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MULTI-SECTORAL PROJECT ANALYSIS USING
 

MIXED INTEGER PROGRAMMING
 

I. Introduction
 

coordination of investment is
1.111ie one of the central tasks of
 

development policy in Korea. At the project level, investment plan

iiiLn in Korea, as in other less-developed economies, is typically
 

carried out through the analysis of individual projects considered 

11]r(W or less in isolation from one another. But the application of 

Ienn. 
it-co .,t investment criteria is unwarranted where industries 

;,11e .i.nked through the use of intermediate products and when future 

,r)(iict pricu-; depend upon the set of projects selected for invest

I,,e, l.. II. there are economies of scale in related sectors, then it 

ii( c Lo re.y on a planning procedure whereby projects are€,,::ary 


:oi.i;iclv'.'d :imulitaneously. Only in this way .i s it possible to re-

IIer:L iv dc[peridence of. the profitability of one project upon which 

(I the remiiiing projects are selected to be undertaken. 

11wever, all projects are not equally influential on the course 

,f rcLa Live prices in the near future. For example, the decision 

in bild a textiles plant in Korea has a far less significant impact 

on Ii.: f[uture structure of the economy than the decision to build a 

IIi'( , stel. mill. It i- most important to examine a project in a 

imc:r,. equi.libri.um -;etting when that project, if accepted, would 

-qu :i r(: ; ].arqe fraction of the investment budget and would result 

http:equi.libri.um
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in a major change in relative prices. Such is often the case where 

scale present.econlomies of are 

upon the optimalThe effects of economies of scale in one sector 

discussed
aiJ.ocation of investment funds among sectors have been 

has 
Liidel: the category of "external economies." 1 But to date there 

through which the external economies linked 
een no operational means 

a particular project can be satisfactorily included 
in a partial


to 

costs. To include the ex
analysis of that project's benefits and 

the set of factors
Lcii:il (-,f Fccts of an investment project within 


turn to general
( ,n2Jdicl :ed i.n its evaluation, it is necessary to 

scarce re:q,,i.i -ib ru ,-analysis. In general L uilibrium analysis 


among sectors simultaneously, so there is no

!iO11J.:COS Z1EC al.located 

to associate benefits and costs with particular investment
need 


pro iccts. 

This paper deals with the formulation and use of a dynamic, 

for planning. This model
,nulti-!;ecLoral optimizing model investment 

i., sqpec~i [ica.l'y designed to incorporate both the effects of economies 

()I sc;1].o :in some sectors and interdependence between sectors within 

costs and benefits of large investmentI. 	 I ra1m1ewor.'k in which the 

external economies are inter
j,,((Iets are examined. In this model, 


nali zer as resources are simultaneously allocated to all of the
 

.nc~cLs of the economy.
 

here, are
Dynamic input-output models, such as the one used 


generally specified at a level of aggregation much above that of
 

rear of the paper.]ootriol:cs appear at the 
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the individual plant or project.2 The relevance of these models 

to investment planning is consequently reduced, since it is at the 

project level that investment decisions are made. To make solution 

practical and yet retain the operational significance of a dynamic, 

focus upon a small subset of
input-output model, it is necessary to 

specific investment decisions. The projects most usefully singled 

for detailed attention within a multi-sectoral framework areouL 

thlose which, through the competition for scarce investment resources
 

or input-output relationships, are likely to have the greatest impact
 

the welfare gains from investment in the rest of the economy.
on 


Factors impinging upon the investment decisions related to these 

projects should be specified in considerable detail in the model 

while the remaining activity in the economy is included with less 

detail in a manner insuring that competing demands by all sectors 

For r;ccre.ources are adequately reflected..e 

T['his course ha:t been adopted here. The model is applied to 

of investment in a petrochemicals plant and inpla.nning the timing 

Both plants are under an i.ntegrated iron and 	steel mill in Korea. 

both have of in construcserious consideration, 	 economies scale their 

than five

tion, and the construction of either would require more 

the total budget for investment in manufacturing duringper cent of 

The existence of economies of scale in
 the Second Five-Year Plan. 


of the plants and the expense of constructing either
the construction 


strong argument in favor of analyzing the merits of
 
(Jive rise to a 
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each within a multi-sectoral framework.
 

T1he model is described in Section II, and some solutions to it
 

Finally, the Conclusion discusses the
;jrc: analyzed in Section III. 


model's usefulness in determining the extent to which the construc

.ion of either plant would contribute to Korea's development goals.
 

uI. The Model
 

Except for the inclusion of economies of scale and the treatment
 

oF imrport substitution for petrochemicals and various classes of fer

roi.:; metals, the model is in the tradition of the 	models used by 

/, Eckaus and(hno1I:,/ and Iretschmer /2 /, Manne /9 /, Bruno /1 

the first)ar.i.ki /7 /, and Chenery and MacEwan /3 /. In common with 

four of these, it focuses 	attention on the choice between domestic
 

satisfy a mix of endogenously and exogenproduction and imports to 


oit!s-ly geri-irated demands; like the last two, it also focuses on the 

,)pLi.fmal .i;aJvin(Js problem, though over a shorter period of time. In 

ot:her words, the model is basically formulated as a dynamic input

inclusion of inequality constraints, importoutput. model with the 

and foreign capital inflows. The formulation of the.ternat.ives, 


model as a mixed integer programming model draws on the work of
 

Chencery and Westphal /4 /. 

Economics of scale in the 	provision of capacity in the petro

the use of fixedchem.ical.s and steel sectors are included through 

charge cost functions. Engineers have long recognized that there
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ill-(. r!,:f)lJ()Mies of scale in capacity construction in the major process 

industries. Typically, the cost of capacity is related to the scale 

= a y ,"
(J,Lhe plant constructed through the equation "Total Cost 


whiere "a" is a constant factor, "y" is the scale of plant, and "b" 

HiFthe elasticity of total cost with respect to scale. In the con

struction of petrochemicals plants and integrated steel mills, "b" 

3 
has been found to range between 0.6 and 0.8. To obtain a solvable
 

the constant elasticity cost function has been approximated
model, 

a 

by i lixed charge cost function of the form "Total Cost = B 6 + B y," 

W1-1r- I " i ; :i Eixed chargce incurred only if capacity is built and 

"Ii;L]e variable co-;t associated with constructing a unit of ca

[,;,.. '9.' is equal to zero if a plant is not constructed and is 

equal to one if a plant, regardless of its size, is built. The fixed 

charge cost function closely approximates the constant elasticity 

:,t Function over a wide range of plant sizes. 

T1I,,' model j.s linear except for the specification of fixed charge 

,'[,.:.il.y c,::;L [,iinctions in the two sectors noted above. Consequently, 

Iincai jror;Jmming cannot be used to obtain solutions, and recourse 
4 

A mixed integer
il:; made to mixed integer programming techniques. 

p)ro(ramming solution algorithm developed by Davis, Kendrick and 

Wc.i L:zXIan /6 / has been used to compute solutions. 

,Irenta ent of production and Import Substitution 

Central to the classification of sectors in the model is their
 

divsion into "traditional" sectors and import substituting "complexes."
 



TABLE I
 

C~ t,; i Jicn11lon inl the Model
 

2. ~Co iiI(lI~'Mwv 'i Prducts (5, 6l, 3,22! 0/270), 32900/270)m~ Cool 
~ 3P ( t '.' .1(444 Iol icco), Fo) c~."A y PrJoducts~, Pri'ILinIgVo((I 1(VT'g 

lit'j. (7, 13,4I4(t M aIC)ISIgi M iu~lUie(. I' :hII Ii 8,112 1, C 

:'.iTc. .4ll- : I 1'Jrd'it - ,N n'nI f'10, It) A~.ti. (7 8 

'44dwt/IGIl' 

::11d :1.0 ;1 

A ''''t;(i'i.4Ii'' on ;'iti' \', lihilI,n(l4(: OFii~a;'.: :.. 



(Herealter the petrochemicals plant and integrated steel mill will 

often be referred to as "complexes.") To understand this division,
 

it, is necessary to briefly examine the structure of the Korean econ

C)I-y. The classification scheme used in the model is presented in 

Tnhle I. 

The fifteen traditional sectors include all production in the
 

economy with which imports were competitive in 1966. Included within
 

these sectors are lines of production which existed in Korea in 1966;
 

are based
Lheirelevant input-output data and investment cost figures 

on hi-.torical statistics which have been modified to reflect 
struc

end of 1966.5
to have occurred by the 

Lural.i chancjes thought 

'rhe two projects that have been singled out for special atten-

IOion represent largely import substituting investments for Korea. 

The product mix and technology assumed for each plant was predeter

m.ined on the basis of engineering studies. The production of petro

synthetic fibers, and syn,:hemicals--refeLrence is made to plastics, 

1-hetic rubber--from the initial stages on up through the final 
stage
 

is not currently a part of theof processing into resin or polymer 

hand, facili
iorean economy. There do exist in Korea, on the other 


crude steel and for processing crude

Lies ror producing iron and 


into light steel sheets and bars for construction use. But

steel 


the Korean steel industry is unbalanced, since the bulk of pig iron
 

of crude steel

production goes into castings so that the tonnage 

that of iron, and most of the crude
production is less than half 
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The integrated steel
 
steel production is based on the use of 

scrap. 


a means of redressing the balance between 
pig
 

mill is proposed as 


a means of intro
iron and crude steel produced in Korea 

as well as 


the production of more specialized steel 
products and heavier
 

rJucing 

of rolled products.?1Ci-w! 

Since the integrated steel mill represents 
both import substi

already existing (albeit incompletely
LuLion and the expansion of an 


rationalized) industry, three classes of 
unfinished ferrous metal
 

iron and crude steel 
products have been distinguished--traditional 

11), trad" ,nal steel products (12), and formerly non
(,ommodity 


crude steel, and steel products (IS). Sectors
 
cnnpetirLive iron, 


crude steel and traditional steel
 
Jrodu 'i q tradi Lional iron and 


in the model (sec
the existing techniques are includedp~r()ducts by 


production activities are distinguished 
. .] and 12). Two for
 

of iron and crude steel, and
 
Lh, inLorjratcd mill: the production 


steel products. The integrated mill produces all
 
th, pi-rduct-ion of 


metal products; the demand for
 
Lhree forms of unfinished ferrous 


by production in
 
Lhe: import substituting output of the mill is met 


its Lwo components in fixed proportions.
 

complex is easily specified as a new input-

The petrochemicals 

The picture of production activity which 
output: sector (sector PC). 

given in Figure I which shows, 
emcrqes from the approach taken here is 

nineteen pro
in tableaI ormat, the input-output functions for the 

to right, there are fifteen for the
From leftductLon activities. 
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traditional sectors, one for petrochemicals, two for production in
 

the integrated mill, and the last activity is the provision of non-


The "A..'s" and
traditional ferrous metals by the integrated mill. 


1N ..qs" are input-output coefficients; i determines the pro

of iron and crude steel (i=l) and steel products (i=2) present
l)o01tion 


The input-output
in import substituting production in the new mill. 


matrix has nineteen columns (production activities) but only seven-


Figure II indicates the major supteen rows (commodity classes). 6 


ply and demand relationships between production in the complexes and
 

production in the traditional sectors.
 

in the ModelAchivi Lies 

The model is stated algebraically in Table II, and Figure III
 

presents a tableau of the activities present in each period 
of the
 

'he usage of the symbols is described in the Glossary at
 model. 

t-he (:1nd of this paper. 

each period includes'J'he model is run over a three-period span; 


The periods are 1967-68, 1969-70, and 1971-72. Each
 
two years. 


cycle of activity is composed of six sets of activities:
period or 

1) production, designated by "x ;", n
 

' Yn
2) increments to capacity, denoted by "Y"
 

3) '
imports, symbolized by "mn " 

4) exports, given by "e 
;" 

5) accumulation of foreign exchange reserves, "ut;" and, 

6) ct" " 6) consumption, given by "c 
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All production and capacity creation in the sectors of the model
 

are endogenous. Investment in each of the complexes requires two
 

" as the zero-one integer variable determining the
variables, 


fixcd charge cost of capacity creation, and "y as the amount of
 

capacity created and the determinant of the variable charge invest-


A common capacity constraint is shared by the activities
ment cost. 


representing production in the integrated steel mill.
 

Imports of all products (with the exception of Overhead and
 

which are not traded) are endogenous, as are exports of
Services 

other exports are exogenously determined by propeLrochemicals; all 

availability. This courseJectLions oif export demand and commodity 

followed because of insufficient computational capacity to handle was 


the bounds which would have to be placed on endogenous export activi-


Foreign exchange accumulation is specified relative to the

ties. 


initial level of foreign exchange reserves in the economy. There
 

i: 	 no activity representing the borrowing of foreign exchange in the 

Thus foreignbasic specification for reasons that will become clear. 


capital inflows are specified exogenously.
 

Like exports, government demands for good.; and services (gn) are
 

(xogenous. The only major components of production activity not re

[lecLed in the model are the direct employment of persons by the
 

with these two exceptions, the
government and household sectors. 


sum total of production activity in the model yields gross domestic
 

Income earned by Koreans working abroad is exogenously
product. 
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foreign exchange constraint.detL..,ried and important only in the 

13oth exogenous foreign capital inflow and net factor income from 

abroad are included in "ft' 

All magnitudes in the model are measured in billions of Korean. 

won (270 4 = $1). Capacity is stated in terms of the yearly output 

available from the normal operation of plant and equipment. Each 

period in the model covers two years.
 

Const-a.fnts in the Model 

The constraints will be discussed in the order in which they 

a*.pie,-r in Table II. The major constraints are on the use of capacity 

foreign exchange, and the availabilityiin each sector, the use of 

of domestic savings. There are no labor constraints in the model. 

sevenoutput determination (a) gives the commodity balances for the 

The first fifteen equations,teen commodities appearing in the model. 


(a.2), pertain to the supply and demand for the traditional
(a.1) and 

.wcLor outputs; equations (a.3) and (a.5), to the demand and supply 

loir Fonnerly non-competitive goods produced in the two complexes, 

and equaLtion (a.4) stipulates that all production in the petro

chemicals complex is used for import substitution.
 

Supply consists of two components, domestic production and
 

imports. Demand is divided into five parts: 

1) intermediate demand for use in production, reflected through 

the input-output coefficients, the "A 's;" 
nm
 

2) investment demand for capacity creation, "in ;"
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3) private consumption demands, "ci;" 

4) exogenous demand for exports, "e ;" and,n 

5) exogenous demand on government account, "gi." 

In equations (a.2), "mie" is the use of the iron and steel complex's 

output for import substitution. 

Private consumption demand (b) for traditional commodities is deter

mined by a set of marginal propensities to consume out of total con

sumption expenditure, the "S. 1 's." The intercepts in these relations 

can be varied along with the slopes to approximate any desired elas

ticity of demand with respect to consumption expenditure. Since the 

elasticities from which these demand functions are derived pertain 

to per capita consumption, a correction for anticipated population 

changes is applied to the intercept term, "Sa'" "Pt" is the sum over 
t 

Lhe period of the population in each year of that period. 

I)emand for investment goods (c) is related by means of input-capacity 

(:ooificients, "B.in 's," to the gross addition to capacity in a sector, 

." 11 Stock accumulation is endogenous and tied to the producing, 

rather than the using, sector.
 

Equation (c.l) defines the demand for the traditional sector 

outputs for use on investment account. Equations (c.2) and (c.3) 

cef ine stock accumulation in the two complexes. Stock accumulation 

in the traditional sectors takes place when capacity is created, while 

stock accumulation in the complexes occurs at the point when output 

The latter would seem to be the better specification,
increases. 




t 2ut fa t t a solved; in a redued form makes the'i2t4P he m d l i 

convenient formulation for the traditional sectors..,.>fomra more 

'iv'-Foreign exchange use (dy 'restricts the use of foreign exchange to 

4Lli supply provided by exports plus the sum of the net foreign capital 

if iniflow and the net factor income from abroad. The foreign exchange 

derived from exports is the sum of exports measured in domestic* 


conver s ion_ fac tt,2~if ic trans'l-atesice s--multiplIed-by-a 

A different conversion
.:>domestic prices into f.o.b. export prices. 

factor should be used for each sco's commodity, since freight, 

well as thensraneand tariff rates depend upon the sector as 

. destination of the exports. Unfortunately, the data to distinguish 

between these prices at the sectoral level do not exist. 

~ on-competitive imports are required to produce all of the com-

Investment also requires non-competitive imports--machinery 

if .. 

r"',~,Iim~~t~S. 


~;~~sil1led technicians for installation and labor training. Added 

kwi5.tbcse demand components are competitive imports and the net for-


Ci I xcngacumulation of the period,.i
 

ig1pacity constraints (e) require that output in each sector not ex

pea the available capacity to produce, "k .~Z 


6city determination (ff updates initial capacity by the investment
 

uwring within the plan period. Capacity in a sector in period 1"t"
 

3al to last period's capacity less any depreciation occurring
 

et'period plus the capacity expansion due to last period's in

to i 

i 



21.
 

"u. " is a factor translating normal yearly output, the 

terms in which capacity is measured, into the increase in output
 

actually possible in a sector "ill in period "t" as a result of in-


VC Lment in period "s." The gestation period between initial invest

menL and usable capacity is the length of the period in which the
 

investment takes place. This treatment gives an adequate reflection
 

of gestation lags without the necessity to distinguish different
 

gestation lags for different capital goods inputs.
 

The inclusion of several years within a single period gives "U"
 

an important time dimension. "U " has been taken as a constant
 

the number of years in period "t" as a matter of convenience.
equal to 


Thus it is assumed that plants come on line and are immediately capa

ble of producing at full "normal" capacity.
 

Depreciation, determined in equation (e.2), occurs only in the
 

the capacity existing
fifteen traditional sectors and is related to 


"D." is the yearly depreciat the beginning of the planning period. 1 

ation rate of capacity, and "vt " is the number of years in a period. 

'['his formulation of depreciation is used, since the planning horizon 

is; Loo short for plant installed within it to fall victim to suffici

ont deterioration or obsolescence to cause normal output to decline. 

(ornr.tLiLJ.ve import bounds (g) restrict competitive imports of the 

Lraditional sectors' commodities to a fraction of total imports. In
 

reality these bounds are introduced in place of non-linear or step
 

functions for production in the traditional sectors. Without the
 

http:ornr.tLiLJ.ve
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br,iril: and with constant costs, it could occur that all of a sec

Lor's supply is provided through imports.
7 The possibility that a
 

broadly-defined commodity aggregate be wholly imported denies the
 

existence of individual products within the aggregate which are at
 

vdrirying distances from the margin of importation. Rather than using
 

step functions to represent the production function within a sector
 

or further disaggregating the sectors, bounds on competitive imports
 

are used because of the lack of empirical knowledge necessary to
 

specify step production functions and because of the ever-present
 

8
 

problem of computational 
capacity.


Private consumption and savings bounds (h) respectively place a floor
 

under consumption in any period &nd a ceiling on the marginal pro-


Both of these are
pensity to save out of gross domestic product. 


substitutes for a non-linear objective function based on consumption.
 

The first constraint (b.l) stipulates that per capita consumption
 

a rate at least equal to "c." The second holds the
,must grow at 


In (h.2), the first
marginal propensity to save to less than "a." 


of the valuefour terms determine gross domestic product by means 


The remaining terms define total investment
added coefficients "Vn." 


and introduce a correction due to foreign capital inflows and foreign
 

exchange accumulation necessary to determine domestic savings.
 

Itron and steel complex bounds (i) are required because of the treat

ment of the steel complex. Equation (i.l) is sufficient to insure
 

that only the output of the integrated mill is used to meet the
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demand for formerly non-competitive imports of iron and steel. The
 

:iecond equation requires that the composition of the output of the
 

int.egrated mill not change over time in a perverse fashion.
 

integer constraints (1) are used to obtain the desired fixed charge
 

cost functions for investment in the two complexes.
 

Non-neqativity constraints (m) are a self-explanatory feature of the
 

programming model.
 

Terminal Conditions and the Objective Function
 

The longer one works with dynamic planning models, the clearer
 

becomes the realization that terminal conditions cannot be chosen
 

a
independently of the objective function and vice versa. It is 


trite but true observation that the world, or in our case, Korea,
 

does not die with the final period of the model. Thus the impact
 

on the future of activity within the finite horizon of the planning
 

model mus-t in some fashion be included in the welfare function. And,
 

to be consistent, the influence of future production upon plan period
 

activity, especially investment, must also be reflected. This is
 

generally accomplished through conditions on the amount and composi

tion of investment in the terminal period of the model (or, if it is
 

a single period model, on investment in that period) without a correc

tion in the objective function. An exception is the Chenery-MacEwan
 

model /4 /. Its approach is followed here.
 

Terminal growth constraint (j) is required, as in all models of this
 



24.
 

gender, to assure that investment takes place in the terminal period 

Equation (j.l) provides for sufficient inof the planning horizon. 


a post-terminal rate of growth of gross domestic
 vestment to assure 


less than "y" per cent per annum. Assuming full utilproduct of not 


ization of capacity in the post-terminal period, gross 
domestic prod

uct in that period will equal the sum of the value-added 
coefficients
 

the sectoral capacities available in the period (the first
times 


The term in parentheses to the left of the
 terms in the equation). 


inequality sign is simply gross domestic product in the terminal
 

peLriod. A feature of this specification which is notable, particu

larly in a model with economies of scale, is provision for the 
growth
 

ter
in output either from investment or from excess capacity 

in the 


minal period.
 

in some runs of.the model,
Equation (j.la) which replaces (j.l) 


total sources (equal to gross domestic product plus
states that it is 


Foreign capital inflow and net factor income from abroad 
less net
 

per

Foreign exchange accumulation) which must grow by at 

least "y" 


This slight change has the effect of keeping the model from
 cent. 

using toreign exchange accumulations for consumption in the terminal 

period without having to compensate for the increased 
consumption by 

additional investment.
 

(k)are introduced to avoid edge effects
 Trorminal capital stock bounds 


which would lead to terminal investment in one or, at most, 
a few
 

By placing upper bounds on the terminal capital stocks
 sectors. 
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and reilating them to the capital stock that would exist if all capi-


Lal stocks were to grow at "y" per cent, this potential problem is 

avoided. The multiplicative factor in this relation is "cpn " which 

is always greater than one. 

In the course of solving the model, it became necessary to use 

a lower bound on terminal investment in services and overhead to in

sure an a priori appropriate amount of investment in that sector. 

In this case, constraint (k.la) replaces the fifteenth constraint 

in equation (k.l), and production is required to grow at the post

term:inal growth rate of gross domestic product. 

of its con-The Objective Function values a plan of activity in terms 

sumption over an infinite horizon. The objective function is presented 

as the sum of two terms; the first includes consumption during the 

plan period which enters the objective function discounted at rate 

the first year of the plan period. The"(J." A].l discounting is to 

awkward appearance of the term is due to the use of a one-year discount 

factor to discount consumption occurring in periods of greater than
 

one year's length. 

The second expression in the obiective function is the value of 

post-terminal consumption that can be obtained by virtue of the ter-


The terminal growth constraint can be interminial capital stocks. 

preted as an injunction that the economy embark on a growth path along 

which consumption grows at rate "Y," starting from the level of con

sumption achieved in the terminal period. Post-terminal consumption
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is assumed to grow at this rate and is discounted relative to the 

immediately post-terminal year at a rate "w," which may differ from 

lhc plan-period rate of discount due to a willingness of the nation 

Lo endure sacrifice for a short period to achieve a high plateau 

fr7om which to initiate a path of constant growth. 

So far the large weight in the objective function on terminal
 

consumption has been rationalized in terms of giving post-terminal
 

consumption value in the welfare function. By virtue of the terminal
 

growth constraint it can also be approached as a means of giving
 

value to the terminal capital stocks. It is a substitute procedure
 

for putting terminal capital stocks directly into the welfare function.
 

III. Use of the Model in Project Analysis
 

The parameter values actually used in the model are based on
 

much the same data as is used in the Korean Sectoral Planning
 

Model /12/. Table III presents the values of some of the major
 

parameters. The model has been solved under a variety of assump

tions concerning the availability of foreign capital, the required
 

post-terminal growth rate, and the parameter values in the objective
 

function. The optimality of building either complex has been found
 

to be most sensitive to the assumed amount and timing of foreign
 

capital inflows over the period.
 

The solutions to the model exhibit very high growth rates of
 

gross domestic product--rates as high as 13 per cent per annum are
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riot unitsual. Two factors are largely responsible: 1) the low unit
 

cost of capacity in many of the sectors coupled the absence of ca

pacity absorption limits or decreasing returns to investment activity
 

as a whole (the incremental capital output ratio runs around 2.1);
 

and 2) the high value of consumption in the terminal period makes
 

so valuable that it is usually
investment in the first two periods 


at its upper bound in these periods. In other words, consumption
 

growth is at its lower bound in the first two periods.
 

The use of the model has demonstrated that if sectors are
 

ranked by comparative costs, then fiber spinning, fertilizer, pe

troleum, the traditional iron and crude steel and steel products
 

sectors, finished metals, and machinery and transport equipment head
 

the list having the highest costs. Production in the complexes is
 

also near the top of the list. Consumer goods and intermediates to
 

consumer goods production are at the bottom of the list. Which
 

products are actually imported depends upon the availability of
 

Foreign exchange.
 

In this paper we shall examine alternative solutions to two
 

specifications of the model. In both specifications, the in-plan
 

discount rate, "P," has been set to zero (reflecting the desire of
 

Korean government officials for investment now, consumption later),
 

the post-plan discount rate, '"V," is twenty-five per cent, and the
 

minimum growth rate of per capita consumption is two per cent.9 In
 

one specification foreign capital inflows are exogenous (as in the
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statcment of the model above), but in the other borrowing is in

cluded in the model so that foreign capital inflows are endogenously
 

determined on the basis of the interest rate on borrowing and the
 

productivity of foreign exchange.
 

The treatment of foreign capital inflows as exogenous is admit

tedly unrealistic, though in the early experiments with the model
 

it had the virtue of making interpretation easier. Korea does have
 

control over the amount and timing of foreign capital inflows: one
 

important means whereby that control is exercised is through the
 

licensing of projects, since the foreign exchange costs of large
 

projects are generally financed abroad. Roughly seventy per cent
 

of the total cost of both the integrated steel mill and the petro

chemicals plant will be financed by foreign capital.
 

This aspect of the country's control over foreign capital in-


Flows is best reflected in the borrowing activity incorporated in the
 

second specification (though the magnitude of foreign capital inflows
 

is not directly related to the construction of the plants). Since
 

no less-developed country can obtain all of the foreign capital it
 

might profitably use, it is necessary to impose a limit on the amount
 

of terminal debt when borrowing is included in the model.
10
 

Even though the borrowing specification is the more realistic,
 

it is still worth while to look at solutions in which borrowing is
 

not permitted and foreign capital inflows are exogenous. For it is
 

in the contrast between the optimal solutions when borrowing is
 

http:model.10
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permitted and those when foreign capital inflows are exogenous 
that
 

the major determinant of the conditions under which it 
is profitable
 

to build one or both of the complexes is found.
 

Et is worth while to temporarily set aside the specific 
case of
 

along with the petrochemicals plant and integrated steel 
mill
 

<oreea 

to consider, in more general terms, some of the issues connected with
 

lumpy investment in decreasing cost industries. We use the word
 

"lumpy" to characterize those cases in which the construction 
of a
 

single plant requires a high proportion of the total, 
economy-wide
 

investment during the period of its construction.
 

In the first place, it is well to distinguish between economies
 

of scale in the provision of capacity on the one hand, and the lumpi-


So far as the lumpiness of investness of investment on the other. 


a given sector is concerned, the questions to be asked in
 ment in 


determining the optimality of that investment revolve around the 
ac

in the rest of the economy to undertake
commodation that must be made 

Can the plant be financed without rellie construction of a plant. 


quirinq a major reduction of investment elsewhere in the economy (e.g.,
 

and if so, is its return high enough to repay
by foreign financing); 


If not, are the returns from
 the cost expended in its construction? 


the investment sufficient to compensate for the large 
sacrifice of
 

investment elsewhere in the economy?
 

The issues related to economies of scale are somewhat 
different
 

and revolve around the question of how much excess capacity 
should
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bO permitted when the plant comes on line. By over-building capacity
 

when plant construction exhibits economies of scale, it is possible
 

to decrease average unit capacity costs. But over-capacity generally
 

requires the sacrifice of capacity and hence production somewhere
 

else in the economy.
 

The interesting feature of the petrochemicals plant and the in

tegrated iron and steel mill in the case of Korea is that they incor

porate both lumpiness and economies of scale in their capacity costs.
 

13ut we are not considering a unique case here. other "middle-sized"
 

economies like Korea face the same kind of investment problem.
 

Where lumpiness and economies of scale are combined in the in

vestment cost for a single plant, the return to the concentration
 

of investment in that plant and in its related industries (related
 

through supply and demand links) over a short period of time is ob

vious. If enough investment resources can be mustered, a large plant
 

can be built and immediately
witlh consequently low unit capacity costs 

.iltilized due to the simultaneous investment in the suppliers of its 

But the cost ofintermediate inputs and the users of its output. 


such a pattern of investment is the necessity to obtain large amounts
 

of investment resources, either through increased domestic savings
 

foreign capital inflows, or at the sacrifice of capacity expansion
or 


elsewhere. 

if the plant is financed through the reduction of investment in
 

other sectors of the economy, then the potential domestic demand for
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the output of the plant must fall. In this case either a smaller
 

plant must be built with less reduction of investment in the rest
 

of the economy,or greater excess capacity must be experienced when
 

the plant comes on line--both of these mean greater costs of produc

tion in the plant and lower profit (at least in the first periods
 

of its operation).
 

There is an alternative pattern which is sometimes optimal.
 

Prior to its construction, some of the industries for which the
 

plant is a supplier can be built up through imports of the plant's
 

line, the demand for its outoutput. Then, when the plant comes on 


put exists without the necessity for as much concentration of invest

ment in the plant and its related industries. But if the cost of
 

importing the plant's output greatly exceeds domestic production
 

costs, this pattern may be less attractive than the concentration
 

of investment in all the plant's related sectors at the point at
 

which it is built or than simply building up excess capacity in the
 

plant's related sectors prior to the plant's coming on line. Such
 

excess capacity could be built up in both the supplying and demanding
 

sectors related to it.
 

Finally, though the rationale for having capacity in the plant's
 

using sectors available when the plant comes on line is clear, it is
 

not so obvious why it is necessary to simultaneously or previously
 

increase capacity in it supplying sectors. It would be possible to
 

simply import the required intermediate goods. But this, too, is not
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without cost: either imports of other commodities must be sacrificed,
 

or exports must be expanded at the expense of providing capacity in
 

the export industries (assuming that foreign exchange reserves are
 

not used).
 

In the discussion so far, we have assumed tacitly that production
 

in all sectors of the economy is increasing (or at least not falling)
 

during the period in which the plant comes on line. This need not
 

be true: the intermediate products required for production in the
 

plant can be obtained through cutting back production in the sectors
 

requiring the same intermediate goods. Indeed, this sometimes seems
 

occur either through the death of old and inefficient industries
to 


or through a lack of sufficient planning.
 

The above discussion was meant to be suggestive of the things
 

to look for which determine the optimality of investment in projects
 

which require large amounts of investment resources. We have assumed
 

that the project is basically sound, in the sense that the opportu

niLy cost of domestic production in the plant is less than that of
 

imports, and have focused on questions of timing and plant size.
 

it is necessary to determine whether investment
Roturning to Korea: 


in petrochemicals or non-traditional iron and steel will be at the
 

expense of investment elsewhere, and if so, if the expense is justi

fied. It is justified to the extent that the foreign exchange no
 

longer needed for imports of petrochemicals or non-traditional iron
 

and steel can be used to permit a more rapid growth of supply in
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other sectors than would have been the case had either or both of
 

the complexes not been built.
 

In summary, the things to'watch for are:
 

1) what happens to the level of total investment should a
 

complex be built;
 

2) what happens to investment in the using and supplying
 

industries related to the complex;
 

3) what is the effect of the above on the size of the complex
 

that is built and its utilization; and
 

4) how is the growth of supply in the rest of the economy
 

a lfected? 

In the last point we emphasize supply rather than production, since 

in a world with trade, the supply of goods and services is more rele

vant to welfare determination than the production of these. 

The answers to these questions can be provided only by a multi

: ect~ral, inter-temporal model of the kind formulated above. In 

Fact, the issues themselves are suggested by the dynamic general 

Keeping theequilibrium system from which such a model is derived. 


alternatives outlined above in mind, we now turn to the solutions
 

obtained for the two specifications. The economy's accommodation
 

to investment in the two complexes is best explored by examining al

ternative solutions to a given specification in which the pattern
 

A pattern of investment
of investment in the complexes is varied. 


in the complexes is distinguished by its timing. We may omit the
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tLhi.rd pceriod [r; the description of the pattern, since investment 

in that period is not optimal in any of the solutions obtained to 

the model. in addition, the construction of more than one plant is 

never optimal. Thus there are nine possible patterns of investment 

that are relevant. of these nine, we shall consider only the ones
 

generated by the,,solution algorithm. The solution for each pattern
 

is the optimal solution given the pattern of investment in the
 

complexes.
 

Capacity Expansion Paths With Exogenous Foreign Capital Inflows
 

The foreign capital inflow plus net factor income from abroad
 

in each period for the first specification is 180 billion won per
 
11
 

year. The terminal growth constraint related to gross domestic
 

product is used, and the required post-terminal growth rate is 13
 

per cent. Imports of any single commodity cannot exceed in value
 

ten per cent of total imports. The marginal savings propensity is
 

unbounded, i.e., constraint (h.2) is omitted.
 

The amount of investment in this specification is bounded from
 

above in the first two-periods by the consumption requirements con

srtra:ints and by the fixed amount of foreign capital inflow, and 

bounded from below in the terminal period by the terminal growth 

conn;-traint. Due to the high welfare value of terminal consumption, 

.investment in each period in all solutions to this specification is 

at its bound regardless of its composition. Consequently, capacity 

expanion in the complexes takes place at the c'it of growth in 
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traditional sectors' capacity. This is strikingly illustrated in
 

Table IV which presents selected details for four alternative solu

tions (corresponding to four patterns of investment in the complexes)
 

to this specification.
 

The welfare values of the four patterns differ by virtue of
 

differences in consumption in the terminal period; solution A is the
 

optimal solution having the greatest terminal consumption. The level
 

of investment is nearly the same for all patterns in the first period
 

but varies in the second and third periods due to two factors: vari

ations in foreign exchange reserves accumulation in the second and
 

in the composition of investment in the first two periods.
 

With respect to the latter, the composition of investment within
 

a period determines the incremental capital output ratio. It, in burn,
 

along with the level of investment, establishes the upper bound to
 

the growth of gross domestic product between the present period and
 

the next. And since the growth of domestic savings is limited by
 

the growth of gross domestic product, the growth of investment depends
 

The effects of
 upon the composition of investment in prior periods. 


a suboptimal composition of investment in one petiod are thus com

pounded through time by a lower growth rate of investment. The pat

tern of investment in the complexes in a given period not only in

fluences investment in the traditional sectors in that period but
 

also has a profound impact on the future course of total investment.
 

A comparison of solutions A, B, and C illustrates the determinants
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of the accumulation of foreign exchange reserves in period two. As
 

more import substitutinginvestment takes place in the first period
 

through the construction of the complexes, less foreign exchange 
is
 

This permits
needed to support production in the second period. 


the release of foreign exchange for reserves accumulation. The in

crease in foreign exchange reserves accumulation in period 
two mov

ing from solution A to B and then from B to C is equal to 
the foreign
 

exchange savings permitted by the construction of first the 
petro

chemicals plant and then, in addition, the integrated steel mill.
 

The accumulated reserves are used to increase consumption in the
 

terminal period through competitive imports. More foreign exchange
 

less import
is required in the second period in solution D due to 


substitution in the first period and the foreign exchange cost 
of
 

the petrochemicals plant constructed in that period.
 

If we now turn our focus to the composition of the capital stocks
 

in period three, the effects on capacity expansion by sector of 
a
 

rigid upper bound on investment in the first two periods are clearly
 

Reference to Figure II is helpful in comparing these solutions.
 seen. 


In solution B a petrochemicals plant is constructed in 
the first
 

period. Comparing the capacity levels of the third period for solu

tion B with those for solution A, in which neither complex 
is built
 

during the plan period, the cost of building the petrochemicals 
plant
 

is quite clearly a decline in the capacity of its using sectors.
 

To build the plant, capacity in the sectors using its 
output had
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to be cut back. Consequently, the profit from building the plant
 

is restricted, since it cannot be utilized as completely as it would
 

have been had its construction not been responsible for a decline
 

in capacity expansion in the rest of the economy. To accommodate
 

construction of the plant, capacity expansion in the consumption
 

goods industries also had to be restricted.
 

In solution C both complexes are constructed in the first period
 

with a further cutback in the capacity of the using sectors of both
 

plants and in the consumption goods industries. In solution D, the
 

construction of the petrochemicals plant is delayed to the second
 

period while the integrated mill continues to be built in the first.
 

Of the four solutions this is the second best--by delaying construction
 

of the petrochemicals facility greater capacity in the using sectors
 

of both complexes can be constructed, and capacity in the major sup

plier of the integrated mill can be expanded. Consequently a larger
 

mill is constructed; the largest permissible petrochemicals plant is
 

always built, since there is no bound on its exports (in this speci

fication) and since excess terminal capacity in petrochemicals contri

butes to the terminal growth requirement. Terminal consumption in
 

solution D falls short of that in solution A, since less foreign ex

change can be passed into the terminal period when the petrochemicals
 

complex is built in the second.
 

In conclusion, there appear to be three causes for the absence
 

of investment in the complex sectors in the optimal solution for
 



TABLE V 

Alternative Solutions: Borrowing Specification
 
National Income Accounts*
 

3
Period of Investment W GDP CT I E M x 2 x X-B 
IN
 

PC IS 	 I
 
.
.....
Solution 


A 1967/68 np np 42048.1 982 765 311 102 268 65 92 112 166
 
1969/70 1258 944 541 179 492 91 150 251 313
 
1971/72 1757 1279 373 280 275 136 73 66 -5
 

B 1967/68 1 np 42818.6 98f 765 341 102 299 E4 124 110 197
 
1969/70 1263 948 535 179 485 92 151 242 306
 

i971/721788 1306 347 280 248 137 71 40 -34
 

C 	 1967/68 2 np 42867.9 981 765 306 102 264 65 89 111 162
 
1969/70 1265 948 573 179 521 93 188 240 344
 
1971/72 1790 1306 347 280 249 137 71 40 -34
 

D 	 1967/68 2 1 42884.0 980 765 324 102 283 64 109 109 181
 
1969/70 1255 942 584 179 537 95 191 250 358
 
1971/72 1787 1309 305 280 210 146 64 0 -72
 

E 	 1967/68 2 2 42936.0 980 765 295 102 263 65 88 110 161
 
1969/70 1264 949 607 179 558 91 214 253 379
 
1971/72 1789 1310 306 280 211 147 147 0 -71
 

Notes: * 	 All national income accounts are yearly averages for the period
 

in billions of won.
 

Coltn headings are:
 

W objective values;
I 
GDP gross domestic product; 

CT consumptioin; 

I investment;
 

E exports;
 

M total i'mpeors;
 
M4 non-copatitive imptorts for prodction;
 

2 non-co~zezitive invesz=enz goos imporzs; 
3 



TABLE V.9 

Prodaction and Suppy!-, ,5t.-'" 
Sector 4 5 6 7 -99 10 111 12 13 14 15 PC 

1967-1968 
Averace Annual Tptal Sutpj (?ro~uction Plus Iripartsa 

Solution A 481 
B 481 
C 481 
D 481 
E 481 

51 
51 
51 
51 
51 

228 
228 
227 
228 
227 

52 
52 
52 
52 
52 

104 
104 
104 
134 
104 

62 
61 
61 
GC 
61 

86 
37 
37 
37 
37 

30 
29 
29 
29 
29 

32 
32 
32 
32 
3: 

1S6 
186 
166 
186 
166 

12 
!! 
12 
12 
11 

23 
22 
23 
22 
22 

29 
29 
29 
29 
29 

97 
96 
96 
95 
96 

441 
441 
440 
440 
440 

17 
17 
17 
17 
17 

13 
13 
13 
13 
13 

1969-1970
Solution A 582 

B 583 
C 585 
D 580 
E 585 

63 

63 
64 
66 
64 

304 

303 
305 
302 
306 

86 

85 
87 
84 
87 

164 

163 
165 
162 
165 

86 

66 
87 
85 
87 

49 
50 
51 
49 
51 

37 
37 
37 
36 
37 

42 

43 
43 
43 
42 

338 

330 
332 
336 
337 

17 
13 
16 

0 
12 

34 

33 
34 
33 
33 

43 

42 
44 
43 
43 

143 

141 
142 
143 
143 

573 

574 
577 
574 
577 

23 

23 
23 
23 
23 

19 
17 
19 
54 
18 

1971-1972 
Solution A 773 

B 779 
C 780 
* 776 
* 777 

61 
79 
80 
82 
82 

411 

416 
417 
413 
414 

127 

128 
128 
129 
129 

246 

250 
25C 
250 
250 

125 

126 
127 
126 
127 

72 
75 

5 
75 
75 

50 
50 
50 
52 
50 

61 

63 
63 
64 
65 

310 

252 
283 
250 
251 

23 

23 
20 
6 
6 

41 

39 
40 
40 
40 

59 

5S 
56 
57 
57 

156 

i59 
159 
155 
155 

770 

785 
786 
786 
789 

40 

43 
45 
45 
45 

26 

26 
26 
54 
58 

1967-1968 
Solution A 472 

B 473 

C473 
D 473 
, 473 

51 
51 

51 
51 
51 

226 
228 

227 
228 
227 

52 
52 

52 
52 
52 

104 
104 

134 
104 
134 

62 
61 

61 
60 
6. 

Averaue Annual Production 
38 25 22 158 7 
37 25 22 158 7 

37 25 22 1.58 7 
37 25 22 158 7 
;7 25 22 5 7 

23 
22 

273 
22 
22 

27 
27 

27 

73 
73 

73 

441 
441 

443 
440 
440 

0 
0 

0 
0 
0 

0 
0 

0 
0 
0 

1969-1970 
Solution A 546 

B 547 
C 549 
D 544 
E 549 

47 

47 
47 
47 
47 

304 

303 
305 
332 
336 

50 

49 
K 
46 
5-

i64 

:63 
1 Z 
i62 
165 

82 

69 
67 
5i 
F7 

49 

51 
51 
49 
51 

22 

22 
22 
22 
22 

42 

43 
43 
43 
42 

332 

294 
:96 
333 
302 

6 

6 
6 
3 
6 

24 

23 
t4 
32 
23 

24 

24 
24 
24 
24 

3'7 

135 
112 
:C. 
137 

573 

574 
577 
574 
577 

0 

23 
0 
0 
0 

0 

0 
0 

55 
0 

1971-1972 
Solution A 173 

B779 
C 783 
Z 776 
Z 777 

6i 
79 
63 
62 
a2 

411 
416 
417 
413 
414 

1 
12S 
12S 
129 
129 

_; i-%6125 
252 16 
35: :27 

52 126 
253 127 

72 
75 
75 
75 
75 

53 
5m 
53 
53 
53 

61 
63 
63 
64 
65 

313 
252 
2S3 
253 
251 

23 

6 
6 
6 

41 
-q9 
40 
40 
4C 

59 
8 

55-
57 
57 

156 
159 
159 
155 
155 

770 
-,5 
"86 
?a 
769 

0 
43 
45 
45 
45 

0 
0 
3 
55 
56 
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00 

0 
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excess capacity: 1967/68 0 5.3 7.5 4.91 23.91 8.6.4 0 0 0 0 ;71 0 0 
1969/70 0 0 0 C 0 23.135.3 I 0 0 0 0 0 0 

2 
imports: 

2 
1967/68 

1969/70 

1971/72 0 0 
1.6 0 

6.1 26.3 

0 
0 

0 

0 
0 

41.7 

0 
0 

0 

0 
0 
4.7 

0 
0 

0 

0 
15.4,31.2J15.21 
40 .11 0 0.6 

40.1 
62.0 

0 
1 

83 
,4.1 

4 .5 0 

0 0 
100.0 100.0 

o.o5.0100.0 

Capacity:547 47 303 49 163 69 51 2243 294 6123 24 105 !547! 5 
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014. 0
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this specification. First, investment in either complex leads to
 

a higher incremental capital output ratio which reduces the growth
 

of domestic savings and hence of gross domestic product and consump

tion. Second, the demand for the output of the complexes is diminished
 

by their construction, since it is necessary to reduce investment in
 

their using sectors. As a result the plants cannot be utilized suf

ficiently to justify their construction. Lastly, and perhaps most
 

importantly, construction of the plants is possible only by lowering
 

capacity expansion in the consumption goods industries. This fact
 

alone is rather insignificant except when coupled with the additional
 

result that the saving in foreign exchange from building the plants
 

does not permit sufficiently high imports of consumption goods to
 

offset the decline in domestic production.
 

Alternative Capacity Expansion Paths in the Case of More Flexible
 

Foreign Exchange Inflows
 

The alternative solutions to the first specification nicely
 

demonstrated one set of adjustments required to permit investment
 

in the increasing returns sectors when the total resources devoted
 

to investment could not be increased as a means of accommodation.
 

The various solutions to the specifications in which borrowing is
 

permitted demonstrate an alternative adjustment--increasing the level
 

of total investment.
 

Since investment is equal to domestic savings plus the gap be

tween imports and exports, permitting flexible foreign exchange
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inflows bhrough borrowing gives the model more choice over the amount
 

of investment in any period. This choice is present in only a single
 

direction in the basic specification; foreign exchange reserves can
 

be accumulated for future use.
 

Tables V and VI present selected information from the solutions
 

for alternative patterns of investment in the complexes for the bor

rowing specification. In this specification the total sources terminal
 

growth constraint (equation jl.a) is used, and the required post

12
 
terminal growth rate is ten per cent. The limit on discounted
 

total borrowing less repayment is equal to the six-year foreign capi
13
 

tal inflow in the first specification, 1080 billion won. The rate
 

of interest on foreign capital is five per cent per annum. The upper
 

limit to the marginal propensity to save, "a," is .30. As in the
 

previous specification, imports of a single commodity cannot exceed
 

ten per cent of total imports.
 

In solution A for this specification there is no investment in
 

either complex. Relative to the optimal solution in which both com

plexes are constructed in the second period, this investment pattern
 

results in a loss of 88,716 units of welfare, or slightly over two
 

per cent of the optimum value. This pattern is also less attractive
 

than the others enumerated in the table, all of which involve the
 

construction of a plant in at least one of the complex sectors.
 

Examination of the five solutions to this specification indicates
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that the paths of gross domestic product and of consumption are far
 

less sensitive to the pattern of investment in the complexes when
 

borrowing is permitted than was the case in the absence of borrowing
 

in the prior specification. The path of the gap between imports and
 

exports displays the most sensitivity to changes in the pattern of
 

investment. And of the determinants of this gap, competitive imports
 

and non-competitive imports of capital goods display the greatest
 

variability. The reason is straightforward--borrowing is timed to
 

accommodate the construction of the complexes.
 

The petrochemicals complex costs about 47.2 billion won on an
 

annual basis for the size of plant constructed in these solutions
 

while the integrated steel mill costs approximately 30.7 billion won
 

(again on an annual basis). Moving from solution A to solution B,
 

where a petrochemicals complex is constructed in the initial period,
 

borrowing increases in the first period by 31 billion won (annual
 

basis). Thus two thirds of the cost of the plant is financed by an
 

increase in the foreign capital inflow. The higher inflow in period
 

one is offset by a reduction in borrowing in the second period and
 

by increased debt repayment in the third. That part of the plant's
 

financing not provided for by increased borrowing is obtained by a
 

reduction in investment in the traditional sectors. Non-competitive
 

imports of capital goods in the first period increase between the
 

two solutions by the full amount of the increase in borrowing which
 

is used to finance the foreign exchange component of the petrochemicals
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plant; competitive imports bear the brunt of the reduction of net
 

foreign capital inflows in the latter two periods. The reduction
 

of competitive imports is possible due to import substitution in
 

petrochemicals.
 

This same pattern of accommodation to investment in the complexes
 

is repeated in solutions C through E. The level of borrowing rises
 

in the period of investment in a complex relative to the situation
 

in which the complex is not built in that period and subsequently
 

falls as competitive imports are cut back along with borrowing in
 

the following periods. In short, the amount of total investment over
 

the plan period rises by nearly the full amount of the cost of the
 

complex (or complexes) constructed. The increased borrowing necessary
 

to finance the rise in investment is repaid, using the foreign ex

change saved by import substitution in petrochemicals and/or non

traditional iron and steel. Because the timing of investment is no
 

longer as rigidly set as it was in the basic specification, construc

tion of both complexes in the second period is the optimal pattern.
 

Of the total investment in the second period in solution E (the optimal
 

solution), nearly thirteen per cent goes into the two complexes. They
 

account for six and one-half per cent of total investment over the
 

plan period even though they together account for only 2.25 per cent
 

of gross domestic product in the terminal period.
 

Foreign capital worth 379 billion won on an annual basis, or
 

1.4 billion dollars, is needed to finance investment in the second
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period. Though it is highly doubtful that Korea will receive such
 

a large inflow of foreign capital (plus net factor income from abroad)
 

in 1969 or 1970, she does have sufficient foreign exchange reserves
 

to permit a wedge this size to be drive between imports and exports.
 

Investment in the second period in the solutions rises as high as
 

607 billion won (annual basis) even though the marginal propensity
 

to save is limited to .30. The high level of investment is possible
 

due to large foreign capital inflows. It is profitable because of
 

the high value given terminal consumption.
 

Table VI presents details of the capacity expansion paths for
 

the solutions to the borrowing specification. Except for sectors
 

six, ten, eleven, and twelve, there are only marginal differences
 

between the solutions with regard to the paths of commodity supply
 

and production in each sector. Certainly there are not the major
 

changes which we saw reflected in the terminal capacity levels for
 

alternative solutions to the basic specification. Production and total
 

supply in the major consumption goods sectors is nearly the same for
 

each solution in each period. Since total investment can be increased
 

to accommodate investment in the complex sectors, there is no need
 

to sacrifice consumption to finance either a petrochemicals plant or
 

an integrated steel mill.
 

The differences between the solutions in the production and total
 

supply of sector ten's output are related to differences in the amount
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of terminal investment. Terminal investment is not the same in all
 

solutions because repayment of debt is a substitute for investment
 

in the terminal growth constraint, and, as we have already observed,
 

the level of repayment in the terminalperiod of the solutions depends
 

upon whether and when the complexes are built. The differences in
 

sectors eleven and twelve are related to the timing of investment
 

in the integrated steel mill which produces a substitute for the out

put of that sector.
 

Investment in sector six (light manufactures) is sensitive to
 

the pattern of investment in the complex sectors. When there is in

vestment in either complex in the first period, capacity expansion
 

in sector six is cut back in that period to provide part of the fi

nancing. In the case of solution B this reaction in sector six helps
 

explain why investment in petrochemicals is best delayed to the sec

ond period while in the case of solution D, it aids in explaining
 

the optimality of the same timing for the integrated iron and steel
 

mill. In both cases it is better to build up the using facilities
 

of the petrochemicals plant gradually prior to its construction (recall
 

that light manufactures are a major user of petrochemicals). In solu

tion B the failure to do so results in idle capacity equal to sixty
 

per cent of total capacity in the petrochemicals plant in period two.
 

Here we have a clear case of the use of imports to delay the construc

tion of a plant whose costs decrease with size so that a larger plant
 

can be built and so that it can be more completely utilized in the
 



49.
 

first period of its operation.
 

IV. Conclusion
 

In order to plan lumpy investments in decreasing cost industries,
 

it is necessary to simultaneously plan investment in the rest of the
 

economy. One-sector models of capacity expansion in industries with
 

scale economies concentrate only on the role of decreasing unit costs
 

and conclude that over-investment is optimal as a means of lowering
 

unit capacity costs. 14 But multi-sectoral models are able to capture
 

as well the fact that capacity expansion in some decreasing cost in

dustries requires large chunks of investment resources. Investment
 

elsewhere in the economy must adjust to the lumpiness of investment
 

in the decreasing cost industries, and it is largely on the basis of
 

these adjustments that the optimal timing of investment in the complex
 

sectors is to be determined.
 

Whether the economy can successfully accommodate the lumpy in

vestment in decreasing cost industries depends on a host of factors.
 

Key among these seems to be the amount of foreign capital inflow 
and
 

Foreign capital inflows must be timed to accommodate
its timing. 


concentrated investment in the decreasing cost industries as well 
as
 

But even here the issue is not
in the industries related to them. 


simply whether a large part of either complex will be financed by
 

foreign capital inflows contingent upon its construction. 
In the
 

absence of direct foreign financing, the lumpy investment required
 

http:costs.14
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to build a plant in a decreasing cost industry may yet be profitable
 

because, without this import substitution, foreign exchange supplies
 

in later periods may be insufficient to permit as great an increase
 

in the supplies of other sectoral commodities (either through increased
 

production requiring non-competitive imports or through imports).
 

A clear example of this is seen by comparing the optimal solu

tion to the first specification with the solution to a specification
 

that is comparable but for the fact that the growth of agriculture
 

is limited to six per cent annually. In the first specification, the
 

concentration of investment needed to build and use either of the com

plexes requires too great a sacrifice of consumption goods. But,
 

when the growth potential of agriculture is limited, concentration
 

of investment in the petrochemicals plant and its related industries
 

is profitable because, as import substituting investment, it releases
 

foreign exchange without which neither equally large imports of agri

cultural goods nor equally rapid growth in other sectors is possible.
 

So, the profitability of investment in the complexes is also a
 

function of the resource endowment of the country. Since the lumpy
 

investment in the decreasing cost industries is import substituting
 

investment, it is profitable only if there is insufficient foreign
 

exchange in its absence to sustain as rapid a growth of the supplies
 

of other goods and services. But, if investment resources are at a
 

premium due to the economy's limited ability to save, then the high
 

investment cost of these decreasing cost industries may argue against
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the expansion of their capacity.
 

The advisability of investing large amounts in the decreasing
 

cost industries is consequently a function of the relative prices
 

of the resources they require and the resources they save, as well
 

as of the manner in which investment elsewhere in the economy is timed
 

to accommodate the concentrated use of investment resources required
 

to provide capacity in these industries.
 

Implications for Korean Development
 

The borrowing specification best reflects the conditions likely
 

to prevail over the next six years in Korea. The optimal solution
 

to that specification indicates that both projects are profitable--but
 

not spectacularly so. It has been demonstrated that it is profitable
 

to build the plants only if there is, at the same time, a large amount
 

of investment in their using and supplying industries along with con
15
 

tinued investment in the consumption goods industries. This can
 

be accomplished only with careful coordination of investment plans
 

for the various sectors of the economy.
 

Planning is presently proceeding on the basis of a petrochemicals
 

plant with an annual capacity of between twelve and twenty-four billion
 

won output and a one million-ton capacity integrated steel mill. But
 

the solutions to the model (including many not reported here) indicate
 

that, if constructed, the capacity of the petrochemicals facility
 

should be upwards of 50 billion won of annual output and that of the
 

integrated iron and steel mill should be around a million and one-half
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tons annually. It appears also that both plants should be built
 

with considerable excess capacity--at the least about twenty per cent
 

of the capacity of each should be idle in 1972 due to the construction
 

of over-capacity.
 

The growth rates obtained in the solutions are unrealistically
 

high--for this reason the sizes of the plants constructed in the
 

solutions may well be in excess of the sizes that are optimal when
 

the factors which would reduce the growth rates to more reasonable
 

levels are included in the analysis. But the large discrepancy be

tween the presently planned and "optimal" (as here determined) capacity
 

of the petrochemicals plant can be partly explained by the fact that
 

heretofore there has been no reliable inter-sectoral estimate of the
 

demands for petrochemicals--most estimates to date have been based
 

on international comparisons.
 

With regard to the timing of construction, the optimal solution
 

to the borrowing specification suggests that investment in both facili

ties simultaneously is the best course. But in that solution, invest

ment is nearly fifty per cent of gross domestic product during the
 

period of construction while the gap between imports and exports is
 

over thirty per cent of gross domestic product. Whether or not Korea
 

could efficiently absorb so much foreign capital during such a short
 

16
 
period deserves serious attention. If the plants are not built
 

simultaneously, then the petrochemicals plant should be built first,
 

since it results in a higher saving of imports per won of investment
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than does the integrated steel mill.
 

The clearest conclusion to emerge from the model's use is that
 

the optimal timing of investment in the complexes depends ultimately
 

upon the availability and cost of foreign capital. Not all of the
 

elements of the cost of foreign capital have been included in the
 

model: for example, the effect of a large deficit on the future
 

availability of foreign capital inflows, or the influence of a large
 

deficit on the attitudes of international lending agencies. The final
 

decision should not be made until there is a more careful examination
 

of all of the elements of the cost of foreign capital.
 

Finally, it is well to realize that no single planning technique
 

can be used in isolation to formulate rational decisions; each tech

nique fails to take some elements of consequence into account. Among
 

the elements omitted from this model, the following deserve mention.
 

1) There is no allowance for the fact that a plant's capacity
 

is never fully utilized when it first comes on line. There is always
 

a shakedown period during which the plant's staff learns to operate
 

the equipment and the bugs are worked out of the plant.
 

2) The fact that a plant's construction can be phased over time
 

has been neglected. For example, the integrated steel mill could be
 

built in three stages of 500,000 tons each with production and capacity
 

The mill's cost would then be only slightly more
advancing in step. 


than if it were built all at once.
 

3) capacity absorption limits or decreasing returns to investment
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as a whole have not been specified. In large part this is responsible
 

for the high rates of growth and high investment rates.
 

4) Exports have been determined exogenously. Rather than build
 

the complexes to save foreign exchange, it may be better to expand
 

exports to obtain it.
 

These elements could be included in the model with only minor
 

modifications. They were omitted only because of limited computa

tional capacity and the time constraints under which this study was
 

made. Not easily incorporated in this type of model, however, are
 

the details of resource base, technology. and so forth, which go into
 

the engineering calculations from which come the precise specifica

tions for a plant's product mix, technological characteristics, and
 

location.
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FOOTNOTES
 

1. 	 See Scitovsky /13/.
 

2. 	 For example, consider the Korean Sectoral Planning Model /12/
 
used in formulating the Second Five Year Plan.
 

3. 	 See Haldi and Whitcomb /8/.
 

4. 	 See Dantzig /5/, p. 545, for the formulation of a fixed charge
 
cost function in mixed integer-continuous variable form.
 

5. 	 The derivation of the structural parameters used in the model
 
is discussed in Westphal /14/, Appendix C.
 

6. 	 The model includes constraints which insure that only the in
tegrated mill, and not the traditional ferrous metals producers,
 
meets the demand for formerly non-competitive iron and steel.
 

7. 	 This possibility is to a large extent mitigated by existence
 
of costless initial capacity.
 

8. 	 For an interesting example of a model using step production
 
functions, see Nugent /11/.
 

9. 	 y. = 1.10 for all sectors.
1 

10. 	 Borrowing is incorporated in the model by including two additional
 

activities and one additional constraint: Borrowing and repayment
 

of foreign funds, "bt " and "rPt, respectively, are added to the
 

the model in each period. The necessary additions are made to
 
equations (d), (h.2), and (j.la). The following constraint is
 
added:
 

T Vt(Tt ) T Vt (-t) t b 
F, (l+r) -t - Z (l+r) t rp tdb. 
t=l t t= t t 

In this equation "tdb" is the maximum discounted value of debt 

that can remain in the terminal period and "r" is the rate of 

interest on foreign funds. For simplicity it is assumed that all 

foreign exchange inflows are financed either by exports or through 

borrowing. The slacks in equations (a.3) and (a.5) are also sup

pressed. Repayment of debt in the terminal period is included 

in the terminal growth constaint as an alternative to investment, 

since repayment during the plan period releases resources in 

post-terminal periods which would otherwise be used for debt 

repayment. 
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11. 	 on the basis of discussions with David Cole, it appears this
 

is unrealistically high.
 

12. 	 The coefficient of "uT" is set to (l+y) in equation (jl.a), 

which is equivalent to saying that foreign exchange accumulation 

in the terminal period cannot be used to increase total sources
 

in the post-terminal period.
 

13. 	 Note that this means that, after repayment, less foreign exchangi
 

is available from abroad for imports, since interest charges
 

are accumulated in the debt constraint.
 

14. 	 See Manne AD/ for the application to investment planning of
 
single sector models with scale economies.
 

15. 	 In another specification with borrowing included, the debt limit
 

was 540 billion won--half that used here. Both complexes are
 

built in the optimal solution though the petrochemicals plant's
 
Even 	with the
construction is shifted to the first period. 


lower debt limit, each complex is built simultaneously with its
 

using and supplying facilities.
 

16. 	 If the construction of the plants is spaced over four rather
 

than two years and the net foreign capital inflow over the periol
 

is held to 540 billion won, then during those four years invest

ment and the foreign capital inflow would be thirty and twenty
 

per cent of gross domestic product, respectively.
 

17. Based on a number of solutions not examined here.
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GLOSSARY OF SYMBOLS
 

Symbol Usage
 

Activities
 

x.1	 
production in sector "i" 

m. 	 imports of the "i"th sectoral commodity
1 

in. 	 investment demand for the "i"th sectoral commodity
 

c. 	 private consumption demand for the "i"th sectoral commodit
 

gi 	 government demand for the "i"th sectoral commodity
 

e.1	 exports of the "i"th sector's output 

ms. 	 use of production in complex "i" for import substitution
1 

Yi 	 increment to capacity in the "i"th sector, measured in
 
terms of normal yearly full capacity output
 

6 integer variable for investment in complex "i"
 

u accumulation of foreign exchange reserves relative to
 
initial year of model
 

f net foreign capital inflow plus net factor income from abrc
 

k. 	 capacity in sector "i" measured in terms of capacity ac
1 tually available in period 

d. 	 depreciation measured in terms of normal full capacity

1 
 output
 

sl 	 slack variable in equation noted in subscript
eq.
 

Structural 	Parameters
 

A.. ,A. input-output coefficient, use of traditional sector output 
1J 1j (AllIS1 is minus the net output of iron and crude steel, 

and AI2,IS2 is minus the net output of steel products ob

tained by operating the respective activities of the mill;
 
A*-	 A A* A 

11 l = 1 A1 1 S1 1 12,IS2 12,IS2' i,ISj 
AIsj for all other i, j) 

Qi,IS 	 proportion of formerly non-competitive imports of iron,
 
crude steel, and steel products that are iron and crude
 
steel (i=ll) and steel products (i=12); QiIS equals zero
 
for all other "i"
 



Glossary (Continued) 	 58.
 

Structural 	Parameters (continued)
 

QI ~ 	 Q~s = QS+0; i = 1,2 

N.. 	 input-output coefficient, use of complex sector output
 

P sum 	of population estimates in years spz.nned by the period
 

Sa 
 intercept coefficient in the consumption demand function
 
1 for 	the "i"th sectoral output 

S. marginal propensity to consume the "i"th sectoral commoditj
1 

B.. 	 variable charge input-capacity coefficient
1) 

E.., E. 	 stock accumulation coefficient
 11 1 

M. 	 variable charge non-competitive imports/capacity coefficier
 
15
T


B. = 	 D B.. + E.. + M., for traditional sectors) 	 i=l 3 J 


15
 
B.. + M., for 	complex sectors-

i=1 1
 

Ba fixed charge input-capacity coefficient for complex sectors
ij
a
 

M. fixed charge non-competitive imports/capacity coefficient
 
1 for 	complex sectors
 

15

aT 	 1a+Ma,
 

B. 	 = Ba . + Ma, for complex sectors3 i=llJ3
 

N. non-competitive imports/output coefficient for traditional
 
1 sector "i" 

N# 	 non-competitive imports/output coefficient for complex

sectors
 

F 	 conversion factor for exports from won value in domestic
 
prices to won value of foreign exchange
 

D. 	 depreciation coefficient for the "i"th traditional sector
1 
U. 	 capacity utilization factor, U. is the capacity utiliza
 
I,s,t ,S,t
 

tion factor for the use of capacity in sector "i" in period
 
"t" depending upon the period of investment "s"
 

Vi,V*s 	 value-added per unit of output in sector "i" (V*s is a
 
1 IS 	 is 

weighted average for the steel complex)
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Structural 	Parameters (Continued)
 

Y. 
1 capacity of largest allowable plant that can be constructein a single period in complex sector 'i" 

Bl0,hous. 
 investment demand for construction for housing per unit
 
of consumption
 

L conformably dimensioned vector of ones
 
I conformably dimensioned identity matrix
 
E* 	 weighted average of E 
 and E
IS 
 ISl IS2
 

Plan Parameters
 

V number of years spanned by "t"
 
T number of planning periods
 

proportional coefficient used in import bound
 
minimum allowable growth rate of per capita consumption
 

Umaximum 
 marginal propensity to save
 
Y 
 target post-terminal growth rate of gross domestic product
 

or total sources 
(depending upon specification)
 
P 
 discount rate on within plan consumption in welfare functior 
W discount rate on post-plan consumption in welfare function 

Ci 	 factor of proportionality in post-terminal capital stock
bound
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