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CHAPTER I

INTRODUCTION

1.1 Objectives and Conclusions
Almost all of the several empirical attempts to 

estimate the welfare cost of tariffs by different authors 
for different co\antries and different time periods, using 
both partial and general equilibrium approaches, have

II
!yielded estimates that show the welfare cost of tariffs to
be small. It is our hypothesis that these estimates vastly
understate the welfare cost of protection. Among the as-
jsumptions common to most such attempts has been the simpli-
Ifying assumption that all taxed commodities are subject to 
I
la s.ingle, uniform tariff rate.i
* Since in the real world there Ls considerable evi

dence to suggest that tariff rates vary considerably from 
commodity to commodity, the assumption of a uniform tariff
irate would seem to be a particularly unrealistic one. It
i
.is the purpose of this dissertation to determine the em
pirical significance of this assumption by comparing the

I

welfare cost calculations obtained from an extended three-
I commodity version of.' Johnson's two-commodity general equi-
i
librium model under uniform tariff ratcfi with the results

1
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'obtained under comoarablo conditions when l;wb different 
tariff rates apply.

I

i As in Johnson's study the consumption and produc-
I

tion costs of the tarift arc estimatod using a range of
(
I different values for the elasticity of substitution in con-

I
!sumption, the elasticity of supply, the proportions of in- |
I i
come spent on taxed and untaxed commodities, and for the

II
tariff rates. Johnson's definition of welfare cost in |
terms of the difference in real incpme that would be ob- 1
1
I tained at a maximum with and without tariffs is adopted in !

1^the present study.
I The results of our study support the hypothesis
that previous estimates may have considerably understated
I the welfare cost of tariffs due to .their common, though
!jhighly unrealistic, assumption that there exists a single 
iuniform tariff.

I 2

I Our results suggest that the high tariff rates and
haphazard structure of the tariff rates existing in most 
,less developed countries may be responsible to a much 
 ̂larger extent than had previously been thought for the low 
' level of national income and low growth rares in many such
I

countries. While there exist some theoretical arguments in. 
favor of differential tariff rates, they are not likely to 
be sufficiently applicabJ.c to such situations or suffi- 

'ciently valid to diminish the importance of the results

! ......... J
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'obtained in the prtscnt study as to the high welfare cost

imposed by differential tariffs. 1

1 1.2 Advantages and Limitations
of the Study

This is a simulation study which stands midway be
tween a full-fledged theoretical study and a comprehensive |

ft

empirical study— a sort of hothouse of a hypothetical world.

However, 'its parametric values are drawn from the real ;!
i■world. Its limitations are, however^ obvious since its ^

policy conclusions cannot be prescribed without consider- ^
Iable further study.

It is believed that the extension of Johnson’s two- 
commodity general equilibrium model to three commodities is 
an important improvement which permits consideration of 
differential tariffs as well as tariffs on Intermediate 
commodities etc., and is consistent with similar extensions 
in other aspects of the theory of international trade in 
recent years. Nevertheless, this extended model still |

I
shared with Johnson's model some of its other limitations, '

such as the use of a CES function for substitution in con
sumption, the assumption of a perfectly competitive and 
static framework, and the absence of multiple equilibria

I

'and externalities.
! ■
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! 4
I

'1.3 Organization of the 
Dissertation

i Chapter II surveys the various empirical methods
I that have been applied in measuring the welfare cost of
trade restrictions in both partial and general equilibrium
I situations. The methods are compared and evaluated and 
!; several suggestions are made as to possible sources of bias

iin the estimating procedures. i
i

Chapter III attempts to demonstrate the empirical

relevance of differential tariffs. In Chapter IV we de- 1
|Velop a three-commodity model for measuring the welfare j
I cost of tariffs. This model permits the comparison of the
iwelfare cost of tariffs when different tariff rates apply 
i
as compared with when a uniform tariff rate applies. In 
Chapter V the model is subjected to parametric simulation 
as to yield a range of estimates of the welfare cost of
uniform and differential tariffs. i

i
I

Our conclusions and policy recommendations are pre
sented in Chapter VI, along with some suggestions for fur- ,
ther research. i

I
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A SURVEY OF PARTIAL i\ND GENERAL EQUILIBRIUM 
APPROACHES TO MEASUREMENT OF THE WELFARE 

EFFECTS OF TRADE RESTRICTIONS

CHAPTER II

I The literature on the measurement of welfare loss!
of protection or trade res;trictions-..can be divided into two

i'broad categories, namely partial equilibrium studies and
I

general equilibrium studies. Both of these types of stud- 
■ies shall be devoted to attempts to measure loss empiri- 
i cally. It may be noted that the discussion is confined to
I
I static models.
I

The two most important studies that initiated the
1
'idea of the measurement of welfare cost were the Brigden 
Committee Report^ for Australia published in the 1920's, 
and an individual report by Young^ on Canada's commercial

I

policy which appeared in 1957. Following the Brigden Re
port, a number of criticisms appeared, especially those of

ij. B. Brigden ct al., The Australian Tariff: An
Economic Enquiry (Melbourne: Melbourne University Press,
1929) .

^J. H. Young, Canadian Commercial Policy (Ottawa: 
Royal Commission on Canada's Economic Prospects, 1957).
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Viner,^ Loveday,*^ and Reddaway^ pertaining to the concept 
of the welfare cost of tariff, to the particular assump
tions made, to the metliods of measurement, and to the im
plications of their results,

I In recent years welfare cost calculations have
I gained a considerable currency reflecting the continuing
'interest in operationalizing the theory of tariffs on the 
I
^part of a good number of woll-lcnown economists, including 

'^Corden,^ Reitsma,"^ J o h n s o n , a n d  Krueger.^ Another reason 
I for current interest in the topic is tliat one after another,
I

jthe developing countries have resorted to tariff and other 
^protective measures as part of a deliberate effort to pro-

I 6

I

: ^J. Viner, "The Australian Tariff— An Economic En-
Iquiry," The Economic Record, V (November, 1929); also, In
ternational Economics, Vol. XT., Memoranda on Commercial .
Policy (Glencoe, Til.: The Free Press, 193G).

I Loveday, "The Australian Tariff: A Criticism,"
The Economic Record, VI (Novi.'iabor, 19 30) . *
' c . 1^W. B. Reddaway, "Some Effects of the Australian '
Tariff," The Economic Record, XIII (June, 1937) . j

I

^W. M. Corden, The Calculation o2 the Cost of Pro
tection," The Economic Record, XXXIII (April, 1957), 28-51. |

”̂A. J. Reitsma, "The Excess Costs of a Tariff and .
Their Measurement," The Economic Record, XXXVII (December, 
1961), 442-455. |
i Johnson, "The Cost of Protection and Self-
Sufficiency," The Quarterly Journal of Economics, LXXIX 
(August, 1965), 35(i-372. j

^A. Krueger, "Some Economic Costs of Exchange Con- 
'trol: The Turkish Case," Journal of Political Economy,
LXXIV (October, 1D6G) , 4G6-/rS0.
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•mote growth by import aubsLitution with little regard for 
the comparative advantage or the cost structure of the 
products that are protected. In what follows we shall com
pare a few of the more important of these studies noting

I

their (1) approach, (2) estimation metliods, and (3) conclu
sions .

10
2.1 The Brigden Model 
I The Brigden raodel'̂ '̂  defined the excess cost of pro
tection as those costs of goods protected by tariffs and 
produced domestically above the costs of similar goods ob
tained from foreigh sources. The model is illustrated with 
the following figure:

Fig. 1.— The Brigden Committee's measure of the 
excess cost of protection.

Let DD' and SS' bo the Iioiiie demand and supply curves. At

l^^Brigden, op. cit. , p. 35.
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the protected prico (P -i- L) , total homo consumption is OT', 

of which OB' is home produced and B'T' is imported. Under 
free trade total homo consumption is OT, of which OB is 
home produced and BT is imported. Although the Brigden 
Committee's definition of excess cost of protection re
ferred to the difference between the costs of protected 
domestically produced cjoods v̂ ith a positive tariff and the 
cost of similar home goodr. under free trade, in actual mea
surement the difference between the..home market value of 
the protected output and the cost of equivalent imports, 
LNKG in Figure 1, was used. The model implied that if P is 
the price per unit of product without tariff, and t, the 

absolute tariff per unit of the same, then the domestic 
price with tariff is given by P + t. Since the duty on im
ports was known to vary from commodity to commodity, the 
Brigden Committoe employed the "average duty actually paid" 
on all imports as the measure. Actually protected manufac
tures were divided into three classes on the basis of the 
proportion of imports to total consumption. For example, 
if imports were a substantial proportion of the quantity of 
any particular good consumed, then domestic price was taken 
to be equivalent to the prico of imports plus duty and the 
excess cost was the full amount of the duty; for the second 
category in which imports constituted a relatively small 
proportion of consumption, the domestic price was taken 
lower than the import price plus duty, and the excess cost

8
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'icost was taken to bo half: the amount of duty on correspond
ing imports? in the third category were the sheltered in- 
dustires in which the excess cost was taken to bo one-third 
of the amount of the duty on corresponding imports. Apply
ing this measure, the Brigden Committee found the cost of 
Australian tariffs to be approximately 6 percent of na

tional income. 1

While in percentage terms the welfare cost computed
f '

by this method may seem substantial^ the definition adopted
I

by the Committee on the one hand overstates the production 
cost, but on the othor hand neglects the consumption cost. ^
By referring to Figure 1, the reader can see that the com- ^

I
puted production cost given by the area LNKG is larger than

Ithe actual production cost given by the h NKG. However, in
Isome cases only one-half or one-third of the proportion was
Iused in the calculations. The consumption cost given by j
I

|AJP' is ignored. The combination of a possible overestima-
i :j tion of production cost and complete omission of consump-
!tion cost in all likelihood yields an overall underestimate
i

'of the welfare cost of the tariff.
I

2.2 The Younq Model^^
 ̂ i Young developed the "cash cost" coicept of protec
tion by the illustrative example of broom i^roduction. It 

is assumed that a free trading country may obtain household

I

I. __ ^^Young, op. cit., pp. 63-73.
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brooms from abroad for $1.00 per broom or for $1.25 per 

broom from domestic sources. Normally under free trade 
conditions the country satisfies its entire demand by im
porting one million brooms. If in an attempt to encourage 
local broom production, the country imposes a tariff of 25 
percent or more on brooms, imports would be completely re
placed by domestic production. In this situation consumers 
must pay a price of $1.25, and as a result they consume 

fewer brooms, say 900,000 at a total cost of $1,125,000.
I

j Resources which normally produced $1 million worth of ex-
I

ports are released, but other resources which produced |
I
r$1,250,000 worth of domestic goods, are attracted into ,

broom production. Instead of b;;i.ng able to buy 900 ,000 
brooms for $900,000, consumers must pay an extra of $225,000
to subsidize the domestic production of a commodity in ■;

i

which the country evidently does not have a comparative ad-^
vantage. This amount of $225,000 is what Young calls the ,

i
"cash cost" of the protective tariff. Specifically it is 

! that amount which consumers must pay for the amount tliey 
purchase of a protected domestically produced commodity 

I over and above what they would pay for the same amount of 
' the commodity in world marl.ets without trade restrictions.
I
I This calculation is shov;n in Figure 2.
i Young applied the cash cost method from the expen
diture side. Once again this method is likely to under-

I

; state the cash cost of the tariff, since it again excludes

i...................................  10
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11

consumption cost and in Young's application of this method 
was applied only to the private sector of the economy.

I Fig. 2.— Young's measure of the cash cost of pro
tection. I

II
Data limitations on prices, ctc., may also have 

made Young's estimate of the cash cost of the tariff in 
1957 (of 3.5 to 4.5 percent of gross expenditure net of in

direct taxes) an undcresLimato. Young himsolf concluded ^
that "this factor, togetlior v.'ith the others (as noted j
above) has tended to give the final estimate of the cash '
cost of the tariff a distinct downvjard bias."^^

2.3 Harberger's Method^^ !} j
1 II Harberger attempted to measure the welfare cost of ^
[ , Itariffs in terms of resource misallocation in economies i

^^Young, op. cit., p. 71.
C. Harberger, "Using the Resources at Hand 

i More Effectively," American Economic Review, Papers and 
i Proceedings, XLIX (May, 19 59) , 134-146.
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like Chile, Brazil and Argentina. In estimating the wel
fare cost of trade restrictions, he assuinod (1) an average 
tariff on all imports, (2 ) a linear domestic demand func-

I

Ition, (3) a price given in the world market (the small
!

country assumption), and (4) a small foreign trade sector. 
Given a transformation function between the quantity of ex-^ 
ports (X) and the quantity of imports {M) of the following

I

form T(X,M) = 0, his assumption of an average tariff of i
t 1

50 percent implies M/X = 1 in the pre-tariff situation and 

M'/X = 1-5 in the post-tariff situation. His calculations 
showed that the welfare cost varies with the square of the 
tariff rate indicating that welfare cost may be underesti
mated by averaging the tariff rates as is usually done.

1

Harberger’s approach may be demonstrated in Figure
1

3. Costs are assumed constant at PC and Dd is the demand 
curve. Under free trade conditions price and quantity are 

I set at the intersection of marginal cost and the demand ; I
I i

I curve at C. When a tariff t  is imposed, OE is consumed
I 1
I and locally produced. Since the imposition of the tariff 
! simply redistributes TPAB from consumers to producers, the ^
j triangle ABC represents the "deadweight" loss of the tariff.
!
.This is the equivalent to multiplying the price difforen-I ’ '
itial AB by one-half the quantity differential BC. In order^

ito convert such an estimate of absolute loss in consumer
I

surplus, this magnitude was multiplied by the proportion of

12
I
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13

I national income which would be subject to such misalloca- 
tions from tariffs. Using an equivalent tariff of 50 per- 
'cent, and assuming imports to be 10 perccr.L of national 
;income, Harberger found in the case of Chile that the re- 
jmoval of trade restrictions would raise welfare by not more
I

I than 2 1/2 percent of the national income. J

PftlCtt.

O E »TV

Fig, 3.--Harberger's measure of resource misalloca- 
tion due to trade restrictions.

2.4 Scitovsky's Method '̂̂
Although Scitovsky specifically measured the gain 

of specialization arising out of trade creation and the 
loss due to trade diversion in a particular customs union,

I

J the European Economic Community (EEC), his method is alsp'
Iapplicable to calculation of the welfare gain from the '

j

'elimination of tariffs. If country A exports more of the

Scitovsky, Economic Theory nnd Western Euro- 
pean Integration (Londonl Unwin University Press, 1962T,

Dhaka University Institutional Repository



 ̂commodity a its production of this commodity will increase
Iand the production of a in country B will declino. This

1will increase marginal cost of a in country A and decrease
I

! the marginal cost of a in coi.intry B. There is thus a posi-
i I

j tive relation between the ratio of the marginal cost of 
commodity a in country A to the marginal cost of a in coun
try B and the volume of exports of « from country A. The
greater the exports of a from country A, the larger will be

f

the ratio of the marginal cost of a country A to the 
marginal cost of a in country B. The same argument applies

5

to commodity g and country B. The greater the exports of
I

commodity 3 from country B, the smaller will be the ratio 

of the marginal cost of commodity 3 in country A to the 
marginal cost of commodity P in country B. Denoting the

I
imarginal costs of a in country A as hc^ and of commodity 3 
in country A by ACg, we can represent Scitovsky's method in 
Figure 4.
, Equilibrium is achieved at E where the value of the
i 'exports from country A is equal to the value of exports ^
! j
from country B. The quv^ntity (or volume) units may be cho-

1Isen in such a way as to make the prices and marginal cost
of both products in both countries equal to unity.

Now if comtry B imposes an ad valorem import duty
of t (indicated by Bt̂  ̂ in Figure 4) on imports of a from 
i “(country A, the production of the import competing industry

I  1 4
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B e

VAwoes ex' lM70."r6 Oft- Exf-o«JS.
Fig. 4.— Scitovsky's measure of gain from speciali

zation or loss from trade diversion.

ABMd = change undergone by the imports of B 
I Atp = ad valorem tariff on the imports of 3 commodity into 

country A
AC(j = marginal costs of the a commodity in country A

a in country B will increase until the marginal costs of a 
are t^ percent higher than those of a in country A. Coun
try B is now producing a at costs higher than those it 
would have to pay if it imported « from country A without a

j

tariff. The fagure shows that the loss suffered by country 
B is not equal to the higher marginal cost of a times the 
lextra production (i.e., reduced imports) of a but is equal
I
|to only one-half this magnitude, i.e., 1/2 Bt„ ABM^ ,

j

jWhere ABM^ is the change in imports (production) of a by 
I country B. Scitovsky used this method to calculate the 
^benefits of t̂ he European Common Market using data provided 
by Verdoorn.^^ Scitovsky concluded that the gain from the

j -̂ P̂. J. Verdoorn, "A Customs Union for Western
'Europe— Advantages and Feasibility," World Politics, VII 
j(July, 1954).
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16
* creation of the Common Market which eliminated tariffs be

tween member countries and tlieieby incrcafied spociaJ.ization

I was less than one-twentieth of 1 perccnt of the grosr. prod- 
I
Iuct of the countries involved. He concluded, "the most 
II striking feature of these estimates is theix' smallness." 
[Note that although Scitovsliy's approach is somewhat differ
ent from the approach used in the other studies reviewed in
ithis chapter, the acl:ual calculations depend on measuring

t

the same triangle.
\
\

\2,5 Johnson Method^^

Fig. 5— Johnson'^ measure of welfare loss

In this figure quantities of importable goods are 
measured along the OX axis and the price of importables

16, G. Johnson, "The Cost of Protection eind the 
'Scientific Tariff," Journal of Political Economy, LXVII 
I (August, 1964), 327-345.
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17 .I
(in terms of exports) along the Y axis. Domestic demand is 
given by the constant utility demand curve DD', the domes
tic general equilibrium supply curve by SS ' and foreign

I

supply by PP. If the domestic market price of OP' is de
fined as unity, the P P ' is the excess of the domestic price 
over the foreign price OP*'. PP' relative to Op' would then 
represent the proportion by which free trade would reduce
the domestic price. This proportion equals 1/1+t, where t/
is the tariff rate. With the tariff^ consumption is OC, t
domestic production Op, imports PC. If the tariff were re
moved and consumers were simultaneously deprived of export

I
I

goods to the extent requirco to keep their utility level
I

constant, consumption would expand to O C ', and domestic 
jproduction would fall to OP'. Consumers' surplus would be 
increased by PP'EF. Of this PP'HG would be offset by a i
reduction in producers' surplus, and lIJDE by the loss of 
import duties formerly collected. The remainder, consist- 
Iing of GHJ and DEF, would represent the increase in the 
jvalue of production and the reduction in the cost of con
sumption made possible by the change to free trade, which 
jmust be extracted if utility is to remain constant; that is .
i IĜIIJ is the production cost and DEF the consumption cost of
‘protection. Thus Johnson uses the conventional partial ■

I

equilibrium diagram to handle at least some general equi-
■ librium considerations. Once again the magnitudes to be

Dhaka University Institutional Repository
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I

estimated are identical wiLh those designated in other 
I studies.

Indeed, Johnson has gone on to suggest ways in 

which this traditional model could be generalized. In par
ticular he has discussed the desirability of relaxing the

Ifollowing limiting assumptions:
1. That the domestic price of importables may not

be exactly equal to^the price of imports plus 
the tariff rate due to mopopolistic positions, , 
etc. j

2. The exclusion of relative price effects in
I

terms of horn'- goods and the possibility of sub
stitution effects in production and consumption.

!
I If Johnson had been successful in analyzing the
i t
[welfare costs of tariffs when the second of these assump-
I!tions was relaxed, there would have been little need fori( !
;the present work. However, Johnson was notably unsuccess
ful in his attempt to consider the case of relative price 
'and substitution effects (implying the use of a three-goods 
'model) and therefore he ignored such possibilities in his 
j

* subsequent formulation.^"^ He did, however, consider the 
.first of these possibilities, thereby deriving the formula 
used by Krueger which is presented in section 2.7 below.

17johnson, op. cit., p, 333,
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Applying this method Johnson found that the entry 
of Britain to a proposed European Free Trade Area would

18give her at most a gain of 1 percent of national income.

2.6 Clause's Model^^
Hause's model attempted to measure welfare loss 

through Government intervention in the foreign exchange 
market, such as by pegging exchange rate at points other 
than those which allow for staible equilibrium under free

I

I trade. This may be illustrated with reference to Figure 6 .

Q o /wkStiTY

Fig. 6 .— Welfare loss through pegging exchange
rates.

DD' and SS' are the demand and supply curves of foreign 
exchange in country 1 (measured in country I's currency

18h . G. Johnson, "The Gain from Freer Trade with 
Europe: An Estimate," Manchester School of Economic and
Social Studios, XXVI (Gc-ptcinbor, 191j8) , 2/17-2L)5.

19j. C. House, "The Welfare Cost of Disequilibrium 
Exchange Rates," Journal of Political Economy, LXXIV 
(August, 1966), 333-352.
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unit). Let P, Q be the equilibrium exchange rate and the 
■quantity of foreign exchange in country 1 , respectively, 
iAP is the amount by which country I's government pegs the 
{exchange rate above and below the equilibrium level in pe- 
I riods 1 and 2 . Qg and are the additional amounts of
I
I foreign exchange that are required respectively to reach 
I
the supply curve and the demand curve from the equilibrium
point when the exchange rate differs by AP.

/
After intervention the government accumulated 

and A^g units of foreign exchange in the first period at a 
price (P + AP) and releases it in the second period at
i
I (P - AP). The total exchange costs to country 1 are 

(Q + AQg)(P + AP) in period 1, and (Q - AQg) (P - AP) in pe- ’ 
riod 2. At the equilibrium exchange rate the total exchange

20

costs to country 1 arC' given by 2PQ in the two periods.
This shows that government policy of intervention raises
the exchange costs by 2APAQg. On the demand side, the

policy leads to a decline in imports in the first period
which is valued by consumers as (P + AP/2)AQ(J, and to an
increase in imports in the second period which is valued as
(P - AP/2)AQd- The change in the gross value from imports

I over the two periods is -APAQ(J. Adding together the change
in gross value from imports and the change in exchange 
i I
costs gives the net change in welfare of -AP(AQ^ + 2AQg). |
! i
jThis net loss may also be written (n - 2 e ) (aP/P)^PQ where n ,
i , II is the elasticity of demand for imports (and foreign j
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‘exchange) with respect to price of foreign exchange in
i

country 1 (and is negative) , is the elasticity of supply
Iof foreign exchange with respect to the price of foreign 
exchange for country 1, and PQ is the value of foreign ex
change purchases per period at equilibrium measured in 
terms of country I's currency units. ;

Hause's analysis assumed that:
I

I(i) the demand and supply curves of foreign ex-
r

change for country 1 are linear 
(ii) no speculative demand for foreign exchange 

exists
.

(iii) there is full employment
i

(iv) the distributional effects of governmental
I

policy can be ignored
I

The welfare measure derived above was applied to Argentina 
I for the period 1959-19G2 with the assumed elasticity of de
mand for imports of 1.5 and that of demand for Argentina's 
I exports of 2.5. Hause found that the welfare loss to Ar
gentina per unit of time as a percentage of foreign trade 
would be 0 .68.
' His measure is again of the partial equilibrium
Itriangle variety but differs from the loss measured by or- 
. dinary commodity demand and supply curves.
I

Johnson^® has extended the model so as to estimate

21

. I 20ll. G. Johnson, "Tiie Welfare Costs of Exchange
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the effect on world welfare as well as on the welfare of 

the individual country.

22

2.7 Krueger's Model^^
i Following tho general method used by Johnson in
II measuring production cost of tariffs, but considering the 
I importance of raw material outputs (often imported) in do
mestic production, Krueger defined a new measure, that of 

the domestic resource cost of - cirning foreign exchange.
i Specifically, the resource cost (R) "of. a set of domestic
i

I prices differing from world prices" is defined as;

R = -  C)X^

,v/here Xj_ is the quantity of output produced in tho ith 
{activity (with units so chosen that one unit of output rep
resents one unit of value added in the international mar
ket) , Kj_ is the non-rent portion of domestic value added in 
; the ith activity, is the domestic value added in the ac-
I

tivity, C is defined as the minimum cost per unit (in do- 
;mestic currency, with normal profit and no rent) of produc-
I

,ing the same international value of output as was actually
I
I;produced.

2 3A. 0. Krueger, "Some Economic Costs of Exchange 
.Control: The Turkish Case," Journal of Political Economv,
.LXXIV (October, 1966), 466-480.
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2 . 8 The ]3alass a-Schyd 1 owsky 
Effective Tariff Methocl2~2

Balassa and Schydlowsky have taken issue with the 

Krueger-Johnson measure oi: the welfare cost of protection 

which calculates the domestic resource cost of earning a 
unit of foreign exchange. Balassa and Schydlowsky have 
shown that the domestic cost of a dollar earned or saved 
for commodity i (Bj_) is related to their own effective tar
iff rate of protection j (Zĵ ) in the following way:

W • r • •
(1) Bi = E — ----

" j " i  - f

W. - V.
C2) ^ or Wj = V j (1 + Zj) , substituting

into tl) we get (3)

23

V̂ r.;
(3) B. = 1 + Z. ilii

" * ■ r '  f

where Wj = domestic value added in product j
Vj = value added in product j under free trade 

rjj[_ = elements o7 direct and indirect input 
requirements 

= world price of product i

Thus these authors have demonstrated that the domestic

B. Balassa and D. M. Schydlowsky, "Effective 
Tariffs, Domestic Cost of Foreign Exchange and the Equilib
rium Exchange Rate," Journal of Political Economy, LXXVI 
(May/June, 1968), 348-360.
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resource cost per unit of foreign exchange equals one plus 
a weighted average of the effective rates of protection.
I By examining a hypothetical example they found that the
1

Krueger-Johnson method may rank an inefficient industry 
higher in the efficiency scale than an efficient one since 
!the approach ignores the possibility of substitution of 
foreign for domestic inputs and thereby reducing the ap- 

I parent or temporarily protected domestic producers. ThusI1 it appears that the welfare cost of pr.otection measured by 
Iapplying the resource cost approach may overstate the mag
nitude of loss. These authors do not make the assumptions 
about foreign demand and dome;.:tic supply elasticities ne-

jcessary computing welfare, but they do suggest that if such
iassumptions could be made, better estimates of welfare cost 
could be obtained.

2.9 The Dardis Modcl^^

24

Dardis has extended the conventional method for
I

estimating the welfare cost of protection in such a way as
1

! to incorporate tariffs on intermediate goods (in additionI
to tariffs on final goods). The total welfare cost for 

'both final goods and intermediate goods can be illustrated 

with reference to Figure 7.

23k, Dardis, "Intermediate Goods and the Gains from 
Trade," The Review of Economics and Statistics, XLIX (Nov- 

1 ember, 1967) , 502-509.
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Fig. 7.— Dardis' measure of welfare cost of final 
.goods and intermediate goods.
! '
I!IDD-: , DDj_ are respectively the demand'-curves for final good
i

j and intermediate good i. Similarly Sj and Sj|̂ are the 
respective supply curves. A tariff of Mrj on good j will 
raise its price from OWj to OWj, resulting in a welfare 
loss equal to 1/2 Mrj(dSrj + dDrj), where dSrj measures 
changes in domestic production due to the tariff and dDrj 
measures the corresponding change in consumption due to the 
tariff.

I

I

I If a gross tariff of ic imposed on the interme-
k
[ diate good i it will cause an upward shift in S-i to S'.
I
II However, an additional tariff of MCj could be imposed on j 
which would be sufficient to hold producers' surplus con-iistant and thereby maintain the level of domestic production, 
The increased compensatory tariff on final good j would in-
■ crease the value of tlic marginal product of intermediate 
:good i in production of j, thereby shifting the demand 
jcurve for i upward from to D|, In the figure W^C and
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W|F indicate domestic production of the two goods j and i 
and WjE and W|G show their consuinption respectively. The 
post-tariff price levels are OWj and 0W|. The final good 
'model shows the gain in revenue (MCjCli: - MrjdDCj). Deduct
ing this revenue gain from the loss in consumers' surplus
{ Ione obtains the net welfare loss equal to MCjWjC
I

!+ dDCj(l/2MCj + Mrj) resulting from a combination of tar- |
iffs on final goods and on intermediate goods. j

: In the ith sector there'is a gain in producers'
surplus and in revenue amounting to - l/2Mj_dSj_. If

I
fixed coefficients of production are assumed then MCjWjC !
= M^W]g . The cost of the second round tariff is now given

, • J. X

I  iI by dDCj(l/2MCj H- Mrj) -t- l/2jMĵ dSĵ . Thus the total welfare ^
I I

I loss is given by the results of the two rounds, i.e., j
I i

I l / 2M r j d S r j  + l / 2M jd D j  + l / 2M^dSj_. j
! I
! Dardis applied this measure to estimate the cost of .
! I
 ̂protection of the feed livestock sector in West Germany in

I

1960, She found the absolute cost of protection in this ;
.sector to range from $49 to $50 million while in relative
i I
terms the costs varied from 10 to 11 percent of the change |
in producers’ surplus. ^

2.10 General Equilibrium :
Approaches ;

The awareness that partial equilibrium methods of
■ measuring the v/elfare lor.r: du*.' to protc'ction becomes in- ‘ j
creasingly unsatisfactory the higher the level of aggrega-
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tion, and the suspicion on the pcirt of several outhors such 

as Reitsma, Johnson and Cordon that partial equilibrium 
methods may have lent downward bias to such measurements 
has led researchers to attempt the analysis and measurement 
of the welfare cost of trade restrictions within a general 
equilibrium framework. The early attempts to view the the-

i

ory of measuring the welfare cost of tariffs within general 
equilibrium can bo traced to the writings of Cordon,

r'

Reitsma^^ and Johnson^^ later followed by McKinnon,
i

<[Lage,^® and Johnson^^ himself. Recent attempts have also 
ibeen made to incorporate the theory of "effective tariffs" 
into a general equilibrium framework. In what follov?s we 
shall first describe a two commodity general equilibrium 

model giving the restrictive effects of tariffs and then 
survey the individual studies by McKinnon, Lage and Johnson.

27

^^corden, op. cit., pp. 28-51,
^^Reitsma, op. cit., pp. 442-455.
^^Johnson, "The Cost of Production and the Scien

tific Tariff," op. cit., pp. 327-345.
2'̂ R. I. McKinnon, "Intermediate Products and Dif

ferential Tariffs: A Generalization of Lerner's Symmetry
'Theorem," Quarterly Journal of Economics, LXXX (November, 
i1966), 584-613.
I

H. Lage, "The Welfare Cost of Trade Restric
tion: A Linear Programming Analysis" (unpublished Ph.D.
dissertation, University of Minnesota, 1967).

29Johnson, "The Cost of Production and the Scien
tific Tariff," op. cit., pp. 327-345.
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The welfare effce-U of a non-prohibitive tariff may 
be illustrated with reference to Fiquro 8 ,

Fig. 8.— Welfare effects of tariffs under general 
equilibrium.

iIn the figure tt is the transformation curve, , U and 
! i  

are the community indifference curves. LL and MM are
1

the internationalized price lines, and DD, dd are the. do
mestic price lines. With restrictions on trade the equilib
rium production is at P and equilibrium consumption is at
C, the exchange ratio being shown by the slopes of DD and 
dd. When trade restrictions are removed, the equilibrium 
j positions for production and consumption are at P' and C ,

 ̂respectively. The welfare loss due to tariff may bo mea-
!■
surcd by LM, the amount of the exportable good that could 
be withdrawn from the community without loss of utility 
.enjoyed at the pretrade situation. The i.iagnitude of the 
loss can be divided into two components-~the exchange loss

i
,of welfare from to due to the loss in consumption and
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the loss in welfare from Û, to Uj as a result of the reduc- 
Ition in production. Sinco the exchange loGs can be mea

sured by LM, the segment LM measures consumption cost and 
tL measures production cost. Note that LM is the amount of 
exportable that can be withdrawn from consumers in order

I

, to keep them as well off before, and that t is the
I
^amount of export good which can be withdrawn from the pro- 
jducers with consumption fixed at C so as to keep them as

r
1
■well off. Note also most importantly; that this method of 
.measuring welfare loss in terms of one commodity permits
I

one to arrive at a quantit^itlve measure of the welfare cost
■of protection ev'en if one is not willing to grant the pos-
t
jsibility of cardinal utility. This accomplishment is in-
f

deed a major breeikthrough in the effort to provide statis- 
factory estimates of the welfare cost of trade restrictions.

iMcKinnon's Simulation Model^^
McKinnon derived a simulation formula from produc

tion fvinctions relating intermediate inputs and labor to 
the gross outputs of and of the following Cobb- 

Douglas form;

29

( i i )  x :  = <f)̂  L,

30McKinnon, op. cit., pp. 584-S15
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where is gross production of commodity m (importables);
X' is gross production of commodity e (exportables); i ^

' Xgjji is an intermodiate input of commodity e in pro
duction of m;

Xjj,3 is an intermediate input of commodity m in pro
duction of e ; and

Ljjj and Lg are domestic primary factors in production of m 
and e .

Setting a = P and choosing units such that 
= 1 and Pm/P0 = 1 under autarky', McKinnon maximizes 
Xg - thus obtaining;

= /!h  where P /P < 1
X3 \ p j

Pmwhere “  is the ratio of the price of importables to 
I e exportables under free trade relative to the
I same ratio under autarky;

30
I

Xg is net consumable output under autarky;
Xg is net consumable output under free trade; and
a is the share of the domestic primary factor in 

the value of gross output of exportables.
Given the parameters ^md a, one can determine

' the ratio of consumable output under autarky to consumable
output under free trade. Stipulating a range of values

from .70 to 1.0 for a, .25 to 1.0 for Pj^/Pcr the loss of
national income (in percentage terms when autarky is im-

' posed instead of free t.ro '.>3 ranges from 0 to 45 percent
I

when the importable input has a share of 30 percent; it 
! ranges from 0 to 37 percent for an importable input of j
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25 percent eind from 0 to 14 percent when the importable in-

t
put share is 10 pcrccnt. This shows that with the increase

I

I in the share of importable input trade in the gross output 
]of exportables the losses from free trade national income 
due to a policy of economic autarky goes on increasing.

However, McKinnon's use of the Cobb-Douglas produc
tion function which restricts the elasticity of substitu
tion to unity despite the evidence summarized by Nerlove^^

t

which suggests the elasticity of substitution might in fact 
;be less than one, may have biased his estimates downward.
If one replaced the Cobb-Douglas production function by an- 

I other with a lower elasticity of substitution, the inclu- 
!sion of intermediate inputs along with domestic factors 
^would in all likelihood greatly increase the gains from 
!free trade.

*i 2.12 Lage's Linear
I t^rogramming Mode 1 -̂ 2
!
' Lage's study utilizes a linear programining approacli
t
in estimating the welfare cost of protection in Japan for 
the year 1955. He built two models (i) the basic produc-

I.tion model and (ii) the demand inclusive production model.

I Nerlove "Hecont Iiiupirical Studies of the CES
and Related Production Functions," The Thocry and Empirical 
Analysis of Production, National Bureau of Jiconomic Re
search, Studies in Income & Wealth (New York: National
'Bureau of Economic Research, 1967), pp. 55-120.

32Lage, op. ci t. , p. 1 .
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Since the first model did not give unique solutions for the 
trade varieibles, his calculation of the cost of protection 
is derived from the secoiid model. The second model v’as 
based on the assumption of the proportionality of any

I

, changes in sectoral final demand to total final demand. In 
this model he maximized the value of "a," a scalar which, 

'when multiplied by the ratio of the final demand for an 
j individual commodity to the value of total final demand in
I

the base period, gives the sectoral final demand. This was 
j interpreted as maximizing overall consumption in the econ- 
[omy. In this formulation he also abandoned the assumption 
of fixed and known final demand levels for the domestic 
sector and instead assumed the expansion of demand for do
mestic goods in fixed proportions. Two different sets of 
capacity restrictions and three sets of world prices were 
used to obtain five different optimal solutions to the pro
gramming model

In the first set of three solutions capacity con-
I
t straints for the agriculture sector were desigr. r.d to vary 
'between ±2.5 percent, and the non-agriculture sector be
tween ±10 percent. V?orld prices were calculated in the 
first solution on the basis of a single (unweighted) aver
age tariff, in the second, on the basis of a single (un-
%

^weighted) tariff twice the size of the tariff in the first 
case, and in the third, with no tariff. In the second set
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of solutions the potcnL.la.l chanyc in output oi; the rcsj-'ioc-

tive sectors was doubled. In this case only two altorna-
tivG sectors of vr7orld prices were used in the first case
with a uniform tariff twice tl̂ e original size, and in the 

I I

jsecond case with no tariff. The third solution of the■ t
!first set and the second solution of the second set (the

I

'free trade solutions) have been treated as computed base
!
j for alternative calculations of the welfare cost of tariffs.
: He has two sets of results for the welfare cost of
Itrado restrictions in Jnpnn. In a comparison between the 
I'actual final demand of 195 5 and the corresponding computed
I ' ■

I

I final demand for the five solutions, the production cost of
I
la relatively moderate tariff is estimnted at 4.5 to G.5
![percent of national income. However, by comparing the op-I
timal solutions under free trade with those with the tar-

I

iff, the cost of protection falls to .3 to .8 percent of 
national income. Since he does not provide enough explana- 
'tion as to how he arrived at the second set of these re- 
■'suits it is difficult to appraise his figures. Once again
I
'the welfare cost of protection is apparently extremely low.
I

I Some possible reasons for such low estimates may be
the following:

J

(1) If trade restrictions have in fact distorted the 

structure of production one might assume they would have
affected the input-output coefficients. However Lage has 
not accounted for any such distortions;

33

I
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I
I
I

(ii) He htis used l.wo sets of pri ccs —  one for the
I

, free trade situation and anoLlior for the tariff-distorted 
situation in which tlic former set is lower than the latter

I

i set except for the non-taxccl sectors; unless one allows for 
■the demand elasticity in such a situation, the values of 
the objective function in the free trade situation (v/ith 
the lower set of pricerj) will be always lower than that of 

the tariff distorted case (with^ the higher sot of prices).
(iii) His introduction of the fixed proportion de- 

: iT i a n d  assumption does not allow for substitution between
goods in the consumption bundle whereas Johnson's results^^

i

indicate that the consumption cost of protection increases 
with the elasticity of substitution in consumption.

(iv) He has not explicitly treated imports and ex-i 1
[ports as activities in hi r, programming model but rather 
derived their values on the basis of demand functions.

I
I (v) Labor v/as the only scarce resource in his model!
i' other than the other arbitrary limitations on capacity.
I
For most underdeveloped countries the restrictions imposed 
by shortages of skilled labor, foreign exchange, etc. are 
'likely to impose much more substantial constraints on wel
fare maximization than the avail£ibility of (normal or un- 

' skilled) labor. Probably tlio same is true for Japan.

33johnson, "The VVelfare Cost of Protection and the  ̂
Scientific Tariff," o p . cit., pp. 35G-372.I 

) 

i
I . .
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2.13 Ilarborqer's General 
'Equilibrium Model34

Harbcrgcr attempts to construct a general model for 
measuring the welfare loi;s (or gain) arising from the impo
sition of any tax on an economic system composed of spend
ers and government, where the former's money income is a 
constant percentage of the national income, and the latter 
balances its fixed budget by neutral taxes or transfers.
(He also considers nonneutrality of taxes and distortions 
other than those caused by taxes.)
' Setting up a v^elfare index W as a function of the
tax vector T, that is, Wj^ax ~ W(0) for Pareto optimum posi
tion in which T = 0, and given Y as the level of national 
income at this point, the level of welfare in the taxed 
economy is given by Y + AVJ, .vherc

^ /i DX,.
AW = "T / > . T-. ^  dTi

35

= L  /  S ’':; ^  
1=1 0 j<i

After making several algebraic manipulations, 
liarberger obtained the following simpler expression:

AW = 1/2 I Z îj'̂ i'̂ j 

'3X.
where Ri-i = — ^ Reaction coefficients (substitution term) 6T.

C, Harbcrgcr, "The Measurcjment of Waste," 
American Economic Review, Papers and Proceedings , LIV 
(May, 1964), 58-76.
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= Tax on commodity i 

Tj = Tax on commodity j

When the production J;rontier is linear, Xĵ  are '
final products and refers to taxes on final products ' 
only; this expression may be further reduced to:

AW = 1/2 £ T^AXj_

When the X's may be either final or intermediate
f

'products, the measure was shown to become 
AW = 1/2 I Vj^t^AXj 

where represents value added per unit of product in ac-  ̂

tivity i and tj_ is percentage of the tax to value added in
jactivity i.
Ii] When different tax rates apply to the earnings of
i

capital cind labor, the follov/ing expresiiion reprosentj; the 

appropriate measure:
AW = 1/2 E E-j AL--, + 1/2 Z Bi AXĵ

j  J  J

•where ' Ej = possible tax per unit of labor in activity j
I

Lj =  number of loJjor units employed in activity i 
Bj_ = possible tax per- unit of capital in activity i
X^ = number of capital units employed in activity i

j Obviously each of these are but simple modifications
1
of the triangle measurement. In his article Harberger makes1 I
no attempt to measure the reaction coefficients wh;-ch would
! ■ I
of course be crucial for any empirical application of these
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formulas. Harberger's work docs rcproKcnt an extension of 
existing analysis of wolfnro cost calculations in that the 
formulation is considerably more general. Especially in- 

i teresting is Plarberger's inclusion of "theory of second 
'best" considerations pertaining to situations in which 
taxes may compensate for other distortions.

,2.14 Johnson's Simulation
iModelS^
I -I '
I Johnson's simulation model utilized a CES utility
function for determining the consumption cost of protection 
iin a two-good model. In measuring the produ :tion cost of
I

;tariffs he utilized a transformation function of the form 
X̂- + MXY + , where X and Y arc, the two bundles of
I
goods.

After necessary algebj:. i.c manipulation he derived 
I two formulas for measuring consumption cost and production 
cost respectively. These arc*:

37

[R(l+t)'^"i + 1]”  ̂ , 1
Consumption cost U^/U^ -  ----- T T T u + t r o  i ^

Production cost _ {t+2 ) /2-ni
Mo 2/2 -I- 2t + t^ - (l+t)m

where = utility enjoyed \i?ith tariff
Uq = utility enjoyed without tariff

35jolinson, "The Welfare Cost of Protection and the 
Scientific Tariff," op. cit., pp. 356-372.
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R = X'/Y, where X, Y arc exportnl^lc ^̂ nd inuiortuble 
t = tariff rate
o = the elasticity of substitution

38

Also R = (—)3^ + 1, v/herc A, a are the distribution
cl

1parameters o = B-M
i = national incoine produced under protection
I Mq = national incoinc produced under free trade
; m = a parameter {The coefficient of the cross prod-

t

uct terra in the above transformation function.) 

j He used a range of values for the following parame-
I
1 ter: the proportion of incoine spent on exports, the elas-I
jticity of substitution and tariff rates for simulating 
i
I estimates of consumption cost. Similarly, alternative 
estimates of producticjn cost wore obtained using alterna
tive values of tariff rates and the coefficients of the 
cross product term which John:;on showed was related to the 
elasticity of supply. He also used the model to estimate 
the total cost of protection and the tariff rates necessary 
.to provide self-sufficiency. Utilizing this model Johnson 
icalculated the consumption cost of a 20 percent tariff, 
with such parameters as the proportion of income spent on 
,the untaxed good in the absence of a tariff ranging from
'.05 to .90, and the elasticity of substitution for a CES
1

I utility function ranging from .25 to 3.00. The consumption 
[cost calculations turn out to be small. Even with an
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'would seem desirable. oUch an cxtcnr;ion will bo the sub

ject of the remainder of: thir; dissertation.
II
I■ 2.15 Other Studies

A nuinber of other ompirical attempts have been made
i

)by these and other authors to apply some of the same ap-
■ proaches we have reviewed above to other countries, indus- 
I tries and time periods. j''or example, utilizing Johnson's
I
'partial equilibrium approach Snape^^ has estimated the 
costs of protection in nine sugar importing countries, and
]
j found that this averaged $422 million per annum for the 
years 1959 to 1961. He estimated that if these protective 
I devices were abandoned the sugar imports of these nine 

.countries would have increased by 73 perccnt, resulting in 
I additional export receipts of sugar exporters of $4 80 mil- 
jlion to $780 million.

Stern^^ applied the same approach in order to esti-
I

mate the costs of protection in the United States for the 
years 1951 and 1960. The costs of protection due to tar
iffs were estimated to be between $113 million and $183 
‘million and the costs of tariffs and quotas together were 
estimated at $2 38 milli.on to $30 8 million in 1951. The

40

H. Snape, "Sugar: Cost of Protection and
Taxation," Economica, XXXVI (February, 19G9), 29-41.

37r . M. Stern, "The U.S. Tariff and the Efficiency 
of the U.S. Economy," American Economic Ĵ c-viow, LIV (May, 
1964) , 840-852 .
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'corresponding calculations for 19G0 were $159 million for 
tariffs and $349 for tariffs and quotas combined. Stern
!
jconcluded that "these cstiinatO£; arc .'Striking in view of 

1 their relatively small magnitudes, the largest of them in
I

■1951 and 1960 equaled only 0.11 percent of national income 
I in the respective years.
I

i Applying the same approach but including a positive
I

terra of trade effect, nasevJ.̂ '-̂  calculatcd the welfare gains
t

■derived from tariffs and quotas for the U,o. cciaoray in 
1959-1962 to range between $258 million and $558 million.
I He also concluded "those magnitudes are very small, reprf^- 
senting at most 0.11 percent of national income. 
i Nugent^^ has applied t\ o alternative approaches
(the Balassa effective protection method and the Johnson- 

iKrueger excess cost of protection method) to the Central
I
jAmerican countries and obtained estimates of the cost of
iprotection ranging between 1.4 percent and 3 percent of 
gross product of the region.

41

38R. M. Stern, op. cit., p. 465.
I Basevi, "The Restrictive Effcct of the U.S.
Tariff," American ICconomic Review, LVI.T (September, 1968), 
e'40-852.

40Ibid., p. 051.
1 B. Nugent, "La estructrua avancelaria y g 1
costo de proteccion on America Central," K 1 Trim t̂sto 
Economica, XXXV (October-DecemlDor, 1968), 756-766.
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Thomas^^ app.l ! od a modifiecl version of the
Brigden-Young trapezoid approach to estimate the production 
cost of the trade restrictions prescribed by the Navigation 

Acts on the thirteen colonies between 1763 and their inde-
t
ipendence. That cost was estimated to be at most 1/2 of 1
I
I percent of the GNP of the colonies.

Balassa and Kreiner^-^ have utilized Johnson's par
tial equilibrium approach to calculate the extent to which

I /

I cost of protection for the U.S., Canada, the Common Market,
I
i the United Kingdom, the other EFTA countries and Japan 
Iwould be reduced as a result of a 50 percent reduction in 
Jail duties as a result of the "Kennedy Round" negotiations.
The net effect in all of these countries ctmiMined was ej?ti- 

I mated to be $326 million or a minute fraction of 1 percent 
I of the grosL product of these countries.

Bernard Munk^^ measured the welfare cost of "con-
itent protection" for automotive industry in Latin America. 
Since the policy of "content protection" requires manufac
turers to use certain amounts of domestic materials, the

42

p, Thomas, "A Quantitative Approach to the 
Study of the Effects of British Imperial Policy Upon Colo
nial Welfare: Some preliminary Findings," Journal of Eco
nomic History, XXV (Deccmbor, 1965), 015-638.

Balassa and M. E. Kreiner, "Trade Liberaliza
tion under the Kennedy Round; The Static Effects," Review 
of Economics and Statistics, XLIX (May, 1967), 125-137.

44b . M\mk, "The Welfare Costs of Content Protection 
The Automotive Industry in Latin America," Journal of Po
litical Economy, LXXVII (January-February, .JL)-y B.
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policy yields an excess coGt of production. In the case of 
the automobile industrier, in Latin America, Munk has de
fined excess cost as "the difference between the wholesale 
price to dealers of a vehicle produced in accordance with 
the country's content program, in the given year and the
C.I.F. cost of su[:plying the sairie vehicle to the country

43

jvia exports from tlie United states. Thus content pro-
IItection may be viewed as a tax on the conusmption of the
I
i e'vehicle. And the loss in consumption due to excess cost is
I measured by the area of the familiar triangle. Applying
II this measure for the automotive industry in Argentina,
I Brazil and Mexico, Munk found that the policy of content 
iprotection imposes an excess cost of about 30 percent of 
‘the actual consumption of automobiles.
' Although we have narrowed the scope of the present
I survey to the consideration of the welfare cost of tariffs 

or quotas (and thereby not considered discriminatory tar- 
'iffs or tariff reductions such as those associated with the 
creation of a customs union or a free trade area), it may 
be worth pointing out that tlie several empirical attempts 
■to estimate the static welfare effects of customs unions, 
such as those of Singlî *̂  (as reported by Leibenstcin) ,

'^^Munk, op. clt. , p. 93.
A. Singh, "Unpublished Calculations Made by 

A. Singh Based on Data found in A. A. Faroq, Economic Inte
gration: A Theorctica.T , )irical Study" (unpublishod
; Ph .b. dissertation , Uiixv(.■ rl;i’̂Ly of Michignn , 19G 3) .
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' Janssen , Johnson, Wemolsfclder, Scitov;.;ky, Vcr-
doorn,51 Balassa,^2 Lawrcnce,^^ Truman,54 virelle,55 wael-
broeck,56 and Winford,^7 have all revealed extromoly small 
estimates of welfare gain or loss of those arrangements—  

both actual and hypothetical,

 ̂ 47l . H. Janssen, Free Trade, Protection and Customs
Union (Leiden: H. Ji. Stenfertkroese N.V., 1961), p. 132.

, ^Johnson, "The Gains from Freer Trade with Eu-
,rope," op. cit., pp, 2 37-2 49.
i 49j . Wemelsfelder, "The Short-Term Effect of Lower-
I ing Import Duties in Germany," Economic Journal, LX (March,
1960), 94-104.

i ^^Scitovsky, op. cit ., p. 1.
I

j ^^Verdoorn, op. cit., pp. 482-500.
I

1 ^^Balassa, "Trade Creation and Trade Diversion in
the European Common Market," The Economic Journal, LXXIII 
(March, 1967), 1-21.i -

Lawrence, "Primary Product Preferences and 
Economic Welfare: The EEC and Africa," The Open Economy,
ed. Peter Kenen and Roger Lawrence (New York: Columbia

I University Press, 19G8).
M. Truman, "The European Economic Community: 

Trade Creation and Trade Diversion" (unpublished Ph.D. dis- 
; sertation,’Yale University, 1967).

D, jje Vinellc, "La creation du commerce 
' Attributable ou marche common et son incidence sur le 
volume du produit national de la communoute, Information 
Statistiques, IV (1965), 61-70; V (1966), 5-31.

^®J. Waelbroeck, "Lc commerce de la Communoute 
Europeene avec les pays tiers," Integration Europo'-'iic et 
Realitie Economique (Bruges, 196 4), pp~ 139-164T

5’7w. T. Wilford, "Trade Creation in the Central 
American Common Market," Wcsteni Economic Journal, VIII 
(March, 1970), 61-61>.
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i 2 .16 TVn EvaluationIiI This review of these partial and general cquilib-
;rium approaches reveal that even when the extent of protec-{
tion is quite high, estimates of the welfare costs of trade

i

jrestrictions remain quite low. Some of the estimators 
themselves were not happy with their approach, their method 
of estimation, or with the particular assumptions they had 
to make in order to carry out their empirical calculations.
1 The possible reasons for such low estimates may be categor-
i ized as follows: (1) matters of definition and approach;
i'(2) data availability; (3) empirical assumptions.♦

Matters of dvfjnition and approach. Most of the 

empirical estimates attempt to measure cither the area
i
•under a Marshallian demand curve assuming that money has a
■ constant marginal utility or that under a compensated (or
!
{constant utility) demand curve derived from the Hicksian
I
I compensating variation in income assumption. Since both 
these measurements conceptually differ from the observed
îdemand curve which is a function of money income and price,
they are likely to bias the estimates. The area under the
'compensated demand curve is equal to that under the ordi-
jnary demand curve only v-/hen the latter is inelastic to in-
i 5 8come changes. But if both income effects and substituticn

1 45

58m . Friodm.-m, "The Marshallian Demand Curve," 
Journal of Political JDconomy, LXVII (December, 19 48) , 4 7- 
99; J. R. Hicks, "The Four Consumer's Surplus," Review of
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'effects arc allowed, tlio comnonsatincj variation nuignitucle
I

may be larger, and is difficult to measure precisely. How-
I ever, since the income effect will generally cause the or
dinary demand curve to be more elastic than the compensated 
.demand curve, the measurement of the change in consumer 
surplus due to the impos'tion of a tariff (imposing a nega- 

;tive income effect) from the ordinary demand curve will
‘underestimate the true cost of the tariff although it would
I overestimate the gain from a price reduction. ,
 ̂ Secondly, except for Johnson and Krueger, most
I studies assume a static competitive nodel, thereby assuming
i
t

j away dynamic considerations of econc'nies of scale or tech- 
1 «Jnological change. Some recent stud.ioi:~’ have attempted to 

capture these effects by introducing shifts in both supply 
and demand curves. It appears that the welfare losses of
I trade restrictions may be larger if such considerations are
I

included. Hence, the neglect of such considerations has 
undoubtedly introduced a substantial downward bias to the 
estimates in the existing studies.

46

Êconomic Studies, XI {Winter, 1943-19 44) , 31-44; F. Machlup, 
i"Professor Hicks' Revision of Demand Theory," Readings in 
I Mi croe conomi cs, eds. W. Breit and I!, M. Hockinan (New York: 
Holt, Rinehart and Winston, Inc., 1967).
' 59j . b . Nugent, "A'l Alternative Method for Estimat-
^ing the Effects of a Customs among Les^ Developed Countries:^' 
The Case of the Central American Commcn Market," University 
of oouthern California and Economic Growth Center, Yale 
jUniversity, August, 1969. (Mimeographed.)
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Thirdly, as Tullock and Mishan*^® have argued pro

ducer's surplus may not exist at all for a competitive in

dustry whose supply curve is an average cost curve which at 
the equilibrium oucput yields a zero profit. To the extent 
 ̂this is true the area that is gt-norally earmarked as a
I transfer from consumor's surplus to producer's surplus in 
! !  
'the triangle measurement should be added to the total

!
amount of loss and the u.sual measures of welfare loss would' II ' Itherefore have a distinct downward bias. ]

Fourthly, the inclusion of a positive terms of
trade effect from the imposition of a tariff, which pex'haps
appropr;! ate for a large cmintry, is inappropriate for a !

; small country which is unable to influence world prices. ^
I I

‘ Finally, the height of the triangle (i.e., the iI ]
I i; change ini price) in the familiar triangle-type measurement j‘ ■ 'I

is usually taken to be the unifo’Ti average tariff level or ^
ithe weighted average of the different tariff rates. This
i

homogeneity assumption of tariffs obviously ignores the
I

distortions resulting from various cross effects that occur 
when uneven tariffs are present. Even the studios which 

; emphasize the lack of homogeneity among tariff rates, such 
as those which calculate effective rates of protection,

47

j. Mishan, "A Note on the Case of Tariffs, 
Monopolies and Thefts," VJestern Economic Journal, VII 
(September, 1969), 230-233j G.' TulJock, "The Welfare Costs 
of Tariffs, Monopolies and '[.’hefts VJestcrn Economic Jour- 
nal, V (June, 1967), 224-232.
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have made no attempt to relax the homogeneity assumption 

when it comes to estimating the welfare cost of tariffs. 
Some authors, such an Johnr;on and Harberger, have on occa
sion mentioned the existence of this source of downward 
bias in their estimates, but no study has yet been done to 
see how important this bias miglit be. It is for this rea
son that we have chosen to devote this study to the inves

tigating the cffects on wo.lfarc^ cost calculations of the 
relaxation of this assumption.

48

1 Data availability. The value given to tariff-
i distorted imports or import-equivalents may differ depend-
i ing on whether the tarif.i is calculated from import lev^^ls
!
I when tariffs are iiny.ssed or after they are romoved. If
'measured in terms of the import level with tariffs, the
tI loss may be understated while their valuation in terms of 
I the import level after tariffs are abolished may lead to
i overestimation of the v;elfare loss of tariffs. Sometimes
I

lit becomes difficult to classify the goods taxed. It also
jmay become difficult to find the ad valorem equivalent of 
!
import taxes which are often of the specific variety or of 

the equivalent of quotas and other non-tariff restrictions. 
Sometimes it is difficult to get data for total import 
taxes as the tariff schedules give only import duties and 
do not include other taxes that may be imposed on imports.

Furthermore, the schedules in tariff rates differ
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i 
I

in terminology, description, and organization for the in- 
^formation sources (usually census, survey or national ac
counting data) for the production and consumption data with 

which the tariff data needs to be related. The broader the I
categories and less appropriate the comparisons, the more  ̂

jlikely it is that welfare loss will be underestimated un-
I

less some allowance.is consciously made for such factors.
1- •

In many less developed countries smuggling of certain goods ;
f

may conceal some information particularly in cases where ^
the tariffs are high. Sometimes domestic production is so ;

I

heterogeneous that it is extremely difficult to determine
I

which of tv/o or more tariffs apply to a given product class.
%

Thus additional information or additional empirical assump
tions become necessary.

Empirical assumptions. It is apparent that in or
der to obviate some of these difficulties in the classifi
cation of goods, tho inclusion of non-tariff import taxes
land other restriction, the treatment of uneven tariff rates,
i

the choice of the kind and nature of weights to be used and
Iof the kind of price and the quantity to be used, etc.,

I additional information or particular assumptions are neces-
i
sary. Without going into tho individual assumptions the
authors have made in conridorable detail, it is impossible 
j i  
I to say whether the bias is downward or upward. Since data

I !are particularly deficient and classification particularly

I

49

i r
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haphazard in less developed countries, the few empirical 
jattempts to estimate welfare costs in these countries are
undoubtedly subject to large margins of error. It is often

I
necessary to fall back on guesses as to income and price

I
jelasticities where estimation is subject to well known pit-,
falls.61 ,

Despite the rather enormous difficulties in making
■quantitative estimates of the welfare effects of trade dis-^ |

' I ‘
tortions, they do seem possible. 'The methods that have '
^ . i ‘

‘ been developed by Johnson, llicks and others make it pos-
■ , , I' ■ J'
sible to obtain quantitative measuremrnts of welfare loss ,
jin terms of any commodity or money, even when it is not ^
i ■ I . {‘ !possible to attach cardinal numbers to utility preferences. ^
j : I I -*■! '

I By and large the concept of a community indifference curve
'Tj upon which all such studies are .based, seems viable. The

•'size and pattern of tariffs, particularly in less developed ■ ,

^countries would seem to make the further advancement in
'such calculations an important activity.
t'

Of all the studies surveyed, the most promising
I 7 ''would appear to be the simuleition study of Johnson.

/

Johnson’s study has the advantage of being a general equi-

I50

r it

“̂Isee G. Orcutt, "Measurement of Price Elasticities 
iin International Trade." Review of Economics and Statistics, 
ixxxil (May, 1950), 117-132.

62jQhnson, "The Cost of Protection and Scientific 
'Tariff," op, cit., pp. 357-370.

I
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librium approach without the disadvantage of being depen- 
; ■ I ;
dent on a specific set of assumptions about the values of 'j
I individual paramters. Its approach is general enough that 
! Ione can easily substitute alternative parameters or even

I
different types of utility or production functions. How
ever, in view of its attempt to provide a general equilib
rium analysis and realistic results, its assumption of a 
uniform tariff rate seems regrettable. The relaxation of 
this assumption in Johnson's study shall be the subject of 
succeeding chapters. The empirical results confirm our in- , 
tuitivG feeling that this is an important generalization in 
the measurement of the welfare costs of trade restrictions. ,:

I
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; CHAPTER III
I

i JUSTIFICATION FOR THE USE OF
I

I . A THREE-COMMODITY MODEL

.i ; Our main purpose in using a three-commodity model

'is to demonstrate the effect of variable tariff rates on
[
welfare. Our hypothesis is that unequal tariff rates re-
• sult in welfare losses that are larger ifhan tliose resulting
j
ifrom uniform tariff rates. The purpose of this brief chap
ter v;ill be to demonstrate that the considerations of dif
ferential tariff rates is realistic and empirically rele
vant.
I The study of the tariff structu: : of the Latin
t

American countries as reported'in Macario's^ study of "Pro
tectionism and Industrialization in Latin America" shows 
glaring evidence of the existence of unequal tariff rates. 

Table 1 is indicative of this, showing that the tariff 
'rates in some broad classes of goods may be four or five
'times the rates applying to other classes. If individual 
t
'items are chosen, as has been done in Tabic 2, this vari
ability in tariff rates is further accentuated.

^S. Macario, "Protcclionism and Industrialization 
in Latin America," Economic bulletin for Latin America, 
United Nations, IX ^March, 1964) , (Jl-lOl.
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i 55
, Secondly, the empirical literature on the effective
tariff structure reveals both that effective rates of pro-
* tection are subject to even greater variability than are 
nominal tariff rates and that the experience of the Latin
I
American countries reviewed by Macario is also common in
^other parts of the world. For example, Balassa's study of
'the U.S. Tariff structure shows that the effective tariff
on ingots and steel forms is ten times as high as the nomi-

/

nal rate. Also his study shows that the effective rate on
'agricultural machinery is negative. That effective rates 
I

j of protection tend to be higher and more variable is co'-:~ 

firmed by the Grubol and Johnson^ study of the Common Mar-
j ket countries. Similarly Nugent’s"̂  stud} for Central Amer-
i
, ica confirms this variability of tariff rai.es between pri-I
j mary inputs or capital goo-'ls and consumer items, as do 
Islam's^ study for Pakistan, Humphrey's^ sti'dy for Argen-

B. Balassa, "Tariff Protection in Industrial Coun- 
I tries: An Evaluation," Journal of Political Economy, VII
' (December, 1965), 573-594. j

G. Grubel and II. G. Johnson, "Nominal Tariff,
I Indirect Taxes and Effective Rates of Protection: The
Common Market Countries, 1959," The Economic Journal,
LXVII (December, 1967), 761-77G.

i
'̂ J. B. Nugenc, "La I^structura avancelaria y el 

costo de Proteccion en Amorica Central," El Trimostre 
Economico, XXXV (Octobcr-DecemJjor, 19G8) , 7!j1-76G.

Islam, "Comp: 1.TJLive Costs, Factor Proportions 
and Industrial Efficir'ticy in Pakistan," The T>akistan Dovel- 

I op men t Review, VII (Su'imier, 19C7) .
^D. B. Humpliroy, "Measuring the Effc ctivc Rate of
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tina, the Bergsman and study J!or B ra z i l ,  the

Balassa® study for  Japan, Sweden, United Kingdom and the 

EEC, the Korean study,^ rov;er's^^ study for  the P h i l l ip in e s  ' 

cind Sun's^^ study for  Taiv;an. This shows that the e f f e c -
I
I

tivc tariff rates in these countries are much larger than 

jthe nominal rates. This rapidly expanding literature on 
I effective protection confirnns the follov/ing propositions:
I a. That nominal t a r i f f  rates are unequal; «•
!
! b. That effective protection rates are even more
j mequal commodity to commodity than are nominal
I tariff rates;

c. Final goodi; have hicjho.v nominal tariffs than
capital goo'’s, raw material:-: or intermediate 
goods —  thus rair^ing the effective protection 
on final goods.

Protection: Direct and Indirc;ct Effects," Journal of Po-
liti 
’m r
 ̂litical Economy, LXXVII (Scptombcr-October, 1969) ,

. "̂ J. Bergsman and P. Malah, "The Structure of Pro-
Itection in Brazil," February, 1968. (Mimeographed.)
[ ^B. Balassa, "Trade Creation and Trade Divis ion in
: the European Commoir Market," The Economic Journal, LXXIII 
i (March, 1967), 1-21.
I

^Korean Development Association, "Effective Protec- 
' tive Rates for Korean Industries," Seoul, 1967.
I

I LI. Power, "Import Substitution as an Industrial-
I ization Strategy," The Phili]jpine Economic Journal, V 
I (January, February, 196G), 107-204.
' ^^I-S Sun, "Trade Policies and Economic Development
in Taiwan," October, 19 66. (Mimeographed.)
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Furthcrinoro, ci .'ui.rvey of the cun-out thcorcticiil 
literature^^ would p.how that there is a trend toward the 
use of three commodity modol.s permitting one to distinguish 

I between imports, exports £tnd home goods or between consumer 
goods, intermediate goods and capital goods. Also the the- 

j ory of import substitution for economic devlopment is being 

I analyzed in some such framework where at least three inter-
I

] related commodities are considered.

57

I F. Pearce, "The Problem of the Balance of
Payments," International Economic Review, XII (January,
1961), 1-28; S. W. ArndX, "Customs Union and the Theory of 

I Tariffs," American Economic Review, LIX (March, 19 69) , 10 8- 
I 118; R. I. McKinnon, "Intermediate Products and Differen- 
, tial Tariffs: A Generalization of Lerner's Symmetry Theo
rem," The Quarterly Journ,1 of Economics, LXXX (November, 
196G), 584-G'li.
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AN EXTENSION OF JOFINCOiM ' S GENEI^L EQUILIDKIUM 
I MODEL OF V7ELFARE COST MEASUREMENT
I

! In this chapter we sliall develop a iriodel for esti-
I

'mating consumption cost, production cost and tho cost of
iprotection as a whole when tariff rates are not homogeneous.
'Johnson's rather successful general equilibrium model (re-
jviewed in Chapter II) has pioneered the way by utilizing a
I two-good CES utility function (cxcopt in the special case 
I,in which the elasticity of substitution is unity, a two-
I

!good Cobb-Douglas has been utilized) for simulating con-
isumption costs and a simple tv;o-good productio'n transforma-
I

i'tion function for simulating production costs. We propose 
! -
ito extend Johnson's model to three goods so as to enable us
i
'to simulate the production and consumption costs of tariffs
j

!when tariff rates differ from sector to sector.i :I I
•,4.1 Consumption Cost in the i
;Single Tariff Case
■ The three good social utility function of the CES
type is as follows;

CHAPTER IV

I

U = (AX-Î ' + aY"'- 1- cZ'^')"!/(’ (1)
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where A, a and c are difjtribution paramtcrs, (3 is a sub
stitution parameter, and o is the elasticity of substitu
tion from the relationship = a. tr
: i+f?
I The marginal util.i tics of tho throe goods are:

I Ux = A(U/X)^’'̂^
Uy = a(U/Y) (2)

= c(U/Z)

I 59

!lf a tax t is imposed on conusmption of Y, utility will be 
•maximized when
I Uy/Ux = a/A (X/Y)P‘̂ ’ = 1+t;

! Uy/Uz = <Vc’ = 1+t;
land Uz/U>; = c/a 0 /2) = 1
I
I

(Total income is fixed in terii's of world prices,
• M = X + Y -I- Z (3)
I Let us assume that the tax revenue collected is returned to
j!
the economy in the form of subsidies. Consumption of the 
'three goods under protection at equilibrium will be:
I

■; {A/aj ^ j---------------- j ^ (4)

i {^(1+t) + {£(l+t) } + 1 a a

{A/a (l+t)}P+’
Z = 1 • M

A  I.’'.)"*' + (ii)'''" + fi+1
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G O

y = ------------------------ ^ ---------------- ------------ -- M
■ 1 1 1

(|) ̂ ■̂  ̂[{-(lit) ] + {|(l+t)}^'^^ + 1

Total utility can now Ijg cxprussed as a function of real 
income and the tariff rate as follows:

f

I .  1 - p .  1 - B

B A P+ ̂ ' c P+1 3+1
1 (^J) ( H - D  +  l + ( a )  ( 1+ t )  )

Ut = “

!■ »a I'u
_J_^ _L_

i [|(l+t) ] +  {|(.l+t) + 1

iThe ratio of total utility under a tariff to that without a
• 1

f;tariff is now given by:

,Wt

( | ) ^  + + £(i+t) + 1. a ‘‘ a

(5)

Let Rp be the ratio of the consumption of X to that of Y 
in the free trade situation. 7\s shown in Appendix A,

= (— ) ^ Similarly R, may be obtained as the ratio of
^ i/P+i

the consumption of Z to that of Y; and again
r.1under free trade. It m a y  also bo shovm that R. - ----------

j .  °  . l . - ( r i + r 3 )

and R = ----- ----  where r, = X/M and r, = r̂ /M represent
1 l-(r3+ri)  ̂ ^

t h e  p r o p o r t i o n s  o f  i n c o m e  s p e n t  o n  c o n s u m p t i o n  o f  X a n d  o n

( C o n s u m p t i o n  of Z w i t l i o u i  a  t a r i f f ,  I J c n c e  d i f f e r e n t  values
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! Cl•
of rj and r3 would roprosont different profcrencc possi- 

bilites. Substituting tlic (.'xprccsions for and Rj jnd 
for 1/1+p in (5) we obtain:

U t  [ R j j ( l + t ) ° " ^  +  1 -I- R j  ( I H  t ) R q  +  R ^  +  1
I

1^0 [Rg + R ^ + 1 ] ( 1 + t ) + Rjd+t)'^ + 1]
I
; [Rod+t)"'-’ -h 1 -1-

[ R .  (l+t)C> + R ,  (i+t)° + 1]
( 6 )

Since it is difficult to manipulate the case of a 
unit elasticity of substitution from a CES function, the 
[Cobb-Douglas of the followin<_i form is utilized for that 

special case:

U = ■ (7)

^Again as shown in Appendix A we obtain the following ex- 
‘ <
pression for the ratio of the toi.al utility with a tariff 
_to that under free trade wlien the elasticity of substitution }
in consumption is unity:

1

l-r^
(1+t)

^  - l+t(l-r2 u = ri? B (8)

(1 - U^/U^) , whore U^/U^ ir. ^iven by equations (6) or (8) 
above expresses the consuinj)tion cost of protections as a
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jporcentage of the free tr.ulo pos.il-.ion u^. 

t,4.2 Consumption Cost in the 
'Differential Tarxff Case

We wish now to extend this foirmulation of consump

tion cost to a case where two coinmodi Lies are taxed. This 

may be treated as a general case with the previous case as
i
the special case in wh.lcli one of the two goods taxed hap- 

jpens to have a tax rate of icero,
5 /

Let Y and Z be the two goods that are taxed. By 
!setting the ratios of marginal utilities equal to the 
tariff-inclusive prices in Appendix B wo have derived the 
follov/ing solutions:

1U,

62

3+1-^ = 1 + t, or X/Y = f-d-l-t,)}'^ a '
1

U.1 =  J(Z/Y)^-^^ = 1 + t, or Z/Y = {f(l+t,)}«+^ (9)
Uz
TT ^Z c,_. ft, 1 . . .. ,A
^x

= a(X/Z)(^+^ = 1 + t3 or X/Z = {-(1+t3 ^

jAgain let total gross income be fixed in terms of world
,prices a s M = X + Y + Z .  Consumption of  X, Y and Z
t
when Y and Z are taxed can be shown to b e :

X = ----------- :----------------;----- • M
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y = M

(10)

(i (i+t,))“■"'
z = M

1

[t (1+t ) }^‘*''{^(l+t,) + {^(1+t ) + {|(l+t ) }‘ a i  c J  a - i
e+i

, lAgain expressing toLal uLility as a function of real income 
£ind the tariff rates and assuming for simplicity that
I
1+t^/l+tg = (1+t^) we obtain:

M -  %

l^t =
[{-(1+t + {£(l+t ) + 1] , - , 1  a

( ^ ) ^ ( l + t ^ ) ^ ^  + 1 + (£)'̂ ’̂ '(l+t2)
-B

P+1

- 1 / 3

(11)

!The ratio of the utility of consumption when Y and Z are 
isubject to tariffs to that without tariffs is now given by:

-P -e - 1 / B

a

{|(l+ti) + (Id-Ftp)}*^^^ + 1
1 1 -1/3

(12)
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Defining and Rj as before for tl)G free trade situation
and as v/ell as in ('quciLj.on (12) and .substituting tliem we

obtain the following sijii]>lcr relationship for Ut/’̂o
_ i _  1 
0 - 1  --------

Ro(l+tj)°“  ̂ + 1 + Rjd+tg)'^"' [Rq + Rj + 1 ] °

64

^o [Rjj(l+t^)0 + RjCl-l-t̂ )"" + 1]
(13)

Again for the unit^iry olarticity of substitution case, the 
! f

‘Cobb-Douglas funcLion is utilized_to obtain the following 

ratio of utilities:

l-ri-ro ri
^  ti4)
Uq + 1 + tj>(l-ri-r2)

iOnce again the dirforonco between and unity gives us
j
I loss in utility of consuiTij>tion as a porccntago of free 
trade utility derived from the distortion of prices due to 
the imposition of tariffs.

i

4.3 Production Costs in 
I the Single Tariff Case

A simple case of the normal type of transformation 

function is
MX-' -h LY- -I- NZ-' = K . (15)

where M, L, N and K are jjositive constants, and X, V, Z 
denote quantities producc;..

The marginal rate of transformation of one commodity 
into another is given by:
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dK
G 5

(■'X =  2  M X

= 2LY (1G)
clY

^  = 2NZ 
clZ

In order to achieve the maximuin value of output at domestic 
prices with a tariff (t) on Y but not on X or Z , wc set the

I

marginal rates of transfornvfti.on equal Lo their respective
r

prices:

= P = l+t or X = -

I

I NZ

MX M(l+t)

= P = 1̂ -t or y

I ^  = P = 1 or Z - ^  . (17)
j NZ ^
I
‘Since M, L and N are paramoters without any direct economic 
I interpretation, it would be useful to relate them to thoir 
'equivalent elasticities of supply of Y at free trade point.
Substituting the values of X and Z from (17) in (15) v/e

obtain:
Y^-(NL^ + MNLI>-' I- ML''|»'') ,-------------------------  = K (18)

MNP^

Defining the expression V'jithin parentheses as A, wo obtain 

Y^ (A) =•■ K (19)
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or Y = K/A)
In terms of logarithms C?0) can be written as

Log Y = 1/2 Lofj K - 1/2 Log A

Differentiating (21) with respect to A

d Log Y ^ 1 Log K _ 1 d Log A
dA 2 dA 2 Da

66
( 2 0 )

(21)

1 dV
Y dA 2A '

(2 2 )

Manipulating (22) in order to obtain an e::pression for the 
elasticity of Y with respect to P, wc get 

1 dY
Y dP L- ^2A dP (23)

Substituting the expression for A from (18) in (23) simpli- 
jfying, one obtains for the elasticity of supply of Y in 
I terms of P at free trade,

MNP
2 NL2 + MNLP^- + ML^P'*

1-lNP̂ (2MNLP + 4P^ML2)
- (NL?+i!NLP? +ML^P'*) 2MNP

(MNP^) 7

(24)

After algebraic manipulation, this expressiion reduces to

L(W-HP '■)
(NL+M IP^H-MLP'*)P

(25)
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’ Sincc P=1 at free trade, in the absence oJ; tcir-i.fl:; {25) can 

then be simplified to:
iI
! e = - (26)
! NL+MNH-ML
i
Thus the elasticity of supply of Y with respect to P in 
free trade is:

; 67

G = - ■ , (27)NL+MN+ML

By substituting tljc values of X. Y, Z from (17) 
into the transformation function (15), we obtain

M / m l  2 + N  l  -’h  M ]^N { I  -I-1 )

Y  _______/MNK (1-i-t)____  (28)
( 11 I.) ■'

I
I

j 2  =  ______________
i

i

I

/m l  +NL +MLN (1-1-1)^

I Gross income may be expressed as:
1

' M = X H- Y + Z
^The ratio of national i)iC('-iio under protc'ction to tliat under 
i free trade (M|_/Mq} may be sliown to be:

\  _ [LN+Mi'Hl i t)+ML]
/m L4-NLH-MN (H-L)'■ LH+M)'M-ML
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(1-M^/Mq) is the reduction li’i real output derived from pro- 
tection expressed as a percentage of j.rce trade output.

’ '̂•4 Production Cost in the 
i Differential Tariff Case

To the extent that tlie calculation of production 
cost to the differential tariff case in which tariffs are 
imposed on Y and 2 but not on X, v.’e set the marginal trans
formation rates equal to the tariff-inclusive price ratios.

LY/m x  = 1+t 

LY/NZ = 1+t 

NZ/MX = 1+t

NZ (l+t^)
(31)

MX (1+t 3) 1+t 3
NN 1+t 1

Substituting these expressions for X, Y and Z in 
(15) above, we can obtain the following expression for X.

Y and Z
A ink

Y =

^  / n L ^ + K iN L  ■ 1 + t  J ) 2 + m l 2  ( 1 + t 3 )  2 

/mNIC (̂ .1-tj (32)
/NL^+Ml'lLd+tj) ̂ +ML^ (H-tg)

Now

Z =

M =

/MNKL(l+t^)
N NL’-’-ll-WL(l+ti)'' :1L (l+t3)2

X + Y + Z
v̂K [NL+IIN (1+t, )+ML(l+t^) ]
/mN /NL^ + M N M  .1!-1 j )'~^ML (1+ 1 3 )
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Also it may be shown tliat:

4.5 The Total Cost of IMrotnction 
(with the CES Utility ]'unction)

■ A. The Single Tariff Case
Substituting the value of from the production 

cost calculation froin equation (30) in equation (4a), we 
obtain (35) for the tariff case and (36) for the non-tariff 

ease, respectively.

1 -(? 1 - 1/3

- i / P

X .
/K [LNH >1N d+t)H-ML]

Uo =

1 1 »'ml^+nl''+mln (1+t)
[|(i-i-t) ] t) -I- 1a a

- 1 / B

- a
1

,A,Frr ^ ^ ^

3. 0,

(35)

a_l/p /ic (LN+MN-fML)
/mn >̂ l2n+mln+l2m

(36)

Hence, tha ratio of the total utility enjoyed witli a tariff 
to that enjoyed unde r free trade may be oxpres.sc?d as:
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'U,
1 - d

“• ri
"1/f?

1 1

r'l

1 1

(i)S+‘ + (!)“"■ + 1a.
1 1 V3

[LN+MN (lH-t)+ML]
/mN » m 7 + N  L  ̂ + KiLN (1 + 1 ) ?-

/MN ^^N+MLN+L^M 
/LN+MN-HML

(37)

‘'Using the substitutions for and Hj as in (6) abov^e, this 
expression can bo s;Impli.riod to:

_L_
[Rgd+t)®"^ + Rj(l+t)^~’ + 1]°'^ [Rp+Rj + T̂

U, [Rg (1-ht)" + Rj (1+t)^ + 1

 ̂ [LN+MN(1+t)ML]
/l n+m nT mT

(38)

iB. The D i f f e r e n t ia l  T a r i f f  Case
I Substituting the values of M tariff and free trade
!for the differential tariff case from (29) in the corre-
i

jspending expressions for in (11) wo obtain (39) for 
‘ratio of utility enjoyed under differential tariffs to that
I

iGnjoyed under free trade:
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-P -n 5/n

u. 1 ____

[{ (|) (l+tj) } ^ + { § ( H - t ^ )  + 1]

[LN-l-M'I(l-l-l:i)-I ML(l-l-l-:̂ ) ] 
/NL^+MNL(l+t’ ) ''-t-ML^I+t J  ^

1 1

-I- 1a a
1 1 - l / B

/MN /l ^NH-MLN+L^M 
XLN+MN+ML)

(39)

Once again maJcing the suJDstitutions for Rq 
simplifies to
I 1o  -  1

1 - a

."o R(j (l+tj)a + Rj + 1
----------------------->: ( Rg ^Rj  + l )

[LN+MJ(l+t,)+ML(l-l-t..)X ___________ i_________ X
/l n +m n +kl

(40)

4.6 Total Cost of Protectior Ji_n 
the Unitary Elast.vraLy of 
Substitution Case

Sincc a different ut ility func'l.J.on, 1 he Cobl)-l'>ouglas 
function given by (7) v/ar. used for con?:umption cosV in the 
special case in which the clar;ticity of 5̂ubr;ti tut ion in
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‘ consumption is unity, the? values for M with and without a 
single tari£f from (29) nvc substituted in the alternative 
equation for consumption (8) to obtain tlie fo3 lowing solu
tion for the single tariff case:

I

»

1-P /K (be; l ea (l+t)-l-ab)U (1+t) ~HI -- ---------  ■ ■-
' t _ __________> ab^ i cb'̂ l abc(1-ht) ̂

1 + t - tf5 (bc-i-ca+ab)

72

/ac ‘̂b’̂ c I abcH-b^ a 
f

m
Accordingly for the differential tariff case, the differen
tial tariff and free trade values for M from (33) are sub
stituted in (14) to obtain:

(l+tj) (1+tp) bcd+tg) + acd+tj) (l+tg) + ab
Uo ati + 1 + t. ̂ /bcd-f-t )2 + ac(H-t ĵ ’d + t  )

I

I 1

 ̂ /bc+ca-Hab (42)
bc+ca+ab
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■ I 
i

SIMULATION OF THE MODEL: 
EMPIiaCAL ESTIMATES

C H A P T E R  V

As has been mentioned above, the Johnson mode.1. has
1

.been chosen as the veliicle lor the pr'isent work because it
' improved on the ordinary triangle raeasuri.iuents of welfare
 ̂cost by including simultaneously both income and substitu-
Ition effects. The extension of Johnnon's two-commodity
 ̂general equilibrium model to three comnodities that has
been formulated in thr ,jrevious chapter has been used for
'simulating the sensitivity of the wel:i are loss calculations
■ to chcinges in the values of the parameters in the formulas
and in particular to estimate the importance of the ex-

; plicit consideratioji of differential tariff rates which we 
1

;have previously shown to be a most realistic consideration.
J The specific formulas utilized (directly taken from
.Chapter III) are as follows:
A. Consumption cost in the single tarif-f" case 

For the general c.̂ se:

! [Rp(li-t)'’ ’-H+Rj d+t)'''M" ^ R q + R jH-I]
I
; ^O [R^d+t)^ + Rj (l+t)'" + 1]
i
I

73
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and for the special ca.se in which the elasticity of substi
tution in consumption is unity:

T T  1 “ ^ ?i ^  = (lit)
i Uq l+t(l-r.)

74

jB. Consumption Cost in the Differential Tariff Case
For the general car.e:

_  [Rgd+t) H-l+R^(l+t2) ] [Rp + Rj + 1]
^o [R(j(l+tj)0 +*R^(l+t2)° + 1

and for the special case in which the elasticity of substi-

■ tution in consumpliion ir; unity:

U l-ri-ro V-
_t ^ (H t )____________(1 + t

C. Production Cost in the Single Tariff Case

^t [LN+MN (1-K.)+ML]

I

^O /ML+NL+MN (l-!-t)'' /LN+Misi-I-KL

D. Production Cost in the Differential Tariff Case 

LN+MN (1+t, j-l.'ILd+tj) j.
>^NL+MN (1+t, +ML (1+1 3)2 /lN+MN+ML

As can easily be soon, lliose foruiulas reduce the welfare 
I cost calculations to the interaction of a small number of
I

, parameters. In the consumption cost case in placc of
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Johnson's single paramotor representing the proportion of 
income spent on the untaxed commodity in the absence of 
tariff, now we havo two rj and r^ instead of oiio tariff 
rate in Johnson's model. Similarly in the protlucLion cost 
in place of Johnson's single coefficient, we liave the three

.coefficients L, M, and N. The other parameter, i.e., elas-
!
Iticity of substitution in consumption, is the same in the
extended model as in Johnson's model.
( '

Thus the procedure and the._ parameters involved are
I similar to those used by Johnson. In fact, the calcula-
I

,tions that have been carried out on the basis of these
' formulas have been dosi.gnod so as to make the welfare loss
i
calculations of the dilfercmtial tariff ease as comparable(
I as possible with those derived from the single tariff case 
j employed by Johnson.
 ̂ As in Johnson's rtudy, the welfare cost calcula-
,tions have been separated into those of production cost and 
of consumption cost. In the consumption cost calculations 
the following parameters have been varied:

1. Tariff rater: (t)

2. The elasticity of substitution («}
3. The proportion of real incomo spi. nt on the

i
I untaxed commodities (r)
' In the production cost calcu.l ati.ons the following

‘parameters have been clianged:
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1. Tariff rates (t)
2. The curvature cooffic.i ents (L,M,N) (which can be 

related to elasticity of supply)
As will bt' shown in tlie subsoquont tables, the re

sults indicate that botli the consumption and production 
costs of the tariff arc higher when different tariffs are 

imposed on dif.rernnl. jjrodncts than wlien a single tariff is 
imposed even though tlio differential tariff rates were 
chosen so as to have the same weighted average as in the 
single tariff case.

As in Johnson'n study t)ie welfare cost of the tar
iff is shown to increase witli the tariff rate, the elas-

II

I ticity of .';ubstitiiLi(>n jn consuihption, and with the elas- 

' ticity of s u p p l y . I n  all cases the welfare co. ■ computa
tions are arrived at by comparing the free trade- situation 
with that in v/);ich one or more tariffs are imposed.

The alternative values of the parameters considerec 
in the subsequent calculations are as follows:

Tariff rates: 20 percent, GO percent, 100 percent
I or combinations thereof (In the free trade case, of 
course, the tariff rate is zero.)

76

^Actually Johnson ("The Costs of Production and 
Self-Suf f i c i e n c y op. cit. , p. 364) seems to conclude that 
the production cost of the tariff is inversely related to 
the elasticity of supply, but this conclusion is obviously 
inconsistent with the results of his simulation (i.e., his 
Table II, p. 365) which show that at any tariff rate, the 
production cost of the tariff increases with the elasticit; 
of supply.
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Elasticity of = I-itu_y.nn_i.n consumption pcirainc-
ter: .25 to 3.00

Proportion of incoiiKi spent on Lhe taxed and untaxed

commodities: 0 percent to 100 percent

Curvature coefficients (in production):
L from 1»05 to 1.5
M from 3j05 to 1.5
N from .05 l;o 1.5

The range of tariff rates, elasticity of substitution, and
J

I proportion o f  income speiit on taxed and untaxed goods are
I
I exactly the same as those considered by Jol^nson. The range

, of valuesj for L,M,N implies a range of elasticities of
i1..supply ranging from 0.0 Lo about 1 which j.s approximately
Ij the same range utilized Ijy Johnson.

'5.1 Consumption Cost Calculations
J n.T--.-,--

! As a check on the validity of the forniulae derived
I
fo r  the consumption cost in the three goods model, we have

i

! assumed parcuneters identical to those assumed in Johnson's 
, two goods model. When the tciriff rates on two of the three 
I goods are equal and also identical to the rate used by
'Johnson fo r  one of his two goods, v/e obtain tlie resu l ts
!
'shown in Table 3B which may bo compared with Johnson's 

resu lts  which are reproduirod in Table 3A.
I

I The first row in each part of the table shows the-
ielasticity of substitution (ranging from .25 through 3.00)
t

and the first two colui'ouj show the percentages of national

7 7
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income that are not taxeJ. For example, tlie sccond rov; of 

Table 3B indicates that ir the sum of Llie two proportions
I

,untaxod ai free trade pri ces were , 0.> and .l̂ j, the welfare 
'loss of a 20 percont tariff is exactly the same as in the 
corresponding calculation by Johnson repr scnted here in 
Table 3A where the untaxed proportion amo..nted to .10, 
Subsequently, similar comparisons are shown for tariff 
rates of 60 percent and 100 porcent. Again identical re-

r

suits are obtained thereby confirming the formulae used and
the computational routine derived for the three goods model.
I . In Table 4, Johnr.on's consumption cost calculations
1
for a single 60 percent tariff rate (Table 4A) is compared
I
^with those of Table 4B obtained from the.three goods model 
■with differential tariff rates whose weighted average is 
I 60 percent. The result; ;indicate that v.’Iion tariff rates 
 ̂are uneven but the weighted average of tariff is the same 
I as that in the two-convnodity single tariff case, the wel
fare loss in the uneven tariff case is generally consider
ably higher than v/hen a single commodity is taxed. For 

'example, when r=.05, ondo-3.00, the v/elfare cost in the 
two-commodity modo.l is l.OH porccnt wht-'rens in tlie tliree- 
comiTiodity model, the corresponding welfare loss is 11.71 

. percent (shown in Tabic 4B) . The only cases in v;hich the 
consumption costs are higher in the single tariff case of 

I Table 4A than in the differc tial tariff case of Treble 4B
I

I are those in which both tlic olas'.icity of substitution and

I 82
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the percentage tiiMcd ii.ro vory low.
Tables 5A, and SC sliow weighted avGjrayo tariffs 

of 80 percrnt, ^0 percjnnt :;nd GO porcc)’' respectively.

Note that the var.ian-. of the tariff rato-^ in Table !5C is 
greater than in thcj other two cases, in v/hich the variance 
is identical (in absolnto terms). The comparisons of the , 
80 percent and 40 perccnt cases show that when the variance 
is held constant, but the tariff rate is increased, the 
consumption cost is larger. Howe\ier, the comparisons of 
the results of Tables 5A and 5C show that when the tariff 
rates are inoro unociual , even though their average may bo 
lower, the welfare cost is greater. Thus the calculations 
of Table 5C are froqucnkly higher than those of Table 5A 
, even though the average- tariff rates used in 5C are higher
I than those of 5A.
i

!
5.2 Production Co5:t 
Calculn Lioixs

In calculating the production cost of tariffs, two 
different programs were run. The first program was de
signed for the single tariff case, i.e., when one coniuiodity 
is taxed at a single rato, vjith loss ost;ii:̂ atod for tar.i.ffs 
ranging from 0.05 to l.'̂ 'O ]jorcont. In the other jjrogram 

there are three comiiioditj.or:, and Uirc^- curvature coeffi
cients (M,L,N). Since tl' SO curval.uro coefficients (paravr.- 
otors in the trani;formaticm funcj'. ion) hnvo no dirt.'Ct inter
pretation in economic term.'; they have to be converted into

; 85
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, the elasticities of fjUpjily ol: tho taxed coinuocli Lios Y and 
Z,

As noted above, in Lhc throo-goodR model wc have 
utilized a transformation function sugcjoKted by Allen^ that 
is not strictly coinparablc wi.th Johnson':'. Indeed the for
mulation of the transformation function wc have utilized 
permits a parametric simulation for production cost that is 
much more comparable to the parametric simulation Johnson 
has undertalcen for con; amption cost than tlaat used by John- 
.son for production cost. Hov/ever, as the curvature coef
ficients L, M, and N approach equality at 1.0, the results

■of tliO three goods tr/'nuforniation functioii are quite com-
I parable: to Johnson's two-goods transf format ion mode.1 in tho 
special case in v;hich liis cross produ- coafficient (M) is 
equal to zero. Ilov.’ovcr, in this case the elasticity of 
supply in the three goods model is zero, whereas in John- 

I son's special case tho elasticity of suppD.y is 1/2. It is 
interesting Lo see (in Table 6) that his calculations of 
production loss from the two commodity model in which the ^

■ elasticity of supply is 1/2 are similar in magnitude to our 
calculations using tho tliroo commodity model in which the 
elasticity of supply is ^cro. Hov.'o.vcr, with the same elas
ticity the differt-ntial taj.iff ca:.'c of lilu; tlnroo commodity

89

2r. G. D. Alien, Mathematical Analyr-if; for l̂ cono- 
mists (London: Macmillan, IDLiG) , p. 2Q4.
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yields production los5:os thnL are much liighcr than tIio::c 
obtained in the single comniodity ease.

An attempt has been made to test the sensitivity of
*

the production cost calculation comparisons to changes in 
curvature coefficionts by showing different sets of such 

.comparisons when one pararn'jtcr at a time is changed. In 
every case the results douionstrate that tlie existence of 
differential tariff rates yield mucli larger production 
losses duo to tariffs th;m those obtained for the single 

I tariff case. The findings also confirm Johnson's hypothe- 
I sis that production costs ;re likely to be larger than con-
II sumption costs. But :\ \ invariably supports our coritenticn
I

! that differential tariffs produce sys tOj.iati.cally higher 
'i welfare costs than obtained from uniform tariffs. The max
imum production loss in the single tariff case witli a 100

1

perceiit tariff is about G percent Vvhile with differoniial
t tariffs averaging 100 pcrccnL tliis production cost ranged 

from 14 to 17 perconL of national incor.ic.

I 9 1
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■ POLICY IMPLICATIONS TU'JD CONCLUSION.S
I

Our review in Chapt.er II of the rather numerous
j

i studies on the measureiiu.MiI. oT the welfare cost of trade re

strictions revealed a numbor oi weaknesses in these studios 
'mainly due to the simplifyincj assumptions which have appar- 
ently been necessary in order to make the approaches opera- 
Itional. Most of these weaknesses tend to give the esti-
I

mates a distinct dovmv;ard bias. It is our hypothesis that, 

the welfare costs of ti ad(.‘ restrictions, particularly in 
less develc'^jed countries, are much higher than tliose that 
have been indicated in previous studies.
I

T^ong the more restrictive assumptions that have 
been incorporated in all existing studies has been the as
sumption of homogeneity of tariff rates. When occasionally 
the authors (e.g. , ilarberger and Johnson) have admitted to 
the reality of unequal tariff rates, they have promptly 
'avoided complications by using rx single weighted average of 
the different tariff ratc's in thoir calculation. In this 
study we have adopted the most promising approi"h to v:el- 
fr.re cost measuremont, namely the general equilibrium simu- 
, lation mod<?l developed l̂ y Harry .Tolinson. This moclo.l j;)ro-

C H A PTE R  V I
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II
' vidcs for both sub*;titut.lon and income cffocts in welfare 
cost calculations and roduccs the welfare cost calculations

I
to a few measurable parameters. However, we have extended 
the raodel to the case of tlircc- good;j so as to siniuliiLc tlic 
consumption and production co':ts of tariffs v.'hen two un~

, equal tariff rates arc iniposc'd. The results indicate that
I the homogf:)ieity of tariff r.iLcs asnumption in exislinq
!
{studies has led to a subr.f an Linl downward bias in the csti-
I
■ mates of welfare cost and confirms our hypothesis that the 
true welfare cost of such trade restriction'; may be muchf
larger than previous empirical studies have indicated.

Like other sucli stndi.f';.:, the pronent study uses an 
entirely static approacli, ]Iov;ever, it should bo rocognized 
that the dynamic effects may not be independent of the 

! static ones. For example, McKinnon^ and Briton,^ have ar- 
' gued tha high and varied tariff rates may be one of the
I

more important explanations for the disappointing rates of 
technological change achieved by many Latin American coun

tries . 4 B 6 0 9 4

We do not wish to display ignorance of a somrtimes 
justifiable argument in favor of differential tariffs.

1r . I. McKinnon, "Import Substitution and Economic 
Development," Paper , ■•esentt.’d at the Wf Id Conference of 
the Society for Into'national Devc-lopment, New York,
March 16-18, 1966. (Mimooqray)hed.)

J. Briton, "Pj ■ iductivity Growth in Latin Atiicr-- 
ica," American Economic Review, LVII, No. !j (Decomber, 
19G7)/Xoyg-Tiio.
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Indeed, if there are distortions already existing in the j
1

economy due to the prencnce of monopoly power, government 
.interference in the market, resource immobility, etc., then
i I
I ':differential tariffs can sometimes be justified in order tot I
compensate for tiiose other distortions.-^ This is what has ■ 
sometimes been referred to as "the theory of second best.'V^ . J 
However, the ad hoc origin to most tariffs and their, hap- 'j-i-

, , ’ I I i p
hazard scatter make it most unlikely that actual tariffs

t

display emy such function.^ f '
1 The policy implications of this study are rather
^obvious. The welfare costs of the high tariff rates in  ̂

less develoj-.'Cd countries may be greatly underestimated. ^
! Aside frc;n suggesting that tariff rates should be lowered, I
the results generated in this study suggest that tho height .

i

:l of tariff rates may not be as detrimental to welfare as the.
I i

variance in tariff rates from sector to sector. That con

94

clusion would seem to support the policy proposal of Kaldor^^
NV.: .i,j_̂ ---------------------------- 5
' I

^S. I. Hagen, "An Economic Justification of Protec- , 
tionism," Quarterly Journal of Economics, LXII (November, > 
1958), 496-514. 1

'̂ See R. G. Lipsey, "The Theory of Customs Unions:
A General Survey," Economic Journal, LXX (September, 1960), 
496-513. I

^See J. Macario, "Protectionism and Industrializa
tion in Latin America," Economic Bulletin for Latin 7unerica,‘
IX (March, 1964), 61-101. i

^N. Kaldor, "Dual Exchange Rates and Economic De
velopment/' Economic Bulletin for Ijatin America, IX, No. 2 .
pp. 215-223. “ ' j'
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and McKinnon^ that if protection is to bo provided for 

domestic manufacturing in less developed countries, the 
tariff or dual exchange rate should be the same for all 
subsectors,

I, McKinnon, op. cit.
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APPENDIX A

THE DKRIVATION OF THE CONSUMPTION C03T ME?iSURE 

IN THE SINGLE TARIFF CASE
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THE DERIVATION OF THE CONSUMPTION COST MEASURE 
IN THE SINGLE TARIFF CASE

, -P -(3 _p “ 1/P U = (AX + aY -I- cZ )

Let AX"”̂ -I- aY + cZ~^ = V

By using the chain rule of partial differentiation

^  ^  ™  = marginal utility of X
dX dV dX

T _ p _ := - i V  ̂ (- AX )

= - -(AX"'^ + aY~l̂ ) AX"^“ Me

= (AX-P + aY-3 + cZ-P) (AX'I^'M

I , = . av::.
AX"P + aY"*̂  + cZ~^

(

(AX~Î  + aY~P + cZ~ ) AX"
AX“ 1̂ + aY"f̂  + cZ"B
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10 0

______ ^ _________
AX"^ H aY~^‘ + cZ"<5

X
X~H

(AX“  ̂ + aY~^ cZ"*̂ ) AX"P + aY“  ̂ + cZ"2

= A U (AX"*̂  + aY"'"' + cZ"^’)
X

x-^
Ax"^ + aY"̂  ̂ H- cz"̂ ^ (AX

= A ^  X
(AX~^ + aY~̂ ' +
(AX-'̂  + aY"*̂  + cz-!5)"^/‘̂ • i ^ i <1 !

1 il

U ^= A - (AX-'f- + aY"f̂  -I-

A U U = A — . —
X X 

6+1

x >

e
f

= a /2 = u.

limilarly
dY

(5+1

dZ
= U,

;o with tariff:

=  1  +  ; :

Dhaka University Institutional Repository



U v  TT 1 7  7= a(H) X i (̂ ) = il(̂ ) = 1 -I- tUg Y c U c Y
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-  = c(H)
e+i 0+11 /VvX

A U

( 1 )

(2 )

(1+t)]a
3+1

1

c fi'*' 1(1+t)]a

X
Y

Z
Y

(3)

a y. ^
=  f  ( ^ )  =  1  +  t  U ' A y

X

{h) = (1+t)} ■ i c\
B+l t: ,-r; 4

U„ - (-) c
3+1

= 1 + t

Z c(|) = f (1+t)

I = {- (1+t) }Y a

1
B+l'
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: , i o

■*1m
I i ).’.U-r •t<wjj' : i t-'Wr

= (|) = (|)
1

= (̂ ) Z ^c’

e+1

Given a total gross incomc fi>:cd in tormr> of world prices 
M = X + Y + Z

implying that tax rovonuo collectcd on consumption cf Y are 
returned Lo Lhe coiiiiviuiiity as income subsidies, con;:.umptier, 
'of the three gocds, determined by equations 5, G, 7 and 8

X = (H-t)a

Y =

{f(l+t)}e+1

Y

■,r ■ •»

| l ;

z = T -  • X

1

X = {- (1+t)

1

A= {- (1+t) }a

= {- (l+t)}'̂ "̂  ̂a

Y
X+Y+Z

X+Y+;
Y

. X + Y + Z

X + Y + Z

^ + 1 A
M

■ . , .vt J
iO i I - i I ;

- 1' : ft- ■: ! .!4'i
;; i -si:i

■i-ii
a,!

-i-“ ■ • ih

L •, 
i':- 
i ,
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cl 1

+ {-{1-1-1) + 1 a a

j_
P41

M

1

{ -  ( 1 + t )  ct
1

{| (1+t) {^(1+t) + 1 a, . . a

• M

Y =
1 x+y+z 

(f (i-ft))'*" '

X  + Y ,+ Z
I : i ! -  
1;':;' 1:

d
X+YH-Z

• M

Z

( 1 + t ) } ’a
,0+1 z z

M

{£(i+t)} 
( X

6+1
1

M

+ 1
{^(1+t) } a

p+i

1 1 M

c l̂ +1{^(1+t) 1
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1 1 2

c (M-t))a

1

1
M

M

z =
,A.15TT

X
X+Y+Z X + Y + Z

fA 3+1

X-l-Y+Z
X

X + y + z

X
M

I ; j vr
! ji'. i

'• •'*■•-'■ >
I * f/ - i

1
1 + 1

. M

1 1 1 ] 1
A 3+i A P+1 A t '-1 A,{f(l+t)} {(-J) }l- {-) + {a(l+t)}

1 1

a c

M
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I < 1■ j

] ]
{-JdH't)] {(-c) }
1 1 1 . M

]
A li+1{^(1+t) }

1 1 1 ] M

.Substituting the values of X, Y, Z, in,the or.vjinal utility 
function to express it as a function of real income and the

j

itar-i’vf rate:
-3

U =
R+lA . {T;f]+t))

cl

1 } M-3

[{-(l+t)}̂ *̂''̂  + {^(It-t) )'"+ 1]
- 3.

-3

M-P
■i a

[{ [{-(H-t) + {H(H-t)^'*'^ + 1]"®c a a

-e
A P'*" 1c . [{-{l+t)} ]

a  C  C  a

• M-3

“ 1/e:

■ I
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or

U =

- a
AA-{[VT(l+t)] }

+ a M“ P

M"31 »

{£(i+t) + 1]"̂ ^ ;' i. .,1 
'ia !,;J

 ̂ .r
. ;i .. ,VI

I

[{-(1+t) + {-(1+t) + 1]"P

-P

c . [[|(H-t)]'^''']

i 1 1 ■ M-P

^ A j B+ 1̂  -(l+t)}^"^^ + 1 + {-(1-^t)c a ci

-1/3

or

u

-c
-3

1
A C 3+1 -B[^(1+t)] + {-(1+t)} + 1]. a a

-3
c- [f (1+t)a

-1/3

I ■ I

M:-:' i.
i. ■ ■' . I 1-

^ / .

t-'-

M a 
“T

-1/3

[|{l+t)] + |(l+t)

+

1]

-3

4  [-(1+t) + 1 a a

f [|(i+t>]rt
T+T

-1/3

-3 
A 3+1u|))
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Right hand fraction:

-3

-i/ft

a

-g

a
-P

~(5 1

-3 -3

-3 -3 (^) + £ [ ^ ( l + t )  ]
— —- c a ^

-3

c

" V p

-3
n 3+ 1 ;v 3+ 1 3+1

(--) [ { ( ^ )  ( 1 + t )  c a

-3 -3

a a
3+1 

I l + t )  ]
\-i/B

-3 
(t ) ^

I  .

;. i.tj
! ■ f ^ i 

i -sirt

■>TI■l 1

li' l'-- l(^)a

1
WFT (1+t)

-3
3+1

-3

(1+t)' 13+1 -1/3

fr;-

M a-1/3

' U,
. [ - ( 1 + t )  +  {•! ( 1 + t   ̂ +  1 

3. cl

-3 i/P
1

fifi
-3
3+1

(^) ■{ ( 1 + t ) ^  +  1 
cl

1

a a
1

1 -3
3 + )

-3
3+1 P+l “ 1/3
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A  3 + 1  r  f'.+  l  - 1 / 3[ (̂ ) ' -t- 1 + (£) ' ] X'a'

1 1
A  R + 1  r  3 + 1[^(1+t) ] + { § ( l + t )  ) + 1 cl <■*

I :
It*
w

\ i I."

V i..

Denoting (in the absence of tariff) ratio of X to Y as 
i/(3+l)U q = (A/a)

rl ’j '

Ro =

R, =

X since X+Y+Z 

r

l-rg-ri M-X-^
Z
Y

1

1-3

M
X/M
Y/M
Z/M

1

M-X-Z
X+Y+Z = M

V M  _ Z= ±.X. M
1 - Z+X M-Z-X M-X-Z

__^ Z
M-X-Z Y

M M

*<:

I • t
X/M = cj 
Y/M = rg 
Z/M = rg

XI' ■i '- ! •

1 ■;
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i

X/Y = X M

Rn = 1-r -r 3 1

X
Y

X/M _ X/M _ X/M
M-X-Z M ^j-X-Z M“X~Z

M M

,Free Trade Case

i' !■'''' '*■ ‘l- ii. i-'-t;'
i M

uX

- (̂ ) A

I

3+1
- 1

P+l

f' ■; / I
u.
u

= 1
X

p'fr:

So

(X/Y)^^^ = A/a 

X/Y = (A/a) 

Z/Y = (c/a) 

X/Z = (A/c)

_1 _
B+i

ti + i

P+l

Given a total income fixed in terms of world prices,

then
B+l

» -  ̂ - 
( i <

■ i
‘ Tv' H -tl '-’, [ i'

; ■ ' C-* ̂"■- ■ :U' ■
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't' 'v

Y =

Z = T X

X = ^A^3+l - Y X -h Y + Z
X+Y+Z

1
•  I  • X + Y + Z

^ X+Y+Z

1

— I-■■Y Y
1

A P+1
'5> ----- r T • M

(̂ ) + {̂ ) + 1 cl a

1
(A)'*"'(i

1 M

Y = 1 1 1 —  • M

C fA
1

a a
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M

-■ \'4A i 
■ i

: !-|1

! :o ■ .y .
i f
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r>'i.

i 'i
. I ■

z = M

(g) (§) + (§) -< (u)

Substituting the values of X, Y, Z in the original

?- function
1

A fi+1 
(|) M

/A
1

FT! J+T

-3

fci-i + a

<T>a a
1

P+1 + 1

+ c
cl

M

a C •H { 3+1A
c) + (A)

3+1

-3
3+1

1 I

,-l/P
• M

a a

-3

f/i-3

I

+ a
[{h)"' u  (C)"' -1- (^r" ' + 1]

M-3

3+1 ,-3
a

I i
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t' i : 
uii;.
: ! l«> .*•' f i.'

+ C

-R

a M
1

((A,B+. ,A,P+1 ^ ,A,S^1
O C-.

M~3
1

C-̂)

[ (A) 6+1 + (£) e+1 TL] (?
a a

-P

^-l/P

1 2 0

ri/P
-P

[,A,P+l,-B_

i:
•I :

M ■. ■: .

M
. - 1 / 3 '

L ■ 1 ]

i ■
a

c 3 + 1  
+ ( f )  + 1 ]  

cl

i

!' ■
i

*., , 
1 M , - 1 / 0
rjh. . , 1 1
!■' ' 
}r ,A,E-V>

a . + ( § ) “ ■"'  + 1
Ci

M .->/» , I

:■ I 1 1 j

;i.

a + (|)'̂ ‘̂^ + 1  (

-0

(a) + 1 + a
-l/p

A 6+1
<H>

-r. \ - i / f >

-B

,A (5+1

-3

fi+j
c ___

-3 r- p
cl a

■JL
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M a"1/3
1 1

-l/B

(A,e+i ^ c,P+i 
a a

1 2 1

U.
1

a- 1 0-1 a” 1 ,^[Ro(l+t) + 1 +  Ri(l+t) ] [Ro + Ĵl + 1]
[R^il+t)^ + Rjd+t)'" + 1]

' ■ !I ■ r- '•ij*: n#f;j
I ’ • ' h '

Unit Elasticity Case
Let us formulate a Cobb-Doug] as utility function of 

the following type. x

where

U
X
Y
Z

exportable good
intermediate good with zero tfiriff 
importable final good with tariff

Free Trade Case with no tariff

dX

dY
X« 3YP-1 = X“ Y^

= U/Y P.

dU
dZ

X“ V® X" yi' IzlEtil 2>-t»+P)
z

u l-(a+fO
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\ u„ = 6

U

S o  “  X ”

I Y

= I l-(«+S)

= {2 f3) • u a “ cx
Ux X/Y = a/$ ..■

U U s 1 ^  --- = 1

1 - (a+P)
Z/Y = “I

...i:

1- Ca+13)

Given a total gross Income £.ixed in terms of world prices,

I I

n = X -I- Y + z 
X = (a/3)Y 

PY =
1- Ca-I-P)

1 - (a+3) .Z = -— “—  a X

X = C“ ) — —  • X+YH-Zfr x+Y i-v.

1 , « . 1 T1 •= f—l ----------- ■ ̂
=  («) — i—  ■ M ^ (-) a ]-(i+a)f/ x+Y+z i+].+^ — ■
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r ■. I  ■

(g /M )
a+l-oc~(? + fi

l-(a+l?)

g
l-ta+3)

Z
X+Y+Z

X + Y + Z

= . pM.

Z = l-‘(q-i-P) X

x+y-i-z
X -I- Y + z

.123

i i -

1- Ca+e)

(i
l-(«+n

1- (a+ 3)

X+Y-l-Z
Z

X + Y -t Z

X + Y + z

___ + __ 1___+ 1 • M
l - (a +U )  l-(a-i-p)

i

• i
■ V i . T  -

:r;

p
l-(a+3)

• M

• M
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i n  i

.1-

= 1 -1 t
l-(a+r>)

Z/Y = ^^ ^ ^ -(1-t-t) ̂ ■ ;L,
r N
rjTii
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z _ X 1-(o+R)
Z - 1

x/z =

Given a total gross income fixr'd in terms of world prices,
1,'.Ktr '

% ■I- . I. 
 ̂ I

M = X + y -1- z

X = (a/3) (l+t)Y

3 ].Y = l-(a+e) (1+t)

X

X = (.a/6) (1+t)
X-1 Y-l-Z 

1
= (a/3) (1+t) x+YlZ

X + Y + Z

> ? • ■ ! ■ ■ 

: •M

v.l': [.i I-
••■> • ; ,

U '- \ i 1, r

= (a/0) (l=t)

= (a/B) (1+t)

— . M
2^+ 1 + ^ Y Y

( a/p) (H-t) +  ( 1 + t)  + 1
M

I*;:-; ■ i 
m  I

. :1
fell-: 1 

t - t

ftv': ',!

= (a/(3) (1+t)

= (a/B)(1+t)

(1+t) [(-/?.) + + 1

. M

■ M

1-p.(1+t)--+ 1
P

•-1 ir .1
ki.I
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jti ■ ;V
■ ;

f ■

=  ( a/P) C H- t )
(i+t) S.̂ rD.. + 1 

p

M

■
• •

v:
V-1' '-■

=  ( a/p) (1-t-t) . M
( 1+t) ( 1 - P Q + P

3

= a(H-t) (1-i-t) (1-3) H- fi
M

1+t-te i - t - t p  ■

Y
l-(aH-3) (H-.)

3 1
l-(a+B) _ (1+t) X+Y+Z X -I- Y + Z

■ i ■

f"
ia' -f

& . 1  
1-(a+6)(1+t) X+Y+Z

3

M

M

r ■ ‘

■i
1- i? '

■ f ‘ 1 '

w  :riv , ci+t) (i-(ccH ),4

L.Î 'U.1 • ■■ I.

I -j: *
I;.; . ’ :i;

3
l-(a+3)(1+t)

3
M

+ ].
l-(ai3) l-(a+C^) (1+t)

M
3 1

l-{«+3) l-(a+3)(l+t)

■>
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l-(aH-n) (1+t) g(l-l-t) + P + {3-(«+p) (1+t) }
[l-(a+f3) ] (1+tJ

■ '1-r;T-i
1i4H i i‘

■ ■' I';

' ’"r■ (

[l-(ci+3) (1+t) ]
l - U + 3 ) ( l + t )  a (1+t) +  [3 +  { 1 - (cx+P) } ( 1 +t )

3
ct(.l+t) + 3 -1- [l-(y-3) (1-l-t) ]

M

M

(a +  at) -I- 3 + (l-a-3) (1+t)

'■i::

3
3 + 1 - p + t - 3t

. M

1 t  - 3 t
M  =

1 =  t  - 3 t

f : 1. *

i.
k

Z = . - 2 _  . X + Y + Z
a X + Y + Z

_ l-(«+P)
X + Y + Z

X

M

I.-

I :
-H

l - ( a + P ) M ■ —r 1 1 3
,i : '■

a 1 +
M

( 1 + t )
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I ■1

“ <■ -I- (i-«-r.) (i+t)
a(H-t )

= Izi-till.
ci a+cxt + pH-l-n-n-l-t-tatfi

=  . _ _ _ _ _ _  1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ M

at+H-t-tu-tfi l+t-t0

I Substituting the- values in thf original equation
# _e

I !

o_a+t)
l+t-t(3

m }"/..Ji-- • „ Uiz<«!lL(till. .
i l i - it -nt  /\ i - t - t B  f

i -  (a+P)

Ilr

So

U
u.

1+t-tR
M

(«M) ■ [ l - (u+3 )M ]

a „ R R (1-ct+P.) i-(aH-p)[a(I+t)] -m “ { (1-(ĉ +R) (l-.+ l) } M
(1+t-t ) [1+t- t] (1+t- t )

(l+t-tR)“ [l+t-Pt]*^ (1+t-tP) 1 -  ( u + 3 )

„a . î a . [X-(a+P) ] («+P) M^-(a+(i)

■ ^ 7-

m
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1-P

Since a = rj
0 = rj 

1- (a+(?) = 1 - (ri’i i-j)
then

-i!
(1+t) (I+t)

H-td-x-g)

Ii;

:i

i-
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r  - • , K'

r!"i'
' ri- ■ APPENDIX D

:j;

THE derivation  OF THE CONSUMPTION COST MEAS'URK IN 

THE DIFFERENTIAL TARIFF CASE

)

I - '
k-r!
i:.-. V

: !

■ '• • i 

t !|'
1, ’ h;y!i
I ; ■ J':

f 1 
r

130
:
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THE DERIVATION OF THE CONSUMPTION COST MEASURE IN 
THE ;,'IEPERrJNTIAL TARIFF CASE

1
X^ a (X) = 1 + t or Y = {- (1+ti) }A Y 1 Y a

a P+i T  ^—  = - (_) = 1 + t2 or Y ^U, c Y

3+1

3+1

- :

f i

c ,X, t̂ +1 X ,A^ = 1 + t or - = {- (1+t ) }
B+1

7.

Let total gro3K income fixed in terms of world 
prices be .

X + Y + Z = M

A e+1X = ^  (1+t^) • Y

Y =
1

{§ (l+t2)}^'''’

Z = T “ • X
{§ (l+t3)} (i-M

131
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From previous calculations

1

X = T-

{| (iH-ti)/^^ + {§ (1+1-,)]̂ '’"* + 1

M

Y = M

{§ ci+tj}^’̂  ̂ {g- d+tj}^'’'̂ + {|{i+t„) + 1

z =
i

i. ' j •;j.;= ;■ . I
5 1 n s , ■

■ ,I
1

X
X+Y+Z X + Y + Z

M

1

{| Cl+t3)}'‘'̂
1 + H-

M

'̂jr''

"'4 '! '•  ̂ I
ft: ..-'1.. •

n'n 'I *T»i' ,rV.i

(| (i+tj))®’''
] 1

I
3 +1

_l_
(iH-t ) 3 (H-t ) }

M

I ?■

1i
1

-H ■

t... ..'■VJi'!
I,v ‘ 'f1 * t -A i i
I If.f ^■J
!;■"

r T*! 1h?Jtf 5
* i1 ”3  *'i

•r
'■>-<.
 ̂Kl !

f, t
.1 ii >

■ ; r i  •-;

: a.,
ii IM:
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A B+1(c (1+^3)}
1 1

H
A B-'-) A ( +̂1 A P+1

{ - ( 1 + t ^ ) )  IrCl lL.^)) + {^(-M-t.,) }

H- (1-l-t ))
1

fM-1

-1 _
A(a' (1+t,))

1
M

Subfi t itut lng  these valuoG oT X, Y, 7, in i no or.i.n.inal ufM-  

i ty  function v?e ijct

"fJ

U =

A fM- J
{A . [ -  (M-tj )  1cl ^

1
M

L [{| (IH . ) (1-I L ) + 1]

+ a M
_1_
fiTi

c (1-I-t )J

]
I'i-: 1

M

f !+ 1
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-iOm

1 3 4

A
z j L

[| (i+t M

+ a M~n
'•r .5

-f.
c . - d + t j  a ' M-e

1 ] 1

{| (i+t ))»■"“ {f(i+t ))'''' + 1 + 1 ^ " ’-

-l/(?

..IP.
A - (1-l-t________0̂, _____ 1_____________

1 1

+ a M-P
I ) 1 1

. ■ 'I

. I '

; I ’ :

-1
■ -
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;  t ?  ;  f *

'Ti

•irr ■

-3 ,p+i
-1/3

.136

1 -B 1 -O' - i / r >

, (- 
V

M a - V P

-3 -6 -]/e

't:

1 1

1
M a- i /e

1

a a
-Vf;

1 -e
FTT.

-p
+ 1 + ( £ ) ^ ( l + ta

-i/p
:‘ : l l

i ! ' •

I
1i-

f

1
FTT

1 .. i

-1/P>

+ j. + (H)6+i
Q If--';-
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■- ■ ■
V

r' :;! Substituting R-, R, , we obtain:

1

[R(j{l+ti) + 1 4- Rj (H-t ) ] [Rq + R j + 1J

[R(j (1+t^) + Rj + 1]

Wi'-'r.'‘r , i Differential Tariff: Unit
 ̂ ' Elasticity of Substitution 

,' !.I Case; Cobb-Douqlas

*•.(.•» ’.-J. i .* i* t. I

X . P = 1 + ti
Ux Y a 1

X = (̂ ) (1+tY 3
, Z P 1 -1-

Uz Y l-( a+13)

Z _ i-(«+n)
Y «

Uz X 1- Cn+fi) — *1
Z a “ 1

X
z

-Mi'
i

137
J

priccs:

P'!'

l-(«+6)

Given a total gross income fixed in terms of world 

M = X + Y -I- Z

r- ;

-■r

4
X = (ci/8) (1+tj)

y = 3 1
l-(a+3) (H-t'O
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ff ; " 
'r I '

i

Ifl.. ;

\ ,

Z = l-(g-Ki) ____ ].___
(l+t3) X

138

From previous calculations

If:-

X  =  ( a / 3 ) ( l + t j )  —
{a/rOd-Htj) + il+t^) + 1

=  (ct/R) ( 1 + i j )
a t  jM-l-a-fM-t 2 ~ a t 2 - t 2 R +  3

= (a/3)(1+tj)

a

X
(ati-! t 2 - a t 2 - t 2 0 )

a + a 1'

a t j + l + t ^ ( 1 - a - e )
M

M-

M

M

M

ifi

■ ; ■- 

‘ ♦*

■ I -  I

1

Y  =
l-(a+3) (l+t2)

l-(a+3) ( 1 + t ? )
1- (a+3) ( 1 + t  )'

P
l-(a+3) (l+t2) + 1

. M

I

3
i-(ct+fi) (i+tj,) « ( n - t 2 )  (n-t3)-i-R+i-(«-t-f;) ( i + t ^ )

1“ (u+fj) (1-1-12 )

M

i' I '

if
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= 3 ______________ ___ I ____________________

o(H-t,) (1+to)-rp+l- (o I-P) (l+t«)
M

Substituting (l+t^) (l+tg) - 1 -f-tj

a(l+tj)-l-p-l-[l-(u-i-3) (iK.p ]
M

at^+l+t2-at2-3tj,
M

. :=
atj+l+t2 (.1-u-p)

M

Z = 1-(a+R)
(1+t ) X

l-(a+6)

f- '

1 + ___ P_ . + 1-
ad+tj) ad-t-ts)

M

( l + t g )  a d + t ^ )  ( l + t 3 ) + g ( l + t 3 ) + l - ( i .  ■ •".) ( 1 + t ^ )

* M,5 :nx

'  ̂ -■‘it ’’' !: - H:»2
m '
' f f: i

'j'. ='■

I-'-

1- (g+(3) _________ (iH-t )̂ (l+tg)________________
ad+tg) ad+tj) (1+t^)(l+t3)+l-(tt-l-f:) d+t^)

1 - (a+r.) d+tj) (11 t2)
ad+tj) (l+tj) d+t2)+3 (H-t^) d+L2)+l-(a+fO (1+t^) (M-tj,)

M

M

1:.
f'--
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1-50
1+tj

Substituting ■ = l+t^

l-(a+R) (1 + t,) ' M
a(l+tj)+e-l l-(a+p) (1-i t^)

-■‘kl' ' 'Li 

ifJt',- L-. 1 - ( ( t + ( 5 )  (1-1- ty)
------- ------------ • MJ? «i_2 T j. — 1l̂2 ~ 2̂ ~ *' ̂ 2

f u
S Substituting tho valuofj o/ hi, Y and 7. in tlie original
: ; function
k,’ '

I . a + at^ « 3 p
\ tef. i Ui- = ---------------- -M ------- --- --- —  • K
; _ ; • ^ atj + l+t^ (l-u-B) (ttjH l+t2 (i u-n)

!-(«+(?) (1+t^) l-(a+B)
--- M

(a+at]) *M pi
[atj-l-l-l-t^ (1-u-f:) ]"■ [ u L , M !  ( X - u - C )  J 

[1 - (a-p) (1+t^) J
1- (fH-(-'.)[ati + l-l-t2(.l- 1.)]
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U 1

(a+afcj'‘ .m " . . f ( l - ( < r l  I.) J1 /.

(ati + lH-li;, (!-«-[■)

a a o R l - ( o - I - f ; )  1 - r t - r .
(a-l-atj) - M  • pP - m " • [I-{aI-r) (l; l.^) I M

So

ntjH-l+t, (1-o-r.)

M  3 ' ^ ( a + a t ^ )  “ [ l - ( a + p )  ( ! i ) ] ’ “ ^ ^

^ M . 3P(<x+atj)“ r i - ( "  ' (.M-t^) ]

Uq ext j + l + t 2 ( I- '-f '|j)

(aM)"- ll-(cv4r;)M] -

rv 1'  ̂fiH' r 1
( u + a t i ) " [ l - , v )  ( I I  t ) 1 ] - ( ( H - ( 0------------------ —  ---- [1-B]

at ( l - f i-  i' '

l-cv.-b

(1-l t J  "l-(.d (■)
----------------------- ------------- ( J M , ) "
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',R6n'i4 1 4 2 :
Substituting ‘

X/M = a -
v-T yrs^f

Y/M = p = ----------

Z/M = 1-a-p =

we obtain

Tjtj + 1 + tj, (1- Tj-rj,)
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