
INPUT -  OUIPUr MARKOV ATWLYSIS OF G O V E iM T  STIMULUS

THOMAS KEVIN ÏÏJL K



ProQuest Number: 10796135

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQuest 10796135

Published by ProQuest LLC (2019). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106 -  1346



T-1966

A Thesis submitted to  the Faculty  and the  Board o f  Trus tees  of 

the  Colorado School o f  Mines in p a r t i a l  f u l f i l lm e n t  o f  the  requirements 

fo r  the  degree of  Doctor of  Philosophy in Mineral Economics.

S ig n e d :y /
Student

Golden, Colorado 

Date: May 18, 1977

Approved:
Thesis Advisor

Head of  Department

Golden, Colorado 

Date: May 18, 1977



Table of  Contents

In troduct ion   .......................................    1

Input-Output A n a l y s i s .....................     4

Formulation of  1-0 Models  .........................   6

V a l id i ty  of  1-0 Analysis .....................   15

Transact ions  and Markov Analysis .......................................................   23

Markov Chains  .....................     24

Markov Process Formulation .....................................................................  26

Input-Output Markov Analysis . . .................. .................. . . . . . . .  42

Need fo r  ROR Analysis to  Evaluate Economic Stimulus . . . .  42

Input-Output Analysis and the  6-Sector  Model ............................... 46

Markov Analysis  and the  6-Sector  Model . . .  ............................... 54

1-0 Markov Analysis and the  6-Sector  Model..... ................................. 71

Implicat ions  of  .1-0 Markov Analysis on I n f l a t i o n  and Unemployment

C o n c lu s io n ................................................................   86

Appendix . . . . . . . . .  ..................................................................................  90

R e f e r e n c e s ..................................      100



T-1966

Abstrac t

The purpose o f  t h i s  t h e s i s  i s  to  formulate a method to analyze 

the  e f f e c t s  and r a t e  of  r e tu rn  of  governmental s timulus  in an economy. 

The method i s  based on Input-Output ana lys is  and Markov theory.  

Input-Output an a ly s is  p ro jec ts  changes in the level o f  economic a c t i v i t y  

and Markov an a ly s is  p ro je c t s  the a ssoc ia ted  change in the  r e l a t i v e  

number of  t r a n sa c t io n s  in  the economy. Combined, the  two p ro jec t ions  

allow expected tax  revenues and a subsequent r a t e s - o f - r e t u r n  to be 

p ro jec ted .

i i
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In troduct ion

There are  few th ings  more dear  to  a c i t i z e n  than how h is  govern­

ment spends the  tax revenues generated from his  income. Karl Marx 

s t a t e d :

The English Es tabl ished  Church . . .w i l l  more r e a d i ly  pardon an a t t a c k

on 38 of  i t s  39 a r t i c l e s  than 1/39 of  i t s  income [8 ] ,

The philosophy of  Marx's sta tement i s  one of  the  underlying philosophies  

of  t h i s  t h e s i s .

The purpose of  the  t h e s i s  i s  to formulate a method to  analyze 

the  e f f e c t s  and r a t e  of  r e tu rn  of  governmental s timulus in an economy.

The method i s  devised fo r  a Keynesian environment where the  key to  

achievement i s  to maintain a c o n s i s t e n t ly  high level of  aggregate 

demand. In a Keynesian economy, i f  high le v e l s  of  aggregate demand 

cannot be maintained by the p r iv a te  s e c to r  of  the economy, the government 

must assume the r e s p o n s i b i l i t y  to s t im u la te  demand. Most c i t i z e n s  

have an inborn d i s t r u s t  of  government when i t  at tempts  to a l t e r  the 

economy. Adam Smith 's  views on the r e l a t io n s h ip  between government 

and the economy were t h a t  p o l i t i c i a n s '  goals on regu la t ing  the  economy 

were to  "deceive and oppress" and t h a t  "monopoly i s  a g rea t  enemy to 

good management" [18].  Since government i s  a monopoly composed of  

p o l i t i c i a n s ,  i t  i s  no wonder the re  i s  a natura l d i s t r u s t  of  government 

meddling with the  economy.

The method formulated in the  t h e s i s  allows the overa l l  e f f e c t s  

of  changes in the  economy to  be in v es t ig a te d .  In t h i s  manner, the  

e f f e c t s  of  a governmental proposal to  s t im ula te  or  d i r e c t  the economy may be

1



T-1966 2

pred ic ted  and compared with a l t e r n a t e  proposals .  The key pa r t  of  the 

method i s  i t s  a b i l i t y  to  determine a r a t e  of r e tu rn  f o r  the  proposals .

The r a t e  of  r e tu rn  would be derived from the tax  revenues a t t r i b u t e d  

to  th e  s t imulus .

With recen t  developments in the  Government's p o l i c i e s  to combat 

th e  energy c r i s i s ,  t h i s  method of  an a ly s is  takes  on add i t ional  importance. 

Governmental proposals  aimed a t  changing the e s ta b l i sh e d  consumption 

p a t te rn s  of  the  American pub l ic ,  and the  overal l  e f f e c t s  o f  imposing 

s t i f f  taxes  to  d e te r  the  purchase of  energy i n e f f i c i e n t  products can 

be more thoroughly evaluated .

Development o f  the  an a ly s is  method i s  based on Input-Output (1-0) 

a na lys is  and Markov theory.  Trad i t ional  1-0 an a ly s is  i s  used to  p red ic t  

the  change in the  level  o f  economic a c t i v i t y  (GNP) r e s u l t i n g  from changes 

in aggregate demand. The r e s u l t s  of  the  1-0 an a ly s is  are then used to  

determine the  r e l a t i v e  change in the number of  t r a n sa c t io n s  in the economy. 

Knowing the change in the  level  of  economic a c t i v i t y  and the change in 

the expected volume o f  t r a n sa c t io n s  provides v a l id  p red ic t ions  of expected 

tax  revenues. The r e l a t io n s h ip  between cos t  of  s timulus and expected 

tax  revenues a s soc ia ted  with the  s timulus e s t a b l i s h  the  r a te  of r e tu rn .

Two major assumptions are  made in the t h e s i s .  F i r s t ,  i t  is  

assumed tax  revenues are  d i r e c t l y  proport ional  to  the  number of  t r a n sa c t io n s  

( taxable  s i t u a t i o n s )  occurring in the  economy. Second, i t  is  assumed 

t h a t  the probable d o l la r - f lo w  from sec to r  to  sec to r  in the economy is  

proport ional  to  the  monetary volume of  i n t e r - s e c t o r  t r a n s a c t io n s .  No 

at tempt i s  made in the  t h e s i s  to  v a l id a te  or d i s c r e d i t  these  assumptions.

The t h e s i s  i s  presented in th ree  major s ec t io n s .  Chapter I deals
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with a review o f  the formulation and v a l i d i t y  of  1-0 a n a ly s i s .  Chapter 

II develops Markov theory  and i t s  ap p l ica t ion  to  determining the r e l a t i v e  

number of  t r a n sa c t io n s  in an economy. The t h i r d  chapter  combines 1-0 

a n a ly s is  and Markov theory to  e s t a b l i s h  the method to analyze the  

e f f e c t s  and r a t e  of  re tu rn  o f  governmental s timulus.  Throughout the 

t h e s i s  a 6 - se c to r  model of  the U.S. economy wil l  be used to  c l a r i f y  

and demonstrate the  methods discussed.  Following the t h i r d  chapter  

and conclusion i s  an appendix t h a t  wil l  f u r th e r  in v e s t i g a t e  the  a n a ly t i c  

r e l a t io n s h ip  between stimulus and t r a n s a c t io n s .
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Input-Output Analysis

C lass ica l  economic doc t r ine  p resc r ibes  t h a t  no one should tamper 

with the  economy. Adam Smith concurred with t h i s  philosophy in his  

b e l i e f  t h a t  an economy should be based on individualism and not a 

paternal  government [19] .  Input-Output (1-0) ana lys is  i s  a key tool  fo r  

those  who oppose the  c l a s s i c a l  d o c t r in e .

1-0 an a ly s is  provides the  modern economist with a r e l i a b l e  and 

systematic  method of  p red ic t ing  the  e f f e c t s  of  tampering with an economy. 

The primary ob jec t iv e  of  1-0 i s  to  r e l a t e  the interdependencies  of  the  

var ious  s ec to rs  of  an economy. By r e l a t i n g  these  in terdependencies ,

1-0 an a ly s is  o f f e r s  an acceptable  means to  fo re c a s t  economic a c t i v i t y ,  

i d e n t i fy  poss ib le  economic b o t t l en ec k s ,  and compare d i f f e r e n t  economies.

Modif icat ion of  1-0 an a ly s is  increases  i t s  v e r s a t i l i t y .  With 

s l i g h t  m o d if ica t ions ,  1-0 has been used fo r  analyzing the concept of  

optimal app rop r ia t ing  of  economic r e n t  in the f i e l d  o f  in t e rn a t io n a l  

economics [20] .  More ex tens ive  m odif ica t ions  and the use of l i n e a r  

programming make i t  poss ib le  fo r  1-0 ana lys is  to  be applied  to  dynamic 

a p p l i c a t io n s .  For f u r th e r  information on these time-phased dynamic 

a p p l ic a t io n s  consu l t  Gass [4 ] .

One o f  the  advantages of  1-0 an a ly s is  i s  t h a t  i t  adequately 

deals  with the  m u l t i p l i e r  e f f e c t  t h a t  i s  present  in a m u l t i - s e c to r  

economy. Since the  m u l t i p l i e r  e f f e c t  is  a summable converging i n f i n i t e  

s e r i e s ,  1-0 an a ly s is  can determine the  outcome o f  the  i n f i n i t e l y  many 

of  adjustments  an economy goes through when th e re  i s  a change in consump­

t ion  or  production.

4
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The importance of  1-0 to  t h i s  t h e s i s  i s  t h a t  i t  wil l  be used in 

conjunct ion with Markov theory to  e s t a b l i s h  the  r a t e - o f - r e t u r n  and 

t r a n sa c t io n  concepts .  Fundamental to  the es tabl ishment  of  these  concepts 

is  to  demonstrate the v a l i d i t y  of  fo re c a s t s  based on 1-0 a n a ly s is .

Most of  the  underlying theory and development o f  1-0 ana lys is  is  

a t t r i b u t e d  to  Wassily W. Leontief  of  Harvard. In the 1930 's ,  Leontief  

formulated a 4 5 -sec to r  1-0 model o f  the 1919-1920 U.S. economy.

Leontief  publ ished t h i s  work in 1941, and s ince t h a t  t ime,  the f i e l d  

of  1-0 an a ly s is  has been growing s t e a d i ly .  Today, with the aid of  

computers,  th e re  are  more than 50 nat ional  1-0 models [18].

1-0 ana lys is  i s  a very powerful t o o l , but i t  a l so  has i t s  drawbacks.

One of  the  more p r o h ib i t i v e  drawbacks i & the f a c t  t h a t  1-0 ana lys is  is  

c o s t ly  and s o p h is t i c a te d .  The volumes o f  data t h a t  must be obtained 

fo r  a m u l t i p l e - s e c to r  model are  expensive and very time consuming to 

accumulate.  In many cases a lapse  o f  2 to 5 years  i s  required  to accumulate 

and organize the  d a ta .

Assuming data i s  a v a i la b le  fo r  an 1-0 a n a ly s i s ,  the re  are  two 

s im plify ing  assumptions t h a t  must be made. The f i r s t  of  these  assumptions 

i s  t h a t  of  p r o p o r t io n a l i ty  within  the  economy. P ro p o r t io n a l i ty  requ i res  

t h a t  a 10% increase  in production in the  a g r i c u l tu r e  s ec to r  demands 10% 

more input from the o th e r  s ec to rs  t h a t  con t r ibu te  to  a g r i c u l tu r a l  product ion.  

Secondly, 1-0 an a ly s is  assumes t h a t  the  r a t i o s  of  s ec to r  i n te ra c t io n  

wil l  not change during the period of  a n a ly s is .  According to  [11] and [4 ] ,  

t h i s  s t a t i c  condi t ion  i s  not extremely c r i t i c a l  to  the  accuracy of  shor t  

term 1-0 a n a ly s i s .  This point  wil l  be discussed in g r e a te r  d e t a i l  l a t e r .
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The remainder of  t h i s  chap te r  wi l l  deal with two major a reas .  The 

f i r s t  area wil l  be the  formulat ion o f  an 1-0 model. The second area 

w i l l  be concerned with e s t a b l i s h in g  the v a l i d i t y  of  1-0 a n a ly s i s .  1-0 

an a ly s is  wil l  be compared to  a l t e r n a t i v e  forms of  a n a ly s is  based pr im ar i ly  

on a study by the  Bureau of  Economic Analysis [1 ] .

Formulation of  1-0 Model

Provided a l l  required  data a re  a v a i l a b le ,  the  primary s tep  in 

formula t ing an 1-0 model i s  to  organize an 1-0 t a b l e  or  t r a n sa c t io n  

t a b l e .  The t a b l e  p a r t i t i o n s  the  economy into  s e c to r s ,  and the  e n t r i e s  

in the t a b l e  rep resen t  the  monetary volume of  s a le s  between the d i f f e r e n t  

s e c to r s .  In a d d i t io n ,  a column i s  incorpora ted in to  the  t a b l e  to  denote 

the  dollar-consumption of  each s e c t o r ' s  products.  The next s tep  in 

formula t ing an 1-0 model i s  to  develop the  technica l  c o e f f i c i e n t s  and 

corresponding technica l  c o e f f i c i e n t  matr ix .  Technical c o e f f i c i e n t s  

def ine  the  proport ional  in terdependencies  between s e c to r s .  Following 

t h i s  s te p ,  the Leontief  matrix  i s  c a lc u la te d ,  and the model i s  ready fo r  

i t s  r o le  as an a id  to  economic a n a ly s i s .  Each of  the s teps  wil l  be 

c l a r i f i e d  and discussed in g r e a t e r  d e ta i l  l a t e r .

Matrix no ta t ion  makes the d e r iv a t io n  and formulation o f  1-0 

an a ly s is  very s t ra ig h t fo rw ard .  However, a s tep -by -s tep  example wil l  

f u r t h e r  c l a r i f y  the  mathematics o f  1-0 an a ly s is .  A 6 - se c to r  economic 

model wi l l  serve as the example. This 6 - sec to r  model wil l  be r e fe r r ed  

to  throughout  the t h e s i s .  The data  fo r  the  model is  e x t r ac ted  from 

Summary o f  Input-Output Tables o f  the  U.S. Economy: 1968, 1969, 1970 [23].
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This summary conta ins  the data  fo r  an 85 -sec to r  1-0 model. The 8 5 -sec to r  

model was condensed to  the 6 - sec to r  example. By condensing the  l a r g e r  

model, the  r e l a t i v e  proport ions  o f  the  s ix  aggregate sec to rs  may have 

some r e l a t i o n  to  the ac tual  U.S. economy. The s ix  sec to rs  and t h e i r  

abbrev ia t ions  are :

Agr. = Agr icu l tu re  

Min. = Mining 

Cnst. = Construction 

Man. = Manufacturing 

Fin. = Finance 

Serv. = Services

The s tandard form of  the  t r a n sa c t io n  t a b l e  i s  i l l u s t r a t e d  in

Table I.  For example, an en t ry  ( x . j )  in row "i"  and column " j"  denotes

the  amount of  sa le s  from sec to r  " i"  to  se c to r  " j"  during the  period of

i n t e r e s t .  The consumption or  f in a l  demand column rep resen ts  those

elements in the  economy which consume the various commodities but do

not co n t r ib u te  or  feed back to the  economy a product of  t h e i r  own.

Examples of  these  elements include fore ign t r a d e ,  government o p e ra t io n s ,

and household consumption. (In the  next chap te r ,  elements t h a t  consume,

but do not produce, will  be represented  by absorbing s t a t e s  of  a Markov

chain) .  F in a l ly ,  the t o t a l  output column d isp lays  the e n t i r e  production

fo r  each of  the s e c to r s .  The to t a l  output  of  s ec to r  " j " ,  Xj, i s  the sum

of elements x . .  corresponding to s ec to r  " j"  (X. = £ x . . )  and the consumption
i j  - J j  i J

fo r  s ec to r  “j "  i s  denoted by Y..
J
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TABLE I

Transact ion Table

To Sector
Total
OutputFrom SectorX 1 Consumption

nn

where

xj j  0: t o t a l  s a le s  ( in d o l l a r s )  o f  s e c to r  i to  s ec to r  j .

Yj >^0: f in a l  demand or  consumption ( in  d o l l a r s )  of  products

produced by sec to r  i .

X. > 0 :  t o t a l  output  (in d o l l a r s )  of  indus t ry  i .

Table II  shows the t r a n s a c t io n  t a b l e  fo r  the 6 - se c to r  economic model : 

Recall the  e n t r i e s  in th e  t a b l e  were ex t rac ted  from actual  U.S. economic 

data  and t h e i r  values  have r e l a t i v e  importance. When = 0 the re  

may s t i l l  be i n t e r a c t io n s  between these  s e c to r s ,  but  not a s ig n i f i c a n t  

amount as determined by the decimal place accuracy of  the t a b l e .
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TABLE II

Agr.

Transaction Table f o r  6-Sector  Economy 

(B i l l io n s  of  Dollars)

Min. Cnst.  Man. Fin. Ser.  Consum. Tot.Out.

Agr. 22.3 0.0 .3 26.6 2.9 .4 11.0 63.5

Min. .1 1.7 10.3 15.1 .4 0.0 3.0 30.6

Cnst. .6 .7 .1 10.7 10.2 1.9 103.4 127.6

Man. 8.3 2.5 38.4 247.5 6.0 27.0 318.4 648.6

Fin. 3.9 4.1 1.8 31.3 25.9 12.0 126.9 205.9

Ser. 2 .0 .7 6.2 40.4 10.5 13.3 113.6 186.7

The next s tep  in the 1-0 process  is  to  develop the techn ica l

c o e f f i c i e n t s  and the  techn ica l  c o e f f i c i e n t  matr ix .  I t  i s  through the

techn ica l  c o e f f i c i e n t s  t h a t  the assumption o f  p r o p o r t io n a l i ty  i s  invoked.

Technical c o e f f i c i e n t s ,  a . . ,  s t a t e  the  amount of  input from se c to r  i t h a t
* J

i s  necessary  to  produce one u n i t  of  output from sec to r  j . ( s e e  d e f i n i t i o n ,  below) 

The assumption t h a t  the  r a t i o  of  s ec to r  i n t e ra c t io n s  i s  indepen­

dent of  time i s  implied by the  use of  the technica l  c o e f f i c i e n t s .

The s e t  o f  t echn ica l  c o e f f i c i e n t s  i s  produced from the  t r a n sa c t io n  

ta b le ,a n d  i t  i s  assumed these  c o e f f i c i e n t s  are app l icab le  through the  

e n t i r e  f o recas t in g  hor izon.  Technical c o e f f i c i e n t s  sha l l  be denoted

by " a . . ' s "  and def ined as follows:

xi i

a ü- = f  -  0

i s  the d o l l a r  amount of  input  from sec to r  i 

necessary to  produce one u n i t  of  output 

from se c to r  j .
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A " t i l d e "  over an element wil l  be used to s ig n i f y  the known data values fo r

x . . ,  X., and Y. fo r  the  given base period.
' u J J

Given data  (such as Table I I )  fo r  a base per iod ,  the n - sec to r

t r a n s a c t io n  t a b l e  can be r ew r i t ten  in terms of  the  technica l  c o e f f i c i e n t s .

a ll*1 + a12^2 + • • • + a1nXn + Y] =

a21*l + a22%2 + • • • + a2nXn + ^2 " *2

an l X1 + an2X2 + • • • + annxn + Yn = Xn

This system o f  equations  (1) can be r e w r i t t en .

xi '  an xi '  ai2x2 - • • • - a1nxn = Yi

X2 * a21Xl " a22X2 -  • • • -  a2nXn = Y2

( 1)

( 2 )

Xn ‘ an l Xl '  an2X2 ‘ - annxn = Yn

Col lec t ing  l i k e  terms,  equations  (2) can be conveniently  w r i t t en  

in matr ix  no ta t ion .
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(I - A)X = Y (3)

where

I =

1 0 

0 1

0 0

X =

A =

tl l  12 *

a21 a22

in

2n

anl an2 . ann

Y =

The (I-A) matr ix  i s  ap p ro p r ia te ly  termed the Leontief  matr ix .  By 

accepting the  assumption t h a t  the economy i s " l i n e a r "  ( p ro p o r t io n a l i ty  

assumption) and techn ica l  c o e f f i c i e n t s  are  s t a t i c ,  the  Leontie f  matrix 

can be used to descr ibe  the a c t i v i t y  of  the economy during cu r ren t  

and fu tu re  periods.

Premult iplying both s ides  o f  equation (3) by the inverse  o f  the 

Leontief  matrix y i e ld s :

(I -  A ) '1 (I -  A)X = (I  -  A)-1Y

or

X = (I  -  A)_1Y (4)
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Thus, by mult ip ly ing  the inverse  of  the  Leontief  matrix  by a des ired  

consumption matrix  (Y) the required  t o t a l  output matrix  (X) can be es t imated .

To summarize, the crux of  1-0 a n a ly s is  i s  to  determine the t o t a l  

output  vec to r  (X) which s a t i s f i e s  fo r  a given Y,

( I - A )  X =  Y (5)

X >. 0.

The so lu t io n  of  equat ion (5) i s  based on the ex is tence  of  the inverse  of  

the  Leontief  matr ix .  Morgenstern [12] has shown t h a t  the inverse  does e x i s t  

in a l l  cases  of  non-zero consumption. His proof t h a t  the Leontief  matr ix 

i s  nonsingular  and thus has an inverse  i s  based on

a . .  > 0  and 
i j  —

£ a ^  < 1 fo r  a l l  j  = l , 2 , . . . , n .

Computing the Leontief  matrix  fo r  the 6 - se c to r  model w i l l  help 

c l a r i f y  the  1-0 procedure. Based on the t ra n sa c t io n  t a b l e .  Table I I ,  

the  techn ica l  c o e f f i c i e n t  matr ix  f o r  the 1-0 model is

Agr. Min. Cnst. Man. Fin. Ser.

Agr. .351 0.0 .002 .041 .014 .002

Min. .002 .056 .081 .023 .002 0.0

Cnst. .009 .023 .001 .016 .050 .010

Man. .139 .082 .301 .382 .029 .145

Fin. .061 .134 .014 .048 .126 .064

Ser. .031 .023 .048 .062 .051 .071
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The corresponding Leontief  matr ix ,  ( I -A ) , i s

Agr. Min. Cnst. Man. Fin. Ser.

Agr. ’  .649 0.0 -.002 -.041 -.014 .002

Min. -.002 .944 -.081 -.023 -.002 0.0

Cnst. -  .009 -.023 .999 - .016 -.050 -.010

Man. -.139 -.082 -.301 .618 -.029 -.145

Fin. -.061 -.134 -.014 -.048 .874 -.064

Ser. -.031 -.023 -.049 -.062 -.051 .929

Determination of  the  inverse  o f  the Leont ie f  matrix  wil l  make i t  

poss ib le  to  p r e d ic t  the  e f f e c t  on the  economy assoc ia ted  with a l t e r in g  

the consumption vec to r  (Y). Inver t ing  the  Leont ie f  matrix y ie ld s

1.569 .016 .039 .111 .032 .023

.016 1.067 .101 .045 .010 .009

.029 .037 1.017 .036 .061 .021

.396 .184 .544 1.702 .111 .280

.141 .179 .071 .118 1.161 .099

.088 .051 .098 .127 .076 1.103

To see the  consequences of  a l t e r i n g  the consumption vec to r ,  

cons ider  a Governmental program t h a t  wil l  inc rease  the t o t a l  demand 

(consumption) in the  cons t ruc t ion  s e c to r .  Table I I I  shows the changes 

in the  t o t a l  output  (X) required  by 5% increments in demand in the 

cons truc t ion  s e c to r .  For example, the  f i r s t  column o f  Table I I I  

d isp lays  the  t o t a l  output requ ired  when cons t ruc t ion  demand i s  $103.4 

b i l l i o n  ( t h i s  column corresponds to  the t o t a l  output  column of  Table I I ) .  

Increasing the demand fo r  cons t ruc t ion  by 5% to  $108.6 b i l l i o n ,  r equ i res  

the  output shown in the  second column of  Table I I I .  Output fo r  a 10%
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inc rease  i s  shown in the  t h i r d  column, and so on.
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TABLE I I I

Effects  on Total Output due to  Increased Demand fo r  Construction

Level of  Construction Demand ($ b i l l i o n s )

base

103.4

base+5%

108.6

base+101 

113.7

base+15% 

118.9

base+20%

124.0

Agr. 63.5 63.6 63.8 64.0 64.2

Min. 30.6 31.0 31.5 32.0 32.6

Cnst. 127.6 132.6 137.8 143.1 .48.3

Man. 648.6 651.7 654.5 657.3 660.1

Fin. 205.9 206.0 206.4 206.7 207.1

Ser. 186.7 187.0 187.5 188.0 188.5

Total or  GNP 1262.9 . 1271.9 1281.5 1291.1 1300.8

I t  i s  apparent  from Table I I I  t h a t  a change in one s e c to r  o f  the  

economy wi l l  i n i t i a t e  the m u l t i p l i e r  e f f e c t  and have repercussions  

throughout  the  e n t i r e  economy. Referring to  the technical  c o e f f i c i e n t  

matr ix .  A, i t  can be seen t h a t  each d o l l a r  increase  in demand fo r  c o n s t ru c ­

t ion  f o s t e r s  a $.002 increase  in a g r i c u l tu r a l  product ion,  an $.081 

increase  in mining product ion,  and so on. In tu rn ,  each o f  these  

increases  c rea ted  add i t iona l  inc reases ,  and the  cycle continues u n t i l  

the  increases  become n e g l ig ib l e .  When the  demand of  several s ec to rs  

i s  a l t e r e d ,  the  t o t a l  e f f e c t  i s  the  sum of  the  individual  e f f e c t s .

V a l id i ty  of  I-Q Analysis

Since much of  t h i s  t h e s i s  i s  based on 1-0 a n a ly s i s ,  i t  i s  worthwhile 

to i n v e s t i g a t e  the accuracy and v a l i d i t y  of  1-0 f o re c a s t s .  Many fa ce t s
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of economic an a ly s is  have been aided by the eve r inc reas ing  i n t e r e s t  in 

1-0 a n a ly s i s .  1-0 t a b l e s  provide a means to  organize and c l a s s i f y  

da ta .  Also, 1-0 has emphasized the importance of  i n t e r in d u s t r y  ana lys is  

and has caused an upgrading in the quan t i ty  and q u a l i t y  of  in t e r in d u s t ry  

da ta .

The main controversy confront ing 1-0 ana lys is  i s  whether or not 

i t  i s  a v a l id  and e f f i c i e n t  economic fo recas t ing  device.  I t  i s  hard 

to  judge the "e f f ic iency"  of  1-0 a n a ly s i s ,  but the  e f f i c i e n c y  has 

improved s ince  L e o n t i e f ' s  f i r s t  a t tempts .  L e o n t i e f ' s  f i r s t  1-0 ta b le  

was published in 1936 and was composed of data  r e l a t i n g  to  the 1919-1921 

U.S. economy. Today, t h a t  15-year lapse in c o l l e c t i n g  data has been 

reduced to  about 3 years  [23] by the  Department of  Commerce.

Most arguments ag a in s t  the  v a l i d i t y  of 1-0 an a ly s is  a r i s e  from 

the  r e s t r i c t i v e  assumptions placed on the technica l  c o e f f i c i e n t s .  1-0 

a n a ly s is  approximates the complex production func t ions  t h a t  govern 

in t e r in d u s t r y  t r a n sa c t io n s  with a s in g le  cons tan t  c o e f f i c i e n t .  Approximating 

a complex production funct ion  by one c o e f f i c i e n t  may be the only way 

to keep la rge  1-0 t a b le s  manageable and workable. However, the r e q u i re ­

ment t h a t  the  techn ica l  c o e f f i c i e n t s  remain "acceptably" s t a t i c  fo r  a 

reasonable  period of  time can be examined by searching h i s t o r i c a l  data 

fo r  comparison.

Direct  t e s t s  co n s is t in g  of  observat ions  o f  techn ica l  c o e f f i c i e n t s  

and i n t e r in d u s t ry  r e l a t io n s h ip s  a t  d i f f e r e n t  t imes can be used to  see 

i f  the c o e f f i c i e n t s  vary with time. The general consensus of  these 

t e s t s  seems to  agree t h a t  technica l  c o e f f i c i e n t s  a re  not t o t a l l y  s t a t i c .
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but the  degree o f  time dependence i s  not c r i t i c a l  fo r  sho r t  term 

f o re c a s t s .

Leontief  performed one of  the  f i r s t  s tud ie s  on the var iance of  

techn ica l  c o e f f i c i e n t s  [9 ] ,  His s tudy was based on data  from 1919,

1929, and 1939. The conclusion of  the  study d isagrees  with many more 

recen t  s tu d ie s .  Leontief  found cons iderable  change in the  values of  

techn ica l  c o e f f i c i e n t s  over t h i s  20-year time period.

Burgess Cameron conducted a t e s t  based on a s e r i e s  of  data  from 

A u s t ra l ian  manufacturing i n d u s t r i e s  [ 2 ] .  In h is  1952 study he found the 

techn ica l  c o e f f i c i e n t s  to be f a i r l y  cons tan t  over a shor t  period of  

t ime. A sho r t  period of  time was def ined  to  be about 3 y e a r s .

In a more recent  study [1 ] ,  B. N. Vaccara examined changes t h a t  

occurred in the  technica l  c o e f f i c i e n t s  o f  the U.S. economy between 1947 

and 1958. The f indings  of  the s tudy were t h a t  the  c o e f f i c i e n t s  changed, 

but the  changes were unpatterned.

Separate s tud ie s  conducted by A. Ghosh [5] and VJ. Miernyk [11] 

found s im i l a r  r e s u l t s .  Both s tu d ie s  concluded the  s t a t i c  requirement 

placed on technica l  c o e f f i c i e n t s  i s  not c r i t i c a l  to the accuracy of  

sh o r t  term a n a ly s is .  Here again ,  sh o r t  term i s  in the neighborhood of  

3 years .

Concluding from these  s tu d ie s  t h a t  the  s t a t i c  condit ion imposed on 

the  technica l  c o e f f i c i e n t s  i s  not c r i t i c a l ,  i t  i s  now appropr ia te  to 

i n v e s t i g a t e  the accuracy of  an 1-0 f o re c a s t .  Two methods are  a v a i la b le  

fo r  t e s t i n g  1-0 fo re c a s t s .  One method i s  backcast ing,  and the  o the r  

i s  merely comparing previous fo re c a s t s  with ac tual  occurrences.
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The Bureau of  Economic Analysis (BEA) issued a r e p o r t  [1] in 

1975 t h a t  thoroughly analyzes  the  v a l i d i t y  of  1-0 f o r e c a s t s .  Included 

in the r e p o r t  a re  comparisons between the fo re c a s t in g  r e s u l t s  of  16 

1-0 models and o the r  techniques of  fo re c a s t in g .  The 16 1-0 models 

a re  both fo re ign  and domestic ,  and have been formulated in the past 

q u a r te r  century .  The o the r  fo recas t in g  methods used in the BEA re p o r t  

include v a r i a t io n  o f  GNP blowup, f in a l  demand blowup, and regress ion  

a n a ly s is .  GNP blowup p red ic ts  an i n d u s t r y ' s  output by assuming i t s  output  

w i l l  remain the  same proport ion of  GNP as was displayed in a base year  . 

Final demand blowup i s  s im i la r  to GNP blowup except an i n d u s t r y ' s  output  

i s  assumed to  remain proport ional to  the f in a l  demand of  a base year .  

Regression an a ly s is  i s  a data f i t t i n g  procedure t h a t  i s  u sua l ly  l im i ted  

to  a few v a r ia b le s  t h a t  a re  bel ieved to  have a s trong inf luence on the 

v a r ia b le  to  be p red ic ted .

Table IV and Table V l i s t  the r e s u l t s  of  the BEA study. In Table 

IV the d i r e c t  r e s u l t s  o f  the  comparisons between the d i f f e r e n t  techniques 

are  presented.  Table V, compiled by A. K. Shapiro [1 ] ,  shows how the 

accuracy o f  the  techniques  vary with r e spec t  to  the length  of  the time 

period involved in the  fo r e c a s t .

The general conclusion of  the  BEA study i s  t h a t  the re  are  no 

simple a l t e r n a t i v e  fo rec a s t in g  methods which are  c o n s i s t e n t ly  as good 

as 1-0. The a d je c t iv e  "simple" may be s l i g h t l y  ambiguous, but A. Ghosh's 

Experiments with Input-Output Analysis agrees  with the  conclusion of  

acceptable  accuracy.
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Transact ions  and Markov Analysis

As seen in the  previous s e c t io n ,  Input-Output ana lys is  provides 

an e f f i c i e n t  means of  analyzing the  e f f e c t s  of  Governmental po l icy  

changes on the  economy. However, the  primary concern of  1-0 an a ly s is  

i s  to determine the  new sec to r  t o t a l  outputs  c rea ted  by s p ec i f ied

changes in consumption. When changes in consumption are  der ived  from

a Governmental package intended to a l t e r  aggregate demand, i t  i s  extremely 

important  to  know what repercuss ions  the  package wil l  have on the Govern­

ments f in a n c ia l  p ic tu re .  For example, i f  the  government i s  faced with 

choosing between two d i f f e r e n t  economic stimulus programs t h a t  seem to  

have comparable e f f e c t s  on the economy (1-0 a n a l y s i s ) ,  how should the 

dec is ion  be made as to  which program to support .

The dec is ion  of  which programs to support  should, a t  l e a s t  in 

p a r t ,  be based on general business  p r a c t i c e s .  Few successful business  

organ iza t ions  wi l l  fund a proposal without  a d e t a i l e d  fo re ca s t  of  the  

consequences of  the proposal on the f in a n c ia l  s tanding of  the bus iness .

A primary measure used by p r iva te  e n t e r p r i s e  to  evaluate  a proposed 

venture i s  r a t e  o f  r e tu rn  a n a ly s is .  In the same manner, a government 

should p re d ic t  an expected r a t e  o f  re tu rn  in order  to proper ly value 

the  impact o f  a program, or expected r a t e s  o f  r e tu rn  to properly s e l e c t

the b e t t e r  program from many a l t e r n a t i v e s .

What i s  needed i s  a systematic  method to determine expected r a t e s  

of r e tu rn  (ROR) fo r  governmental programs t h a t  are  aimed a t  improving 

the economy by s t im u la t ing  or c re a t in g  a r t i f i c i a l  demand. Since taxes
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are  the Government's source of  income, a method to  p ro je c t  a r a t e  of  

r e tu rn  must be concerned with the  level  of  tax  revenues.

Input-Output a n a ly s is  does not d i r e c t l y  address  the  problem of 

r a t e  of  r e tu rn  on economic in te rv e n t io n .  One poss ib le  way in which 

1-0 an a ly s is  could be u t i l i z e d  to give i n s ig h t  to  ROR questions  would 

be to  assume the  overa l l  change in to t a l  output wil l  be taxed a t  a given 

percent .  In t h i s  manner a type o f  ROR p ro jec t ion  could be e s ta b l i sh e d .  

However, i t  seems more approp r ia te  and more accura te  t h a t  the  ROR 

should consider  the  flow o f  money and number of  taxab le  s i t u a t i o n s  occurr ing 

in the  economy. Economic s t im u la t ion  would most l i k e l y  a l t e r  money flow 

as well as t o t a l  product ion.

Markov Chains

The theory of  Markov chains o r ig ina ted  with A. A. Markov in 1907.

Since i t s  in t ro d u c t io n ,  the  theory has been widely developed. Today 

many sc iences ,  such as  sociology and biology,  recognize  Markov chain 

theory  as an extremely useful a id  to analyze t h e o r e t i c a l  and observed 

happenings. There i s  no reason why the theory cannot be u t i l i z e d  

in the  f i e l d  o f  economics.

Incorporating Markov chain theory in to  the  answering of  the 

ROR ques tion provides th re e  bas ic  advantages. The f i r s t  advantage is  

t h a t  Markov chain theory i s  very systematic .  Results  from the 1-0 

an a ly s is  are  inputs  fo r  the Markov an a ly s is .  Each s e t  of  data  i s  t r e a te d  

and analyzed in an impart ia l  and ob jec t ive  manner.

The second advantage to  the  Markov ana lys is  i s  t h a t  i t  produces 

q u an t i f ied  r e s u l t s .  This q u a n t i f i c a t io n  helps to remove the  problem
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of  ambiguous conclusions t h a t  a re  l i k e l y  to be m is in te rp re ted .

Q uan t i f ic a t ion  a lso  provides a s t ra igh t fo rw ard  means of  comparing 

the e f f e c t s  o f  d i f f e r i n g  economic s t r a t e g i e s .

The t h i r d  advantage of  the  Markov ana lys is  i s  t h a t  i t  i s  developed 

in matrix  form s im i la r  to  t h a t  used in 1-0 a n a ly s is .  Matrix no ta t ion  

allows masses o f  data  to  be presented  or  displayed in a way t h a t  i s  

e a s i l y  manipulated, understood,  and d iges ted .

At t h i s  t ime,  i t  i s  b en e f ic ia l  to s t a t e  p re c i se ly  what the  Markov 

a n a ly s is  i s  expected to  accomplish. Through Markov chain  theory ,  a 

matrix  w i l l  be derived  t h a t  f o r e c a s t s  the r e l a t i v e  number of  t r a n sa c t io n s  

t h a t  w i l l  occur in the  economy during a given time per iod .  The expected 

number of  t r a n sa c t io n s  in an economy corresponds to the number o f  

o p p o r tu n i t i e s  a government has to  recoup i t s  investment ( s t im u la t ion  

program) through t a x a t io n .

The matrix  containing the r e l a t i v e  number of  t r a n sac t io n s  to  be 

expected i s  c a l l e d  th e  fundamental matrix  or  N-matrix. This N-matrix 

i s  derived from a t r a n s i t i o n  matrix whose elements are  the  p r o b a b i l i t i e s  

t h a t  a d o l l a r  c i r c u l a t in g  in the economy and p resen t ly  in s e c to r  A wil l  

be involved in a t r a n sa c t io n  with s e c to r  B. Determination of  the 

t r a n s a c t io n  matrix  p r o b a b i l i t i e s  a re  based on the r e s u l t s  of  the  1-0 a n a ly s i s .

Thus, a proposed economic program w il l  f i r s t  undergo an 1-0 ana lys is  

to  determine the  overa l l  e f fec t s '  to the  economy. Using the r e s u l t s  

from the  1-0 a n a ly s i s ,  the Markov an a ly s is  wil l  p ro je c t  the  expected 

number of  tax ing  o p p o r tu n i t ie s  generated by the  economic program.

Knowing the  r e l a t i v e  number o f  t r a n sa c t io n s  ( taxing o p p o r tu n i t i e s ) ,  the  

corresponding magnitude o f  these  t r a n s a c t io n s ,  and an app l icab le  f ig u re
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to  rep resen t  the  tax  r a t e ,  enables  a ROR to be c a lc u la ted  fo r  a proposed 

economic package.

One poin t  should be c l a r i f i e d .  The N-matrix i s  not intended to 

be in t e rp r e te d  as a r e p re sen ta t io n  of  the  exact  number of  t r a n sa c t io n s  

to  be expected in the  economy. Proper i n t e r p r e t a t i o n  of  the  N-matrix 

i s  the r e l a t i v e  number of  t r a n sa c t io n s  in r e l a t i o n  to d i f f e r e n t  economic 

p o l i c i e s .  For example, one proposed economic program may increase  

the  expected number of  t r a n sa c t io n s  in the economy from 12.0 to  13.2.

The importance o f  t h i s  increase  i s  not  the 1.2 increase  in t r a n s a c t io n s .  

The importance of  the increase  i s  the  f a c t  t h a t  the  proposed program 

wil l  increase  the taxab le  op p o r tu n i t i e s  by 10%.

The remaining por tion  of  t h i s  chapter  wi l l  deal more e x p l i c i t l y  

with the development o f  Markov chain theory.  F i r s t  the basic  d e f i n i t i o n s ,  

n o ta t io n ,  and cons t ruc t ion  of  the t r a n s i t i o n  matrix  wil l  be covered. 

Following the bas ics  wil l  be the  development of  the  N-matrix, and an 

in t roduc t ion  to  o th e r  useful m a t r ice s ,  derived from Markov theory.

Markov Process Formulation

In the  next few pages, the  Markov chain theory  t h a t  i s  required  

fo r  Markov ROR a n a ly s is  wil l  be developed. The f i r s t  o b jec t ive  

w i l l  be to  p resen t  a simple example t h a t  i l l u s t r a t e s  the concept 

o f  a Markov process .

Consider the  p r o b a b i l i t y  t r e e  diagrammed in Figure I.  This t r e e  

corresponds to the poss ib le  outcomes of  a simple 2 -s tage  game. The 

f i r s t  s tage  of  the  game involves the f l ip p in g  of  an unbiased coin.

I f  the r e s u l t s  of  the coin to ss  i s  heads (H), the second s tage of  the
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game c o n s is t s  of  a r o l l  o f  an unbiased d ie .  I f  the r e s u l t s  of  the coin 

to s s  in the  f i r s t  s tage  of the  game i s  t a i l s  (T), the second s tage of 

the  game wil l  c o n s i s t  of  another  to ss ing  of  an unbiased d isc  t h a t  has 

a black face (B) and a white face (W).

FIGURE I

Coin Toss & Die Roll I l l u s t r a t i o n
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Thus, Figure I diagrams a l l  of  the  possib le  outcomes of  the simple 

game. Note t h a t  each branch in the  diagram has a t tached  to  i t  the c o r ­

responding p r o b a b i l i t i e s  o f  the game following t h a t  s p e c i f i c  path.

As simple as t h i s  game appears ,  i t  does rep resen t  a s to c h a s t i c  

process .  That i s ,  the game c o n s t i t u t e s  a sequence o f  experiments (coin 

t o s s ,  d ie  r o l l ,  d i sc  to s s )  such t h a t  each experiment has a f i n i t e  

number o f  outcomes (2 fo r  the d isc  and coin t o s s e s ,  6 fo r  the d ie  r o l l )  

with given p r o b a b i l i t i e s  (1/2 and 1 /6 ) .  The concept of  a s to c h a s t i c  

process i s  the  foundation of  a Markov process and a Markov chain .

A Markov chain i s  a s to c h a s t i c  process such t h a t  the outcome of  

any experiment or  t r i a l  in the sequence depends, a t  most, on the o u t ­

come of  the  immediately preceding experiment.  Each outcome of  an exper-  

ment wil l  be r e fe r r e d  to  as a s t a t e  (s . .) .  Corresponding to  each p a i r  

o f  s t a t e s  (s^,Sy) i s  a given t r a n s i t i o n  p r o b a b i l i ty  p ^ .  This p r o b a b i l i ty

r e l a t e s  the  chance t h a t  the outcome of the  n ^  experiment wil l  be s .
J

given the outcome of  experiment n-1 i s  s . .

Returning to the simple 2 -s tage  game fo r  c l a r i f i c a t i o n ,  def ine :

sQ = s t a t e  corresponding to  the  beginning s t a t e  of the  game,

s-j = s t a t e  corresponding to the  outcome o f  heads on the coin to s s .

$ 2  = s t a t e  corresponding to the  outcome o f  t a i l s  on the coin t o s s .

s3 = s t a t e  corresponding to the  outcome of  1 on the die r o l l ,

s^ = s t a t e  corresponding to  the  outcome of  2 on the  die r o l l .

Sg = s t a t e  corresponding to the  outcome of  3 on the d ie  r o l l .

Sq = s t a t e  corresponding to  the  outcome of  4 on the d ie  r o l l .

Sy = s t a t e  corresponding to the  outcome of  5 on the d ie  r o l l .
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Sg = s t a t e  corresponding to  the outcome of  6 on the die  r o l l .

Sg = s t a t e  corresponding to the outcome of  black on the d isc  t o s s .

s^Q= s t a t e  corresponding to  the outcome of  white on the d isc  t o s s .

The corresponding non-zero t r a n s i t i o n  p r o b a b i l i t i e s  would be:

P01 = 1 /2  P15 = 1 /6  p29 = 1 /2

P0 2  = 1 / 2  h  6  = 1 / 6  P210= 1 / 2
P13 = 1 /6  P17 = 1 /6

P14 = 1 /6  P18 = 1 /6

Let f j  be a funct ion  with the domain the s e t  o f  paths in the t r e e  and

value the outcome a t  the  j*'*1 s tage .  I t  i s  ev ident  t h a t  the p r o b a b i l i ty

of  being in s^ in the  second s tage o f  the  game given the f i r s t  stage 

r e s u l t s ,  f.| -  s^ ,  may be denoted.

Pl 8 = P [ f2 = s8 lf l = s l ] = 1/6
In g e n e ra l , the  t r a n s i t i o n  p r o b a b i l i t i e s  wil l  be defined:

Note t h a t  the  t r a n s i t i o n  p r o b a b i l i t i e s  are  s t a t i c .  The p ro b a b i l i ty  of  

going from s t a t e  i to  s t a t e  j  i s  not  a l t e r e d  by when t h i s  t r a n s i t i o n  

wil l  occur or  how many times i t  has previously  occurred.  There wil l  

always be the  same p r o b a b i l i t y ,  p . j ,  of  the occurrence of  outcome Sj 

given the  preceding outcome i s  s . .

The f a c t  t h a t  the t r a n s i t i o n  p r o b a b i l i t i e s  a re  s t a t i c  and have no 

"memory"allows them to  be d isp layed  and d e a l t  with in e f f i c i e n t  matr ix 

n o ta t io n .  A t r a n s i t i o n  matr ix ,  Q, fo r  a f i n i t e  Markov chain i s  a 

square matrix  whose elements a re  t r a n s i t i o n  p r o b a b i l i t i e s .  (The term 

f i n i t e  Markov chain r e f e r s  to  a Markov chain with a f i n i t e  number of
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s t a t e s ) .  For example, the  2 x 2  t r a n s i t i o n  matr ix ,

(To)

des igna tes  th e re  i s  a p ro b a b i l i t y  p ^  of  being in s t a t e  s^ in the next 

s tage  o f  the  process given the  c u r ren t  s t a t e  i s  s^.  There i s  a l so  a pro­

b a b i l i t y  P2 2  t h a t  of  remaining in s t a t e  Sg in the next s tage  of  the  process .

I t  i s  now advantageous to  begin to r e l a t e  the  theory  of  Markov 

chains and processes to  the  realm o f  economics. In the  previous 

chap te r ,  an economic model was developed in conjunction with 1-0

a n a ly s i s .  That same model wi l l  serve as an example to  demonstrate

how Markov theory  can be app l ied  to  est imate  d o l la r - f low s  within  the 

economy.

Recall in the 6 - sec to r  1-0 t a b le  (Table I I )  t h a t  the e n t r i e s  in 

the t a b l e  rep resen t  the  dollar-volume of  t r a n sa c t io n s  between the sec to rs  

of  the  economy. I f  i t  i s  assumed t h a t  the magnitude o f  an e n t ry ,  x ^ ,  

r e l a t i v e  to  i t s  s e c to r  ou tpu t ,  X j , i s  proport ional  to the  p r o b a b i l i ty  

o f  a d o l l a r  flowing from se c to r  " i"  to  s ec to r  "j" during a t r a n s a c t i o n ,  

then a t r a n s i t i o n  matr ix can be developed to  describe  monetary flows.

A c lo se r  look a t  the a g r i c u l tu r a l  s e c to r  o f  the 1-0 model wil l  

help c l a r i f y  the  p robab le -do l la r - f low  concept.  The 1-0 t a b l e  gives 

the d o l l a r  volume of  t r a n s a c t io n s  with the a g r i c u l tu r a l  s ec to r  as follows:

(From)
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A gricu l tu re  to  A gr icu l tu re $22.3 b i l l i on/yr

A gr icu l tu re  to  Mining 0 b i l l ion/yr

A gr icu l tu re  to  Construction .3 b i l l ion/yr

Agr icu l tu re  to  Manufacturing 26.6 b i l l ion/yr

A gr icu l tu re  to  Finance 2.9 b i l l ion /yr

A gr icu l tu re  to  Services .4 b i l l ion /yr

A gr icu l tu re  to  Consumption 11.0 b i l l ion/yr

Total Output $63.5 b i l l ion/yr

The above assumption requ i res  t h a t  a d o l l a r  involved in a t ra n sa c t io n  

o r ig in a t in g  with the  a g r i c u l tu r a l  s ec to r  wil l  end up in a new se c to r  

with a p ro b a b i l i t y  proport ional  to  t h a t  s ec to rs  dollar-volume of  

a g r i c u l tu r a l  t r a n s a c t io n s .  In the  no ta t ion  developed fo r  1-0 an a ly s is  

and Markov chains  the  p ro b a b i l i ty  o f  a d o l l a r  flowing from s ec to r  i 

to  s e c to r  j  during a t r a n sa c t io n  i s

i j xi

So fo r  a g r i c u l t u r e , t h e  t r a n s i t i o n  p r o b a b i l i t i e s  a re  obtained by d iv id ing  the 

f i r s t  row elements of  Table I I  by 63.5.

Agr. Min. Cnst. Man. Fin. Ser. Consum.

(From) Agr. .351 0 .005 .419 .046 .006 .173

During a given t ra n sa c t io n  a d o l l a r  has the p ro b a b i l i ty  of  .351 t h a t  

i t  wi ll  remain in the  a g r i c u l tu r a l  s e c t o r ,  a p r o b a b i l i ty  of  0 t h a t  i t  

w i l l  flow in to  the  mining s e c to r ,  a p ro b a b i l i ty  of  .005 t h a t  i t  wil l  

flow in to  the  cons t ruc t ion  s e c to r ,  and so on.

Extending t h i s  theory to  a l l  sec to rs  of  the  economy, a complete
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t r a n s i t i o n  matrix can be formulated.  Table VI d isp lays  the  e n t i r e  

t r a n s i t i o n  matrix fo r  the  6 - se c to r  economic model.

TABLE VI

Trans i t ion  Matrix fo r  6-Sector  Economy

1 2 3

(To)

4 5 6 7

Sta te Agr. Min. Const. Man. Fin. Ser. Consum.

1 Agr. .351 0 .005 .419 .046 .006 .173

2 Min. .003 .056 .337 .493 .013 ! 0 .098

3 Cnst. .005 .005 .001 .084 .080 .015 .811

4 Man. .014 .004 .059 .381 .009 .042 .491

5 Fin. .019 .020 .009 .152 .126 .058 .616

6 Ser. .011 .004 .033 .216 .056 .071 .608

7 Consum. .000 .000 .000 .000 .000 .000 1 .0 0 0

Close examination of  Table VI poin ts  out  an i n t e r e s t i n g  s i t u a t i o n .

A d o l l a r can flow fo rever  between sec to rs of the  economy. However, the

is  always the p o s s i b i l i t y  the d o l l a r  wil l en te r  the consumption s t a t e .

When a d o l l a r  does e n te r  in to  the  consumption s t a t e ,  i t  i s  "consumed".

The d o l l a r  i s  consumed in terms o f  never being able  to  leave t h i s  

s t a t e  and r e - e n t e r  the  s e c t o r - t o - s e c t o r  flow. A s t a t e  with t h i s  property 

(p^. = 1) i s  known as an absorbing s t a t e .  A Markov chain including 

such s t a t e s  i s  an absorbing Markov chain .

There are  some i n t e r e s t i n g  p roper t ie s  a s soc ia ted  with absorbing 

Markov chains .  One of  the  more important p ro p e r t i e s  o f  an absorbing 

Markov chain i s  t h a t  no mat ter  where the  process s t a r t s ,  the  p ro b a b i l i ty  

a f t e r  n s teps  t h a t  the  process wil l  be in an absorbing s t a t e  tends to  1
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as n tends to  i n f i n i t y  [4 ] .  In o th e r  words, wherever a d o l l a r  en te r s  

the  economy i t  wil l  even tua l ly  en te r  the consumption s t a t e  and be 

removed from the  economy. (The number o f  taxable  t r a n sa c t io n s  a d o l l a r

wil l  be involved in before consumption i s  the  point  o f  i n t e r e s t  o f  t h i s

t h e s i s ) .

Incorporat ing  absorbing s t a t e s  in to  the Markov process can be 

convenient ly  d isplayed in canonical form. The canonical form of  an 

absorbing Markov process with r  absorbing s t a t e s  and s t r a n s i e n t  s t a t e s  

i s  the  ( r  + s) x ( r  + s) matr ix .

r r , S
r  _ I _  j  _ 0

= U I Q_
In t h i s  no ta t io n ,

I = a r  x r  i d e n t i t y  matrix

0 = a r  x s matrix  with a l l  elements equa l l ing  0.

R = a s x r  matr ix whose elements a re  the  p r o b a b i l i t i e s  of 

t r a n s f e r r i n g  from a t r a n s i e n t  to  an absorbing s t a t e .

Q = a s x s submatrix of  t r a n s i t i o n  matrix  concerned with t r a n s i e n t  s t a t e s .  

Pu t t ing  the 6 - se c to r  economic model and consumption s t a t e  in canonical 

form y i e ld s  the matrix  d isplayed in Table VII.
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TABLE VII

Canonical Form fo r  6-Sector  Economy with Consumption S ta te

(To)

..Consume Agr. Min. Cnst. Man. Fin. S e r . —

Consume 1 ! o 0 0 0 0 0

Agr. .173 * .351 0 .005 .419 .046 .006

Min. .098 .003 .056 .337 .493 .013 0

Cnst. .811 I .005 .005 .001 .084 .080 .015

Man. .491 1 .014 .004 .059 .381 .009 .042

Fin. .616 .019 .020 .009 .152 .126 .058

Ser. .608 j .011 .004 .033 .216 .056 .071

The matri x in Tab! e VII completely e s t a b l i shes the ru le s  fo r a

d o l l a r  flowing in the  economy. What i s  o f  i n t e r e s t  now i s  to  develop 

a means to  p r e d i c t  the expected number of  t r a n sa c t io n s  a d o l l a r  will  

be involved in  before  i t  i s  absorbed by the consumption s t a t e .  Each 

t ra n sa c t io n  corresponds to an oppor tuni ty  fo r  t a x a t io n .

The means developed fo r  p red ic t ing  the expected number of  t r a n sa c t io n s  

i s  derived d i r e c t l y  from Markov theory.  Using the t r a n s i t i o n  matrix 

as inpu t ,  i t  i s  poss ib le  to  c a l c u l a t e  the fundamental matr ix ,  a lso  

known as the  N-matrix. The elements of  the N-matrix (n^ .)  are the expected 

number of  t imes the process wi l l  be in s t a t e  Sj given the process began 

in s t a t e  s . .

Thus, f o r  a process beginning in s^ and having the N-matrix,
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S1 S2
F- —

S1 Hll n12

S2 n21 n22

the process i s  expected to  be in s t a t e  s^ times before being absorbed 

and 1 ) 2 2  t l*mes s t a t e  s^ before being absorbed. For a d o l l a r  en te r ing  

the 6 - se c to r  model, the  corresponding fundamental matrix  wil l  r e l a t e  

the  r e l a t i v e  expected number of  t r a n sa c t io n s  the d o l l a r  wil l  be involved 

in before  i t  en te r s  the  consumption s t a t e .  The elements of  the  N-matrix 

a re  not intended to p red ic t  the  actual  number of  t r a n s a c t io n s  t h a t  

wi l l  occur in the real economy. However, the elements provide a 

r e l a t i v e  number of  t r a n sa c t io n s  to be expected from d i f f e r i n g  cases  of 

the  model. I t  i s  assumed t h a t  t h e r e  is  a s trong c o r r e l a t i o n  between 

the  pred ic ted  values fo r  the  cases examined in the  model and the  volume 

of  t r a n s a c t io n s  in the  modeled economy.

The formula fo r  c a l c u l a t i n g  the fundamental matr ix  is

n  = ( i  -  q ) '1

where Q r e l a t e s  to  the t r a n s i e n t  s t a t e s  of  the  t r a n s i t i o n  matrix  and I 

i s  an i d e n t i t y  matr ix of  the  same dimensions as Q. Proof of  t h i s  

formula i s  b r i e f  and wil l  be presented .  The proof i s  taken from F in i te  

Markov Chains. [6 ] .

Proof:

Define n̂ . to  be the func t ion  giving the t o t a l  number of  times t h a t

the process i s  in t r a n s i e n t  s t a t e  s . .  Define u . to be the function
J J

t h a t  i s  1 i f  the  process  i s  in s .  a f t e r  k s teps  and 0 otherwise .

Fur ther ,  def ine { M̂ Cn .̂] } to be the matr ix in which
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denotes the  mean value funct ion  of  en te r ing  s t a t e  j  from s t a t e  i .  

Thus, f o r  the t r a n s i e n t  s t a t e s ,  the proof co n s is t s  of showing 

{M^Cn.]} = N.

C lea r ly  by d e f i n i t i o n

• J, ■}
Hence

{M,[n.]} = {M, I l  u*  ]} 
J 1k=0 J

0 + p f . • 1)}

where
k thp^j i s  the  t r a n s i t i o n  p r o b a b i l i ty  a t  the  k s tep .

Continuing

= I + Q + Q2 + . . .

= ( I  -  Q ) " 1
= N

which completes the proof.
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N =

The proof a l so  e s t a b l i s h e s  the f a c t  t h a t  the mean o f  the  t o t a l  number 

of  t imes the process i s  in a given t r a n s i e n t  s t a t e  i s  f i n i t e .  This 

f a c t  enables the N-matrix to  be m ul t ip l ied  by a column vector  whose 

elements are  a l l  1 and determines the t o ta l  expected number of  s t a t e s  

the  process wil l  be in i f  entered in s t a t e  s . . Define T to  be a matr ix 

which i s  the product o f  N and the  column vector  (C). For a 2 x 2 s i t u a t i o n  

T = NC

nl l n12 1

n21 n22 1

nl l  + n12

n21 + n22

Returning to  the 6 - s e c to r  economic model, the  development of  i t ' s  N 

and T matrix  are  as follows:

N (I  -  Q)"1 

Agr. Min. Const. Man. Fin. Ser.

Agr. .649 0 -.005 -.419 -.046 -.006

Min. -.003 .944 -.337 -.493 - .013 0

Cnst. - .005 -.005 .999 -.084 -.080 -.015

Man. -.014 -.004 -.059 .619 -.009 -.042

Fin. -.019 -.020 -.009 -.152 .126 -.058

Ser. -.011 - .004 -.033 -.216 -.056 .929

-1



T-1966 38

Agr. Min. Cnst. Man. Fin.

Agr. “  1.570 .008 .080 1.130 .106

Min. .032 1.067 .420 .965 .069

Cnst. .015 .008 1.017 .190 .098

Man. .040 .009 .107 1.701 .035

Fin. .044 .027 .448 .374 1.161

Ser. .031 .009 .066 .442 .083

T = NC

Agr. Min. Cnst. Man. Fin.

Agr. 1.570 .008 .080 1.130 .106

Min. .032 1.067 .420 .065 .069

Cnst. .015 .008 1.017 .190 .098

Man. .040 .009 .107 1.701 .035

Fin. .044 .027 .448 .374 1.161

Ser. .031 .009 .066 .442 .083

Agr. ”  2 .9 6 3 "

Min. 2.608

Cnst. 1.359

Man. 1.973

Fin. 2.144

Ser. 1.734

Thus, a d o l l a r  in se r ted  in to  the a g r i c u l tu r a l s ec to r  would

in the most t r a n s a c t io n s .

Ser .  

.069 

.055 

.031 

.081 

.090 

1.103

Ser.

.069

.055

.031

.081

.090

1.103
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One poin t  of  controversy  could a r i s e  in applying the N-matrix 

to an economic model. Recall the  proof of the  N-matrix formula assumed 

the process would continue f o r  i n f i n i t e l y  many s te p s .  The 

economic model must then be assuming there  are  an i n f i n i t e  number 

t r a n sa c t io n  o p p o r tu n i t i e s  ( s teps )  a r i s in g  annua l ly .  Obviously t h i s  is  

an in v a l id  assumption.

The c r i t i c a l i t y  of  the n o n - in f in i t e  s tep  assumption can be 

i n v es t ig a ted  by noting the  r a t e  a t  which Q tends to 0 as k tends to 

i n f i n i t y .  Since

N = (I -  Q ) '1 

= I + Q + Q2 + Q3 + . . .  

a rapid  convergence wil l  cause s l i g h t  or unnot iceable  inaccurac ies  in 

the  ap p l ic a t io n  of  the N matr ix .  Referring again to  the 6 - sec to r  model, 

not ice

.351 0 .005 .419 .046 .006

.003 .056 .337 .493 .013 0

.005 .005 .001 .084 .080 .015

.014 .004 .059 .381 .009 .042

.019 .020 .009 .152 .126 .058

.011 .004 .033 .216 .056 .071



T-1966 40

.130 .003 .027 .315 .026 .023

.010 .007 .048 .247 .033 .027

.004 .002 .008 .052 .012 . .009

.011 .002 .025 .168 .012 .020

.012 .005 .019 .108 .022 .018

.009 .003 .017 .115 .016 .018

.021 .001 .013 .102 .009 .011

.005 .001 .008 .056 .005 .007

.001 0 .002 .014 .001 .002

.004 .001 .005 .037 .003 .005

.003 .001 .004 .029 .003 .004

.003 0 .004 .028 .003 .003

2x1 O'4 .3x l0"4 2x1 O'4 16xl0"4 1x1 O'4 2x1 O'4

UD X o
1 -F* - IxlO"4 1x1 O'4 8x10"4 .7x1 O'4 .9x10"4

Q10 .2xl0*4 .03xl0"4 .3xl0"4 2x1 O'4 .2xl0"4 .2x1 O'4

.6x l0"4 .08x1 O'4 .7x1 O'4 5x1 O'4 .5xl0"4 . 6 x l 0 '4

.5xl0"4 .06x1 O'4 .6x1 O'4 4x10"4 .4xl0~4 .5x1 O'4

.5x1 O'4 .06xl0"4 .5x1 O'4

1OX«3" .3x1 O'4 .5x1 O'4

Thus i t  seems t h a t  i f  only one t ra n sa c t io n  oppor tun i ty  a r i s e s  each
250business  day of  the  year  no accuracy i s  l o s t , s i n c e  Q i s  e s s e n t i a l l y  0.
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Before leaving the  Markov process ,  i t  i s  worthwhile to mention 

o ther  a p p l ic a t io n s  o f  the process t h a t  can be used in conjunct ion with 

1-0 ana lys is  to  gain i n s ig h t  in to  the  e f f e c t s  of  economic p o l i c i e s .

The following matr ices  could be very valuable:

a.  the  matr ix  whose elements a re  the  var iances  of  the n . j ' s .

b. the  matrix  whose elements a re  the var iances  of  the elements

o f  the T-matrix.

c.  the matrix  whose elements a re  the p r o b a b i l i t i e s  of  a d o l l a r  ending

in a p a r t i c u l a r  absorbing s t a t e .  (Mult iple absorbing s t a t e  could

be used to  subdivide consumption in to  Government, household,

e t c .  )

d. the matr ix  whose e n t r i e s  correspond to the number of  changes 

of  s t a t e  before absorbt ion given an en t ry  s t a t e .

e.  the  matr ix  whose e n t r i e s  corresponding to  the p r o b a b i l i ty  a 

process wil l  ever  be in the  t r a n s i e n t  s t a t e  s^ given the 

s t a r t i n g  t r a n s i e n t  s t a t e  s . . .

These matr ices  and o thers  could be very useful in fo recas t in g  the  flow 

of  s t im u la t in g  d o l l a r s  in an economy and the p o s s i b i l i t i e s  o f  causing 

the  r e s u l t s  d es i red .  For f u r t h e r  re fe rence  consult  [6 ] .
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Input-Output Markov Analysis

In the  previous  two chapters ,  the  funct ions  of  1-0 ana lys is  and 

Markov processes  were developed. In t h i s  ch ap te r ,  the two wi l l  be 

meshed toge the r  in to  one thorough a n a ly t i c  technique.  The 1-0 Markov 

an a ly s is  combines the a b i l i t y  to  p r e d ic t  the level  of  economic a c t i v i t y  

(1-0 an a ly s is )  with the a b i l i t y  to fo re c a s t  the  r e l a t i v e  level  of  

t r a n sa c t io n s  (Markov a n a l y s i s ) .  Combining the  two processes provides a 

means of  eva lua t ing  the  e f f e c t s  of  economic s timulus  proposals and 

t h e i r  corresponding r a t e s  of  r e tu rn .

The r a t e  of  r e tu rn  (ROR) aspect  o f  the 1-0 Markov method i s  one 

o f  i t s  more in t r ig u in g  a t t r i b u t e s .  ROR an a ly s is  becomesdependent upon 

both the change in level  of  economic a c t i v i t y  and the  change in the number 

o f  t r a n s a c t i o n s .  The number of  t r a n sa c t io n s  i s  not in the sphere of  

1-0 a n a ly s i s .  1-0 Markov ana lys is  provides the  Government with a means 

to  eva lua te  economic s timulus in a more b u s in e s s - l ik e  manner.

This chap ter  wil l  i n v e s t i g a t e  1-0 Markov an a ly s is  f u r th e r  and apply 

i t  to  the  6 - se c to r  model of  the  economy. In ad d i t io n ,  a sec t ion  wil l  

be focused on the  need fo r  ROR an a ly s is  fo r  Governmental proposals and 

a sec t ion  wi l l  focus on the impl ica t ions  of t h i s  technique in the areas 

o f  i n f l a t i o n  and unemployment.

Need fo r  ROR Analys is  to Evaluate Economic Stimulus

As ea r ly  as the  19th century  the hypothesis was purposed t h a t  economic 

progress c rea te s  a r e l a t i v e  increase  in economic importance of  government 

a c t i v i t y  [15] .  The 19th century  German f i s c a l  t h e o r i s t ,  Adolf Wagner,
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s t a t e d  t h i s  p r in c ip le  in h is  law:

Comprehensive comparison of  d i f f e r e n t  coun t r ie s  and d i f f e r e n t  

t imes shows t h a t ,  among progressive  people, with which we alone are 

concerned, an increase  r e g u la r ly  takes  place in the a c t i v i t y  of  both 

the cen tra l  and local governments. This increase  i s  both ex tens ive  

and in ten s iv e ;  the  cen t ra l  and local governments co n s ta n t ly  undertake 

new func t ions ,  while they perform both old and new funct ions  more 

e f f i c i e n t l y  and completely.  In t h i s  way the economic needs o f  the 

people,  to  an inc reas ing  ex ten t  and in a more s a t i s f a c t o r y  fash ion ,  

are  s a t i s f i e d  by the cen t ra l  and local governments. The c l e a r  proof 

of  t h i s  i s  found in the  s t a t i s t i c s  which show the  increased needs 

o f  cen t ra l  and local p o l i t i c a l  u n i t s  [21].

Wagner's law i s  s u b s ta n t ia te d  throughout recen t  h i s to ry .  The cen tra l  

and local  governments in the  U.S. have continued to  undertake new 

funct ions  and these  funct ions  have c l e a r l y  increased in economic importance.

P rofessor  Richard A. Musgrave has grouped the o b jec t iv es  of  the 

e v e r - in c reas in g  economic func t ions  of  a modern government in to  3 c l a s s i ­

f i c a t i o n s  [13].  The f i r s t  c l a s s i f i c a t i o n  includes those funct ions  required 

to  s a t i s f y  the  socia l  wants of  so c ie ty .  The second c l a s s i f i c a t i o n  i s  

composed of  those  funct ions  t h a t  allow the government to  r e d i s t r i b u t e  

income. The f in a l  c l a s s i f i c a t i o n  c o n s t i t u t e s  those funct ions  needed 

to  s t a b i l i z e  the  economy and the value of  money while c re a t in g  high 

l e v e l s  of  income and employment. To achieve these  o b j e c t iv e s ,  governments 

are  armed with the power o f  t a x a t io n .

Thus, governments are faced with the  problem of  how to  use t axa t ion  

to  accomplish t h e i r  o b je c t iv e s .  In tegra l  to the problem of  using taxa t ion
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i s  the  problem of  how much tax a t io n  should be lev ied  and what should 

be the  optimal s iz e  o f  government. I d ea l ly ,  the optimal s i z e  of  

government and the  amount of  tax a t io n  would be t h a t  which corresponds to 

the  s i t u a t i o n  where marginal socia l  b e n e f i t s  equal marginal socia l  

c o s t s .  Broad agreement on the poin t  a t  which marginal socia l  b en e f i t s  

equal martinal  soc ia l  cos t  i s ,  f o r  p ra c t i c a l  purposes, impossible.

Musgrave purposed a theory t h a t  could t h e o r e t i c a l l y  def ine  the  point 

of  optimal government s iz e  and level  o f  t a x a t io n .  In his  Voluntary 

Exchange Theory [13] concerning public  economies, Musgrave def ined taxes  

as voluntary  payments made in hopes of  exchange fo r  s e rv ices .  The key 

word in the d e f i n i t i o n  i s  "voluntary".  I f  taxes  were voluntary ,  a market 

s i t u a t i o n  would prevai l  and marginal socia l  b e n e f i t s  would e f f e c t i v e l y  

equal marginal socia l  c o s t s .  Though t h e o r e t i c a l l y  sound, the theory i s  

of  l i t t l e  p r a c t i c a l  value.  Thus, s ince  the  s iz e  of  governments and 

le v e l s  of  t ax a t io n  are  not d i r e c t l y  regu la ted  by the  s o c ie ty ,  s tandard  

p ra c t ic e s  should be e s ta b l i sh ed  (ROR an a ly s is )  in an attempt to  provide 

the  s o c ie ty  with more socia l  b e n e f i t  fo r  l e s s  socia l  cos t .

The U.S. i s  a prime example of  a country whose government needs 

standard  p rac t i c e s  to evalua te  soc ia l  cos ts  and b e n e f i t s .  Since the 

f i r s t  peacetime ex ise  tax  was invoked on playing cards in the 1890 's ,  

the s iz e  and budget of  the Government have grown d ram at ica l ly .  Federal 

Government expenditures  as a percent  of  GNP and to ta l  t r a n s f e r  payments 

as a percent  of  nat ional  income have increased more than s ix fo ld  in 

recen t  years  [15] .  I t  i s  ques t ionable  whether the r i s e  in socia l  ben e f i t s  

has kept pace with the r i s e  in soc ia l  c o s t s .
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To evalua te  the  balance between socia l  cos ts  and b e n e f i t s ,  ROR 

an a ly s is  could be used to  inform the taxpayer of  the  e f f e c t iv e n e s s  o f  

h is  tax  d o l l a r .  Examining the c u r re n t  breakdown of  the  U.S. tax d o l l a r  

and the i n f l a t i o n  and unemployment r a t e s ,  an argument could be made 

t h a t  the Government has not followed the w ises t  path in i t s  quests  to 

achieve i t s  economic ob jec t ives  ( s a t i s f y  socia l  wants,  r e d i s t r i b u t e  

income, s t a b i l i z e  the  economy). Current ly ,  8.9% of  the average tax 

d o l l a r  i s  needed to  pay the i n t e r e s t  on the publ ic  debt  as opposed to 

9.2% of  the  average tax  d o l l a r  d i re c te d  to  public hea l th  [16].

By employing the  1-0 Markov ana lys is  technique to in v e s t ig a te  ROR 

of  economic s t im ulus ,  the  Government would be b e t t e r  able  to  gauge the 

e f f e c t iv e n es s  of  t h e i r  economic func t ions .  The 1-0 Markov technique 

in t e g ra te s  the level  o f  economic a c t i v i t y  with the  volume of  economic 

t ra n sa c t io n s  to  give an a n a ly t i c  method t h a t  conforms to the  Government's 

means of  revenue generated from these  taxes .  The eva lua t ion  of  economic 

proposals  should be concerned with the corresponding e f f e c t  on the r e l a t i v e  

number of  t r a n sa c t io n s  in the  economy s ince ,  most t r a n sa c t io n s  rep resen t  

an oppor tuni ty  to  impose e i t h e r  an income or  ex ise  t ax .

The Government can enhance i t s  f in a n c ia l  pos i t ion  by s t im ula t ing  

sec to rs  o f  the economy t h a t  tend to cause an inc rease  in the number of  

t r a n sa c t io n s  and consequently a higher  ROR. 1-0 Markov an a ly s is  provides 

the means to determine the  s ec to rs  t h a t  are most favorab le  fo r  s t im u la t ion .

To summarize, th e re  i s  a g re a t  need fo r  an ROR an a ly s is  technique 

such as the  1-0 Markov technique.  The major reasons t h i s  technique i s  

needed a re :  nat ional  economic progress  has c rea ted  an increase  in

economic importance of  Government a c t i v i t y ,  an at tempt must be made to
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equate marginal soc ia l  cos t  to marginal socia l  b e n e f i t ,  the immense 

growth of  the federa l  budget req u i re s  a s tandardized process to a l l o c a t e  

funds,  and the  1-0 Markov method i s  based on both level  of economic 

a c t i v i t y  and volume of  t r a n s a c t io n s  ( taxab le  s i t u a t i o n s ) .

Input Output Analysis and the 6 -Sector  Model

Input-Output ,  as described in Chapter I sha l l  now be appl ied  to 

the  6 - s e c to r  economic model. The consumption f o r  each s ec to r  wi l l  be 

increased  pa ram etr ica l ly  to  in v e s t i g a t e  the e f f e c t s  on t o t a l  economic 

a c t i v i t y .  To increase  consumption, the  Government can inc rease  the 

aggregate  demand f o r  a s e c t o r ' s  production or  reduce the level  o f  tax a t io n  

in the  economy. A reduction in taxes  can be t r a n s l a t e d  to  increased  

purchasing po ten t ia l  and a subsequent increase  in consumption. H i s to r i c a l l y ,  

92%-98% of  a l l  add i t iona l  income i s  spent by the American so c ie ty  [14] ,  so 

a reduct ion  in taxes  i s  a prime means of  increas ing  consumption.

The key to  1-0 an a ly s is  i s  c a l c u l a t i n g  the  inverse of  the Leontief  

matr ix  in order  to  determine the new to t a l  production vec tors  f o r  the  

economic model. Once the  inverse  i s  c a lc u la t e d ,  i t  i s  a simple process 

o f  matr ix  m u l t ip l ic a t io n  to  determine the new to t a l  production vec tor  

(X). For the  6 - se c to r  model the  inverse  of  the  Leontief  matrix  was 

determined to  be
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(I-A) -1

1.569 0.016 0.039 0.111 0.032 0.023

0.016 1.067 0.101 0.045 0.010 0.009

0.029 0.037 1.017 0.036 0.061 0.021

0.396 0.184 0.544 1.702 0.111 0.280

0.141 0.179 0.071 0.118 1.161 0.099

0.088 0.051 0.098 0.127 0.076 1.103

To determine the  new X v ec to r ,  the  only operat ion  required is  to m u l t ip ly  

(I-A)"^ by Y, where Y i s  the new consumption vec to r .  By summing the  

elements of  the t o t a l  production v ec to r ,  X, the  GNP fo r  the economy can 

be p ro jec ted .  This d e f i n i t i o n  of  GNP wil l  be used interchangeably with 

level of  economic a c t i v i t y .

In Figure II through Figure VII, the e f f e c t  on the level of  economic 

a c t i v i t y  (GNP) caused by increas ing  consumption i s  p lo t ted  fo r  each 

s e c to r .  The hor izon ta l  sca le  on each p lo t  r ep resen ts  an increase  in 

consumption from 0 to  100%.

Note the  r e l a t i o n s h i p  between an increase  in a s e c t o r ' s  consumption 

and the level  of  economic a c t i v i t y  i s  l i n e a r  (dev ia t ions  from the l i n e a r  

r e l a t io n s h ip  a re  a t t r i b u t e d  to  roundoff e r r o r ) . This i s  a d i r e c t  

r e s u l t  of  the f a c t  the new X vec tor  i s  merely the  product of  a co n s tan t ,
_ I

(I-A) , and the  new Y vec tor .

An i n t e r e s t i n g  aspect  to  no t ice  when observing the p lo ts  is  t h a t  the 

s lopes o f  the l i n e s  on the graphs d i f f e r  fo r  each s ec to r  of  the economy. 

Thus, a d o l l a r  of  stimulus wil l  increase  the GNP a t  d i f f e r e n t  r a t e s  

depending on the  s e c to r  in which the  stimulus i s  in j e c te d .

The d i f f e r i n g  e f f e c t s  on GNP corresponding to  the sec to r  s t imulated
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r e l a t e s  back to  the m u l t i p l i e r  e f f e c t .  I f  the  assumption was made t h a t  

tax  revenues are  a cons tant  proport ion of GNP, then the log ica l  s ec to r  

of  the  economy to s t im u la te  would be the  s e c to r  with the  g r e a t e r  m u l t i p l i e r  

e f f e c t .  T h e o re t i c a l ly ,  i f  the  tax  r a t e  i s  g r e a te r  than or equal to  the 

rec ip roca l  of  the  m u l t i p l i e r ,  the  cos t  of  s t im ula t ing  the  economy could 

be recouped through tax  revenue lev ied  on the increase  in economic a c t i v i t y .

The m u l t i p l i e r  f o r  each s e c to r  o f  the  6 - se c to r  model i s  l i s t e d  in 

Table VII.  Based only on 1-0 a n a ly s i s ,  the a g r i c u l tu r a l  s e c to r  i s  the  

most a t t r a c t i v e  f o r  s t im u la t io n .  Each d o l l a r  of  stimulus in j e c te d  in 

a g r i c u l tu r e  wi l l  increase  the  GNP by $2.23. A m u l t i p l i e r  of  t h i s  magnitude 

req u i re s  a tax  r a t e  of  a t  l e a s t  45% i f  the  s timulus is  to  be f u l l y  

f inanced by the  increase  in tax  revenues.

TABLE VIII

The M u l t ip l i e r  Effec t  f o r  the  Sectors  of  the 6-Sector  Model

Sector  M u l t ip l i e r

Agr. 2.23

Min. 1.53

Cnst. 1.87

Man. 2.14

Fin. 1.45

Ser. 1.54

Markov Analysis and the  6-Sector  Model

Markov an a ly s is  i s  intended to  complement 1-0 ana lys is  by bringing 

in to  account the  second key to  ROR a n a ly s is .  1-0 ana lys is  dea ls  only with 

p ro jec t in g  changes in t o t a l  economic a c t i v i t y .  Markov ana lys is  concentra tes
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on the  e f f e c t s  s timulus may have on the  flow of  money within the  economy 

and the  r e l a t i v e  number of  taxab le  s i t u a t i o n s .  The flow of  money i s  a 

very important concept in ROR an a ly s is .  Adam Smith recognized the impor­

tance of the  flow o f  money by d i s t in g u ish in g  ca p i t a l  from revenue: 

wherever c a p i t a l  predominates,  indust ry  p r e v ia ! s ;  wherever revenue, 

id leness  [19].  Markov ana lys is  can be very useful in gauging the degree 

t h a t  money i s  flowing in the  economy.

Recall from Chapter II t h a t  the  t r a n s i t i o n  p r o b a b i l i t i e s  fo r  the 

t r a n s i t i o n  matrix  (Q) in the  Markov process a re  derived by d ividing 

s e c to r  output  in to  s e c to r  t r a n s a c t io n s ,

To determine the  new t r a n s i t i o n  p r o b a b i l i t i e s  generated by s t im ula t ing  

the consumption vec to r ,  the  new values of s ec to r  t r a n sa c t io n s  (x^^‘ ) are  

divided  by the new value of  s e c to r  output (Xf) , 

x.

pi j '  = x f -

The p r o p o r t io n a l i ty  assumptions of  1-0 ana lys is  implies  t h a t  the  value 

of  s ec to r  t r a n sa c t io n s  wi ll  increase  p ro por t iona te ly  with the increase  

in t o t a l  s ec to r  output .  Thus, x. . 1 can be expressed in terms of  x ^ ,  and 

Xrj y
x . . ‘ = x_.. -i j  i j  Xj

In tu rn ,  the  new t r a n s i t i o n  p r o b a b i l i t i e s  may be expressed in terms of 

x^ j ,  X.1, and Xj.



t h e  new t r a n s i t i o n  p r o b a b i l i t i e s  a re  determined by mult ip ly ing  the 

techn ica l  c o e f f i c i e n t s  (a.. .) by the  r a t i o  o f  X j ' / X / .

Subtrac t ing  the new t r a n s i t i o n  matr ix from an ap p ro p r ia te ly  

dimensioned i d e n t i t y  matrix  and c a lc u la t in g  the inverse  of  the  r e s u l t i n g  

matr ix ,  produces the fundamental matr ix .  By summing the elements of  

each row of  the  fundamental m atr ix ,  the r e l a t i v e  number of  t r a n sa c t io n s  

a d o l l a r ,  in the r e sp ec t iv e  s e c to r ,  wi l l  be involved in before consumption 

i s  obta ined .  Figure VIII through Figure XIX d isp lay  the  r e l a t io n s h ip s  

between s e c to r  s t im u la t ion  and t r a n s a c t io n s .  The f ig u re s  should be 

viewed in consecutive p a i r s .  The f i r s t  graph shows the  s ec to r  by

s e c to r  e f f e c t  on t r a n sa c t io n s  given the  stimulus in one of  the  s e c to r s .

The second graph of  the  p a i r  shows the  accumulative e f f e c t  o f  a l l

s e c to rs  in r e l a t i o n  to  a s e c t o r ' s  s timulus .

The most s t a r t l i n g  conclusion to  be drawn from the  graphs i s  t h a t  

the  r e l a t io n s h ip  between s t im u la t ion  and t ra n sa c t io n s  i s  seemingly l i n e a r  

in most cases .  An a n a ly t i c  in v e s t ig a t io n  of  the r e l a t io n s h ip  i s  

p resented in appendix A.
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There are  two o the r  g e n e r a l i t i e s  t h a t  can be observed in the  graphs.

The f i r s t  i s  t h a t  the number of  t r a n sa c t io n s  in the  s t im ula ted  s ec to r  

s t e a d i l y  decreases .  The reason f o r  t h i s  decrease i s  t h a t  the  p ro b a b i l i ty  

of  consumption has increased while the  i n t e r - s e c t o r  t r a n s i t i o n  p r o b a b i l i t i e s  

have decreased. Recall the  new t r a n s i t i o n  p r o b a b i l i t i e s  a re  given by

Assuming s e c to r  k i s  the  s t im ula ted  s e c to r ,  the new t r a n s i t i o n  p r o b a b i l i t i e s  

fo r  s e c to r  k are

Any stimulus in je c ted  in s e c to r  k w i l l  cause

s ince  we assumed in the 1-0 formulat ion t h a t  no s ec to r  had 0 consumption. 

This in e q u a l i ty  implies  t h a t  the  i n t e r - s e c t o r  p r o b a b i l i t i e s  wil l  always 

decrease  in the  s t imulated  s e c to r .  I f  the i n t e r - s e c t o r  p r o b a b i l i t i e s  

decrease  the p ro b a b i l i ty  o f  consumption must increase  s ince  the  sum of a l l  

p r o b a b i l i t i e s  in any row ( s e c to r )  must be un i ty .

The second g e n e ra l i ty  concerns th e  change in the  number o f  t r a n sa c t io n s  

fo r  the  non-st imulated s e c t o r s .  In most cases the re  i s  a small but 

p o s i t i v e  e f f e c t  on the number of  t r a n s a c t i o n s .  The degree of  the  e f f e c t  

can be analyzed by examining the above j u s t i f i c a t i o n  fo r  the  change in 

t r a n s i t i o n  p r o b a b i l i t i e s  of  the  s t im ula ted  sec to r .  (See appendix A)

OC.'i
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The graphs p resen t ing  the accumulative e f f e c t  show which f a c to r  dominates: 

the  r e l a t i v e  decrease  in the t r a n sa c t io n s  of  the s timula ted  s e c to r  or 

the r e l a t i v e  increase  in t r a n sa c t io n s  of  the  non-st imulated s e c to r s .

I t  i s  of  i n t e r e s t  to  examine which s ec to rs  Markov ana lys is  in d ic a te s  

would be p re fe rab le  to s t im u la te .  S imilar  to 1-0 rankings,  the  sec to rs  

w il l  be evaluated on the  bas is  o f  t r a n sa c t io n s  c rea ted  per b i l l i o n  

d o l l a r s  o f  s t im ulus .  Table IX shows t h i s  eva lua t ion  using l i n e a r  

approximations f o r  the s t im u lu s - t r an sac t io n  r e l a t i o n s h i p s .

TABLE IX

Rela t ive  Increase in Transact ions per B i l l ion  

Dollar  Stimulus fo r  the 6-Sector  Model

Rela t ive  Volume of  
Sector  T ransac t ions /$B i l l ion  Stimulus

Agr. -.0228

Min. -.0467

Cnst. .0007

Man. .0024

Fin. -.0004

Ser. -.0002

Using only Markov a n a ly s i s ,  manufacturing would appear to be the most 

favorable  s e c to r  to  s t im u la te  s ince  each d o l l a r  of  s t im ula t ion  c re a te s  

more o p p o r tu n i t i e s  fo r  tax a t io n  and possib ly  a higher  ROR. Table X 

compares the  1-0 preferences  fo r  s t im ula t ion  with those  of  the Markov 

a n a ly s is .
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TABLE X

Comparison of  Sector  S t imula t ion  Preference f o r  1-0 and Markov Analysis

Ranking 1-0

1 Agr.

2 Man.

3 Cnst.

4 Ser.

5 Min.

6 Fin.

1-0 Markov Analysis and the  6-Sector  Model

1-0 Markov an a ly s is  combines the  Markov ana lys is  process with 1-0 

a n a ly s is  in  order  to fo r e c a s t  an expected ROR f o r  economic s t im u la t ion .

By combining the two methods, a ROR technique i s  developed t h a t  inco r ­

porates  both the expected level of  economic a c t i v i t y  and the  expected 

volume of  t r a n s a c t io n s .  The combination of  1-0 and Markov an a ly s is  is  

b e t t e r  adapted to  analyze economies where t ransac t ion-dependen t  taxes 

a re  the main source of  revenue. Since the U.S. Government rece ives  

the  bulk of  i t s  revenues from income and ex ise  t a x e s ,  t h i s  new technique 

i s  q u i te  app l icab le  to  the  U.S. economy.

The 1-0 Markov a n a ly s is  technique allows the Government to  evalua te  

economic proposals in the  same manner as the  p r iv a te  s ec to r  evaluates  

investment o p p o r tu n i t i e s .  Society would be b e t t e r  served i f  the Government 

has i t s  own f in an c ia l  i n t e r e s t  a t  hear t  when tampering with the  economy. 

Rates o f  r e tu rn  based on 1-0 Markov ana lys is  fo r  d i f f e r e n t  stimulus 

proposals  e s t a b l i s h  a good means of  comparing the  r e l a t i v e  expected cos ts

Markov

Man.

Cnst.

Ser.

Fin.

Agr.

Min.
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and e f f e c t s  of  the proposals .

I t  was shown through 1-0 an a ly s is  t h a t  the r e l a t io n s h ip  between 

sec to r  stimulus and level of  economic a c t i v i t y  i s  l i n e a r .  The e f f e c t  of  

s t im u la t ing  a s ec to r  in 1-0 an a ly s is  i s  an increase  in t o t a l  ou tput 

of  a l l  s e c to rs  of  the  economy. The r e s u l t s  of  the  Markov an a ly s is  

a re  not as c o n s i s t a n t  as the  1-0 r e s u l t s .  Stimulus in some s ec to rs  

( cons t ruc t ion  and manufacturing) c rea ted  an increase  in t o t a l  t r a n sa c t io n s  

wereas s timulus  in o the r  s ec to rs  ( a g r i c u l t u r e ,  mining, f inance ,  and 

se rv ice )  decreased the  volume o f  t r a n s a c t io n s .  When 1-0 and Markov 

an a ly s is  a re  combined, the increase  in the level  o f  economic a c t i v i t y  

may be dominated by the  magnitude o f  the  decrease  in t r a n sa c t io n s  to 

produce an overa l l  negative e f f e c t .

One way in which to gauge the  t o t a l  e f f e c t  of  economic st imulus  

i s  to  use the  1-0 Markov technique to  p r e d ic t  the  change in tax revenues 

a r i s in g  from the s timulus .  Suppose during the base period fo r  the  6 - sec to r  

model, an a r b i t r a r y  tax revenue o f  $420.72 b i l l i o n  was generated.  This 

f ig u re  equates to  33% of  the GNP of  the  base period.  Assuming the 

$420.72 b i l l i o n  was generated from the  base of  12.365 t r a n sa c t io n s  

index and a GNP of  $1262.16 b i l l i o n s ,  a simple d iv i s io n  revea ls  t h a t  

approximately $.02695 was generated from each t r a n s a c t i o n - d o l l a r  in the 

economy. Thus, by mult ip ly ing  the product o f  the level o f  economic 

a c t i v i t y  ($) and the  r e l a t i v e  number of  t r a n sa c t io n s  by $ . 02695 / t ransac t ion-  

d o l l a r ,  a p ro je c t io n  of  t o t a l  tax  revenue can be obtained.

Figure XX through Figure XXV shows the r e l a t io n s h ip s  between s ec to r  

s timulus and expected tax revenues based on 1-0 Markov a n a ly s i s .  The
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horizonta l s ca le  on the  graphs rep resen t  a s timulus ranging from 0 to 

100% o f  base per iod consumption fo r  the r e sp ec t iv e  s e c to r .

I t  i s  i n t e r e s t i n g  to note ,  in each s ec to r  except a g r i c u l tu r e  and 

mining, the  s timulus  spawns an increase  in tax  revenues . One explanation 

of  these  r e s u l t s  i s  t h a t  a g r i c u l tu r e  and mining are  primary in d u s t r i e s  

t h a t  requ i re  r e l a t i v e l y  l i t t l e  input  from the  o the r  s e c to r s .  Referring 

to the  o r ig in a l  t r a n s a c t io n  t a b l e  confirms the small amount of  r e l ia n ce  

of  a g r i c u l tu r e  and mining on the  o the r  s e c to r s .  Increas ing the demand 

fo r  a g r i c u l tu r a l  and mining products does not c r e a t e  a l a rg e  enough 

increase  in the  level  of  t o t a l  economic a c t i v i t y  to  o f f s e t  the decrease 

in t o t a l  t r a n s a c t i o n s .

To es t im ate  the  expected ROR assoc ia ted  with each d o l l a r  of  

s timulus fo r  each p a r t i c u l a r  s e c to r ,  the slopes o f  s t r a i g h t - l i n e  approxi­

mation to  the curves in Fugures XX through XXV are  c a lcu la te d .  Where 

app rop r ia te ,  the  s t r a i g h t  l in e  approximations a re  shown as dashed l in e s  

on the  Figures.  These es t imated  r a t e s  of  r e tu rn  are  t abu la ted  in t a b le  

XI.



FI
G

U
R

E 
X

X
T-1966 74

in
ou

oo
UO

00 * lOh OS'OBh
( s y w n o o

OO'Oeh 0 S ‘ 6 l î i  00 *61 h
d û  s N o m i g )  3 n N 3 A 3 t i

.CC
oo CC

O
Q

o
“Vr~ CD

en
z
o

LD 1— 1
a j _ j

CD — 1
t— 4 Z
CD CD

1—
o  en Œ
°  ZD _J
m - i ZD

ZD Z
Z 4—4
1— 4 1—
!— . en

LD L O
r- en

"cn -==! >
Œ
CC LU
ZD Z
h -

o  —' LU
in ZD >

- -CJ LU
^ - 4 CC

CC
CD X
Œ Œ

LO
OU

O
O

OS ' 8 l h  OO’ Qtfi
X W 1  0 3 1 3 3 J X 3

o

h— CC 
=3 

CD h -  
Ü J_J 
t—  ZD 
CJ LJ 
U J  •—i 
Cl.CC  
X  o
Lu Œ



FI
G

U
R

E 
X

X
I

T-1966

00 • IS h

75

o
o
en

r-
CD

OU

en
en
ou

en 
en
Œ

exi ED 
Q

Lu
O

r~
00 en

O Z
>—1 O

h—
en ' Œ
en CD _J

ZD
Z

en i—t
o h—
_ j en

o  ^0
o  z : en

-  • i— i >
^  h-

en ÜJ
ZD

CD Z
r - z w
CD '—1 >

- °  2 ÜJ
ÛZ

z=
X
Œ

en h—
en- • CDo LU

h - LD 
CJ Z  
LU '—'

o
o

û_ Z  
X ^ —
LU Z

EE'OBh
( S W W 1 1 Q 0

C9 ' 61 îi 00  ' 6 1 fi
J O  S N Q I 1 1 I 8 )

e e ' a i h
3 A N 3 A 3 t i

C9 ‘ i. I n 00 ' Z . l î i
X t i l  0 3 1 3 3 3 X 3



FI
G

UR
E 

X
X

II

OO'ZGh 00*0  8 îi 00 *89h OO'SSfi 00 *hhh 00 *7eh OO*O0ff
( S U W l l Q O  j Q  S N Q I 1 1 1  8)  3 f l N 3 A 3 W  XU 1  Q3 1 ] 3 3 X 3

o
•— i

i— 
Œ
__!
Z D
21

h—
en

en

LU
ZD
~z.
LU
>•
LU
ÛC

X  z
Œ  O
h - *—i

t— 
Q  CJ 
LU ZD 
h - ÛZ 
CJ I-—
l u  e n
û _ Z  
X  o
LU CJ



o
CO

T-1966 oo
CO

o
ai
oo

_oo
eu

O '
cd en

C\j _ J

ru
en

oo
o

CD

H
H
H

° 01
CD CD

H

C C

Œ
o

-LDOO

0 0 " 0 1 9  0 0 " 0 2 9  OO'OCS 0 0 ‘ 02S OO'OLh OO’ OSfP
( S t i t i l i o a  J 0  S N Q I 1 1 1 8 )  3 n N 3 A 3 ü  X t i l  0 3 1 3 3 3 X 3

O

t—
Œ
— 1
ZD

LU
ZD
Z
LU
>
LU
ÛC

CD 
X  Z
CE *—• 
h-CC

Z D  
CD I— 
LU CJ 
h - CE 
CJ Ll_ 
LU 3  
Û _ Z  
X C E  
LU Z



FI
G

UR
E 

X
X

IV
T-1966 78

o
m
LD
ou

o
oo
ou

or-
.03

en
en
ûc
Œ  

O —j

3 : 0  

0 3  Q

O
o
l d  en
-si

O

o  1—
zr CD Œ

.LD
in en

ZD

o
en

i_ou
zr en

LU
U

Z D
z z

en
en

LU
ZD
Z
LU

.C E

CC
Ll_

X
CE0 h -

_zr Q
LU LU
1— CJ
CJ z
LU Œ
û_ ZO

0 X  1—*
LU Ll_

OO'OSh 00 *0Z.h
( s u w i i o o

00 *09h OO'OSh
J Q  S N Q I 1 1 1 9 )

OO’ Ohh
3 n N 3 A 3 W

OO'OEh . 00 ' 0 2 îf
XW1 0 3 1 3 3 3 X 3



LO
03

T-1966 CO

o

in
in

- 0 0  
oo _

cn
c c
Œ 

o  _J

- in 'O 
r- CD

' L l 
O

in
cm CD

o  7T 
c d  CD

- O
in

cn

in 2  m
•  i— i

« s
LU
Oo

co
_in cn
™l±J

cn

in
CD

o

oOO'OLn 0 0 ' 0 9 h  OO'OSfi 00 'Ohh
( S y w i 1 0 o j Q  s N Q I 1 1 1 Q )  3 I N 3 A3 U XW1 0 3 1 0 3 3 X 3

OO'OZfi00 ' 0 8 h

o

cn

cn

LU

LU
>
LU
cn
X
cc

Q
LULU 
1— CJ 
CJ ^  
L U >  
Cl.CC 
X  LU
lu cn



T-1966 80

TABLE

Sectors  and Their  Expected ROR per Dollar  of  Stimulus

Sector  R0R/$ Stimulus 

Agr. -18%

Min. -119%

Cnst.  64%

Man. 84%

Fin. 47%

Ser. 50%

From Table XI i t  i s  seen t h a t  a d o l l a r s  worth o f  stimulus in the mining 

s ec to r  wil l  c o s t  an add i t iona l  $1.19 in l o s t  tax  revenues,and $ .84 on 

every d o l l a r  o f  manufacturing stimulus wi l l  be recovered through t a x a t io n .

Emphasis should be placed on the  f a c t  t h a t  the  t r a n sa c t io n  volume 

was derived  as a r e l a t i v e  f ig u re  fo r  the primary purpose of  comparison. 

Thus, the r a t e s  of  r e tu rn  in Table XI should be taken more for  comparison 

purposes r a th e r  than abso lu te  f ig u re s .

Implicat ions  o f  I-Q Markov Analysis on I n f l a t i o n  and Unemployment

The problems of  i n f l a t i o n  and unemployment a re  two of  the more 

se r ious  problems facing the U.S. economy today. Keynes described 

i n f l a t i o n  as the  most sub t le  and sure  means o f  over turning the  e x i s t in g  

bas is  of  a so c ie ty  [ 7 ] .  This d e sc r ip t io n  of  i n f l a t i o n  has been supported 

r e ce n t ly  in work done by Warsh and Minard on the causes and e f f e c t s  of 

i n f l a t i o n  [2 2 ]•

In v e s t ig a t in g  the causes and e f f e c t s  of i n f l a t i o n  with the a id  of  

the  1-0 markov technique proves to be very i n t e r e s t i n g .  Recall the r a t e s
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of  r e tu rn  generated per  d o l l a r  of  stimulus in the previous s e c t io n .  I f  

these  r a t e s  a re  abso lu te  or  in d i c a t iv e  of  the ac tual r a t e s  o f  r e tu rn ,  

Government needs i n f l a t i o n  to f inance  i t s  ope ra t ions .  I n f l a t i o n  has 

the e f f e c t  of  increas ing  the  r a t e s  o f  r e tu rn .  Adequate i n f l a t i o n  would 

cause some r a t e s  to become g r e a t e r  than 100% and lead to  se l f - su p p o r t in g  

stimulus proposals .  S t imulat ing  the  sec to rs  of  the  economy t h a t  have 

the higher  r a t e s  of  r e tu rn  would lessen  the magnitude o f  the required  

i n f l a t i o n .

Another way of  reducing required  in f l a t i o n  would be to  increase  

tax l e v i e s .  Economist Colin Clark argued t h a t  tax a t io n  in excess of  

25% of  na t ional  income would only serve to  fuel d i sa s te ro u s  i n f l a t i o n  [3 ] .

He may be r i g h t  in th ink ing  the re  i s  a natural  l im i t  to  e f f e c t i v e  t a x a t io n ,  

but  his  25% f ig u re  seems a r b i t r a r y .  Increasing the tax  l e v ie s  i n i t i a t e s  

a t r a d e - o f f  between decreased aggregate  consumption and increased 

Government revenues through the higher  tax .  1-0 Markov ana lys is  i s  able 

to  quan t i fy  the t r a d e - o f f  process  by t r a n s l a t i n g  consumption decreases 

in to  the  appropr ia te  changes in level  of  economic a c t i v i t y  and volume of  

t r a n s a c t io n s .

Limits on production and manufacturing c a p a c i t i e s  are  not incorpora ted 

in to  the  1-0 Markov method, although these  l im i t a t i o n s  can be ass im i la ted  

in to  the  1-0 a n a ly s i s .  I t  i s  i n t e r e s t i n g  to note t h a t  1-0 Markov ana lys is  

implies  t h a t  the  economy need not be approaching capac i ty  l im i t s  in order  

to  experience high r a t e s  of  i n f l a t i o n .  Government investments in sec to rs  

with low r a t e s  of  r e tu rn  wi l l  f o s t e r  the  required  i n f l a t i o n  r a t e  to 

"f inance"  the investment.

Entangled in the  problem of i n f l a t i o n  i s  the  problem of  unemployment.
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Keynes perceived the  prime goal of  any economy i s  to  achieve fu l l  employment 

of  a l l  f a c to r s  of  production [14].  Due to  the i n e l a s t i c i t y  of  wages, a 

l a i s s e z - f a i r e  economy does not guarantee  fu l l  employment. The U.S. 

Government has in tervened in the  unemployment problem and with the  passage 

of  the  Employment Act of  1964 the  Government has been e f f e c t i v e l y  given 

the  legal  r e s p o n s i b i l i t y  fo r  c rea t in g  a prosperous economy.

In Government c rea ted  jobs used to  combat unemployment, the  worker 

should rece ive  a wage t h a t  i s  equal to  the marginal product o f  h is  labo r .

As seen in the 6 - sec to r  model, the  1-0 Markov es t imates  of  r a t e  of  r e tu rn  

in each s e c to r  was le s s  than un i ty .  Therefore ,  a r t i f i c i a l l y  c re a t in g  

jobs  i s  a very c o s t l y  p r a c t i c e .  For a mining worker to  rece ive  a wage

equal to  the  marginal product of  h is  labor  in a c rea ted  job ,  the  worker

would be forced to repay the Government $2.19 ($1.00 fo r  the  co s t  o f  the

stimulus plus $1.19 f o r  the  loss  o f  revenues) fo r  every d o l l a r  he makes.

This example may be t ry in g  to say something about the marginal product 

of  Government jobs  in g e n e ra l .

A way to  express  the exponen t ia l ly  increas ing  cos t  of  reducing 

unemployment i s  the P h i l l i p s  Curve. The general appearance of  a P h i l l i p s  

Curve i s  shown in Figure XXVI. The concept o f  the  curve i s  t h a t  i t  

becomes in c re a s in g ly  more expensive to  reduce unemployment as the level  

of  unemployment decreases .
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FIGURE XXVI

P h i l l i p s  Curve

Unemployment

Cost to

Reduce

Full employment

Level o f  Employment

1-0 Markov ana lys is  conforms to  the P h i l l ip s  Curve concept .  The only 

d i f f e re n c e  i s  t h a t  the  1-0 Markov curve i s  piecewise l i n e a r  r a th e r  

than a smooth curve. From the  es t im ates  of  r a t e  of  re tu rn  in Table XI, 

the  r e l a t i v e  cos t  o f  c re a t in g  a job can be determined. For example, 

a d o l l a r  paid to  c r e a te  a job in the manufacturing s ec to r  w i l l  re tu rn  

$ .84 in revenue. Thus, the  cos t  of  the  c rea ted  job wil l  be 16% of 

every d o l l a r  a l lo c a te d .  S im i la r ly ,  the cos t  of  a c rea ted  job in the 

mining se c to r  i s  219% of  every d o l l a r  a l lo c a te d .  Assuming the lower 

cos t  jobs wil l  be c rea ted  and f i l l e d  f i r s t ,  and th e re  are  c o n s t r a in t s  

on the  number of  jobs  t h a t  can be c rea ted  in a s e c t o r ,  a P h i l l i p s - ty p e  

curve can be cons truc ted .  Figure XXVII rep resen ts  the  piecewise l i n e a r  

approximation of  the  P h i l l i p s  Curve.
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Cost to  

Reduce

Unemployment

Figure XXVII 

Piecewise Linear P h i l l i p s  Curve

Full Employment

Level of  Employment 

(1-0 Markov Analysis)

Both i n f l a t i o n  and unemployment a re  se r ious  problems t h a t  seem to 

feed on one another .  1-0 Markov a n a ly s is  shows t h a t  when Government 

t r i e s  to  r e c t i f y  one prob lem,i t  may be adding fuel to  the o th e r  problem 

and in tu rn  adversely  e f f e c t in g  the  o r ig in a l  problem.

Suppose Government i s  t ry in g  to  f i g h t  high unemployment r a t e s .

To lower unemployment. Government-sponsored jobs are  c rea ted  in a 

s e c to r  of  the  economy. Due to the  very high cos t  of  c re a t in g  jobs in 

c e r t a i n  s e c to r s ,  required  i n f l a t i o n  i s  i n i t i a t e d  to f inance the  crea ted  

jo b s .  Now unemployment may begin to  f a l l , but i n f l a t i o n  must p e r s i s t  

s ince  i t  i s  one o f  the  primary means of  f inance .

To f ig h t  i n f l a t i o n .  Government may choose to r a i s e  taxes  or  reduce 

spending. Reducing spending i s  genera l ly  considered poor public r e l a t io n s  

and may requ i re  a cu t  in the jobs c rea ted  to f ig h t  high unemployment. So, 

a r a i s e  in taxes i s  i n i t i a t e d .  The tax r a i s e  has the e f f e c t  o f  lowering 

consumption and may reduce the  r e l a t i v e  number of  t r a n sa c t io n s  in the
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economy. The reduction in t o t a l  t r a n sac t io n s  could s ig n i fy  lower p r iv a te  

s ec to r  product ion and an a s soc ia ted  reduct ion in employment. The 

problem now is  to  reduce unemployment again. However, t h i s  time around 

the  cos t  of  c rea ted  jobs  and higher  i n f l a t i o n  from previous remedies 

may s t i l l  be p resen t .  The cycle  cont inues ,  but each time the  problems 

are  more severe and"more d i f f i c u l t  t o  so lve.

According to  1-0 Markov a n a ly s i s ,  the only recourse the Government 

has i s  to  inves t  ( s t im u la te )  only in sec to rs  with adequate r a t e s  of  

r e tu rn .  In t h i s  manner, requ ired  i n f l a t i o n  could be minimized and 

many of  the  in terdependencies  of  the  inflation-unemployment problem 

el iminated .
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Conclusion

The purpose of  t h i s  t h e s i s  i s  to  present  the  formulat ion of  a 

method to  analyze the e f f e c t s  and r a t e  of  r e tu rn  of  governmental 

stimulus in an economy. The major advantage of  the method (1-0 Markov 

a n a ly s i s )  i s  t h a t  i t  i s  based on both the level  of  economic a c t i v i t y  

(GNP) of  the  economy and the  r e l a t i v e  number of  t r a n sa c t io n s  occurring 

in the  economy.

Input-Output (1-0) an a ly s is  i s  used to p ro je c t  the  changes in 

the  level  of  economic a c t i v i t y  while Markov ana lys is  p ro je c t s  the e f f e c t s  

on the  r e l a t i v e  number of  t r a n sa c t io n s  caused by economic s t imulus .  The 

r e l a t i v e  number of  t r a n sa c t io n s  i s  important s ince  i t  r ep re sen ts  the 

number o f  o p p o r tu n i t ie s  ( taxab le  s i t u a t i o n s )  a government has to  recoup 

the  cos t  of  s t im u la t ion .  Markov an a ly s is  lends i t s e l f  n ice ly  to  p ro jec t ing  

the  number of  t r a n s a c t io n s .

The 1-0 Markov an a ly s is  technique can be used ex tens ive ly  in 

comparing proposed economic m odif ica t ions .  1-0 Markov ana lys is  provides 

r a t e s  o f  r e tu rn  and p ro je c t s  the  e f f e c t s  on both economic a c t i v i t y  

and t ra n sa c t io n s  fo r  each s timulus p roposa l . This information enables 

a government to  inves t  more wisely  in i t s  economy.

In developing the  method, many in t e r e s t i n g  aspects  come to  l i g h t .  

F i r s t ,  the  scope of  r a t e s  of  r e tu rn  vary widely with re sp ec t  to  the  

s e c to r  t h a t  has been s t im u la ted .  S t imulation in c e r t a in  sec to rs  may 

even c r e a te  a negative r a t e  o f  r e tu rn .  Negative r a t e s  of  re tu rn  occur 

when the  reduction in t r a n sa c t io n s  predominates over the  stimulus-induced 

increase  in level  o f  economic a c t i v i t y .  1-0 Markov ana lys is  can determine

86
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which s e c to r  i s  the more advantageous to  s t im u la te .

Another aspect  of  1-0 Markov ana lys is  i s  t h a t  i t  may explain  

r e l a t io n s h ip  between r a t e s  of  i n f l a t i o n  and unemployment. Analysis 

shows the  high cos t  o f  c rea ted  jobs may i n i t i a t e  a required r a t e  of  

i n f l a t i o n  to finance the  jobs .  I f  an unwise s t im u la t ion  po l icy  i s  p ra c t i c e d ,  

a decrease in the  number of  t r a n sa c t io n s  may r e s u l t  and employment in 

the  p r iv a te  s e c to r  may be adversely  e f f e c te d .  The decrease in employment 

in the p r iv a te  s e c to r  may encourage more governmental ac t ion  which 

could i n t e n s i f y  the  ser iousness  of  the  problem. One way to  prevent 

the  inflation-unemployment sp i r a l  i s  f o r  the  government to  s t im u la te  

only those  s e c to rs  with high r a t e s  o f  r e tu rn  and p o s i t iv e  e f f e c t s  on 

the  volume of  t r a n s a c t io n s .  In o the r  words, a government must inves t  

wisely  in i t s  economy.

Through 1-0 Markov ana lys is  a law of  diminishing re tu rns  i s  e s ta b l i sh e d  

fo r  governmental s t imulus .  The law s t a t e s  t h a t  as the amount of  

s t im ula t ion  i s  increased ,  the s t im u la t ion  has a l e s s e r  e f f e c t  on the  

change in the  r e l a t i v e  number of  t r a n s a c t i o n s .  Thus, the economy can 

reach a s a tu r a t i o n  point  where f u r t h e r  stimulus wil l  only increase  the 

value of  economic a c t i v i t y  and not the volume of  a c t i v i t y .  This s i t u a t i o n  

could . in s t iga te  c o s t  push i n f l a t i o n  [17] .

The law o f  diminishing re tu rns  implies th e re  may be an abso lu te  

l i m i t  to  the  response of  an economy to  governmental s t im ula t ion  1-0 

Markov an a ly s is  i s  able  to  def ine  and quan t i fy  these  l im i t s .  One 

encouraging c h a r a c t e r i s t i c  concerning the l im i t s  i s  t h a t  they can be 

a l t e r e d  by new c o e f f i c i e n t s  in the technica l  c o e f f i c i e n t  matr ix  of  the 1-0
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a n a ly s is .  Technological advances may be able to  r a i s e  the  l im i t s  in 

those areas  where the  l im i t s  a re  in h ib i t in g  the  economies a b i l i t y  to 

respond to  s t imulus .

Establ ishment  of  1-0 Markov ana lys is  revea ls  t h a t  th e re  are  many 

ap p l ic a t io n s  of  the  technique.  One of  the f i r s t  a reas  t h a t  should be 

explored i s  the v a l i d i t y  of  1-0 Markov a n a l y s i s . To in v e s t ig a t e  the

v a l i d i t y  of  1-0 Markov a n a ly s i s ,  a l a rg e r  model, such as the  85 -sec to r  Bureau 

of  Economic Analysis model, should be used. A l a r g e r  model would be 

more r e p re s e n ta t iv e  o f  the economy and may id e n t i fy  in t e r - s e c to r  r e l a t i o n ­

ships t h a t  a re  extremely s e n s i t i v e  to  s t im u la t ion .

In conjunction with a l a r g e r  model, 1-0 Markov an a ly s is  should be 

applied  to  data  acquired from d i f f e r e n t  yea rs .  For the  U .S . , data  

from the 1960‘s could be analyzed to see i f  the r e s u l t s  of  l e g i s l a t i o n  

and stimulus of  t h a t  t ime could have been adequately fo recas ted  with 

1-0 Markov a n a ly s i s .

Assuming the technique i s  v a l id ,  i t  would be extremely i n t e r e s t i n g  

to t r y  to  e s t a b l i s h  where the  U.S. economy is  in r e l a t i o n  to  the law of  

diminishing r e tu rns  and the  na tura l  l im i t s  on t r a n s a c t io n s .  One of 

the  major problems foreseen in t h i s  determination i s  the  d e f in i t i o n  

of  the  base year .  Since the law of  diminishing r e tu rn s  and t ran sac t io n  

l im i t s  a re  expressed r e l a t i v e  to  a base year ,  proper i d e n t i f i c a t i o n  

of  the  base year  i s  very c r i t i c a l .

1-0 Markov an a ly s is  could a l so  be used to  lo c a te  those areas  of 

the economy where technological  advances would prove most benef ic ia l  

to  the  economy. Technology has the  power to  change the  e n t r i e s  in the
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t echn ica l  c o e f f i c i e n t  matrix .  The elements of  the  technica l  c o e f f i c i e n t  

matrix  d i r e c t l y  inf luence the  l im i t s  on i n t e r - s e c t o r  t r a n s a c t io n s .

Thus, encouraging e f f o r t s  to  advance technology in c e r t a in  segments 

of  the economy, may be ben e f ic ia l  to  the  e n t i r e  economy.

In summary, 1-0 Markov a n a ly s is  provides a new dimension to  economic 

a n a ly s i s .  I t  provides a much c l e a r e r  p ic tu re  of  the t o t a l  e f f e c t s  of  

governmental stimulus and may help in def in ing  the optimal s ize  of  

government.
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Appendix A

The purpose of  t h i s  appendix i s  to  a n a l y t i c a l l y  in v e s t ig a te  the  

r e l a t io n s h ip  between the  amount o f  stimulus in jec te d  in a s ec to r  of  

the  economy and the  corresponding e f f e c t  on the  r e l a t i v e  number of

t r a n sa c t io n s  in the  economy. I t  w i l l  be shown t h a t  the expected number

of  i n t e r - s e c t o r  t r a n s a c t io n s  can be w r i t ten  in terms of  the base number

of  i n t e r - s e c t o r  t r a n sa c t io n s  and the  amount of  stimulus to  be appl ied .

Of extreme importance i s  the  f a c t  t h a t  i t  can be shown t h a t  the r e l a t i v e  

number of  t r a n s a c t io n s  i s  upper bounded and a law of  diminishing re tu rns  

e x i s t s  between added stimulus  and t r a n s a c t io n s .

The no ta t ion  used in t h i s  appendix is  compatible with t h a t  

developed in Chapters I -  I I I .  In ad d i t io n ,  bracket  n o ta t io n ,  {e^.} ,  

i s  used to  denote an n x n matrix  with elements e . y  Unless s p e c i f i c a l l y  

s t a t e d ,  a l l  matr ices  are  n x n where n i s  the  number of  sec to rs  in the 

model being d iscussed .  A quick review of  the  dimensions and nomenclature 

p reviously  developed i s  as follows:

Total output  v ec to r ,  (n x i )

X = {X.}

Consumption v ec to r ,  (n x 1)

Y = {Y.}

Id e n t i ty  m atr ix ,  (n x n)

. . 0

I =

1 0  0 
0 1 0 
0 0 1

0 0 0

90
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Technical c o e f f i c i e n t  m atr ix ,  (n x n)

A = { a . . } .  £ i }

Trans i t ion  m atr ix ,  (n x n)

Q M P i j }  = { ^ i }

Fundamental matr ix or  expected number of  t r a n s a c t io n s ,  (n x n)

N = ( n . j }

To denote new values of  an element,  prime no ta t ion  wil l  be used.

For example, n 1 -  f ( n ^ ) denotes the  new expected number of  t r a n sa c t io n s

( n 1 . a f t e r  the  stimulus has been applied to  the economy, can be i j
represented  as a funct ion of  the o r ig in a l  or  base number of  t r a n sa c t io n s

(ni j ) .

F i r s t  to  be in v es t ig a ted  are the  e f f e c t s  on X caused by a change in 

an element of  Y.

Recal1

X = ( I  -  A)-1Y.

By def in ing  

{ & j j }  = ( I  -  A ) ' 1

the  e f f e c t s  on of  s t im u la t in g  s ec to r  can be d i r e c t l y  eva lua ted ,

X‘ i = V i l  + Y2Zi2 + ••• + Yk5,ik  + + Yn*in
The f i r s t  d e r iv a t iv e  wi l l  show how the elements of  X wil l  change

with respec t  to  stimulus in s e c to r  k. Taking the d e r iv a t iv e  of  

( 1)
dX',

1 = A.

Thus, th e re  is  a l i n e a r  r e l a t io n s h ip  between X1 . and stimulus
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provided through s e c to r  k. This conclusion coincides  with the 

conclusion in Chapter I I I  and Figures I I  through VII.  The e f f e c t s  

of  m u l t i s e c to r  s timulus would simply be a composite of the individual  

l i n e a r  e f f e c t s .

Knowing the  r e l a t i o n s h i p  between Y‘ and X1 i t  i s  important to

in v e s t i g a t e  the  e f f e c t s  o f  X' on N. N i s  the  fundamental matr ix

developed in Chapter II  whose elements ,  n . . ,  denote the  expected
"i J

number o f  t r a n sa c t io n s  a d o l l a r  beginning in s ec to r  i wil l  have 

with s e c to r  j .  From Chapter II

N = {ni j } 

= (I  -  Q)

The inverse o f  a matrix  can be c a lcu la ted  by using c o fac to rs .  (See 

L igh ts tone 's  Fundamentals of  Linear Algebra [10]) .  The co fac to r  

of  a square matr ix  B, cof  i j  { b ^ }  , i s  the  determinant o f  the 

matr ix obtained by removing the  i t h  row and j t h  column of  B. The 

sign of  the co fa c to r  i s  p o s i t iv e  (negative)  i f  1 + j  i s  even 

(odd).  Writing N in terms of  cofac tor  y ie ld s  

{ n . . }  = {co f . .  (I -  Q)/ | ( I  - Q)|} 

where

| ( I -Q ) |  denotes th e  determinant of  the (I-Q) matr ix .  Each element 

of  IN i s

n i j  = - ^ ^ ( c o f j i U - Q V I U - Q ) !



T-1966 93

-1 ( i+ j )
n i j  -  I(I-Q)I

l -P n

-P21

•P12

p22

pl , i - l  "pl , i + l  • '

p2 , i - l  " p2 , i+ l  • •

■pln

-P2n

' Pj - l , l  - pj - l , 2  

" PJ'+1,1

-Pj-1  n

j+1 n

-Pn , l -Pnn

Examining each p . j ,  the r e l a t i o n s h i p  between p^. and p. i can be 

determined.

R e c a l l ,

pi j

II
II x 

x|
~*

*
mm 

—J* 
[C-

l,
c-i!P V .

IJ- X*.

= a . .  X ' .

But 

x ‘ . .
IJi J

- ( ( f )

( 2 )

(3)

Combining (2) and (3) y i e ld s

P' i i  4 %  • X' j ) /X' i
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= xij (r 1) / X ' i (4)

X,
Multiplying (4) by gives the  r e l a t io n s h ip  between p^. and

p , id

■ P IJ  @  f t . ) (5)

Thus, N' may be w r i t t e n  in terms o f  p^.

N' = (I -  {p' .j}) -1

= (I -  {p »-1

J i

and each element can be w r i t t e n  in co fac to r  form
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c
cT

c
X

X IX

I
C l"3

c  c
X ]x

I
X

I
•'“3

+
cT

c
o f

95
X

+
••—J



Multiplying each row (column) of  a matrix  by a co n s ta n t ,  y,

has the e f f e c t  of  mul t ip ly ing  the determinant of  the  matrix  by y[10].

Hence

= i ( i - { P i j } |

= I(I-Q)I

and s im i la r ly
X',i-1 /X ',

Xi-1
i+1

Xi>l

XT 1 c o f , ,  ( I - Q ) / 1 ( I - { p ' j 4 } ) |
J i i j

c o f j .  ( I - Q ) / 1  ( I -  p ' . j } ) |

Combining (6) and (7)

( 6 )

(7)

(8)

Thus, N' can be w r i t t e n  in terms of  X, X',  and N.
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Combining the  e f f e c t  of  Y1 and X1 and X1 and N' makes i t  poss ib le  

to  analyze the d i r e c t  e f f e c t s  of  Y1 and N*.

For convenience, l e t

Ci j  ” ni j

so (8) can be condensed

(9)

From (8) and (9) i t  i s  seen t h a t  n  ̂ i s  a funct ion  of  the r a t i o

X'j
r r  •

x'.
Writing ÿ-r- in terms of  (1)

A i

= ^ ^ 1  '*'••• + V. ik  + ••• + V . in  (10)
YU i l + - + Y kMk + -  + Yni1n

where k i s  the s t imula ted  s e c to r .  Since i s  the only va r iab le  

in (10),  i t  i s  convenient to def ine

di = + " •  + Yk-1 Zik + Yk+lî,1k+l + + YnZin

So (10) may be r e w r i t t en

(11)X'j = Yk ĵk + dj

X 1 V i k  + di

Combining (9) and (11) y ie ld s

^
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by tak ing  the  d e r i v a t iv e  of  (12) the e f f e c t  of  the  change in 

can be r e l a t e d  to n ^ , .

n i j  Ci . i (£.ik di ~ £ik  (13)

dYk ( V i k  + di )<:

Since c . .
 ^------— n— > 0,  the  s ign of  (13) i s  dependent upon
( V i k + 4 )

the  value o f  d^ d j ) .  For n V j t o  decrease  with r e sp e c t

to  s timulus  in s e c to r  k,

*ik
^  > ~ d j

In the same manner,

f l k  < %  and
di dj  di dj

i n d i c a t e  whether n ‘ . .  w i l l  i n c rease  or  remain co n s ta n t  with r e s p e c t
1J

to  the  s t im u lus ,  Y^.

I t  i s  i n t e r e s t i n g  to  note  t h a t  the  second d e r i v a t i v e ,  

d " i j  _ - ^ i . W 1 ~ &ik d J ^ i k  f u )

i v , , * - » 3

places  a comparable importance on the  r e l a t i o n s h i p  between and 

^ ik- j j  . Examining (13) and (14) r ev ea l s  t h a t  the  second d e r iv a t iv e  

wi l l  always have the  oppos i te  sign of  the  f i r s t  d e r i v a t i v e .  Thus, 

an in c reas in g  n1 ^  or  decreas ing  n \ j  wi l l  tend to  leve l  o f f  with 

ad d i t io n a l  s e c t io n -k  s t im u lu s .

The l e v e l i n g - o f f  e f f e c t  i s  more r e a d i ly  s tud ied  by observing the 

l i m i t s  o f  (9) as Ŷ  i s  inc reased  without bound.
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(15)

From th e  d e f i n i t i o n  o f  c . (15)  becomes

1 im
(16)

A very important  concept  i s  e s ta b l i s h e d  in  (16) .  The concept  i s  

t h a t  t h e r e  i s  a l i m i t  to the  number of  t r a n s a c t io n s  t h a t  s timulus  

can induce in to  the  economy. Fur the r ,  examination of  (13) and

(14) re v ea l s  t h a t  a law of  diminishing r e tu rn s  i s  p resen t  with 

r e s p e c t  to  inc reased  s t im u lus .

With the  e s ta b l i sh m en t  o f  the  law of  d iminishing r e t u r n s ,  a govern­

ment i s  faced with the  problem o f  determining the  degree t h a t  the  

law i s  c u r r e n t ly  in  e f f e c t . The e n t i r e  1-0 Markov a n a ly s i s  compares 

r e s u l t s  r e l a t i v e  to  a base per iod .  This base period i s  most 

l i k e l y  no t  the  f i r s t  y e a r  o f  government opera t ions  and i s  t h e r e ­

fo re  a l ready  in f luenced  by the law o f  d iminishing r e t u r n s .
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