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CHAPTER I
INTRODUCTION

A. BACKGROUND

Since the Arab o0il embargo in 1973-1974 and subsequent dramatic
OPEC price increases, concern has been growing over the impact of
critical mineral supply restrictions on the economies of the mineral
importing nations. The causes for this concern are varied, but there
is enough evidence to indicate a. substantial risk in counting on
secure supplies and low prices of critical minerals in the future
(Titton, 1977). Although exhaustion of many mineral resources is
unlikely in the near future, a short-term supply restriction leading
to a rapid price increase and general inflationary pressures can
impose a significant negative impact on the economy and security of a
nation. The domination of critical mineral markets by a small number
of producers increases the possibility of market manipulation and
supply disruption. In the past decade, international raw material
trade has been subject to important changes and politics has intruded
into this trade (Radetzki, 1978). As long as the world political and
economic situation is continually unstable, one cannot ignore the
possibility of a supply restriction. This study responds to the need
for quantitative analysis of the consequences of supply restrictions
on an economy and of the optimal economic adjustment policy.

Taiwan, one of the more rapidly developing countries, hzs Timited

metallic mineral resources. Almost all the sizeable demand of metallic
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minerals depends ~n imports and thus the Taiwan economy is highly
vulnerable to metallic mineral supply restrictions. The high depend-
ency of metallic mineral supply on imports, together with the possi-
bility of a politically motivated supply restriction and the lack of
political leverage, make it reasonable to assume that the country faces
the possibility of a metallic mineral supply restriction in the short-
term. Therefore, constructing a framework to analyze this problem is
very important to Taiwan.

The purpose of this study is to formulate a model to evaluate the
short-term economic impacts of a supply restriction and to devise
alternative adjustment policies that will minimize the economic costs
of the event. The application of the model is restricted to aluminum.*
However, the analytical framework developed in this study can also be

applied to any other critical mineral commodity.

B. LITERATURE REVIEW
In this section, early analytical approaches used to determine
the impact of a supply restriction are reviewed and compared with the

analytical approach presented in this study.

*There are three justifications for selecting aluminum as the
case study. First, the potential percentage increase in profit from
a supply restriction for the exporting countries is greater for bauxite
than for oil (Pindyck, 1977). Second, according to an interdepartmental
study by the U.S. Department of the Interior (Enzer, 1978), aluminum/
bauxite, chromium, and the platinum metals have the greatest potential
for supply restrictions globally in the near future. Lastly, data
available precludes any detailed analysis for metallic minerals other
than aluminum.
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In general, two analytical methods have been primarily used in im-
pact analysis. They are consumers' surplus analysis and input-output
(I-0) analysis. One of the early studies based on consumer surplus
analysis was conducted by the Office of Minerals Policy Development,
U.S. Department of the Interior (1975), in which the impacts of a
restriction in aluminum, chromium, platinum, and palladium were analyzed.
Basically, the ané]ytica] framework employed is first to build up the
domestic supply and demand models and then derive the amount of imports.
According to the assumption about the availability of imports, the
price induced response from domestic demand and supply can be analyzed.
The welfare loss in the whole economy is calculated by the total con-
sumers' surplus loss minus the total domestic producers' surplus in-
crease. In 1976, Charles River Associates (CRA) constructed a formal
framework for the U.S. National Bureau of Standards to analyze the
impact of a supply restriction. This framework is also based on the
consumers' surplus concept. The advantage of this type of analysis
is that it can properly refiect the price and income effects on the
demand for the commodity in question. But its disadvantage is it only
yields aggregative measure of the impact. Consumers' surplus analysis
is unable to identify the impact on each sector in the economy and
to determine second-order impacts on the whole economy. Another
problem is that the accuracy of the analytical results will signifi-
cantly depend on the accuracy of the estimation of the price and in-
come elasticities.

Impact analysis based on the I-0 model is exemplified by the work

of the U.S. Bureau of Mines (1981). This report concluded that there
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is a very low possibility of a total cutoff in chromium imports for the
U.S., but there is a potential for severe, repetitive disruptions. The
average loss in gross national product (GNP) from the average disruption
would be $1.0 billion during the 1982-1990 period, but it would jump
to $9.3 billion for a total cutoff in imports for the five year period.
However, the economic loss could be reduced from 9-17 percent by govern-
ment policies, such as stockpiling and price supports.

Unfortunately, this report was vague on the nature of the I-0
model used to analyze the impact. Generaily, there are two I-C
approaches that can be employed to analyze the impact of a commodity
supply restriction. One is the conventional I-0 model in which the
input coefficient is given, but the allocation coefficient is allowed
to change freely.* Because the allocation function would play a very
important role during a supply restriction, the major problem of this
model is therefore how to calculate the allocation coefficient for
each sector. This is beyond the ability of the conventional I-0 model
itself. The second is the “supply-driven" model, in which the allocation
coefficient is given, but the input coefficient is allowed to change
freely as first demonstrated by Ghosh (1958). Hoover (1975) indicated
that the "supply-driven" model may be more appropriate to deal with

the impact from primary supply or forward linkage because the model

*The input coefficient is defined as the proportion of total out-
lays being spent in each of the productive sectors. The allccation
coefficient is defined as the proportion of total output being sold to
each of the productive sectors. Input-output analysis will be dis-
cussed in detail in Chapter 5.
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basically takes demand for granted and thus makes sector activities
depend on the availability of primary inputs. Giarratani (1976)
applied this model to the availability of energy inputs with the use
of the supply multiplier.*

Conceptually, the potential problem of the "supply-driven" model
is that the substitution among inputs (i.e., changes in input co-
efficients) implicit in its solution may be unreasonable. This pro-
blem will be tested in Chapter V in the context of the Taiwan 1979
I-0 table. However, neither a conventional I-0 model nor a "supply-
driven" model can operate the production function and the allocation
function simultaneously. Besides, subject to the assumption of fixed
input coefficients or fixed allocation coefficients, the impact of
each unit change in commodity supply is also fixed. This will over-
estimate the analytical result in the case of a mild supply restriction
and underestimate the result in the case of a severe supply restriction.
The only advantage of simple I-0 analysis is to be able to identify‘the
impact on each sector and calculate the total impact (including hidden
or second-order effects) on the whole economy.

The most recent study about the vulnerability to a commodity
supply restriction was done by Hazilla and Kopp (1983). They utilize
a two stage neoclassical econometric model to first estimate the
inter-commodity substitution possibility and then to analyze the

intra-factor (labor, energy, material, and capital) substitution

*The supply multiplier is defined as the change in total gross
output due to a unit change in a primary input.
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possibility. Based on the estimation result, the value of lost output
and the cost of forced substitution due to a commodity supply restrict-
jon can be calculated. The study's empirical findings highlighted the
extreme discontinuity of supply disruption impacts. This is because
the potential of substitution is relatively unrestricted during a Tess
than 50 percent supply disruption. Beyond that, substitution possi-
bilities among inputs quickly approach exhaustion. The economic loss
substantially increases because the cost of a forced reduction in
output due to Tow substitution possibilities comes together with the
cost of forced substitution.

This study differs from I-0 analysis in that the model is able
to identify substitution possibilities, output Toss due to the
material constraint, and the cost of forced substitution. However,
it is only a partial equilibrium analysis rather than a general equil-
ibrium analysis capable of estimating indirect impacts.

There are important departures here from the previous studies of
the impact of a commodity supply restriction. First, the model pre-
sented here makes use of the linear programming (LP) framework to
generalize I-0 analysis in order to simultanously handle the precduction
function and the allocation function. Second, substitution among re-
lated commodities estimated by the translog production function is in-
corporated into this activity analysis in order to include a part of
the price induced effect. Third, the model presented here not only
is able to identify the impact of a commodity supply restriction on
each sector, but also is able to present the optimal and practical

adjustment pattern. This is of great importance to policy-makers,
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because the assessment of the sensitivity of each sector to a supply
restriction and the formulation of practical adjustments are among

their major concerns.

C. ANALYTICAL APPROACH

The approach of this study is to use an I-0 model together with
the LP technique to analyze the impact of restricted aluminum supplies
on the economy of Taiwan and to derive the optimal adjustment pattern
of the output structure in the economy. The major methodological
contributions of this study will be to advance the state-of-the-art
of I-0 modeling by incorporating substitution effects into the optimal
solution and to formulate the optimal adjustment policies to alleviate
the adverse impact of a supply restriction. Another contribution is
to derive the optimal allocation criteria (coefficients) from the
solution of an LP model. The resulting model is used to predict the
impact of a supply restriction, indicate each sector's optimal response
for mitigating the impact, and present the optimal allocation function
to policy makers.

In order to incorporate the substitution effect into the LP model,
the price change during a supply restriction has to be estimated first.
For this reason, an econometric demand model for the domestic aluminum
industry will be set up in the first stage in this study. The rela-
tionship between the aluminum sector and other sectors is described
in terms of the forward and backward linkages ¢f the economy.

The second stage of this study is to estimate the possibility

of substitution between aluminum and copper commodity inputs in Taiwan.
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The analytical approach is based on a two-stage translog production
function. From the estimated result, the net substitution effect can
be obtained and will be incorporated into I-0 model to change the in-
put coefficients.

The third stage of the study w%]] analyze the impact of a supply
restriction based on both a consumers' surplus analysis and an I-0
analysis. The "supply-driven” approach to I-0 analysis will be used.
The impact of the substitution effect on the analytical results is aiso
investigated in this stage. However, technological change during
supply restrictions is ignored in the case study for aluminum. The
reasons for this are: 1) although aluminum consumption and its new
uses grow rapidly, aluminum technology has changed 1ittle in the iast
few decades; 2) there are some new techniques of refining high-aluminum
clays, but the Bayer process is still the only economical commercial
and standard method for producing aluminum from bauxite in the near
future (Pindyck, 1977); 3) in this study, potential dates of the supply
restriction are assumed to be 1984, hence no technological change in
that year is justified; 4) this study is focused on short-term impact
analysis rather than long-term impact analysis.

The last and major stage of the study is the analysis of the
optimal sectoral adjustment and optimal resource allocation pattern
during a supply restriction. The study in this stage will link the
I-0 model and LP technique to analyze the impact of a supply restriction
and evolve a strategy for choosing feasible and optimal packages for
economic policies. Rather than to search for the optimal develepment

planning pattern, the purpose of the LP model is simply to explore the
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impact of a supply restriction and identify optimal responses of the
sectors under alternative assumptions about the availability of com-
modity supply in order to derive the optimal allocation function.

A thirty-four sector model is presented in this study. Optimal ad-
justment programs are obtained by maximizing gross domestic product
(GDP) in the year that the supply restriction occurs. The balance of
payments constraint together with limitations on domestic scarce re-
sources, private consumption, and export activity are included. But
some of these constraints will be removed when a serious disruption

is assumed. The main variables for which optimal adjustment value

for the supply disruption period are investigated are the level of the
sector's domestic output, final demand, and the optimal allocation co-
efficients. Substitution effects are also incorporated in this stage.
The optimal solution without a supply restriction is used as a baseline
for comparison. The results of the study will present a basic frame-
work for economic policy recommendation during the supply restriction.
Figure 1.1 is a diagrammatic representation of the interrelationships

of the stages of this study.

D. ORGANIZATION AND LIMITATIONS

There are nine chapters in this dissertation. Chapter II des-
cribes the role of aluminum in the world and Taiwan economies and pre-
sents a Tinkage analysis of the aluminum sector in Taiwan. An econ-
ometric demand model for the Taiwan aluminum industry is developed

in Chapter III. Chapter IV examines the possibility of substitution

between aluminum and copper commodity inputs. Methodologies for analyzing
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11

supply restriction impacts are presented in Chapter V. The consumer
surplus approach and the I-0 model are discussed; their analytical re-
sults are shown in Chapter VI. In Chapter VII, the methodology for
planning the optimal adjustments to supply restrictions are presented.
The model employs linear programming to optimize GDP during a supply
restriction, and it illustrates how the I-0 model and linear program-
ming technique can be linked together to solve the restricted resource
allocation and optimal adjustment problem. The results of the linear
programming model and their duals are discussed in Chapter VIII. The
optimal restricted resource allocation functions are derived from the
results. The conclusions of the study are presented in Chapter IX.
Several appendices are also presented, in which the data base, an over-
view of the Taiwan econcmic situation, the method of disaggregating
and aggregating the 1979 Taiwan I-0 table and the table itself are
described.

In addition to the Timitations of I-0 model itself,* the more
important limitation of this study is that it is restricted in the
set of substitution possibilities. Copper is not the only substitute
for aluminum; other materials such as steel and plastic are also
substitutes for aluminum, but are not considered here. Another im-
portant limitation is that since detailed (sectoral) data are not
easy to obtain, the study of domestic demand for aluminum and sub-

stitutability between aluminum and copper are therefore restricted

*The reader interested in a detailed discussion of the Timitations
of an I-0 model is referred to Appendix B.
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12

to aggregate econometric models. In spite of these limitations, the
analytical framework used here still provides a very powerful tool
for examining the economic impact of supply restriction and presenting

the optimal pattern of adjustment at that time.
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CHAPTER II
THE ROLE OF ALUMINUM IN THE WORLD AND TAIWAN ECONOMIES

A. INTRODUCTION

The purpose of this chapter is to provide some background on the
aluminum industry that will be useful in specfying models to determine
the impact of a supply restriction. The discussion will focus on two
aspects. The first aspect is the structure and performance of the
world aluminum industry. This knowledge is essential to determining
the likelinood and scope of an aluminum supply restriction. We will
begin by examining world reserves, production and demand. The dis-
cussion will then move to the aluminum cartel and its behavior. The
extent of the dependence of Taiwan on alumina/bauxite imports will
also be shown.

The second aspect is the role of aluminum in the Taiwan economy.
This knowledge is very important for measuring the potential impact
of an aluminum supply restriction on the Taiwan economy. We will
examine the aluminum market structure in Taiwan and how it has been
affected by government policy over time. The backward and forward
Tinkages between the aluminum sector and the remainder of the Taiwan
economy will be computed in order to show the importance of aluminum
supply availability.

Aluminum is the most abundant metal in the earth, but bauxite ores*

account for a relatively small part of the total aluminum resources

*Bauxite is defined as aggregates of aluminous minerals and more
or less impure, in which aluminum is present as hydrated oxides
(Patterson, 1977).
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of the world. Alternative technologies are available for extracting
aluminum from non-bauxite sources, but the processing costs are extremely
high (Pindyck, 1978). Hence, bauxite is still the primary source of
aluminum manufactured under the present technology. Bauxite is first
processed into alumina by the Bayer process, and then processed into
aluminum by an electrolytical process.*

A study prepared by the World Bank (Brown, et al., 1983) indicates
that there are three major components of alumina production costs.

The first is the cost of capital. Because alumina production is
capital intensive, the cost of capital accounts for about 33 percent
of alumina costs. The second component is the cost of delivered
bauxite,** which represents 26 to 28 percent of alumina costs. Energy
constitutes another major component of alumina costs, accounting for
18 percent.

In aluminum smelting, alumina, energy and capital cost constitute
the most important cost elements. Alumina represents about 30 percent
of aluminum smelting costs; capital cost accounts for 16 to 35 percent;
and energy (electricity) varies from 16 to 30 percent of aluminum

smelting costs.*** As we will show below, changes in major cost com-

*There are three electrolytical processes for aluminum smelting:
the Hall-Heroult process, the Quebec process and the Pechiney process.
However, only the Hall-Heroult process has been large-scale commercial-
1y successful to date (CRA, 1976).

**The delivered bauxite cost includes ocean transport costs and
the bauxite Tevy.

***The variation of the cost is attributable to the regional
characteristics, the electricity cost in the region, and the ore grade.
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ponents have had profound implication for the viability of several
aluminum processing operations. Moreover, given that the cost of
energy constitutes a large proportion (21 to 35 percent) of total
atuminum smelting costs, capacity expansicn investment in the aluminum
industry in the future will Tlean toward locations having lower cost

energy (electricity supplies).

B. THE WORLD ALUMINUM INDUSTRY

The major bauxite reserves and production are located in Guinea,
Australia, Brazil, Jamaica, Guyana, Indonesia, Ghana, and Surinam.
Guinea, Jamaica, Surinam, Guyana, and Indoesia are the major bauxite
exporting countries. Table 2.1 shows world bauxite reserves and pro-
duction in 1980, and estimates production capacities in the year 2000.
The table indicates that for 1980, the eight countries with the
largest bauxite reserves account for 79.7 percent of the total world
reserves and 72.1 percent of total world production. These countries
are projected to account for 73.6 percent of total world production
capacity in the year 2000. This fact implies that these eight
countries are expected to continue to maintain their prominence in
the next two decades. From the concentration ratios provided in
Table 2.1, we can draw similar inferences about the largest four
countries in terms of reserves, production, and production capacities.

In order to maximize economic rents from the exploitation and

processing of bauxite and to promote the rational development of the
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Table 2.1
WORLD BAUXITE MARKET STRUCTURE IN 1980 AND 2000

Reserves, 1980 Production, 1980 Capacity, 2000
Level Share Level Share Level Share
Country (106 tons) (percent) (106 tons) (percent) (106 tons) (percent)
Guinea 5,500 24.2 13.3 14.5 23.0 11.5
Australia 4,600 20.2 27.2 29.6 34.2 17.2
Brazil 4,070 17.9 4,2 4.6 8.7 4.4
Jamaica 1,592 7.0 12.1 13.2 47.6 23.8
Guyana 700 3.1 3.1 3.4 9.5 4.8
Indonesia 700 3.1 1.2 1.3 13.4 6.7
Surinam 490 2.2 4.9 5.3 5.3 2.7
Ghana 500 2.2 0.2 0.2 5.3 2.7
Subtotal 18,152 79.7)a 66.2 72.7) 147 .1 73.6)
CR(4)b (69.3) (62.6) (59.2)
IBAC (61.8) (67.5) (69.2)
u.s. 40 0.2 1.5 1.6 1.9 1.0
USSR 300 1.3 10.1 11.0 18.1 9.0
Other 4,280 18.8 14.0 15.3 32.9 16.5
Total 22,772 100.0 91.8 100.0 200.0 100.0

Sources: World Bank (1982); Brown, et al. (1983).

gNumbers in parentheses not included in the totals.
CR(4) 1is the concentration ratio for the largest four countries.

CIBA contains the members of the International Bauxite Association in the subtotal.
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bauxite industry, the International Bauxite Association (IBA) was
formed at the governmental level in Jamaica, Surinam, Australia,
Guinea, Guyana, Sierra Leone, and Yugoslavia in 1974. Regular meetings
are helid to discuss issues on bauxite pricing and production levels.
By 1980, IBA was expanded to eleven bauxite producing countries, adding
Indonesia, Dominican Republic, Haiti, and Ghana. It now represents more
than 83 percent of total bauxite economic reserves in the world and
more than 70 percent of total bauxite production (more than 80 percent
of total non-communist world bauxite production). Moreover, IBA is
expected to account for more than 78 percent of total non-communist
world bauxite production capacity in the year 2000 (Brown, et al.,
1983).

From the perspective of individual firms the aluminum industry
is also a highly concentrated, vertically and horizontally inte=
grated industry. The worldwide primary aluminum industry is dominated
by six Targe vertically integrated companies: Alcoa, Alcan, Reynolds,
Kaiser, Pechiney, and Alusuisse. These companies account for over
60 percent of the production capacity in the world for bauxite and
alumina, and over half of the total aluminum capacity, excluding the
communist countries (World Bank, 1982; p. 63). However, some indepen-
dent producers emerging in the past few years may have long-term
effects on the market structure in the aluminum industry (Brown, et
al., 1983). One of the effects is a decrease in the degree of con-
centration of the industry.

Because of the industry's vertical integration and the long-run
contracts among buyers and sellers, there are no real market prices
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for bauxite. Prices are mainly a transfer price within an integrated
company and vary according to production cost, government taxes, and

ore grade. Primary aluminum is principally traded at prices established
by producers.* Since the producers generally practice mark-up pricing
(U.S. Permanent Subcommittee on Investigation, 1974), prdducers’ prices
are directly proportionate to production costs. This fact also implies
that any increase in the bauxite price will significantly affect

aluminum producers' prices.

C. POSSIBILITY OF ALUMINUM SUPPLY RESTRICTIONS

In general, a successful cartel in the long-run requires that
each member have a similar level of economic development and compatible
political orientation, and constrains any member from earning higher
revenues than the others. However, these conditions do not hold for
each member in IBA. In addition, since bauxite is a relatively abund-
ant mineral and is found in many countries, any increase in bauxite
price may stimulate new supplies from outside the IBA, and obstruct
the success of a cartel action. Therefore, one may argue that a
bauxite cartel cannot develop and succeed in the future. However,
this may not be true in the short-run. Pindyck (1978) calculated the
ratios of the sum of discounted profits for a monopoly cartel to that
of a competitive market. He found that the ratio for bauxite (1.63)

is higher than that for o0il (1.54). This fact implies that the

*World Bank (1982). About 80 percent of primary aluminum trade
is based on producer or 1list prices, though dealer or free market
prices are also quoted. The London Metal Exchange has been quoted
for spot and three month contracts since 1977.
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potential incentive for cartel action in the world bauxite market is
very significant. The success of high tax levies imposed by IBA in
1974 also conceals the possibility of dramatic increases in the bauxite
price in the near future. Besides, an analysis for the possibility

of commodity supply restrictions by the U.S. Department of the Interior
(Enzer, 1978) also indicates that bauxite would become the ccmmodity
with the greatest possibility of a supply restriction during the per-
iod 1984-1987.* Although this study is done from a U.S. standpoint,
any supply restriction for the United States will have an immediate
effect on the world aluminum industry because the United States is

the largest bauxite importing country.** Therefore, the potential
of.carte1 actions will not disappear if the world economic and

political situation is continually unstable.

D.  THE ALUMINUM MARKET STRUCTURE IN TAIWAN

In 1979, total domestic consumption of aluminum in Taiwan was
115.9 thousand tons, including 102.6 thousand tons of primary
aluminum, and 13.8 thousand tons of aluminum scrap. Total consump-
tion represents an increase of 389 percent over 1971. The ratio of
aluminum consumption to GNP (at 1979 price level) was 0.10 ton/NT$

million,*** an increase of more than 100 percent in a decade. Most

*The probability of an aluminum supply disruption in the periods
1984-1987 estimated by U.S. Department of the Interior was around
10 percent (Enzer, 1978).

**Based on the study by the World Bank (1982; p. 78), the United
States imported 14.274 million tons of bauxite in 1980, which accounted
for 38.5 percent of the total world gross bauxite imports.

***NT$ refers to New Taiwan dollars. US $1.00 equaled to NT $40.00
in June 1984,
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of the aluminum consumed is used in the construction and building
industry, electrical engineering industry, transportation equipment,
containers and packaging, and consumer durables. Table 2.2 shows a
breakdown of aluminum consumption by end uses in 1979. Based on the
Taiwan I-0 table in 1979, the construction and building industries,
the Targest aluminum consumers in Taiwan, accounted for 41.6 percent
of total aluminum consumption. Electrical goods and transportation
equipment accounted for 23.1 and 12.8 percent, respectively.

To achieve this domestic aluminum consumption, Taiwan must im-
port all of the reguired bauxite, most of the aluminum scrap, and
around 50 percent of its total primary aluminum.* Aluminum scrap is
mainly imported from the United States, The main suppliers of
bauxite are Malaysia, which accounted for 84 percent of total bauxite
imported, and Australia, which accounted for 15 percent. The main
overseas suppliers of primary aluminum are the United States and Japan,
which accounted for 42.1 and 31.5 percent, respectively, of total pri-
mary aluminum imported. In 1980, Tajwan imported 0.26 million tons
of bauxite.** A1l of it was used by the government-owned Taiwan
Aluminum Corporation (Talco). Table 2.3 1ists total aluminum supply
and consumption from 1971 to 1980.

Talco, an integrated company, was established in May 1946. At

that time, the capacity of primary aluminum production was only four

*Another 50 percent of total aluminum required comes from the
domestic primary aluminum industry (where production is from imported
bauxite).

**A11 information in this paragraph is based on the data in the
Mineral Yearbook (1981).
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Table 2.2

CONSUMPTION OF ALUMINUM BY END USES, 1979

Industry (peréent) (perient)
Construction 43-47 41.6
Electrical Engineering 16-18 23.1
Transportation 7-10 i2.8
Containers and Packagings 10-12
Consumer Durables 6-8 22.5
Others 5-18

Sources: Column A--estimated from data in Metallic Materials in Taiwan,

R.0.C., Science and Technology Advisory Group, Executive Yuan,
R.0.C., August 1980. Column B--estimated from data in the
modified 1979 Taiwan I-0 table.
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Table 2.3

TOTAL ALUMINUM SUPPLY-DEMAND FROM 1971-1980

22

Domestic b c
Ingot a Total Total

Year Production Imports Exports Supply Demand
1971 26,500 8,637 5,200 30,300 29,800
1972 © 32,100 12,100 8,972 35,228 34,328
1973 35,100 30,500 6,400 59,200 51,900
1974 31,300 31,700 7,400 55,600 47,300
1975 28,100 19,500 5,200 42,400 50,100
1976 25,500 46,800 3,100 69,200 64,300
1977 29,700 64,800 9,100 85,400 79,200
1978 50,300 66,000 8,100 108,200 108,200
1979 56,218 66,622 6,943 115,897 115,897
1980 63,549 77,575 7,456 133,568 133,668
Sources: Data from 1971 to 1978 based on Metallic Materials in Taiwan

(1981).

mport includes ingot and scrap.

C

(1980), data for 1979-1980 comes from Mineral Year Book

Total supply = domestic output + imports - exports
Total demand from 1971 to 1977 has been modified by inventory change.
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thousand tons per year. In order to assume its main function to pro-
duce aluminum and fabricated aluminum products for the local market,
Talco has completed two major expansion projects. The first one,
completed in 1972, increased the capacity of Kaohsiung I smelter to
38,000 tons-per-year of aluminum. The second expansion project, com-
pleted in 1580, resulted in construction of Kaohsiung II smelter with
an annual capacity of 50,000 tons-per-year. The total capacity of
primary aluminum production was 85,000 tons per year. Unfortunately,
the Kaohsiung I facilities encountered numerous difficulties after
1974, including power shortages and a substantial increase in energy
cost with the result that the operation of Kaohsiung I became more
inefficient. Besides, in order to alleviate the effect of

the increase in energy cost on its financial position, Talco consid-
ered branching more into fabricated products including aluminum foil,
aluminum sheets, and other aluminum products. In 1981, Talco had a
46,000 tons-per-year rolling mill and a 50,000 tons-per-year extrusion
plant, and further capacity expansion of the rolling mill was expected
in 1983. However, due to the further increase in energy cost in 1979*
and a serious pollution problem, Kaohsiung I was finally forced to
shut down in early 1981 (Chin, 1981). The capacity of primary
aluminum production was thus reduced to 50,000 tons-per-year.** Pri-

mary aluminum supply in Taiwan in the future will therefore be highly

*This is because of further increase in OPEC price in 1979.
Taiwan imported 82.6 percent of its total energy requirement in 1979.

**The information summarized in this paragraph comes principally
from the Mineral Yearbook (1973-1981).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



24

dependent on imports. This dependence will also increase the vulner-
ability of the Taiwan economy to aluminum supply restrictions induced
by world supply disruptions or foreign supply actions.

As indicated above, the domestic primary aluminum industry is

dominated by Talco, the country's sole producer of primary aluminum,

which is vertically integrated from the processing of bauxite into alumina
to the production of primary aluminum products. Owing to the dramatic
increase in the cost of electricity, its monopoly advantage is offset
by a price disadvantage when compared to imported aluminum. The cost
per kilwatt-hour of electricity of Talco was NT$2.16 in 1981, compared
with NT$0.57 in the United States and about NT$0.95 in western Europe
(Mineral Yearbook, 1981). Talco was forced to maintain a cash price
of NT$66,111 per ton &f ingot in order to compete with imported
aluminum in 1981, losing NT$20,770 per ton for aluminum produced by
Kachsiung I and NT$7,477 for aluminum produced by Kaohsiung II (Bank
of Communications, 1983). Talco's production costs and list prices
are shown in Table 2.4.

Since all of the bauxite and around 50 percent of the primary
aluminum required must come from foreign suppliers, any substantial
change in the world aluminum market would seriously affect the Taiwan
aluminum market and the whole Taiwan economy. The following sections
will discuss the interindustry relationship of the aluminum sector 1in

Taiwan and economic importance of the major users of aluminum.
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Table 2.4

PRODUCTION COSTS A?D L§ST PRICES OF TALCO
NT$

......

Domestic? us Producer'sb
Year Koahsiung I Kaohsiung I1I Price ‘ Price
1980 76,405 57,501 - 80,633 67,048
1981 86,881 73,588 66,111 76,714

1982 -- 87,337 65,125 50,507°

Sources: Survey of Manufacturing in Taiwan (1983); Industry of Free
China (1983); World Bank (1982).

Note: US $1.00 equaled to NT $36.06 in 1980, NT $37.89 in 1981, and
NT $39.00 in 1982.
US producer's price did include transportation and loading
cost (US $100/ton), harbor due (4%), and tariff (10%).

List prices of Talco, aluminum ingots 99 percent purity.

List prices of US producer, 99.5 percent purity.

Free market price, 99.5 percent purity. This price level re-

sulted from over supply in 1982.

c
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E.  LINKAGE ANALYSIS

Linkage analysis may illustrate the relationship between a sector
and other sectors in an economy and provide insights into the impact
of any sectoral change on the economy. The linkage effects between
a sector and the economy may be backward or forward. A backward link-
age may be determined by a sector's purchase of intermediate inputs
from all sectors for producing one unit of the sector's output. This
Tinkage shows the impact on the economy due to production of one unit
output in the sector. A sector with a Targer backward linkage co-
efficient implies that relatively more economic outputs will be
created by increasing production of the sector. A forward linkage is
determined by those sales from the producing sector to all sectors
which use it as an input to produce their output. The forward linkage
shows the impact on the economy due to the supply availability of the
sector in question and indicates the importance of the sector's supply
availability to stimulate the output of all other sectors. Thus, back-
ward linkage analysis tells us which sectors deserve more incentive to
encourage their production or to increase the demand for their outputs
in order to speed up economic growth. Forward Tinkage analysis pre-
sents the impact of supply availability of a sector's output on other
sectors in the economy.

Calculation of backward (Chenery, 1958) and forward linkage co-
efficients for each sector may be defined as follows:

X. .
(2.1) BL, (Backward linkage coefficient) = = -
17
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>

(2.2) FLi(Forward linkage coefficient) = ¢ Xii
VI
where Xij = sales of sector i to sector j
Xj = total output of sector j

However, the above measures only reflect the direct 1inkages among
the sectors and take no account of the indirect intersectoral effects
on the economy. To measure both effects (direct and indirect effects),
we can extend the analysis to an I-0 framework.

A detailed discussion of I-0 analysis will be presented in
Chapter V. Briefly, for now, the balance egquation of the I-0 model

used to derive these linkage coefficients is as follows:

(2.3a) X-AX=F-M

or

(2.3b) X = (1-A)"1 (F-M) = (I-a+ud)™T F = BF
B = (1-A+M%)~T

and

(2.4a) X - D' (X+M) = V

or

(2.4b) X = (1-' (1+M4)) 7T v = qv
6 = (1-D' (1+m%))!

where X is a vector of gross output; F is a vector of final demand;

M is a vectcr of imports; A is the input coefficient matrix, whose
element (aij) shows the amount of inputs required from sector j to
produce one unit output of sector i; D is the allocation coefficient
matrix (Ghosh, 1958), whose element (dij) represents direct sales from

sector 1 to sector j per unit output of sector i; D' is the transpose
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of the matrix D ; V is a vector of primary inputs; Md is a diagonal
matrix representing the ratio of the import and domestic output for
each sector. Each element (bij) in the inverse matrix (B) represents
the total input required from sector j to deliver one unit output of
sector i to final demand. The element (gij) in the inverse matrix (G)
represents the total output increase in sector i due to one unit
change in primary inputs of sector j.

The measure of total backward linkages (including direct and in-

direct linkages) for each sector is the column sum of the inverse
matrix (B), which shows the total changes in economic gross output
reiated to one unit change in final demand for a sector's output.
The measure of total forward linkages is the column sum of the inverse
matrix (G), which shows the total changes in economic gross output
related to unit change in primary inputs of the sector in question
(BuTmer-Thomas, 1982).*

In order to obtain the relative Tinkage index for comparison,

a normalization procedure is often carried out by the following

methods (Bulmer-Thomas, 1982):

12 b..
r . . ni W
(2.5) BL' (Backward linkage index) =
2230, ¢
n’ ij H
) - 1]22L b
(2.5 Y2202 s P
755 13-
r 1z b
FL' (Forward linkage index) = n i “1j
*Two approa 1,2229. rward Tinkages.
One is based on _ (%)75571] d is based on

the method presented here. However, trom tne supply side standpoint,
the Tatter approach is more appropriate to show total forward Tink-
ages (Bulmer-Thomas, 1982).
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where bij and gij are defined as above, and n is the number of sectors.
These linkage indexes will show us the relative stimulus for the whole
econamy. If BL™ or FL" is greater than 1, it implies a sector with
relative higher linkages (above the average) and relative higher
potential stimuli to growth via the inducement mechanism; while BL"

or FL™ is less than 1, it implies a sector with relative low linkages
(below the average) and relative Tow stimuli to economic gross output
(Bulmer-Thomas, 1982). In the next section, we will calculate the
backward and forward linkages for the aiuminum sector based on the

formulations represented above.*

The backward and forward 1inkages are computed for the aluminum
sector based on the modified 1979 Taiwan I-0 table (34 sectors). The
original 1979 I-0 table (49 sectors) did not isolate the aluminum
sector, in which sector 36 contains aluminum, miscellaneous metals,
and non-ferrous products sectors together. Thus some modification
procedures are necessary in order to isolate the aluminum sector and
simp1ify the calculation. First, the 36th sector in the original I-0
table was disaggregated into the aluminum miscellaneous metals, and

non-ferrous products sectors. Second, the disaggregated 1975 I-0

*However, there are some major inherent probiems in linkage
analysis. First, the potential stimulus measured by backward and
forward linkages may not happen because of unavailability of comple-
mentary inputs and possibility of being absorbed as increased imports
rather than increased domestic output. Second, these measures of 1ink-
ages may conflict with the income-generation objective which is the
main objective for most developing countries. Third, these measures
do not consider efficiently or comparative cost among sectors. For a
detailed discussion of these problems, see Bulmer-Thomas (1982) and
Hewings (1982).
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table was aggregated from 51 sectors to 34 sectors. Detailed dis-
cussion regarding the disaggregation and aggregation methods is pre-
sented in Appendix B. This modified 1979 Taiwan I-0 table (34 sectors)
will be used throughout the study.

Precentage distribution of input purchases by the aluminum sector
(i.e., the input coefficient column for aluminum sector) is set in the
first column in Table 2.5. This column identifies all intermediate
inputs used by the aluminum sectcor and shows their percentage distri-
bution. Qutput distribution of the aluminum sector (i.e., the supply
coefficient row for aluminum sector), which is also presented in per-
centage form, is listed in the second column. This column indicates
the major aluminum using sectors. The backward linkages are presented
at the bottom of the first column and the forward Tinkage is shown at
the bottom of the second column. The numbers in parentheses show
the relative linkage indexes.

From the first column, we find that the input of electricity,
the Targest input, accounted for 13.2 percent of the total value of
intermediate inputs to the aluminum sector in 1979; other industrial
chemicals accounted for 4.7 percent; petroleum refining products,

4.5 percent; and wholesale and retail trade service, 4.2 percent.
Bauxite and other minerals accounted for only 1.6 percent of total
production cost. That means that an increase in the energy price has
a much greater effect on the domestic aluminum price than does an in-
crease in the bauxite price. The size of the direct backward linkages

for the aluminum sector is 0.88, while the total backward linkages is
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Table 2.5
LINKAGES FROM ALUMINUM SECTOR

Percentage Percentage of
Distribution Total Aluminum
of Inputs Sector's Output
Purchased by Used by Each
Code Sector Atluminum Sector Sector
1 Agriculture 0.0 0.0
2 Livestock 0.0 0.0
3 Forestry 0.0 0.0
4 Fisheries 0.0 0.0
5 Coal & Coal Products 0.1 0.0
6 Crude 0i1 & Natural Gas 0.0 0.0
7 Qther Minerals 1.6 0.0
8 Food Manufacturing * 0.2
9 Textile & Apparel Accesories 0.1 0.1
10 Wood & Wood Products 0.6 *
11 Pulp Paper & Allied Products 0.8 0.5
12 Rubber & Rubber Products * *
13 Petrochemical Raw Materials * 0.0
14 Other Industrial Chemicals 4.7 *
15 Chemical Fertilizer 0.0 0.0
16 Plastics & Plastic Products 0.1 1.1
17 Misc. Chemical Manufactures 0.3 0.6
18 Petroleum Refining Products 4.5 0.0
19 Cement & Cement Products * 0.0
20 Misc. Non-metal Mineral Prods. 0.6 0.0
21 Steel & Iron 0.5 *
22 Aluminum 49.4 32.1
23 Miscellaneous Metals 0.8 0.1
24 Metallic Preducts . 0.3 24.9
25 Machinery 0.7 2.8
26 Electrical Apparatus & Equip. 0.2 16.3
27 Transport Equipment 0.1 10.4
28 Miscellaneous Manufactures * 1.6
29 Construction 0.1 2.2
30 Electricity 13.2 0.0
31 Gas & City Water 0.1 0.0
32 Transportation & Communication 1.2 0.0
33 Wholesale & Retail Trade 4.2 0.0
34 Miscellaneous Services 3.6 0.7
Direct Linkages 0.88 0.94
Total Linkages 1.82 a 6.17 a
(0.97) (1.31)

Source: Compiled from the mcdified 1979 Taiwan I-0 table.
*less than 0.1 percent
the number in parentheses represents the relative linkage index
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1.82. The relative backward Tinkage index for the aluminum sector

is 0.97, which is only slightly less than 1.0. This figures implies
that the aluminum sector has relative fewer backward links than other
sectors.

The total aluminum supply in value terms was NT$10,554 millions
in 1979. From the second column in Table 2.5, we find that 32.1 per-
cent of that supply was used in intra-aluminum sector production;

24.9 percent in metallic products; 16.3 percent in electrical apparatus
and equipment; 10.4 percent in transportation equipments; and 2.2 per-
cent in construction sector. The forward Tinkages from the aluminum
sector is relative higher among the sectors in the economy. The
direct and total forward linkages from the aluminum sector are 0.94
and 6.17 respectiveiy. The relative forward linkage index is 1.31,
which is greater than 1, which implies that the aluminum sector has
relative higher forward linkages. From that column, we also find that
the largest forward linked sectors are aluminum sector itself and

the metallic products sector. This fact indicates that there exists

a further processing linkage for the aluminum sector. If the second
round of forward linkages is included, the linkage profile will be
much different and the construction and electrical apparatus sectors
will become the largest end users of outputs of the aluminum sector,
as indicated in Table 2.2.

Because the relative backward linkage index is less than 1.0
and the relative forward linkage index is greater than 1.0, we can
conclude that the availability of aluminum supply is very important

to the growth in economic gross output, but domestic production of
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aluminum sector is not. From one perspective, this fact justifies
a change in government policy to increase aluminum importation and
suspend the expansion of domestic primary aluminum production. Of
course, this conclusion must be weighed against a number of other

considerations favoring aluminum self-sufficiency.
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CHAPTER III
AN ECONOMETRIC DEMAND MODEL OF THE TAIWAN ALUMINUM INDUSTRY

A.  SPECIFICATION OF THE MODEL

In the case of the aluminum industry in Taiwan, price is taken as
given, because aluminum imports into the country accounted for only
1.3 percent of world trade in 1980, which is too small to influence
world aluminum prices. Because of this small proportion, we can also
assume that aluminum supply in Taiwan is perfectly elastic, which means
that, given the price level, the supply level will be completely deter-
mined by the demand and exactly equal to the demand level. In other
words, any change in the quantity of domestic demand for aluminum will
bring forth an equivalent change in the quantity of aluminum supply.
Figure 3.1 shows the relationship between the domestic aluminum market
and the world aluminum industry. s and D" represent the world demand
and supply curves respectively and P is the equilibrium world aluminum
price. Dd is the domestic demand curve. Based on the above discussion,
only the domestic demand model will be estimated in this chapter. The
price and supply of aluminum will be treated as exogenously determined.

In Chapter II, we analyzed the market structure of the aluminum
industry in Taiwan and found that almost all of the aluminum is used
in the production of other goods rather than for final consumption.
Therefore, the quantity of aluminum demanded is derived from the de-
mand for final goods rather than the demand for aluminum itself.

Accordingly, the derivation of the demand equation for aluminum is based
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on the production function for final goods via duality theorems. The
main purpose of this estimation is to obtain the price elasticity of
demand so that we can estimate price changes and the consumers' surplus
lToss due to a supply restriction.

We assume that there exists an aggregate production function:
(3.7) Q = £(X)
where X is the aggregate physical output that can be produced using
the non-negative vector of inputs X. Based on the marginal
productivity theory of input demand, the cost minimizing and profit
maximizing demand for input X; should be at the level at which the
value of marginal product of the ith input (P* MPi) is equal to the
price (Pi) of the ith input, which is defined as follows:
(3.2) P*MP, =P,
where P is the price of the output (Q), and MPi is the marginal pro-
duct of the ith input (xi), which is a function of the output and the
input (xi).* The marginal product is equal to the partial derivative

of the production function with respect to the ith input X namely

(3.3) wp, = 2L = g(0.x,)
- = 90

*It is easy to prove that the marginal product of the input is a
function of output and the input level of x.. For example, if the
production function is a Cobb-Douglas produ&tion function:

g r.

Q=8 j=1 XjJ
then
n Y.

_'_BQ_;. by —.[ r. = _1 =
WP, = % B vy X350y X3 = ¢ 0@ £(X;.0Q)

j
It is also true for the CES and other production functions.
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If we insert equation (3.3) into (3.2), then

(3.4) P, =P % = g(¥,x,)
1

where Y is the value of the output (Q). Taking the inverse of
equation (3.4)

(3.5) X; = q(Y,Pi)

Equation (3.5) shows that the demand for the input X is a function of
the total value of the gross output and the price of the input itself.
If we consider the substitution effect between inputs, equation (3.5)

will become

(3.6) x; = q(¥,Ps, Ps)

where Ps is the price of substitutes for X For estimation purposes,
the Tog-linear specification for the demand function is employed:

(3.7) ]nxi,t = B, + B 'lnYt * 8 1nP,i,t + B3 1nPS,t * U

where t is time, and u is stochastic error. The advantage of the Tog-
log form is that the elasticities are simply the coefficients of in-

dividual variables. Equation (3.7) will be used for the estimation

of the demand model for aluminum, presented in Section C.

B.  THE DATA

Because time series data on the demand for aluminum on a sector-
by-sector basis are not available, the derived demand equation is
estimated for total domestic consumption rather than for the individual
sectors. In the estimated equation, gross domestic output is used as

a proxy for the value of output contained in equation (3.7). Instead
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of the domestic aluminum producer's price, however, the aluminum price
variable is based on the U.S. producer's list price for 99.5 percent
purity and delivered aluminum ignots in NT dollars per ton. The NT
dollar base is derived as follows:
(3.8) NT$/ton = U.S.$/ton (U.S. Tlist price) * Exchange rate
The reasons for using U.S. prices instead of domestic prices are that:
(1) as indicated in Chapter II, domestic prices have been distorted by
a government subsidy since 1974 (U.S. prices are not perfectly competi-
tive, but are less distorted); (2) most of imported aluminum comes from
the United States and the import ratio is expected to increase sub-
stantially; (3) the U.S. price provides the best result in our estimation.*
There is an apparent problem in using the U.S. producer's price
when we analyze the consumers's surplus Toss in Chapter VI based on the
demand model here, because the U.S. producer's price does not include
the transportation cost. However, if we compare the U.S. producer's
price with the actual delivered price (transaction price) during the
time period, we find that actual delivered prices are both above and
below U.S. producer's prices because of variation in transportation
cost as well as aluminum prices on spot and short-term contract bases.
Therefore, for predictive purposes, we assume the U.S. producer's

price used here does include the transportation cost.**

*The U.S. price was also used in estimating aluminum demand for
many countries and areas by the World Bank (1983) and Smithson (3979).

**Actually, the failure to more accurately measure the transport-
ation cost during the estimated time period may be a shortcoming in
calculating the consumers' surplus analysis. However, failure to
accurately account for transportation costs does not appear to cause
serious problems in estimating aluminum demand.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



39

In the case of aluminum, the primary related commodity is copper,
because aluminum and copper are the closest mutual substitutes.* The
data for price of copper are based on the current dollars at London
Metal Exchange for copper wirebars. It is also converted into NT
dollars. Each index is deflated by the wholesale price index (1979 =
1.00) in Taiwan. The indices are therefore in constant 1979 NT dollars.
The basic data for the variables in equation (3.7) are presented in

Appendic C. The period 1971-1980 is covered in the estimation.

C. THE ESTIMATION RESULTS
Before the estimation of the equation specified in Section A,
some clarification is necessary. For most demand models, the supply
equation should be considered in order to estimate both equations
simultaneously. Otherwise, the demand equation may not be identified
and estimators for the parameters of the equation may be inconsistent
(Maddala, 1975; p. 221). As mentioned earlier, the aluminum supply
in Taiwan is assumed to be perfectly elastic and exogenously given.
Therefore, the demand equation (3.7) wiil be exactly identified and
estimable. Besides, the price is taken as given in the Taiwan aluminum
industry, thus no endogencus variables are implicitly included in the
left hand side of the demand equation. The assumption of no correlation
between the price variable and the error term is therefore appropriate.
Based on the above assumptions, equation (3.7) can be estimated

by ordinary least squares to obtain consistent and unbiased estimates

*See the National Materials Advisory Board's Mutual Substitut-
ability of Copper and Aluminum.
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of the parameters. The final result of the estimation of the para-

meters of the derived demand equation is presented as follows:

(3.9) 1%y = <957 + 2.021nY, - 0.64 Inp,
s.e.  (2.85) (0.14)  (0.24)
t ~3.36 14.79 -2.70
R® = 0.97 F=109.31  DW=2.15

where XA £ total domestic aluminum consumption

Yt = real gross domestic product

P real U.S. price for aluminum in NT dollars

A,t
Because the copper price variable is not significant, it was

dropped from the estimating equation. In general, the domestic de-

mand equation seems to be appropriate. The sign for each parameter is

consistent with that predicted theoretically. Based on the value of

t ratios, the estimate of Y is significant at the 1 percent significance

level for one tailed tests, while the estimate of PA is significant at

the 5 pe%cent significance level. The adjusted multiple coefficient

of determination (§2) is equal to 0.97. The Durbin-Watson statistic

is 2.14, which suggests no autocorrelation of the error term. There-

fore, the result of the estimation is generally good. From the esti-

mated equation, we find the price elasticity is -0.64 and the output

or income elasticity is 2.02. The income effect is much higher than

the price effect on aluminum demand. Table 3.1 shows the actual and

estimated domestic demand for aluminum for the period 1971-1980. The

average percentage error found, which is less 5 percent, is very Tow
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Table 3.1
HISTORICAL SIMULATION RESULTS OF DOMESTIC ALUMINUM DEMAND

Year Actual Estimated % Error
1971 29,800 25,999 12.8
1972 34,338 37,482 9.2
1973 51,900 50,961 1.8
1974 47,300 46,991 0.7
1975 50,100 52,697 5.2
1976 64,300 68,321 6.3
1977 79,200 81,548 3.0
1978 108,200 111,564 3.1
1979 115,897 109,877 5.2
1980 133,668 133,724 0.1
Average 1971-80 4.7
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except for the years 1971 and 1972.* This fact indicates that a rea-
sonable amount of confidence may be placed in the model's forecasts

of the near future.

D.  SUMMARY

This chapter features a static model of the aluminum demand in
Taiwan designed to examine the price change during a supply restriction.
The reason for adopting a static model instead of a dynamic model is
that the former may be more appropriate to reflect the effect of price
change on demand and more consistent with the assumptions of an I-0
model, because neither the short-run nor the long-run elasticity may
properly forecast the effect of an abnormal supply restriction and
the input Tlevel in the basic I-0 model is only dependent on the output
Tevel. Besides, the lagged consumption variable derived from the
adaptive expectation model or the stock adjustment model may not be

an important factor during an abnormal supply restriction.**

*The high percentage errors for 1971 and 1972 may have resulted
from the change in the economic structure induced by substantial in-
creases in energy cost after 1973. In other words, this model is bet-
ter able to estimate aluminum demand after 1973, than before that time.

**The stock adjustment model for aluminum demand in Taiwan was
estimated by the author as follows:

'lnCt = -6.61 + 0.33 1nCt_ + 1.45 TnRGDP_ - 0.53 1nP

1 t t
s.e. (2.67) (0.15) (0.28) (0.20)
t -2.48" 2.18 5.12 22,69

R% = 0.98 F = 113.68 h=1.62

From the estimated equation, we find the short-run and long-run price
elasticities are -0.53 and -0.79, respectively and the value of Durbin
h statistic, which is siginficant at the 5 percent significant level
for the two tailed test implies no autocorrelation of the error term
(Pindyck and Rubinfeld, 1981).
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From the estimation results, we found that the income Tevel is
highly significant and has a much larger effect on aluminum demand
than the price level. This fact is also prevalent in most developing
countries.*

In general, the resulting model has proven to be a valid one.

In Chapter V, this model will be used as a basis to evaluate consumer
surplus due to a supply restriction. The prediction of price changes
induced by a restriction in aluminum supply is also based on this
model, in which any change in the quantity of aluminum supply will be
treated as an equivalent change in the quantity of domestic demand.

In Chapter V and VI, these predicted price changes will be incorporated

into a substitution model to analyze the substitution effects.

*The estimation by the World Bank (1981) shows that the income
elasticity of aluminum demand for the developing country is 1.80, and
the short-run and long-run price elasticities are -0.09 and -1.04,
respectively.
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CHAPTER IV
ECONOMETRIC ESTIMATION OF SUBSTITUTABILITY BETWEEN ALUMINUM AND COPPER

A.  INTRODUCTION

Whenever a commodity supply restriction is imposed, there are
several possible counteractions to reduce the demand for the com-
modity in order to alleviate the economic impact. Four major alter-
natives are: technological change in input requirement, substitution
between material and capital or labor, price induced conservation, and
substitution between materials.

The first adjustment measure is technological change, which re-
duces a commodity unit input requirement of final output. As indi-
cated in Chapter I, technological change in the aluminum sector would
not be possible in the short-run and is not discussed here.

The second is substitution of labor or capital for a commodity
input. The substitution among bauxite and other inputs in the U.S.
primary aluminum industry has been estimated by Moroney and Trapani
(1981). However, this substitution effect in the Taiwan primary aluminum
industry is not considered because: (1) Domestic primary aluminum is
produced only by Talco, which already has an excess labor force and
assets since the Kaoshiung I smelter was shut down. A further increase
in labor force or capital to reduce the bauxite requirement is there-
fore impossible in the near future. (2) The data for estimation of
this substitution are unavailable.

The third potential counteraction is price induced conservation.

This conservation effect is simply referred to as a price induced in-
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come effect, which can be derived from an estimated own price elasticity.
Section C and consumer surplus analysis in Chapter V explain this
effect.

The last potential counteraction is substitution in an inter-
mediate demand of the commodity. Here it is referred to as a substi-
tution among aluminum and related commodities which are demanded as
intermediate inputs in the production of outputs for aluminum using

sectors.

The purpose of this chapter is to investigate substituticn
possibilities, in the absence of technological change, in the inter-
mediate demand for aluminum and to examine the effect of this substi-
tution. The next section will discuss the areas of potential substi-
tution. Section C explains the deterministic model for estimating
the substitution possibility. Section D presents the estimation re-
sults. Section E will present the effect of this substitution on in-

put coefficients.

B. AREAS OF POTENTIAL SUBSTITUTION
A number of materials, such as plastics, steel, and copper, can
potentially be substituted for aluminum,* but only the substitutability

between aluminum and copper is examined here. This is because copper is

*A number of materials can be substituted for aluminum, which in-
clude plastics, steel, copper, magnesium, and titanium. Plastics
mainly compete with aluminum in packaging and containers; steel, in
containers and transport equipments. More detailed discussion can be
found in Metal Week's Aluminum Profile of an Industry (1968), and
Permanent Subcommittee on Investigations' Materials Shortage in
Aluminum (1974).
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the closest and strongest competitor for aluminum and can be substi-
tuted for aluminum immediately in many areas. In addition, the data
for the estimation of the substitution possibilities between aluminum

and copper are readily available.

Both aluminum and copper are good electrical and thermal con-
ductors. Although copper is better than aluminum in conductivity,
adluminum can deliver twice the conductivity for equal weight.
Aluminum's advantage in price has been a significant factor in the
penetration of several market areas originally held by copper, such
as bare transmission cable, automobile radiators, air conditioner
tubing, etc. Aluminum's only disadvantage in the electrical industry
is that it requires more volume in terms of electrical performance.
This disadvantage also explains why copper is preferred in small
electronic devices, while aluminum is used in overhead power trans-
mission wires. Table 4.1 lists some relative properties of aluminum
and copper and those potential overlapping markets which are also
the potential substitution areas.*

In addition to the major potential substitution in electrical
devices and equipment and heat exchanger applications, various miscel-
laneous areas such as alloying and coating applications and ordnance
also provide the potential possibility for substitution between
aluminum and copper (National Materials Advisory Board, 1972). However,

there is no substitution possibility in some areas because .some

*The information summarized here mainly comes from the Metals
Week's Aluminum-Profile of an Industry (1968), and the National
Materials Advisory Board's Mutual Substitability of Copper and
Aluminum (1972.)
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RELATIVE PROPERTIES OF ALUMINUM AND COPPER

Aluminum Copper
Specific Gravity 2.70 8.95
1b./cu. in. 0.098 0.323
Relative
Conductivity
(equal volume
basis) 59 100
Approximate
price/1b. 81¢ (1980) 99¢ (1980)
57¢ (1981) 79¢ (1981)
Approximate
price/cu. in. 8.1¢ (1980) 32.1¢ (1980)
5.7¢ (1981) 25.6¢ (1981)

Potential over-
lapping markets

wide ranae of markets
including transport
equipment, housing,
packaging and elec-
trical equipment

competes in construction
for plumbing, tubing,
roofing, gutters; elec-
trical applications such
as, transtormers, AC
induction motors;
building wire and power
wire, automative elec-
trical and heat exchangers.

Special diversity of utilization excellent fatigue resis-
properties attributed to light tance and corrosion re-

weight, corrosion re- sistance, high conduct-
sistance, ease of fab- jvity, resistivity,
rication, electrical ability to combine to
conductivity, resis- form alloys offering im-
tivity, high strength, proved properties.
coatability, non-
magnetic and non-toxic

Sources: Metals Week (1969); National Materials Advisory Board (1972);

World Bank (1982).
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special properties are required for these applications. For example,
copper cannot be substituted for aluminum in containers and packaging
in which nonmagnetic and non-toxic properties are necessary. Therefore
we may assume that electrical devices and equipment, metallic products,
transportation equipment, machinery, and construction are the major
sectors in which potential substitution between aluminum and copper
inputs exist.

In general, "materials are chosen for specific application on the
basis of their ability to perform most successfully for the least
possible cost" (Metals Week, 1968). Therefore, given the possibility
for substitution, the relative price becomes a significant factor 1in
the decision of actual usage. This phenomenon is specially true for
aluminum and copper, because aluminum's steady displacement of copper
in many areas is jargely attributable to its Tower unit price. This
fact also justifies our assumption of the substitution possibility

between aluminum and copper during an aluminum supply restriction.

C. SPECIFICATION OF THE MODEL

The extent of the substitution between copper and aluminum in-
puts will depend on the relative cost of the two metals. Basically,
whenever the price of one commodity increases, two analytically de-
fined effects will come into play simultaneously. One is the substi-
tution effect, which would cause a reduction in purchases of the com-
modity in question and increases in purchases of related cormodities,
if output were held constant. This is shown as a movement from point

a to point b in Figure 4.1. This movement changes the input ratio of
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the commodities X and Xo- Another effect is the output effect caused
by upward shifting of the marginal cost of the output in response to
an increase in the price of the commodity input Xy This shifting
would reduce the optimal level of output Q1 to Q2 and move production
from point b to point ¢, though at the same relative price level. If
we assume that the production function exhibits constant returns to
scale, then this movement would not change the input ratio of X1 and
xz.* However, only the substitution effect is incorporated in the

I-0 analysis of this study. The reason for excluding the output effect
in the modification of input coefficients in the I-0 model is that,

as mentioned above, the output effect only reduces the sectoral out-
put Tevel and does not change the input structure.

In order to measure the substitution effect in a supply restriction,
the elasticity of substitution between aluminum and copper is estimated.
Several possible production functions, including the two-level Constant
Elasticity of Substitution (CES) production function (Sato, 1967) and
the transcendental logarithmic production function (translog) are

available for estimation purposes.** Both production functions

*The definition of constant returns to scale indicates that if
the production function is given by Q = f(x1, Xos wees xn), then

f(mx], MXys MXgs «ves mxn) = MQ where Q is output, X1 is input, and m

is a percentage. This definition says that if we increase output by
some percentage m, all the inputs required will be increased by the

same percentage m respectively. This fact implies that changing the
output level will not change the input ratios.

** Cobb-Douglas production function is not suitably applied

in this estimation because of its rigid assumption of the elasticity
of substitution being equal to one.
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are sufficiently flexible to be of practical use in empirical esti-

mations. However, the transcendental logarithmic (translog) pro-

duction function has been the most popular method in the past decade.*

The advantage of the translog production function over the two-level

CES is that it has flexible functional forms allowing for the esti-

mation of non-restrictive substitution characteristics for the production

structure in which multiple products and multipie inputs are included.**
This study employs the two-stage translog production function

approach in the manner of Fuss (1977) to estimate the substitution

possibility between aluminum and copper inputs. We begin by assuming

the existence of an aggregate production function for the whole

economy :

(4.1) Q = f(K, L, E, A, C,M)

where Q is the total gross output (GDP), K, L, E, are aggregate in-

puts of capital services, labor, and energy respectively, A and C

are aluminum and copper input;; and M is the input aggregate of all

other materials. Copper and aluminum are the closest substitute to

each other in some areas. Their common properties also somewhat pre-

clude the possibility of substitution markets' overlapping with other

materials. Therefore, except for data availability reasons, imposing

homotheticaly weak separability in aluminum and copper is not quite

*The translog production function approach was developed by
Christensen, Jorgenson, and Lau (1973). Fuss (1977) expanded it to the
two-stage translog production function by imposing homotheticaly weak
separability.

**The CES production function assumes that the elasticity of
substitution among the inputs is constant.
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restrictive. Based on the separability, we can rewrite equation (4.1)
as:

(4.2) Q=f(K, L, E, M', M)

where M' is the aggregate input measure of aluminum and copper.

If we assume that aggregate input prices and total gross output
levels are exogenously determined, estimating the cost function instead
of the production function will avoid the multicollinearity problem
between input levels (Laumas and Williams, 1981).* Given the assump-
tion of cost minimization and using the theory of duality of cost and
output levels, the cost function corresponding to the production
function (4.2) can be written as:

Koo, of, oM, A% g

(4.3) TC = q(P
where Pi are price indexes for each aggregator (i = K, L, £, M', and
M).** Sdince PM' is the price per unit of the aggregate input of
aluminum and copper, it is also the cost per unit of the aggregate M'.
Based on the assumption of homotheticaly weak separability, the general

specification of the translog unit cost function for M' therefore may

be expressed as follows:***

*Laumas and Williams point out that the input level is generally
endogenously determined, while the input prices are exogenously
determined. Therefore, a cost function will avoid the muiticcilin-
earity problem caused by the simultaniety.

**The aggregate price index is not a simple weighted average of
the price level of the inputs in question, unless these inputs are
perfect substitutes or complements (Fuss, 1977).

***Fopr more detailed discussion about the derivation procedure
of this two-stage translog cost function, see Fuss (1977), and Hazilla
and Kopp (1982).
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= 1 '
(4.4) TnP By I B ]"Pi t 1z zj Bij ]”Pi 1nPj
i, j=A,C
With the use of Shephard's Lemma and the assumption of cost minimi-
zation in M', the optimal derived demand for aluminum and copper can

be represented as:

(4.5) x, =2 i=A,C

1
where CM is the cost of M', X is the optimal demand for commodity i.
Therefore, relative shares in total cost are:
1] [
Pi%i _ o Pi _ ainc"
M eP1 CM a'lnPi

(4.6) S. =

i=A,C
Toog

Given the assumption of cost minization of M', PM

is also equal to
the unit cost of M'. To simplify the problem, we assume there is no
relationship between aluminum and copper prices. Therefore, estimable
share equations can be written as:

(4.7) S; = by * 5 by TPy +e i,-j=A, C

where bof = B:» bij = Bij’ and e is stochastic error. The necessary
and sufficient parameter restrictions for the assumption of linear

homogeneity in input prices are:

(4.8a) P boi =]

(4.8b) Zs bij = zj bij =0
- .o s

(4.8¢c) bij bij 173

From equation (4.7), the constant-output, constant-technology cross-

elasticities are therefore calculated as:
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bi' + Sis‘ ] )
(4.9) aij = -—%;gg———l for i # J

and the own-elasticities of substitution are:

2
(4.10) a.. =255 ¥51 5
11 7

i

S

The price elasticities of input demand can be calculated as:

(4.112) Eij = Si o5

(4.11) Eii = S o4

According to the stable and cost minimizing input demand principle,
E;; must be less than zero.

Because homothetic weak separability is imposed in the production
function, these elasticities are equal to net elasticities rather than
gross elasticities,* which implies that these elasticities take only
the substitution effect into account.** The next section estimates
the system (4.7) subject to the parameter restrictions (4.8). The

estimated result will provide an estimate of the structure between

aluminum and copper inputs.

*The net elasticity is calculated while holding the output Tevel
of the aggregate function constant. The gross elasticity is calculated
holding total gross output Q constant. These definitions are prevalent
in several text books (e.g. Walter Nicholson, Microeconomic Theory,
1978), but contradicts the definitions by Berndt and Wood. For de-
tailed discussion about the difference between these elasticities,
see Berndt and Wood (1979).

**In the present case, only two inputs, aluminum and copper, are
assumed in the aggregate input group M'. The cross elasticity of sub-
stitution derived from the translog cost function (4) will be equal
to the direct elasticity of substitution (Berndt and Wood, 1979).
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D. THE ESTIMATION RESULTS

The cost share equations for aluminum and copper are estimated
for the whole economy aggregately, because the time series data of
the consumption for aluminum and copper on a sector by sector basis

are not available.* The data for the cost shares can be calculated

as:

_ i
(4.12) S. = 5 :

Because the cost shares always add up to one, the stochastic
errors must sum to zero at each observation. This restriction makes
the covariance matrix in the system singular. Consequently, we have
to delete one share equation from the system. That means we estimate
only one of these two share equations in our case, and derive the
parameters for another share equation based on the imposed restrict-
jons (4.8). Here we estimate the parameters of the share equation
(4.7) using the maximum Tikelihood (ML) procedure to avoid the potential
autocorrelation problem in time series data (Maddala, 1976; p. 283).**
The same yéar period 1971-1980 used in Chapter III is also covered in
this estimation. The result of the estimation of the parameters of

equation (4.7) is presented as follows:

*The sources of data for domestic consumption of aluminum and its
prices and the data for copper prices have been presented in Chapter
III, Section B. For the domestic consumption of copper, we use the
source from Metallic Materials in Taiwan, R.0.C. (1980).

**The consequences of autocorrelated errors are that OLS esti-
mators are still unbiased but not efficient. One of the solutions
to these problems is to use a modified Cochrane-Orcutt Procedure (one
of the maximum 1ikelihood procedures) as developed in Beach and
Mackinnon (1978).
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(4.13) S, =0.48 + 0.22 1nP, - 0.22 1nP

A A c
s.e.(0.03) (0.04) (0.04)

t 17.65 4.91 4.91
Ré = 0.70 F=24.15 DW = 1.86

Based on the value of t ratio, the estimates of all parameters are
significant at the 1.0 percent level for a two-tailed test.*

Two issues of primary interest in this study are the elasticity
of substitution between aluminum and copper (4.13) and the price
elasticity of demand for aluminum and copper. These elasticities can
be derived from the estimated equation based on equations (4.9) and
(4.11). The estimate of the elasticity of substitution between alum-
inum and copper is 0.078 (calculated at the mean values of the exog-
enous variables). This result indicates that copper can substitute
for aluminum in the Taiwan industry, but only weakly so. The cross-
price elasticities for aluminum and copper are 0.049 and 0.029
respectively. This weak cross-price effect is also reflected in the
estimated aluminum model in Chapter III, in which the copper price
shows no significant effect on aluminum consumption. The own price
elasticities for aluminum and copper are -0.049 and -0.029 respect-

ively. These negative values justify the postulates for stability

*The result of the estimation of the equation SC can be derived
based on equation (4.8). The result is as follows: '

S. = 0.52 - 0.22 InP, +0.22 TnP_

s.e. (0.03) (0.04) (0.04)

t  18.82 -4.97 4.91

&2 = 0.70 F=24.15 DW = 1.86
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of the demand function.

As mentioned above, these elasticities are net elasticities
rather than gross elasticities. Therefore, when we compare the price
elasticity for aluminum estimated here with the price elasticity esti-
mated in Chapter III.* we may conclude that the output effects on
aluminum consumption in Taiwan may be so great that the substitution
effects are overwhelmed by the statistical analysis. This figure
may be justified by the fact that Taiwan had very high annual economic
and export growth rates in the past decade,** and thus most of the
inducement in aluminum demand in Taiwan may be derived from increases
in final demanq. However, these elasticities will be incorporated
in Chapters VI and VIII to modify some of the aluminum input co-
efficients and to simulate the impact of the substitution effect in

an aluminum supply restriction.

*The price elasticity estimated in Chapter III is a gross
elasticity. This elasticity includes the substitution effects and
the output effects.

**In the past decade, the average annual growth rate of GDP and
exports for Taiwan are 9.7 and 30.8, respectively.
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CHAPTER V
METHODOLOGIES FOR ANALYZING SUPPLY RESTRICTION IMPACTS

A.  INTRODUCTION

In this chapter, two methodologies for analyzing supply restrict-
ions are presented: consumers' surplus analysis and input-output
analysis. An application of these methodologies to aluminum supply
restrictions and an interpretation of the results will be presented in
the next chapter.

Section B of the chapter presents the consumers' surplus (CS)
methodology. This approach relies on demand and supply functions to
analyze the welfare loss (consumers' surplus loss) during a supply
restriction. For the case of Taiwan's aluminum industry the method
is simplified by the presence of a horizontal supply function. More-
over, an examination of the aluminum market structure indicates that
a general equilibrium CS analysis is not needed.

The analytical framework of input-output (I-0) analysis is pre-
sented in Section C. There are two I-0 approaches that can be employed
to analyze the impact of a supply restriction: the conventional
"demand-driven" I-0 model and the "supply-driven" I-0 model. Because
of inherent limitations in the conventional I-0 model, the "supply-
driven" I-0 model will be used in this study to analyze the impact of
an ‘aluminum supply restriction. Since possible biases in input rela-
tionships might arise in an application of the supply-driven model,

a test for these biases is presented as well.
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B.  CONSUMERS' SURPLUS ANALYSIS

In general, consumers' surp1us-(CS) is defined as the difference
between total valuation for a specified quantity of the commodity in
question (the area under the demand curve) and the market value of
that commodity (price times quantity). Graphically it can be repre-
sented in Figure 5.1 as the area between the price 1ine and the demand
curve. From this figure, it is easy to show that any change in the
price Tevel of the commodity will also change consumer surplus. As
the price increases, CS will decrease, and vice versa.

CS is a real part of economic welfare.* For a price increase in
a given commodity, the consumer would have to give up more income in
order to have the same quantity of the commodity. This means he
would have to sacrifice the consumption of other commodities and ser-
vices, hence moving to a Tower level of utility. Based on this idea,
we can obtain a measure of the magnitude of the reduction in welfare
which results from a supply restriction.

Figure 5.2 illustrates the welfare cost of a supply restriction.
SS is the domestic supply curve, which reflects the domestic supplier's
marginal cost to produce one more unit of a commodity, with the price
of inputs held fixed. DD is the demand curve, representing the con-

sumer's marginal valuation of a commodity, with the consumer's income

*The concept of CS dates back to Alfred Marshall and has gone
through several refinements, most notably by Hicks (1941). A great
deal of controversy surrounds the appropriate measure of CS. A
recent paper by Wiilig (1976) has helped resoive a gocd deal of this
controversy by showing that "income effect” biases are 1ikely to be
small.
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and the prices of other commodities assumed to be fixed. pe repre-
sents the constant world price at which imports are available. If

a country's imports are very small relative to the total world trade,
the world price can be taken as given. Then, based on the given
world price, Pe, total domestic supply will be equal to Qs‘ Total

domestic demand is equal to Qd' The amount of imports is equal to

Q.

j
(Pe) and the demand curve. Now assume there is a commodity price

(= Q - Qs). Total CS will be the area between the price line

change, AP, induced by a supply restriction. The world price of the
commodity increases to P'. The total reduction in consumers' surplus
will be equal to the shaded area. The area A in Figure 5.2 is an in-
crease in domestic producers' surplus. It is a transfer payment be-
tween domestic producers and consumers; although it is a part of the
reduction of consumers' surplus, from the standpoint of the whole
economy, it is not a loss. The actual welfare loss for the domestic
economy is, therefore, only the area B.

As mentioned in Chapter III, there is no domestic supply curve
for aluminum in the case of Taiwan. A1l aluminum for domestic demand
is imported in the form of bauxite, alumina, and aluminum metal.

Since the amount imported is very small relative to the total world
trade, we can therefore assume that the import total is dependent on
the import price and domestic demand. Given the import price and re-
quired domestic consumption, total imports are determined. Therefore,
if the import price is increased from € to P', the total welfare loss

will cover the whole shaded area represented in Figure 5.3.
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Figure 5.3 is similar to Figure 5.2, except that there is no con-
ventional supply curve in Figure 5.3.

In general, the welfare loss should be measured within a general
equilibrium framework (Carson, 1975). That means a loss in CS would
be counterbalanced by increased profits for the supply side. The
welfare loss in this study is measured within a partial equilibrium
framework rather than a general equilibrium framework, because in-
creased profits on the supply side in the Taiwan aluminum industry
are mainly gained by foreign suppliers. Besides, more than 70 percent
of the copper, the competitive material to aluminum, used in Taiwan
also relies on imports (Chin, 1981). This fact implies that a partial
equilibrium analysis would not significantly reduce the accuracy of
the results.

Mathematically, the welfare cost can be presented as:

(5.1)  Total Welfare Loss = (S q - (S, = L )

where f(P) is a demand function represented by the curve DD in

Figure 5.3, in which all influential factors except the price of the
commodity in question are assumed fixed; CSpe is the total CS without
a supply restriction, CSP. is the total CS with a supply restriction.
The above equation is used to measure the welfare loss of a supply re-

striction in an aluminum commodity in the next chapter.

C. INPUT-QUTPUT ANALYSIS
This section presents another technique for estimating the

amounts of income or output reduction due to a commodity supply
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restriction. This technique is based on input-output analysis.*

The I-0 table describes the demand and supply relationships of
an economy for a given period and shows the final demand of goods and
services and the interindustry transactions required to meet that de-
mand. The accounting system of an I-0O table in an open economy is
based on two fundamental identities. One is that the total domestic
production of any sector is equal to the sector's products used by
all sectors in the economy as an input to produce their output plus
the amount demanded for final use by consumers, exports, investment,
and government, minus total imports of the sector. The second identity
is that the total domestic production of any sector is also equal to
the total purchases made by the sector from all sectors in the economy
plus all returns to primary factors or value added (i.e., wages,
salaries, profits, taxes, etc.) in this sector. Based on this double-
entry accounting system, the bridge between estimates of the level
and composition of GDP** and commodity consumption per unit of sector
output for individual sectors can be provided. This bridge is the
core of the conventional impact analysis procedure.

A more detailed description of I-0 analysis is represented in

Appendix B. Here we only discuss the computational procedures in

*Input-output analysis was developed by Professor Wassily Leontief
in the 1920's and 1930's (see, e.g. Leontief, 1941). It's role as
a powerful tool of impact analysis is well established in Leontief
(1966) and Bulmer-Thomas (1982).

**In general, the total value of gross domestic product (GDP)

can be obtained by deducting imports from the total final demand,
or by summing up all value added in the I-0 table.
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I-0 analysis. The basic.balance equation of I-0 (the first funda-
mental identity) can be represented mathematically as follows:*

(5.2) X. = 2. X.. +F

i j i3 i Mi

where Xi = total domestic output of sector i
xij = purchases by sector j as an input from sector i
Fi = final demand for sector i's product
M. = total imports of sector i

3
The intersectoral flows (Xij) and final demand (Fi) contain both

imported and domestic product. Total supply or demand of sector i
is equal to Xi plus Mi‘ Assuming the I-0 model is a linear inter-
sectoral model of output determination and a fixed-proportion pro-
duction function for each sector, we can define the direct input or

technical coefficients as follows:

X'IJ
(5.3) aij =v

where the input coefficient aij is the amount of inputs directly

required from sector i to produce one unit of the output of sector

Substituting equation (5.3) into equation (5.2) we obtain:

(5.4a) Xi = Zj aijxj + Fi - Mi
or
(5.4b) Xi + Mi = zj aijxj + Fi

*If all imports were classified as non-competitive and were
included in the primary inputs, then equation (5.2) will be:

X. = 5. X.. + F.
i j. M i
where all inter-sectoral flows (Xij) and final demand are treated a

being of domestic origin and where X, contains both imported and

domestic product. 1
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Based on the above equation and assuming that the ratio of the total
import and domestic output for each sector is fixed, then the whole
accounting system may be rewritten in an abbreviated matrix form as

follows:

(5.5) (1-A+Mhx=F

where A is the direct input coefficient matrix, fundamenté] to I-0
calculation, Md is a diagonal matrix representing the ratio of the
import and domestic output for each sector, and I is the jdentity
matrix. Using this equation and assuming no production technology
change in any sector, the vector of domestic output (X) is determined

by (given the vector of final demand):

(5.6) X=(1-a+MYyTF
where (I-A+Md)'1 is the inverse of the matrix (I-A+Md), which is
similar to the Leontief inverse (I-A)_.l except that the former adds
the import ratio vector. The elements of the inverse matrix repre-
sents the total interdependence coefficients, which indicate the
total direct and indirect requirements by sector per unit of output
to final demand. The inverse can be used to determine, for example,
the overall impacts of change in expenditure levels of final demand
(e.g., increase in government expenditure or investment) or the im-
pacts of change in a sector's domestic output (e.g., plant shutdowns,
output reduction, import substitution) on tétal domestic output and
income.

However, this conventional I-0 model (demand-driven) focuses on

the impacts stemming from final demand, or backward 1inkage, and output
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orientation of activities. It may not be appropriate to deal with
the impact from primary supply, or forward linkage, and input orient-
ation of activities (Hoover, 1975; pp. 230-232). It is obvious that
2 supply restriction in our case is a problem of the availability of
resources for production. Accordingly, its impact is through the
forward linkage and input orientation rather than backward 1inkage or
final demand. Therefore, the conventional impact analysis may not be
suitable in our case. Instead, we use the "supply-driven” I-0 model
to evaluate the impact of a supply restriction in an aluminum com-
modity.*

The conventional I-0 model (based on income and output multipliers)
and the "supply-driven" I-0 model are symmetriéa], but exclusive of
each other. The major difference is that the conventional I-0 model
is dependent on the assumption of fixed input coefficients and a per-
fectly elastic supply of inputs, but the "supply-driven” I-0 model is
dependent on the assumption of fixed allocation coefficients and a
perfectly elastic demand for a sector's output. This "supply-driven"
I-0 model, first developed by Ghosh (1958), has been applied to energy
jssues by Giarratani (1976) and Ayres (1978).

The fsupply-driven" I-0 model is based on an equilibrium condi-

tion of interacting forces through allocation functions rather than

*In fact, the impact of the price change in a given sector on
the price level of all other sectors can be estimated by I-0 analysis
itself (Leontief, 1966). However, the output effects of unanticipated
price changes on the whole economy are unable to be estimated by I-0
analysis. One of the ways to evaluate this effect is through macro
econometric models (see, e.g., Leiderman, 1979).
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through production functions. Based on the second fundamental
identity discussed above, the basic balance equation of an I-O table
can be represented as follows:

.= T, X.. + V.
(5.7) XJ z; x1J VJ

where Vj is the primary inputs (i.e., labors, capital, etc.), Xj is
the domestic output, and Xij is the amount purchased by sector J as

input from sector i. We define the allocation coefficient as:

>
C1e

i
(5.8) dij 1

0

where q; is equal to domestic output in sector i plus its imports.

dij indicates direct sales from sector i to sector j per unit total

supply of sector i. Substituting equation (5.8) into equation (5.7)

yields:

(5.9a) Xj = I dijqi + Vj
or

(5.9b) X: = 2. d..q. = V.

Rewriting the above equation in abbreviated matrix form yields:
(5.10) X-D'Q=V

Q=X+M
where Q is a column vector (nx1) of total supply including domestic
output (x) and imports (M), X and V are column vectors (nx1) of
domestic output and primary inputs .respectively, D is the allocation
coefficient matrix (nxn) and D' is its transpose. The number of

sectors in the economy is indicated by n.
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If we also assume that the ratio of imports and domestic output

is fixed for each sector, then equation (5.10) can be rewritten as °

follows:

(5.11) X(I -0 (1 + M)y =v

or

(5.12) X = (1 -0 +M)Ty=ay

where G is the inverse of the matrix (I-D'(I+Md)). Given a change in
primary inputs, the impact on domestic output can be determined by
the above equation (5.12). The element (gij) of the inverse matrix

G represents changes in domestic output of sector i due to a one unit
change in primary inputs of sector j.

In general, fixed allocation coefficients are a weaker assumption
than fixed input coefficients. However, Ghosh (1958) has pointed out
that under a monopolistic market with scarce resources, the allocation
function rather than the production function will play the major role
in the economy. An empirical study by Augustinovics (1970) also
found that the input coefficient doesn't appear more stable than the
allocation coefficient. Therefore, assuming that allocation co-
efficients are fixed may not be unreasonable during a supply re-
striction in primary inputs. Based on this assumption, equation
(5.12) can be used as a basis to evaluate the impact of a supply re-
striction on aluminum.

In order to evaluate the impact of aluminum supply restrictions,
the aluminum sector is treated as an exogenous sector and put into

the primary input group. Consequently, equation (5.12) is changed to:
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(5.13) X=0G(V+ YA)

where YA is a direct aluminum allocation vector ((n-1)x1). The

dimensions of other relevant vectors (X and V) and matrix (G) are
(n-1)x1 and (n-1)x(n-1) respectively (excluding the newly defined
exogenous sector--aluminum). The element (aj) of the vector YA is

defined as follows:
(5.14) a; =1 i#3

Based on equation (5.13), the impact of a change in total aluminum
supply on domestic output can be estimated as follows:

(5.15) AX = G AXA

In the above equation, any reduction in the total supply of
aluminum will be proportionally shared by all other sectors because
of the assumption of fixed allocation coefficients. Naturally,
equation (5.15) can also be used to evaluate the effect of alter-
native output distribution programs for the sector output. However,
it will not be discussed here.

From this "supply-driven" model, we can also estimate the impact
of a supply restiriction in aluminum on GDP as long as we use the sum-
mation of the value added as a proxy for GDP and assume that the ratio
of the value added and domestic output for each sector is constant.
This estimating equation is represented as follows:

(5.16) AGDP =V G AXp

where V is a row vector (I1x{n-1)) of the value added ratio.
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Combining equation (5.15) and equation (5.16), the impact of a supply
restriction in aluminum on domestic output and GDP can be simulated.
Before proceeding to the next section, some clarification is
necessary. First, the substitution among inputs (i.e., changes in
input coefficients) implicit in the solution of the "supply-driven”
I-0 model may be unreasonable. If so, then this model may not be
appropriate for analyzing the impact of a supply restriction. The
potential problem was tested in the context of the 1979 Tajwan I-0
Table as follows: We assumed a 50 percent supply reduction in
aluminum in 1979. Then, according to equation (5.13) and (5.15),

the new gross output levels will be:

R - S —
& (Vigzg * Xp, 1979 = &% X

A) = Xiggg - X =

where X" is the new gross output vector. Based on the new gross
output and the original allocation coefficients, we can calculate the
new intersectoral flows (i.e., new Xij)' The new input coefficients
can be therefore obtained by equation (5.3). Results of the test

for the aluminum using sectors are shown in Table 5.2. Based on
these results, we can conclude that the potentially unreasonable
substitution among input in the solution of the "supply-driven"

model does not exist in our application.

Second, the impact analysis discussed above is simply based on
the existing Taiwan I-0 table. It does not inc}ude the price-induced
conservation effect and substitution effect. This will render the
impact analysis biased. The easy way to alleviate it is to estimate

the price and substitution elasticities and then incorporate them
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*The second column of each pair is resulted fron a 50 percent aluminum supply reduction.
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into I-0 analysis, which will be presented in Chapter VI.

Third, neither the conventional I-0 model nor the "supply-driven”
I-0 model can handle the production function and the allocation
function simultaneously. Therefore, the conventional I-0 model or
the "supply-driven" I-0 model is only able to give us a relatively
impressionistic result. The best way to handle this problem is to
extend I-0 to a linear programming (or more general activity analysis)

framework.

D.  SUMMARY

In the past decade, consumers' surplus analysis and I-0 analysis
have been the most popular methods for analyzing the impacts of a
supply restriction. A priori, it is difficult to tell which method
is better. Consumers' surplus analysis, which is based on econometric
supply and demand models, only gives us an aggregate conclusion,*
but it can properly reflect the price effect and income effect. I-0
analysis can give us the detailed effect on each sector rather than
an aggregate effect, but the rigid assumption of a fixed-proportions
production function or a fixed allocation function will Tead to some
bias in our results. This bias can be alleviated by advancing to a
dynamic model, e.g., modifying aluminum input ratios according to

estimated elasticities of substitution. We will discuss this in

*Another significant problem associated with consumers' surplus
analysis is in the estimation of the supply and demand models. Any
bias in the estimation of these supply and demand models will affect
the analytical results.
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detail in Section D in Chapter VI.

From the discussion presented above, we know how a supply re-
striction is related to the effected industry and the whole economy.
The next chapter will present an application of the methodologies

to assessing the impact of an aluminum supply restriction.
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CHAPTER VI
THE ECONOMIC IMPACT OF ALUMINUM SUPPLY RESTRICTIONS

A.  INTRODUCTION

The purpose of this chapter is to assess the economic impacts of
supply restrictions on the Taiwan aluminum industry. Two sets of
supply restriction phenomena are presented. The first $et focuses on
a bauxite cartel action. Results are presented for two hypothetical
reducticn levels of 3 and 5 percent that are simulated for 1984. The
3 percent level reduction corresponds to a certain critical price
level at which alternatives to bauxite become economical. The 5 per-
cent level pertains to a bauxite cartel action under which no avail-
able alternatives is assumed and the real price for bauxite is doubled.
The second set of more general supply restrictions (embargoes, wars,
etc.) refers to reduction levels ranging from 10 to 70 percent in in-
crements of 10 percent. Results are presented for two subcases: the
impact of alternative aluminum supply restrictions with the substitution
effect and without the substitution effect.

In this chapter, impacts are estimated for each phenomenon by
the two analytical approaches presented in Chapter V. The aluminum
demand model estimated in Chapter III is used as the empirical basis
for the consumers' surplus analysis. The Taiwan I-0 table presented
in Appendix B is used as the empirical basis of the I-0 analysis.
Another important approach (the LP model) will be presented in the
next two chapters. An overview of the application of these three

approaches is briefly shown in Table 6.1. Basically, the consumers'
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Table 6.1

AN OVERVIEW OF THE ANALYSIS OF SUPPLY RESTRICTIONS

Consumers' Surplus

Analysis

1-0 Analysis

Without Substitution

1-0 Analysis
Hith Substitution

LP Analysis

Without Substitution

LP Analysis
Hith Substitution

1.

Based on the de-
mand model

Includes output and
price effects

The substitution
effect is implicit-
1y incorporated

GDP losses shown
in Table 6.2

1.

Based on the
"supply-driven"
1-0 model

No price effect
Includes direct
and indirect out-

put effect

Allocation coef-
ficients are fixed

GDP loss 1s shown
in Table 6.3

Includes the
substitution
effect

GDP loss 1s shown
in Table 6.4

10

a’

Based on the pro-
duction function

Input coefficients
are fixed

No price effect

Includes direct and
indirect output
effect

Includes the
economic con-
straints

GDP losses shown
in Table 8.1

6.

Includes the sub-
sitution effect

GDP Yosses shown in
Table 8.1

8L
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surplus analysis includes the price and output effects of a supply
restriction, in which the substitution effect is implicitly incorpor-
ated. The I-0 analysis with or without the substitution effect only
considers the output effect, but this output effect includes the
direct and indirect effect through the economy. The LP approach is
basically an optimal adjustment approach, based on the production
function. No price effect is included, but major economic constraints
are incorporated.

The price level during aluminum suppiy restrictions are deter-
mined by equating the remaining available aluminum supply with domestic
demand. Because there are some alternatives for aluminum,* the change

in the aluminum price level in a cartel action with alternatives is

therefore determined as follows:

‘ e PE
(6.1) Pé = P> (0.916 + 0.084 (—))
a pe
b
where Pé = aluminum price during a bauxite cartel action
Pz = predicted aluminum price without a cartel action
Ps = predicted bauxite price without a cartel action
Pg = critical price for a bauxite cartel action

Based on the study by Pindyck (1977), the critical price for a bauxite
cartel action, at which alternatives to bauxite become economical,

is US$59.83 per metric ton in 1980.**

*Those alternatives include high aluminum clay, anorthosite,
nepheline, and syenite. For detailed discussion, see S. Patterson
(1977).

**The original critical price was US$39.19 per metricton in 1976
dollar Tevels, in which the price of natural gas is assumed US$2.20
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If we convert the price into NT$ at constant 1979 levels, the
critical price will be NR$1,774.96 per metric ton. This critical price
will be used in the above equation. The predicted prices for aluminum
and bauxite (P: and Pg) are based on the research by the World Bank
(1982).* The number 0.084 is the cost share of bauxite in total
aluminum production costs discussed in Chapter II.

GDP in 1984 is assumed to be NR$1,560,342 million, an 11.10 per-
cent increase from 1982 to 1984. This predicted GDP is derived firom
the optimal solution in Chapter VIII in order to compare these simula-

tion results among these analytical approaches.

B.  ANALYTICAL RESULTS OF CONSUMERS' SURPLUS ANALYSIS

Before presenting the consumer surplus results a complication we
should mention that relates to domestic aluminum production. The pro-
duction cost of aluminum by Talco is higher than the world aluminum
market price. We pointed out in Chapter II that Talco has been forced
to reduce the charge for its aluminum ignot in order to compete with
imports; hence, we can assume that Talco's aluminum price in 1984 will
remain at the same level as the price for imported aluminum. However,
the difference between the list price of Talco and its production cost,

which is subsidized by the government, cannot be treated as a part of

per MMBTU. It is updated to properly reflect 1980 current price
based on the World Bank's report (1982). Because the production of
aluminum from alternatives is much more energy-intensive than its
production from bauxite, therefore any change in the assuming energy
price will have significant effects on the critical price.

*The aluminum price is US$1,980 in 1984 (in current price) and
the bauxite price is US$42.5.
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consumers' surplus. In a partial equilibrium context, is a loss to

the whole economy. Therefore, the total consumers' surplus without

a supply restriction will become the area between the price line and
the demand curve, as shown in Figure 5.1, minus the total government
subsidies for Talco.* Based on these assumptions, the total welfare
cost of a supply restriction becomes:

.-GS=£F £(P)dP - GS

(5.2) Total Welfare Cost = CSpe - CS
p

P

where GS represents the total subsidies from the government.

The impacts estimated by consumers' surplus analysis are pre-
sented in terms of prices and consumption changes, and consumers'
surplus losses, which are Tisted in Table 6.2. For the subset of
cartel actions, the results indicate that the real price level for
aluminum increases only 4.0 percent for the case of the critical
price constraint (3 percent reduction) and 8.4 percent for the case
of a doubling of the baseline bauxite price (5 percent reduction)

over the predicted baseline price. The consumers' surplus Tosses are

*The tariff imposed by the Taiwan government is another factor
affecting the measure of consumers' surplus Tloss because part of the
effect of the tariff policy is a "dead-weight" loss to the whole
economy. That means the amount collected by government from the
tariff may not equal the total cost to the aluminum users. This
factor should be considered in future consumers' surplus analysis of
aluminum in Taiwan.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

81



‘uoissiwiad Inoypm payqiyosd uononpoidas sayung “Joumo ybBAdoo sy} Jo uoissiwiad yum paonpoiday

Table 6.2

IMPACT OF ALTERNATIVE ALUMINUM SUPPLY RESTRICTIONS UNDER THE CONSUMERS' SURPLUS MODEL
(1979 constant NT dollar)

Total
Aluminum Aluminum Consumers' Consumers'

Supply Condition Real Price Consumption Surpluss Loss Surplus Loss
(percent reduction) (thousand NTS/MT) (MT) : (billion NT$) | (percent of GDP)
Baseline? 57.5 203,748 - -
Cartel Action

3P 59.8 198,659 0.03 xd

5C 62.4 193,498 0.52 *
Supply Reduction

10 67.8 183,373 1.55 0.1

20 81.5 162,998 3.92 0.3

30 100.4 142,624 6.80 0.5

40 127.8 122,249 10.41 0.7

50 169.9 101,874 15.10 1.0

60 240.8 81,499 21.53 1.4

70 377.4 61,124 31.11 2.0

28

ﬁBaseline refers to the market situation without a supply restriction.

3 percent reduction refers to a bauxite cartel action with a critical price constraint.

5 percent reduction refers to a bauxite cartel action in which the bauxite price is doubled.
less than 0.05 percent.
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NT$0.47 billion and NT$0.96 billion, which account for less than 0.1
percent of real GDP in 1984. In the cases of supply disruptions, the
aluminum price levels would increase substantially from 17.9 percent
for a 10 percent reduction in aluminum supply to more than 600 percent
for a 70 percent reduction in aluminum supply. The consumers' surplius
losses in supply disruptions range from NT$1.99 billion (0.1 percent
of real GDP) to NT$31.55 billion (2.0 percent of real GDP). The re-
sults indicate that a bauxite cartel action would not impose nearly

as much impact on the Taiwan economy as an aluminum supply disruption.
However, from a consumers' surplus standpoint even the largest impact

is a relatively small percentage of GDP.

C. ANALYTICAL RESULTS OF INPUT-QUTPUT ANALYSIS

In the I-0 analysis, the level of aluminum input for each sector
is adjusted in response to a reduction in direct aluminum availability.
This adjustment causes reduction of output levels in sectors demanding
the aluminum input. The fsupp1y-driven" model presented in the last
chapter defined the total impact of a supply reduction on the whole
economy through this change of adjustments.

We use the aluminum demand model, as we did in the consumers’
surplus analysis, as the baseline for the "supply-driven" model.
Aluminum allocation coefficients for each sector are assumed constant.
Note, however, that the simple I-0 analysis itself can evaluate only
the impact of a supply restriction through the input reduction, not

through price changes.*’

*In fact, the impact of the price change in a sector on the
price lTevels of all other sectors can be estimated by the I-0 analysis
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The results of I-0 analysis, which are listed in Table 6.3, are
presented in terms of supply reduction, changes in domestic output,
and losses in real GDP. The reduction of total domestic output ranges
from NT$0.94 billjon to NT$26.37 billion depending on the percentage
of supply reductions. The changes in real GDP range from NT$0.32 bil-
Tion to NT$9.07 billion. Losses range from less than 0.1 percent to
0.6 percent of our predicted real GDP of NT$1,560 billion. From this
table, we also find the levels of reductions of real GDP and total
domestic ocutput in the I-0 analysis are in proportion to the percent-
age of supply reductions. It fails to show that more serious supply
disruptions are 1ikely to have disproportionate impacts on the whole
economy. This is a major inherent limitation in the I-0 impact analysis.
The next section will incorporate the substitution effect into the
I-0 analysis in order to analyze the impact of the substitution effect

on the analytical results.

D.  INPUT-QUTPUT ANALYSIS WITH THE SUBSTITUTION EFFECT

This section examines the impact of the substitution effect be-
tween aluminum and copper on the I-0 analysis for an aluminum supply
restriction. The elasticity of substitution between aluminum and
copper estimated in Chapter IV is used as the empirical basis in this

section.

(Ayres, 1978). However, the output effects of unanticipated price
changes on the whole economy are unable to be estimated by the I-0
analysis itself. One of the ways to evaluate this effect is through
macro econometric models (Leiderman, 1979).
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Table 6.3

IMPACT OF ALTERNATIVE ALUMINUM SUPPLY RESTRICTIONS UNDER THE I-0 MODEL
(1979 constant NT dollar)

. Total
Aluminum Aluminum Output Loss GDP Loss GDP Loss
Supply Condition Real Price Consumption  Output Loss GDP Loss GDP Loss
(percent reduction)  (thousand NT$/MT) (MT) (biTtion NT$) (billion NT$) (percent of GDP)
Baseline® 57.5 203,748 -- - --
Cartel Action
3 59.8 198,659 0.94 0.32 xd
5 62.4 193,498 1.89 0.65 *
Supply Reduction
10 67.8 183,373 3.77 1.30 0.1
20 81.5 162,998 7.53 2.60 0.2
30 100.4 142,624 11.30 3.90 0.3
40 127.8 122,249 15.07 5.20 0.3
50 169.9 101,874 18.83 6.49 0.4
60 240.8 81,499 22.60 7.79 0.5
70 _ | 377.4 61,124  26.37 9.07 0.6

8aseline refers to the market situation without a supply restriction.
3 percent reduction refers to a bauxite cartel action with a critical price constraint.
5 percent reduction refers to a bauxite cartel action in which the bauxite price is doubled.
less than 0.05 percent.
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According to the cost minimization theory of input use, we
may write the constant-output demand for aluminuh, Xps @S follows:*
(6.2) Xy = 9(Pys Pe)
Differentiation of equation (6.1) with respect to time, yields:

aP aP

(6.3) Pa_, ¥ A P T
t A BPA st aPC at
dividing both side of equation (6.3) by x, and substituting E,, and
3, 2P, 2, P A AR
Exc for — 35 and y— =5~ > respectively, then yields:
A A A c
(6.4) aomgy Parg e
X P P
A A C

The change in aluminum input demand is therefore expressed in terms

of its own-price and cross-price elasticities, and relative variations
in aluminum and copper prices. To simplify the problem, we assume

no change in copper prices during aluminum supply restrictions.

Equation (6.4) is then simplified to:

(6.5) — =t =

Given the price elasticities estimated in Chapter IV and the varia-
tion in aluminum price estimated in the previous section, the change
of aluminum input demand can be obtained.

As mentioned above, we assume the potential substitution be-

tween aluminum and copper only exists in metallic products, electrical

*The optimal demand for aluminum is along an isoquant in the
subset M' shown in Chapter IV, in which only aluminum and copper in-
puts is included in this subset.
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apparatus and equipment, transportation equipment, machinery, and
the construction sectors. Subject to data problems, the elasticities
of substitution are estimated for the whole economy rather than for
each sector. Thus, the change of aluminum input demand only happens
in these five sectors and the percentage change of aluminum input
demand for these sectors is exactly the same.

This information can be incorporated into I-0 analysis by the
following equations:*

(6.6) AX =G aX,; S

=)

S

D)

(6.7) AGDP = V@ aX

A
where S is a row vector (1x(n-1)), with its elements corresponding
to those five sectors defined as one minus the percentage change of
aluminum input demand estimated by equation {(6.5) and the rest of
the elements defined as one. Based on these two equations, the im-
pact of an aluminum supply restriction subject to the substitution
effect can be evaluated.

However, if there is a minimum aluminum input requirement for
a given sectors, then the potential problem of infeasible substitu-
tion may emerge.** One way to assess the possibility of an infeasible

substitution is to determine the minimal aluminum input coefficient

*As defined in Chapter V, G is the inverse matrix of the matrix
(I-D'(I+Md)) in which only 33 sectors are included, V is the value
added coefficient vector, and AXA is changes in aluminum supply.

**That is, our elasticity measures are constant and calculated
for some middle range of an isoquant. There is a 1imit to how far
an elasticity can be extended to reflect extreme input combinations
at the ends of the isoquant.
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for each sector. Unfortunately, data for constructing these co-
efficients are unavaible. However, including only five sectors in
our analysis, combined with the relatively small elasticity of sub-

stitution between aluminum and copper, alleviate the problem.

The results of the simulation are listed in Table 6.4. The
reader should note that the first set of columns repeats the results
from Table 6.3 for the purpose of comparison, From this table, we
find that incorporating the substitution effect significantly reduces
the impact on the whole economy during a serious supply disruption.
For example, incorporating the substitution effect in a 60 percent
supply reduction leads to the real GDP loss NT$6.665 billion, which
is only 85.5 percent of GDP loss estimated in the last section (with-
out the substitution effect). For a 70 percent supply reduction, the
real GDP loss is only NT$6.790 billion, 74.7 percent of the previously
estimated real GDP Toss without the substitution effect. This fact
implies that an impact analysis which omits the substitution effect

would over estimate the economic loss.

E.  COMPARISON AND INTERPRETATION OF THE RESULTS

In the previous sections, the impacts of aluminum supply re-
strictions have been analyzed by the consumers' surplus approach
and the I-0 model individually. In the I-0 model, two subcases have
been simulated: an aluminum supply restriction without and with the

substitution effect.
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Table 6.4

IMPACT OF ALTERNATIVE ALUMINUM SUPPLY RESTRICTIONS UNDER THE I-0 MODEL WITH SUBSTITUTION
(1979 constant NT dollars)

No Substitution Hith Substitution Substitution Offset

Supp])j I;A ).(A
Reduction [N 'R GDP.Loss Oqtpqt Loss (::DP Loss Output Loss GDP Offset Ouypug Offset
(percent) A A (billion NT$) (billion NT$) (billion NT$) (billion NT$) (billion NT$) (billion NT$)

3 0.040 0.002 0.324 0.939 0.323 0.938 0.001 0.001

5 0.084 0.004 0.653 1.892 0.651 1.886 0.002 0.005

10 0.179 0.009 1.299 3.760 1.288 3.737 0.01 0.023

20 0.419 0.020 2.598 7.520 2.549 7.414 0.048 0.106

30 0.746 0.037 3.896 11.280 3.763 10.988 0.134 0.292

a0 1.221 0.060 5.195 15.040 4,906 14.405 0.289 0.634

50 1.954 0.096 6.494 18.800 5.916 17.534 0.578 1.266

60 3.186 0.156 7.793 22.560 6.665 20.094 1.128 2.466

70 5.561 0.273 9.092 26.320 6.790 21.274 2.301 5.045

68
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From these results, we find that the Tosses of GDP in the I-0
model are less than the losses in the consumers' surplus analysis,
especially during the serious supply restrictions. For example, the
consumers' surplus losses for 50 percent and 70 percent reductions in
aluminum supply are NT$15.54 billion and NT$31.55 billion respectively.
But, based on the I-0 model, these losses are only NT$6.49 billion and
NT$9.07 billion. One of the reasons for the difference between re-
sults in these two analytical approaches is that the I-0 model does
not include output effects of unanticipated changes in aluminum input
prices. The I-0 model only takes account of the output effect of
material balance constraints. However, the different analytical bases
of these methods may be another reason for the difference.

Another important distinction among these results is that incor-
porating the substitution effect has a significant effect on the I-0
analytical results during a cut in aluminum supply above 50 percent.
For example, the GDP loss for a 30 percent reduction without the
substitution effect is NT$3.90 billion. For the case of incorporating
the substitution effect, the GDP loss is NT$3.76 billion. The GDP
offset is only NT$0.14. But for a 70 percent reduction, the GDP off-
set jumps to NT$2.30 billion. This fact is also reflected in our
optimal adjustment model in Chapter VIII.

Conceptually, the impacts of supply restrictions should be dis-
continuous. In other words, above some level of supply restrictions,
the impact should be extremely higher than that in a mild supply

restriction. However, neither the consumers' surplus approach nor the
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I-0 model can really reflect this characteristic. This fact consti-
tutes one of the reasons to inspire us to further develop the LP model
to analyze the impact of a supply restriction. We will present the

LP model in detail in the next chapter.
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CHAPTER VII
METHODOLOGIES FOR PLANNING THE OPTIMAL ADJUSTMENTS TO SUPPLY
RESTRICTIONS: THE LINEAR PROGRAMMING MODEL
A.  INTRODUCTION

In Chapter V, the impact of a restriction in aluminum supply on
the whole economy was evaluated based on consumers' surplus analysis
and input-output analysis. These models héve several inherent 1imit-
ations mentioned earlier. Also, while they present an indication of
the impacts of a supply restriction in the absence of adjustment
policies, they fail to provide the details of an optimal response.
The work of the policy-maker is to understand the sensitivity of each
sector in the economy to an exogenously determined supply restriction,
and then to devise practical policies that will reduce the joint
economic costs of the impacts and the adjustment policies.

0f all the formal techniques for impact analysis, the linear
programming approach may be the most detailed and powerful. This is
partly because it can provide a general equilibrium framework for
examining resource allocation and partly because it can be-used- to
determine the optimal sectoral adjustment pattern for any specified
objective function.

The purposes of the following two chapters are to demonstrate
the usefulness of an LP model of national economic activity for
identifying each sector's optimal response to a critical mineral
supply disruption and to depict the applicable adjustment patterns
of the economy to this impact based on the policy-maker's economic

objective. These purposes are mainly inspired by the growing concern
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for an optimal resource allocation strategy during a resource supply
restriction. The causes for this concern are that the resource
allocation strategy may play a very important role in adjusting the
economy to a supply restriction and may be determined exogenously by
the policy-maker. Therefore, the main emphasis of the framework
presented here is not only on what is the optimal output response of
each sector, but also on what is the optimal restricted resource
allocation strategy for the policy-maker.

Basically, LP transforms I-0 into an optimization model frame-
work. The LP version retains the assumption of a fixed proportional
production function, but incorporates macro constraints, domestic
scarce resource constraints, and primary input constraints. Other
differences between the I-0 and LP models is that the latter allows
for joint products, alternative production technologies and unused
resources.*

The LP technique is valuable to the policy-maker in that it can
clearly reveal the relation between the optimal responses of a sector's
production and the use of the restricted mineral resource and show
the criteria for the allocation of the restricted resource. The
allocation criterion is a matter of choice as to which sectors should
be given priority for allocation of the restricted resource.

A detailed description of the LP model and its distinctive fea-

tures are presented in Section B of this chapter. A discussion of

*For detailed discusssion about the difference between the I-0
and LP models, see Dorfman, et al., (1958), Chapters 9 and 10.
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analytical results of the model are presented in Chapter VIII.

B.  DESCRIPTION OF THE LINEAR PROGRAMMING MODEL

The major purpose of the LP model developed here is not to search
for an optimal development planning pattern (e.g., Bruno, 1970; and
Manne, 1974), but to simply explore the impact of a supply disruption
and identify the optimal responses of sectors under alternative com-
modity supply assumptions. Hence, the main objective of this model is
to predict the optimal adjustment pattern for each sector. However,

a significant change in the output structure of the whole economy would
require large-scale and drastic government intervention. This is not

a feasible short-run policy. Therefore, analytical satisfaction and
practical feasibility become the main emphasis in this model.* In
other words, the model is designed to allow changes in the output
structure to occur smoothly and in a practical manner rather than allow
Targe changes, which are less realistic, to occur all at once.

A thirty-four sector optimal adjustment model is presented below.
Since the study is focused on short-run phenomena, the model is static
instead of dynamic.** Optimal adjustment programs are obtained by
maximizing GDP in the year that a supply disruption occurs. This ob-
jective function (Maximizing GDP) is prevalent in governmental develop-

ment planning in Taiwan (Lee, 1980).*** The model incorporates a

*Practical feasibility will likely cause a divergence from the
theoretical optimal solution. This also entajls some cost from the
normative economic point of view. However, practical applicability
is the first priority of policy-makers.

**The model builds on the work of Bruno (1970) and Golladay and
Sandoval (1972).

***Some other objective functions could be made, such as: max-
imizing consumption or maximizing total gross output.
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hierarchy of constraints. These include 1imitations on the balance of
payments, domestic resources, private consumption and export
activities. The constraints are set initially to reflect normal
(baseline) conditions. Constraints are then revised because they are
overly restrictive when serious disruptions are assumed. Levels of

a sectoral domestic output and total final demand are the main vari-
ables for which optimal adjustment values for the supply disruption
period are investigated.

The model is presented in detail in Table 7.1. The symbols of
the primal variables and parameters, and their definitions are listed
in Table 7.2 and 7.3. The subscripts i or j run from 1 to 34 and de-
note economic sectors. .

A sector's output balance constraints (7.1) indicate the minimum
private consumption requirements for the output of the thirty-four
sectors. It is based on I-0 relations of the Leontief type. The
input-output coefficients (aij) are mainly derived from the 1979
Taiwan [-0 table. No technological change between 1979 and 1984 is
assumed. Although the assumption of the fixed proportional production
function remains, the predicted substitution effect in Chapter IV will
be taken into account for the inputs of aluminum and copper (azz,j
and a23’j) during the imposed supply disruptions. Government and
private expenditures and fixed capital formation are taken as exogen-
ously given by simply assuming no less than the amount in the base
year. In the 1979 Taiwan I-0 table, imports are treated as being
competitive and put in a separate column. Thus, the inter-sectoral

flows contain both imported and domestic product. In order to
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Table 7.1
THE OPTIMAL ADJUSTMENT MODEL

a Number of
Constraint - Associated Sectors Constraints

(7.1)  Sectoral output balance constraints _

a) X; +my Xj - Ij ag; Xy - €y - Ej > G, i#5, 6,22 31

b) Xj * my = %5 a5 Xy - €y - By > 6L i=5,6, 22 3
(7.2) Private consumption constraints

a) C, > C, i # 13-15, 19, 21-23 27

b) z, C; < 0.5 GDP 1
(7.3) Fixed investment constraint

2y kg (X5 jo8g = X3, 1979) <F1 - D !
(7.4)  Export constraints

a) E; < E; < E, i#5, 6,29, 30, 31 29

b)E1.=0 i#56, 6,29, 30, 31 5
(7.5) Balance of payments constraints

E; - Iy my Xj - Mg - Mo - My >0 1
(7.6) Labor cgnstraints

a) &, 17 X, < LS 1

J J 3
1

ns ns
L. |, .
b) j ]J XJ <L
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Table 7.1 (Continued)

a Number of
Constraint Associated Sectors Constraints
(7.7) Domestic production capacity constraints )
a) Xi < bi Xi,1979 i#5b6, 6, 22 31
b) X5 = 1.072 X5, 1979 1
c) X6 = 1,003 X6, 1979 1
d) Xpp = %92 1979 L
(7.8) Minimum domestic production constraint
Xi 3-£1 i#56, 6,22 3]
(7.9) Domestic scarce resource constraints
a) Zj e; Xj < EL ]
b) £y 9; Xj <GS 1
c) zj fj Xj < FL 1
d) X22 + M22_5 Sa 1
(7.10) Objective function

imizi =%, v, X,
Maximizing GDP ZJ vJ ]

aNithout indication, the subscript i or j will run from 1 to 34.
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Table 7.2
THE PRIMAL VARIABLES

98

Notation Definition Associated Sectors®
Xi Sectoral domestic gross output
Ci Private consumption i # 13-15, 19, 21-23
Ei Exports i#5, 6,29, 30, 31
Eﬁ Lower bound on exports i#5, 6,29, 30, 31
E} Upper bound on exports i #5, 6,29, 30, 31
6L, Minimum Tevel of government
expenditure and investment
Mi Total imports i=5,6, 22
FI Fixed investment
D Capital depreciation
LS Total supply of skilled labor
LnS Total supply of non-
skilled labor
Y} Upper bound on domestic capacity
X Lower bound on domestic capacity 1 # 5, 6, 22
EL Total supply of electricity
GS Total supply of gasoline
FL Total supply of fuel oil
Sa Total aluminum supply

%Without indication, the subscript i will run from 1 to 34.
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Table 7.3
THE PRIMAL PARAMETERS

99

Notation

Definition

Associated Sectorsa

Import-domestic output ratios
Input-output coefficients
Capital-output ratios

Skilled Tlabor-output coefficients

Non-skilled Tabor-output
coefficients

Maximum capacity expansion
coefficients

Electricity-output coefficients
Gasoline-output coefficients
Fuel oil-output coefficients

Value added-output coefficients

i#5,6, 22

i#5, 6,22

Wi thout indication, the subscript i or j will run from 1 to 34.
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determine the proper level of domestic output from the model, we
simply assume that the import-domestic output coefficients are always
the same as they were in the base year so that the imports can be in-
corporated in the diagonal elements of the input-output coefficient
matrix (Chenery and Clark, 1959; and O'Connor and Henry, 1975).*

Then, the Tevel of imports can also be derived from the model. How-
ever, this is not a realistic assumption for the coal, oil and natural
gas, and aluminum sectors because these sectoral output levels have
been strictly Timited by their capacities and/or reserves. Therefore,
the import-domestic output coefficients for these sectors are directly
determined by the model.

The private consumption constraints (7.2) present the minumum
Timitations for sectoral private consumption and the Timitation for
the total private consumption. The minimum private consumption on a
sector by sector basis is simply taken to be the levels in the base
year. The total private consumption is limited by one half of GDP in
that year.**

The fixed investment constraint (7.3) expresses the requirement
that the total investment in capacity expansion shall not exceed the

finance avajlable for this purpose minus the capital depreciation.

*The advantage of this assumption is that imports are determined
endogenously rather than exogenously, simplifying the study. '
As 0'Conner and Henry (1975) and others have noted this assumption is
not always realistic, since the import-output coefficients of some
sectors may change over time.

**This 1imitation is taken from the Council for Economic Plan-
ning and Development's Ten-Year Economic Development Plan for Taiwan,
R.0.C. (1980).
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This constraint also implicitly assumes full utilization of capacity
in the base year.

Export constraints (7.4) present the limitations for export
activities. For most sectors, lower and upper limits are imposed.
The Tower Timits are taken to be the Tevels in the base year, 1979.
This is based cn the assumption that an actual decrease in export
activity has seldom happened in an open economy, because it would
result in excess capacity (Bruno, 1966). The upper 1imits are esti-
mated from the past performance. For the coal, oil and natural gas,
construction, electricity, and gas and city water sectors, no export
activities are assumed.

The balance of payments constraint (7.5) simply assumes that the
total value of imports must be equal or less than the total value of
exports. The net foreign capital commitments and accumulated balance
of payment surplus are not included in the constraint, because Taiwan
has had a positive trade surplus since 1971 (except in 1973 and 1974).
However, this constraint will be removed during the imposed serious
supply disruption.

Labor constraints (7.6) are divided into two groups, skilled and
unskilled. The sum of labor of each group demanded for domestic out-
put cannot exceed the availability of labor of that group in 1984.
The labor-output coefficients of each group have been modified to
appropriately reflect the improvements of productivity during the
study period.

Sectoral output level constraints (7.7 and 7.8) are set up to

preclude the solution of totally infeasible or impractical outputs
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for a sector. Upper and lower bounds are incorporated. Upper bound
constraints (7.7) indicate that domestic output in the ith sector is
Timited by the projected maximum capacity available in that sector.
Lower bound constraints (7.8) for sectoral output Tevels are taken to
be the levels in the base year, which are based on the primary con-
dition that neither private industry nor government will move to
decrease output below the Tevel in the base year, resulting

in excess capacity.

Domestic scarce resource constraints (7.9) refer to electricity,
gasoline, and fuel oil. These constraints are included because energy
is a very scarce resource in Taiwan and efficient energy use has been
emphasized in governmental policy since 1979.* Including these con-
straints will properly capture the government's policy. Resource-
output coefficients are assumed to be fixed during the period.

Again, the objective function (7.10) is simply to maximize real
GDP in 1984. Calculation of GDP in 1984 is based on the value-added
coefficients which are derived from the 1979 I-0 table. We assume
that the value-added component of a one unit increase in a sectoral
output has no change from 1979 to 1984. While assumption is not al-
ways realistic in the long-run, it may be appropriate in the short-

run.

C. DATA COLLECTION
The model developed above is estimated for Taiwan based on

published or estimated data. The Taiwan 1979 I-0O table compiled by

*In 1980, the imports of energy accounted for 86.4 percent of
the total energy demand in Taiwan.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



103

the Overall Planning Department, Executive Yuan is used as its basis.
From that table, the input-output coefficients, import-output coeffi-
cients, lower bounds for export activities, final demand (government
and private expenditures, and fixed capital formation), sectoral out-
put, and value-added coefficients are obtained. The maximum capacity
expansion coefficient (bi) for each sector in 1984 is based on the
estimates by the Council for Economic Planning and Development (CEPD)
(Lee, 1980). In the five-year period, the maximum capacity expansion
coefficients for sectors 1, 2, 3, and 4 are 1.2; for sector 8, 1.3;
for sector 9, 1.5; for all other sectors, 2.0. The output levels for
the coal and oil and natural gas sectors are predetermined based on

the estimates in the CEPD's Ten-Year Economic Development Plan for

Tajwan, R.0.C. (1980). From 1980 to 1984, a 7.2 percent increase for

the coal sector's output and a 9.3 percent increase for the oil and
natural gas sector's output are assumed. For the aluminum sector,

the output level in 1984 is assumed to be fixed at the 1979 output

level.

The capital-output coefficients, labor-output coefficients, and
scarce resource-output coefficients are obtained from the research
reported in the CEPD (Lee, 1980). These coefficients are further
updated from the 1978 price level to the 1979 price level based on

the price index for each sector reported in the Industry of Free China.

Labor-output coefficients are moreover modified to be able to reflect
the predicted labor productivity level in 1984. Annual capital depre-
ciation is simply assumed to be fixed at the 1979 level. Fixed in-

vestment available from 1980 to 1984 1is based on the projection by
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CEPD (1980). Total supplies of scarce resources, skilled and un-
skilled Tabor in 1984 are derived from the total supplies in 1979,

in which the annual growth rates from 1979 to 1984 are based on the
projection by government (CEPD, 1980).* A1l money variables are mea-
sured in millions of New Taiwan dollars (NT$) at 1979 constant prices
and related to the year 1984.** A1l data required here are listed

in Appendix C.

D.  SUMMARY

In this chapter, the structure of the LP model and the implications
of the constraints have been illustrated with an understanding of how
a resource supply disruption is related to decision-making (the object-
ive function) and to both behavioral constraints (e.g., minimum final
demand) and nonbehavioral constraints (e.g., supply of primary inputs).
Because this model includes the major constraints to the Taiwan economy,
the simulation results of a supply restriction would be realistic
enough for practical policy-making.

The exogenous and predetermined variables and coefficients in the
model are mainly derived from the Chinese government's reports and
publications. The resulting model, in the full form, contains 170

constraints and 90 variables. The economy is represented by 31

*The annual growth rate for skilled and unskilied Tabor supplies
are assumed to be the same as the annual growth rate for total labor
supply, which is equal to 2.7 percent.

**Based on the study by Bezdek and.Wendling (1976), constant-

dollar estimates are generally more accurate than the current-dollar
forecasts.
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endogenous sectors and 3 exogenous sectors (aluminum, coal, and oil
and natural gas). Two labor skills are distinguished in this model:
skilled and non-skilled. The model is to be run for the year 1984,
each time with a different aluminum supply availability. The
analytical procedures and the simulation results will be discussed

in the following chapter.
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CHAPTER VIII
THE OPTIMAL ADJUSTMENT PATTERN TO AN ALUMINUM SUPPLY RESTRICTION

A.  INTRODUCTION

The simulation results of an aluminum supply restriction based
on the model of the previous chapter are presented below. The dis-
cussion focuses on the optimal adjustment patterns and the optimal
aluminum allocation functions. The substitution effect is also in-
corporated into the simulation. In order to prevent the analytical
solutions of the model from being theoretically feasible but pract-
ically unfeasible, an iterative solution procedure will be used.

In order to obtain a partically optimal adjustment for aluminum
supply restrictions, a four-step procedure is applied:

(1) Examine the consequences of optimal adjustment for a dis-

ruption in aluminum supply. If a feasible solution is obtained from

the model, it is also an optimal one to policy-makers. However, a

feasible solution may not be achieved during a serious supply dis-

ruption, because some constraints in the original model may be too

rigid. In this case, a modification of the original constraints is
necessary.

(2) Release the balance of payments constraint. Releasing the

balance of payments constraint first is necessary since it is the
strictest one during an aluminum supply disruption. In this step,

we also aggregate export activity constraints and private consumption
constraints to be total final demand constraints. This aggregation

will not make much difference for the solution, but will simplify the
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computation.

(3) Adjust minimum final demand constraints for aluminum using

sectors. Even though we release the balance of payments constraint,
the previous minimum final demand constraints may not be justified
during an imposed serious supply disruption. As mentioned above, we
do not want to alter the economic output structure dramatically.
Therefore, we only reduce the minimum final demand constraints for
aluminum using sectors at this step.

(4) Adjust minimum final demand constraints for the rest of the

sectors in the economy. If a feasible solution could not be obtained

from step 3, then we will further reduce the minimum final demand con-
straints for the rest of the sectors. In each adjustment in step 3
and step 4, we reduce only the amount of the original minimum final
demand constraints by 10 percent. Therefore, any feasible solution
obtained from step 3 or step 4 is a practical solution rather than an
optimal solution. If no feasible solution was found in this step,
the procedure will go back to step 3 to further reduce the minimum
final demand constraint and reiterate this computation.

A flow chart of the analytical procedure is shown in Figure 8.1.
Note that the substitution effect can also be included in the model.
However, for the purpose of analyzing the impact of the substitution
effect, the model will first be run without the substitution effect.
The model . differs from the “"supply-driven" model. It is based on
the fixed production function and allows the allocation function to

be operated in an optimal way. Therefore, the substitution effect
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Supply Disruption

v Substitution
LP Model Effect

Is the
feasible solution
obtained?

Yes

Release balance of
payments constraint

Is the
feasible solution
obtained

Yes

Adjust minimum final
demand constraints for
sectors: 8, 11, 16, 17,
24, 25, 26, 27, 29, 34

Is the Yes
feasible solution

obtained?

Adjust minimum final
demand constraints
for the rest of the
sectors in the economy

Is the
feasible solution
obtained?

No Yes

l

Print out
optimal adjustment
solution

Figure 8.1
COMPUTER ALGORITHM FOR IMPACTS OF SUPPLY RESTRICTIONS
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is incorporated into the aluminum input coefficient (aij)' The ad-

justment procedure is as follows:

X..
(8.1) xT.o=x., (1 - =)
iJ iJ X33
) . .
(8.2) ag; =23 = Mg (0= M9) = agy (1 - Tig)
i N X33 X33

where >.<1.J-/xij is a percentage change in input demand due to the sub-
stitution effect, which has been calculated in Chapter VI, aij is the

original input coefficient and a?j is the adjusted input coefficient.

B. THE OPTIMAL ADJUSTMENT PATTERNS: ANALYTICAL RESULTS

This section first presénts a basic solution to the model for-
mulated in Chapter VII. Then the optimal solutions of the model are
traced by varying the amount of the total aluminum supply and con-
strasting the results. The four step procedure represented in
Section A is used here. The basic solution is obtained from the
first step without imposing a restriction in the aluminum supply.
However, from the results of the simulation we find that when the
percentage of reduction in aluminum supply is more than 40 percent,
no feasible solution can be obtained in step 1. This means the
balance of payments constraint as well as all of minimum final de-
mand constraints are not attainable after a supply reduction above
40 percent.

Table 8.1 summarizes the impacts of GDP from the results of the

simulation. From the basic solution, we find that, at the level of
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GDP NT$1,560,342 millions (which is equal to the level of GNP used in
Chapter III), the optimal demand for aluminum is only 136,717 tons
(NT$12,450 millions) which is 33 percent less than the estimated de-
mand (203,748 tons) in Chapter III. In other words, if aluminum de-
mand in 1984 is assumed to equal the demand that was estimated in
Chapter III, then the result of the basic solution implies that as
Tong as the economy operates at the output Tevels in the basic solution,
a supply reduction of Tess than 33 percent may not cause a Toss in
the economy. For the convenience of comparison, the Tevel of the
supply reduction throughout this chapter corresponds to the estimated
aluminum demand in Chapter III. However, the changes of the aluminum
supply relative to the optimal demand in the basic solution are pre-
sented in parentheses in Table 8.1.

In Table 8.1, a 40 percent reduction in aluminum supply causes
only 0.2 percent loss in real GDP. But, a further percentage cut in
aluminum supply will shrink GDP dramatically. As a result of a 50 per-
cent reduction, the GDP is reduced by 10.4 percent. Up to a 70 per-
cent reduction, the GDP loss will jump to 44.0 percent. This dramatic
change in GDP 105; is because most impacts of an aluminum supply re-
duction below 40 percent are only due to the effect on output of the
major aluminum using sectors. Above 40 percent, the impact will be
distributed among the whole economy, not only the major aluminum using
sectors. This faét is clearly evident in Table 8.2, in which the
changes in domestic output levels due to an aluminum supply reduction

are presented. The optimal levels of output as taken from the basic
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Table 8.1
CHANGES IN REAL GDP DUE TO ALUMINUM SUPPLY RESTRICTIONS®

No Substitution Effect With Substitution Effect
Supply
Reduction GDP AGDP AGDP GDP AGDP MGDP
(percent) (NT millions)  (NT millions) (percent) (NT millions) (NT millions) (percent)
10 b -- -- -- -- --
20 -- -~ -- -- -- -~
30 d - -- -- -- - -
35 ( 3) 1,559,288 1,054 0.1 *C * *
40 (11) 1,556,778 3,564 0.2 1,558,026 2,316 0.1
50 (25) 1,398,623 161,719 10.4 1,565,276 5,066 0.3
60 (40; 1,021,956 538,386 34.5 1,480,446 79,896 5.1
70 (55 873,449 686,983 44.0 1,240,712 319,630 20.5
gThe real GDP without a supply restriction is equal to NT $1,560,432 millions in 1984.

"-" represents no change in GDP if the economy is operated according to the optimal adjustments
pattern.

"*" pepresents no substitution effect is incorporated.

The numbers 1in parentheses represent the percentage of supply reduction corresponding to total
aluminum demand in the basic solution, which is equal to 136,717 tons (NT $12,450 millions).
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Table 8.2
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CHANGES IN DOMESTIC OUTPUT DUE TO ALUMINUM SUPPLY RESTRICTIONS WITHOUT A SUBSTITUTION EFFECT

(NT millions)

Base Year

Basic

Percentage Reduction in Aluminum Supply

Code Sector (1979) Solutiond 35% 40% 50% 60% 70%
1 Agriculture 95,492 114,590 114,590 114,590 114,590 114,590 114,590
2 Livestock 57,899 69,479 69,479 69,479 50,977 36,530 27,006
(-26.6)2 (-47.4) (-61.1)
3 Forestry 6,462 7,754 7,754 7,754 7,754 7,754 7,754
4 Fisheries 40,991 42,428 42,424 42,415 36,564 24,695 20,080
(-13.8) (-41.8) (-52.7)
5 Coal & Coal Prods. 8,632 9,251 9,251 9,251 9,251 9,251 9,251
& Crude 0i1 & Natural Gas 5,794 6,334 6,334 6,334 6,334 6,334 6,334
7 Other Minerals 14,870 16,366 16,324 16,227 15,138 11,661 9,592
(-0.8) (-7.5) (-28.7) (-41.4)
8 Food Manufacturing 267,750 330,396 330,000 329,058 221,945 163,457 112,152
(-0.1) (-0.1) (-32.8) (-50.5) (-66.1)
9 Textile & Apparel Prods. 318,927 478,391 478,391 478,391 347,089 194,452 160,467
(-27.4) (-59.4) (-66.5)
10 Wood & Wood Prods. 70,047 86,618 86,644 86,707 63,190 43,647 34,844
(+0.1) (-27.0) (-49.6) (-59.8)
11 Pulp Paper & Allied 61,624 68,022 67,823 67,349 61,561 43,585 33,647
(-0.3) (-1.9) (-9.5) (-25.9) (-50.%)
12 Rubbe: & Rubber Prods. 22,332 24,126 24,040 23,835 21,269 14,136 11,42
(-0.4) (-1.2) (-11.8) (-41.4) (-52.7)
13 Petrochemical Prods. 43,133 86,266 86,266 86,266 42,460 27,765 21,664
(-50.8) (-67.8) (-74.9)
14 Qther Chemicals 17,425 21,421 21,262 20,883 17,061 12,295 9,977
(-0.7) (-2.5) (~20.4) (-42.6) (-53.4)
15 Chemical Fertilizer 6,199 7,193 7,187 7,173 7,077 6,750 6,582
(-0.1) (-0.3) (-1.8) (-6.2) (-8.5)
16 Plastics & Plastic Prods. 141,554 156,839 155,242 151,441 127,090 90,612 65,548
(-1.0)  (-3.4) (-19.0) (-42.2) (-58.2)
17 Misc. Chemical Prods. 40,623 45,045 44,960 44,758 38,484 27,908 21,443
(-0.2) (-0.6) (-14.6) (-38.0) (-52.4)
18 Petroleum Refining 104,082 125,132 135,906 161,558 110,234 84,084 74,157
(+8.6) (+29.1) (-11.9) (-32.8) (-40.7)
19 Cement & Cement Prods. 28,440 29,438 29,504 29,661 24,925 18,210 12,943
(+0.2) (+0.8) (-15.3) (-38.1) (-56.0)
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Percentage Reduction in Aluminum Supply

Base Year Basic

Code Sector (1979) Solution 35% 40% 50% 60% 70%
20 Misc. Nonmetal Prods. 27,653 30,223 29,918 29,189 35,761 35,761 35,761
(-1.0)  (-3.4) (+18.3) (+18.3) (+18.3)
21 Steel & Iron 104,847 127,065 125,264 120,974 103,644 72,921 53,365
(-1.4) (-4.8) (-18.4) (-42.8) (-58.0)
22 Aluminum 6,860 6,860 6,860 6,860 6,860 6,860 5,566
23 Misc. Metals 6,575 8,809 8,419 7,488 5,539 4,006 2,837
(-4.4) (-15.0) (-37.1) (-54.5) (-67.8)
24 Metallic Prods. 63,937 70,993 69,244 65,080 49,105 35,931 25,284
(-2.5) (-8.3) (-30.8) (-49.4) (-64.4)
25 Machinery 54,994 98,826 98,759 98,598 82,382 59,988 41,849
(-0.1) (-0.2) (-16.6) (-39.3) (-57.7)
26 Electrical Equip. 196,408 392,816 356,624 270,453 161,065 119,718 81,082
(-9.2) (-31.2) (-59.0) (-69.5) (-79.4)
27 Transport Equip. 110,799 110,799 110,799 110,799 94,505 61,114 42,478
(-14.7) (-44.8) (-51.7)
23 Misc. Manufactures 56,528 57,757 57,728 57,660 47,611 35,062 24,142
o (-0.1)  (-0.2) (-17.6) (-39.3) (-58.2)
29 Construction 183,759 188,644 188,885 189,458 154,580 113,923 78,160
(+0.1)  (+0.4) (-18.1) (-39.5) (-58.6)
30 Electricity 55,624 68,046 67,799 67,213 78,932 78,932 78,932
(-0.4) (-1.2) (+16.0) (+16.0) (+16.0)
31 Gas & City Water 11,144 12,276 12,281 12,282 14,969 7,660 6,542
(+0.1) (+21.9) (-37.6) (-46.7)
32 Trans. & Commun. 118,662 128,573 128,352 127,825 115,419 81,2488 68,367
(-0.2) (-0.6) (-10.2) (-36.8) (-46.8)
33 Wholesale & Retail Trade 189,942 202,084 201,341 199,573 237,379 237,379 237,379
: (-0.4) (-1.2) (#17.5) (+17.5) (+17.5)
34 Misc. Services 409,967 571,289 585,836 620,471 612,668 362,247 306,369
(+2.5) (+8.6) (+7.2) (-36.6) (-46.3)

iThe number in parentheses is the percentage change in sector's domestic output from the basic solution.

Basic solution is derived from the basic model without a supply restriction.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



114

solution are given in Column (2) of this table, together with the
1979 actual levels in Column k]). The output levels subject to a
supply restriction are shown in the rest of the columns.

The order and extent of the changes in sectoral output levels in
this table can be explained by their corresponding value-added co-
efficients and scarce resource input coefficients, which are also the
major variables in the optimal allocation functicn. However, the
sector's value-added coefficient is the most important factor in
these changes. This is because our objective function in this model
is to maximize the total vaiue-added (GDP). For example, the largest
output changes during a 40 percent cut in aluminum supply are in
sectors 26 and 23 (electrical equipment and miscellaneous metals,
respectively), which also have the lowest value-added coefficients
among the major aluminum using sectors. Table 8.3 1ists the sector's
value-added and aluminum input coefficients. The other scarce resource
input coefficients are presented in Appendix C.

The impact of aluminum supply restrictions with the substitution
effect are Tisted in the last three columns of Table 8.1. The optimal
levels of each sector's output with the substitution effect are pre-
sented in Table 8.4. From these results, the effects of substitution
are found to be quite profound. The GDP loss from a 50 percent reduction
in aluminum supply with substitution will decrease to 0.3 percent,
while the GDP loss during a 70 percent reduction will decrease to only
20.5 percent. When the substitution effect is incorporated into the

model, the level of each sector's output, excluding the major aluminum
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Table 8.3
VALUE-ADDED AND DIRECT INPUT COEFFICIENTS FOR ALUMINUM

VaTlue-Added Aluminum Direct
Code Sector Coefficient Input Coefficient
1 Agriculture 0.677 0
2 Livestock 0.077 0
3 Forestry 0.889 0
4 Fisheries 0.606 0
5 Coal & Coal Prods. 0.479 0
6 Crude 0i1 & Natural Gas 0.854 0
7 Other Minerals 0.596 0
8 Food Manufacturing 0.254 0.0001
9 Textile & Apparel Prods. 0.284 *
10 Wood & Wood Prods. 0.332 0.0001
11 Pulp Paper & Allijed 0.350 0.0009
12 Rubber & Rubber Prods. 0.385 0
13 Petrochemical Prods. 0.242 0
14 Other Chemicals 0.310 0.000?
15 Chemical Fertilizer 0.208 0
16 Plastics & Plastic Prods. 0.286 0.0008
17 Misc. Chemical Prods. 0.286 0.0015
18 Petroleum Refining 0.162 0
19 Cement & Cement Prods. 0.485 0
20 Misc. Nonmetal Prods. 0.443 *
21 Steel & Iron 0.226 *
22 Aluminum 0.160 0.4939
23 Misc. Metals 0.248 0.0016
24 Metallic Prods. 0.357 0.0410
25 Machinery 0.361 0.0054
26 Electrical Equip. 0.293 0.0088
27 Transport Equip. 0.332 0.0111
28 Misc. Manufactures 0.410 0.0029
29 Construction 0.366 0.0012
30 Electricity 0.446 0
31 Gas & City Water 0.322 0
32 Transp. & Communication 0.580 0
33 Wholesale & Retail Trade 0.740 0
34 Misc. Services 0.723 0.0002

Notes: "O" indicates no aluminum input in the sector.
“*% indicates aluminum input coefficient less than 0.0007.
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TABLE 8.4

THE EFFECT OF SUBSTITUTION ON DOMESTIC GROSS OUTPUT
(NT millions)

40%2 50% 60% 70%
No Hith No With No With No Hith
Code Sector substitution substitution substitution substitution substitution substitution substitution substitution
1 Agriculture 114590 114590 114590 114590 114590 114590 114590 114590
2 Livestock 69479 69479 50977 67206 36530 69479 27006 34890
3 Forestry 7754 7754 7754 7754 7754 7754 7754 7754
4 Fisheries 42415 42420 36564 41351 24695 49189 20080 20873
5 Coal & Coal Prods 9251 9251 9251 9251 9251 9251 9251 9251
6 Crude 0i1 & Natural Gas 6334 6334 6334 6334 6334 6334 6334 6334
7 Other Minerals 16227 16275 15138 17094 11661 19189 9592 12050
8 Manufacturing food 329058 329526 221945 321300 163457 321300 112152 145209
9 Textile & Apparel Prods 478391 478391 347089 47839 194452 478391 160467 386956
10  Hood & Hood Prods 86707 86676 63190 84056 43647 84056 34844 38499
11 Pulp Paper & Allies 67349 67585 61561 77467 43585 60005 33647 50037
12 Rubber & Rubber Prods 23835 23937 21269 28398 14136 28398 11420 13946
13 Petrochemical Prods 86266 86266 42460 86266 27765 86266 21664 38621
14 Other Chemicals 20883 21072 17061 25008 12295 25008 9977 13710
15 Chemical Fertilizer 7173 7179 7077 7320 6750 7113 6582 6715
16 Plastics & Plastic Prods 151441 153331 127090 182800 90612 114857 65549 95606
17  Misc Chemical Prods 44758 44858 38484 43845 27908 37506 21443 30277
18 Petroleum Refining 161558 148805 110234 143568 84094 118112 74157 87093
19  Cement & Cement Prods 29661 29583 24925 34858 18210 34858 12943 17189
20 Misc Nonmetal Prods 29189 29551 35761 35761 35761 35761 35761 35761
21 Steel & Iron 120974 123107 103644 133798 72921 147526 53365 68455
22 Aluminum 6860 6860 6860 6860 6860 6860 5566 5566
23 Misc Metals 7488 7951 5539 10609 4006 4882 2837 3653
24 Metallic Prods 65080 67150 49105 54965 35931 44810 25284 33124
25 Machinery 98598 98678 82382 109284 59988 68260 41849 56096
26 Electrical Equip 270453 313292 161065 162689 119718 124040 81082 103677
27  Transport Equip 110799 110799 94505 96655 61114 67114 42478 53388
28  Misc Manufactures 57660 57694 47611 48402 35062 37956 24143 31762
29 Construction 189458 189173 154580 1655379 113923 121068 78160 102810
30 Electricity 67213 67504 78932 67-73 78932 71061 70932 76632
31 Gas a City wWater 12292 12286 14969 14969 7660 14969 6542 14969
32 Trans. & Comunication 127825 128087 115419 144743 81248 149714 68367 79060
33 HUholesale & Retail Trade 199573 200452 237397 237379 237379 237379 237379 237379
34 Misc Services 620471 603253 612668 612668 362247 612668 306869 612668

3The percentage indicates the size of

supply reduction as percentage of total.
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using sector, is not affected by much until the supply reduction rises
above 50 percent. This fact once more indicates that I-0 impact
analysis will over-estimate the analytical results because it fails

to incorporate substitution.

Table 8.5 represents the rankings of each sector's percentage
changes in domestic output due to aluminum supply reductions. The
ranking of sectoral output in the basic solution is relative to the
actual levels in 1979. A sector with a higher rank indicates the in-
crease in its output is relatively larger than other sectors. These
rankings will tell us, subject to the constraints formulated in
Chapter VII, which sectors deserve more incentive to increase their
output in order to maximize GDP. The rankings of the optimal levels
of each sector's output for a restriction in aluminum supply corres-
ponds to the output level in the basic solution rather than the actual
level in 1979. Therefore, a sector with a higher rank means that it
will be affected by the supply reduction less than the sector with a
Tower rank. In other words, a cut in aluminum supply will affect
the output level more significantly in the sector with a Tower rank.
From the comparison of these rankings together with the changes in
sector's output shown in Tables 8.2 and 8.4, we have a clear idea
about the relative effects of a cut in aluminum supply. This com-
parison also illustrates the point made earlier about the importance
of the sector's value-added coefficient and the reason why the GDP
loss jncreases substantially during a cut in aluminum supplies above

50 percent.
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Table 8.5

RANKING OF SECTORAL DOMESTIC OUTPUT BY ITS PERCENTAGE CHANGE DUE TO A SUPPLY RESTRICTION

Percentage of Reduction in Aluminum Supply

40% 50% 60% 70%

Basic 359
Code Sector Solution ? A B A B A B A B
1 Agriculture -- -- -- -- -- -- -- -- -- --
2 Livestock 1 7 7 7 22 24 22 13 21 22
3 Forestry -~ -- -- - -- - -- -- -- --
4 Fisheries 25 11 7 7 12 20 17 10 12 23
5 Coal & Coal Prods. -- -- -- - -- - -- - - --
6 Crude 0i1 & Natural Gas -- -- - -- - - - - - -
7 Other Minerals 20 12 18 18 7 15 5 6 6 8
8 Food Manufacturing 9 13 12 15 26 22 25 17 24 26
9 Textile & Apparel Prods. 5 7 7 7 24 17 27 13 26 7
10 Wood & Wood Prods. 8 19 19 18 8 10 24 18 21 18
11 Pulp Paper & Allied 18 19 19 18 8 10 7 20 10 8
12 Rubber & Rubber Prods. 23 20 20 20 10 5 16 4 12 16
13 Petrochemical Prods. 1 7 7 7 28 17 28 13 28 27
14 Other Chemicals 10 23 23 23 21 7 19 7 14 12
15 Chemical Fertilizer 14 13 15 14 6 16 4 16 4 6
16 Plastics & Plastic Prods. 17 24 24 24 20 8 18 22 18 14
17 Misc. Chemical Prods. 16 17 16 16 13 21 11 21 11 11
18 Petroleum Refining 13 1 1 1 11 9 6 19 5 10
19 Cement & Cement Prods. 25 3 3 3 15 3 12 2 15 16
20 Misc. Nonmetal Prods. 21 24 24 24 2 4 1 3 1 2
21 Steel & Iron 12 26 26 26 19 14 19 9 17 21
22  Aluminum -- - - - - - -- - - -
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Table 8.5 (Continued)

Percentage of Reduction in Aluminum Supply

40% 50% 60% 70%

Basic 359

Code Sector Solution A B A B A B A B
23 Misc. Metals 7 28 28 28 27 2 26 28 27 28
24 Metallic Prods. 15 27 27 27 25 28 23 26 24 25
25 Machinery 4 13 13 12 16 12 13 23 16 17
26 Electrical Equip. 1 29 29 29 29 29 29 29 29 29
27 Transport Equip. 29 7 7 7 14 25 21 27 23 24
28 Misc. Manufactures 28 13 13 12 17 26 13 25 18 19
29 Construction 27 4 4 4 18 27 15 25 20 20
30 Electricity 11 20 20 20 4 19 3 12 3 4
31 Gas & City Water 19 6 5 5 1 1 10 1 3 1
32 Transp. & Commun. 22 17 16 16 9 11 9 8 9 13
33 Wholesale & Retail Trade 24 20 20 20 3 6 2 5 2 3
34 Misc. Services 6 2 2 2 5 13 8 11 7 5

Notes: A - no substitution effect

B - with substitution effect
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The changes in employment due to the supply reductions are Tisted
in Table 8.6. The shortage of skilled labor will continue until a cut
above 50 percent. Below a 50 percent reduction, only the unskilled
labor will be affected. Besides, a Targer cut in aluminum supply will
shrink the demand for skilled labor more quickly than the demand for
unskilled labor. This is because most of aluminum is required by the
manufacturing industries; the major demand market for skilled
Tabor.

Changes in final demand due to an aluminum supply restriction are
presented in Table 8.7. These results show the impact of a supply re-
striction on each sector's final demand and give the levels of a sector's
export activity and household consumption. For example, the optimal
final demand level of sector 1 (agriculture) is close to the minimum
final demand during a supply reduction of less than 50 percent. This
means the level of the final demand (export activity and household con-
sumption) will not be affected very much by levels of a reduction below
50 percent. But, for a reduction above 50 percent, the optimal demand
level will increase substantially. This is because, based on the
optimal adjustment pattern, sector 1 is encouraged to maintain its
output Tevel in order to maximize GDP. Thus all of the excess supply
due to rapidly decreasing intermediate demand for the output of
sector 1 go to the final demand. This large increase in final
demand implies that the export activity or household consumption of
sector 1 should be enforced in order to shrink the GDP loss. Otherwise,

the inventory of sector 1 will be forced to increase dramatically. If
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Table 8.6

CHANGES IN EMPLOYMENT DUE TO ALUMINUM SUPPLY RESTRICTIONS
(thousand man-years)

Percentage Reduction in Aluminum Supply

Total Basic 359 40% 50% 60% 70%
Labor Solution ’ A B A B A B A B

Skilled Labor (SL) 1,841 1,841 1,841 1,841 1,841 1,668 1,841 1,208 1,698 1,000 1,394
Non-Skililed

Labor (NSL) 6.404 6,372 6,354 6,309 6,331 5,769 6,321 4,827 6,098 4,362 5,248
Unemployment

Rate of SL (%) -- - -- -~ 9.4 -- 34.4 7.7 45.7 24.3
Unemployment

Rate of NSL (%) 0.5 0.8 1.5 1.1 9.9 1.3 24.6 4.8 31.9 18.0
Total Unemployment

Rate (%) 0.4 0.6 1.1 0.9 9.4 1.0 26.5 5.1 34.7 19.1

Notes: A - no substitution effect
B - with substitution effect
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the sectoral optimal final demand is less rather than more than the
minimum final demand, satisfying the minimum final demand is impossible.
The export activity or consumption of the sector should be forced down.
The shadow prices of the minimum final demand constraints, shown in
Table 8.8, present the changing pattern in each sector's optimal final
demand. These shadow prices tell us the marginal costs of an extra
unit increase in final demand constraints, which also indicate by how
much the objective function (GDP) is affected, per unit change in the
minimum final demand constraints. For example, the shadow price of
sector 2 is 0.174 in the basic solution. It tells us that a change of
one unit of the minimum final demand constraint will cost 0.174 unit

cf GDP. The zero-level shadow prices fo% sector 1, 8, 9, 10, 13, 26,
27, and 34 in the basic solution indicate any change in the minimum
final demand constraints for these sectors will not cause any cost to
the economy. In other words, export activity and consumption in these
sectors should be encouraged. For sectors 5 and 6, the output levels
are predetermined. Any changes in their final demand will directly
affect the imports of these sectors only. It will not cause any change
in any other sector!s output. Therefore, although the shadow prices for
the two sectors are zero, it does not imply that increasing their final
demand is worthwhile. However, the change patterns of the shadow prices
together with the optimal final demand shown in Table 8.7 are of great
importance to the policy makers. They help to set up a strategy to
reduce the cost of a reduction in aluminum supply.

Table 8.9 shows shadow prices for the upper bounds on a sector's out-

put. These shadow prices tell us the gain or loss from the changes of
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Table 8.8
SHADOW PRICES FOR SECTORAL FINAL DEMAND CONSTRAINTS

Percentage Changes in Aluminum Supply

Basic

Code Sector Solution 35% 40% 50% 60% 70%

1 Agriculture -- -- -- -- -- -

2 Livestock 0.174 0.162 0.162 (0.161) 0.334 (0.068) 0.578 (-) 0.578 (0.211)

3  Forestry 0.109 0.107 0.107 (0.107) -- - -

4 fisheries 0.875 0.874 0.874 (0.874) 0.138 (-) 0.438 (-) 0.438 (0.083)

5 Coal & Coal Prods -- -- -- -- -- -

6 Crude 0il & Natural Gas -= .- -- .- -- --

7 Other Minerals 0.882 0.881 0.881 (0.881) 0.265 (0.033) 0.529 2-) 0.528 (0.207)

8 Manufacturing Food -- -- -- 0.531 (-) 0.854 (-) 0.854 (-)

9 Textile & Apparel Prods - - -- - 0.201 (-) 0.201 (-)

16 Wood & Wood Prods -- -~ . 0.128 (-; 0.327 $~) 0.327 (0.128)
N Pulp Paper & Allies 0.126 0.128 0.128 (0.128) 0.882 (- 1.394 (0.063) 1.394 (1.107)
12 Rubber & Rubber Prods 0.219 0.219 0.219 (0.219) 0.117 (-) 0.337 (-) 0.337 (0.097
13 Petrochemical Prods -- -- - 0.186 (-) 0.352 (-) 0.352 (0.151
14  Other Chemicals 0.121 0.12) 0.121 (0.121) 0.255 (-) 0.454 (-) 0.454 (0.234)
15 Chemical Fertilizer 0.318 0.319 0.319 (0.319) 0.630 (0.037) 1.010 (0.022) 1.010 (0.563)
16 Plastics & Plastic Prods 0.053 0.057 0.057 (0.057) 1.077 (-) 1.659 (0.150) 1.650 (1.249)
17  Misc Chemical Prods 0.162 0.166 0.166 (0.166) 1.231 (0.013) 1.787 (0.318) 1.737 (1.427)
18 Petroleum Refining -- -- - 0.124 (-) 0.228 (0.004) 0.228 (0.103)
.19 Cement & Cement Prods 0.23 0.229 0.229 (0.229) 0.276 (-) 0.610 (-) 0.610 (0.215)
20 Misc Nonmetal Prods 0.245 0.243 0.243 (0.243) - -- -~

21 Steel & Iron 0.296 0.297 0.297 (0.297 0.445 (-) 0.703 (-) 0.703 (0.393)
22 Aluminum -- 2.705 2.705 (2.863 805.642 (27.94) 1097.185 (327.7) 1097.185 (1010.3)
23  Misc Metals 0.104 0.107 0.107 50.108) 1.193 (-) 1.683 %0.358 1.683 (1.270
24 Metallic Prods 0.152 0.256 0.256 (0.256) 35.074 (0.813) 42.479 (10.46 42.476 (28.31
25 Machinery 0.293 0.309 0.309 (0.309) 5.243 (-) 7.409 (1.503) 7.309 (4.754
26 Electrical Equip -- -- -- 9.436 (0.080) 13.003 (2.983) 13.003 (8.600
27 Transport Equip -- .- - 9.552 (0.262) 13.161 (3.043) 13.161 (8.715)
28 Misc Manufactures 0.418 0.424 0.424 (0.425; 2.065 (0.203) 2.970 (0.585) 2.970 (2.496)
29  Constructinn 0.691 0.692 0.692 (0.692 1.147 (0.044) 1.771 (0.109) 1.771 (1.043)
30  Electricity 1.947 1.932 1.932 (0.932) - -- -

N Gas & City Water 0.017 0.016 0.016 (0.016 - 0.025 (-) 0.025 (-)

32  Transp. & Communication 0.051 0.050 0.050 20.050) 0.058 (-) 0.291 (-) 0.291 (0.007)

0.083 -- .- -

33  Wholesale & Retail Trade 0.084 0.083 0.083
34 Misc Services -

Hote: The number in parentheses indicates the shadow price with substitution effect.
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Table 8.9
SHADOW PRICES FOR SECTORAL OUTPUT CONSTRAINTS

40% 50% 60% 70%
Basic a
Code Sector Solution 35% A B A 8 A B A B
1 Agriculture -0.612 -0.612 -0.612 -0.612 -0.462 - -0.366 -0.609 -0.366 -0.469
2 Livestock -0.072 -0.061 -0.061 -- -- -- -~ -0.062 -- ~-
3  Forestry -1.109 -1.100  -1.101  -1.%01 -0.718 -0.754 -0.643 -0.826 -0.643 -0.734
4  Fisheries -- -- -- -- -- -- -- -- -- -
5 Coal & Coal Prods 2.324 2.321 2.321 2.321 0.258 0.502 0.538 -0.226 0.538 0.195
6 Crude 0il & Natural Gas -0.191 -0.190 -0.190 -0.190 0.215 -0.540 0.614 -0.460 0.614 0.125
7  Other Minerals -- -- -- -- -- - -~ -0.253 - --
8 Manufacturing Food -- -- -- -- -~ -0.099 -~ -0.005 -- .-
9 Textile & Apparel Prods -0.084 -0.084 -0.084 -0.084 -- -0.09% - -0.203 - -
10 Vood & Wood Prods -- -- - - -- -0.131 -- -0.179 - -
11 Pulp Paper & Allies -- -- -- -- -- -0.067 -- -- -- -
12 Rubber & Rubber Prods -- -- -- -- -- -0.092 - -0.227 -- --
13 Petrochemical Prods -0.017 -0.016 -0.016 -0.016 -- -0.126 -- -0.091 -- -
14 Other Chemicals -- -- -- -- - -0.078 -- -0.089 -- --
15 Chemical fFertilizer -- -- -- -- - -- - -- -- -
16 Plastics & Plastic Prods -- -- -- -- -- ~-0.072 -- -- -- --
17  Misc Chemical Prods -- -- -- - -- -- -- -- -- -
18  Petroleum Refining -~ - -- -- -~ -- -- -- -~ -
19  Cement & Cement Prods -- -- -- -- -- ~0.064 - -0.202 -- --
20  Misc Nonmetal Prods -- -- - -- -0.185 -0.004 -0.040 -0.347 -0.040 -0.200
21 Steel & Iron -~ -- -- - -- -- - -- - -~
22 Aluminum 0.669 -0.703 -0.703 -0.783 -407.7 -13.92 ~-555.1 -165.9 -555.1 -511.3
23 Misc Metals -- -- -- -- -- -0.018 -- -- - --
24  Metallic Prods - - - - - - -- - -- --
25  Machinery -- -- - -- -- -- -- -- - -
26 Electrical Equip -0.029 -- -- -- -- -- -- -- .- .-
27  Transport Equip -~ -~ .- -- -- - -~ - -- --
28  Misc Manufactures -- -- -~ -- -- - -- -- - --
29  Construction -- -- - - -- -- -- -- - .-
30 Electricity - - - -- -0.342 -- -0.280 -- -0.280 -0.354
31 Gas & City Water - -- - - ~0.093 -0.082 -- -0.193 - -0.115
32 Trans. & Communication -- -- -- -- -- -~ ~-- -~ -- .-
33  Wholesale & Retail Trade -- -- -- -- -0.62% -0.241 -0.564 -0.696 -0.564 -0.629
34 Misc Services - - - - -0.213 -0.490 - -0.562 - -0.187

tlotes: A--no substitution effect; B--with substitution.
The percentage indicates the size of supply reduction as percentage of total.
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one unit of these output constraints. For example, the numerically
largest shadow price during a 70 percent reduction in aluminum supply
without incorporating substitution is for the aluminum sector, which
has a value -555.1. This means that a change of one unit of the
aluminum supply will increase 555.1 unit in GDP. The zero-level

shadow prices indicate that any of these constraints can increase or
decrease by one unit without affecting the GDP loss. Therefore,

Table 8.9 can tell the policy makers which sector deserves more incen-
tive to increase its output level in order to guard against a Toss of
GDP. However, these résu]ts should be linked together with the changes
in final demand shown in Table 8.7. Having a sector with a higher shadow
price for its output constraint does not mean that increasing its out-
put will absolutely benefit the whole econohy. If extra export or con-
sumption in this sector, due to a dramatic increase in its final demand
is impossible, the decision to increase this sector's output level will
be problematic to the economy. Setting up an optimal adjustment
strategy for the policy makers is beyond our study, because more data
and governmental judgement on the national security and other consid-
erations are needed. However, these simulation results give the general
idea about the optimal adjustment pattern during each level of the

reduction in aluminum supply.

C. THE OPTIMAL ALLOCATION FUNCTION
In Section B, the results of the simulation are presented and the
implications of these results are illustrated. In this section, we

present the optimal allocation function derived from these results.
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In general, the optimal levels of cutput during a reduction in
aluminum supply shown in Tables 8.2 and 8.4 are not to be used as a
direct guide by the policy makers to set up the optimal adjustment
strategy. The stimulation of the output levels which approach the
optimal levels is not easy. However, the optimal allocation co-
efficients derived from the simulation results will reconcile this
problem. As mentioned above, the domestic primary aluminum industry
is dominated by Talco, which is owned by the government. If it is nec-
essary, the government has enough power to control the allocation
function. For this reason, the optimal allocation function will have
much meaning for the government.

Table 8.10 represents the optimal allocation coefficients during
each level of the reduction in aluminum supply. They are derived
from the optimal output levels for aluminum using sectors multiplied
by their corresponding aluminum input coefficients. Based on the
allocation coefficients, the output levels in these sectors will
endogenously approach the optimal levels as indicated in the simula-

tion results.
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Table 8.10

THE OPTIMAL ALLOCATION COEFFICIENTS DUE TO SUPPLY REDUCTIONS

4032

50% 60% 70%
Base Year Basic
Code Sector (1979) Solution A B A 8 A B A 8
8 Manufacturing Food 0.0016 0.0027 0.0030 0.0030 0.0024 0.0035 0.0022 0.0043 0.0020 0.0026
9 Textile & Apparel Prods 0.0005 0.0007 0.0009 0.0009 0.0007 0.0010 0.0005 0.0012 0.0006 0.0014
10 Hood & Wood Prods 0.0004 0.0007 0.0008 0.0008 0.0007 0.0009 0.0006 0.0011 0.0006 0.0007
11 Pulp Paper & Allies 0.0052 0.0049 0.0054 0.0055 0.0060 0.0075 0.0053 0.0073 0.0054 0.008}
14 Other Chemicals 0.000" 0.0002 0.0002 0.0002 0.0002 0.0003 0.0002 0.0003 0.0002 0.0002
16  Plastics & Plastic Prods 0.0 0.0101 0.0109 0.0110 0.0110 0.0158 0.0098 0.0124 0.0094 0.0137
17  Misc Chemical Prods 0.0058 0.0054 0.0060 0.0060 0.0062 0.0077 0.0056 0.0076 0.0058 0.0082
21 Steel & Iron 0.0003 0.0003 0.0003 0.0003 0.0003 0.0004 0.0003 0.0006 0.0003 0.0004
22 Aluminum 0.321 0.2721 0.3044 0.3044 0.3652 0.3652 0.4565 0.4565 0.4939 0.4939
23 Misc Metals 0.0010 0.00N 0.0011  0.0017 0.0010 0.0018 0.0009 0.0011 0.0008 0.001
24 Metallic Prods 0.2485 0.2338 0.2397 0.2326 0.2170 0.2196 0.1985 0.2089 0.1862 0.1774
25  Machinery 0.0283 0.0429 0.0278 0.0450 0.0480 0.0575 0.0436 0.0419 0.0406 0.0395
26 Electrical Equip 0.1631 0.2777 0.2138 0.2328 0.1528 0.1395 0.1419 0.1242 0.1282 0.1191
27 Transport Equip 0.1038 0.0998 0.1105 0.1039 0.1131 0.1045 0.0914 0.0847 0.0847 0.0774
28  Misc Manufactures 0.0158 0.0135 0.0150 0.0150 0.0149 0.0151 0.0137 0.0148 0.0126 0.0165
29  Construction 0.0216 0.0182 0.0204 0.0192 0.0200 0.0182 0.0184 0.0165 0.0169 0.0161
34 Misc Services 0.0067 0.0092 0.01117  0.0108 0.0132 0.0132 0.0098 0.0165 0.0110 0.0220
Note: A--No substitution effect; B--With substitution effect

3The percentage indicates the size of supply reduction as percentage of total.
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CHAPTER IX
CONCLUSION AND EXTENSIONS

A. EVALUATION OF THE MODEL

There is a growing concern over the impact of critical mineral
supply restrictions on the economies of mineral importing nations such
as Taiwan. The objective of this dissertation is to build a framework
that can be used to analyze the impact of a mineral supply restrict-
ion and can be used to formulate an optimal adjustment pattern for a
national economy. The major contributions of this study are two-fold:
(1) to advance state-of-the-art input-output modeling by incorporating
substitution of input materials into its solution, and {2) to derive
the optimal allocation function for pclicy-makers to construct a fea-
sible strategy to minimize the loss from a supply disruption.

The models developed and tested in Chapter III, IV, VI, VII and
VIII each have their strengths and weaknesses. However, as a group
they have proven reasonably good in their ability to show the impact
of a supply restriction and to present an optimal response. The
domestic demand model developed in Chapter III has been used in
Chapter IV to predict the changes in the price level in order to force
a specific reduction in domestic aluminum demand during a supply re-
striction. The model is simply a static model, but it is reasonably
accurate in its ability to depict the relationship between the demand
level and the price level.

The elasticity of substitution between aluminum and copper esti-

mated in Chapter IV is very low, which indicates little potential for
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the widespread replacement of aluminum with copper. The Tow elasticity
may be attributed primarily to two factors. First, most of the in-
crease in aluminum demand in Taiwan in the past decade might have been
induced by output effects stemming from high growth rate in real GDP
and substantial expansion in export activities. Therefore, the price
effect in aluminum demand is relatively small. Second, any changes in
the aluminum price will shift the cost advantage of aluminum as an in-
put. This shifting might simply cause shrinking in export activities
of some final products. The forced substitution between aluminum and
copper may not be absolutely necessary. However, even if the elasticity
of substitution between aluminum and copper is very low, an impact
analysis that omits the substitution effect would still significantly
overestimate the impact of a supply restriction, as indicated in
Chapter VI and VIII, respectively.

Contrasting the results in Chapter VI, where the conventional
analytical frameworks (consumers' surplus analysis and I-0 analysis)
for impact analysis were presented, with the results in Chapter VII
(the LP model), some implications were noted. First, both consumers’
surplus analysis and the "supply-driven" I-0 model overestimate the
impact in the case of a mild supply restriction, and underestimate
the impact in the case of a severe supply restriction. For example,
as a result of a 10 percent reduction in aluminum supply, the real
GDP is reduced by around 0.1 percent in consumers' surplus analysis
and I-0 analysis, but there is no reduction in real GDP based on the
model presented in Chapter VII. The 70 percent cut in aluminum supply

shrinks real GDP by 2.0 percent in consumers' surplus analysis and
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0.6 percent in I-0 analysis, but by 44.0 percent in the LP model.

The reason for the biased estimation in the case of a mild supply
restriction is that both consumers' surplus analysis and I-0 analysis
are unable to handle the production function and the allocation
function simultaneously. In the open economy, it is easy to adjust

the output structure due to a small change in the allocation function
during a mild supply restriction. Thus most of the impéct will simply
cause a transfer of inputs among some sectors in the economy. However,
in the case of a severe supply restriction, the whole economy's output
structure will be greatly affected through direct and indirect effects.
A simple transfer adjustment will not be enough to alleviate the im-
pact, and a major reallocation will violate practical constraints. Con-
ceptually, the increase in the economic loss will not be a simple
Tinear multiplicative increase, as in the case of a mild supply re-
striction. However, because of the rigid assumption of a fixed unit
change in gross output due to each unit change in commodity supply,

the I-0 analysis cannot include this result. Also, consumers' surplus
analysis focuses primarily on the impact on the aluminum sector itself
(partial equilibrium analysis). Therefore, the impact of indirect
effects are not captured.

The LP model presented in Chapter VII is better able to provide
the accurate results in analyzing the impact of a supply restricticn
since it is a general equilibrium solution. Its results also reflect
the conceptual discontinuity of supply restriction impacts. Moreover,

within the framework, the optimal allocation function for aluminum
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is easily derived. This allocation function is a very important in-
novation in this study, since it allows policy-makers to easily con-

struct an optimal adjustment strategy.

B. INTERACTIVE LP SOLUTIONS

In the model presented in Chapter VII, the piece-wise procedure
plays a very important role. It will prevent policy responses from
including infeasible changes in sectoral outputs. This is a very
important point in modeling an optima]badjustment policy, because
many drastic solutions will be infeasible to policy-makers. It is
obvious that given different assumptions as to the percentage change
in minimum final demand constraints for each step or different piece-
wise procedures, (e.g. different and nonuniform final demand changes)
the solution will be different. Therefore, the procedures developed

are flexible enough to be applied to most specific policy tasks.

C. POSSIBLE EXTENSIONS OF THE MODEL

There are a number of extensions of the present study. With
regard to evaluating the substitution between aluminum and copper,
two further studies might be attempted. The first would be to esti-
mate the elasticity of substitution on a disaggregated (I-0 sector)
basis. Substitution potential is generalily expected to be different
across sectors but it is not known & priori how much this will affect
the results. Another suggestion is to broaden the substitution
analysis by including all other substitutes such as: plastic and
steel in the model. This might significantly affect the extent and

flexibility of adjustment during a supply restriction.
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For the LP model, the most important recommendation for the further
study is to further disaggregate the sectors, especially for the aluminum
using sectors. This is because the assumption of fixed input coeffic-
jents in a more aggregate I-0 table may overestimate the impact of a
supply restriction. For example, the aluminum input coefficient for
sector 17 (miscellaneous chemical products) is 0.0015. The domestic
output in this sector was NT$40,623 in 1979. Based on the assumption
of fixed input coefficients and assuming no technological change in
thie current period, this input coefficient implies that 15 dollars
decrease in aluminum supply would cause a 10,000 doiiar output dec]iﬁe
in sector 17. However, sector 17 includes two subsectors: medicines
and other miscellaneous chemical products. If these two subsectors
could be disaggregated on the average (i.e., same amount output for
each subsector) and we simply assumed no aluminum input was required
for the medicines sector, then the aluminum input coefficient for
other miscellaneous chemical products sector would become 0.003 in-
stead of 0.0015. Therefore, the same 15 dollar decrease in aluminum
supply for these two subsectors would directly cause only 5,000 dol-
lar output decline in these two subsectors (i.e., sector 17). Al-
though the more disaggregate LP model will cost much more money and
require much more data than the aggregate one, it is worthwhile.

While this model has been used to analyze the impact of a re-
duction in aluminum supply, its framework could also be applied to
other commodities or domestic scarce resources such as: electricity
and energy. Because the optimal allocation function can be easily

derived from the model, it could also be used to provide strategies
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for different policy tasks by changing the objective function or some
constraints. Finally, another possible extension of the model is to
apply a recursive LP technique together with the analytical framework
presented here, to analyze the Tong-run impact of a supply restriction
based on the dynamic I-0 model. This would be of great importance

for providing the optimal strategy for a long-run supply restriction.
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APPENDIX A
THE TAIWAN ECONOMIC SETTING*

Taiwan, one of the more rapidly developing countries, has an
area of 35,981 sq. km., and a population of 18.136 million. In 1981,
Taiwan's GNP was NT$1,703.713 billions at current prices, the equival-
ent of US $44.965 billion; the per capita GNP was NT$96,867, the equiv-
alent of US $2,570. The inflation rate in 1981 was 7.6 percent.
Except the years of 1973 and 1974, the real average growth rate of
GNP in past two decades was around 10 percent, the real average growth
rate of per capita GNP was about 8 percent, and the inflation rate
varied from 1.4 percent to 13.8 percent. In 1973 and 1974, due to the
energy crisis, the growth rates of GNP were only 1.1 percent and 4.2
percent; the growth rates of per capita GNP declined to -0.7 percent
and 2.3 percent; and the inflation rates jumped substantially to 22.9
percent and 40.6 percent. From the above figures we can easily con-
clude that the energy supply shortage had a very serious impact on
Taiwan's economic development. This is because Taiwan imports about
85 percent of domestic energy demand, including all the oil demand.
Likewise, Taiwan has very iimited mineral resources especially the
metal minerals. Almost all the metal minerals rely on imports.
Hence, the prediction of the impact of a supply shortage in metals

will be very important to Taiwan economy.

*The information summarized here comes principally from CEPD's
The ROC's Four-Year Plan (1982-1985), 1983 and Industry of Free China,
1983.
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The major forces promoting rapid economic growth in Taiwan are
appropriate development planning and rapid export expansion. Foreign
trade by Taiwan in 1981 was US $43.8 billion. This amount included
US $22.61 billion in exports and US $21.19 billion in imports. There
was a trade surplus of US $1.41 billion. A study of the composition
of exports and imports in 1981 shows that industrial exports make up
92 percent of total exports, agricultural products and processed
agricultural products constituted 7 percent of the total. Imports of
capital goods accounted for 26 percent of total imports, consumer
goods constituted 6 percent, and industrial and agricultural raw ma-
terials constituted 68 percent. With respect to trade with various
areas of the world, exports to the United States totalled US $8.6 bil-
Tion in 1981, 38.03 percent of total exports; exports to Japan was
US $2.48 billion, 10.96 percent of the total. Imports from the United
States amounted to 4.77 billion, 22.51 percent of total imports.
Imports from Japan was US $5.92 biliion, 27.94 percent of the total.

Shares of the different sectors of the economy in the gross
domestic product (GNP) varied according to their respective rates of
growth. In 1981, the gross product of the agricultural, fishery and
1ivestock sectors comprised 8.67 percent of GNP (14.12 percent in
1972), manufacturing comprised 44.5 percent of total GDP (40.41 per-
cent in 1972), and services comprised 46.84 percent of total GNP
(45.47 percent in 1972).

According to &0C's four-year economic development plan for 1982-

1985, an average growth of 8 percent a year in GNP will be seen.
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PubTlic investment will be restrained in order to stimulate private
sector activity, which includes improving production techniques, moder-
izing equipment, boosting labor productivity and sharpening the com-
petitiveness of products abroad. Promoting the development of heavy

and precision industries will be the major goal. To attain the targeted
goal of economic growth, a concerted effort will be made to promote
foreign trade. Export goods and services will advance by 10.9 percent
per year, while merchandise and services imports will grow by 11.3 per-
cent, with the annual surplus forecast to drop from US $582 million

in 1981 to $450 million in 1985.
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APPENDIX B
THE TAIWAN INPUT-OUTPUT TABLE

A. THE 1979 TAIWAN INPUT-QUTPUT TABLE*

This study analyzes the impact of an aluminum supply restriction
with the use of the 1979 Taiwan input-output table.** Basically, this
table is an update of the 1976 Taiwan I-0 table, which is fully survey-
based. The 1976 Taiwan I-0 table was published in three stages of
aggregation: 394 x 394 as the basic table, with 99 x 99 and 49 x 48
sectors; and in three forms: the total transactions table, the domestic
transactions table, and the import transactions table. Since 1976, the
Taiwan industry structure has been changed by the completion of most of
the 10 major construction projects.*** Therefore, updating the 1976
I-0 table is necessary in order to reflect current conditions.

The updating of the 1976 Taiwan I-0 table was based on two approaches.
Major sectoral input-output data updates were based on the report of the

1979 manufacturing investigation of Taiwan. Minor sectoral input-output

*Since 1950, the Council for Economic Planning and Development has
published eight Taiwan I-0 tables, of which 19671, 1966, 1971 and 1976
I-0 tables were compiled fully from survey data; 1964, 1969, 1974, and
1979 I-0 tables were generally updated from the previous I-0 table.

**The latest Taiwan I-0 table (1981) will be published in 1984,
and is compiled from the report on the 1981 Industry/Commercial Census
of Taiwan.

***The ten major construction projects included: the North-South
Freeway, railroad electrification, North Link Railroad, Taoyuan Inter-
national Airport, Taichung Harbor, Suao Port, the integrated steel
mill, the Kaohsiung shipyard, the petrochemical complexes, and the
construction of nuclear power plants.
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~ data were updated via sectoral price indices. Because the data for
sectoral import transactions were not available, the 1979 I-0 tahle
only contained the transactions table at producer's prices aggregated
to 49 sectors.

The classification of sectors in the Taiwan I-0 table is generally
based on national statistical classifications economic activity. The
imports of goods and services for intermediate input and final demand
in the 1979 I-0 table were treated as competitive imports and put in
a separate column. Valuation of imports was based on CIF prices.
Import taxes were treated as indirect taxes for each sector and incor-
porated in the final payment. Final demand consisted of personal con-
sumption expenditures, government expenditures, fixed capital formation,
inventory change, and total exports. Valuation of exports was based
on FOB. The final payment, or gross value-added of a sector was ob-
tained by substracting the total cost of intermediate inputs from the
corresponding value of the sectoral product. The 1979 I-0 table did
not disaggregate the final payment sector. However, we disaggregated
it into compensation of employzes and other income based on the pro-
portion of each of these two final payment components in the 1976 I-0
table. The other income sector included operating surplus, depreciation
of capital goods, and net indirect business taxes. The total final
payment corresponded to GDP, which was 21so equal to total final de-
mand minus total imports. The total supply or total demand in this
table was equal to the summation of intermediate demand and total final

demand. The total domestic gross output was calculated as the total of
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intermediate inputs plus the final payment, which was also equal to

the total supply minus the total imports.

B.  FURTHER REFINEMENT OF THE 1979 TAIWAN I-0 TABLE

In order to evaluate the impact of an aluminum supply restriction
on the whole economy, it is best to separate the aluminum sector from
all other sectors in the 1979 I-0 table. Initially, the aluminum sector
was incorporated into the non-ferrous metals and products sector.*
The disaggregation procedures were generally based on the 1976 I-0
table. That is, we assumed that the input proportions of aluminum,
other metals, and metal products for each sector and the output alloca-
tions of aluminum, other metals, and metal products in 1979 are the
same as in 1976. Thus, the disaggregation procedures are as follows:
(1) first, we aggregated the 1976 I-0 table from 99 sectors to 51
sectors including the aluminum sector, other metals sector, and metallic
products sector; (2) second, based on the above assumptions and the
aggregated 1976 I-0 table (51 sectors), we disaggregated the non-
ferrous metals and products sector in the original 1979 I-0 table into
three sectors: aluminum, other metals, and metallic products. The
disaggregated 1979 I-0 table therefore contained 51 sectors instead of
49 sectors. However, we further aggregated it to be a 34 sector
I-0 table in order to simplify the computation of the LP model.

Table B.1 presents the full notation of the 1979 Taiwan I-0 table.

The I-0 table generally contains four quadrants. The first quadrant

*The non-ferrous metals and products sector in the 1979 I-0 table
included aluminum, other metals, and metallic products subsectors.
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Table B.1 (Continued)

domestic total gross output in sector i or j
imports of good i

final payments (value-added) by sector j
total intermediate input by sector j

total final demand for good i

private consumption expenditures on good i
government expenditures on good i

capital formation in good i

total exports of good i

net inventory of good i

total sectoral demand for good i

the amount of good i needed to produce one NT$ of good j

Lsl
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of the I-0 table shows the various elements of final demand for the
output of each producing sector. The seéond quadrant contains inter-
sectoral flows or intermediate demand, which shows the flows of sectoral
products and services which are both produced and required in the process
of current production. The third quadrant corresponds to the final pay-
ment or value-added (wages, salaries, profits, capital deprication, and
taxes) from the productive sectors. The fourth quadrant represents the
value-added which goes directly to the final demand activities. The
detailed inter-sectoral flows table in 1979 is presented in Table B.Z2.
Table B.3 is the direct input coefficient (aij) table. The input
coefficient (aij) is defined as the direct requirement from sector i
needed to produce one unit of output in sector j.

The accounting balance equations related to this I-0 table are

listed as follows:

(8.1) G =M+ Xy = xyy Py =z agy K+ F,
J J
(total (total
supply)  demand)
(B.2) X. =g X.. +V. =73
J 5 1] J 5 aij Xj + Vj
(8.3) T Yi -z Mi =3 V. = GDP
i i i J

C. APPLICATIONS OF THE I-O MODEL

The I-0 model is a linear, intersectoral model of output deter-
mination. It can show how each sector in the economy depends on every
other sector ard how the impact of a change in final demand is dis-

tributed among sectors. Because of its general equilibrium character,
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the I-0 model has been recognized as a useful method for analyzing
and forecasting overall economic impacts.

However, some inherent assumptions for the static I-0 model should
be kept in mind before presenting its applications. The first is the
uniqueness assumption. This assumption precludes substitution between
inputs in production and requires a one-to-one correspondence between
commodities and sectors. In other words, each sector produces a single
and exclusive output with a single input structure. The second is the
proportionality assumption. This assumption implies that the input
coefficients for each sector remain relatively constant over a rela-
tively short-time period. The last is the additivity assumption. This
assumption indicates that the total effects of carrying out production
in various sectors is the sum of the separate effects, i.e., no external-
ities. Conceptually, these assumptions also constitute the basic
limitations of the static I-0 model and are very important in analysis
of the I-0 table.

In general, applications of the I-0 model include three aspects.
First, it can.be used as a forecasting tool to project the output of
each sector in the economy on the basis of the given changes in final
demand. Second, it can be used in impact analysis to measure the
total impact upon income, employment, and output resulting from a given
change in final demand or domestic sectoral output. Third, it can be
used to estimate the overall effect of a price change in a sector.

These applications are primarily derived from the basic balance
equation of I-0 (i.e., equations B.1 and B.2 in previous section).

Equation B.1 can be put into matrix form as:
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(B.4) X-AX-M=F

where A 15 a matrix of the direct input coefficient (aij)’ X is a
vector of domestic gross output, M is a vector of total imports, and
F is a vector of final demand. If we assume that the ratio of total
imports and domestic cutput for each sector is fixed, then equation
B.4 can be rewritten as follows:

(8.5) x(1-a-M3) = F
(8.6) X = (1-A-4%)7TF

where Md is a diagonal matrix representing the ratio of the import and
domestic output for each sector, and I is the identity matrix. There-
fore, by assuming the input structure (coefficients) remains constant,
we can project the output levels of each sector given the predicted
final demand for each sector from Equation B.6.

However, the assumption of fixed input coefficients may not be
true in the long-term. For such projection, it is necessary tc apply
a dynamic I-0 model rather than a statis I-0 model, in which the input
coefficient is modified over time (see, e.g., Miernyk et al., 1970
and Rose, 1984).

As mentioned in Chapter V, the elements of the inverse matrix
((I-A-Md)']) represent the total interdependence coefficients, which
indicate the total direct and indirect requirements by sectors per
unit of output to final demand. Thus, from the inverse matrix, we can
derive the total impacts of any change in final demand, such as in-

creasing investment or export activity in a sector, on income and

employment. In practice, they are estimated as:
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(B.7) Total income effect = (I-A—Md)-1AF H
(B.8) Total employment effect = (I-A-Md)-]AF E

where H is the vector of direct employment compensation coefficients,
defined as total employment compensation per unit of output per sector,
and E is a vector of direct employment coefficients, defined as the
number of employees per unit of output per sector.

For analyzing the impact of change in terms of domestic gross
output such as plant shutdowns, we may use the modified inverse matrix
rather than the original inverse matrix. The modified inverse matrix
is calculated by dividing each element in the column of the original
inverse matrix by the ondiagonal element of the column in question.
Then the total impacts of change in domestic output on income, employ-
ment are estimated as:

(B.9) Total income effect = B AX H
(B.10) Total employment effect = B aX E
where B is the modified inverse matrix.

Price impacts are basically derived from Equation B.11 below.
This equation provides relationships between value-added and the price.
If we defined the value-added (i.e. employment compensation, taxes,
profits, and capital depreciation) per unit output in the jth sector
Vj as the unit price of sector j Pj received less the total cost of
all purchased inputs for one unit output in sector j, then equation
B.2 may be modified as follows:

(B.11) v. =P, -2 a..P.

or in matrix form:
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(B.12) V= (I-A")P

where A' is the transpose of the matrix A and P is the vector of
sectoral price level. Therefore, price changes stemming from changes
in sectoral costs, such as increasing employment compensation or taxes,
can be determined by:

(8.13) 2P = (I-A")7F av

where AP and AV are the vectors of the percentage changes in price

Tevels and value-added.
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APPENDIX C
DATA SOURCES AND LISTING

This appendix contains four tables. The first table Tists var-
iable names and its brief description and the data source for each

variable. The rest of the tables list the data.
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Table C.1
DATA SOURCES

Variable
Name Description Data Source

Xp Total domestic aluminum consumption Metallic Materials in Taiwan (1980),
(ton) Mineral Year Book (198T)

X Total domestic copper consumption (ton) Metallic Materials in Taiwan (1980)

GDP Gross domestic product (current NT million) Industry of Free China

WPI Whole sale price index Industry of Free China

FER Foreign exchange rate Industry of Free China

PC World copper price (current US $) World Bank (1982)

Pa U.S. producer's price of aluminum World Bank (1982)
(current US $)

m, Import-output coefficient The 1979 Taiwan Input-Output Table

1? Skilled Tabor - output coefficient Estimated from the research report in
(man/NT million) the CEPD (Lee, 1980)

1?5 Non-skilled labor - output coefficient Estimated from the research report in
(man/NT million) the CEPD (Lee, 1980)

k Capital - output coefficient Estimated from the research report in

the CEPD (Lee, 1980)

691
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Table C.1 (Continued)

Variable
Name Description Data Source
e, Electricity - output coefficient Estimated from the research report in
1 (kiloliter oil equivalent/NT million) the CEPD (Lee, 1980)
95 Gasoline - output coefficient (kiloliter Estimated from the research report in
0il equivalent/NT million) the CEPD (Lee, 1980)
fi Fuel oil - output coefficient Estimated from the research report in
(kiloliter oil equivalent/NT million) the CEPD (Lee, 1980)
vy Value-added - output coefficient The 1979 Taiwan Input-Output Table
F1 Total fixed investment in 1980-1984 The CEPD's Ten-Year Economic Develop-
(1979 constant NT million) ment Plan for Taiwan, R.0.C. (1980)
LS Total supply of skilled labor in 1984 Estimated from the research report in
(man) the CEPD (Lee, 1980)
Lns Total supply of non-skilled labor in Estimated from the research report in
1984 (man) the CEPD (Lee, 1980)
EL Total supply of electricity in 1984 Estimated from the research report in
(kiloliter o0il equivalent) the CEPD (Lee, 1980)
GS Total supply of gasoline in 1984 Estimated from the research report in

(kiloliter oil equivalent)

the CEPD (Lee, 1980)

0LL
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Table C.1 (Continued)

Variable
Name Description Data Source
FL Total supply of fuel oil in 1984 Estimated from the research report in
(kiloliter o1l equivalent) the CEPD (Lee, 1980)
ACD Annual capital depriciation (1979 Estimated from the 1979 Taiwan Input-

constant NT million)

Output Table

LZL



Table C.2
DATA LISTING

172

Year X, X GDP WL FER P, P

1971 29,800 33,146 262,247 0.469 40.10 639 1,080
1972 34,328 42,753 314,301 0.490 40.10 582 1,071
1973 51,900 57,577 407,535 0.602 38.10 551 1,786
1974 47,300 52,916 545,024 0.846 38.05 751 2,059
1975 50,100 59,628 584,494 0.804 38.05 877 1,237
1976 64,300 77,017 701,117 0.826 38.05 978 1,401
1977 79,200 87,219 816,943 0.849 38.05 1,132 1,310
1978 108,200 96,691 970,269 0.879 36.05 1,170 1,367
1979 115,897 109,330 1,164,073 1.000 36.08 1,310 1,985
1980 133,668 118,466 1,442,870 1.216 36.06 1,531 2,182
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Table C.4
DATA LISTING

Category Total Supply
FI 2,161,300
L® 1,840,746
L"s 6,403,513
EL 15,201,228
GS 5,250,673
FL 18,263,215
ACD 109,129
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THE POTENTIAL IMPACT AND OPTIMAL ADJUSTMENT ASSOCIATED
WITH AN ALUMINUM SUPPLY RESTRICTION:
A CASE STUDY OF TAIWAN

by
Chia-Yon Chen

ABSTRACT

There is a growing concern over the impact of critical mineral
supply restrictions on the economies of mineral importing nations such
as Taiwan. The objective of this dissertation is to build a frame-
work that can be used to analyze the impact of a supply restriction
and that can be used to formulate an optimal adjustment pattern for a
national economy.

The study contains several important advances over previous
studies of the impact of a commodity supply restriction. First, the
model presented here generalizes I-0 analysis via a linear program-
ming (LP) framework in order to simultanously handle the production
function-and the allocation function. Second, substitution among re-
lated commodities, as estimated by a translog production function,
is incorporated into the activity analysis in order to include a
part of the price induced effect. Third, the model is able to cal-
culate the optimal adjustment pattern subject to practical constraints.
This is of great importance to policy makers, because the assessment
of the sensitivity of each sector to a supply restriction and the

formulation of practical adjustments are among their major concerns.
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The study yields several important conclusions:

First, the models developed and tested in Chapter III, IV, VI, VII
and VIII each have their strengths and weaknesses. However, as a group
they have proven reasonably good in their ability to show the impact
of a supply restriction and to present an optimal response.

Second, even if the elasticity of substitution between aluminum
and copper is very low, an impact analysis that omits the substitution
effect would still significantly overestimate the impact of a supply
restriction.

Third, both consumers' surplus analysis and the "supply-driven"
I-0 model may overestimate the impact in the case of a mild supply
restriction, and underestimate the impact in the case of a severe
supply restriction.

Fourth, the LP model presented in Chapter VII is better able to
provide the accurate results in analyzing the impact of a supply
restriction since it is a general equilibrium solution. Its results
also reflect the conceptual discontinuity of supply restriction impacts.

Fifth, the allocation function derived from the optimal solution
is a very important innovation, since it allows policy-makers to

readily construct an optimal adjustment strategy.
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