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I. INTRODUCTION

Industrialization has always been regarded as an aid to

achieving a better standard of living.

any

factors may be higher then one or the other, they all will

country. Although the intensit

"Industry is in itself a highly dynamic
activity, the incomes per person engaged are

{(normally) substantially higher in industry than in

agriculture. Also industry tends to exercise a

dynamic impact on the other sections of the
economy." (21)

There are many factors that affect industrialization in

L]

present complicating the analysis.

the process of industrialization.

of any one factor or

Politics and political thought play an important role

Two principal types are

be
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planned industrialization or the five year plan type, versus
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free market industrialization growth.
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The social aspect in industrialization 1S another
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actors. The impact of industry on society and social

relations and customs, is profound in many instances.

discarding of traditional society and the pains of ada

t0 new and Som
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realities of industrialization.

Economic consideraticns are a major influence in

development and growth., W®hat type of industry, how to

finance, both are questions to be considered.
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Productivity is another one of the factors that is
affected by the degree of industrialization and the types of
economic activities under consideration.

The road to industrialization then, is neither smdoth
nor straightforvard. There are probably as many pitfalls in
it as there are accomplishments. One may find that positive
steps often are counteracted by negative steps.

For any country embarking on any plan of
industrialization or economic development, the guestions that
have been, and are still ultimately being raised are: ¥hat
are the proportions of the different inputs of labor and
capital that will give 2 higher return? What combinations >f
inputs to industry will achieve a higher level of
industrialization, and a higher rate of industrialization?
What combinations of inputs are needed to sustain a given

level of industrialization?
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Industrialization plans and pianiiing for growin an

develcopment are more readily used now then thay were bz2Iore
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world Sar. Before Horld War IXI, data concerning

f

industrialization were sparse and few.

The Second ¥®orld Wwar had its effect on both tha
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the economic situation especially after the
Second Yorid War, the Gemrc¢ral Assembly of the United Nations,

which vas established in 1946 adopted a:



"Resolution 118 (II), in which the Secretary
General was requested to prepare annual factual
surveys and analyses of world economic *trends."
(16)

The Second World War left shattered economies all around
the world. Whether actual devastation, or repercussion of
such devastation, the consequences were felt nevertheless.

Only the United States amongst the participants in the war

did not suffer physical destructions of industry.

"In the present world economic situation the
fact looms large that the economic potential of the
United States of America has enormously increased
during the war, while that of many (other)
important production centers has considerably
diminished...." {16}

In some other non-participant countries, the war helped
in increasing the rate of industrialization. In Latin
America for example:

"There has indeed been a heightened rate of
industrial and economic development and, as was the
case after the First ﬂorld Har, it is clear that
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directly f'apendent upon agriculture, ¥i u the

UuLe2;

greater part of this population engaged in
subsistence agriculture Aespite a substantial
production for export.® (19}
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; the situation was not that
simple.

The impact of the war in terms of physical
est ractlon of industry, transport, agriculture,
and other national rasouces has been fully
recogniz2d because the results of such destruction
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were visible and measurable. ... A state of a2quilibrium had
not yet been achiaved in the economies of Eurdopean countries,
which continued to be subject to inflationary pressures
arising from continuing shortages in the face of huge
reconstruction regquirements.” (16)

The war also affected the financial and monetary aspects
of the econonies.

"The invisible devastation wrought by the war,
however, was less obvious and its consequences more
difficult to assess. It manifested itself in
devastation, rather than destruction, of capital
and man-power, and in economic dislocations.% (19)

Aid programs by the U.S. Government were being initiated
to alleviate the financial ills,

"As 1947 came to a close, the question of
external aid from the United States emergad as a
major economic issue. While the magnltude and
forms of possible aid from the United States are

not yet known, a stop-gap program of aid to
Aus+r1a France, and I;al; was undertaken by the

United States Guverneent in Dacember 1047.% (14}
One of the key shortages that retarded industrial

recovary was that of steel. ;

"Next to food and coal daficiencies, the

shertage of steel is probably the main bottle-neck
to recovery of industry in BOoSt Buropean countries.
The ¢cffects of the shortage of steel are felt in
@ost sSectors of industry, in transnort. and in
agriculture, particularly tracStors and agricultural
implements. ™ (16)

Ia Asia and the Far East, the situation was even more
bleak,

*In this region, which at the time it was
drawn into the Second World War had not as a whole



achieved any high degree of economic advancement -
the vast majority of its predominantly agricultural
population still living on a bare subsistence level
- the various countries are struggling arduously
with the difficulties of rehabilitating their war
shattered economies. Many of them had suffered
extensive physical devastation and all experienced
serious dislocation of production, transport,
trade, and finance caused by the war." (16)

Industry suffered great losses:

"rndustry suffered serious dislocation if not
complete paralysis, while in those other parts
vhich were actively associated in the war efforts
of the Allies the industrial equipment was =axposed
t6 the strain of incessant intensive use, causing
considerable deterioration of machines that could
not be adegquately maintained." (16)

Japan did not fare well, having been a participant in

the war, many of its industries were destroyed. India, on

the other hand, made substantial progress in heavy industry.

"By the end of the war, Japan was l2ft with
only 3.8 million of its pre-war 11.5 million cotton
- spinning spindles. Japan has fared no better in
other industries, particularly the heavy
industries, a field in shich Indis made substant
progress during the early years of the war, It
will be noted that the trend of Japan®s
manufacturing production as a whole vas markedly
downward from 1941; steel production culminating
two years later, in 1943, came almost to a complete
halt for some time after Vv-J Day, and had by 1947

volume., India‘'s iron production also declined,
though much more slowly, during the latter part of
the war and the first post-war vear; in the first
half of 1947, a revival set imn which brougnt pig
iron production to about eighty per cent, and steel
production to ninety per cent of the war-tinme
peak." (16)

ry (=
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As for China

"The incipient heavy industries in China,
apart from Manchuria, were all but annihilated by



th2 enemy aggression that preceded the worldi-wide
var." (16)

The impact of the war on the Middle East was not
significant.

"The structure of the economy of the Middle
East countries did not undergo any substantial
change as a result of the war, though new factors
were introduced which affected general economic
conditions and some significant developments
resulted from war conditions. ... The need for
certain adjustments in the structural organization
of agriculture was increasingly recognized....
Manufacturing activities were increased during the
wvar years; existing industries were expanded and
new onas emerged. Though no post~war inlustrial
census has been undertaken, there is every
indication that those gainfully employed in
industry at the present time exceed the
corresponding figures for the pre-war years." (16)

Because of the close association between Africa and
Europe, the colonialist relationsmip, some £ Africa sufferad
seriously economically, vhile other parts did not.

"It is also important to bear in mind that a
very considerabie porticon Of Africa i

andar &$ha
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i
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dominion of European countriss and that
consequence problems of economic recovery
development in these areas are intimately
t
©
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associated with European problems ... bu
distinction may bé made bstween those African
countries and territories which suffered a serious
detericration in their economic life as a result of
the war and those which in spite of certain
shortages, experienced a net expansion of activity.
Some of the territories in the formar aroup, heing
the scene of actual conflict, suffiered direct wWar
damage. Among such were, for example, Tunisia,
Tripolitania, Cyrenica, and to a lesser extent,
Ethiopia, Erteria, British Somaliland, and Italian
Somaliland. There vere other areas in which
economic detarioration was due rather to the
indirect effacts of the war, as for example,
Algeria, Morocco, Madagascar, and French Tropical
Africa." (19)
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By'1952 many of the effects of the Second World War on
industry around the world had been alleviated.

"World production, calculated on the basis of
official reports by governments, rose to a new high
level in 1952, but the rate of expansion, which had
been rapid since 1949, slackened off considerably.
This slackening was particularly marked in
industrial production, which in the first nine
months of 1952 was only some two per cent higher
than in the corresponding period of 1951, as
against an average annual increase in tha2 two
preceding years aboat thirteen or fourteen per
cent." (19)
from that time to the present, "National Income" of

countries has been increasing every year, with different
rates, according to each individual country. This would
reflect changes due to industrialization and economic
development for each country. Data concerning the National
Income per capita began to be published in the Statistical

Yearbook of the United Nations.
The production and consumption ©f Stesl has ¢

~woT L tas

continued to climb.

Although the per capita consumption of crude steel may
drop for a period of time, it would pick up ajain., The total
production and the per capita consumption of crude steel data

for most countries, are a he Initad Nat

<}
a
’-l.
[
)
s

ons
publications.

About the accuracy of the data present in the United
Nations Yearbook, the OUnited Nations states:

"The basic data used in the report are, in
general, as officially reported by the governments.



The significance of the figures may vary from
country to country depending on the statistical
concepts and methods followed and on the structurs
and development of the national economy. For this
reason, the compilation of international
statistical tables requires that attention be given
to any important elements of non-comparability or
qualifications attaching to the data; these are
usually shown in the tables of the report or in the
detailed statistical publications of the United
Nations from which the data are derived." (21)

The production and consumption of energy has also been
steadily on the increase for all countries. These data were
also'available, directly or indiractly, from the Statistical
Yearbook of the United Nations. The units used thraughout
the official United Nations publications were metric units,
The units for consumption of crude steel were in kilograms
per capita. 1In the case >f energy, the units were in
equivalent metric tons of coal, and the consumption was
kilegrams of coal egquivalent per capita.
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The units of the National
currencies in most instances and in total, but in later
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edi f the United Nations Statistical Yearbook, it was
given in dollars and on a per capita basis. The conversion
factors for currencies were also determined from data
supplied in the United Fatioas Statistical Yearbhook about the
exchange rates.

The questions raised are to try to investigate any
relationships that may exist between the consumption of crude

steel per capita (steel consumption per capita) and the per



capita consumption of energy in coal eguivalent units. Are
there any discernible patterns among different countries
regarding any of the desirea "standard" relationships?

Are there any kind of relationships existing between the
National Income (as income per capita) and the consumption of
steel per capita? What are the patterns if any? What are
the similarities if any, andyor the dissimilarities between
National Income per capita and the consumption of steel per
capita among the different countries?

Are there common characteristics among nations for the
consumption of snargy per capita {(kilograms of coal

equivalent per capita) and national income per capita?
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II. LITERATURE REVIEW
The emergence of many new nations after the Second World
Wwar coupled with their desire to develop economically has lad
to studies in development, industrialization and Economic
growth. One of the studies has been conducted by the United
Nations, because:

"Governments of developing countries generally
consider industrialization as synonymous with
economic progress, and give the highest priority to
industrialization in their strive for acceleratead
economic development." (16)

A study in the develcpment patterns of developing
nations may be informative.

As visualized by the United Nations, “he picture of
stages of industrializa*tion are as follows:

"The =2conomic and institutional background is,
in general, characterized by scarcity of capital,
of managerial talent and technical skills, poor
information, lack of extsrral economies and,
because of the low levsl of per capita income and
inadequate transportation facilities, limited
markets for industrial gocds. Thesz conditions
tend to favor, as can be expected, the types of
industry that are, as a rule, technologically
relatively simple to operate, require less capital
per unit cf output, produce consumer goods in the
category of the primary necessities, and can
produce thesea economically at lower levels of
cupnt. Examples can be found in the food
processing and textile industries., Gradually, as
more favourable canditions set in, the structure
tends to bsco more diversified through the
development of other Etranches, from iigiat
chemicals, leather, pulp and paper, etc., up to
steel production, heavy chemicals and other
intermediaries, machine building, etc." (16)

{

g8 |
®
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The objective of the United Nations study is:

"o investigate to what extent the development
referred to in the preceding paragraph conforms to
some pattern, in the sense that the level and
composition of manufacturing industry in a given
country could be related in some quantitative way
to a certain number of general economic
characteristics of that country." (21)

A simplified model is used which comprises a limited
number of the most important explanatory variables. The
three important variables chosen are per capita inconme,
population, and the relative degree of industrialization.
The outputs that are used are the.total manufacturing output
and tﬁe output from thirteen sectors of the economy.

"The objective of this analysis is to express
the gquantitative relations in the form of a set of
equations in which the levels of total
manufacturing output and outputs in each of the
thirteen sector - both expressed in value added are
Wexplained® in terms of a few seclected
macro~economic variables." (21)

Although some use may be made of the model and its
equations:

#The model based on the standard equations is
not intendsd to be used as a coin-in-the slot
machine which would turn out projected output
levels by mechanical computations, To ®make a
justified =stimate of these levels in a given
country. it is necessary to take into account all
the information available on the country's specific

characteristics, which are only partly reflectad in
the =xplanatery variahles of the equations.”" (21)

There have been other studies conducted by %the United
Nations dealing with growth of industry in both the developad

and developing nations. These studies are broad in
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perspective and usually divide industry into two categories,
heavy and light. The rate of growth of these categories is
studied with respect to the rate of change in the Gross
Domestic Product. This is done for both the industrialized
and industrializing countries.

"Considered are the ties between growth in the
industrial sector - in particular, manufacturing -
and that in the total economy and the circumstances
that contributed to these relationships. .. ID
the case of the manufacturing industries,
statistical analyses were conducted separately for
the light industries (food, beverage, tobacco,
textiles, clothing, footwear, furniture, etc.,) and
for the heavy industries (paper, paper products,
chemical, petroleum and coal products, basic metals
and metal products, 2tcC, ses)e™ (25)

The countries that are included in these studies are the
industrialized and industrializing countries with market
economies for which the required data are available,
Countries with centrally planned economies ar2 aot included:

naA
AR S N N o N A N v oy —

iountries with centrally plan
are not included because much of the needed data
are not availabie.® {25)
Tha studies cover the period following the Second Rorld

War after the recovery period experienced:

“The studies relate in the main ¢o the
post-var experience of the selected countries
after the readjustment to peace-time circumstances
was largely completed.® (25)

Other parameters are examined in the United Natioms
study, one is fixcd capital formation and its relation to the
gross domestic product. Ihis is conducted on both the

developing and industrialized countries. Another parameter
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is the rate of change of the 2xport and import trade in
relation to the changes in the gross domestic product. A
*hird parameter studied is population growth with respect to
the rate of growth in domestic population.

The relationship between value added per capita in
manufacturing and th:s gross domestic product per capita is
also investigated by a United Nations study. This study
involves a large number of industrialized and developing
countries which have market economies and for which data are
available., This has been done cn a sample yvear, 1958, The
analysis reveals a consistent pattern of coupling among the
countries between per capita manufacturihg output and the per
capita total product.

"The pattern of the relationship is such that

the expected ratio per capita valus added in

manufacturing to the per capita domestic product

becomes greater as the per capita product
enlarges." (25)

-
$

e ra Ao
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i

However, the trend coild have 5SS

=3

other sample years and the values compared. This
relationship between manufacturing and total output per
capita is analyzed into the relation between value added for
light and heavy industry per capita and the total product per
capita.
"In the case of heavy or light manufacturing,
the fitted function predicts that the ratio of

value added to the domestic product will increase
as the total product per capita rises.”" (2)
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Also, the relationship tetween manutfacturing represented
by the value added in manufacturing and the total product per
capita differs between the industrialized group of countries

and the developing group.

"Analyses (of this question) indicated that
the pattern in which per capita output in heavy or
light manufacturing and the per capita total
product were related, one to the other, during 1958
did differ for the two groups of countriss." (25)

Another relevant parameter studied is the average
capacity of installed power equipment or energy consumed, par
person engaged in industry. This is coupled to the value
add=d per person engaged in industry.

"The studies revealed a significant degree of
correlation among countries and periods of %ime, in
the pattern in which average value added per person
engaged, on the one hand, and average capacity of
installed power equipment or energy consumed, per
person engaged, on the other, were coiuplisd. ... The
fitted linas of regression imply that for a given
rate of increase in average capacity of installed
power equipment or energy consumed, per person
engaged, the rate of increase in average outpu+ par
person engags=d will be less in the heavy industries

£

than in the light industries." {25)
Although the study takes time and the changes that may
occur because of the passage of time into consideration, feyw

cr esach country have heen used; varying from thres to
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appears “0 have been needed is a number of readings of th

4

same country over a long period of time, lengthening the
study period, and this repeated for differant countries

Then study the actual results for all countries one year at a
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time and compare results to determine and 2xplain changes

that may have occurred.
In his book " The Growth of Industrial Economies",
#. G. Hotfmann (5) proposes a hypothesis of Industrial g

and development. He contends that countries will pass

Dr.

cowth

through three stages of industrialization to reach the fourth

and highest stage of industrialization. He stipulates that

regardless of the point in time at which any country beg
to industrialize, it will pass through so many Stages.

"ghataver the relative amounts of the factors
of production, whatever the location factors,
whatever the state of technology, the structure of
the manufacturing sector of the economy has alvays
followed a uniform pattern. The food, textile,
leather and furniture industries - which we define
as 'consumer goods industries' - always develop
first during the process of industrialization. But
the metal working, vehicle building, engineering
and chemical industries - the *capital goeds
industries' - soon develop faster than the first
group. This can be seen throughout the process of
industrialization. Consequently the ratio of the
net output (value added) of the consumer-goods
industries continually dsclines as compared with
the net output of the capital-gcods industries."

(3)

ins -

The author defines the four stages of industrialization

as follows:

*"In stage I the consumer-goods industries are
gvervhelming importance, their net output being
the average five times as large as that of the
capital-goods industries. 1In Stage II the initial
lead of the consumer-goods industries has been
diminished to a point where their net output is
only two and one-half times as large as that of the
capital geceds industries, In Stage IIXI, the net
output of the two groups of industries are
approximataly equal and in Stage IV the

Q

[o]
j= 2 o .
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consumer~goods industries have been left far
behind by the rapidly growing capital-goods
industries." (5)

One element lacking is that centrally planned economies
are not included in the study.

The main criterion of development in Dr. Hoffmann's work

"The relationship between rates of growth of
irdustries withinr their manufacturing sector of the
. economy." (5)

The study cocvers four different historical phases during
which the process of industrialization started in various
countries, from 1770 - 1820; 1821 - 1860; 1861 - 1890; 1891
and later. The author cautions however, that these phases
should not be confused with the four stages of economic
development. He also states why such a pattern evolves;

"The main reason why consumer-goods industries
develop first seems to be that expansion of
capital-goods industriss rsguires large amounts of
capital and advanced techniques of production as

well as a skilled labor force. Hanufacterers such

as the food and textile industries have to be

developed before conditions favourable to the

growth of capital-goeds industries appear. Such :

consumer-goods industries can utilize the technical

knowledge already possessed by skilled craftsmen

frcem domestic industries to a greater extent than
the case of capital-goods

Dr. Hoffmann stresses that although the same overall
pattern of growth can be observed for all free economies

(narket economies), there are significant differences in the

expansion of various industries within the two sectors of the
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industrial economy. He states that these differences may bz
explained by:
", .. the theories of location and

international trade and by certain non-economic

factors such as population growth and the political

and social framework within which the economy

operates." (5)

He goes on to state that in any particular stage of
developnment, one industry will be the dominant one. Owing to
the above factors, the theories of location, international
trade, etc., the dominan* industry will not be the same for
cach of the countries during a particular stage of
development., However, there is a general trend:

"The dominant industries have, in gsneral,

been the food and textil2 industries during the

first two stages of development and the iron, steel

and engineering industries durxng the third stage

of davelopment.”" (5)

Although Dr, Hoffmann may have identified a pattern for
industrialization and growth by the four stages he mentiouns,

there does not appeal ens of +ime
periods for each stage.,

It would be interesting to study the changes in the
consumption of steel and energy and the influence of income

in each stage of industrialization mentioned by Dr. Hoffmann.

Y L
€3 il

her or not his results alse hold for thesa variables for

a
m

all countries would be valuable to the study of

"industrialization.
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During the course 2f this study, the growth in the
Japanese consumption of steel has been phsznomsnal. Ths
Japanese Steel Industry is examined by Dr. Kiyoshi Kawahito

(9), and this increase in consumption is discussed.

"The eoxpansion 2f the Japanese steel industry
has been made possible by the existencs 5f a strong
demand for its product a* home and abroad. The
strong demand at home has been caused by a
miraculous growth of the economy which has
registered an average, annual increasz of nearly
ten per cent in real gross national product (GNP)
during the past two decades. The growth procsss
has involved a heavy investmen* in manufacturing
industries, public utilities, and infrastructure on
the one hand, and has given rise to consamption of
such desirables as automobiles and rsfrigerators on
the other, Second, during ths process, the core of
the Japanese industrial structure has shifted to
heavy and chzmical industries which use more steel
than other industries.”™ (9)

Dr, Kawahito states that the basic consumption of s*e2l
occurs in four main industries, namely, construction,

shipbuilding, automobilas, and machinery. In comparing the

cAananm
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tion markets in the U.S. and in Japan he says:

"As most shipments to distributors in Japan go
eventually to construction, the actual share of the
construc*ion industry should be somewhat highar
than that in the Unitsa States. Also, *the ship
building industry has a much heavier weight in
Japan than in the Onitesd States., On the othner
hand, the weight of the auvtomobils industry is much
heavier ir the United S*ta*tes than in Japan, it
received about twen*y percent of the stesl
shipments in 1968 in contrast with about five

percent in Japan.” {9)
As for ths future of steel consumption in Japan, Dr.
Kawahito introduces differing opininns. Thers is optimism on

one hand, and pessimism on the other.
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*As for the future prospect of steel demand,
opinions vary. Some pessimistically point out that
per capita consumption increased only slowly in the
United States after it hit a 600-kilogram mark and
fluctuated in West Germany after recording 579
kilograms in 1964. The development of heavy and
chemical industries in Japan has already reached
the Western level. Japanese per capita steel
consumption dropped slightly in 1968 from the 1967
level, and for the first time the elasticity of
steel production with respect to the GNP growth
became less than one. Moreover, steel exports were
expected to slow down.

Others are optimistic about the outlook, at
least for the near future, Although Japan's GNP is
the third largest in the world, they point out that
her income per capita is still about one fourth of
that in the United States and half that in Western
Europe. Moreover, Japan, along with West Germany,
is considered to use proportionally more steel than
other countries because of the high ratio of
tixed-asset investment in the GNP composition." (6)

Although Dr. Kawahito discusses consumption of steel;
there is no effort to pair it with increase in per capita
income and study the result, Such a study may be of great
benefit tc industrial development,

anothsr study has been conducted by Henry W. Broude (1),
dealing with the relationship, if any, between steel
production and the national economy.

"It appeared desirable to substantiate
empirically (via time series) what has been assumed
theoretically by previous observers to be the
relationship between a capital goods material, such

as steel, and fluctuation in the national economy."
()

- |

However, this study is conducted on the total production
of steel and the total GNP, and not on the consumption of

steel not on a per capita basis.
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In a study by the "Economic Commission for Europe", a
branch of the United Nations, labeled "Long Term Trends and
Problems of the European Steel Industry," (17), the problems
of steel consumption and the long-term requirements of steel
products in Europe and in the rest of the world for the next
fifteen years (1959) are examined. A part of'the study is
concerned with the relationship between steel consumption and
economic development,

“Since the kind of specialization and degree

of industrial development influence the whole

economy, specific relations can also be expected

between steel consumption and various

macro=-economic variables." (17)

The variables chosen, all on a per capita basis, are GNP
at market prices, manufacturing, mining and construction as a
wvhole; gross domestic capital formation and private
consumption expenditure, The data for fifty countries

- - . ® = & ~ - —— -
between the years 1552 - 1556 are plotied against ap

"3

arent
steel consumption in kilograms per capita in a scatter
diagram. The results are as follows:

"The form of the scatter suggested roughly
erbolic or parabolic curves., It has, however,
ed impossible to obtain satifactory fits with
er hyperbholic or parabolic formulae, and, in

aveid making inessential calculations,
curves have been drawn.” (17)

However, the results obtained appear to be significant:

"The most striking fact emerging is the clear
subdivision of countries into three groups at
various stages of per capita steel consuamption.
The first includes countries at the very start of
economic development, with per capita steel
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consumption up to about five kilograms and very low
levels of GNP, industrial production, investment
and consumption expenditure. In such countries
there is little or no increase in the
macro~economic variables when steel consumption
first begins to increase., In other words, the
coefficients between the growth of per capita steel
consumption and of the macro-economic variable are
extremely high or even negative. But very little
can be said about this group in quantitative terms
owing to the absence or dubious quality of
statistics. The second group consists of countries
at levels of per capita steel consumption varying
betweem six and fifty kilograms. All four
coefficients are much lower than in the first
group., The steepest curves - i.e., those with the
highest coefficients between the growth rate of
steel consumption and that of the other variables,
are, first, that of steel consumption and GNP, and
secondly, that of steel consumption and private
consumption expenditure., The lowest coefficient is
that between steel consumption and industrial
production. This may seem surprising at first
sight, but is readily explained by the fact that
the first stages of industrialization usually
consist of the creation of food processing and

textiles industries, which consume little or no
stacl d:.:ec*ly. The third group comnrigses all

W g T 2 S

countries with per capita steel consumptxon ranging
higher than 90 to 110 kilograms. There is a
further decline in the coefficient between growth

rates of steel consumption and those of the other
na:lablcs’ hnl- now +hb rnafficiand for stasl
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consumpt1on and industrial production is highest
and those for steel consumption and GNP and steel
consumption and private consumption expenditure are
lowest., This probably due to the fact that at
higher stages of development the metal trades grow
in importance within the structure of industry,
while services consuming very little steel account
for a larger shars of both GNP and private
consumption expenditure." (17)

However revealing th

1]

s¢ findings may be, it is clesar
that a short period of time is usad (four years). The
scatter diagrams may be a media for examining general trends,

but a more specific approach may be required. A study is
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required to investigate the changes of the consumption of
steel and the income per capita, over time, and tor each
country separately, to determine the relationship(s), and
similarities or dissimilarities among th2 different nations.
Another investigation of the consumption of energy on a per
capita basis against income per capita, to determine
relationships, trends, similarities or dissimilarities, also
appears to be beneficial to the study of development and

growth.
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ITI. METHODOLOGY
A, Selection of Parameters

Since the end of the Second World War, many countries
have adopted, in one torm or another, a plan or plans for
rapid industrialization, economic growth and development.
‘Scme of these efforts have been successful in increasing the
national income and the per capita income and others were
less tortunate.

Why some have succeeded and others failed is a quastion
that has been raised by eccnomists who are concerned with
identifying cadses and predicting the results. What has
happened is more like an engineering problem waiting to be
defined, analyzed and explained.

What are the parameters that may be used in such an
endeavor? There are many parameters that may be important
indicators in a study of industrialization, but the most
relevant ones have toc be chosehn.

What is the most important ailoy used as a primary base
in industry? Steel is the answer.

"We are still living in an Iron Age, and thus

consumption of iron and steel are the prime
indicators of our material progress. ... Steel
cutput from 1900 to 1970 rose 21 times, from 27.86
@illion tons toc 590.4 million tons per year." (12)

The tremendous increase in the production and
cornsumption of steel clearly expresses the importance of

steel in world industry.



24

There are several base metals that are very important to
industrialization, such as copper, zinc, and aluminum.
Although there is a great potential for the expansion of
their production and consumption, steel stands out as an
impoertant indicator.

Other materials, non-metals, are being widely used, thay
are no* being produced or consumed as much as steel,

One of the first industries tovbe planned in developing
countries is a steel industry.

"It has now beccome almost a general rule that
each developing country tries to establish its own

iron and steel production, if the local market
offers sufficient encouragement.® (12)

However, the levels of production may not necessarily be

an indicator of the industrialization stage. This is because

a small or large portion of the production may be for =xport,

18]

and some other portion may be imported. The effact felt
wlithin a country will be from the net amount of steel
consumed in that country whether imported or producad
locally.

Steel production plants then, are always in high demand
in the industrialaization plans of developing countries. No
g nation can call itseif a nation

without having some kind of a steel mill or iron prodiction

-

facilities.
When loocking at different countries,; there is a problem

of the units used and the type of steel. The convention used
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by the United Nations Statistical Office, as expressed in
their Statistical Yearbook of the United Nations uses the
Kilograms of Crude Steel consumed, and this expressed on a
per capita basis of exports and imports.

With a higher level of industrialization, more energy is
required. This goes in as power for machinés in plants, new
houses and housing projects, larger service facilities,
schools, more private usage of energy. The energy may be
from coal, petrcleum, wood, water, wind, solar, or nuclear,
but more of it is required.

"Minerals are doubtlessly the most important

base product of our industrial, agricultural and

construction activities and as such the true

infrastructure of our contemporary society.

Without minerals there would not be raw materials
for our factories, fuiel for cur industriesg;
fertilizers for our crops, or materials for our
construction industries. Therefore, the
consumption of minerals and products obtained from
them is adequate to evaluate our progress and

- 11'\\

develogment.® {12}
There has been a tremendous increase ia thse consumption
of enerqgy since the beginning of the twentieth century.

"In the first seven decades of this country,

consumption of fuels increased 11.4 times, from an
estlmated value of 6.9 billion docllars in 1900, to
78,7 billion in 1970, all expressed in 1972 dollars
and prices." (12}

Hovever, this elevenfold increase in different kinds of
energy sources vwas not evenly distributed among them.
"While in 1900 the coal consumption of the

vworld was 763 million tons, in 1970 it rose to only
3,000 million tons, or four times. ...
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ses On the other hand, crude pestroleunm

production and consumgtion rose from some 166

million barrels in 1900 to about 16 billion barrels

in 1970, almost 100 times! While production of

natural gas, steadily grew from zero to 900 billion

cubic meters, worth about 5.3 billion dollars in

1970." (12)

Because of the different energy sources, and the
ditficulty in comparison between countries that use more of
one source and less of another, the United Nations adopted a
unified measure based on calorific value and that was tons of
coal equivalent, The units used are metric units, and on a
per capita basis, it is kilograms of cocal equivalent per
capita. This is the second parameter that will be used in
the study. The data obtained is net imports and exports ani
is used as the amount consumed on a per capita basis.

The adoption and implementation of a plan for

industrialization influences the national income of such a

country. If such a plan is successful, and the goals are met

r

then the national income may increase., If the plan i

e nad
S et

successful, then the national income may not increase as
much. This increase will affect the population in the form
of the per capita income. With an increase in the income
more goods and services may be available to the people and

this may trigger mOLe grow

. L
he Aals¢, a decrease in incone

(o

will adversely affect the growth of the economy. 1Income,
then, appears to be an important pérameter in the study of

industrialization and growth., It may serve as an indicator
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of ecbnomic well-being or level of industrialization. It is
evident that the "rich"™ countries are the industrialized
countries, and that in most instances, a lower per capita
income may mean a lower level of industrialization.

The income per capita is the third parameter chosen.
Whereas with the other two parameters, energy and steel, the
units used are common to all countries, this is not the case
with income. Each country has its own monetary units, and a
common denominator is required. Because of the reiative
strangth and stability of the United States currency from the
~late forties to the early seventies, the dollar is chosen as
the monetary unit, All incomes are computed in dollars using
the prevailing exchange rates for each period. The third
parameter is income in dollars per capita. Because this is
an 2mpirical study, it is felt that by using current dollars,

not constant dollars, a batter interpretation of what has
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dealing with the United States of America, a constant dollar
income is also used for comparison purposes.

A fourth indicator is studied and that is food. Because
of the differen*t countries included in the study, and the
fact that being in different parts of the world, the diet
that people follow may be influenced by a change in levels of
industrialization. Although the calorific values of diets

may be more or less relatively constant for each country over
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a period of time, the base constituents of the diet may be
different from country to country.

In order to get a common denominator in all countries,
the consumption of sugar on a per capita basis is studied.
However, the results are not conciusive and do not represent
any discernible pattern. The first results with sugar
consumption do not warrant any further invaestigation and the
investigation has been dropped.

B. Country Selection

It is the iptentioh to have as broad a representation of
countries as possible. To have highly developed and
industrialized countries, together with not so highly
industrialized and some that are industrializing,
| The United Nations categorized the countries into
different Classa2s according to the degree of '

Indusiriaiizatidén. The

~AA~3
Saast an wmant
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capita is utilized as the primary measure of extent of
industrialization.
It is interesting to note that:
"As the degree of industfializatian.dacreases

industrigl pursuits falls, The outpnt par pargon
engaged in each kind of mining and manufacturing
activity varies directly with the degree of
industrialization ... (and which) resuit in iower
value added in indestrial pursuits per head of
populaticon for the less industrialized countries
than for the more industrialized countries." (27)
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The United Nations classification has divided the world

into four classes in the late 19u40's and the early fifties.

#Class I includes Northern North America,
Australia and New Zealand and most of the countries
ot Europe. European countriess such as Finland,
Ireland, Italy, Spain, Greece, Yugoslavia and
Turkey are excluded.

Class II consists of the Union of South
Africa, two Latin America countries - Argentina and
Uruguay - and three European countries - Finland,
Ireland, and Italy.

A few of the European countries fall into
Class III - namely, Portugal, Spain and Yugoslavia.
Three Latin American countries and Japan are also
‘included. Japan contributed a greater part of the
industrial output and employment of Class III than
the Latin American or European countries. The
share of Japarn in the industrial activity of Class
III reflected its pre-eminent role in the
manufacturing activity of the class.

The output and employment of Class IV was
dominated by the countries of Asia, excluding
Japan. These countries accounted for si.ty per
cent of the industrial output and employment of the
class in 1938. ... It is noteworthy that the
share Of the Asian countries in the industrial
employment of the class dropped slightly between
1938 and 1953. It was 76 per cent in 1938 and 71
per cent in 1953. This is indicative of the much

- greater output per person engaged for the other
countriss Gf the class than for the Asian

countrises." (27)

Greece is thus included in the fourth class together
with Egypt; India is also added,

The countries considared for initial inclusion in the
study come from all the classes mentioned above with a
reasonable representation. They are: the United States,
Sweden, West Germany, United Kingdom, Spain, Argeantina,
Brazil, chile, Israel, South Africa, Colombia, Taiwan, Egypt,

and Yugoslavia, After preliminary investigation, which will
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be discussed later, some of the countries may need to be
dropped. Also, at the end four countries namely, France,
Finland, India, and Greece are introduced as an addition to
the investigation. the countries that will comprise the study
are:

class I: the United States, the United Kingdom, the Federal
Republic of Germany, France, Sweden.,

class II: Finland.

class III: Japan, Spain.

class 1IV: Egypt, Greece, India, and Taiwan.

The inclusion of some of the centrally planned economies
of the communist countries could have been a positive
addition, except that data is not readily available for thenm.

The four classes of industrialization mentioned above
are modified slightly in later United Nations publications.
The countries are divided into two classes: imdustriali
and less industrialized. Although the basis is still the
value added in manufacturing per capita as th2 primary
measure of extent of industrialization, the demarkation line

in 1958 was 125 United States dollars.

TR P I

*Iinciuded among the industrialized countries
are those for which value added per capita im
manufacturing during 1958 was 125 or more United

States Dollars." (25)
This change in classification does not chang2 the

direction of the investigation.
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Coe Time Of Study

The span c¢f time of the study has to be sufficient to
produce reliable results. The data has to be available,

" although not necessarily in directly usable form, and has to
be consistent.

The United Nations as a world organization is in a
relatively good position to obtain as accurate data as
available. As a matter of fact, with the inception of the
United Nations, a better data gathering organization was
formed within the United Nations, to help prepare eéonomic
Teports on the progress of reconstruction and growth after
the war. The Statistical Yearbook of the United Nations, and
other United Nations publications are used extensively in
this study.

The late forties and the early fifties, after the end of
the Seccnd World War, is a period of political change. A
change in the American Administraticn from Democratic to
Republican, changes in the United Kingdom, in Hest Germany,
and other European countries, drastic changes in the
Middle-East, Asia and Latin America. With the d2ath of
Stalin it also signaled the end of the "Stalinist Era".
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n the effects of social changes due
to the Second World War. The economic, the social, and the
political are all forces that are linked together and may be

very difficult to separate.
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Another aspect of the late forties and early fifties was
the reconstruction of the devastation caused by the Second
World wWar. By 1953, many of the industries that were
adversely affected by the uér, had recovered and
reconstruction of the destroyed facilities was taking place.

nBetween 1948 and 1953 which was a period of
rapid growth in industrial output, for the Worlgd,
the volume of industrial production expand23 most
in those areas which after the war, wer2 faced
with the urgent task of reconstructing their
economies and renovating and 2xpanding their
industrial plants.

.+« MOost countries attained and sustained
significant growth in industrial output during the
period 1948 - 1953, ... The impetus to the growth
of industrial activity tetveean 1948 and 1953
resulting from post-war reconstruction and
adjustaents and the Korean War was probably spent
by 1951, and policies and programs directed toward
stimulating industrial expansion and providing full
but efficient- employment plajed an important part
"in the growth of output during the last few years
of this period." (12)

There was growth in less developed countries also.

7As might be expected, the efforts to expand
industrial activity were focused on manufacturing
in the highly industrialized countries and on
mining as well as on manufacturing in the less
industrialized countries vhich had considerable
unexploited mineral resources. Also, some of the
less industraialized countries were more successful
in expanding mining than manufacturing.™ (21)

t can be said then, that with most of the aoffocts of

the war behind by 1953, the period froam then on should be a

period of growth and expansion.
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D. Data

With the development of parameters and the selection of
countries completed the first task is to collect needed data.
Ideally one could wish to obtain a national data book for
each country which would have the needed data or may give
direction to where it may be obtained. But such a compendium
of data per country, is not readily available., One source
which does furnish this sort of data is the Statistical
Yearbook of the United Nations. The data is furnished by
differant govarnments on request from the United Nations.
This is compiled, edited and presented in the Yearbook.
Because of the different countries involved and because the
reporting has to follow uniform rules, the units used by the
United Nations are standardized. The measuring system is the
metric system. All data furnished is transformed into metric

units and then published in the Yearbook.

L
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thres paramecters selected are crude steal
consumption per Capita, energy consumption.in kilograms of
coal equivalent per capita and income per capita. Data for
crude steel consumption per capita is included in the

Yearbook in directly usable form. It is given as the net of

]

zoorts and eox therafore it is the amount consumed.

1\

The energy consumption is also given in tons of coal
equivalent per capita, this is easily transformed into

kilograms. In the case of income, up till 1965, the National
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Income per country is given on a total basis and in the
national currency. This is also given at factor cost, that
is attér subtracting the depreciation values and adding the
net of incomes from abroad. This has to be transformed to a
per capita basis, and then transformed to dollars. This is
done using the prevailing exchange rates included in the
Yearbook. After 1965, the National Income is given at market
prices which is different from the factor cost used before,
is given in dcllars. However, after consulting with the
Statistical Office of the United Nations, the “Yearbook of
National Statistics" is racommended, in its latest edition,
as the source for National Income. In order to obtain income
on a per capita basis, the mid-year population estimates of
each country are utilized., This is obtainable from the
Wpemographic Yearbook®" also published by the United Nationms.
E. Preliminary Investigations

After the collection of data a preliminary investigaction
appears to be in order. This is done by a graphical analysis
0f the raw data tc try to establish the direction of the
change of the data or if in fact any change has taken place.

Graphical analysis, plotting graphs and curve fitting,
is an important tool. It helps to transmit a more vivid
picture .of a relationship between two or more variables that
are used in any study.

WGraphical mesthods of presenting facts are of
the utmost importance in engineering, because a
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properly constructed chart, graph, or diagram will
transmit more informaticn from mind to mind in a
given time than will any other known means of
comnmunication. It has been said that a single
picture tells more tham can be said in many
thousands of words and that to a very great extent
the message is independent of language barriers."
(2)

The author says of curve fitting:

"Curve fitting is one important application of
the graphic method." (2)

This is determining the relationships betweeﬁ
experimental data plotted as graphs and somé of the sténdard
types of equations. The data are first plotted on Cartesian
coordinates to determine the slope of the curve, If the data
plotted approximates a straight line a straight line is
fitted to it. If it does not exhibit a straight line trend,
and a curve is seen then another try to fit it as a parabolic

equation on logarithmic scales. This transformation tends to

Lé Tam
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wmake it approximats a strail i€ it ies a parabolic:

[14]

logy =1og b + m 1log

]

If the parabolic eguation does not fit, an exponential
equation is tried. This will approximate a straight line on

semi-log scales. This equation is:

-

; = {d log e} x + log b
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y b + d log x
where 4 and b are constants.
Other equations may be fitted if need be such as the

polynomial, harmonic, etc.
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There are three methods of determining the approximate
equation that best fits the given data:

a) Method of selected points

This is the easiest, fastest but probably least accurate
of the three.

b) The method of averages

Better than (a) in precision

¢) The method of least squares

"It is the most precise of the three methods
and should be used on careful work." (2)

The method of least squares is employe& in curve fitting
in this study. A step by step approach is detailed in the
discussion of mathematical analysis.

The first parameter that is examined iS the steel
consumption. The abcissa is the time period, beginning in
1953 and ending 1971. The first analysis uses the Cartesian
coordinates. The steel consumption for each of %the countries
included in this study is plotted against time. The results
that are obtained vary from éountry to country. However, the
. genperali trend is a marked increase in the consumption of
steel per capita sver the ninetsen years, This is shown in
figures one through ten.

A general analysis of the results for the countries
shows that the United States with am apparent cchsumption of
624 kilograms of steel in 1953, reaches a low 433 kilograms

of steel in 1958, has a peak of 685 kilograms of steel in
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1968, and ends the period in 1971 with a consumption of 617
kilograms of steel. There are slight fluctuations in the
consumption over the period, but the level at which it starts
and ends is relatively constant. Average consumption is 575
kilogranms.

Sweden starts in 1953 with a consumption of 320
kilograms of steel, peaks at 733 kilograms in 1970 and ends
the period with 676 kilograms, the average consumption is 535
kilogranms of steel.

Germany, starts with 285 kilograms, reaches a high in
1969 at 659 kilograms of steel, ends the period at 580
kilograms of steel, and an average consumption of 484
kilograms of steel.

| The United Kingdom starts with 322 kilograms, reaches a
peak level of ste=l consumption in 1970 at 458 kilograms, and
the average consumption for the period is 380 kilogranms,

2 aha b
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The consumption of steel in France on & per ca
in 1953 is 198 kilograms. A peak consunmption of 457
kilograms is reached in 1970 and it ends the period with a
steel ccnsumption of 414 kilograms. An average of 322
kilograms is consumed over the period.
t 92 kile

In Finland, steel consumption starcts a

u

grams per
capita, peaks at 401 kilograms in 1970, and the level of
consumption in 1971 is 309 kilograms. The average

consumption is 233 kilograms.
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With Japan, the increase in consumption is great. 1In
1953 the consumption is 77 kilograms per capita, in 1971 it
is 551, with a peak of 676 kilograms of steel in 1970. The
average per capita consumption of steel is 292.

Spain experiences a marked change in steel consumption
over the nineteen year period. In 1953 the steel consunmed
is 35 kilograms per capita, in 1971 it is 226 kilégrams, it
peaks in 1970 at 280. The average consumption over the period
is 121 kilograms.

Taiwan increases its per capita steel consumption from
11 kilograms in 1953 to 103 kilograms in 1970. The average
consumption for the period i1s 40 kilograms.

Greece starts at 22 kilograms of steel per capita
consum2d in 1953, and ends the period consuming 87 kilograms
per capita. Thz peak consumption of steel is 97 kilograms
and that occurs in 1967. The average consumption is 60
Kilograums.,

In Egypt the steel consumption per capita moves upwards
from 9 kilograms in 1953 to 25 kilograas in 1971, Thé
average consumption is 18 kilograms.

India manages to increase the per cpaita steel
consumption from 5 Kilograms in 19532 ¢¢o 11 kilograms in 1969
and reaching a peak of 16 kilograms in 1963. The average

consumption amounts to 11 kilograms.
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‘Although this is a preliminary investigation, certain
trends are discerniblé. There is an increase in the
consumption of steel over time. This increase may be very
large as in the case for Japan or small as in the case for
Egypt and India. The rate of change of the increase is
discernibly different for different periods of time for some
countries while for others it is not. The:é appear to be
four different changes in the direction of the plot of steel
consumption and time for Japan, 1953 - 1957, 1958 - 1961,
1962 - 1964, and 1965 - 1971. For Spain a constant rate
appears between 1953 - 1964 and then a change in the rate.
The sane thing happens for Taiwan, from 1953 - 1963 and then
another rate from 1964 - 1969. |

France and Finland appear to bg moving at the same rate,
United Kingdom fluctuating, Germany and Sweden appear to
move at a high rate. The United States appears to have a
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moving apparently with the rate
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f Sweden and Germany.

The result from this preliminary examination of the
graphical analysis is that there appears to be some merit in
continuing this investigation further. By pairing steel
consumption with another parameter, income, over the same
period of time, again using graphical analysis, to
investigate whatever relations exist between the two

parameters.,
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The same procedure is followed for the graphical
analysis of energy consumption of the different countries.
The general trend is for the increase of energy consumption
per capita over the period from 1953 - 1971. This increase
varies from one country to the other. However, the rate of
incréase is much lower than that of steel for the same
period.

The United States with 8010 kilograms of energy
equivalent per capita in 1953, drops to 7620 in 1954, but
ends the period at a peak of 11244 in 1971. The average
consumption is 8930 and that is only 1.11 times greater than
the value in 1953, The ratio between the last valus and the
average is 1.26,

For Sweden, the average value is 4318, beginning value
is 3700 and ends the period with 6089 kilograms of coal

equivalent per capita., The ratio of average *to beginning is

4]

1.17 times as that between final and average is 1.47 times.
~this ratio is called the consumption ratio which is { actual
consumptien / average consumption): the consumption and
average consumption are in kilograms of coal =2quivalent.
Germany increases its consumption of energy per capita
from 2940 in 11953 to 5223 in 157%. The average for the
period is 3958 kilograms of coal equivalent and the ratio of

beginning value to averag2 is 0.74 times, while the ratio of

last value to average is 1.32 times,
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France starts with 2330 kilograms and ends ;ith 3928
kilograms with an average value of 2670, The ratio of
cohsumption of energy to the average consumption at the
beginning and at the end of the period are 0.8727 and 1.47
times respectively.

Finland consumes 1440 kilograms of coal equivalent of
energy in 1953 and 4334 kilograms in i971. The average value
for consumption for the period is 2268. The ratios of
consumption of energy in 1953 and 1971 to the average value
is 0.63 and 1.91 times respectively.

The consumption of energy in Spain in 1953 is 730
kilograms of coal equivalent (k.c.e.) and in 1971 it is 1614
k.c.e. Hith an average consumption of 1016, the ratio of
consumption in 1953 and 1971 to the average are 0.72 and 1.59
respectively,

Although the steel consumption in Japan increases almost

nine times between 1953 and 19717, th
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increases by only 3.4 times. In 155
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is 960 k.c.e. and in 1971 it is 3267 k.c.e. The consumption
ratios are 0.5773 and 1.96 for 1953 and 1971 respectively.
The average valde is 1663 K.c.e.

The United Ringdom shows slight increases in energy
consumption from 4530 k.c.e. in 1953 to 5507 in 1971. The
average value is 4974 k.c.e. and the ratios of consumption

are 0.91 in 1953 and 1.11 in 1971,
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Egypt increases the energy consumption slightiy from 220
kecoe. in 1953 to 282 k.c.e. in 1971. The average for the
period is 270 k.c.e. The consumption ratio far 1953 is 0.81
and for 1971 is 1.04 times,

There is a slight increase in energy consumption of
India betueén 1953 and 1969. In 1953 it is 110 k.c.e. 3and in
1969 it is 193, while the average consumption is 149 k.c.e.
The consumption ratio in 1953 is 0.74 and ia 1963 it is 1.3)
times.

The total trend of the consumption of energy par capita
over time appears ts be upwvards. However, thesre appears to
be two general trends that are different for some countries.
This first period may be from 1953 until 1960-61, the
fluctuation in
the level of consumption. The possible exception may be
Germany, where a steady, but minor increase is maintained
except for twe years (1958 - 1959 . In some countries thers2
appears to be a marked decline in consumption of energy
betveen 1956-1960. However, with the beginning of 1961, most
countries appear to have recovered and a stealy increase in
energy consumption is recorded. There appear to be one
exception to this trend, and that is Egypt which still
maintains a ¥“reluctant® atmosphere of increase.

All countries register increases in thair incoae per

capita measured in dollars. The increases vary from a 66%
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for Egypt, 75% for India to around'970% for Japan. The
United States has an apparent increase of 125% (62% in
constant 1963 -3- for the same period); Sweden's income per
capita increases from $983 in 1953 to 3607 in 1971, an
apparent increase of 267%, Taiwan has a low income of $78 per
capita in 1955 and an income of $264 in 1969, an apparent
increase of 238%. Spain increases its per capita income from
$263 in 1954 to $951 in 1971, This is an appparent increase
of 262%. Finland shovs an apparent increase of 179% in the
per capita income for the period, from $681 in 1953 to $1937
in 1971.. The increase in France is from $768 in 1953 to
$2591 in 1971, an apparent increase of 237%. In the United
Kingdom the per capita income in 1953 is $746 and increases
to $1958 in 1971. This is an apparent increase of 162%. The
apparent increase in the per capita income of Germany is
415%, from~$527 in 1953 to $2716 in 1971. The per capita
income of Greece shows an apparent indrease of 2958, frem
$200 in 1953 to 990 in 1970.

In general, these apparent increases are reached taking
into account the several devaluations of certain currencies
such as the French franc, the Taiwanese dollar, the Spanish
peseta, the Bgyptian pound, the Indian rupee,; the Endlish
pound, the Finnish marks and finally the almighty dollar.
Included in this is the revaluation of the Japanese yen, the

Swedish krona and the German mark in the late sixties and
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early seventies.

Once again, there is a fluctuating, not vety s>lid
increases, in the income per capita from 1953 unitl around
1960. This trend solidifies and a strong stable increase
takes place all through the decade of the sixties for most
of the countries mentioned above.

Having.made the graphical analysis of the three
parameters, steel consumption per capita, energy consuamption
per capita and income per capita over time, a new direction
is taken., This is to pair each o£ these paraneters together
and graphically analyze the plots obtained, to answer such
questions as what may be relationships between the
parameters? What similarities or dissimilarities that may
exist hetween the different countries using the same
parameters? The first part of the graphical analysis betwe2n
Steel Consumption per capita and income per capita is plotted
in the Cartesian coordinates. Using kilograms of steel
consumed as the ordinate and income per capita in dollars as
the absczssa, the graphical relationships between then ié
plotted for each country. 1In order to facilitate comparison
among the different plots of different countries, the sane
scale is used for all countries and for both ordinates. The
time periocd is from 1953 until 1971 for most 2f the
countries; the axceptions being Taiwan, India until 1969 ani

Egypt until 1970 because income data is not available after
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those dates in the latest United Nations publications.

From the graphical analysis of steel vs. income there
appears to be certain relationships between them. Whether
this is the same for all countries or not cannot be discerneai
yet. There seems to be a gradual increase in consuaption of
steel with an increase in income from 1953 - 1960. This is
true for the United States, Sweden, Germany, France, and

Finland. This increase is more pronounced for Japan. Spain,
:Greece and Taiwan appear to be moving upwards slowly on the
curve with slight fluctuating movements. The increase in the
case of the United Kingdom appears to be more of a
fluctuation., Egypt and India seem to be moving in no
discernible manner in the relationshié between steel and
income, |

The graphical analysis in this case sho¥s an apparent
non-linear relationship existing for most countries. Egypt,
Spain, Taiwan and India appear to follow a linear
relationship, although it is not very distinct., The type of
curve has tc be determined by further investigation using
log-log scales and semi-log scales to clarify the
relationship further if possible. If the analysis is not
conclusive polynomial fitting may have to be tried.

The semi~log scales are used first. The ordinate is the
Cartesian coordinate and steel is plotted aiong it., The

abscissa is the log scale and has the incoa2 plotted along
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it. The scales may be différent for each counéry in order to
obtain a better picture of what has actually occurred. After
plotting the data, none of the plots obtained resembles a
true straight line. Although for some, namely, Sweden,
Spain, and Japan a straight line may be fitted. How good
such a fit is, will have to be determined by further studies.
For ﬁgypt, India, and United Kingdom, the semi-log does not
appear to give a straight line fit, and the plots are
scattered, The remaining countries exhibit an orderly upward
increase but the data does not stiaighten out on the semi-log
scala.

After completing the semi-log graphical analysis; the
log-log analysis is started. Both coordinates are in the log
scale, having steel on the ordinate and income on the
abscissa. In this case also, the scales of both coordinates
depend on the levels of the two variables to obtain a clearer
viey of ths directicn of the plots. From the graphs that
result, it appears that the log=lcg scale gives a better fit.
The plots for most countries group in together into a
straight line, and the grouping of the'points appears better
than that for the semi-log. With this in mind; it i1s then
' y to formulate a mathematical model (through
mathematical analysis) to fit the data.‘ Another analysis to
be done is a statistical analysis to determine the goodness

of the fit of this model compared to the other models tried,
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namelf the semi-log and the polynomial of second degree.

The graphical analysis of the energy consumed per capita
and income per capita will follow the same procedures is that
for steel and income. Because of the success of the log-log
transformation over the semi~log, the log-log fit will be
tried before the semi-log fit, but the first to be tried is
the Cartesian coordinates. For.all the countries plotted,
there appears to be a strong steady increase of both income
and energy. In the case df Egypt and India the data appears
scattered widely. For the United Kingdom there appears to be
more fluctuation than for the other countries. There appears
to be different rates of increase along the curve. It is
important to note here that a devaluation of the Finnish
currency does not seem to change the direction of increase,
it only dislocates the curve,

The log-log transformation appears to give a good fit
for all the countries. The straight iine direction of the
points appears evident. A mathematical analysis is to be
used to formulate a modal of this relationship; energy and
income. Another analysis, a statistical one is to be done to

determine the goodness of fit.
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F. Mathematical Analysis

The mathematical analysis involves the formulation of a
mathematical model to fit the actual data. The graphical
analysis has directed the way towards this mathematical
model. Since it appears that the log-log graphical
presentation gives a better fit, the model for the graphs is
the parabclic eguation:

log (y) = log b + m log (x)

In the analysis of the steel and the energy data, income
per capita is the independent variable (x) and the dependent
variable (y) is stéel and energy, respectively.

The method used to fit the data is that of the least
squares. The various operations that are executed to obtain
the fit are :

"1- Tabulate the values of x and y
2- Tabulate the values of log x and log y, then
get summation of log x and summation of log y for
all the data
3= Computs and tabulate the values of the square
of log {x) and the product (log x) (log y)
4- Get the totals by summation of the square of
log (x) and the summation of the product of (log
x) (log y)
S- Substitute the proper sums in the two
standard equations:Summation of (log y) = m
{(summation of log x) + n log b
Suamgation of {(log y) {log %) = m (Summation of
the square of log x) + (Summation of log x) (log
M
~y
6~ Solve these simulitane
b, and write the equation

ea de 3
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Having determined the mathematical model to fit the

data, the data for each country is applied in the model
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to determine the parameters of the equations, namely, the
constant coefficient (b) and the power of the independent
variable (m). From the preliminary investigation of the
consumption of steel over time, it is apparent that there
may be two phases where the rate of increase of the
consumption of steel is different. These two periods are
from 1953 - 1960 and from 1961 - 1971. They are
investigated separately, and the model is fitted to them
to &eterline the changes that may have occurred from the
one period to the other, Therefoze Weé are ianvestigating
the total period whiéh is thén divided into two periods
vhich are examined further.

The mathematical equation for each part of the
investigation is obtained by following the "Least
sSquares" method mentioned above to fit the data to a
parabolic curve. This procedure is followed for each
country separately and the caiculations and results are
shown.

The same procedure is followed to obtain the
nathenaticai equation for energy consumption per capita
and inccme per capita. Again, the equation for the whdle
period is fitted, then this period is further examined by
dividing it into tvo parts and obtaining the equations
fdr these two parts. The two time periods are from 1953

- 1960 and from 1961 - 1971. The calculations are
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carried out for each country separately and the results

follow.



germany
Steel_and Income
1953 _=_1971

50.8159

156, 1482
2960, 4683

- 2966.8162

- 6.3479

(]

50.8159 - 24,8423
25 9736 /7 19
1.3670

' b

log (Steel)

20.7314

59.4095

474.8361

475.2760

0.4399

o

3.9272

log b

b

log (Steel)
1361 _-_1371

30.0844

96,7387

1063.6189

1064, 1257

" 0.5008

n

30,0844 - 12,2184
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1.624n
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log (Steal)
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58.2587 m + 19 log b
179.4191 m + 58,2587 ‘1log b
3394,0761 m + 19 log b
3408.9629 m + 58.2587 log b
14.8868 m

0.4264

19 log b

log b

log b

23,2827

1.3670 + 0.4264 log (Incomo)

22,9042 m ¢+ 8 log b

65.6545 m + 22,9042 log b
524.6024 m + 8 log b (22,9042)
525.2019 m + 8 log b (22.9042)
0.5995 m

0.7337 -

8 log b

0.4909

3.0967

0.4909 + 0.7337 log (Income)

35.3545 m + 71 log b
113.7643 m + 35.3545 1log b
1249.9407 m

1251. 4073 =

1.4666 ®

(Incomé)

0.3455 log

58,2587 m + 19 log b
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3976.0572
3980.9453

4.8880

m

68.2483 - 19.1291
49,1192 7 19
2.5852

b

log (Energy)

28.2178
80.8090
646.3061
646,4721

n
0. 1659

n
28.2178 - 5.9731
22,2447

log b

13

log {Enar3y)
1961 - 1971

40.0305
128.7144
1415.2583
1415.8588
0.6001

40,0305 - 4.465
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179.4191 m + 58,2587
3394.0761 m
3408.9629 m

14,8868 m

0.3283

19 log b

log b

log b

384,7886

2.5852 + 0.3283 log (Income)

22.9042 m + 8 log b
65.6548 m + 22,9042 log b
524.6024 m

525.2384 m

N.6260 m

Vewveow

0.2608
8 log b
8 log b
2.7806
£03_279%

2.7806 + 0.2603 log (Income)

35.3545 @ ¢+ 11 leg b
113.7643 m + 35.3545 153 b
1249.9407 m + 11 log b
1251.4073

1.4666 m

0.4092

1Y 1sg b

2.3241

210

2.3241 + 0.4092 log (Income)



Sueden
Stesl apd Income
1953 =_1971

51.597

168. 1120 .

3187.8649

3194, 1280

6.2631

m

51.5971 - 36,5483
: log b
‘ b

log (Steel)

1933 _-_1960

20.8517
64.2819
514, 0966
514.3152
0.2186

n

log b

b

log (Steel)

19631 =_1971

30,7457
103.8226
1141,5429
1142.04 86
0.5057

30,7454 - 12,9318
log b
1 Y

‘1log (Steel;
Enerdy and Income
1853 = 1971

58,8541
224.15863

4254.0679
4254.0679

82

61.7838 m + 19 log b
201.4645 m + 61.7858 log b
3817.2379 m ' .
3827.8255 m

10.5876 m

0.5916

19 log b

0.7920

6.1950

0.7920 ¢ 0.5916 log (Incomnme)

24,6549 m + 8 log b
76.0093 m + 24.6549 log b

.607.8641 o

608.0744 m
0.2103 m
1.0395

- 0.5972
0.2528

- 0.5972 ¢ 1.0395 log {(Incomsj

37.1289 mn + 11 1
125.4552 B ¥ 370
1378.5552 m
1380.0072 m
1.4520 m

0.3u83

i1 1og b

1.6194

41,6312

1.6194 + 0.3483 log (Incone)

) O
| 8]V

61.7838 = + 19 log b
201,4645 o + €1.7838 log b
3827.2379 n

3817.2379 n



4258. 9701
4.9022
0.4630

40,2473

log b

b

log (Energy)

1961 _=~_1971

40.4686
136.6923
1502.5546
1502.5546
1.0609

n

40.4686 ~ 27.1296
3.3390

log b

b

.log (Energy)

Steel and_Income
953 1970

and

48,7672

158. 0460
3839.5580
2844,8280

5. 2700

m

11.6067 s 18
log b

b

log (Steel)

514.0966
514,3152
0. 2186

u

b

log (Steel)

o unwnonn
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3827.8255 n

10.5876 n

m

19 log b

19 log b

2.1183

131.3047 .
2.1183 + 0.4630 log (Income)

37.1289 m + 11 log b
125.4552 m + 37.1289 log b

. 1378.5552 m

1380.0072 m

1.4520 o

0.7307

13.3390

i1 1log b

1.2126

16. 3167

1.2126 + 0.7307 log (Income)

58,2268 m + 18 log b
188.8121 m + 58.2268 log b
3390.3602 n

3398.6178 m

8,2576 m

0.6382

i8 1og b

log b

0.64u48

4.4138

4.4138 ¢+ 0.6382 lcg (incoma)

’)n LSHO

El 13
@
[ o]
L] |-l
(4,5
[$,171
ash

(Ve Rty
,-l

0

nnoa2
IU.VVFJ

607.8461 m
608 .0744 m
0.2703 m
1.0395
0.2528

2
wr

log 0.2528 + 1. 0395 log (Income)



27.9155
93.7566
937.1764
937.5660
0.3896

m

27.9155 - 13,6892
14,2263
1.42263

: b

log (Steel)

84

33.5719 » + 10 log b
112.8028 m + 33.5719 log b~
1127.0725 m

1128,0280 m

0.9555 m

0.4078 .

10 1log b

10 log b

log b

26. 4623

1.42263 + 0.4078 log (Income)
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United States of America
Steel apd_Income
1953 = 1911
52,4243 = 64,9655 m + 19 log b
179.3250 = 222.3619 m + 64.9655 1log b
3405.7709 = 4220.5162 m
3407.1750 = 4224.8761 n
1.4041 = 4,3599 m
m = 0.3221
§2.4243 - 20,9226 = 19 log b
31,5017 19 = 1log b
1.6580 = 1log b
b = 45.4973 '
log (Steel) = 1,6580 + 0.,3221 log (Income)
i950_-_1960
30,08085 = 36,2555 m + 11 log b
99,14570 = 119.51863 m + 36,2555 log b
1090.59626 = 1314.,.46128 n
1090.60270 = 1314,70493 n
0.00644 = 0,24365 m
m = 0.02643
29.12257 = 11 log b
2.6@751 = 1og b |
b = 4u44,12598
, b = 444,1260
log (Steel) = 2.64751 + 0.02643 log (Income)
1963 - 1973
30.5974 = 38,4355 m + 11 log b
106,9335 = 134,.3746 m + 38,4355 log b
1176.0264 = 1477.2877 m
1176.2685 = 1478,1203 n
0.2421 = 0.8326 m
m = 0.2908
30.5974 - 11,1771 = 11 log b
loeg b = 1.7655
b = 58,2755
log (Steel) = 1.7655 + 11,2508 1o0g (Income)

Enerdy and Income

95

~3
s

L Kél
- 12

-
|¥Y)

74,9975

"

64,9655 m + 19 log b



256. 5440
4872.2505
4874,3363

2.0858

B

74.9975 - 31.0791
43.91¢84 7 19
2.3115

b

log (Energy)

43.7916
153.0576
1683. 1520
1683.6332
0.4812
m
22.2031
21.5885 / 11
1. 96 26

b

log (Energy)

43,7916 -
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222.3619 m + 64,9655 log b
4220.5162 m

4224,.8761 m

4.3599 n

0.4784

19 log b

log b

log b

204.8773

2,311 + 0.4784 log (Income)

38. 4355 m + 11 log b
134,3746 m + 38,4355 log b
1477.2877 m

1478.1206 m

0.8329 m

0.5777

11 log b

log b

log b

91,7467

1.9626 + 0.5777 log (Income)



Spain

1954 _-_1971

54.0168

143.6127
2579.3778
2585,0286

5.6508

m

54,0168 - 27.6360
log b

b

log (Energy)

1961 -_1971

33.7077

93.2317

1024, 3028
1025.5487

1. 2459

n

33.7C77 - 17.9561
log b

b

log (Energy)

20,3051

50.3810

352.6391
352.6670

0.0279

a

20.3091 - 6.,5874
13.7017 , 7

16.3708
97.2835
1736.7566

(N O N T TN TN TS T 1 I 1

[T T | [ A | O [T A

Bow ot bW

wonon

87

47.7514 m + 18 log b
127.2200 m + 47.7514 log b
2280.1962 m

2289,9600 m

9.7638 m

0.5787

18 log b

1. 4656

29.2145

1.4656 + 0.5787 log (Incomne)

30.3878 m + 11 log b
84.1388 m + 30.3878 log b
923.4184 m

925.5268 m

2.1084 m

0.5909

11 log b

1.4320

27.0375

1.4320 + 0.5909 log (Income)

«<»

17.3636 ®m 7
43.0812 o ¢+ 17
307.4946 n
301.5684 n
0.0738 m
0.3782

7 log b

log b

91.8554

1.9631 ¢+ 0.3782 log (Income)

1
4
L]

~re
(A~ I
3636 log b

47.7514 m + 18 log b
127.2200 @ + 47.7514 log b
2280,1962 m



1751.1030

14, 3464

m

36.3708 ~ 70,1632
- 33.7924 / 18

- 1.8774

b

log (Steel)

1963 -_1311

24, 1405 .

66.9429
733.5767
736.3719

2.7952
1.3257

b

log (Sterl)

Hounonnn Ny

88

2289.9600 m

9.7638 m

1.4693

18 log b

log b

log b

0.0133 '
- 1.8774 + 1.4693 log (Income)

30.3878 m + 11 log b
84,1388 m + 30,3878 log b

"923.4184 m

925.5268 m

2.1084 m

m

11 log b

0.0341

- 1.,4672 + 1.3257 log (Income)



70.2276

216. 2341
4107.7809
4108.4483

0.6674

m

70.2276 - 8.0203
log b

b

log (Enerqgy)

1961 _~-_1911

40.7878

129.0811
1419.8111
1419.8921

0.0810

n

40.7878 - 6.5283
log b

’ b

log (Enerqy)

1953 _=_1960

29,8398

87. 1530

697.2140

697, 2240

0.0100

m

29.4398 - 1,24N
28,1907 7 8

48.9759
150.837¢4
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58.4924 m + 19 log b
180,.3278 m + 58,4924 log b
3421.3609 m

3426,2282 m

4,8673 m

0.1371

19 log b

3.2741

1879.6133

32741 + 0.1371 log (Income)

34,8097 m + 11 log b
110.1952 m ¢ 34,8097 log b
1211.7152 m

1212. 1472 n

0.4320 n

0.1875

11 log b

3.1145

i307.6757

3.1145 + 0.1875 log (Income)

23,8827 m v+ 8 1565 b
70.1326 m + 23,6827
560.8703 m

561,0608 m

0.1905 m
0.0527

8 log b
log b
3.5238
3340.7193
5228 «

o

log b

Wt

0,0527 log

VW ey

o
-4
=1
0}
o]
=3
D

NamP

58,4920 m + 19 log b
180.3278 m + 58.4924 1log b



2864.7179
2865.9106

1. 1927

0.2450

48.9759 - 14,3327
log b

b

log (Steel)

1923 _=_1380

20.4080
60. 4245
483.3165
483,3960

0.0795

[}
log b
b

log (Steeli

1961 - _1371

28.5679

90.4129

994, 4400
994,549

0.1019

m

28.5679 - 8.2089
log b

b

log (Steel)

ol n [ N T {  { I [
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3421.3609 m

3426,2282 nm

4.8673 m

n

19 log b

1.8233

66. 5776

1.8233 + 0.2450 log (Income)

23,6827 m + 8 log b
70,13261 m + 23.6827 log b
560.8703 m

565.4616 m

4.52913 m

0.01731

8 log b

2,4998

316 .0587

2.4998 + 0.01731 log (Incoms)

34.8097 m ¢+ 11 log b
110.1952 m + 34.8097
1211.7152 m
1212.1472 o

0.4320 m

0.2358

11 1log b

1.8508

70.9287

7.8508 + 0.2358 log

1og b

(Income)



43.6979

94,4272

1699, 1841
1699.6896

0.5055

m

43,6979 - 12,3443
log b

b

log (Energqgy)

24,5623
54, 1960
542,0482
541.9600
0.0882

m
10,3465
log b

b

log (Energy)

24,5623 -

1953_~-_13960

9. 1356

40.2311

321,7938
321.8488

0.0555

m

19.1356 - 5.5390
log b

s St U S S e e

21,6746
47.0145
842.8125

owonowodonon N
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38.8848 m +
84.0900 m +
1512.0277 n
1513.6200 m
15923 m
0.3175

18 log b
1.7419

55. 1908
1.7419 + 0.3175 log (Incone)

18 log b
38.8848 log b

22.0683 m + 10 log b
68,7198 m + 22.0683 log b
487.0099 m

487.1980 m

0.1881 m

0.4688

10 log b

14. 2160

B Y4 Qac
6003700

1.4216 + 0.4688 log (Incone)

e O04LC
169165 »n + 8

35.3702 m +
282,7%47 m
282,9616 m
0.1669 m
0.3294

8 log b
1.6996

50. 0695
1.6996 + 0.3294 log (Income)

38.8848 m + 18 log b
84.0900 m + 38.8848 log b
1512.0277 m



846, 2607
3.4483

n

- 62,5322

b

log (Ste=21)

1961 ~-_1970

13,2005

29.1719

291.3126
291.7190
0.4064

o
log b

b

log (Steel)

8.4741
17.8426
142.5047
142.7408
0.2361

m

- 15.3106
log b

b

log (Steel)

oo noa
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1513,6200 m
1.5923 m
2.1655

18 log b
log b
0.0003

- 3.4740 + 2.1655 log (Income)

22.0683 n + 10 log b
48.7198 m + 22.0683 log b

487.0099 m

487.1980 n
0.1881 m
2.1602

- 3.4471
0.0004

- 3.,44717 + 2,1602 log (Income)

16.8165 m + 8 log b

35.3702 m + 16.8165 log b
282.7947 n :
282.3616 m

0.1669 m

To 4704

8 log b

- 1.,9138

0.0122

- 1.,9138 + 1.4144 log (Income)



60.3777
164.2196
3098.7888
3120. 1732
21.3843

m

60,3777 - 29.7997
30.5780

log b

b

log (Energy)

1961 _~_1971

36,4265

107. 1553
1175.3848
1178,7083

3.3235
m
4265 - Z21.06045

log (En2rgy)

3b.

1953 _=_1960

AT ac 49
LIe TP V&

57.0643

470.3728

456.5144

13.8584

n

23.9512 - 12,4247
log b

44.9u401
123,2082
2305,4873

LU I T IO T N T T T 1 O 1 (I
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51.3234 m + 19 log b
140.5748 m + 51,3234 log b
2634.0914 m

2670.9212 m

36.8298 m

0.5806

19 log b

19 1log b

1.6094

40,6790

1.6094 + 0,5806 log (Income)

11 log b

95,1026 m +
1041.1786
1046. 1286
4.,9500 m

0.6714

i1 log b

1.3420 + 0.5714 log

32.2673 log b

28

(Incone)

NEa1

N e

2
45,4722 m + 19.056
385.60825 @
363.7776 m
21,9049 m
0.6327
8 log b
1.4408
27.5935
1.4408 + 0.6327 log

40
’

2, m + 8

) "~

b
1 log b

(Income)

51.3230 m +# 19 log b
140.5748 m + 51,3234 log b
2634,0914 n



94

2670.9212 m

2340,9560 =
34,4771 = 36.8298 m
B = 0.9361
44,9401 - 48,0448 = 19 log b
- 3.1047 7 19 = log b
b = 0.6864

log (Steel) - 0.1634 + 0.9361 log (Incom2)

1961 _=-_1971
28.5126 = 32.2673 n + 11 log b
83.9580 = 95.1026 m + 32.2673 log b
920,0246 = 1041.1785 m
923.5380 = 1046, 1286 m
3.5134 = 4.9500 n
& = 0.7098
28,5126 ~ 22,9027 = 11 log b
5.6099 = 11 log b
log b = £.5100
3.2359 = b

log (Steel) 0.5100 + 00,7098 log (Incone)



Taiwan
Enerqy and_Income

46.7300

100,4696
1704,0795
1707.9832

3.9037

m

46.7300 - 21.0473
log b

b

log (Energy)

25.3903
57.5644
517.5000
518.0796
0.5796

n
25.3903 - 13,5217
log b

b

log (Energqgy)

— ——— - S S GRS S

21+ 3397
42.5052
343, 2427
343.2416
0.0011

]

log b

b

log (Energy;

e i 00 e s S s S . W G G R S S

1951 _~-_1969

26,6227
S7.4101
1073.1770
1090.7919

oo oou wounonu Howoteonononoweun

" oNH

oo
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36,4665 m +
78.6217 n +
1329. 8056 m
1336.5689 m
6.7633 m
0.5772

17 log b
1.5107
32,4125
1.5107 + 0.5772 log

17 log b
36.4665 log b

(Income)

20.3818 m + 9 log b
46,2546 m + 20.3818 log b
415.4178 m

416.2914 m

0.8736 m

0.6634

9 1og b

1.3187

20.832%

1.3187 + 0.6634 log (Income)

Ay e w

32,3671 o ¢+ 16,0847 log b
258.71776 m

258,9368 n

- 0.2192 m

= 0.0050

2.6776

475.9399

2.6776 - 0.0050 log (Incone)

40.3106 m + 19 log b
86.0186 m + 40.3106 log b
1624.9448 m

1634.3543 m



17. 6149

|

- 48,8404

- 2.5705

b

log (Steel)

15,2100
34.6175
310,0072
311.5575
1.5503

m

- 20,9519
log b

b

log (Steel)

w o nu
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9.4095 m

1.8720

19 log b

log b

0.0027

- 2.5705 + 1.8720 log (Income)

20.3818 m + 9 log b

46. 2546 m + 20.3818 log b
415.4178 m

416.2914 m

0.8736 m

1.7746

9 log b

- 2.3288

0.0047

- 2.3288 + 1,7746 log (Income)



47.4502
147.54123
2798.4562
2803.2828

4,8266

n
47.4502 - 32.4389
15.0113

log b

b

log (Steel)

961 _~-_1971

28.1515
90.5798
995.7416
996.3778
0.6362

m
28,1515 - 16,4052
iog b

' b

log (Steel)

19,2987
56.96141
455,5632
455.6912

0.1280

n

- 11,4440
log b

g {Steel)

1o
Enerqy and Income

61.9482
191.5967

WoHonon oo
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58,9767 m + 19 log b
183.5277 m + 58.9767 log b
3478.2511

3u87.0263 m

8.7752 m

0.5500

19 log b

19 log b

0.7901

6.1669

0.7901 + 0.5500 log (Inconme)

35.3708 m ¢+ 11 log b
113.8606 m ¢ 35.3708 log b
1251.0949 m

1252, 4666 n

1.3717 m

0.4638

11 log b

7.00678

11.6908

1.0678 + 0.4638 log (Incoae)

23.6059 m + 8 log b
69.6671 m + 23.6055 log b
557.2385 m

557.3368 m

0.0983 m

1.3023

8 log b

- 1.“305

0.0371

- 1,4305 + 1.3023 log (Income)

55.6243 m + 18 log b
172.2891 m + 55.6243 1og b



3445,.8246
3448.7406

2. 9160

m

61,9482 ~ 22.7138
log b

b

log (Energy)

1961 _-_1971

34.8285
111.5719
1113.0248
1115.7190
2.6942

m

34,8285 - 17.3898
log b

b

log (Energy)

1953 - 1960

27,1197
80,0248
640, 1849
su0, 1984
0.0135

m

- 3.2361
23.8836

e R X< K ~¥]]
&

C ARl

b
{(Energyj

27.11917

log
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3094,.,0628 m

3101.2041 m

7.1411 m

0.4083

18 log b

2.1797

151, 2473

2,1797 + 0.4083 log (Income)

31.9573 n + 10 1log b
102.6220 m + 31,9573 log b
1021.2690 m

1026.2200 m

4.9511 n

0.5442

18 log b

0.9688

9.3072

0.9688 + 0,5442 log (Income)

23.6059 m + 8 log b
69,6671 m + 23,6059 log b
557. 2385 n

£57.3348 n»

0.0983 m

0.1371

8 log b

8 log b

log b

967.0511

2.9854% ¢+ 0.1371 lcg (Incone



Energy_and_Income
1953 - 1971

59.8981

181.0054
3251,9098
3258.0972

6. 1874

m

59.8981 - 60.2320
log b

b

log (Energy)

25.5662

73.9596

591.5584

591.6768

0.1184

m

25.5662 - 20.9002
log b

b

log (Energy)

1961 =_1911

38,3318
107.0458
1069.5211
1070.4580
0.9369

]

- 5.9135
log b

44,5332
135.1532
2561.8837

wowow oo o
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54,2907 m + 18 log b

164 .0587 n + 54,2907 log b
2947.4801 m

2953.0571 n

5.5770 m

1.,1094

18 log b

- 0.0186

0.9581

- 0.0186 + 1,1094 log (Income)

23.1383 m + 8 log b
66.9390 m + 23.1383 1log b
535.3809 m

535.5120 m

0.1317 m

0.9033

8 log b

0.5833

nnnnn

31. 1524 w ¢
97.1197 m +
970.4720 m
971.1973 n
0.7252 m
1.2919

10 log b

- 0.59135
0.2562

- 0.59135 + 1.2919 log (Income)

5§7.527% m + 19 loa b
174.5356 m + 44,5332 log b
3309.4133 m .



2567.9108

6.0271

m

44,5332 - 51,2667
= 6.7335 7 19
b

log (Steel)

1961 = 1971

26.8165

83,8911,

922.1980
922.8021
0.60u41

]
26,8156 - 21.9720

17.7167

51.26210

409,9343

410.0968

0.1625

m

17.7167 - 28.6826
log b

b

l1og {steeij

oo b

@ounnn N

W wn ua un

100

3316.1764 n

6.7631 m

0.8912

19 log b

log b

0.4422

- 0.3544 + 0.8912 1log (Income)

34,3892 m + 11 log b
107.5966 m + 34,3892 log b
1182.6171 m

1183.5626 m

0.9455 m

0.6389

11 log b

0.4404

2.7568

0.4804 + 0.6389 log (Income)

23.1383 m + 8 log b
66.9390 m + 23,1383 log b
535.3809 n
535.5120 m
0.1371 m
1.2396

8 log b

- 1.3707
0,0426

= §.3707 ¢
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49,5902

130.8246
2343.7568
2354,8u428

11.0860

m

49,5902 - 48.7335
0.8567

b

log (Energy)

28.9509

80.1128

799.7310

801.1280

1.3970

m

28,9509 - 31.6838
log b

b

log (Energy)

1953 - 1960

200393

50.7118

405.3311

405.6880

0.3569

m

20,6393 - 15.8751
b

log (Energy)

32.735

-3 [}
8!. 3“4

1645.2039
1659.5360
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47.2625 m + 18 log b

124 ,6942 m + 47,2625 129 b
2233.7439 n

2244 .,4953 n

10.7513 n

1.0311

18 log b

18 log b

1.1158

0.0476 + 1.0311 log (Inconme)

27.6237 m + 10 log b

76. 4287 m + 27.6237 log b
763.0688 m

764.2870 m

1.2180 m

1. 1470

10 log b

- 0.2733

e

- 0.2733 + 1.1470 log (Income)

i5.6388 m + 8 log b
48,2655 m + 19,6388 log b
385.6825 m

386.1240 m

0.4415 m

0.8084

8 log b

§ 5 TNV

0.5955 + 0.8084 log (Income)

50.2581 m ¢ 19 log b
133.5678 = + 50,2881 log b
2525.8766 m

2539.6882 m



14,3320

m

32.7351 - 52.1518
: log b

b

log (Steel)

el = _1571

20.8570
58.1216
638.6267
539.3376
0.7109

n
20,8570 - 11.5550
log b

b

log (Steel)

1953 _-_1960

11.8781
29,2224
233.2716
233.7792
0.5076

1)

11,8781 - 22,5759
log b

b

log (Steel)
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13.8116 n

1.0377

19 log b

- 1.0219

0.0951

- 1,0219 + 1.0377 log (Incone)

30,6193 m + 11 log b
85.4023 m + 30.6193 log b
937.5415 n

939.4253 n

1.8838 m

0.3774

11 log b

0.8456

7.0087

0.8456 + 0.3774 log (Income)

19.6388 m + 8 log b
48.2655 m + 19.6388 log b
385.6825 m

386.1240 m

0.4415

- [{X 2 X4
I¢1'Q7U

8 log b

- 1.3372

0.0460

- 1.3372 + 1.1496 log (Income)
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E. Statistical Analysis

Alihough a mathematical equation for the data is fitted
to a parabolic function, a regression analysis.is a logical
step to detarmine the goodness of fit and as a check on the
mathematical model.

A regression analysis is made on the ste2l consuamption
and income, leaving the steel as the dependent variable and
income as the independent variable. A linear regression is
not f£itted since the data on the Cartesian coordinates did
not resemble a straight line, A polynomial fit of the second
degree, an exponential fit and a parabolic fit are tried.
This is done on the data for the total time period as a unit.
The data is divided into two parts from 1953 - 1960 and 1961
- 1971 and the best fit for the period 1953 - 1971 is tried
for them, The computations are facilitated by using the
computer programs for regression analysis. The coafficient
of determination R2 is used és a measure of gocdness of fit
and is defined as: |

"The proportion of a total sum of sguares that

ic attribntable to another source of variation, the

independent variable® ({11)

Another regression anralysis is made on the eneﬁgg
consunption and income. In this case, the energy consumption
per capita is the depenient variable, and the income per
capita in dollars, is the independent variable. The data are

fitted to the parabolic, exponential and linear functions.
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The polynomial of the second degree is not tried because the
graph on Cartesian gives a reasonably linear relationship.

This analysis is applied to the data in the period 1953 -

1971 for all the countries. The goodness of fit is measured

using R2, the coefficient of determination.
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IV. RESULTS
A, Mathematical Results

The fitting of the data to the mathematical model gives
the mathematical equation for each country. As has been
mentioned, the analysis is carried further by examining the
two periods within the total period, namely, from 1953 -
1960, and 1961 - 1971.

In the results of Energy and Income, there appears to be
one general trend. The power (m), of the independent
variable increases for all countries from the first pepiod to
the second. However, this increase is different for each
éountry. There are three countries that have negative povwer,
a decreasing rate, in the first period, 1953 - 1960. The
countries are the‘United States, Sweden, and Taiwan. This
trend is reversed in the second period and an increase is
registered. The remainder of the countries have a lower
positive value in the Eirst period than the seccond period.

In the case of Steel and Income, there are basically two
broad categories, the firét category of countries is that in
which the power is high during the first period 1953 - 1960
and then decreases considerably during the second period 1961

- 15 This catzgery includes Swaden, Germany, France,

Japan, India, and Greece. The second category of countr’es
is that in which the power is low in the first period 1953 -

1960 and increases in the second period. The countries in
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this category are the United States of America, the United
Kingdom, Spain, Egypt, and Taiwan.

There are two interesting facts to note here, one deals
with the first category which includes India, apparently an
industrializing country, with the rest of the category mostly
industrialized countries. The second fact to note is that
the United States and the United Kingdom, two highiy
industrialized countries, are included in the second group
which includes Spain, Egypt, and Taiwan, the industrializing
countries,

The £irst category appears to have a higher rate of
consumption of steel with respect to income in the first
period and this rate decreases in the second period. The
second category, on the other hand, has a lower rate of
consumption of steel with respect to income in the first

period than it does in the second period.
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Table 1

Mathematical Results
Parabolic Fit
Steel and Inconme

1953-1960 1961-1971 1953-1971
country coef pover coeff pover coeff pover
Sweden 0.25 1.0395 41.63 0.3483 6. 20 0.5916
Germany 3.097 0.7337 42,11 0.3455 23.28 0.4264
France 0.037 1.3023 11.69 0.4638 6.17 0.5500
Finalnd 0.043 1.2396 2.76 0.6389 0. 44 0.8912
Japan 0.033 1. 4799 3.24 0.7098 0.69 0.9361
India 0.00713 2,139 0.92 0.5826 0.0067 1.7440
Greece 0.046 1. 1496 7.0087 0.3774 0.095 1.0377
U.S. 444,13 0.02643 58,28 0.2908 45.50 0.3221
U.K. 316.059 0.01731 70.93 0.2358 66.58 0.2u450
Spain 10.50 0.2938 0.034 1.3257 0.0133 1.4693
Egypt 0.012 1.4144 0.0004 2.1602 0.0003 2.1655

Taiwan 4.44 0.2722 0.0047 1.7746 0.0027 1.8720

- D A AR T D s P AP W DD R D R WD D D S AD D D D WD EP A AP R DD G D G SR AR D D D R D D ED EP AR D SR R DD D W b e
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Table 2

Mathematical Results
Parabolic Fit
Energy and Income

country

1953~-1971

coeff powver

D W WS D WP AR WS WD YD R D @S WD A G G A D Y WD D D G EP G AD A D ED U A AP A AR D P D D D G GD T U D D G P > G-

UcSe
U.K.
Sweden
Germpany
France
Finland
Japan
Spain
Greece
Taivan

Egypt
India

1953-1960

coeff pover
7445,.6 -0,0087
3340.72 0.0527
268000 -0.6098
603.38 0.2608
967.051 0.1371
3.83 0.9033
27.59 0.6327
91.86 0.3782
3.94 0.8084
475.94 -0.0050
50.07 0.3294

2.773 0.9310

1961~ 1971

coeff pover
91.75 0.5777
1301.68 0.1875
16.32 0.7307
210.89 0.4092
9.30 0.5442
0.2562 1.2919
21.98 0.6714
27.04 0.5909
0.53 1. 1470
20.83 0.6634
26. 40 0.4688
98. 61 0.1274

204,88
1879.61
131.30
384.79
151.25
0.96
40.68
29.21
1.12
32.41

0.4784
0.137M
0.4630
0.3283
0.4083
1. 1094
0.5806
0.5787
1.0311
0.5772

55.1908 0.3175
2,7221 0.9468
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B. Statistical Results

The relationship between steel and income is examined by
a regression analysis. The data for the time periodi 1953 -
1971 for all countries, is fitted by a polynomial of second
degree, and exponential and a parabolic function. The
standard deviation for each type of fit is computed.
Ccmparisons among standard deviations are permissible and
viable as long as the same units and scales are used. A4s the
scales and units are changed by a transformation such as a
log=log transformation, then the origipnal standard deviation
and the valhe of standard deviation obtained by the log-log
are not ccmparable. However, comparisons are made for the
variables within each type of transformation. Another
parameter is used for the goodness of fit measure and that is

R2, the coefficient of determination.

polynomial function of the sscond degree, is high
for either the exponential or the parabolic functioas, but
such a difference is very small for most cases. R2? is
computed for the periods 1953 - 1961 and 1961 - 1971 to
examnine the parabolic function, and the values appear to be
1961 = 1971 pericd than for the 1953 - 1960
period.

The enerﬁy and income data are investigated by using a

linear, exponential and paratolic fit. The R2 values for the
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parabolic and the linear fits are very similar in most cases
and the differences between them are very small. The R2 for
the exponential is usually smaller than either the parabolic
or the liﬁear. only in India; Egypt, Sweden, and the United
Kingdom is the R2 for the parabolic and exponential functions
less than 0.87, The same countries plus Taiwan have R2 less

than 0.87 for the linear fit.
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Table 3

Statistical Results

Energy and Income (1953-1971)

R squared

- D D D P AP TR P G GRS A T D D WD AP W D R WD G WD AP P D D AP TP A D R D D MO WD AP P GO ED GD ED W Wb G W WD SN A W G @ S

Greece
‘UsSeA.
India
Egypt
Sweden
Spain
Finland
Japan
Germany
U.K.
France
Taiwan

0.9737
0.9557
0.5401
0.4230
0.7986
0.9461
0.9079
0-.9741
0.9478
0.6439
0.9555
0.0374

0.9620
0.9088
0.6822
0.1980

0.6347

0.9302
0.9153
0.4567
0.9335
0.5788
0.9191
0.8733

0.9205
0.9170
0.6661
0.2032
0.6757
0.9108
0.8714
0.5163
0.9239
0.6090
0.9051
0.8125
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Table 4

‘Statistical Results
R squared
Steel and Income (1953-1971)

DD S P WD R NP R AP D R D GB A DAY W A I R D G DGR D WP WD A D D AP A S D G D A WS W W AP D W WD S D WS D > WD O S

country poly 1glg semilg
Greece 0.8995 0.8175 0.7898
India 0.7237 0.6705 0.6661
Egypt 0.6235 0.6215 0.6105
Ue.Se 0.3839 0.3613 0.3754
Svweden 0.9187 0.8745 0.8942
Finland 0.7513 0.7044 0.7492
Taiwan 0.9597 0.8610 0.8876
Germany 0.8400 0.8258 0.8319
Japan 0.9620 0.9473 0.9347
France 0.8365 0.8023 0.8370
Spain 0.9253 0.9250 0.9120

U.Ke 0.4371 0.3583 0.3500
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Table 5

Statistical Results
R squared
Parabolic Fit
Steel and Income

D P WP D AR D B - D W W W D G A WD ED W AD D GD W WD W ED DD N WP WD VD WD G D D B WD WD YD W D D D D D W S D S W D " AT

country 1953-1960 1961-1971
Egypt 0.1825 0.6536
India 0.4426 0.2016
Sweden 0.8230 0.6652
Germany 0.7975 0.5365
Japan 0.9440 0.8713
France 0.5154 : 0.8023
Spain 0.024 0.8552
U.Ke. 0.3543 0.0950
Finland 0.2347 0.5587
Taiwan 0.0155 0.9786

U.S. 0.0714 0.5348
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V. SOMMARY AND CONCLUSIONS

nGoodness of fit" of the mathematical relationship to
the data is not as uniform as one might expect in engineering
studies of physical phenomena. Some of th2 countriss appear
to follow a linear pattern rather than the parabolic form
others follow. This may be due to the near unity values of
the power; but final determination must await furthsr Jata in
later years.

The objective of the study is to discover indicators
vhich discriminate between differing levels of industrial
development among nations, and the rates 5f change in
industrialization which these nations have experienced, and
to quantify these similarities or differences and trends as
as pessible. This is to be done by studying the
consumption of steel and energy with respect.to income.

Then steel consumption and income are analyzed for the
same period of time, no uniform monolithic growth pattern,
such as with energy and-income is seen. Instead, the
countries follow two distinctly different growth patterns
which are identifiable when the total study period is
subdivided into an earlier and a later group of years. These
are:

1. LOwW grawth in early years, and noticeably faster

grovth in later years.

or, 2. Noticeably higher growth in the earlier years than



115

in the later halft of the period.

Studying absolute values and trends over time, there is
an indicator tha*t a limited few of the countries may have
reached a saturation level by the end of this study period;
but a more reasonable conclusion could be that other
countries have not yet reached any such plateau as yet.

Frem the above, the following conclusions may be drawn.

1. A study of energy usage vs. income does not
discriminate according to level of industrialization.

2. Growth patteras in steel usage do discriminate and
do indicate non-saturation levels for most of the countries
studied,

3. If ncn-growth in steel consumption for a decade may
be taken as conclusive evidence of arrival at a saturation
level, the United States of America, and the United Kingdom,
can be so classified.

e 2

4. Using ths data available to date € xistence cf 2

er

[\

e
single saturation level of usage cannot be supported or
refuted.

5. Inclusion of centrally controlled =conomies in any
study must await availablitiy of data about their internal

2

affairs, not furanished at this time.
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VI. DISCUSSION

With many forces in*eracting in the process of
industrialization, it may well be difficult %to approach a
study such as the one just completed with no preconceived
ideas.

The phencmenon under study, is by no mesans a siample one,
nor is it one whose data can be easily reproduced whenever
required. The countries involved in such a study have very
different characteristics. Some have long sturdy, stable
pelitical and economic institutions; others are in constant
turmoil of change of the economic and political systenms.
Fluctuations of currencies with respect to the dollar are
numerous, and even *he dollar is no longer such a stable
currency. For a long time, during the span of time covered
by this study, the dollar has been the strongest currency and
is used as the unit of the per capita income.

1ies of scals revealed

One may have <xpactie
in the larger countries with more people. The par capita
fiqures do not seem to indicate this.

The data is furnished by the governhents of countries,
scme of these data are not consistent and may not he
ported to the United Nations, the data base of
this study.

It is thought that food would have bheen fruitful for use

as a factor to be investigated., But it was not, with the



17

present state of the art in data reporting. Somehow it would
seem that adequate food shoul& be a threshold on which
industrial development may progress.

It might have been fruitful to have included some of the
centrally planned economy countries, but data is not
available,

Despite these limitations it has been satisfying to know
that a start has been made in investigacirg one of the more
frustrating phenomena - the question of national industrial

development.
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XI. APPENDIX
" The following symbols refer to:

x Income per capita in dollars

Y Steel consunmption in kilograms of crude steel per
capita

z Energy consumption in kilograms of coal equivalent

per capita
LglLg Log-log
Sesilg Semi~log

Poly Polynomial of second degree
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53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

Y

320
354
402
385
420
391
453
545
S4y
530
545
6243
682
649
585
623
711
733
676

Z

3700
3760
4150
4590
2974
2971
29638
3496
3523
3755
3950
4320
4506
5037
4832
5360
5768
6311
6089

933

1038
1105
1184
1267
1309
1380
1478
1605
1723
1836
2048
2204
2415
2583
2707
2937
3283
3607

LgX

2.9926
3.0162
3.0434
3.0734
3. 1028
3.1169
3.1399
3.1697
3.2055
3.2363
3. 2639
3.3113
3.3432
3.3829
3. 0121
3.‘6325'
3. 1679
3.5163
3. 5570

SWEDEN

LgY Lg2
2.5051 3.5682
2.5490 3.5752
2.6042 3.6180
2.5855 3.6618
2.6232 3.4733
2.5922 3.4729
2.6561  3.4725
2.7364  3.5436
2.7356 3.5469
2.7243  3.5746
2.736h 3.5966
2.7945 3.6355
2.8338 3.6538
2.8122 3.7022
2.7672  3.6841
2.7945  3.7292
2.8519 3.7610
2.8651 3.8001
2.8299  3.7845

Incomn pef capita from Gross Domestic Product

10. 1594
10. 3541
10.4113
10. 1946
10.4212
10.7260

10.8877

10.7098

LgXLgZ

10.6782
10.7835
11.0110
11. 2542
10.7770
10. 8247
10.9033
11. 2321
11.3696
11. 5685
11.7389
12.0382
12.2154
12. 5242
12.5705
12.8005
13.0428
13. 3623
13.4615

LgXLgY

AR (B S P WS RS D B D WS A AR WP A EE W TEAD WD A W W B D W

7.4968
7.6883
7.9256
7.9463
841393
8.0796
8.3399
8.6736
8.7690
8.8167
8.9313
9.2534
9.4740
9.5134
9.4420
9.5921
9.8901
10. 0746
10.0660

1 XA
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0.S5.2

LgXLgZ

LgXLgY
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I Y

53 624
54 478
55 620
56 600
57 568
58 408
59 491
60 501
61 488
62 488
63 5S40
64 615
65 656
66 671
67 6316
68 685
69 682
70 620
71 617

PR R R T R PR SRR PR T TR

8010
7620
8250
8580
7771%
76490
7817
8013
8042
8263
8705
8772
9201
9619
9880
10331
10774
11164
11284

1914
1857
1998
2078
2119
2088
2232
2325
2340
2470
2563
2712
2893
3175
3316
3570
j818
3918

4172

-

3.2319
3.2688
3. 3006
3.3176
3. 3261
3.3197
3. 3487
3.3664
3.3692
3.3927
3.4087
33,4333
3. 4613
3.5017
3.5206
3.5527
« 5818
3.5931
3.6203

- cn an

2.7952
2.6794
2.792%
2.7782
2.7543
2.6365
2.6911
2.6998
2.6881
2.688U
2.7324
2,.7889
2,8169
2.8267
2.8035
2.8357
2.8338
2.792'“
2.7903

3.9036
3.8820
3.9165
3.9335
3.8905
3.8831
3.8930
3.9038
3.9054
3.9171
3.9398
3.9431
3.9638
3.9831
3.9948
4.0141
4.0324
4.0470
4.0509

10,9113
10.4014
10.9364
10.9280
10.7156
10.2378
10. 4765
10.5395
10.4993
10. 5307
10.7651
10.9969
11. 1656
11. 2590
1. 199
11.3828

11.4270

11.3008
11.3032

12.8112
12. 6895
12.9268
13.0498
12.9402
12.8907
13.0365
13. 1418
13. 1581
13. 2895
13.4296
13.5378
13.7199
13.9476
14. 0641
14. 2609
14,4433
14. 5413
14.6655

9.1735
8.7585
9.2166
9.2168
9.1611
8.7524
9.0117
9.0886
9.057
9.1209
9.3139
9.5751
9.7501
9.8983
9.8700
10.0744
10,1501
10.0334
10.1018

helt



Table 8

D G D D D WD W P P W WD R AR D e D S G WGP D W Gl S5 A e YD D D USSP TR YR S ED T D P G T GEGR ED D GD Wk W R T WP S ED TS 4D S G L D D WS SR W W

- ) - P G > D G N ) WD G P W D WD WP G R AR EH G D W W) EP W S AR Gk an G WD CR A G G D G G AR GG EP ED GE WL WD D G R D D SR G @ SR WD TP G WD WS A WS ap @k W A GRS G A

Ir Y
53 11
54 14
55 15
56 14
57 11
58 17
59 22
60 27
61 26
62 29
63 34
64 40
65 50
66 62
67 69
68 87

69 85

440
420
460
490

448

459
488
523
529
568
573
595
654
710
724
816
874

115
116
78

93

106
96

102
121
130
135
150
175
184
199
219
2047
264

2.0607
2.0645
1.8921
1. 9685
2.0253
1. 9823
2.0086
2. 0828
2.1139

2. 1303

2.1761
2.2430
2.2648
2.2989
2.3404
2. 3927
2.4216

TAIWAN

LgY Lqg2

1.0414 2.6435
1.1461 2.6232
1.1761 2.6628
1. 1461 2.6902
1.0414 2.6513
1.2304 2.6618
1.3424 2.6884
1.4314 2.7185
14150 2.7235
1.4624 2.7543
1.5315 2.7582
1.6021 2.7745
1.6990 2.8156
1.7924 2.8513
1.8388 2.8579
1.9395 2.9117
1.9294 2.9415

2.6963
2.9813
2.9912
3.1154
3.3327
3.5935
3.8479
4.1205
4.3035
4.6406
4.6722

2.7529
3.0064
3.1317
3.0832
2.7611
3.2751
3.6089
3.5846
3.8538
4.0279
4. 2242
4.4450
4.7837
5.1107
5.2584
5.6472
5.6753

6.3768
6.5549
6.6928
6.9668
7.1231

—-— s A W WD D CED e W N R A D A SR DS AR D €D I WD D D (D R WD S OR WD AR SR I W W WD P S ) S D D R O D D YR AR GE e S R ah G5 AD WD A D WP W GD AR AR WD WP W T S AR P W G A D AP D @

YA



Yr 4
54 43
55 50
56 51
57 55
58 61
59 70
60 66
61 73
62 91
63 100
64 109
65 194
66 185
67 187
68 188
69 239
70 280
71 226

740
800
880
829
712
807
821
855
987

991

996

1023
1122
1244
1313
1354
1495
1614

263
290
331
353
306
291
291
332
384
447
%498
581
556
514
655
729
810
951

2. 4200
2. 462%
25198
26 5478
2. 1857
2. 1639
2.163%
2 5219
2.5843
2. 65903
2.6972
2.7642
2.3169
2.7882
2.8163
2.8627
2.9085
2.9782

Table

SPAIN

1.6335
1.6990
1.7076
1. 7404
1.7853
1.8451
1.8195
1.8633
1.9590
2.000

2.0374
2.2878
2.2672
2.2718
2.2742
2. 3784
2.4472
2.3541

9

2. 8692
2.9031
2.9445
2.9186
2.8525
2.9069
2.9143
2.9320
2.9943
2.9961
2.9983
3.0099
3.0500
3.0948
3.1183
3.1316
3. 1746
3.2079

6.9435
T.1486
T.4196
7.4360
7.0905
7.1623
7. 1805
7.3919
7.7382
7.9406
8.0870
8.3200
8.5915
8.6289
8.7821
8.9648
9.2330
9.5538

4.6868
4.9324
5.0280
5.0795
5.0926
5.3635
5. 3026
5.4632
5. 8685
5.9922
6. 1087
6.8860
6.9150
7.0308
7.0916
T.4482
7.7689
7.5517

3.9531
4.1836
4.3028
4.4342
4.4377
4.5461
4.4831
4.6976
5.0626
5.3006
5. 4953
6.3239
6.3865
6.3342
6.4048
6.8086
7.1177
7.0110

- G G ED D WP IR A% D WD B D R TR N AR LS R G i D ED WD ¢ T e O S S D ) WP TS G R P R D A WD YD R D W R ST A D S Y D G P W G W A G O WD @S Gh A L G G G e e
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Table 10

A . AN I D G WD WL ED W R AP WP W W R G 4P G WD R D W R I AL w ) R D SR R R A R D an W D G S D WP R <P WD W W ER ) G WD YR AP WE Ak PGP G D WD G G W O GD S ARk S A W e

Yr

T - - D (I ) WD W D WS U AN R D P G S AP D P WD OO D G e IR D A G R D R G WE G TR b W P W ES TR D D W WS R WS W e D @

4

198
211
235
276
302
314
253
306
308
318
326
356
331
347
360
359
44y
457
418

2330
2490
2840
2680
2508
2420
2365
2419
2508
2606
27838
2945
2968
3019
3093
3282
3514
0000
3928

768
814
877
972
903
362
940
1035
1114
1217
1332
1415
1542
1637
1762
1740
2009
2251
2591

LgX

2. 8854
2.9106
2. 9430
2.9877
2. 9557
29555
2.9737
3.0149
3. 0469
3.0853
3. 1245
3.1617
3. 1830
3.2%40
3. 2460
3.2806
3.3030
3.3524
3.4135

FRANCE
LgY LgZ
2.2967 3.3674
2.3243  3.3962
2.3711  3.3874
2.4409  3.4281
2.4800 3.3993
2.4969 3.3838
2.4031  3.3738
2.4857 3.3836
2.4886  3.3993
2.5024  3.4160
2.5132  3.4453
2.5514 °  3.4691
2.5198  3.4725
2.5403  3.4799
2.5563 3.4904
2.5551. 3.516%1
2.6474  3.5485
2.6599  0.0000
2.6170  3.5942

LgXLgy

6.6269
6.7651
6.9781
7.2927
73301
T« 3296
71447
T.4941
7.5825
T.7207
1.8525
8.0668
8.0205
8. 1645
8.2977
8.2801
8.7444
8.9170
8.9331

LgYLgZ

7.7339
7.8938
8.0319
8. 3676
8.4303
8. 4490
8.1076
8.4106
8.4595
8. 5482
8.6587
8.8511
8.7500
8. 8400
8.9225
8.9840
9.3872
0.0000
9.4060

9.9691
10.2421
10.0473

9.9331
10.0306
10.2012
10.3573
10.5394
10.7648
10.9683
11.0530
11.1844
11.3298
11.3943
11.7118

1 00.0000

12.2688

D D WP D Al A D e =S TR G D I W WS WD D AN WD W WD S WD TR AD GD DD G WY AR G W AP AD WD WD <D A TR D G D D DGR WD YD S G P D Gp Gh B WE D 4 G D WD P Wk GE SR D A YR R WD U AP R e
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Table 11

. e T A e DI WD G Ay D A D P @D WD WD P R D PR Y D R A D S gD D CD UL D D G AR S Y T A TP WD W b e W D WD WD TR YD P ORGP D NP WS W W O A W

53 22 300
54 23 330
55 27 330
56 28 360
57 33 360
58 38 414
59 33 437
60 49 569
61 48 540
62 62 584
63 78 562
64 84 579
65 85 784
66 95 847
67 97 887
68 94 1017
69 80 1154
70 72 - 1259

200
227
259
301
319
326
338
3s4
398
116
458
507
567
517
550
584
797
B8 2

2. 3010
2. 3560
2.8133
2. 4786
2.5039
2.5123
2.95237
2. 5490
2.5999
2.6191
2.6609
2. 7050
2.7536
2.7901}
2.83129
2. 8351
2.9015
2, 9455

GREECE

LgY LgZ

1.3424 3.0889
1.3617 3.2082
1.4314 3.4544
1.4472 3.5870
1.5185 3.8022
1.5682 3.9412
1.5185 3.8322
1.6902 4.3083
1.6812 4.3710
1.7924 4.6945
1.8921 5.0347
1.9243 5.2052
1.9294 5.3128
1.9777 5.5184
1.9868 5.5887
1.9731 5.5939
1.9031 5.5218
1.8573 5.4707

5.6999
5.9336
6.0779
6.3361
6. 4007
6.5770
6.6638
T.0227
7.1040
T.2455
T«3167
T 4731
7.9697
8.1697
8.2921
8.5260
8.8500
9.1311

2.5563
2.6170
2. 6405
2.7551
2.7324
2.7664
2. 7497
2.7627
2.8943
2.9279
2.9479
3.0073
3.0622
3.1000

3.3253
3.4295
3. 6050
3.6995
3.8817
4.1040
4.0096
4.6567
4.5937
4.9585
5.2027
5.3163
5.5843
5.7905
5.8569
5.9337
5.8277
5.7576

e R W S D T G S W W WD I AR S T W A D P AR A G D ER D SR ED R S P WD AR G R O G ) DA D L D G AR A G P S W D TR G A G TS R G TP AP S @ WS G WD TR A A WA D AP e e
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Table 12

JLPAN

- G D Al OB W T A WD T W D G WD WP M WP G WD W AP S WP AP AP WD N A W) D AP WD Gl D ED S G R AL G @ S ) ER WS WL D W G R AR G S AP R R D L SR AR AR @S D M WS WD 4 AR W A

Ir

Y

Z

980

1080
926

869

968

1168
1298
1388
1532
1660
1783
1945
2253
2515
2828
3210
3267

LgX

2. 5740
2.6405
2. 6955
2.7451
2.8014
2.68388
2. 9106
29800
3.0531
3.1179
3. 1976
3.2860

LgY

1.8573
1.9138
2.0453
2. 1430
2.0492
2.2122
2.3201
2.43738
2.3838
2.4116
2.5105
2.4683
2.5502
2.7059
2.6937
2.7796
2.8299
2.7412

Lg2

LgYLgZ

6.2042
6.3575
6.0226
6.6054
7.1134
7.5896
7.4909
7.6817
8.0841
8.0249
8.3874
9.0723
9.1599
9.5938
9.9230
9.6329

LgX1LgZ

6.7995
6. 8959
7.1409
7.1190
7.0877
7.3964
7.8919
8. 2207
8.4703
8. 7440
9.0208
9. 2295
9.5727
9.9913
10.3821
10.7614
11.2124
11.5501

LgXLgy

4.8148
5.1426
4.9419
5.u4798
5.9719
6.4370
6.4370
6.6201
7.0329
7.0070
T.4226
8.0635
8.2241
8. 6665
9.0488
9.0097

6zl



Table

EGYPT

13

s P DG W D D R A W G ER U D W R D S D P D R DM AR ST AR TR W P TP TE A TR TR MR G S s WP U S WD D AR D U D TS TR R W Ol WD TR G G WR s W W) A A W S en o e

Ir Y 2 X1 19X

53 8.7 220 112 2.0492
S4 10. 240 112 2.0492
55 13, 260 115 2.0607
56 9.9 240 115 2.0607
57 9.1 248 129 2.1106
59 8.6 240 146 2. 1644
60 30 281 152 2.1818
61 14 297 152 2.1818
62 13 284 131 2.1173
63 16 303 143 2. 1553
64 24 321 159 2.2014
65 26 301 166 2,2201
66 27 316 166 2.2201
67 25 265 163 2.2122
68 21 298 170 2,2304
69 22 221 182 2.2601
70 28 268 186 2.2695

1. 1430
0.9956
0.9590
0.9345
1.477
1.461

1. 1139
1.2041
1.3802
1. 4150
1.4314
1.3979
1. 3222
1. 3424
1. 8472

2. 4150
2.3802
2.3945
2.3802
2. 4487
2.4728
2.4533
2.4814
2.5065
2.4786
2. 4997
2.4232
2.4742
2.3844
2. 4281

2.7603
2.3697
2.2963
2.2243
3.6170
2.83u1
2.7327
2.9879
3.4595
3.5072
3.5781
3.3874
3.2714
3.1471
3.5139

4.8000
4.8775
4.9766
4.9049
S.0538
5.1517
5. 3426
5.3952
5. 1944
5.3482
5.5178
5.5027
5.5496
5.3606
5.5185
5.2986
5.5106

2.3585
2.5952
3.0384
3.1414
3.1779
3.0926
2.3490
3.0340
3.2844

- D SR D D P P D D D S R G A D AP U G D G S G ED WD U G WS G T I ) S D W W WD WR TR WD WP Y R T WD WG D R M AP AP D S e D SR AR PGP DGR SR N @D AR AR R R WD A S

lIncome per capita from Gross Domestic Product
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Table 14

WEST GERMANY

- . P ) D DGR P D WS TP IS ) TP D G Wk D @b W WD W T W AP U D GD e G D WP WD S W ES s T T D ED e G W W S YR W D S D D WP P P W P G G W D G P G WP WS G A WS D D W

Yr Y

53 285
54 319
55 410
56 417
57 393
S8 3717
59 444
60 527
61 490
62 488
63 473
64 579
65 540
66 S04
67 468
68 579
69 659
70 658
71 580

2940 -

3030
3350
3600
3631
3438
3374
3651
3626
3889
4121
4230
4234
4256
4171
4y
4850
5112
5223

527
563
640
694
767
815
870
1119
1168
1242
1311
1417
1504
1580
1572
1732
2044
2337
2716

2.7218
2.7505
2. 8062
2.8314
2.8848
2.9112
2. 9395
3.0488
3.0674
3. 0941
3. 1176
3.1514
3.91772
3.1987
3. 1965
3.238%
3.3105
3.3687
3. 4380

2, 45483
2,5038
2.6128
2,6201
2.5944
2.5763
2.6474
2.7218
2.6902
2.6884
2.6749
2.7627
2.7324
2.7024
2.6702
2.7627
2.8189
2.8182
2,7634

3.4683
3.4814
3.5250
3.5563
3.5600
3.5363
3.5281
3.5624
3.5594
3.5898
3.6150
3.6263
3.6268
3.6290
3.6202
3.6517
3.6857
3.7086
3.7179

9.6667
10.0886
10.3896
10.4516
10.2740

10. 1049
10.2699
10. 2949
10.3708
10.8610
10.9181
11.1072
11.2701
11.4279
11.5231
11.6081
11.5720
11.8260
12.2015
12. 4932
12.7673

6.6815
6.8867
7.3320
7.4446
7.4843
7.5000
7.7821
8.2983
8.2520
8.3182
8.3393
8.7064
8.6814
8.6442
8.5353
8.9470
9.3320
9.4937
9.4895

- e DD D e W 05 T G WS WD CP WD D 4 D D D @D < = TR WD G WD P ED LD W G G AR S AP WD W e W R UR S Y W S R A D Wb W Gh wReR G e D W W e .
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- . P D D AR D ) G D (B D D W AR WD D 4 W G . -

Yr 4 z

53 92 1840
sS4 159 1580
S5 166 1850
56 172 1890
57 213 1463
58 136 1366
59 188 1404
60 229 1650
61 248 1743
62 232 1959
63 223 2072
648 225 2396
65 262 2719
66 264 2838
67 276 3013
68 286 3339
69 341 3755
70 401 0000

X

681
157
846
214
684
726
792
877
963
1020
1129
1281
139¢
1458
1209
1341
1538
1725

Table 15

D AT S D GIS AP AP D (I D P G A S D R WS AR P D @ W s G U D W S W P D @ W D G G WD A WD WD AR Gl W S W D b G G W @

FIRLAND
LgX LgY LgZ
2.8331 1.9638 3.1584
2.8791 2.20%4 3. 1987
2. 9274 2.2201 3.2672
2.960%9 2.2355 3.2765
2. 3351 2.3284 3.1652
2.8609 2.1335 3. 1355
2. 3987 2.2742 3.1474
2.9430 2.3598 3.2175
2.9836 2.3874 3.2413
3.0086 2.3655 3.2920
3.0527 2.3483 3.3164
3.1075 243522 3.3795
3. 1443 2.4183 3.a344
3.1717 2.4216 3.4530
3. 0824 2. 4405 3.4790
3. 1274 2.4564 3.5236
3. 1870 2.5328 3.5758
3.2368 2.6031 0.0000

8.0720

8. 9481
9.2093
9.5643
9.7013
8.9738
8.9704
9. 1234
9. 4691
9.6707
9.9043
10. 1240
10.5018
10.7988
10. 9519
10.7237
11.0197
11.3961
00. 0000

6.2025
7.0415
7.2534
7.3245
7.3700
6.6896
7.1578
7.5927
7.7383
7.7872
7.7886
7.9493
8.3054
8.3618
8.4919
8.6554
9.0568
0.0000

) D P S - ) (D D D D WD CD AP YR S D D S ) G D D W WS A W WP T G OB GP TD WD G W i BP WP A S W W R WD WP AR S G P GD WP G R W WD G D R G W G
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