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ABSTRACT

ESTIMATION OF UNITED STATES IMPORT DEMAND AND EXPORT SUPPLY IN A 
MULTI-INPUT MULTI-OUTPUT MODEL, USING HUMAN CAPITAL AND 

R & D AS FACTORS OF PRODUCTION

by

EVANGELOS N. CHAROS 

Un ivers ity  o f New Hampshire, December, 1984

T ra d it io n a l ly  the estimation o f the import and export functions 

has been done by specify ing e ith e r  l in e a r  or lo g linea r  functions 

o f some income and re la t iv e  price variables then using, usua lly , 

ordinary leas t squares technique. This procedure is subject to a 

wide range o f c r i t ic is m s  due to i t s  lack o f theore tica l foundation 

and because o f i t s  im p l ic i t  assumptions. In th is  thesis import and 

export functions w i l l  be derived w ith in  a more general theore tica l 

framework f i r s t  introduced by Samuel son and investigated em p ir ica lly  

by Foley and Sidrauski in  th e i r  treatment o f the production side o f 

the economy. This more general framework was also used by Diewert in 

his study o f the functiona l forms fo r  p r o f i t  and transformation 

functions, and by Kohli in his study of the fore ign sector o f the 

Canadian economy.

A framework s im ila r  to tha t o f  Kohli is  used to estimate the 

s truc ture  o f U.S. fore ign trade. We depart, however, from Kohli 

by adding human cap ita l and R & D as inputs to the model. Even 

though human cap ita l and R & D have been considered as factors



a ffe c t in g  trade flows by Keesing, Gruber, Metha and Vernon and have 

been also considered as inputs in the production side o f the economy, 

they have not ye t been incorporated as inputs in a m u lt i - in p u t ,  m ulti - 

output p r o f i t  function  in which imports and exports are e x p l ic i t l y  

considered.

The scope o f th is  thesis is  to eradicate th is  omission and to 

use a translog p r o f i t  function  to estimate a l l  input-output own and 

cross price e la s t ic i t ie s  as well as e la s t ic i t ie s  o f transformation, 

complementarity and in te n s ity  fo r  the United States economy when 

imports, human c a p i ta l ,  R & D, non-human cap ita l and labor are used 

as inpu ts , and exports, consumption and investment as outputs.



CHAPTER I

INTRODUCTION

The thesis is  divided in to  e ight chapters as fo llow s:

CHAPTER I ,  which is  the in troduction  chapter, ou tlines the 

organization o f the study.

CHAPTER I I  traces the major theories o f in te rna tiona l trade 

since Adam Smith. The c la s s i f ic a t io n s  o f Classical Theory, 

Neoclassical Heckscher-Ohlin Theory and Modern Theories are the same 

employed by Chipman in his a r t ic le s  e n t i t le d  "A Survey o f the Theory 

o f In te rna tiona l Trade: Part 1 and Part 2 (1965)".

CHAPTER I I I  consists o f a number o f sections, Section 1 ou tlines

some o f the previous empirical studies of import and export functions 

as well as the explanatory variables used in these studies. Section 

2 deals w ith the c r i t iq u e  o f the empirical studies and f i n a l l y  

Section 3 reviews e la s t ic i t ie s  o f su b s t itu t io n  between imports 

(exports) from (to ) d i f fe re n t  countries from a cross section of 

a r t ic le s .

CHAPTER IV takes a h is to r ic a l  look at' human cap ita l and research 

and development along w ith  the ways to measure these variables. The 

second part o f  th is  chapter ou tlines  Eisner's data, these being the 

data used in our study.

CHAPTER V contains the general descrip tion o f the model, the 

functional form and estimation technique fo r  the translog p r o f i t  

func tion , and the e la s t ic i t y  matrices to be estimated.

CHAPTER VI shows the sp e c if ic  model estimated and the resu lts  ■

-1-
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o f the estimation.

CHAPTER VII is  d ivided in to  two sections. The f i r s t  section 

consists o f tables o f e la s t ic i t ie s  and the second section consists 

o f the in te rp re ta t io ns  o f these e la s t ic i t ie s .

CHAPTER V I I I  is  the summary and conclusion chapter where there 

is  a summary o f the study and conclusions are made based on the 

f in d in g s .



CHAPTER I I

THEORETICAL STUDIES

Following Chipman's c la s s i f ic a t io n  we can d iv ide the theories 

o f in te rna tiona l trade in to  three major categories:

1. Classical Theory

2. Neoclassical Heckscher-Ohl in Theory

3. Modern Theories

The purpose o f doing so is to ou tl ine  the evolution o f the 

theories o f trade from Adam Smith to present, show the h igh ligh ts  

o f these theories , discuss th e ir  flows and show the neglect fo r  the 

human cap ita l and R & D variables.

I t  w i l l  also be shown tha t these missing variables have been 

considered, separately, to be important variables in understanding 

trade behavior, thus laying the theore tica l foundations fo r  including 

them in the empirical model.

One o f the major categories o f trade is  the Modern Theories 

category, but not a l l  o f  the modern theories w i l l  be discussed in th is  

chapter. Special a tten tion  w i l l  be given to Keesing's study o f the 

a f fe c t  o f human cap ita l and Gruber's, Metha's and Vernon's study of 

the a f fe c t  o f research and development on trade flows. Other theories 

discussed are the Trade Cycle Model and L inder's  Hypothesis.

-3 -
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Classical Theory

The c lass ica l theory stems from Adam Smith in the eighteenth 

century. Before Adam Smith the m e rc a n t i l is t  school o f thought was 

o f the b e l ie f  tha t the proper trade po licy  fo r  a nation would be one 

which discouraged imports and encouraged exports. This notion was 

based on the assumption tha t the to ta l wealth o f the world was f ixe d ; 

thus any trade between nations where a nation imported more goods 

than i t  exported abroad would loose gold and s i lv e r  in paying fo r  

these goods, and in so doing would lower i t s  stock o f wealth.

Adam Smith's e f fo r ts  to re fu te  the m e rc a n t i l is ts '  arguments fo r  

re s tr ic t in g  free  trade by demonstrating the potentia l gains from 

unimpeded trade, gave us the f i r s t  systematic analysis o f the causes 

o f in te rna tiona l trade. Smith's theory which came to be known as the 

Absolute Advantage Hypothesis postulates tha t two nations can increase 

th e ir  combined output i f  each specializes in  producing the goods in  

which i t  is  most e f f i c ie n t  and then engages in  trade with the other 

nation. Both countries w i l l  be be tte r o f f ,  in terms o f the quantity 

of goods ava ilab le  fo r  consumption, as they trade and thus d iv ide up 

the additional output obtained through sp ec ia liza t ion .

Smith did demonstrate the po tentia l gains from spec ia liza tion  

and trade but l e f t  many questions unanswered. Foremost among those 

questions was: What i f  a nation did not possess an absolute advantage

in the production of any commodity? In what manner would such a 

country engage in trade? This question was addressed by Ricardo.
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David Ricardo, w ith his theory o f comparative advantage, demon

strated tha t a basis fo r  trade existed, as did the po tentia l fo r  

gains from trade, even i f  one o f the trading nations did not possess 

an absolute advantage in the production of any commodity. According 

to the comparative advantage theory, each country w i l l  concentrate on

the production o f those goods tha t i t  can produce re la t iv e ly  more

cheaply than other countries and tha t the equ ilib r ium  terms o f trade 

w i l l  be determined by in te rna tiona l supply and demand re la tions  so as 

to provide the basis fo r  the d iv is io n  o f the gains from trade among 

the p a r t ic ip a t in g  nations.

Ricardo is  credited with having been the f i r s t  economist to 

recognize the importance o f d ifferences in re la t iv e  o r, as he called 

i t ,  comparative costs as the basis o f in te rna tiona l trade. He made 

the fo llow ing  assumptions:

(1) The real variables o f the economic system are 
determined independently o f the monetary system.
This assumption is  often referred to as the 
n e u t ra l i ty  o f money. Basica lly  i t  means tha t
the real and monetary variables o f the system
are determined independently o f each other. The 
only function  tha t money performs is to set the 
absolute price 1eve l.

(2) A l l  prices are t r u ly  f le x ib le  and are determined 
under conditions o f perfect competition.

(3) The to ta l  amount o f each fac to r  o f  production 
is  f ixed  fo r  any one country.

(4) In te rna tiona l immobility o f fac to rs .

(5) Technology ava ilab le  to the producers o f the 
same product w ith in  one country is  the same.

(6) Tastes are given.

(7) Income d is t r ib u t io n  patterns are given.
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(8) No ba rr ie rs  to trade in the form o f costs o f 
t ra n s p o r ta t io n , in form ation, and communication.

(9) Full u t i l i z a t io n  o f a l l  productive resources.

(10) V a l id i ty  o f  the labor theory o f value.

Several economists have attempted to te s t  the v a l id i t y  o f the 

elementary form o f the comparative cost theory. The most important 

attempts were made by MacDougall (1951), Stern (1962), and Balassa 

(1963) and a l l  o f them worked with data fo r  the United States and 

the United Kingdom.

A ll three investiga tions  t r ie d  to te s t  the v a l id i t y  of the 

labor theory o f value as the main determinant o f in te rna tiona l 

trade. According to th is  theory, d ifferences in the p ro d u c t iv ity  

o f labor w i l l  re s u l t  in d ifferences in the cost o f production o f 

various commodities which in turn a f fe c t  the pretrade prices fo r  

these commodities. I f  a country has r e la t iv e ly  low prices fo r  a 

commodity, i t  w i l l  tend to export th is  commodity.

The tes t ing  o f th is  hypothesis e n ta i ls  a number o f problems.

One such problem is the in a b i l i t y  to observe the pretrade prices 

tha t would prevail under conditions o f autarky. A second problem 

is the t a r i f f s  and transport costs tha t e x is t  in the real world; a 

th i rd  d i f f i c u l t y  arises in the a v a i la b i l i t y  o f  export performance 

data.

Because o f the f i r s t  problem, empirical studies tested d i re c t ly  

the hypothesis th a t the country th a t has a re la t iv e  high p rod u c t iv ity  

o f labor in the production o f a commodity w i l l  tend to export th is  

commodity. Because o f the second problem, the empirical studies con

centrated on the export performance of the two countries investigated, 

in th ird  markets. The th i rd  problem was taken care o f more eas ily
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than the previous two because value of exports is  quantity  times 

price . As both countries are able to obtain the same price in the 

world market, price indices could be constructed.

The Ricardian theory predicts tha t the country whose p ro d u c t iv ity  

o f labor is higher than tha t o f the other country in the production 

of a certa in  commodity would capture the whole export market o f th is  

commodity. MacDougall used 1937 data fo r  the United States and the 

United Kingdom and found tha t in those commodities where the United 

States labor p ro d u c t iv i ty  is the highest ( re la t iv e  to tha t o f the 

United Kingdom), the United States w i l l  capture the la rgest share of 

the export market. As the re la t iv e  advantage o f the United States 

f a l l s ,  the export share also f a l l s .  MacDougall found tha t no 

country succeeded in capturing the whole export market as a re s u l t  o f 

a small comparative cost advantage, but he found tha t high p ro d u c t iv ity  

o f labor was s trong ly  corre la ted with a superior export performance.

Stern who used 1950 and 1959 data and Balassa who used 1950 data, 

confirmed and am plif ied the conclusions reached by MacDougall.

They also found tha t other fa c to rs ,  such as cap ita l cost per u n it  o f 

output, did not s ig n i f ic a n t ly  influence export performance.

Bhagwati (1964), however, casts doubt on these seemingly con

vincing studies. Using a somewhat more sophisticated technique he 

found tha t l in e a r  regressions o f export price ra t ios  (United States/ 

United Kingdom) on labor p ro d u c t iv ity  ra t io s  yie lded no s ig n if ic a n t  

regression c o e ff ic ie n ts .  S im ila r ly ,  regressions o f u n it  labor costs 

on export price ra t io s  fo r  the same two countries yie lded no 

s ig n if ic a n t  re su lts .  The strong pos it ive  resu lts  o f MacDougall,

Balassa and Stern regarding the usefulness of the c lass ica l theory of
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comparative costs were looked upon with caution and new theories 

about in te rna tiona l trade were born.

Neoclassical Heckscher-Ohlin Theory

The fa c to r  proportions theory can be stated qu ite  simply: a

country exports those commodities tha t in tens ive ly  use the productive 

factors tha t are re la t iv e ly  abundant in the country, as compared with 

the re la t iv e  abundance o f  these factors in the res t o f the world.

The fac to r  proportions theory stems from a trade model based on 

the fo llow ing  assumptions:

(1) Identica l production functions fo r  each commodity 
in a l l  countries and q u a l i ta t iv e ly  iden tica l 
productive fac to rs  throughout the world.

(2) Production under conditions o f constant returns 
to scale fo r  a l l  goods and dim inishing marginal 
p ro d u c t iv ity  fo r  each fa c to r .

(3) Uniform ordering o f the re la t iv e  fa c to r  ra t ios  used 
in  producing a l l  commodities a t a l l  possible 
fa c to r  price ra t io s .

(4) Identica l consumption patterns (meaning tha t 
a l l  goods are consumed in the same proportions) 
amound countries a t any given set o f in te r 
national commodity prices.

(5) Perfect markets, free trade, no transport costs 
and complete in te rna tiona l im mobility  o f  pro
ductive fac to rs .

Empirical tes ts  have fa i le d  to support the fa c to r  proportions 

theory in a convincing way. One o f the most widely public ized 

empirical tests was undertaken by Wassily Leontief (1953). On the 

basis o f the Heckscher-Ohlin theory one can p red ic t tha t a country 

w i l l  tend to export the commodity tha t is  re la t iv e ly  (to  the other 

commodity) in tensive in the re la t iv e  (to the other country) abundant 

fac to r.
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To te s t  th is  p red ic t ion  Leontie f used a 1947 input-output table 

fo r  the United States. The tab le gave deta iled information on the 

cap ita l and labor requirements fo r  the production o f any commodity 

group. Leontief had to resort to the United States import competing 

industries to estimate the cap ita l and labor requirements fo r  the 

production o f a given batch o f imports ra ther than using the 

corresponding requirements in the country o f o r ig in  as a basis fo r  

comparison. This procedure was leg it im a te  since one o f the assump

tions o f the Heckscher-Ohlin model is  iden tica l production functions. 

Leontief excluded products such as co ffee , tea and ju te  tha t were not 

produced in the United States. He also excluded service industries 

tha t did not enter in to  in te rna tiona l trade, such as truck ing , 

ra ilro a d  transpo rta tion , warehousing, r e ta i l  trade, banking and so 

on.

Leontief then computed the cap ita l and labor requirements fo r  

the production o f 1 m i l l io n  do lla rs  worth of United States exports 

and import competing commodities. The resu lts  are summarized in 

Table 2.1.

TABLE 2.1

DOMESTIC CAPITAL AND LABOR REQUIREMENTS 
FOR PRODUCTION OF $1 MILLION U.S. EXPORTS 

AND IMPORTS

Exports Imports

Capital
(1947 Prices) $2,550,780 $3,091,339

Labor
(man-years) 182

$14 ,010

170

$18 ,180Capital per man-year



Since the United States is  the most cap ita l abundant country in 

the world the Heckscher-Ohlin theory predicts tha t the United States 

w i l l  tend to export commodities tha t are intensive in her abundant 

fa c to r ,  c a p ita l ,  while importing re la t iv e ly  labor intensive goods.

The Leonteif resu lts  contradicted th is  p red ic t ion , because the 

United States was shown to export commodities tha t use only $13,991 o f 

cap ita l per man-year o f labor, while importing commodities tha t re 

quired $18,184 o f cap ita l per man-year. These s ta t is t ic s  seem to 

ind icate  tha t the Heckscher-Ohlin theory does not y ie ld  s a t is fa c to ry  

predictions about the d ire c t io n  o f trade in th is  p a r t ic u la r  case.

Bharadwaj (1962) found tha t India tends to export labor in tensive 

goods and import cap ita l in tensive goods. But when trad ing with the 

United States, India is  found to export c a p ita l- in te n s ive  commodities 

to the United States while importing labor intensive commodities in 

re turn .

A study by Wahl (1961) found tha t Canadian exports are cap ita l

in tensive and imports, labor in tensive. Since most o f Canada !s trade

is  w ith the United States, th is  is  again contrary to what would be 

expected on the basis o f pure theory.

Two studies tha t support the Heckscher-Ohlin theory are one by 

Tatemoto and Ichimura (1959) inves tiga ting  the trade re la tions  

between Japan and the United States and another by Stolper and 

Roskamp (1961) inves tiga ting  imports and exports o f East Germany and 

Eastern Europe.



Modern Theories of  In ternat iona l  Trade

Modern theories of  in te rnat iona l  trade have attempted to reconcile 

the d if ference between theory and r e a l i t y  by br inging some new ex

planatory variables in to  the analysis.

Keesing (1966), fo r  example, stresses tha t  the q u a l i t y  o f  labor,  

as measured by s k i l l  and educational leve ls ,  d i f f e r s  markedly w i th in  

and among countries. Furthermore, s k i l l  requirements vary consider

ably among traded commodities. Since these dif ferences inf luence the 

commodity composition o f  a country 's  trade, invest igators such as 

Keesing suggested abandoning the Heckscher-Ohlin theory of  only two 

fac to r  approach (cap i ta l  and labor) ,  in favor o f  a factor-proport ions 

approach tha t  d ist inguishes among d i f f e re n t  types of  labor on the 

basis o f  s k i l l  leve ls .  Under th is  fac to r  c la s s i f i c a t io n  system, the 

United States economy is r e la t i v e l y  abundant in s k i l le d  labor which 

would imply tha t  the production of  United States exports would re

quire r e la t i v e l y  greater amounts of  s k i l le d  labor than the production 

of goods that compete with imports.

Keesing divided occupations in to  e ight  catagories, as shown in 

Table 2.2, with the greatest s k i l l  requirements represented in 

category I and the least  in category V I I I  (as id e n t i f ie d  in the 

"source note" to Table 2.2) .  The contr ibu t ion  of  each category to 

the to ta l  labor required to produce exports is shown in percentage 

terms fo r  a number of countries.  Such countries as India and Japan 

tend to specia l ize in producing commodities using comparatively 

large amounts of  unsk i l led  labor and import commodities requir ing 

large amounts o f  s k i l le d  labor.
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Keesing's study suggests that  the Heckscher-Ohlin predict ions of 

trade patterns, based on fac to r  endowments, may prove va l id  a f te r  a l l  

i f  more tr.cn two fac tors  of  production are considered, the missing 

fac to r  is human c a p i ta l .  The ro le  of  human capita l  in determining 

trade patterns not only help to explain the Leont ief paradox, but 

also provided the basis fo r  some o f  the more recent theories of 

in ternat iona l  trade.

Gruber, Mehta, and Vernon (1967) in th e i r  paper e n t i t le d  "The 

R&D Factor in In ternat iona l  Trade and Internat ional Investment o f  

United States Industr ies"  echoed another modern theory of  i n t e r 

national trade which emphasizes, as a major casual fac to r  in f luenc

ing the commodity pattern of  t rade, d if ferences in technological 

knowledge among countr ies.  Thus the assumption of  ident ica l  produc

t ion  funct ions throughout the world fo r  each commodity is dropped. 

Differences in expenditures on research and development (R&D) 

a c t i v i t i e s  per d o l la r  o f  output are usually used to indicate 

differences in levels  o f  technological knowledge. According to 

Gruber, Mehta, and Vernon th is  d if ference is an important consider

ation in the explanation of  the U.S. trade pattern. The U.S. 

devotes considerably more resources than any other country to search 

fo r  new and bet te r  products and productive methods. Productive 

l ines in which United States research and development expenditures 

are especia l ly  large, and presumably have the highest payoffs, are 

those products in which the share o f  United States exports in world 

market is the highest. And, borrowing from Gruber, Mehta, and Vernon 

"Al l  roads lead to a l i n k  between export performance and R&D". This 

is indicated by Table 2.3, which provides a simple set o f  data 

typ ica l  o f  the evidence which re lates research e f f o r t  by United 

States industry to United States trade performance in 1962.



TABLE 2.2

Labor Requirements by S k i l l  Class to Produce 1962 Exports of  Fourteen Countries, Using 1960 
U.S. Sk i l l  Combinations, fo r  Forty-Six Manufacturing Industries Including Natural-

Resource Processing

Man Years Percentage D is t r ibu t ion  of  Labor Requirements by S k i l l  Class
per B i l l  i o n ---------------------------------------------------------------------------------------------------------------------

Dollars of
Country Exports I I I I I I IV V VI VII V I I I

U.S. 48,194 5.02 2.89 2.74 4.85 8.38 14.96 15.73 45.42
Canada 34,881 4.17 2.33 2.43 4.76 5.39 16.45 14.70 49.76
U.K. 49,833 3.77 2.29 2.36 4.79 7.20 15.01 14.91 49.68
Austria 52,954 2.76 1.76 1.91 4.15 5.71 15.97 12.87 54.87
Belgium 48,611 2.83 1.71 1.98 3.86 4.67 17.35 12.75 54.85
France 49,381 3.15 1.92 2.15 4.58 5.28 15.55 14.14 53.24
Germany 50,459 3.89 2.48 2.33 4.69 8.44 15.84 14.54 47.79
I ta ly 52,304 2.75 1.75 1.97 4.33 4.32 12.78 13.24 58.86
Netherlands 44,519 3.62 2.39 2.31 4.65 5.04 15.62 14.50 51.87
Sweden 49,984 3.53 2.34 2.23 4.41 8.92 18.87 13.73 45.96
Switzerland 54,971 3.50 2.39 2.18 5.29 7.76 12.66 15.65 50.56
Japan 57,842 2.48 1.66 1.78 3.96 4.56 15.15 12.04 58.38
Hong Kong 74,304 0.69 0.49 1.13 3.75 1.34 8.48 10.39 73.73
India 66,517 0.71 0.58 1.06 3.47 1.33 11.13 9.62 72.09

Source: Donald B. Keesing, "Labor S k i l ls  and Comparative Advantage", American Economic Review, 56 (May 1966)
249-58 (Table 1). (Reprinted with permission).
S k i l l  Classes are:

I .  Scient is ts  and Engineers V
I I .  Technicians and Draftsmen VI

I I I .  Other Professionals VII

Machinists, E lectr ic ians and Tool and Diemakers 
Other Ski l led Manual Workers 
Clerical Workers

IV. Managers V I I I .  Unskil led and Semiskil led Workers



TABLE 2.3
Research Effort and World Trade Performance by United States Industries, 1962

RESEARCH EFFORT EXPORT PERFORMANCE
Total R&D Scientists and Excess of Exports
Expenditures Engineers in R & D Exports as over imports
as Percentage as a Percentage of Percentage as Percentage

a of Sales Total Employment of Sales of Sales
INDUSTRY NAME AND SIC NUMBER (Rj) (R2) (Ei) (e2)

Transportation (37) 10.0 3.4 5.5 4.1
Aircraf t  (372) 27.2 6.9 8.4 7.6
Transportation (other than a i rc ra f t (  ( . . . ) 2.8 1.0 4.2 2.6

Electrical machinery (36) 7.3 3.6 4.1 2.9
Instruments (38) 7.1 3.4 6.7 3.2
Chemicals (28) 3.9 4.1 6.2 4.5

Drugs (283) 4.4 6.6 6.0 4.8
Chemicals (other than drugs) ( . . . ) 3.8 3.7 6.2 4.4

Machines (non-electrical) (35) 3.2 1.4 13.3 11.4
Rubber and plastic (30) 1.4 0.5 2.0 1.3
Stone, clay, and glass (32) 1.1 b 1.9 -0.2
Petroleum and coal (29) 0.9 1.8 1.2 -0.8
Fabricated metal (34) 0.8 0.4 2.1 0.7
Primary metal (33) 0.6 0.5 3.1 -1.8

Nonferrous metal (333) 0.8 0.5 4.2 -4.7
Ferrous metal ( . . . ) 0.5 0.4 ' 2.5 -0.2

Leather (31) 0.6 0.1 1.7 -3.4
Printing and publishing (27) 0.6 0.2 1.7 1.1
Tobacco (21) 0.3 0.2 2.2 2.1
Food (20) 0.2 0.3 0.9 -1.2
Textile (22) 0.2 0.3 3.4 -1.1
Furniture and f ixtures (25) 0.1 0.2 0.7 b
Lumber and wood (24) 0.1 b 2.0 -6.2
Paper (26) 0.1 0.3 2.1 -3.5
Apparel (23) 0.1 b 0.7 -2.1

All 19 industries: 2.0 1.1 3.2 0.6
5 industries with highest research e f fo r t 6.3 3.2 7.2 5.2
14 other industries 0.5 0.4 1.8 -1.1

indus tr ies  arranged in descending order of research e f fo r t ,  defined by R & D expenditures as a 
percentage of sales.

^Less than 0.05 per cent.
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and R2 are the research e f f o r t  measures and and are 

the export performance measures. I t  can be seen that there is  a 

pos i t ive  measure between to ta l  R&D expenditures as percentage of 

sales (R^) and sc ien t is ts  and engineers in R&D as a percentage of  

to ta l  employment (R2) and a pos i t ive  co r re la t ion  between exports as 

percentage o f  sales (E^) and excess o f  exports over imports as per

centage o f  sales (E2) (between R.̂  and R2 and between Ej and E2).

The f iv e  industr ies with the greatest research e f f o r t  are also the 

f i v e  industr ies with the most favorable trade posi t ion.

Another modern theory of  in te rnat iona l  trade is the Trade Cycle 

Model. The model claims tha t  many products go through a trade cycle. 

I n i t i a l l y  an exporter,  a country loses i t s  export markets and f i n a l l y  

becomes an importer o f  the product. This theory was developed to aid 

the business executive in decision making about his products since 

the deta i led problems facing him are not accounted in the previous 

theories o f  in ternat iona l  trade.

Even though Linder (1951) is credi ted with  th is  next theory of  

in ternat iona l  trade, the or ig ins  o f  the theory can be traced to 

Frankel (1943) who in his paper " In d u s t r ia l i z a t io n  o f  Agr icu l tu ra l  

Countries and the P o s s ib i l i t ie s  of  A New In ternat ional Divis ion of 

Labour" wrote:

A country with a large in ternal market fo r  low qua l i ty  
goods is more l i k e l y  to compete successful ly  in countries 
with a demand fo r  s im i la r  goods than one whose internal 
markets are mainly in goods of  higher q u a l i t y ,  because 
less adaptation o f  production processes to export re 
quirements w i l l  be needed in the former case. Japan's 
success ( in  fore ign trade) was g rea t ly  due to the low 
purchasing power of the population in the European 
colonies and semicolonies.

Linder departs from the Heckscher-Ohlin theory of trade in 

manufactured goods by assuming not only tha t  production functions
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are not ident ica l  in a l l  countries but also that  consumer preferences 

d i f f e r  among countries. Differences in production functions among 

countries are in the form of  s im i la r  but not ident ica l  products and 

dif ferences in tastes are associated with differences in per capita 

income.

According to Linder, f irms w i th in  a country are p r im ar i ly  

oriented toward producing goods fo r  which there is a large home 

market. This determines the set o f  goods these f irms w i l l  have to 

o f fe r  when they begin to export. The log ica l  fore ign markets fo r  

such exports are countries with s im i la r  tastes. The basket of  

goods demanded w i th in  an economy and the qua l i ty  o f  these goods, 

depends la rge ly  on the country 's  per capita income and i t s  state of  

development. I f  an export ing country is h ighly  indu s t r ia l i zed ,  i t  

is l i k e l y  to f in d  promising markets in other countries with s im i la r  

preferences. That is  in other indus t r ia l ized  countries ra ther than 

in less-developed countries. Thus i t  is not surpr is ing tha t  the 

major ity  o f  world trade occurs among the indus tr ia l ized  countries.

The Linder hypothesis, in addit ion to helping to explain a given 

pattern o f  world trade, o f fe rs  some ins igh t  in to  changing trade 

patterns as we l l .  As per capita income grows with in  a country i t s  

residents w i l l  be able to a f ford  a la rger  quanti ty of goods offered 

on world markets, and t h e i r  tastes tend to move closer to those in 

the more advanced economies. As a re su l t  both the volume and the 

charac ter is t ics  of  fore ign goods demanded by th is  country w i l l  

change. Thus the very process of  economic growth and development 

can a f fec t  the volume and composition o f  world trade by a f fec t ing  

the demand preferences o f  trading nations.

A number o f  empirical studies were undertaken fo r  the v e r i f i c a -
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t ion  o f  Linder's hypothesis. In f a c t ,  Linder (1961) himself has t r ie d  

to provide some empirical evidence in support of his thesis .  He 

has constructed a trade matrix giv ing the data fo r  the trade in ten

s i t i e s  and per capita income. Linder noted tha t  highest trade 

in te n s i t ie s  were found near the diagonal o f  the trade matr ix.  Hence, 

he concluded tha t  countries wi th per capita income closest to any 

country have longer propensity to import from that  country. Bhagwati 

(1964) pointed out tha t  th is  te s t  is  not generally recognized as 

completely s a t is fa c to ry . Gruber (1967) found some evidence in support 

o f  L inder's Hypothesis f o r  EEC countr ies,  but much confidence cannot 

be placed in his resu l ts  as he did not conduct any s t a t i s t i c a l  tes t  

to v e r i f y  the hypothesis. Fortune (1971), using a cross-section 

mu l t ip le  regression analys is ,  claimed tha t  his resu l ts  provide some 

support in favor o f  the hypothesis. His tes t  remains inconclusive 

fo r  the fo l lowing reasons:

(A) The coe f f ic ien ts  of  determination fo r  almost a l l  
the countries are generally poor. They range 
from 0.01 fo r  United Kingdom to 0.41 fo r  Germany.

(B) He has adopted the absolute d if ference in per 
capita income among countries as a measure of 
the s im i la r i t y  in in terna l  demand structures.
This measure being completely inadequate and 
misleading since i t  gives the same weight to 
both pos i t ive  and negative dif ferences.
Obviously any two countries which have the 
opposite signs in the d if ference in per capita 
income in re la t ion  to a th i r d  country, but the 
equal magnitude in the absolute value, cannot 
be said to have the s im i la r  in ternal demand 
s t ruc tu res .

(C) Only e ight out of twenty-one countries have the 
correct sign and s ig n i f i c a n t  c o e f f ic ie n t  of 
income dif ferences. In contrast to th i s ,  
distance is  found to be s ig n i f i c a n t  in eleven 
countries, out o f  which in seven countries the 
c o e f f i c ie n t  o f  income dif ferences is not 
s ig n i f i c a n t  at a l l .  One would suspect that
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whatever explanatory power his regressions have 
is  due to the inc lusion o f  distance as a var iab le.

(D) His study is based upon cross-section data fo r  
one year. Nonetheless, in te rnat iona l  trade f lows 
are subject to the inf luence of  a number of  
factors such as business cycles, f luc tua t ions  of  
exchange rates, in ternat iona l  i n f l a t i o n ,  energy 
supplies,  and so on. Consequently, any cross- 
section analysis cannot be expected to provide 
conclusive evidence fo r  a tes t  o f  the Linder 
Hypothesis as there is  no s u f f i c ie n t  time fo r  
adjustment to these short run random disturbances.

Sa i lors ,  Qureshi and Cross (1973) have attempted to v e r i f y  

Linder 's  Hypothesis with  the help of  rank c o e f f ic ie n t  o f  co r re la t ion .  

They have also used the absolute value o f  per capita income d i f f e r 

ences and cross-sect ion data. Thus, t h e i r  study becomes subject to 

the same shortcomings as tha t  o f  Fortune. Furthermore, the reported 

co e f f ic ien ts  o f  co r re la t ion  are not high and only nine out o f  t h i r t y -  

one countries provide s ig n i f i c a n t  co r re la t ion  at the f i v e  percent 

l e v e l .

Ahmad and Simos (1979) suggested an a l te rna t ive  te s t  to the 

Linder Hypothesis which is  free from the shortcomings mentioned 

above. Their study d i f f e r s  from the previous studies in the fo l lo w 

ing important ways:

(A) They used t ime-ser ies data, thus taking in to 
account the long-run behavior of trade f lows.

(B) The ra t io  o f  per capita income of two trading 
countries has been used as a measure o f  s im i l a r i t y  
in demand structures.

(C) Unlike Sa i lo r ,  Qureshi, and Cross they have used 
regression analysis instead o f  corre la t ion  analysis.

(D) They have estimated the e la s t i c i t y  o f  exports 
( imports) with respect to change in per capita 
income r a t i o ,  thus th e i r  resu l ts  have fa r  reaching 
po l icy  impl icat ions.

(E) They have conducted tests fo r  various categories 
o f  manufactured products.
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The resu l ts  o f  th is  study were of  overwhelming support in

favor of  the Linder Hypothesis and Ahmad and Simos state:

"In view o f  these re su l ts ,  the LH cannot be considered a 
supplementary hypothesis in the explanation of trade patterns 
as i t  has been claimed by Fortune (1971, p. 317). Instead, 
the LH should be regarded as a major thesis providing the 
ra t iona le  o f  in te rna t iona l  trade patterns in manufactures."

In concluding th is  section the fo l low ing observations can be

made:

(A) The in te rna t iona l  trade theory over the years has 
been tested, retested and scru t in ized.

(B) The c lass ica l  theory and the neoclassical theory 
even though the nucleus o f  the modern theories o f  
in te rna t iona l  trade themselves are not able to 
explain accurately trade f lows.

(C) Human Capital and Research and Development were 
shown separately to be important missing variables 
in understanding trade behavior.

(D) Despite the theore t ica l  and empirical support o f  
the above missing var iables,  no model has been 
developed so fa r  incorporating both o f  them as 
explanatory var iab les,  and as we shall  see in 
the next section the methods o f  estimation of 
export and import function tha t  are found in the 
l i t e r a tu r e  are subject to a number o f  l im i ta t io n s .

In the next chapter we w i l l  deal with previous empirical

studies o f  import and export funct ions which have attempted to

quant i fy  the theories o f  trade as presented above.



CHAPTER I I I

Previous Empirical Studies of  Import and Export Functions

In the previous chapter we outl ined the Theories of  Trade, while 

in th is  chapter we w i l l  deal with the empirical aspect o f  these theories.  

For th is  reason CHAPTER I I I  was divided in to  three sections. The f i r s t  

section discusses the funct ional forms o f  import demand and export 

supply funct ions used in empirical estimation. A special emphasis is 

given to the explanatory variables used, which include National Income,

GNP, Prices, Lagged Variables, Dummy Variables, Credit ,  etc. The second 

section deals with the c r i t iq u e  of the empirical studies, p a r t ic u la r ly  

with Orcutt objections as well as a rebutta l o f  these object ions. The 

la s t  section reviews e la s t i c i t i e s  o f  subs t i tu t ion  between imports, exports, 

to and from d i f f e re n t  cou tr ies ,  and i t  reports the actual size of  these 

e la s t i c i t i e s  from a cross-section of  studies.

Usually there are two kinds o f  misspecif ications that may occur in 

the process o f  construct ing a mathematical re la t ionsh ip .  The f i r s t  is  

when relevent variables are omitted from the equations and the second is 

when i r re levan t  variables are added to the equations. This creates what 

is  often referred to as "the gap between theory and empirical analysis". 

These kind of  problems are also discussed in th is  chapter so as to give 

an overview o f  the l im i ta t io n s  of  empirical studies.

-20-
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Functional Forms of  Import Demand and 
Export Supply Functions

Import and export funct ions,  t r a d i t i o n a l l y ,  have been specif ied 

as e i the r  l in e a r  or log l inea r  functions o f  income and re la t ive  pr ice. 

The parameters were estimated by the method o f  least  squares.

A popular form fo r  the import demand function was:

M = f  ( 1A . £m) 3.1
11 T Pd * Pd 

where M is the quant i ty  o f  imports demanded,

Yd is nominal domestic income,

Pd is domestic price index, and 

Pm is  price of  imports.

I f  a l l  imported and domestic goods are consumer goods, conventional 

consumer theory suggests the quanti ty  o f  imports indiv idual i demands 

i s :

M1 = dl (Yd ’ Pm’ Pd)
-  J / Vi

M2 = d2( V  Pm’ Pd)
3.2

<  -  < ( Y j ,  Pm,Pd)

where Ŷ  is  ind iv idua l  i ' s  disposable income

Pm is the pr ice vector of the imported goods

Pd is the pr ice vector o f  the domestic goods

I f  both imports and domestic goods can be aggregated, and i f  one

fu r the r  aggregates over a l l  ind iv idua ls ,  Equation 3.2 becomes:

M = D (Yd, Pm, Pd) 3.2"



Assuming the absence of  money i l l u s i o n ,  Equation 3.2'becomes:

M = D (Yd Pni 1)  = f  ( Yd Pm,
11 u ^Pd * Pd ’ 1 '  T { Pd ’ Pd ’ 3.3

and the form of Equation 3.1 is established.

In l in e a r  terms Equation 3.1 can be represented as:

M = a + b ( ^ j )  + C (p*j) + u 3.4

b and c are respect ive ly  the income and the pr ice propensity to import

and u is  the er ror  term. The erro r  term has the usual propert ies.

I t  re f le c ts  other minor in f luences; i t  is  assumed to be normally d i s t r i 

buted, with zero means and constant variances, and uncorrelated with

the explanatory var iables.

The log l inear  equation of  3.1 can be specif ied as fo l lows:

In M = a + B In ^  + T in  ( j ^ ) + v  3.5

where 3 and y are the income and the pr ice e l a s t i c i t y  o f  imports re

spect ive ly ,  and v is  the e r ro r  term.

S im i la r ly ,  the export function can be w r i t ten  as:

v = a ( lw Px ) 3.6
A ^ Pw ’ Pw

where X is  the quant i ty  o f  exports supplied,

Yw is the gross world product,

Pw is  world price index, and

Px is  price of exports

and the l inea r  equation can be w r i t ten  as:

x = a l  + b l  ( FW) + C1 O  + U1 3 ,7

and the log l inear  equation can be w r i t ten  as:
- /Yw 'I ^ , . /Px a ,
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I f  imports are composed of  non-f inished goods which enter the pro

duction process along with domestic inputs,  an equation s im i la r  to 

3.1 can be derived from production theory i f  there exis ts a homothetic 

aggregate production funct ion and aggregation over imports as well 

as over domestic inputs is  possible. In th is  case Yd should be rede

f ined as output and Pd as the rental pr ice of  domestic inputs.  An 

equation s im i la r  to 3.6 could also be derived fo r  exports of  non-f inished 

goods.

Since imports are generally composed of  both f in ished and non - f in 

ished goods, the common procedure is  to take fo r  the income variable 

some proxy fo r  both output and disposable income such as GNP. The 

wholesale price index is  often used as the domestic price var iable.

When import functions fo r  various commodity groups are estimated, the 

standard method consists o f  t r y in g ,  fo r  each equation, a number of  

d i f fe re n t  income and domestic pr ice var iables. In many instances, 

a va r ie ty  of  supplementary explanatory var iab les,  not accounted fo r  

in the basic theory, are added to the model. Learner and Stern (1970) 

have summarized the other variables used as: dummy variables fo r  un

usual periods and fo r  seasonal va r ia t ion ,  lagged var iables, foreign 

exchange reserves, and c re d i t .

A H is to r ica l  Outlook of Explanatory Variables

National Income. Tinbergen (1946), Kubinski (1950), DeVries (1951), 

Adler,  Schlesinger and Van Westerborg (1952) were among the f i r s t  to 

estimate import demand and export supply income e la s t i c i t i e s .  Johnson 

(1962), Houthakker and Magee (1969) and Pourmoghim (1978), to mention 

a few, followed.
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In studying the re la t ionsh ip  between the growth rate of  real i n 

come and the growth rate o f  real exports and imports there are two 

theories to be considered: The Keynesian Theory and the Pure Theory

o f  In ternat iona l  Trade.

The Keynesian Theory argues that the income parameter in the s t ruc

tu ra l  imports demand funct ion with f ixed prices is  pos i t ive  where the 

Pure Theory argues that the re la t ionsh ip  between the growth of  real 

income brought about by economic development, and the growth of  real 

imports demand the exports supply is  not necessari ly pos i t ive ,  i t  could 

be negative. Most o f  the empirical research has supported the Keynesian 

model expectations. In p a r t i c u la r ,  Houthakker and Magee (1969) found 

that  the income e l a s t i c i t y  o f  demand fo r  imports and exports fo r  15 

countries were h igh ly  s ig n i f i c a n t  and pos i t ive  and most of them were 

between one and two. (See Table 3 .1 .)

Posit ive signs of  the parameter associated with income were found 

also by Pourmoghim, who studied the fore ign sector o f  13 developing 

countries. Johnson (1962) argued that the e f fe c t  o f  growth on demand 

fo r  imports is  the combined resu l t  o f  i t s  e f fec ts  on consumption demand 

and domestic supply. I f  the two move in opposite d i rec t ions ,  the net 

e f fec t  could be e i the r  pos i t ive  or negative.
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TABLE 3.1 

HOUTHAKKER & MAGEE ESTIMATES

Income and Price E la s t i c i t i e s  fo r  Total Exports 
and Imports o f  Countries (Annual Data, 1951-66)

IMPORTS EXPORTS
Income Price Income Price

E la s t i c i t y  E la s t i c i t y  Country E la s t i c i t y  E la s t i c i t y

1.68 -1.03 United States .99 -1.51
1.20 -1.46 Canada 1.41 - .59
1.45 - .21* United Kingdom 1.00 -1.24
1.23 - .72 Japan 3.55 - .80
1.85 - .24* Germany 2.08 -1.25
2.19 - .13* I t a l y 2.68 -1.12
1.89 .23* Netherlands 1.88 - .82*
1.66 .17* France 1.53 -2.27
1.94 -1.02 Belgi um-Luxembourg 1.87 .42*

.91 - .52* South Afr ica .88 -2.41
1.42 - .79* Sweden 1.75 .67*

.90 .83* Austra l ia 1.16 - .17*
2.05 - .84* Switzerland 1.47 - .58
1.31 -1.66 Denmark 1.69 - .56*
1.40 - .78 Norway 1.59 .20*

*These coe f f ic ien ts  were s ig n i f i c a n t  at the 95% leve l .
Source: Houthakker H.S. , and Magee, S.P., "Income and Price Elas-
t i  c i t i e s on World Trade, 11 Review of Economics and S ta t is t ic s . May
1969, pp 11-125.

Indeed, i f  imports take place to f i l l  a gap between home demand 

and home supply, the income e la s t i c i t y  of imports can be calculated 

by the fo l lowing model where D, S, and M denote respect ively  domestic 

demand, domestic supply and imports:

D = D(Y)

S = S(Y)

M = D-S 3.9

Taking the der iva t ive  o f  Equation 3.9 with respect to Y (national 

income) and subs t i tu t in g ,  we .can derive the income e la s t i c i t y  of demand
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fo r  imports ( emy)

e my = dM Y = Y (4g - dS ) , g  eDY - S e SY
dY M M dY dY M M

E my < o when JD < f  SY
DY

Thus, when the domestic demand and supply e la s t i c i t i e s  are of 

the same sign, in order to have a negative income e la s t i c i t y  o f  demand 

fo r  imports, the value o f  the domestic supply e la s t i c i t y  must be suf

f i c i e n t l y  higher than the domestic demand e la s t i c i t y  so that t h e i r  

r a t io  exceeds the ra t io  o f  demand to domestic supply.

Khan (1974) studied the import demand and export supply funct ion 

o f  15 developing countries. He found tha t  seven of  them had income 

e la s t i c i t i e s  fo r  demand o f  imports pos i t ive  and s ig n i f i c a n t ,  f i v e  of  

them were pos i t ive  and in s ig n i f i c a n t  and three o f  them were negative 

and in s ig n i f i c a n t .  Magee (1975) argued that  the reasons fo r  the nega

t iv e  import-income e l a s t i c i t i e s  at the aggregate level were due to 

m isspecif icat ion of  import demand functions and fa i lu re  to d is t ingu ish  

cyc l ica l  and secular e l a s t i c i t i e s  in trade studies.

Khan and Ross (1975) did study the import demand functions of  

14 developed countries in an attempt to d is t ingu ish  between cyc l ica l  

and trend inf luences on the quant ity  o f  imports. They found that the 

potentia l real income e la s t i c i t i e s  fo r  U.S. and United Kingdom were 

pos i t ive  and s ig n i f i c a n t ,  where the income e la s t i c i t i e s  of  the estimates 

o f  Canada, France, Japan and Switzerland were negative and s ig n i f i c a n t .  

The remaining cases were in s ig n i f i c a n t .

Other income e la s t i c i t i e s  were calculated by Ball and Marwah (1962) 

who used Equation 3.4 to estimate the United States import funct ions, 

imports being divided in to  s ix  commodity groups. They used quarter ly  

data fo r  the period 1948-58 with a l l  r ight-hand variables being lagged
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one quarter.  For the income var iable they chose e i ther  GNP net of 

government wages and salary disbursement or disposable income. The 

income e la s t i c i t y  was 0.91 fo r  to ta l  imports and was between 0.49 to 

2.47 fo r  the s ix  categories.

Kemp (1962) also estimated the l inea r  funct ional form fo r  twelve

groups of  imports to Canada fo r  the period 1926-1955. The to ta l  import

income e la s t i c i t y  was 0.96.

Price E l a s t i c i t i e s . Marshall (1923), or ig inated the estimation

of import and export price e la s t i c i t i e s  in his discussion about the

p o s s ib i l i t y  o f  a devaluation causing a dete r io ra t ion  rather than an 

improvement in the balance of  payments. The above studies, in addit ion 

to the income e l a s t i c i t i e s ,  did estimate import and export e l a s t i c i t i e s  

as wel1.

Many empirical studies, especia l ly  those using interwar data, 

found very low estimates fo r  the price e la s t i c i t i e s  of demand fo r  im

ports and exports. Many economists have been hesitant to accept these 

estimates at t h e i r  face value, arguing that the price e la s t i c i t y  of 

imports should be subs tan t ia l ly  higher than the price e la s t i c i t y  of 

e i the r  domestic demand or domestic supply. Again, i f  we assume that 

imports take place to f i l l  a gap between home demand and home supply, 

the pr ice e l a s t i c i t y  o f  imports can be calculated from the fo l lowing 

model where D, S, and M denote respectively domestic demand, domestic 

supply and imports:

D = D(P)

S = S(P) 3.10
M = D-S

the pr ice e la s t i c i t y  o f  imports can be expressed as:
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e = f  P :  P , dD dS\ _D_ e S £c
m dP M M dP - dP' M D " M b 3.11

Thus, one would expect em to be considerably la rger ,  in absolute

terms, than both and e$ -  There i s ,  however, a substantial  d i f f e r 

ence between the model underlying Equation 3.11 and those which are 

made im p l i c i t  in der iv ing Equation 3.3. In a l l  empirical studies traded 

goods were assumed to be non-perfect subst i tu tes fo r  domestic goods 

while in 3.10, traded goods are ident ica l  to the home produced good.

Ball and Marwah (1962) in th e i r  estimates fo r  the United States 

import funct ions used the wholesale price index fo r  the domestic price 

var iable except fo r  the equation fo r  food products where they preferred 

a food consumer price index, they found the pr ice e la s t i c i t y  o f  to ta l  

imports to be -0.51. The pr ice e la s t i c i t y  ranged from -0.26 to -3.50 

fo r  the s ix  commodity groups, when the to ta l  exports were disaggregated.

Houthakker and Magee (1969) estimated log l inea r  equations fo r  

imports and exports of  26 countries. Their income variable was GNP 

and the wholesale price index was used as the domestic price var iab le.

Most price e la s t i c i t i e s  had the r ig h t  sign, but were in general smaller 

than one. For the United States they found an import e l a s t i c i t y  of 

-0.54 and an export price e l a s t i c i t y  o f  1.51. For Canada, the price 

e la s t i c i t i e s  were -1.46 (imports) and -0.59 (exports).  Houthakker 

and Magee next estimated U.S. imports and exports by country using 

addit ional variables such as the price of  a country 's  exports re la t i ve  

to the price of  U.S. to ta l  imports and vice-versa. In order to obtain 

long-run estimates of  the e la s t i c i t i e s ,  they estimated a f low adjustment 

model the optimal amount o f  which is determined by Equation 3.5. F in a l ly ,  

they estimated U.S. imports by commodity class fo r  which the price 

e la s t i c i t i e s  ranged from -0.18 to -4.05.
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Kemp (1962) also estimated the l inea r  funct ional form fo r  twelve 

groups o f  imports fo r  Canada fo r  the period 1926-1955. Most of  the 

estimated pr ice e la s t i c i t i e s  had the correct sign, but a l l  o f  them 

were less than 2 in absolute value. For to ta l  imports the pr ice elas

t i c i t y  was -0.93.

Rhomberg (1964) used Equation 3.4 fo r  both imports and exports 

in a macro model fo r  the Canadian economy. He also used dummy variables 

and an investment proxy as an explanatory var iable.  The price e la s t i c 

i t i e s  tha t  he obtained were o f  the order o f  -2 fo r  exports and -1 fo r  

imports.

Adams (1969), Samuel son (1973), Khan (1975), Kohli (1978) had 

s im i la r  f ind ings.  Akhtar (1980) estimated income and pr ice e la s t i c i t i e s  

of  to ta l  imports fo r  in d u s t r ia l  countries based on quarter ly  data fo r  

1970-1976 and annual data fo r  1952-76. The estimated income e l a s t i c i t 

ies ranged from about 1.3 fo r  Japan to around 2.5 fo r  the United States, 

United Kingdom and Germany. The price e la s t i c i t i e s  estimates ranged 

between 0 and -0 .7 ,  and are s ig n i f i c a n t  fo r  most countries. Akhtar's 

estimates are s ig n i f i c a n t  at the 0.001 level while the others are only 

s ig n i f i c a n t  at the 0.01 leve l .

Lagged Var iab les. Although income in the current period may have 

some impact on current imports, i t  is reasonable to assume that income 

in several previous periods may also exert a s ig n i f i c a n t  in f luence. 

S im i la r ly ,  i t  can be argued that other variables such as re la t i ve  prices 

may a f fe c t  imports in a manner which implies some lag in the process 

of  actual imports being adjusted to the desired or equi l ibr ium level 

of imports. A typ ica l  equation is the fo l low ing:
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Mt = ao Yt + a l Yt-1  + “ 2 Yt-2  + a 3 Yt - 3  +- - - + an Yt - n + ut 3.12

where a . . . . a n represents the coe f f ic ien ts  describing the re la t i v e  

inf luence of  current and past Y on the current level of M and u 

is  an e r ro r  term.

Koyck and Almon are the two major approaches to the problem of 

lags. Koyck (1954) suggests that the coe f f ic ien ts  are assumed to 

decline in the form of a geometric progression. This implies that  

a.j = bk1 where b is  a scale fac to r ,  k l ie s  between zero and one, 

and i = o , l , 2 , . . . n .  Equation 3.12 becomes as fo l lows:

On the other hand Almon (1965) assumed tha t  the weights on the 

lagged independent var iables take the shape o f  a polynomial curve.

By varying the degree of  the polynomial, i t  is  possible to estimate 

and compare a wide range o f  weight patterns. The general re la t ionsh ip  

involved in the Almon approach is the form:

3.13

n-1

where M is  imports

Y is income

n is  the number of  periods over which the 
d is t r ibu ted  lag extends

The lag coe f f ic ien ts  , are assumed to l i e  on a polynomial o f  degree 

P where P — n.
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Magee (1975) assumed tha t  the lags in response of supply and demand 

were longer with respect to pr ice than they were with respect to income. 

Thus i t  is  a matter o f  importance to estimate the nature of  the lags 

inherent in the adjustment process.

Deane and Lumsden (1972) in th e i r  study o f  New Zealand's imports 

found that lags are s u f f i c i e n t l y  long to warrant careful consideration 

by po l icy  makers.

Dummy Variables. Rhomberg (1964) used seasonal dummy variables 

in his macro model fo r  the Canadian economy. Deane and Lumsden (1967) 

used f iv e  dummy var iables in th e i r  model fo r  New Zealand's imports 

to account fo r  changes in o f f i c i a l  monetary po l icy .  Deane and Lumsden 

(1972) used them to pick up unusual movement in other current payments.

In short ,  the dummy var iable is  a simple and useful method of  in troduc

ing in to  a regression analysis information contained in variables that 

are not conventionally measured on a numerical scale. The dummy variable 

can be used by researchers in order to see the e f fec ts  upon imports 

of unusual occurances such as s t r ike s ,  natural d isasters ,  wars, changes 

in t a r i f f s ,  and so fo r th .

Credit .  Credit as an explanatory var iable is  meant to indicate 

the a v a i l a b i l i t y  on terms at  which c red i t  is  provided fo r  the f inancing 

of imports. Such a var iab le  w i l l  play an important ro le especia l ly  

in l ink ing  the current and capita l accounts o f  the balance of payments. 

Increasing in te res t  in the capita l account w i l l  surely provide a stim

ulus to increased examination of  the e f fe c t  o f  c red i ts  on imports and 

exports (Learner and Stern, 1970).



El-Shar i f  (1979) in his study of  the monetary sector o f  Libya 

considered the c red i t  extended to importers by the banking sector to 

be one of the explanatory variables in the import demand equation.

He assumed that the level o f  imports is  re lated p o s i t i v e ly  to the level 

o f  c red i t  available to f inance importers. He found that th is  variable 

enhanced the explanatory power of the import demand equation.

Other Variables. In a number of  in te rna t iona l  trade models Mundell 

(1968), Dornbusch (1971), and Johnson (1972), the bond markets and 

the money markets were also considered as part  o f  the model. These 

studies attempted to show the re la t ionsh ip  between the growth of  income, 

trade, and the balance of  payments. I t  is  assumed tha t ,  in a small 

country producing a single good, i f  expenditures exceed output, the 

country has an excess demand fo r  goods and a trade-balance d e f i c i t ,  

and in th is  case, there must be an excess f low of  supply in the bond 

and money market, implying a gap between desired and actual stocks 

in those markets (Johnson, 1967). Other var iables such as non

traded items, world-wide e f fec ts  variables and c a p a c i ty -u t i l i z a t io n  

have also been considered.

Other studies have incorporated exchange rates in the analysis of 

trade f lows. Hemphill (1974) proposed on import-exchange equation as 

a subst i tu te  fo r  the standard imports equation, and he estimated i t  

fo r  e ight developing countries excluding the o i l  exp lo i t ing  countries.

He found tha t  the foreign exchange reserves did not show a strong 

response.
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Crit ique of  Empirical Studies

The purpose o f  th is  section is  the review of  some of the main 

problems associated with the estimation and spec i f ica t ion  of  foreign 

trade equations. Usually there are two kinds of  misspecif ications 

that may occur in the process of  construct ing a mathematical re la t io n 

ship. The f i r s t  is  when relevant variables are omitted from the 

equations and the second is  when i r re levan t  variables are added to 

the equations.

These problems may occur because in theory certa in  assumptions 

are specif ied and behavior o f  the variables in deduced through log ic ,  

while in empirical studies, the deal is with the quant i f iab le  variables 

only. This creates what is  often referred to as "the gap between 

theory and empirical ana lys is ."  A researcher may omit some important 

variables because they are non-quant if iable ,  d i f f i c u l t  to f ind data 

fo r  them, d i f f i c u l t  to include them in the equation, or impossible 

to be measured or observed. In in ternat iona l  t rade, trade re s t r ic t io n s  

and export promotional a c t i v i t i e s  are examples of such condit ions.

At the same time, a researcher may t r y  to add some other variables 

that might be proxies o f  omitted var iables, and th is  practice may 

not be as accurate as i t  should be. Thus, in r e a l i t y ,  a pe r fec t ly  

specif ied model is never assured. According to Pindyck and Rubinfield 

(1976) the term "spec i f ica t ion  error"  covers any type of er ror  in 

sp e c i f ica t io n ,bu t  i t  is used to mean errors in spec i f ica t ion  of 

the independent var iables.
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In in ternat iona l  trade the exphasis in empirical work sh i f ted 

from theore t ica l  improvements to the mechanics of  re f in ing  the estima

t ion  techniques. Orcutt (1950), in his much public ized a r t i c l e ,  

"Measurement of  Price E la s t i c i t i e s  in In ternat iona l  Trade," gave f ive  

reasons as to why the estimated price e la s t i c i t i e s  of demand obtained 

from many studies were downwards biased. The f iv e  reasons were the 

fo l low ing :

(1) Simultaneous equation bias
(2) Random observation errors in the pr ice indices
(3) The problem o f  aggregation
(4) Estimation of  short-run rather than long-run e la s t i c i t i e s
(5) Quantum e f fec ts .

Orcut t 's  f ive  objections caused grave doubts on the usefulness 

o f  least  squares procedures fo r  the time series analysis of  demand, 

and his views were supported by a number o f  authors such as Machlup 

(1950) and Neisser (1958). I t  led Neisser, fo r  example, to declare 

tha t :  "The t ra d i t io n a l  mult ip le  regression analysis o f  time s e r ie s . . .

is  dead." As we shall  see in the next sect ion, th is  conclusion was 

overly pessimistic because Orcutt 's  object ions about least squares 

procedures are not qu ite  as devastating as they may appear.

Orcut t 's  Objections, Explained and Discussed

The Simultaneous-Equation Bias. According to the theory 

underlying ordinary least  squares regression, the estimate of  the 

pr ice e l a s t i c i t y  w i l l  be unbiased only i f  the random deviation or 

e r ro r  is  independent of  r e la t i ve  pr ice var iables. Assuming that 

import demand is an excess demand, i t  seems tha t  sh i f t s  in demand 

curves have not, in general, been independent of  s h i f ts  in supply 

curves. Rather, i t  seems tha t ,  general ly , import demand and supply 

schedules fo r  imports s h i f t  together. Orcutt has put i t  in his
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fo l low ing statement:

One way of  dealing with ( th i s )  s i tua t ion  in which both the 
demand and supply schedules s h i f t  over time is  that  o f  in 
corporating the other variables in f luencing demand into the 
re la t ion  which is  to be f i t t e d  to the data and thus attempt 
to f i t  a surface in several variables instead of  a s t ra igh t  
l ine  to the data. By th is  means a demand surface which has 
not sh i f ted  m a te r ia l ly  over the h is to r i c a l  time period 
studied might be obtained." (Orcutt ,  1950, p. 533.)

According to t h i s ,  i t  is  argued tha t  income and re la t ive  prices 

tend to move together. I f  real income is  not included in the re la 

t ionsh ip ,  there w i l l  be an e r ro r  in the estimated pr ice e la s t i c i t y .

Even i f  both re la t i v e  pr ices and real income are included there may 

s t i l l  be a dependency between prices and the random term. Thus, 

the estimated e la s t i c i t i e s  w i l l  be biased because of  lack of  indepen

dence between re la t i v e  prices and the res idual.

Magee (1970) and Richardson (1972), however, found evidence 

tha t  the standard techniques fo r  e l im inat ing  simultaneous-equation 

bias succeeded in increasing the pr ice e la s t i c i t i e s  o f  demand. Blaming 

researchers who conclude that any reasonable spec i f ica t ion  that  i n 

creases estimated in te rna t iona l  price e l a s t i c i t i e s  of  demand must 

be a step in the r ig h t  d i re c t io n ,  Magee said that  incorrect  funct ional 

form, data mining, and excessive experimentation with lags can lead' 

to an upward rather than a downward bias in the price coe f f ic ien ts .

Random Observation Errors.  Orcut t 's  second point was that when 

the data contained errors of measurement due to m isc lass i f ica t ion ,  

f a l s i f i c a t i o n ,  and f a u l t y  methods of  index-number construction, the 

e f fe c t  may be to bias the coe f f ic ien ts  toward zero (Learner and Stern, 

1970). Magee has c r i t i c i z e d  Orcut t 's  poin t by saying:
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Orcutt was r ig h t  that  observation errors in the own price 
var iable w i l l  cause the own pr ice e la s t i c i t y  to be biased 
toward zero, but only on his assumption tha t  errors in the 
dependent quant i ty  v a r ia b le . . .are uncorrelated with the ob
served pr ice and income var iables. In many empirical studies,  
however, errors in the quant i ty  var iable are negatively cor
re lated with the pr ice var iable. This is  because the quant i ty  
indices used as the dependent var iables in import demand equa
t ions are derived by de f la t ing  an e r ro r - f ree  value series by 
an import pr ice var iable subject to random errors. (Magee,
1975, p. 205.)

The Problem of Aggregation. Orcutt argues that goods which 

have r e la t i v e l y  low e l a s t i c i t i e s  may e xh ib i t  the largest pr ice va r ia 

t ions ,  and therefore,  they exert a predominant e f fec t  on the aggrega

t i v e  pr ice index used in the estimation. Using such aggregative 

indices, may thus understate the true e la s t i c i t y  to the extent that  

goods with lower e la s t i c i t i e s  are given undue weight. In other words, 

a pr ice index being a weighted average, tends to show less var ia t ion  

than any of i t s  components insofar as pr ice increases are o f fse t  

against price declines. An aggregative price index is l i k e l y  to 

be h igh ly  corre lated with income. (Learner and Stern, 1970.)

Learner and Stern proposed a so lu t ion to th is  problem by saying 

that the price indices should be ceweighted p ropor t iona l ly  to the 

ind iv idua l  demand e l a s t i c i t i e s .  This suggests that disaggregation 

may be desirable, but on the other hand Grunfield and Gri l iches (1969) 

"argue that aggregation may sometimes decrease the spec i f ica t ion  er ror  

and thus bring some gain in accuracy. In add i t ion ,  studies by Ball 

and Marwah (1962), DaCosta (1965), and Dutta (1964) indicate that 

the returns to the use of  f ine  subcategories o f  data may be l im i ted .

Time Dimension Problems. Orcutt argued that what was calculated 

in most studies was a short-run e la s t i c i t y  that  would be expected
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to be lower than the long-run e la s t i c i t y .  Learner and Stern argued 

that the concept of  the short-run e la s t i c i t y  is  not p a r t i c u la r l y  

meaningful, and, fu r th e r ,  that ignoring the time dimension in the 

analysis would bias downward the estimate of long-run price e la s t i c 

i t y  (Learner and Stern, 1970). On the other hand, Magee c r i t i c i z e d  

Orcutt by saying that  he was not s t r i c t l y  correct on the t iming issue, 

since short-run e l a s t i c i t i e s  w i l l  be la rger  than long-run e la s t i c 

i t i e s  i f  the purchases are made fo r  inventor ies.  Houthakker and 

Taylor (1970) found tha t  in 28 percent of  the categories fo r  which 

they estimated domestic U.S. demand equations, th is  inventory behavior 

dominates.

Quantum Effects .  Orcutt argues that the price e la s t i c i t y  of 

demand fo r  large pr ice changes w i l l  generally  be higher than fo r  

small price changes. His reasons were tha t  i t  takes time fo r  habits 

to adjust and that the price changes must be large enough to overcome 

the cost o f  switching. Learner and Stern agreed with Orcutt 's  point 

by saying that adjustment to large pr ice changes is more rapid than 

adjustment to small changes and th is  w i l l  be especia l ly  true in the 

case of  devaluation when the price changes are c le a r ly  going to be 

permanent and there w i l l  be no adjustment delay in an t ic ipa t ion  of 

a reversal o f  the price change. Magee did not f ind  much empirical 

support fo r  th is  e f fe c t  in events fo l lowing the 1971 currency rea l ign 

ments. In the period from the end of  the Korean War u n t i l  1971, 

annual changes in the in ternat iona l  prices of  goods traded by devel

oped countries were modest compared to the pr ice changes implied 

by 1971 currency realignment.



Goldstein and Khan (1976) studied the import demand funct ions 

fo r  12 in dus t r ia l  countries to em pir ica l ly  tes t  Orcutt 's  proposit ion 

tha t  the import pr ice e l a s t i c i t y  is a funct ion of  the size of  the 

re la t i v e  pr ice change. They found no evidence that e i the r  the price 

e l a s t i c i t y  o f  demand fo r  imports varied with the size of  the re la t ive  

pr ice changes, or that  importers adjust any fas te r  when faced with 

larger rather than with “ normal" re la t ive  price changes.

As we have seen from the above arguments, a consensus seems 

to have emerged in more recent years tha t  the least-squares approach 

could s t i l l  be used fo r  many empirical studies.

This thesis does not d i r e c t l y  deal with Orcut t 's  objections. 

There are, however, a number o f  other reasons why the t ra d i t io n a l  

method to estimate pr ice e la s t i c i t i e s  is not sa t is fac to ry .  The ad

vantages of  the approach which w i l l  be employed is  presented in a 

la te r  section. F in a l ly ,  the estimation would be much more e f f i c i e n t  

i f  instead o f  estimating isolated import and export funct ions,  one 

estimated the whole system simultaneously.

Estimation of  E la s t i c i t i e s  of Subst i tu t ion Between 
"Imports (Exports) from (To) D i f fe ren t  Countries'

The estimation of  e l a s t i c i t i e s  of subs t i tu t ion  between imports 

or exports is often viewed as an a l te rna t ive  way of  estimating price 

e la s t i c i t i e s .  Assuming a production funct ion with commodities x ^ , . . .  

xn fo r  arguments, the Al len-Hicks e la s t i c i t y  o f  subs t i tu t ion  along 

an isocurve can be defined as:

=  3 l n  ( X . / X . )  /  31n  ( S X j / a X j )

Since in competitive equ i l ib r ium,



-39-

the e la s t i c i t y  o f  subs t i tu t ion  fo r  movements along a two-dimen

sional isocurve can be w r i t ten  as:

a i j  = 31 n (Xi /Xj ) /  31n (P-j/Pj)

In empirical studies, the function which has almost invar iab ly  

been estimated is the logari thmic form:

In ( X^/X^) = a + 3 In (P-^/P^) + u

where Xj and are import (export) quant i t ies  of  s im i la r  commod

i t i e s ,  but from ( to)  d i f f e re n t  countries or regions; and are 

th e i r  respective prices and 6 is  the estimated e la s t i c i t y  o f  subst i 

tu t ion  which, we should note, is f requent ly  assumed to be constant.

Zelder (1958) compared manufactured exports of  the United King

dom with those of  the United States, d iv id ing  them into 27 groups 

and 12 sub-groups. He loga r i thm ica l ly  regressed both Xj/X£ on 

Pj/P^ and P^/P2 on x] / x2 over t îe Penoci o f  1921-1938 and he calcu

lated the e la s t i c i t y  of subst i tu t ion  as the geometric average of 

the two values he obtained. A l l  estimates were between -1.2 and 

-12.8, but fo r  to ta l  manufactures his estimate was pos i t ive .  He 

blamed th is  resu l t  on aggregation errors and the d i f fe re n t  composition 

of exports of  the two countries.

Zelder then categorized the e la s t i c i t i e s  obtained into two 

groups:

(a) Devaluation e la s t i c i t i e s  of subst i tu t ion
(b) Non-devaluation e la s t i c i t i e s  of subst i tu t ion .

The f i r s t  category is the case when the prices of a l l  of a country 's 

exports move together, tha t  is there is  no or l i t t l e  subst i tu t ion 

between exports of one country. The second category is  the case



when a l l  prices but one are held constant.

Kalisk i (1958) c r i t i c i z e d  Zelder 's study on the grounds that 

the estimates of the e la s t i c i t i e s  of  subs t i tu t ion  are only e f f i c i e n t  

and unbiased i f  a l l  cross e la s t i c i t i e s  o f  demand fo r  the two country 's  

exports of  the same good as well as the income e la s t i c i t i e s  are equal, 

in which case i t  becomes impossible to d is t ingu ish  devaluation from 

non-devaluation e l a s t i c i t i e s .

Stern (1962) also raised questions, on the theore t ica l  v a l i d i t y  

o f  the re la t ive  pr ice changes used in quan t i ta t ive  studies of  the 

estimations of e l a s t i c i t y  o f  subs t i tu t ion  ( in  the in ternat iona l  trade)

of  competing countries. In c r i t i c i z i n g  Zelder 's  study he concluded 

tha t  the price data used by Zelder re f lec ted  the outcome of the oper

ation of market forces, but did not reveal the impact price d i f f e r 

en t ia ls  which are needed to compute the time e l a s t i c i t y  o f  subs t i tu 

t ion .

Kreinen (1967) estimated e la s t i c i t i e s  of  subs t i tu t ion  fo r  a 

number of  indus t r ia l  countries fo r  three groups of  manufacturers: 

chemicals, machinery and transport  equipment, and other manufacturers. 

The e l a s t i c i t y  o f  subs t i tu t ion  of  chemicals was about -1 .6 ;  machinery 

and transport equipment, -1.72, and other manufacturers had an e las

t i c i t y  of -4.50. He also estimated the e l a s t i c i t y  o f  subst i tu t ion  

fo r  a l l  manufacturers and he found i t  to be -2.6.

Surpr is ing ly ,  only a few authors attempted to give vigorous 

in te rp re ta t ion  to the e l a s t i c i t i e s  they had estimated, although the 

problems of estimating e la s t i c i t i e s  of subs t i tu t ion  and the im p l i 

cations of  the p a r t ic u la r  forms have been discussed extensively by 

Morrisset (1953) and by Goldberger (1967).



Selected Studies, Reporting E la s t i c i t i e s  of Subst itut ion 
Price and Input E la s t i c i t i e s

In th is  section of the thesis we review some pr ice and input 

e l a s t i c i t i e s  along with e l a s t i c i t i e s  of  subs t i tu t ion  as reported 

by other studies on s im i la r  variables as the ones investigated in 

our thesis .  Even though a meaningful comparison of  our estimates 

and these estimates cannot be made, due to dif ferences in assumptions, 

data, and empirical est imation techniques, these estimates provide 

a context or se t t ing  w i th in  which our estimates can be appreciated, 

evaluated, or understood.

Hudson and Jorgenson (1974) in t h e i r  paper, "U.S. Energy Policy 

and Economic Growth, 1975-2000," presented a new approach to the 

quan t i ta t ive  analysis o f  U.S. energy po l icy ,  based on an in tegrat ion 

o f  econometric modeling and input-output analysis. They incorporated 

a new methodology fo r  assert ing the impact o f  economic po l icy  on 

both demand and supply fo r  energy w i th in  a complete econometric model 

o f  the U.S. economy. The model consisted of  production models fo r  

nine ind us t r ia l  sectors, a model fo r  consumer demand and a macro

econometric growth model fo r  the U.S. economy. They f i r s t  projected 

economic a c t i v i t y  and energy u t i l i z a t i o n  fo r  the period 1975-2000 

under the assumption o f  no change in energy po l icy  and then they 

designed a tax program fo r  s t imula ting energy conservation and re

ducing dependence on imported sources of  energy. Among th e i r  estimates 

was the e la s t i c i t y  of subs t i tu t ion  between capita l  and labor which 

they found to be 1.09, ind ica t ing  s u b s t i t u t a b i l i t y  between these
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fac tors  of production. They also found the estimates of :

eLL = -0-45

e KK =  " ° ' 42 
ELK = 0 . 1 4

EKL -  0.29

Where eih measures the percent change in the quant i ty  of input i 

due to percent change in the price of  input j ,  e -jj is  the own 

e la s t i c i t y .

Humphrey and Moroney (1975) presented estimates of  p a r t ia l  elas

t i c i t i e s  of  subs t i tu t ion  among reproducible c a p i ta l ,  labor,  and an 

input aggregate of  natural resource products. They tested two hypo

theses: a) whether natural resource products are s t r i c t l y  complemen

ta ry  in production with e i the r  capita l or labor and b) whether resource 

products are less subst i tu tab le  with cap i ta l  than with labor. Among 

th e i r  f ind ing  the e l a s t i c i t y  o f  subs t i tu t ion  between capita l and 

labor fo r  various product groups ranged from 0.37 to 36.75.

Berndt and Wood (1975) in an attempt to characterize more com

p le te ly  the structure of  technology in United States manufacturing, 

analyzing the period 1947-1971, t r ie d  to provide evidence on the 

p o s s ib i l i t i e s  fo r  subs t i tu t ion  between energy and nonenergy inputs.

They reported the e l a s t i c i t y  o f  subs t i tu t ion  of  capita l and labor 

to be 1.01. Also, th e i r  f ind ings included the fo l lowing e l a s t i c i t 

ies :

e ^  which ranged from -0.45 to -0.46

e ^  which ranged from -0.44 to -.050

e ^  which ranged from 0.05 to 0.06 and

£ which ranged from 0.26 to 0.30.
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G r i f f i n  and Gregory (1976) applied tanslog methodology to pooled 

in te rna t iona l  data fo r  manufacturing in inves t iga t ing  the genera l i ty  

o f  Hudson-Jorgenson (1974) and Berndt-Wood (1975) resu l ts .  They 

found the e l a s t i c i t y  o f  subs t i tu t ion  between cap i ta l  and labor fo r  

the U.S. to be 0.06. Also they found among other e l a s t i c i t i e s  fo r  

the U.S.:

e t o  be -0.12

e KK to be -0.18

eLK to be 0.1

to be 0.5

Dennis and Smith (1978) presented the resu l ts  o f  an evaluation 

of  the ro le  of  real cash balances as a fac to r  input fo r  11 two d i g i t

SIC code industr ies over the period 1952-73. Using a four fac to r

translog cost funct ion f o r  each industry  along with dua l i ty  theory 

they estimated the p a r t ia l  e l a s t i c i t i e s  of subs t i tu t ion  and the elas

t i c i t i e s  of demand fo r  a l l  factors.  Their overal l  f indings support

ed the neoclassical model fo r  modeling the f i rm 's  demand fo r  money. 

For our purposes th e i r  estimation of the e l a s t i c i t y  of subst i tu t ion  

between capi ta l  and labor was reported to range from 0.04 to 3.52.

Kohli (1978) in his modeling of the subs t i tu t ion  possi

b i l i t i e s  between Canadian imports, exports and domestic inputs or 

outputs derived import demand and export supply functions from a 

representation of  the technology that is s im i la r  to Samuelson's GNP 

funct ion.  He then estimated these functions simultaneously with 

the demand and supply functions of the domestic factors.  He reported 

the fo l lowing f ind ings fo r  the period 1949 to 1972:
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£
LL ranged from -0.319 to -0.373

£
KK ranged from -0.738 to -0.802

£
LK ranged from 0.319 to 0.373

£
KL ranged from 0.738 to 0.802

£
I I ranged from 1.456 to 1.898

£cc ranged from 0.293 to 0.308

£
IC ranged from -0.998 to -1.264

£
Cl ranged from -0.360 to -0.372

emm
ranged from -0.902 to -0.993

emc
ranged from -0.255 to -0.434

m
X X ranged from 1.476 to 2.213

e xt ranged from -0.445 to -0.722.

Simos and Roddy (1980) using a m u l t i - in p u t  mult i -output  model, 

invest igated the economic inf luences tha t  contr ibute to the technol

ogical development of  the U.S. pr iva te  domestic economy fo r  the period 

1929 to 1969. Among th e i r  f ind ings the fo l low ing e la s t i c i t i e s  were 

reported:

E ranged from -0.580 to -0.661 

EKK ranged from -3.183 to -4.275 

e ranged from 2.115 to 2.830 

E ^  ranged from 0.612 to 0.711 

e jj ranged from 0.488 to 1.160 

Ecc ranged from 0.252 to 0.280 

E IC ranged from -0.252 to -0.289 

e Cj ranged from -0.471 to -1.160

Simos (1981) in his study of the inf luence that  investment in 

human capita l has had on the technological development of the United
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States during the twentieth centruy, reports the e la s t i c i t y  o f  sub

s t i t u t i o n  between cap i ta l  and labor to range from 1.157 to 2.012.

Again Simos (1981) using a translog production function and 

data from the United States pr ivate sector over the period 1929-1972 

invest igated the theore t ica l  debate whether real money balances are 

an o r ig ina l  fac to r  input or a cata lys t  with a role s im i la r  to techno

log ica l  innovation. Among his reported estimates was the e la s t i c i t y  

o f  subst i tu t ion  between capita l  and labor which ranged from 1.351 

to 2.504 and the fo l lowing e la s t i c i t i e s :

e which ranged from -0.454 to -0.892

e ^  which ranged from -0.971 to -1.652

e which ranged from 0.475 to 0.992

e which ranged from 0.844 to 1.470.

The purpose of  th is  chapter was threefo ld .  One was to review 

the funct ional forms of empirical studies along with the explanatory 

variables used in the l i t e r a tu r e ;  the second purpose was to ou t l ine  

some of the usual objections that econometricians face when dealing 

wi th empirical studies and the th i rd  was to report  various e l a s t i c i 

t ies  of subst i tu t ion  from d i f fe re n t  studies which p re t ty  much support 

our argument of  the neglect of human capita l and R & D.

None of  the studies attempted to f ind the ef fects of human capita l 

and research and development on e i the r  the foreign or the domestic 

sector o f  the U.S. economy (using a sophisticated macro model), even 

though both factors are seen in the l i t e ra tu re  as major components 

a f fec t ing  trade f lows, which is precisely the contr ibut ion of th is  

thesis .
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In the next chapter we w i l l  discuss both human capita l  and re

search and development and we w i l l  also take a look at Eisner's data 

which we w i l l  use in our empirical analysis.



CHAPTER IV

HUMAN CAPITAL AND RESEARCH AND DEVELOPMENT 

A H is to r ica l  Look at Human Capital

Although i t  is  obvious tha t  people acquire useful s k i l l s  
and knowledge, i t  is not obvious tha t  these s k i l l s  and 
knowledge are a form o f  c a p i ta l ,  tha t  th is  cap i ta l  is  in 
substantia l part  a product o f  del iberate investment, that 
i t  has grown in western societ ies at  a much fas te r  rate 
than conventional (nonhuman) c a p i ta l ,  and tha t  i t s  growth 
may well be the most d is t in c t i v e  feature o f  the economic 
system. I t  has been widely observed tha t  increases in 
national output have been large compared with the increases 
o f  demand, man-hours, and physical reproducible cap i ta l .  
Investment in human capita l  is probably the major explanation 
fo r  th is  d i f fe rence.  (Theodore W. Schultz, 1961)

Human cap i ta l  is defined as an in d iv id u a l 's  productive s k i l l s ,

ta len ts  and knowledge. I t  is not a new concept. Well known names

in the h is to ry  o f  economics such as Petty,  Smith, Say, Senior, L is t ,

Von Thunen, Roscher, Bagehot, Ernst Engel, Sidgwick, Walras and

Fisher had considered human beings or t h e i r  acquired s k i l l s  as

ca p i ta l .  Even in ancient Greece Plato indicated the benef its of

a tra ined c i t i z e n ry :  "What I assert is  tha t  every man who is going

to be good at any pursu i t  must pract ice tha t  special pursu i t  from

in fancy . . . .Besides t h i s ,  they ought to have elementary ins t ruc t ion

in a l l  necessary subjects, the carpenter fo r  instance, being taught

the use of  ru le  and measure".

Despite i t s  importance, fo r  several years, economists were

re luctant  to consider human beings as an input w i th in  the "cap i ta l "

framework. I t  was f e l t  that  an ind iv idu a l 's  acquired t r a i t s  cannot

be measured apart from the ind iv idua l ,  which necessari ly involves

- 4 7 -
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ass igning a monetary value to human beings. But since in our society 

men do not own other men i t  is easy to see why economists have been 

re luc tant  to assign such values. A fu r the r  reason why many present 

day economists have neglected undertaking a study o f  human capita l 

is the d i f f i c u l t y  o f  measuring human capita l formation.

According to Schultz (1959), investment by human beings in 

human beings may seem without substance when compared with invest

ments in physical p lant and equipment. In add i t ion ,  the productive 

ro le  of  outlays on human beings cannot eas i ly  be separated from 

current consumption charac te r is t ics  o f  the outlays.

F in a l ly ,  some economists have neglected human capi ta l  because 

o f  the conventional r e s t r i c t i o n  on the concept o f  cap i ta l .  Marshall 

(1930) argued tha t  cap i ta l  should include only those classes of 

wealth which are commonly bought and sold in the market place. This 

had the e f fe c t  o f  excluding a l l  investment that  becomes an in tegral 

part o f  a human being.

In recent years the concept of  human capita l  has gained in 

creasing a t ten t ion  fo r  the fo l lowing reasons:

1) the cost o f  rear ing and educating human beings is a 
real cost,

2) the product o f  th e i r  labor adds to the national wealth,

3) an expenditure on a human being which increases his 
p roduc t iv i ty  w i l l ,  ce ter is  paribus, increase national 
wealth,

4) to demonstrate the power and prestige of  a nation,

5) to determine the economic e f fects  o f  education, health 
service investment and migrat ion,

6) to propose tax schemes thought to be more equitable 
than ex is t ing  ones,

7) to determine the to ta l  cost o f  war,
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8) to awaken the public to the need fo r  l i f e  and health 
conservation and the s ign i f icance o f  the economic l i f e  
o f  an ind iv idua l  to his fami ly  and country,

9) to aid courts and conpensation boards in making f a i r  
decisions in cases dealing with compensation fo r  
personal in ju r y  and death.

Several ear ly  w r i te rs  attempted to estimate the economic value 

o f  human l i f e .  Bas ica l ly ,  two methods were u t i l i z e d  to do th is :

A) the cost o f  production, and

B) the capita l ized-earn ings procedures 

although other methods appeared from time to t ime.

S ir  Wil l iam Petty in 1691 asserted tha t  because the true

wealth of  the nation (Great B r i ta in )  is unknown, the ex is t ing  

method o f  taxat ion is  unjust.  He then attempted to ascertain the 

to ta l  wealth o f  the nat ion, by estimating the value o f  the stock of 

nonhuman wealth, which included such things as land, houses, shipping, 

c a t t le ,  money and miscellaneous goods in the country. These items

however, according to Petty ,  did not include the to ta l  wealth of a

nation because the value o f  labor, which is the fa ther  of  wealth, 

is excluded.

"Labour, is  the Father and act ive p r inc ip le  o f  Wealth, 
as Lands are. the Mother".

(S i r  Wil l iam Petty, 1699)

Since neither o f  the pa ir  should be -omitted from national 

wealth estimates he attempted to estimate the value of  the population. 

However to add the value of  a stock of people to that  of a stock of 

property requires a common un i t  o f  measure; and since non-human 

wealth is normally estimated in monetary terms, Petty chose to 

determine the money value of  the population.

Petty 's  method was to estimate the to ta l  income o f  labor in 

d i r e c t l y  as the residue a f te r  deducting property income from national
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income. His method made no allowance for  the cost of maintenance 

o f  works before c a p i ta l i z a t io n .  In sp ite of  these l im i ta t io n s ,  his 

cap i ta l ized gross earning procedure (including l i v in g  expenses) gives 

a close approximation fo r  determining the capita l  value of  a nat ion 's  

population.

Wil l iam Farr (1853) was the f i r s t  to t r y  to f ind  the cap i ta l  

value o f  a man. His method o f  valuing human beings was to calcula te 

the present value of a typ ica l  in d iv id u a l 's  net fu ture  earnings ( that  

is  his fu ture  earnings minus his personal l i v i n g  expenses), allowance 

being made fo r  deaths in accordance with a l i f e  table . His ca lcu la

t ions proceeded in the fo l lowing manner.

From an English m o r ta l i t y  table he found the number of  persons 

who were a l ive  from b i r th  through every year o f  age of  a century. I f ,  

fo r  example, one thousand babies were born in a year X he found the 

number a l ive  at ages X + 1, X + 2 , . . .100 .  He then estimated the 

average annual earnings of  the work force at  the ages o f  X to X +

100. He assumed tha t  the earnings were zero at very young ages and 

zero at  very old ages. He also denoted these earnings was W . He
A

also assumed P to be the number per thousand in the m or ta l i t y  table
X

l i v in g  through the yearx, thus W Pv is  the to ta l  earnings in the ageX A
group x. Then 

o
 ̂ (W P ) = Wn where X = 100, 99, 9 8 , . . . . 0X X  u

x = 100

is the aggregate earnings o f  the generation at b i r th  W . I f  DQ is 

a given number o f  b i r ths  and Qq is  the to ta l  number of ind iv idua ls  

l i v in g  at  a l l  ages when W0/Q0 is the annual percapita earnings of  

the en t i re  generation o f  ind iv idua ls  and that  WQ/D0 equals the to ta l
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per-capita earnings o f  ind iv idua ls  from b i r th  to the end of t h e i r  l ives .  

He also assumed tha t :

o •
z (Y P ) = Y

v X X 0
x = 100

where YQ is the to ta l  cost o f  maintenance o f  the en t i re  generation.

Yx is maintenance cost at age x. Farr cal led the dif ference

between earnings and maintenance cost " p ro f i t s " .

Wq-Yq ’ W0-YQ
Thus — q—  is the annual p r o f i t  per capita and — s—  is 

wo o
the average aggregate gain over the l i f e  o f  each ind iv idua l .

Farr 's  basic procedure is  s t i l l  used today by those interested 

in estimating the value o f  human beings. According to Dublin and 

Lotka (1946) "Farr 's  method remains to th is  day the fundamental stand

ard on which any sound estimate of  the value of  a man...must be 

based...

Theodor W it ts te in  and Ernst Engel in the eighteen hundreds and 

Dublin and Lotka (1930) were among the many early  economists who 

attempted to quant ify  human cap i ta l .  Later a r t i c le s  include the 

works by Schultz (1961), Kendrick (1976) and Robert Eisner (1981).

Schultz in his paper "Rise in the Capital Stock Represented by 

Education in the United States, 1900-1957" argues tha t  the stock of  

human cap i ta l  formed by investment in education must be dealt  with 

in a measurable way because of  i t s  s ign i f icance to economic growth. 

Measurement of  the stock o f  education embodied in the population and 

labor force can be approximated by estimating the real cost o f  a year 

o f  schooling tha t  includes income foregone as well as d i rec t  educa

t iona l  costs. Based upon Schultz 's real cost measure, the stock of
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education embodied in the labor force increased twice as fas t  from 

1900 to 1957 as did the stock of  physical cap i ta l .

TABLE 4.1

Changes in  the Stock o f  Education Measured by Costs 
and the Stock o f Reproducible Nonhuman Wealth 

in  the United S ta te s , 1900-1957

Cost o f  Constant Cost o f
School Years Educational Cost o f  Educa
Weighted by Stock t io n a l Stock Stock o f Percent
Composition P opulation Labor Force Reproducible Col 4

( in  1956 prices 14 Years and 14 Years and Nonhuman is  o f
Year in  d o lla r s ) O lder ( b i l l io n s ) O lder ( b i l l io n s ) Wealth (B i l l io n s ) Col 5

1 2 3 4 5 6
1900 $540 $114 $ 63 $ 282 22
1910 563 168 94 403 23
1920 586 227 127 526 24
1930 614 328 180 735 24
1940 650 465 248 756 33
1950 690 656 359 969 37
1957 723 848 535 1,270 42
1967 (1900 = 100) 134 744 849 450 191

Kendrick (1976) summarizes the sources and methods of  capita l 

formation in his book "The Formation and Stocks o f  Total Capita l"  by 

d iv id ing  current d o l la r  gross investment series in to  two categories: 

tangib le  and in tang ib le .  The tangib le investment is subdivided in to  

i t s  own two categories: tangib le  nonhuman investment and tangible

human cap i ta l .

Kendrick assumed tangib le human capi ta l  to consist o f  the port ion 

o f  personal consumption expenditures al located to rearing children to 

working age, tha t  i s ,  age fourteen, corresponding to the o f f i c i a l  

United States labor force d e f in i t io n  at the time the estimates were 

made (working age now being s ix teen).  A l l  rearing costs were con

sidered financed by the personal sector.

Estimates of  average annual costs per ch i ld  were by age group

ings, based on surveys of  fami ly  consumption patterns. Basically the
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BEA (Bureau of Economic Analysis) personal consumption expenditures 

by category were used. Some items were l e f t  out,  e i the r  because they 

were included elsewhere, such as expenditures on education. Popula

t ion  was divided in to  age groups, and the corresponding proport ions of  

personal consumption expenditures were assigned to each group. For 

the estimates o f  personal consumption expenditures p r io r  to 1929 

Kendrick re l ied  upon studies by Dewhurst, Kuznet and Gallman.

Kendrick did not include the opportunity costs of  parent's time de

voted to rearing since, with the exception of  schoolwork, in his 

study he had not undertaken imputations fo r  unpaid work.

Kendrick also divided in tangib le  investment in to  two categories 

as we l l .  In tangible nonhuman investment (R&D) which w i l l  be discussed 

in the next section and in tangib le human investment which w i l l  be 

discussed here. Kendrick used education and t ra in ing  fo r  in tangib le 

human investment, and he disaggregated i t  in to  f i v e  expenditure 

se r ies :

A) Formal

B) Informal

C) Special

D) Employee t ra in in g

E) M ob i l i ty .

For formal education costs fo r  the personal sector he used BEA's

personal consumption expenditures on pr ivate  education and research,

plus his own estimates of  the net rental fo r  th is  sector 's  educational

plant and equipment. Students' expenditures on supplies and rentals 

of books and equipment were estimated as a percentage of  imputed 

student compensation (opportunity costs).  Government sector-f inanced 

formal education expenditures were obtained again by BEA and they were
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data on federa l ,  state and local purchases fo r  education and fo r  

veterans' education and t ra in in g .  Then gross public education 

s tructure and equipment renta ls  were added, with public educational 

capita l derived from public  construction f igures and educational 

capita l outlays estimated by the U.S. Department of  Health, Education 

and Welfare (HEW).

Informal educational outlays by the government sector were 

estimated from BEA data as the to ta l  purchases fo r  state and local 

l i b ra r ie s  and recreat ion,  the L ib rary o f  Congress, and the Smithsonian 

I n s t i t u t io n .  Personal sector informal education consists of  parts of 

consumer costs f o r  radio,  TV, records, books, per iod ica ls ,  l i b r a r i e s ,  

museums, etc.  Business and in s t i t u t io n a l  expenditures on public  

education were estimated as percentages o f  media advert is ing expendi

tures,  based on Machlup's proport ional a l locat ions to in te l le c tu a l  and 

p ract ica l  topics o f  media time and space.

Special ( re l ig io u s )  education expenditures were derived from BEA 

to ta ls  in the re l ig io u s  a c t i v i t y  expenditures personal sector.  The 

a l loca t ion  to re l ig ious  education uses a ra t io  based on numbers of  

students in Sunday school times expenditures per pup i l ,  with a port ion 

of  imputed in te res t  on plant and equipment o f  re l ig ious  organization 

added. M i l i t a r y  education and t ra in in g  is estimated from government 

expenditure ser ies.

Employee t ra in in g  was estimated separately fo r  each sector. 

Several cost components were included. The cost o f  i n i t i a l  non

productive time was estimated by converting nonproductive hours of 

employees and supervisors to standard hours. The occupational 

standard hours were weighted by occupational d is t r ib u t io n s  of  

employment, and t ra in in g  time was derived as a proport ion of  annual
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hours worked, applied to annual compensation o f  new hires.

Training hours were based on personnel journal data, and occupa

t iona l  d i s t r ib u t io n  of workers and average annual hours worked, were 

based on BLS (U.S. Bureau of  Labor and S ta t is t i c s )  data. Government 

new h ire  rates were obtained from the U.S. C iv i l  Service Commission, 

new h ire rates fo r  the pr ivate  sector wer obtained from BLS and 

employee compensation rates were obtained from BEA. Along with the 

i n i t i a l  t ra in in g  time lo s t ,  addit ional time lo s t  was considered as a 

percentage o f  the i n i t i a l  t ra in ing  t ime. Non-wage production costs 

were also taken in to  account. Formal t ra in ing  costs fo r  the business 

sector were considered the number o f  t ra iners  by type of t ra in ing  

m u l t ip l ied  by the cost per employee. S ta t is t ic s  about the number of  

trainees by type o f  t ra in in g  were based on a U.S. Department of  

Labor survey, where the costs per employee s t a t i s t i c s  were based on a 

sample survey. The d i re c t  costs o f  formal t ra in ing  o f  federal 

government employees were estimated from C iv i l  Service Commission 

data, where the state and local costs were considered as percentages 

of  federal costs.

One ha l f  o f  the expenditures on medical, health and safety 

objectives were considered as investment, and the other ha l f  as 

maintenance tha t  does not increase fu ture p roduc t iv i ty  capacity.

The personal sector 's  expenditures on health and medical care were 

based p r im ar i ly  on BEA estimates. The business sectors outlays fo r  

in -p lan t  medical care were derived from HEW estimates and safety 

costs were based on Brookings In s t i t u t io n  estimates of  expenditures 

fo r  safety programs. The government sector expenditures on health, 

sanita t ion and medical care consisted o f  the BEA estimates of  to ta l  

federa l ,  state and local outlays on goods and services fo r  health



- 5 6 -

and hosp i ta ls ,  san i ta t ion and veterans' hospital and medical care.

F ina l ly  the la s t  category of  m o b i l i ty  costs included job search 

and h i r in g ,  f r i c t i o n a l  unemployment, and migrat ion costs. Job 

search costs were considered to be incurred by persons and were in 

cluded in BEA's personal consumption expenditures. The business 

sector was also considered to have costs l inked to job changes. A 

cost estimate per new h ire was m u l t ip l ied  by the number of  new hires 

derived from BLS data. Hir ing costs were estimated along the same 

l ines  f o r  the government sector,  using government new h ire rates. 

Using f r i c t i o n a l  unemployment rate of  3 percent o f  the labor force 

Kendrick considered the f r i c t i o n a l  unemployment costs of  the personal 

sector to be the product o f  the f r i c t i o n a l l y  unemployed and the 

average annual wages and sa lar ies .

The las t  component of  m ob i l i ty  costs, the migration costs, is 

the outlay l inked to work-oriented travel and moving of  household 

items. Kendrick used cost per mile estimates fo r  each o f  these 

categories, applied to an estimate average mileage of work-oriented 

travel and moving fo r  in te rs ta te  and in te rs ta te  migration. The 

number o f  migrants was based on Census Bureau data, adjusted fo r  

work-oriented migration. One ha l f  o f  the estimated moving and travel 

costs was charged to the personal sector and the other ha l f  to the 

business and government sectors in proport ion to the number of 

persons employed by each. In ternational migration was also con

sidered, and estimates fo r  th is  kind of government investment were 

used to evaluate the administrat ive costs o f  the Immigration and 

Natura l izat ion Service.

A f te r  the estimation o f  the current d o l la r  gross investment 

ser ies, Kendrick used pr ice indexes fo r  de f la t ing  the various
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categories of  investment to obtain real investment estimates on the 

basis of  which the associated real stocks were estimated. The price 

def la tors  tha t  he used fo r  tangib le  human investment and intangib le  

human investment were as fo l lows: fo r  human tangib les, rearing cost

estimates were made d i r e c t l y  in constant do l la rs ,  most of the 

categories were e i the r  available  in constant do l la rs  from BEA or 

def la tors  were constructed from the underlying BLS consumer price 

indexes. For human in tang ib les,  personal sector formal education 

costs in constant do l la rs  were estimated d i r e c t l y ,  by the same 

method as used fo r  the current d o l la r  estimates.

Associated costs were deflated by a composite index including 

transportation and supply costs. For constant do l la r  foregone 

earnings o f  students, average compensation was held at the 1958 

leve l .  Organized education and t ra in ing  outlays fo r  the government 

sector were deflated by BEA's im p l i c i t  price de f la to r  fo r  state and 

local purchases of  goods and services. The same de f la to r  was used 

fo r  the government's sector informal education expenditures. Direct 

outlays on l i b r a r ie s  and museums were def lated by a BEA de f la to r  fo r  

re l ig ious  and welfare outlays. The de f la to r  fo r  in s t i t u t io n a l  and 

business public  education costs was based on the cost o f  the various 

media per person reached. Religious education expenditures were 

def lated by the BEA de f la to r  fo r  re l ig ious  and welfare a c t i v i t y .  

M i l i t a r y  education costs were deflated by the BEA de f la to r  fo r  

federal government purchases of  goods and services. For t ra in ing  

costs a l l  compensation was converted in to 1958 do l lars  by an index of 

average compensation adjusted fo r  qua l i ty  change. For the personal 

and business sectors, non-wage t ra in ing  costs were deflated using 

BEA's pr ivate f ixed nonresidential investment price de f la to r ,  where
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f o r  the government sector,  non-wage t ra in ing  costs were deflated by 

the price d e f la to r  fo r  government purchases o f  goods and services.

For business sector t ra in ing  costs a composite index including the 

compensation d e f la to r  and the nonresident ial pr ivate  f ixed investment 

de f la to r  was used.

Turning to medical care costs, de f la to rs  fo r  both personal and 

business sectors came from the American Medical Association. The 

BEA's pr ice index fo r  government purchases o f  goods and services was 

used to def la te  government expenditures on health, san i ta t ion  and 

medical care.

In the area of  m ob i l i t y  costs, job search costs in the personal 

sector were estimated by the im p l i c i t  BEA pr ice d e f la to r  corresponding 

to the personal consumption expenditures category used to get the 

costs. A composite index was applied fo r  business sector h i r ing  costs, 

based on BEA's average industry  labor compensation adjusted fo r  

qua l i ty  changes. The same index was used fo r  f r i c t i o n a l  unemployment 

costs other than governmental. For government sector h i r ing  costs, 

f r i c t i o n a l  unemployment costs and immigration costs were deflated by 

the pr ice index of  government purchases of  goods and services. For 

moving costs the BLS transporta t ion services pr ice index was used 

and fo r  t ravel costs a composite pr ice index fo r  costs of  owner 

operated and other transporta t ion charges was created.

Kendrick's next step was to develop cap i ta l  stocks. In order to 

estimate the stock o f  tangib le  human c a p i ta l ,  Kendrick added the 

average constant d o l la r  rearing costs per ch i ld  up to age fourteen 

and m u l t ip l ied  the cumulative cost by the number of  persons in each 

cohort up to age n in e ty - f ive  plus, thus accounting automatical ly fo r  

reti rement. Summing the to ta l  real costs fo r  a l l  cohorts each year
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yielded the annual real gross tangib le  capita l estimates.

Depreciation was caluclated by the dec!ining-balance formula.

Real gross and net human stocks were revalued to current prices by 

the im p l i c i t  d e f la to r  fo r  rear ing costs.

For in tang ib le  human stocks with i t s  three categories of  

education, general t ra in in g  and health expenditures, the stock 

accumulation and depreciat ion method was used. Kendrick f i r s t  

estimated the average annual real expenditures per head by single age 

groups up to age n in e ty - f i v e ,  then accumulated per capita l i f e t im e  

expenditures fo r  each cohort fo r  each year covered in the stock 

ca lcu la t ion ,  then m u l t ip l ied  th is  by the number of  persons in each 

age group each year and summed across age groups. Basic population 

f igures by single  years o f  age were obtained from the Bureau o f  the 

Census.

For formal education, whether financed by the personal or 

government sector,  constant d o l la r  d i rec t  costs are broken down in to  

elementary, secondary, higher and other education, and al located to 

age groups w i th in  these educational leve ls .  Informal education 

fo l lows the same general procedure.

For the government sector m i l i t a r y  t ra in ing  costs are s p l i t  

between spec i f ic  and general t ra in in g .  Specif ic  t ra in ing  was added 

over the period of  act ive and reserve duty where general t ra in ing  was 

spread over the to ta l  male population, with d i f fe re n t  ages receiv ing 

d i f fe re n t  weights. Employee t ra in ing  is divided in to the same 

categories, wi th spec i f ic  t ra in ing  costs included in stock fo r  the 

average duration of  job tenure, and general t ra in ing  costs al located 

to age groups according to the estimated age d is t r ib u t io n  of  employment, 

developed from labor force pa r t ic ipa t ion  rates,  with a deduction fo r
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unemployment.

While a l l  of the medical and health investment financed by the 

personal and government sectors was al located by age groups, business 

sector investment was only p a r t ly  treated tha t  way. One ha l f  o f  the 

investment outlays of  the business sector were considered general 

investment and were accumulated as a stock, as in the case of  other 

human categories. The other h a l f  was assumed to be spec i f ic  invest

ment y ie ld ing  benefits only as long as an employee stays with the 

o r ig ina l  f i rm.

Medical, health, and safety outlays had to be al located among 

age groups as a basis f o r  cumulative real per capita outlays from 

which gross stocks were calculated. As to m ob i l i ty  stocks, l ives  

were considered d i f fe re n t  fo r  each cost category and since these 

costs were estimated only fo r  a f ra c t ion  of  persons in a group, l i f e  

was estimated as the reciprocal o f  the percentage of  people in the 

group. Changes in the year ly  percentages were taken in to  account. 

Hir ing cost l ives  was considered to be the reciprocal o f  new h ir ing  

rates; f r i c t i o n a l  unemployment cost l ives  was based on la yo f f  rates; 

and moving and t ravel costs used the ra t ios  o f  work-oriented migrants 

to the labor force.

Net cap i ta l  stocks embodied in humans was derived by depreciat

ing investment units from maturation ages through the age seventy- 

f i v e .  This was done fo r  each investment un i t  and each age. The net 

stock fo r  those people who die before age seventy-f ive were dropped 

out at the time o f  death.

Double decl in ing balance switched to s t ra igh t  l in e  depreciation 

was used, constructed in such a manner as to approximate depreciation 

factors published by the Internal Revenue Service. Depreciation
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re f le c t in g  the decline in the l i f e t im e  earning capacity o f  the human 

c a p i ta l ,  o f  rear ing and medical costs was started at age eighteen, 

education and t ra in in g ,  at age twenty-eight.

Discounted fu ture  earnings curves were obtained from a U.S.

Census Bureau study which assumed a 3 percent p roduc t iv i ty  increase 

and discount rates o f  8 to 10 percent per year. This study indicated 

appreciation in value o f  ind iv idua ls  through the la te  twenties and 

a pattern o f  decline therea f te r  that  seemed to be approximated by 

Kendrick's method of  dec l in ing balance switched to s t ra igh t  l ine  

depreciation methods.

Robert Eisner (1978, 1980, 1981) also estimated human cap i ta l .

A deta i led inves t iga t ion  o f  his approach and his f ind ings w i l l  be 

discussed in a la te r  chapter o f  th is  thes is ,  since his data is 

employed in our empirical estimations.

Among other economists who have done theoret ica l  and empirical 

research on human capi ta l  are: Becker (1964) and Mincer (1974), who

have focused on general equ i l ib r ium analysis and the d is t r ib u t io n  

o f  earnings in the context o f  human wealth; Friedman (1959) and Simos 

and T r ian t is  (1982), who have u t i l i z e d  the concept of  human wealth in 

t h e i r  studies of  consumption and the demand fo r  money. Now we shall  

turn our a t ten t ion  to the other component of  in tangib le ca p i ta l ,

research and development.

From the above i t  can be seen that  a number of economists have

devoted a l o t  o f  time and e f f o r t  in the study of human capita l because 

of  i t s  importance on a t h e o r i t i c a l  basis and i t s  importance fo r  empirical 

analysis as we l l .  Now we shall  turn our a t tent ion to the other component 

of in tangib le c a p i ta l ,  research and development, where the various d e f i 

n i t ions  of R & D w i11 be disucssed and various methods of estimating i t  

w i l l  be out l ined.
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A Look at R & D

The National Science Foundation, the ch ie f  source of  research 

and development estimates in recent years, uses the fo l lowing d e f i n i 

t ions fo r  the three major components of  R&D:

1) Basic research " in  which the primary aim of  the 
invest iga tor  is  a f u l l e r  knowledge or understanding 
o f  the subject ra ther than a pract ica l  appl icat ion 
thereof" .

2) Applied research which is  "directed toward pract ica l  
appl icat ion of  knowledge".

3) Development which is "systematic use of  s c ie n t i f i c  
knowledge directed toward the production of  useful 
mater ia ls ,  devices, systems or methods, including 
design and development of prototypes and processes".

The pool o f  productive knowledge and know-how drawn on by pro

ducers is the capita l resu l t ing  from R&D, which is measured at cost

revalued to constant and current pr ices. Basic research resul ts  in 

accumulation o f  knowledge which continues to be drawn upon through 

the ages. But the applied research and productive knowledge and 

know-how developed through engineering has a f i n i t e  l i f e  and is 

eventual ly supplanted by new applied research and related develop

ment.

D i f fe ren t  researchers may c la ss i fy  the report  data using some

what d i f fe re n t  c r i t e r i a .  Nevertheless, the NSF categories are 

broadly useful fo r  ana ly t ica l  purposes. Usually basic research as 

well as related development a c t i v i t i e s  are counted as investment 

with the cost o f  the curren t ly  non-productive research being borne 

by that  which has an economic payoff.

The real cost of R&D may be regarded as an input,  resu l t ing  in
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an output o f  knowledge, some of which may be incorporated in designs, 

prototypes, etc. The R&D output i t s e l f  becomes an input in the fu r the r  

investment process, where the ideas become pract ica l  products fo r  both 

the producer and the consumer and these new methods, and systems 

expand the economy's ca pa b i l i t y  o f  producing income.

Kendrick (1976) used the fo l lowing method in estimating in ta n g i 

ble nonhuman investment (R&D): measured R&D includes only the formal

a c t i v i t i e s  of  the various sectors; informal invent ive a c t i v i t i e s  of 

iso lated inventors are not included, being unimportant due to the 

spread and expansion of  the indus t r ia l  laborator ies .  He also uses 

the National Science Foundation estimates of  R&D outlays fo r  the 

period from 1953 onward, which are broken down in to  basic research 

and applied research and development.

Capital stock ca lcu lat ions fo r  basic research are kept f a i r l y  

simple. Annual constant do l la r  expenditures are added without 

regard to length of time needed fo r  completion and without regard to 

obsolescence.

Even though R&D was bas ica l ly  neglected in the l i t e r a tu r e ,  

sporadic studies can be found in researchers attempts to t i e  R&D 

and economic growth. Brown and Conrad (1967) employed research and 

development along with education as inputs to the CES production 

funct ion,  and using pooled time series and cross-sectional observa

t ions fo r  a l im i ted  group o f  manufacturing industr ies in the United 

States fo r  the 1950's, they t r ie d  to measure the inf luence of  these 

variables on labor p roduc t iv i ty .  Their f indings supported the notion 

that the inputs o f  education and research have a r e la t i v e ly  longer 

impact on p roduc t iv i ty  in the durable group o f  goods rather than the 

nondurable group.
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Gri l iches (1980) invest igated the p o s s ib i l i t y  o f  a l in k  between 

R&D and the slow-down in p roduc t iv i ty  growth in manufacturing in the 

la te  seventies fo r  the United States. His f ind ing  implied a longer 

e f fe c t  o f  R&D on the slow-down with the e f fe c t  coming not so much 

from the slow-down in R&D as from the collapse in the p roduc t iv i ty  

o f  R&D.

Gri l iches himself was not convinced tha t  the recent p roduc t iv i ty  

slow-down could be blamed p r im ar i ly  on the R&D slow-down. One reason 

was the i n a b i l i t y  o f  economists to measure the sp i l lo ve r  e f fec ts  of 

R&D w i th in  and across indus tr ies .  Another reason was the negative 

way tha t  past and current R&D is valued in the national accounts 

when i t  is spent on social a c t i v i t i e s  such as health and environment. 

His f i n a l  reason was based on R&D's chancy and f i c k le  process. 

Gri l iches argued tha t  even though R&D may run in to  a dry sp e l l ,  th is  

does not imply tha t  current expenditures may not have fu ture returns 

or there are no major p roduc t iv i ty  gains already on the drawing 

board. Thus he blamed his lack of  f indings as re f le c t in g  data 

d i f f i c u l t i e s  and the turmoil o f  the times.

Another study by Terleckyj  (1980) reviews some of the past 

research and theore t ica l  discussions on the many problems surround

ing the concept and measurement of  technological change and suggests 

an approach f o r  construct ing systematic data which would permit a 

better  focus on technological change than the data now avai lab le.  

Among the things he states that the R&D data t e l l  us are the fo l lo w 

ing f i v e  proposit ions:

1) Technical change can be induced and that p roduc t iv i ty  
increases can be induced by means of  R&D based 
technological innovations.
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2) Returns to R&D investment both social and pr ivate  
are appreciably higher than returns from f ixed 
cap i ta l  investment.

3) Research and Development act as capita l when 
expenditures are treated as investments and an R&D 
capi ta l  stock is derived, more stable estimates of 
research and development e f fects  are obtained than 
when R&D expenditures are used in such estimations 
and assumed to be instantaneously depreciated.

4) Government f inanced indus t r ia l  R&D has a very 
d i f f e re n t  e f fe c t  on pr ivate p roduc t iv i ty  growth and 
on technological change in industry than does 
p r iva te ly  f inanced R&D.

5) There is  considerable uncertainty  regarding the 
estimated magnitudes o f  economic re la t ionsh ips i n 
volving R&D. S p e c i f ic a l ly ,  the rates o f  return to 
research and development and the rate of  depreciation 
of  R&D capi ta l  have not been estimated d i r e c t l y .

F ina l ly  the most re levant study fo r  our thesis was tha t  o f  

Keesing who used R&D as an explanatory var iable in the estimation 

of  import and export funct ions. R&D estimates w i l l  be obtained from 

Eisner, whose estimation and measurement techniques w i l l  be discussed 

in the fo l lowing section.
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Eisner 's  Data Description

The national accounts published by the Bureau o f  Economic 

Analysis (BEA), while they are considered as the best available  

measures of  the progress o f  the economy as a whole, and of  over

whelming value in economic analysis and the formation o f  po l icy ,  

have been c r i t i c i z e d  as incomplete measures of  consumption and 

capita l accumulation. A number of  economists, Richard and Nancy 

Ruggles (1970), Juster (1966), Nordhaus and Tobin (1972), Kendrick 

(1976), McElroy (1970), and Robert Eisner (1978, 1979, 1980), have 

contributed and suggested new methods fo r  measures of  these accounts.

Eisner's work is  comprehensive. He u t i l i z e s  the same framework 

as the one used by BEA with the fo l low ing extensions and revis ions:

1) Eisner defines consumption as the to ta l  o f  household 
purchases o f  nondurable consumption goods and services 
and a l l  production o f  other consumption services whether 
by enterpr ises,  government or households, whether sold 
in the market or not.

2) Measuring cap i ta l  accumulation as the to ta l  of 
acquis i t ions o f  capita l throughout the economy rather 
than in the business sector alone, and including in tan
gibles as well as tangib le investment.

3) Adding to income, product and cap i ta l  accumulation the
net reevaluations - capita l gains set o f  increases in
the general pr ice level - on tangib le  cap i ta l .

4) Adding new imputations of  consumption and capita l 
accumulation where they are not affected in market 
t ransact ions, most prominently in unpaid housework 
and education.

5) Treating expenses re lated to work and much of
government output as intermediate while counting
much o f  media services now purchased by business as 
consumption t ransferred to households.
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Using the above extensions and revisions o f  the conventional 

BEA accounts, by borrowing from the work of  the above mentioned 

economists, and with the help of  Emily R. Simons, Paul J. Pieper, 

and Steven Bender o f  Northwestern Univers i ty ,  Eisner b u i l t  a set o f  

extended accounts fo r  business fo r  the years 1946-76 fo r  the U.S. 

economy.

In addit ion to a national income and product account, Eisner 

o f fe rs  separate sector accounts fo r  business, non -p ro f i t  i n s t i t u t io n s ,  

government enterpr ises, government and households. Debits in the 

national accounts are the sum of the ind iv idual  sectors and net i n 

come o r ig ina t ing  in the res t  o f  the world. Total gross product is 

subdivided in to comsumption, gross domestic cap i ta l  accumulation, 

net fore ign investment and net t rans fe r  payments to fore igners.

Credits of  the business sector display the Bureau of  Economic 

Analysis (BEA) gross domestic product fo r  business and various 

addit ions and subtractions re la t ing  to differences between BEA and 

Eisner's Total Incomes System of Accounts (TISA), in d e f in i t io n s  of  

the business sector and of  intermediate product. He places the net 

space rent o f  owner occupied nonfarm dwell ings in households and 

the rental value of  build ings owned and occupied by non-pro f i t  

organizations in the non -p ro f i t  sector. He also separates government 

enterprise product from business, adds subsidies to cred i ts  instead 

of  subtracting them from debits or charges against gross national 

product and adds an estimate fo r  "expense account items of consump

t io n " ,  which is put in debits as an addit ional imputation in labor 

income.
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BEA treats  business investment in research and development along 

with media support as intermediate products, where Eisner includes 

them in the f in a l  output. According to him, business investment in 

research and development is a component o f  in tang ib le  investment 

and an addit ion to business income, where media support involves an 

addit ion to consumption, in the form o f  entertainment and other 

services o f  te lev is ion  and radio broadcasting and newspapers and 

magazines included in business transfers on the debit  side o f  the 

account.

BEA t reats  a l l  goods and services purchased by government as 

f in a l  product where Eisner includes a major amount o f  government 

product, p r im ar i ly  m i l i t a r y  and po l icy  services as intermediate in 

the output o f  other sectors. In fa c t ,  there is a rough correspondence 

between his estimates o f  intermediate product f in ished by government 

and the in d i re c t  taxes which may be thought of  as paying fo r  them. 

Thus, in each sector he nets intermediate product from government 

against in d i re c t  taxes. The output of police services, to give an 

example, is t reated in the same way when i t  is provided by local 

governments and essen t ia l ly  paid fo r  by taxes, as i t  would be i f  i t  

were provided by a pr iva te  protect ion agency. In both cases TISA 

counts the output only once, as i t  is produced, and not again as 

part  o f  value added o f  the business of  the other sector receiving i t .

For nonprof i t  i n s t i t u t io n s ,  output plus intermediate product 

transmitted from government is a l located among consumption and 

capita l  accumulation. Government enterpr ise product and income is 

al located among sales, t ransfers of  consumption and investment, and 

accumulation in the form of net revaluat ions.



In a l loca t ing  the c red i ts  o f  government income and product, 

Eisner f i r s t  assigned output to government functions on the basis of 

compensation of employees and other changes against product. This 

output plus the associated value o f  intermediate product received by 

government from other sectors was then d is t r ibu ted  among the other 

sectors and among consumption, cap i ta l  accumulation and intermediate 

product.

In the household sector he included the capita l services of 

durables and semi-durables, imputed in te res t  and capita l accumulation 

and of  inventories. He imputed the value o f  labor services in 

households on the basis o f  estimated time devoted to household labor 

and the mean compensation per employee fo r  domestic service. He also 

imputed opportunity costs fo r  students' t ime, borrowing from Kendrick 

work. A l l  o f  these imputed values were credi ted to investment in 

education and t ra in in g .  On the basis of  time devoted, some of non- 

market household product as also al located to investment in ch i ld  

rear ing, adding th is  to Kendrick's market expenses fo r  ch i ld  rearing 

investment.

The to ta l  output o f  Eisner's study, a l located on the c red i t  side 

of  the account, in many cases, depends upon the imputations of  income 

and other changes of the debit  size thus deviating subs tan t ia l ly  from 

the conventional accounts.

Going at the national income and product, labor income consists 

of  compensation o f  employees, which is the sum o f  corresponding items 

in indiv idual sectors and the rest o f  the world and i t  is  taken from 

BEA National Income and Product accounts, and several imputations, 

from a l l  o f  which expenses re lated to work are subtracted. Expense 

account items of  consumption, opportunity costs of  students, and
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unpaid household work are a l l  net addit ions to national income and 

product. The opportunity costs o f  the s e l f  employed which involve a 

rea l loca t ion ,  are netted out o f  net operating surplus.

Expenses re lated to work, which are subtracted to a r r ive  at  labor 

income, comprise t ransporta t ion costs fo r  gett ing to and from jobs.

Net imputed in te res t  in the business sector does not a f fe c t  to ta l  

income because i t  is subtracted from corporate p ro f i t s  and pr ivate 

noncorporate income in a r r iv in g  at the net operating surplus. 

Imputation of  in te res t  in the other sectors does represent however 

a net addit ion to income and product, except fo r  the in te res t  in 

equity  in owner occupied nonfarm housing, which reduces rental income 

or such housing. Government and consumer in te res t  paid are both 

included in TISA accounts, but they do not a f fec t  to ta l  income and 

product in the household and government sectors since the in te res t  

component in these sectors is gross imputed in te res t ,  against which 

they are charged.

Net revaluations presented in the accounts are res t r ic te d  to 

tangib le  ca p i ta l ,  tha t  i s ,  land, owner-occupied housing, a l l  other 

structures and equipment, consumer durables and semidurables and 

inventor ies.  Eisner departs from Kendrick, who counts ch i ld  rear ing 

as investment in tangib le  human c a p i ta l .  He c la ss i f ie s  a l l  human 

capita l as well as investment in research and development as 

in tang ib le  cap i ta l .

I t  is also assumed tha t  a l l  research and development c a p i ta l ,  

wherever produced, is used in the business sector and that a l l  human 

c a p i ta l ,  wherever produced, is used in the household sector. The 

return to in tangib le cap i ta l  is then assumed to be re f lected in 

business and labor income. Intangible cap i ta l  consumption is sub
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tracted from income o r ig in a t in g  in the business and household sectors 

to a r r ive  at what is ca lled "net income o r ig in a t in g "  which is 

analagous to "income o r ig in a t in g "  in the other sectors.

Nonincome charges against gross national product include media 

support and uncompensated fa c to r  services. Media support are under 

business tra ns fe r payments and uncompensated fa c to r  services include 

the services of volunteers in nonpro fit  in s t i tu t io n s  and the d i f f e r 

ence between what might have had to be paid fo r  m i l i ta ry  draftees in 

a free market and th e i r  actual remuneration by government. A 

s im ila r  imputation fo r  under payment to ju ro rs  is  included under the 

"other" category.

Capital consumption allowances fo r  tangib le  business and govern

ment property were e sse n t ia l ly  taken from BEA. Capital consumption 

allowances fo r  household durables were taken from unpublished 

tabu la tions of Helen Tice o f the Flow of Funds section of the Federal 

Reserve Board. Investment in household semidurables includes expendi

tures fo r  shoes and other footwear, c lo th ing  and other accessories, 

and semidurable home fu rn ish ings . In order to derive cap ita l con

sumption on o r ig in a l costs a s t ra ig h t  l in e  depreciation with a three 

year l i f e  was applied. Total cap ita l consumption was calculated by 

depreciating investment in constant do lla rs  and then re f la t in g  to 

current or replacement cost by app lica tion  o f relevant price de fla to rs . 

The d iffe rence between replacement costs depreciation and the o r ig in a l 

cost depreciation is the cap ita l consumption allowances on revalua

t ions .
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Eisner in his treatment o f in tang ib le  c a p i ta l , used Kendrick's 

work. S p e c if ic a l ly  a series o f gross investment in research and 

development, education and t ra in in g ,  health and the market costs o f 

ch i ld  rearing were taken from Kendrick, who applied dec lin ing - 

balance depreciation to in tang ib le  c a p ita l .  Because o f the nature o f 

discounting o f fu tu re  returns many assets lose l i t t l e  or no value, or 

even appreciate in the ea rly  years o f th e i r  l iv e s ,  Kendrick applied 

a va r ie ty  o f methods to  overcome th is  problem, includ ing delaying the 

s ta r t  o f depreciation o f  human cap ita l and on applied research and 

development, and i n f i n i t e  l ive s  fo r  investment in basic research and 

development.

Eisner followed Kendrick on basic research and development but 

used underlaid twenty year s t ra ig h t - l in e  depreciation fo r  the applied 

portion . For human c a p i ta l ,  he applied uniform s t ra ig h t - l in e  depre

c ia t io n  with a f i f t y  year l i f e .  The im p l ic i t  price d e f la to r  used fo r  

in tang ib le  cap ita l investment is  Kendrick's ra t io  of current d o l la r  

to constant d o l la r  aggregates o f such investment.

Stocks of land, s tructures and equipment come from a number o f 

sources such as BEA, John Musgrave, Helen Tice and Grace Milgram.

BEA was also used as a source fo r  unpublished data on government 

enterprise cap ita l stocks, Eisner then in turn estimated imputed 

in te re s t ,  cap ita l consumption and net revaluations on these stocks. 

BEA's practice o f excluding cap ita l stocks from government enter

prise land, p lant and equipment except inventories as i f  they were 

owned d i re c t ly  by government was also followed by Eisner.

The c re d i t  side o f the national income and product accounts
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allocates to ta l output among consumption, domestic cap ita l accumula

t io n ,  net fore ign investment and transfers to fore igners. Net 

fore ign investment along w ith transfers to fore igners were taken 

d ire c t ly  from the BEA accounts. Consumption and domestic cap ita l 

accumulation are the sum o f consumption and investment expenditures 

ava ilab le  from the BEA, w ith some rea l lo ca t io n s , plus the additional 

imputations o f consumption services and cap ita l produced in house

holds and government. Total investment in education and t ra in in g ,  

research and development, health, and sectoral a lloca tions  where 

ava ilab le , were taken from Kendrick, and l ik e  Kendrick, Eisner counts 

h a lf  o f health services output as consumption and h a lf  as investment.

Government intermediate product transferred  to business and 

government enterprises is  presumed to be included in the value o f 

consumption and investment expenditures fo r  goods produced and sold 

by those sectors. For government enterprises he adds an imputation 

o f consumption and investment equal to the sum o f negative surpluses 

and his imputed in te re s t ,  which may be taken as subsidies o f govern

ment enterprise output.

The con tr ibu t ion  o f  households to consumption and cap ita l 

accumulation was taken as the sum o f household output and the in te r 

mediate product from government tha t went in to  tha t output. In 

practice a l l  o f  the charges against gross household product were 

a llocated to  consumption or accumulation except a small portion of 

in d ire c t  taxes not re la ted to owner occupied housing.

In imputing the production of consumption and capita l in the 

nonpro fit sector he has again added intermediate product transferred 

by government. So in order to ca lcu late to ta l consumption fo r  the 

TISA accounts he has then subtracted the nonpro fit  compensation of
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employees.

Eisner in his papers admits to some s ta t is t ic a l  discrepancy in 

add it ion to tha t already recorded by the BEA, between to ta l  changes 

and c red its  o f gross national product.

In conclusion, we have taken a h is to r ic a l look at Human Capital 

and Research and Development and the importance put to them by 

various economists. We have also taken a look a t the descrip tion  o f 

F isher's  data and now we are ready to describe in CHAPTER V our 

model along w ith the functiona l form and estimation technique o f 

the translog p r o f i t  func tion .



CHAPTER V

THE MODEL

In th is  chapter a system of import and export functions consis

ten t with some underlying behavioral assumption w i l l  be derived in 

an attempt to avoid some shortcomings o f the t ra d it io n a l approach 

as presented in CHAPTER I I I .  Following Kohli (1978), we assume that 

import and export decisions are made by profit-m axim iz ing firms which 

operate under perfec t competition in a l l  commodity and fac to r  markets. 

Firms chose th e i r  optimum output mix and th e i r  input requirements 

subject to a vector o f output and input prices and the economy's 

f ixed  endowment o f  domestic primary fac to rs . These domestic factors  

are assumed to be mobile between f irm s, and th e i r  rental prices are 

determined by th e ir  marginal product. We assume tha t the technology 

employs J non-negative domestic primary inputs ( f ixed  in the short- 

run) and I variable quan tit ies  (outputs or inpu ts). Outputs are 

w r it te n  as pos it ive  variab le  quantit ies  and inputs as negative variable 

q u a n t it ie s . The production p o s s ib i l i t y  set, T, is  defined as the 

set o f a l l  feas ib le  input and output combinations. Furthermore, 

i t  is  assumed tha t the aggregate technology s a t is f ie s  the fo llow ing 

conditions: constant re tu rns-to -sca le , free disposal, non-increasing

marginal rates of su b s t itu t io n  and transformation and, fo r  a given 

endowment o f f ixed  inputs, the output o f variable quantit ies  is  f i n i t e .  

Under these conditions the competitive equ il ib r ium  can also be charac

te r ized  at any point in time as the so lu tion to the problem of max-

- 7 5 -
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im izing GNP subject to the technology, the endowment o f domestic

resources, and a vector o f pos it ive  output and input prices.

The technology can thus be represented by a re s tr ic te d  p r o f i t  

function defined as fo llows (Diewert 1973, Samuelson, 1958): 

n ( p ;>0 = max [p "y ;  (x .y) e T, p 0]
J

II i s  a real extended function and is  well-defined
for a l l  vectors of posit ive  prices p,

Y is  a vector o f outputs,

x is  a vector o f domestic fa c to r  endowments, and imports

p is  an output price vector.

Under the assumptions made on T, the re s tr ic te d  p r o f i t  function is  

l in e a r ly  homogeneous, monotonically increasing, and concave in f ixed  

input qu a n t it ie s ; i t  is  also l in e a r ly  homogeneous and convex in the 

prices of the variable quan tit ies  and monotonically decreasing or 

increasing in these prices depending on whether the corresponding 

quantity  is  an input or an output (Diewert, 1973).

I f  the re s tr ic te d  p r o f i t  function is  d if fe re n t ia b le  at p* and 

x* with respect to the components o f p, the derived demand and supply 

equations fo r  the variab le  quan tit ies  can be obtained by d i f fe re n t ia 

t io n ,  a re su lt  known as H o te l l in g 's  (1932) lemma:

3n (p * ,x * )  /  3pi = y. (p * ,x *)  i = 1..........1

I f  (p ;x) is  d i f fe re n t ia b le  at p* and x* w ith respect to the compon

ents o f x, then we get:

an (p * ,x *)  j  axj = w. (p * ,x *)  j  = l   J

where w is  the price vector o f f ixed inputs. Using th is  variable
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p r o f i t  function the system o f demand and supply equations can be 

derived and estimated j o in t l y  in determining the p o s s ib i l i t ie s  of 

sub s t itu t io n  implied by the technology. Foley and Sidrauski (1970) 

employed a very s im ila r  approach in th e i r  treatment of the production 

side of the economy ( fo r  th e ir  investment goods supply func tion ).

Kohli (1978) contributed fu r th e r  to economic theory by adapting 

the translog functional form fo r  the variable p r o f i t  function in 

estimating technology in a m u lt i- in p u t m u lt i-ou tpu t model fo r  the 

Canadian economy. In estimating the demand and supply functions 

Kohli considered consumption, investment and exports as pos it ive  

and cap ita l and labor as the quan tit ies  o f inputs ( f ixed  in the short 

ru n ) .

This thesis fo llows the above underlying theory and assumptions,

but departs from K o h li 's  model by introducing two additional variables

as inputs: human cap ita l and research and development. Thus K oh li 's

model becomes a special case of the mode used here.

The fo llow ing assumptions were imposed:

A) I t  is  assumed tha t import and export decisions are made 
by p r o f i t  maximizing firms.

B) These p r o f i t  maximizing firms operate under perfect compe
t i t i o n  both in the commodity markets and in the fa c to r  mar
kets .

C) Imports and exports are considered respective ly  as inputs
to , and outputs o f ,  the technology.

D) The competitive equ il ib r ium  is  the so lu tion o f maximizing 
GNP at any period o f time, subject to the technology, the 
fac to r  endowments and a vector of output prices. Thus the
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behavioral assumption underlying the model can be 
w r it ten  as:

max p"y subject to ( x ;y j  e T.

where:

T is  the production p o s s ib i l i t y  set, 
y is  a vector o f  outputs,
x is  a vector o f domestic endowments and imports, 
p is  an output price vector.

E) The real re turn  fo r  inputs are assumed to be th e i r  mar
ginal p ro d u c t iv ity .

F) I t  is  assumed tha t the United States, in re la t iv e  terms, 
is  a small open economy as noted in the fo llow ing tab le .

TABLE 5.1

FOREIGN TRADE IN GOODS AND SERVICES AS A PERCENTAGE OF GNP, 
19 OECD COUNTRIES, 1929, 1938, and 1976-78 1

COUNTRY 1929 1938 Average 1976-78

A u s tra l ia 19.3 18.3 , 17.1
Austr ia NA 17.6 35.6
Belgium NA 28.2 56.3
Canada 29.0 24.3 26.4
Denmark NA 26.2 33.5
France NA 13.1 21.9
Germany NA 16.5 26.3
Greece NA 17.8 21.2
Iceland NA 46.8 42.1
Ire land NA 25.5 57.7
I t a l y NA 7 .6 26.8
Japan 19.4 19.7 12.3
Netherlands NA 28.1 49.0
Norway 33.6 29.2 b 48.6
Portugal NA 13.0 26.6
Sweden NA 20.1 6 30.2
Switzerland NA 17.9 35.9
United Kingdom NA 16.9 32.2
United States 6.3 4.3 10.1

A l l  Countries 7 NA 20.6 32.1

3 Percentages are based on data in 'c u r r e n t  p r ic e s .  Trade is defined as o ne-ha lf  o f
the sum of exports and imports of goods and se rv ices , including merchandise, non-
monetary gold, f r e ig h t ,  o ther transpo rta t io n :, t r a v e l ,  investment income in gross
amounts received and pa id ,
5

and other current public  and p r iv a te  services •2
Fiscal years ending June 30.

3 1937

4 1936

5 1939.

 ̂ Based on GNP fo r  f is c a l  year.

 ̂ Unweighted averages o f  percentages fo r  a l l  countr ies .  

NA-Not A va i lab le .

Source: A l te r  Salant 1981.
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Functional Form and Estimation Technique

The translog functiona l form w i l l  be used to estimate the v a r i 

able p r o f i t  function . Some economists have considered i t  as a produc

t ion  function and Christensen, Jorgenson and Lau (1971) have suggeseted 

i t  as a second order approximation to any twice continuously d i f f e r 

entiab le  production or cost function . Because o f i t s  quadratic char

acter no a p r io r i  re s tr ic t io n s  on the value o f the various e la s t ic 

i t i e s  of transformation are imposed.

A second order approximation at the expansion point o f the var

iab le  p r o f i t  function n = n (p ;x ) can be obtained by the logarithm ic 

Taylor series expansion:

Inn = In n(o) + Z8 lnn /31nP, + S3 ln n /8 1 n X . lnX .
i /  i J J

‘ J

which can be w r it ten  in a more convenient form as shown by Christen

sen, Jorgenson and Lau (1971):

+ 1/2 ZZ (3 2ln n /3  lnPi 31n Ph) In Pi In Ph
•I U 'ih

+ 1/2 ZZ (32ln n / 3 ln X . 3lnXk ) InX j lnX
J

Inn = a Q + Zâ . 1 n P i  + ZB-  1 nXj + l /2 Z Z y ih lnP.jlnPh

+ 1/2 ££<f>jklnX- lnXk

+ ZZ6 . .InP.lnX.
* J * J

where
and

i ,h  = ouput 
j , k  = input
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I f  the translog function is  considered as a functional form 

per se, the equa lit ies  Yjh = ^hi and <f>.k = <P k are not necessarily 

s a t is f ie d ,  but may be imposed without any loss of genera lity .

By d e f in i t io n  the variab le  p r o f i t  function is  l in e a r  homogeneous 

in p r ices ; in the translog case, we must therefore have (see Diewert 

1974)

( i )  ? a. = 1 
i i

o n  f i ' i h  = 0

( i i  i ) £ 6 .j j  = 0

In add it ion , i f  the variable p r o f i t  function is  also homogeneous 

o f degree one in f ixed q u a n t it ie s ,  then we must have:

( i ) Z8 j  = 1
j

( i i )  Z<p = 0 

j

( i i i )  z-6i j = 0  
j

By using H o te l l in g ’ s lemma (1932) we have the fo llow ing :

S, = P ^ / n  = S inn / SlnPi -  a, + zY ih lnPh + . j ln X j

where, because of the l in e a r  homgeneity o f  p r ices,

Z S . = 1 
i

Where is  the share equation o f output i .

The share equation of input j  can be derived s im i la r ly  as:

vj = wj V "  = 3,nn/  31nXi = Bi + “ i j lnPi + ^ jk lnXk1 K

and because of l in e a r  homogeneity in fixed qu a n t it ie s , Z V - = 1
j

The e la s t ic i t ie s  of transformation, 0, complementarity, a 

and in te n s ity ,  ¥, fo r  the translog functional form can be estimated
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using the fo llow ing  formulas:

and

This model should improve the analysis re la t iv e  to the t r a d i t io n 

al approach in the fo llow ing  f iv e  ways.

1) A coherent and complete system of output supply ( in 
cluding import demand) equations w i l l  be derived and 
estimated simultaneously.

2) By using a very f le x ib le  functional form, no a p r io r i  
assumption on s e p a ra b i l i ty  or on the degree of compli- 
mentarity or s u b s t i t u ta b i l i t y  between goods or factors 
w i l l  have to be made.

3) No ad hoc assumption w i l l  have to be made in the choice
o f p a r t ic u la r  variables and no supplementary explanatory
variable w i l l  have to be introduced without theore tica l 
ju s t i f i c a t io n .

4) This framework is  suited when considering the e ffec ts  
o f changes in various government po licy  parameters.

5) By introducing human cap ita l and R & D as productive
factors  our model- brings together a l l  the major 
theories o f in te rna tiona l trade.

This analysis is  s t i l l ,  however, subject to at least two of 

O rcu tt 's  l im i ta t io n s :

1) A l l  output prices w i l l  be taken as exogenous. To make 
them endogenous would require a general equ ilib rium  
model which is  beyond the scope of th is  thesis.

2) The aggregation problem is  s t i l l  present. Current 
econometric techniques do not allow us to disaggregate 
beyond ten to f i f te e n  goods.
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Additional Theoretical Concepts

In order to describe the estimated technology, fa m i l ia r  concepts 

as e la s t ic i t ie s  o f transformation or price e la s t ic i t ie s  w i l l  be used.

For a production function  F, the Allen (1938) p a r t ia l  e la s t ic 

i t y  o f su b s t itu t io n  between X. and X. is  defined as:

« i j  /  < V d > / n

Where,

Fh = 3F/ 8Xh 

F is  the bordered Hessian o f F 

F. . is  the cofactor o f 32F/3X.3X.  i  n IF I

I f  the production function is  homothetic, Uzawa (1962) has shown 

tha t the e la s t ic i t y  o f sub s t itu t io n  can also be w r it ten  in terms 

o f the u n it  cost function C(w) as:

a . .  = C C.. /  C.C. 
i j  U  /  i  3

Where,

Ci = 3 C/3 W. and

C. . = 32C/ 3W.W. 
i j  1 3

Diewert (1974) extended th is  concept to the class o f variable

p r o f i t  functions be de fin ing ,

( i )  an e la s t ic i t y  o f transformation between variable 
quan tit ies  i and h:

0ih = ( 32 n /3  Pi 3Ph)_ /  (3II/3Pi ) ( 3 n / 3Ph) i , h =  1,.
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( i i )  an e la s t ic i t y  o f complementarity between f ixed 
quan tit ies  j  and k:

o . k = ( 32 n /  3Pk 8XJ.) /  ( 3 n / 3 P k) ( 3 n /3 X j )  j , k = l , . . . J

( i i i )  an e la s t ic i t y  o f in te n s ity  between variable 
quantity  i and fixed  quantity  j :

V . .  = ( 3 2n /  3 Pi 3 Xj) f  (3n /  3 Pi ) ( 3n / 3Xj )  i = 1 >. . .  I

The p a r t ia l  price e la s t ic i t ie s  o f the variab le  quan tit ies  can 

be defined as:

The inverse p a r t ia l  price e la s t ic i t ie s  fo r  f ixed inputs are:

j  = 1 9  •  •  • J

njk  = (3Wd /  3 Xk) (Xk /  VI.)

^ ik  = OY1 /  3Xk) (Xk /  Y.)

h =
j  = 19. . .  I9  •  •  *

F in a l ly ,  the fo llow ing  re la t io n  holds true

This is  proven e a s ily  by the fo llow ing transform ation:

e i h =(C3 3Ph) (Ph /  Yi ) ) ph /  n )
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=( (3Yh /3 P,) (P, /  Yh)) /  (Yj Pi /  n )

= Eih /  Sh 

= Ehi '  S1

Simi1a r ly :

and

a = n  / V  = n /  V . j k  jk  '  vk Jk vj

" ik  = ? i k / V k = Pki /Si

Where S.,- -  P.. Y../ n is  variable output i ' s  share of national 

product and V̂. = Xj Wj / n is  f ixed  input j ' s  share o f national product.

Stochastic Spec if ica tion  and Estimation Technique

A l l  estimations have been made by computing maximum like l ih o o d  

using an a lg o r i th  which allows fo r  the model to be nonlinear in the 

parameters Berndt, H a l l ,  Hall and Hausman (1974). The logarithm 

o f the l ike l ih o o d  function  is  maximized with respect to a l l  parameters 

in  the system and w ith respect to the covariance matrix ft .

Assuming a jo in t  normal d is t r ib u t io n  of the disturbances, we 

w i l l  use the l ik e l ih o o d  ra t io  te s t to f ind  the best estimated model. 

The l ike l ih o o d  ra t io  is  the ra t io  o f the l ike l ih o o d  maximized under 

the nu ll hypothesis to the l ike l ih o o d  maximized under the a lte rn a t ive  

hypothesis. By taking minus twice the logarithm o f th is  ra t io  we 

can assume i t  to be asymptomatically d is tr ib u te d  and the number 

o f degrees o f freedom are equal to the number of constra ints required 

by the nu ll hypothesis.
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We assume tha t the translog p r o f i t  func t ion , the translog GNP 

function  in our case, is  an exact representation o f the actual tech

nology and tha t any deviation o f the shares S's and V's from the 

p r o f i t  maximizing shares are random. Thus we can specify a vector

o f random disturbances;

e ' t  = (el t j  e ( I  + J ) t ) such that

I
Z = 0  and

i = 1

I + J 
Z e.. = 0 

J t
j  = I + 1

The e 's  are assumed to be id e n t ic a l ly  d is tr ib u te d  normal random 

vectors with, mean zero and covariance matrix ft . The disturbances 

are thus allowed to be contemporaneously corre la ted since the co- 

variance between the e rro r  term of a variable quan tity  share equation 

and the e rro r  term o f a f ixed  quantity  share equation may be non 

zero, but they are specified as temporally independent. Since both 

the S and the V shares sum up to one, ft w i l l  be s ingular and two 

equations, one o f the demand and one of the supply side may be dropped. 

The estim ation, however, does not depend on which two equations are 

dropped. More de ta i ls  concerning the estimation technique wi l l  be 

presented in CHAPTER VI.
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E la s t ic i ty  Matrices to be Estimated

1) The subs titu t ion  m atrix
Epp Epx 

E xp E xx

a) E pp is  the matrix of the partial  e l a s t i c i t i e s  of  
transformation between quantit ies i and h:

eih = n 0 2n /  3 pj 3 Ph) !  ( 9 n / 3 P i;) ( 3 n / 3 P h)

whose normalization is  3 /  3 P̂

Aih shows the re la tions  between the price o f h output and the
Aquantity  o f i  output. I f  ih > 0 outputs i and h are comple-

Aments in production, where i f  ih < 0 outputs i and h are subs ti
tu te  in production.

b) Exx is  the matrix o f the p a r t ia l  inverse e la s t ic 
i t ie s  o f subs titu t ion  between domestic inputs 
j  and k:

ajk  = n ( 3 2H /  3Pk 3X .) j  ( 3 n / 3 P k) ( 3 n /  3 X j )

whose normalization is  3X. /  3X.J K

shows the re la tions  between the quan tity  o f K input and the 
quantity  o f j  input. I f  a jk > 0 inputs K and j  are substitu tes 
where i f  0 inputs k and j  are complements.

c) Exp = Epx is  the matrix o f the p a r t ia l  e la s t ic i t ie s  

o f in te n s ity  whose i and j  element is

V. . = n ( 3 2 n / 3 P. 3 X -) /  ( 3 I I / 3 P . )  (3H/3Xj )

whose normalization is  3 X . / 3 P .
i J
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'h ' j  shows the re la tion sh ip  between the price o f the i output and the 
quan tity  o f  the j  output. Comparing any two e la s t ic i t ie s  o f in te n s ity  
we can define i f  an output is  say Xj or 1 in tens ive.

2) The matrix o f price e la s t ic i t ie s  and input e la s t ic i t ie s

E =

Ep p E p x

E x p E x x
— ----

output own/cross 
price e la s t ic i t ie s

input-output 
cross price e las
t i c i t i e s

output- input
cross price e la s t ic i t ie s

input inverse own/cross 
price e la s t ic i t ie s

a) Epp is  a matrix o f  the p a r t ia l  price e la s t ic i t ie s  o f the 
output supply and import demand func tions , whose i and h 
element is

e.
ih  = ( 3Yt  /  3 Ph) (Ph /  Y.)

which can also be w r it ten  as 

ih = 3lnY|  /  3lnPh.e

e ih  measures the percent change in the quantity  o f output i 
due to a percent change in the price o f output j  fo r  
i = j  and i /  j .

b) Exx is a matrix o f  the inverse price e la s t ic i t ie s  o f the
demand fo r  domestic inputs, whose j  and k element is

nj k  = wj  ) (-3 V  /  ( x |<) ( wj )

which can also be w rit ten  as 

njk  = a 1nWj  /3 lnXk

measures the percent change in the price o f input j  
due to a percent change in the quan tity  o f  the input K.

c) Epx is  a matrix o f the p a r t ia l  cross quantity  e la s t ic i t ie s
whose i and k element is

€ ik  = ( 3 Yi /  3Xk ) /  (Xk) (Y.)

which can also be w r it ten  as 

? ik  = 3 lnYi /  3 lnXk
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£ik measures the percent change in the quan tity  o f output i due to 
a percent change in the quantity  o f input k

d) Exp is  a matrix o f the p a r t ia l  cross price e la s t ic i t ie s  whose 
j  and h element is

pjh

which can also be w r it te n  as 

P jh = 3 lnWj  '  8 lnPh

Pjh measures the percent change in the price o f  input j  due to 
a percent change in the price o f output h.

The Empirical Model

Y =

where:

qu a n t it ie s  o f outputs (endogenous)

consumption goods 

investment goods 

exports

imports ( th is  is  a negative output)

where: 

P,

1
/

P = [P j ?2 Pg P^] output prices (exogenous)

consumption price  index

investment price index 

export price index 

import price index
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where:

Quantit ies o f inputs (exogenous)

labor

human cap ita l

R & D 

cap ita l

W,

W 2
W,

Prices o f inputs (endogenous)

where 

wi  ■

“2 ■

H, =

price o f labor 

price o f human cap ita l 

price o f R & D 

price o f cap ita l

(P;X) = max P'Y: (Y;X) T

We can derive the demand equation fo r  imports and the supply equa
t ions fo r  Consumption, Investment and Exports from

an /  3P = Y. (P*,X*) i 
i 1

The input demand equations fo r  Cap ita l, Labor, R & D, and Human Cap
i t a l  can be derived from:

an / 3 X j  = VI. ( p * , x * )



+ IB- InX. + l/2EZ<f>., InX.lnX. J 3 J k J k
+ ZSa- . In P. InX. 

i j  i J

where

i ,h = 1,2,3,4 (output) 

j , k  = 1,2,3,4 ( inpu t)

The share equations o f consumption, investment, exports and imports are;

1) a l n n / a i n P ^  V ^ l ^ V  ̂ 21nP2+Tl 31np3+Y14lnP4+(511lnX1+ ̂ 2lnX2

+ f i 13 1nX3 +<Sl 4 - l n X4

2) 31 n W  3lnP2= a£+ Y ^ ln P j+ Y  22ln p2+ T23lnP3+Y24lnP4+ 21lnXl + 622lnX2

+ 6 23 lnX3 + <5 24 InX^

3) 3 lnn /3 lnp3 = a3+Y31] nPl +Y32 1 nP2+ n P 3+Y341 nP4+6311 nXl +6321 nX2 

+ 633 lnX3 + <S34lnX4

4) 3lnn/3lnP4 = V  Y41lnPl +Y421nP2+Y431nP3+Y441nP4+641lnXl + 642TnX2 

+ ^ 3 lnX3 + <$44 lnX4

3 l n n / 3 l n P 1+  3:nII/31nP2 + 31nII /3 ln p3 + 3lnn./3lnP4 = 1,

2a.  = 1,  2 y  = 0,  26.  . = 0i ih x i j

The share equations of labor, human c a p ita l ,  R & D and cap ita l are:

1) 3 In n /  ainXj  = lnXj  + <p u  lnX2 +01 nX3 + <j> lnX4
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2 )  3 1 n I I / 3 l n X 2  = + $21 + $ 22 ^n ^2 + ^ 2 3 ^ n ^3 + ^24^n^4

+ 622 I n P j  + $22 ^nP2 + ^23 ^n^3 + '"’24 ^n^4

3 )  3 1 n I T / 31 nX3 = 6  3  + 4>3 1 1 n X 1 + 4>3 2 l n X 2  +  ^3 3 ^ X 3  + <J>3 4 l n X 4

+ 6 31 l n P 1 + § 32  l n P 2 + <5 3 3 ‘l n P 3  + 5 34  l n P 4

4) 31 n /  31 nX^ = $ 4 + ^ 4 j  1 + $ 42  ̂n^2 ^ 43  ̂n^3 + ^ 44  ̂n^4

+ ^ InP + ^ InP  + § InP + § I n P .
41 1 42  2 43  3 44 4

31 n n /  31 n X j  + 3 I n n  /  3 l n X 2 + 3 I n n  /  3 l n X 3 + 31 n n /  3 l n X 4 = 1

Z B ,  = 1 ,  Z<f> ... = 0 ,  Z 6  = 0 
J J  ̂ * J

In th is  chapter we have developed a system o f import and export 

functions in such a way as to avoid some o f the shortcomings o f the 

t ra d i t io n a l  approach, we have indicated tha t the translog p r o f i t  

function is  to be used to estimate the variab le  p r o f i t  function 

we have presented the e la s t ic i t y  matrices to be estimated and we 

have expressed the empirical model in terms o f share equations show

ing the co e ff ic ie n ts  to be estimated. In the next chapter we are 

to present the models estimated along with the estimates fo r  a l l  

o f the c o e f f ic ie n ts ,  and the standard errors o f these co e ff ic ie n ts  

fo r  fu r th e r  s ta t is t ic a l  analysis. The h ig h l ig h t  o f the chapter is 

the various e la s t ic i t ie s  estimated showing the d i f fe re n t  re la tionsh ips 

between the various inputs and outputs to human cap ita l and research 

and development.



CHAPTER VI

COEFFICIENT AND ELASTICITY ESTIMATES

The theo re t ica l model developed in the previous chapter was used 

to estimate the s truc tu re  o f the United States technology over the 

period 1948-76 using yearly  data. The fa c to r  inputs employed were: 

labor (L) ,  human cap ita l (H)>. research and development (R&D), and 

cap ita l (K). The outputs: consumption (C), investment ( I ) ,  exports

(X), and imports (M). Imports were considered as a negative output, 

ra ther than an inpu t, fo r  estimation purposes.

Two models were estimated. One model w ithout technology and a 

second model using the same inputs and outputs as model one but also 

allowing fo r  technological change to take place over time.

Using the l ike l ih o o d  ra t io  te s t  we were able to determine tha t 

the technology co e ff ic ie n ts  were not s t a t i s t i c a l l y  equal to zero 

ind ica ting  tha t the second model was a more complete model, thus 

we proceeded to present the co e ff ic ie n ts  and the e la s t ic i t y  estimates 

o f model 2 evaluated a t the means. The actual l ike l ih o o d  tes t and 

the year to year e la s t ic i t ie s  and other estimates appear in de ta il 

in the appendix.

- 9 2 -
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Model 1 Without Technology

Taking p a r t ia l  de riva tives  the share equations o f consumption, 

investment, exports, imports, labor, human c a p ita l ,  R & D  and cap ita l 

are:

Pc V n = aC + YCClnPC + YCI lnPI + YCX lnPX + yCM lnPM

+ 6 ^  1 nL + InH + InRD + InK

PjYj /n = aj  + Y I C  lnPc + Yn  InPj + y ix  lnPx + y jm InPM

+ InL + 6j I n H  + SjRq InRD + InK

Px V n aX + YXC 1nPC + YXI lnPI + YXX lnPX + yXM lnPM 

+ 6x l  InL + 6xh InH + <sXRD InRD + sXR InK

PM V n= aM + yMC lnPC + yMI lnP + yMX lnPX + yMM lnPM

+ InL + 6 ^  InH + S^RD InRD + <ŝ K InK

^L^L^n = \  + ^LL + \ h ^  + \ rD "*nPP) + ^LK

+ 6cl lnPc + 6ch InPj  + 6qrd lnPx + 6C)< lnPM

WRXH/n = 3h + <f>HL InL + (j»HH InH + cf>HR[) InRD + ^  InK

+ 6il  lnPc + 6ih InPj + 6jrd lnPx + 5jK InP^
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WRDXRD/Tl BRD + ^RDL lnL + ^RDH lnH + ^RDRD lnRD + ^RDK 1nK

+ 6x l  lnPc + 6xh InPj + 6xrd lnPx + 6XK lnPM

W^X^/n -  3̂  + <j>̂  InL + 4̂  InH + InRD + 4^  InK

+ 6ml lnPc + InPj + 6mrd lnPx + &m  lnPM

I t  is important to note tha t generally

9lnQ/3lnX = (3Q/3X) (X/Q) = PXX/Q = Sx

where Px is the fa c to r  p rice  o f the X-imput and equal to i t s  marginal

product

(3Q/3X)

Thus: PqYq/11 =

PjYj /n = sz

PXYI /n SX

PMYM/n SM

WLxL/n = sL

WHXH/n SH

WRDXRD/n SRD

WKxK/n - SK
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A fte r  de le tion o f the equations o f imports and cap ita l fo r  

estimation purposes, and imposition o f the symmetry and homogeneity 

constra in ts the system o f equations w ithout technology to be e s t i 

mated is as fo llows:

SC = Pc V n aC + YCC + YCI ln P̂i / pM̂ + YCX

+ 6cl ln (L /K ) + 6ch 1n(H/K) + 6CRQ 1n(RD/K) + ec

SI = PI YI Xn = aI + YCX ln P̂Ĉ PM̂ + YI I  l n (PI XIV  + YIX ^n P̂XXPM)

+ 6CHln(L/K ) + SIH ln(H/K) + 6jR[) ln(RD/K) + e j

SX = Px V *  = aX + YCX ln ( PCXfV  + YIX ln ( PI XfV  + YXX ln P̂XYPM̂

+ 6crd ln (L /K ) + 6 ird ln(H/K) + 6XRD ln(RD/K) + ex

SL = WLXl / n = PL + ^LL l n (L/ K) + 4>lh l n (H/K) + <f>LRD 1 n( RD/K)

+ 6cl 1n(PC/PM) + SCH ln (P j/P M) + 6CRD ln ( px/FV  + eL 

~ W|_|XR/n -  3j-| ^ ( b /K )  + ln(H/K) + 4>|_(Rp ln(RD/K)

+ <sCH ln(Pc/PM) + 6IH ln (P j/P M) + 6IRD ln(Px/PM) + eR

SRD = WRDXRD//n = eRD + ^LRD ln (L//|<) + ‘f’HRD + <f>RDRD l n (RD/ K)

+ 6crd ln (Pc/PM) + 6 ird ln (P j/P M) + 6xrd l n ( px/ pM) + eRD

Where the disturbances are the sum o f the errors o f measurement 

and the stochastic e rro r  terms. The current time subscripts have 

been ommitted throughout the thesis fo r  c la r i t y  and s im p l ic i ty .
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Model 2 With Technological Change

Using Model 1 as introduced in the previous section i t  is 

desireable to allow technological change to take place. Jorgenson 

(1974) had suggested introducing time in exponential form as an 

additiona l f ixed  input in to  the p r o f i t  function . Several other 

authors such as Appelbaum and Harris (1974) used time as the extra 

input. In our case instead o f using the notion o f a missing input 

we w i l l  a llow d ire c t ly  fo r  fa c to r  augmenting disembodied technological 

processs, both a t the input and at the output levels as introduced by 

Kohli (1978). By specify ing an exponential rate o f technological 

change:

q1 = Pi e '1,i t 

I/, = X . e V
U J

where X. is the observed f ixed  input quantity
J

V. is the augmented quantity
\J

P. is the observed price o f output i 

q.j is  the price o f augmented output 

the share equations fo r  model 2 are:

8lnn/3lnPi = P ^ . / ii = S.. = a.. + ES^lnPf, + j 1 nXj  +

9lnn/3lnXj = WjX j /n = Vj = + E6i j lnPi + i * j k lnXk + ̂

Deleting the imports and tangib le  cap ita l equations, the system

to be estimated becomes the fo llow ing set o f equations.
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Sc = Pc V n aC + YCCl n ^ W  + YCIl n ^PI YPM̂ + YCXln ^PX'/PM̂

+ 6CLln(L/K) + 6CHln(H/K) + 6CRDln(RD/K) + 6c t t  + Vc

SI = PI YI Xn = aI + YCIl n ^PC//PM̂ + YI I l n ( |W  + y IXl n (PX/!V  

+ 6CHln(L/K) + 6IH1n(H/K) + 6IR[)ln(RD/K) + 6I t t  + Vj

SX =PXYX/n = aX + YCX1n^ W  + YIXl n ^PI /PM̂ + YXXl n ( W

+ 6CRDln(L/K) + <SIRDln(H/K) + <SXRDln(RD/K) + s ^ t  + Vx

SL = WLWL/n = 3l  + $LLln (L /K ) + <f>LHln(H/K) + <f>LRDl n (RD/K)

+ <Scl_ ln (P c/ P M) + 5CHT n ( P j / P M) + ficRDl n ^ V PM̂  + + VL

SH = WHXH/n = 3h + <j>LH1n(L/K) + <j>HHln(H/K) + ^HRD1 n (RD/K)

+ <5CH1n(Pc/PM) + 6 iHln (P j/P M) + <SIRDln(Px/PM) + $Htt  + VR 

S R D  =  WR D X R D X n  =  3 R D  +  ^ L R D 1 n CL / K )  +  <t>H R [ ) l  n ( H / K )  +  ^ r q r o 1 n ( R D / K )

+ <5CRD1n(Pc/PM) + <5IRDl r i (pI / pM) + tSXRDln ^PX/PM̂ + ^RDt^ + VRD
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Final Set o f Data Used fo r  Model 1 and Model 2

Estimation o f the parameters o f Model 1 and Model 2 requires

data on fa c to r  inputs, and fa c to r  outputs as well as price indices

fo r  outputs. D iv is ia  price indices were constructed fo r  a l l  outputs. 

The technique fo r  th is  estimation and the tab le o f data are reported 

in a la te r  chapter.

The f in a l  set o f data used included the fo llow ing  variab les: SC,

SI, SX, SL, SH, SRD, XI, X2, X3, Y l, Y2, and Y3.

Where;
SC = C/GNP 

SI = I/GNP 

SX = X/GNP 

SL = YL/YT 

SH = YH/YT 

SRD = YRD/YT 

XI = In PC/PM

X2 = In PI/PM

X3 = In PX/PM

Yl = In I/K  

Y2 = In H/K 

Y3 = In RD/K

Where;
GNP - gross national income in nominal terms 

C - consumption expenditures in nominal terms 

I - investment expenditures in nominal terms 

X - export expenditures in nominal terms
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YT - to ta l  income real terms

YL - income going fo r  Labor in real terms

YH - income going fo r  human cap ita l in  real terms

YRD - income going fo r  R & D in real terms

PC - price index o f consumption goods

PI - p rice  index fo r  investment goods

PX - price index fo r  exports

PM - p rice  index fo r  imports

L - labor hours

H - human cap ita l

RD - Research & Development 

K - non-human capita l



YEAR

1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

TABLE 6.1

DATA USED FOR ESTIMATION OF MODEL 1 AND 2

SC SH SI SL SRD SX

0.645180 0.424240 0.339970 0.386840 0.148000E-02 0.385100E-01
0.635890 0.410220 0.350000 0.391050 0.950000E-03 0.359900E-01
0.634840 0.415240 0.361020 0.413860 0.128000E-02 0.303300E-01
0.572890 0.385130 0.420140 0.404270 0 .127000E-02 0.344100E-01
0.621350 0.415250 0.374290 0.440230 0.219000E-02 0.331600E-01
0.629950 0.405950 0.369030 0.438060 0.264000E-02 0.293100E-01
0.647160 0.418260 0.349520 0.429680 0.265000E-02 0.300700E-01
0.597120 0.384020 0.399610 0.402390 0.235000E-02 0.295100E-01
0.602140 0.387210 0.391830 0.420670 0.343000E-02 0.336600E-01
0.610410 0.389340 0.381400 0.425290 0.320000E-02 0.360200E-01
0.616170 0.393030 0.380630 0.413860 0.321000E-02 0.302500E-01
0.627150 0.395420 0.372150 0.432470 0.336000E-02 0.296800E-01
0.629630 0.394630 0.365190 0.430970 0.355000E-02 0.327000E-01
0.637730 0.399090 0.355570 0.433910 0.356000E-02 0.332900E-01
0.627090 0.391700 0.367080 0.435590 0.354000E-02 0.331800E-01
0.618100 0.386890 0.375430 0.433620 0.346000E-02 0.335900E-01
0.609550 0.380340 0.381890 0.430780 0.340000E-02 0.357700E-01
0.607200 0.378100 0.386000 0.432140 0.354000E-02 0.354500E-01
0.605700 0.371200 0.390090 0.443000 0.367000E-02 0.356300E-01
0.594150 0.372830 0.402080 0.435310 0.374000E-02 0.348400E-01
0.583150 0.370200 0.415280 0.433260 0.367000E-02 0.345100E-01
0.594030 0.380280 0.404820 0.455280 0.383000E-02 0.358200E-01
0.615730 0.401810 0.381790 0.471000 0.352000E-02 0.392100E-01
0.612650 0.404810 0.386430 0.472310 0.307000E-02 0.384300E-01
0.558810 0.359180 0.442830 0.430920 0.255000E-02 0.361500E-01
0.533400 0.343840 0.463460 0.422530 0.252000E-02 0.445700E-01
0.563690 0.368320 0.433810 0.445780 0.248000E-02 0.572700E-01
0.593890 0.390720 0.398140 0.451280 0.206000E-02 0 .575200E-01
0.561350 0.363100 0.436140 0.426820 0.183000E-02 0.550500E-01

1 2 3 4 5 6
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YEAR

1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

TABLE 6.2

DATA USED FOR ESTIMATION OF MODEL 1 AND 2

XI X2 X3 Yl Y2 Y3

-0.375660 -0.200870 0.319570 -2.56343 -0.221440 -4.28314
-0.321240 -0.144370 0.247360 -2.60327 -0.200200 -4.18323
-0.438960 -0.262720 0.447100E-01 -2.60322 -0.203840 -4.10465
-0.572930 -0.406750 0 .900000E-04 -2.59759 -0.233080 -4.06054
-0.475840 -0.346990 0.374900E-01 -2.64236 -0.263180 -3.96229
-0.405090 -0.303990 0.487600E-01 -2.68763 -0.278860 -3.81566
-0.409760 -0.333150 -0.930000E-03 -2.76748 -0.281710 -3.71922
-0.382360 -0.298740 -0.474000E-02 -2.78859 -0.283940 -3.66200
-0.364700 -0.258040 0 .98700GE-02 -2.81973 -0.288440 -3.59319
-0.337860 -0.233850 -0.605700E-01 -2.87015 -0.288880 -3.51154
-0.257220 -0.169330 0.453400E-01 -2.94196 -0.286830 -3.43010
-0.198180 -0.117680 0.571900E-01 -2.95309 -0.286140 -3.35539
-0.170360 -0.112310 0.481300E-01 -2.98213 -0.283820 -3.28610
-0.132390 -0.821500E-01 0.913300E-01 -3.02134 -0.277170 -3.22036
-0 .908800E-01 -0.408100E-01 0.105320 -3.03657 -0.272680 -3.16596
-0 .904300E-01 -0.453400E-01 0.886900E-01 -3.06823 -0.269570 -3.11761
-0.116910 -0.786400E-01 0.490200E-01 -3.09018 -0.263950 -3.07119
-0 .948500E-01 -0.680000E-01 0.703500E-01 -3.09974 -0.257960 -3.03284
-0.855800E-01 -0.677500E-01 0 .751800E-01 -3.11154 -0.254420 -3.00450
-0.423700E-01 -0 .301600E-01 0.730600E-01 -3.14346 -0.245300 -2.97890
0.405000E-02 0.484000E-02 0.495900E-01 -3.16167 -0.227960 -2.95597
0.215300E-01 0.221800E-01 0.327600E-01 -3.17306 -0.206840 -2.93929
0.839000E-02 0.349000E-02 0 .130200E-01 -3.21573 -0.177360 -2.92451
0.270300E-01 0 .259300E-01 0.247600E-01 -3.24110 -0.142500 -2.91252
O.OOOOOOE+OO O.OOOOOOE+OO O.OOOOOOE+OO -3.24784 -0.116930 -2.91173

-0.128100 -0.134930 0.971400E-01 -3.25728 -0.105880 -2.92698
-0.502770 -0.517150 -0.719400E-01 -3.29643 -0.948200E'-01 -2.94987
-0.464200 -0.473400 -0.732000E-01 -3.34452 -0.649900E'-01 -2.96172
-0.451320 -0.467760 -0.132860 -3.33707 -0.361100E--01 -2.97638

7 8 9 10 11 12
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A Further Look a t the Estimation Technique

The same estimation technique is  employed fo r  both model 1 and 

model 2. Both regression models form m u lt iva r ia te  systems which may 

provide estimates o f the parameters using Z e l ln e r 's  (1962) e f f ic ie n t  

estimation procedure (ZEF) fo r  estimating unrelated regressions. But 

ZEF w i l l  f a i l  due to s in g u la r i ty  o f the distrubance covariance matrix 

since the fa c to r  share equations sum up to one. The standard technique 

fo r  th is  case is  to  delete one o f the share equations from the system, 

which unfortunate ly introduces a problem since the estimated parameters 

are not inva r ian t to the choice o f the equation deleted. However 

Barten (1969) has shown tha t maximum l ik e l ih o o d  estimates o f a system 

of share equations w ith one equation dropped are inva r ian t as to 

which equation is ommitted. Oberhofer and Kmenta (1974) have proven 

tha t i te ra t io n  o f Z e l ln e r 's  e f f i c ie n t  estimation procedure (IZEF) 

u n t i l  covergence y ie ld s  asym ptotica lly  equivalent estimators to 

maximum-1ikelihood estimators.

Thus applying IZEF to both models a f te r  de le ting the share 

equation o f imports from the demand side and the share equation o f 

non-human cap ita l from the supply side and applying the log l i k e l i 

hood ra t io  te s t ,  see the appendix fo r  de ta iled  explanation, we choose 

model 2 as the more complete model. The resu lts  o f model 2 are re 

ported in tables 6.3 - 6.16.
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TABLE 6 .3

Model 2 w ith Technology: Z e l ln e r 's  i te ra t iv e  estimates of the

Translog p r o f i t  func tion . United States p r iva te  economy, 1948-1976. 

(Asymptotic standard errors in parentheses).

Consumption Equation Estimated Coeffic ients

Y r r  = 0.455453 
(0.151525)

yrT = -0.398238 
(0.156968)

Yry = -0.0630567 
(0.0144099)

<5r| = -0.191896 
u (0.0377229)

6r n = 0.212751
(0.0373071)

<SrRn= -0.00153471 
u u (0.00211243)
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TABLE 6 .4

Model 2 with Technology: Z e l ln e r 's  i te ra t iv e  estimates o f the

Translog p r o f i t  func tion . United States pr iva te  economy, 1948-1976. 

(Asymptotic standard errors in parentheses).

Investment Equation Estimated Coeffic ients

y Tr = -0.398238 
(0.156968)

Ytt = 0.355331 
11 (0.163954)

y TY = 0.0279987 
LA (0.0157565)

ST| = 0.212751 
1L (0.0373071)

6Tm = -0.192367 
in (0.0377166)

<5 t nn= 0.00297025 
iKU (0.00210969)
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TABLE 6 .5

Model 2 w ith Technology: Z e l ln e r 's  i te ra t iv e  estimates o f the

Translog p r o f i t  func tion . United States p r iva te  economy, 1948-1976. 

(Asymptotic standard errors  in parentheses).

Exports Equation Estimated Coeffic ients

Yyp = -0.0630657 
At (0.0144099)

YyT = 0.0279987 
Ai (0.0157565)

Y y  y  = 0.0371454 
AA (0.00461156)

6yi = 0.00153471 
AL (0.00211243)

6ym = 0.00297025 
AM (0.00210969)

Synr-r -0.0064210 
AKU (0.00055116)
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TABLE 6 .6

Model 2 with Technology: Z e l ln e r 's  i te ra t iv e  estimates o f the

Translog p r o f i t  func tion . United States p r iva te  economy, 1948-1976. 

(Asymptotic standard errors in parentheses).

Labor Equation Estimated Coeffic ients

<|>M = 0 .170342  
LL (0 .0 4 0 1 0 4 5 )

<j>. H = -0.143237 
Ln (0.0275312)

<f> = 0.00047264
LRD (0.00136310)

Sr| = -0 .1 9 1 8 9 6  
LL (0 .0 3 7 7 2 2 9 )

<Spn = 0 .212751  
(0 .0 3 7 3 0 1 )

6rpn= -0.0015437 
LKU (0.00211243)
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TABLE 6 .7

Model 2 w ith  Technology: Z e l ln e r 's  i t e r a t iv e  estimates o f the

Translog p r o f i t  func tion . United States p r iva te  economy, 1948-1976.

(Asymptotic standard errors  in parentheses).

Human Capital Equation Estimated C oeff ic ien ts

<frHI = -0.143237 
nL (0.0275312)

«J)mm = 0.188042 
nn (0.0252806)

<J)unn= -0.0185959 
HKU (0.00245087)

STi = 0.212751 
1L (0.0373071)

S tij = -0.192367 
(0.0377166)

6TRn= 0.00297025 
iKU (0.00210969)
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TABLE 6 .8

Model 2 w ith Technology: Z e l ln e r 's  i te ra t iv e  estimates o f the

Translog p r o f i t  func tion . United States p r iva te  economy, 1948-1976. 

(Asymptotic standard errors  in parentheses).

R&D Equation Estimated Coeffic ien ts

<J>nn, = 0.0047264 
KUL (0.00136310)

(flnni-T -0.018595 
KUtt (0.00245087)

4)pnpn=-0* 00245680 
KUKU (0.00118207)

6Y1 = -0.00153471 
AL (0.00211243)

6yh = 0.00297025 
An (0.00210969)

6Ypn= -0.00064210 
AKU (0.00055116)
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TABLE 6 .9

Model 2 w ith Technology: E la s t ic i t ie s  o f transformation evaluated at

the means. U.S. p r iva te  economy 1948-1976. (Standard e rro r in 

parentheses).

E la s t ic i t ie s  o f Transformation

e = -0.688999 
(0.665731)

0rY = -1.83443 
tA (0.647730)

0rM = 0.699739 
Ul (0.689664)

6 = 2.96291
1A (1.10465)

0TM = -0.195256 
iri (1.08301)

eYM = -2.77359 
AM (2.57517)
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TABLE 6 .10

Model 2 w ith Technology: E la s t ic i t ie s  o f Complementarity evaluated

at the means. U.S. p r iva te  economy 1948-1976. (Standard e rro r  in 

parentheses).

E la s t ic i t ie s  o f Complementarity

a = 0.144533 
Lt1 (0.164427)

a .Dn= 1.38832 
LKU (1.11991)

a. |/ = 0.639556 
* (0.767219)

aUDn= -15.9074 
HKU (2.22833)

on,, = 0.620832 
™ (0.583316)

aRni/-  41.2443 
KUK (8.59848)
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TABLE 6.11

Model 2 w ith Technology: E la s t ic i t ie s  o f In te n s ity  evaluated at the

means. U.S. p r iva te  economy 1948-1976. (Standard e rro r  in 

parentheses).

E la s t ic i t ie s  o f In te n s ity

Tr| = 0.264865 
LL (0.144513)

Yr „  = 1.90194
(0.158159)

TrDn= 0.104970 
LKU (1-23195)

= 0.820746 
(0.056437)

Tt, = 2.27117
(0.222907)

Ttm = -0.271934 
xn (0.249382)

'i'TRn= 3.70168 
iKU (1.91893)

= 0.662065 
(0.0694863)

= 0.902814 
AL (0.133771)



1.20815
(0.147842)

-5.19004
(5.31337)

0.878316
(0.0606358)

2.39914
(0.440512)

2.87154
(0.384826)

9.74701
(4.35888)

-6.62339
(1.54158)
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TABLE 6.12

E l a s t i c i t i e s  o f  the  Der ived  Demand f o r  Consumption, Inves tm en t ,

Impor ts  and the  Supply o f  Expor ts  e v a lua ted  a t  the  means U.S. p r i v a t e

economy. (S tandard  e r r o r  in  p a re n th e s e s ) .

Outputs

Consumption Investment Exports Imports

er r  = 0.357473 
(0.249869

eTT = 0.302697 
11 (0.421678) 'XX 0.0492213

(0.125705) "MM -0.450330
(0.083051)

:CI = -0.267892 
(0.258845) IC = -0.417821 

(0.403710)
eyT = 1.15202 
A1 (0.429503)

eMr = 0.424334 
IIL (0.418224)

£py = -0.0672970 e Ty = 0.108696 eyr = -1.11243
tA (0.0237623) 1A (0.0405246) AL (0.392794)

e = -0.0759182 
m  (0.42109)

"CM = -0.0224478 
(0.0221246) 'IM = 0.00626387 

(0.0347433) 'XM 0.0889775
(0.0826123) "MX -0.101750

(0.0944715)

'CL 0.114012
(0.0622062) 'IL 0.977634

(0.095951) 'XL 0.388620
(0.0575822) "ML 1.03272

(0.189620)

e = 0.739811 e = -0.105776 = 0.469943
(0.0615205) 1H (0.0970043) Af1 (0.0575074)

e = 1.11697 
m  (0.149689)

£pnn= 0.000296813 e j r  = 0.0104668 e Y D n =  -0.0146753
tKU (0.00348346) 1KU (0.0054259) AKU (0.015024)

EUDn= 0.0275606 
(0.0123246)

£pi/ = 0.145880 e „ = 0.117676 e = 0.156113 eMk, = -1.17725 
(0.0100312) ^  (0.012350) A^ (0.0107775) (0.274002)
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TABLE 6.13

Model 2 w i t h  Techno logy :  E l a s t i c i t i e s  o f  th e  Der ived Demand o f  Labor

e v a lu a te d  a t  th e  means. U.S. p r i v a t e  economy 1948-1976. (Standard

e r r o r  in  p a re n th e s e s ) .

L a b o r

e . , =  - 0 . 1 7 3 8 2 1  
LL  ( 0 . 0 9 3 1 6 3 )

e i M  = 0 . 0 5 6 2 2 0 3  
Ln  ( 0 . 0 6 3 9 5 8 5 )

e, R n = 0 . 0 0 3 9 2 5 6 1  
LKU ( 0 . 0 0 3 1 6 6 6 5 )

e,  u  =  0 . 1 1 3 6 7 5  
( 0 . 1 3 6 3 6 6 )

e . r  =  0 . 1 6 0 6 1 9  
L b  ( 0 . 0 8 7 6 3 5 1 )

E i  t  -  0 . 8 8 3 0 6 3  
L i  ( 0 . 0 8 6 6 6 9 2 )

e , y  =  0 . 0 3 3 1 2 0 2  
LA ( 0 . 0 0 4 9 0 7 4 )

E , M = - 0 . 0 7 6 9 6 5  
"  ( 0 . 0 1 4 1 3 1 8 )



TABLE 6.14

Model 2 w i t h  Techno logy :  E l a s t i c i t i e s  o f  the  Der ived Demand o f  Human

C a p i ta l  e v a lu a te d  a t  t h e  means. U.S. p r i v a t e  economy 1948-1976.

(Standard e r r o r  in  p a re n th e s e s ) .

Human Capital

= -0.127596 
nn (0.0649924)

Eii, = 0.0622149 
HL (0.0707783)

£„Rn= -0.0449796 
nKU (0.0063008)

e „„  = 0.110347 
nfK (0.103679)

Gyp -  1.15337
(0.0959106)

£ij T = -0.105732 
(0.0969634)

£m y = 0.0443215 
nA (0.0054236)

£HM = -0.0921199 
n1, (0.0123453)
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TABLE 6.15

Model 2 w i t h  Technology:  E l a s t i c i t i e s  o f  the  Der ived  Demand o f  R&D

eva lua ted  a t  the  means. U.S. p r i v a t e  economy 1948-1976. (S tandard

e r r o r  in  pa ren the s es ) .

R&D

e RnRD ” 1 - 8 6 6 0 4  
KUKU ( 0 . 4 1 8 0 4 7 )

e p n i =  0 . 5 9 7 6 0 9  
KUL ( 0 . 4 8 2 0 7 0 )

E R nn = - 6 . 1 8 7 6 2  
KUH ( 0 . 8 6 6 7 7 1 )

e D n i/ -  7 . 3 3 0 8 0  
KUK ( 1 . 5 2 8 3 0 )

£ p n p  = 0 . 0 6 3 6 5 5 8  
K U t  ( 0 . 7 4 7 0 7 8 )

E p n r  ”  1 - 4 3 9 2 7  
KU1 ( 0 . 7 4 6 1 0 8 )

£ p r . y  = -0.190399 
KUA (0.194924)

E n r v M  = - 0 . 3 1 2 6 8 7  
( 0 . 1 3 9 8 2 8 )



TABLE 6.16

Model 2 w i t h  Techno logy :  E l a s t i c i t i e s  o f  the  Der ived Demand o f

C p a i ta l  e v a lu a te d  a t  th e  means. U.S. p r i v a t e  economy 1948-1976.

(Standard e r r o r  in  p a re n th e s e s ) .

Capital

e i... = -0.633572 
^  (0.535077)

e„, = 0.275299 
(0.330252)

e„„ = 0.241490 
(0.226897)

KRD (0.024313)

E|.r  = 0.497714 
^  (0.0342243)

e . T = 0.257420 
M (0.0270172)

e,.y = 0.0322215 
(0.0022244)

£(.m = 0.212480 
Nl (0.0494544)
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In th is  chapter two possible models expla in ing in a macro sense 

the U.S. economy were presented, both includ ing the same inputs and 

the same outputs w ith one model (model 2) a llowing fo r  technological 

change overtime. The co e ff ic ie n ts  of both models were estimated and 

by applying the log l ik e l ih o o d  ra t io  te s t  i t  was determined tha t the 

co e ff ic ie n ts  fo r  technology were s t a t i s t i c a l l y  s ig n i f ic a n t ,  thus 

model two was chosen as the more complete model. Using the co e ff ic ie n ts  

o f model 2 the various e la s t ic i t ie s  as ou tlined in CHAPTER V were 

estimated.

For convenience and ana ly t ica l reasons the e la s t ic i t ie s  reported 

in th is  chapter were the ones evaluated at the means. In the next 

chapter the in te rp re ta t io n  o f these e la s t ic i t ie s  along w ith  po licy  

implications w i l l  fo l lo w . I t  should be noted tha t a l l  e la s t ic i t ie s  

containing the Human Capital and/or Research and Development inputs 

are o r ig in a l and are part o f the con tr ibu tions o f th is  thes is .



CHAPTER V I I

INTERPRETATION OF RESULTS

This chapter is  divided in to  two sections. The f i r s t  section 

consists o f tables o f e la s t ic i t ie s  and the second section consists 

o f the in te rp re ta t io ns  o f  these e la s t ic i t ie s .

Empirical Results Reported

In th is  section TABLE 7.1 shows a summation o f what has been 

established in the l i te ra tu re  in terms o f the e la s t ic i t y  o f subs ti

tu t io n  between imports, exports, to and from d if fe re n t  countries 

and e la s t ic i t ie s  o f su b s t itu t io n  between major economic components, 

such as c a p ita l ,  labor, consumption and investment. The correspond

ing e la s t ic i t ie s  obtained from our study are also reported. I t  is  

important to note tha t a meaningful comparison o f our estimates and 

these estimates cannot be made due to d iffe rences in data, empirical 

technique estimation and d ifferences in assumptions. In add it ion , 

the e la s t ic i t ie s  o f transformation, complementation and in te n s ity ,  

along with the own and cross e la s t ic i t ie s  are reported according 

to th e ir  s ta t is t ic a l  s ign if icance  at the 5% le v e l,  in TABLES 7-2-

7.5. TABLES 7.6 and 7.7 report e la s t ic i t ie s  never before estimated 

w ith human cap ita l and R & D  inputs.
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TABLE 7.1

Comparison o f  Certain Estimated E la s t i c i t i e s  o f  This Study and Other Studies

Our
Study

Kohli
1978

Simos/Roddy
1980

Berndt/Wood
1975

Simos
1981a

Simos
1981b

IMF
1981

Meyer-Schlochtern/Yujima Humphrey/Moroney 
1970 1975

Dennis/Smith
1978

G r i f f in /G re g o ry
1976

Hudson/Jorgi
1974

ekl 0.6395 1.01 1.351
to

2.504

1.57
to

2.012

0.37
to

36.75

.040
to

3.52

.06 1.09

ELL -0 .174 -0 .319
-0 .373

-0 .580
-0 .661

-0 .4 5
-0 .4 6

- .4 54
- .8 9 2

- . 1 2 -0 .4 5

EKK -0 .633 -0 .738
-0 .802

-3 .183
-4 .275

-0 .4 4
-0 .5 0

- .9 71
-1 .652

- . 1 8 -0 .4 2

eLK 0.114 0.319
0.373

2.115
2.830

0.05
0.06

0.475
0.992

0 .1 0.14

e KL 0.275 0.738
0.802

0.612
0.711

0.26
0.30

0.844
1.470

0 .5 0 .29

= 11 0.303 1.456
1.898

0.488
1.160

ECC 0.357 0.293
0.308

0.252
0.280

= IC -0 .418 -0 .988
-1 .264

-0 .252
-0 .289

ECI -0 .268 -0 .360
0.372

-0 .471
-1 .160

e HH -0 .450 -0 .902
0.993

-0 .01
-0 .1 6

-0 .717

e k c 0.424 -0 .255
-0 .434

Ex x 0.049 1.476
2.213

EXI 1.152 -0 .445
-0 .722

-1
2

0
-
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TABLE 7 .2

E la s t ic i t ie s  o f Transformation (© ihh  E la s t ic i t ie s  of Substitu
t ion  (° jk )>  and E la s t ic i t ie s  o f In te n s ity  ( T j j h  S ig n if ic a n t at 
the 5% Level Evaluated at the Means. U.S. Private Economy 
1948-1976. ( Asymptotic Standard Errors in Parentheses.)

0 CH = -1.83 (0.64)
0 IX = 2.96 (1.10)

°HRD = -15.90 (2.23)
aRDK = 41.2 (8.60)

*CH = 1.90 (0.16)
^ CK = 0.82 (0.05)

y IL = 2.27 (0.22)
^IRD = 3.70 (1.91)
^ IK = 0.66 (0.07)
^ XL = 0.90 (0.13)

y XH = 1.21 (0.14)
iiX

0.88 (0.06)

^ LM = 2.40 (0.44)
^ HM = 2.87 (0.38)

^RDM = 9.74 (4.36)

*MK = -6.62 (1.54)



TABLE 7 .3

E l a s t i c i t i e s  ( eLead, Second) S t a t i s t i c a l l y  S i g n i f i c a n t  a t  the 5 % L e v e l .  Eva lua ted a t  the Means.
U.S. P r i v a te  Economy, 1948-1976. (Asym p to t ic  Standard E r ro rs  in  Pa ren theses . )

LLHU

SECofrlK^ C I X M L H R & D K

c -0.67
(0.02)

0.11
(0.06)

0.74
(0.06)

0.14
(0.01)

I 0.11
(0.04)

0.98
(0.09)

0.01
(0.005)

0.12
(0.01)

X -1.11
(0.39)

1.15
(0.43)

0.39
(0.06)

0.47
(0.05)

0.15
(0.01)

M 0.45
(0.08)

1.03
(0.19)

1.12
(0.15)

0.027
(0.012)

-1.18
(0.27)

L 0.16
(0.08)

0.88
(0.08)

0.03
(0.004)

-0.07
(0.01)

-0.17
(0.09)

H 1.15
(0.09)

0.04
(0.005)

-0.09
(0.01)

-0.13
(0.06)

-0.045
(0.0006)

R & D 1.44
(0.74)

-0.31
(0.14)

-6.19
(0.86)

-1.86
(0.41)

7.33
1.53

K 0.50
(0.03)

0.26
(0.02)

0.03
(0.002)

0.21
(0.05)

. 0.11 
(0.02)
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TABLE 7.4

E la s t ic i t ie s  o f Transformation (®ih)> E la s t ic i t ie s  o f Substitu tion  
(G jk), and e la s t ic i t ie s  o f In te n s ity  In s ig n if ic a n t  at the
5% Level Evaluated at the Means. U.S. Private Economy 1948-1976.

(, Asymptotic Standard Errors in Parentheses.)

II1—1 
os>

-0.69 (0.66)

CM = 0.70 (0.69)

6 im = -0.20 (1.08)

6XM = -2.77 (2.57)

°LH = 0.14 (0.16)
0LRD = 1.39 (1.11)

°LK = 0.64 (0.76)

°HK = 0.62 (0.58)

*CL = 0.26 (0.14)

^CRD = 0.10 (1.23)

* i h  = -0.27 (0.25)

^XRD = -5.20 (5.31)



TABLE 7 .5

E l a s t i c i t i e s  ( e Lead, Second) S t a t i s t i c a l l y  I n s i g n i f i c a n t  a t  the 5% L e v e l ,  Eva lua ted a t  the Means.
U.S. P r i v a t e  Economy, 1948-1976. ( Asym pto t ic  Standard E r ro rs  i n  Pa ren theses . )

LEAD

SECON

0.0002
(0.003)

- 0 . 0 2
(0 . 02 )

0.36
(0.25)

-0.27
(0.26)

0.0006
(0.03)

0.30
(0.42)

- 0.01
(0 . 01)

0.09
(0.08)

0.05
( 0 . 12)

-0.07
(0.42)

- 0.10
(0.09)

0.42
(0.42)

0.05
(0.06)

0.004
(0.003)

0.11
( 0 . 10)

- 0.10
(0.09)

0.06
(0.07)

0.11
( 0 . 10)

0.06
(0.75)

-0.19
(0.19)

0.60
(0.48)

0.27
(0.33)

0.24
( 0 . 2 2 )

-0.63
(0.53)

“1
72 

L-
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TABLE 7.6

Original Contribution E la s t ic i t ie s  o f S ubstitu t ion  
t i c i t i e s  o f In te n s ity  ( ^ i j ) ,  Evaluated at the Means 
Economy, 1948-1976. (Asymptotic Standard Errors in

°LH = 0.14 (0.16)
aLRD = 1.39 (1.12)
aHRD = -15.90 (2.23)
a HK = 0.62 (0.58)

aRDK = 41.24 (8.60)
^CH = 1.90 (0.16)

^CRD = 0.10 (1.23)

¥ ih = -0.27 (0.25)
^IRD = 3.70 (1.91)
^ XH = 1.21 (0.15)

^XRD = -5.19 (5.31)

iiX

2.87 (0.38)

VRDM = 9.75 (4.36)

' aj k ) ,  and Elas- 
. U.S. Private 
Parentheses.)



TABLE 7.7

O r i g in a l  C o n t r i b u t i o n  E l a s t i c i t i e s  ( e Lead, Second) Eva lua ted a t  the  Means. U.S. P r i v a te  Economy,
1948-1976. (Asym pto t ic  Standard E r ro rs  in  Pa ren theses . )

LEAD

SECbftlD C I X M L H R & D K

C 0.74
(0.06)

0.002
(0.003)

I -0.10
(0.09)

0.01
(0.005)

X 0.47
(0.05)

-0.014
(0.015)

M 1.11
(0.15)

0.03
(0.01)

L 0.05
(0.06)

0.0004
(0.003)

H 1.15
(0.09)

-0.10
(0.09)

0.04
(0.005)

-0.09
(0.01)

0.06
(0.07)

-0.13
(0.06)

-0.04
(0.006)

0.11
(0.10)

R & D 0.06
(0.74)

1.44
(0.74)

-0.19
(0.19)

-0.31
(0.14)

0.60
(0.48)

-6.19
(0.86)

-1.86
(0.42)

7.33
(1.53)

K 0.24
(0.22)

0.12
(0.02)
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In te rp re ta t io n  o f Results

The e la s t ic i t y  o f transformation between consumption and inves t

ment, 0£ j, was found to be -0.69. The standard e rro r  was found to be 

0.66 ind ica t ing  tha t is not s ig n i f ic a n t ly  d i f fe re n t  from zero. 

Thus, one percent change in the price ra t io  o f investment and con

sumption (Pj/Pq) does not necessarily bring any change in the consump

t io n  investment ra t io  (C / I) .  The negative sign o f the e la s t ic i t y  is 

consistent with other studies reporting e la s t ic i t ie s  of th is  kind.

The e la s t ic i t y  o f transformation between consumption and exports, 

0£^, was estimated to be -1.83. This e la s t ic i t y  is s t a t i s t i c a l l y  

s ig n if ic a n t  since the standard e rro r  is  equal to 0.65. The negative 

sign indicates s u b s t i tu ta b i l i t y  between consumption and exports. The 

im plica tion  o f th is  f in d in g  is tha t when export prices increase in the 

in te rna tiona l markets fa s te r  than domestic consumption prices, produc

t ion  in the United States w i l l  switch from domestic consumption to 

exports.

The e la s t ic i t y  o f transformation between consumption and imports 

indicates them to be complements in production. The numerical size o f 

the e la s t ic i t y  is  about 0.7 but in a s ta t is t ic a l  sense the e la s t ic i t y  

is equal to zero. Thus a change in the imports consumption price 

ra t io  ( P(v]/Pc) W1"^  not a^ ect  the consumption import ra t io  (C/M). The 

economic im plica tion  o f th is  f ind ing  is the fo llow ing : consumers view

the m a jority  o f imports as e ithe r luxury goods or necessary goods, so 

a change in the price o f imported products in re la t ion  to the price of 

domestic products w i l l  not change the re la t iv e  ra t io  o f the amount of 

the consumption to imported goods, a t least in the short run, which
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also indicates tha t a temporary t a r r i f  or tax by the federal government 

might not curb the consumption o f imported goods.

The e la s t ic i t y  o f transformation between investment and exports 

was s t a t i s t i c a l l y  s ig n i f ic a n t  and i t  was about 2.96. Again the 

pos it ive  sign indicates complementarity in production between in ves t

ment and export goods. One percent increase o f the price o f exports 

investment ra t io  ( P^/P j) w i l l  lead to an increase in the investment 

export ra t io  ( I /X )  o f 2.96 percent. This indicates th a t in the short 

run when the price o f exports r ises fa s te r  than the price o f inves t

ment, the American producers w i l l  increase investment in a n t ic ip a t io n  

o f p ro f i ts  in the fo re ign  markets.

I t  is  c lear from the large size o f the standard e rro r  (1.08) tha t 

the e la s t ic i t y  o f transformation between investment and imports is 

s t a t i s t i c a l l y  in s ig n i f ic a n t  since the size o f the e la s t ic i t y  is  only 

-0.195. One, looking only a t the sign o f the e la s t ic i t y ,  could argue 

tha t investment goods and import goods are subs titu tes . But in real 

terms they are complements in production so a change in the ra t io  o f 

import prices to investment prices (Pjvj/Pj) w i l l  not a f fe c t  the inves t

ment import ra t io  ( I/M ). This f in d ing  is  consistent w ith the 0 ^  

e la s t ic i t y  analyzed e a r l ie r .  We can see tha t increase in the price 

o f imports in re la t io n  to the price o f investment goods w i l l  not spur 

additional investment which w i l l  not spur additional consumption.

The la s t  e la s t ic i t y  o f transformation tha t w i l l  be analyzed is 

the export-import e la s t ic i t y .  This e la s t ic i t y  is  not s t a t i s t i c a l l y  

d i f fe re n t  from zero in d ica t ing  complementarity between exports and 

imports. Changes in th e i r  re la t iv e  price ra t io  w i l l  have no e f fe c t  on 

the export import r a t io .

The next set o f e la s t ic i t ie s  to be investigated are the e la s t i 
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c i t ie s  o f complementarity.

The p a r t ia l  inverse e la s t ic i t y  o f su b s t itu t ion  between labor ana 

human cap ita l was found to be 0.144. I t  is  s t a t i s t i c a l l y  in s ig n if ic a n t  

ind ica ting  a complementarity re la tionsh ip  between labor and human 

ca p ita l.  An increase in  the re la t iv e  cost o f these two inputs (P^/P^ 

does not a f fe c t  the labor-human cap ita l ra t io  (L/H). The f i r s t  import

ant con tr ibu tion  o f th is  f in d in g  is  the actual measurement o f th is  

e la s t ic i t y  since no previous economists have used human cap ita l as one 

o f the inputs o f production in a m u lt i- in p u t output framework. The 

second con tr ib u t io n , is  the economic meaning o f th is  e la s t ic i t y  which 

implies tha t a fa s te r  increase in the cost o f  human cap ita l in re la t io n  

to the cost o f labor w i l l  not a f fe c t  the labor-human cap ita l ra t io  

ind ica ting  the need fo r  s k i l le d  labor and the w ill ingness o f the 

ind iv idua ls  o f the society to educate themselves.

The next e la s t ic i t y  investigates the re la tionsh ip  between labor 

and research and development. The size o f the e la s t ic i t y  is  1.39 but 

the standard e rro r  is  1.12 again ind ica ting  a complementarity re la t io n 

ship, between L and R&D. The increase o f the (PpQ/P[_) ra t io  does not 

a f fe c t  the (L/RD) ra t io  ind ica t ing  the importance o f R&D in the pro

duction process and the b e l ie f  o f the producers in the United States 

tha t short run higher costs in the price of R&D may be necessary fo r  

be tte r fu ture  prospects. This e la s t ic i t y  is unique in i t s  kind due 

to the method and framework o f i t s  ca lcu la t ion .

The e la s t ic i t y  o f su b s t itu t io n  between cap ita l and labor was 

found to be 0.64. The p o s it ive  sign i n i t i a l l y  indicates s u b s t itu ta 

b i l i t y .  But an examination o f the standard e rro r indicates tha t the 

e la s t ic i t y  is s t a t i s t i c a l l y  equal to zero thus our f ind ing  shows 

cap ita l and labor to be complements. An examination of previous
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studies shows the m a jo rity  o f the studies claiming s u b s t i tu ta b i l i t y  

between these two fac to rs  o f production even though a number o f these 

studies do not bother to  report the standard e r ro r .  There are 

studies tha t have supported claims o f complementarity as w e ll.  The 

uniqueness o f our data, the technique o f estimation and the model used 

in our study make i t  d i f f i c u l t  to make any meaningful comparisons.

The e la s t ic i t y  o f su b s t itu t io n  between human cap ita l and R&D is  

f i r s t  o f a l l  s t a t i s t i c a l l y  s ig n i f ic a n t ,  carry ing a negative sign and 

being in the neighborhood o f -15.9, ind ica t ing  complementarity between 

H and R&D. Again i t  is  a unique e la s t ic i t y  estimated fo r  the f i r s t  

time in our study. I f  the price ra t io  o f R&D and human cap ita l 

(Prd/P|_|) 1S ’to increase by 1% then the human cap ita l - R&D ra t io  is  

to decrease by approximately sixteen percent. The im p lica tion  o f th is  

f ind ing  is very important and meaningful because i f  the price o f R&D 

goes up in re la t io n  to the price o f human cap ita l th is  implies less 

investment in human cap ita l since there is  a need o f human cap ita l 

fo r  R&D purposes. This fu r th e r  implies tha t corporations when cu tt ing  

R&D due to high prices cause the labor employed to be less human 

cap ita l in tensive.

The e la s t ic i t y  o f s u b s t itu t io n  between human cap ita l and non

human cap ita l is  equal to 0.62. Despite the p o s it ive  sign these two 

fac tors  could be complements because the standard e rro r  is  s u f f ic ie n t ly  

large (0.58) to make the e la s t ic i t y  in s ig n i f ic a n t .  So even though the 

re la t iv e  price ra t io  o f H and K may change th e i r  re la t iv e  ra t io  (K/H) 

w i l l  not.

The la s t  e la s t ic i t y  o f subs titu t ion  is the e la s t ic i t y  between R&D 

and K (CTpQ«)- The size o f the e la s t ic i t y  is  very high, close to 41 

and i t  is  s t a t i s t i c a l l y  s ig n i f ic a n t  with standard e rro r  being about
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8.6. The pos i t ive  sign indicates tha t  research and development and 

capita l  are subst i tu tes .  This is a very important f ind ing  because i t  

indicates tha t  when the pr ice o f  non human cap i ta l  increases in 

re la t ion  to  the pr ice o f  R&D, producers w i l l  subs t i tu te  R&D fo r  

capita l and the magnitude of  the subs t i tu t ion  is  large. Thus govern

mental po l ic ies  in favor o f  R&D development w i l l  help the economy 

enormously, since producers consider R&D to be o f  such great importance, 

This also en ta i ls  the development of  new products, technologies, etc.

The next set o f  e l a s t i c i t i e s  to be discussed are the e la s t i c i t i e s  

of  in te n s i ty .  These e la s t i c i t i e s  show the re la t ionsh ip  between the 

i ^ o u t p u t  and the quant i ty  o f  the j ^ i n p u t .  Thus comparing any two 

e la s t i c i t i e s  of  in te n s i ty  we can define i f  an output is say or 

intensive.

For our purposes we w i l l  compare each o f  our outputs, C,I,X and M 

against our inputs L,H,RD, and K.

From Table (6.11) we can observe tha t  Vp^p can be el iminated since 

i t  is s t a t i s t i c a l l y  in s ig n i f i c a n t .  The remaining three e la s t i c i t i e s  

Ta , are a l l  s t a t i s t i c a l l y  s ig n i f i c a n t  but the one with the

largest size is which implies tha t  consumption is  human capital  

in tensive.

From Table (6.11) we can observe the second group of  e la s t i c i t i e s  

of in te n s i ty  and again we can el iminate one of them (Tjp) fo r  being 

s t a t i s t i c a l l y  in s ig n i f i c a n t .  From the other three the largest  

e la s t i c i t y  o f  3.7 is the e la s t i c i t y  Tj^p which indicates that invest

ment is R&D intensive.

The th i r d  group of e l a s t i c i t i e s ,  Table (6.11) shows T ^ p  to be 

in s ig n i f i c a n t  and the la rgest  being Thus exports are human

capita l  in tensive.
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In the la s t  group, Table (6.11) a l l  o f  the e la s t i c i t i e s  are 

s t a t i s t i c a l l y  s ig n i f i c a n t  but the largest one is = 9.74, showing

imports to be R&D intensive.

Al l  o f  the f indings are of extensive importance, since these are 

the f i r s t  e la s t i c i t i e s  o f  in te n s i ty  including among the factors of 

production human capita l  and R&D, and as we have seen from the above 

analysis they were the predominant factors in a l l  categories, 

ind ica t ing  again that  both o f  them might be the important factors 

missing in the analysis of fore ign trade.

Looking at the e la s t i c i t i e s  o f  the derived supply fo r  consumption, 

investment, exports and the derived demand fo r  imports evaluated at 

the means fo r  the period 1948-76, we have found the fo l lowing resu l ts :  

The own e la s t i c i t y  fo r  consumption is equal to 0.36 with a standard 

error  o f  0.25. The sign of  the e la s t i c i t y  is  consistent with the 

sign of the own e la s t i c i t y  o f  consumption reported by Kohli (1978) 

which ranged from 0.293 to 0.308 and by Simos and Roddy (1980) which 

ranged from 0.252 to 0.280. The above studies unfortunately did not 

report the standard errors .  The standard e r ro r  o f  our study was 

s u f f i c i e n t l y  large as to indicate tha t  the e la s t i c i t y  is  s t a t i s t i c a l l y  

in s ig n i f i c a n t  thus the supply function fo r  consumption is  in e la s t ic .

So in the short run other things being equal only s h i f t s  in the demand 

function a f fe c t  pr ice.

The cross e la s t i c i t y  o f  consumption to investment indicated 

complementarity in production. Even though the e la s t i c i t y  is recorded 

with a negative sign again with a standard e r ro r  o f  0.26 a tes t  at the 

5% level o f  s ign if icance indicated the e la s t i c i t y  not to be d i f fe re n t  

that zero.

Other studies such as Simos and Roddy (1980) and Kohli (1978) re-
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ported negative e la s t i c i t i e s  but f a i le d  to report  the standard e r ro r .  

Thus th e i r  conclusion was tha t  consumption and investment goods are 

subst itutes in production since an increase in the price o f  one out

put a l l  other prices and f ixed quant i t ies  held constant, leads to a 

decrease in the production o f  the other output. At f i r s t  glance our 

f ind ing  may seem paradoxical but i t  should be noted tha t  the consump

t ion  and investment concept used in our study d i f fe r s  s ig n i f i c a n t l y  

from that  o f  other studies as i t  is discussed in CHAPTER V.

I t  is  in te res t ing  to compare our estimates of  consumption to 

exports price e la s t i c i t i e s  with those o f  other authors. We f ind  

to be o f  the magnitude o f  -0.067 and s t a t i s t i c a l l y  s ig n i f i c a n t  which 

is consistent with other studies ranging from -0.001 to 0.046. The 

s u b s t i t u ta b i l i t y  between consumption and exports is i n t u i t i v e l y  

obvious. Consumption goods and exports are subst itutes in production. 

Thus an increase in the pr ice of  export goods w i l l  resu l t  in a decrease 

in the production of  domestic goods since i t  w i l l  be more p ro f i tab le  

to se l l  overseas.

On the other hand the pr ice e la s t i c i t y  o f  imports to consumption 

was not s t a t i s t i c a l l y  s ig n i f i c a n t  ind ica t ing  complementarity. The 

other studies range from 0.072 to 0.101 also ind icat ing complementarity 

in production, as we l l .

Turning to another group of  own and cross e la s t i c i t i e s  of invest

ment with respect to consumption, exports and imports we f ind  the 

fo l lowing.

The own e la s t i c i t y  o f  investment, e j j ,  is equal to 0.302, well 

w i th in  the range of  s im i la r  studies which range from 0.14 to 1.898. 

Studies by Koh l i , Simos, and Roddy f a i l  to report standard errors thus 

making any kind of  meaningful comparison impossible. In our case we



-134-

have an in e la s t ic  supply function because the e la s t i c i t y  is s t a t i s t i 

ca l ly  in s ig n i f i c a n t .  Other things being equal, in the short run, 

any s h i f t  in the demand funct ion w i l l  a f fec t  the prices of  investment 

goods.

Considering the cross e la s t i c i t y  of investment with respect to 

consumption, other studies have found negative coe f f ic ien ts  which 

indicates that  investment and consumption goods are substi tu tes in 

production.

An increase in the pr ice of  one output,  a l l  other prices and 

quant i t ies  held constant, leads to a decrease in the production of 

the other output. This e la s t i c i t y  in our study was found to be 

-0.418 which is well w i th in  the range of  other studies (other studies 

report ing e la s t i c i t i e s  from -0.252 to -1.264). The standard error  

o f  th is  e l a s t i c i t y  was equal to 0.403 thus ind icat ing complementarity 

between investment and consumption.

The next e l a s t i c i t y  is  that  o f  investment with respect to exports. 

The e la s t i c i t y  is  equal to 0.108 and i t  is  s t a t i s t i c a l l y  s ig n i f ica n t .  

Thus an increase in the price of  goods being exported w i l l  resu l t  in 

an increase in the investment goods produced fo r  export purposes.

The e la s t i c i t y  o f  investment to imports in s t a t i s t i c a l l y  

in s ig n i f i c a n t  and extremely small in size (0.006). For a l l  intensive 

purposes i t  is equal to zero ind ica t ing  an ine la s t ic  supply funct ion. 

Changes in the price of  imports w i l l  not a f fe c t  the amount of the 

investment goods produced domestical ly.

The own e la s t i c i t y  o f  exports is  equal to 0.049 giving a posi t ive 

sign fo r  the supply of  exports. The sign was expected to be posit ive 

since we are dealing with a supply funct ion ,  but the standard error  

(0.12) indicates tha t  the funct ion is per fec t ly  in e la s t ic ,  so only
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changes in the demand funct ion w i l l  a f fec t  the pr ice of  exports.

Other studies have found the e la s t i c i t y  to be pos i t ive  as well but 

again a l l  o f  them f a i l  to report  standard errors.

The e la s t i c i t y  o f  exports to investment is  equal to 1.15 and 

s t a t i s t i c a l l y  s ig n i f i c a n t  (standard error  is equal to 0.42). An 

increase in the pr ice o f  investment goods w i l l  re su l t  in an increase 

in the export output. Due to the increase in the pr ice o f  investment 

goods domestic supply o f  investment goods w i l l  also increase which 

may necessitate increase in the amount o f  exports fo r  any surplus 

produced.

The e la s t i c i t y  o f  exports to domestic consumption goods was 

found to be negative and s t a t i s t i c a l l y  s ig n i f i c a n t .  The size of  the 

e la s t i c i t y  is  equal to -1.11. An increase in the pr ice o f  consumption 

goods w i l l  lead to a la rger  supply of  consumption goods but a smaller 

output o f  exports because i t  w i l l  be more p ro f i ta b le  to produce fo r  

the domestic■rather than the fore ign market.

The exports to imports e l a s t i c i t y  is very small (0.09) and 

in s ig n i f i c a n t .  Thus changes in the pr ice o f  imports have no e f fe c t  

on the amount o f  exports produced, in the short run other things 

being equal.

The own e l a s t i c i t y  fo r  the demand of  imports is equal to -0.45 

with the standard e r ro r  equal to 0.08. The sign is the expected sign 

and the e l a s t i c i t y  is s t a t i s t i c a l l y  s ig n i f i c a n t .  In comparing i t  with 

other studies report ing own e la s t i c i t i e s  fo r  imports, our e la s t i c i t y  

is o f  the low side. Kohli is  report ing the e l a s t i c i t y  to range from 

-0.902 to -0.993 fo r  Canada.

I t  should be c lear tha t  when the price of  imports r ises then 

the quant ity  demanded fo r  imports w i l l  f a l l .
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Looking at  the estimates fo r  the e l a s t i c i t y  o f  imports to con

sumption = 0.42 (0.42) we f ind  tha t  fo r  the United States increases 

in the prices of  domestical ly produced goods have no e f fec t  on the 

amounts o f  imports. This re su l t  may seem strange but i f  we were to 

consider that  the consumption goods as used in th is  thesis contain 

human c a p i ta l ,  fore ign goods may not be able to subst i tu te  domestic 

consumption.

Invest igat ing the e l a s t i c i t y  o f  imports to investment, = 0.07

(0.42) we f ind  i t  to be in s ig n i f i c a n t .  Thus changes in the pr ice of

investment goods w i l l  not a f fe c t  in the short run, other things being 

equal, the quant ity  o f  imports demanded.

The e l a s t i c i t y  o f  imports with respect to exports, = -0.10 

(0.09) is  in s ig n i f i c a n t  as we l l .  Thus again changes in the pr ice of

exports w i l l  not a f fe c t  the demand fo r  imports.

The e la s t i c i t y  o f  consumption in re la t ion  to labor is  equal to 

0.114 with a standard e r ro r  o f  0.06. A quick analysis indicates that 

the e la s t i c i t y  is  s t a t i s t i c a l l y  s ig n i f i c a n t .  The e la s t i c i t y  compares 

very well wi th other reported e la s t i c i t i e s  from d i f fe re n t  authors.

Kohli (1975) f o r  Canada f inds to range from 0.857 to 0.922, Simos 

and Roddy f ind  e ^  to range from 0.055 to 0.229 fo r  the United 

States. The impl icat ion of  th is  f ind ing  is the fo l low ing:  when the

quant ity  o f  labor is increased then the amount of consumption goods 

produced w i l l  also increase.

The e la s t i c i t y  o f  consumption in re la t ion  to human capita l was 

found to be pos i t ive  and s t a t i s t i c a l l y  s ig n i f i c a n t  ( e ^  = 0.74 (0.06)).  

This implies tha t  when human capita l is increased the supply of  con

sumption goods w i l l  also increase. This resu l t  was expected since in 

previous analysis we found consumption goods to be human capita l
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intensive.

The e la s t i c i t y  o f  consumption to R&D is  extremely small in size 

(0.0002). In addit ion the standard er ror  is s u f f i c i e n t l y  large (0.003) 

as to make the e la s t i c i t y  s t a t i s t i c a l l y  in s ig n i f i c a n t .  This indicates 

that in the short run, other things being equal, increases in R&D 

expenditures do not a f fe c t  the production o f  consumption goods, as 

there is always a time lag between the in troduct ion or improvement of 

technology and actual increase in production o f  goods and services.

The e la s t i c i t y  o f  consumption to non human capita l is pos i t ive  

and s t a t i s t i c a l l y  s ig n i f i c a n t  (0.14 (0 .01)) .  Increases in the amount 

of  in tangib le capita l w i l l  resu l t  in increases in the quant i t ies  of 

consumption goods produced. The sign and the size o f  the e la s t i c i t y  

compares favorably with other studies. (See Kohli ,  Simos and Roddy)

Going to the e la s t i c i t y  o f  investment with respect to labor 

®IL '  0 .97 (0.09) we f in d  what other researchers found as we l l .  The 

e la s t i c i t y  is pos i t ive  and s t a t i s t i c a l l y  s ig n i f i c a n t ,  thus increases 

in the amount of  labor w i l l  re su l t  in increases in the amount o f  

investment goods produced.

Looking at the = -0.10 (0.09) we f ind  i t  to be s t a t i s t i c a l l y  

equal to zero, so changes in the quant i t ies  of  human ca p i ta l ,  in the 

short run other things being equal, have no e f fe c t  on the quant i t ies 

of  investment goods produced.

The e la s t i c i t y  o f  investment wi th respect to R&D is  s t a t i s t i c a l l y  

s ig n i f i c a n t  which implies that  R&D changes do a f fec t  investment, i n 

creases in the quant i t ies  of research and development used in 

production increase the amount o f  investment goods produced. This 

resu l t  is consistent with the estimates of  the e la s t i c i t i e s  of 

in tens i ty  where investment was found to be R&D intensive.
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Another e la s t i c i t y  tha t  i t  is not surpr is ing ,  and consistent with 

the f ind ing  of  other studies is  the e la s t i c i t y  o f  investment with 

respect to non human ca p i ta l .  We found i t  to be equal to 0.12, 

s t a t i s t i c a l l y  s ig n i f i c a n t  and very close to the size o f  previous 

f indings reported by other researchers. Thus an increase in the 

quant ity o f  capita l w i l l  increase, other things being equal in the 

short run, the amount o f  investment goods produced.

The e la s t i c i t y  o f  exports to labor implies that  an increase in 

the input o f  labor services would resu l t  in an increase in exports.

This f ind ing  was again expected and consistent with the resul ts  of 

other studies. The e l a s t i c i t y  was equal to 0.39 and the standard 

error  was equal to 0.06 thus the estimate is  s t a t i s t i c a l l y  s ig n i f i c a n t .  

Studies fo r  other countries ranged from 0.5 to 1.54.

A very important and unique f ind ing  is the eXH e la s t i c i t y  which 

indicates that increases in the amount of  human capita l used in 

production w i l l  re su l t  in an increase in the amount o f  exports produced. 

The implications and contr ibut ions of  th is  e l a s t i c i t y  are important 

because they support Leon t ie f 's  f ind ings that  exported goods from the 

United States are labor intensive, pinpoints that  they are labor

intensive due to human cap i ta l .  Again th is  f ind ing  was consistent 

with the e la s t i c i t i e s  o f  in ten s i ty  discussed previously, where exports 

were found to be human capita l in tensive.

The size of  th is  e la s t i c i t y  was 0.46 with a standard er ror  equal 

to 0.06, thus making the e la s t i c i t y  s t a t i s t i c a l l y  s ig n i f ic a n t .

At a glance the e l a s t i c i t y  o f  exports with respect to R&D in 

dicates that research and development does not a f fec t  exports in the 

short run other things being equal. The sign of  the e la s t i c i t y  was 

negative but the standard er ror  was s u f f i c i e n t l y  large to make the
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e la s t i c i t y  in a s t a t i s t i c a l  sense equal to zero.

Tangible capita l has an e f fec t  on the amount o f  export goods 

produced. The e la s t i c i t y  o f  is  equal to 0.15 (0.01),  thus i n 

creases in tangib le  cap i ta l  input resu l t  in more export goods produced.

The e la s t i c i t y  o f  imports to labor is s t a t i s t i c a l l y  s ig n i f i c a n t  

and equal to 1.03. This implies that  an increase in the input of 

labor services w i l l  re s u l t  in a more than proport ional increase in 

imports. I t  fu r the r  implies a negative net e f fe c t  on the balance of 

trade near equi l ibr ium.

I t  should also be noted that th is  re su l t  was again consistent 

with previous empirical studies.

Turning to another contr ibu t ion  o f  th is  thesis we look at the 

e la s t i c i t y  o f  imports to human c a p i ta l ,  = 1.11 (0.15). The 

e la s t i c i t y  is  large, above one, s t a t i s t i c a l l y  s ig n i f i c a n t  and pos i t ive .  

Increases in the amount o f  the human capita l input w i l l  resu l t  in more 

than proport ional increases in the amount o f  goods imported.

0MRD = 0-027 (0.012) is an addit ional contr ibut ion of th is  thesis . 

The e la s t i c i t y  is s ig n i f i c a n t ,  and consistent with the previous 

discussion in the section o f  the e la s t i c i t i e s  of  in tens i ty  where we 

had found imports to be R&D intensive. Thus an increase in R&D imput 

w i l l  resu l t  in an increase in the amount o f  imports demanded in the 

short run. (Again a l l  other things being equal.)

The e la s t i c i t y  o f  imports wi th respect to tangib le capita l is 

s t a t i s t i c a l l y  s ig n i f i c a n t ,  and negative g ^  = -1.18 (0.27). Thus an 

increase in capita l input resul ts  in a larger decrease in the amount 

of  imported goods. The size and sign o f  th is  e l a s t i c i t y  coincides 

with Kohl i 's  f indings fo r  the Canadian economy. Kohl i 's  g^K e la s t i c i t y  

ranged from -0.649 to -0.83.
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The own e l a s t i c i t y  f o r  the demand o f  labor was found to be -0.17 

with a standard e r ro r  equal to 0.09. The negative sign was expected 

since we are dealing with  a demand funct ion.  Numerous other studies 

have reported s im i la r  resu l ts  whether i t  is fo r  the United States or 

a foreign country. To mention a few here we s ta r t  with Kohli (1975) 

who found to range from -0.319 to -0.373. Simos and Roddy (1980) 

reported e ^ t o  range from -0.580 to -0.661. Berndt and wood (1975) 

found E|^ to be between -0.45 and -0.46 and Simos (1981) reported 

to be between -0.454 and -0.892.

ê |_| = 0.06 (0.06),  

eLRD = 0.0039 (0.0032),

\ k = ^  (o* 13)

Looking at e ^ ,  e^RD and together a l l  o f  them have in common 

the fo l lowing cha rac te r is t ics :  a) a l l  o f  them are pos i t ive  b) a l l  

of  them are very small and c) a l l  o f  them are s t a t i s t i c a l l y  i n 

s ig n i f i c a n t .  Thus increases in e i the r  the amount of  human capita l 

input e i the r  the amount o f  R&D or the amount of  tangib le capita l in 

production w i l l  have no e f fe c t  on the pr ice of  labor input.

The e f fec t  o f  H and RD on the pr ice of  labor is a contr ibut ion 

of  th is  thesis since no other study attempted to estimate these 

re la t ionsh ips.  The e f fe c t  o f  K on the pr ice of labor is  consistent 

with a number of other studies reported in the l i t e r a tu r e ,  some of 

them reported here.

Kohli (1975) found to range from 0.319 to 0.373. Simos and 

Roddy (1980) found e^r to range from 2.115 to 2.83. Berndt and Wood 

(1975) found to range from 0.05 to 0.06. Simos (1981) found eRR
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to range from 0.475 to 0.992.

The demand funct ion fo r  human capi ta l  = -0.13 (0.06) was 

found as expected to have a negative slope and to be s t a t i s t i c a l l y  

s ig n i f i c a n t ,  which is  consistent with economic theory.

eHL = 0.06 (0.07),

£hk = 0.11 (0 . 10),

The e la s t i c i t i e s  of  human capita l with respect to both labor and 

non human capita l  share the same charac te r is t ics .  They are both small 

in s ize, pos i t ive  and s t a t i s t i c a l l y  in s ig n i f i c a n t .  Thus changes in 

the amounts of  e i the r  labor or capita l used in the production process

have no e f fe c t  on the pr ice o f  human capita l in the short run other

things being equal.

A very in te res t ing  re la t ionsh ip  is the e la s t i c i t y  o f  human capita l  

to R&D (both factors introduced fo r  the f i r s t  time in th is  thes is ) .  A

negative re la t ionsh ip  was found between these two inputs, in the order 

of  -0.045. The standard e r ro r  was 0.006. An increase in the quant i ty  

o f  R&D resul ts  in a decrease in the pr ice of  human cap i ta l .  The 

e la s t i c i t y  even though small in size was s t a t i s t i c a l l y  s ig n i f i c a n t .

The own e l a s t i c i t y  o f  R&D was found as expected with a negative 

sign. The e la s t i c i t y  is equal to -1.86 and i t  is s ig n i f i c a n t .  The 

standard er ror  being 0.42.

Changes in the amount o f  the labor input used in production 

showed no e f fec t  on the pr ice of  R&D. Even though the e la s t i c i t y  

Grdl is equal to 0.6 and the standard error  is equal to 0.48 a tes t  

indicated tha t  the e l a s t i c i t y  is in s ig n i f i c a n t .

Looking at the e l a s t i c i t y  o f  R&D with respect to human capita l
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we f ind  i t  s t a t i s t i c a l l y  s ig n i f i c a n t  and equal to -6.19. This shows 

that increases in the amounts of  labor input in production w i l l  resu l t  

in decreases in the pr ice of  R&D.

The e la s t i c i t y  o f  R&D to non human capita l is  s t a t i s t i c a l l y  

s ig n i f i c a n t  and equal to 7.33. Increases of  tangib le capita l in 

production w i l l  resu l t  in an increase in the price o f  R&D.

Going to the own e l a s t i c i t y  o f  non human capita l ( e^ )  we f ind  

i t  equal to -0.63. The negative sign was expected as we are dealing 

with the demand fo r  ca p i ta l .  The standard er ror  is equal to 0.53 which 

indicates tha t  the demand funct ion is  pe r fec t ly  ine la s t ic  and that the 

e l a s t i c i t y  in a s t a t i s t i c a l  sense is equal to zero.

Other studies can be found in the l i t e r a tu r e  giving negative own 

e la s t i c i t i e s  fo r  non human capi ta l  but none of these studies bother to 

report the standard e r ro r .  In reference to some o f  these studies we 

have Kohli (1975) with e^, ranging between -0.738 and -0.802, Simos 

and Roddy (1980) with s ^  ranging from -3.18 to -4.27 and Berndt and 

Wood (1975) with ranging from -0.44 to -0.50. The size of  our 

e la s t i c i t y  is  w i th in  the range of  these other studies.

eKL = 0.27 (0.33),  

eKH = 0.24 (0.22),

and ekh can be looked at together since a l l  o f  th e i r  charact

e r i s t i c s  are the same. Both e la s t i c i t i e s  are pos i t ive  but s t a t i s t i 

c a l ly  in s ig n i f i c a n t  thus neither the quant i ty  o f  labor nor the 

quant i ty  of human cap i ta l  used in production have any e f fec t  on the 

pr ice o f  non human cap i ta l .

The e la s t i c i t y  o f  non human capita l  with respect to R&D is
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s t a t i s t i c a l l y  s ig n i f i c a n t  and equal to 0.12. Thus increases of  R&D in 

production re su l t  in higher prices fo r  tangib le  cap i ta l .

The e l a s t i c i t y  o f  labor to consumption, indicates the e f fe c t  in 

the price of  input ( labor) due to changes in the pr ice of  output 

(consumption goods). In th is  case eLC is equal to 0.16 and s t a t i s t i 

ca l ly  s ig n i f i c a n t .  This indicates tha t  an increase in the pr ice of  

consumption goods produced domestical ly w i l l  re su l t  in an increase in 

the price of  the labor input used in production.

Other authors such as Kohli and Simos and Roddy reported in 

t h e i r  studies 0.932 to 1.002 and 0.038 to 0.180 respect ive ly .  I t  can 

be seen tha t  the f ind ing  o f  th is  study is w i th in  the range of  the 

second study which was done fo r  the United States.

The e la s t i c i t y  o f  is  s im i la r  in terms o f  analysis with 

The e l a s t i c i t y  is  pos i t ive  and s ig n i f i c a n t  = 0.88 (0.08). Thus 

changes in the pr ice of  investment goods lead to changes in the price 

of labor input.  Again studies by Kohli and Simos/Roddy f ind  s im i la r  

estimates.

S im i la r ly  increases in the pr ice of  export goods contr ibute to 

increases in the pr ice o f  labor input as w e l l .  The e la s t i c i t y  is 

equal to 0.03 and i t  is  s t a t i s t i c a l l y  s ig n i f i c a n t .  Kohl i 's  f indings 

also support our f ind ings .  He reports to range between 0.372 and 

0.411.

On the other hand increases in the prices o f  the imported goods 

contributes to the decline in the pr ice o f  domestic labor input other 

things held constant. So a negative sign is reported fo r  th is  e l a s t i 

c i t y  whose size is  0.077 and i t s  standard e r ro r  is 0.014, the e l a s t i 

c i t y  being s ig n i f i c a n t .  Our f ind ing  is consistent with other studies 

tha t  report  to range from -0.477 to -0.511.
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Increases in the prices o f  the domestical ly produced goods lead 

to a more than proport ional increase in the price o f  human cap i ta l .

is equal to 1.15 and i t  is  s t a t i s t i c a l l y  s ig n i f i c a n t .  This 

e la s t i c i t y  is another contr ibu t ion  of  th is  thesis and there are no 

other estimates in the economic l i t e r a tu r e  fo r  comparison purposes.

The e l a s t i c i t y  o f  human capi ta l  to investment goods is equal to 

-0.10, but is i n s ig n i f i c a n t  at the 5% leve l .  Thus increases in the 

pr ice of  investment goods have no e f fec t  on the price o f  human 

cap i ta l .  Again th is  e l a s t i c i t y  is  an o r ig ina l  contr ibut ion.

The pr ice o f  exports when increased has a pos i t ive  e f fec t  on the 

pr ice of human ca p i ta l ,  is  equal to 0.044 and the standard er ror

is equal to 0.005, the e la s t i c i t y  even though very small in size is 

s ig n i f i c a n t .

On the contrary when the pr ice o f  imported goods is increased 

there is  a negative e f fe c t  on the pr ice o f  human cap i ta l ,  is  

equal to -0.09 and the standard error  is equal to 0.01, thus 

s t a t i s t i c a l l y  s ig n i f i c a n t .

Looking at the e l a s t i c i t y  o f  R&D with respect to consumption 

goods we f ind  i t  i n s ig n i f i c a n t ,  = 0.063 (0.75). Thus increases 

in the pr ice of  consumption goods do not a f fe c t  the cost o f  R&D.

The e l a s t i c i t y  o f  R&D with respect to investment is pos i t ive  and 

equal to 1.44, and is s t a t i s t i c a l l y  s ig n i f i c a n t  as we l l .  When the 

pr ice of  investment goods increase the price of R&D w i l l  also increase.

The e l a s t i c i t y  o f  R&D with respect to exports is equal to -0.19 

but is s t a t i s t i c a l l y  in s ig n i f i c a n t .  Changes in the price of exports 

do not a f fec t  the pr ice o f  the R&D input.

The pr ice o f  imports on the other hand when i t  increases resul ts  

in a decrease in the pr ice of  R&D. The e la s t i c i t y  o f  R&D to imports
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is s t a t i s t i c a l l y  s ig n i f i c a n t  and equal to -0.31.

Looking at the e f fe c t  o f  the prices of  consumption goods on the 

prices of  non-human cap i ta l  we f ind  equal to 0.50 and s t a t i s t i c a l l y  

s ig n i f i ca n t .  This means tha t  when the price of  consumption goods in 

creases the pr ice of  non-human capita l  w i l l  also increase.

Other studies have found s im i la r  resu l ts .  Kohli fo r  example reports 

e to range from 0.198 to 0.332 and Simos and Roddy report  to 

range from 0.195 to 0.256.

The e la s t i c i t y  o f  non-human capita l with respect to investment is 

equal to 0.26 and the standard e r ro r  is very small which makes i t  

s t a t i s t i c a l l y  s ig n i f i c a n t .  Since the sign is pos i t ive ,  i t  indicates 

that increases in the pr ice of  investment goods w i l l  lead to increases 

in the pr ice o f  non-human cap i ta l .  Again our f ind ing  is along the 

l ines of  reports from other researchers, such as Simos (1981) whose 

estimates f o r  e^j range from 0.037 to 5.76.

is  s ig n i f i c a n t  and equal to 0.03. This implies tha t  increases 

in the pr ice o f  export ing goods w i l l  re su l t  in increases in the prices 

of  non-human cap i ta l .

S im i la r ly  = 0.21 (0.05) is  also s ig n i f ica n t  and pos i t ive  

which again indicates increases in the price of imported goods tend to 

a f fe c t  the price o f  tangib le  cap i ta l  upward. This f ind ing  is  consis

tent with Kohl i 's  f ind ing  o f  e^  which he reported to range from 0.405 

to 0.499.



CHAPTER V I I I

SUMMARY AND CONCLUSIONS

This chapter serves as a place o f  summation and conclusion of 

the f ind ings o f  our study. The thesis is  an econometric invest igat ion 

of  the fore ign trade sector o f  the United States fo r  the period of 

1948-76. A l o t  o f  studies in th is  f i e l d  were undertaken with in  the 

framework o f  imports (exports) as a funct ion o f  real income and re la 

t i v e  pr ice. The present study did not fo l low  th is  t ra d i t io n a l  approach. 

U t i l i z in g  a m u l t i - in p u t ,  mu lt i -ou tput  var iable p r o f i t  funct ion import 

and export functions were derived w i th in  a more general and vigorous 

th e o r i t i c a l  framework thus we were able to obtain a much larger 

var ie ty  of  information about imports and exports, namely, how they 

re la te  to other aggregates of  the economy and s p e c i f i c a l ly  as to how 

they re la te  to human capi ta l  and research and development.

CHAPTER I which is  the in troduct ion chapter, established the 

foundations f o r  a l l  o f  the subsequent analysis ,  and b r i e f l y  outl ined 

the contents of  each chapter.

CHAPTER I I  was devoted to a review of  the theories of  i n t e r 

national trade, in order to show tha t  there is  a luck of  understanding 

and explaining f u l l y  trade flows but also to show tha t  there is 

t h e o r i t i c a l  j u s t i f i c a t i o n  in introducing human capita l and research 

and development as variables a f fec t ing  trade f lows. Following 

Chipman's c la s s i f i c a t io n  o f  trade theor ies,  the chapter was devided 

in to three sections. In section one the Classical Theory was 

introduced, The Neoclassical Heckscher-Ohlin Theory was presented in
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section two and section three traced the Modern Theories o f  i n t e r 

national trade. The Modern Theories o f  in te rna t iona l  trade begin 

with Keesing's (1966) claim tha t  the q u a l i t y  o f  labor,  as measured by 

s k i l l  and educational leve ls ,  d i f f e r s  markedly w i th in  and among 

countries, which o f  course is a strong statement in favor o f  human 

cap i ta l .  We continued by introducing the claims o f  Gruben, Metha 

and Vernon (1967) tha t  a major causal fac to r  in f luencing the commodity 

pattern o f  trade is  the dif ferences in technological knowledge among 

countries,  which o f  course th is  is a strong statement in favor of  

research and development since differences in expenditures on R&D 

a c t i v i t i e s  per d o l la r  o f  output are usually  used to indicate  

dif ferences in levels  o f  technological knowledge.

Keesing's, Gruber's, Metha's and Vernon's claims are the founda

t ions o f  our own assumption tha t  human capita l and research and 

development play a very important ro le  in in te rnat iona l  trade.

CHAPTER I I I  is  an extent ion o f  the second chapter, in the sense 

that we have investigated here the empirical studies undertaken to 

prove or disprove the above out l ined theories. This chapter was 

divided in to three sect ions, in section one we presented the functional 

forms o f  import demand and export supply funct ions specif ied in 

empirical analysis and we also out l ined the explanatory variables 

used in th is  kind o f  invest iga t ion .  Section two dealt wi th some 

t ra d i t io n a l  problems and objections tha t  one always associated with 

empirical tests and the la s t  section was used to report  the actual 

resul ts  ( e la s t i c i t i e s )  found by these studies.

CHAPTER IV was devoted to a h is to r ica l  look at human capita l and 

research and development since these are the two important variables 

tha t  are treated together fo r  the f i r s t  time in both theore t ica l  and
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empirical analysis , in addit ion of th is  chapter was used to describe 

Professor Eisner's data tha t  were employed in our empirical estimation.

In CHAPTER V we have introduced the model used in our analysis.

The general descr iption appears in section one. Sections two and 

three show the translog p r o f i t  func t ion ,  the way by which the share 

equations are deriven and the way by which the various e la s t i c i t i e s  

are estimated. The stochast ic  spec i f ica t ion  and estimation technique 

is treated in section four  where in section f i v e  we introduced the 

e la s t i c i t y  matrices to be estimated along with the d e f in i t io n s  of  

these e la s t i c i t i e s .  The la s t  sect ion, section s ix  is where we present 

the system o f  share demand and share supply equations tha t  we have 

estimated.

In CHAPTER VI a f te r  al lowing f o r  technological change over t ime, 

and using I te ra t iv e  Zel lner  E f f i c ie n t  Estimation procedure (IZEF), 

our system of multi-demand and mult i-supply  equations was estimated 

simultaneously producing asymptot ical ly  equivalent estimators to 

maximum-1ikelihood estimators. I t  should be noted, tha t  the share 

equation o f  imports was deleted from the demand side and the share 

equation of  non-human cap i ta l  was deleted from the supply side before 

estimation. This was maintained by the fac t  tha t  i f  we have not 

deleted an equation, any equation, from the demand side, and an 

equation, any equation, from the supply side IZEF would have fa i le d  

due to s in g u la r i ty  o f  the disturbance covarience matrix since the 

fac to r  share equations sum up to one. The various estimated co

e f f i c ie n ts  are reported along with th e i r  asymptotic errors.  These 

coe f f ic ien ts  were used to estimate the e la s t i c i t i e s  o f  transformation, 

complementarity, in te n s i t y ,  cross and own e la s t i c i t i e s ,  which were 

presented along with t h e i r  standard errors.
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The in te rp re ta t ion  of resu l ts  appear in CHAPTER VI. This chapter 

was devided in to two sections. In section one the e la s t i c i t i e s  of  

subs t i tu t ion ,  transformation and in ten s i ty  s ig n i f i c a n t  were reported 

in tables ind ica t ing  whether or not they were s t a t i s t i c a l l y  s ig n i f i c a n t  

at the S7o leve l .  The same was done fo r  cross and own e la s t i c i t i e s .

In addit ion the o r ig ina l  contr ibu t ion  e la s t i c i t i e s  of subs t i tu t ion  and 

in tens i ty  along with the o r ig ina l  cross and own e la s t i c i t i e s  were 

reported in separate tables. These e la s t i c i t i e s  are reported fo r  the 

f i r s t  time in the l i t e r a tu r e .  The in te rp re ta t ion  of  these e la s t i c i t i e s  

was the central theme o f  the second section. A l l  the e la s t i c i t i e s  

were in terpreted in terms o f  the re la t ionsh ip  between the variables in 

question, but a special emphasis was given to the re lat ionships 

between human c a p i ta l ,  and research and development to consumption, 

investment, imports, exports, non-human capita l  and labor.

We found tha t  consumption and exports are human capita l in tensive,  

where investment and imports are research and development in tensive,  

these f ind ings re in force  our o r ig ina l  claims tha t  imports and exports 

are affected by human capi ta l  and R&D. In addit ion we were able to 

explain the Leont ie f paradox as to why United States, a technologica lly  

advanced country is export ing labor intensive products and importing 

capita l intensive products from less developed countries.

United States is  export ing labor intensive products due to high 

levels of  human capita l where i t  is  importing capita l intensive 

products because the cap i ta l  (non-human cap i ta l )  to human capita l r a t io  

is high in re la t i v e  terms in these countries..

Based on these f ind ings i t  is desirable that  in the fu tu re ,  

fu r the r  research should be undertaken with disaggregated variables.

For example: consumption can be disaggregated in to durables, non



durables and services, investment in to ,  re s id en t ia l ,  non res ident ia l  

construct ion, equipment, e tc . ,  imports and exports can be disaggregated 

in to ,  food, beverages, tobacco, crude materials and fue ls ,  manufactured 

goods, etc. Thus we w i l l  be able to f ind  the in te rre la t ionsh ips  

between various categories o f  the major economic aggregates. Addi

t iona l  research may be possible on a sectional basis, i . e .  invest iga

t ion  o f  the chemical industry ,  automotive industry,  computer industry, 

steel industry ,  etc.  Further more research can be undertaken on an 

in ternat iona l  basis, i . e . ,  a country wide model l i n k  analysis.
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APPENDIX A 

Indices

There are various ways in which re la t i v e  changes in prices 

and quant i t ies  can be described. In our thesis we have used the 

d iv is ia  index method which enjoys certa in advantages over the other 

indexing methods. In order to better  understand these advantages, 

we must ou t l ine  some a l te rna t ive  methods of  indexing and then show 

the supe r io r i ty  o f  our method.

The notation used in th is  section is  the fo l lowing:

I is  index numbers;
PQ is  the base-year pr ices;

Pn is  the given year pr ices;
qQ is  the base-year quan t i t ies ;
qu is  the given-year quant i t ies .

The f i r s t  method to be discussed is  the simple aggregative 

method and the index i t  leads to is  cal led the simple aggregation 

index. The general formula fo r  a simple aggregative index is :

where ZPn is  the sum o f  the given year prices and ZPQ is  the sum 

of the base-year pr ices,  and the ra t io  o f  the f i r s t  to the second 

is m u l t ip l ied  by 100 to express the in d ie s  as a percentage. A simple 

aggregative index is easy to construct and easy to understand, 

but i t  does not s a t i s f y  the un i t  tes t  c r i t e r i o n ,  that  is depending 

on the units fo r  which the prices of  the various items are quoted



the index can y ie ld  subs tan t ia l ly  d i f fe re n t  resu l ts .  Another way 

to compare two sets of  prices is  to f i r s t  ca lculate a separate 

index fo r  each item and then average a l l  these indexes, or price 

re la t i v e s ,  using some measure of  central locat ion.  This index 

is  cal led an ar i thmet ic  mean of  price re la t ives  and i t s  formula 

is :

p
E ^  • 100 

I =  2-------------
K

where K is  the number of  items whose price re la t ives  are being 

combined in to  an index. In p r inc ip le ,  price re la t ives  can be 

averaged with any measure of central loca t ion ,  but in practice 

the ar i thmet ic  mean and the geometric mean are most widely used.

Today the need fo r  weighting index items has been almost 

un iversa l ly  accepted; a very few indexes are usual ly computed without 

using weights.

A commonly used index is  the Laspeyres Index or the weighted 

aggregative index with lease-year weights. The formula fo r  th is  

index is :

ZPn%
ZPoO

100
o^o

Clear ly ,  th is  kind of index re f lec ts  changes in prices alone, 

the same quant i t ies  of  goods (the base year quant i t ies)  are priced 

at two d i f fe re n t  times and any dif ference between the given-year 

to ta l  (the quant ity  in the numerator of the index) and the base 

year to ta l  (the quant i ty  o f  the denominator o f  the index) must
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be accounted fo r  by changes in pr ice.

Another common index is  the Paasche Index whose formula is :

I = JLpn.?.n—  • 100 
2 P0%

In essence th is  index uses given-year quant i t ies  to weight both 

the base-year prices and the given-year pr ices;  that  i s ,  price 

the given year quant i t ies  at the two d i f f e re n t  t imes, and construct 

a weighted aggregative index with given-year weights.

An index tha t  is cu r ren t ly  in favor with the federal govern

ment is  the f ixed-weight aggregative index whose formula is :

1 ' 100

where the weights are quant i t ies  fo r  some other period than the 

base year 0 or the given year n.

In addit ion to weighted aggregative indexes, we can also ob

ta in  weighted indexes by weighting the ind iv idua l  price re la t ives .  

The formula fo r  a weighted ar ithmetic  mean o f  price re la t ives  is :

4  «
I  =  2-----------  . 100

zw

where the W's are su i tab le  weights assigned to the ind iv idual price 

re la t ives  of  the index items (wr i t ten  as proport ions, not as per

centages).

The d iv is ia  price index is a logari thmic index, thus making 

i t  compatible to the translog functional form. I t  concerns i t s e l f  

with the price di fferences in d i f fe re n t  years, taking in to  account
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the re la t i ve  differences as much as possible.

This price index is  expressed as fo l lows:

N Wi t  + Wi t _ i
I = ( log Pt ) = E n  - ^ n  • A log P i t

i = l  ^

Where P ^  is  the price o f  the i t h  commodity in period t  

i = 1 , 2 , 3 , . . .N and 

Wit 1S share o f  the i t *1 commodity in period t .

The theoret ica l  foundations fo r  the d iv is ia  index were carried 

out by Theil (1967) where the advantages of the index were discussed 

by Jorgenson and Egr i l iches (1967) and by Usher (1980).

In short,  the d iv is ia  pr ice index avoids comparison in absolute 

price series between regions and/or comparisons between d i f fe re n t  

time periods. I t  takes each observation at a t ime, cumulates the 

change o f  the pr ices,  times the average share of the commodity 

from period t  to t -1 .



APPENDIX B 

Robert Eisner's Economic Data
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Table A-11 -  1: Income t o  Human C a p i t a l  and
Consumption C a te g o r ie s ,  B i l l i o n s  o f  C u r re n t  D o l l a r s .

Y ear AI c CN1
.V.V.r.f7rr.'t.
*»*<v»v«v«v CN.2_____

1948 16 I .  1 1 2 8  2 . 8  2 1 C3 . 0 0 2 . 5 4 9 0

1949 1 5 4  . 6 5 2 3 0 .  2 4 10 2 . 6 5 2 . 2 8 6 0

1950 1 H . S 9 2 9 1 . 2 7 1 0 5 .  1 8 2 . 5 4 4  C

1951 I S O  . 2 3 3 1 5 . 2 2 1 1 5 . 6 5 2 . 9 0 6  0

1952 1 5 2 .  € 3 2 4 1 . 1 0 1 2 6 . 1  7 3 . 0 7 2 0

1953 2 0 4  . 4 6 3 6 8 .  5 2 12 1 . 6 6 3 . 2 3 2  0

1954 2 1 2 .  3 5 3 8  7 . 4 2 1 3 5  . 92 2 . 5 4 8 0

1955 2 2 5  . 3 4 4 0 5 . 6 2 1 4 2 . 3 4 3 . 5 0 0 0

1956 2 2 5 .  £ 2 4 5 6 . 7 5 I 5 2 . 0 0 2 . 8 5 8 0

1957 2 4 7  . 2 3 4 5 2 . 8 7 1 6 0 . 8 2 4 . 02 6  0

1958 2 57 .  e e 4 7 4 . 3 0 1 6 8 . 3 8 4 . 0 9 4 0

1959
<

2 6 9  . 0 0 5 0 1 . 2 4 17 7 . 7 5 4 . 2  03 0

I96 0 2 £ 2 .  91 5 2  1 . 4 0 1 8 5 . 8 7 4 . 2 8 1 0

1961 2 9 2  . 7 9 5 5 3 . 2  6 19 2 . 5 2 4 . 4  5 3  0

1962 3 C 6.  12 5 7 8 . 5 0 2 02 . 4  7 4 . 7 2 0 C

1963 3 1 9 . 8 3 6 0 1  . 9 6 5 1 1 . 4 4 4 . 7 1 1  0

1964 2 2 5 .  2 2 6 2 7 . 1 5 2 2 3 . 6 9 5 . 5 2  10

1965 3 6  2 . 0  0 6 7 7 . 4 2 2 2 8 . 8 5 5 .  6 0 2  0

1966 3 £ 2 .  e 5 7 5 - 7 . 0 6 2 5 7 . 2  0 6 . 1 4 1 0

1967 4 2 0  . 6 3 7 7 6 . 9 7 2 7 1 . 2 8 0 . 5 1  8 0

1968 4 6  1.  £ 5 8 4 2  . 8 0 2 93  . 0 3 7 . 0 7 7 0

1969 4 9 6  . 5 3 9 0 7 .  2 1 2 1 5 .  0 6
7.  77  0 0

1970 SAC.  2 £ 9 8  1 . 0  2 3 4  0 . 4 4 3 . 1 6 3 0

1971 5 7 9  . 1 8 1 0 4 5 . 7 2 6 0 . 8  1 8 .  6 0 8 0

1972 £  1 5 .  4 £ 1 1 5 2 . 0 3 9 0 .  5 8 9 . 4 4 3 0

1973 6 7 4  . 5 8 1 2  1 5 . 3 4 2 5 . 0  7 I C.  5 9 3

1974 7 S 0 .  19 12 5 7 . 4 4 6 7 .  4 8 1 1 . 6 7  2

1975 8 3 4  . 4  0 1 5 2  0 .  4 5 2 2 . 9 8 1 2 . 1 1 0

1976 5 14.  2 S 1 6 6 4 . 0 5  e  7 .  t 8 1 2 . 6 0  5

AI: Employee T r a in in g ,  Expense Account Items o f  Consumption, Opportunity  
Costs o f  S e l f  Employed, Opportunity Costs o f  Students, Unpaid 
Household Work.

C: Total Consumption 
CN1 + CN2 + CN3 + CN4 + CN5 + CM6

CN1: Household Expenditures fo r  Services ant Nondurables.

CN2: Expense Account Items o f Consumption.



Tab le A - I I  -  2:  A d d i t i o n a l  Consumption C a tego r ies

Year CN3 CN4 CN5___ CN6
1948 6 . 0 0 1  0 0  . 2 0 4 0 0 2 8  . 2 5 7 1 4 3 . 1 2

1949 5 . 7 1 6 0 0 .  1 5 4  0 0 2  5 .  6 5 4 1 4  2 . 7 8

1950 6  .  0 2  0  0 0  .  2 2 9 0 0 2  4 . 4 0  7 1 4  8 . 8 9

1951 7 . 2  1 2 0 0 . 1 3 7 0 0 2 2 . 3 4 5 1 6  2 . 9 2

1952 7 . 4 2 6 0 0 . 2  2 4 0 0 2 6 . 8  1 5 1 7  7 . 3 8

1953 7 . 4  5 6 0 0 . 2 4 8 0 0 3 4 . 1 3  0 1 9  1 . 7 8

1954 7 . 2 6 9 0 0 . 2 2 5 0 0 3 5 . 7 9 8 2  0 4  . 8 6

1955 7 . 2 7 7 0 0 . 3 1 1 0 0 J  7 . 4 2  9 2  1 2 . 6 6

1956 7 . 6 7 6 0 0 . 5 2 3 0 0 3 9 . 3 4 0 2 2 3  . 3  9

1957 7 . 9 9 0 0 0 .  8 2 6 0 0 4 3 . 4  8 4 2 2 5 . 7 2

1958 H . 2 3 8 0 0  . 8 9 5 0 0 4  5 . 2 4  4 2  4  7 . 4 5

1959 8 . 6 4 7 0 C . 6 9 9 0 0 4  9 . 2 8 0 2  6 0 . 6 6

1960 9  .  2  0 4  0 0  . 7 9 5 0 0 5 2 . 0  1 0 2  7 9 . 1 4

1961 9 . 2 9  5 0 1 . 3 8 1  0 5 5 . 2 5 8 2 8 9 . 3 5

1962 9 . 4 5 8 0 1 . 5 1 4 0 5 8 . 4 3 9 3  C l  .  9 0

1963 1 0  . 0 2 2 1 . 4 5 1 0 6  0 .  0 7 9 3  1 4 . 2 5

1964 1 0 . 4 2 7 1 . 7 4 2 0 6 4 . 3  1 1 3 3 1 . 7 9

1965 1 1 . 2 2 2 1 .  8 8 7  0 6 8 . 4 3  7 3 5  1 . 3 6

1966 1 2 . 9 8 6 2 . 4 4 1 0 7 5 . 8 5 2 3  7 2 . 4 4

1967 1 4 . 2 9 4 2 . 3 5 7 0 8 1  . 5 2  9 4 0 0  . 8 9

1968 1 5 .  6 8 4 2  . 5 7 3 0 8 6 . 9 2 8 4 3  8 .  5 1

1969 1 7 . 7 4 5 2  .  . 7 5  7  0 9 3 . 1 0 5 4  7 0 . 7 8

1970 1 9 . 5 0 0 2 . 9 2 7 0 1 0 0 . 0 7 5  G 9 .  9 3

1971 2 0  . 5 9 3 2  .  7 8 1  0 1 0 6 . 2  9 5  4 6 . 6 4

1972 2 2 .  5 1  4 3 . 6 9 1 0 I  1 5 . 8 2 5  8  0 .  9 6

1973 2 4 . 8 3 3 2 . 9 5 7 0 1 2 4 . 4 4 6  2 0 . 4 5

1974 2  8 .  8 4  0 1 . 9 7 0 0 1 2  2 . 2 2 6 9 5 .  2 4

1975 3 8  . 7 0  1 2 .  9  0 3  0 1 5 2 .  4  7 7 8 5 . 2 3

1976 3  5 . 6 1  6 3 . 2 5 9 0 1 6  1 . 5 6 8 6 2 . 6 7

CN3: BEA Imputations Other than Owner-Occupied Nonfarm Dwell ings.

CN4: S ubsit ies  Allocatec to Consumption.

CN5: Transfers from Business, Nonprofi t  I n s t i t u t io n s ,  Government 
Enterprises and Government.

CN6: Nonmarket Services Produced in Households.



Table A - I I  -  3: C a te g o r ie s  o f  Consumpt ion, B i l l i o n s  o f
1972 D o l l a r s . __________________________ __

Year CRl
. ■■ . 1 l . i .n .T . ......

CR2 CR3 CR4

1948 1 9 3 , 2 2 3 . 0 7 6  0 1 2  . 9 8 0 1 . 8 5 8 0

1949 1 9  5 . 5 1 3 . ee 7 o 1 2 . 4 5 1 1 . 4 9 7 0

1950 2  0 3 . 0 5 4 . 2 3  7 0 1 2  . 7 3 8 1 .  0 4 5  0

1951 2  0  7 . 6 4 4 . 5 4 3 0 1 3 . 0 0 9 0 . 8 5  1 0 0

1952 2  1 1 . 0 5 4  . 6 5 3  0 1 3  .  7 2  I 1 .  0 1  7 0

1953 2  1 7 . 3 3 4 . 9 2 0 0 1 3 . 6 1 6 1 . 0 2 2 0

1954 2 2  0 . 7 6 4  .  0 3 2  0 1 3  . 4 5 9 C .  8 9 0 0 0

1955 2 2  1 . 4 3 5  . 2 2 2 0 1 2 . 6 1 3 0.0 1 0 0 0 0

1956 2  4  0 . 9 5 5 . 4 7 9 0 1 3 . 6 4 1 - I  . 1 3 8 0

1957 2 4  6 . 4 0 5 . 5 7 3 0 1 2 . 6 2 7 0 . 9 4 0 0 0

1958 2 5 0 . 7 3 5 . 6 1 2 0 1 3 .  7 1  2 0 .  4  7 5  0  0

1959 2 6 0 . 4 9 5  . 6 0 3 0 1 4  . 0 9 4 0  . 7 9 8 0 0

1960 2 6 6 .  1 3 5 .  8 3  4  0 1 4 . 5 5 6 0 .  4 2 3 0 0

1961 2 7 2 . 2 6 5 . 0 7 4 0 1 4 . 9 2 9 0 . 4 4 6 0 0

1962 2  0 1 . 4 2 6 .  1 8 2  0 1 5 . 1 5 4 0 .  0 9 7 0 0

1963 2 0 9  . 0  7 6 . 0 9 2 0 1 5 . 6 4 5 1 . 4 2 0 0

1964 3  0 1 . 4 4 6 .  7 2 2  0 1 6 .  2  7 3 1 . 6 1 8 0

1965 3  1 5 . 2 4 7 . 1 1 2 0 1 6  . 8 5 5 I . 9 9 5 0

1966 3 2  0 .  0 0 7 .  6 2 6  0 1 7 . 8 8 9 2  .  7 8 1  0

1967 3 2 8 . 0 0 7 . 9 2 2 0 1 8 . 8 5 0 2 . 9 5 3 0

1968 3 5 1 . 9 2 8 . 2 7 3  0 1 9 . 5 6 1 3 .  2 2  8 0

1969 3 6 1 . 4 1 8  r 7  1 3  0 2 0 . 4 8 6 3 . 2  4 0 0

1970 3  7 1 . 3 6 8 .  7 6 7 0 2  I . 1  7 4 3 . 1 0 7 0

1971 3 7 6 . 2 9 0 . 8 6 1 0 2  1 . 5 3 4 2 . 7 7 9 0

1972 3 9 0 .  5 8 9 .  4 4 3  0 2 2 . 5 1 5 3 . 6 9 1 0

1973 4 0  2 . 9 5 1 0 . 1 3 4 2  2 . 2 9 3 2 . 4 8 7 0

1974 4  C l  .  0  0 1 0 . 1 3 5 2 4 .  91 8 1 . 6 9 0 0

1975 4 0 5 . 6 4 9 . 7 8 5 0 2 6  . 2 4 4 2 . 2 2 7 0

1976 4 2 3 . 3  8 1 0 . 4 7 4 2 7 . 2 3 9 2 . 5 1 6 0

CRl: Household Expenditures fo r  Services and Nondurables.

CR2: Expense Account Items o f  Consumption.

CR3: BEA Imputations Other than Owner-Occupied Nonfarm Dwell ings.

CR4: S ubsit ies  A l located to Consumption
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Table A - I I  - 4: Addit ional Categories of  Consumption,
Human Capital and Total Investment.

Year CR5
rrm: : : • V .v .v . -

CR6 H I

1948 6 8 . 2 3 6 3  6 4  .  5  7 1 3 5 6  . 0 1 4 9 . 0 3

1949 5 8 . 5 8 5 3 6  1 . 7 6 1 2 5 2 .  6 I 5 4  . 2  5

1950 5 5 . 3 1 8 3 6 7 . 1  7 I  4 2 7  . 0 1 6  5 . 6 4

1951 4  5 .  1 9 e 3  7 2 . 7 5 1 4 6  1 .  6 2 3 1 . 1 7

1952 5 2 . 5 6 5 3  8 2  . 6 5 1 5 0 5 . 7 2 0 5 . 4 7

1953 6 5 . 2 8  7 3 5  2 . 5 9 1 5 6  2 .  4 2  1 5 . 8 8

1954 6 6 . 0 8 7 4  0 4 . 5 2 1 6 2 6  . 3 2 0 9 . 2 5

1955 6 8 . 3 7 8 4 0 9 . 9 4 1 6  5 4 .  e 2  7 1 . 4 5

1956 6  5 . 6 7 6 4  1 7 . 2  8 1 7 6 5  . 4 2 7 7 . 7 2

1957 7 4 . 4 2 7 4  2 4 . 9 2 1 6 2 5 .  2 2  8 2 .  9 6

1958 7 4 . 9 0 5 4 3 5 .  7 2 1 9 0 5  . 7 2 5  2 . 9 9

1959 7 9 . 9 3 2 4 4 2 . 5 2 1 5 6 C .  C 2  5 7 .  4 4

1960 8 2 .  9 6  0 4  5 4 . 5  5 2 0 5 8  . 5 3 0 8 . 2  1

1961 8 6 . 7 7  5 4 6  2 . 7 4 2 1 2 5 .  6 3  0 8 .  4  8

1962 9 0 .  0 7 1 4  7 2 .  9 1 2 2 2 7  . 8 3 3 e  . 6 4

1963 9 0 . 7 3 5 4 e  2  •  5  i 2 2 2 3 .  7 3 6 5 .  6 3

1964 9 5 . 1 0 7 4  5 5 .  5 2 2 4  2 9  . 0 3 9 9  .  2  1

1965 9 8 . 0 2  1 5 0 6 . 7 4 2  5 4 5 .  5 4 3  0 .  6 4

1966 1 0 4 .  1 0 5  1 5 . 0 1 2 6 7 0  . 9 4 6 e  . 2 4

1967 1 0  7 . 8 9 5  2 2 . 8 6 2 6 1 C .  2 5 2  5 .  8 0

1968 1 1 0 . 2  6 5 3 1 . 6 6 2 9 6 4  . 6 6 0  0 . 8 9

1969 1 1 1 . 7 5 5 2 5  . 8 6 2  1 2 7 .  2 6  1 8 .  2 4

1970 1 1 2 . 2 7 5 5  0 .  8 5 3  2 9 8  . 2 6 0 8 . 3  1

1971 1 1 2 . 5 7 5  6  2 . 7 7 3  4 6  1 .  1 6 5 9 .  5 9

1972 1 1 5 .  8 2 5  8  0 .  9 6 3 6 7 7  . 5 8 8 9 . 9 2

1973 1 1 7 . 3 3 5 9 0 . 0 2 2 6  6 6 .  1 1 0 5 6 . 0

1974 1 1 2 . 6 0 6  0 5 .  3 6 4  0 9 6  . 5 1 0  4 4 . 7

1975 1 1 9 . 1 1 6  2 2 . 2 5 4 2  C 6 .  5 1 C l  9 .  3

1976 1 1 8 .  8 1 6 3  7 .  5 9 4 5  2 0  . 1 ' 1 2 5 2 . 9

CR5: Transfers from Business, Nonprofi t  I n s t i t u t io n s ,  Government Enterprises  
and Government ( B i l l i o n s  o f  1972 D o l la rs ) .

CR6: Nonmarket Services Produced in Households ( B i l l i o n s  o f  1972 D o l l a rs ) .

H: In ta n g ib le  Household Capita l  (Human C a p ita l )  (B i l l i o n s  o f  1972 
D o l la rs ,  Mid Y ear) .

I : Total Investment ( B i l l i o n s  o f  Current D o l l a r s ) ,  
IN I  + IN2 + IN3 + IN4 + IN5 + IN6 + IN7
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Table A - I I  -  5: C a teg o r ies  o f  Inves tment  ( B i l l i o n s  o f
Curren Dollars).

Y e a r IN I IN2 IN3 IN4

1948 9 4  . 4  7 8 - 4 . 7 6 6 0 2  .  3  9 2  0 3 6 . 7 8 0

1949 9 5  . 6  7 6 - 5 . 8 8 1 0 2  .  2 7 7 C 3 6  . 8 9 4

1950 1 1 1 . 7 8 1 . 6 0 7  0 2  .  6 7 4  0 3  9 . 2 2  5

1951 1 2  2 . 3 9 2 5 . 5 3 6 3 .  1 6 0 0 4  4  . 8 6 9

1952 I  3  0 .  3 2 1 8 .  0 9 1 4 . 1 4 8 0 4  8 .  7 4 3

1953 1 2 7 .  €  9 6 . 5 6 4 0 5  .  1 2 4 0 5  4 . 6 5 7

1954 1 3  7 . 7 1 0 .  2  9 2  0  0 5 . 6 4 4  0 5  8 .  8 4  2

1955 1 5  2  .  € 1 7 . 9  1 7 0 6  .  1 7 2 0 6 5 . 5 9 0

1956 1 5 9 . 5 5 7 . 4 6 3 0 8 . 3 6 3  0 6  9 .  6 6 5

1957 1 6 4 . 5 7 1 . 8 0 6 0 9  .  7 7 5 0 7 4 . 9  4 2

1958 1 6  0 .  5 6 -C. 0 8 5  0 0 0 1 0 . 7 1  1 7 8 . 3  0 8

1959 1 7 6  .  2 e 4 . 2  1 5 0 1 2 . 3 5 8 8 5  . 0 8 4

1960 t 7 5 .  6 0 2 . 7 7 7 0 1 3 . 5 2 3 3 9 .  3 2 3

1961 1 7 8 . 9 4 -  1 .  4 4 0 0 1 4 . 2 1 6 9  4 . 4 0  1

1962 1 9 3 . 3 2 7 .  3 2  3  0 1 5  . 3 9 4 1 0 3 . 6 1

1963 2 0 6 . 0 0 6 . 7 2 0 0 1 7 . 0 5 9 1 1 2 . 2 6

1964 2 2 1 . 5 8 4 . 2 5 0 0 1 8 . 8 5 4 1 2  3 . 9 9

1965 2 4 2 . 2 6 7 . 5 5 0 0 2 0 . 0  4 4 1 2 6 . 8 2

1966 2  6 2 .  9 5 1 2 . 5 6 4 2 1  . 8 4 6 1 5  0 .  8 8

1967 2 7 0 . 9 0 1 1 . 2 1 2 2 2 . 1 4 6 1 7  4 . 7 8

1968 3  0 0 .  5 2 1 3 . 4 3 2 2  4 . 6 0 4 1 9 3 . 4  8

1969 3 2 2 . 7 2 1 1 . 6 5 7 2 5 . 6 2 6 2  1 2 . 4 6

1970 3 2  7 .  7 3 1 .  6 4  9 0 2  5 . 9 0 5 2  3  7 .  4 4

1971 3 6  1 . 8 3 6  .  2 5 0 0 2 6 . 5 9  5 2 6 3 . 8 8

1972 4  1 0 .  3  0 7 .  0 5 1  0 2  8 . 2  5 7 2  9 3 . 3  1

1973 4  5 4 . 9 0 1 4 . 2 6 9 3 0 . 2 0 3 3 2  5 . 0 2

1974 4 6 6 .  7 1 1 4 . 1 7 9 3 2 . 2 6 0 3 5  7 .  8 3

1975 4 8 5 . 1 5 - 4 . 7 1 4 0 3 4 . 5 5 8 4 0 5 . 4 2

1976 5 4 5 . 9 0 1 5 . 9 6 7 3 7 . 3 6 3 4  3  6 . 3 5

IN I :  Investment in Structures and Equipment and Household Durables and 
Semidurables.

IN 2: Change in Inventor ies

IN3: Investment in Research and Development.

IN4: Investment in  Education and T ra in in g .
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Tab le A-11 -  6:  A d d i t i o n a l  C a tego r ies  o f  Inves tmen t  and

Y e a r IN5 IN6 IN7
W.'.V.’.T" INTA

1948 5 .  8 7 5  0 J  .  2 7 6 0  0 1 2  . 8 9 9 1 3  7 9  . 4

1949 6 . 0 6 1 0 0 .  3  8 2  0  0 1 8 . 5 4  0 1 4  1 8 . 5

1950 6 . 3 8 0 0 0  .  5 6 5 0 0 3 . 4 0 5 0 1 4  5 5  .  8

1951 6  . 8 3 9 0 0 . 5 6 8 0 0 2 7 .  8 1  2 1 4 9 2 . 4

1952 7 .  6 2  9 0 0 . 4 8 3 0 0 - 3 . 9 4 1 0 1 5 4 2  . 9

1953 3 . 5 1 0 0 0 .  4 6 1  0 0 2 .  8 8 2  0 1 6 0 7 . 9

1954 9 .  0 6 2  0 0  .  5  8 9  0  C - 2 . 8 9 4 0 1 6  7 8  . 6

1955 9  . 5 7 8 0 0 . 8 0 5 0 0 2  t .  7 7 8 1 7 5 2 . 7

1956 I 0 . 2 3 2 1 . 1 1 8 0 2  1 . 2 2 6 1 8 3 0 . 3

1957 i i . ie e 1 . 1 3 1 0 1 9 . 5 7 1 1 9 0 8 . 4

1958 1 2 . 0 4 6 1 .  2 5 7 0 3 0 . 1 8 8 1 9 8 7 . 9

1959 1 2 . 2 6 4 1 .  0 4 4  0 5 .  0 9 5  0 2 0 7 2 . 0

1960 1 4 . 1 9 0 1 . 2 4 2 0 1 1 . 5 5 4 2  1 6 0 . 8

1961 1 5 . 2 1 0 I  . 7 1 5 0 5 .  3 3 2  0 2 2 5 2 . 6

1962 1 6 .  5 0 3 I  . 8 8 4 0 0 . 6 1 0 0 0 2 3 5 1  . 2

1963 1 7 . 7  3 9 I  . 8 2 2  0 4 .  0 2  5  0 2  4 5 e  .  2

1964 I  9 .  6 0 7 2 . 1 1 0 0 8 . 7 2 1 0 2  5  7 5  .  7

1965 2  1 . 0 3  3 2  . 2 2 2  0 ■ C .  2  9 9 0 0 2 7 0 4 . 2

1966 2 2 .  8 1  6 2 . 6 0 3 0 - 5 . 4  1 8 0 2  8 4 1  . 6

1967 2  4 . 9  2 3 2  . 3 0 5 0 1 8 .  5 3 5 2 9 9 2 . e

1968 2  7 . 4 9 3 2 . 2 0  7 0 3 9 . 0  5  4 3  1 5 8 .  4

1969 3  1 . 2 8 0 2  .  6 9 2  0 1 0 . 8 0 7 3 2 2 0 . 7

1970 3 5 . 2 0 0 3  . 0 6 0 0 - 2 2 . 6 7 5 3  5  0 9 .  7

1971 3 9 . 1 8 9 3 . 1 1 8 0 - 4  I  .  2  7 2 3 6 9 9 . 2

1972 4 3 . 8 0 4 3 . 7 7 1 0 1 0 2 . 3 5 3  9  0 2  .  3

1973 4 8 . 9 9  1 4  . 1 4  0  0 1 7 8 .  3 7 4  1 1 7 . 5

1974 5 4 . 7 4 2 2 . 0  7 6 0 I  1 5 . 8 7 4 3 3 2 . 2

1975 6 2 . 4 6 3 3 . 8 2  5  0 3  1 . 5 5 4 4  5 4 4 . 6

1976 7 1  .  7 0 8 3  .  5 2 4 0 1 8  2 . 0 4 4  7 5 9 .  0

IN5 Investment in Health ( B i l l i o n s  o f  Current D o l l a rs ) .

IN6 Subsit ies  and Government E nte rp r ise  Transfers A llocated  to Investment 
( B i l l i o n s  o f  Current D o l l a r s ) .

IN7 Net Revoluations in Land, S tructures and Equipment, Household 
Durables and Semidurables and Inventor ies  (B i l l i o n s  o f Current  
D o ! la r s ) .

INTA: Business In ta n g ib le  Cap ita l  (R&O) plus Household In tan g ib le  CaDital  
(Human C a p i ta l )  ( B i l l i o n s  o f  1972 D o l l a r s ) .
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Tab le A-11 -  7: C a tego r ies  o f  Inves tm en t ,  B i l l i o n s  o f
1972 D o l l a r s .  ___________________

Y e a r IR l
• X \ * X v ! \v X \ IR2 IR3

'?7.r.V.
IRA

1948 1 5 * 3 . 4 6 - 7 . 3 0 8 0 5  .  4 3 9 0 8 2 . 3 3  5

1949 16 1 . 0 2 - 8 . 4 7 8 0 5 . 3  3 8 0 3  1 .  4 3 9

1950 1 8 4 . 5 1 3  .  0 0 7  0 6  .  C 0 4  0 8 5 . 1 8 1

1951 i e e . 8e 3 6 . 1 1 2 6 . 2 1 6 0 9  1 . 5 3 2

1952 2  0 1 . 1 0 2  7  . 9 1  3 8 .  0 0 3  0 9  7 . 0 1  0

1953 2  1 2 . 7 1 1 1 . 3 1 6 9 . 6 4  7 0 1 0 6 . 2 3

1954 2  1 4 . 0 5 0 . 5 3 3  0  0 1 0 . 5 6 7 1 1 2 . 1 7

1955 2 2 2 . 1 7 1 0 . 4 2 1 1 1 . 3 9 2 12 1 . 2 1

1956 2 3 2  . 0 0 9 . 4 4 7 0 1 4 . 8 6 3 1 2  3 . 2 9

1957 2 2  1 . 4 0 2 . 1 4 1 0 1 6 . 8 3 4 1 2 7 . 0 8

1958 2 2  5  .  9 6 C .  0 0  4  0 0 1 7 . 9 6  9 1 2  9 . 5 6

1959 2  4 2 . 5 5 5 . 2 0 1 0 2 0 . 2 9 8 1 2  7 . 1 4

1960 2 4 1  . 6 1 3 . 1 3 0 0 2 1 . 9 9 9 1 4  1 . 1 3

1961 2 4 6 . 4 4 -  1 . 8 1 1 0 2  2 . 9 1 6 1 4  6 . 8 0

1962 2  6 1  . 9 9 9 . 2 1 5 0 2 3 . 9 7 5 1 5 6 . 9 7

1963 2  7 7 . 0 8 8 . 7 5 6 0 2 6 . 0  5 0 1 6  6 . 0 6

1964 2  9 4 . 4 5 5 . 3 1 3 0 2  8 .  2 4 4 1 7 9 .  5 5

1965 2  1 9 . 1 2 8  .  e  5  5  0 2 9 . 1 3 0 1 9 2 . 1 2

1966-— - 3  3  6 .  6  6 1 4 . 6 2  5 3  0 . 4 1  1 2  0 4 .  8 2

1967 3 2 6 . 2 7 1 2 . 3 3 4 3 0  . 9 2 3 2 2  7 . 6 6

1968 3  5 6 .  0 7 1 5 . 3 3 8 3 1  . 2 2  0 2  3  9 .  6 6

1969 3 6 5 . 5 5 1 2 . 1 0 4 3 0  . 8 3  7 2  4 9 . 6 0

1970 3  5 4 . 1  8 2 . 0 3  8  0 2  9 . 1 3 2 2 6 2 . 6 1

1971 3 7 2 . 3 2 6  . 5 1 9 0 2 e  .  1 4 2 2 7 6 . 2 8

1972 4  1 0 . 3  0 7 .  0 5 1  0 2  8 . 2  5 7 2  9 3 . 3  I

1973 4 2 5 . 7 6 1 2 . 3 9 1 2 8  . 5 4 4 3 0 6  . 3 2

1974 4  0 8 .  0 9 1 1 . 6 7 1 2  7 .  6 7 4 3  0 5 .  1 9

1975 3 8 7 . 7 6 - 5 . 9 6 8 0 2 7 . 0 2 4 2 1 7 . 1 2

1976 4  1 6 .  3  1 1 0 . 2 5 0 2  7 .  6 7  2 3 2 2 .  3  7

I R l : Investment in Structures and Equipment and Household Durables and
Semidurables.

IR2: Change in In ven to r ies .

IR3: Investment in Research and Development.

IR4: Investment in Education and T ra in ing .
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Tab le  A - I I  -  8:  A d d i t i o n a l  C a teg o r ies  o f  Inves tmen t  and

Year IR5 IR6 IR7 K

1948 t 3 . 9 8 8 1 . 1 8 9 0 2 5 . 9 3 1 1 6 9 2 . 2

1949 1 4 . J 5 4 1 . 0 9 7 0 3 3 . 8 3 2 1 7 C I .  2

1950 I 4 . 83  6 1 . 1 5 7 0 6  . 02 7 0 I 7 4 9  . 6

1951 1 5 . 3 8  5 1 . 0 9 4 0 4 5 . 7 4 3 1 6 4 5 .  2

1952 I 6 . 3  9 3 1 .  0 3 2  0 - 6 . 3 4 6 0 1 9 5 9  . 0

1953 1 7 . 4 4 0 1 . 0 0 1 0 4 . 5 8 2 0 2 C 6 5.  C

1954 1 7 . 9 3  5 1 .  04 9  0 - 4  . 5 6 5  0 2 1 5 5  . 5

1955 1 8 . 4 8 5 0 . 9 0 3 0 0 4 4 . 4 1 0 2 2 5 1. 4

1956 1 9 . 3 1 5 0 . 4 8 4 0 0 3 1 . 2 2 4 2 3 5 5  . 7

1957 2 0 . 2 2 0 1 . 3 4 5 0 2 7 . 6 0 3 2 4 5 0 .  0

1958 2 0 . 5 6 8 I . 2 5 3 0 4 2  . 6 3  8 2 5 3 8 . 8

1959 2 2  . 5 3 7 1 . 2 6 7 0 7 . 1 1 6 0 2 6 3 6 .  0

1960 2 3  . 3 5 2 1 . 2 8 9 0 1 6 .  0 6 9 2 7 3 4  .  1

1961 2 4 . 3 8 5 1 . 5 2 7 0 7 . 4 4 7 0 2 6 2 3 .  2

1962 2 5 .  8 6 8 1 . 83  7 0 0 .  8 4 7 0 0 2 9  26  .  1

1963 2 7 . 3 1 8 2 . 0 9 1 0 5 . 5 8 3 0 3 C 4 2.  6

1964 2 9 .  6 0 5 2 .  3 4  70 1 1 . 9 9 3 3 1 6 2 . 7

1965 3 0 . 7 4 9 2 . 5 8 8 0 0 . 4 0 5 0 0 3 2  9 4 .  6

1966 3 1 . 8 9 3 3 . 0 8 3  0 - 7 . 1 1 0 0 3 4 4 4  . 7

1967 3 2 . 8 1 1 2 . 8 6 6 0 2 3 . 5 5 2 3 5 9 1 .  4

1968 3 4 . 2 7 6 2 . 8 6 5 0 4 7 .  5 6 9 3 7 2 3  . 7

1969 3 5 . 5 3 7 3 . 1 3 9 0 1 2 . 4 3 6 3 £ 4 5 .  £

1970 3 9 . 0 1 1 3 . 3 0 6 0 - 2 4 . 8 9 1 3 9 3 8  . 3

1971 4 1 . 1 5 3 3 . 1 7 3 0 - 4 3  . 0 3 7 4 0 14.  2

1972 4 3 . 8 5 5 3 . 7 7 1 0 1 0 3 .  3 5 4 1 3 3 . 7

1973 4 6 . 6 8  1 3 . 7  1 0 0 1 6 8 . 2 7 4 3 2 0.  2

1974 4 7 . 4 5  0 2 . 6 6 3  0 9 8 .  9 4  6 4 5 0 3  . 9

1975 4 8 . 2 4  1 3 . 0 0 0 0 23  . 8 5  1 4 5 9 6 .  1

1976 4 9 .  81 1 2 . 6 4  5  0 1 3  0 .  4 0 4 6 8 6  . 3

IR5: Investment in Health .

IR6: S ubsit ies  and Government Ente rpr ise  Transfers A l located  to Investment.

IR7: Net Revoluations in Land, Structures and Equipment, Household
Durables and Semidurables and In ven to r ies .

K: Total Cap ita l  minus Business In ta n g ib le  Capita l  minus Household
In ta n g ib le  C a p i t a l .
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Table A - I I  -  9:  Hours a t  Work, Expenses Re la ted  t o
_____________  Work and Im po r ts ._______

Year L LI LERW
7.1 r"

M
1948 1 3  0 .  3 6 2  . 5 0 7  0 5 .  9 9 4  0 1 0 . 3 7 1

1949 1 2  5 . 9 4 2 .  4 2  2  C 6 . 4 0 0  2 9  . 6 4  0 0

1950 I  2  9 .  5 3 2 . 4 9 1 0 6 .  6 3 3  0 1 2 .  0  1 6

1951 1 3 7  .3 e 2 . 6 4 2 0 7 . 8 0 3 0 1 5  . 0  9  4

1952 1 3  9 .  4 6 2  . 6 8 2  0 9 .  0 4 3  0 1 5 .  e  1 C

1953 1 4 0 . 5 0 2 . 7 0 2 0 1 0  . 2  5 8 1 6  . 5 5  4

1954 1 3 5 .  4 1 2  .  6 0 4  0 1 C . 5 3 2 1 6 .  0 1  1

1955 1 3 8 . 4 e 2 . 6 6 3 0 1 0 . 7 0 5 1 7 . 8 2 7

1956 1 4  0 .  4 5 2  .  7 0 1  0 1 1 . 3 9 2 1 9 .  5 9 0

1957 1 3 3 . 8 9 2 . 6 7 1 0 1 2 . 4 3  1 2 0 . 6 5 2

1958 1 3 3 . 9 5 2 .  5 7 6  0 1 2 . 6 1 3 2  0 .  8 2 2

1959 1 3  7 . 5 4 2 . 6 4  S C 1 3 . 3 6 5 2 2 . 1 6 6

1960 1 3 3 .  5 8 2 . 6 6 5  0 1 3  .  8 4  7 2 3 . 2 2 3

1961 1 3 7 . 5 9 2 . 6 4 6 0 1 2 . 5 3 3 2 2 . 0 7 6

1962 I  4  0 .  4 5 2 . 7 0 1 0 1 3 . 7 7 6 2  5 .  2 2  9

1963 1 4  1 . 4 9 2 . 7 2 1 0 1 2 . 8 9 6 2 6  . 4 1 4

1964 1 4 3 . 8 8 2 . 7 6 7 0 1 4 . 3 4 3 2  8 . 4 4 5

1965 1 4  8 . 4 6 2 .  e  5  5  0 1 5 . 0 4 6 3  1 . 9 5 7

1966 1 5 3 . 4  0 2 . 9 5  0  0 I 5 .  8 0 5 3  7 . 7 1 3

1967 1 5  4 . 9 1 2  . 9 7 9 0 1 6 . 4 5 9 4 0  . 6 2 4

1968 1 5  7 .  7 2 3 .  0 3 3 0 1 7 . 5 4  0 4  7 .  6 5 3

1969 1 6  1 . 0 4 3  . 0 9 7 0 1 9  . 2 9 9 5 2  . 9 4 6

1970 1 5  8 .  0 3 3 .  0 3  9  0 2  0 .  5 8 9 5  8 .  5 2 2

1971 1 5  7 . 0 4 3 . 0  2 0 0 2  1 . 8 4 8 6  4 . 0 3 2

1972 1 6  0 .  6 3 3 . 0 8 9 0 2 3 . 3 8 8 7 5 .  9 4  9

1973 1 6 6 . 3 0 3 . 1 9 8 0 2  4 . 2 3 8 9  4 . 4 1 2

1974 1 6 6 .  7 1 3 . 2  0 6 0 2  6 . 5 8 9 1 3  1 . 8 8

1975 1 6  2 . 1 4 3 .  1 1 8 0 2 e  . 2 6 9 1 2 6 . 8 6

1976 1 6 6 .  5 6 3 .  2  0 3  0 3 2 . 2 4  7 1 5 5 . 7 3

L: Total Hours a t  Work (L ! *  52)

L I : Weakly Hours a t  Work.

LERW: Expenses Related to Work.

M: Imports ( B i l l i o n s  o f  Current D o l la rs ) .
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Table A - I I  - 10: D iv is ia  Price Index fo r  Consumption and
_______ Price Deflators fo r  Consumption.______

Y ear PC PCI PC2
IV. W . \ v . \ PC3

1948 0 .  4 4 2 9 9 0 . 5  3 3 0 6 o . Seo' 2 4 0 . 4 6 2 3 3

1949 0 . 4 4 5 6 6 C.  5 3 0 1  5 0.  5 8 8 1  1 0.  4 5 9 0 8

1950 0 .  4 5 4  91 0 . 5 2 7 6 7 0 . 6 0 0 4 2 0 .  4 7 2 6 0

1951 0 . 4 9 0 9 4 0 .  5 7 6 2 3 0.  6 3 9 6 7 0 .  5 2 2 2  7

1952 0 .  51 4 2 2 0 . 5 9 5 5 4 0 . 6 6 0 4 2 0 . 5 4 1 2  1

1953 0 . 5  3 2 9  e 0.  6 0 5 8 9 0 .  6 5 6 9 1 0.  5 4 7 5 9

1954 0 .  5 4 8 0 2 0 . 6  1 5 6 7 0 . 6 7 2 1 9 0 .  5 4 0 0 8

1955 0 . 5 5 8 1 4 0 .  61 9 3 7 0.  6 7 0 2 4 0 .  5 4 1  91

1956 0 .  5 72 0 3 0 . 6 3 0 8 4 0 . 7 0 4  14 0 . 5 6 2 8 6

1957 0 . 5 9 2 3 4 0.  6 5 2 6 8 0 .  7 2 2 4 1 0.  5  8 6 3  4

1958 0 .  6  0 8 0 0 0 . 6 7 1 5 7 0 . 7 2 9 5 1 0 . 6 0 0 7 9

1959 0 . 6 2 4 0 4 0 .  6 8 2 3  8 0 .  7 3 9 5 7 0 .  61  3 5 2

1960 0 .  6 4 5 2  8 0 . 6 9 8 4 2 0 . 7 5 0 9 4 0 . 6 2 2 3 2

1961 0 . 6 5 4 7 e 0.  7 0 8 2 4 C. 7 5 8 0 9 0 .  6 2 2 6 1

1962 0 .  6 6 7 6 7 0 . 7  1 9 4 8 0 . 7 6 3 5 1 0 . 6 2 4 1 3

1963 0 . 6 7 9 6 3 0 .  731  4 6 0 .  7 7 3 3 1 0.  6 4  05  9

1964 0 .  6 9 5 3  1 0 . 7 4 2 0  7 0 . 7 7 8  19 0 . 6 4 0 7 5

1965 0 . 7  1 6 2  1 0 .  7 5 7 5 8 0.  7 8 7 6 8 0.  6 7 1  7 3

1966 0 .  7 4 5 3  0 0 . 7 8 3 9 5 0 . 8 0 5 2 7 0 . 7 2 5 9 2

1967 0 . 7 7 6 9 2 0 .  801  01 0 .  8 2 2 7 7 0 .  7 5 8 3  0

1968 0 .  8 2 3 5 1 0 . 8 2 2 6 6 0 . 8 5 5 4 3 0 . 8 0  1 8 0

1969 0 . 8 6 7 9 2 0 .  871  7 5 0 .  891  7 7 0.  e 662  0

1970 0.  91 8 9 8 0 . 9  1 6 7 6 0 . 9 2 1 1 1 0 . 9 2 0 9 4

1971 0 . 9 6 2 9 9 0 .  9 5 8 8 7 0 .  971  4 5 0.  9 5 6 3  0

1972 1 . 0 0 0 0 1 . 0 0 0 0 I . 0 0 0 0 0 . 9 9 9 9 6

1973 1 . 0 6 0 0 1 .  0 7 2  3 1 . 0 4 5 3 1 .  0 6 6 1

1974 1 . 1 7 4 8 1 . 2 1 5 7 1 . 1 5 1 8 1 .  1 5 7 4

1975 1 . 2 8 3 2 1 . 3 1 6 4 1 . 2 3  7 6 1 . 2  841

1976 I . 3 6 4 3 1 . 3 8 6 9 1 . 2 9 9 3 1 . 3 0 7 5

PC: D iv is ia Price  Index fo r  Consumptions Derived by Aggregating
PCI, PC2, PC3, PC4, PC5 and PC6.

PCI: Price  D e f la to r  fo r Cl.

PC2: Pr ice  D e f la to r  fo r C2.

PC3: P r ice  D e f l a to r  for C3.
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Table A - I I  -  11: D iv is ia  Price Index fo r  Investment and
Price Deflators fo r  Consumption.

Y ear PC4 PC5 PC6
. . .  7 ... .V.

PI

1948 0 . 1 0 9 0 0 0 . 4 1 4 1 1 0 . 2 9 2 5 7 0 . 5 2 7 6 0

1949

1950

0 .  1 0 2 8 7  

0 . 2 1 9 1 4

0 .  4 2 7 e 6 

0 . 4 4 1 2 1

0 .  3  94  6 7 

0 . 4 0 5 5 2

0 .  5 3 1  8 8  

0 . £ 4 2 5 8

1951 0 . 2 1 9 7 4 0 .  4 9 4 3 8 0 .  4 3 7 0 6 0 .  5 7 9 6 9

1952 0 . 2 2 0 0 9 0 . 5 1 0 1 3 0 . 4 6 3 5 6 0 . 5 e 4 9 3

1953 0 .  2 4 0 3  1 0.  £ 2 2 7 7 0 .  4 8 8 5 0 0 .  5 8 9 6 9

1954 0 . 3  7 6 4 0 0 . 5 4 1 6 8 0 . 5 0 6 4 3 0 . 5 9  1 6 5

1955

1956

3 1 . 1 0 0

0 . 4 5 9 5 8

0.  £ 4 7 3 8  

0 . 5 6 4 6  I

0 .  5 2 1 2  0 

0 .  £ 2 5 3 6

0 .  6  0 6 8 2  

0 . 6 2 6 4  1

1957 0 . 8 7 8 7 2 0.  £ 8 4 2 £ 0 .  5 5 4  74 0 .  6 5 7 2 6

1958 1 . 8 8 4 2 0 . 6 0 4 0  2 0 . 5 6 7 9 0 0 . 6 6 3 8 6

1959 0 .  8 7 5 9 4 0.  6 1 6 5 2 0.  5 8 7 7  0 0 .  6 7 6 3 5

1960 1 . 8 7 9 4 0 . 6  2 6 9  3 0 . 6  14 10 0 . 6 8 3 8 6

1961 3 . 0 9 6 4 0.  6 2 6 8 C 0 .  6 2 3 9 5 0 .  6 8 8 5 2

1962 1 . 6 8 7 8 0 . 6 4 8 8  I 0 . 6 2 8 3 9 0 . 7 0  1 9 5

1963 1 .  02 1 8 0.  6 6 2 1 1 0.  6 4 9 9 4 0.  71 0 9 8

1964 1 . 0 7 6 6 0 . 6 7 6 2 0 0 . 6 6 9 5 8 0 . 7 2 2 4 2

1965 0 .  9 4 5  0 6 0.  6 98  1 9 0 .  6 9 3 3 7 0 . 7 3 5 7 0

1966 0 . 8 7 7 7 4 0 . 7 2 8 6 9 0 . 7 2 3 1 7 0 . 7 5 8 7  1

1967 C.  7 9 8 1  7 0 .  7 5 5 6 6 0 .  7 6 5 2 5 0.  7 8 6 4  7

1968 0 . 7 9 7 0 9 0 . 7 8 8 3 7 0 . 8 2 4 7 9 0 . 8 2 4 1 6

1969 G . 8 5 0 9 3 0.  8 2 3 1  £ 0 .  8 7 2  0 3 0 .  8 6 8 4  9

1970 0 . 9 4 2 0 7 0 . 8 9 1 3 8 0 . 9 2 5 7 2 0 . 9  1 4 4 9

1971 1 . 0 0 0 7 C. 5 4 4 2 7 0.  9 6  961 0.  9 61  9 3

1972 I . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0 I . 0 0 0 0

1973 1 . 1 8 9 0 1 . 06  0 6 1 .  0 5 1 6 1 .  0 5 2  8

1974 1 . 1 6 5 7 1 . 1 7 4 3 1 .  1 4 8 5 . 1 . 1 5 8  1

1975 I . 2 4 7 5 1 .  2 8 0 1 1 . 2 6 1  9 I .  2 7 1  5

1976 1 . 3 3 5  I 1 . 2 5 9 8 1 . 2 5 3 0 1 . 2 4 2  1

PC4: Pr ice  D e f la to r fo r  C4.

PC5: Pr ice  D e f la to r fo r  C5.

PC6: Pr ice  D e f la to r fo r  C6.

P I:  D iv is ia  Price  
P U ,  P I2 ,  P I3 ,

Index fo r  Investment, Derived by Aggregating  
P I4 ,  P IS, PI6 and PI7 .



Table A - I I  - 12: Price Deflators fo r
Investment

Y ear PI1 PI2 PI3 W 8 & PI4

1948 0 .  5 92 4 7 0 . 6 1  04  0 0 . 4 3 9 7 9 0 .  4 4 6  7 1

1949 0 . 5 9 4 3 1 0 . 6 9 3 6 e 0 . 4  4 5 3 0 0 . 4 5 3  0 3

1950 0 .  6 05 84 0.  5 3 4 4  2 0 .  4 4 5 3  7 C. 4 6 0 4 9

1951 0 . 6 4 7 9 7 0 . 7 0 7  1 1 0 . 5 0 0 3  2 0 . 4 9 0  I 9

1952 0 .  6 4  7 7 8 0 .  6 4 8 1  2 0 .  51 831 0 .  5 C2 4 5

1953 0 . 6 4 7 3 0 0 . 5 8 0 0 6 0 . 5 3 1 1 5 0 . 5  1 4 5  1

1954 0 . 6 4 3 3 5 0.  5 4 7 8 4 0 .  5 3 4 1  2 0 .  5 2 4 8 6

1955 0 . 6 5 7 2 2 0 . 7 5 9 7 2 0 . 5 4 1 7 4 0 . 5 4  1 1 3

1956 0 . 6 8 7 7 3 G. 7 9 0 5 2 0 .  5 6 2 6 7 0 .  5 6 5 0 4

1957 0 . 7 1 1 2 0 0 . 8 4 3 5 3 0 . 5  8 0 6  7 0 . 5 8 9 7  1

1958 C.  71 0 5 8 - 2  1 . 2  5 0 0 .  5 9 6 0 8 0.  6 C 4 4 1

1959 0 . 7 2 3 8 0 0 . 8 1 4 0 0 0 . 6 0 5 8 4 0 . 6 2 0 4 2

1960 0 .  7 2 6 7 8 0 .  8 8 7 2 2 0 .  6 1 4 7 1 0 .  6 3 2 9 3

1961 0 . 7 2 6 1 1 0 . 7 9 5 1 4 0 . 6 2 4 7 2 0 . 6 4 3 0 4

1962 0 .  73 7 3  8 0.  7 9 4 6 8 0.  6 4 2  0 9 C. 6 6 0 0  5

1963 0 .  7 4 3 4  6 0 . 7  6 7 4 7 0 . 6 5 4 8 6 0 . 6 7 6 0 3

1964 0 . 7 5 2 5 5 0 . 7 9 9 9 2 0 .  6 6 7 5 4 C. 6 9 0 5 5

1965 0 . 7 6 2 2 5 0 . 8 5 2 6 3 0 . 6 8 8 0 9 0 . 7 0 8 5 0

1966 0 .  781 0 7 C. 8 5 9 0 8 0.  71 8 3 6 0 .  7 3 6 6 5

1967 0 . 8 0 5 6 2 0 . 8  4 0 9 3 0 . 7 4 8 5 C 0 . 7 6 7 7  I

1968 0 .  8 4 2  I 1 0 .  8 7 2 8 9 0.  7 8 8 0 8 0 .  e 0 7 3  0

1969 o . eesse o ,e895e 0 . 8 3 1 0 1 0 . 8 5 1 2 1

1970 0 .  9 2 5 3  0 0 .  8 0 9 1  3 C. 8 8 9 2 3 0 .  9 0 4 1  7

1971 0 . 9 6 9 2 2 0 . 9 5 8 7 4 0 . 9 4 5 0  3 0 . 9 5 5 1 0

1972 1 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0

1973 1 . 0 4 3 9 1 . 0 6 5 6 1 . 0 6 1 6 1 . 0 6  1 I

1974 1 . 1 4 3 6 1 . 2 1 4 9 1 . 1 6 5 7 I .  1 72  5

1975 1 . 2 5 1 2 0 .  7 8 9 8 8 I . 2 7 8 8 1 . 2 7 8 4

1976 1 . 3 1  1 3. 1 . 5 5 7 8 1 . 3 5 0 2 I . 3 5 3 5

P11: Price D e f la to r  fo r  11.

P I2: Price  D e f la to r  fo r  12.

P I3:  Price D e f la to r  fo r  13.

P I4: Price  D e f la to r  fo r  14.
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Table A - I I  - 13: D iv is ia  Price Index fo r  Imports and
Addit ional Price Deflators fo r  Investment

Year pis U m M t i PI6 PI7
.V .v.'.v.

PM

1948
0 .  4 2  0 0 0 0 .  31 6 2 3 0.  5 3 6 0  0 0 .  6 4 4 9 7

1949 0 . 4  2 2 2 5 0 . 3 4 8  2 2 0 . 5 4 8 0 0 0 . 6 1 4 4 9

1950 0.  4 3 0 0 4 0 .  4 8 6 3 3 0.  5 6 4 9 6 0.  7 0 5 6  0

1951 0 . 4 4 4 5 2 0 . 5  1 9 2 0 0 . 6 0 8 0  1 0 . 8  7 0 6 5

1952 0 .  4 6 5 3 8 0 .  4 6 6 0 2 0 .  621  02 0 .  82  7 5 7

1953 0 .  4 8 7 9 6 0 . 4 6 0 5 4 0 . 6 2 8 9 8 0 . 7 9 9  I 7

1954 0 .  5 052  7 0.  56  1 4 9 0.  6 3 3  9 5 0.  8 2 5 5 6

1955 0 . 5 1 8 1 5 0 . 8 9  1 4 7 0 . 6  4 8 0  I 0 . 8  1 8 0 8

1956 0 .  5 2 9 7 4 2 .  3 09  9 0 .  6 8 3  0 0 0 .  8 2 3 7 6

1957 0 . 5 5 2 3 2 0 . 8 4 0 8 9 0 . 7 0 9 0  2 0 . 8 3 0 4 2

1956 0 .  5 8 5 6 7 1.  0 0 3 2 0.  7 0 8 0 1 0 .  7 8 6 3 4

1959 0 . 5 8 8 5 4 0 . 8 2 3 9 9 0 . 7  1 5 9 9 0 . 7 6 0 8  1

1960 0 .  6 0 7 6 6 C. 9 6 4 3 1 0 .  71 9 0 2 0 . 7 6 5 1 4

1961 0 . 6 2 3 7 4 1 .  1 2 3  1 0 . 7 1 5 9 9 0 . 7 4 7 4 7

1962 0 .  6 3 7 9 7 1.  0 2 5 6 0.  7 2  01 9 0 .  7 3 1  1 9

1963 0 . 6  4 9 3 5 0 . 8 7  1 3 5 0 . 7 2 0 9 4 0 . 7 4 3 9 5

1964 0 .  6 6 4  9 9 C. 8 9 9 0 2 0.  7 2 8 0 1 0 .  781 5 3

1965 0 . 6 8 4 0 2 0 . 8 5 8 5 8 0 . 7 3 8 2 7 0 . 7 e 7 4 7

1966 0 .  71 5 3 9 0 .  8 4 4 3  1 0 .  7 6 2  03 0 . 8 1 1 8 9

1967 0 . 7 5 9 5 9 0 . 8 0 4 2 6 0 . 7 8 6 9 8 0 . 8  10 5 5

1968 0 .  8 021 1 0 .  8 0 5 2 4 0 .  821  0 0 0.  8 2 0 1  8

1969 0 . 8 5 6 1 2 0 . e 5 7 6 0 0 . e 6 9 0  I 0 . 8 4 9 4 3

1970 0 .  9 0 2 3  1 0 .  9 2 5 5 9 C. 91 0 9 7 0 . 9 1 1 3 0

1971 0 . 9  5 2 2 8 0 . 9 8 2 6 7 0 . 9 5 8 9 9 0 . 9 3 7 3  I

1972 I . 0 0 0 7 1 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0

1973 1 . 0 4 9 5 1 . 1 1 5 9 1 . 0 6 0 0 1 . 2 0  49

1974 I  .  1 5 3  7 1 . 1 5 5 1 1 . 1 7 1 0 I . 9 4 2  3

1975 1 . 3 1 5 5 1 . 2 7 5 0 1 . 3 2 3 0 2 . 0 4 1 2

1976 1 . 4 3 9 6 1 . 3 3 6 1 1 . 3 9 6 0 2 . 1 4 2 5

PI5 Price  D e f la to r  fo r  15.

PIS Price  D e f la to r  fo r  16.

PI7 Price  D e f la to r  fo r  17.

PM D iv is ia  Price  Index fo r Imports.
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Table A-11 - 14: D iv is ia  Price Index fo r  Exports, R&D, Relative
Shares o f  Consumption and Human Capital

Year PX RD SC SH

1948 0 .  6 8 7  0 3 2 3  . 3 5  1 0.  6 4 5 1  8 0 .  4 2 4 2 4

1949 0 « 7 8 6 9 4 2 S.  9 4 3 0 . 6 2 5 8 5 0 .  4 1 02  2

1950 0 .  7 3 7 8 6 2 8  . 8 6  1 0 .  6 3 4  84 0 . 4 1 5 2 4

1951 0 . 8  7 0 7 3 3 1 . 8 1 1 0 . 5  7 2 8 9 0 . 3 8 5 1 3

1952 C. 8 5 9 1  8 3 7  . 2 5 9 0 .  6 2 1  3 5 0 . 4 1 5 2 E

1953 0 . 8 2 9  10 4 £.  4 7 7 0 . 6 2 9 9 5 0 .  4 0 5 9 5

1954 0 .  8 2 4 8 0 5 2  . 2 7 7 0 .  6 4 7 1  6 0 . 4  1 8 2 6

1955 0 . 8  1 4 2  1 £ 7 .  81 8 0 . 5 9 7  1 2 0 .  3  8 4  0 2

1956 0 .  831  94, 6 4  . 8 0 7 0 .  6  021 4 0 . 3 8 7 2  1

1957 0 . 7 8 1 6 1 7 2 .  1 2 E 0 . 6  1 0 4  1 0 .  3 8 9 3 4

1958 0 .  8 2 2  82 8 2 . 2  I 5 0 .  61 61 7 0 . 2 9 3 0 2

1959 0 . 8 0 5 5 9 9 1 . 9 8  4 0 . 6 2 7 1 5 0 .  3  9 5 4 2

1960 0 .  8 0 2 8 6 10 2 . 2 6 0 .  6 2 9 6 3 0 . 2 9 4 6 3

1961 0 . e 1 8 9  £ 1 1 2 .  76 0 . 6 2 7 7 3 0.  3  9 9 0 9

1962 O.  8 1 2 4  0 1 2 3  . 4  I 0 .  6 2 7 0 9 0 . 2 9 1 7 0

1963 0 . 8  1 2 9 5 12 4.  6 8 0 . 6  18 10 0 .  3  8 6 8 9

1964 C. 8 2  0 8 0 1 4 6  . 6  4 0 .  6  0 9 5 5 0 . 2 8 0 3 4

1965 0 . 8 4 4 8 7 I £ 8.  7 3 0 . 6 0 7 2 0 0 .  3 7 8 1  0

1966 0 .  8 7 5 2  8 I 7 0  . 7  2 0 .  6 05  7 0 0 . 2 7 1 2 0

1967 0 . 8 7  1 9 9 18 2.  6 2 0 .  £ 9 4 1 E 0 .  3 7 2 8 3

1968 0 .  e 6 l  8 8 1 9 3  . 7 4 0 .  5 8 3 1  5 0 . 3 7 0 2 0

1969 0 .  e 7 7 7 2 2 C 2 .  4 5 0 .  E 9 4 0 3 C. 3  8 02  8

1970 0 .  9 2 3 2 4 2 I I  . 4 5 0 .  61 5 7 3 0 . 4 0  18  1

1971 0 . 9 6 0 8 0 2 1 e. 12 0 . 6  1 2 6 E 0 .  4 0 4 8 1

1972 I . 0 0 0 0 2 2 4  . 8 0 0 . 5 5 8 8 1 0 . 2 5 9  1 8

1973 1 . 2 2 7 8 2 2  1.  3 8 0 . 5 3 3 4 0 0 .  3 4 3 8 4

1974 1 . 8 0 7 5 2 3 5  . 7 6 0 .  5 6 3 6 9 0 . 2 6 8 3 2

1975 1 . 8 9 7  2 2 2 7.  7 E 0 . 5 9 3 8 9 C. 3 9 0 7 2

1976 1 . 8 7 6 0 2 3 8  . 9 0 0 .  5 61  3 5 0 . 3 6 3 1 0

PX: O iv is ia  Pr ice  Index f a r  Exports.

RD: Business In ta n g ib le  Capita l  (R&D) ( B i l l i o n s  o f  1972 D o l la rs ,
Mid Y ear) .

SC: R e la t iv e  Share of Consumption.

SH: R e la t iv e  Share o f  Human C a p ita l .
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Table A-11 -  15: R e la t i v e  Shares o f  Inves tm en t ,  C a p i t a l ,
Labor and Imports________________________

Year SI SK SL SM

1948 0 . 3 3 9 9 7 0 . 1 8 7 4 4 0 . 3 8 6 8 4 0 • £ Z-6 5 E E -  C 1

1949 0 . 3 5 0 0 0 0 . 1  9 7 7 8 0 . 2 9 1 0 5 0 . 2 1 8 7 4  E - 0 1

1950 0 . 3 6 1  02 0 . 1 6 9 6 2 0 .  4 1 3 8 6 0 . 26 1 9 0 E -  0 1

1951 0 .  4 20 1 4 0.  2 0 9 3 3 0 . 4 0 4 2 7 0 .  2 7 4 3 2  6 - 0 1

1952 0 . 3 7 4 2  9 0 . 1 4 2 3 3 0 .  4 4 0 2 3 o . 2 e e o c E - o i

1953 0 . 2 6 9 0 2 0 .  1 5 3 3  6 0 . 4 2 8 0  6 0 .  2 .32 9 8  E - 0 1

1954 0 .  3 4 9 5 2 0 .  1 4 9 4 2 0.  4 2 9 6 8 0 • 2 6 7 4  4E — 01

1955 0 . 3 9 9 6  1 0 .  21 1 2 4 0 . 4 0 2 3 9 0 . 2  6 2  4 4 E —01

1956 0 .  391  8 3 0 .  1 e 8 7 0 0.  4 2  0 6 7 0 . 2 7 6 3 9 E —01

1957 0 . 2 8  1 4 0 0 .  1 821 8 0 . 4 2 5 2 9 0 . 2  7 8 3  7 E - 0 1

1958 0 .  3 8 0 6 3 0 . 1 e 9 9 0 0 .  4 1 3  8 6 0 . 2 7 0 5 0 E - 0  1

1959 0 . 2 7 2 1 5 0 .  1 6 8 7 5 0 .  4 2 2 4 7 0 . 2  8 9 8 5 E  —01

1960 0 .  3 6 5 1  9 0 .  1 7 0 8  5 0 . 4 3 0 9 7 0 . 7 5 1 6 E -  0 1

1961 0 . 3 5 5 5 7 0 .  1 6 3 4 4 0 .  4 2 3 9  1 0 . 2 6 5 9 9 E - 0 1

1962 0 . 3 6 7 0 8 0 . 1 6 9 1 6 0 .  4 3 5 5  9 0 . 2 7 3 4 e E - 0 l

1963 0 . 3 7 5 4 3 0 .  1 7 6 0 3 0 . 4 3 3 6 2 0 .  2 71 2 2 E —01

1964 0 .  3  81 8 9 0 . 1 8 5 4 8 0.  4 3 0 7 8 0 .  2 7 2  1 1 E— 0 1

1965 0 . 3 8 6 0 0 0 . 1 8 6 2 2 0 . 4 2 2  1 4 0 .  2 8 64  4 E —01

1966 C. 3 9 0 0 9 0 . 1 8 2 1 2 0 .  4 4 3  0 0 0 .  2 14 1 8 6 - 0  1

1967 0 . 4 0 2 0 8 0 .  1 881 2 0 . 4 2 5 3  1 C.  31 0 6 5 E - 0 1

1968 0 .  4 1 5 2  8 0 . 1 9 2 8 7 0 .  4 3 3 2 6 0 .  2 2 9 3 2 6 - 0 1

1969 0 . 4 0 4 8 2 0 .  1 6 0 6 1 0 . 4 5 5 2 8 0 .  3 4 6 6  9 E - 0 1

1970 0 . 3  8 1 7 9 0 .  1 2 3 6 6 0 .  4 71 0 0 0 . 2 6 7 3 0 6 - 0 1

1971 0 . 2 8 6 4 2 0 .  1 1 9 8 2 0 . 4  7 2 3  1 0 .  3 7 5 1  5 E —01

1972 0 .  4 4 2  83 0 . 2 0 7 3 4 0.  4 3 0 9 2 0 .  3 7 7 9 2 6 - 0 1

1973 0 . 4 6 3 4 6 0 . 2 3 1 1 1 0 . 4 2 2 5 2 0 .  4  I 4 3 7 E - 0 1
t

1974 0 .  4 3 3 8 1 0 . 1 6 3 4  1 0 . 4 4 5 7 8 0 . 5 4 7 6 5 6 - 0 1

1975 0 .  2 9 8  1 4 0 .  1 5 5 9 4 0 . 4 5  1 2 8 0 .  4 9 5 5 5 E - 0  I

1976 0 .  4 3 6 1  4 0 . 2 0 8 2 5 0 .  4 2 6 8 2 0 . 5 2 5 3 7  E—0 1 
1

SI:  R e la t iv e  Share o f  Investment

SK: R e la t iv e  Share o f  Capita l

SL: R e la t iv e  Share o f  Labor.

SM: R e la t iv e  Share o f  Imports.
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Table A - I I  -  16: R e la t i v e  Shares o f  R&D and E x p o r ts ,

Y e a r S R D S X  | ^  x |i

r-HX
1948 0 . 1 4 7 9 7 E - C D2

1
0 . 28  5 1 0 E - 01

1 I
| 1 6 . 8  8 2 ! - o  . 2 7 5 6 6  '

1949 0 . <54637  E -  03 0. 2 5 9 8  5 E - 0  I I 1 5.  e 59
1

, - 0 .  3 2 1 2 4

1950 0. 1 2 7 7 6 E - 0 2 i 0 . 3 0  3 2 6  E —0 1 1 1 3 . 9  I 4 - 0  . 4 2 8 9  6

1951 0 1 2 7 3  1 E - 0 2 0. 2 4 4 C E E —Cl 1 E.  9 3 2 ! - 0 .  5 7 2 9 3

1952 0. 2 I 8 6 8 E - 0 2 0 . 3 3  16 1 E - 0  I 1 8 . 2 0  4 ; - o  • 4 7 5 8 4

1953 0 2 6 2  79  E— 02 0. 2 9 2 C E E -  Cl 1 7 .  14 5 . - 0 .  4 05  0 9

1954 0. 2 64  74  E - 0 2 0 . 3 0  0 6  9 E - 0  1 ; i  8 . o o  i j - 0  . 4 0 9  76

1955 0 . 2 25  0 5 E - 0 2 c . 2 9 5 0 9 E - C l j 2 C. 0 4 5 ; - 0 .  3 6 2 3 6

1956 0 . 3 4 2 9 1 E - 0 2 0 . 3 3 6 6 3  E —0 1 j 2 3  . 8  6 0 - 0  . 3 6 4 7 0

1957 0 . 2 I  9 8 6 E - 0 2 C. 2 6 0 2 I E -  01 2 6 .  7 2 4 - 0 .  3 3  7 8 6

1958 0 . 3 2 1  1 6 E — 02 0 . 3 0  2 5  I E - 0  1 2 3  . 2 8 6 - o  • 2 5 7 2 2

1959 0 . 2 2 6 1 3 E - C 2 0. 2 9 6 8 4 E - C l 2 2 .  72  5 | - 0 . 1 9 8 1 8

I9 6 0 0 . 3 5 4  94  E - 0 2 0 . 3 2 6 9 6  E —0 1 2 7  . 5 9 5 - 0  . 1 7 0 3 6

1961 0 . 2 S 5 7 7 E - 02 0. 2 2 2 9 2 E - 01 2 e . eez - 0 .  1 3 2 3  9

1962 0 . 3 5 3 6  OE —02 0 3 3 1 7 8  E - 0  1 3 0 . 6  0 7 - 0  . 9 0 8 8 4  E — 0 1

1963 0 . 2 4 6 3 E  E - 02 0 . 2 2 5 e 6 E— Cl 2 2 . 7 0 9 -  0.  9 0 4 2  6 E - 0  1

1964 c. 3 4 0 2  2 E - 0 2 0  . 3 5 7 7  1 E - 0  1 3 7  . 3 9  3 - 0 . 1 1 6 9 1

1965 0 . 2 5 3 7 4 E - 0 2 0 . 2 5 4  4  E E -  C l 3 9 .  5  4  8 -  0 .  9  4 8  5  4 E -  0 1

1966 0 . 3 6 7 3  8 E - 0 2 0 3 5 6 3 4  E - 0  1 4 2  . 7 7 3 - 0  . 8  5 5  8  4  E - 0  1

1967 0  . 2 7 4 2 4 E - 0 2 0 . 2 4 £ 4  C E -  0 1 4 5 .  5 6  1 - 0 .  4 2 3  7 2 E -  C l  
1 |

1968 0 . 3 6 7 4  8 E - 0 2 0  . 3 4 5 0 9  E - 0  1 4 9  . 9  3  3'
• 1 

0  . 4 0 4 9 4 E - 0 2

1969 0  . 2 8 2 8 1 E - 0 2 0 .
1

2 5 8  1 C E -  C l

1 | 
5 4 . 6 9 9 0 .  2 1 5 2 6 E - 0 1

1970 0 . 3  5 2 3  5 E - 0 2 0

|

. 3 9 2 0  7  E - 0  1 6 2 . 4 6 8 0  . 8 3 8 5 7  E - 0 2

1971 0  .
1

2 0 6  5  I E - 0  2 0 . 2  8 4 2  O E -  0 1 6 5 .  5 9 5 C . 2 7 C 3 2 E - 0 1

1972 C.  2  5 5  0 7 E - 0  2 0 . 3 6  1 5 4  E - 0  1 7  2 . 6 5 6 0  . 0 0 0  0  0  E * 0 0

1973 0  . 2 5 2 2 9  E — 0 2 c. 4 4 5 7 2 E - C 1 1 0 1 . 5 6 -  0 . I  2 8  I  C

1974 0 .  2  4 8 C 4 E  — 0 2 0 , 5 7 2 7 3  E —0  1 1 2 7 . 9 2 - 0  . 5 0 2 7 7

1975 0  . 2 0 5 5 6  E - 0 2 0 . 5 7 5 2  S E -  0 1 1 4  7 .  2  7 - 0 .  4 6  4  2  C

1976 C .
i

1 E 3 C  7 E - C 2  ■ 0 . 5 5 0 4 8  E - 0  1 
________ ... j ....!

1 6 2 .  i  e
I i

- 0  . 4 5  1 3  2
I

SRD: R e la t iv e  Share o f  Research and Development.

SX: R e la t iv e  Share o f  Exports.

X: Exports (B i l l i o n s  o f  Current D o l l a rs ) .

X I:  XI = LOG (PC/PM)
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Table A - I I  - 17: Transformed
V a r i a h l p s

Y e a r X2
. : . . . . ! \ . . . . .

X3 m m  Y i  m m - K _____ |
1948 -0 . 2 0 0 8  7 0 . 3  1 9 5 7 —2 . 5 6 3 4 - 0  .  2 2  1 4 4

1949 -  0 . 1 4 4 3 7 0. 2 4 7 3 6 - 2 . 6 0 3 2 -  C. 2 0 0 2 0

1950 -0 . 2 6 2 7  2 0 . 4 4 7  1 I E - 0 i — 2 . 6 0 3 2 - 0  . 2 0 3 8 4

1951 -  0 . 4 C6 7 5 C. 9 2 CS I E -  C 4 - 2 . 5 9 7 6 -  0 .  2 2 3 0 6

1952 -0 . 3 4 6 9 9 0 . 3 7 4 8 9  E - 0  I - 2  . 6 4 2 4 -0 . 2 6 3  1 8

1953 -  0 . 2 C 3 9 9 0. 4 e 7 5 7E— 01 -  2 . ee  76 -  0 .  2 7 6 8 6

1954 -0 . 3 3 3  1 5 - 0  . 9  27  1 0 E - 0 3 - 2 . 7 6 7 5 - 0  . 2 8  1 7 1

1955 -  0. 2 9 6  74 -  0 . 4 7 4 4  2 E -  C2 - 2 . 7 6 8 6 -  0 .  2 6 3 9 4

1956 —0 . 2 5 8 0  4 0 . 9 3 7  14  E - 0  2 - 2 . 8  1 9 7 - 0  . 2 3 8 4 4

1957 -  0 . £ 3 3 8  5 -  0 . 6 C 5 7 2 E -  Cl -  2  .  e 7 0  1 -  o. 2e e e e

1958 —0 .  1 6 9  3 3 0 . 4 5 3 3 7  E - 0 i - 2  . 9 4 2 0 - 0  . 2 8 6 8 3

1959 -  0 .  1 V 7 6 e 0. 5 7 1 9 2 E -  01 -  2 . 9 5 3 1 -  0 .  2 6 6 1  4

1960 -0 .1 I 2 3  I 0 . 4 3  I 3 2 E - 0 I - 2  . 9 8  2 I - 0  . 2 8 3 8  2

1961 - 0 .  6 2 I  4 6 E - 01 c. 9  1 2  2  E E — 0 1 -  3 . 0 2 1 2 - 0 .  2  7 7 1  7

1962 - 0 . 4 0 8 0  6  E - 0  1 0  . 1 0 5 3  2 - 3  . 0 3 6 6 - 0  . 2 7 2 6 8

1963 -  0 4 5 3 3 6 E - Cl 0 . 6  E 6 8 5 E -  0 1 -  3  .  C 6  e  2 -  0 .  2  6 9 5  7

1964 - 0 . 7 8 6 4 1 E - 0 I 0  . 4 9 0  2  1 E - 0  I - 3  . 0 9 0  2
l |

1 | 

- 0  . 2 6 3 9 5

1965 -  C 6 6 0 0 3 E - 01 0 . 7 0 2 5 C E -  C l - 3 .  C 9  9  7 - 0 .  2  5  7 9 6

1966 - 0 . 6 7 7 5 0  E - 0 1 0  .

j
7 5 1 7 6  E - 0  1 - 3 . 1 1 1 5 - 0  . 2 5 4 4  2

1967 - 0 . 2 C  1 6 4 E - C l 0 . 7  2 0 6 5 E - 0 1 - 2 .  1 4 3 5 - 0 .  2  4 5 3 0

1968 0 . 4 8 3 9 6  E - 0  2 0  . 4 9 5 9 4  E - 0  I - 3  . 1 6  1 7 - 0  . 2 2 7 9 6

1969 0 . 2 2  1 8 2 E - C l 0 . 2 2 7 5 5 E - C 1 -  3 .  1 7 3 1 - 0 .  2  C 6  8  4

1970 0 . 3 4 8 7 8  E - 0 2 0 1 3 0  1 7  E - 0 1 - 3  . 2 1 5 7 - 0  . 1 7 7 3 6

1971 c< 2  5 9  3  4 E - 0 1 0 . £  4 7 5 6 E -  C l -  2 .  2 4  1 1 - 0 .  1 4 2 5 0

1972 0 . 0 0 0  0  0  E * 0 0 0  . 0 0 0 0  0  E  + 0 0 - 3  . 2 4 7 8 - 0  . 1  1 6 9  3

1973 -  0 1 2 4 9 2 c. 9 7  1 3  7 E — C l -  2 .  2 5 7 3 - 0 .  1 0 5 6  6

1974 - 0 . 5 1 7  1 5 - 0 . 7  1 9  3 8  E - 0  I - 3  . 2 9 6 4 - 0  . 9 4 8  2 4  E

1975 -  0 .  4  7  3  4  C -  0 . 7  2 2 Q 4 E -  0 1 -  3 .  2 4 4 5 -  C .  6  4 9  9  O E

1976 - 0  . 4 6 7 7 6i __i - 0 I  3 2 8 6 - 3  . 3 3 7  I- - - - 1- - - - - - - - - - - - - - .- - - - - - 0  . 3 6  I  I  3  Ei . . . .  . . . . <

X2: X2 = LOG (PI/PM)

X3: X3 = LOG (PX/PM)

Y l:  Y1 = LOG (L /K)

Y2: Y2 = LOG (H/K)
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Table A - I I  - 18: Human Capital Income, Income fo r  Capi ta l ,  Income
fo r  Labor and Computed Variable.______ __

Year Y3
• . w . v . V . ’. v . v

YH YK
. .W v.v .

YL

1948

1949

1950

1951

1952

1953

1954

1955

1956

1957

1958

1959

1960

1961

1962

1963

- 4  . 2 3 3  1 

- 4 . 1 3 3 2  

- 4 . 1 0 4 7

-  4  .  C 6  O E  

- 3  . 9 6 2 3

-  3 . 6 1 5 7  

- 3 . 7 1 9 2

-  3  .  6 6 2  C 

- 3  . 5 9 3 2

-  3  .  E 1 1 E 

- 3  . 4 3 0  I

-  3  . 3 5 5 4  

- 3  .  2 8 6  1

-  3  .  2 2 0 4  

- 3 . 1 6 6  0  

- 3 .  1 1 7 6

1 E E .  1 1

1 4 3  . 2 5  

I  E E .  3 6

1 7  2  . 4 3  

1 6  4 .  5 9  

1 9 4 . 2  1

2  C 2 .  e 6  

2  1 4  . 6  4  

2  2  4 .  1 4  

2 3 4  . 8 0  

2  4 E .  2  E 

2 5 5  . 6 3  

2  7  C .  0  6

2  7 9 . 2 0  

2  9  2 .  3  4  

3 0 5  . 9  3

6  e  .  E 3  l  

7 1 . 4  7 3  

6 3  .  4 6 3  

9 3 .  7 2 3  

6 3 . 2 6 9  

7 3 . 3 6 6  

7 2 . 4 6 6  

t  1 8 .  0 7  

1 0 9 . 2 3  

1 0 9 .  8 7  

1 1 8 . 4 9  

1 0 9 .  1 0  

1 1 6 . 9 2  

1 1 4 .  3 4  

1 2 6  . 2 E  

1 3 9 .  1 9

1 4 1  . 4 4  

1 4  1 . 3 2

1 5 4 . 8 4  

1 8  1 . 0 0

1 9 5 . 7 0

2 0 9 . 5 7

2  C 8 . 4  0  

2  2  4 . 9 1  

2 4 3 . 5 1  

2 E 6 . 4 6  

2  5 8 .  2 5

2 7 9 . 5 8  

2  9 4 .  9 3  

3 0  3 . 5 7  

3 2  5 . 1 0  

3 4 2 . 8 8

1964

1965

- 3  . 0 7  1 2  

- 3 .  C 3 2  6

3  2  4 .  6 7

3 4 6  . 9 6

1 5 6  .  4 3  

1 7  0 .  8 8

3  6 7 .  9 6  

3 9 6 . 5 4

1966 - 3  . 0 0  4  6 3  6  6 .  0  6 1 8 0 . 6 0 4 3  9 .  2  9

1967 - 2 .  9  7 8 9 4 0 4  . 1 7 2  0 3 .  9 3 4  7  1 . 9 2

1968 - 2  . 9 5 6 0 4  4  4 .  I E 2 3  1 . 4 0 5 1  9 .  8 2

1969

1970

- 2 .  9 3 9 3  

- 2  . 9 2 4 5

4 7 7  . 2 3  

5  1 9 .  6 7

2  0 1  .  5 5  

1 5 9 . 9 3

5 7  1 . 3 5

6  0 9 .  1 5

1971 -  2 .  9  1 2  E 5 5 7  . 3 4 1 6 4 . 9 7 6  5 0 . 2 7

1972 - 2  . 9  1 1 7 £ 9 6 .  C 9 3  4  4 . 1 0 7  I  5 .  1 4

1973 -  2 .  9 2  7  C 6 5 0  . 3 5 4  3  7 .  1 3 7 9 9 . 1 9

1974 - 2  . 9 4 9 9 7  2  3 .  6  C 3 6 0 . 3 3 8 7 5 .  7 7

1975 -  2 .  9 6  1 7 3 0 6  . 1  3 3 2 1 . 7 3 9 3  1 . 0 8

1976 - 2  . 9 7 6 4 6  6  2 .  0  1 5 0 5 . 8 5 1 0 3 6 . 8

Y3: Y3 = LOG (RD/K)

YH: Human C ap ita l  Income, Inputed ( B i l l io n s  o f  Current D o l l a r s ) .

YK: Income fo r  Capita l  (B i l l i o n s  o f  Current D o l l a r s ) .

YL: Labor Income and Compensation o f  Employers ( B i l l i o n s  o f  Current  
D o l l a r s ) .
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Tab le  A-11 -  19: R&D Income and N a t io n a l  Income,

Year YRD YT
'.*.V.V.T ~r *

1948 0 .  5 4  1 0  0 3 6 5 . 6 3

1949 0  . 3 4 2  0 0 3 6  1 . 3 8

1950 0 .  4  7  8  0  C 3  7 4 .  1 4

1951 0  . 5 7 0 0 0 4  4  7 . 7 2

1952 C .  9  7 3 0 C 4 4 4 . 5 3

1953 I . 2 6 2 0 4 7 8 . 4  1

1954 1 .  2 e 4 0 4  8 5 .  0 1

1955 1 . 3  1 4 0 5 5 e  . 9 2

1956 I . 9 8 5 0 5 7 8 .  8 7

1957 1 . 9 2 9 0 6 0  2 . 0  7

1958 2 .  0 0 4 0 6 2 3 .  9 9

1959 2 . 1 7 3 0 6 4 6 . 4 8

1960 2 .  4 2  9 0 6 8 4 . 3 4

1961 2  . 4 8 9 0 6 9 9 . 6 0

1962 2 . 6 3 9 0 7 4 6 .  3 3

1963 2 . 7 3 9 0 7 9 0 . 7 5

1964 2 . 9 0 6 0 8 5 4 . 1 6

1965 3 . 2 4  6 0 9  1 7 . 6 2

1966 3 . 6 4 3  0 9 9 1 . 6 2

1967 4 . 0 5  7 0 1 0  8  4 . 1

19 68 4 . 4  0 9 0 1 1 9 9 .  8

1969 4  . 8 0 4 0 1 2  5 4 . 9

1970 4 . 5 5 7 0 1 2  9 3 .  3

1971 4  . 2 2 0 0 I  2  7 6  .  e

1972 4 . 2 3 3 0 1 6 5 9 . 6

1973 4 . 7 7 2 0 1 8 9 1 . 4

1974 4 .  8 7 3  0 1 9 6 4 .  6

1975 4 . 2 4 1 0 2 0 6 3 . 2

1976 4 .  4 4  7 0 2 4 2 9 .  1

YRO: R&D Income (Net Business Investment in R and D).

■

YT: National Income.
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APPENDIX C 

Computer Program fo r  Model 1
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Table A-111-1: Computer Key

Key as to how the computer program is  connected with the d is 

ser ta t ion  model(s):

Coeff ic ients 

G = y 

H = <f>

D = 6

E la s t i c i t i e s

N = e la s t i c i t i e s  o f  transformation 0 , 
e la s t i c i t i e s  o f  complementarity a , 
e l a s t i c i t i e s  o f  in te n s i ty  ip

E = own/cross e l a s t i c i t i e s  of  subs t i tu t ion



LI NE 0 TIME SERIES PRCCESSCF WEAFTOK VERSION 2.SB! NOV 1980 DEC10 27-SEP-E2 0CJ1S CE /RC

P R O G R A M

L I N E  * * » * * * * * * * * 4 * * * 4 * * 4 4 4 4 4 4 A A A

M AME , CH AR O  S J 
1 .  S M P L  I 2 9 !
2 .  7 E A D ( 4 0 .  1 0 1 )  SC SH SI  SL SRD
2 .  SX X I  X2 X3  Y l  Y 2 Y 3  I
3 .  3 3 I N T SC SH S I  SL  SRD SX X I  X2 X3
3 .  Y l  Y2 Y3 5
4 ,  10  1 F O R M A T  • (  12F ) • I
4 .  S MPL 1 2 9  1
5 .  3 A 7 A M A l l  A 12  A 1 3  A 14 A 1 E A 1 6
5 .  G U  G 12  G13 G 2 2  C 2 3  G33  C l l  0 1 2  D 2 2
5 .  3 1 3  D 2 3  D 3 3 H l l  H I S  H 1 2  H 2 2  H 2 3  H 3 3  1
5 .  F R M L  E 01 S C= A1 I  +G1 1 AX 1 -» G 1 2 XX 2 +G 12 AX2
6 .  +3  1 1 * Y  1FD 1 2 *  Y2A-D 1 2 *  Y 2 5

. 6 .  F R M L  ECS S 1= A) 2 +G1 2 AX H  0 2 2  XX 2 + G 2 2  AX 2 
6 .  + 3  1 2 A Y  1FD 22AcY2FD 2 2 * Y 2  5
5 .  F R M L  E 0 3  S X =  A1 3  + G 1 3  AX 1 A C2 3  XX 2 + G 2 2 XX 2
6 .  O  1 3 A Y 1FD 22At Y 2 F D  2 2 *  Y 2 5
6 .  F R M L  EC4  S L =  A1 4 + E 1 1 A Y 1 1 E 1 2 AY 2 + E I  2 AY 2
6 .  FD 1 1 *  X I  ED 1 2* X 2A-D 1 2* X 2 ;
6 .  F R M L  E 05  S H= A 15 F E 1 2 X Y 1 ♦ E 2 2 AY 2 F E 2 2 AY 2
6 .  F3 I 2 *  X I  FD 2 2 *  X 2FD 2 2 *  X2 5
5 .  F R M L  EC6 S R D= A I 6  F E 1 3  A Y I A E 2 3 AY 2 F H 2 3 A Y 3
6 .  F3 1 3 *  X I O  2 3 *  X 2 F D  2 2 *  X2  i
5 .  L S U  (MAX I T - 1 0 0 )  EC1 EQ2 E 0 2  EQ 4 EQE
7 .  S T 3 3 ; END  ;

* * « * * * * * * * * * * 4 4 A * F 4 4 X A A X A X X X 4 4 X X < A 4 4 X X * * 4 4 4 4 X * * * X ' A ' X ' * * * « > * * *

EX ECUT I C N

S A M P L E 2 9



APPENDIX D 

C oe ff ic ien t Estimates o f Model 1



6 TIME SERIES FFCCESSCF ViPARTON' VERSICN 3.5B1 NOV 1980 DECtO 2 7—SEP—62 C0115 CHARCS

C O V A R I A N C E  M T E I X  C E  T F A N S F C R N E C  F  E S  I C U  A L S

1
2 
n
4
c:

6

2 9 . 0 0 9  4 
0 .  I  0 9 4  I  3  
0  . 9 0  3 5 5  2 E -  C 1 

- 0 .  2  0 1  1 9 6  E - 0 1  
0  .  1 A 7 0  7 A 
C .  7 6 1  0 7 0 E - 0 1  

1

0 .  1 C 9 4  1 2  
2 9  . 2 9 7 0  

• 0 .  7 4 5 E 1 5 E — C 2  
0  . 5 6 8 6  0 2  E - 0  I  
0 .  2  1 9 2 2 C E - C 1  

- 0  . 3  1 2 2 5 9  
2

C .  9 0 3 5 5 2  E — 01  
- 0  . 7 4 5 8  1 3 E - 0 2  

2  € •  7 2 7 3  
0  . 2 8 5  1 0 3  

- C .  I  5 2 1 2 6  
0  . 3 7 0 6 2 3  

3

- 0  . 2 0 1  1 9 6  E - 0 I  
0 .  5 6 8 6  C 2 E - C  1 
0  . 2 8 5  I  0 3  

2 8 . 8  1 6 7  
- 0  . 1 6 3 3 4 8 E  —0  I  
- 0 .  5 6 8  1 9 8  

4

0  .  1 4 7 0  7 4  
C . 2 1 9 2 2  OE -  C l  

- 0 . 1 5 2  1 2 6  
- C .  1 6  3  3  4  EE — C l  

2 9  . 1 3  1 2  
C . 2 6 3 2 8 9  

5

C .  7 6  1 0  7 0 E - C  1 
• C .  3  1 2  2 5 9  

C . 3 7 0 6 2 3  
■ C .  5 6 8  1 9 8  

C . 2  6 3 2 6 9  
2  8 .  9 7  5 0  

6

L O G  O F L I K E L I H O O D  F U N C T I O N  =  7 5 7 .  4 3 1

I  G H  T - H A  N O E S T I N A T E C S T  A N D  A R C
V  4 R 1 A R L  E CO E F F  1C I E N T E R R O R

4 1 1 0 .  5 9 7 5 8  7 0  . 4 5 7 9 7 9  E - 0 I
G1 1 - 0  .  1 2 2 8  6 3 0 . 6 2 1 8 6  O E -  0 1
G 1 2 0 .  1 5 3  8 7  0 0  . 6 3  5 7 4 8  E - 0 1
G l  3 0  . 6 3 5 2 6 7  E - 0  1 0  .  1 2 4 5  1 I E -  0  1
0 I  1 0 .  9 3 5  7 5 3 E - 0 2 0  . 1 5 1  7 5 7  E - 0 1
D1 2 0  . 4  3 9 0  1 6 E - 0  2 C .  1 5  3 9  1 2 E  -  0  1
0  1 3 -  0 .  9  9 2  3  7  OE  — 0 2 0  . 2 2 8 1 9 6  E - 0 2
41 2 0  . 4 5 2 9 6 4 0 . 4 6 5 6 2 3 E — 0  1

G 2  2 -  C .  1 7 0 2 1  3 0  . 6 7 0 5 6 5  E - 0 1
G 2  3 - 0  . 9 9 9  4  1 6 E - 0  1 0  .  1 4  2 e  1 6 E - 0  1
0  2  2 0 . 2 4 2 9 8 6 E — 0 1 0 . 1 6 1 8 1 8  E - 0 1
0 2  3 0  . 1 0 4 7 6 4 E - 0 1 0 .  2 2 6  7  7 6 E - 0  2
4  1 3 0 .  6 4 6 1  C 8 E - 0 2 0  . 7 5 7 9 4 4  E - 0 2
G 3  3 0  . 3 5 5 9 2 4 E — 0  1 C .  7 3 9 8  5 6 E -  0 2
0  3  3 0 . 4 1  7 4  0 5 E - 0 3 0  . 8 0  5 6 3 4  E - 0 3
41 4 0 . 2 3 5 3 e 3 0 . 5 1 9 2 7  7 E -  0 1

H  1 1 — 0 . 5 6 7 9 1  8 E  — 0 1 0  . 1 5 4 3 4 5  E - 0 1
H I  2 0  . 5 0 9 7 8  2 E — 0 1 0 .  1 0 9 4 6  5 E -  0 1
H  I  3 - 0 . 1  C l  8 5 8 E - 0 1 0  . 2 2 4 1  7 0  E - 0 2
41 5 0  . 5 2 7 5 0 2 0 . 3 7 3 2 2  2 E — 0 1

H  2  2 0 .  1 1 2 4 3 5 0  . 1 9  8 0 4 7  E - 0 1
H 2  3 - 0  .  1 3 0  2  4 4 E - 0  1 0  .  1 6 8 2 8 0 E — 0 2
A 1 6 -  C . 3  6 0 8 9 9 E - 0 1 0 .  1 I  0  5 6 3  E - 0 1
H 3  3 - 0 . 2  1 I  9  4  5  E - 0  2 0 .  1 2 6 5 4 4 E — 0 2

T -
S T  A T I  S T I C

1 3  . 0  4 8 4  
- I .  9 7 5 7 4  

2  . 4 2 0  2 9  
5 .  1 0 2 2 5  

0  . 6  1 6 6  1 3  
C .  2 8 5 2 3 8  

- 4  . 3 4 8 7 6  
9 .  7 2 3  9 6  

- 2  . 5 3 8 3 5  
- 6 .  9 9  7 9 3  

1 . 5 0  1 6 0  
4 .  6 1  9 7 2  
. 8 5 2 4 4 9  
4 .  8 1  0 7 3  
. 5  1 8  1 0 7  
4 .  5 3 2 9  C 

- 3  . 8 0 9  1 2  
4 .  6 5 6 1  8  

- 4  . 5 4 3 7 8  
1 4 .  1 3 3 7  

5  . 6 7  7  1 7  
-  7 .  7 3 9  7 3  
- 3  . 4 4 5 0 9  
- I .  6  7  4  e  7

0
0

voCO
i
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L! NE 2 0 r IME SERIES PROCESSOR wHm u n  VERSION 3. 3 i NOV 1980 OECIO 1 6- SEP-8 2 22:43 C H “ R OS

2 1 .  F R M L  V 3  G 3 4  =  0 - G 1  3 - G 2 3 - G 3 3  ",
2 1 .  r R » ( L  W 4  G 4 4 = G  1 1 F G  2 2 F G  2 3 1  2 *  G 1 2 F  2 *  G1 3  + 2 *  G 2 3  J
2 1 .  F R M L  V o  H I  4  =  0 - H I  1 - H I  2 - F  1 3  ",
2 1 .  :  m  L  W6  H 2  4  =  0 —H 1 2 —H  2  2 - H  2 3  ",
2 1 .  F R M L  V 7  H 3 4  = 0  - H I  3 - H 2 3 -  F 3 3  ",
2 1 .  - R M L  W 8  H 4 4 = H  1 1 F H  2  2 F H  3  3 F  2 *  H  1 2 F  2 *  H I  3  F 2 *  H 2  3  ",
2 1 .  F R M L  W 9  D1 4 = 0 - 0 1  1 - D 1  2 - 0 1 3  1
2 1 .  - R M L  t e l O  0  2 4 = 0 - 0  1 2 - 0  2 2 - D 2 3  5
2 1 .  F R M L  W l l  0 3 4 = 0 - 0 1  3 - C 2 3 - 0 3 3  1
2 1 .  = R * I L  W 1 2  D 4 4 = D  1 1 F D  2 2 F D 3 3 F  2 * 0 1  2 F 2 * D 1  3  F 2 *  0 2 3  ",
2 1 .  F R M L  C C  N C C =  ( G 1  I  f  (  . 6 0 6 4  1 7  * * 2  > -  . 6 0 6 4  I  7 ) / .  6 0 6 4 1  7 * *  2
2 1 .  r  R M L  C l  N C  I  = (  3  1 2 F  { .  6 0 6 4 1  7 *  .  3 8 8 8 1  4 )  ) /  ( . 6 0 6 4 1  7 *  . 3 8 8 3 1  4 ) ",
2 1 .  F R M L  CX N C X =  ( G 1 3 F (  . 6 0 6 4  1 7 *  . 0 3 6 6 8 5 5 )  ) / (  .  6 0 6 4 1  7 * . ' 0 3 6 6 8 5 5 )  ;
2 1 .  = R M L  C M  NC M = (  ( - G  1 1 - G  1 2 - G 1  3 )  F  ( .  6 0 6 4 1  7 *  ( - . 0 3 2 0 8 0 3  ) )  ) X
2 1 .  ( . 5 0 5 4 1  7  *  ( - . 0 3 2 0 8 0 3  ) ) ",
2 1 .  : H L  I X  N I  X = (  G 2 3 K  .  3 e e e i  4 * .  0 3 6 6 8 5 5  ) ) / ( .  3 8 8 8 1  4 *  . 0 3 6 5 3 5 5  ) ",
2 1 .  F R M L  1M N l M =  (  ( — G 1 2  — C 2 2 — G 2 3  M (  •  3 8  8 8  1 4  * (  — •  0 3 2 0 8 0 3 )  ) ) /
2 1  .  ( .  3 8 8 8 1 4 * ( - .  0 3 2 0 8 0 3 )  ) ;
2 1 .  F R M L  I I  N  I  1=  ( G 2 2  *  ( . 3 8 8 8  1 4 * * 2  ) -  . 3 8 8 8  1 4 )  /  ( .  3 8 8 8  1 4 * *  2 )  5
2 1 .  r  R M L  X X  N X X = ( G  3 3 + (  .  0 3 6 6 8 5 5 * * 2 )  - .  C 3 6 6 8 5 5  ) / (  . 0 3 6 6 8 5 5 * * 2  ) ",
2 1 .  F R M L  X M  N X  M=  ( (  — G 1 3  — C 2 3 — G 3 3 J K  . 0 3 6 6 8 5 5  * ( — .  0 3 2 0 8 0 3 ) ) ) /
2 1  .  ( .  0 3 6 6 8 5 5 * (  .  0 3 2 0 8 0 3 )  ) ;
2 1 .  F R M L  VH  N M M =  (  ( G 1  1 + G 2 2 F G 3 3 « 2 * G l 2 + 2 * G  I  3 F 2 * G 2 3 ) F ( - .  C 3 2 0 8 0 3
2 1  .  * * 2 ) - ( - .  0 3 2 0 8 0 3 )  ) / ( - .  0 3 2 0 8 0 3 * * 2 )  ;
2 1 .  F R M L  L H  N L  H= ( H 1 2  F  ( . 4 3 0 4 5 4  *  . 3 8 8 9 7 8  ) ) / (  .  4  3 0 4 5 4 * .  3 8 8 9 7 8 )  ",
2 1 .  r R M L  L R  5 N L R O  = (  H 1 3 F  ( .  4 3  0 4  5  4 *  .  0  0 2  e 2  7 5  9  ) ) /  ( . 4  3 0 4  5 4  * . 0  3 2 8 2 7  5  9 ) J
2 1 .  F R M L  L K  N L K =  (  ( - H I  1 — F t  2 — H 1 3 M (  .  4 3 0 4 5 4  * .  I  7 7 7 4 1 )  ) /
2 1  .  ( .  4 3 0 4 5 4 * .  1 7 7 7 4 1 )  5
2 1 .  F R M L  H K  N H K  = (  ( - H I  2 - F 2 2 -  F 2 3  )  4(  .  3 8  8 8 9  7 8 *  .  1 7 7 7 4  I ) ) /
2 1 .  ( .  3 8 8 e 9 7 8 * .  1 7 7 7 4 1 )  ;
2 1 .  F R M L  H R D  N H  R D =  ( H 2  3  F  ( . 3 8 8 9 7 8  * . 0  0  2 8 2 7  6 9 )  ) / (  . 3 8 8 9 7 8 * .  0 0 2 8 2 7  5 9 )  ;
2 1 .  r R ^  R 3 K  N R O  K = (  { - H  1 2 - H 2 3 - H 3 3 )  F ( .  0 0 2  8 2 7 5 9 *  . 1  7 7 7 4 1  ) ) /
2 1 .  ( . 0 0 2 8 7 5 9 * . 1  7 7 7 4 1  ) J
2 1 .  r R M L  L L  N L L = (  H  1 I F  ( .  4 3 0 4 5 4 * *  2 ) - .  4 3 0 4 5 4  ) / (  . 4 3 0 4 5 4  * * 2  ) ",
2 1 .  F R M L  F H  N  H H =  ( H 2  2  F  (  . 3  8 8  9  7  8  *  *  2 ) -  .  3 8 8  9  7  8  ) /  { .  3  8  8  9  7  8 *  *  2 )  ",
2 1 .  r  R M L  R D R D  N R  3 R D  =  ( H  3 3 F ( .  0 0 2  6 2 7 5 9 * * 2 ) — . 0 0 2 8 2 7 5 9  ) /  (  . 0 0 2 8 2 7 5 9  * * 2  ) 5
2 1 .  F R M L  K K  N K K =  (  ( H I  1 F H 2 2  ♦ F 3 3 + 2 * H 1  2 F  2 * H  1 3 1 - 2 + H  2 3 )  F (  .  1 7 7 7 4  I *  *  2 ) -
2 1  .  .  1 7 7 4 1 ) / ( .  1 7 7 7 4 1 * *  2 )  ",
2 1 .  F R M L  C L  N C L =  ( D 1 1 F ( . 6 0 6 4  1 7  *  . 4 3 0  4 5 4  ) ) / ( . 6 0 6 4 1 7 * .  4 3 0 4 5 4 )  J
2 1 .  - R M L  C H  N C H = (  D 1 2 F  ( .  6  0 6 4 1  7 *  .  3 8 8 9 7 8 )  ) /  ( . 6  0 6 4 1  7 *  . 3 8 8 9 7 3  ) ;
2 1 .  F R M L  C P D  N C R O =  ( 0 1  3  F ( . 6 0 6 4  1 7  *  . 0  0  2 8 2 7 5 9  ) ) / ( .  6 0 6 4  1 7 * .  0 0  2 8 2 7 5 9 )  ;
2 1 .  r  R M L  C K  NC K = (  ( - D  1 1 - 0  1 2 - 0  1 3 )  +  ( .  6 0 6 4  1 7 *  . 1  7 7 7 4  1 ) ) /
2 1 .  ( . 5 0 5 4 1 7 * . 1  7 7 7 4 1  ) ",

. 2 1 .  r R M L  I L  N I  L = (  0  1 2 F  ( .  3 6 8 8 1  4 * .  4 3 0 4 5 4  ) ) / ( . 3 3 8 8 1  4 *  . 4 3 0 4 5 4  ) ",
2 1 .  F R M L  I H  N  I H =  ( 0 2 2  F (  . 3 8 8 8  1 4  *  . 3 8 8 9 7 8  ) ) / ( .  3 8 8 8  1 4 * .  3 8 8 9 7 8 )  ",
2 1 .  r  R M L  I R O  N I  R 0  =  ( 0  2 3 f  ( .  3 8 e e i  4 * .  0  0 2  8 2  7 5 9 )  ) / (  . 3 8 8 8 1  4  * . 0 0 2 8 2 7 5 9  ) ;
2 1 .  F R M L  I K  N I K =  ( ( - D 1  2 - C 2 2 - D 2 3  ) ♦ { .  3 8 8 8  1 4 * .  1 7 7 7 4  1 )  ) /
2  1 .  ( .  3 8 3 6 1 4 * .  1 7 7 7 4  I )  ;
2 1 .  F R M L  X L  N X L =  ( 0 1  3  F  ( . 0  3 6 6 8  5 5  *  . 4 3 0  4  5 4  ) ) / ( .  0 3 6 6 8 5 5 * .  4 3 0 4  5 4 )  J
2 1 .  -  R M L  XH N X H = {  0  2 3 F  ( .  0 3 6 6 8 5 5 * .  3  8 8 9 7 8 )  ) / (  . 0 3 6 6 8 5 5 * . 3 8 3 9 7 8  ) ",
2 1 .  F R M L  X R D  N X  R D =  ( 0 3  3  F ( . 0 3 6 6 8  5 5  * ' . 0  0  2 8  2  7 5 9  ) > / (  .  0 3 6 6 8  5 5 *  .  0  0  2 8 2 7  5 9 )  5
2 1 .  r  R M L  X K  N X K  =  ( ( - D  1 2 - 0  2 3 - D 3 3 )  F ( .  0 3 6 6 8 5 5 *  . 1  7 7 7 4  1 ) ) X
2 1  .  ( . 0  3 6 6 8 5 5  *  . 1  7 7 7 4 1  ) ;
2 1 .  - R M L  L M  N L M  =  ( ( - D  1 I - D  1 2 - D  1 3 )  F  ( .  4 3  0 4  5 4  * ( - . 0 3 2 0  8 0 3  ) )  ) /



_ IWE 20 TIME SERIES PROCESSOR WHARTON VERSION 3.5B1 NOV 1 930 DEC 10 t 6-SE 3-82 22: 43 : h \ 9 0  s

2  1 . { ( .  4 3 0 4 5 4 )  * ( - .  0 3 2 0 8 0 3 )  )  5
2 I . F R M L H M  N H M =  < ( - 0 1  2  — C 2 2 - D 2 3  )  H  . 3 8 8 9  7  8  )  * (  ■- . 0 3 2 0 8 0 3 ) ) ) /
2  I  . ( 1 .  3 8 8 9 7 8 )  * ( - .  C 3 2 0 8 C 3 )  )  ",
2 1 . F R M L R D M N  R D M =  ( ( — C l  3 - C 2 3 - D 3 3  )  ♦ (  . 0 0  2  8  2  7  5 9  ) * (  -  .  0 3  2 0 8 0  3 )  )  /
2  1 . ( t .  0 0 2 8 2 7 5 9 )  *  { - .  0 3 2 0 6 0 3 )  )  ",
2 1  . F R M L MK  N M K =  (  ( D l  1 + C 2  2  * D 3  3  * 2 * 0  1 2  +  2 * 3  1 3 +  2  * D  2 3 )  +• (  -  .  0 3  2 0  8 0  2 )
2  1 . * (  .  1 7 7 7 4 1 ) )  / <  .  0 3 2 0 6 0 3 ) *  ( . 1  7 7 7 4 1 )  ) ;
2 1  . A N A L V  2 «  1 W 2  W 3  # 4  W 5  W 6  W 7  WO W 9  W 1 0 rt I  1 W I  2
2 1  . c :  c i C X C M I  X  I  I  I  V  X X X M  M M L H  L R O L K H R D  H K  R D K
2 1  . L L  H H  R D R D  K K  C L  C H  CR  C C K  I L I H  I R D I K X L  X H  X R D  X <
2  I  . _ M  H M R O M M K  ;
2 2  . F R M L c c c E C C =  N  C C *  . 6 0 6 4  1 7  J
2 2 . r 7 M L 1 1 1 e i i = n i i * . 3 e e e i 4  : *
2 2  . F R M L X X  X E X X = N X X * . 0 3 6 6 8 5 5  ",
2 2 . r  2 M L M M M E M M = N H M * ( - ,  0 3 2 0 8 0 3 )  1
22 . F R M L L L L E L L = N L L * . 4 3 0 4 5 4  ",
2 2 . -  2 M L H H H ' E  H H  =  N H H  *  •  3  6  6  9  7  8  ",
2 2 . F R M L R O R E R D R D = N R  D R  C *  . 0 0  2 8  2 7 5 9 I
2 2 . r  2  M L K K K E K K = N K K * . 1 7  7  7 4 1  ;
2 2  . F R M L C l  I E C  I = N  C l  *  . 3 8 8 8  1 4  ",
2 2 . r  2 M L C  X X E C  X = N C  X * .  0 3 6 6 6 5 5  5
2 2  . F R M L C M M E C M =  N  CM *  ( - . 0 3 2 0 8 0  3  )  {
2 2 . = 2 M L I C C E  I  C = N C  I  *  .  6  C 6  4  1 7  ",
2 2  . F R M L I X X E  I X  =  N  I X  * . 0 3 6 6 8 5 5  ",
2 2  . -  2  M L I  M M E l  M = N I  M *  0 3 2 0 6 0 3 )  ",
2 2 . F R M L X  I  I E X  I = N  I X  * . 3 8 8 3  1 4  ",
2 2 . = 2 M L x c c E  X C = N C  X *  .  6 0 6 4  1 7  5
2 2  . F R M L X  M M E X M = N X M  * ( - . 0 3 2 0 8 0  3  ) ",
2 2 . r  2  M L M C C E M C = N C M * .  6 0 6 4  1 7  ",
2 2  . F R M L M I  I E M  I = N  I M  *  . 3 8 8 8  1 4  ",
2 2 . = 2 M L M X X E M X = N  X M * .  0 3 6 6 6 5 5  5
2 2 . F R M L L H H E L H = N L H * . 3 8 8 9 7 8  *.
2 2  . r  2 M L L R 3 R D  E L R D  =  N L R D * .  C 0 2 6 2 7 5 9 !
2 2 . F R M L L K K E L K =  N L K  * . 1 7 7 7 4 1  ;
2 2 . = 2 M L H L L E H L  =  N L H *  .  4 2 0 4 5 4  ",
2 2  . F R M L H R D R D  E H R D = N  H R  C + . 0 0  2 8 2 7 5 9 ! ,
2 2  . r  2 M L H  K K E H K = N H K * .  1 7  7  7 4 1  5
2 2 . F R M L P D L L . E R D L  =  N L R  D *  . 4 3 0 4 5 4  1
2 2 . r  2  M L R O  H H E R 3 H  = N H R D *  .  3 6 e 9 7 6  ",
2 2  . F R M L F D K K E R D K  =  N R C K  * .  1 7 7 7 4  1 ;
2 2 . r  2  M L K L L E K L =  N L K * .  4 2 0 4 5 4  5
2 2  . F R M L K H H E K H = N H <  * . 3 8 8 9 7 8  ",
2 2 . r  2 M L K R O R D  E K R D  =  N R D K * . 0 0 2 E 2 7 5 9 •
2 2  . F R M L C L L E C L = N  CL  *  . 4 3 0 4 5 4  ;
2 2 . r  2  W L C H H E C H  =  N C H * .  3 6 6 9 7 8  ",
2 2  . F R M L C P D R D  E C R D = N C R C * . 0 0 2 8 2 7 5 9 S
2 2 . = 2  M L C K K E C  K = N C  K *  •  1 7 7  7 4 1  ",
2 2  . F R M L I L L E  1 L = N  I L  *  . 4 3 0 4 5 4  5
2 2 . r  2 M L I  H H E I H  =  N I H * .  3  6  6  9  7  e  ;
2 2  . F R M L I  R D  R D  E 1 R D = N  I R C *  . 0  0 2 8 2 7  5 9 ♦
2 2  . -  2 M L I  K K E I  K = N I  K *  .  1 7 7  7 4  1 ;
2 2  . F R M L X  L L E X L = N X L  * . 4 3 0 4 5 4  ;
2 2 . = 2 M L X H H E X H  =  N X H * .  3  6 6 9  7 e  ",
2 2  . F R M L X P D R D  E X R B = N X R C *  . 0 0  2 8 2 7 5 9 !

vo
t



LI NE 21 FIMESERIES P RO CESSuR WMR'iuN vt R 5 i ON 3. 3=) i Nu V i y8 0 0 E (_ i (J i6~ St R—8 2 2 2 IQ J CH <ROS

2 2 . F R M L X K K  E X K = N X K * . l 7 7 7 4 1  !
2 2  . r  2 M L M L L  E M L  =  N L M * .  4 3 C 4 5 4
2 2  . F R M L M H H  E M H =  N H M  *  . 3 8 8 9 7 8  5
2 2 . r  2 M L MR  3  9  D E M R D  =  N R D  M *  .  0 0 2  6 2  7 5 9
2 2  . F R M L M K K  E M K = N M K * . l 7 7 7 4 1  I
2 2 . -  9 M L L C C  E L C = N C L *  .  6 0 6 4  I  7 i
2 2  . F R M L L I  I  E L  I = N  I L  *  . 3 8 0 8  1 4  I
2 2  . r  9 M L L X X  E L X = N X L * .  0 3 6  6 6 5 5  ?
2 2 . F R M L L M M  E L M = N L M  *  { - . 0 3  2 0 8 0  3  )  ;
2 2 . -  9  M L H C C  E H C =  N C H * . 6 0 6 4 1 7  I
2 2 . F R M L F  I  I  E H I =  N  I H *  . 3 8 8 8  1 4  5
2 2 . -  9 M L H  X  X  E H  X = N X H  <<.  0 3 6 6 6 5 5  I
2 2  . F R M L H M M  E H M = N H M  * { - . 0 3 2 0 8 0  3  ) 5
2 2 . r  9  M L R O C  C E R 3 C  =  N C R D *  .  6 0 6 4 1  7  *,
2 2  . F R M L F D I  I  E R D  1 =  N  I R  D *  . 3 8 8 8  1 4  I
2 2 . r  9  M L R D  X  X E R D X = N X R D * . 0 3 6 6 6 5 5  5
2 2  . F R M L R O M M  E R D M  =  N R D M  *  ( -  . 0  3 2 0 8 0  3  )  \
2 2 . -  9 M L K C C  E  K C  =  N C  K *  •  6 0 6 4 1  7  I
2 2  . F R M L K I  1 E K  1=  N  I <  *  . 3 8 8 8  1 4  I
2 2 . -  9 M L K X X  E K X = N X K * .  0 3 6 6 6 5 5  i
2 2  . F R M L K M M  E K M =  N M K  * ( -  . 0 3 2 0 8 0  3  )  1
2 2 . 4 M 4 L Y Z  C C C  I I I  X X X  V M M  L L L  H H H  R O R  K K K
2 2  . C l  I C X X  C M M  I C C  I X X  I M M  X I I  X C C  X M  M M C C
2 2 . M i l  M X X L H H  L R D R D  L K K  H  L L  H R D R O  H K K  R O L L
2 2  . R D H H R D K K  K L L  K  H H  K R C R D  C L L  C H H  C 9 D R D  C K K
2 2  . I  _ _ I H H  I R D R D  I K K  X L L  X H H  X R O R O  X K K  M L L
2 2  . M H H M P D R D  M K K  L C C  L I 1  L X X  L M M  H C C  H I I  H X X
2 2 . H M M  :2 D C  C R D I  I  R D  X  X  R O M M  K C C  K T  I  K X X  K M M  !
2 3 . G E N R N C  C =  ( G1 I  4  ( S  C F * * 2  l - S C F  ) / (  3 C F  4 * 2  > 5
2 4 . 3  E N 2 N C I  = (  G 1 2 4  (  S C F *  S I F  > ) / (  S C F *  S I  F )  ;
2  5 . G E N  R N C X =  ( G 1  3  4  ( S  C F * S X  F )  ) / (  S C F * S X F  ) ;
2 6  . 3  E N 2 N C M  =  ( ( - 3  1 1— G 1 2 - G  1 3 )  4- (  S C F *  S M F )  )  / (  S C F * S M F  ) •

•
2  7 . G E N H M X =  ( G 2 3  4  ( S  I  F * S X  F )  ) / (  S  I F * S X F  )  ;
2 0 . 3 E  M 2 N I  M = (  (  - 3  1 2 - G  2  2 - G  2 3 )  4- (  S I F *  S M F )  ) /  (  S I  F *  S  M F  ) ••
2 9  . G E  N R N I  1 =  { G2  2  4  ( S  I  F * * 2  ) — S  I F  ) /  ( 5  I F  4 * 2  ) 5
3 0  . 3 E N 2 N  X  X = (  G 3  3 4 - I  S X F * * 2 ) - S X F )  /  (  S X F * * 2  ) ;
3  1 . G E N R NX M =  {  (  - G l  3  — G 2 3 - C - 3 3  )  4 (  S X  F  * S M  F  ) ) / (  S X F  * 5 M -  ) •
3 2 . 3 E N 2 N M M = (  (  G 1 14- G 2 2 4 G  3 3 4 -  2 * G  1 2 4 - 2 * G 1 3  4 - 2 *  G2  3  > 4
3 2  . ( 3  M F * * 2  )  - 5 M F  } /  ( S M  F * * 2  )
3 3  . 3  E M 2 N L H  = (  H  1 2 4  (  S L F *  S H F  ) ) /  (  S L F *  S H F )  *.
3 4 . G E N R N L  P 0 =  ( H I  3  4 - ( S L  F  4 S R  O F  ) ) / ( S l F * S R D F  ) ;
3 5 . 3 E N 2 N L K  =  ( ( -  H  1 1—H  1 2 —H  1 3 )  4- (  S L F *  S K F )  ) /  (  S L  F *  S  K F  ) •
3 6  . G E N R N H K =  (  ( - H I  2 - H 2 2 - H 2 3  )  4 (  S  H F  * S K F  )  ) / (  S H F  * S K  =  ) I
3 7 . G E N R N H R O  = (  H 2  3 4  (  S H F *  S R D F  )  )  /  (  S H  F *  S R D F  )  ;
3 3  . G E N R N R D K =  (  ( - H 1 3 - H 2 3 - F 3 3  )  4 (  S R O F * S K F  ) ) / (  S R D F  *  S K F  )
3 9 . 3 E N 9 N L L = (  H  1 1 4  (  S L F * *  2 ) - S L F  )  / (  S L F * * 2  )  ;
4 3  . G E N R N H H I =  (  H 2 2  4  ( S  H F  +  4 2  ) - S  F F  ) / (  S  H F  4 * 2  ) ;
4  I  . 3 E N R N 2  D R D  = (  H 3  3 4  (  S R D F  * * 2 )  -  S R D F )  /  ( S R D F *  * 2  )  !
4 2  . G E N R N K K =  (  ( H I  1 4 H 2  2  4 H 3 3 4 2 * H  1 2  4  2  * H  1 3 4  2  * H  2  3  )  4
4 2 . ( s < - * * 2 )  -  S K F  ) / (  S K F * *  2 )  ;
4 3  . G E N R N C L =  ( D 1  I  4  ( S  C F * S L  F )  ) / (  S C F * S L F  )  ;
4 4  . G E N R N C  H = {  D  1 2 4  {  S C F *  S H F  )  )  /  (  S C F *  S H F )  ;
4 5 . G E N R N C  P D =  (  D1 3  4 ( S  C F 4 S R 0 F  )  ) / (  S C F + S 2 D F  )  ;
4 6  • 3 E  M 2 N C K = (  (  -  D  1 1 — D  1 2 -0  1 3 )  4  (  S C F *  S K F )  )  /  (  S C F *  S K F  ) »
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4 7  . 3 E M 9 N I  L  =  (  D 1 2 K  S I  F *  S L F )  ) / (  S I F *  S L F )  i
4  3 . G E N R N I H =  ( D 2 2  + ( S  I F * S  E F  ) ) / (  S  1 F * S H F  ) J
4 9  . 3 E M R N I  R D  = (  D  2 3 +  (  S I F *  S R D F  )  )  /  (  S I  F *  S R D F  )  J
5 0 . G E N R N I K =  { ( - 0 1  2 - 0 2 2 -  C 2 3  > t (  S  1 F * S K F  )  ) /  ( S I F  * S K F  ) •*
5  1 . 3 E M 9 N X L = (  0  1 3 f  (  S X F *  S L F )  ) / (  S X F *  S L F )  ;
5  2 . G E N R N X H =  ( 0 2 3  +  ( S X  F * S  E F  )  ) / (  S X F * S H F  )  ;
5 3 . 3 E M 9 N X R D  = (  D 3  EE (  S X F *  S R D F  )  )  / {  S X F *  S R D F  )  *,
5 4  . G E N R N X K =  (  ( - 0 1  3 - 0 2  3 -  C 3 3  ) ♦ (  S X F  * S K F  ) ) / (  S  X F  * S < F  ) •
5 5  . 3 E N 9 N L M  =  ( { - D  1 1—D  1 2 - D 1  3 )  E (  S L F *  S M F )  ) /  (  S L F *  S  M F  ) 1
5 6 . G E N R N H M =  (  ( - 0 1  2  - C 2 2 -  C 2 3  )  E (  S  E F * S M F  ) ) / {  S H F  * S M r  ) •t
5 7 . 3 E M 9 N R D  M =  ( ( — D  1 3 - D  2  2 - D  3 3 ) E ( S R D F *  S M F  )  ) / ( S R D F * S M F  )
5  8 . G E N R N M K =  (  ( 0 1  1 E D 2  2 E C 3 3 E 2 * D 1 2 E 2 * D  1 3 E 2 * D 2 3 ) E
5 8  . ( S ^ - ' *  S K r  )  )  / (  S M F *  S K F  ) ; *

5 9  . G E N R E C C =  N C C * S  C F  ;  *
6 0  . 3 E 1 9 E l  I  = N I  I *  S I F  ;
6  1 . G E N R e x x  =  n x x  * s x  f  ;
6 2 . 3  E M 9 e m m = n m m * s m f  ;
5  3  . G E N R E L L =  N L L  * S L  F  ;
6 4  . 3 E M 9 E H H = N H H *  S H F  ;
5 5 . G E N R E R D R D = N R D R 0 * S R  C F  ;
6 6 . 3 E M 9 E  K K = N K K *  S K F  ;
5 7 . G E N R E C  I = N C I  * S  I F  ;
6 3 . 3 E M 9 E C  X  =  N C  X *  s x -  ;
5 9  . G E N R E C M =  N C M  * S M  F  ?
7 0 . 3 E M 9 E  I  C = N C I  *  S C F  J
7 1 . G E N R E  I X =  N  I X  * S X F  ;
7 2 . 3  E ' I  9 E l  M =  N I  M *  S M F  ;
7 3  . G E N R E X  1 =  N  I X  * S  I F  ;
7 4  . 3 E M 9 E  XC = N C  X *  S C F  ;
7 5 . G E N R E X  M =  N X  M * S  M F  ",
7 6  . 3 E M 9 E M C  = N C  M *  S C F  J
7 7  . G E N R E M  1 =  N  I M  * S  I F  *,
7 3 . 3 E M 9 E M X = N  X M *  S X F  ;
7 9  . G E N R E L H = N L H * S H F  J
8 0  . 3  E ' I R E L 9 D  = N L R D *  S R D F  ;
3 1  . G E N R E L K =  N L K  * S K  F  ;
8 2 . 3 E M 9 E H L  = N L H *  S L F  ;
3 3 . G E N R E H R D =  N H R C * S R  C F  J
8 4  . 3 E N 9 E H K  =  N H K * S K F  ;
3  5 . G E N R E R D L =  N L  R  0  * S  L  F  J
8 6 . 3 E M 9 E R 3 H = N H R D * S H F  ;
3 7  . G E N R E P D K =  N R D K + S K  F  ;
8 8  . 3 E N  9 E K L  =  N L K *  S L F  ;
3 9  . G E N R E K  Et= N E K  * S  H F  *,
9 0 . 3 E M R E K R D = N R D  K *  S R D F  !
9 1  . G E N R E C L =  N  C L  * S L  F  ",
9  2  . 3 E M 9 E C H = N C H * S H F  *,
9 3  . G E N R E C R D = N C R D * S R 0 F  ;
9 4  . 3  E ' I  9 E C  K = N C  K *  S K F  ;
9 5 . G E N R E  I L =  N  I L  * S L  F  ;
9 6  . 3  E ' I  9 E  I  H  = N I  H *  S H F  ;
9 7  . G E N R E I R D =  N I R O  * S  R D F  ;
9 3 . 3 E N 9 E  I  K = N I  K *  S K F  ;
9 9  . G E N R E X L =  N X L  * S L  F  *.
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1 3  3 . G E N R E X H = N X H * S H F  *,
1 0  1 . 3 E N R E X 9 D = N X R D *  S R D F  ;

1 3 2 . G E N R E X K = N X K * S K F  J
1 0 3 . 3 E N 9 E M L = N L M *  S L F  ;

1 3 A • G E N R E M H = N H M * S H F  J
1 0 5  . j E ' I R E M R D  = N R D  M *  S R D F  5

1 3  5 . G E N R E M K = N M K  * S K F  ;
1 0 7 . j E ' I R E  L C  = N C  L *  S C F  ",

1 3  3 . G E N R E L  1 =  N  I L * S  I F  ;
1 0 9  . 3 E N 9 E L X  =  N X L * S X =  ;

1 1 3 . G E N R E L M =  N L M  A S M  F  J
1 1 1 . E H C  = N C H A  S C F  ;

1 1 2 . G E N R E H  1 =  N  I H A S  I F  J
1 1 3 . 5 E N 9 E H  X  =  N  >H A S X F  ;

1 1 A • G E N R E H M =  N H M  * S  M F  ;
1 1 5 . 3 E M 9 E . 9 D C  = N C R D A  S C F  ;

t  1 5  . G E N R E R D  1 =  N  I R D * S  I  F i
1 1 7 . 3 E H 9 E 9  3  X =  N  X R D  A S X F  ;

1 1 3 . G  E N R E R D M =  N R D M  A S M  F  ;
1 1 9 . 3  E ' I  9 E K C  = N C  KA S C F  ;

1 2 3 . G E N R E K  1 =  N  I K  A S  I F  ;
1 2  1 . 3  E M  9 E K X  =  N  X K A  S X F  I

1 2 2 . G E N R E K M =  N M K  A S M  F  ;
1 2 3 . 3 9 1 N  T  N E C  N C I  N C  X  NC M M X  M M N I  I  N X X  N X  M N M M

1 2 3 . N L H N L  R D  N L K  N  E K  N  H R  C N R  D K  N L L N H H  N R D R D  N  K K
1 2 3 . N C i_ N C H  N C  R D  NC  K  M L  M H  N I  R D N I X  N X  L  N X H  N X  R D

1 2 3 . N L M N H M  N R D M  N M K  E C C  E l i  E X X  E M M  E L L  E H H  E R D R D
1 2 3 . E C X E C M  E  I  C E  I  X  E  I  M E  X 1 E X C  E X M E M C  E M I  E M X

1 2 3 . E L H E L F D  E L K  E E L  E H R  C E E K  E R D L E R D H  E R D  K  E K L
1 2 3 . E K H E K R D  E C L  E C H  E C P D  E C K  E I  L E I  H  E  I  R O  E  I K

1 2  3 . E X  L E X H  E X  R D  E X K  E M L  EM E E M R D E M  K  E L C  E L I  E L X
1 2 3 . E L M E H C  E H  I  E H X  E H  M E R D C  E  R D  I E R D X  E  R D M

1 2 3 . E K C E K I  E K X  E K  M *.
1 2 4 . S T 3  3 >

1 2 5 . E N D »

E X E C  U T I  O N

SA M P  L E  = I

-200
-



-201 -

APPENDIX F 

C o e ff ic ien t Estimates o f Model 2



TIME SERIES PROCESSOR teHAR TON VERSION

C O V A R I 4 N C E  M A T R I X  O F

1 2  9 .  0 3  4  7 - 0  . 7  2 3  7  8  9  E —0  1
2  . 0  . 7 2 3 7 6  9 E -  0 1 2 6 .  9 5  1 3
3 0 .  2 8  1 3  7 3  E - 0 1 0  . 9 6 2 9  5 8  E —0 1
4 - 0 . 2 3  1 2 6 9 -  C .  2 9 6 6 9  9 E — C l
5 0 . 2 3 2  7 6 2  E - 0 1 0  . 4 4 6 5 7  1 E - 0  1
6  . 0  . 7 6 6 5  A I E -  0 1 -  0 .  1 3 2 7  1 1

I 2

L O G C F  I I K E L  I F C C C F U N C T I C N  =

R I G H T - H A N D E S  T I  M AT E C
V A R  I  A B L E C D E F F  I C  I E  N T

A 1 1 0  . 3 0 3 0 2 3
G 1 1 0 . 4  5 5 4 5 3
5 1  2 - 0  , 3 9 8 2 3 8
G 1 3 - C .  6 3  C 5 6  7 E -  C I
0 1  1 - 0  . 1 9 1 8 9 6
D 1 2 0 .  2  1 2 7  5 1
D 1 3 - 0  . 1  5 3 4 7  I  E - 0  2
B 1 - 0 .  1 2 5  5 7 6 E  - C l
A 1 2 0  . 7 7 1 4 6 2
G 2  2 0 . 3 5 5 3 3 1
3 2  3 0  . 2 7 9 9 8 7 E  —0  1
0 2  2 -  0 .  1 9 2 3  < 7
0 2  3 0  . 2 9 7  0  2 5  E —0  2
B 2 0 .  1 2 5 4  7 4 E - C l
A1 3 - 0  . 6 4 4 4 7 8  E - 0 3
G 3 3 0 .  3  7 1 4  5 4 E  -  C 1
D 3 3 - 0  . 6 4 2  1 0 3  E - 0  3
B 3 0  .  1 3 1 1 7 3 E  -  C 2
A 1 4 0  . 7 7 4 4 0 2
H I  1 0 .  1 7 0 3  4 2
H I  2 - 0  . 1  4 3 2 3 7
H I  3 0 .  4 7 2 6  4 6 E -  C 3
0 4 0  . 8 4 9 7  3 0  E —0  2
A 1 5 0 .  6 7 7 6 6  9 E — 0 1
H 2 2 0  . 1  8 8 0  4 2
H 2 3 -  0 .  1 6 5 9  5 9 E  -  C I
0 5 - 0  . 7  4 3 0 6 4  E - 0  2
A I 6 - 0 .  1 2  1 9  1 E E - 0 1
H 3 3 - 0  . 2 4 5 6 8 0  E - 0  2
0 6 0 .  2 6 6  1 1 I E -  C 2

3. SB 1 NOV 1 980 OECIO 27-SEP-82 00: 18 CMROS PAi

R E  S I D U A L S

0  . 2 8  1 3 7 3 E - 0  1 
C.  9  6 2  9 5  8 E — 01 

2 8 . 9  I i e  
C .  1 6  8  0 6 4  

- 0  . 4 8 4  1 3 2 E - 0  1 
C .  2  C G 5 5 6  

3

- 0 . 2 3 1 2 6 9  
- 0  . 2  9 8  8 9 9  E  - O  I  

0 .  1 8 8 C 6 4  
2  9 . I  7 0 3  

0 . 1 0 3 4 6 7  
- 0  . 3 7 7  1 7 4  

4

C . 2 3 2 7 6 2 E -  C 1 
0  . 4 4 6 5 7  I E - 0 1  

- C . 4 6 4 1 3 2 E - C 1
0 . 1 0 3 4 6 7  

2 6 . 9 7 0 3  
0  . 3 0 7 6 4 4  

5

( .  7  6 8 5 4  1 E - C 1  
- C  . 1 3  2 7  1 1

C .  2 0 6 5 5 6  
- C  . 3 7  7  I  7 4  

( .  3 0  7 6 4 4  
2 8  . 9 3 9  I 

6

0  1 0 . 1 8 1

S T A N O A R O
E P P O P

0  .  7 4  9 7  9 8 E - 0  1 
0 . 1 5 1 5 2 5  
0 . 1 5 6 9 6 8  
0 . 1 4 4  0 9 9 E - 0 1  
0 . 3 7 7 2  2 9 E — 0  1 
0 . 3 7 3  0 7 1  E - 0 1  
0 . 2  1 1 2 4 3 E -  0 2  
0 . 2 1  2  0 2 8  E - 0 2  
0  .  7 3 9 3  8 5 E — 0  I 
0 . 1 6 3 9 5 4  
0  .  1 5 7 5 6 5 E -  0  1 
0 . 3 7 7 1  6 6  E - 0 1  
0  . 2  1 0 9 6 9 E -  0 2  
0 . 2 1 3 5 1 1  E - 0 2  
0  . 5 7 9 7 0 8 E — 0 2  
0 .  4 6 1  1 5 6  E - 0 2  
0 . 5 5 1 1 6 4 E - 0 3  
0 . 1 2 2 1 3 3 E - 0 3  
0.110220 
0 . 4 0 1  0 4 5  E - 0 1  
0 . 2 7 5 3 1  2 E -  0 1  
0 .  1 3  6 3 1  0  E - 0 2  
0  .  1 1 2 7 7 6 E -  0 2  
0 . 7 1 8 9 1 2  E - O t  
0  .  2 5 2 8 0 6 E -  0  I  
0 . 2 4 5  0 8 7  E - 0 2  
0  . 9 8 8 2 S 2 E -  0 3  
0 . 8 0 4 0 3 0  E - 0 2  
0 .  1 1 8 2 0  7 E -  0 2
0 . 5 9 6 1  9 9  E —0  4

T -
S T  A T  1 S T  I C

4 .  C 4  1 4 0
3  . 0 0  5 8  1

-  2 .  5 3  7 C 6  
- 4  . 3 7 5 9 5
-  5 .  0 6 6 9 8  

5  . 7 0  2 7 0
-  C .  7 2 6 5 1 2  

- 5  . 9  2  2 6 0
1 0 .  4 3 3 8
2  . 1 6 7 2 5
1 .  7 7 6 9 5

- 5  .  1 0  0 3 4
1 .  4  0 7 9 1  

5  . 8 7 6 7  1
-  C .  1 1 I I  7 3

8  . 0  5  4 8 5
-  1 .  1 6 4 9 9  

10  . 7  4 0  2
7 .  0 2  5 9 6
4  . 2 4 7 4 4

-  5 .  2 0 2 7 1  
0  . 3 4 6 7 4 4

7 .  5 3 4 6 6  
0  . 9 4 2 9 0 9

7 .  4 3  6 1  9  
- 7  . 5 8 7 4 7
-  7 .  5 1  6 9 6  
- I  . 5 1 6 3 3
-  2.  0 7 e 3 9  

4  . 7 9 8 9 2

I
ro0  
ro1
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APPENDIX G

Likelihood Ratio Test

This section o f the thesis serves as a place o f ju s t i f i c a t io n  

as to why we have chosen model 2 (model w ith technological trend over 

time) over model 1 (model w ithout technology) in the estimation of 

the various co e ff ic ie n ts  and desirable e la s t ic i t ie s .  The c r i te r io n  

used was the l ike l ih o o d  ra t io  te s t .  The l ike l ih o o d  ra t io  (x) is  the 

maximum value o f the l ik e l ih o o d  function fo r  the constrained case 

divided by the maximum value o f the l ike l ih o o d  function fo r  the 

unconstrained case.

A
_ L (constrained)

A  ~  -
L (unconstrained)

2
Theory s tibu la tes  tha t -2 On X ) is  assymptoti.cally x

d is tr ib u te d  with as many degrees o f freedom ( d . f . )  as the number of
2

re s tr ic t io n s .  Thus we can compute X corresponding to the computed
2

X and compare i t  to some pre-assigned c r i t i c a l  level o f x , and
2

i f  the computed X is  less than the c r i t i c a l  value then we say tha t

our re s tr ic t io n s  are s t a t i s t i c a l l y  s ig n if ic a n t .

In our case the constrained model is  model 1 [since we r e s t r ic t

the technology co e ff ic ie n ts  to be equal to zero) and the unconstrained

model is model 2.

At a = 0.05 and since d . f  = 8 (we have e igh t equations each with
2one re s t r ic t io n )  the X c r i t i c a l  value is  15.51.

A

From page 193 we f in d  the In L (constrained) to be equal to 

757.431 and from page 202 we f in d  the In L (unconstrained) to be equal 

to 810.181.

Since -2 (.757.431 - 810.181 ) > 15.51 th is  implies tha t the 

re s tr ic te d  model is  re jected in favor o f the unconstrained model.
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APPENDIX H 

Year-to-Year E la s t ic i t ie s



T I M SERIES PROCESSOR VHAR TON VERSION 3. SBl NOV I

N C C  N C I  N C  X

-  0 .  7 7 5 5 4 C - 1  .  73  0 06
0 . 5 5 2 7  16 - 0  . 7 7 4 6 4  1 -  1 . 9 5 8 3 1
C . 5 6 0 5 5  2 -  0 .  7 2 2 6 6  2 - 2 .  1 9 9 2  0

0 . 5  8 6 0  7 9 - 0  . 6  9 6 8  1 1 -  1 . 9 3 7 9 8
0 . 5 7 6 2 C C -  0 .  7 C 8 3  I 4 - 2 .  061 I 3
0 . 5 6 7 8  04 - 0  . 7 1 7 4 6 7 -  2 .  1 7 9 0  3
0 . 5 5 1 4 6 2 -  0 .  7 4  1 2 8 7 - 2  .  2 0 73 3
0 . 5 6 2 4 7 5 - 0  . 7 2 1  7 7 8 -  2 .  2 1 7 4  3
0 . 5 e  2 9  7 2 -  0 .  7 C0 4 2 1 - 2 . 1 1  8 5 6
0 . 5  7 7 8 9 8 - 0  . 6 9 8 0 6 5 -  2 . 3 2 9 7 9
0 . 5 7 0 5 9 5 -  0 .  7 2 2 1 2 2 - 2  .  0 94  04
0 . 5 7 6 5 4 2 - 0 . 7  11 5 6 0 -  2 .  17 17 3
0 . 5 7 0 9 7 5 -  0 .  7 14 1 C 1 - 2 . 2 1  0 5  9
0 . 5 7 2 3 3 9 - 0  . 7 1 7 6 4 9 -  2 . 0 7 9 3 9
0 . 5 8 1 4 7 6 -  0 .  7 C 5 2 4 1 - 2 .  081  3 2
0 . 5 8 5 2  06 - 0  . 6 9 9 3 5  1 -  2 . 0  4 4  1 3
0 . 5 8 9 9 5  5 -  0 .  6 8 9 2 8 2 - 2 .  0 0 9 0 2
0 . 5  9 7  0 04 - 0  . 6 8  1 5 4 6 -  1 . 9 4  74 2
0 . 6 0  5 4  2 I -  0 .  6 7  2 4 8 2 - 1  .  9 0 06  7

0  . 6  04 9 6  4 - 0  . 6  7 0 9 0  4 -  1 . 9  2 9 6 0
0 . 6 0 0 1 4 2 -  o .  6 6  7 i e e - 2 .  C34 7 0
0 . 6  0 5  7 3  1 - 0  . 6 5 7 6 8 4 - 2 . 0 4  1 8 0
0  .  5 9 8 9 8 9 -  0 .  6 6  1 9 7 0 - 1  .  9 3 2  0 9
0 . 6 0 1 1 3 6 - 0  . 6 6 0 4  3  1 -  1 . 8  3 3 8  1
0 . 6 1 0 5 0 4 -  0 .  6 4 8 9  49 - 1  .  7 5 5 8 4
0 . 6 4 2 3 1 8 —0 . 6 4 6 8 0 8 -  1 . 2 9 6 6  I
0 . 6 6  1 8 9 6 - 0 .  6 2 5 9 4 2 - 1  .  0 02  3  7

0  . 6 5 5 5  9 6 - 0  . 6  3 9 0  4 0 -  0 . 9 8  2 7 6 6
0 . 6 5  6 4 2  4 -  0 .  6  26  1 6  1 - 1  .  0 3 7 7 6

1 2 3

N I  I N X X N X M

1 . 2 8 5 4 9 1.  6 1 6 5 7
1 .  0 2 3 9 9 4 . 2  8 2  9 3 1 . 6  4  6 5  4

0  . 9  2 7 4  4 4 6  . 9 6 6 0 0 1.  8 9 3  16
0 .  7 9 7 4 3 2 2 .  5 2  8  9 9 2 . 3 9 8 2  7
0 . 8 4 0 4 6  1 4 .  2 4  1 e 6 2 .  2 7 9 3 0
0 .  8 7 9 9 9 7 6 . 2 6 4  9 0 2 . 2 0 6 4  2
0 . 9  7 s e e o 7 . 6 7 0 8 8 1.  9 1 3 5 6
0 .  9 0 4 4  1 7 7 . 0 9 7 6 0 2 . 1 5 7 1 3
0 . 8  1 0 6 2 9 4 . 7 1 7 7 2 2 .  8 6 5 9 8
0 .  8 2  1 9 2 6 7  .  71 6 6 6 2 . 9 6 6 0 4
0 . 8 7 8 8 6 5 5 . 0 2 4 0  5 2 .  2 9 3 0 3
0 .  8 4  4 1 5 3 5 .  69  5 4  2 2 . 6 4 2 5  1
0 . 8 6 4 9 2 2 6  .  5 0 2 9 2 2 .  4 9 9 0 8
0 .  8 6 5  4 0 3 4 .  75 8 8 2 2 . 4 0 7 3 0
0  . 8 2  1 2 0 1 4 . 3 4 1  12 2.  e 6 2 0 5
0 .  8 03  0 3  1 3 .  74 1 0 2 3  . 1  1 9 3 9
0  .  7 7 76  6 4 3 .  1 4 6 6 e 3 .  6 6 8 5 4

DEC10 16-SE3

N C M

0  . 8 9 9 7 7 5  
0 . 5 0 4 5  1 9  
0  . 8 7 5 7 6 0  
0 . 7 7 3 5 0 5  
0  . 8 0 5 9 5 2  
0 .  6 2 7  7 0 5  
0  . 8 7 6 5 4 2  
0 .  6 3  9  C 8 8  
0  . 7 1 7 4 3 2  
0 . 7 2 4  7 1 8  
0  . 8 0 8 8 3 4  
0 .  7 5 5 3 8 3  
0 . 7 8 6 2 0 2  
0 . 7 8 9 5  1 6  
0  . 7 1 5 6 8 5  
0 . 6 6 9 3 8 4  
0  . 5 7 3 9 5 7  
0 . 3  7 5 3  6 7 

- 0  . 3 7 1 2 3 0  
-  0 .  3 2  1 0 5 4  

0  . 5 6 7 9 7 1  E - 0  I 
-  1 .  0 0  7 7 6  
0  . 3 5 8 7 3 1  
0 . 4 3 4 4 5 5  
0  . 9 8  7 9 4 3  E —0  2

3 . 2 2 2 3 6
1 . 8 0  1 6 9
3 . 3 4 9 0 4
2  . 3 5 5 2 4

4

N MM

9 .  6 3 4  8 8  
9  . 3 6  1 0  3
1 1 .  0 4 5 7  
1 4  .  2 0  6 9  
1 3 .  6 5 2 2  
1 3  . 0 7 8  1 
1 1 .  0 5 1  6  
1 2 . 7 1 4 5  
1 4 .  2  51  6  
1 4  .  3 0 5 2  
1 3 .  6 1 5 7  
1 4  .  3 5 8 8 '  
1 4 .  0 e 6 6  
1 4  . 0  1 6 7  
1 4 .  2 2 5 7  
1 3  .  2 8  5 9
6 .  7 3 6 5 8

8 2 22: 43 C

N I X

3 . 1 4 9 0 8  
3 . 3 7 4 2 7  
3 . 4 5 0  7 5  
2 . 0 6 1 0 6  
3 . 2 1 5 9 0  
3 . 3 6 6  C 8  
3 . 5 3 5  1 8  
2 .  4 3 6  0 6  
3  . 2 0 9  3 3  
2 . 3 8 6  0 5  
3  . 2 9 3  1 4  
2 . 2 5 6 8 6  
3  . 3 6 4 7 0  
2 . 2 6 4 6 5  

3  .  1 9 7  3 4  
2 .  I  4 3 3 2  
3  . 0 8  1 8  t 
2 .  5 5 6 2 1
2  . 9  1 6 6 5  
2 .  5 3 5  5 7
3  . 0  2 3 0  3  
2 . 5 9 0  7 9  
2  . 9 5 3 6 9  
2 .  8  7 7 1  7 
2  . 7 7 5  2 2  
2 . 2 8 3  6 3  
2 . 1 5 5  1 8  
2 . 1 5 9 3 6  
2  . I B 0  3  2

5

N L H

0  . 1  6 7 8 2 5  
0 .  1 7 0 4 2 4  
0  . 1 5 9 5 0 4  
0 .  1 4 5 0 8 0  
0  . 1  4 5 2 0 7  
0 .  1 4 2 8  7 6  
0 . 1 3 5 4  6 9  
0 .  1 3 6 4  1 0 
0  . 1 3 5 1 2 7  
0 .  1 2 3 2  1 6 
0  . 1 3 6 1  1 4  
0 . 1 3 8 9 5 3  
0 . 1 3 8 7 2 6  
0 .  1 4 0 0 0 4  
0  . 1  4 2 3 3 3  
0 .  1 4 0 5 4 3  
0  . 1  3 6 8 6 4

1RO S P4 GE

N I M

C . 5 4 6 4  5 2  
C.  5 6  1 3 6 4  
C . 4 5 2 9  2 6  
C.  8 6 6 8 6 6 E - 0  1 
C .  1 9 2 5  7 3  
C.  2 6 2 8 8 4  
C . 4 3 9 0 6  6 
C.  2 9 9 6  8 4  
C . 1 5 0 6 6 3  
C.  1 3 3 9 0 0
c . i e e s e e
C . 2 4  7 6 3 9 E - 0 ?  
C . 9 4 e 4 5 5 E - C l  
C.  1 1 2  0 5 7
0 . 1 6 5 4 2 0  
C. 3 3 8 0 5 3  
C . 6 9 4 3 2 2  
- 1 . 4 1 6 0 9  
- 4 . 2 0 8 1 5  
- 4  .  0 1 8  10  
- 2 . 6 1 4 2 6  
- 6 .  5 5 3  2 4  
- 1 . 4 5 6 1 0  
- 1 . 1 5 3 4 0  
- 2 . 6 6 6 1 6

8 .  6 9 6  1 9  
3 . 6 5 8 5 1
8 .  8 9 5  1 9  
5 . 5 1 2 2 2  

6

N L  E D

1 . 8 9 9 4 5  
2 . 1 0 4 5 5  
I  . 9 7 5 8  I 
1 .  6 5 8 2 0  
1 . 4  9 0  5 0  
1 . 4 5 1 1 7  
I  . 4 5 8 9 8  
1 . 4 1 1  7 4  
1 . 3 6 6 9 4  
1 .  3 5 0 0 0  
1 . 3 5 3 3 8  
1 . 3 3 3 6 4  
1 . 3 3 0  5 9  
1 .  3 3 2 C C  
1 . 3 1 6 7 4  
1 . 2 0  7 4 4  
1 . 3 0 3 9 2



T H C  S E R I E S  P R O C E S S  C P  W H A R T O N  V E R S I O N 3  « E D  I N J  V I

N l  I N X  X N X M
C . 7  5 C 7 C6 2 .  2 2 3 2 9 4 .  7 4 4 5 6

0 . 7 2 0 7 6 9 1 . 4 6 9 3 8 8  . 9 8 6 0 3
0 . 7 1 9 9 5 5 1 .  7 6  9 9  5 E .  7 7 9 4  8
0 . 7 2 6 3 0 3 2 . 0 3 3 4  7 6 . 8  1 7  1 0
C .  7  C 3 1 :• 1 2 . 9 0 2 4 2 I 3 . 2 5 5 1

0  . 7 2 2 7 7 4 1 . 9 9 6 2 9 4 . 8 3 1 3 8
0 . 7 1 6 1 9 7 C.  9 6 0 9  2 8 4 .  2  4  9 6  0
0 . 6 8 3 5 5 1 - 0  . 1  0  7 2  4  6  E -  0  1 6 . 4 1 7 7 1
0 . 6 2 4 9 6 4 - 3 .  6  9 5  1 1 - 8 .  4  9 0 1  9
0 . 5 8 6 2 5 2 - 5 . 0  1 1 8  1 -  1 . 8 7 7  2 0
0 . 5 9 7 7 7 9 -  5 .  0 3  5  2 6 - 7 . 4 4 5  0 0
0  .  5  8 4  7  7 9 - 4  . 8 7 2  7 5 - 3  . 9 9 9 6 0

7 a 9

M K N H  K N H R O

0 .  5 9 6  I 5 6 0  . 6 3 4 6 1  7 - 3  2  . 6 8 9 2
0  . 5 9 3 9 6 6 0 . 6 2 3 0 7 1 -  4 0 .  3 3 9 6
0 .  6  1 3  4  9 0 0 . 6  3 4  1 4  5 - 3 7  . 2 3  7 7
0  .  6 3  4 5 5  6 0  . 6 2 2 9 6 0 -  2 6 .  3 7  1 5
0 .  6 3 2 6 6 3 0 . 6 3 2 4  1 8 - 1  9  . 3 1  9 3
0  . 6 3 3 4  2 0 0  . 6 2 4 5 2  5 -  1 7 .  6  2  1 4
0 .  6 3  2  1 7 3 0 . 6 4 7 3 6 7 - 1  7  . 2 1 6 0
0  . 6 2 6 9 2 9 0 . 6 2 9 7 4 9 -  I  5 .  9  1 2 9
0 .  6 4 4 2  0 0 0  . 6 3 0 7 7 6 - 1  4  . 7 6 3 8
0  . 6 4 5 6 6  1 0  . 6 2 1  2 8  1 -  1 4 .  0 7 7 3
0 .  6  3  8 9  0 2 0 . 6 3 5 8 2 2 - 1  3  . 7 5 4  2
0  . 6 4 0  4 2 6 0  . 6 2 7 8 4 0 -  1 3 .  2 9 5 4
0 .  6 3  9 9 5 2 0  . 6 2 8 8 6 4 - 1 3  . 1 0 7 2
0 . 6 3 3  7 6  7 0  . 6  2 8 2 8  4 -  1 3 .  1 4 3 8
0 .  6 4  0 4  7 8 0  . 6 2 0 3 6 4 - 1  2  . 3 4 5  3
0  . 6  4 2 9  4 7 0  . 6  1 9 2 6 9 -  1 2 .  5  7 1 4
0 .  6 4  7 3 4 5 0 . 6 1 8 7 9 0 - 1  2  . 6 0 0  3
0  . 6 4 8 2  4 0 0 . 6  1 3 3 6 8 -  1 2 .  4 7 9 7
0 .  6  5  0 3  0 2 0 . 6 0 8 0 0 2 - 1  2  . 1 4 6 5
0  . 6 4  7 7 1 6 0 . 6 0 4 1 4 1 -  1 1 .  8 4 4 8
0 .  6 4 3  7 8 8 0 . 5 9 9 5 3 5 - 1  1 . 9 8 3  1
0 . 6 4 2 8 1 0 0  . 5 9 2 9  7 2 -  1 2 .  4 6 7  1
0 .  6  3  9 4  0  0 0  . 5 9 8 1 4 5 - 1  3  . 6 5 9 2
0  . 6 2 4 9 9  4 0  . 5 9 5 2 6 5 -  1 5 .  4 0 5 9
0 . 6 3 6 3 1  0 0  . 5 9 0 9 6 5 - 1  6  . 7 9 8 6
0 . 6 4 5 2 2 2 0 . 5 9 5 0 4  5 -  1 e .  0 8 2 8
0 .  6  6  7 4  4 0 0 . 6 2 1 8 6 5 - 2  1 . 2  4  6 4
0  . 6 6 0  7 9  2 0 . 6  2 1 3 2  1 -  2 2 .  9 5 9 0
0 .  6  5  8 7  5  4 0  . 6  1 3 8 3 1 - 2 5  . 2 7 1  5

1 3 1 4 1 5

JECIC 16-SEP-82 22:43 CHIRCS F A C E

N M M  
- 1  1 . 2 4 4 4
-  2 2 3 .  6 6  1 
- 2 0 2  . 8 9 7
-  7 6 .  E C 7 3  
- 5  7 5  . 2 1 5
-  1 4 .  0 4  7 6  
- 3  . 6 8 0 9 3  
- 8  6 .  5  3  9 2  
- 1 1 0  3  . 3 0
-  I  E 7 .  3 7 0  
- t  1 9 2  . 1 5
-  4 E 1 .  C 6 7

1 0
N R D K

9  4 . 9 7 7  1 
1 1 7 .  3  01 
1 0 2  . 0 7 6  
6 E .  2  5 5 0  
5  1 . 1 9 3 1  
4 6 .  7 7 9 3  
4 5  . 5 5 0 0  
4 1 .  8  7 2  8  
3 8  . 2 7 7 5  
3  6 .  4 2  9 6  
3 6  . 4 4 9 9  
3  5 .  3 1  72  
3 4 . 8 9 9 3  
3  5 .  1 4  81 
3 4  . 3 6 2 6  
3 3 .  4  C 91 
3 2  . 9  4  1 3
3 2 .  6 1 6 1  
3  1 . 6 6 1 4
3 1 . 3  C 6 8
3  2 . 1 8 0 9
3 3 .  5 4 6 6  
3 6 . 8  5 7 9
4 1 .  8  9 2  2  
4 5 . 2 4 7 8
4  6 .  8  C 4 4  
4 9 . 2 7 6  1
5  4 .  5 1  C2

6 0 . 4  1 4 8  
1 6

N L H  
0  . 1 3 8  1 6  1 
0 .  1 3 6 1 2  7 

0  .  I  4  1 7  S  3  
0 .  1 4 7 1  CO  

0  . 1 5 0 4  3 0  
0 .  1 5 2 6 1  2  
0  . 1 5 8  2 3  1 
C .  1 5 9 0  7 5  
0  . 1 5 0 4 0 9  
C . 1 1 9 0 9 5  
0  . 1 2 6 9 6 6  
C.  1 3 2 6 5  E 

1 I
N L L

-  0 .  4 3 0 8 2 3  
- 0  . 4 3 0 4 3 2
-  0 .  4 2 3 6 7 6  
- 0 . 4  1 4 4 5 4
-  0 .  4 1 5 2 5 4  
- 0 . 4  1 6 6 8 8
-  0 .  4 2 6 8 7 e  
- 0  . 4 1  9 3 9 5
-  0 .  4 0 9 6  0 1 
- 0  . 4 0 9 4  7 5  
- 0 . 4 1 5 8 7 2  
- 0  . 4 0 9  1 6 9  
- 0 . 4  1 0 1 9 2  
- 0 . 4  1 0 2 3 5
-  0 .  4 0 3 4  5 9  
- 0  . 4 0 1 5 8 5  
- 0 . 2 9 9 2 6 9  
- 0 . 3 9 4 6 3 1
-  0 .  3 8 9 6 5 4  
- 0  . 3 8 7 9  16
-  0 .  2 8 6  1 4 4  
- 0  . 3 8 1  4 9 3
-  0 .  3 8 6 7 5 0  
- 0  . 3 8 6 3  14
-  0 .  2 e 2 2 7 C 
- 0  . 3 8 1 0 4  1 
- 0 . 2 9  1 6 2 3  
- 0  . 3 9 4 0 3 0  
- 0 . 2 e 8 8 3 0

1 7

N L R D
1 .  2 9 6  1 6  

I  . 2 8 3 3 0  
1 . 2 7 6 1 2  
1 . 2 7 9 0 7  
1 .  2  8  5  4 E 
1 . 3  1 7 7 5  
1 . 3 5  7 4 0  
1 . 3 8 2 2 3  
1 .  4 0 2 6 2  
1 . 4  7 2 6  I 
1 . 5 1 8 4 2  

1 . 5 6  0 7 8  
1 2

N H H

-  C.  3 1  1 7 4 3  
- J . 3 1 1 1 6 0
-  C.  3  I  8 5 2 3
-  J . 3 2 5 3 9 9
-  C.  3 2 5  1 2  7 '
- 3 . 3 2 5 0 5 8  o
-  C.  3 2 2 5  < 3  '■J
- 3  . 3 2 5 2 5 4  1

-  C.  3 2  7 9 2 2  
- 0  . 3 2 8  I 3 3
-  C.  3 2 6 3  5 4  
- 3  . 3 2 7 5  9 3
-  ( .  3 2  7 4  C 7 
- 3 . 3 2 7 2 4 5
-  C.  3 2 6 2  9 6  
- 3  . 3 2 8 7  1 1 

- ( .  3 2 9  1 7 4  
- 0  . 3 2 9 4 0 9
-  C.  3 2 9 4  f  5 
- 0  . 3 2 9 4  8 8
-  C.  3 2 9 4  £ 5  
- 0  . 3 2 9 4  7 8  
- C .  3 2 9 3 7 0  
- 0  . 3 2 9  1 8 2
-  C.  3 2 9 3  £ 9  
- 0  . 3 2 9 4 7  1
-  C. 32e9 50 
- 0  . 3 2 9 4  3 7

-  C.  3 2 9 3  61
1 8



T I M E  S E R I E S  F P C C E 3 S C R  W H A R T O N  V E R S I O N  3 . 5 B 1  N O V

N R D R C  N K K  N CL

- 2  2 2  7 . 2 2 - 3  . 7 6 1 0 0 0 . 2 4 8  2 3 0
-  2 1 5 0  .  6 6 -  3 .  7 8 3 6 5 C.  2 5 6 3  9 9
- 2 6 2 8  .  9 9 - 3  . 6 6 7  0 4 0 . 2 6 0 3 2 2
- 1 4 2 e . 52 -  2 .  5 4 3 5 5 0 .  2 5 1  0 8 7
- 9 0 1 . 7 3 4 - 3  . 5 5 5 5 3 0 . 2 5 8 9 3 6
- 7 9 1 . 1 2 5 -  2 .  5 3 7 0 2 C.  2 6 4  8 5 2
- 7 8 3  . t 9 7 - 3  . 4 6 5 4 5 0 . 2 6 4 3 4 5
- 6 8 4 . 2 6 2 -  2 .  « a i 5 0 C.  2 6 5 7 1  1
- 5  9 6  .  9 2  3 - 3  . 4 8 6 9 3 0 . 2 6  1 7 8 8
- 5 5 7 . 7 4 2 -  2.  4 7 2 5  4 0 .  2 6 6 7 0 3
- 5 5 4  . 2 6 3 - 3  . 4 9 0  7 0 0 . 2 6 3 4 3 8
- 5 2 1 . 2 4 7 -  2 .  5 2 7 0 5 C.  2 6  8 4 5 8
- 5 1  2 .  8 5  3 - 3  . 5 2 3 9  9 0 . 2 7 2  1 7 5
- 5 1 5 . 9 1 5 -  2 .  5 2 4 5 5 C.  2 7 0 7 4  5
—4 9 2  . 3 9 4 - 3  . 5 6 8 5 7 0 . 2 7  2 6 0  5
- 4 7 4 . 6 4 7 -  2 .  5 5 7 6 2 C.  2 72 02 0
- 4  7 0 .  0 9 2 - 3  . 5 3 0  7 8 0 . 2 7 1 2 2 0
- 4 5 9 . 2 1 1 -  2.  5 5 2  2 5 0 .  2 71 8 5 5
- 4  3 7 . 3  8 5 - 3  . 5 6 7 5 8 0 . 2 7  1 8 7 7
-  4 2 3 .  5 70 -  3 .  6 0 5 2  1 0 .  2 7 4 6 7 5
- 4  3 2 . 3  1 4 - 3  . 6 5 6 5 6 0 . 2 8  1 0 6  4

- 4 5 1 . 7 4 6 -  2 .  6 9 7  2 6 C.  2 82 7 6 5
- 5  1 8 . 3  8 3 - 3  . 6 9 6  1 0 0 .  2 8  1 19 4
- ( . 1 4 . 6 1 1 -  2 .  7 4 2 5 2 C. 2 8 001 2
- 6 8 6 . 0 7  2 - 3  . 7 5 6 8  1 0 . 2 7 7 9  1 3
-  7 4 6 .  6 2 4 -  2.  6 7 6 0 5 C.  2 5 5 5 2  9
- 9 1  7 . 8 9 3 - 3  . 3 7 9 4 4 0 . 2 2 6 3 8 0
-  10 5 0  .  1 5 -  3 .  4 3 1 5 7 C.  2 2  7 2 2  0
-1 2 0 5  . 2  2 - 3  . 4 0 7  3 8 0 . 2 3 4 3 6 9

1 9 2 0 2 1

NI  L N t  H N I  R D

2 .  4 7 7 6 4 - 0 . 2  71 91 8 7 . 4 3 2 8 3
2 . 4 9 0 1 4 - 0  .  28  1 2 2 6 e .  9 8 5 3  7
2 .  4 1 4 6 2 -  0 .  2 74 1 0 7 7 . 9 2  1 7 3
2 . 3  1 1 8 2 - 0  . 2  5 3  5 0  7 5 .  5 1 6 5 4
2.  2 3  5 4 4 - 0 .  2 75  1 81 4 . 4 2 3 9  7
2 . 3 6 6 1 9 - 0  . 2 9 5 3 5 6 4 .  15 1 8 2
2.  4 5 14 1 - 0 . 3 2 4 2 6 9 4  . 2 8 9 3  1
2 . 3 8 8  18 - 0  . 3  10 4 2 9 2 .  5 2 3 5 0
2.  2 0  5 6 4 - 0 .  2 8 9 2 2  7 3 . 5 5 9 5 0
2 . 3  1 2 0 5 - 0  . 2 9 8 9  2 2 2 .  4 5 4 2 8
2.  2 6 2  C 7 - 0 . 3  0 7 8 6 3 3  . 5 0 3 4  2
2 . 3 2 3 9  2 -  0 . 3 0  3 6  4 2 2 .  3 6 3 8 0
2.  2 2  6 5 1 - 0 . 3 1 2 6 5 4 3 . 3 5 7 6 4
2 . 3 3 8 8 9 -  0 .  3 10 8 4 I 3 .  2 6 7 9 6
2.  2 5  5 1 6 -  0 .  3 Cl 1 6  0 3 . 2 4 8 5 0

2 . 2  7 9 8  1 - 0  . 2 9 8 3 2 6 2 .  1 7 3 2  2
2.  2 5 6 5  6 - 0 . 2  54 7 4  6 3 . 1  3 3 2 5

DEC 1 0 i e - S £ 3 _ e 2  2 2 : 4 3 C H i R U S P A G E

N CH

1 . 7 9 3 4 6  
1 . 7 3 3 9 5  
1 . 8  1 6 7 6  
1 . 8 7 7 4 7  
1 . 8 6 5 0 7  

1 . 3 5 5 0 0  
1 . 8 2 2 7 3  
1 . 8 4  9 9 3  
I . 8 9 3 6 6  

I  . 3 9 0  14  
I . 8 6 6 5 7  
1 . 3 3 3 2 5  
1 . 8  7 5  19  
1 . 3 7 5 4 5  
I . 8 9 6 0 2  
1 . 9 0 5 5 4  
1 . 9  1 5 0 0  
1 . 9 3 3 8 9  
1 . 9 5 2 1 4  
t . 9 5 0 7  9 
1 . 9 4 2 6 7  
1 . 9 5 3 4 3  
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0  .  3  5  6  I  I 3 0 . 3 1 3 1 4 9 C .  1 4  5  0 5  8
0 . 3 5 6 7 3 7 0  .  3 0 3  7 3  1 0  . 1 2 7 1 2  1
0  .  3 5  7 5  5 6 o . 3 C 2 4  e e C.  1 C 8 8 7  0
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