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PLANNING THE TIMING AND SCALE
OF LUMPY INVESTMENTS

by Larry E., Westphal

Development planners frequently encocunter and evaluate
single investment projects that are large enough to dramatically
alter the structure of a less developed economy -- the Tarbella Dam
in Pakistan, the Volta River Project in Ghana, and the Aswan High
Dam in Egypt are notable instances., But it is misleading to
suggest that such investments are always linked to agriculture
or overhead services. In fact, individual projects in manufacturing
can also be lumpy -~ requiring a substantial fraction of the total
investment foreseen overy a medium term plan.1 For example, one need
only think of projects such as steel mills, large engineering shops,
or petrochemical complexes in African or small Asian nations,

Lumpy investment projects yield major external economies
(or diseconomies) to other sectors -- it is this that ultimately
characterizes them as "lumpy." There is little doubt that too
much is written about external economies and too little dome to

incorporate formally their existence into our project evaluation

lTbeoretical and practical planners have not settled on a lower
bound for the ratio of project to total investment requirements
that qualifies a project as "lumpy.”" Where the project is a major
user of several specific resources, one of these, rather than in-
vestment financing per se, may be crucial in establishing
"lumpiness.” We shall have more tc say on this as we proceed.



criteria, Economists have catalogued a large number of specific

cases of interdependence between sectors in which the market mechan-

ism fails to provide the information necessary for optimal decentralized
decision making; benefit-cost analysis has been medified apace to
include these linkages. But the attempt to modify benefit-cost

analysis to incorporate essential features of the general equilibriom
system within which decisions are made has largely been a failure.

With the tools now at hand, the fruitless addition of epicycles can

and should be brcught to a halt,

This paper presents a general equilibrium model used to evaluate
lumpy investments in the manufacturing sector of South Korea. The
model is based on the dynamic input-output medel. The cholces between
imports and exports in the various sectors and between investment and
consumption in each periecd. are made to maximize a utility function
baged on aggregate consumption,

In its gsnerai formulation, this type of model is well suilted
to handle three types of interdependence which give rise to external
economies; input-output linkages, competition between sectors for
scarce resources, and changing comparative costs associated with
changes in resource endowments. The model formulated here, however,
also includes another prevalent source of external economies, de-

creasing unit costs within inter-related sectors.2 The model 1is 4

2On the failure of the market mechanism as an investment allocation
device in the presence of economies of scale see Chenery /2/.
Fxcellent surveys of the empiricsl work on the prevalence of
decreasing costs are contained in Haldi and Whitcomb A/ and

Moore /8/.



linear programming model but for the fact that some variables are
restricted to be either zero or one, These variables are used to
specify increasing returns to scale in two sectors -- petrochemicals
and iron and steel,

Thig model does not inelude all the respects in which lumpy
investment projects in manufacturing represent a structural break.
Learning effects, induced technological change; and income distribu-
tion are among the elements neglected, In principal there 1s no
reason for excluding such elements, short of the lack of empirical
knowledge needed to include them. While an inter-temporal, multi-
sectoral optimizing model such as that used here may over-simplify
the characteristics and dynamice of production in some sectors and
neglect some of the more important means whereby econonic relation-
ships and parameters are changed, it does recognize that an econony's
comparative advantage changes over time as a result of past and
present production activity, Furthermore, such a model is one of
the few available meansg for e#aluating projects within a general
eguilibrium framework.

In the sections that fbllow we will develop the propertiesz of
a general equilibrium model in which econdmies of scale are presens,
outline the Korean model's structure, and analyze some solutions %o
the Korear model for insights inte the nature of lumpy investment

projects ir manufacturing.



Economies of Scale in Inter-related Sectors

Economies of scale are empirically significant in a number of
major industries, Typically, decreasing costs occur in the con-
struction of capacity and in the use of manpower in plants manu-
facturing petroleum, chemicals, petrochemicals, steel, cement, and

3

aluminum, to mention but a few, Empirical studies of plant con-
struction costs have found that in these cases the elasticity of
total cost with respect to plant size is constant over a wide range
and frequently is between 0.6 and O.8.u Thus doubling piant size
increases costs by between sixty and eighty per cent., These figures
refer to the construction of a balanced plant, not to the expansion
of plant capacity by breaking one or several limiting capacities
within the plant.

Figure I exhibits a constant elasticity capacity cost funciion
along with a "fixed charge" cost function which is used here to
approximate the former. The latter is preferred since it can bs
used in numerically solvable models while the former cannot. The
approximation is of the form: Total cost = 'S + By, where ngtn
and "B" are respectively the fixed and variable charges associated
with capacity comstruction, "y" is the size of plant consiructed,
and "8" is a zeroc-one variable equal to zero if mo plant is built
and equal to one if a plant, regardless of size, is buttt, The
average cost of capacity is B + Ba/y, and it declines asymptotically
to "B, the variable cost of capacity.

3

In addition, decreasing costs exist where the set-up time between
production runs is important, as in the metal working industries.

Yya1di ana Whitcomb /6/ .
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To illuminate the workings of a model incorporating economies
of scale in inter-related sectors, we now conglder a simple model
which can be approached through both graphs and algebra. The structure
of this médel is identical in its major respects to that of the model
used to evaluate Korean investment in a petrochemical complex and an
integrated steel mill, The parameters and variables used in the
model are defined in Table I. The first subscript ("i" or "j")
assoclated with each variable denotes a sechor, the second ("t")
denotes the time period. The eguations that hold in each period

in the model follow:

Sector oubput egual to demand less imporis --

2 2 2 a
1) =z, = % A, .x,,+ £ B .y.,+ I B 258,
() Lt ., W Tht o L A Vit D Cid et
u J= J=
+ & +8 cn +e i=1,2
Py TRy Oy TR g T Mg ’
Production no greater than capacity --
Q <5 . - i =
(2) X3 4 < kl’t i=1,2
Capacity updated by investment --
B + =
(3) Ry p= kg TV i=1,2



Foreign exchange use neo greater than supply --

a 2 2 a 2
h + i + + .
(4) R B T AT S RV s
2
- I e, < f
i1 i,t - "%

Obtaining fixed charge capacity cost functions --
(52) P i=1,2
(5b) ai,t = 0 or 1l io=1,2

Interdependence between sectors is found on three levels in
the model: user - supplier relabions on both current and capital
aceount, competition for investment resources, and competition for
scarce foreign exchange; Production and investment reguire non-
domestically produced inputs. In additlon, trade is important since
imports are an alternative supply source to production., Domestic
prices are assumed equal to export prices for commodities which are
internationally traded, as both are in this simple model. The last
two assumptions can be changed without altering the behavior of the
model. TFor convenience, as well as the lack of data, labor is not

ineluded in the model,



TARLE I: Symbols Used in the Model

Parametersg --

A, .
1]

.

grogg output in sector "1

[*h
Cabr

Variables w--

¥

w

input from sector "3" required per unit
11 11

gross oubtput in sector i

non-competitive imports required per unit
AL

variable requirement of sector "j's" output

per unit of capacity constructed in sector "

fixed reguirement of sector "j's" cuiput
per unit of capacity constructed in sector "i

variable requirement of non-competitive imports
per unit of capacity constructed in sector Mt

fixed requirement of non-competitive lmports
per unit of capacity constructed in sector e

parameters in the commodity consumption functions,

consunption of the "itth" good equels S? + 8, eny
the e¢.i.f. import price of the "itth"” commodity

gize of the largest plant that can be built

in gector "i"

gross production of commodity "i" in period e

capacity in seetor "i" in period "t

size of plant constructed iun sector "i" in period ngt

zera-one variable for capacity comstruction
Im-n

in gector "i" in peried "t" '

" commodity in period "t

imports of the "i'th
exports of the "i'th" commodity in period "t"
aggregate consumpbion in period "t"

net foreign capital inflow in period "t" (exogenous)



The fixed and variable charge activities associated with
capacity provision in each sector are linked by equation (5a) whieh
requires that at least the proportion ¥s t/Yi of the fixed charge be

E

1"

incurred when a plant of size "yi & is constructed in the "i7th"
3

1r

gector., Equation (5b) insures that if “ai e is greater than zero,

E
then it must be one, Equation (5a) alone, without the addition of
(56), gives a capacity cost function with constant average (equal to
. a i s i
¥ H = + & | =
marginal) cost: Total Cost (Eij/yi Bij) yi,t' Thug, if it 1=

1, ot

expected that a plant of gize "x" will be constructed in a given

period, Yi may be set to "x"

for that period and the existence of
economies of scale could thereby be formally neglected, That this
approach ig dangerous will become evident,

Figure II presents a tableau of the model for the two period
case, Tllustrative parameter values have been used so that numerical
solutions can be obtained. Purely for clarity and so that the reader
can follow the solution procedure with minimal difficulty, inter-
dependence between sectors has been neglected in the input - output
matrix and in the variable capacity cost coefficients, and non-
competitive imports have been suppressed. Positive numbersg denote
outputs, negative numbers, inputs, The objective function is
maximize SO

Without a stipulation about investment in the terminal period
{period two here), the maximum is achieved by investing nothing in

that period. Terminal investment levels could be pre-set, or invest-

ment could be endogencusly determined to achieve a given post-terminal



i

FIGURE II
Tableau of Two Period Model

_ _ Right
Consgtraints et b= - - t-® - e Hand
Xy %5 ¥ Yy mH mm e, &, my w, cny Xy %, ¥y ¥y mw mm e & m, w, cn, Side
t=1 Product balance 1 ¢ -10 «10 -15 -1 1 ~.5 =0
0 1 0-1 =20 -20 -1 1 -.5 = 0
Capacity cost -1 100 >0
-1 100 >0
vero-one reg't. 1 =0 or 1l
1 =0 or 1l
Capacity limit -1 > -250.0
-1 > -273.k
Foreign exchange ¢ 0 0 0 O 0 1 1-1-~1.5 >0
Product balance 1 ¢-1 0 =-10 -15-1 1 -.5 =0
O 1L ©0-1 =20 -20 s =0
Capacity cost -1 100 >0
-1 100 >0
Cero-one reg't, 1 =0
: 1 - 0
Capacity limit 1 -1 =0 orl
1 “1 =0 orl
Foreign exchange 0O 0 0 0 ¢ 0 1 1-1-15 >0
Terminal invest. -1 1 > 25
-.1 1 > ko

e

Note: Time subscripts have been suppressed.
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growth rate, The latter course has been chosen and the post-terminal

>

growth rate is ten per cent,
Matters are simplified considerably 1if we assume that

i=1,2) fl, and f£. equal zero. As inibisl conditions

€517 My q o

= 250.0, = 273.4. With these simplifications

we take Y1
3

To,1

the problem is ezsily shown to reduce to
naximize A , subject to

+ +
(6) 1L 1,1 10 8 15 &

1,1 50.0

2,1 =

+ + :
(7) 2 ¥pq ¥ 208 3 +20 8,1 5 73.4

(8) =1y -~ 1,11 ml + 1.11 el + .55 < 2.8

- £~
(9y -1 Vo1~ 1.25 m,, + 1.25 e, +,63 < 16,6

(10) e, +e, ~m

1 5 1 - 1.5 w, = (0, where A =cn, - cn .

The time subsgcripts have been dropped from the trade variables, and
equations {52) and (5b) for investment in period one have not been
reproduced here. Equations (6) and (7) are the capacity coustraints

for period one; (8) and (9) are the second period's capacity constraints.
Equation (10) is the Fforeign exchange constraint for the last periocd.

The problem in this reduced form has nine equations and geven variables.

2
The terminal conditions are that y, , = .10 (x, , - I B, ).
i,2 i,2 j=1
The fixed charges are subtracted from production since the capacity
needed to meet these demands already exists and need not grow,

P
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There are four possible patterns of investment in the two
gsectors considered together, depending upon which sectors!
capacities are increased in the first period. Each pattern is
associated with a different combimation of values for the two zero-
one variables & and & .

1,17 2,1

integer - continuoug variable programming problem is to golve each

One method of solving this mixed

of the linear programming problems obtained for each combination of
the zero-one variables after the fixed charges incurred for that
pattern of investment have been subtracted from the right hand sldes
and the scale activities for projects not undertaken have been removed.
of equations (6) and (7)., The objective values associated with the
optimal solutions for the alternmative patterns can then be compared,
and the pattern with the highest optimal objective chosen as best.

The first four columns of Table II give the optimal solutions
for each pattern of investment., The optimal solution is characterized
by investment in both sectors in the initial period; consumption
growth is twenty between the first and second periods, The pattern

0, & = § results in a decline of consumption since there

541 7

is not enough of the first commodibty in the second period to trade

2,1

for the required amount of the second commodlty even if congumption
growth is zero,

The method of solution used above is too cumbersomexif there
are a large number of zero-one variables (i,e. patterns of investment

-
. b . . s R .
over time). However, its economic implications are of the utmost

P
o . .

If there are "n" zero-one variables, the number of linear
programming problems to bhe seolved is o1,



TABLE II 11A

Sclutions to Two Period Model

Solution A B c D Z E &
Invesgment Pattern:
; 0
1,1 0 1 0 1 .41 1
{é,l 0 0 1 1 .29 L 24 .33
Objective Value:
cn, 386.1 414.7 410.5 420.0 444.2 435.4 417.2
Activity Levels: ,
Y11 .0 40.0 .0 25.0 41.5 36.4 .0
Y9 1 .0 .0 26.7 16.7 29.5 24.3 33.4
my .0 .0 8.0 .0 .0 .0 6.0
m, 6.3 20.8 .0 10.0 11.9 11.8 .0
Shadow Prices:
First Period Capacity
Sector One .00 T2 .00 72 .58 .72 .00
Sector Two .00 .00 A0 A8 W40 .40 .04
Second Period Capacity
Sector QOne .72 .72 .90 .72 .72 .72 .90
Sector Two .96 .96 .80 .96 .96 .96 .80
Profit on yi,l
Sector One .72 .00 .90 .00 . 14% .00 .90
Sector Two .96 .96 .00 .00 L17% L19% . 73%
Profit on <
1 o o o
Sector One .00 ~7.18 4,00 -16.78 .00D -15.200 —97.77O
Sector Two .00 -10.7% -6.00 -20.39 .00 .00 .00
L)

Investment Penalty
Sector One

1,1=1 - - - - g.8 - -

i,1=0 - - - - 25.1 - -
Sector Two

2,1 = - - - - 11.1 14.3 5.4

2,1 =20 - - - - 25.7 21.4 9.0

Notes: %: Shadow price on associated (5a) constraint.
o: Shadow price on associated (5b)/(5b') constraint.
1: Derivation explained in text.



gignificance., From wmicro-economic theory it is well known that,
even in the presence of economies of scale, Pareto-optimalily re-
quires marginal cost pricing (ai rding the complications that
rise 1n the theory of second best). Pricing the output of a project
with economies of scale at marginal cost, however, results in a loss
on the project. Thus the standard project selectlion criterion, thai
total benefite exceed total costs, is not satisfied., This doeg not

nean that the nroject should be discarded, however, for the benefit-

cost criterion is really not applicable when decreasing costs arve

sent. The proper selection rule in this case iz a two-fold one.

1' —

b

irst, the scale of ihe project wmust be zet at the level where

.

marzinal cost equals marginal revenue (it is at the margin that the

o

benefit-cost rule applieg). Then, for therproject of thisecale,
the gum of the producers! and conguners’ surplus resulbing from the
projectts bheing underbtaken ig computed., TIf this sum is positive,
the project shouvld be chogen for Investment, 7

liow consider our straightforward solution procedure. Each
linear programming problem inclodes constraints (&) through (10)

(ag well as scale activities pre-set to zZero)
(ard only these) and excludes the zero-oune activibies,since the

s
right hand side has been reduced by the fixed charges incurred,

In each problem, therelore, the scale of the project, ¥y ,1 is

determined so that, at the margin, benefits equal costs, Thig 1s

a fundamental property of linear programming, The surplus due to

a project iz equal to the difference between the optimum objective

?See Oort /10/.
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value and the objective value for the alternative decision
regarding investment in that project (all other project decisions
remaining the same). The economic surplus from the first project
ig thuz 9,5; from the gecond -- 5.3.8
These ideas are illustrated graphically in Figure ITL,
Curves AB and CD are respectively the warginal and average cost
curves for the firm; the demsnd curve ig EF. In this (extreme)
case there is no guantity for %hich demand price equale average cost
so that even with average cost pricing the firm operates at a loss,
Yet the firm's operatiorn at scale "Y" is profitable to the econony
as a whole since the surplus, roughly measured by AEG, exceeds the
operating deficit of AGHI. The specification of project choices
within a mixed integer programming model adds operational signifi-
cance to the concepts of producer and consumer surplus which have,
ap to now, besn only useful pedagogical devices.
Marginal rules are sometimes sufficient for project
evaluation. The shadow prices for capacity in the two perlods
for a given pattern of investment can be used %o determiﬁe whather
a project not currently undertaken Eiﬁﬁi profitably be selected for
investment., The shadow price of a resource multiplied by the change

in that resource's availability gives an upper bound to the change

BThe measure of surplus is really not unique since it depends on the
patbern of investment elsewhere in the economy -- il.e., consumers’
and producers' surplus are partial equilibrium concepts. An altern-
ative measure of surplus for the first project is 28.6, for the
second -- 24,%., The measure chosen in the text alone has the

proper economic meaning, however.
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1k,

in the objective value that results frowm altering the supply

of the resource. Thus if Bi + igs zero for a given pattern, a
2

gufficient condition that the project should not be undertaken given

the pattern of investment elsewhere is that

2 T
L By Sp. o, - L sp, , <0, where " ig the terminal period
A e L T

and ”Spi,s“ is the shadow price of capacity "i" in period "s".
That ig, neglecting the fixed éharge, the marginel cost of the
firet unit of capacity musgt exceed its marginal benefit.9
The opposite condition is necessary, but not sufficient, for the
project's selection, Ih Table IT it can be seen that both projects
pags the necegsary conditions for selection in the patterns in which
they are not built since the profit om the sealse activities is
positive. The profit on the zero-one activitles is alwayse negative
and g0 cannot be used to obtain conditions for project selection,
The marginal conditions given above are not substitutes for
determining project surplus. They are meéningful only for changes
in a given pattern of investment intended to enlarge the set of
undertaken projects. 'They are not sufficieat to determine the
optimal solution but are satisfied for rejected projects in that

solution. 1In other words, only the positive surplus condition is

a sufficient criterion.

9A stronger, bui somewhat meaningless, condition 1s that

2 T
8. s, - =

< 0, where
I T L] -

5
iil By SRy ¢ Yy Py s it

yi x ig greater than or egual to the optimal scale of the project
s .

it undertaken.
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There are several alternatives to complete enumeration as
a solution procedure. Each requires the solution of a number of
linear programming problems in which equations (5b) are replaced by
ai,t-f 1 (5»') for some plant cost functions: this substitution
replaced the fixed charge cost function by the constant average
cost function shown in Figure I.lo A1l begin by solving the
"continuous" problem in which the average cost function is used
for each project, This solution is Solution E in Table IT.
(Wote that this is an infeasible solution to the problem when
properly stated. )

To this point shadow prices have been computed using only
the dual equations for eguations (&) through (9); prices will now

be computed uging the full set of "reduced form"

equations including
(5a) and (5b), or (5b') where appropriate. We substitute average
for marginal cost pricing where the fixed charge need not be
Tully incurred,

Plants of scale L1.5 and 29.5 are built in sectors one and
two respectively when the output from both plants is priced at

average cost. Using the information contained in this solution,

"penalties" can be computed for not building a plant at all

(8i £ = 0) and for incurring the entire fixed charge when built
2

(6i £ T 1). For example, if the entire Tixed charge in sector
A

one 1s to be ilncurred, the slack activity on the corregponding

10 : . . . L
Methods of solving mixed integer - continuous variable

programning problems are surveyed in Balinski /1 /.



equation (5b') must leave the basis and the glack Tor (5a) must
enter, The profif on the latter slack in Solutién E is

- [(20.0)(0.58) + {20.0)(0.40)]/200.0 = -,138 (equal to minus

the shadow price of constraint (5a))}. TFrom the simplex tableav

(not shown here) it can be found that in the new basis the slack

on (5a) will be used at level 63.6, =o that the minimum loss from
paying the entire fixed charge is (63.6)(.138) = 8.78, On the

other hand, if the plant is not built in sector one, it will be
necessary to export rather than import the second commodity in

order to pay for imports of the first, In addition, there will be

a surplus of commodity one in period ome, The shadow price of
foreign exchange in Solution E is 0.80 [= (1.11)(0.72)], and imports
of the firest commodity in the new basis will be 5.0, so that the
minimum loge if the plant is not built is 4,80 + (0.58)(35.0) = 25.1
(the second term in the sum ie the loss on introducing the slack for
commodity one in the first period). Peralities associated with the
fixed charge for investment in sector two can be similarly obtained
and are given in Table II.

Wow, with penalties in hand, we proceed to solve another
linear programming problem. This time we shall require that the
entire fixed charge in sector one be paid, The solution is given
as Solution F in Table -II. The actual reduction in consumption
when the full cost of the plant must be paid 1s 6.8 which is
slightly more than the minimum estimated reduction (i.e. the penalty

for forcing B to zero), It ilg readily apparent that there is no

L1
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need to try the solution in which the plant in sector one is nob
constructed, for the actual reduction in consumption when the plant
iz built is less than the minimum reduction if it is not built,
(Nonetheless, for the reader's convenience the solution in thie
case is provided, Solution G.) From the penalties for the fixed
charge in sector two in Solution F we decide to try'ﬁg’l at level
one, rather than zero. Solution D, the optimal solution, ig thereby
reached; it is known to be optimal without further solutions since
the actual reduction in consumption between solutions F and D is
less than the minimum reduction for not building & plani in

zector two,

Using the solution process outlined above, the optimal
solution was obbained in three solutiong rather than four as was
the case with complete enumeration. Its advantage is thus that
fewer linear programming problems may have to be solved.ll The
procedure 1is also interesting in its use of average cost pricing
to obtain upper bounds on succeeding solutions. Bub one should not
be mislead into thinking that, as a consequence, average costh
pricing is used to determine the shadow prices in the optimal
solution, This.is not the case unless the maximum plant size con-
gtraints (5a) are binding, which they generally are not in

empirical applications to less developed countries.

llThe procedure used is an adaptation of the branch and bound solu-

tion technigue presented in Davis, Kendrick and Weitzman /4 /.« Here
we have estimated bounds using the full set of basis changes; Davis,
Kendrick and Weltzman use only the first basis change since it is not
always so evident what the full set will be.
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In Figure IV the igoguant for second period consunption equal
to 420 is given in the initial capacity space as ABCDEFG. The iso-
quant does not have the typical shape associated with linear
programning:; it bends outward at B and F.12 It assumeg thils shape
because the fixed charges are inecurred once and for all when the
Tirst unit of capacity is built rather than continuously. At
point A only the plant in the second sector is constructed and the
grpwth in demand for sector onet!s cutput ig met through imports,
Between points A and G there is substitution of productlon in the
first sector for production in the second through trade. To build
the First increment of capacity in sector ome requires that the £
fixed charge be paid (point C); thereafter capacity can be expanded
at constant marginal cost. At point E the fixed charge for the
second plant has been paid but no capacity provided; at G ounly
capacity im the first sector is increased. Again, the fact that
the fixed charges are incurred only once gives the outward bending
portions of the curve. In other words, 1t is not possible to
combine points A and G as "activities” and thereby use AG as the
isoquant (as would seem to be the case by analogy to linear

)13

programning.

lgMathematically, the set of capacity points for which en, > heo
is non-conve,

len fact, the "process rays" on which A and G lie do not
emanate from the origin.
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The point corresponding to the initial capacity endowments
in the problem just zolved is point H. The relative prices of
period one capacities are given by the slope of the line DE.

With the solution to a maximization problem completed, in linear
programming it is possible to restate the problem as one OF minimiz-
ing the cost of achieving the same level of the maximand using the
relative prices obtained in the original problem as the prices of
the scarce regources. The duality property of linear programming
ingures that the resource reguirement will be identical in both
optimal solutiong (this must be modified in the degeneracy case).
That iz not true here, for if we now seek to minimize the cost of
obtaining 420 vnits of second period consumption, we find that the
point G minimizes the initial capacity cost. Using the initial
capacities given by G is cheaper than using those given at any
point aloﬁg DE, This is but an illustration of the general con-
clusion that in a model with decreaging costs there is not a simple
correspondence between the set of resource prices and the set of
resource endowments. This is further seen in the fact that the
value of the primal is not equal to that of the dual; looking back
at Table II, Solution D, maximum second period consumpiion is 420
but the value of the resources priced at the corresponding shadow

1k

prices is 75k,

1hThe primal value ig always exceeded by the dual value where

there are economies of scale; just a8 with decreasing average cost
in a firm, paying factors their marginal products more than exhausts
the value of the firm's output. See Henderson and Quandt /7 /,p.6h.
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Much of what has been said in this section implies that
the use of prices in a system of decentraliied decision-making
results in an inefficient allocation of resources if economies of
scale are present. This is in fact the case. Not only do firms
make a loss if they price at marginal cost, in addition there is
no guarantees that an efficient allocation of resources will result.

Furthermore, as we have seen, the concept of average cost
pricing is useful in compubing solutions but cannot be applied to
obtain efficient resource use in a decentralized decision-making
context since, at the optimum, resources must be priced at marginal
cost lest they be underutilized. The notion of economic surplus due
to undertaking a project is instructive in this context. The surplus
accrues to the economy as a whole, not merely to those who purchase
the plant's =moubput, It is therefore somewhat illogical to force
the purchasers %o pay for something that ultimately benefits all.l5

Pigure IV also ghows the isoquant for second period consump-
tion equal to h20 when foreign capital in amount 22 1s available in -
period two (IJKL). Thig iz an interesting case since both compnodities
are imported between J and XK. Also present in the figure is the
isoquant MWO for the case in which equations (5b'} replace (50).
Note that points zlong this isogquant yield consumption lsss than

120 in terms of the original problem.

1 . A . 3
5On decentralized decisgion-making schemes in the presence of
scale economies see Vietorisz/1l/.
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Characteristics of a More Complex Model

The model applied to planning the timing and scale of
investment in petrochemicals and iron and steel in Korea differs
from the simple model only in complexiby and scope.l6 In the first
place it includes all activity in the economy in its seventesn differ-
ent commodities and mineteen production activities. Greater detail
does not mesn that the results of the model can be applied to decisions
relating to sectors other than petrochemicals and iron and steel,
however. It is necessary because decisions regarding investwent in
gectors comnected to these two on either the supply or demand side
influenée the benefits and costs of the petrochemicals complex and
integrated steel mill and vice versa. This fwo way influence can be
captured only by disaggregating the using and supplying sectors.
Activity in the sectors not closely related to petrochemicals or
jiron and steel must be present in the model since these sectors are
indirectly related to them through their demand for investment
resources, foreign exchange, and other resocurces in limited supply.
An operational model must be focused on a limited number of cholces;
simply multiplying the number of sectors does not produce an opera-
tional model for investment decision purposes because these

declsiong regard projects, not sectors.

e
1

For a more complete discussion of the Korea model see
Westphal /12 /.
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The simple model could not be used to 1llustrate one
consequence of decreasing cosis because it was restricted to
project decisiéns in a gingle period. In sectors where the cost
of capacity exhibits inereasing returns, the construction of plants
is likely to be staggered., With economies of scale in capacity
provision it pays to over-build capacity since unit capaéity costs
are thereby reduced. The opportunity cost of building over-capacity
xists in the investment resources that are unutilized dus to excess
capaclty durinz the period before the plant is operated fully. The
trade-off between the cost of excess capacity and the saving from
building larger plapts will determine just how wuch over-investment
ig optimal when the plant is constructed.17
Where it is possible to import the commodity produced by
the plant, it is usually profitable to delay the construction of
a plant beyond the time when currently existing plants are fully
utilized. This action again permits the construction of larger
plants and results in lower average capaclty costs. The penalty
associated with imports is their higher cost. The typicael pattern
of capacity expansion in a sector with economies of scale is illus-

15

trated in Figure V.

17Chenery /3 / presents a one sector model in which these ideas
are formally developed.

lBThis is taken from a book by Manne and associates /9./ in which
the one sector model with trade and regional dimensions is
developed.
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When analyzing large projectes within interdependent sectors
it is necessary to ansver the following questions for each project:
what will happen to the level of total investment if it is under-
taken; how is investment affected in the using and supplying industries
related to the project and what will be the scale of the project and
the degree of its initial utilization; and, how will the project
infiuence the growth of supply in the rest of the economy? For small
projects it may not be possible to identify these reactionsg to project
construction; for lumpy projects it is both possible and desirable
since the profitability of a lumpy project ultimately depends upon
the adjustments that wmust be made in the rest of the economy to
inplement it.

The importance of the Tirst quesﬁion lies in the significance
of the sacrifice that must be made in capacity expansion in other
sectors and the extent of that sacrifice., This, after all, is the
opportunity cost of a lumpy investment. With regard to the second
guestion, it may be the case that investment in a lumpy project
limits the investment that can be made in its suppliers and users.

The utilization of the project will consequently be incomplete, at
least initially, and this reduces its benefits. There is an obvious
trade-off here between the scale of the project and its utilization
through the extent of investment in related sectors. Finally, to the
degree that the objective of econcmic activity is the enlarging of the
supply of goods and services, the last question relates the project

to the objectives of econbmic activity to determine its benefits.
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The number of patterns of investment over time that can occur
in a set of inﬁer-related gectors 1s by no means limited: simultaneous
investment in each sector with complete initial utilization of all
projects’ capacity must be weighed against larger projects with more
excess capacity but lower unit capacity costs; imports of intermediate
products for use in the lumpy project must be compared with domestie
production; imports of the project!s output should be analyzed ag an
alternative to increasing (or initiating) its production; and so on.
One really needes a multi-sectoral medel in which resources are simul-
taneously allocated among sectors to examine thege albternstives, We

now turn briefly to the results of such a model applied to Korea.

Aggregate Results for the Korea Model

The conclusion from the preceding argument is that the
economy s accomodation to investment in a luompy project determines
its advisability. The Korean economy's probable accomodation to the
construction of a pebrochemicals complex and an ilntegrated iron and
steel mill is best seen by examining alternative solutions (corresponding
to different investment patterns in the two projects) for a given set
of parameter values within the model, The wmodel specification

employed here includes the following fealtures:

1) Interdependence between gectors through an input-output
matrix and an input-capacity matrix in which sectors

simultaneously supply to and demand from one another.
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2) Three two-year periods linked by capacity expansion
activities with a one period gestation lag and by
foreign exchange accumulation,

3) A requirement that the absolute change in consumption
between the second and third periods be continued into
the future at a compound growth rate of eight per cent
through investment in the terminal period.

i) An upper limit of thirbty per cent on the marginal
propensity to save, and upper limits on competitive
imports and exports which are endogenously determined.

5) A reasonable estimate of the foreign capital inflow
available to Korea over the six-year period stated in
the form of a limit to the accumulated debt plus interest
charges (at ten per cent per anum) that can remain in
the third period.

6) Most importantly, economies of scale in the cost of a
nebrochemicals complex and an integrated iron and

gteel mill.

Projects to build these plants are indeed lumpy. Together
they reguire about six per cent of the tokal investment over the
gix years, Imported machinery accounts for about seventy per cent
of the cost,

The aggregate characteristics of one set of solutions are

presented here in Table III.19 The objective function to be

19There igs not room here to présant complete sectoral breakdowns.
They may be obtained from the author on request.,



TABLE III

Comparicon of Summary Statistics -~ Korea Modell

Year PG IS Welfare P € I B M M- M. M M-I EC

A, 1967-68 .bx ,2x 138,819 983 750 298 109 240 53 65 122 137 59

1969-70  ,1¥* 1% 1199 891 356 48 272 70 96 105 132 58
1971-72 2% 1¥ 1539 1108 Ly 298 ik 12z 148 1M 13k 10
B. 1967-68 1 1 138.622 984 750 301 109 246 sh’ 65 127 1hh 58
1969-70 1 1 1204 895 350 148 269 61 98 110 129 35
1971-72 1 1 1526 1099 k451 298 Log 117 1k6 1k6 129 11
c, 1967-68 0 O 138.632 98 751 271 109 209 58 65 86 107 53
1969-7¢ 0 © 1145 850 337 143 260 78 84 98 125 238
1971-72 0 O 1512 111k 485 298 468 191 136 1ho 188 O
D. 1967-68 1 o 138,701 985 750 300 109 243 56 65 122 14l 55
1960-70 O O 1174 869 3k1 177 283 1ok 88 96 121 172
1971-72 0 O 1526 1104 U463 208 Lep 1h7 141 13k 142 15
E. 1967-68 0 O 138.682 985 750 271 109 210 58 65 87 107 55
1969-70 1L O 1164 852 374 169 320 100 88 133 161 185
1971-72 0 0 1531 11i2 L62 298 Lok 150 1k 133 1kk 15
F. 1967-68 0 1 138,655 985 750 288 109 227 56 65 107 125 55
1966-70 0 O 1161 863 3Ll 1k5 263 75 90 98 127 208
1971-72 0 0 1517 1100 L75 208 k39 158 14k 137 159 10
G. 1967-68 0 O 138.421 985 750 272 109 211 59 65 87 109 53
1969-70 0 1 1156 858 362 1h7 285 85 86 115 1h7 218
1971-72 0 O 1519 1100 76 298 439 157 1h5 137 159 O
H, 1967-68 1 1 138.699 984 750 322 109 265 57 65 1h3 163 57
1969-70 0 © 1198 888 341 176 282 91 96 95 117 103
1971-72 0 O 1532 1101 Lh5 208 395 118 148 129 115 23
I. 1967-68 © 1 138.697 983 750 285 109 225 53 65 107 123 59
1969-70 1 O 1188 882 382 159 315 87 95 13k 165 7k
1971-72 0 O 1536 1106 khs 298 396 121 1k8 127 116 29
J. 1967-68 o0 O 138.665 983 750 268 109 208 55 65 88 106 58
1969-70 1 1 1183 830 405 182 356 115 92 1k 185 54
1971-72 0 0O 15k0 1123 k4 298 397 122 150 125 117 27
K. 1967-66 1 0 138,678 984 750 305 109 249 60 65 125 k7T 57
1969-70 ¢ 1 1202 888 364 187 312 108 93 111 137 8¢
1971-72 0 © 153 1107 bhk3 298 395 120 1k9 126 115 29

Hotes:

|._J

A1l National Income Account figures ave yearly averages
in billions of won
PC, IS: A "1" denotes plant built in that period
GDP: Gross domestlc product
C: Consumption
I: Investment
E: Exports
M: Total lmports
Mt: Competitive imports
MZ: Non-competitive intermediate imports
M3: Non-competitive imports of capital goods
M~-E: Foreign capital inflow
EC: Sum over all sectors of excess capacity. Note that there must be
terminal excess capacity in petrochemicals and iron and steel if
the projects are constructed to provide for post-terminal growth.
%:  Amount of fixed charge lncurred



maximized is the discounted sum of the welfare in each period during
and after the plan, Welfare in each period is a piecewise linear
approximation to non-linear function of pexr capita consumption so
that the marginal rate of substitution between consumption in
different pericds is a variable.e0 The annex to this paper gives
solution characteristics for the same model specification when the
objective is gimply the discounted sum of consumption over the
infinite norizon starting in the first period of the model.

Not all of the possible patterns of investment are of interest?l
In a large number of experiments with alternative specifications of key
parameters in the model, those presented here have been found to be
the most interesting. In each but the first two, no more than g
single plant is built in elither sector over the plan period. For
comparative purposes Table III gives the continuous solution {(A)
and the solution obtained by forcing plants of the size counstructed

in that solution to be built along with full payment of the fixed

=<

20 =% 0.5

The objective is maximize I (1.10) P log (en, /P, ), where
£=1 t 7t
the pure time disgecount is ten per cent and P, denotes total population
in the period. The capital stock in the pos%-terminal yvear is used as
a proxy for post-terminal consumption over an infinite horizon on the
assumption thet congsumption grows post-terminally at the compound
vearly growth rate of eight per cent. TPFor the properties of a welfare
function with a constant elasticity of marginal utility such ag the
one ewmployed here gee Feldstein /5/.

2lThere are 26 = 6h,
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charges (Solution B). A compariszen of solution B Wifh the other
solutions indicates the cost associated with planning on the basis
_of average costs where there are economies of scale. Planninz on the
basis of the continuous solution would require the construction of
small petrochemlcals and steel complexes every two years,22 The true
cost of this investment pattern surpasses that of every other
solution enumerated but one,

Only the construction of a petrochemicals plant in the first
period has a positive surplus -- Solution C is the optimal one.
The surplus is equal to .05 per cent of the optimal objective wvalue,
The fact that the objective values lie so close together in this case
merely reflects the close similarity between alternative solutlons.
The compound growth rate of gross domestic product lies between 10.5
and 10.8 per cent in all solutions, that of consumption between 7.4
and 7.6.23 With alternative objective functions {or export and
terminal. debt limits) which would asscciate a different resource
allocation with each investment patiern, the differences in objective

2k

values could be greater.

ggNote that, in fact, the continuous solution produces an
inconsistent plan in which resourceg are over-ubilized.
230Ver the last four years gross domestic product in Korea has
grown at a compound growth rate above eight per cent even though
the last tws years have gesn bad rice harvests,

ghThis ig especially true if the post-terminal capital stock dees
not enter the objective function, see Westphal 12/ where the
surplus on each project is more than one per cent of optimal
welfare value,
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The gailn of one twentieth of a per cent in welfare over an
infinite horizon agsociated with shifting resources to the petro-
chemicals sector should not be minimized; however, the estimate is
well within the model's margin of error due to inaccurate data.

But, though the solutions lie close together in welfare value,

the resource allocation assoclated with each is markedly distinct.

The model clearly implies that undertaking either project has definite
implications for resource allocation throughout the economy in the
plan period,.

The gap between imports and exports and the amount of excess
capacity throughout the economy display the greatest sensitivity to
the pattern of invegtment in petrochemicals and iron and steel.
Of the determinants of the import - export gap, competitive lmports
and non-competitive imports of capital goods are the mosi sensitive.
For the plant scales observed in thesge solutions, the petrochemicals
complex costs about eighty billion won ($296 million) and the steel
mill about forty five billiom won ($167 million).25 The construction
of the former will result in a savings of foreign exchange by
reducing imports of petrochemicals thirty-eight billion won by 1972.
For the latter the savings will be Thirty billion won.

By comparing the solutions it can be seen that when a major

project ig undertaken the total non-competitive imports of capital

25The capacity of the petrochemicals complex is about 55,000 tons
of ethylene {the major product stream) and that of the steel mill
ig about three gquarters of a2 million tons annual output.



goods rise dramatically (by an amount almost equal to the foreign
exchange component of the project). In subseguent periods competi-
tive imports tend to be less as borrowing is reduced to offset the
greater borrowing needed to finance the project in an earlier

period. This is especially clear if one compares solutions C and D

or C and F. The timing of foreign capital inflows responds to the
pattern of investwent so that the projects are financed through foreign
capital in the period of construction., Foreign capital is used to
alter the timing of investment, but not the total amount of investment.
(Total investment during the plan does not differ by more than cne or
two per cent between solutions.)

The influence of the timing of the projects on the time path
of competitive imports is somewhat obscured by the presence of large
amounts of excess capacity in the processed food and chemicals
sectors in 1965-1970. In all solutions, it is profitable to build
up capacity in these sectors in the first period though it will not
be uged until the third. The excess capacity in 1969-1970 is due to
the combined shortages of foreign exchange to finance imports for
uze in production and of capacity in the overhead sectors. Patterns
of invesbment in which capacity is constructed initially in petro-
chemicals and/or iron and steel result in sets of production levels
which minimize the effect: of these shortages since exports of these
commodities are then possible.

With so much variability in the aggregate characteristics

of the solutiong, it is not surprising that investment and preduction
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levels in sectors other than petrochemicals or iron and steel are
guite sensitive to the timing of the projects, The timing of
investmenb in each sector is more senszitive to project timing than
is total investment in each over the six year period. As might be
expected, the sectors most influenced are those related fhrough
supply and demand to petrochemicals or iron and steel, Table IV

compares solutions C, D and F in this regard.

Conclusion

There can be no guestion that investments in petrochemicals
and ironrand steel in Korea are lumpy and will have a significant
impact on resource allocation decisions throughout the econcmy. It
ja this Tact that makes a general equilibrium approach to thelr
evaluation desirable. But not all projects in less developed
countries are characterized by lumpiness -- some, like the
construction of a textiles plant or a small irrigation project, -
are indeed marginal in their influence on the structure of future
activity and can be analyzed using partial equilibrium tools, The
determinants of the dividing line between lumpy and marginal projects
have yet to be adequately examined, but the characteristics of the
model explored here suggest that projects characterized by
indivisibility and high cost should be onsidered lumpy and thus

analyzed within a general equilibrium model.
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Sector

Agriculture,Forestry,Fishing
Mining (c)

Processed Food, Wood Products
Fiber Spinmning (b)

Textiles Fabrics (b)

Light Manufacturing (b)
Chemicals

Fertilizer

Petroleum (a)

Construction, Cement

Iron & Steel

Steel Products (e)

Finished Metal Products (d)
Machinery, Transport Equip. (d)
Ovérhead & Services (a,c)
Petrochemicals

Integrated Steel Mill

Wotes: 1, 2, 3: Per cent capacity growth in 1967-68, 1969-70, and 1971-72 respectively.
Compound growth rate of capacity, 1967 te 1973.
Plant constructed in this sector in this period.
Principal

4

d
(2]
.

Principal
Principal
Principal

s ae we

oI =N R~

TABLE IV
Capacity Growth in Solutions C, D& F

Solution A Solution B

Tz 3 & I 2 3 &

6 6 7 3 6 ) 7 3

8 8 13 5 8 8 13 5
65 -5 58 16 18 31 59 16
67 21 27 17 12 17 24 16
26 52 47 19 29 48 44 18
-11 140 77 25 48 41 41 20
68 -8 47 15 75 6 107 23
35 -8 -5 3 35 8 -5 3
77 43 40 2& 91 38 37 24
33 42 36 17 35 36 32 16
161 38 3¢ 31 162 34 36 30
23 33 34 14 24 29 31 13
55 53 47 23 59 46 43 22
79 62 51 28 76 61 50 27
13 35 34 13 19 34 31 13

* X

suppliers of petrochemicals complex.

users of petrochemicals.

suppliers of integrated steel mill.
users of integrated mill's outpout

Traditional iromn and steel products products produced
The integrated steel mill produces both these forms
as formerly non-produced forms.

Solution C
1 2 34
6 6 7 3
8 8 13 5
47 6 60 16
67 20 26 17
27 50 46 19
-11 139 81 25
67 -6 46 15
35 -8 -5 3
85 40 39 24
35 38 33 16
~9 99 121 26
~10 83 58 17
59 50 46 23
82 57 49 27
18 35 32 13
X

in small, somewhat outdated plants.
of ferrous metal products as well
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