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' On the Measurement of Probable Patterns of Comparative
Advantage Under Trade Liberalization (1)

1. Introduction

There seems to be a growing conscicusness in manry dev - lop'ny
Latin American (and other) countries that the e.i":.. .y
tectionist policies they have followed sinue h:for: U Was T

may have outlived their usefulness. This doctrine is Cul oently
preached mainly by young economists, and to date has not reali{
been acted on. However, as the youngsters age and take power,
doctrine is bound to harden into dogma, and tarifi .odu. “ovs
will occur. As this happens, economists wili Le weil acvised o
know something about the probable shifts in industrial output;
lébor force use, profitability, and so on bafore the advent of
reduced protection. There are bound to be sectors hurt by trade
liberalization, and perhaps some unexpected expansions will
occur. Further, these differential effects will vary, depending
on the pattern of liberalization which undoubtedly will be
contorted to fit the interests of such diverée groups as in-
efficient local industries with momentary political power and
the international corporations which occasionally have a minor

influence on capital inflows and the policy decisions of the

local government.

{1) The model set out in this paper was worked out after conver-
sations with Marcelo Selowsky (who proposed the multisectoral
approach) and Edmar Bacha (who originally proposed the aggregate
model of the Bacha-Taylor paper which is generalized here.)

Ngbt i s ible for errors which
Nelther, of (these two gentlemen is responsible |
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Dhe inte;natidnal trédé literature gives two meﬁhodg for es-
,tima£iﬁ§:tﬂévfeiative'cbmparaﬁi&e édéaﬁtéges>within a é?oup'of |
Eh&ﬁétriééib'Bruno~Kreugér exchange rates and rates of effective
\§;§tecﬁibﬁ. Both of these measures are wéll—described ih the
liteﬁgtﬁre (see / / and rgferences there) and both can in
jpgihéiple be used to predict which industries would expand
’(dnd Which contract) under trade liberalization. ‘Howevax, Loth
‘méaéufes also suffer from certain limitations:

B .Bfuné-Kreuger rates do noé take into account pcssible.re—
ldﬁcﬁibns’of coét of intermediate inputs through importatibn.
Further, although tﬁey.do take specific factor costs into
account, they do not investigate how these costs would chanage
.as tariffs décline.

Rates of effective protection, however calculated, are over-
optimistic in their assumption that all importable intermediates
wiliactually:be imported af world prices, and completely sweep
thé problem. of factor price changes under the rug by considering
,protectioh of value added.

“in practice one woﬁld like to take both factor price changes
aﬁd complex patterns of protection of intermediates intQ
account., For example, it is plausible that Chile may choose to
protect its petrochemical complex when it enters the Andean
3gr9up‘free txade area, but lpt its beet sugar industry be
gradugily replaced by Peruvian cane. Brazil, on ﬁhe other
Thand, méy stop protecting chemicals and subsidize automobile
.exports instead. Policies of this nature are bound to have QOM~

3P1éxeffects on the costs of intermediate inputs. Moreover,
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" if enough changes are undertaken, they will influence wages,

" interest rates, apd the exchange raée in such a way as to make
énalyses which hold theseAfactor.prices constant (either
separately or in a value added aggregate) misleading.

These problems point to the following exercise: the con-
structidn'of a simple general equilibrium model of a‘trading
economy, and iﬁs use to answer questions like the Tollewing:

(a) What sectors would expand or contract under a dcter-
minate policy of trade liberalization? The amounts of
probable expansion and contraction would provide'a ranking in
terms of comparative advantage of domestic industries.

(b) What would be tﬁe changes in production patiterns of
-non-tradable goods induced by the general equilibrium ei »cts
of~tariff reduction?

-(c)} What would be the probahkle sectoral shifts of labor |
use (in the short run) and labor and capital use (in the long
.run)? |

(d) How would the exchange rate resbond to trade liberal-
izaéion? What would be its equilibium (without protection)
value? |

-(e) What would be the relative price relationships under free
trade? How would these be dependent on monetary policy? Are
free trade prices insensitive enough to monetary or other
Vafiations to'allow their use in investment project analysis, as
has been 'suggested by Little and Mirrlees / /?

The purpose of this paper is to set out a model in which

questions like these can be answered, and illustrate its use with
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‘at least a semi-realistic test case.

2. On General Equilibrium Models

‘1 Thole are at least two ways to undertake the exercise de-
;scribed above. On is to write out the general equilibrium
equations of the~economy with all trade restrictions (here we
w1ll concentrate solely on tariffs and sub51d1es) as parameters
}One would then change the levels of the paramctozo in te<,; o
}ways, and use an alogrithm like Scarf's / / to fl“a tha ne"
general equilibrium solution. (2)

" The other approach is to assume that the economy is in equi-
iibrinm'with its current structure of tariffs, and to investigate
differential changes in.quantities and prices which would re-
snlt from differential tariff changes. 'Thisof gourse ir on
easy modification of the-Johansen growth model / / which.
should finally give the Scarf solution after the resulting
large system of (non-linear) differentiai equations for en-
dogenous variables in terms of parameters is integrated.
'<.However, the Johansen approach also has the advantage that
it brovides.the differential effects of differential tariff
reductions at only the cost of a matrix inversion. For prac-
tical analysis, knowledge of differential effects may be
snrficient. Furthermore, if the data for a general equilibrium
model can be assembled (no mean task in itself) at least the

calculations can be made fairly painlessly. The same cannot be

(2) Linear programming would do the same thing under its partic-
ular assumptions about production functions. However, these are
less approporiate than neo-classicism to the problem at hand.



.'-5_ .

‘said for the first alternative: computer adepts of the Scarf
algorithm are as yet few and far between.

For these reasons, we follow the dohansen approach here by
writing out a simple general equilibrium systen, totally dif-
férentiating it, and Qatching how the endogenous variables
change in response to "small" changes in the exdgenous pa;ameters‘
such as tariff rates.

'The.particular model considered is meant *o be .- loast
somewhat piactical. For that reason, a number of aci-so-general
functional specifications are used. This is not done out of
disrespect for the pnre beauty of the general theory, but rather
in an attempt to tailor the model to fit the data wiii =) might
reésonably be available in a semi-industraliied country, In
particular we will assume that

| (a) Use of intermediate inputs is determined by fixed co-
efficients. This would be a nice assumption to relax for a
variety of reasons (see Tan / / for some of them) but in
the-genéral case it is empirically impossible to do so.
Obviogs extensions of the present model could be used to ex-
amine the substitution possibilities between, say, different
'tybes of fuel, but this and similar additions would be in the
nature of épecial cases and are no£ considered here.

(b} * The sﬁirit of modern theoretical discussions of the
balance of payments is followed by considering explicitly con-
Sumer dehand for monetary stocks. Moreover, producers' de-

h mandg for monéy are also considered, although in a very crude Qay.

(e) Cdbb-Douglas production functions for value added are used
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.1n thls papcrf "Thcse could easrly be replaccd by oLher 1mple'
:1nd1ces such as the C E S., but thls wculd elrmlnate one basrc
uadvantage of Cobb Douglas munCLlODS .Lhey can be’"cstlmated" |
.wrth only a 51nc]e wbscrvatlon of fac or shares - Thls 1s no
fsmall advantagc 1n analys1s of a large sample of dlsaggregated
?1ndustr1es.. Furthermore, the Cobb Douglas adproxwmatlon may
;not be so0 bad 1n the ana1y51s of deferentlal thanges a.'
,Nclson / / shows. (For large changes, any neoclass;cal'
Lapprexlmatlon is llkely to have 1ts problems. On the theomy
of thls, see Flsher / /, Chenery and Raduchel provrde comnuted
'examples / / )

n;xd), Demand functlons are assumed to be determlned DV’the
:addltlve utlllty functron of 2 reprcsen at1Ve man (who L‘es
money) , so an extension of the Frlsch scheme for determlnlng all
.prace elastlc1t1es of demand can be used. (See Appendlx I).
?his is computationally manageable, and avoids the problem of
expliclt specification of an aggregate utility function.

Ke) A very summary treatment is glven government. It col-
lects lndlrect taxes and plays a role in generatlng exogenous
flnal demands. Thus, no importance is given to the governmenL S
budget constralnt, nor to the effects on resource allocatlon of
taxes other than tarlffs (and export subsrdles) and indirect
productlon taxes. The model could be extended in falrly obvrous
ways to include dlrect taxes, allowing analy31s of such problems
as Lhe desrgn of tax packages to sustaln government revenues

when tarlffs are ‘reduced. Such analys:s (omltted here for lack

Of space and data) would be . 1mportant in small countries where‘



ftarlff proceeds make up a substantlal portlon of flscal revenue,

53: The Equlllbrlum System of Equatlons

Wlthln the limits of the above spec1flcatlons, 1t is easy Lo
erte out a general equilibrium model of a tradlng economy We'
’assume that there are one non- competitive 1mport good (sector 0)

o~

ﬂdi cOmpetltlvely 1mported gOOd (SeCt°rS 1 through m)' qz e

ported goods (sectors nm+i through n), and q3 non-t:aouole gooas

'(sectors n+l through q) In matrlx form, the £low baJx

equations for all these products are:
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where‘the‘x; are levels of domestic produotion of the g goods,




g
;the Miféfe-le§ele'bf imports (M, is non-competitive), -. -‘the
aig'afeiipbut-output coefficients, the C, are levels of do-
meStic conSumption, the E are exports, and Z are exogenéus
domestlc flnal demands for government, stock change } etc.
The domestlc prlces of traded goods are assumed to be de-
termlned by tarlffs and subsidies,

| R (3.2)
S PiT; mr i=m+l,....m

where 1, is one plus the ad valorem tariff on imports into

secﬁorﬂi (the "force" of the tariff), and ¢ is the coiresponding
fefee}of an export subsidy. The exchange rate is r, and world’
prices are the 7n's. In the case of exports; thes~ are v:zlzcad
to export levels, on the assumption that the country may heve
some ﬁonopoly power in the goods it already sells abroad:
"i=biEiai i=m+1,...n, - (3.3)
When the production functions for the g domestically pro-

duced goods are of the Cobb-Douglas form,

Xj= Ay Ly 1K i=1,2,....9 (3.3)

(where Ai and ai are constants, and Li and Ki are labor and

1omogeneeus, malleable capital used in sector i), then the pro-
iuegdon'cost minimizdtion equations take the form

| @, Py Xi=w.L ’ i=1,2,....,9 (3.4)

(1- oy )p X;=s;K, i=1,2,....,q ' (3.5)

Wheré,wi is the wage and s, is the rate of return to capital in

thefsector, and Py is. the "net price" of output in sector i.
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‘This is defined by the equation

* . . ) ) o
l)j.:Pi-zjajip.—ei—aDiv l=l,2'-ooolq (3'6)

J
" where the notation is as above, with the additions of ei,'the rate
of indirect taxation in sector i, an;+ @ coefficient of propor-
tionality between the stock of money (D) which producers in
éectof i hold.for tranéactions purpo§es and the output level Xy
andiv,_the money rate of interest.

We assume that wages in each sector are proportional to scme

- overall wage level,

w.=E.w i=1,2,...,9 | (3.7)

while the rate of return 55 is determined by the overall rate
of return to capital and depreciation rates:

5;=0,8+6, i=1,2,.....,9 . - (3.8)

Thg coefficients o, and_gi allow for the influence of risk,
different skill levels, etc., in causing sectoral differences
in returns to capital and wages, respectively. The 6i are co-
efficients of radioactive depreciation.
It is assumed that the stocks of capital and labor K and p
are fully employed
I, L.=L (3.9)
I. K.,=K - (3.10)

althouéh these stocks can be varied parametrically to analyze, the
effects on prices and outpuﬁs of, say, "creating" employment by

raising L. (3)

(3) See Nelson / / for analysis of this type in an aggregate
model whose structure is similar to the one presented here.
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chels of consumptlon are assumed Lo depend on prlces,«thc

alternatlvc cost, v, of holdlng monetary stocks, and 1ncome,r

C =C, (po,pl,...pq,v,y) i= o l,.él,q fJ{f: (3. ll)
V?D (POIPlr---quVIY) ) (3-12)

where . e
ST "y=u+chs . (3._3)

1 e., total consumcr income is the sum u Of 1ncome° COﬂ‘nS £rom
the productlon sector and the supply of money ‘used byycon-
suwners D . Naturally, the equilibrium condltron
pC=p°S | o f'; B (3.14)
must also hold Kalthough a "representative‘consumer“ does not
know it--see Samuelson / /) | |
A,To close remaining demand-supply gaps, wé add two'morc
balance equations. These are the balance of payments in world
prices: |
n  m
'Y v mE. +A=" I m.M, (3.15)
cdmmbt P ds0 * R |
(where A;represents.capital inflows) and the demand—and-supply
balance for money |

s aDle+D =D , S S (§.16)_.

where‘D_is the exogenous 'supply of domestic currency. (me assume
tﬁat neither producers noxr consumers wish.to hold stocks.ofA
forelgn currency ) -', |

Flnally, we assume that'the economy-wxde return to capital anc

Lhe money interest rate are _propwrtional:

‘v=ys: S (3.17)
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‘This relates the alternative cost of holdinyg cash balances to

:déﬁeiopments in the production sector of the economy.

4, 'Analyzing Differential Changes

As 1nd1cated above, we assume that the economy is in a state
‘of equlllbrlum, as described by the above equatlons, and undex-
-take a flrst year graduate theory analysis of the u;splacements
ito the equilibrium indoced by changes in:tariffé and oﬁhorAparL-
metefé. This section is devoted to a rapid derivation of the
relevant differential equations. Succeeding sections atlenpt
an empirical application.

Substitution from (3.11) and differentiation of the balance
equation of (3.1) for non-competitive imports givas the ro— |
iétion

| I, ' 1
MM' =E, ag, X, X'; S_goop ot +++9oP o

' 1 'y - Voo '
9ov V' +9oy yJ 252" ;=0 (4.1)

where the prime denotes a log-change (M'O=dMO/MO, etc.) and the
g s are elasticitieé of consumption with respect to'prices

(gbi, i=0,i,...,q), the interest rate (gOv) and the income.(goy).

.i Similar'equations hold for the d; goods which are imported

'compeL tively,
; . '.+ .X'.—Z. XL X'.-C, VL. g, P'LF
MMy JaJJJl{ngJpJ

. ‘ - ' = .= e o 8 8 4‘2
93¢ v' glyy ) -z, ;12'53=0 i=1, m (4.2)

the q2 export goods,

B T - 7 v . . ..D'. . ' . '
S Ry a0 (B et ey veeyy ]
f "’Z 0 i=m+l"---.n (4 0'3) .
i :
and the q.3 non—Lladaﬁle gooas '

- - ' 1) . =0 i= .
X Xi-I. a,.XX!1-C.[Z.g,.pt+g; V' +g; v']~2;2]=0 i=n+l,...q (4.4)
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Also, to compche the consumptlon spec1£1catlon, we have one
equatlon (whlch follows from (3 12) and (3. 14)

%) -p°(z; 9y Py +gDV v +gDy y') =0 (4.5)

whcre ng are elasticities of consumers' demand for money stocks

w1th respect to prlces, the rate of interest and 1ncome (4)
Prloe changes for the tradable goods are dete:mlned by

dlfferentlatlng (3 2) ‘

Kpi -T;'-r'—o i= 0,1,..;m ‘ (4.6)

' ' I . P
and pi-¢i—ﬂi_r' 0 i=m+1'.no¢'n' (4'7)

As (4.6) indicates, world import prices are assumed to remain
constant. However, wofld export pricee‘may inspma-tcases be
related te the ceuntry's export volume, asfin (3;3)- biffefentij
ation gives
mo- By E;=0 i=m+l,.;..n ‘(4;8)
‘ Turhing'to the production specification, the Cobb-Douglas
assumption gives us the following familiar equations:
Xyma,L - (1-0,) K, =0 i=1,2,0...9 (4.9)
Différentiating the 1a50r demand equations (3.4) gives the
equations' - |

* | ' k .
(pi)' +xi—wi—Li=0 . l=l’.-.o,q

(4) In all of these eguations, the eonsumptlon specification is
assumed to be based on some complete system of demand equations.
If one makes the usual assumpt:on of emplrlcal studies that the
underlying utility function is additive in its arguments C,
wese,C_ and DC/y, then an appllcatlon of Frisch's method / / a}—
lows Jone to deduce all corss-price elasticities from income
and some own-price elasticities (including these elasticities

for money demand). The relevant equations are presented in
‘Appendix 1.
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By (3.7) we note that
'wi=w'.

Also, if we assume that all goods prices po,...pq are equal to
. . . . . . . *
one in the intial period, then we may write p; as
*
P. --1--2‘.:J aJ --6--aD:L i=l,...,q
,When all of these expressions are substituted into the dli[erenL1~
al of the labor demand equation, we derive

k-1
- ..9 e - ! +3 - - = | = : o
'(pi) Lpi zj aji pj i i aDiV ] *ki W' Li 0 l l:cocqq (1.10)

as the final specification of changes in labor use,
Differentiation‘of the capital demand equations (3.5) gives
* vt o
t — — = ) =
(pi) +Xi si Ki 0 l l' L I ) lqO
'From (3.8) and the assumption that s is initially equal to

one, we find that
! ]
ISirUiS /(0i+6i)-
Using this expression and making a substitution from‘the labor
' *
demand equations to remove the complex expression for (pi)', we
derive the following equations for changes in capital use:
w'+L'—K'-o s'/(o +6 )=0 i=l,....q (4. ll)
Changes in both labor and capital use are constrained to

add up to the change in total availibility of these factors:

- ' .12
zl plLl L L'=0, (4 )
and
Z. K.K!'=K K'=0 (4.13)
b R A

Also the balance of payments and the demand-supply balance for

money,must'continue to hold:

z | "% ' (4.14)
I aE] (n +n ) +AA ~F T.M, M, =0 .
l-—m+ll i=0 111



and
-p€ (p€)'-L, a., X, X! 4D D'=0 (4.15)
T R » & A R | "
rTﬁe 6efinitiona1 equation (3.13) for y is also respected,
. y y'-chv'—ch (p%) '~uu'=0 (4. 16)
,And flnally, the dlfferentlal form of relation (3.17) holds:
.v -5'=0. o N S 17)
The set of equations (4. l)-(4 17) is the complcote catalog
'éf relatlonshlps between log-changes of the xﬁriables dcscfibing_

the state of our simple general equilibrium economy.

. 5., Analysis of the Equation System

Before continuing with an empirical application, a few
;emarks may clarify the interpretation of the systen of equations
We‘have deri§ed.

First--It is inelegant but nontheless reassuring to cbﬁnt up
eduations and variables whenever one is working with a large
s&sgem. For the present model, this is done in Tables 1l and 2.
Table 1 reveals that there are 15+8qif9q2+6q3 variables whose
log-changes appear in equations (4.1)-(4.17). Table 2 indi-
cates that there are 9+5ql+6q2+4q3 equations in this system.
Subtrdction informs us that 6+3ql+3q2+2q3 log~-changes "should"
‘bé‘specified exogenously to determine the remaining variables.

Do this many naturally exogenous variables exist? |

Pefusal of the second column of Table 1 indicates that éhis
'questlon can indeed be answered in the afflrmatlve Here the
follow1ng variables are tagged as exogenous: the final demands.z.

the forces of tariffs Ti, the forces cf export subsidies ¢i’
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Table 1
Number of Variables Whose Log-Changes Appear in the Model

Name Type Numbers
L U PR ¢
M; Endg X X
x; Endg Cox X X
?;. Exg x % x X
E; Endg o X
(p%) ! Endg X
v Endg %
y' Endg . X
.pi Endg P | X X b
Ti Exg x p 4
¢: Exg X
i
ﬁ; Endg X
r' - - Endg X
L Endg X X X
L' Exg b
Ki Endg X . X X
‘Kf Exg P4
éi" , Exg X x X
w' o - Endg X
s! Endg X
D' ‘Exg X
A ‘EXqg x
2 . S

ul

“Tbtals 15 8 9
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“Table 2

Number of Equations Relating Log- Changes of the

Variables

Name and Formula Number

}Non;éombetitive import balance (4.1)
Wimédrted goods balances (4.2)
'Expo?tea,gdods balances (4“3)
Noﬁ-traded goods balances (4.4)
'Consumers use of cash balances (4.5)
vaported goods' pricé changes (4.6)
Exported goods' price*qhanges (4.7
Export_price—ﬁolume equations (4.8)
thoduction.functions .(4.9)

‘Labor use changes (4.10)

Capital use changes (4.11)

Total labor use (4.12)
Total Capital use (4.13)
Balance of payments' (4.14)

Monetary supply-démand balance (4.15)

Definition of y'  (4.16)

Equal log changes in interest rate
of: return ‘to Capltdl (4.17)

: Totals

Number
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the total supplies of labor and capital L and K, the indirect
itéx rates ei, the money supply D and the capital inflow A,‘
There are exactly 6+3ql+3q2+2q3 variables in this set, and
all of them may be assumed to be under the control of either
phe government oxr the Gods.

"Second—-Suppose we group all the endogenous logschanges_in a
vector a and the exogenous changes in vector b. Then the
system (4.1)-(4.17) can be written in a gener:l matrix;fdrm as

M a+Nb=0
where M and N are matrices of order (9+Sql+6q“ ) X (9+5ql+eq2+
: 4q3) and (9+5ql+6q2+4q3) X (6+3qi+3q2+2q3) rezpect *vely, |
Formaily, this system can be solved in tie vt sing form:

=yt

Nb.

Can the system in fact be solved in practice? A little célcu-
lation indicates that the answer is "ves." For a typical
application, one might be working with, say, 20 import sectors,

5 export sectors, and 10 non-traded seétors. in this'case,'the
‘matrix M would be of order 179x179. I£ is by no means trivial

to invert a matrix of this size, but the task still would réquire

only a few minutes of time on the types of computers which now

exist in many developing countries.
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