1nology matrix of that perlod embody domestlc prices thatjre l¢

‘the dlstortlons created or the Mtariffs" implied by

11br1um exchange rate. Let us call this matrix for later purpo

ses:
D Tl = //agilf

If the exchange rate is in equilibrium, then domestic pric

pd will equal foreign price Pg. If the exchange rate is not*in

equilibrium, as it is not under exchange control, then,damestic

price will equal foreign ﬁrice.glgg the "tariff" implied by fhe
non-equilibrium exchange rate, i.e., Pg = Pg(l+e), wheré. § ;f
the implied percentgge\tariff. 1f we define the "tariff" inci~
sive price at the base pefiod as equal to unity;xthen 1= Pe(l+
Vand,?f = 1/(1+e), which means}that, in"the absence 6f dist&rﬁ

ions, domestic price will equal fofeign price or 1/(1+e).

’

Since the model requires the calculation of the optimal
national income under a set of domestlc prices that approx1ma%e

1nternat10na1 pr1ces, the technology matrlx of the base perzed

must be redeflned to reflect free trade prices, Operatlonal
this involves the calculation of free trade prices glven “by Pf
1/(1+e). The set of Py prices so calculated will then serve as
\\an-ébproximationyto domestic prices,that will prevail if fore:
exchange is not under control‘and the exchange rate is in equlig

‘brium. ‘Then the coefficients in the technology matrix of thév

period»muét be expressed in terms of the calculated ‘free trad




ftotal supply of forelgn exchange generated by exports—and non

trade sources.

‘The objective function is glven below.'
| Ix1  1Ixl
(5) [V*] = Max [Y]

The objective fuhction calls for a solution that willimak:
. national income as lgrge as possible glven the varlous cons-f

trzunts . e

i

: ' B
F1na11y, we have the non-negat1V1ty requ1rements, V1z.. 

: nxl nx1>»nxl. nxl >nxl nxl >nxl
(6) [X] ;?’[9]._[Mlq;r[0]. [E] = {o], [¥] = [0],

‘Slack variables which are not shown are also required to be'n

negative.

The Role of Prices

Prices ﬁiayAa.centrai role in the model. If, in thé'tééh
_noloay matrlx of a given perlod we deflne X.j as the output’
industry i used,as input of industry j , and Xj as the oﬁta
of industry j, then XiJ = :X;, that is, the dcmand of an 1nd“u

2133
try for intermedlate input, X1J: 1s a linear function only o

; the level of its output, xj, Here the levels of 1nputs and ou

puts, i.e., the‘x.j!s and. Xj's, are all expressed in value

terms (prica times quantlty), hence, the coef£1c1ents ajj s,'

wh1ch are equal to x /x ‘are also expressed in value terms.
ij/ %50

Slnce the base period used is one where the exchange rate i

in equilibrium, then the coeffic1ents 311'5 that define the

N . - . . -
EES ¢ - P LTy




industries and rigidities in the economic enviromment, the oves
a1l capital constraint is supplemented with exogenously speci-

'fiéd sectbrai‘tbﬁstréints definiﬁg the upper and lower bounds

3.2) [5] [X] 2 . LT

(4) [p,1 M} - [P,] [E] = [F]

shaaians it

-

cap1ta1 available for each particular 1ndustry, thus:

nxn nxl < nxl
(3.1) [£] K] = [KY] o

[K“] is a vector of exogenously Spec1f1ed upper bounds
for capltal available for the various industries,

‘nxn nx1 gl .

[Kb] 1s a vector of exogenously Spec1f1ed 1ower bounds
for capital avazlable for the various industries, :

&%

The upper_bounds forfcapltal are intended to encompass idl

or underutilized capacity which can be put into operation in th
short-run, On the other hand, the lower bounds are intended t
allow for increased underutilization, depreciation, “or disinves

ment, also in the short-run,

Finally, the balance of payments constraint is specified‘

1xn nx1  1xn nxl <& 1x1

[Pyl is a row vector of prices of imported commodities
» where prices are in domestic currency.

[P,] is a row vector of prices of exported commodities
‘- where prices are in domestic currency.

[F] is an exogenously determined amount of foreign
\ exchange receipts, expressed in domestic currency,
from such sources as loans, donations from abroad

or some previous foreign exchange reserves,

*

This constraint states that the total demand for foreign

exchange going into imports at the most should not exceed



1xn nxl1 & 151 
(2) [f1]‘ xy = @y -

[f1] is a row vector of 1abdr;output toefficients ﬁhéféﬂ
both labor and output areé expréssed as unit flows
per year, | v

[L] id the exogenously specified quantity of labor in
man-years available in the economy,

The total number of labor units being the specified cons-
traint, the implicit assumption is that various types of skills
required by an output expansion are available in the economy.‘
This implicit assumption, made necessary by the absenqe'of data
showing the breakdown of the labor force into skill groups, is.
not as unrealistic as it appears since output expansion, if_if;
occurs, and consequently the increase in the demand for labor
of some skill types, is not likely to be substantial given thé,

short-run horizon of the model,

The capital constraint is expressed as follows:

Ixn nxl « -1x1
(3)  [£fy] IX]1 = [K]-

1£x] is a row vector of capital-output cqefficiegts_Whe

. [f] is the exogenously specified number of capital units
. available in the economy, L :

The inequality states that the number of capital units that
can be used for production in the various industries cannot

exceed the total number available in the economy,

To take'aqgount of the short-run time'period covered and

the presence of idle or underutilized capacities in the various



; ~ -wh-ereﬂy1 is output of 1ndustry i consumed by hon;

S holds. “The formulation assumes that the propor

: al disﬁrlbutlon of final demand or national income
among the different industries is maintained, hen
the line .OH in Figure 1. This assumption permits
the analysis of the industrial origin and welfare
implications of nat1onal income. Also,

'." : ; . ‘ébi = 1

. [0] is an n dimensional vector of zeros,

gl

. The inequaiitieé,state that:tﬁe"tdfaiWSQPply'df ﬂc0ﬁﬁé§

ties"’Should at'leaét be equalito.the totallfinal‘demahdffd'

"commodities"' In conventlonal macro- economlc aggregates,
‘,demﬂad or nat1ona1 1ncome is broken down as follOWS‘

TR © " 1x1  1xanxl  1xanxl 1xnnxl

(1.1) [Y] = [T1[C] + [T]1[X] + [T][6] S

[C]  is a column vector of 1ndustry outpﬂt'that"gdé
household consumption, ' '

[K] - is a cdlumn.vector of industry output that goes
~investment. : ’ . - o

Fs

[G] is a column vector of indﬁstry output that goes !
government. ' :

Y ot
(1] 1s a vector of ones,. to 1nd1cate that a column.
; 1s to be takeﬂh - o

In addition, the model is constra1ned by the avaiiéble

supply of labor, spec1f1ed as follows'



~;on1y too ublqultous 1n the real worla However these benefit

and costs can be regarded as mutually offsetting so that thei

yabsence does not-destroy the precision of the'optlmal solutlpg

Finally, the model ‘does not 1nc1ude terms of trade effect

of domestlc output expansien and contractlon. While this defi'

cigncy may be crucial ‘when the model is apnlled to lqrge tradx

countries, it is ngt so in the present centext in view of the
smallness of the country being studied. These shprtcomingS'mu
be kept in mind when we come to the evaluation of the results o

the application of the model to the problem at hand.

Specification of the Model »
The model is structurally specified below in 1inear‘progik
‘ming form, starting with the tachnological and supplyygnd'dém'

inequalities.,

nxn @<l nxanxl nxanxl  nx1ixl - nx1

(1) -[I-A} [X] ~-[11(M] + [I}[E] + [b][Y] (o]

[I-A]  is a technology matrix defining the nroduction re
tions existing in the economy, where {A] is a squ
matrix of input coefficisnts;, the ajj's, and [I],
a conlormabl identity matrix, :

[X] is an n dimensional column vector of productlon
levels of various industries, :

- [M] is an n dlmen51ona1 column vector of 1mport 1cve1$
- - of various 1ndustrles.

[E] -is an n dlmen51ona1 column: vector of export lev.
‘ of varlous ind ustrles.

[Y] is a scalar denotln" total final demand (or nat1an
1ncome) of the household "industry".

Iy



the model the dptimal produttiOn level is alSO»optimally distrif

buted among producing-industries.

The introduction of importatidn .and exporiation as dis--
tihc&rand separaie economic activities and the treatment of B
1mported and exported commodltles as varlables whose levels mustg
be determ1ned also make it possible to 1dent1fy~1ndustr1es that
have comparative advantgge in international trade and 1ndustr1es;
that can be developed to produce impdri.substitutes. |

o~

On the other hand, the model suffers from several weaknessés

Since it‘works on the basis of a given technology, it implicitly

assumes fixed coefficients of productionvor zero elgsticity\df
substitution among pfoduhtiﬁe factors. However, as Leontiéfﬁhﬁsf
pointed 6ut,6 input substitution is a\feature onlyvof highly )
aggregated models using only one all-embracing variable for conwg
sumption or productlon. Here any change of the prOportlon in
which different individual commodltlcs are consumed will brlng
about a change in the aggregated proportions employed in product;
ion, but not necessarily a change in the proportions used in
production iﬂ.individual industries. In more highly disaggfe-u:
gated models as those using input-output classifications of many

sectors, input substitution is minimal,

The .assumption of linearity in the production of functions

is yet another source of weakness: It prevents the calculation

6. :
Leontief [13], pp: 38-40 .

s

oo



in order to more certainly encompass the "true' .free trade state.

The model is consequently defined for three regimes, namely, one
wheré prices reflect the actual controlled non-gqﬁilibrium ex-
change rate, another where pricesyrefiect a'modera;ely adjusted
exchange rate, and a third where priées\mirror a liberally adjust-
ed exchange,rate}S The.last two situations,.as has just been
said,‘are intended'ﬁo represeﬁt sepératé aéproximéfions of a free

trade regime,

‘ /Since production cost is measured in. terms of national
income;;natiénal income wiil bé maximized in.each versions of
the model. The difference between the optimal national income
under eaéh of the two free trade}situatioﬁé aﬂd,thevopfimal
national income under the controlled situation,‘éxpressed'in
‘appropriate free trade prices, will then be taken to generate an

approximation of the producfion cost of exchange control.

The model has several outstanding features. As a general
equilibrium model,'it}destribeslcomprehensively the interfela-'i
;ioné of!producing, trading, and consumihg units in the economy‘
too numerous to be adequately dealt with by ﬁartial equilibriﬁm
analysis.‘ Thus;'it évoids some of the problems qf-aggregation
and simpiification-that are inevitablé in the latter type of
work, In‘addition, it determines explicitly not 6n1y the 1eve1

of national'incdme_but also its sectoral distribution. Thus, in

>The precise differences among these three situations and
the way by which the last two are derived will be spelled out

~on pp. P-23



production. However, the model assumes the existence of idle

or-ﬁhdefutilized capacity and allows for the increased utiliza-
tion or underutilization of this capacity, This means that it
permits changes in operating capacity rather thanm in capacity

itself.

To geﬁerate a bésis forvthé approximatiqn of the production -
cost of,exchange control, the modelyspecifies‘the free trade and
the controlled states of the economy and then”fOCuses‘on_the
'difference in national output'betwegn them, The free trade
state is of course tﬁat state where there is no exchange contrdl.
where the exchange rate is in equilibrium, and where domestic
ﬁrices equal‘internationél pricesgs Eiﬁacpntias;,ithe:contwblééd
.state is that state in'which there is‘exchange restriction as a
consequeﬁce of which the exchzage rafe is not in eQuilibrium dndl

prices reflect the distortions created by the restriction.4

In the context of the Philippines to-which the model will
be applied, two estimates of thé extent of édjustment that 'is i

necessary to approximate the free trade situation will be made,

4Foreign exchange control is implemented either by the .
issuance of import licenses, the prohibition of capital move-
ments, or the outright imposition of quotas, Whatever the
device used, it has a definite tariff equivalent, For this
reason, the theoretical concepts that deal explicitly with
the measurement of the economic cost-of tariffs and quotas can
be employed in the calculation of the economic cost of exchange-
control., -See, among others, Bhagwati [2 ], Krueger [10], and
Jurado [9 ], pp. 6-11]. ’ .




*

pro&hction of goodvx is less than is required to meet ihterme

diate demand, i.e.; tﬁexe is_net_ importation of gobd X, equal,
X1¢ At Q3, the value of output is~gfeater than the value of
output at q,, both réckoneé in terms of the internatianal‘pi‘g
ratio Ps; i.e.,vthe value denoted by Pz is greater than the‘}
value denoted by Pz3',

This case of the possibility of greater specialization is
the basis for the argument that the production cost of any trai:
restriction is likely to be greater when internediate'prodhst“

are included than when they are not.
3. The Model

Features of the Model

In view of the non-availability‘of.data.that/will permit?
the measurement of the consumption component, thevpreseﬁt st&i
will be con#erned with the approximation only. of the prodUcti‘
cost of exchange control. The model presented for making tﬁis
approximation is a short-fun, comparative static, input-oﬁtpj
linearkprogramming model. Production functions are of the |

conventional Leontief type, i.e., linear in both intermediate

N

products and primary factors, implying constant returns to
scalé. As s short-run instrument; the mddel opefatés on the
basis of a given technology and a given capital stock, ThiSJf
ﬁécausefthe implicit time period covered by the model is too

short to allow for changes in the physical input structure ofﬁ



Figure 2, Product Transformation Curve with - .
Intermediate Products. S



goods may result in greater speC1al1zat10n and therefore 1naa

higher productlon cost than when these goods are not 1nc1uded;
wWe con51der Flgure 2. Goods X .and Y can both be used as flnal
- goods and as 1nputs in each other s productlon.' The line AB is

1

the net product transformatlon curve, that is, the curve showing

domestic productlon after use of the goods for 1ntermed1ate . fj,
'product1on has been*taken into account. For 1nstance, any pro--fd
.duction point on the first quadrant 1nd1cates that gross domes-

tic productlon of the two goods exceeds the use of the goods as
1ntermed1ate inputs for each other, on the other hand a produat-:
ion polnt on the second or fourth quadrant 1nd1cates that gross
domestxc productlon of one good is greater and of the other is ‘
1ess than ‘the quant:ty requlred domesticslly for 1ntermed1ate‘hA'f{

‘use.

‘How is the‘actunliproductiOn point on theltransformetiOn
curve determined? Assuning optimizing behavior among firms,r
production would alnays takelplaCe atlthat'noint on the curve atA
which the marginal rate of substitution is equal to the 1nterna—"7
tional price ratio, Thus, if the international prlce ratlo is |
gi#en 5y the 510pe of- Pl the Optlmal productlon p01nt wauld be
ql.. For the same reason, if the international ur1ce ratio is:
given by the slope of Pz, production would be at a,s 2 po51t1on
51gnify1ng positive net output of good Y and zero net output of -
good X.; The cruc1aquuestlon arises when the 1nternattona1 pricefi
ratio is viven by the slope of; sey, 93.2 Then clearly, the opti- f

mim: productlon polnt would be q3, showing that gross domestic



of 2, instead of 4, to do so. This difference between c"' ar
C, expressed in terms of the country's national income, is z

This is called the‘censumption cost of the restrictions.

The sum of these two effects constltute the economlc cos
of the restrictions., If one had,lnformat1on‘on consumers' ut;
ty functions, it will . be poss1b1e to express this economic co t
rin terms‘of ut111ty levels; This ‘economic cost 1s equal to »
‘difference between C' the ut111ty level that could be attalned

under unhampered -trade, and C"'.

- This andlysis assumes that the country's terms of trade
npt.effected by the volume of its trade. This assumption is

true only with reébect‘tb small counfries the' yolume of WhOSe

exports and 1mports is not so substant1a1 as to affect the pri¢
of these goods, 0therw1se, the cost of the restrictions woul

smaller or, in the extreme case, even negatlve.f ‘;

(Production Cost with Intermediate'Products ;
The foregoing analy31s takes into consideratlon f1nal con®
sumptlon goods only., If goods that can serve as both flnal? nQ
intermediate products are taken into account, the anaiysis mB;
be modified to allow fer the p0551b111ty of greater*Speglallza
tion in the economy and’fhefefore the possibilify of-highéte

pfoduction cost.3 To see how the indlus'ion‘e*fiin;ermedia_j;ev

3McKipnon [14].



exist, Then the country's point of production will be P and

point/of'consumptioh wil{.be C. Because of the restriétioné{
the domestic marginal rates 6f substitution in produqiion!and»'
consumption, given by the slope of the,téngent at‘pbints P and . C
fespectively, differ from the international terms of trade, gi

by thevsloge of the line CP. The country's exports of good X,#r
tepresented by QP and its impofts of good Y by QC, The countf?i
national income or ouiput, expressed in terms of}iis exportable:

product at international prices, is Z,.

Now assume that trade restrictions were removed. Produceté'
would fespond by adjusting levels of output, producing at that
point where the domestic marginal rate of substitution betweeﬁ
the two goods is equal to the international price ratio of the
goods. 'Producers would produce at point P' on the transfbrmaéy
tion frontier, implying a national income or output valued At’i
at international prices. In cost terms, this difference betwee:
the value of output under free trade and the'valué of output i
’under4réstrictive conditions, i.e., ZyZ,, Trepresents what is ’

*

called the production cost of the restrictions,

The output ZyZ; is not the only cost paid for the restric
ions, hoﬁever.‘ On the consumption side, consumers who were con
suming at point C when restrictions were in effect, on indiffe
cdfve»Ul,‘would,_if they had access to a domestic price rat16 
equal to the international price ratio, consume at point C"', o

the same ingifference curve Uy, requiring only a national incom
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The meanlng of product1on cost W111 be clarified in the

B}

section, Fhen the model for est1mat1ng it will be presented

The data descrlblny the Ph111pp1ne economy in 1961 will then

1ntroduced. Subsequently, estimates of the productlon,cost,qfﬁ
;éXchangé control in theiPhi}ippines in 1961 will be presented,
Some conclusions will be summarized in the last section.

4

2. The Deg}nition cf Production Cost

Prodnctlon .Cost as a Component of Economic Cost

«

As a nrellmlnary dlscu551on, it is necessary to clarlfy ;he

mic~rcstriction.2 The economic restriction in this study is o;

course exchange control,

In Figure 1, the horizontal axis measures the quéhtity{ofi
an exportable good X and the vertical axis the quantity of an -
importable good Y, ‘Theﬂline FF is the transformation cur?evé d.
the lines U | 1, U s, and U; are communlty indifference curves
The line OH, drawn from the origin, is a line of constant propoy
tion betwcen the two goods, reflecting a special assumgtlon o
- the model which will Se emp%yyed herc, Without trade, the
coﬁntry's_point of produc%ioh P will also be its point of con-:
sumption, on indifferénée curve Uy, With trade the situatioﬂ‘

will be different. Assume that restrictions on foreign trade-

2See Johnson [7] and Cordén [S];

.
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under a regime of excbange control from the end of 1949 to earl
1962, At one time or another, exchange control was accomnanied,

by direct quantltatlve restrlctlons of 1nnorts, multlple exchan“

———

”1mport-subst1tpt1ngA1ndustries. . Whether the restrictions contti

"of the desired economic structure has remained an 1nterest1ng

By Gonzalo M, Jurado#

o

1."IntrodUCtion

This is an attempt to estimate the production cost of

exchange control in the Phlllpplnes in 1961, The Ph111pplnes w

rates, tax exemptlons and tariffs, The purpose of xc“an

control was, initially, to balance 1mports against exnorts at 8
flxed exchange rate and, subsequently, to accelerate the trans-”

format1on of the economy to an industrialized one by encouragin

buted to the rapid expansion of the cconomy and the deveIOpment

questlon to_the present time.;

, Based on Chapters 11T and V of the author's A Linear g
Programmlng Analysis of the Economic Cost of Exchange Control:.
e Philippine Case, unpublished Ph,D, dissertation, Unlver51ty,

() isconsin,- . / A ~

#1 am 1ndebted to Professors Fredrlck Golladay, Robert E, ‘
Baldwin, Jeffrey G, Williamson, and Gerriet Muller for their -
valuable comments and criticisms, They are not, however, respo
sible for any weaknesses in the argument. Responsibility for
these is solely mine. :

lThekliterature on this ﬁroblgh has ?écometconsidirabie
in recent years. Included in this body of written works are
iggarda y gernandez {12}, Treadgold and Hooley [19]t Power [16
‘Sicat [18], Ruprecht [17], Williamson [20], Castro {4], and
M11ares and Valdepenas [15].
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P WwN=O

Under Matrix A,

16,036,433*
16,949,405
18,137,468

18,336,900
18,867,858
21,778,179

coMPUTED OPTTMAL VALUES OF FINAL DEMAND
(1071000 pasau)

Under Matrix A;

. per Cent

Increagse Due -
to Exchange -

16,980,440
18,262,721
18,514,613

19,134,522

22,434,161

Rate Adjustment

Under Matrix A ‘Under Matrix)-
15,801,035%%* Ly g ?
16,703,762 16,748,392 0.27
17,874,606 19,010,439 0.76
18,071,147 18,261,134 - 1.05
18,594,411 18,900,082 1.65
21,463,384 3153 -

22,220,301

*This is the actual national income of 1961 expressed in
the prices of Matrix Al‘

*%This is the actual national income of 1961 expressed in
the prices of Matrix A2.
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