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One of the most important problems to be resolved in integra-
tion shemes among LDCs is that of the distribution of the resulting
benefits.! In these integration projects the participating countries are
often more interested in the benefits resulting from import substituting
industrialization on an area wide level than from the benefits resulting
from trade creation as presented in the traditional customs union theory.
In this instance the location of industries will not be left to the market
because the relatively less developed countries fear that industry would
choose to locate in the relatively more developed countries where there is
already evidence of growth poles.? Acceptable distribution of benefits
is a crucial element of the problem. Thus, the problem generally
reduces to one of allocating industries among the participating
countries. The very limited interest of the LDCs in the static gains
from integration, analyzed by such writers as Jaber, Cooper and
Massell, is explained by the limited pre-integration trade, the high
transport costs between countries and the relatively low tariffs on
primary commodities, which limit the benefits derived from trade
creation as developed in the customs union theory by Viner.?

Since negotiated allocations are not necessarily optimal and
also difficult to achieve,® it is important that a methodology be
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1 Morawetz (1974), pp. 72-96 and pp. 111-119, Jaber (1971), pp 254-67,
2 Perroux (1970), pp. 93-105; and Garbacz (1971).
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4 The difficulty in arriving at negotiated solutions is clearly evidenced by the ex-
periences of the integration schemes that set out to assign industries. See Morawetz (1974),
pp. 111-119.
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‘developed to assist in the allocation of industries among par-
ticipating countries. One approach to this problem, that taken by
Schydlowsky, utilized a liner programming model designed to
maximize the net benefits to the region subject to distributional
constraints.® The benefits to be maximized were defined as the dif-
ference between the net foreign exchange saved (i.e., gross foreign
exchange saved less the value of the intermediate traded Inputs)
and the rea! foreign exchange value of the factors of production
employed. The model, while attractive because it efficiently solves
the industrial location problem, is difficult to implement in prac-
tive because of its tremendous data requirements.® [t did, however,
lay some important groundwork,

The purpose of this paper is to develop a more operational
model to assign industries to the participating countries in integra-
tion schemes among less developed countries (LDCs).” It is design-
ed on the basis of the domestic resource cost (DRC) investment
criterion developed by Bruno and Krueger and is formulated to
minimize the cost of supplying the area with the products of the in-
dustries to be assigned subject to certain specified distribution con-
straints. It is essentially equivalent to Schydlowsky’s approach
although the objective function is presented in terms of theoretical-
ly equivalent measures that can be more easily calculated, Further-
more, the model can be implemented in practice to yield approx-
. imate results to serve as the basis for further negotiations among
the participating countries by the utilization of the effective rate of
protectlon (ERP) which does not requlre the estimation of shadow
prices for goods and factors. -

The paper is organized in the following way. In the first section
Schydlowsky’s benefit criterion is formulated in terms of the DRC
criterion. The second section is devoted to the formulation of two
alternative objective functions that.can be used to allocate in-
dustries depending on the availability of an estimate of the shadow
exchange rate and on the restrictiveness of the constraints. Several
possible distributional constraints are presented in the third sec-

b Schydelowsky (1971), pp. 299-307.

6 Morawetz (]974) pp. 85-84.

7 The model is best suited for allocating mdustnes in the Andean Common Market
since it is the i mtegratmn scheme which has most explicitly recognized the interest of the
participation countries in the new opportunities for industrialization through its formu-
lation of sectoral programs for industrial devclopment Nevertheless, it can also be applied
to schemes with specific provisions for integration industries (Central American Common
Market), complementation agreements (Latin American Free Trade Area), industrial coor-
dination (Communaute Ecenomique de I'Afrique de I'Ouest), or industrial location (East
African ‘Common Market).. ) .
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tion, and in the final section several limitations of the model are
briefly discussed.

I. The DRC Criterion and the ERP

Utilizing the benefit definition presented by Schydlowsky, and
assuming that the home inputs® do not have imported components,
the benefits to be derived from the production of one unit of out-
put in industry i assigned to country k can be expressed as:
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goods g=1 ....;G%(are home goods.
g= G!( + 1.....H are tradable goods.
Bli‘ = net benefit of project i in country k

P; =shadow price of good i

P, =shadow prices for good inputs

ag = physical input coefficients for goods
vji = physical input coefficients for factors
s;  =shadow prices for factors

ER =shadow exchange rate (units of domestic currency per
dollar)

Equation 1 represents the Social Marginal Productivity
criterion and requires that the net benefits be greater than zero for
a project to be acceptable. If the shadow prices of the tradable
goods are taken to be the international prices, following Little and
Mirrlees,’ then the benefits are given by the difference between the
international value added and the domestic value added evaluated
at the shadow exchange rate. The measure of domestic value add-

-ed, computed using shadow prices for goods and factors, comprises
home goods. Thus, the net benefits of an industrial project at the
margin can easily be computed providing that shadow prices deriv-

“ed from a full general equilibrium intertemporal optimizing model

: are given.

8 Home goods are goods not usually traded because of their high transport costs.
9 Little and Mirrlees (1968).
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The same ranking of projects is obtained if Equation 1 is writ-
ten in terms of the DRC criterion, i.e., the ratio of the domestic
value added to the international value added. This can be shown

by setting B]i‘equal to zero and noting that the following expression
derives:
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If the benefits, B]f, are zero, the DRC will be equal to the
shadow exchange rate for country k. If the benefits are greater
than zero, however, the DRC will be less than the shadow exchange
rate and therefore it is immaterial whether a project is judged on

the basis of BX being greater than zero or DRCli‘ being smaller than
the shadow exchange rate.

The second numerator term of equation 2 represents the in-
direct value added by the domestic factors vis-a-vis the utilization
of home good inputs. Because the value of the home goods is equal
to the sum of the costs of the inputs used in their production, the
second numerator term can be expressed in terms of the input
coefficients for home goods, and the shadow prices of the factors of
coefficients for home goods, the factor inputs utilized in the pro-
duction of home goods, and the shadow prices of the factors of pro-
duction. Equation 2 can then be rewritten as:
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The DRC criterion, which ranks projects according to the
domestic resource cost of earning or saving a unit of foreign ex-
change, is employed to allocate industries in a multi-country situa-
tion for twd reasons. First, “the DRC criterion is an explicit expres-
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sion of the comparative cost principle in international trade”.™
Thus, in allocating industries among countries on the basis of com-
parative advantage, the computations are not affected by the
presence of distorted exchange rates.! Second, the DRC criterion
corresponds to the Corden effective rate of protection measure
(+1) which in practice permits the approximate estimation of
DRCs on the basis of international prices and tariffs rather than
shadow prices.”* Since the DRCs can not be practically computed
for a large number of industries because of the lack of adequate
shadow prices for the factors of production in the various countries
and the absence of detailed input-output data for the various in-
dustries producing domestic inputs, it is operationally necessary to
resort to this alternative measure.

There has, however, been a considerable controversy on the
equivalence of the two measures and the conditions for their iden-
tity. Krueger states that the DRC and ERP measures are identical
only if the following conditions are met: “(1) all goods are traded
(or tradable); (2) there are no transportation costs; (3) factors of
production are perfectly mobile within the domestic economy but
perfectly immobile internationally; and (4) all domestic markets
are perfectly competitive”." The first of Krueger’s assumptions is
redundant according to Balassa and Schydlowsky" because in the
absence of transportation costs all go6ds are tradable. More impor-
tantly, Balassa and Schydlowsky discuss the need to also assume
that the country use an optimal set of tariffs and export taxes to
equate the domestic product prices to marginal revenue from im-
port substituting and exporting. Therefore, given Balassa and
Schydlowsky’s assumption and that Krueger's third and fourth
assufnptions hold, one issue is whether the DRC and ERP measures
are equivalent if transporatation costs are not zero and conse-
quently there are nontraded goods.

Krueger stated that the DRC and ERP measures would be dif-
ferent if there were home goods. This would indeed be the case if
the ERP were computed using the Balassa method. This ERP
measure is given by the ratio of the difference between only the
direct domestic and international values added to the direct inter-

10 Bruno (1972}, p. 21.

11 An allocation based on comparative advantage does not necessarily minimize the cost
of supplying the region with the products of the allocated industries unless all industries are
of the sume size. This topic will be examined in the next section,

12 The comparability of the DRC and the ERP has been discussed recently by Srinivasan
and Bhagwati (1978), pp. 87-116.

13 Krueger (1972), p. 54,

14 Balassa and Schydlowsky (1972), p. 67.
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national values added. With the Balassa method the domestic
" value added is given by the difference between the domestic price
of output and the domestic value of all non-primary inputs, both
tradable and home goods. The domestic value of the home goods is
given by the sum of the domestic value of the tradable inputs that
enter into the production of nontraded goods and the value of the
pure home goods and of the primary factors that the utilized in the
production of these goods. The international value added is ob-
tained by subtracting the value of home goods, valued at interna-
tional prices, from the difference between the international price
of output and the value of the sum of tradable inputs valued at in-
ternational prices. ‘

The Corden method differs from the Balassa method in that in
the former the domestic value of the non-traded goods that enter
as inputs to the production activity are included in the total
domestic value added measure of the activity, That is, the Corden
method uses a total rather than a direct measure of domestic value
added. Similarly the measure of international value added includes
the international value of the domestic resources employed in the
production of the non-traded inputs. The ERP (+ 1) measure
computed by using the Corden method will be equivalent to the
DRC given that there are no forelgn factors of production, that
markets are in perfect competition and that tariffs and export
taxes are optimal. Thus the domestic resource cost measure given
by equation 3 can be written as:'
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15 The Balassa measure of ERP would be given as:
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where
g=1,... ,H; - all inputs into 1.
g=1,..... G}‘— domestic inputs into i in country k.

DRCF= domestic resource cost of a unit of foreign exchange
earned in industry in country k.

P; =international price of good i.
t}‘ = tariff on good 1 in country k.
ag = physical input coefficient.

The first two terms in the numerator of equation 4 represent
the direct value added by the domestic factors of production and
are equivalent to the first term of equation 3. The third term in
equation 4 is the same as the second in equation 3 and represents
the indirect value added by the domestic factors through the pro-
duction of home inputs for industry i. The denominator in equa-
tion 4 represents the total value added by the domestic factors
valued at international prices.

Further complications arise if import tariffs and exports taxes
are allowed to be non-optimal. In the presence of intermediate in-
puts, the exXistence of tariffs, like transport costs, makes possible
the domestic production of inputs that would otherwise be im-
ported. Again there are differences between the Balassa and Cor-
den methods of estimating the effective protective rate. As pointed
out by Balassa and Schydlowsky if there were not transport costs
and no non-optimal tariffs and taxes there would be no home
goods and it would not matter whether the project was evaluated
on the basis of processing costs in the last stage of fabrication or on
the basis of combined costs at all stages.’ If the given conditions
are not met, however, the direct and total measures of domestic
resource cost will not be equal. This situation results from the fact
that the market prices for goods and factos will no longer equal the
shadow prices. Thus in the evaluation of projects, those with high
priced inputs will be discriminated against if a total rather than a
direct domestic resource cost measure is taken. Balassa argues that
this measure of ERP, which measures only direct domestic resource
cost at the last stage of fabrication, should be the appropriate pro-
ject selection criterion because it does not penalize projects because
of the high priced inputs that are possible because of transport
costs and non-optimal tariffs, However, he notes that the total
domestic resource cost measure, proposed by Bruno and Krueger
and equivalent to Corden’s ERP implicitly assumes: “(a) all ex-
isting industries will be maintained, (b) the expansion of the out-

16 Balassa and Schydlowsky (1972), pp. 63-69.
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put of any one industry will bring forth increased output of all _
domestic industries providing direct and indirect inputs into it
(i.e., the direct and indirect marginal input coefficients of
domestic resources and of imports taken to equal the correspon-
ding average coefficients), and (c) costs in input producing in-
dustries will continue at existing levels.”"” Since it is feasible that
changes in the domestic demands could well be satisfied by
domestic firms in many LDC’s, these restrictions do not appear for-
midable.”® Simply restricting production change to domestic in-
dustry is not, however, sufficient to guarantee that the total
domestic resource concept is appropriate for the task at hand.

It is also important to note that if non-optimal tariffs and ex-
port taxes are applied, the market prices of the domestic factors of
production will no longer equal their opportunity costs or shadow
prices. Balassa and Schydlowsky point out that in a situation with
non-optimal tariffs and taxes, “shadow prices will reflect neither
the marginal social costs of inputs into the projects nor the
marginal social utility of its output.”® Therefore, the DRC
calculated from shadow prices for factors of production (equation
3) will no longer be equivalent to the DRC calculated using the
prices of goods (equation 4). This is supported by Srinivasan and
Bhagwati who have shown that in 2 simple trade model with
primary factors producing traded goods, no intermediate goods,
fixed iftternational prices for the traded goods and a well behaved
social utility function, distortions in the domestic price ratios
resulting from tariff or trade subsidies produce an “inherently
second best” problem.* In such an instance, correct ranking of
projects utilizing the DRC measure occurs only if second best
shadow prices of factors are used. Further, any measure such as the
ERP or DRC which uses market prices of the goods will be inap-
propriate to the task. The DRC measure utilizing market prices is,
however, shown to be equivalent to the ERP measure in the
distorted case. Ideally, then, “in making decisions on projects one
should therefore use second-best shadow prices reflecting marginal
social costs and utilities under existing policies, with adjustment

‘17 Balassa (1974), p. 46. o i | |

18 Not only does there appear to be excess capacity in the industries or many LDC’s, but
there are instances where policy decisions would appear to encourage such behavior, For
example, the countries of the Andean Common Market have retained the ability to protect
local industries according to the Cartagena Agreemnent. With respect to excess capacity and
the capacity to produce more with the given resources please see: Morgan (1975), p. 381,
Leibenstein (1966), pp. 392-4 and Bruton (1967). '

19 Balassa and Schydlowsky (1972), Pp- 63-69.

20 Srinivasan and Bhagwati (1978).
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made for prospective policy changes.”” These second-best shadow
prices should be derived from a full general equilibrium system in-
corporating the present policies. The acquisition of such shadow
prices is, however, very difficult, if not currently impossible.

Because of the difficulty in practice in finding appropriate
shadow prices, Balassa and Schydlowsky suggest that projects be
ranked by direct DRC’s evaluated at market prices.” The total
DRC can also be computed from market prices for the primary fac-
tors of production by using équation 3. However, this computation
would be feasible for only a very limited number of projects in any
country because of the difficutlies of getting data (prices as well as
production coefficients) for -detailed activities where the primary
factors could be subdivided and reclassified into any number of
specialized subgroups. Therefore, in practice it appears preferable
to calculate the DRC’s using the approximate market prices for
goods given by the international prices plus tariffs. That domestic
prices do indeed reflect international prices plus tariffs is not only a
firmly held principle in theory but is also suggested, at least for
relatively basic homogeneous goods, by N. R. Norman's study of
domestic price responses to changing tariffs in Britain.®

It should be noted further that the Corden measure of effective
protection and the resulting DRC can be altered so as to allow for
the use of foreign capital and the international movement of fac-
tors. Assuming that no imported capital or foreign factors are used
in the production of home goods, rewriting equation 3 as a benefit
equation like 1, letting imported capital be the Jth factor with a
domestic price of K, and letting foreign factors be the first factor

with a repatriated return of slz‘g, the following expression is obtain-
ed:
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21 The comparability of the DRC and the ERP has been discussed extensively in the
literature. See Balassa and Schydlowsky (1972), pp. 63-69. Balassa and Schydiowsky (1968),
pp- 348-860. Bruno (1972), pp. 16-33, Findlay and Wellisz (1976}, pp. 543-552.

22 This alternative is based on the assumption that nonoptimal measures of protection
have not affected the relative prices of primary factors other than foreign exchange.
However even though non-fulfillment of this assumption will introduce estimation errors,
the choice of a project on such a basis may nonetheless, in certain cases, be a correct choice.

23 Norman (1975), pp. 426-439, :
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where

DRC,-kz the domestic resource cost of a unit of foreign exchange
saved or earned.

vji = the amount of factor j negessary for the production of
one unit of good i in physical units.

s; = the shadow price of factor j.

ag; = the amount of input g necessary for the production of
one unit of good i in physical units.

Vig = the amount of factor j necessary for the production of
input gooed g.

P; =international price of good 1.

P, = international price of good g.

vji = amount of imported capital necessary for the production
of one unit of i.

K  =international price of capital.

rh  =rate of return to capital in country k.

vg; = amount of factor 2, foreign factors, employed in the

- production of input good g.

512‘ = repatriated return to foreign factors of production in
country k.

g =1,...,GF- domestic goods utilized in the production of
gbod i in country k.

g = G}{ + 1,...,H - imported goods utilized in the production

of good i in country k.

In order to allow for imported and foreign owned factors of
production their contributions to value added were subtracted
from both the numerator and denominator of the original expres-
sion for DRC. Upon making these corrections
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Where:
t%{ = traiff on good i in country k.
t§ = tariff on input good g in country k.

In order to simplify the derivation of equation 6 two assump-
tions were made. First, it was assumed that no tradable inputs were
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used in the production of home good inputs. Second, it was assum-
ed that imported capital and foreign factors of production were
not utilized in the production of home goods utilized as inputs to
the production of final good i. These two assumptions can be
relaxed by allowing for the contributions to value added at-
tributable to tradable inputs, imported capital and foreign factors
of production. Thus, the sum of the contributions through the dif-
ferent stages of production of home goods are subtracted from the
numerator and denominator of equation 6 to obtain.*
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Where:

DRCE‘: the domestic resource cost of a unit of foreign exchange
saved or earned.

vji = the amount of facor j necessary for the productlon of
one unit of good i in physical units.

s; = the amount of input g necessary for the production of
one unit of good i in physical units.

vig = the amount of factor j necessary for the production of
input good g.

P, = international pnce of good i.

Py = international price of good g.

vjj = amount of imported capital necessary for the production
of one unit of i.

K = international price of capital.

rk = rate of return to capital in country k.

vg; = amount of factor 2, foreign factors, employed in the pro-
duction of input good g.

sg = repatriated return to foreign factors of production in
country k.

Yil';‘l = value added contributed by the tradable inputs valued at

domestic price utilized in the production of home goods
in country k.

24 In practice it may not be necessary to proceed backward very far along the production
process of horne goods since the sums of the contributions due to tradeable inputs, imported
capital and foreign factors are subtracted from both numerator and denominator and will
therefore generally tend to cancel.
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Yilfi = value added contributed by the inputs valued at interna-
tional prices utilized in the production of home goods in
country k.

L}{ = value added contributed by imported capital through the
production of home goods.

Flk = value added contributed by foreign factors of production
through the production of home goods.

g=l,..,G§f domestic goods utilized in the production of good i in
country k.

g= G%‘ + 1,....H; - imported goods utilized in the production of
good I in country k.

The last of Krueger’s requirements for the equivalence of DRC
an ERP +1 was that perfect competition existed in both the factor
and goods markets. The relaxation of this assumption allows the
divergence between the shadow prices generated by a full general
equilibrium system and the market prices. This provides a further
reason to evaluate projects utilizing DRC’s calculated from goods
prices as ERP + 1 rather than directly from market prices for fac-
tors of production since the latter can not be traded and therefore
their prices are likely to be more distorted.

Finally, in allocating industries. among member countries in a
free trade area it is necessary to consider transport costs between
producing and consuming countries. The transportation costs in-
curred in shipping goods from one country to other countries per
unit of foreign exchange saved or earned have to be added to the
DRC of each member country for each industry. This is ac-
complished by adding the following exprssion to the DRC:

=z el pl)t
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Where
clf = transportation cost per unit of foreign exchange saved or
earned. '
eikj = cost of transportation of good 1 from country k to coun-

try j.
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DiJ = the amount of good i demanded by country j as a frac-
tion of the total amount of good i demanded.
f = recriprocal of economy wide shadow exchange rate.

A DRC measure has thus been derived which is of operational
value to decisions regarding the allocation of industries between
member countries within an economic union. The next section
deals with the choice of the objective function adopted in the deci-
sion making process.

II. The Objective Function

The industries can be assigned to the countries in a manner
that minimizes the costs of supplying the region with the products
of the given industries or they can be assigned on the basis of com-
parative advantage. In either case, they are assigned with an in-
teger program designed to minimize an objective function subject
to distributional constraints. An integer program is used in order
to assign whole industries to the various countries so that advan-
tage may be taken of economies of scale.”

In order to formulate an objective function to minimize the
costs of supplying the region with the products of the assigned in-
dustries it is necessary to convert the DRCs by the shadow exchange

rates. These standardized DRCs, denoted as xli{, are multiplied by
the relative weights of the industries, given as the ratio of the inter-
national value added in the package of industries to be allocated.
The total international value added in one industry is defined as
the product of the international value added " the production of
one unit and the number of units required:® Thus, the objective
function of an integer program designed to allocate industrie” sub-

25 In the formulation of the objective function it is implicity assumed that economies of
scale more than outweigh transport costs s that only one country can be the recipient of
one industry, This assumption is necessary for two reasons. First, if the various countries
were allowed to produce the same product it would be impossible to formulate non-
exclusive constraints in order to satisfy the condition that one market be satisfied by only
one source., Thgt is, it would be impossible to eliminate the possibility that one country
would produce for itself and at the same time import the same product. Second, even if the
problem of mutually exclusive constraints could be solved by the judicious selection of con-
straints, the size of the integer program to be resolved would become unmanageable given
the existing solution thethods for integer programming problems.

26 Since the model allows for different amounts of international values added in the
various industries in the various countries it may be necessary (o compute the total inter-
national value added for the package of industries on the basis of the average of the mter-
national values added in the various countries for each industry.
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ject to constraints is formulated as:

. k Yk
9. Minimize £ T x, — Z;
. iow i
ki T
Where: _
x]i{ - stands for the domestic resource cost of producing one

unit of good i in country k divided by the shadow ex-
change rate.

W; - total international value added in industry i.

W - total international value added in all industries to be
assigned.

Z}{ - dichotomous variable taking on the value of one or zero
depending on whether industry i is assigned to country k
or not,

The objection that may be raised against the utilization of the
objective function presented above is that the assignment may be
affected by the use of distorted shadow exchange rates. Although a
valid criticism, it must be noted that any inaccuracies caused by
the use of distorted exchange rates are attenuated by the fact that
the objective function is restricted by distributional constraints.
The more restrictive the constraints in terms of minimum
assignments to the countries, the less the distortion.

The inaccuracies introduced by the use of a distorted shadow
exchange rate can be avoided by allocating the industries on the
basis of comparative advantage since on this basis it is not
necessary to standardize the DRCs to the same units. Furthermore,
an allocation on the basis of comparative advantage also obviates
the problem of distortions caused by different levels of non-tariff
protection in the various countries? since these non-tariff restric-
tions may be viewed as distortions of the shadow rate of foreign ex-
change.

In order to assign the industries on the basis of comparative ad-
vantage it is necessary to minimize the product of the DRC for the
various industries across the various countries. Thus, the objective
function of the integer program is written as:

‘27 It is assumed that the levels of non-tariff protection are equal across all goods in any
one country,

28 The minimum product criterion is turned into a minimum sum problem by the use of
logarithms. See Jones (1961), pp. 161-175.
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10. Minimize Z ¥ ZlnDRC}
ki

Where:

DRCik- stands for the domestic resource cost of industry i in
" country k.

Z}‘ - dichotomous variable.

The assignment with respect to comparative advantage does
not necessarily minimize the cost of supplying the area with the
products of the package of industries to be allocated. This results
because the DRCs are not weighted by the relative values added in
the various industries.

In allocating the industries of a particular program a choice
must therefore be made between a model with a cost minimizing
objective function and a model that assigns industries on the basis
of comaprative advantage. This choice is complicated by the fact
that an assignment on the basis of production efficiency does not
necessarily represent an assignment that minimizes the cost of sup-
plying the area with the program’s products. The guidelines for
selecting the appropriate program are presented in Table I

Table 1
SELECTION OF THE ALLOCATION PROGRAM

Exchange Industry

Rate Sizes Program

Accurate Unequal Cost. Minimization

Distorted Equal Comparative advantage

Accurate Equal Either of the two with identical resuits.
Distorted Unequal Neither of the two.

(negotiated solution except if export
oriented in which case the comparative
advantage program should be used).

The choice of program, for a given size industry and a given ac-
curacy of the exchange rate, remains unchanged in Table [ if it is
envisioned that the countries expect to export to third countries
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rather than just meet regional demands except in the fourth case.
In the fourth case, given a distorted exchange rate and industries
of unequal size, the comparative advantage program should be us-
ed if it can be assumed that the objective of the countries is to ex-
port to third countries after the regional demands are met. If the
objective is just to satisfy the domestic market, neither of the two
programs is appropriate in the fourth case and the best that can be
suggested is a negotiated solution between the assignments made
by the two programs.

II1. The Distributional Constraints

The participating countries of a free trade area in which sec-
toral programs of industrial development are implémented may
have divergent views with respect to the benefits to be derived from
these programs. Thus, it could be conceived that the various coun-
tries could view their benefits as consisting of industrialization, in-
creases in income, increases in investment, improvements in the
balance of payments, technological advancement or the genera-
tion of employment. Furthermore it is also possible to envision any
number of distributional constraints since there are no guidelines
for the adoption of a “generalized” constraint which would lead to
the optimal distribution of benefits. The only generally accepted
position on the problem of benefit distribution is the normative
stipulation that the poorer members should receive somewhat
more than their proportional share of benefits. Given this “base”
position, several distributional constraints are now developed that
would appear acceptable to all members,

The simplest allocation of industries in a free trade area would
be achieved by assigning to each country an equal number of in-
dustries. This would probably be a very acceptable distribution if
all countries had equal populations and equal incomes and all in-
dustries were equally important. If however, population sizes and
incomes are not equal for all countries, then the poorer countries
with lower than average per capita incomes would prefer an alloca-
tion scheme based on population while the richer countries with
greater than average per capita incomes would favor a scheme bas-
ed on country incomes, Therefore, without introducing normative
distributional weights, the upper and lower bounds of acceptable
distributions for the richer and poorer countries can be for-
mulated. Given the aforementioned normative stipulation, the
lower bound for the poorer countries would be a repartition accor-
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ding to the countries’ incomes. This lower bound imposed by the
poorer countries is also the upper bound for the richer ones. Thus,
the most the rich countries could expect would be a system of
distribution that determined the numbers of industries to be
assigned to the countries on the basis of the countries’ incomes.
The likely bound on number of industries assigned acceptable to
the richer countries (hence the upper bound for the poorer ones)
would be given by an allocation proportionate to population.
Thus, if the poorer countries arem = 1,....K* and the richer are
m = K' + 1,...,K then the two constraints on the numbers of in-
dustries allocated to the countries can be written as: '

a) lower bound for countries with smaller than average incomes per
capita

Y
1. 225> — 537k
i 1 k i
forallm =1,... K’

b) lower bound for countries with larger than average incomes per
capita

pop k
12. 22> ——x37Z
i pop M ki
for all countriesm = K* + 1,.. K
Zik = dichotomous variable taking on the value of one or zero
depending on whether industry i is assigned to country
k or not.
Y¥  =income of country k.
Y = income of the free trade area.

pop k = population of country k.
pop M = population of the free trade area.

The number of industries assigned a country represents only a
very rough index of the benefits gained from a particular distribu-
tion. More realistically the member countries would probably be
more interested in the increases in incomes to be expected from the
industries received. These gains in incomes can be proportional to
the gains in value added due to the establishment of the integra-
tion industries and therefore it is sufficient to set guidelines for the
distribution of these values added. As in the case of the number of
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industries constraints, only upper and lower distributional bounds
can be formulated. The lower bound acceptable to the relatively
richer countries would be given by an assignment of gains in in-
comes proportional to populations. The lower bound acceptable to
the relatively poorer countries would be set by an allocation accor-
ding to income. These constraints would be expressed as:

a) lower bound for countries with smaller than average incomes per
capita

H.
1
13, zi[Pi(1+t'i‘)_ z agin(1+t:)-
eeche
ehy GF
i k i k., .k
(vy; + gEI ag; Vig JKr™ = (vop + gEI A vzg) so | Z;D;2
k H.
Y k i k
_._-E; [P (1 +¢]) - zk a.gin(l-F-tg)—
YM 1 g=Gi+ 1
Gk GE
i k i k
(in + g§1 20i Vg JKr™ - (vo; + g=21 A Vog )so 1 Z;D;

forallm =1,...,K*

b) lower bound for countries with larger than average incomes per

capita
H. '
k 1 k
14 B [R(4g) - 3 ag P (Leg)-
g=G; + 1
Gli{ k Gi{ k ZkD -
(vip t g§1 a ng)Kr - (Vg * g§1 i Vaq )so 1 Z;D; =
pop k : H. N
—— 32 [P (1+8)- = a;P (I+t])-
pop M ' g=G}(+ 1
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k k
G; k G 75D
(in + gEI 2i V]g JKr™ = (vg; + gEI 2 Vag )so 1 Z;'D;

for all countriesm = K" + 1,... K

P; = international price of good i.

t}‘ = tariff on good i in country k.

2y = amount of input g necessary for the production of one
unit of good i in physical units.

P, = international price of input good g.

tl-f = tariff on input good g in country k.

Vi = amount of imported capital necessary for the produc-
tion of input good g. '

Vlg  =amount of imported capital necessary for the produc-
tion of input good g.

K = international price of capital.

rk  =rate of return to capital.

Vo = amount of factor 2, foreign factors, employed in the
production of one unit of good i.

Voy = the amount of foreign factors necessary for the produc-
tion of input good g.

512‘ = repatriated returns to foreign factors of production.

Z%‘ = dichotomous variable assuming the value of one when
the industry i is assigned to country k and zero other-
wise.

D; = total free trade area demand for product i.

Yk =income of country k.

YM  =income of the free trade area.

pop k = population of country k,

pop M = population of the free trade area.

g =1,... ,Gli{-domestic goods utilized in the production of good i
in country k.

g :Gli{ + 1,...,H; - imported goods utilized in the produc-
tion of good i in country k.

With respect to investment the member countries might have
either of two objectives in mind: The distribution of total (direct
and indirect) investment caused by the integration industries or the
distribution of the direct investment in the integration industries.
The distribution of the total investinent would lead to a constraint
similar to the value added distribution constraint if the capital out-
put ratios are similar in the various countries. The other objective
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of distributing the direct investment is probably more important to
the member countries and will constitute an additional constraint.
However, as in the case of the value added constraint, only upper
and lower bounds are formulated.

a) Lower bound for the countries with relatively low incomes per
capita.

for countriesm = 1,... K.
b} lower bound for the countries with relatively high incomes per
capita.

16. LZ

1

. Popk
(> — —TEL Z
pOPM mi

b

for countriesm = K* + 1,....K

I; = investment necessary to produce good i for the free
trade area.
k . ' .
Z; = dichotomous variable.
Yk =income of country k.
Y = income of the free trade area.

pop k = population of country k.
pop M = population of the free trade area.

Another important benefit from integration is the relaxation of
the pressure on the balance of payments of the area due to import
substitution. Here, the question of whether import substitution
does actually ease the pressure on the balance of payments is not
considered. It is simply assumed that it does. The foreign exchange
saved through import substitution can be divided in many ways.
However, it seems plausible that no one country would wish to lose
foreign exchange to any of the other countries and therefore
another distributional criterion could be sales equalization: The
sales of any one country to the area are equal to the country’s pur-
chases from the area.

The sales equalization constraint may also be defended on the
basis that the purchases of member countries’ products at higher
than world prices, because of protective tariffs, involve real sub-
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sidies to the selling countries. In an integration. scheme where the
economies are of different sizes and incomes it would be expected
that there would be a net transfer of resources from the smaller
and/or poorer countries to the larger and/or richer countries if
trade flows are not- equated. Further, this criterion would not
necessarily be incompatible with different rates of trade expansion
inasmuch as participating countries need not limit their expansion
to the rate of the small countries but may trade among each other.
Further, this criterion can be imposed in practice since it is easily
measurable. This constraint may be expressed as:

17. = ED];Z?— z szzji='iE|

i#k i #k i
for all countries k.
Di] = demand for product i by country j.
Z}{ = dichotomous variable.
E  =constant reflecting an allowable margin of error.

In spite of the advantages of the trade equalization it is possible
to suggest a superior criterion, subsidy equalization, which directly
rather than indirectly imposes limits on the net transfer of
resources from one country to another in the form of subsidies.
This criterion would equate the country’s subsidization of the area
with the area’s subsidization of the country. The advantages of this
are that it prevents the smaller countries from subsidizing the
larger ones and it provides an incentive to become a low cost pro-
ducer. This criterion is superior to the sales equalization constraint
if the free trade area does not adopt a uniform common external
tariff. It can be formulated as:

it

—

18. *xuDl Z- £z uDfZ = F

.

i#k i ki
where
k w
Pi - Pi
k _
ui -
PW

pk

i = price of good i in country k.

P =world price of good i.
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DiJ = demand for product i by country j.
Z}{ = dichotomous variable.
F = constant reflecting an allowable margin of error.

A technological distribution constraint also seems necessary
since countries generally prefer not to lag behind or be dependent
on another for any type of technology. Further, the member coun-
tries may believe that should the market break up, it would be
easier to transform the industry within the sector to produce the
other products of the sector than it would be to transform the in-
dustries of a sector to produce the goouds of other sectors.

" Therefore, it may be appropriate to assign each country at least
one industry in each sector even though this may impair the effi-
ciency of the extended market considerably. Dividing the in-
dustries of a sector into q subsectors such that i' = 1,...,q the
technology distribution constraint can be formulated as:

19. = ZF >0
iei*

for all k and for all subsectors i' = 1,....9.

A “generation of employment” constraint will not be for-
mulated. Although the formulation of this constraint would not be
difficult, in those cases where the industries allocated differed in
the amounts and types of employment offered the implementation
of the constraint might prove impractical. In other instances where
the industries allocated have similar manpower needs, the amounts
of employment generated would be proportional to either the total
values added or to the direct investments in the integration in-
dustries. In such cases an employment generation constraint would
be redundant.

IV. Conculding Remarks

This paper has concerned itself with the development of opera-
tional models which could be employed to generate useful infor-
mation with respect to the assigning of industries among country
members in a free trade area. A benefit criterion was suggested in-
corporating the use of an extended DRC measure. Two alternative
objective functions were then analyzed and alternative distribution
constraints presented. It is felt that the practical operational
aspects of this approach make it a potentially useful tool for ex-
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amining and proposing specific industry assignments within an
economic integration scheme.* Nonetheless, the models developed
herein can only provide indications as to how to allocate integra-
tion industries and the results should not be taken as definitive.
Rather, corrections should be made for a number of elements not
considered in either of the models and for possible biases introduc-
ed by the method employed to determine the comparative costs.
For example, the industry assignments proposed by either of the
models should be modified for dynamic considerations. The
models are static and do not incorporate any dynamic changes
brought about by the suggested allocations, This criticism is not,
however, particular to these models since dynamic considerations
are difficult to incorporate in any but the most general models for
a free trade area,

More important criticisms of the models are that they do not
allow for the allocation of one industry to more than one country
and that they do not incorporate intra-regional trade in inputs.
These restrictions do require that the results be modified to reflect
these limitations by redefining industries and introducting addi-
tional constraints in the case of allocations of one industry to more
than one country and by adjusting the DRCs for intra-regional
trade in inputs.

Finally, attention must be given to the relationship between
domestic and international prices. In this exercise industries are
allocated on the basis of comparative costs as determined from a
comparison of DRCs for the various industries in the various coun-
tries. These DRCs are calculated utilizing domestic goods prices
assumed to be equal to international prices plus tariffs. Theory in-
dicates that domestic market prices should be equal to the interna-
tional prices plus tariffs and the empirical work by Norman® sug-
gests that this is indeed the case at least for homogeneous goods.
However, if domestic prices are not equal to international prices
plus tariffs corrections should be made if the divergence between
the two sets is not similar for all goods in all countries.

29 A successful attempt has, in fact,'been made to apply the model to analyze and
evaluate the chemical industry assignments within the Andean pact countries. See
ter Wengel (Forthcoming).

30 Norman (1975), pp. 426-459.
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