o w  w i l l  b e  s t a t i s t i c a l l y  i n d e p e n d e n t  over 

tine, and a s  s u c h ,  w i l l  b e h a v e  lib random noabers, Thus a 

@artingale process can be identified by examining the changes in 

t h e  cash flow, They s h o u l d  have zero serial  e o r r e l a t i o a .  

noreover, for forecasting purposes, past series of cash flow 

would be i r r e l e ~ r a ~ t t  since the e x p e c t e d  value  of t h e  n e x t  p e r i o d  

is this periodss  cash flow. 



The ~ l a r t i n g a l e  p r s e s s  can b e  written ia a AEUHA [~ ,d ,p )  a s  

A B I f l &  (0,1,0), but the subtrtarkingale can n o t  b e  w r i t t e n .  This i s  

because t h e  d i r e c t i o n  of value  is knoun b u t  t h e  aagn i tude  of the 

change i s  not  known, Mote t h a t  t h e  &REBA (0,1,6) is actually a 

Ra edoa fila lk Wodel ------------ 
The randoa walk i s a s p e c i a l  c 

i~ode2 .  1% is characterised as  ARZRB 

a s  : 

P = Y + a 
t t - 1  t 

ase of t h e  A P i I t g A  Ip ,drql  

(0,1,0), f t  can be written 

and d i f f e r e n c i n g  this s i l l  resnft in 

[ X  - Y ) = a  
t t- 1 t 

where: 
a is a randm variable  with Bean zero and 
t constant variance, 

%hen t h e  random walk  ntodel. has a drift, the sodel has a n  

a d d i t i o n a l  constant t e r n ,  The ref ore, t h e  e x p e c t a t i o n  of the 

changes i n  t h e  s er i e s  will B e  a cc tns tant ,  Randoa gal% with a 

ar i f t  etodiel is used i n  this study a s  a rttini~urrt cost: b a s e  t o  

c o m p a r e  w i t h  the accuracy of the moxe sophisticated Box-Jenkins 

aodels. These mdels have been used i n  the literature {e-g, 

Watts a nd Lef t w i c h  f 1977) ; Albre tch ,  t o o k a b i l l  and BcKeoun 

f 3977)) , 



I n  a  wean r e v e r t i n g  o r  c o n s t a n t  e x p e c t a t i o n  p r o c e s s ,  t h e  

expected v a l u e  of the n e x t  period is a constant, T h i s  p r o c e s s  

c a n  be w r i t t e n  as: 

where: 
u is a constant. 
a is the e r r o r  tes~. It is an i n d e p e n d e n k l y  and 
t i d e n t i c a l l y  d i s t r i b u t e d  fandora trafiabf e 

with zero Bean and  c o n s t a n t  variance, 

The gtean reverting process is a s p e c i a l  case of t h e  

Box-Jenkins  models. I n  the ARXBdfB fp,d,q) forat, t h e  mean 

r e v e r t i n g  p r o c e s s  can k e  described as a n  A R I F l A  ( 0 , 0 , 0 )  process 

w i t h  a c o n s t a n t ,  I n  t h e  i d e n t i f k a t i o a  st;age of the Box-Jenkins 

p r o c e i l u r e ,  t h e  process can be i d e n t i f i e d  by examin ing  the a u t o  

c o r r e l a t i o n  function and p a r t i a l  a n t o  c o r r e l a t i o n  f u n c t i o n ,  b o t h  

A C f  (k) = O and PACP (lr) = O f o r  a f f  k > 0 ,  

If the cash flow f o l l o w  a Sean f e v e r t i n y  process, it i m -  

p l i e s  t h a t  t h e  a v e r a g e  p e r i o d i c  c a s h  f low are s t a b l e  over  time 

and the acttaal cash -flow r 3 ; i l l  revert t o  t h e  rfmaa. I f ,  i f l  any 

per iod ,  t h e  c a s h  flow are higher tha-n t h e  mean, then i n  the n e x t  

p e r i o d ,  on average,  t h e  c a s h  flow w i l l  be lower t h a n  t h e  mean- 

T h i s  t e n d e n c y  t o  r e v e r t  back t o  the Bean results i n  negative 

dependencies i n  the c h a a g e s  of c a s h  flow, 

T h i s  c h a p t e r  h a s  described the Box-Jenkins u n i v a f i a l e  and 

a t u l t i v a r i a t e  (transfer f u n s  t i o n )  p r o c e d u r e  that is used i n  t h i s  



s t u d y ,  St a l s o  d e s c r i b e d  other n a i v e  ntodels  t h a t  have b e e n  ased 

in t h e  literature, The next chapter sill d i s c u s s  t h e  research 

a~ethodofogy in d e t a i l ,  



1. In t h i s  study the P is res t i c ted  to 7 ,  0, 5 ,  0, - 0 - 5  and -1, 

2 .  T h i s  is p e r f o r  aed by t h e  T i m  Series Package deve loped  by 
David  Pack and d i s t r i b n t e d  by Antolgat ic Fcrecasting S y s t e ~ s ,  

3, ,"or d e t a i l s  refar t c  chaptel: 11 oE 4 a k r i d a k i s  ann 
%hee lwr ight  1 7  978) , 



T h i s  c h a p t e r  d e s c f i b e s  t h e  ntethodology utilized i n  t h i s  

s t u d y .  The first s e c t i o n  explains the s a n p l e  s e l e c t i o n  p r o c e s s  

and  data c ~ l f e c t i o n  procedures, T h e  second s e c t i o n  presents t h e  

procedure for g e n e r a t i n g  cash 210% series froa t h e  f i n a n c i a l  

statements. The third sect ion prov ides  a brief s e v i e u  of t h e  

g e n e r a t i o n  of cons-kant dollar accounting s ta  t e ~ e n t s  and, f inai- 

Ifp, t h e  l a s t  s e c t i o n  P E O V ~ ~ E S  a d e t a i l e d  d i s c u s s i o n  of the 

hypotheses t e s t e d ,  the error aetrics  utilized and t h e  

s t a t i s t i c a l  tests a s e d  i n  t h i s  study, 

S a ~ ~ i e  S e  l e c t i o ~  

The data required for this stnay c o v e r i n g  the per iod  3 951) 

t o  3981 is o b t a i n e d  pf imar i lp  frora t h e  two CDP9PUSTAT t a p e s x ,  

Other  i n f o r n a t i o n  r e q u i r e d  b u t  not available on the tapes  is ob- 

t a i n e d  from t h e  Hoqa's h n d u s t r i a l  Manuals, t h e  10-K r e p o r t s ,  a s  

well a s  coaapaniesi annual f i n a n c i a l  stateoaents and directly from 

the coapanies. The f o l l o w i n g  criteria a r e  u s e d  to select the 

sa itt~le: 

1 ,  Companies should have a l l  d a t a  i t e a s z  required for  

c a l c u l a t i n g  cash flow • ’ m a  o p e r a t i o n  and for r e s t a t i n g  

historical c o s t  f i n a n c i a l  s t a t e a e n t s  into c o n s t a n t  d o l l a r  

a c c o u n t i n g  f i n a n c i a l  statements for t h e  e n  ti re p e r i o d  



1950-1901, 

The  c o a p a n i e s  s h o u l d  h a v e  t h e  same f i s c a l  y e a r  end  f o r  e a c h  

of t h e  years 1950-1983. 

The co lapan ie s  s h o u l d  have u s e d  only one i n v e n t o r y  v a l u a t i o n  

method i n  e a c h  y e a r  unde r  c o n s i d e r a t i o n ,  i ,e ,  a  cotigtbination 

of i n v e n t o r y  v a l u a t i o a  ntc;thods In a n y  g i v e n  y e a r  is n o t  

p e r  p a i  t te 4, 

The companies s h o u l d  h a v e  u s e d  one o f  e i t h e r  first i n  f i r s t  

o u t ,  l a s t  i n  f i r s t  out, s p e c i f i c  i d e n t i f i c a t i o n  o r  a v e r a g e  

c o s t  i n v e n t o r y  r a l a a t i o n  methods$,  

The f i r s t  r e q u i r e s e n t  is c r n c i a l  i n  o b t a i n i n g  h i s t o r i c a l  

and c o n s t a n t  d o l l a r  cash f l o w  series. T h e  s e c o n d  r e q u i r e s e n t  i s  

i ~ p o s e d  t o  e a s u r e  t h e  t i a e  series o b s e r v a t i o n s  are e q u a l l y  

spaced ,  and t o  al lo~r  t h e  c o n s t a n t  d o l l a r  f i n a n c i a l .  s t a t e r e e n t s  of 

t h e  c o ~ p a n i e s  i - a t  the salgple to be Bore hogzogeneons and 

co lapafab le ,  The t h i r d  r e q u i s e ~ e n t  is i ~ g o s e d  due t o  l a c k  of  in- 

f ortea t i o n  r e g a r d i n g  the con tpos i t i on  of h i s t o r i c a l  cost  

i n v e n t o r i e s  when Bore t h a n  o n e  i n v e n t o r y  v a l u a t i o n  a e t h o d s  are 

a s e d ,  D e t a i l e d  imfor raa t ion  on t h e  cor r tpos i t ion  af i n v c ; n t o r i e s  of 

s u c h  c o ~ p a n i e s  a r e  n o t  a v a i l a b l e  and s u c h  i n f o r m a t i o n  is n e c e s -  

sary f ~ r  t h e  c o n s t a n t  d o l l a r  a d  j u s t a e n t s -  The l a s t  r s s t r i c t i o a  

is i ~ p o s e d  for c o & p u t a t i o n a l  e f f i c i e n c y  A l g o r i t h m s  f o r  c o n s t a n t  

d o l l a r  a d j u s t s e n t  f o r  i n v e n t o r y  va lued  oa v a l u a t i o n  =&hods spe- 

c i f i e d  a b o v e  a re  a ~ a i f a b l e  a n d  a r e  e a s y  t o  app ly ,  while 

a l g o r i t h m s  fo r  o t h e r  a e t h o d s  s u c h  a s  r e t a i l  i n v e n t o r y  v a l u a t i o n ,  

s t a n d a r d  c o s t i n g ,  etc, have  n o t  beef1 d e v e l o p e d  a n d  a d e q u a t e  



i n f o r m a t i o n  on these iaethods is n o t  r e a d i l y  a v a i l a b l e  from t h e  

published a c c o u n t i n g  r e c o r d s ,  

Prior to i n v e s k i g a t i o n  of t h e  data base, no i n f o m a t i o n  is 

a v a i l a b l e  a s  t o  how @any fims a i t h  c o s p l e t e  d a t a  sets would b e  

a v a i l a b l e ,  A d e t a i l e d  search af 2442 firas on t h e  CORPUSTAT 

t apes  produced o n l y  13 c o a p a n i e s  with c o s p l e t e  data sets ,  The  

criterion of c o a p l e t e  data sets was r e l a x e d  a n d  t h e  search b a s e d  

on t h e  o t h e r  t g o  crucial. c r i t e r i a  p roduced  104 firas, T h e  f i n a l  

sawpfe  of 6Y cotapanies  is b u i l t  up fro@ t h e  o r i g i n a l  thirteen by 

i n c l u d k n g  colapanties whose a i s s i n g  d a t a  are a w a i l a b f e  f r c ~  o t h e r  

da t a  bases rtrentioned e a r l i e r ,  All c o a p a n i e s  i n  t h e  f i n a l  s a  nlple 

h a v e  Dece~ter 31 year end. 

Bs a r e s u l t  of the above p r o c e d u r e ,  a f i n a l  saaple of 6U 

f i r a s  covering t h e  1950-3987 p e r i o d  is s e l e c t e d  •’or the c u r r e n t  

r e s e a r c h .  T h e  list of s a m p l e  c o a p a n i e s  is p r e s e n t e d  i n  Table 

4.1 , 

T h i s  selection proGess i s  n o t  equivalent t o  r a n d m  sampling 

of f i r m  from a l l  a v a i l a b l e  firms s i n c e  only t h e  firms on the 

COHPUSTBT t a p e  mee t ing  t h e  c r i t e r i a  of a v a i l a b i l i t y  o f  c o ~ t t p l e t e  

d a t a  sets, f i s c a l  y e a r  end and  t h e  inventory v a l u a t i o n  ~ e t h o d  

for t h e  e n t i r e  salttpfe p e r i o d  are s e l e c t e d ,  Moreover the santpfe 

h a s  a w s u r v i v o r s h i p "  b i a s  because f a i l e d  f i r a s  are e x c l u d e d  

t o g e t h e r  with f i rms t h a t  are  r e c e n t l y  o r g a n i s e d ,  T h u s  t h e  re- 

sults o f  t h i s  research are only a p p l i c a b l e  t o  firrns mee t ing  the 

above  c r i t e r i a  and o o t  u n i v e r s a l l y  a p p l i c a b l e  to a l l  firas- 



T a b l e  4.1 

2" r e e p o r t  Ecfloran f n c  
Worrison-Knudsen 
K e f  l o g g  Co 
Wabisco Brands Inc 
Car &at ion Co 
Wsesican Bakeries Co 
Pabs t  Brewing Co 
Bald ing  H e ~ i n u a y  
Lowenste in  (8 ,  ) C ~ r p  
f4unsingvear Xnc 
Kfoehler B f  g Co 
Arnerican Seating Co 
Scott P a p e r  Go 
Gtolier I nc 
EcGrau-Hill  Inc  
Wbbott Lakocataries 
Searle f G , D , )  E Co 
S p i i t h k l i n e  Beckimn Corp 
S t e r l i n g  Drug Znc 
Atlantic R i c h f i e l d  Co 
Union Oil G o  of C a l i f o r n i a  
Cooper Tire 6 Rubber 
Mohawk Rubber Co 
Corning G l a s s  Works 
Gertaia-Teed Corp 
Manvi l le  Corp 
Cfane Co 
National  Steel Gorp 
Republic Steel Corp 
'ff S Steel Corp 
Hasco Gorp 
Diebo ld  I n c  



Table 4. I (Cantinueilj 

Buryrus -Er ie  Co 
Caterpil lar Tractor Co 
Sundstrand Corp 
Barroughs Corp 
I n t  l Business Machines Corp 
Tecnaseh Products Co 
B a e t e k  lnc 
#otorola Inc 
Steuart-Warner C o f p  
Chrys ler  C o r p  
Boeing Co 
Lockheed Corp 
Roibertshasr C o n t r o l s  
Baxter Travenol Sabrator  ie 
+Polaroid C o r p  
Xerox Carp 
Pnr ofa tor Inc 
Branif  f 1 aterm tional  Corp 
Continental Air Lines f n c  
Eastern Aic Lines 
Worthwest Airli nes Irac 
Trans Oorfd Corp 
Uaf I n c  
Western Air Lines I n c  
As erican Broadcast iag  
CBS fnc 
Di G i o r g i o  Corp 
Evans Prodncts C o  
General Host Corp 
Bonson Gorp 
Federal-Mogul Corp 
Rinnesota f i in ing  t5 4fg Co 



G ~ e r a t i o n  of IIanuaZ Cash Flou S e r i e s  

F o r  t h e  p u r p o s e s  o f  t h i s  r e s e a s c h ,  cash flow is d e f i n e d  a s  

cash  flow from o p e r a t i o n s ,  T h e  d a t a  items, t o g e t h e r  with t h e  

r e s p e c t i v e  CO&lPtiSZIAT data n m b e r ,  uses to  c a l c u l a t e  c a s h  f Pow 

are  shown below: 

CO3PUSTAT 
Data # 

--we---- -------- 
N e t  incolae b e f o r e  e x t r a - o r d i o a r y  items 

and d i s c o n t i n u e d  o p e r a t i o n s  18 
4 D e g r e c i a t i a n  and  A w o r t i z a t i o n  1 Y  
4 Deferred Taxes 50 
+ % i n o r i t y  I n t e r e s t  49 
+ Decreases i n  Mm-Cash C u r r e n t  Assets 1 and  Y 
+ I n  creases i n  Non-Cash C u r r e n t  L i a b i l i t i e s  5 

The above  d e f i n i t i u n  is a proxy  f o r  t h e  c a s h  flow f r o a  

o p e r a t i o n s  sisce t h e  correct d e f i n i t i o n  s h o u l d  s i s i f a r l y  ad jus t  

f o r  u n f e a i t t e d  e a r n i n g s  o f  u n c o n s o l i d a t e d  s u b s i d i a r i e s -  X t  is 

not possible t o  get this ites  fro^ either the COHPUSTAT t a p e  for 

years p r i o r  t o  1971, PToodets I n d u s t r i a l  flaranals, 70-K r e p o r t s  o r  

the coat pan ies 8 a n n u a l  financial sta t e a e  n t  s. Theref ore, it is 

n e c e s s a r y  t o  e s t i r a a t e  it. The p r o c e d n r e  empftspe8 in t h i s  study 

involved a  series of s t e p s ,  Since t h e  i n v e s t t a e n t  and  a d v a n c e s  i a  

s u b s i d i a r i e s  o n  e q u i t y  basis is a v a i l a b l e  on  t h e  CDPIPUSTAT t a p e ,  

t h r e e  a f t e r n a t i v e s  ace c o n s i d e r e d  t o  approxirtta te t h e  a n r e ~ i t t e d  

e a r n i n g s  nutebers,  The three p o s s i b l e  a l t e r n a t i v e s  a r e  : 

1, Take  t h e  d i f f e r e n c e  sf the end of the y e a r  and t h e  beginning 

of She y e a r  i n v e s t s e n t  a c c o u n t  and treat t h e  a m n n t  as being 

u n r e ~ i t t e d  earnings, T h i s ,  i n  effect, r e s n i t s  i n  a e t t i n g  t h e  

aetonnt of u n r e s i t t e d  earnings with the a m a n t  of n e t  



addit i o a a l  invest m n t s  during  t h e  year .  

Take  o n l y  t h e  positive d i f f e r e n c e  o f  t h e  end  of t h e  year and 

t h e  b e g i n n i n g  of the year i n v e s t w e a t  a c c o u n t .  T h i s  i s  t h e  

s a n e  as  [ I )  a b o v e  except, where t h e  a m u n t  of n e t  

i n - s e s t l t l e n t s  d e c r e a s e  nore than t h e  antoant of its share of 

e a r n i n g s  of u n c o n s o l i  da-ted subsidiaries during the year, 

assme that all.  e a r n i n g s  a re  r e s i t t e d ,  

Assume all e a r n i n g s  are r e ~ i t t e d  a n d  t h u s  ignore u n r e w i t t e d  

e a r n i a g s  front above t h e  calculation of c a s h  flow, 

A preliminary c o r r e l a t i o n  i n v e s t i g a t i o n  of a c t u a l  cash  flow 

for 197 f -  1980 and t h e  t h r e e  proxy c a s h  Elow i a d i c a t e d  t h a t  t h e  

l a s t  a p p r o a c h  h a d  t h e  h i g h e s t  c o r r e l a t i o n  c o e f f i c i e n t  i n  t h e  

m a j o r i t y  oE cases and so i t  i s  selected f o r  this s t u d y ,  

It s h o u l d  b e  ztoted t h a t  two p r e v i o u s  s t u d i e s  o n  cash f l o w s  

Icesnran  ( 3  977) and Khusawala  11978) h a v e  treated t h e  u h o l e  of 

s u b s i d i a r y  income recogaized u n d e r  t h e  equi ty  s e t h o d  a s  

n n r e ~ i t t e a  e a r n i n g s ,  T h i s  s t u d y  t a k e s  the opposite view and 

r e g a r d s  the whole of s n b s i d i a r i e s  e a r n i n g s  as  renitted. T h i s  

view seeas r e a s o n a b l e  rased on the correlaticns p e r f a r m e d  f o r  

y e a r s  when precise detex m i n a t i o n  was a v a i l a b l e ,  flureover, 

t r e a t i n g  t h e  who le  of  t h e  s n b s k d i a r i e s  income a s  u n r e ~ i t t e d  i a -  

p l i e s  that t h e  s u b s i d i a r i e s  w i l l  never resit any e a r n i n g s  over 

its life t im. T h n s  i t  s e e R s  seeas r e a s o n a b l e  to say  t h a t  t h e  

c a s h  flow c a l c u l a t i o n  u t i l i z e d  i n  t h i s  s t u d y  is an a p p r o p r i a t e  

e s t i ~ a t e  fo r  the actnal. cash flow numbers t h a t  c o u l d  be aade 

f fom p u b l i c l y  a v a i l a b l e  infor~ation. 



C o n s t a n t  D o l l a r  Accoun t inq  Ad iust m n t s  - 
I n  this s t u d y  cash flow series for b o t h  h i s t o r i c a l  cost as 

well a s  c o n s t a n t  d o l l a r  a r e  c o n s t r u c t e d ,  This r e q u i r e s  complete 

h i s t o r i c a l  cost a n d  c o a s t a n t  d o l l a r  f i n a n c i a l  s t a t e m e n t s  for  

e a c h  Eira o v e r  t h e  e n t i r e  1950-3981 p e r i o d ,  H i s t o r i c a l  cost 

f i n a n c i a l .  s t a t e r a e n t s  fo r  each o f  t h e  W W -  1981 y e a r s  is o b t a i n e d  

froa t h e  COBPDSTBT t a p e s .  C o n s t a n t  d o l l a r  f i n a n c i a l .  s t a t e m e n t s  

are n o t  p u b l i c l y  available due to t h e  absence of a n y  r e q u i r e m e n t  

p r i o r  t o  FASB #33 t o  disclose s u c h  i n f o r s a t i o n ,  F o r  t h e  current 

study  a n  a c c e p t a b l e  e s t i ~ a t  ion of the constant d o L l a r  f S n a n c i a l  

stateratents f o r  e a c h   fir^ for e a c h  of t h e  years of t h e  saaiple: 

period is r e q u i r e d ,  Such c o n s t a n t  do l la r  e s t i a a t i o n  t e c h n i q u e s  

h a v e  been d e v e l o p e d  and  u s e d  i n  t h e  l i t e r a t u r e  f e - g .  P e t e r s o n  

(1971), Davidson  and Weil f t9?5),  Parker :  11977) j and v a l i d a t e d  

ftp Keta 11 978) , Ketz (1978) c o i ~ p a r e d  the a c c u r a c y  of t h e  t h r e e  

c o n s t a n t  do l la f :  estirttation af gor i thnas  and  c o ~ c l a d e d  t b a t  t h e r e  

are minor differences i n  accuracy among t h e  t h r e e  e s t i n t a t i o n  

p r o c e d u r e s ,  and  a s  s u c h  each estiraatianr procedure is a c c e p t a b l e  

for c o n s t a n t  d o l l a x  a d  jus t taent .  Xn t h i s  s t u d y  a n  e s t i m a t i o n  

t e c h n i q u e  s i m i l a r  t o  Parkerfs 119771, but a o d i f i e d  t o  ~ a k e  it  i n  

general c o n f o r a i t y  w i t h  FASB 4 3 3  is used* ,  In accordaace wi th  

FBSB t33 t h e  Consu iwr  P r i c e  I n d e x  i s  used in t h i s  study, 



A f t e r  t h e  s a a p l e  of 6 Q  f i r m  is s e l e c t e d ,  the h i s t o r i c a l  

c o s t  f i n a n c i a l  s t a t e a e n t s  of e a c h  company a r e  a d j u s t e d  for con- 

s t a n t  d o l l a r  in t h e  d o l l a r s  of 1981, It i s  the p r i m a r y  o b j e c t i v e  

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

time-series p r o p e r t i e s  of  h i s t o r i c a l  cost a n d  c o n s t a n t  dofla r 
I 

a n n u a l  cash • ’ l o % *  T h e  s t u d y  w i l l  d e t e r a i n e  t h e  r e l a t i o n s h i p  be- 

tween incoae  and c a s h  flow, and d e v e l o p  m u l t i v a r i a t e  f o r e c a s t i n g  

aodefs. The study will a l s o  coBpare t h e  relative p r e d i c t i v e  

a b i l i t y  of the d i f f e r e n t  p r e d i c t i o n  a o d e l s ,  r a n d m  walk w i t h  a 

d r i f t ,  Box-Jenkins  u n i v a r i a t e  a n d  t r a n s f e r  f u n c t i o n  raodels,  

w i t h i n  a  ad a c r o s s  a c c o u n t i n g  ~ e t  hods, 

Once t h e  cash flow and  n e t  i a c o a e  series for t h e  p e r i o d  

1951-1979 are c a f c a l a t e d  f o r  e a c h  of t h e  64 f i r m  f o r  h i s t o r i c a l  

c o s t  and c o n s t a n t  dollar a c c o n n t i n g  a e t h o d s ,  firm s p e c i f i c  

Eox-Jenkins  u n l v a r i a t e  a o d e l s  a r e  i d e n t i f i e d  a n d  t h e  regaired 

parameters are e s t i ~ a t e d  f o r  e a c h  of t h e  cash flow series a c r o s s  

t h e  two a c c o u n t i n g  ~ e a s u r e a t e n  t atethoas.  T h e s e  f i r @  s p e c i f i c  

Box-Jenkins  a o d e l s  f o r  c a s h  flow are t h e n  utilized t o  generate 

one-s tep-ahead ,  Ff1980/1 951 -1979). and  two-step-ahead,  

f (3981 / tF i t -1979) ,  f o r e c a s t s  o f  c a s h  flov, T h e n  t h e  b a s e  p e r i o d  

of 1951-1979 is u p d a t e d  by one yea+. t o  i n c l u d e  1980 a a t a ,  The 

f i r @  s p e c i f i c  Box-Jenkins  fttctdels f o r  c a s h  E l o v  are t h e n  

r e i d e n t i f i e d  and r e e s t i m a t e d  b a s e d  a n  d a t a  f o r  1951-1980, These  

~ o d e l s  a re  t h e n  u t i l i z e d  t o  generate  one-s tep-ah  f a d  forecasts of 

cash flow f o r  t h e  year 1981, P (1981/1951- 1980). 



T h e  f irrn specific n e t  incoae series a o d e l s  are a l s o  n e e d e d  

i n  t h i s  stady,  The r e a s o n  i s  t h a t  t o  i d e n t l f  y a t r a n s f e r  f o n c -  

t i o n  { a u l t i v a r i a t e  r e l a t i o n s h i p )  b e t w e e n  c a s h  flow and n e t  

i n c o m e  series, t h e  within series c o r r e l a t i o n  i n  e a c h  series h a s  

t o  k g  r e m v e d  i n  o r d e r  t o  be able t o  e x a m i n e  t h e  be t r seen  series 

c o r r e f a t i o e  through t h e  c r o s s  c o r r e l a t i o n ,  The p r o c e s s  of 

r e m o v i n g  t h e  % & t h i n  series c o r r e l a t i o n  is called * s p r e w h i t e n i n g w  

when t h e  series own ARIHB f i l t e r  is nsed, and is c a l l e d  

f i f i f t e r i n g M  when a n o t h e r  series f i l t e r  is used ,  The  cross 

c o r r e l a t i o n s  of t h e  w • ’ i l t e r e d m  cash flow and "prewhitenedH net 

i n c o w  series are t h e n  used to  i d e n t i f y  the order of t h e  parame- 

ters a n d  t h e  l a g  i z 3  t h e  t r a n s f e r  f u a c t i o a  l aode l ing ,  

As a t e n t i o n e d  before, t h i s  study also c o g p a r e s  t h e  r e l a t i v e  

p r e d i c t  h e  ability of the three prediction mde l s ,  r a n d m  walk 

u i t h  a  drift, a n i v a r i a t e  B o x - J e n k i n s  model, and Box-Jen k i n s  

t r a n s f e r  function atodel, f o r  e a c h  of the h i s t o r i c a l  cost  and 

constant d o l l a r  acccmating rtlethod, t o  p r e d i c t  one and two p e r i o d  

a h e a d  c a s h  f low.  T o  e v a l u a t e  the aodels3 a c c u r a c y ,  two w i d e l y  

u t i l i z e d  error m e a s u r e s  are used i n  t h i s  s t u d y ,  The e r r o r  

I f teasares  are a b s o l u t e  petce-rtkage e r r o r  (APE) aad sg uared 

p e r c e n t a g e  error {SPE) , T h e s e  e r r o r  neasures haye b e e n  widely 

u s e d  to test t h e  p r e d i c t i o n  a c c n r a c f  of t h e  f o r e c a s t s  (e.g 

Faster 17977) ; Brown and Bazef f 11979)) , 

The absolute p e r c e n t a g e  e r r o r  t e e a s w e  a s s u m e s  a l i nea r  l o s s  

f u n c t i o n  on t h e  p a r t  o f  the d e c i s i o n  e a k e r  w h i l e  t h e  s q u a r e d  

p e r c e n t a g e  e r r o r  a s s u m e s  a quadratic loss  f u n c t i o n ,  I n  a l i n e a r  



Loss  f u n c t i o n  a s s u a p t i c n  the loss i n c u r r e d  b y  t h e  d e c i s i o n  Baker  

is p r o p o r t i o n a l  t o  t h e  s i z e  of t h e  prediction e r r o r .  a n d e r  t h e  

q u a d r a t i c  l o s s  f u n c t i o n  a s sna tp t i on ,  t h e  l o s s  i n c r e a s e s  sore t h a n  

p r o p o r t i o n a t e l y  { s q u a r e  a•’ t h e  error) w i t h  t h e  i n c r e a s e  i n  the 

prediction ersor, Both e r r o r  m e a s u r e s  a s s u s e  t h a t  there is no 

d i f f e r e n c e  in t h e  r e l a t i v e  i s p o r t a a c e  of a p o s i t i v e  and a nega-  

t i v e  esror o f  t h e  same i aagni tnde .  I f  these assusptions do not 

h o l d ,  t h e n  t h e  a b i l i t y  t o  g e n e r a l i z e  f r o s  t h i s  study is Limi t ed .  

However, given t h e  s t a t e  of knowledge i n  t h i s  area,  it is 

i a p o s s i b l e  t o  s p e c i f y  t h e  theoretically casrect l o s s  f u n c t i o n  of 

t h e  u s e r s  of  t h e  forecasts. The f o r ~ a l  d e s c r i p t i o n  of  t h e s e  

measures is p re sen t ed  i n  Table  4-2. 

A problrant is e a c o t m t e r e d  i n  u s i n g  t h e  two e r r o r  measures ,  

%hen t h e  a c t u a l  v a l u e  of c a s h  f low a p p r o a c h e s  zero, t h e  error 

aeasures become v e r y  l a r g e .  I n  o r d e r  t o  a v o i d  a few l a rge  e r r o r s  

t o  unduly  i n f l u e n c e  t h e  statistical results ,  t h e s e  few L a r g e  

errors a r e  t r u n c a t e d  a t  200% for BPX and GOOX for S P B  f i - e .  

Erroc values o f  BPE and SPE g r e a t e r  t h a n  200% and Y O O %  are set 

t o  2001 and 400% r e s p e c t i v e l y . )  T h i s  t r u n c a t i o n  t e c h n i q u e  has 

b e e n  u s e d  p r e v i o u s l y  by r e s e a r c h e r s  u s i n g  t h e  two error metrics 

(e. g. HcKeoun and S ha  l c h i  ( 19 83) f . 
Based on t h e  a b o v e  e r r o r  aetrics a set  of s t a t i s t i c a l  

hypotheses a r e  deve loped .  24s trtent i o n e d  e a r l i e r ,  for each 

forecasting mode.L, t h r e e  f c r e c a a t  errors are genera tea. The 

a b s o l u t e  p e r c e n t a g e  e r r o r  aad s q u a r e d  p e r c e n t a g e  error metr ics 

are  tested over each of t h e  three f o r e c a s t  p e r i o d s  and t u o  





a c c a u n t i a g  plet hods  are  employed, This resulted i n  s e v e n t y - e i g h t  

statistical h y p o t h e s e s ,  Ba e k e r  t h a n  list all s e v f n t y - e i g h t  

h y p o t h e s e s  h e r e ,  T a b l e  4.3 p r e s e n t s  the cort lple te  list of  n u l l  

hypotheses w i t h  i n d e x e d  v a r i a b l e s ,  w h i l e  o n l y  three g e n e r a l  

h y p o t h e s e s  a r e  p r e s e n t e d  h e r e ,  

H I: T h e r e  a r e  no d i f f e r e n c e s  i n  t h e  p r e d i c t i v e  a b i l i t y  
o o f  the two p ~ e d i c t i o n  aaodels, BJU and  RWD, t o  

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

El 2: There are  ao d i f f e r e n c e s  i n  t h e  p r e d i c t i v e  a b i l i t y  
o o f  t h e  two p r e d i c t i o n  a o d e l s ,  FP and  BdU, t o  

p r e d i c t  annual cash f l o u ,  

W 3: T h e r e  are no  d i f f e r e n c e s  a c r o s s  a c c o u n t i n g  methods, 
o HC a a d  CD, i n  t h e  p r e d i c t i v e  a b i l i t y  o f  t h e  

d i f f e r e n t :  p r e d i c t  i o n  m d e l s ,  BWL),BJU, and TF, 
t o  p r e d i c t  t h e i r :  r e s g e c t i v e  a a n u a l  cash f low,  

T h e  above h y p o t h e s e s  were t e s t e d  f o r  each forecast p e r i o d  

and e a c h  a c c o u n t i n g  a e t h o d .  

T o  test t h e  above h y p o t h e s e s ,  both n o n - p a r a m e t r i c  and t h e  

paraaetrlc tests are  used. The now p a r a a e t r i c  R i  l coxon  s i g n e d  

r a n k  test p i e g e l .  (1956)) is chosen because i t  d o e s  n o t  sake a n y  

r e s t r i c t e d  a s s u ~ p t i o n s  w i th  r e g a r d  t o  t h e  d i s t r i b u t i o n  of t h e  

d a t a  being a n a l y s e d ,  The O i l coxon  matched p a i r s  s i g n e d - r a n k  test 

u t i l i z e s  i n f o r ~ f l a t i o n  a b o u t  t h e  d i r e c t i o n ,  a s  well a s  t h e  

r e l a t i v e  a t aga i tude  o f  t h e  differences, Zt gives Itlore weight t o  

pairs which  sbow a l a r g e  d i f f e r e n c e  t h a n  ones ~ i L h  s raa l f  

d i f f e r e n c e s -  According t o  S i e g e l  (1956, p 8 3 ) ,  when t h e  

assumptions of t h e  p a r a m e t r i c  t test are laet, t h e  power: of the 

hfilcoxon m t c h e d  p a i r  s igned- rank;  test c o n p a r e d  t o  t h e  t test i s  



m
-
-
-
-
P

%
-
-
*
-
m

-
,"

. 
~

%
W

~
W

W
W

W
~

~
*

~
W

W
 

*
*

*
*

*
*

*
*

*
*

 
*

*
 

a
P

3
~

r
~

r
n

~
r

n
~

~
~

~
 

*
*

*
*

C
I

*
*

*
*

*
*

*
 

~
a

~
~

~
~

r
n

~
r

n
r

n
~

r
n

d
r

n
 

M
U
.
 F

 M
u
 rrE

 
M
u
+
 C
 
M
U
.
 M

U
. 

- k 
a

"
~

y
"
+

~
iz

w
~

"
~

 
-
w

 



a b o u t  9 5 . 5  p e r c e n t  for  l a r g e  samples and t h e  e f f i c i e n c y  is n e a r  

95 p e r c e n t  f o r  s ~ a l l  s a ~ p l e s ,  

F o r  tbe p a r a n t e t r i c  tes t ,  a a a l y s i s  of  v a r i a n c e  is used .  The  

degrees of f r e e d o m  of t h e  F - s t a t i s t i c  are a d j u s t e d  using a  t h e t a  

factor  a d  j u s t a e n t  p r o c e d u r e  s u g g e s t e d  b y  Box (l95Q). T h i s  

a d j u s t m e n t  is n e c e s s a r y  due to  t h e  use of r e p e a t e d ,  c o r r e l a t e d  

da ta  in e a c h  set making the h o m o g e n e i t y  of c ~ v a r i a n c e  matrix 

h i g h l y  critical, This a d j u s t n t e n t  p r o c e d u r e  h a s  a l s o  been u s e d  i n  

p r e v i o u s  p u b l i s h e d  research [Losek and HcKeorn f t 9 7 7 ) ,  ShaLchi 

(1983)). V i t h  t h e  t h e t a  f a c t o r :  ad jus t r rcen t ,  e , t h e  n u a e r a t o r  a n d  

d e n o ~ i n a t o r  d e g r e e s  of f r e e d o m  are  a d j u s t e d  and new c o r r e c t e d  

probability s i g n i f i c a n c e  levels are o b t a i n e d ,  

T h e  a n a l y s i s  of v a r i a a r e  tesa e s s e n t i a l l y  tests  whether 

significant mean d i f f e r e n c e s  e x i s t  i n  t h e  p ~ e d i c t i o n  errors, 

w h i l e  t h e  'Wilcoxon s i g n e d - s a n k  tests  t h e  effect of t h e  ~tagnitude 

of the d i f f e r e n c e s  a s  w e l l  a s  the s i g n  of t h e  d i f f e r e n c e .  

T h i s  c h a p t e r  h a s  d e s c r i b e d  the s a ~ p l e  s e l e c t i o n  p r o c e s s  

t h a t  r e s u l t e d  i n  t h e  s i x t y  f o u r  firirrs t o  be u s e d  i n  this s t u d y ,  

The da ta  used irn t h i s  study w i l l  be  annual nufahers oE h i s t o r i c a l  

c o s t  and c o a s t a n t  dollar a c c o u n t i n g  e e t h o d s  for t h e  p e r i o d  1951 

t o  1981, It a l s o  d e f i a e d  the cash flow numbers- Tt e x p l a i n e d  how 

cash fPow n u m b e r s  w i l l  be u t i l i z e d  t o  sake one period and tuo 

period a h e a d  forecasts for: the u n i v a r i a  te and t r a n s f e r  f u n c t i o n  

models, F i n a l l y  it d e s c r i b e d  t h e  two error wetrics t h a t  w i l l  be  

c o n s t r u c t e d  t o  test the h y p o t h e s e s  using both n o n - p a r a m e t r i c  and 

gasilanetric tests, The d e t a i l e d  e n a p i r i c a l  results w i l l  b e  



provided  in the n e x t  c h a p t e r .  



E a c h  tape conta ins  20 years of data but p e r i o d s  overlap on 
t h e  tapes f 1951)-1964 and 1962-1 981) , 

COBPUSTAT data itews 1-9, 12, 13, 16, 1'3, 18 ,  19, 21, 35, 
Y 1 ,  48, 49, 53) and  59 .  

CDLUIPIISTBT data ites 859 s h o u l d  be either I,  2 ,  3, or 4 i . e ,  
I Y *  

Since t h e  constant d o l l a r  estiattation procedure of Parker 
11977) is well docuaented i n  h i s  p a p e r  asd in S h a l e h i  j1981) 
it is not repeated here, 



T h i s  c h a p t e r  p r e s e n t s  and e x a ~ i n e s  t'he t i a e - s e r i e s  a n a l y s i s  

of h i s t o r i c a l  cost and c o n s t a n t  d o l l a r  c a s h  flow series, It a l s o  

p r e s e n t s  t h e  r e s u l t s  a•’ t h e  t r a n s f e r  fu n c t i o n  i d e n t i f i c a t i o n  

p r o c e s s  f o r  B o t h  t h e  h i s t o r i c a l .  cost and  c o n s t a n t  d a l l a r  cash 

flow, P i n a l l y  it c o B p a r e s  and tests t h e  r e l a t i v e  p r e d i c t i v e  

a b i l i t y  o f  the r a n d o ~  walk r l t h  a d r i f t ,  w i t h  t h e  Box-Jenkins 

n n i v a r i a t e  aodels  a n d  the p r e d i c t i v e  a b i l i t y  o f  t h e  d i E f e r e n t  

p r e d i c t i o n  ~ o d e l s  across a c c o u n t i n g  ~ e t h o d s ,  

I d e n t i • ’ & d  Univariate  Ti r i e -Se r i e s  Hode l s  ---- -------------I_-__-------- 

A s  d e s c r i b e d  i n  t h e  p r e v i o u s  c h a p t e r ,  t h e  Box-Jenkins  

p r o c e d u r e  f o r  u n i v a r i a t e  t i~e-ser ies  a n a l y s i s  is u t i l i s e d  t o  

i d e n t i f y  f ira s p e c i f i c  a u t o r e g r e s s i v e  i n t e g r a t e d  moving a v e r a g e  

~ o d e l s  o f  t h e  c a s h  f l u s  series f o r  t h e  h i s t o r i c a l  cost  and con- 

s taa t  d o l l a r  a c c o u n t i n g  ziethods. f l is torical  cos t  cash f l o w  

series c o v e r i n g  t h e  p e r i o d  1951-1979 are u t i l i z e d  t o  i d e n t i f y  

and f i t  f i r m  s p e c i f i c  models a n d  p r e d i c t  one y e a r  ahead  and  two 

y e a r s  a h e a d  f o r e c a s t s .  Then the base g e r i o d  is u p d a t e d  by o n e  

o b s e r v a t i o n .  Fir@ s p e c i f i c  u n i v a r i a t e  ~ o d e f s  a r e  again 

i d e n t i f i e d  and  fitted wi th  t b e  expanded  b a s e  p e r i o d  13951- 1980) 

and one-year -ahead  f o r e c a s t s  are ~ltade, The saftfe p r o c e d u r e  i s  

adop ted  f a r  c o n s t a n t  do l l a r  c a s h  E l o w  series. T h i s  p r o c e s s  



results i n  f o u r  E i r r t t  s p e c i f i c  ~ t o d e l s  b e i n g  f i t t e d  f o r  each of 

t h e  sixty-four f i r w  i n  t h e  s a m p l e  a n d  t h u s  a t o t a l  of 256 E i r a  

s p e c i f i c  aodels  a r e  fitted f o r  t h e  e n t i r e  s ample -  

The i d e n t i f i c a t i o n  p r o c e s s  is not presented h e r e  s i n c e  a 

compf ete d e s c r i p t j . c n  would require p r e s e n t a t i o n  of b o t h  

T a u t o - c o r r e l a t i o n  f u n c t i o n s  and p a r t i a l  a u t o - c o r r e l a t i o n  func- 

t i o n s  fo r  e a c h  series a t  e a c h  s t a g e  of  t h e  i d e n t i f i c a t i o a  

p r o c e s s .  Since d e t a i l e d  e x a n p l e s  o f  u n i v a r i a t e  i d e n t i f i c a t i o n  

are e a s i l y  a v a i l a b  he  (Box and  J e n k i n s  11976) ; J e n k i n s  11979) ; 

Nelson (1973)  ; a a b e r t  and Radc l i f  f (1 97Y) ; BcCla rp  and Hay 

( 1  980))  . o n l y  i d e n t i f i e d  models  a n d  t h e  ~odel.estimates a r e  

p f  f s e n t e d  h e r e .  T h i s  a n a l y s i s  i s  p r e s e n t e d  for h i s t o r i c a l  cost 

cash flow series f o l l o w e d  b y  the c o n s t a n t  d o l l a r  c a s h  flow 

series. 

Results o  f the U n i v a r i a t e  &s t o r i c a G o o s t  Cash-Flat Smies 

B s u a a a r y  o f  t h e  c a s h  f l o v  indels i d e n t i f i e d  and e s t i t n a t e d  

f o r  t h e  b a s e  p e r i o d  and  t h e  u p d a t e d  b a s e  p e r i o d  f o r  each of t h e  

s i x t y - f o u r  firlas i n  t h e  s a ~ p l e  i s  p r e s e n t e d  i n  T a b l e  A. 1 a n d  

T a b l e  A,2 i n  t h e  append ix ,  

As there are no seasonal f a c t o r s ,  b e c a u s e  a.11 series i n  

t h i s  study a r e  a n n u a l  series, t h e  s p e c i f i e d  (p, d ,  q) , the cow 

s t a n t  t e s ~  and  t h e  Box-Cox t r a n s f o r m a t i o n  p a r a s e t e r  c o m p l e t e l y  

d e s c r i b e  each rtlodel. The v a l u e  p  in fp, d, qf s p e c i f i e s  t h e  o r d e r  

o f  a u t o r e g r e s s i r r e  o p e r a t o r s  einployed,  a l t h o u g h  tbe nnmbef of 

non-ze ro  s t a t  i s t i c a l l y  s i g n i f i c a n t  a a t o r e g r e s s i v e  p a r a a e t e r s  



utilized i n  the mdef ,  may be less t h a n  p, The v a l u e  q s p e c i f i e s  

t h e  o r d e r  of t h e  mooing average o p e s a t o r  employed a n d ,  j u s t  like 

p, the number of son-zero s t a t i s t i c a l l y  significant p a r a m e t e r s  

a t i l i z e d  in t h e  wodel Bay be less t h a n  q, a c c o r d i n g  to 1UleClary 

and  Nay f1980),  f o r  s o c i a l  s c i e n c e  sesies the v a l u e  of p or q 

would be n o  Bore t h a n  two s i n c e  a  h i g h e r  o r d e r  p mdef can be 

b e t t e r  r e p r e s e n t e d  ky a  lower o r d e r  g ~ o d e L ,  In this s t u d y ,  ex- 

c e p t  f o r  t h r e e  out of 25fi models  identified, a l l  v a l u e s  of p or 

g are  ao more t h a n  two, The v a i n e  d denotes t h e  oraer of 

d i f f e r e n c i n g  t o  sake the series s t a t i o n a r y ,  Bccording t o  Box a n d  

J e n k i n s ,  f o r  a n n u a l  econontic tine series t h e  value of d would 

norrtlallp be n o  itlose t h a n  two. I n  this s t u d y  the first order 

d i f f e r e n c i n g  i s  a d e q u a t e  to w a k e  all series s t a t i o n a r y ,  The con-  

s t a n t  term repepresents the Bean of the series when d=O and trend 

of t h e  series o t h e r u i s e .  T h e  c o n s t a n t  te ra  is e s t i a a t e a  a t  t h e  

same time a s  o t h e r  g a r a a e t e r s  are e s t i m a t e d  and  is  i n c l u d e d  o n l y  

i f  s t a t i s t i c a l l y  s i g a i f i c a n t ,  

T h e  Table 5,1 suleraar izes  t h e  f r e q u e n c y  of h i s t o r i c a l  cost 

c a s h  f l o w  itlodels i d e n t i f i e d  f o r  t h e  b a s e  p e r i o d  (1951-1979) anrf 

t h e  u p d a t e d  based  period [ l951-1980) ,  F o r  the base p e r i o d ,  it 

can be o b s e r v e d  t h a t  32  out of 64 ttrodels are p u r e  a u t o r e g r e s s i v e  

models,  t h e  reartainder being w h i t e  mise (141, raadosa walk 110) 

and aoraing a v e r a g e  t8) i n  t h a t  orde~, with ata mi xed models.  T h e  

c o n s t a n t  t e r a  is statistically s i g n i f i c a n t  for  12 ( o u t  of 14) 

w h i t e  noise models  f d e n t i f  ied ,  



Table 5.1 

----- ----- ---- -- -- - 
i ~ r  d,qf  C l a s s  1979 19 80 Total  

====================-==='==================x== 

P u o )  BH f 4 14 28 
lo1 0) BBV 10 9 19 
31 0 0 )  BR 8 8 7 6 

1 A 3  3 3 6 
f300) BR - - - 
f t l w  BB 77 18 35  
(2 1 0) AB 4 5 9 
P O  1) m 1 1 2 
(002) E9A - - - 
(01 1) M A  4 4 8 
(0 12) B A 3 2 5 
(0 13) MA - - - 
Zotaf  64 64 128 ------- 

Stat ionary 22 23 45 
Transforiaed only  4 3 71 
D i f  fereaced only 36 36 72 
D i f f  and T r a n s f o r ~ e d  2 2 4 

%M : white n o i s e  
R #  : random walk 
AR : auk oreg mssi  ve 
MA : ~ o v i n g  average 



F a r  the  u p d a t e d  base p e r i o d ,  t h e  r e s u l t s  are s i ~ i l a r .  Host 

of t h e  ntodels a r e  a u t o r e g r e s s i v e  134) followed By w h i t e  noise 

f 1 4 )  , random w a l k  (9) and gtorring a v e r a g e  (7)- F o r  b o t h  periods 

t a k e n  t o g e t h e r  83  gout o f  328) series a r e  n o t  s t a t i o n a r y  a n d  re- 

guise  some k i a d  of t r a n s f o r s f t a t i o n s  t o  make the& stationary. 

Among t h e  a u t o r e g r e s s i v e  c a t e g o r y ,  25 fo r  the b a s e  p e r i o d  and 20 

f o r  t h e  u p d a t e d  base p e r i o d  a r e  a u t o r e g r e s s i v e  m o d e l s  o f  o r d e r  

2 ,  A l b r e c h t  e t  al (1977) c o n c l u d e d  t h a t  annua l .  earnings series 

follow either a n  a u t o r e g r e s s i v e  or a  randont walk p r o c e s s  and it 

c a n  be c o n c l u d e d  h e r e  t h a t  historical c o s t  annual c a s h  flow 

f o l l o w  e i t h e r  a u t o r e g r e s s i . v e  or w h i t e  n o i s e  process, a p a t t e r n  

siailar t o  the h i s t o r i c a l  cost  a n n u a l  earnings, 

V a r i o u s  d i a g n o s t i c  checking s ta t i s t ics  are used ,  including 

t h e  Box-Pierce  [1970) ,  Q - s t a t i s t i c ,  t o  test the a d e q u a c y  of t h e  

identifies and e s t i a a  t e d  u n i v a r i a  te atodels.  The Box-Pie rce  

Q - S t a t i s t i c  tests t o  see v h e t h e r  a given auaber, k,  of 

a u t o c o r r e l a t i o n s  o f  the r e s i d u a l s  taken i n  a row a r e  w h i t e  n o i s e  

w i t h  Bean zero and  c o n s t a n t  v a r i a n c e ,  If r e s i d n a l s  are  not white 

n o i s e  with Bean zero and c o n s t a n t  v a r i a n c e ,  i m p l y i n g  t h a t  t h e  

f i t t e d  =ode1  is  i n a d e q u a t e ,  t h e n  Q s t a t i s t i c ,  which f o l l o w s  a  

C h i - s q u a r e  d i s t r i b u t i o n  with f r -pq  degrees of freedonr and  

a d j u s t e d  for  s o a l l  s a n r p h s  w i l l  b e  large and  exceed t h e  u p p e r  

liait of t h e  C h i - s p a a r e  d i s t r i b n t i o n ,  I n  the p r e s e n t  s t u d y  a l l  

c a f c u l a t e d  Q v a l u e s  a r e  v i t h i a  t h e  u p p e r  bounds  of C h i - s g u a r e  

d i s t r i b u t i o n  w i t h  k-p-q d e g r e e s  of f r e e d m  a t  0.05 s i g n i f i c a n c e  

level. The diagaos t i c  statistic for the r e s i d u a l s  of the 



i d e n t i f i e d  a s d e l s  a r e  p r e s e n t e d  in t h e  appendix i n  T a b l e  A ,  3 for 

t h e  base p e r i o a  E1951-1979) and  Table B.4 f o r  t h e  u p d a t e d  base 

period (3951- 6980)- T h e  t a b l e s  list the (Er-p-q) degrees of 

f r e e d o a  i n  colutlin t w o ,  the calculated Box-Pierce  Q - s t a t i s t i c  i a  

colulsn t h r e e  a n d  t b e  p r o b a b i l i t y  of t h e  Q-statist ic a s  l a r g e  as  

t h e  o n e  calcukated a p p e a r i n g ,  %hen khe series is w h i t e  n o i s e  

v i t h  Bean z e r o  and c o n s t a n t  v a r i a n c e ,  i n  t h e  las* c o l u ~ n ,  A 

table o f  C h i - s q u a r e  d i s t r i b n t i o n  w i t h  t h e  d e g r e e s  of freedoa 

r e f eva rn t  f o r  t h i s  s t u d y  is p r e s e n t e d  i n  T a b l e  a -5 .  The  t a b l e s  

show t h a t  a l l  a o d e l s  are a c c e p t a b l e  a t  a t  l eas t  0 .05  l e v e l  o f  

s i g n i f i c a n c e .  Ia arost c a s e s ,  the c a k u f  a t e d  Q-statistic for t h e  

given degrees of f r e e d o a  is f a r  smaller t h a n  t h e  value f rom t h e  

C h i - s q u a r e  table a t  0.05 l e v e l  of s i g n i f i c a n c e ,  thus the 

p r o b a b i l i t y  of the Q - s t a t i s t i c  o c c u r i s g  a s  large as t h e  one 

c a f c u 2 a t e d  is greater t h a n  0,05, 

T h e  e s t i m a t e d  %ode1  pa ra t t l e t e r s  am a l s o  e x a s i n e d  for 

adequacy, They had t o  b e  both s t a t i s t i c a l l y  s i g n i f i c a n t  and 

w i t h i n  t h e  bounds of s t a t i o n a r i t y  i n v e r t i b i l i t y  c o n d i t i o n s ,  

s h e r e  tpso or aare coirtpeting ~ o d e l s  are i d e n t i f i e d  and  f i t t e d ,  

Q-s ta t i s t i c ,  r e s i d u a l  suna of s q u a r e s ,  p l o t  of r e s i d u a l s  and  

p a r s i a u n y  c o n s i d e r a t i o n s  are used  t o  select t h e  lgmt a p p r o p r i a t e  

nsodel. T h e  p a r s i ~ o n y  c r i t e r i o n  is r e c o m e n d e d  by Box and  J e n k i n s  

i n  model s e l e c t i o n ,  T h i s  c r i t e s i o r t  r e s u l t s  i n  t h e  ntodel with t h e  

s s a l l e s t  p o s s i b l e  nu&er of p a r a a r e t e s s  for  a d e q u a t e  r e p r e s e n t a -  

t i o n  to be e s p l o y e d ,  



R e s u l t s  of t h e  U n i v a r i a t e  C o n s t a n t  Dollar Cash Plow S e r i e s  

The annual constant do l lar  cash flow models i d e n t i f i e d  and 

e s t i t a a t e d  f o r  both t h e  base pe r iod  and the updated base p e r i o d  

for each o f  t h e  64 f i r m  An the sample are p r e s e n t e d  in t h e  ap-  

pend ix  i n  T a b l e  8.6 and  T a b l e  8 .7 ,  The Table 5.2 presents t h e  

f r e q u e n c y  of d i f f e r e n t  ~ o d e l s  i d e n t i f i e d  and e s t i a a t e d  fo r  t h e  

e n t i r e  sarrtple, 

With r e g a r d  to  t h e  t ilae-series p r o p e r t i e s  o f  c o n s t a n t  

d o l l a r  annual cash f l o w  series ik can be o b s e r ~ e d  t h a t  there are 

significant w h i t e  n o i s e  ~ o d e l s  a m n g  the s o d e l s  i d e n t i f i e d  a f -  

though pure  a u t o r e g r e s s i v e  tnodels s t i f f  a c c o u n t  fo r  about 50% of 

t h e  t o t a l  auaber o f  m d e k  i d e n t i f i e d ,  Again there are no  mixed 

models  i d e n t i f i e d  f o r  any series, 

T h e  result f o r  t h e  base p e r i o d  shows t h a t  wst of the 

identified models  a r e  e i t h e r  au t o r e g r e s s i v e  (32) or w h i t e  n o i s e  

(25) w h i l e  the r e m i n i n g  f7)  are ~soving a v e r a g e  or random walk. 

Thus ,  %be c o n s t a n t  dollar cash flow appear  t o  follow eithel: a n  

a u t o r e g r e s s i v e  or  a white n o i s e  p r o c e s s  since 89% of the 

i d e n t i f i e d  rtrodefs are a u t o r e g r e s s i v e  or w h i t e  noise processes. 

T h e  resal ts  of  the upda ted  base period are consistent with 

t h e  b a s e  p e r i o d ,  There are 30 (47%) antoregressive taodels  

i d e n t i f i e d ,  24 (38%) w h i t e  n o i s e  models  w h i l e  the remaining fQ 

115%) are s a v i n g  a v e r a g e  [8) o r  randotlt w a l k  [2) 

&song the a n ' t o r e g r e s s i v e  category, 2 2  Eor t h e  base p e r i o d  

a n d  20 f o r  t h e  u p d a t e d  b a s e  p e r i o d  are a u t o ~ e g r e s s i v e  eodels of 

o r d e r  1,  Boreover ,  more than h a l f  (18) of t h e  a u t o r e g r e s s i v e  
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models  i d a t i f i e d  do  n o t  r e q u i r e  a n y  d i f f e r e n c i n g  aad for a l l  

models  identified t h e  m a j o r i t y  380 o u t  of 128) of t h e  series are 

s t a t i o n a r y  and t h u s  regnire no  d i f f e r e n c i n g  or t r a n s f o r ~ i n g ~  The 

c o n s t a n t  t e r ~  is s t a t i s t i c a l l y  s i g n i f i c a a t  f o r  most of t h e  w h i t e  

noise nrodels i d e n t i f i e d  (21 oat of 2 5 )  , 

The d i a g r a o s t l c  s tatist ics r e s u l t s  are p r e s e n t e d  i n  t h e  ap- 

pendix i a  Table A,8 f o r  t h e  B a s e  period and  Table A-9  f o r  the 

updated Base period, A l l  a o d e l s  are a c c e p t a b l e  a t  a t  l e a s t  0.05 

l e v e l  o f  s i g n i f i c a n c e ,  

In c o g p a r i s o n  t o  f t i s t o r l i c a f  cost;, several o b s e r v a t i o n s  c a n  

be made. Pirst t h e r e  is a  d r a s t i c  increase i n . t h e  number of 

s t a t i o n a r y  series, There a r e  4 1  s t a t i o n a r y  c o n s t a n t  d o l l a r  c a s h  

flail series in t h e  b a s e  p e r i o d  a n d  39 i n  t h e  u p d a t e d  base perisld 

a s  coatpared t o  22 h i s t o r i c a l  cost c a s h  f l o w  series in t h e  b a s e  

p e r i o d  a n 3  2 3  i n  t h e  u p d a t e d  b a s e  p e r i o d .  Thus, c o n s t a n t  d o l l a r  

ad-jus-teents see% to s t a t i o n a r i z e  t h e  cash flow series, This may 

be due  t o  t h e  c o n s t a n t  d o l l a r  a d j u s l a e n t s  of r o l l i n g  f o r w a r d  o f  

t h e  c a s k  flow series, T h e  r o l l i n g  f o r v a r d  groct jdure  Itlay l e a d  t o  

a s t a b l e  Dean over tilrte. S e c o n d l y ,  o n l y  2 random walk taodels  are 

i d e n t i f i e d  f o r  c o n s t a n t  d o l l a r  c a s h  f l o v  series a s  compared t o  

10 randots w a l k  f o r  h i s t o r i c a l  cost  c a s h  flow series, and s o a e  of: 

t h e s e  r a n d o a  w a l k  f c r  h i s t o r i c a l  cos t  series a p p a r e n t l y  have  

beea i d e a t i f i e 4  a s  white n o i s e  in the c a s e  of c o n s t a n t  d o l l a r .  

~onstaat d o l l a r  c a s h  flow series have a s i g n i f i c a n t  portion of 

w h i t e  n o i s e  models 125 o u t  of 64) as  cogpa red  t o  h i s t o r i c a l  cost 

cash flow series (14). Horeover ,  t h e  a u t o r e g r e s s i v e  aod ntot~ing 



a v e r a g e  models  i d e n t i f  i e d  are about t h e  same and i n  b o t h  c a s e s  

%he f irst  order  a u t o r e g r e s s i v e  (1)  models  doreinate ,  

f l u l t i s a r i a t e  T ime-fier ies Pfodels --------------------------- 
T h e  s e c o n d  p u r p o s e  of this s t u d y  is t o  test e m p i r i c a l l y  the 

l e a d  r e l a t i o n s h i p  b e t u e e n  ca sh  flow and  income a s  a s s e r t e d  by 

the Piaanc ia f  a c c o u n t i n g  S t a n d a r d s  Board 11973; 148 3 )  and  

d e v e l a p  Box- J e n k i n s  s u l t i v a r i a t e  f o r e c a s t i n g  s o d e f s .  The 

u n i v a r i a t e  models e ~ p f o y e d  in this s t u a y  u s e  the p a s t  stream o f  

cash flow t o  forecast f u t u r e  c a s h  flow, T h e  ~ u l t i o a r i a t e  a o d e f  

used i n  t h i s  s t u d y  i n c o r p o r a t e s  i n c o n e  and c a s h  f l o w  t o  p r e d i c t  

future cash flow, In o r d e r  t o  i n c o r p o r a t e  t h e  income into the 

Box-Jenkins m u l t i v a r i a t e  a n a l y s i s ,  t r a n s f e r  f u n c t i o n  

(Box- Jenk ins  r e u l t i v a r i a t e  ) t e c h n i q u e s  atust  b e  used ,  The 

transfer f u n c t i o n  models  t h e   elations ship between the c a s h  f l o w  

and inco~e series for each fira, 

Xn its g e n e r a l  for@, the t r a n s f e r  f u n c t i o n  atode1 can  b e  

w r i t t e n  as :  

is t h e  cash flow series s u i t a b l y  d i f f e r e n c e d  t c  

o k t a i a  s t a t i o n a r i t y ,  

is t h e  income series s u i t a b l y  d i f f e r e n c e d  t o  

obtain stationari ty, 

is t b e  Box-Jenkins  univariate nodel for income 



s e r i e s  u s e d  t o  reduce  NX t o  w h i t e  n o i s e ,  

- 1 
5 (Dl is t h e  funct io fn  t h a t  r e d u c e s  r e l a t i o n s h i p  

between CF and prewhi tened  MT series t o  n o i s e  

series. 

E denotes s t o c h a s t i c  v a r i a t i o n  not a t t r i b u t a b l e  
t 

to  HI series. 

- 1 
5 ( 3 )  R (B) i s  r e f e r r e d  to a s  t h e  transfer f u n c t i o n -  

Since t h e  iacoine series is n o t  e x p e c t e d  t o  capture a l l  t h e  

v a r i a t i o n  i n  the cash flow series, t h e  residuals, E , which is 
t 

t h e  n o i s e  of the aodel Bay n o t  b e  w h i t e  noise, T h e r e f o r e  to 

r e d u c e  E t o  v h i t e  noise, a u n i v a f i a t e  Box-Jenkins  model  has to  
t 

be mode l l ed  for E , The Box-Jenkins o n i v a r i a t e  model  for t h e  
t 

r e s i d u a l s ,  E , i s  represented  as: 

The coraple te  t f a n s f e r  f u n c t i o n  n o d e l  can naw be r e p r e s e n t e d  as: 

- 1 - 1 
ca = s w (13) HI + 0 13) e f ~  A 

t t -b  t 



In order t o  i d e n t i f y  the t r a n s f e r  f u n c t i o n ,  two a p p r o a c h e s  

are arra i la  ble, depending  on whether i n t o r m a t i o n  is a v a i l a b l e  

a b o u t  t h e  direction of lead between the two series. If the d i -  

r e c t i o n  oE l e a d  i s  Efom the i n c o ~ e  to cash flow, and not vice 

versa, t h e n  a  s i r a p l i f i e d  (single prew h i t e a i n g )  approach is 

a v a i l a b l e ,  I f  t h e  d i r e c t i o n  of l e a d  i s  not a v a i l a b l e ,  t h e n  t h e  

g e n e r a l  {double  p r e w f t i t e n i n y )  a p p r o a c h  h a s  to b e  used ,  

Xn t h e  general approach, a p p r o p r i a t e  Box-Jenkins u n i v a r i a t e  

models are i d e n t i f i e d ,  e s t i g a t e d  and d i a g n o s e d  for  b o t h  t h e  cash 

flog and incorrte series, These raodefs are then used to t rans forra  

cash flow and incoae series b y  t h e i r  own model. to o b t a i n  

**prewhitened* cash f l o g  and "prewhi-tened" incsme  series, T h e s e  

new series are, in ef feet, t h e  r e s i d u a l s  series and are white 

n o i s e  with mean zero and c o n s t a n t  variance, The Box-Jenkins 

aaivariate  cash f l o w  rnodel is of the fornt: 

w here: 

CF is t h e  cash flow series suitably d i f f e r e n c e d  

to o b t a i n  s t a t i o n a r i t y ,  

Y i s  t h e  r e s i d u a l  series, 

B i s  the b a c k s h i f t  o p e r a t o r  on CP such that 
t. 



k 
13 CF = CP 

t t - k  

T h u s  the ~ e s i d u a l ,  y ,  fro^ the g r e s h i t e n e d  c a s h  f f o v  
t 

series can be represented as 

a n d  i n  short fore 

S i ~ i l a s l p ,  t h e  r e s i d a a l ,  x , f ro@ t h e  income series c a n  
.t 

r e s e n t e d  a s  

x = l-i (B) N3 
t 2 t 

@ h e n  s i n g l e  p r e w h i t e n i n g  is used, iJ is set equa l  t o  W and 
1 2 

o n l y  one f i l t e r ,  t h e  f i l ter  of t h e  i n d e p e n d e n t  v a r i a b l e ,  is 

used. Ia double p r e u h i t e n i n g  a p p r o a c h  each s e r i e s  is preahitened 



P 

by its own fi l ter l ie@. its own u n i v a r i a t e  iuode l s ) ,  

T h e  X v a r i a b l e  i n c l u d e s  o n l y  o n e  type of p a t t e r n  or 
t 

variation i n  its g e n e r a t i n g  p r o c e s s ,  T h e  Y , o a  t h e  other: h a n d ,  
t 

i n c l u d e s  t h e  p a t t e r n  c a u s e d  by  its own process, t h e  v a r i a t i o n  

c a u s e d  by .the g e a e r a t i n g  p r o c e s s  of X , a n d  *he v a r i a t i o n  c a u s e d  
t 

jointly b y  p r e v i o u s  values of Y a n d  X , Therefore, the 
t t-b 

p r e w h i t e n i n g  s t e p  i s  n e c e s s a r y  t o  reaove t h i s  w i t h i n  series 

v a r i a b i l i t y  s o  t h a t  t h e  b e t a e e n - s e r i e s  c o r r e l a t i o n  can he 

identified, using t h e  c r o s s - c o r r e l a t i o n  f u n c t i o n ,  I f  t h e  

p r e w h i t e n i n g  s t e p  is n o t  p e r f  o r  ~ e d ,  saangle  c r o s s - c o r r e l a t i o n  

P u n c t  i o n  is u n i n t e r g r e  table. However, i f  t h e  variables are 

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

estinrated { H c C l e a r y  and Hay (1980) p, 2433,  The 

c r o s s - c o r r e l a t i o n  f u n c t i o n  r e p r e s e n t s  a series of c o r r e l a t i o n s  

between t h e  i n c o a e  r e s i d u a l s ,  x , a n d  t h e  l a g g e d  [ p o s i t i v e  a n d  
t 

negative) cash  f l o ~  r e s i d u a l s ,  y , A s  describes i n  c h a p t e r  t h r e e  
t 

% h e  p a t  teras of the s a a t p l e  c r o s s - c o r r e l a t i o n  f u n c t i o n  c a n  t h e n  

b e  compared  t o  t h e o r e t i c a l  c a u s a l i t y  p a t t e r n s  and t h e  a s s o c i a t e d  

c r o s s - c o ~ r e f a t i o n  function t o  i d e n t i f y  a  t e n t a t i v e  t r a n s f e r  

f u n c t i o n ,  T h i s  p s o c e s s  o f  i d e n t i f i c a t i o n  f roa cross-correla t i o n  

f u n c t i o n  is s i ~ i l a r  t o  t h e  i d e n t i f i c a t i o n  s t a g e  o f  t h e  

u n i v a r i a t e  ~ o d e l s  fro@ t h e  a u t o - c c r r e l a  t i o n  f u n c t i o n .  

P s e w h i t e n i n g  b o t h  cash flow a a d  incone series is t i a e  

consnlr t ing a n d  e x p e n s i v e ,  I f  t h e  d i r e c t i o a  of l e n d  is f r o @  iaconte 

t o  c a s h  flow, then o n l y  i n c o ~ e  h a s  t o  b e  p r e u h i t e n e d ,  T h i s  is 

done o n  t h e  a s s u ~ p t i o n  that i f  t h e  income is t h e  l e a d i n g  



i n d i c a t o r  of c a s h  f low then t h e  g e n e r a t i n g  p r o c e s s  o f  income 

s h o u l d  h e  s i p a i l a a :  t o  t h a t  of cash flow, Thus, t h e  c a s h  flow 

series c a n  b e  f i l t e r e d  ( t r a n s f o r & t e d )  b y  u s i n g  the income n o d e 1  

t h a t  is i d e n t i f i e d  and e s t i m t e d ,  Then the c r o s s - c o r r e l a t i o n  

f u n c t i o n  he tween  tho p f e r ~ h i t e n e d  income and f i l t e r e d  c a s h  f l ow  

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

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

the basis of r e p e a t e d  a s s e r t i o n s  by the F i n a n c i a l  A c c o u n t i n g  

S t a n d a r d s  Board (397% ;1981) t h a t  t h e  d i r e c t i o n  of l e a d  r u n s  

from i a e o a e  t o  c a s h  f l ow ,  The g e n e r a l  a p p r o a c h  o f  p r e v h i t e n i n g  

b o t h  series i s  also used t o  c h e c k  w h e t h e r  the. d i r e c t i o n  o f  lead 

is frog cash flow t o  incortte. 

B e s u l t s  , of tUas?fer Functio_n_gq~e1.1i1fu of H i s  t o r i c a  1 Cos& 

S e r  ies --- 
The s u  imary  o f  c r o s s - c o r r e l a t i o n  f a n c t i o n  r e s u l t s  f o r  

h i s t o r i c a l  cost series for both a p p r o a c h e s  is  given i n  T a b l e  5.3 

T h e  ~ o s t  s i g n i f i c a n t  a s p e c t  of t h e s e  r e s u l t s  is t h a t  t h e s e  is ao 

clear e ~ p i r i c a l  e v i a e n c e  of  t h e  d i r e c t i o n  of l e a d  running f rogt 

i n c o a e  t o  c a s h  flow, Accord ing  to the r e s u l t s  of 

c r o s s - c o r r e l a t i o n  f u n c t i o n  when both series are p r e w h i t a e d  fo r  

o n l y  36 125%) firras income is t h e  l e a d i n g  i n d i c a t o r  of c a s h  flow 

w h i l e  far  15 (23%) firms c a s h  flow a p p e a r  to be t h e  'lead series. 

for the 16 f i r m  where i n c o a e  is t h e  leading i n a i c a t o r  of c a s h  

flow, o n l y  i n c o ~ e  f o r  10 firets can B e  used  t o  p r e d i c t  c a s h  € l o %  

one o r  more y e a r s  a h e a d  b e c a u s e  o f  t h e  l a g  term, Lag t e r a  oE 





zeso means that one c a n  p r e d i c t  cash  flow of next y e a r  o n l y  i f  

o n e  is g i v e n  the value of incow f o r  next y e a r .  S i n c e ,  i n  

a c c o u n t i n g ,  cash  flow s e x i e s  can be a p p r o x i a a t e d  from i n c o ~ e  

series i f  i n c o m  series is given, t r a n s f e r  f u n c t i o n  ~ o d e l l i n g  is 

n o t  n e c e s s a r y  t o  obtain t h e  v a l u e  of c a s h  flow, An a l t e r n a t i v e  

p r o c e d u r e  Bay r e s u l t  i n  Bore a c c u r a t e  inf  o r a a t i o n  b e i n g  o b t a i n e d  

a t  l e a s t  c o s t ,  T h e  r e a l  b e n e f i t  f r o @  t r a n s f e r  f u n c t i o n  mdelling 

Bay b e  r e a l i s e d  o n l y  i f ,  given p a s t  streattt of both c a s h  flow a n d  

Lacome, one can forecast c a s h  f l o g  o n e  or more years ahead,  T h e  

sam would a p p l y  t o  t h e  s i t u a t i o n  where  c a s h  flow is t h e  l e a d  

series. Xn t o t a l ,  there are 23 (36%) l a o d e l s  with l a g  zero where 

e i t h e r  c a s h  f l o w  or incow a r e  the l e a d  series, R o r e o v e r  fo r  

e i g h t  f 1 3 X )  o f  t h e  saaple firltts, t h e r e  is  o n l y  one s i g n i f i c a n t  

spike a t  lag 0. This Bay B e a n  t h a t  n e i t h e r  cash flow aor: i n c o n e  

is t h e  l e a d  series b u t  s o w  o t h e r  exogenous v a r i a b l e  t h a t  l e a d s  

both o f  them. 

There  is a l s o  no r e l a t i o n s h i p  for 11 f17X) of t h e  s a n p l e  

firlgs* series v h i f e  for  1g t22X) of t h e  firras t h e r e  i s  feedback 

i n p l y i n g  t h a t  t h e  l ead  r u n s  B o t h  s a y s ,  i n c o ~ e  lead c a s h  flow a n d  

cash f20w is t u r n  l ead  iacoae, 

The r e s u l t  of t h e  s i n g l e  prewhitening  a p p r o a c h  is s i a i l a r  

t o  t h e  d s u b b e  p r e w h i t e n i n g  a p p r o a c h ;  t h a t  is, f o r  the h i s t o r i c a l  

cost series i n v e s t i g a t e d  i n  this s t u d y  n o  e m p i r i c a l  e v i d e n c e  of 

t h e  d i r e c t i o n  of l e a d  r u n n i n g  f r o @  i n c o n e  t o  cash flow c o u l d  be 

found.  T h e r e  is, however,  a s l i g h t  i n c r e a s e  i n  t h e  n u a b e r  o f  

n o - r e l a t i o n s h i p s  betueen t h e  incotae and c a s h  flow series a n d  in 



t h e  nnaber sf cash flow series a s  the l e a d  series, There i s  a 

c o r r e s p o n d i n g  d e c l i n e  i n  t h e  i a s t a n t e n o u s  and feedback 

r e l a t i o n s h i p s ,  T h e  r e s u l t  show t h a t  for 15 123%) of t h e  firm 

series t h e r e  a r e  n o  r a l a ' t i o n s h i r ; ~  and t h a t  for 21 133%) series 

cash flow a r e  the lead series, 

R e s u l t s  o f  the T r a n s f e r  f u n c t i o n  FPodelligq of C g n s t a n t  Dolfqz --------- 
Series -- 

The suraaarg o f  t h e  c r o s s - c o r r e l a t i o n  E u n c t i . o n s  fox t h e  con- 

s t a n t  d o l l a r  series is p r e s e n t e d  in T a b l e  5.Y.. The r e s u l t s  of 

t h e  double  p r e s h i t e n i n g  appmach show that for o n l y  12 (19%) o f  

the s a ~ p l e  f iras income can explain the v a r i a t i o n  i n  c a s h  flog 

but f o r  23 (36 ) of the fisgls c a s h  •’103 a p p a r s  t o  he the lead 

series .  T h e r e  are 9 (14%) firms for ~ B i c h  there is no 

r e l a t i o n s h i p  between cash flow series and i n c o a e  series, a n d  for 

30 (14%) of t h e  f i rm there  is o n l y  one s p i k e  a t  l a g  zero. There 

are 10 (46%) f if lns shere there is f ead  running b o t h  ways from 

c a s h  .flow t o  i n c o a e  and  i n  t u r n  incoate to c a s h  flow, 

The resufts of t h e  s i n g l e  prewfiitening show a  sl ight 

i n c r e a s e  i n  t h e  auiaber of firaas for which incoae is t h e  l e a d  

series and a correspondiag decrease i n  t h e  f i r m  for which cash  

flow series is the l e a d  series, For 18 128%) f i r m s  i n c o w e  i s  the 

leading indicator of cash flow w h i l e  f o r  15 (23 ) f i r ~ s  cash 

flow is t h e  l e a d i n g  indicator of incnae series, T h e s e  are 15 

(23%) firlns for which there is no  r e l a t i o n s h i p s  i n d i c a t e d  be-  

tween cash  f log  and iacoas series. Piloseover, f o r  5 (3%) there is 



T a b l e  5-4 

Summary of Cross-Corselat i ons  B e t w e e n  
Preuhi tened Income aad C a s h  P l o w  

[Coastant Dolls r) 
================================================== 

Cash F l o w  ---------------------- 
R e a l t i o n s b i p  P r e w h i t e n e d  Filtered 

No R e l a t i o n s h i p  9 15 
Z n s t a n  taneous {lag=0) 10 5 
I ncose causojc [lag=O) 5 10 
Cash Flow causor (lay=O) 5 5 
Feedback f lag=O) 2 3 
I a c o ~ e  causor (iagfO) 7 8 
Cash P l o w  causor flag#D) 38 1 0  
Feedback [ lag  $ 0 )  8 8 

--*----------------------------------------------- 

T o t a l  5 4  5Y 

Total 64 64 



o n l y  one s p i k e  a t  l a g  zero altd f o r  11 (17 ) t h e r e  is l e a d  run- 

n i n g  b o t h  wags, 

Rhen c o ~ t i p a r i n g  t h e  c r o s s - c o r r e l a t i o n  f u n c t i o n  r e s u l t s  of 

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

series, the c o n s t a n t  d o l l a r  h a s  a s l i g h t l y  higher number of 

firrss, 23 ( 3 6 R ) ,  vhere c a s h  f l ow is the lead  series and a 

s l i g h t l y  f o v e r  nutuber of firms, 12 119%) where income i s  t h e  

l e a d  series as  coapared to  t o  15 f 2 3 t )  and 16 (25%) r e s p e c t i v e l y  

for h i s t o r i c a l  cos t  data. However, when s i n g l e  g r e v h i  tening is 

u s e d  t h e  c h a n g e  Eroa t h e  d o u b l e  p r e u h i l e n i n g  is i n  the o p p o s i t e  

d i r e c t i o n .  For h i s t o r i c a l  cost t h e  i n c o w  lead series a r e  t h e  

saae a n d  there is a n  i a c r e a s e  i n  cash flow l e a d  series, u b i l e  

for constant dd.1ar t h e r e  is an i n c r e a s e  for inco iw l e a d  series 

and a  d e c r e a s e  f o r  c a s h  flow tread series, 

I n  bo th  c a s e s ,  h i s t o r i c a l  c o s t  and constant dollar, t h e r e  

is an increase in the n o - r t l a t i o a s h i p  between t h e  c a s h  flow a n d  

i n c o m  series and the t o t a l  number of n o - r e l a t i o n s h i p  series are 

t h e  s a n e .  T h e r e  i s  a l s o  a d e c r e a s e  i n  the i n s t a n t e n e o u s  

relationship series froa double p r e r h i t e n i n g  to s i n g l e  

p r e w h i t e n i n g ,  For f eedback  series, there is a  decrease for: 

historical c o s t  w h i l e  a slight i n c r e a s e  f o r  c o n s t a n t  d o l l a r  a n d  

f e e d b a c k  series is h i g h e r  for h i s t o r i c a l  cost for d o u b l e  

p r e w h i t e n i n g  a p p r o a c h  and  f o v e r  for  s i n g l e  prewhi t en ing  a p p r o a c h  

as cornpared t o  c o n s t a n t  d o l l a r ,  

Based o n  the above results i t  c a n  be c o n c l n d e d  t h a t  t h e r e  

is no clear e r t i p i r i c a l  ~ v i d e n c e  t h a t  t h e  l e a d  rnns ffom i n c o ~ e  t o  



cash flog, fn g e n e r a l ,  f u t u r e  c a s h  f fsw c a n n o t  b e  p r e d i c t e d  

given p a s t  s t r e a i m  of c a s h  flow a n d  income.  N e i t h e r  is t h e r e  a n y  

e v i d e n c e  t h a t  c a s h  f l o g  is the f e a d  of inconte ,  

S i n c e  the r e s u l t s  i n d i c a t e  t h a t  income is not the l ead  

series f o r  e i t h e r  a c c o u n t i n g  =thodl f o r  a o s t  of t h e  c a s h  flow 

series f u r t h e r  m o d e l i n g  is n o t  d o n e ,  As l i t t l e  e m p i r i c a l  work 

has b e e n  d o n e  on the m o d e l i n g  o f  t r a n s f e r  f u n c t i o n  b e t w e e n  

a n n u a l  c a s h  f l o w  and  iannslal income,  i t  is d i f f i c u l t  t o  

s u b s t a n t i a t e  these r e s u l t s ,  Wowever, t h e r e  c o u l d  b e  v a r i o u s  

r e a s o n s  f o r  t h e  r e s u l t s  o b t a i n e d ,  f i r s t l y ,  t h e  s a ~ p l i n g  error i n  

t h e  aut . a - c o r r e l a t i o n  E t m c t i o a  a n d  p a r t i a l  a n t o - c o r r e l a t i o n  f unc- 

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

and e s t i m t e d  which Ray not be t h e  p r o c e s s  t h a t  g e n e r a t e s  t h e  

t i~e - se r i e s ,  Hence,  whea t h e  the-ser ies a re psewhi  tened,  

s y s t e m a t i c  v a r i a t i o n  i n  t h e  r e s i d u a l s  is  i n t r o d u c e d  r e s u l t i a g  i n  

~ i s f e a d i n g  cross c o x r e l a t i o n  f u n c t i o n ,  S e c o n d l y ,  t h e r e  may h a v e  

been u n d e r l  y i n g  s t r u c t u r a l  c h a n g e s  i n  Z h e  p r o c e s s  t h a t  generates 

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

L a s t l y ,  e v e n  i f  t h e  correct m o d e l s  a r e  i d e n t i t  Led, i t  is possi- 

b l e  t h a t  t h e  38 o b s e s v a t i o n s  used to i d e n t i f y  t h e  t r a n s f e r  Eunc- 

t i o n  r e l a t i o n s h i p s  may have r e s n l t e d  i n  s a m p l i n g  errors 

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

In a study s i ~ i l a r  t o  t h i s  bat o n l y  o n  h i s t o r i c a l  c o s t  

q u a r t e r l y  c a s h  Elow d a t a ,  B r o o k s  (1981) is ab l e  t o  model  

t r a n s f e r  function r e l a t i o n s h i p s  b e t w e e n  c a s h  f l o g  and  q u a r t e r l y  

e a r n i n g s ,  ESowever, h i s  s t u d y  s u f f e r s  frola several probleras .  H e  



defined q u a r t e r l y  cash f log  a s  q u a r t e r l y  e a r n i n g s  p l u s  q u a r t e r l y  

d e p r e c i a t i o n  and  a m o r t i z a t i o n  and 4/Y of a n n u a l  change i n  

deferred t a x e s .  He d i d  not ad j u s t  f o r  c h a n g e s  i n  a c c r u a l s ,  

a e f e r r a  fs, iraventoxies anii minority i n t e r e s t .  F a l u r e  to a d j u s t  

for t h e s e  may have r e s u l t e d  in his c a s h  f l o g  series b e i n g  a 

s u r r o g a k e  for earnings r a t h e r  than the true c a s h  flow. T h i s ,  

p e r h a p s ,  e x p f  a i n s  h i s  o b s e r v a t i o n s  t h a t  e a r n i n g s  models  "fi ttt 

t h e  e a r n i n g s  data better t h a n  c a s h  flow m o d e l s  f i2 the cash flow 

d a t a  when e x a a i n i n g  t h e  r e s i d u a l  a e a n  square- Me also found t h a t  

t w e n t y  faur (80%) of t h e  series i n  h i s  s a ~ p l e  of 30 firins had 

u n i v a r i a t e  ntodels  identical i n  f o r m  f o r  cash f l o w  and earnings 

series. B o r e o v e r ,  the l a g  parawater is O Eor  a l l  t h i r t y  t r a n s f e r  

functions, S e c o n d f y ,  for 78 (60%) o u t  of 30 cross c o r r e l a t i o n s  

t h e r e  is o n l y  one s i g n i f  Ecaat s p i k e  at l a g  0. This i n p l i e s  t h a t  

both t h e  c a s h  f l o w  and e a r n i n g s  occur a t  t h e  same t i a e  and the 

c h a n g e s  i n  both Bay have b e a t  dae to aa unkaonn e x o g e n o u s  ~ a r i a -  

b lo ,  T h i r i t l y ,  Brooks u s e d  t h e  f o r e c a s t e d  e a r n i n g s  from the 

u n i r a r i a & e  s o d e l s  to ~ r e d i c t  c a s h  •’Low r a t h e r  than t h e  a c t u a l  

e a r n i n g s ,  t h u s  biasing the p r e d i c t e d  c a s h  f low.  

B r o o k s  is u n a b l e  t o  show t h e  s u p e r i o r i t y  of t r a n s f e r  f u n c -  

t i o n s  a n d  o t h e r  s t n d i e s  on t r a n s f e r  f u n c t i o n  @ o d e l i n g  [ e - g ,  

# a n e g o 1 4  11978) ; C h e u a g  11977) ; Brooks [ f 9 f ) l )  3 h a v e  been  u n a b l e  

t o  show elttpiricalf y t h e  s u p e r i o r i t y  of t r a n s f e r  f u n c t i o n  m o d e l s  

i n  g e n e r a l ,  



The tfiira p u r p o s e  of this s t u d y  is t o  compare e i s p i r i c a l l y  

t h e  r e l a t i v e  p r e d i c t i v e  a b i l i t y  o f  t h e  Box- Jenk in s  u n i v a r i a t e  

p r e d i c t i o n  model yith the randog walk w i t h  a a r i f t  ~ o d e l . ,  As 

n e n t i o n e d  e a r l i e r ,  p r e a c t i o n s  froa random salk w i t h  a drift 

1 aodel h a v e  been used i n  p r e v i o n s  s t u d i e s  to c o a p a r e  the 

p r e d i c t i v e  a b i f i t y  of Box- Jenk in s  ~ n i v a r i a t e  earnings sode l .  

T h i s  is done o n  the g r o u n d s  t h a t  randoia w a l k  w i t h  a d r i f t  is 

r e l a t i v e l y  i n e x p e n s i v e  a n d  e a s y  t o  a p p l y ,  r e q u i r i n g  n o  e x p e r t i s e  

on t h e  p a r t  o f  the usex, a o r e o v e r ,  f o r  a n n u a l  e a r n i n g s  series, 

Box-Jenk ins  u n i v a r i a t e  m d e l  h a s  n o t  o u t p e r f o . r a e d  t h e  random 

m l k  g i t h  a drift raodel. I n  this s e n s e  t h e  r a n d o a  w a l k  w i t h  a 

d r i f t  m d e l  h a s  been  e s t a b l i s h e d  a s  a s t a n d a r d  a g a i n s t  which t h e  

more s o p h i s t i c a t e d  models can be c o ~ p a r e d -  

Based on t h e  the-series p r o c e d u r e  aientioaed earlier, four 

 fir^ s p e c i f i c  Box - Jenk in s  s o d e l s  f o r  e a c h  of t h e  firms i n  t h e  

s a m p l e  a r e  identified and e s t i a a t e d ;  t h a t  is two models  f o r  each 

o f  t h e  h i s t o r i c a l  c o s t  a n d  c o n s t a n t  d o l l a r  a c c o u n t i n g  methods ,  

The f i r s t  of t h e  f i r n  s p e c i f i c  m d e l s  u t i l i z e d  t h e  base period 

of 1951-1979 w h i l e  the s e c o n d  u t i l i z e d  the u p d a t e d  b a s e  p e r i o d  

o f  1851-1980, The identified B o x - J e n k i n s  ~ o d e l s  f o r  the base 

p e r i o d  a re  t h e n  elraploped t o  g e n e r a t e  forecasts  for  o n e  y e a r  

ahead, f [8O/5t- IgTY), and  two years ahead, f (81/51-1979), 

f o r e c a s t s  of t h e i r  awn v a l u e s ,  Then t h e  b a s e  p e r i o d  is u p d a t e d  

by one  to include 1980 o b s e v a t i o n ,  a n d  a u t o r e g r e s s i v e  i n t e g r a t e d  

~ o v i n g  a y e r a g e  aodels are t hen a g a i n  i d e n t i f i e d  and e s t i a a t e d ,  



These updated  a o d e l s  are t h e n  used t o  generate f o r e c a s t s  for one 

year ahead, P {81/St-1980) , values of t h e i r  own series, 

To e v a l u a t e  t h e  predictire a c c u r a c y  o f  forecasts of a n n u a l  

cash flow  fro^ r a n d m  walk w i t h  a drift and  Box-Jenkias  

u n i v a r i a t e  ~todels, t r o  erros maetfics, abso3.ute percentage  error 

and  s q u a r e d  p e r c e n t a g e  error, a r e  esaployed- Both a n a l y s i s  of 

v a r i a n c e ,  a parametric test, and Bi lcoxon  s i g n e d  r a n k ,  a 

n o n - p a r a m e t r i c  test, a r e  perforined on both error mtrics, T h e  

results of these tests a re  a i s c u s s e d  in the next section. 

P r e a i c t i v e  8 b i  l i t y  of t h e  IIistosicaL C o s t  Cash Pf ow $lode1 s 
--I------ ---.-w-L-.-------I-l------Iuc-.--- 

F o r  each of t h e  h i s t o r i c a l  c o s t  cash flow series three 

f u s e c a s t s  f o r  each of t h e  p r e d i c t i o n  a o d e l s ,  rando@ w a l k  v i t h  a 

d r i f t  and t h e  Box-Jenkins u n i v a r i a t e ,  are made. Two of  t h e  

forecasts, a one y e a r  ahead  and a two y e a r  ahead,  are m d e  u s i n g  

t h e  b a s e  p e r i o d  1951-1979 @ b i l e  the t h i r d ,  a one yeas ahead, is 

made u s i n g  t h e  upda ted  base p e r i o d  f95l-t98Q, T w o  erros ~e t r i cs ,  

t h e  a b s o l a t e  percentage  error a n d  t h e  squared p e r c e n t  age  error, 

are c a l c u l a t e d  from t h e s e  forecasts in o r d e r  t o  conpare t h e  

p r e d i c t i v e  a b i l i t y  of the two f o r e c a s t i n g  ~ntodels. The sumafy 

s t a t i s t i c s  of t h e  error ttletrics are p r e s e n t e d  i n  Table 5 - 5 .  

The table contains t h e  Beans and  standard d e v i a t i o n s  for 

both of t h e  erros setrrics for  each of t h e  p r e d i c t i o n  a o d e l s  by 

f o r e c a s t  p e r i o d .  f t also c o n t a i n s  the Hi lcoxon  s i g n e d  r ank  test 

s i g n i f i c a n c e  l e v e l ,  Both p a r a s e t r i c  and nan- p a r a ~ e t s i c  tests a r e  

c a p l o y e d  t o  test the null hypothesis: 



Wilcoxon Signed-Rank Test 
Historical  C o s t  Cash F l o w  B o d e l s  ---------------- ------- ------- ------------ --------------- ---------------~--------------- ------------ --------------- 

APE SP E -------------- --------------- 

APE : Absolute ~ e f c e a t a g e  error 
SPZ : Squared percentage error 
ZlaD : Randonr. walk w i t h  a d r i f t  model 
83U : Eox-Jenkins  u n i v a r i a t e  l a a d e l  

S i g n i f i c a n c e  l e v e l  show t h e  p r o b a b i l i t y  of g e t t i n g  a 
d i f f e r e n c e  as large by chance alone if, ia fact, 
there is no difference 



Ei : The Box-Jenkins  u n i  wariate time-ser ies 
O utilizing h i s t o r i c a l  c o s t  c a s h  flow 

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

T h e  r e s u l t s  o f  t h e  n u t s - p a r a a e t r i c  test, t h e  P i l c o x o n  s i g n e d  

rank test,  i n d i c a t e  t h a t  t h e r e  is a s i g n i f i c a n t  d i f f e r e n c e  be- 

tween t h e  p r e d i c t i v e  a c c u r a c y  o f  t h e  F (8Q/5l- l979) f o r  b o t h  

a b s o l u t e  p e r c e n t a g e  e r r o r :  and s q u a r e d  p e r c e n t a g e  error, and  no 

difference f o r  PfB1/51-1979) a n d  B{81/51-7880) . 
T h e  r e s u l t s  of a n a 2 y s i s  of v a r i a n c e  w i t h  r e p e a t e d  measures  

where t h e  the-ser ies  models are i n d e p e n d e n t  v a r i a b l e s  and t h e  

e r r o r  of f o r e c a s t s  a r e  dependen t  v a r i a b l e s  are presented i n  

Table  5.5 for a b s o l n t e  percentage e r r o r  and Table 5 - 7  f o r  

s q u a r e d  p e r c e n t a g e  e r r o r .  

T h e  d e g r e e s  of  f reedom of t h e  P - s t a t i s t i c  is a d j u s t e d  u s i a g  

a t h e t a  factor  a d j u s t s e n t  picoc-edure suggested by  Box 11954) t o  

correct for t h e  non-hotmgenei ty  of t h e  c o v a r i a n c e  ~ a t r i x -  The 

t h e t a  f a c t o r  a d j u s t ~ e a t  tests f o r  t h e  d e g r e e  of nun-homogeneity 

of the c o v a r i a n c e  iitatrix. I f  t h e  c o v a r i a n c e  t i ta t r ix  is  p e r f e c t l y  

fromgeneous, t h e n  t h e  v a l  n e  of theta w i l l  b e  one and ma 

a d j u s t ~ e n t s  a r e  needed,  If, however ,  t h e  c o v a r i a n c e  a a t r i x  is 

n o t  h o m g e n e o u s  t h e n  the v a l u e  of t h e t a  %ill b e  less t h a n  one, 

The h i g h e r  the d e g r e e  o f  n o n - h o ~ o g e n e i t y  of the c o v a r i a n c e  

matrix, the lower uilL be the v a l u e  of theta, The t h e t a  f a c t o r  

is then used  t o  ad jnst t h e  n u n e r a t o r  and  d e n o s i n a t o r  degrees of 

f r e e d o n ,  f h e  p r o b a b i l i - t y  of s i g a i f  i c a n c e  is  tben  r e c a l c u l a t e d  

w i t h  t h e  revised numera to r  and d e n o ~ i n a  to r  degrees of f reedoa ,  

The a d j u s t e d  p r o b a b i l i t y  s i g n i f  i c a a c e  l e v e l s  are a l s o  p r e s e n t e d  





, 

iu t h e  1as-t: cofur~tn of the above table, 

T h e  BMOVA r e s u l t s  i n d i c a t e  that t h e r e  is a s i g n i f i c a n t  

d r i f f e r e a c e  between t h e  p r e d i c t i v e  accuracy o f  the P {80/51-1979) 

f o r  b o t h  a b s o l u t e  percentage e r r o r  and s p a r e d  p e r c e n t a g e  error 

e r r o r  met r i~s ,  s i g n i f i c a n t  (at  - 1 0  l e v e l )  d i f f e r e n c e  between t h e  

p r e d i c t i v e  a c c u r a c y  of t h e  f (8 t f 51- 1979) for only squared 

p e r c e n t a g e  e r r o r  a n d  no s ign5f icar r . t  d i f f e r e n c e  for F(81/51-1980) 

f o r  b t  h a b s o l u t e  p e r c e n t a g e  e r r o r  and  s q u a r e d  p e r c e n t a g e  error- 

Thus  t h e  null hypothesis can be r e j e c t e d  a t  - 1 0  l e v e l  of 

s i g n i E i c a n c e  f o r  b o t h  e r r o r  metrics for  Ff80 151-1979) and  only 

for squared p e r c e n t a g e  error f a r  F [8lJS 1- 1979) . 
B o t h  t h e  parasetric a n d  non-para t t i e t r ic  r e s u l t s  a r e  

c o n s i s t a n t  for t h e  a b s o l u t e  p e r c e n t a g e  error metric t h a t  t h e r e  

is a s i g n i f i c a n t  d i f f e r e n c e  between t h e  p r e d i c t i v e  a c c u r a c y  of 

the F f 8 0 f  51-1 979) a n d  n o t  s i g n i f i c a n t  .Ear others ,  

Thus, it can be  c o ~ ~ l ~ d e a  that t h e  Box-Jenkins  u n i v a r i a t e  

~08ef.  for  t h e  p e r i o d  P (80/51- 1979) seerns t o  have lover s i g n i f i -  

c a n t  prediction e r r o r  t h a n  random nafk with a  d r i f t  a c c o r d i n g  to  

e a c h  of t h e  e r r o r  ae t r  ics t e s t e d ,  However, s e v e r a l  o b s e r v a t i o n s  

can be made h e r e ,  

1, Xf the Box-Jeakins  u n i v a r i a t e  iaodels  c a n  o u t ~ e r f o m  random 

v a l k  w i t h  a drift for one  one-year-ahead forecasts, 

f [80/5l- 19791, why does the Box-Jenkins  u n i v a r i a t e  models  

n o t  o n t p e r f o r a  randoa walk w i t h  a d r i f t  f o r  a n o t h e r  

one-year -ahead  forecasts, F [81/51- 1980) ? 

2, I t  is i n t e r e s t i n g  t o  o b s e r v e  t h a t  u p d a t i n g  t h e  b a s e  p e r i o d  



by one o b s s r v a t i o n  a n d  r e i d e n t i f y i r n g  a n d  r e e s t i ~ a t i n g  

Box-Jenkins  u n i v a s i a t e  f i r@ specific models  r e s u l t s  i n  a 

r e d u c t i o n  of the a v e r a g e  e r r o r  f o r  t h e  one-year-ahead 

f o r e c a s t s ,  f o r  a b s o l u t e  ( sqna red )  p e r c e n t a g e  e r r o r  from - 6 3  

(-71) t o  -62  ( -63)  which is a p p r o x i l 3 t ~ t e l p  2% f1lW) 

r e d u c t i o n ,  Fo r  r a n d o a  walk w i t h  a d z i f t  the reduction is 

from -72 (,95) to  ,553 [ , 6 9 ) ,  which is a p p r o x i n t a t e l y  19% 

(27% 

T h i s  i n c o n s i s t e n c y  s a y  h a v e  been d u e  to  two c o n s i d e r a t i o n s ,  

T h e  f i r s t  c o n s i d e r a t i o n  is t h e  s ~ a l  1 sample s i z e s  o f  tikite-series 

d a t a  w i t h  which the r e s e a r c h e r s  have  t o  work, Lorek  and HcKeown 

[1978) have  showa t h a t  i n c r e a s i n g  t h e  a c c o u n t i n g  d a t a  b a s e  frogt 

t w e n t y - f o u r  t o  f i f t y - t v o  o b s e r v a t i o n s  d i d  n o t  s i g n i f i c a n t f y  

i a p r o v e  the p r e d i c t i o n s  e x c e p t  that t h e  p r e d i c t i o n s  f rotn d a t a  

b a s e  w i t h  fewer t h a n  2Q o b s e r v a t i o n s  were g u i t e  poor ,  Bowever, 

increasing t h e  dala b a s e  r e s u l t s  ia a t r a d e - o f f  between 

r e d u c t i o n  i n  t h e  s a ~ p l i n g  error and i n c r e a s i n g  t h e  risk of a 

s l r u c t u r a 3 .  change, B s t r u c t u r a l  change, such as  a llterger or 

a q u i s i t i o n ,  map c h a n g e  the t i n e - s e r i e s  from o n e  s t a t i o n a r y  

p r o c e s s  t o  a n o t h e r ,  T h e  l a r g e  s a m p l i n g  error nay p r e v e n t  t h e  

c o r r e c t  p r o c e s s  f roat  be ing  s e l e c t e d  and, e v e n  i f  a correct 

p r o c e s s  is s e l e c t e d ,  t h e  estiata tes to  h e  rxt isspecif ied.  Secondl  y, 

t h e  r e s u l t s  Bay be p e r i o d  spacif ic and so  a p p l i c a b l e  t o  o n l y  

t h a t  p e r i o t l  or: t h a t  t h e  p e r i o d  under study i s  unusua l .  It c o u l d  

be r a t i o n a l i s e d  t h a t  t h e  year 1981 i s  a y e a r  of h i g h  i n t e r e s t  

r a t e s  arrd i n f l a t i o n  and, t h u s ,  a y e a r  of i n s t a b i l i t y  for c a s h  



Slow.  

P r e d i c t i v e  A b i l i u  of C o n s t a n t  Dollar Cash Flow B o d e l s  
Y_---------- ----.--------.------I 

S i n t i l a x  t o  the h i s t o r i c a l  cost c a s h  flow models d i s c u s s e d  

i n  t h e  p r e v i o u s  s e c t i o n ,  for each of t h e  c o n s t a n t  d o l l a r  c a s h  

flow rtrodels, t h r e e  f o r e c a s t s  a re  calculated. The summar p 

s t a t i s t i c s  of the error ~ e t r i c s  a n d  t h e  H i l c o x o n  S i g n e d  Rank 

test a r e  p r e s e n t e d  i n  Table 5 . 8 ,  The aoll h y p o t h e s i s  t e s t e d  is: 

H : The  B o x - J e n k i n s  u n i v a r i a t e  t ime-series  
O model  u t i l i z i n g  c o n s t a n t  d o l l a r  c a s h  

f l o v  a s  i n p u t s  p r e d i c t s  future c a s h  
f l o w  a s  a c c u r a t e l y  a s  t h e  n a i v e  m d e l ,  
random walk w i t h  a d r i f t ,  

T h e  g i l c o x o n  s i g n e d - r a n k  test s h o o s  t h a t  t h e r e  i s  a s i g n i f -  

i c a n t  d i f e r e n c e  b e t v e e n  t h e  p r e d i c t i v e  accuracy of t h e  t w o  

~x toae l s  o v e r  t w o  f o r e c a s t  periods F(80/51-39) a n d  P{SI/5 7-79) f o r  

b o t h  error metrics a b s o l u t e  p e r c e n t a g e  error and s q u a r e d  

percentage error. Thus, Box-Jenkins n n i v a r i a t e  mode l  h a s  

outperfor ta ted  raadora walk w i t h  a drift m&ef f o r  these periods. 

Rowever, u s i n g  t h e  u p d a t e d  base p e r i o d ,  1951-1880,  and 

f o r e c a s t i n g  o a e  y e a r  a h e a d ,  t h e r e  i s  no s t a t i s t i c a l l y  s i g n i f i -  

c a n t  d i f  ferencrs b e t w e e n  the two raadels .  

The r e s u l t s  of t h e  p a r a m e t r i c  (AROVB) tes ts  p r e s e n t e d  i n  

TaMe 5.9 and  Xable 5,10 are c o n s i s t e n t  with t h e  n o n - p a r a m e t r i c  

test. 

T a b l e  5.1 t r e p r e s e n t s  t h e  summary of b o t h  h i s t o r i c a l  cost 

and c o n s t a n t  d o l l a r  r e s u l t s .  Por forecasts, P {813/51-79) , 
c o ~ p a r i n g  t h e  r e s u l t s  of c o n s t a n t  d o l l a r  and h i s t o r i c a l  c o s t  



T a b l e  5.8 

P (81/51-79) : 
BR D ,78242 . 6 8 9  1,07963 1,494 
3 JU ,57265 ,507 ,58064 ,949 

Significance Level ,002 ,001 

APE z A b s o l u t e  percentage err or 
SPE : Squared pesceatage error 
RWD : Randow walk with a d r i f t  rmdef 
B3U : Box-Jenkins u n i v a r i a t e  ~ o d e l  

S i g n i f i c a n c e  level show t h e  p r o b a b i l i t y  of getting a 
d i f f e r e n c e  a s  l a r g e  hy chance alone if, in fact, 
there is ao d i f f e r e n c e  





Table 5.11 

- : ind ica tes  no difference 
BJU : Box-Jenkias  univar ia te  aodel 
APE : Absolute  percentage error 
SPE : Squared percentage error 



cash flow models ,  t h e  BNOVA r e s u l t s  a r e  c o n s i s t e n t  a c r o s s  b o t h  

a c c o u n t i n g  m e t h ~ a s  tha- t  t h e  Box-Jenkins  u n i v a r i a  t e  irtodel h a s  

o u t p e r f o r m e d  t h e  random walk u i t h  a d r i f t .  F o r  t h e  f o r e c a s t s ,  

F [%l/Eil-79) , t h e  t e s u l t s  show t h a t  t h e  Box-3enfrins @ode1 has  

o u t p e r f o r m e d  t h e  ~andoxa w a l k  w i t h  a d r i f t  u n d e r  b o t h  tests a n d  

error rrtetrics uhea t h e  m o d e l s  utilize c o n s t a n t  d o l l a r  cash flow 

series but Box-Jenkins  o n l y  o u t p e r f o r m e d  unde r  ABOVA test and 

t h e  squared p e r c e n t a g e  error mtric when t h e  ~ o d e l s  u t i l i z e  

h i s t o r i c a l  c o s t  c a s h  f l o x  series. Horeover ,  f o r  a n o t h e r  

oae-year-ahead f o r e c a s t s ,  P (81/51-80) , t h e r e  is no s t a t i s t i c a l l y  

significant d i f f e r e n c e  under  e i t h e r  a c c m n t i . n g  methcd, error 

rnetric or  tes t  be tween  the two wodels, 

T h i s  i n c o n s i s t e a c y ,  t h a t  f o r  o n e  one- year -ahead  f o r e c a s t s ,  

F [80151-79)  , B o x - J e n k i n s  o o t p e r f  ares the randolrt g a l b  w i t h  a 

drift a o d e l s  u n d e r  each of the a c c o u n t i n g  sttetlhods, e r r o r  aetrics 

and t h e  tests while for a n o t h e r  one- year-  ahead  f o r e c a s t s ,  

F ( H l / S I - R O ) ,  Box-Jenkins  d o  n o t  o u t p e r f o r m  r a n d o s  walk vith a 

d ~ i f t  ~ o d e l s ,  i s  silrtilar t o  the o n e  n o t e d  earlier. 

P r e d i c t i v e  A b i l i t y  of Cash Flow Mode 1s Across  Account in  q Bethods  
---I--- 

T h e  f o u r t h  p u r p s e  of t h i s  s t u d y  is t o  test t h e  p r e d i c t i v e  

a b i l i t y  of cash flow across t h e  h i s t o r r i c a l  cos t  a n d  constant 

d o l l a r  a c c o u n t i n g  a e t h o d s ,  

Again b o t h  p a r a w e t r i c  and n o a - p a r a ~ e t r i c  t e s t s  a r e  eirtplcryed 

t o  test t h e  Eolf owing n u l l  h y p o t h e s i s ,  

Ho: T i m -  series ~ o d e l s  utilizing h i s t o r i  cal c o s t  c a s h  
f l o g  a s  i n p u t s  p r e d i c t  f u t u r e  historical cost  cash 



fkau a s  a c c u r a t e l y  a s  t h e  time-series m o d e l s  
u t i l i z i n g  c o n s t a n t  d o l l a r  cash flow a s  i n p u t s  t o  
p r e d i c t  future c o a s t a n t  d o l l a r  c a s h  flow, 

T h e  above  h y p o t h e s i s  w i l l  b e  t e s t e d  f o r  e a c h  e r r o r  rtletric 

f o x  each p e r i o d ,  T h i s  p r o c e d u r e  w i l l  r e s u l t  i n  four p a i r u i s e  

c o n s ~ a r i s o n s  across each p r e d i c t  i o n  lgodel f o r  each f o r e c a s t  

p e r i o d  and each e r r o r  aetric. 

T h e  r e s u l t s  of t h e  Wilcoxon S igned-Raak  test are  p r e s e n t e d  

i n  ' T a b l e s  5 - 1 2  t o  5.15, a n d  t h e  B I O V A  test r e s u l t s  a r e  p r e s e n t e d  

i n  T a b l e s  5,16 t o  5-23, These r e s u l t s  are sufsmraarissd i n  Table 

5,ZY. 

T h e  r e s u l t s  of t h e  o n e  y e a r  a h e a d  forecasts a re  mixed,  Both 

the H i l c o x o n  s i g a e d  r a n k  test and BHDVA test o n  each error 

metric s h o w  t h a t  for t h e  forecasts, F (80/51-79), t h e  p r e d i c t i o n  

from the random walk  v i t h  a  d r i f t  o t i l i z i n g  h i s t o r i c a l  cost cash 

flow series have s t a t i s d i c a l l y  l o w e r  a v e r a g e  e r r o r s  than nsing 

t h e  s a a e  mdel but w i t h  c o n s t a n t  d o l l a r  cash flow series, T h i s  

mag mean t h a t  p r e d i c t i o n  m o d e l s  c a n  b e t t e r :  u t i l i z e  t h e  i n f o r n a -  

t i o n  c o n t a i n e d  i n  t h e  h i s t o r i c a l  cost c a s h  flow t h a n  constant 

d o l l a r  cash  flog, S i a i l a f l y ,  for: t h e  same f o r e c a s t  p e r i o d ,  the 

p r e d i c t  i o n  mode l  B o x - J e n k i n s  u n i v a r i a t e  u t i l i z i n g  t h e  h i s t o r i c a  1 

c o s t  c a s h  flow series o u t p e r t o r a s  t h e  r a n d o a  walk w i t h  a  d r i f t  

p r e d i c t  i o n  rtiodel u t i l i z i n g  t h e  constant d o 1  l a x  c a s h  Plow series. 

B o r e o v e r ,  t h e  r a n d o ~  walk v i t h  a d r i f t  a o d e l  o r  t h e  B o x - J e n k i n s  

univariate p r e d i c t i o n  i t todels  n t i l i z i n g  h i s t o r i c a l  c o s t  cash flow 

series perf ortrred a s  w e l l  a s  t h e  Box-Jenkins u n i v a r i a t e  @ode1 

u t i l i z i n g  t h e  c o n s t a n t  d o l l a r  c a s h  flow series, Siace t h e  

Box-Jenkins &ode1 o u t p e r f o r a e d  t h e  r a n d o a  w a l k  v i t h  a d r i f t  when 





Table  5-13 

APE = Absolute pexcentage error 
SPE : Squared percentage error 
RWD : Randoitt VaPL with a d r i f t  tttodel 
BJU : Box-Jenkins  n n i v a r i a t e  m d e l  
HC : B i s t o r i c a f .  cost a c c o u n t i n g  
CD : Constant dol lar  a c c o a n t i n y  

S i g n i f i c a n c e  l e v e l  show the p r o b a b i l i t y  of g e t t i n g  a 
difference as large by chance alone if, in fact ,  
there is no difference 









WC-BJU : Box-Jenkins u n i v a r i a t e  model util i z i n g  
h i s t o r i c a l  cost c a s h  flow series, 

CD-BkZD : Rando@ walk with a d r i f t  model utilizing 
constant  dollar cash f log series, 

Table 5 , 1 9  

Results of ANOVA Tests 

WC-BJU : Box-Jenkins uaivar l ia te  aodel. utilizing 
historical cost cash flow series, 

CD-BOD : Bando= walk with a drift @ o d d  u t i l i z i n g  
constant dollar cash flow series, 



T a b l e  5 - 2 0  

BC-RWD : Randm v a l k  with a d r i f t  aodel u t i l i z i n g  
h i s tor i ca l  cost cash f l o v  series, 

CD-BJU : Box-Jenkins  u n i v a f  i a  te a o d e l  utilizing 
constant d o l l a x  cash flow series, 

Table 5-27  

D, F Theta D. P --- F B d j u s t ~ e n t  ----- 
Eii D Ratio Prob Factor R D P r ~ b  

F(SOj51-79) 1 63  -93499 ,337  

RC-RWD : R a n d s ~  uafk  w i t h  a d r i f t  sodel u t i l i z i n g  
historicaf cost cash flow series, 

ID-BJU : Box-Jenkins u s i v a s i a t e  ntodef utilizing 
coastant dollar cash flow series, 





T a b l e  5 . 2 4  

Suwnary of Wifcoxen Signed-Rank Test [and BWDVA) 
P r e d i c t  i o n  flodels Across Accourtt ing tilethods ----------------------------------- ------ -------------------- -------------- -------- ------------ -------- ------------------ 

absof  u t e  Squared -------- -- -- --- 

-- : indicates no difference 
HC : historical cost 
CD : c o n s t a n t  dollar 
R n D  : randona w a l k  w i t h  a drift esodel. 
BJU : Box-Jenkins unisariate m d e l  



b o t h  ~ o d e f s  u t i l i z e d  e i t h e r  h i s t o r i c a l  c o s t  cr c o n s t a n t  d o l l a r  

cash flow series a n d  s i n c e  t h e  B o x - J e n k i n s  model  pe r fo r laed  as  

w e l l  uith cash  fPov series frca either a c c o u n t i a g  methods ,  one 

would e x p e c t  t h a t  Box-Jenk ins  @ o d e 1  u t i l i z i n g  c o n s t a n t  d o l l a r  

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

c o s t  c a s h  flow series, but  it d i d  n o t .  

However,  f o r  a n o t h e r  o n e - y e a r - a h e a d  forecasts,  F 18 I / ! i l - % O ) ,  

t h e  s u r a s a r y  shows t h a t  p r e d i c t i o n  lttodef B o x - J e n k i n s  u n i  v a r i a t e  

u t i l i z i n g  c o n s t a n t  d o l l a r  c a s h  f l o w  o u t p e r f o r m s  B o x - J e n k i n s  

u n i v a r i a t e  aaodel u t i l i z i n g  t h e  h i s t o r i c a l  c o s t  cash f l o w  series 

under o n l y  t h e  W i l c ~ x o n  s igned rank test, whi ' le  there i s  n o  

difference under  &NOVA, Moreover ,  c o a p a r i n g  ran do^ walk w i t h  a 

d r i f t  a n d  Box-Jenk ins ,  ut 3.1 k i n g  h i s t o r i c a l  c o s t  c a s h  flow 

series v i t h  randortt v a l k  with a d r i f t  u t i l i z i n g  c o n s t a n t  d o l l a r ,  

t h e  r e s u l t s  i n d i c a t e  t h e r e  is n o  d i f f e r e n c e  i a  t h e i r  p r e d i c t i ~ e  

a b i l i t y ,  Tbe r e s u l t s  of bot fa para metric and n o n - p a r a ~ e t r i c  tests  

a r e  c o n s i s t e n t  t h a t  f o r  one-year-ahead f o r e c a s t s ,  F (8 1 /5l-80)  

a n d  F(RQ/51-79), t h e  sandota walk %it& a d r i f t  model  u t i l i z i n g  

h i s t o r i c a l  cash flow series p e r f o r m s  a s  well a s  the B o x - J e n k i n s  

w d e l  n t i l i z i n g  the c o n s t a n t  d o l l a r  c a s h  f l o w  series. F u r t h e r ,  

t h e  pararaetric tests are c o n s i s t e x i t  t h a t  f o r  one year a h e a d  

forecasts, the B o x - J e n k i n s  @ode2  u t i l i z i n g  t h e  h i s t o r i c a l  cost 

cash flow series gerforms a s  well a s  t h e  3 a x - J e n k i n s  model 

u t i l i z i n g  the c o n s t a n t  d o l l a r  c a s h  flow series. But t h e  

n o u - p a r m e t r i c  tests show i x t c o n s i s t e a t  r e s u l t s  t h a t  for 

P(80/51-79) t h e r e  i s  n o  d i f f e r e n c e  w h i l e  f o r  f (81/5l-%Q) t h e  



B o x - J e n k i n s  u t i l i z i n g  c o n s t a n t  d o l l a r  c a s h  f l o u  series 

a u t p e r f o s a s  t h e  Box-Jenk ins  ~ o d e l  u t i l i z i e g  h i s t o r i c a l  c o s t  cash 

f l o w  series, 

For t h e  two-year -ahead  forecasts, the B o x - J e n k i n s  

u n i v a r i a t e  aodel u t i l i z i n g  c o n s t a n t  dollar cash flow can 

o u t p e r f o m  b o t h  t h e  r a n d o ~  w a l k  w i t h  a d r i f t  and B o x - J e n k i n s  

u n i v a r i a t e  p r e d i c t i o n  ~ o d e l s  u t i l i z i n g  h i s t o r i c a  1 c o s t  cash  

f low. This result is c o n s i s t e n t  u i t h  t h e  r e s u l t s  shown ear l ier  

t h a t  Box- J e n k i n s  n n i e a r i a t e  ~ o d e l  o u t  p e r f o r ~ s  random walk w i t h  a 

d r i f t  model  when b o t h  u t i l i z e  c o n s t a n t  d o l l a r  c a s h  f low.  S i n c e  

there  is n o  d i f f e r e n c e  i n  the randoia walk with a d r i f t  @ o d e 1  

u t i l i z i n g  c o n s t a n t  d o l l a r  c a s h  f l o u  a n d  e i t h e r  randam w a l k  w i t h  

a d r i f t  ar Box-Jenkins u n i v a r i a t e  t aode l s  u t i l i z i n g  h i s t o r i c a l  

c o s t  c a s h  f l o w ,  t h e  Box- Jenkins u n i v a r  i a t  e model u t i l i z i n g  con- 

s t a n t  d o l l a r  c a s h  flow v i l f  o u t p e r f o m  e i t h e r  o f  t h e  ~ o d e l s  

u t i l i z i n g  h i s t o r i c a l  cost c a s h  f l o w ,  

It earn be c o n c l u d e d  t h a t  for m e - y e a r - a h e a d  forecasts  t h e  

r e s u l t s  are atixed arid t h a t  fa r  two-year -ahead  f o r e c a s t s  t h e  

Box-Jenkins u n i r a r i a t e  u t i l i z i n g  c o n s t a n t  d o l l a r  c a s h  f l o w  

o u t p e s f o r i a s  o t h e r s .  The mixed r e s u l t  i n d i c a t e d  a b o v e  is s i ~ i l a r  

to t h e  r e s u l t  o b t a i n e d  earlier t h a t  i f  o n e  model o u t p e r f o r m s  

o t h e r s  i n  one o n e - y e a r - a h e a d  f o r e c a s t ,  why does i t  not 

o u t p e r f o r m  o t h e r s  on an  a n o t h e r  one-year-ahead  f o r e c a s t ; ?  

T h e  r e s u l t s  o f  t h i s  c h a p t e r  are s u m a r i s e d  i n  T a b l e  5 - 2 5 .  

This c h a p t e r  h a s  f i r s t l y  pfesea ted t h e  t i~e-series a n a l y s i s  of 

h i s t o r i c a l  cost and c o n s t a n t  d o l l a r  c a s h  f l o w  series, The 



Table 5-25 

Histor  i c a l  Cost Constant Dollar --------- --------- ------------ --------- ------ -- -------- ---- --- ---- - ----- -------- ----------- --------- ------ -- 
I .  C a s h  flow appear t o  b e  f C a s h  flow appear t o  be 

au to regress ive  o r  white 1 autoregress ive  or w h i t e  
no ise  process ,  f noi  se process. 

f 
2. There is no e v i d e n c e  t h a t  T h e r e i s n o e r r i d e n c e  t h a t  

incone is a l e a d i n g  I income is a leading 
i n d i c a t o r  of  c a s h  flow I indicator of cash f Los 

f 
3. For one-gear-ahead 1 For one-year -ahead 

f o r e c a s t s ,  F(80/51-79) 1 f o r e c a s t s ,  F f 80151-79) 
1 

BJtr oulperforaed RWD 4 34U oatperformed RSD 
I 

For two- year-ahead 1 For tun- year-ahead 
f o r e c a s t s ,  P{8 1/51-79) t fo recas t s ,  P (8015 1- 79) 

I 
No d i f f e r  snce f BdfJ outper  formd RW D 

I 
For one-yea r-ahead i For one-year-ahead  

f o r e c a s t s ,  f (81/51-80) 1 f o r e c a s t s ,  P (80/51-79) 
3 

So d i f f e r e n c e  i No d i f  ie rence  

4, Por one- year-ahead f o r e c a s t s ,  f 18015 1-79) 

For two- year-ahead fo recas t s ,  F[81/51-79) 

Far one-yeax-ahead f o r e c a s t s ,  P {81/5t-80) 

B3U 2 Box-Jenkins univaria  te nodels 
RWD : Bando& walk w i t h  a d r i f t  models 
Mc : H i s t o r i c a l  c o s t  series 
Cda : Constant d o l l a r  series 

The p r e d i c t i v e  a b i l i t y  results are s t a t i s t i c a l l y  
s i g n i f i c a n t  a t  -10 l e v e l  



, 

c o n c l u s i o n s  were t h a t  t h e  a n n u a l  h i s t o r i c a l  c o s t  cash flow 

series appear to f o l l o w  e i t h e r  a n  a u t o r e g r c e s s l v e  o r  w h i t e  noise 

p r o c e s s ,  p a t t e r n  s i m i l a r  t o  t h e  h i s t o r i c a l  c o s t  aaaual e a s n i n g s ,  

w h i l e  t h e  a n n u a l  c o a s t a n t  d o l l a r  c a s h  flow series a p p e a r  t o  

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

S e c o n d l  y, i t  d i s c u s s e d  the m f t i v a r i a t e  t i ~ e  series model ing,  

The c o n c l n s i o n  of t h i s  s e c t i o n  was t h a t  t h e r e  was no e ~ p i r i c a l  

e v i d e n c e  t h a t  inco~ae #as t h e  l e a d i n g  i n d i c a t o r  o f  c a s h  flow a n d  

it was n o t  p o s s i b l e  t o  u s e  t h e  Box-Jenkins  m u l t i v a r i a t e  time 

series p r o c e d u r e  to i n c o r p o r a t e  b o t h  c a s h  flow a n d  income t o  

i ~ p r o v e  c a s h  f l o w  f o r e c a s t s ,  T h i r d l y ,  t h e  p r e d i c t i v e  a b i l i t y  of 

the d i f f e r e n t  p r e d i c t i o n  models u t i l i z i n g  cash flss series fron 

e a c h  a c c o u n t i n g  naethod war; discussed, T h i s  s e c t i o n  c o n c l u d e d  

that t h e  r e s u l t s  for the one  year a h e a d  forecasts were mixed. 

For t h e  F [8O/S 1-79] , t h e  Box-Jenkins  model o u t p e r f o r ~ e d  the 

r a n d o a  walk w i t h  a  drift under  b o t h  a c c o u n t i n g  rtlethods, ~ h i f e  

f o r  t h e  F (81/5l-80), t h e r e  was no d i f f e r e n c e  i a  tbe p r e d i c t i o n  

atodels* accuracy. For  t h e  two year a h e a d  f o r e c a s t ,  there is n o  

d i f f e r e n c e  i n  t h e  p r e d i c t i v e  ability of t h e  prediction models  

u t  i l i z i n i g  the h i s t o r i c a l .  c o s t  c a s h  f l o w  series, However, when 

t h e  lgodels  utilized c o n s t a n t  d o l l a r ,  t h e  Box-Jenkins sodel 

o u t p e r f o r ~ e d  t h e  random walk with  a  d r i f t ,  F i n a l l y ,  the c h a p r e r  

a n a l y s e d  t h e  p r e d i c t i v e  a b i l i t y  o f  the c a s h  f low models across 

a c c o u n t i n g  methods,  The  r e s u l t s  i n  this were ~ i x e d ,  It conc luded  

t h a t  rando~t vafk w i t h  a d r i k t  model u t i l i z i n g  h i s t o r i c a l  cost 

c a s h  f log series p e r f o r m s  a s  well a s  Box-Jenkins  @ode1 u t i l i z i n g  



constant dollar for both one fear ahead periods. 

A sumsary of the research discussed in this study and a set 

of tentative conclusions and recoimendations are presented in 

the next chapter ,  



Suaaarf and  C o n c l u s i o n s  
--I- ------I----- 

C o n s i d e r a b l e  r e s e a r c h  has been done  on t h e  time-series be- 

h a a i o u r  and t h e  r e l a t i v e  p r e d i c t i v e  a b i l i t y  of a c c o u n t i n g  income 

n u ~ b e r s  a a i n l y  b e c a u s e  the knowledge of  t h e  t i a e - s e r i e s  

p r o p e r t i e s  of i n c o a e  is e s s e n t i a l  f o r  v a r i o u s  r e s e a r c h  i n  

a c c o u n t  ing and  f i n a n c e ,  Houever, r e s e a r c h  on t h e  time- series 

p r o p e r t i e s  a n d  p r e d i c t i v e  ability o f  c a s h  flow s u a b e r s ,  d e s p i t e  

i ts i n c r e a s i n g  i ~ p o r t a n c e ,  Bas  n o t  r e c e i v e d  ~ n c h  a t t e n t i o n ,  

There is i n c r e a s i n g  ei t iphksis  i n  t h e  l i t e r a t u r e ,  p a r t i c u f  a r l  p i n  

t b e  pronouncenrents  of the off iciaE a c c o u a t i n g  b o d i e s ,  t h a t  t h e  

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

p r e d i c t i r r g  f u t u r e  cash flow. 

Woreovent, t h e  F i n a n c i a l  Accoun t ing  S t a n d a r d s  Board (FBSf3) 

h a s  a s s e r t e d  t h a t  i n c o w  numbers are @ o r e  u s e f u l  i n  p r e d i c t i n g  

f u t u r e  cash flow t h a n  p a s t  cash flow b u t  there e x i s t s  f i t l f  e 

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

b o d i e s  i n  t h e  U n i t e d  S t a t e s  o f  America and  Canada have caf f ed 

for t he  p r e s e n t a t i o n  of s u p p l e l a e a t a r f  c o n s t a n t  d c l l a l :  i n f o m a -  

t i o n .  T h e  FASB $33 h a s  s p e c i f i c a l l y  e n c o u r a g e d  f u t u r e  r e s e a r c h  

i n t o  the a s s e s s i a e n t  o f  t h i s  i n f o r m a t i o n ,  A c c o r d i n g l y ,  t h i s  s t u d y  

h a s  a t k e ~ p t e d  t o  p f o v i d e  e n p i n t i c a l  evidence cn t h e s e  i s s u e s ,  



T h e  pr i rnary o b j e c t i v e s  o f  this r e s e a r c h  orere 11) to 

e m p i r i c a l l y  d e t e r l a i n e  t h e  s t a t i s t i c a l  tin\e-series p r o p e r t i e s  of 

h i s t o r i c a l  cost  a n d  constant do l lar  c a s h  flow and d e v e l o p  

f o r e c a s t i n g  raodels, [2 )  t o  e t a p i f i c a l l y  de t e rn t ine  t h e  l e a d  

r e l a t i o n s h i p  between cash f f o g  and incoae and develop t r a n s f e r  

f u n c t i o n  ( t w l t i v a r i a t e )  f o r e c a s t i n g  mraodels, 13) t o  compare t h e  

p r e d i c t  W e  a b i l i t y  of  t h e  t h r e e  f o r e c a s t i n g  ~ o d e l s ,  the 

B o x - J e n k i n s  u n i v a r i a t e ,  Box-Jenkins  t r a n s f e r  f u n c t i o n  and  the 

ran4om walk v i t h  a d r i f t  a o d e l s ,  w i t h i n  e a c h  a c c o u n t i n g  method, 

and  f q )  to t e s t  t h e  p r e d i c t i v e  a b i l i t y  of t h e  three f o r e c a s t i n g  

ntodels across t h e  f i l i s t a r i c a l  cost a n d  c o n s t a n t  dollar a c c o u n t i n g  

me tho&, 

T h e  historical cost d a t a  required f o ~  t h i s  s t u d y  were ob- 

t a i n e d  p r i m a r i l y  f rom t h e  CCHPUSTAT annua 1 i n d u s t r i a l  t a p s .  

Supplen ten ta ry  d a t a  b a s e s  used were t h e  tWo_gy9s I I n a s t r i a l  

ga~ualg ,  and t h e  1 D K  repor ts ,  F R  o r d e r  t o  be i n c l u d e d  i n  t h e  

sarmtp'le, t h e  coapaay musk have  had t h e  necessary d a t a  itew fox 

c a l c u l a  k i n g  c a s h  f l o w  and r e s t a t i n g  h i s t o r i c a l  cost f i n a n c i a l  

s t a t e m e n t s  i n t o  c o n s t a n t  d o l l a r  f i a a n c i a l  s t a t e x t e n t s  f os the 

entire  p e r i o d  1950-81, I n  a d d i t i o a ,  only c o ~ p a n i e s  v i t h  t h e  sam 

f i s c a l  year-end which had used only one inventory  v a L u a t i o n  

method i n  e a c h  year were i n c l u d e d  i n  t h e  samyle.  A f i n a l  s a ~ p l e  

of 64 c a ~ g a n i e s  was o b t a i n e d  f o r  t h i s  s t u d y ,  The  c o n s t a n t  d o l l a r  

f i n a n c i a l  s t a  tenteats were o b t a i n e d  by r e s t a t i n g  t h e  h i s t o r i c a l  

c o s t  f i n a n c i a l  s t a t e g e n t s  by a  p r o c e d u r e  t h a t  is i n  general 

c o n f o r a i t y  v i t h  t h e  FASB #33, 



For each of t h e  64  f i r m  i n  t h e  sample Eirrti s p e c i f i c  

Box-Jenrkins u n i v a r i a t e  iaodels, ut i f  i z i n g  t h e  b a s e  p e r i o d  d a t a  

f rom 1951-1979, were i d e n t i f i e d  f o r  t h e  c a s h  flora series f rom 

t h e  h i s t o r i c a l  cost a n d  c o n s t a n t  dollar a c c o u n t i n g  naethods, 

T h e s e  firm s p e c i f i c  i d e n t i f i e d  iatodek were t h e n  u t i l i z e d  t o  gen- 

e ra te  one-year -ahead ,  F f80/51-79) , aad trao-par-ahead, 
F[81/51-79). forecasts of: its own series, Then t h e  base p e s i o d  

of 2951-1979 uas updated by one y e a r  t o  inc3.ude 1980 data, and 

Box-Jenkins  firm s p e c i f i c  a o d e l s  sere re- i d e n t i f i e d  and 

r e - e s t i t a a t e d  and one-year-ahead Z o r e c a s t s ,  f (8 l/5 1-80) , were 
eade. The o b j e c t i v e s  stated i n  chapter o n e  and t h e  results 

d i s c u s s e d  i n  c h a p t e r  f i v e  are d u p l i c a t e d  i n  T a b l e  6 ,1  and  T a b l e  

6 - 2  for ease of r e f e r e n c e ,  T h e  c o n c ' f n s i o n s  w i t h  r e s p e c t  t o  the 

ti@@-series p r o p e r t i e s  of cash f l o w  are ( I f  the annual 

h i s t o r i c a l  cos t  c a s h  flow series a p p e a r  t o  f o l l o w  e i t h e r  a n  

a u t o r e g r e s s i v e  or w h i t e  noise p r o c e s s ,  a p a t t e r n  s i m i l a r  t o  t h e  

h i s t o r i c a l  cost  annual incoilfle and 12) t h e  a a n n a l  c o n s t a n t  d o l l a r  

cash  flotr series a p p e a r  to f o l l o v  e i t h e r  a n  autoregressive or  

w h i t e  n o i s e  p r o c e s s .  

The second o b j e c t i v e  of t h i s  r e s e a r c h  was t o  test 

enapir i c a l l y  the lead  re f  a t i o n s h i p  be t  ween cash f 10% and incolae 

series aad d e v e l o p  Box-Jenkins  t r a n s f e r  function { r s u l t i v a r i a t e )  

f o r e c a s t i n g  a o d e l s  , Both  s i n g l e  p r e v h i t e n i n g  and double 

prewhi ten iay  t e c h n i q u e s  were used  t o  renaove w i t h i n  correlation 

f rom the series and  the r e s i d u a l s  wese t h e n  c r o s s  c o r r e f a t e d ,  

T h e  cross c o r r e l a t i o n  r e s u l t s  shoved t h a t  t h e r e  was no e m p i r i c a l  



T a b l e  6.7 

L i s t  of Ob j ect i v e s  ----------------------------------------------------- ------- ---- 
B i s t o c i c a Z  C o s t  C o n s t a n t  D o l l a r  ------- ---- ------------------- --________________________________________________________________________________________________________________________ --------------------------------------- 

1- T o  d e t e r n i n e  t h e  time-series f T o  d e t e r s i n e  t h e  t i~e-ser ies  
p r o p e r t i e s  ol c a s h  f l o v  I p r o p e r t i e s  of c a s h  f l o w  

{ d e v e l o p  u n i v a r i a t e  a o d e l s )  ( d e v e l o p  u n i v a r i a t e  rrtodels) 
t 

Bethod: Box- J e n k i n s  u n i v a r i a t e  f Method: Box-Jenk ins  u n i v a r i a t e  
1 

2. To detersftine w h e t h e r  t h e r e  f T o  d e t e r m i n e  w h e t h e r  t h e r e  
is a r e l a t i o n s h i p  b e t w e e n  is a r e l a t i o n s h i p  b e t w e e n  
i n c o g e  a n d  cash f l o w  I incomae a n d  cash f l o w  

{ d e v e l o p  i m l t i v a r i a t e  1 [ d e v e l o p  ~ u l t i v a r i a t e  
m o d e l s )  1 a o d e l s )  

1 
Bethod: E o x - J e n k i n s  t r a n s f e r  I B e t  hod: B o x - J e n k i n s  t r a n s f e r  

f u n c t i o n  ( a u f t i v a r i a t e )  f f u n c t i o n  p u l t i v a r i a t e )  
I 

3. "T ddeternrine w h e t h e r  there is! T o  d e t e r m i n e  w h e t h e r  there i s  
d i f f e r e n c e  i n  t h e  p r e d i c t i v e !  d i f f e r e n c e  i n  t h e  p r e d i c t i v e  
a b i l i t y  o f  the t h r e e  fore- 1 a b i l i t y  of the three fore- 
c a s t i n g  atodels, { a o d e l s  f rom f c a s t i n g  s o d e h s .  {mode l s  from 
(1) a n d  12) a b o v e  a n d  B U D )  f f l )  and (2) above a n d  BHD) 

i 
Wethod: s a a e  a s  fo r  4, i Method: s a n e  as  for 4, 

4 To d e t e r a i m  i f  t h e r e  is a d i f f e r e n c e  i n  t h e  p r e d i c t i v e  
ability cf h i s t o r i c a l  cost a n d  c o n s t a n t  d o l l a r  a c c o u n t i n g  
m e t h o d s  i n  p r e d i c t i n g  future c a s h  florr, 

method: 
[a) F o r e c a s t s :  

one-yeas -ahead ,  1980, u s i n g  t h e  base 1951-1979 
two- y e a r - a h e a d ,  1981, using the base 1951-1979 
one-year -ahead ,  198 1, u s i n g  $ h e  u p d a t e d  b a s e  

l851-l98O, 

(b) Error n t e a s u r e s  {tuetrics): 
a b s o l u t e  p e r c e n t a g e  error 
s q u a r e d  p e r c e n t a g e  error 

R R D  - Randoe v a l k  w i t h  a a r i f  t. This rttodel is used a s  low cost 
a l t e r n a t i v e  t o  c o a p a r e  v i t h  t h e  a c c u r a c y  of o the r  ~ndels, 



T a b l e  6.2 

1 
2- The+'e is no evidence t h a t  

i n c o a e  is a l e a d i n g  I 
i n d i c a t o r  of cash flaw f 

t 
3, F o r  one-year -ahead  f 

f o r e c a s t s ,  F ( 8 0 j 5 1 - 7 9 )  I 
t 

B J U  o u t p e r f o r ~ e d  RgD i 
f 

For t so- year- a h e a d  1 
forecasts, F(1)1/5 1-79) 1 

I 
No d i f f e r e n c e  I 

t 
For  one -yea r - ahead  1 

f o r e c a s t s ,  F (81/5t-80) 4 
1 

Wo d i f f e r e n c e  i 

T h e r e  is no e v i d e n c e  t h a t  
incoae is a leading 
indicator of cash flow 

For one- pea r - ahead  
forecasts, F f8Q/5 3- 79) 

BJU o u t p e r f o r ~ e d  RWD 

f o r  two-pear-ahead 
f o r e c a s t s , .  F {SO/S 1-79) 

BJD o u t p e r f o r m e d  R W D  

F o r  one -yea r - ahead  
f o r e c a s t s ,  F@0/51-39) 

Ho d i f f e r e n c e  

Y , For  one- year-ahead forecasts, P(80/5f -79) 

Hc /SJij a n d  RPD) outperforated Cda (RVD) 
Hc [BJU and RVD) s a m  a s  Cda (BJD) 

F o r  two-year -ahead  forecasts,  F[81/5?-79) 

For  one -yeas - ahead  forecasts, F f81/51-80) 

i-ic ( B J U  a n d  RWD) s a l e  a s  Cda (BJU a n d  RUD) 

BJU : Box- Jenk in s  u n i v a r i a t e  a o d e l s  
R H D  2 Bandom walk a i t b  a d r i f t  mode l s  
Hc : Histor ical  c o s t  series 
Cda z C o n s t a n t  dollar series 

T h e  p r e d i c t i v e  ability r e s u l t s  are statistical1 y 
s i g n i f i c a n t  a t  10 l e v e l  



e v i d e n c e  t h a t  iacoiae was the l e a d i n g  i n d i c a t o r  of cash flow for 

e i t h e r  t h e  h i s t o r i c a l  cost or c o n s t a n t  d o l l a r  measurement 

method, D u e  t o  t h e  l a c k  of r e l a t i o n s h i p  be tween  i n c o w  and cash 

f l o v ,  it was n o t  p o s s i b l e  t o  d e v e l o p  Box-Jenkins  n t a l t i v a r i a t e  

f o r e c a s t i n g  ~ o d e l s .  

The t h i r d  o b j e c t i v e  of t h i s  r e s e a r c h  was t o  test t h e  

predict i v e  a b i l i t y  of t h e  Box-jenkins  u n i v a r i a t e  model w i t h  t h e  

random walk w i t h  a d r i f t  @ode1 within each a c c o u n t i n g  i~ttethod, 

The n a i v e  @ o d e 1  t h a t  had been used  i n  p r i o r  studies gas used a s  

a @iniffturn c o s t  base a g a i n s t  vhich t o  coapare t h e  a c c u f a c y  05  the 

aose s o p h i s t i c a t e d  ~ o d e l s .  

T o  test the p r e d i c t i v e  a c c n r a c y ,  t?ro error ~ e t r i c s  were 

e a p l o y e d ,  T h e  ersor wetrics were a b s o l u t e  p e r c e n t a g e  error and 

s q u a r e d  p e r c e n t a g e  e r r o r ,  The n o n - p a r m e t r i c  test ,  t h e  Vi'icoxorn 

s i g n e d - r a n k  test, and t h e  p a r a a e t r i c  test,  t h e  a n a l y s i s  of 

v a r i a n c e  test, were perZorrtted on the a b s o h t e  p e r c e n t a g e  error 

and  sqtzased p e r c e n t a g e  e n o r  mtr ics  to test t h e  n u l l  h y p o t h e s i s  

of no  a i f f e r e r n c e  i n  t h e  p r e d i c t i v e  a b i l i t y  of t h e  f o r e c a s t i n g  

atodels s i t h i n  a n d  across a c c o u n t i n g  a e t h o d s .  S i a c e  t h e  

h o w g e n e i t 1  of t h e  c o v a r i a n c e  l a a t r i x  was highly cr i t ica l  d u e  t o  

the US& of r e p e a t e d  c o r r e l a t e d  d a t a ,  t h e  degrees a•’ f r e e d o t ~  of 

the 8 - s t a t i s t i c  were a d j u s t e d  by using a t h e t a  f a c t o r  

ad justateft t ,  T h i s  p s a c e d u r e  h a s  been s u g g e s t e d  by Box 11 954) . N e w  

c o r r e c t e d  p r o b a b i l i t y  s i g n i f i c a n c e  l e v e l s  were a l so  o b t a i n e d .  

The r e s u l t s  o f  t h e  p r e d i c t i v e  a b i l i t y  tests were somewhat 

mixed fox one-year-  ahead f o r e c a s t s ,  For t h e  histarical.  cost 



a c c o u n t i n g  raethcd, it c a n  be c o n c l u d e d  that [ I )  f o r  

o n e - y e a r - a h e a d  forecasts,  f 180151 -79) , t h e  Box- Jenkins model 

o u t p e r f o r r u e d  t h e  r a n d o n  walk  w i t h  a d r i f t ,  a t  t h e  Q , 0 5  l e v e l  of  

s i g n i f i c a n c e ;  (2) f o r  t h e  two-pear -ahead  f o r e c a s t s ,  P (81 /51-79) ,  

t h e r e  was nu d i f f e r e n c e  i n  t h e  p r e d i c t i v e  a b i l i t y  of t h e  

forecasting ~ o d e l s  a n d  (3) f o r  aaot h e r  one-yeas-ahead f o r e c a s t s ,  

P(B1/51-801, t h e r e  was no d i f f e r e n c e  i n  t h e  p r e d i c t i v e  a b i l i t y  

o f  t h e  f o r e c a s t i n g  models ,  

f o r  t h e  c o n s t a n t  d o l l a r  a c c o u n t i n g ,  it c a a  b e  c o n c l u d e d  

t h a t  { I )  f o r  t h e  o n e - y e a r - a h e a d  f o r e c a s t s ,  P (80/51-7W), the 

Box-Jenkins n o d e l  out p e r f o r m e d  t h e  random walk w i t h  a d r i f t  

m d e f ,  (2) f o r  the two-year -ahead  forecasts, F f81 / ' 3  1-79) t h e  

B o x - J e n k i n s  aodel o u t p e r f o r a e d  t h e  random w a l k  w i t h  a dift model 

at ,05  l e v e l  o f  s i g n i f i c a n c e ,  a n d  (3 )  f o r  a n o t h e r  one-year -ahead  

forecasts, Pf81/5?-50), t h e r e  was n o  d i f f e r e n c e  i n  t h e  

p r e d i c t i v e  acc urcy of the f o r e c a s t i n g  m o d e l s ,  

T h e  f a s t  o b j e c t i v e  of t h i s  s t u d y  was t o  test the p r e d i c t i v e  

a b i l i t y  of f o r e c a s t i n g  t aodefs  a c r o s s  a c c s u n t i a g  methods.  T h e s e  

tests  were a l s o  d i s c u s s e d  i n  C h a p t e r  5. 

T h e  r e s u l t s  of t h e  predictive ability tests a c r o s s  

a c c o n n t i n g  r e t h o d s  were a l so  mixed, b u t  i t  c a n  be c o n c l u d e d  t h a t  

(1)  f o r  t h e  o n e - y e a r - a h e a d  f o r e c a s t s ,  E" {80/51-793, b o t h  randoog 

walk w i t h  a d r i f t  aodel a n d  B o x - J e n k i n s  u n i v a r i a t e  m d e l  

u t i l i z i n g  h i s t o r i c a l .  cost cash flaw s e r i e s  outger fo r t r red  the 

random walk w i t h  a drift model  u t i l i z i n g  t h e  c o n s t a n t  d o l l a r  

cash  flow s e r i e s  but there was no  d i f f e r e n c e  when compared  to  



Box-3eakins  aaodel u t i l i z i n g  c o n s t a n t  dollar, 12) For the 

-two-year-ahead f o r e c a s t s ,  F (87/51-"7) , b o t h  t h e  randora w a l k  w i t h  

a drift and B o x - J e a k i n s  model u t i l i z i n g  h i s t o r i c a l  c a s h  flow 

were unable  to outperform t h e  randog  walk with a drift teodel 

at if izi n j  constant dollar and were o u t p e r f  omed b y  t h e  

B o x - J e n k i n s  aodel utilizing constant do l lar  a t  .05  level of 

s%gnif icance and ( 3 )  for a n a t h e r  one-  year-ahead forecasts, 

F(B1fi1-80), t h e r e  were n o  d i f f e r e n c e s  i n  the p r e d i c t i v e  

accuracy of t h e  rrtodels utilizing cash flow f m a  d i f f e r e n t  

a c c o u n t  i n g  aet hods, 

In surtiBafy, the results were mixed. S i n c e  for 

one-year-ahead forecasts models utilizing the  c o n s t a n t  d o l l a r  

cash flog series can not  o u t p e r f o m  the r a r a d o ~  walk with a d r i f t  

& o d e 2  u t i l i z i n g  historical cost c a s h  flow, it would a p p e a r  t h a t  

the c o a s t a n t  dollar a c c o u n t i n g ' s  u s e f  ufness is limited for 

one-year-ahead f o r e c a s t s ,  However, the other r e s u l t s  are 

i n c o n c l u s i v e .  

Li a i t a t i o n s  --------- 
The c o n c l s s i o n s  o f  t h i s  study axe subject t o  s e v e r a l  

l i ~ e i t a t i o a s ,  F i r s t l y ,  only the firres on the COFIPUSTAT t a p e s  were 

considered for: i n c l u s i o n  i n  the s a ~ a ~ l e ,  T h i s  i n t r o d u c e d  t h e  

* s u r v i v o r s h i p *  b i a s  i a  the sartiple. F a i l e d  f irss and r e c e n t l y  

organised firins were a l s o  excluded due to u n a v a i l a b i l i t y  o f  

data, flcsreover, t h e  sagtple d e s i g n  excluded firlas t h a t  d i d  n o t  

oaeet t h e  selection criteria, Therefore, the zesu1Zs of this 



s tudy  w i l l  no t  be  u n i v e r s a l l y  applicable, 

Second ly ,  i t  was n e c e s s a r y  t a  u s e  a  proxy f o r  t h e  c a s h  flow 

d u e  t o  the u n a v a i l a b i l i t y  o f  t h e  u n r e a m i t t e d  e a r n i n g s  of 

uncolssof i d a  t e d  s u b s i d i a r i e s  a n d  soate non-cash items i n  the 

income b e f o r e  e x t r a o r d i n a r y  items and  d i s c o n t i n u e d  o p e r a t i o n s ,  

T o  t h e  extent the v a r i a b l e  is ~ i s s p i e c i E i e d ,  the results of t h i s  

s t n a y  uovhd b e  i n a p p r o p r i a t e .  Bowevez, the proxy f o r  c a s h  flow 

r e p e s e n t s  t h e  sost a p p r o p r i a t e  estilaate for t h e  a c t u a l  c a s h  f low 

that c o u l d  be m d e  fron pubZicfy  a s a i l a b l e  i n f o r a a l i o n ,  

T h i r d l y ,  the c o n s t a n t  d o l l a r  E i n a n c i a l  s t a t e a e n t s  were ob- 

t a i n e d  by a  r e s t a t e w n t  algorithe,  X t  is not known t o  what 

extent t h e  r e s t a t e m a t  d a t a  d i d f e r  from t h e  actual constant 

dollar d a t a ,  

F o u r t h l y ,  t h e  r e s u l t s  o f  t h e  p r e d i c t i v e  a b i l i t y  r e s u l t s  a r e  

dependent upon the a o d e l s  enployed.  T h e  r e s u l t s  of t h i s  study 

a r e  l i r a i t e d  t o  Box-Jenkins  a o d e l s  n sed  and  can nak  be 

q e n e r a f i s e d  t o  ather ~ o d e l s .  The Box-Jenkins nodefs  do, however, 

represent a broad class  o f  s t o c h a s t i c  l i n e a r  time series aodels- 

F i f t h l y ,  t h e  r e s u l t s  of the study m y  b e  l i m i t e d  b y  t h e  

n u s b e r  of observations and t h e  p e r i d  a v e r  s h i c h  the a o d e l s  were 

b u i l t  and  f o r e c a s t s  aade.  I f  t h e  period is n o t  a T t y p i c a l *  

period, then t h e  r e s u l t s  nay be  d i f f e r e n t  i f  a new p r i o d  i s  se- 

l e c t e d .  S i r r t i l a r l g ,  a n d  more i a p o r t a n t f y ,  the tests  of the 

p r e d i c t i v e  a c c o r a c y  were f o r  o n l y  p o i n t s  i n  tiitle (1980, 1981) ,  

T h e  actual cash f l a w  of t h e s e  two years nay be  unrepresentative 

of t h e  g e n e s a l  cas h flaw g e n e r a t i n g  p r o c e s s ,  



S i x t h l y ,  t h e  Box-Cox t r a n s f o r a a t i o n s  used i n  this s t u d y  

were s e l e c t e 3  from a s ~ a l l  subsel :  of t r a n s f o f m a t i o n s  a v a i l a b l e ,  

I f  these t r a n s f o r m t i o n s  were not t h e  o p t i m l  o n e s  b i a s  Bay re- 

s u l t .  Since t h e  series r e q u i r i n g  t h e  t r a n s f o r a a t i o n s  were f e u ,  

the e f f e c t  Bay b e  ~ i n i s a l ,  

L a s t l y ,  The f o r e c a s t i n g  ~ o d e l s  were e v a l u a t e d  based o n  two 

e r r o r  metfics, T h e s e  e r r o r  mt r i c s  s h o u l d  i d e a l 1  y have b e e n  se- 

l e c t e d  based  on t h e  i n v e s t o r s  t s p e c i f i c  d e c i s i o n  models .  

E x t e n s i o n s  ----- 
Given t h e  i ~ p o f t a n c e  of p r e d i c t i n g  c a s h  flow t h e r e  are s e v -  

eral l o g i c a  1 e x  tension -to this study, P i s s t l y ,  t h e  ~ s ~ o o t h i ~ ~ g ~ ~  

p h e a o ~ e n a n  r e p o r t e d  i n  the  a c c o u n t i n g  l i t e r a t u r e  may have 

c o n t r i b u t e d  t o  t h e  u n u s u a l  r e s u l t s .  R a n a g e s e a t s  a p p e a r  t o  smooth 

income t o  keep  i t  at a c o n s t a a t  lerref ( p e r h a p s  a d r i f t )  . T h i s  

s u g g e s t s  t h a t  t h e  behavioun: of incorae wonld follow a random w a l k  

w i t h  a drift, Hagever, in t h e  1980's t h e  cash flow nunlber was 

r e c e i v i n g  c o n s i  derable a t t e n t i o n  and focus was shifting f rom t h e  

income t o  c a s h  flov nuraber. EPaaageatenl; may have imined ia t e ly  

s t a r t e d  m a n i p u l a t i n g  t h e  c a s h  f log as  i t  a l l e g e d f y  d i d  incow?  to  

make i t  Bore p r e d i c t a b l e .  S i n c e  c a s h  f l o w  i s  e a s i l y  a a n i p u l a t e d  

by manageaten-t the cash flow may have s t a r t e d  showing  randofa w a l k  

w i t h  a  d r i f t  c h a r a c t e r i s t i c s ,  S i n c e  1980 cash flou s a y  not  have 

been ~anipulated, Box-Jenkins o n t p e r f o r ~ e d  the randora walk w i t h  

a dsif t, I n  11381, t h e  c a s h  f l o u  mag h a v e  been  m a n i p u l a t e d  a n d  

Box-Jenkins  perforged as w e l l  a s  random walk with  a d r i f t .  This 



phenomenon c o u l d  be  examined by using t h e  methodology  o f  t h i s  

study o v e r  t h e  y e a r s  prior t o  and s u b s e q u e n t  t o  198 1. 

Secondly ,  samples  t h a t  are  i n d u s t r y  s p e c i f i c  may be used t o  

exaraine vhether  there are any i n d u s t r y  e f f e c t s -  

T h i r d l y ,  t h e  c o n s t a n t  dollaz numbers u t i l i z e d  in this study 

were e s t i a a t e d  by a n  a l g o r i t h ~ .  S i n c e  the c o n s t a n t  d o l l a r  

numbers a r e  now published this iaethodof ogy c o u l d  be a p p l i e d  t o  

the p u b l i s h e d  -numbers, 

Fourthly, the i n f o r i a a t i o n  c o n t e n t  of t h e  puhl i s f iea  

a c c o u n t i n g  c a s h  flow c o u l d  be testen t o  see irhethler s t o c k  p r i c e s  

react t o  t h e  *sunexpected c a s h  flow*, 

P i n a l l y ,  a  natural e x t e n s i o n  would be t o  c o n s i d e r  tfie 

~ a r k e t  i n d e x  o f  c a s h  f low of all fims and /o r  other :  v a r i a b l e s ,  

such a s  total assets, a s  t h e  l e a d i n g  i r ad i ca t c l r s  i n  the 

Box-Jenkins  8au l l t i v a r i a t e  ( t r a n s f e r  f u n c t i o n )  s e t t i n g .  

This s t u d y  h a s  p r o v i d e d  d e s c r i p t i v e  e v i d e n c e  o n  t h e  

time-series b e h a v i o u r  of h i s t o r i c a l  cost and c o n s t a n t  d o l l a r  

annual cash f feu, It f a n d  no c o n c l  usive e v i d e n c e  f o r  the 

F i n a n c i a l  Accounting S t a n d a ~ d s  Boa rd ' s  a s s e r t i o a  that p a s t  

series of i n c o a e  can be used to ~ r e d l i c t  cash f l ow,  





Table A , ?  

F i r @  7 
Fir@ 2 
Pira 3 
F i r @  4 
F i r m  5 
F i r a  B 
Firm 7 
Firla 8 
F i r m  9 
Pirrs  1 0  
F irm 1 1  
Piris 12 
Firat  '13 
Pirrtl 14 
F i r @  15 
firm I 6  
Firnr 17 
Pira 18 
Pirrn 1 9  
F i r m  20 
Firm 2 1 
Pirrn 22 
F irm 23  
Pirm 2 Y  
P i r n  2 5  
Firra 2 5  
F i r m  27 
Fisrti  2 8  
firat 2 9  
Pirm 3 0  
Firnr 3 1 
F i r m  32 



T a b l e  &,I  {Continued)  



Ifistoricaf Cost C a s h  flow A B I H A  Bodefs  : 1951-1980 
---------_--____---_____________________I__________________ ----- ---- ----- --- 
Cash bR Eara~eters @ A  Paraflteters 
P lou goael ------------- ------------- Trans- 
S (I># d t  P I  At11 1 AB2 Elll 1 H A 2  Constant form 

5.088 Log 
0 ,  102 Ricf 

551,168 
Q, 887 





T a b l e  R.3 





D i a g n o s t i c  T e s t  
f l i s t o r i c a l  Cost Cash F l o w  ZiRIPltA Bodels : 1 9 5 1  -19813 --------- --- ---------- ---------- ------- ----------------- 

--I--_-- ------ --_-- 
Degrees of Eox-Pie rce Probabi f  it y 

Wodel Freedom Q-Stat istic I --------- --- ---------- - ---- ------ ------- ---------------- ----- ---- ----- -------- - ----- ---- ---- ------------------- 
P i r a  1  11 6 -4 . 25 
Fir@ 2 12 1 1 - 0  - 2 5  
Y i r ~  3 1 1  9.0 - 2 5  
F i r &  4 11 5 - 7  -25  
Firm 5 1 2  2 0 . 8  -0 5 
Firs 5 12 7 - 6  - 2 5  
Firla 7 f 1 7 5 - 0  - 1 0  
Firm 8 12 7 - 1  .25 
F i r s  9 1 2  4.8 - 2 5  
Firla 10 12 18.1 -10  
Pirra 1 3  1 2  9,fr  - 2 5  
P i r a  12 12 1 7 - 5  a 10 
F i r a  13 1 1  9-1  -25  
P i r w  14 1 0  Us 3 - 2 5  
Pira  1 5  I 1  3 -6 a 25 
Pirar 15 10 8 -7  - 2 5  
F i r %  17 I f 13, 7 -25 
P i r a  18 12 3 - 7  - 2 5  
F i r a  19 t 1 14,5  .10  
P i r f  20  1 1  5 - 8  -25 
F i r &  2 1  7 1 10 -6  .25  
P i r ~  22 11 8-6 - 2 5  
Firm 23  11 8-8 -25  
Pirnr 24 1 0  3 - 0  - 2 5  
Fir& 25 1 I 1.6 - 2 5  
Eira 26 7 1 3.Q - 2 5  
f i r s  27 1 1  8-54 - 2 5  
P i n  28 12 3, 1 - 2 5  
3 i .m 29 1 2  1 - 2  -25 
F i r &  30 12 6, 9 -25  
F i r m  31 11 5, 3 -25 
Fir= 3 2  ------------------- 12 

------------------- ued) -------- ------- -- --- - - -- --- ------- -------------------- 





Table A . 5  





Table A,6 (Cont inmd)  



Cash 88 Pa ram te rs BB parameters 
Flow Mdea ------------- -----------a- 'Era ns- 
Series (@,d ,q)  881 A R2 # A 1  #A2 Constant form ------------- ------ ----------- --------- -- -------- -- ----- ----- ----------------------------- ---------- -- ------ ------------- 
Pic@ 1 (100) 0.694 89,699 
Firm 2 /100) -0,432 33.548 
Fira 3 (210) -0,976 -0,543 18,768 
Fir@ 4 (000) 91.531 
F i r l a  5 (100) 0 .707  . 73.565 
Firm 6 (000) 19.6 12 
Firm 7 [100) 0.606 49,248 
Firm 8 (000) 4,700 
f irm 9 1000) 28.822 
f irm 1 0 (000) Y ,410 
 fir^ 1 1  (000) 6,926 
Firm 12 (000) 0 ,205  R i c f  
Firs 13 1110) -6,631 
Firrtl 1G (200) -0.591 -0,457 
 pix^ 15 f11O) -0.765 
Pirrt t  16 i[l10) -0,546 
F i r m  17 (600) $,648 509 
Firs '118 (130) 0.750 '112,291 
P i r ~  19 (210) -0,890 -0,447 Lag 
fir@ 213 (110) -0.472 
Firm 27 (110) - 0 , 8 0 5  77-3 15 
F i r m  22 {OOQ) 4.939 
Pire 23 f'100) 0,5Sr9 
Pirttt 24 1100) 0.667 122,601 
Pirrn 25 (200) * 0. 564 35,171 
Firm 26 (200) * 0, 58Y 137,376 
firm 27 (100) 0, 7QY 67.514 
Firs 28 ((000) 286 -6 25 
F i r m  2 9  f000) 288.42U 
F i r &  30 (040) 6-9 12 Log 
Firm 31 [llO) -0.833 
F i s w  32 (000) 6,375 ------ ------------------- ------------------------ (C~nf- inued)  ========================= 
* : Parameter not sigrai f icant 

L o g  : Log transf a m a t i o n  
R i d  : S q u a r e  root inverse transfor~lation 



T a b l e  8.7 (Continued) 



P i r r e  
f irlg 
Pira 
Yi rtn 
Firm 
F i r @  
F i r n  
Firna 
Firla 
P i  rm 
Pi ra 
f irni 
Firm 
F i  rnn 
F i r s  
Fir@ 
F i  rut 
F i r @  
Pira 
Pi rrn 
]Firm 
F i r a  
F i  r a  
Fi rltl 
F i r s  
Firm 
Fi rrs 
Birw 
Fir& 
Firm 
Fi rra 
Firm 



T a b l e  A8 (Cont inued)  

Interpretat ion  : If t h e  r e s i d u a l s  are white n o i s e  
w i t h  Bean zero and constant variance then t h e  
p r o b a b i l i t y  of o b s e r v i n g  a Q-sta t i s t i c  that 
large is a s  given, 



Table  8.9 

Diagnostic Test 
Cons tant  Dollar Cash P fou  AEfBA Rodels : 1951-1988 -------------------------------------------------------- ............................... ------------------------- 

Degrees of Eax-Pie rce P r o b a b i l  it y 
node l  f r eedom Q - S t a t i s t i c  ;I -------------------------------------------------------- ------------------------------------------------ ------- 

F i r ~  1 1 1 7.1 25 
Firm 2 11 17-7  - 0 5  
F i r m  3 10  9, U -25 
Firni 4 12 7. 'f - 2 5  
Pirra 5 11 1 6 . 9  - 30  
Fir& 6 12 4.7 - 2 5  
f ir@ 7  11 9.9  -25  
F i r s  8 12 10.9 -25  
Fire 9 12 6 - 5  -25  
F i r &  10 12 15. 8 -10 
P i r a  31 12 10,7 -2 5 
firm 12 12 ' 6.2 . 25 
Fira 13 11 9.0 -25  
F i rm 14 1 0  5.0 -25 
F i r a  15 11 5 .rl -25 
F i r m  15 1 3  9-5r - 2 5  
Pirint 17 12 4, 4 -25  
firat 18 t 1 6 - 6  -25  
Eira 19 1 0  7.5 -25 
P i r l a  20 11 8-4 -25  
Pirna 2 1  11 9.0 - 25  
Fir% 22 12 16.2 10 
Firm 23 1 3  8.2 -25 
 fir^ 24 1  t 7.3 .25 
Piro l  25 11 6 - 9  . 25 
Eira 25  1 1 3 . 9  -25 
P i r a  2 7  11 15-3 . 10 
F i r s  28 12 13.2 25 
Pirm 29 12 7 - 1  - 2 5  
F i r m  3 0  12 4.2 -25 
f i r n t  3 1  11 7-8  -25  
Firs 32 12 1 0,5 25 ---------------------- ---------------------- ( c o n t i n u e d )  ============r======r======= 



I a t e r p r e t a t i o n  : 33 t h e  residuals are white n o i s e  
with Bean zero and c o n s t a n t  variance t h e n  t h e  
p r o b a b i l i t  y of o b s e r v i n g  a Q - s t a t i s t i c  that 
l a r g e  is as g i v e n ,  
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