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(ABSTRACT)

The traditional method for conducting sensitivity analysis

is to repeatedly solve a model while varying the parameters.

The solution is then obtained as some average of these opti-

mal solutions under those different conditions or states of

the world. The present work presents results of conducting

sensitivity analysis using a method more firmly ground in

mathematical programming theory. The present analysis models

the investment decisions in a case with large uncertainty in

demand: the steel industry in Argentina. Special emphasis

is devoted to the recent history, where a recent shift in

economic policy (1976-1981) towards allowing free competition

with imported products resulted in a severe crisis for the

steel industry and its trading partners. An increase in ex-

ports was observed during this period which is not likely to

continue .if there is a recovery* process. In the first

sections, the relation of steel production and economic



growth is analyzed in the context of the world situation of

the industry, setting the background for the analysis of thel

- Argentinian industry as a case study. The results of the

present model adequately describe the existence of unuti—

lized capacity observed in the industry, as well as the re-

cent increase in exports. The most important conclusion of

the model is that the traditional method of conducting sen-

sitivity analysis results in significant inefficiency of the

reached decissions, involving large losses for a case such

as the steel industry considered here.
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1.0 INTRODUCTION

1.1° STEEL, DEVELOPMENT, AND DEMAND UNCERTAINTY

The pattern of steel production and consumption has undergone

important changes in recent years. Newly industrialized na-

tions now account for a large share of the steel products

market. A similar trend is seen in production (1). In par-

ticular, Latin America accounts for half of the new capacity

to be installed by 1985 in newly developing nations. It is

therefore important to analyze the future prospects of the

Latin American steel industries. The present work deals

with the Argentinian steel sector as a case study. The

Argentinian case represents an industry in an intermediate

stage of growth. It is not as developed as that of Brazil,

but it has achieved a certain degree of self sufficiency and

has.recently started to increase exports (2). The evolution

of steel industries in developing countries is very complex

due to the number of factors that have to be considered.

These factors include the availability of raw materials and

resources, the possibility of financing for steel develop-

ment, the technological capability of the industry, and gov-

ernment policy toward steel. This last factor is of the

utmost importance, since government may consider steel as
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essential to the security and independence of the nation and

decide to subsidize steel for this reason. Subsidies may also

result from political pressure to avoid unemployment. In

recent years (1976-1981) Argentina experienced the effects

of a significant change in government policy, mainly as a

result of a high parity of the national currency against the

dollar, and a loosening of import tariffs. The effects of

this change in policy on the development of the steel indus-

try are very significant, as will be shown in the present

analysis. The technological level of the steel industry is ‘

also known to have strong effects on the development of the

sector, especially in the possibility of competing for the

international market. F¤r.ßxamp1e it has been shown that a

correlation exists between the speed of adoption of oxygen

steelmaking technology and the development of exports (3).

Other economic particularities of the steel industry are the

close relationship of steel with other important sectors of

the economy. Technical particularities refer to the role of

energy, raw materials and technological innovation. The in-

dustry is undergoing important changes at the international

level, partly due to technological innovations which result

in a transformation of the traditional patterns of compar-

ative advantage. In this new setting the developing nations

are in a stronger position to achieve self sufficiency in

steel and even to compete for a share of the international
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market (1). The present paper discusses some aspects of the

evolution of the steel industry in Argentina in recent years,

with the goal of identifying the most important factors that

affect development and growth of the steel sector. Special

consideration is given to the technological level and the

effect of government policy. Since these factors are of the

utmost importance in the planning decisions, which are the

main interest of this work.

1.2 THE INTERNATIONAL SITUATION OF THE STEEL INDUSTRY

Statistics show that in the last ten years, steel production

in the world has not increased significantly. Furthermore

between 1973 and 1983 it has decreased (4). It is well known

that the industry is in a crisis, mainly due to wrong

projections on demand growth. The unutilized capacity is now

more that 30%. However, if these facts are to be interpreted

correctly, one should point out that a certain quantity of

steel in 1973 is not equivalent to the same amount nowadays.

This is partly due to technical change that allows a more

efficient use of the ton of steel in the making of finished

products. Furthermore the better quality allows production

of final steel consuming goods with less amount of steel.

Despite these facts, the industry in a great majority is re-

porting losses. The fact is that current demand values are
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much lower than projected. Several consequences may be

pointed out from this situation. The first consequence is

of course massive layoffs in most countries, including Japan.

The second consequence is that protection to the industry

is growing in most producing countries. Thirdly, government

subsidies to steel industries are widespread. Finally the

fact that there is unused capacity results in the dumping

phenomenon, distorting international prices. Within this

grim picture there are some interesting points to be noticed.

One is that the smaller minimills, in particular those that

produce high quality, specialty steels, are in general not

reporting losses. The developing countries are not only

increasing their self sufficiency rate but in several cases

are exporting significant amounts (i.e. Brazil in Latin

America) (l).

1.3 PLANNING UNDER UNCERTAINTY

The above discussion suggests that there may be a relation

between planning methodology and the current problems facing

the international steel industry in general, and the

Argentinian case in particular. Certainly, we will argue

in forthcoming chapters that the Argentinian case is an ex-

ample of extreme uncertainty in demand. The question arises

”then of using the correct planning models to account for the
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effects of uncertainty. We will apply therefore different

methodologies and compare the results. Analyzing the current

literature, it is difficult to find methodological recommen-

dations for conducting sensitivity analysis in general, and

under uncertainty in particular. The traditional methodology

consists in solving the problem under certainty conditions

repeatedly, varying the parameters that are uncertain. The

final solution is then obtained as some average of the sol-

utions. As we will argue in the course of this work It is

clear that this method is not mathematically correct. In the

present work we will concentrate in a small number of possi-

ble states of the world. We will also assume validity of the

expected utility theorem or Bernoulli principle. With this

assumptions it turns out that a simple formalism can be de-

vised to account for uncertainty in a mathematically sound

way. We will also obtain the solutions using the traditional

method in order to fully asses the consequences of using

traditional methods. The conclusions of such a comparison _

of methodologies will also be relevant for other applications

of programming models.
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2.0 STEEL AND INDUSTRIALIZATION IN ARGENTINA

The process of industrialization in Argentina began in the

1930's with import substitution. The process was accelerated

in the 1940's and 50,s, when the steel industry began to de-

velop as well. It began with heavy protection, subsidies and
‘

r foreign capital. Table 1 shows the foreign financing received

by the industry compared to other countries. Table 2 shows

the importance of government ownership compared to other

countries (6). In very broad terms it followed the general

pattern of other latin american countries, namely Brazil (The

Brazilian case is analyzed in detail by Baer) (7). This

pattern is characterized as a process that started as a re-

sponse to the needs of the initial phase of the import sub-

stitution industrial development. However, the local private

sector lacked the financial and technological resources to

respond to these needs, and the industry developed under

government control, subsidies, and foreign capital. The

International Iron and Steel Institute has developed a model

that predicts the self sufficiency rate of a country in terms

of steel consumption (as a measure). The average curves and

the data for the development of the Argentinian steel indus-

try are shown in Fig. l (8).
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It is seen that Argentina fits the general curve. A more

detailed analysis of the particular characteristics of the

Argentinian case up to 1976 shows a poorly integrated indus-

try, heavily dependent on imported raw materials and averag-

ing a positive, but low level of profits up to 1973 (9). The

IISI model indicates that the growth of the steel industry

is linked to the global growth of the economy, independently

of the particular country is question. It may be expected

that since Argentina has followed the general model in the

past it will also follow the pattern in the future. However,

this does not address the fundamental question of the mech-

anism by which steel development influences economic growth

or viceversa. The IISI model does not allow prediction of

future growth rates. The model only establishes a corre-

lation between GNP growth and steel development, which is

followed by a great majority of countries. To summarize,

there appears to be a predicted rate.of self sufficiency in

steel corresponding to a given stage of growth. The other

significant feature of the relation of steel to the indus-

trialization process is the conflict between the demand for

steel created by the general industrialization process and

the lack of financing resources and technology. This explains

the reliance on foreign capital and government enterprises

to develop steel firms. The question that arises is the na-

ture of the correlation between steel and growth. The second

Steel and Industrialization in Argentina 8
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question is the possibilities of the steel industry in de-

veloping nations to be profitable for the local private sec-

tor without government subsidies and foreign financing. This

question will be explored further in terms of the forward and

backward linkages of the industry and its technological pos-

sibilities.

2.1 THE GROWTH OF STEEL DEMAND, THE FORWARD LINKAGES OF

ARGENTINIAN STEEL INDUSTRY

There has been a large amount of work in forecasting steel

demand in developing countries (8). This is due to the im-

portance of the accuracy in forecasting demand needed for

planning decisions. The steel industry requires a large in-

vestment, has long capital rotation times and has to work at

high levels of utilization of installed capacity. For the

Argentinian industry general equations are available for the

total consumption as a function of GNP and percent change in

GNP (8). These equations reflect the forward linkages with

the most important sectors of the economy. The most impor-

tant of these are agricultural machinery auto industry, con-

struction, and oil exploration (9). The recent crisis is an

example of the importance of these linkages. Due to the

changes in economic policy (1976-1981) demand fell by as much

as 20% in a year (1980-1981). Demand is strongly influenced

Steel and Industrialization in Argentina 10



by government policy, and political instability. It is not

simple to incorporate this uncertainty factor in planning

given the long times and high costs involved in a steel plant

this is a major problem and requires further study. It is

possible that the attitude towards this risk results in a

particular pattern of industrial decisions. Even if domestic

demand is the main component of total markets the prospects

for exports should also be analyzed. During 1981-1982 the

large drop in domestic consumption resulted in a large in-

crease in exports and in 1982 they accounted for 44% of total

sales. Prices in the international market have been lower

than internal prices in most producing countries due to the

general crisis of the industry. International prices in 1982

were 30% less than those of 1981 and 48% less than those of

1975. This is due to the decrease of demand in the developed

countries and the subsidies that the steel industry is re-

ceiving from the government in several producing countries

(20-30% in France, up to 40% in the UK). With this distorted

price structure price comparison is very difficult It may be

that the most meaningful comparison is that of internal

prices in Argentina with internal prices in other countries

(9). Currently internal prices for Argentinian steel are

lower than in most producing countries, even if the prices

of many finished products containing steel are higher. This

is the case for the auto industry or home appliances for ex-

Steel and Industrialization in Argentina ll



ample (2). Exports appear to be increasing and there are

possibilities for further expansion. This is a factor to be

considered, but it is not likely to be a key factor in the

near future, as it probably is in Brazil. There is insuffi-

cient data to determine how much the government has been

subsidizing exports, but it appears that the recent increase

is due to the decrease in local demand and will not continue

if the national economy recovers in the near future.

Steel and Industrialization in Argentina 12



3.0 TECHNOLOGICAL CONSIDERATIONS

3.1 ALTERNATIVE ROUTES TO STEEL MAKING

As a background for any analysis of the steel industry it

is necessary to discuss the possible steelmaking alterna-

tives, their relative advantages, raw material requirements,

and technological complexity. This will be done in a very

brief way in this section. The factors that influence the

choice of technology will be briefly analyzed.

In recent years several technological innovations have been

introduced in the iron and steel industry. The most impor-

tant of these are the basic oxygen furnace (BOF or LD proc-

ess), direct reduction of iron (DRI), and continuous casting.

BOF was first introduced in Austria in 1952. The process has n

clear advantages over the traditional open hearth furnace.

Capital investment is about one half that required for an

open hearth (OH) plant of the same size. It allows economy

of labor and space. In the last 20 years the process has been

developed to include many variants and it now accounts for

60% of the world's production. It is interesting to note

that a recent survey by Gale (10) and other reports (11) in- -

dicate that the recent and planned future expansion of the

Technological Considerations 13



world BOF capacity is contributed almost exclusively by less

developed nations. The Blast furnace—BOF route is also the .

most adequate route for large scale production and accounts

for 80% of the steel produced in large scale plants (10).

Direct reduction processes were first introduced in Mexico

as an alternative to blast furnaces, in 1957. Several vari-

ants have been developed since then both gas based and coal

based. The gas based processes do not require metallurgical

coal and use natural gas instead. These processes are of

interest to developing countries because they are adequate

for small scale production. However, it is also being con-

sidered in industrialized countries to achieve high product

quality and low pollution control costs (12). The process

of continuous casting is technologically more complex. It

involves the continuous production of slab, thereby saving

labor and energy. It was not used industrially until the

· middle 1960's. Further advantages are the reductions in space

' and operating costs, as well as improvement in surface qual-

ity. It should be noted that the advantages of adopting

continuous casting depend strongly on the level of inte-

gration of the plant. It is difficult to state which route

is more economical in a particular country without consider-

ing all the factors involved. Johnston and Mills analyzed

the choices in different situations (13). In a schematic way

the factors considered are the price of natural gas, the de-

Technological Considerations 14



sired output of steel and the capital charge. The blast

furnace—BOF route is favored for large output, low capital

charge, and high price of gas. Coal based direct reduction

(SL/RN) is favored for low output high capital charge and

high price of gas. Finally gas based direct reduction (HYL

process) is favored for low price of natural gas. This is _

schematically shown in Fig. 2.

Raw materials and energy requirements for the steel industry

are strongly dependent on the process chosen for steel pro-

duction. The most important inputs required are iron ore,

coke, scrap, electric power, and natural gas. Almost all the

iron ore consumed by the Argentinian steel industry is im-

ported. The sources for 1982 were Brazil (88%), Peru (8%),

and Venezuela (4%) (9). This means that even if ore is not

available nationally, it is provided largely by neighboring

g countries at low transport costs. It should also be noted

that the cooperation between latin american countries in

steel production is important, as shown by the reports of the

Latin American Iron and Steel Institute (ILAFA) (14). In

recent years new steel plants are usually located close to

the source of energy, labor and the market. This is different

from the traditional pattern that associated comparative ad-

vantage with the availability of iron ore and coke. All the

metallurgical coke that the steel industry in Argentina con-

Technological Considerations 15



· V . 5 SL/RN·eIec\rIc arc V_
' · 2 blast Iurnace SOP

z < 4 - . _
· .„ -—bas-e case ‘

· ' ; O metauurglcal coklng coal, L11Iton

E
U§ V nomcoklng coal, L7·26Iton

. . . ° m 0 ‘ 3
_ ‘ Sens1t1v1ty of process 111;** -

selection to coal prices · <.2ö_]' . .
‘ E U

6 2
‘ ”

. . . „ z g' U '
· 3 6 8 . ~ . .

‘
- · z § E 1 - ·1 · ä :1 8 . · 1

UJ ( • '
. ¤- •— z’ I

iägo · O
Q

O 05 1—O 1·5 2·~0
OUTPUT OF LIOUID STEEL 1 mauions ol tonslyear

‘ l
40 '

U
·

‘
~ ' DCF rate of

V4 g ••-f'2lU|'I’\ l5_‘l•
_ ° -. ,1} corporatuon

lu _°
ä

- gax 45°l•
1 · ?¤° °°

~*“
;,'l‘$°-?«‘„"I>‘ä'?ä 1

. - , _ 6 6
_ Sensitivity of process 1% 1

Q}? ,_¢'F°
selection tocharge on 21 V \}°' ___\°

~ capital ·· - „ °: 2 9 Ö? base case
°·

__1_ _______,__ DF-'Crateo! ·
- Ö return 10°{• ‘

. no tax ¤a¤d
. , · · no mvestmen

1 . I"3f1lS
. _ 0 0-5 1-0

”
1-5 2-0 ·

· - OUTPUT OF LIOUO SfEEL,m•¤ü<>¤s_0f tens/wav?

· . . E
2

• • • •- DZSQ CSSQ price _

Sensitivity of process. V; SL_RN man 1u1_na“_
selection to price of 1 agp.- ' “ —

- gas

HyL·eIectrIc arc
· ct O _

_ •
- 1

•
1-

•

OUTPUT OF LIOUIO STEEL 1 muuons ot tonslyear

Figure·2.‘ Alternative Routes to Steel Production.

Technological Considerations · ‘
16



sumes is locally produced but from imported mineral. In this

case the sources are USA (67%), Australia (13%), Poland

(12%), Canada (6%), and Colombia (2%) (9). This is a major

factor in the cost of steel produced by the blast furnace BOF

route. There is a large direct reduction capacity installed

that uses natural gas. The industry currently uses 750

million cubic meters, which only represents one thousandth

of the known reserves (9). Direct reduction processes also

use a larger percentage of scrap. Scrap is available na-

tionally, and the metallic charge of steel furnaces is 99.6

% local. This situation would indicate a comparative advan-

tage in favor of direct reduction gas based technology. It

is not clear whether the technology choices made so far in

the sector have been adequate to the raw materials situation.

This problem is related to the concept of "appropriate tech-

nology" for developing countries which will be further ex-

plored below. From the point of view of raw materials it can

be said that there is no clear comparative advantage for

the steel industry in Argentina. However, it is possible by

the choice of technology to use resources that are available

either nationally or at a low import cost. The cooperation

with other latin american countries is important in this re-

spect. It is possible that on an overall basis the industry

can be competitive in the international market. However, this

Technological Considerations 17



fact is strongly dependent on the choice of technologies

available to the industry.

3.2 THE TECHNOLOGICAL LEVEL OF THE ARGENTINIAN STEEL

INDUSTRY

To determine the technological possibilities for the future

it is necessary to analyze the past development, in partic-

ular the speed of adoption of the recent technologies. Two

types of indicators have been used in the past to measure the

diffusion speed of a new process (11). One is the percentage

output produced using the new process and the other is the

percentage of newly installed capacity that uses the new

technique. It has been argued that the latter indicator is

more representative of the situation in the steel industry.

For example in the case of BOF technology it is clear that

the costs for a new BOF plant are lower than for an open

hearth plant. The cost analysis will not generally be favor-

able for a replacement of an existing open hearth plant (11).

Table 3 shows steel production by process in several coun-

tries. These data show that for all latin american countries

the level of adoption of BOF technology has been much slower

than in industrialized nations. On the other hand the

adoption of direct reduction processes has been more wide-

Technological Considerations 18



spread. This share is quite large for Argentina and Mexico.

This is contrasted to the case of Brazil.
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This is probably due to the fact that the Brazilian steel

industry is at a further stage of development and requires

more large-scale production methods. It is important to

characterize the alternative routes to steelmaking ixx the

framework of the theories of technology in developing coun-

tries. One of these theories is known as the appropriate

technology movement (15). The concept originated in

Shumpeter's term "intermediate technology", but also the

technology that has specific characteristics. These charac-

teristics include being labor intensive, and low capital cost

per workplace. It seems that according to this definition

direct reduction- electric arc furnace is the "appropriate"

route for steelmaking in developing countries, at least those

countries that have low cost natural gas and electric energy. ·

This fact has been recognized in a recent report on the

international iron and steel industry (16). It seems that

these considerations apply to the case of the Argentinian

isteel industry. However, if large-scale production is re-

quired, the validity of this concept is subject to serious
4

objections, since the Blast furnace—BOF route is known to be

more efficient. It is also necessary to adopt continuous

casting technology if the industry is to be competitive in

semi-finished products.
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Another important factor in determining the technological

choice is the indigenous research capability. A comparison

of research and development effort in ferrous metals in var-

ious countries shows that Japan is now world leader in terms

of research and development employment and expenditure, cor-

. responding to the leading role of the Japanese steel industry

in the world market (17). The role of local research capa-

bility is related to the need to adapt the international

technology to local conditions, as discussed below. It

should be noted that Argentina has one of the strongest sci-

entific systems of the developing world (18), and therefore,

this is a factor that could favorably influence the future

possibilities for technological development of the steel

sector. Another important consideration regarding the tech-

nological possibilities in developing countries is technology

transfer. There are different views on the technology

transfer problem. Latin American scholars, the most promi-

nent of which are Celso Furtado and Osvaldo Sunkel,

picture the process as interrelated forces where the

prime movers are the more developed countries. Foreign in-

vestment is attracted and technology is transferred with
i

an insufficient adaptation to local needs and market sizes.

This tends to favor wealthier groups, stimulating foreign

- investment again and the cycle perpetuates itself (19). On

the other hand there are the advocates of the multi-
l
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national enterprise as a vehicle of technology

transfer. They argue that protectionism and governmental

policies play an important role in technological

backwardness. Free entry of foreign products and technology

would stimulate competition in the national enterprises and

result in the introduction of innovations. This was the

rationale behind the economic policy in Argentina during the

late 1970's. In addition, the question of licensing pay-

ments, patents, the critical mass of scientific structure

required, and the necessity of adapting the high

technology to local conditions have to be taken into ac-

count. In principle, multinational enterprises can play a

key role in technology diffusion. A technologically ori-

ented company which is large enough will make an attempt

to locate abroad. This will contribute ·to the global

transfer of the technology developed by this company. The

problems of this process are related to the need of under-

standing and adapting the technology contained in the prod-

uct produced by the multinational enterprise. The research

capabilities needed to imitate and adapt a given technology

may be comparable to those needed to develop it. The third

alternative that a multinational enterprise has is li-

censing or turn-key agreements. Licensing provides an

income and avoids the risk associated with establishing

new markets. It may also be more convenient in terms of
U
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capital, time, and energy. The innovating company is thus

saved the effort of establishing a subsidiary abroad.

However in some cases licensing may not be an attractive

prospective for a company selling goods with high

innovational content. These are the cases where it may in-

vite future competition. The agreement in these cases could

upgrade the licensee's technology. From the point of view

of the multinational company the three alternatives, ex-

ports, overseas location and licensing are complementary

strategies that are used in different cases, according to

the particular conditions. This is specially true for a

subsidiary that can stimulate the imports needed in the

host economy. Companies selling knowledge may effectively

loose control on the area of technology concerned. This

makes companies cautious and sell licences only for

discoveries which are peripheral to their main areas of ac-

tivity. It should be noted that the alternative of licensing

is the one that has been selected in the steel industry. It

is also possible that the production of low grade steel pro-

ducts is becoming a secondary area of activity for most large

steel multinational enterprises. The production of stainless

and specialty steels requires a more advanced technology and

is increasingly regarded as the main potential of large steel

companies, specially in the United States (4).
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There are several studies related to technology transfer in

the steel industry. Herbert and Rufing (20) point out that

in the steel industry there has been a flow of technology

from semi—industrialized countries to industrializad ones

(HYL, SL/RN processes). On the other hand an analysis of the

tendering projects in developing countries shows that the

turn-key contracts are the most common type, as supplied by

a consortium of international companies (21). The study also

shows that consortiums tend to use equipment from their

country disregarding indigenous availability of the equip-

ment. This appear to be the case for BOF. Ono (22) studied

the adaptation of BOF technology to Brazilian needs, as com-

pared to the adaptation process in the early Japanese

steelworks. The study shows that in the Brazilian case tech-

nological fixity resulted in the use of non-adapted borrowed

processes. This is in contrast to the Japanese emphasis on

adaptation and subsequent development of local processes.

These findings probably carry over to the Argentinian indus-

try and to the process of continuous casting. However, no

studies are reported in these areas.
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4.0 THE EFFECT OF GOVERNMENT POLICY

There are various ways in which government can subsidize the

steel industry. These include direct investment, measures
‘

to attract foreign financing, tariff protection, buying na-

tional products for state enterprises, etc. In Argentina the

government owns a large fraction of the steel sector (60%),

and therefore has a strong direct influence. It also controls

through government enterprises 40% of the economy. The gen-

erally held view is that in newly industrializing nations

like Argentina that are in the process of consolidating the

steel industry government policies strongly favor the steel

sector. There are several possible reasons why governments

would choose to favor the steel sector in developing coun-

tries (south). Two of the most relevant are discussed here.

4.1 HECKSCHER-OHLIN THEORY APPLIED TO THE STEEL INDUSTRY

First, consider a simple two good two factor model with two

regions, north and south. The two goods are B, the basic

good, and I, the luxury-investment good. Heckscher—Ohlin

theory predicts that the region relatively more endowed in

capital (the north) will export the capital intensive good

I, whereas the labor endowed south will export the labor in-

.
The Effect of Government Policy 26



y tensive good B. This takes place under the assumption of

similar preferences in the north and south (23). It follows

that, in this simple model unless K increases there is no

reason for the south to increase its production of steel,

which is a capital intensive good. The reasons for the ob-

served pattern of changes have to be found in other motives

to establish and subsidize steel development for governments

in the south. A more complete analysis may be obtained by

considering the Heckscher—Ohlin model in a three good three

factor situation. Let the assumption of equal preferences

in the north and south hold and let the three factors be la-

bor, capital, and the endowment of scientific and technical

capabilities, denoted L, K, and T. Let the three goods be the

basic good, labor intensive, the investment good, capital

intensive and the luxury good U, which is technology inten-

sive. As in the two good case the south is labor endowed,

whereas the north is endowed in both capital and technology.

It seems reasonable to assume that the north is relatively

more endowed in technology than in capital. This is expressed

in the following conditions:

K/L>N > K/L>S ; T/L>N > T/L>S

but T/K)N > T/K)S .
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Under these assumptions and in autarky the model will yield

relative prices in both regions, in analogy to the two good

two factor case. These will be:

N S ;

N S ;PU/PB) < PU/PB)

N Sand PU/PI) < PU/PI)

These price relations can be derived from a construction as

shown in Fig. 3.

The assumption of equal preferences means that the demand

curves will be equal in the south and in the north. In each

of the curves of Fig. 3 the quantity of one of the goods is

held constant. These conditions mean that the north will
l

export goods I and U. The price differential is higher for

good U than for good I. This means that the majority of the

gains from trade will be associated with good U. It may even

seem possible that in the north there will be a tendency to

use capital in the production of good U. This may set the
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world equilibrium price of good I only slightly above that

in the south. The south then has the opportunity of adopting

measures to develop its own production of good I, at a rel-

atively low cost. This model, however does not explain why

the south would be engaged in such a policy. It only indi-

cates that the existence of other goods that are relatively

more technology intensive makes the cost of establishing a

steel industry relatively lower. If this is true one should

find that in developing countries prices of steel relative

to other steel—containing products is lower than in the de-

veloped countries. This is indeed true, and..is shown in

reference 9 in a comparison of relative prices in Argentina

and the U.S.

It should also be true that the steel exports of developing

countries are constituted by low value added products in

large percentages. Furthermore the developing nations that

are relatively more capable technically should exhibit larger

amounts of high value added exports. To test this hypothesis

the type of steel products exported by developing nations was

analyzed according to the OECD classification and divided in

three types. These are low, medium, and high value added

steel products. The fraction of these types of products ex-

ported by the three main Latin American exporters are shown

in Fig. 4. It is seen from these data that indeed Latin

America exports low and medium value added steel products.

The Effect of Government Policy 3O
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Note that Argentina is the country with the highest fraction

of high value added, corresponding to its higher endowment

of scientific and technical capability.

4.2 THE FOREIGN DEBT AND THE TRANSFER PROBLEM.

In this section the increasing steel production in the south

is analyzed in its relation to the foreign debt problem,

which affects several countries in Latin America. In partic-

ular the largest foreign debts are held by the largest steel

producing countries in the region, Brazil, Argentina, and

Mexico. The problem should be analyzed in two different

cases (24). Periods when the south is receiving foreign aid,

that is a net transfer from north to south, and periods when

the south is paying the foreign debt, that is a net transfer

from south to north. For simplicity this problem will be

analyzed in a two good two factor framework. Consider a case

where the south does not produce the capital intensive good

at all, whereas the north specializes in the

investment-luxury good. In this case it can be shown that

there is a secondary burden for the paying country. During

periods when the south receives loans this means that the

terms of trade worsen for the north. During the period when

the south pays the foreign debt the terms of trade will

worsen for the south. To avoid this secondary burden the
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south may try to establish production of the capital inten-

. sive good. As mentioned in the previous section the steel

industry is a case where this can be done at a relatively low

cost. It should be noted that most developing nations that

are now increasing steel production have gone through the

situation of nearly specializing in basic goods. In the ac-

tual case, the north does not specialize in

investment-luxury goods. The mathematical analysis of the _

transfer problem with one country specializing and the other

not is rather long and will not be discusses here. Intu-

itively it may be suggested that for most conditions if the

south specializes it will have to pay a secondary burden

during the periods when it pays back its foreign debt. How-
‘

ever, one showed be careful in interpreting this analysis,

since skilled labor is usually more abundant in the north.

This may give rise to a situation similar to the Leontief

paradox.

4.3 THE ARGENTINIAN CASE :1976-1983
f

The preceding considerations support the view that govern-

ments generally favor the steel industry in developing na-

tions. This view is not supported by the recent developments

in Argentina. The main problem of the steel sector has been

the low level of general economic activity. As discussed
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earlier this affects the industry very strongly through the

forward linkages. It is also apparent that this is a direct

consequence of the government policy that started in 1976 and

was reversed in 1981-1982 due to the pressures of national

industry and the foreign debt. The nature of the changes

yof 1976 is clearly discussed ixx a study by the Business

International Corporation (25). The study evaluates business

prospects in the new setting of 1978. The reform was aimed

at forcing the national industry to compete with interna-

tional markets and therefore raise their standards. The

above mentioned report states that this policy would lead

Argentina to the road to recovery. However, the exchange

rate was maintained artificially high and industry could not

compete with foreign products. Most sectors suffered severe

losses, including the steel industry and its most important

customers. The crisis has resulted in record levels of unu-

tilized capacity (26), The foreign debt is now four times

that of 1978. Currently this policies are being reversed and

the steel industry demands a series of measures to help its

recovery. Basically these are measures to favor exports,

bring tariffs back to 1977 levels and restrict government
l

purchases to national products whenever possible. It

therefore appears that government policy in recent years has

not favored steel production. On the contrary it resulted in

a severe crisis, which was not linked solely to the interna-
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tional problems of the industry. It can be linked to a large .

extent to a general crisis of the industrial sector as a
’

whole (27). In turn this is related to a financial crisis

that had a strong influence on the industrial sector.
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5.0 LINEAR PROGRAMMING UNDER UNCERTAINTY

5.1 UNCERTAINTY AND THE STEEL INDUSTRY

In this section we discuss informally the role of uncertainty

in the specific case of the steel industry. The main feature

to be noted is that investment to increase installed capacity

should be planned well before demand is actually known. Com-

pletion of steel plants takes several years until they are

able to start production.

The second feature is that the fixed costs of maintenance and

depreciation are a substantial part of the price of a ton of

steel (more than 50%). Different technologies. These will,

of course, have different variable to fixed cost ratios, and

this will be reflected in the effect of uncertainty in tech-

nology choices. Internal demand, is not the only source of

uncertainty of the steel industry . International prices,

prices of energy and raw materials, exchanges rates, among

other are possible source of uncertainty. The present work,

however, focuses on only one source of uncertainty (national

demand) which is particularly large in a country like

Argentina. This assumption will also supply our computational

work.
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5.2 MAXIMIZING EXPECTED UTILITY

The most important principle regarding maximizing utility

under uncertainty is the Expected Utility Theorem. This

principle is also called the Bernoulli criterion. It was put

forward by D. Bernoulli (29) in the l750's, and had remained

almost uncontested as the most rational criterion for deci-

sion until the l940's. It simply states that: one decision
”

is preferred to another if and only if the expected value of

the gain (loss) of the first is greater (smaller) than that

of the second. The expected utility theorem can be proved to

be valid in quite general cases that assume rationality. It

is widely accepted, and will be used in the present work.

As a <:riterion for decision, the Bernoulli principle is

rather simple to apply, provided that the different proba-

bilities involved are known. It is clear to us that the

principle implies repeated trials (i.e., a repetition of the

decision situation). Hence, for the practical decision maker,

it can only make sense if he expects a stationary probability

system. Although this criterion is the one more generally

applied to problems related to uncertainty, and in particular

to planning strategies (30), there are also other proposed

principles, such as the principle that requires the individ-

ual to choose the strategy which minimizes his maximum loss
u (
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(31,32). The line of reasoning runs as follows: the lack of

knowledge of the opponent's intentions is the major factor.

Thus, large uncertainty is the common denominator in these

problems, whether it be the individual facing competitors,

or an individual acting on the basis of incomplete informa-

tion. In the former case, the competitors are the unpredict-

able elements, and in the latter case we can assume that

Nature is the fictitious opponent and its course of action

is uncertain. Clearly, while we expect our competitors to

act in opposition to our objectives, we do not expect Nature

to track us down and play contrary to our wishes. The crite-

rion is, however, not devoid of sound reasoning. If the in-

dividual plays this optimal strategy he is really merelyy

behaving in such a way as to set an absolute lower bound to

his expectation. He may feel that it is reasonable for him

to act in this way, while not necessarily believes that the

market will always move in the way most unfavorable to him.

Simply, he is not in a position to predict the future with

any accuracy, and he may want to be adequately prepared for

any contingency. There may be indications that this type of

behavior is expected in a case of very high uncertainty, as

the one studied here. However, it seems likely that the

Bernoulli criterion will be a more realistic assumption for

general cases. It will therefore be used in the present mod-
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eling, thus providing our conclusions with a more general
I

scope of validity. .

5.3 SENSITIVITY ANALYSIS

Development planning models have repeatedly emphasized that

sensitivity analysis forms an. essential part of decision

making processes. The information obtained in making sensi-

tivity analysis is in many cases as valuable as the optimum

solution itself. Nevertheless, it is difficult to find

methodological recommendations for conducting sensitivity

analysis.

In general the traditional methodology consists in solving

the problem under certainty conditions repeatedly, varying

the parameters that are uncertain. The final solution is

then obtained as some average of the solutions. Although

this procedure can give important information if used with

virtuosity, a more precise methodology is required in most

cases (33). From a mathematical point of view it is obvious

that the average of optimum solutions is not a solution for

the optimum of the average problem. This last problem is the

one that planners should consider if the expected utility

theorem is assumed valid. The inadequacy of the traditional

method is specially relevant for decision models that use
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the "active" approach to stochastic programming, where ir-

reversible decisions must be taken before all the necessary

information is available. Then, in general, some other com-

plementary action can be chosen. For instance, investment

in steel plants has to be decided before the level of demand

is known. The level of production can be determined a

posteriori in the light of precise demand data. The tradi-

tional method for analyzing a model proceeds in two stages:

- first, the model is built using basic average data for the

uncertain parameters and a provisional solution is computed.

- second, the optimality of this solution for the full prob-

lem is checked by varying the parameters and solving the

model again. We are effectively asking a series of questions

—of the type "what should we do if we knew the future and it

were such?" A decision is deemed optimal if it does not Vary

"too much" when the parameters characterizing the future

Vary.

The first stage of the analysis is obviously a first approx-

imation to the problem. About the second stage, we should

first note that it asks the wrong question as we really want

to know "what should we do given that the future can take so

many different forms?" The main difficulty is that the op-

timal solution to the model can Vary with the parameters, and
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in those cases traditional sensitivity analysis cannot asses

optimality.

If the expected utility theorem is assumed valid introducing

uncertainty in decision models is not theoretically diffi-

cult. It has been argued that in general, it is impossible

to use this approach. When the representation of uncertainty

must include a large number of possible states of the world.

If we can concentrate our attention on a small number of

states of nature, this approach should be feasible. This

should be the correct approach for the case considered here.

Traditional sensitivity analysis is used as a second best

method to introduce uncertainty and take it into account in

decision making, while still avoiding the complications of

modelling it explicitly. This presentation is generally ac-

cepted but the consequences of this approximation have never

been studied.

In the present formalism we will concentrate in a small num-

ber of possible states of the world. We will also assume

ivalidity of the expected utility theorem or Bernoulli prin-

ciple. With this assumptions it turns out that a simple

formalism can be devised to introduce demand uncertainty in

a mathematically correct way. In applying this model to a

case with large uncertainty of demand, such as the
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Argentinian steel industry it is clear that there may be a

significant difference in the results as compared to the

traditional method. We will also obtain the solutions using

the traditional method in order to fully asses the conse-

quences of using traditional methods. The conclusions of

such a comparison of methodologies will also be relevant for

other applications of programming models.

5.4 DESCRIPTION OF THE ALGORITHM

We will start by discussing the problem of allocation. That

is, not only the one that has the has the availability of

resources as its only restrictions; but also the one that has

its variables constrained by additional linear equalities or

inequalities. The simple allocation problem can be stated

mathematically as:

Minimize (or maximize) C = w (Xij) i=l,...,m

j=l,...,n

subject to the constraints E Xij < ai,

where Xij denotes the amount of the ith resource allocated
to the jth activity, and the ai's are given constants. On the
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other hand, the complete programming problem can be stated

aS:

Minimize (or maximize) C = ¢ (Xij) i=l,...,m

j=1,...,n

subject to the constraints

E ...X.. < b.a11 11 1

Z a. ..X.. < b.13 13 1

where aij, aij, bj, bi are given constants.

Under uncertainty of demand, the general programming problem

can be treated as maximization (or minimization) of the ex-

pected utility and assuming a relatively small number of

states of the world, it can be written as:

Maximize or minimize

X. + Z . . X..w ( 1) p1¢1(11)

where pj is the probability of state of the world j subject
3

to:

E X.. < .11 a1
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where ai is availability of ith resource and

E Xij = bj
where bj is required production in state of the world j

In the case of our interest, we will assume that the steel

industry has to meet the internal demand in all states of the

world considered. The number of states of the world consid-
‘

. ered is three, corresponding to low, average, and high de-
A

mand. In each of these states demand may be met by production

in either of three considered technologies, or by imports.

There is a maximum in the imports, due to the scarcity of

foreign currency that is expected, at least in some states

of the world. Also the price of imported steel is higher than

that of the internal market.

In the states of the world where internal demand is lower

than the installed capacity exports are allowed, at a price

which is lower than that of the internal market. There is a

maximum to these exports given by world demand.

Of course production will be limited for each technology by

the installed capacity in all states of the world. This is

a result of the investment decisions taken a priori. We will

therefore minimize the cost (maximize the profits) of meet-

ing demand in all states of the world with respect to these
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investment decisions, and subject ‘¤¤ the constraints de-

scribed above. Before stating this in mathematical form let

us define the notation used for all the variables in ques-

tion.
‘

5.4.1 NOTATION

S : profit function to be maximized, in dollars

Ii : investment in technology i, in dollars

Xij : output in technology i, state of the world j, in tons

Ej : exports in state of the world j, in tons

Mj : imports in state of the world j, in tons

Ci : already installed capacity in technology i, in tons

Qi : new capacity per invested dollar in technology i, in

tons per dollar ‘

Emaxj : maximum exports in state of the world j, in tons.

Maxj : maximum imports in state of the world j, in tons

V Fi : fixed cost per ton in technology i, in dollars

Vi : variable cost per ton in technology i, in dollars

pj : probability of state of the world j

Pj : price of steel in state of the world j, in dollars

Dj : Demand .in state of the world j, in tons.
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Pxj : export price in state of the world j, in dollars

Pmj : import price in state of the world j, in dollars

5.4.2 STATEMENT OF THE PROGRAMMING PROBLEM

With this notation the function S to be maximized is given

by:

S = -2 pj 2 Vi Xij - 2 (QiIi+Ci) Fi + 2 pi 2pi 2 Xij Pj -

2 . E. P.-P . - 2 . M. P .-P,PJ J ( J XJ) PJ J ( ma J)

Subject to the constraints: "

• mee ing eman 13 + J J J jt' d dz 2 X., M. - E. = D. '=l,3

• exports positive: Ej > O j=l,3

•
maximum in exports: Ej < Emax j j=l,3

•
maximum in imports: Mj < Maxj j=l,3

•
installed capacity: Xij < Ci + Qili j=l,3
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This simple model can take into account all the main features

of the decision process for steel plant investment. In par-

ticular, phenomena like dumping (through a low export price),

and the foreign exchange problem (through a maximum in im-

ports). Also the technological problem can be treated using

different variable costs and different installment costs for

each technology. The most important feature that is not in-

cluded in the model is the existence of economies of scale

which are very important in steel plants. Taking this into

account. would require integer· programming, which is more

complex. The basic conclusions regarding the effect of un-

certainty are not expected to be changed by the inclusion

of economies of scale. It is not clear how will our conclu-

sion regarding technology choices will hold if economic of

scale are included.
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6.0 LINEAR PROGRAMMING RESULTS

In this chapter the results of applying the described

formalism are the case of the steel industry in Argentina are

presented. In, the following sections a description is

presented of the necessary input parameters and their quan-

titative estimation. The effect of these parameters on the

results for investment planning are described.

6.1, EVALUATION OF COSTS AND DEMAND

It is very difficult to estimate the actual costs of

producing a ton of steel. The most important difficulty en-

countered is the existence of economies of scale. As men-

tioned above economies of scale are not taken into account

in the present formalism. Consequently an average estimate

will be used in the calculations. A second difficulty is the

fact that internal prices may be strongly distorted by the

effect of exchange rate fluctuation. The estimate used in

the present work is an average of $ 250 per ton of steel. Note

that in the present formalism constain internal prices should

not affect the solution. The estimate of demand was obtained

from various sources (2, 8, 9). Fig. 5 shows the values of

consumption for the last years.
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In addition the degree of uncertainty can be estimated from

these data. Demand values for the high and low states of the

world were obtained by taking the maximum and minimum ob-

served values in the previous years and increasing them ac-

cording to the rate of growth of the GNP for the period

considered. In this fashion approximate values were obtained

of 2900, 3200, and 4700 tons per year for the different

states of the world. The scatter of the data does not allow

an adequate estimate of the probability distribution function

based on this method. The basic data used in the present

study assumes equal probabilities. The distribution was

later varied , together with other variables, as described

below. The values for the installed capacities were ob-

tained from actual data for three different technologies.

These are : _

i) The traditional processes, mainly Siemens-Martin.

ii) The basic oxygen process, or BOF.

iii) The direct reduction-electric furnace route.

The fixed and variable cost values for the different tech-

nologies were estimated as shown in Table 4. Direct reduction

(Technology l) is clearly a more labor-intensive technology

and therefore has a higher variable cost. In spite of this, '

it is considered to be nmre expensive to install. Con-

versely, BOF technology has a lower variable cost and is

cheaper to install per ton. The total cost per ton is the
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same for BOF and edirect reduction routes, whereas it is

slightly higher for the outdated traditional route. The

costs of installing traditional technology are less than for

the other technologies, since it is outdated. However, its

variable cost is the lowest.

The values of maximum allowed imports and exports were also

obtained from data on previous years, as explained for the

demand values. The data show that both import and exports

take place in all years, basically due to diversity of pro-

ducts. Since in the present study different products are not

considered the net values were used to obtain the estimates.

These values are around 1000 tons for imports and 700 tons

for exports. Note that in this estimation we consider only

net exports or imports.

6.2 EFFECT OF IMPORT AND EXPORT PRICES

It was not possible to obtain meaningful values for import

and export prices from the available data. The best estimates

indicate that they may be up to 25% higher and 40% lower than

the internal prices, respectively. These estimates complete

the set of necessary data for the present formalism and the

basic results are shown in Table 5. Table 6 shows the op- .
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timum decisions reached using traditional sensitivity analy-

sis.

It is seen in these results that the basic features of the

Argentinian steel industry are reproduced, namely the exist-

ence on unutilized capacity, the losses experienced in the

states of the world with low demand, and the correspondence

of the these states with higher exports. As argued in previ-

ous chapters the internal crisis leading to low demand ap-

pears to be the main reason for the recent increase in

exports.

The data were then varied in consistent patterns to investi-

gate the effect on the obtained decisions. Import and export

prices determined in our model the basic investment deci-

sions. The first series of calculations was done varying the

· export price and maintaining other variables constant. In
”

this way a critical value for the export price was found that

led to investment decisions. The maximum in exports and im-

ports strongly influences these results. The example of

this is shown in Tables 7 and, 8. Table 9 also shows for

comparison the investment values obtained using the tradi-

tional method of sensitivity analysis. Note that they are

generally higher than those obtained using the more accurate

method.
l

'
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6.3 EFFECT OF TECHNOLOGICAL VARIABLES

The decision on the choice of technology is determined by two

factors: the ratios of variable to fixed cost, and the cost

of installment per ton. Since in all the cases considered

there is unutilized capacity in the low state of the world, _

.technologies with low fixed cost are favored. This effect

can be balanced by the installment cost, as shown in the

examples of Table 10 to 12. Investment in traditional

technology was of course never predicted. It is interesting

to note that for similar installment costs the technology

with lowest variable cost was favored. This is despite the

fact that the direct reduction-route is the "appropriate"

technology for a country like Argentina. This findings sug-

gest that the uncertainty present in demand actually leads

to investment decisions in a technology which would, other-

wise, not be the most efficient.

6.4 EFFECT 0F UNCERTAINTY LEVEL AND CORRELATION AMONG DATA

In this series of calculations the effects of uncertainty

level, distribution, and correlation properties were inves-

tigated. The data shown in Tables 13 to 15 show the effect

of increasing the relative weight of the extreme states of
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the world. It is seen from these tables that the effects of

uncertainty are indeed magnified in this case.

In the next series of model calculations the data are chosen

to be correlated with the imput value for demand in each

state of the world. For example, in a state of the world of

low demand the maximum in exports is expected to be lower,

since the crisis may be linked to the international situation

of the industry. Similar considerations hold for import and

export prices (Table 16). This again magnifies the effect

of uncertainty, as shown in Tables 17 and 18. ‘

6.5 COMPARISON OF DIFFERENT METHODS OF SENSITIVITY ANALYSIS

To compare the results of the present formalism with the

traditional method of sensitivity analysis the cost in dol-

lars of using the standard method was calculated for the

different cases analyzed. As shown above for the basic set

of data used this cost can be quite high for the steel in-

dustry. The effect of varying the different data on this

cost was also calculated, and is shown in graphic form in

Table 19. In this figure a horizontal arrow indicates no or

little influence, whereas arrows up and down indicate in-

creases and decreases of this cost, respectively.
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Table 5. Output Values

STATE OUTPUT OUTPUT -0UTPUT IMPORT EXPORT

OF THE TECH 1 TECH 2 TECH 3
WORLD1 860 1235 1605 E 1000

¤
H HE

« INVEST

A

x1000$

PROFIT -47790
%1

of -5.3 %
in $ — total

sales
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Table 8. Output Values

STATE OUTPUT OUTPUT OUTPUT IMPORT EXPORT
E

OF THE TECH 1 TECH 2 TECH 3
WORLD1 860 1466 1605 750nHE

HINVESTl

x1000$

PROFIT -78,802 % of V--8.7 %
in $ total

sales
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Table 11. Output Values_ .,

STATE _ OUTPUT OUTPUT OUTPUT IMPORT EXPORT
OF THE TECH 1 TECH 2 TECH 3 °WORLD _
1 860 _ 1010 2130 1000

¤H E 213°HI
H 213°

HINVEST
¤1000$_

E
PROFIT -42412 Z of -4.7 Z
in $ total

sales
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I
Table 14. Output Values

1

STATE OUTPUT OUTPUT OUTPUT IMPORT EXPORT
OF THE TECH 1 TECH 2 TECH 3
WORLD1 1085 1010 1605 1000

N
HHEI
IINVEST„
x].OOO$ .

PROFIT -47,609 Z of -5.3 Z
in $ total

_ sales
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Table l7. Output Values

I
STATE OUTPUT OUTPUT OUTPUT EXPORT

’ OF THE TECH 1 TECH 2 TECH 3 ' ·
WORLD1 E 1111 E
IH 111° HH
I 1111 11°1 IE

INVEST 156
x1000$

PROFIT -49037 % of -5.4 %
in $ total

sales
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' Table 19. Summary of Results

— ======¤~VAR!-ABLE Loss mm cost osxucxsasx-:1: — ro uu- xucosuzzcr. CERTAINTY pmuuxuc
Import Price ¢1

1‘
+

7‘

A
Export Price .

L

Maximum u ·‘ * * + +
Maximum

Q u
Exporte W Q Q W W
Uncertainty · „

U ‘

‘ Level I Q Q W Q W Q

UncertaintyDistribution
Q

—-> -9 Q W Q
(to sides)Fixed Cost ”z Variable n ‘
Cost -9 -9 —>_

W W

Cost of New —
¢¤x>¤¢1¤Y -» —> · —> Q

Data · ¥
Correlation .9 .9 .> Q Q W

* increase or decreaae, dependinq on maxlmun values for imports andlexporte
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7.0 CONCLUSIONS
~

The situation of the steel industry in Argentina can be mod-

eled on the basis of planning and investment decisions. The

model has, as a main feature the uncertainty in demand and

the possible choice of three alternative routes to steel

production. The results of the present modeling enable a

series of conclusions regarding the interpretation of the

current crisis of the industry, as well as certain pred-

ictions for the future. _

In the first place, it is seen that uncertainty in demand is

the main reason for the losses experienced by the industry

in the recent years. Unutilized capacity results from this

uncertainty and given the large fixed cost of steel this re-

sults in severe losses in states of the world with low de-

mand. It should be emphasized that if uncertainty is not

taken into consideration in the correct way planning deci-

sions result in larger investment and even larger losses when

demand is low.

The second important conclusion is that the recent increase

in exports is only connected with the occurrence of the low

demand state of the world. This was generated by the eco-
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nomic policy carried out. by the government in the years

1976-1981, which resulted in a severe crisis not only for the

steel industry but for the whole national economy. This

policy is currently being reversed and the increase in ex-

ports will not continue if the current measures succeed in

reactivating the industrial system.

A third conclusion is related to the technological problem.

The present analysis suggests that the direct

reduction-electric furnace route is the most appropriate

for the Argentinian steel industry. This followed arguments

of different types. In the first place the availability of

local resources in natural gas that could be utilized by this

technology. Also, it is more labor intensive, small scale,

and therefore appropriate for a developing country. Note that

this technology was developed in Mexico. In spite of these

facts our planning models show that a labor intensive tech-

nology will not necessarily be favored under conditions of

uncertainty in demand. This is because the labor intensive

technology may be costlier to install. In our uwdel the

choice of technology is determined by the product of fixed

cost times the coefficient Q, that is new installed capacity

per dollar. If uncertainty is not present this will not af-

fect technology choices at all. This choices would be made

solely on the basis of resource price to minimize total cost.
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Uncertainty thus results in the selection of an inefficient

technology.

Regarding the planning methods, the present results show that

in most cases the loss incurred because of the use of incor-

rect sensitivity analysis is similar or larger that that due

to the uncertainty itself. In some cases it may be much

larger, as shown in Table 12, where the uncertainty level was

increased. If this is computed as a percent of the total

sales of the industry it is seen that this effect is quite

significant, and can reach about 10% of sales.

Finally, the results of the present model adequately describe

the existence of unutilized capacity observed in the indus-

try. The most important conclusion of the model is that the

traditional method of conducting sensitivity analysis results

in significant inefficiency of the reached decisions, in-

volving large losses for the industry.

7.1 HOW SHOULD YOU DO SENSITIVITY ANALYSIS?

This work has presented a mathematical program where uncer-

tainty is modeled explicitly, based on the expected utility

theorem. The method generates a solution for optimality for

a case with a small number of possible states of nature.
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Comparing the results with traditional methods the cost of

simplifying the problem in the manner of traditional sensi-

tivity analysis were assesed. Those results also provide

insights on the type of data which could be treated by models

using the traditional approach. As was discussed in the

course of the work, prediction models that include actions

which should be taken in the present, are the ones that re-

quire the more correct present formalism. The computation

of investment programs and similar problems appears to re-

quire the present type of modeling if the uncertainty is

large. Practical difficulties in doing so may arise when

there is a large number of possible states of the world. The

present results suggest that the traditional method of sen-

sitivity analysis tends to produce larger investment values.

The generality of the present conclusions, of course, remains

to be tested in a variety of other problems.

7.2 PROSPECTIVES FOR FURTHER WORK

Regarding the methods for planning under uncertainty, the

most relevant continuation of the present work would be to

apply computational methods similar to the one presented here

to other planning problems, to confirm the present conclu-

sions. Such other problems may include other industries in

Conclusions
Ü
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developing countries or high-risk investment programs, such

as research investment planning.

From the point of view of accurate modeling of the steel in-

dustry in particular, the next step is necessarity to include

the economies of scale, by way of integer programming. This

may give then a realistic model for the industry, and it is

expected that the agreement with actual patterns will be much

improved.
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APPENDIX A. PROGRAM LISTINGS

Given below is the listing of the program 'Acero' that was

used for the cost minimization under the different models

for sensitivity analysis.

C IN THIS PROGRAM THE COUNTRY'S DEMAND HAS TO BE MET.
C MINIMIZE COSTS FOR STEEL INDUSTRY WITH 3 POSSIBLE
C TECHNOLOGICAL PROCESSES AND THREE POSSIBLE STATES OF
C THE WORLD

DIMENSION P(3),D(3), VK(3),CAPLD(3),Q(3),
1 CMANT(3),VC(3),FC(3)

DIMENSION A(20,l8),B(20),C(18),AXIM(3),
1 E(3),PSOL(18),PRI(3)

DIMENSION DXl(10),RWl(458),IWl(58)
DIMENSION Al(8,8),B1(8),C1(8),Xl(8),X(3,3)
DIMENSION DSOL(20),RW(458),IW(58),XIMP(3),XEMP(3)
DIMENSION DX2(8),RW2(458),IW2(58)
DIMENSION A2(8,8),B2(8),C2(8),X2(8)
DIMENSION DX3(8),RW3(458),IW3(58)
DIMENSION A3(8,8),B3(8),C3(8),X3(8)
CALL ERRSET (208,256,-1)
READ(5,*) (PU). D(I), PRI(I)„ I=l,3)
READ(5,*) (CAPLD(I), Q(I) ,I=l,3)
READ(5,*) (FC(I), VC(I), I=l,3)
READ(5,*) (AXIM (I),I=1,3)
READ(5,*) PRIMP, PREXP

C CALCULATE FIXED COST ON INSTALLED CAPACITY
CORR = 0
DO 1123 I=1,3 °

CORR = CORR + CAPLD(I)*FC(I)
1123 CONTINUE

IA=2O
N=18
Ml=15
M2=3

C FORM B, RIGHT HAND SIDE OF INEQUALITIES
DO 100 I=1,3
B(3*(I-l)+1)=CAPLD(I)
B(3*(I—1)+2)=CAPLD(I)
B(3*(I—1)+3)=CAPLD(I)
B(15+I)=D(I)
B(9+I)=AXIM(I)
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B(12+I)=O
B(l9)=O
B(20)=0

C FORM MATRIX A OF THE COEFFICIENTS IN INEQUALITIES
C UNKNOWNS ARE X(1,IT),X(2,IT)....VK(IS), XIMP(IS),
C XEMP(IS) WHERE IT REFERS TO TECH AND IS TO STATE OF
C WORLD. VK INVESTMENT
C FIRST ALL STATES OF WORLD, THEN TECH

100 CONTINUEDO
200 I=l,20

DO 200 J=1,18
A(I,J) =O

200 CONTINUE
‘

ICOUNT =O
DO 300 I=1,3
DO 300 J=1,3
ICOUNT = ICOUNT +1
A(ICOUNT,3*(I·1)+J)=1.
A(ICOUNT,9+I)=-Q(I)

250 CONTINUE
A(15+I,3*(J—1)+I) = 1.
A(15+I,12+I) = 1.
A(15+I,l5+I) = -1.
A(9+I,12+I) = 1.‘
A(12+I,15+I) =-1.

C COEFFICIENT FOR THE PROFITS FUNCTION TO BE MAXIMIZED
C(3*(I-1)+J)=P(I)*(PRI(I)-VC(I))
C(9+l)=·Q(l) *FC(I)
C(12+I) =(·PRIMP +PRI(I))*P(I)
C(15+I) =(PREXP -PRI(I))*P(I)

300 CONTINUE
CALL ZX3LP(A,IA,B,C,N,M1,M2,S,PSOL,DSOL,RW,IW,IER)
DO 400 I=1,3
X(I,1)=PSOL(I)
X(I,2)=PSOL(3+I)
X(I,3)=PSOL(6+I)
WRITE (5,1000) I,X(I,l)
WRITE (5,1100) I,X(I,2)
WRITE (5,1200) I,X(I,3)
WRITE (5,2000) I,PSOL(9+I)
WRITE (5,2100) I,PSOL(12+I)
WRITE (5,2200) I,PSOL(15+I)

400 CONTINUE_
S =S - CORR
WRITE (5,3000) S
WRITE (5,4000) IER

1000 FORMAT ('OUTPUT IN TECH 1 STATE OF THE WORLD',I2,
: Fl2.2)

1010 FORMAT (‘OUTPUT IN STATE OF THE WORLD 1 TECH°,I2,
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: F12.2)
1020 FORMAT ('OUTPUT IN STATE OF THE WORLD 2 TECH',I2,

: F12.2)
1030 FORMAT ('OUTPUT IN STATE OF THE WORLD 3 TECH',I2,

: F12.2)
1100 FORMAT ('OUTPUT IN TECH 2 STATE OF THE WORLD',I2,

: F12.2)
l

1200 FORMAT ('OUTPUT IN TECH 3 STATE OF THE WORLD',I2,
: F12.2)

2000 FORMAT ('INVESTMENT IN TECH',I2,F12.2)
2100 FORMAT ('IMPORT IN STATE OF WORLD',I2,F12.2)
2200 FORMAT ('EXPORT IN STATE OF WORLD',I2,F12.2)
2110 FORMAT ('IMPORT IN STATE OF WORLD 1',F12.2)
2210 FORMAT ('EXPORT IN STATE OF WORLD 1',F12.2)
2120 FORMAT ('IMPORT IN STATE OF WORLD 2',F12.2)
2220 FORMAT ('EXPORT IN STATE OF WORLD 2',F12.2)
2130 FORMAT ('IMPORT IN STATE OF WORLD 3',F12.2)
2230 FORMAT ('EXPORT IN STATE OF WORLD 3',F12.2)
3000 FORMAT ('EXPECTED PROFITS ARE',F12.2)
4000 FORMAT ('ERROR CODE IS ',I4///)

C DO 600 I=1,20
C DO 600 J=1,18
C WRITE (5,5000) I,J,A(I,J)

600 CONTINUE
C WRITE (5,*) (B(I),I=1,20)
C WRITE (5,*) (C(I),I=1,18)

5000 FORMAT (12,',',12,'=',E4.1)
C CALCULATE OPTIMUM INVESTMENT IN THE DIFFERENT STATES
C OF WORLD

IA1= 8
Nl=8
M11=5‘
M21=1

C _ FORM B1, RIGHT HAND SIDE OF INEQUALITIES
DO 110 I=1,3 V
Bl(I)=CAPLD(I)

110 CONTINUE
B1(6) =D(1)
B1(4)=AXIM(1)
B1(5)=O
Bl(7)=O
Bl(8)=O

C FORM MATRIX Al OF THE COEFFICIENTS IN INEQUALITIES
DO 210 I=1,8
DO 210 J=1,8
A1(I,J) =O

210 CONTINUE
DO 310 I=1,3
Al(I,I)=l.

l
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A1(I,3+I)=-Q(I)
251 CONTINUE

A1(6,1) = 1.
A1(6,2) = 1.
A1(6,3) = 1.
A1(6,7) = 1.
A1(6,8) = -1.
A1(4,7) = 1.
A1(5,8) =-1.

C COEFFICIENT FOR THE PROFITS FUNCTION TO BE MAXIMIZED
C1(I)=(PRI(1)-VC(I))
C1(3+I)=—Q(I) *FC(I)
C1(7) = -PRIMP +PRI(1)
C1(8) = PREXP —PRI(1)

310 CONTINUE
CALL ZX3LP(A1,IA1,B1,Cl,N1,M11,M21,S1,X1,DX1,RW1,

: IW1,IER1)
DO 410 I=1,3
WRITE (5,1010) I,X1(I)
WRITE (5,2000) I,X1(3+I)

410 CONTINUE
WRITE (5,2110) X1(7)
WRITE (5,2210) X1(6) ‘
S1=S1- CORR _
WRITE (5,3000) S1
WRITE (5,4000) IER1

IA2=8 ·
N2=8
M12=5
M22=l

C FORM B2, RIGHT HAND SIDE OF INEQUALITIES
DO 120 I=1,3

. B2(I)=CAPLD(I)
B2(6) =D(2)

120 CONTINUE
B2(4)=AXIM(2) .
B2(5)=O”
B2(7)=O
B2(8)=O

C FORM MATRIX A1 OF THE COEFFICIENTS IN INEQUALITIES
DO 220 I=1,8
DO 220 J=1,8
A2(I,J) =O

220 CONTINUE ,
DO 320 I=1,3
A2(I,I)=1.
A2(I,3+l)=·Q(I) ’

252 CONTINUE
A2(6,1) = 1.
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A2(6,2) = 1.
A2(6,3) = 1. .

- A2(6,7) = 1.
A2(6,8) = -1.
A2(4,7) = 1.
A2(5,8) =-1.

C COEFFICIENT FOR THE PROFITS FUNCTION TO BE MAXIMIZED
C2(I)=(PRI(2)-VC(I))
C2(3+I)=—Q(I) *FC(I)
C2(7) = -PRIMP +PRI(2)
C2(8) = PREXP —PRI(2)

320 CONTINUE
CALL ZX3LP(A2,IA2,B2,C2,N2,M12,M22,S2,X2,DX2,RW2,

: IW2,IER2)
DO 420 I=1,3
WRITE (5,1020) I,X2(I) ‘

WRITE (5,2000) I,X2(3+I)
420 CONTINUE

WRITE (5,2120) X2(7)
WRITE (5,2220) X2(8)
S2=S2— CORR
WRITE (5,3000) S2
WRITE (5,4000) IER2

IA3=8
N3=8
Ml3=5
M23=l

C FORM B3, RIGHT HAND SIDE OF INEQUALITIES
DO 130 I=1,3
B3(I)=CAPLD(I)
B3(6) =D(3)

130 CONTINUE
B3(4)=AXIM(3)
B3(5)=O
B3(7)=O
B3(8)=O

C FORM MATRIX A1 OF THE COEFFICIENTS IN INEQUALITIES
DO 230 I=1,8
DO 230 J=1,8
A3(I,J) =O .

230 CONTINUE
DO 330 I=1,3
A3(I,I)=1.
A3(I,3+I)=—Q(I)

253 CONTINUE
A3(6,1) = 1.
A3(6,2) = l.
A3(6,3) = 1.
A3(6,7) = 1.

E
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A3(6,8) = -1.
A3(4,7) = 1.
A3(5,8) =-1.

C COEFFICIENT FOR THE PROFITS FUNCTION TO BE MAXIMIZED
C3(I)=(PRI(3)-VC(I))
C3(3+I)=-Q(I) *FC(I)
C3(7) = -PRIMP +PRI(3)
C3(8) = PREXP -PRI(3)

330 CONTINUE
CALL ZX3LP(A3,IA3,B3,C3,N3,M13,M23,S3,X3,DX3,RW3,

: IW3,IER3)
D0 430 I=1,3
WRITE (5,1030) I,X3(I)

, WRITE (5,2000) I,X3(3+I)
430 CONTINUE

WRITE (5,2130) X3(7)
WRITE (5,2230) X3(8)
S3=S3- CORR
WRITE (5,3000) S3
WRITE (5,4000) IER3
STOP
END
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