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ABSTRACT

The thesis is comprised of three essays which analyze
trade liberalization on a multilateral basis and in the
Canadian context. Essay I concerns multilateralghiberaliza-
tion, Essay II eoncerns Canadian liberalization, and Essay |
III presents extensive systematic sensitivity analy%is of the

results of Essays I and II.

AL
1 \

The extension pf‘shért—run wage rigidities is found to
! ‘ L.
markedly reduce the|welfare gains from multilateral, liberali-.

zation under some clircumstances, while extending sector-
specificity of capijtal has a much smaller impact -on welfare

and adjustment effdcts ofimult;lateral liberalization.

In Essay LI, halfey's (1985) model of global trade .is

reyiigd with the ihcorporation of economies-of-scale fea--

N - ’ X
-tares, in-a way similar 'to Harris and Cox (1984). It is found

that both unilatefal liberalization or bilateral liberaliza-

.

tion with the U.S/. cause-Canada to-sﬁffer small welfare losses.

Liberalization mgy still be in the'interesﬁ:of Canada if ’
ycompensation by the U.S. is possible. The contrast of these
results, with ti&se of Harris and Cox-1is investigated, but,
only part of the discrepancy 1is re;;lved. The indirect cali~

bration procedure adopted by Harris and Cox is identified as

a potential sburcg of the discrepancy.

iii



Extensive conditional and unconditional systematic sensi-
tivity analysis conducted in-Essay II yields the following
results with regard to systemaiic sensitivity analysis of NGE

.

model results: \
/

(i) Unconditional procedures on selected elasticities

iield more diffuse distributions of the results than condi-

tional procedures on all of the elasticities.

{(ii) Pagan-Shannon approximations of unconditional re-
sults are often very accurate, resource saving substitutes

for the unconditional analysis. 4

"

The results of all three essayé suggest a simple relation-
ship between-the elasticity configuration of the model, and
the resulting welfare effects of multilateral or bilateral

. < L]
trade liberalization. ‘

v
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L
INTRODUCTION AND OVERVIEW

Thts thesis evaluates the egafcts of some multilateral
and bilateral trade liberalization experiments using modified
versions of John Whalley's 7- énd 8-bloc numerical geﬁeral
equilibriuﬁ models. Attention 1is paidfto the factor reallo-
cations and temporary unemployment effects of trade liberali-
zation. PolicQﬁakers are inferested in these short-run
adjustment and unemployment gffects,ipar;icularly a£ ;he;

compare to the corresponding welfare effedts.
s

2

Essay I analyzes the effects of two multilateral tariff
ligeraliiation experiments,~focussing particularl? on the
U.s. adjustmehﬁ é{ﬁects. "The gajustment effects are compared
to thejeﬁfects of heutral'technological progress estimated

by using the same numerical genéral equilibrium model. This

approach confirms the findings of Krueger (1980), that tech-

nologiéal progress ,is responsible for much larger factor

adjustment‘effecﬁs than modest c¢hanges in tpéde policy. It

ig alsé féund that wgile there a;e substantial aggregatea
long-run gains .to multilateral libéralization,_these may be
dfamatically reduced in the short-run if real wage rigidities
exist. . T

'Essay\II evaluates the effects of U.S5.-Canada tariff
abo;itioh, using a revised version of Whalley'slmodel of

global trade. Firstly, it is found that neither unilateral



nor bilateral tariff abolition with the U.S. is in Canada's
ingerest. Thé-conﬁrast of thése fesults with those of Harris
and‘Cok is'%nvestiqated in some'dgtail, aad‘the benchmarking
Qroceduré used by Hérris.and’CQX'is identlfiéd as a possible

source of the discrepancy. -

ILssay IT1 conducts systeﬁatic sensitivity analysis of -
the effects of liberalization discussed in Essays I and I1I.
The intensive conditional and unconditional sensitivity
analysis sﬁggests some rules of thumb for sensitivity analy-
sis, and allows an approximation techniqﬁe due to Pagan-
Shannon to be&evaluated. Essay IIT also suggests some rules
of thumb  about the relationship.betweén the size of welfaré

effects ffqm liberalization and the elasticity configuration

of the model.



w

.1 INTRODUCTION {
In some earlier work, Whalley and Wigle (21)4model the .
~adjustment fo various trade policy .changes in a numerical
generaiyequilibrium’framework. " Two alternative models of
adjustment wérg considered, to cont{ast with the "long-run"
assumptions incorporated into Whalley's (19) 7—bioc model of
world: trade. Flrét, real wage rigidity was incorporated into
the mode; and second, capital was mode;led as being sector
specific te a subget of iﬁdustries. In both cases, the short-
‘run formulations weré.introduced in the U.S. alone for com-
pariéOn with other earlier work. It was founi}that the exis-
.o :
tence of thesé»rigidities lead to-smaller aggregate gains to
trade liberalization than under the long-run assumptions of‘
perfect wége flexibiiity and free inter-sectoral mobility of

: capitak{7 It was also found that larger terms of trade effects

tended to result in the short-run variants.

¢

This essay evaluates the effects of multilateral tariff
libefalization; first, using a mpdified version of the 7-bloc

model where théAfigia wage formulation is pfesent.in all blocs
‘ih the moael, and subseduently using a quified version of

" the 7-bloc model Qhere‘cap;tél is secﬁor—specific throﬁghout
thé developed‘worldt The éxtension of these short~-run formu-
iations was expected to generate a further reductibn in thé -

short-run gains to trade liberalization (or increases in the .

»
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short-run losées).

This essay also generates estimates of the size of factor

4

N reallocations and unemployment costs associated with two
multilateral trade liberalization é;pergments. Estimates of

two types of unemployment costs are presented. In the case
where wages are riéid, sbme workers may be willing to work,
but unable to find work. 1Income losses attributable to this
unemploymeﬁt are.calculated for the rigid waqe'fprpulation.
Even if wages are fiexible, it will take some time for workers
laid off by a declining industry to be rehired by an éxpanding
oneé. The income (or équivalently output) losses attributable
to this redllocation are calculated as a reallocation cost.
The size of these effects wili be compared both to preyiqus
estimates of these realloéations and costs and subsequently

fo the effects of technological progress evaluated using the

sameé model.

The debate over the r?lativg sige of factop’rea%locations
from tra&e—related matters and ongoing domestic phenomena has
been carried on largely in terms of econometric or "account-
ing" studies. Krueger (12) and‘Frank (7) come to the conclu-
sion that £echnological progress and domestic. demand changes

- are dramatically more important than import éengtf%t;bn és a
cause foemployﬁent changes. The humerical generai equili—
brium context is particularly well suited'to addressirg é

related question: "Are the 'adjustment' éffec@s of a

!
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significant multilateral tariff reduction larger or smaller

than the effects of ongoing technological progress?“.§

Multilateral tariff reductions generate muth Iargef“rg—
allocation aﬁd unemployment effec;s-than previous estimate% '
under the rigid wage formulation. 1In additién, the income
losses due to unemployment may be {arger'and more concentrated
than previously estimated. 1In spite of this, the realloca-
tions and unemployment effects are found to be smaller than
~a lower 5ouﬁd estimate of the effects of ongoing technological
progress., In all casgi, the labour reallocation effects are
found to be very small. Less than 1/2 of 1% of those em- !

‘ployed would be required to move between industries as a

result of any of the experiments studied.

I

The extension of the rigid wage Yormulation does alter
the short-run policy implications of some of the experiments .

studied, while the specific factors formulation has a very

small guantitative impac¢t in all &ases.

I:2 THE ADJUSTMENT ISSUE

While it is usually agfeed that long-run gains to multi-
: laterai trade liberalization exist, Qpposition to trade
liberalization is often based on the fear that the short-run
effects (displacement of workers in particular) of trade

liberalization may be unacceptable. Trade liberalization

1
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would be undesirable if the short-run unemployment costs out-

welghed the tong-run welfare gains from freer trade.

-~

A second issue relevant to trade 1iberalization‘ls the
issue of compensatian. Even in cases where the long-run
gains to liberalization exceed the short-run costs, some

. .
groups may stang to lose from liberalization. In the event
that a group stands to lose from liberalization, 1t may be
pogsiblf to gathér support for liberalization from this.group
by intrgducing a compensation scheme to offset the losses

incurred.

In the United States, ‘the Trade Adjustment Assistance
(TAA) program was introduced in 1974 in an attempt to win
suppggt for the Tokyo Round of tariff cutting. Under this
program,?gupplementary unemployment benefjits, retraining
.grants and counselling services were made available to
workers who were displaced largely as a result of the tariff

v
cuts: Determination of worker eligibility for the program

‘was ;J;ajor problem. Since tariff rates were re%atively low,
and cuts were due to take place over a filive to ten year
period, it was rarely clear that'observed employment reduc-
tipns were due to new import penetrdtion. This problem is
qx;cerbated by interdependence iﬁ\the ecbnomy,-which clouds

the link between a broad range of\(domestic and foreign)

"tariff cuts and changes in domestic industry employment.

1

The issues of compensation and adjustment promotion are

\



closely linked in the case of the TAATand similar Canadian
proqrgms such as the, Industry and Labour Ad]ustment'Proqgam
atnd the Automotive Adju;tment Pgoqram. These programs pro-
ﬂvide financial compensbtlon'to those firms and workers who
reloqgte; retrain or rétool {1n the cése of firms) to hadjust"
tb_libéralizaplon. In other cases, notably the textile in-
~dustry, promotion of adjustment to liberalization seems

absent.
,s’

The wisdom of compensating trade affected individuals
is a political ratper than an economic issue. Tying compen-
satidén to effectivewadjustment appears toAbé advisable where
it ié feasible. ?aé fesultshdiscussed below contribute to
the discussion Qf these issueé only in;ofar as they suggest
tﬁatLCQFpensation of the losers by the gainers from trade
lib%ﬁélization‘yggig be pos;ible.

3

I.3 LITERATURE DISCUSSION

i
L]

Parﬁicular attention is given to the afijustment issue
in work by Cline et al. (6), and Baldwin, Mutti and Richard-
son (2) on the impacis of trade pplicy»chghggs in_developed
count;iés. Both studies‘assume that the long-run equilibriﬁm
is attained after a transitional period. Adjustmeﬁt'coéts

are estimated using explicit measures of unemplo?ment dura-

tion and reduced utilization rates for capital.

L

Baldwin et al. (2) consider a 367 sector inﬁut—qutpug




model'of the U.S. Fixed,coefficient intermediate production
is assumed and fixed labour énd capital coefficients. Final
demands by the U.é. for imporfs and export demaﬁds by for- -
elqners‘depend on the gross of tax and tariff commodity prices.
A multilatefal tariff reduction reduces import priceé to U.S.
consumers and increases importvvolumes both direétly and in-
directly through the input—ouﬁput structure. Decreased
tariffs aproad increase the demand for U.S. exports. No full
employment condition is assumed and both labour and capital
_use can rise or fall in respanse to tariff reductions. The
implicit gssumptioﬂ is'that sufficient QE: or underemployment
exists so that increased factor demands can be met from pre-
) ,
viously idle supplies available. Similarly, unemployment
arising from the policy chénge ig treated as an additidn to

the existing pool of resources.

Baldwin et al. (2) identify those industries with con-
tracting aﬁd expanding eﬁployment as a result of any trade
policy change. Théy assume- that expanding employment merely
reduces unenmployment while contracting emp}oyment adds to
the level of existing uﬁemployment. Théy calculate the net
addition to unemployment and treat this as a once-and-for-all

. »
© -~ adjustment cost.l‘ The net addition to unemployment is calcu-
lated as the sum of the net changes in emplpyment by industry
£imes the (sector-specific) 'average duration of unemployment.

The average duration of unemployment varies by sector due to

‘demograéhic differences in the labour force by sector. A

’
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similar treatment 1s adopted for capital, with the net con-

traction of capital assumed to be idle for 18.5 days on a

- once-and-for-all basis.

Baldwin et ali (2) calculate static welfare gains accruing

to the U.S. from a 50% multilateral reduction in tariffs.

They discount the flow of welfare gains accruing ‘to the U.S.
.from a 50% multilateral reduction in tariffs using a 10% dis-
count rate and conclude that the value of the long-term gains
to the U.S. from such a policy change is approximately $1.1
gillion using 1967 data. Their estimated adjustment cost 1is
$0.037 billion, substantiall§ less than the discounted wel-

i L4
fare gains. .

A}

Cline et al. (6) use a similar structure to that of
Baldwin et al. (2) but simultaneously consider all 11 OECD
countries plus the rest of the world, linked throuéh foreign
trade. Thus, rather than explicitly writing an export demand
function for thg,U.S., export demands are generated from the

import demandé of the other countries in the model.

The impacts Qf'trade policy changes are evaluated with
or’without consideraﬁioh'of exchange rate chénges ﬁecessary
to maintain the original trade balance inieacg country. The'
appropriateness of exc¢hange rates in a model'of,tﬁis type
has beeq questionéd by whalley and Yeung (QZ)g fhey‘argue»‘”

that the calculated "exchange rates" hawve little in comman

. L with financial exchange rates. As in Baldwin et al. (2), no

\
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full employment conditions eklst and total factor employments.
change 1in response to trade po£1Cy changes. Although total_ 
factor income changes as a result of liberalizatiop, this is

got reflected in the welfare célculations presented by either

Baldwin et al. (2) or Cline et al. (6)-.

Uging an international price—takinq'fofmulation fO; each
country, they evalqaté'the‘net‘gains to eqchicogntry from
participation in the proposed Tokyo Rbund,tariff reductions.
Amoﬁg the géses they consider is the full U.S. tariff-cutting
aufhority (effectively a«60é multilatéral‘tariff~cut). For
~this case they evaluatejthé long-term welfaré gains and the
short—run'édjusgment costs."They reacﬁ>a siﬁilar conclusibn‘
to Baldwin et al. (2), in that the adjustment costs are smali

" compared to the welfare gains, but the absolute measures of

both gains and costs are much higher in Cline et al. (6)

In egtimating adjust&ent coéts, Cline et al. (6) con-
sider only iabour adjustmént‘costs,land capital feallbcations
aré ignored. Unlike Baldwin et.al. (2), they do not calculate
the change in unemployment. Cl;ne et al. {6) calculate the
sum of incfeases in émploymeqt for increasing sectors(and
the sum of decreases in employﬁent for decreasiﬁg sectors
ané use £he largest of these t@q as a ﬁeasuré of the value
of ldabour reallocated. ASince full employment is not assumed,
either of these may be larger. The adjuétment costs aré then
qalculated, citing Bale's (4) estimate of a mean danploymént

duration of .31 weeks for trade displaced workers under the



’
Kennedy Round. The combination of duration and labour reallo-

" cation (in value }erms) leads to an estimate of the adjustment
costs of approximately $0.61 billion, almost twenty times the

cost estimate of Baldwig#;t al. (2. ~

To estimate the discounted present value of the welfare
gains, they generate an annual welfare gain estimate in a
similar way to Baldwin et al. (2). This estimate is then
multiplied by a factor of 5 to reflect the ratio of "dynamic"
to ".static"2 gains. They ﬁhen discount these gains at 5% to
provide an estimate of the present value of the welfare gains
to the U.S. from a 60% multilateral tariff cut. Their esti-
mate is that the U.S. would experience a welfare gain of
approximately $49 billion, almost fifty times the calculation
of Baldwin et al. (2).

¥ -
Deardorff and Stern (3) use a'multi;country‘model to

evaluate the effecty of multilateral tariff liberalization.
They assume that nominal wages are rigid in the short-run,
and calculate the change in employment resulting from libera-
lizaﬁion. Their best guess is that the U.S. would suffer a

reduction in employment of 20,400 workers as a result of a
)
50% multilateral tariff reduction.

a
Contrasting with these results, Whalley and Wigle (21)

find that walfare losses accrue to the U.S. from the 50%

. -

multilateral ta;iff cut. The annual welfare effect is es;imated

to be in the range of $1.1 billion to $2.9 billion, with labour
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adjustment costs of an additional $.36 billion3. This result
is true in all formations studied. Thé i—bloc model is used

~ .
under three alternati equilibrium assumptions:

-

1. Long-Run (Re locétiqn'Cost)
L]

2. Rigid Wage

3. Specific Factors

The long-run equilibrium soluticn, corresponds to the

\
usual equilibrium assumptions used by Whalley (lé). All rela~
.tive prices are fléxible and capital is internationally immo-
bile but mobile‘between industries. Adjustmént costs in this
case were calculated as foregone income to workers tempora-
rily displaced as a result of trade liberalization. Employees
who move between éeétors are éssumed to be unemployed for 31

weeks, using Bale's (4) estimate of the average duration of

unemployment for U.S. tréde displaced workers.4

TABLE 1: Welfare and Adjustment Calculations: Selected Studies of
Multilateral Tariff LibergJization

Study Annual Pregent Adjustment -Ratioc of Net
Welfare Value Costs Welfare to
Gain . at 5% Adj. Cost

Baldwin,Mutti .18 . 3.6 . .07 51

and Richardson

(1380) -

Cline,Kawanabe, 2.80 , 56.0 .70 8o X

Rtonsjo and : » o

Williams (1978) :

whalley and -1.07 ct -21.4 : 2.20 ~-10

Wigle (1985) '

(Long=Run) : N

Note: All calculations are presented in Billions of 1977 U.S5. 3.
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‘The welfare losses calculated for the U.S. in all three
Whaliey and WiglgsCUJ férmulations reflect both deterioration
in the terms of trgde and changes .in factor incomes resulting
from libéralization. In the case of the rigid wage calcular-
tions, income losses due‘to‘unemployment‘are an important
contributor ta'the calculated- welfare losses. The\calcula-
tions in Whalley and Wigle (21) focus on adjustment in the
U.S., hence the ;ntroductiqn of the shqrt—run formulations
to the U.S., alone. Thg results of the. alternative formula-
tions. mentioned above are presented in Table 2 along with some
alternative calcuiationé for both Baldwin et al. ?E) and
Cline et al. (6). Tablé é also presents the calculated wel-
fare and unemployment effects of Deardorff and Steérn (38)

‘which lie between those of Baldwin et al. (2) and Cline et

al. (8).

TABLE 2: Alterhative Welfare and Income.Loss Calculations

Study - | Formulation Annual Welfare Annual Income
. Change Loss Due to
. , Unemployment

" Baldwin et  Treating addition .11 - .07 .
‘al. (1980) . to unemployment as ' -

: . permanent -

Cline et Treating addition to - 2.10 .70

al.(1978) unemployment as L .

) permanent,

Whalley & Rigid Wage -2.90 )' 1.10

Wigle(l985) Specific Factors -1.53 N.X. .

Deardorff’ Rigi& Nominal Wage 1.20 .31

and Stern .

'(1979) ,

Note: All calculations are in Billions of 1977 U.S: S.
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Whalley aﬁd Wigle (21{ conclide ;h;tjshort;run adjustment
costs may be larger thap pfeyipuély gxpectéd, a;d that the. .
short-run gains éo'tLadé liberali}agipn ﬁay be, sméiler ;haﬂ
previously thought.5 They glso:find (as in other»&ork by

Whalley) that significant factor reallocations occur between -

the traded and”non-traded sectors. - ' _ . ”_“‘

1.4 THE MODEL-

I.4.1 Thumbnail Sketch of Whalley 's 7-Bloc -Model of
World Trade .

\\ The formulations used to model shortsrun responses to . ’ ‘
. - - .

liberalization are introduced into Whaliey's (19) model of

- N .y

world -trade. Seven blocs are modellea, and the§'trade in

. five commodities. There’is a sixth non-traded'commodity. The

model” adopts. the Armlngtqn structure, assumlng that products
pr0duced in different regions are qualitatively dlfferent.

The regions modelled are the E.E.C., the Pnited Stétes, Japap,

)

ather developed countries (0.D.), O.P.E.C., newly -industria-

lized countries (N.I.C.) éﬁd less' developed countries” (L.D.C.) .

. } ' ’ . Q
~The six commodities are (i) agriculture and food (Ag &

Food), (i1i) mining, (iii) énergy, (iv) non-mechanical manu-
faéturing (M1), (v) equipment and vehicles:(MZ) and (vi) ser-

vices "and ndn-traded.

The model is calibrated to a 1977 micro-consistent data
< ‘ -
set using best guess estimates of the important trade

N i . —
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elasticities prcovided by Harrisoh (10). and estimates of the

elasticities of capital-for-labbur substitution estimated N

"for some related work (see Appendix B). ‘ -

.
7

; Pr duction ekhibits'congtapt returns to scale, with sub-
stit&;:§n~in intefmediate use_and‘betwéen the two non-
_éroduced factof$ capitalL(K) and labour (L). Production and
utiiity funétions are CES. # . ‘
froducers in each Bloc are assumed to maximize profit
'givep produce;(prices,of>output ahdﬂinputs. Consumers, are
assumed to maximize utility.giQen'consumer priceé and in-
comes, the lattef depending on‘the input pricés and applicable
factor taxes. iﬁe‘supplies of K and L available to each

region are fixed.’ ~ . ~
Whalley computes -a. long-run eqdilibfium.of‘tbe model 1in
which four .sets of equilibrium conditions hold:

" (i) Supply equals demand for all-gOOds.

(ii) Supply -equals demand for aill factors.
(iii) 'ExceSs'profits are_Zerb.
(iv) *Ail blocs' external balances are zero.

. The mpdél is-described in gieéter detail ‘in Appendix A.

Whalley (19) gives an extensive'specificatioh'of the model.




I.4.2 Modelling of Short-Run Adjustments ‘ - . -

The two short-run formulations anaiyzed here- and in
Whalley and W1gle (21) correspond closely to the thgoret;cal
models of Brecher (5) and Jones (11) respectlvely In these
models, short run adjustment is hampered by "price" and "quan-

tity” rigidities respectively.

Brecher (5)6 assume5s that real wages (parﬁiculgrly as -

/

measured by the wage/rental ratio) are downward rigid in the
short-run. This riéiéity may be attributable to.mi;imum
wages, unions‘qr lohgfterm'qonﬁracts. 'in the presence’ of
this "price" rigidity; changes in trade éolicy which would
otherwise‘leadlto reductions in fhe'que/rental ratio lead

to endogenous unemployment.. - o

The rigid wage solution ﬁs'combuted,on %he,assumption
that the real wage measured in terms "of the marglnal product
of capital cannot fall belaw the value assoc1ated with the

pre—pallcy equilibrium. *If wage.rlgldltles exist because

’

workers attémpt,to.maintaiﬁ theirrgarnings'relativé to other
incomes, the choice of a downward rigid wage/rental ratio is

particularly appropriaﬁe to the 7-bloc model since there

. -

-are only two sources-of factor income, capital and labour.

’ Té solve for a loné-fun equilibfiumiof his world trade

'

quel,'whalley kl9) searches.for a set of factor pfiées and

government-to-consumer transférs which lead to equilibrium '

-
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in all factor ana output msrkets and a balanced budget. Given
the wage rate (W;).aed rental fate (Ri) paid in each region
(i), and alivappliéable factor taxes} the producer's factor
cost per unit ~and pef‘unit factor requirements can be calcu-
lated. Given.this plus the input-output strueture, the equiliﬂ
- brium (zero‘proflt or cost- coverlng) prlces can-be computed

and thus the consumers’ prlces. Consumer incomes are calcu-

lated simply, given Wi’ Ri and the transfer passed tg -con-

-sumers in each region (T.) as:,

, y. = .19+ R,k + T, oL (1)
I S S S S A i - - ST
Li and Kg representﬁthe endowment of labour and capital}
respectively.
The. consumers maximize utility giGen'income‘Yi. This
leads to final demands xi for:good (jf by consumer (i). Total

-demana"fé; goods (and thus industfy activity levels, qi) can

_be calculated as: . N

o= t-mhx T (@

v [

Y

, where Q(X) is the Vector of 1ndustry act1v1ty levels (flnal

demands)c Iis the 1dent1ty matrix and A is the lntermedlate

requirernts matrix. - . -

The total demands for féctors correSbonding to a given

vectbr (W,, R R,, T 3 can be calculated by

ll ll '.' 7' 7!
multlplyﬁng the per unit factor requlrements by all 1ndustr1es
.k .



in region i by the industry activity levels.

[}

d .

_ 3 N R . - - N '
K, jilqi k3 S . (3) )
6" . ! ;
d _ 3.3 - C
Li = ji qiii , e S 14

1 - )
, where ki}Qi) are the per unit requirements'of capital

(labour) and K?(L?) aré the total demand§'for capital (labour)

in region i. The excéss demands for XK and L are written:

2K = xd _ g° ‘
1 1 1
! (5)
A Rl
1 1 1

’

The final excess demand is an excess demand for trans-

B fers, and equals the excess of total goveinment receipts of
taxes and tariffs over the transfer used originally (Ti) to
generate ‘consumer income in theuregion..

. a

- i ) ‘ TO'sﬁlve for a figid wage equilibr;um, an artificial
wage Qariable‘k¢?) replaces the wage rafe on the unit éiméléx.
This "wage" variablg is interpreted differently dgpending on
.whether.theA;wage"/rgqtal ratio exceeds its original'valuel'
In the case that the wage/reﬂtal ratio exceeds its original
f&alue, the same steps as before are used to evaluate the
excess demands for factors. I1f, however, the "wage"/rental
(¢?/Ri) ratio in one bl;c is less than its original 'value,

the wage raié W_i assumed to #révail is equal‘to thgrnew rental

rate times the old wage/rental ratio. 1In this=case, it is




¢

necessary to know the unembloymént rate to éaldulate[total

incomeé. This unemployment rate,ui is determined from ¢? as

.

foilowé:
@‘I ii .
u, =1 - [+ ()] ' - (6)
. L ) 1 : )
(Wi and‘ﬁi are the original wage and fental rates.). As can

5 be seen, 1f the Qage'rental rate is ﬁnChanged{'the unemploy—

i

ment rate is zero.

., Total income is calculated similarly to before, .as:

“ _ W _o o) o T
i T e by R T : ~ (.

If the rigid Qage'is;binaing; some bnemployﬁent ig assgmedtipj.
the éaicu}aﬁion of Fotai_lncomé,‘and as a result the calcula-
tion of -excess demands for labour are also cpanéedf, The ‘
factor demands aré calculated exactly as béfbre, d;ipé ¢? as
Wi\if (¢?7Rii‘is greé;er Fh;n (W?/ﬁii,&and ug%ng‘RL.pimes

- ; ‘ (Wi/ﬁi) as W, if not.- The excess de@and for labou?‘és cﬁapged
howevefAsince the exceSs.demand for "employed laboﬁr”,must_
now be calcuiatéd., Theséxéesé deﬁaﬂds fo;'fécﬁorg‘cén be’

written:

o _ .4 .o, W
w =1 - - -
’ . (5")
-— d_ -
ZK = Ki K

!
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wage formulation binds in some blocs amounts to solving for

an equilibrium level of unemployment in'ﬁhose blocs, given

a fixed factor price. This amounts to finding a vector
¢ W . : :
(@l, Rl’_Tl' cesr gy R7, T7) at-which the excess demands for

factors defined by (5') are zero,.énd the government budget
balance condition is satisfied,7.-Note that the incomes

generated will reflect losses due to unemployment;

Policy changes that woﬁid otherwise depress the wage/
rental ratio have the effect of generatihg endogenbus unemploy-— .

ment. - ’ S

The speeific factors‘formulatibn is similar to the Jones
(ll) specific caprtal model.8 In theCHeckscher-Ohlin model,
capltal is assumed to be lntersectorally mobxle but  interna-
tionally 1mmob11e In Jones s model capital is assumed to

-

be speclflc 'td its current 1ndustry of use. If a major effeét
* of the trade pollcy is to reallocate factors between industries,
then a ‘major portlon of the adjustment to freer trade is pre-

cluded,ln a spelelC capital model. The potential gains from

-increased 'specialization may also be reduced.

In the specific factors formulafion, capital is assumed
. to be 1mmoblle between: the primary and non- primary 1ndusfr1es.
. Type 1 capltal is moblle between the agrlculture and food;

mlnlng and energy 1ndustr1es, whlle type 2 capital is mobile

_ between the manufacturlng 1ndustr1es and the service and

construction 1ndustry. . The Sp€lelC factors formulatlon is
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solved by using an added elemgnf on the simplex to .correspond

to a rental rate for each new type of capital introduced.

1.5 THE EFFECTS OF MULTILATERAL TARfFF REDUCTIONS

The effects of three trade policy experiments have been
. .
evaluated using the extended short-run formulations described

above. These include:

»

(i) a 50% multilateral tariff reduction by the developed
blocs (E.E.C., U.S.A., Japan and the other developed
"bloc) on all pf'their imports:.9

(ii) a 50% mﬁltilateral‘tariff reduction by all blocs on
all of their iéports.

(iii) neutral technological change.

Y
Evaluation of the effects of neutral technological change

.

was undertaken to contrast the size of these reallocation and

unemployment~effects with those of the multilateral liberali-

.

zation expériments.‘ Although others have repeatedly made the
point that trade policy éhanges have a relatively' small im-

pact on unemployment and employment, the point has not been

investigated In a short-run numerical model.

Real growth in national income over five years of the

fl

" blocs considered was attributed to factor-and product neutral

[}

technological change, where the rates of change differ by }

region only. The rates of growth used are presented in

-
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Table 12 below. The five year period was chosen since multi-
lateral»tariff Euts such as those modélled_hefe have been
prhased in over at ieast'five‘years_ih the past.

1 . o -
3 ‘o

I.5.1 50% Multilateral Tariff Reduction by Developed Blocs

. . P
The welfare -and terms of trade effects of a 50% multi-

lateral tariff reduction by developed countries are reported
in Table 3 for the long-run equilibrium and the rigid wage

formulation (in the U.S. alone). These resdltsidiﬁfer some - -

¢

what' from earlier results in Whalley and wigle {21} due to-

the use of revised elasticity estimates.

“,

TABLE 3: 50% Multilateral Tariff Reduction by Developed Blacs

Long-Run Rigid Wage Formulation in U.S.
Welfaxel Terms of Welfare Terms of

Trade? A Trade
E.E.C. -.21 -.40 -.20 -.40
U.s. -.99 -.62 -2.5%4- -.61
Japan .84 .84 .84 .. .77
O.Dev. 1.06 .05 1.04 .04
O.P.E.C. .23 .04 .22 .03,
N.I.C. .50 .25 .49 . ' .25
L.D.C .26 .11 .25 .11
World 1.69 .10

ak

Reported as Hicksian EVs in billions of l§77 U.s. é.
Reported as the proportionate change in the commodity terms of‘trade.
‘ ~
As with other models of this type, the long-run solutign

suggests that the U.S. would lose from a 50% multilateral

tariff cut by the developed blocs.10 Otﬁep modeéls with

’
\

“. ! - ) .
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constant returhs to scale technology and endogenous relative
commodity prices also generate deterioration of the U.S.V
terms of trade. -Since tariffs are'primarily on manufactures,
tariff reductions lead £Q an improvement in the terms of
trade of countries who export primarily manufactures in ex-
chaﬁge for agriqultural commoditiés. The same logic helps
.explarn ﬁhe deterioration of the U.S. terms of trade in both
cases. Two notable differences exist between the two formu-
lations 1in Table.B. First, the U.S. experiences dramatically
largér welfare losses. Second, the Qorld (éum of the EVs)

experiences a dramatically reduced welfare "gain.

The reduced aggregate gains and increased welfare losses
by the U.S. are largely attributable to inqomé losses from
unempiqymeht. ‘In response to liberalization, a ve%? sﬁall;
amount of unemployment woﬁld occur in the U.S. (léss than-

one tenth of one percent) but the correspondingnincomé loss:

.’ ~

is $1.1 billion. This accounts for most of the difference
between the two columns of welfare effeqtsﬂﬁ

"

ATéble 4 presents the labour a@justment figures for the-
long-run and rigid wagé férmﬁigpién (U.S. only). Most notéble.
is the fact-that such a émall proportion of emplo?menﬁ moves.
between seetors in any of the blocs inﬁrespbnse'to these
tariff reductions. Less than 1 in 1,000 workers would be
required to move between sectors. fhé sméll size of theSé

reallocations is not so surprising given the relatively low



TARLE 4: 50% Multilateral Tariff Reduction by Developed Blocs

Labour Reallocation and Unemployment

-

b ’ .
llonq—gun Rigid Wage (U.S. Only)
.1 1 3

Labour Reallecation _ Labour Reallocation Unemployment
E.E.C. .10 ' ’ 10 ) }
u.s.. T .08 - . .07 (-.16) : .09.
.Japan .03 ) .03
O.Dev. .06” ) .06
O.P.E.C. . .01 s ; .01
N.I.C. .01 .01
L.D.C. . .06 . . .06
1 % of- employment which reallocates between sectors,
2

For the U.S., since the rigid wage blnds,<emplgyment expands in in-

creasind sectors by .07% of total employment, ‘while. employment falls,

.in .declining industries by .16% of tobal employment The difference

between these numbers accounts for a $1.1 bllllon direct income loss
. due to. unemployment :

% of employment-whlch become unemployed ‘as a resuLt of trade Iibera- .
lization. - ~,'-

- >

level of tariffs. 1In the case of the U.S., when the rigid

\ T

wage formulation is present, the sum ,of the decreases in em-

- 2,

ployment by declining lndustrles is more - than twice. as-large -

- v
« §

as the sum of increases in increa51ng.1ndustries.n -

- -

I.5.1.1 Extensgion of Rigid Wagé'Formuiation

! ‘ : S oL, e
Extending the rigid wage formulation to other blocs had -

virtually no effect on the weIfare,effects of a 50% multi-
lateral tariff reduction. This unexpeoted result i's due to
the fact that the real wage rigidity does not c‘rse signifi-

cant unemployment in any other of the trading blocs. It was



expected that it might bind in at least one of the other

developed blocs. In fact, the rigid wage dia not -bind any-

where other than ‘tif U.S. (él.l billion'ihcome loss from

o

unemployment). In the less developed bloc, the demand and

supply of labour are eqguated with no ﬁnemployménp at the
original wage/%enﬁal rate.. T%is highlights two features

of this modelling approach. First, unémploymehé‘neéd not
'ocdur in all the blops'where‘thg @pwnward wage rigidity 1is
present. In the simple.two—?y—two—by—two variant of this
model with identical productidh technologies, we would ex-
pect one bloc to experienceJ&neﬁpioYﬂept as a result of
lib;réliéation._ Second, theleffecks of the bindinénwage
"rigidity afe largely confined to the bloc wéfre the rigidity
binds. fhis i9*highligﬁtea in Tablé 5 where alternétive
configufétiopsrélvﬁhe rigid wage formulation Were considered.
fhis'ié true- of both Welfa;e éffects and fattor reallocation
effects.- The labogr aliocation effects for the case ‘where
the rigid waggifbrmulation ié preséent in all blocs~aré iden-

tical to column two of Table 4.

The policy implications of resﬁlts from the "extended"
" model are identiéal to those of the original work. If
:policymakers‘weiéh short-run coAcerns most heavily, and real
wages are rigid, there may be little incentive to engage iﬁ
multilaterél cuts oé the type detailed here. 1In the rigid

wage wersion, there are NO gains that can be divided among
- -

-

, | | S K |
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TABLE 5: 50% Multilateral Tariff Reduction by Developed Blocs

f

- : 1
Welfare Effects

o T ] 4
.,Lonq—Run Rigid Wage Formulation }n: .

T All Developed Developing -U.S.

Equilibrium .

Blocs Blocs Blocs
E.E.C. -.21 -.20 -.20 -.21 --.20
U.S. -.99 -2.%54 | -2.54 . =.99 . =2.54
Japan .84 .84 .84 .84 .84
O.Dev. - 1.06 1.04 1.04 1.06 ‘ 1.04
.P.E.C. .23 .22 .22 . .23 .22
JILC. .50 .49 .49 .50 - .49
.D.C .26 .24 .25 .26 .25
World 1.69 .10 .10 1.70 .10

b

Welfare effects are reported as Hicksian EVs in billions of 1977 US S.

v

-

the developed countries. (The developéd countries as a group

experience an annual welfaré loss of $860 million per year as

long as the wage rigidity is present.)

«

Methods discussed in detail in Egsay 11T wefe used to
evaluate the sensitivity of the results to respecification
og the model (in terms of its elasticities). The procedure,

briefly, involves solvingAthe model many times for different

.reasonableé values of the elasticities 'of interest. The re-

»

sulting mean is a weighted average of solutions corresponding
to elasticity configurations at varying distances from the

means. ' A /
L}

/

The point estimate of the world annual welfare gain is
4 o
\ .
very clgse to zero, and systematic sensitivity analysis

-

suggests that the‘expected world annual welfare gain is indeed



negative (although' very small). Systematic,K sensitivity re-

sults for the welfare results are presented in Table 6.11 )
TABLE 6: 50% Multilateral Tariff Reduction by Developed Blocs
. Ce - 1,2
Systematic Sensitivity of Welfare Results
' Rigid Wage Formulation in All Blecs
Point Mean Minimum Maximum Probability
Estimate Value Value - of Gain
E.E.C. -.20 .40 -4.12 2.68 .39
Uu.s. ~2.54 .72 -6.53 .17 .00
Japan .85 .77 -.14 1.38 .99
O.bev. - 1.04 1.32 -2.94 6.47 .75
" O.P.E.C. .22 .16 .-.33 .38 " .89
N.I.C. b .45 -.32 1.02 .98
+ L.D.C. .24 17 +1.84 .B5 .73
world .10 -.26 -3.22 1.39 .43 .

1

Results of a Pagan Shannon interpotation of a

systematic sensitivity analysis on the import
E.E.C., U.S., and O0.D. bloc, and the commoh export price elasticity.
The maximum perturbation is 1.4 standard errors.

5 value unconditional
elasticities for the

Reported as Hicksian EVs in billions of 1977 U.S. $.

I.5.1.2 Extenéionref Specific Factors

-

The effects of a 50% multilateral

the developed countries were evaludted

factors formulation, first in the U.S.

.

Formulation

tariff reduction by
ﬁsing the specific

and subsequently in

»

all of the developea blocs. The results .are presented below

in Table 7. The most striking observation is the small im-

-paet of introducing and extending the specific capital for-

mulatiomn. Exténdiqg tﬁé specific capital formulation does

reduce the welfare gains from the multilateral reductions

by less than $}/3 billion.. The émall—impact of the specific

A\ Y

27
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TABLE 7: 50% Multilateral Tariff Reduction by Developéd Blocs

Welfare Effectsl

Long-Run - Specific Factors Formulation
Equilibrium . In U.8. -. In All Blocs
E.E.C. -.21 . -.25 -.07
U.s. -.99 -.96 -.94
Japan .84 .87 X .79
'0.Dev. 1.06" 1.08. - .+ .58
0.P.E.C. .23 .23 . .24
N.I.C. - .50 ; .51 . .53
L.D.C. ~26 : .25 ' 126
world : 1.69 * 1.70 1.40 °
. . ) . 3 ’ ’
Terms of Trade ‘
E.E.C. © o -.4Q T -.43 , -.38
. U.S. i -.62 ' S -.64 . - Tt o-l62
Japan .84 . .81 o W79
0.Dev. - 05 .05 . - -.05
0.P.E.C. .04 . .03 ‘ .05
N.I.C. .25 .26 : .28
* 'L.Dh.C. . .11 ] . .10 ' J11

1 Welfare effects reported as- Hicksian EVs in billions of 1977 U.S. $;

capital formulation is im line with earlier findings by

Fuiierton (8)'who finds'that welfare gaiﬁs to corporate tax

- integration in the U.8.. are decreased by 3% by the implemen- -
- tation of sector-specific ¢apital in a dynanic Sequeﬁcing 
. T ' . ,

framework.

- . -

The terms of trade were vir;uaily unaffected by the ex—v!

e - tension df'the specific capital formqlatibdi

»

R

.

©I.5.1.3 Summary

Extending the short-run formulations studied in Whalley .-

:




all of
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i

and Wigle (2]1) has very little impact on ‘the evaluation of

"the effects of the 50% multilateral tariff reduction by the

developing countries. 1In the case of extending the rigid:

- wage formulation, no unemployment is . caused in, other blocsi‘

In at least\this,case, extension of either short-run formu- ..

lation doegyndt éhange the policyfimpiications cf the analysis.

-

I.5.2 50% Multilateral Tariff Reduction By All Blocs’

’

The consequences of extending the rigid wage formulation
are pronounced for the-evdluation of a S0% muttilateral

tariff ;eduétioh.by all blocs, In the qugjruh solution,

\

the developed blocs gain frOm'worldwide t§€gff‘redné—/

tions. These gains are sizable,.but are.partially offset

by large losses in the developing world. The L,D;C, and

N,

N.I.C. blocs'sﬁffer welfare losses for two reasons.' First,
the develobing blocs have sﬁbstantially higher average tariffs

so that a 50% cut implies a larger absolute cut ;ﬁ tariffs.

‘Secondly, the exports of the developing blocs are relatively ™
hkigh in non-manufactures. As before, since tariffs are

largely used against manufactures, ﬁhg terms of trade effects

.¥esulting from liberaliiation also go against these blocs.

The welfare and terms of trade effects are.unchanged
by introduction of the rigid wage formulation to the U.S.
alone. This .occurs since the rigid wage does not bind.

b4

Extending the wage rigidity to the .developed bloc¢s (E;E.C.,

»
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TABLE 8: 50% Multilateral Tariff Reduction by All Blocs

welfare Efféctsl - ' ' ) .- T C o
: o igid Wage F ion in:
. Long-Run Rigid éqe ~O{mulatlon }n . :
Equilibrium All Developed ) Developing
| 4 : Blocs - ' Blocs. + Blocs
. - E.E.C. . 10.27 9.93 ", 10.27 . 9098 .
- . U.s. - o © 3,39, 3,19 S -, 3.39 3.25
Japan - 6.11 5.92 6.05 T5.97
O.Dev. 2.36" 2.17 - 2.31 211
O.P.E.C. 3.00 2.40 3.00 . 22,907
N.I.C. -8.29 -13.00 -8.23, -12.86
L.D.C. -5.90 -9.21 -5.86 -9.12'
World . 10.94 1.40 10.90 2.20 L

! Reported as Hicksian EVs fn billions of 1977 U.S. S.

UVS,J_Japan, ahd OD) leads to a trivial changg_in‘?he welfare ﬂ‘-
é fects'genéréﬁea;;_This is due to the fgct that‘the rigid -
waée binds only' in Japaﬁ and there it leads to ﬁnemploYment o

bfyohly .01% of éﬁployment. . The results chanée dramaticallyA'

when the developing blocs are subject to the rigid wagé for-
" mulation. _In this event, the évaluation_of-the 50% global
cut is‘drématiCallyAaitefed. Total world welfare gains are '~

reduced from almost‘Sll billion to less than $1.5 billion.

and the welfare losses aécruing_§ovghe déyelbpingib}écs are
inéreésed} " The direct income Iéss agtributable‘to'Unemploy— »
ment in therN.I.C.'bloc is'alﬂost’$ﬁ.billionJ5nd éhis>¢bcbun£s
for_most of “the ingféased{welfaie iqss:td that bloc. ‘Simi—;: .

'larly, ihcohe‘lOSSés‘due fO»unemploymbnt in the'L.b.Culbloc

of $3.5 billiqp are very close to-the différéﬁce in weélfare

effects between the rigid wage and long—run'fofmulation;

5




The terms of trade effects are not very sensitive to the

labonrlmarket»formulation. Térms’of~tfade in the L.D.G. and

~

.C. blocs deterlorate, partlally ‘due to the fact that
(ffs in these blocs are substantially hlgher than in the
. developed blocs.

For the purhoses‘of analyzing the’effecis of a,élobal'
50% tariff reduction,fthe important feature is Fhe.modelling
of the developlng bloc labour markets Obvlonslyf it is
only 1mportant to have the- rlgld wage formulatlon in those

blocs whlch experlence a reductlon in the real wage as a.

P

result -of the tarlff»outu Perhaps less. ObVlOUSly, the
effects of the se rigidities are largely confined to the

' region- where the wage binds.

‘A clear pattern emeraes ln the,labouf'reallocaiion
lfléures (Table 9) » In the case.of the long run\equlllbflum,
the amount by whlch employment falls in” decllnlng 1ndustrles
is exactly equal to the amount by whlch employment 1ncreases.
~1ntexpand1ng 1ndustr1es ( l3% of the labour force for the
Ulé.l.» If the r1g1d wage blnds, thls need not be the Case.
In all cases Wwhere the rlgld waqe blnds, the sum' of decreases
_ln’employment 1n,declln1ng xndustrles is larqer under ‘the
.>Tlgld wage formulagyon than in the .lomg- run equlllbrlum

\

81mllarly, the sum of increases in: employment in expandlng

industrles is smaller under the rlgld wage formulatlon than

in the long run equlllbrlum
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TABLE 9: 50% Multilateral Tariff Reduction gxihll‘Blocé

1 1

. . o 1 ! . o a
Labbour Reallocations and Unemploypent Effects’

~

G w

- “Long Run . Rigid wage Formulation in- All Blocs',
Equilibrium . S o C
Labour . Labour Reallocatioh U ratez Income Lbss3
Reallocation -
\E.C A1y .13
S. .13 .13 : . . .o

Japan .10 .10 - .01s, o4’

0.Dev. .08 - .08 - .

0.P.E.C. L350 v , 35, , o .

N.1.C. .23 - (+.05, -1.75), . . 1.7%. 3.96

L.D.C. .23 ] R (f.lO, -.66) . L .6% . 3.54 A

1

‘Measured as percentaye of total labour.férce which changes. sectors

as a result of trade liberalizatien. . .

. ) N ] T

Ratio of unemployment to pre-policy employment.

3 In uls. Sbillion 1977
4 . ‘ . . - - .

.In cases where the rigid wage formulation binds, the increases in
empldyment 1n expanding industries will be less. than the ‘feduction
‘in employment in declining industriés, In these cases both figures
are shown. : 7 L.

The obser&gd pattern of labour reallocations-is easily

understood if we think in terms of the simple supply ‘and
demand analysis in Figure I. )

5

0!

demand in'a typical contracting sector leads to reduced employ4'

If the economy-wide wage were rigid at W a reduced

ment of Lg - ﬁi, which is greater than the reduction in emp;qy-‘

‘'ment when the wage rate falls (Lg-Li).

increased ‘employment in a typical expanding'Sgctoi/is larger

'In a similar -way, the -

(L?—Lg) when wages are downward erxile:phah when they aré .- .

downward rigid (ﬁ?—Lg). ' . o cLs

4 1

v
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Typical Expanding

Typical Contracting'
. " Sector

-Sector

FIGURE I

) Systematlc sen51t1v1ty analy51s of these results sug-=
gests that the qualltatlve story associated thh extending
the rigid waqe formulatlon is not sen51t1ve to reasonable
- re- specxflcatlon of the elast1c1ty structure of the model
(see Table lO) One poxnt ls emphaSLZed however: ‘the galns
"to the world from llberallzatlon are dramatlcally reduced

to the 901nt that the expected worldwlde galn (ln the short—

,run) is very,close to zero.
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1.5.2.1

TABLE 10: 50% Multilateral Tariff Reduction by All Blocs

e 1,2
Systematic Sensitivity Results’’ .

Rigid Wage Formulation in All Blocs

Point Mean Minimum ' Maximum  Probability
Estimate value Value of Gain
E.C. 9.93 "9.92 3.15.° © 16.49 1.00
s. -~ 3.19 3.06 .48 5.19 1.00
Japan 5.92 5.86 4.57 &85 1.00
O.Dev. 2.17 2.76 -3.65 7 10.98 .88
0.P.E.C. 2.40 . 2.27 ¥.42 2.67 1.00
N.I.C \~-13.00" =-13.49 -18.54 -9.73 .00
L.D.C -9.21 .=9.61 -15.12 +~5.32 .00,
World 1.40 .77 -7.79 7.17 .64
1

Results o§ a Pagan Shannon interpolation of a 5-value unconditional
systematic sensitivity analysis on the import elasticities for the
E.E.C., U.S. and O.D. bloc, and the common export price elasticlity.
The maximum perturbation _is 1.4 standard errors.

Welfare reported as‘Hipksian EVs in billions of 1977 U.S. §.

T
‘ . -

.

Extehsidn of Specifig Factors Formulation

The éffects of a 50% multilateral tariff reduction by

«* .

* all blocs waé also evaluated using the ,specific factors for-

'muiaéiop‘in'the U.S. alone ‘and subsequently in all of the

+

- developed blocs. Thése.results appear in Table ka,'ﬁé in

~the case- of the multilateral tariff feductioq-by.the deve-

loped .blocs, the effects of the épecific capital formulation
A3

~are small on both welfare effects and the terms of trade.” = .#=z’

» o

R o ) . '
Once again, -this result suggests that the specific factors

fqrmulation,hqs limited impact on the evaluation of trade

poliby experiments.

Y
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TABLE 11: 50% Multilateral Tariff Reduction by All Blocs

Welfare Effectsl

-

Long-Run ) Specific Factors Formulation
Equilibrium ) ‘In-U.S. In All Developed Blocs
; e
E.E.C 10.27 10.26 9.96
U.s. 3.39 - . . 2.87 : 3.10
Japan 6.11 6.15 5.59
0.Dev. 2.36, 2.45 2.48
0.P.E.C. 3.00 3.00 . 2.96
N.I.C. -8.29 . -8.33 $ -B.26
L.D.C. -5.90 -5.94 -5.86
World 0.9 - 10.60 -~ 10.00
Terms of Trade
* '

E.E.C. 5.33 . 5.39 5.38 .
U.S: 2.45 2.32 . © 2.45
Japan 8.43 8.51 . 8.24
Q«Dev. 2.78" 2.86" 2,95
0.P.E.C 2.00 1.99 : 2.01
N.I.C. -10.08, . -10.13 -10.07
L.D.C.. -9.88 -9.90 -9.86

! Reporteg as Wicksian EVs in billions of 1977 U.S. §. ]

¢

1.5.3 Technological Change

In an attempt to addres$~the issue of the relative impor-
tance of trade -policy and non-trade policy influences on
labour reallocations and adjustment .costs, factor. realloca-

K

tions froﬁ the two multilateral experiments described above
. )

were compared to a hypothetical éxample of technelogical change. -

. . = e -
The technological change experiment evaluated is five

years of neutral technological progress. It is assumed that

‘all of the real growth observed in the blocs in the model was

i L



’

P

.in absolute tér@s:(lesé,than 1/2’of 1% of .those employed

-

¥ . " ~ B . :

O
L]

attributable to neutral technological change in all of.the

"value added" functions. A five-year period was used since

significant tariff reductiens like those analyzed above have
« . -

been staged in over (at least) five years under G.A.T.T.
arradgements; Using neutral technological change will also

’

tend to,underState the size of resulting inter-sectoral re=

allocations particularly if actual rates of techﬂblogical

change differ by sector.

TABLE 12: Five-~Year Real Growth Rates O e
E.E.C. 1.43 R
U.S. 1.20 -
Japan 1.48 ‘
0.Dev. 1,1, ‘
0.P.E.C. T 1.58 . - .
N.I.C. : 1.66 - .
L.D.C. . 1.63

Note: Real growth rates of GDP over “the period 1975 to 1980 were -
calculated from U.N. data {18). . .

» . v .

I3

The,labour reallocations associated with this -techno-

~1ogicaL improvement are compared to those fgém'ﬁhe trade

N ’

policy experiments in Tables 13 and 14.  The 1dng;run allo-—-

cations from the technological change are all guite small

are required to move between industfies). -This is not sur-—

prising given -the neutrality of technologlcal change. " There
is neither factor bias nor product bias in the technologlcal

change. Factor reallocations result indirectly from higher

incomes and associated growth of trade. Due to the differen- '

tial in groyth‘rates,'térmS“of'tradé are also afﬁectéd.l4
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TABLE 13: Long-Run Labour Reallocations »

S0% Multilateral 50% Multilateral Five Years

Reduction by Reduction by Neutral Techno-
Developed Blocs All Blocs ~ logigal Improve-
) ment
E.E.C. .10 R © s
U.S. .08 ‘ .13 . .18
Japan :03 .10 ’ .08
"O.Dev. .06 © .08 .43

0.P.E.C. .01 .35 .39
N.I.C. ol 237" .26
L.D.C. .06 - .23 .15
1

Percentage of employed yequired toc move between industries as -a
result of the experimend considered.

’

TABLE 14: Compariscn of Reallocation and Unemployment Effects
(Rigid Wage Formulation 1n All Blocs) .

l .
‘Reallocatlon Effects : , ; -

50% Mﬁltilatehal~ * 50%\ Multilateral ' 5 Years Neutral
Rgduc:ipn'by ) ‘ Reduction by = - Technological
. Developed Blocs " All Blocs Improvement
¢ E.E.C. © 010 L ca13 ' .18
) u.s. (+.07, -.16)° ,' ‘13 (+.05,- - .55~
Japan . ¥ 03 .10 /*.OQ ‘ )
O.Dev. - . .06 | .08 L.43
0.P.E.C.. .01 ’ .35 (+.31, —.;4)2
; N.I.C. 01" (+.05, -1.75)% (+.21, -.35)°
L.p.Cc. .06 (+.10, -.66)%" (+.10, -.54)°
” ’ . B 1 Proportien of those employed who move betwyeen industries as a result

of t.he experlment

In cases where the rlgld wage binds the + number .is the increase 1n
employment (as a proportlon of total employment) 1n expanding C
sectors, while the - number is the decrease in employment (as'a per-'
cehtage of total empldyment) released by declining sectors. -
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TABLE 14 (cpnt'd)

Annual Income Loss Due to Unemployment
(in Billions of 1977 5U.S.)

50% Multilateral 50% Multilateral 5 Years Neutral
. Reduction by Reduction by Te¢chnological
, - Developed Blocs All Blocs Improvement

E.E.C. 0.00 0.00 ©0.00 ' .
u.s. 1.15 . 0.00 6.50

Japan 0.00 0.04 0.00

O.Dev. 0.00 0.00 . 0.00
O0.P.E.C 0.00 0.00 0.17

N.I.C. 0.00 3.96 0.29

L.D.C. 0.00 3.54 . 2.81

1 ~
- Total 1.15 7.54 9.77 "

“«

'The short-run reallppétions offer a mo?e Eompléx compari-
son, but the reallocation effects of-the neutral technological
. ‘chahge are with rare exception larger than either of the
trade experiments considered. The total income lbs§ due to
Pnemployment‘caused by thé technological change is also larger

than those associated with the trade policy experiments.

) . ¢

These estiﬁated.effects do give supporttforrtﬁe conten-
tion of Krueger (12) énd,F;ank (y) that tradé related issues
have reldtively small impéct on factor reallocations in par-
ticular. At the‘saﬁe time, the "loserg"'(from an unemployment

- boint of GieQ)ifrom trade liberalization may face larger losses

from the trade policy exBeriments than-the technological

. change. This is the case for the L.D.C. and N.I.C. blocs

which suffer substantial income losses from unemployment. as
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a result Of the global tariff reduction.

~

1.6 SUMMARY AND CONCLUSIONS

This essay has extended two alternative “short-run formu-
lations in Whalley's 7-bloc model of world trade. The
original long-run equilibrium corresponds to a flexible price

equilibrium where all of the factor and product markets clear.

- 4

The rigid wage formulation is a short-ruh.eguilibrium concept
. K .
. X o r
reflecting‘%he short-run rigidity in a relative price (here
. o
the wage/rental rate). The spe€cific factors formulation

assumes that capital is notvpeffecfly mobile between indus-
triess These are findings relevant to both trade policy

issues and methodological questions in’numerical general
. - i

equilibrium analysis.

- . -

The extension of the rigid wage’ formulation may suggest

an altered policy perspective ‘on multilateral tariff reduc-

~tions. 1In the particular ca of the multilateral tariff

- reduction by-all blocs, extehsion of the rigid wage formula-

, . \ N
tion vigtually eliminates the short-run aggregate welfare

géins from multilateral libe;alizatign. 'In'this example, fdhe
welfare losses of the developing blocs are dramatically jin-
- - ' J . i

creased by income’ 1ésses due to uhémploymeht. Of further

interest is the faét éhat the unemployment effects tend to

be concentrated in those countries who suffer theylargest

®
i

welfare‘loskes,evegﬂin the absence'of rigid wages,' The effect

-
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of the wage rigidity tends to be to concentrate the short-run
losses more heavily. This 1s true in bcth of the tariff re-

duction cases studied.

This evidence gives some insight into the reluctance of
some countries to liberalize. Although manufacturing is rela-
tively labour intensive in the developed world, it is rela-

tively capital intensive ih the L.D.C. bloc. The relative
price effects generated by tariff liberalizatib; thus act to
depress the long-run equilibrium wage/rental ratio, particu-
larly in the L.D.C. bloc. 1If the wage/rental ratio is indeed
rigid, #he unemployment generated by global tariff lib?rali— }

zation would be concentrated in the developing world.

v y

The reallocation effects of multilateral tariff reduc-

tions were subsequently compared to the reallocations from

neutral technological change. The technological change experi-

“ment was chosen to generate a lower bound on the reallocations

resulting frbm the amount of technological change likely to -
occur over five years. Substantial tariff reductions of thé
type discussed above have been staged in over periods of at
least five years in previous G.A.T.T. rounds. The réguits'
indicate that these "lower bound" estimates of the unemploy-
ment and labour realloca;idn effects are (with few exceptions)

substantially larger than the effects of either of the trade

policy experiments.

P
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While the reallocation effects presented here are laf&d;\zxj

than any of those surveyed earlier, it remains that in abso-

lute size they dre indeed very small. When it is appreciated

that these reallocations would not likely occur over one

year, but rather over five or more years, the absolute size
P-4 o 0

of annual reallocations between industries becomes even

smaller.

i

The exploration of these alterpative formulatiohg~gene-‘
‘rates some usefil insight into the modelling of short-run.
adjustment issues, Firstl?, the results presented’ here
suggest'that treating capital as homogenéous is, forvtde pur-
pose of évaluating terms of trade, welfare qnd adjustmeﬁt
effects, a useful simplification. This‘findiﬂg reinforces
Fullerton's (8) findings of Jsmall? impacts of‘goiﬁg'to
séc;pr—specific modelling of capital. fhe impact of the
épeéific'factors‘forﬁﬁlation ié likely smaller tﬁan the rigid '
wage formulatlon hecause” factérs are not idle (as w1th the! *

rlgld wage formulatlon) but rather are merely unable to be.

"optlmally" reallocated.

Finally, thle the rigid wage fdrmulatioﬁ thén generates
large unemployment effects; the éffécts of - the& riqgid wagé for-
mulation are largéi& coﬁfined to the bioc(s)-where the rigid
wage binds. As.a result 'if the focus of interest ‘is one ‘
partlcular bloc, 1mplementatlon of the rlgld wage formulatlon -

in that bloc alone will generate a useful approxlmatlon of
. : ]

-
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the effects on that bloc when the rigid wage formulation i%

in~effect in_all blocs-

In spite of the fact tﬁat "larger" short-run édeStmenp
bosts“are fqund to be associated with multiiateféi-tarrff
reductions,\it still remains that ﬁhese‘ihcreaSed,éosts (or
reduéed short-term %ainsﬁ ;re not sufficient £Q 6upweigh the'li
aggregate gains from tfade'l;bEralizétion on a cOntinuing
basis. This is due to the fact that thej"costs" associated
with adjustment (temporary or @frictional" unemployméht) are
oncé%aqdffoi-all e€osts while the benéfits (oﬁce‘ﬁhe gdjuét—
ments have taken place) carry on as long as the'libéjaiizatiOn
remains in effect. Placiné this horizon‘at even fiye years

leads to sﬁbétantiaiﬂaggregate gains from either of the

liberalization experiments considered here.
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APPENDIX A~

Brief Overview.of whalley's

" 7-Bloc Model of World -Trade' .

t

The general equilibrium model incorporates:eeven trading

14

blocs reflecting major participants in world trade; tne

- ~

(nine-member) EEC, the U.S., Japan, Other Developed Coun-

tries (including U.S:S.Ri and Eéstefn Europe), OPEC, Newiy

[ f A
Industrlallzed Countrles (NICs), and Less, Developed Coun-

tries- (LDCs) ‘ f‘A\‘ e ‘ . ’ ) -

Six products produced 1n each bloc are con31dered and °
"listed in Table A.1. Each of the’ flrst flve goods\are e

lnternatlonallj traded with an, assumed heterogene;ty by

tradlng area prevalllng across productlon sources. ‘The
51xth cqmmodlty is non-traded’ fo;‘all blocs. "The same

: . L R SN ’ ,
_ TABLE A.l: Product Classification Used in “the Mgdel
. \ e ) /K . ¢

- " e - . o - SIT@ Headings

1. Agricul ture and Food =~ L . oo+l
2. Minéraliprodhcts‘apd‘Extractive Ores P .‘n 2 4+ 4 .’
’3."Energy‘Producté (including~ci1) y‘ . C V3 -
4. an—MechanicaldManufacturing ) , l~5;6;8;9
5. 'M;chinery‘and TranspdrtcEqufpment I 7

(1nclud1ng Vehlcles) : o . - i

6. Conéiructlon, SerV1ces, and Other . Nqn—Traded . . None
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commodity classifieetibn is used for tfadé, domesﬁic produc;
£idn,.énd final.deﬁana da£§; Qith en epproximaee coneérdédde
used between different'c;assification‘Systems‘in.naéic daté.
Problems of data evailabilit& for all bloes onLehié'classif'

fication plus the larger dimensionalities involved in solu-

~ 1

- tion for a multi-trading bloc formulation have limited the

model to six products and seven blocs: 42 products in total.

In~£he model products are differentiated on tne.basis
of geographical pginp of.preduqtion"as well as by their
ehysieal,characferistics; with,{similar'-prbGQC£s'being close
substltutes in demand Jépanese manufactureé are thus
treated as qualltatlvely dlfferent produqts from y.s. or

EEC manufactures ' This 'Armington' assumption of product

.:heterogeneity by area is used both to accommodate the statis-

tical phenomenon of cross-hauling in international trade

data and to exclude complete specialization in. preduction
as-a behavioural response in the model. This structure also

enablés,empirieally based import demand elasticities to be
- ) . . - i °
incorporated into the model specification.

A'gchematic flow chart depicting the model is given

in’Figure A.l. ‘Production and demand patterns in each of

the, tradlng blocs revolve around the domestic and world

»

prlce'systems. Expllc1t demand functions are used whlch

are derlved from hlerarchlcal CES/LES preference functlons,

»

/%
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and CES functions characterize production sets. Producers
N - . - . - LY

maximize profits and competitive forces operate such that

in equilibrium all supernormal profits are competed away.

TABLE A.2: 7-Bloc Model Data

Proportion of ‘Value Added value Added

Exports Which by Labour by Capital,

y- Are Primary _ .
E.E.C. 13% 834 . 584
U.s. . 28% : L1298 336 - -
Japan 3% 405 262
0O.Dev. 39% ' 1394 ! 450
0.P.E.C. ©99% - 79 - 145
N.I.C. « 42% ] 233 . , 470
L.D.C

50% B 629 97

’

For eéch'product, the market_pricé in. the model is tne,

prfce at point of prbdﬁcti&nL _Sellers receive' these prices,
:purchasers-(of both interhediéte énd final products) pay‘

~these ‘prices gross of tarlffs, NTB tarlff equlvalents, and~

domestlc taxes, rfo transportatlon costs are con51dered

v

Investment flows, 1nterest and leldends, and forelgn'ald

enter the world market system with the - second two of these’

. being’ treated as income transfers. Forelgn 1nvestment is

dtreated as purchases of capltal goods by. agEnts located in

the country of .source, of capltai funds. "The difference

-between lnvestment flows and merchandlse trade 1s that the .

/

capital goods acqulred are not repatrlated to the country

of location of the.purchaser, but remaln in the source’

”

—
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country to generate income 1in future time periods.

: ‘ ’ ‘ p 3
An equilibrium in the model is .a.situation where demands

'equi supplies for all prodths and in each industry a zero-

profit condition is 'satisfied representing the absence of

~.

supernormal proflts In equilibrium, a zero foreign exter-

nal sector balance condltlon'(including investment flows,

dividends, interest and transfers)'applies for each country.

- B 1

The model uses hierarchical CES/LES functions on both

the production and demand sides of tﬁe'mbdei. The elasti-

. cities of substitutidn in these,funqtiqps are'the’parameters
which determine price elasticities in goods and factor de-

} mand functions.. Because of the Armington product hetero-
» genéity'asspmption,fthese elasticit%es alsd control import

)

ahd export demand elasticities for .any tréding'area.

e Use of these nested functlons enables emplrlcal esti-

matas of prlce elast1c1ghes in WOrld trade to be incorpo-

‘ 'rated into- the model These values;gulde parameter ch01ce

for lnter nest elast1c1ty values in the CES functlons (i.e. é

, ' between slmllarf products subscrlpted by 1ocat10n and pro-

ductien). ~The LES features 1n the hlerarcby allow income

.elastlcltles in 1mport demand functlons to dlffer from unity.

r.

. i . - The general eqU111br1um mo;\i is used for cd\nterf ual

equlllbrlum analySLS follow1ng the procedures which haye

<
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\new and benchmark equlllbrlum data. The benchmark equili-~

’

w

i-"’become widespread in recent applied tax and trade general

equilibrium models. .A flow chart outllnlng the’ procedure
1s given in Flgure A 2. A worldwide general'equlllbrlum

constructed from 1977 data is assumed to hold.in the prel

sence of existing trade policies. The model is calibrated
I

to the data set through a sequence of procedures which

determine parameter values for the model functions consis-

tent with the equilibrium restrictioq( Cqunterfactuai

ot 7/

analysis then proceeds for any specified pdlicy change with
a comparison between eguilibria leading to the policy

appraisal. . -

The calibration procedure involves first constructing
. +

.a data set for a given year in a form which is consistent

with the equilibrium solution concept of the model; a so-
called benchmark equilibrium‘data set. Once assembled,
parameter values for equations_can:be directly caleulated

‘ - ‘ . . . ! .. .
from the-equilibrium conditions using the'calibration pro-

wcedure described in Mansur and Whalley -(13). The rnodel

spec1f1catlon s then capable of reproducing the benchmark

Al
Y ’

data as an equlllbrlum'solutlon to the model, and compara—

_tlve statlcs can be performed wit the model by computlng

new equ111br1a for alternatave pollcy reglmes and comparing

r
- P

brium data set constructed for this purpose has the propertles

‘of a worldw1de competlxlve equilibrium in that demands equal
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supplieé‘for all products, no profits are made in any of

.the domeStic industries, and each region is in zero external

‘cess factor demands and government budget imbalances. In

sector balance.

F
Once specified, the model is solved for a new general

equilibrium for a policy‘or other change using a Newton

method involving an estimate of ,the Jacobian matrix of ex-

f
I

using this approach to evaluate the effects of alternatlve ~

IS

' model varlants on the evaluatlon ‘of trade pollcy changes,

o] . .
the benchmark equllerum remalns the,same ln-all cases. '.

v

For any glven pollcy change, a, full equilibrium is computed

along'w1th an equlllbrlum w1th the ‘wage rate downward rlgld

-at 1ts value in the»beﬁchmark egulllbrlum,‘and an equili-

v

'br um with capltal ré%llocatlon from~the bEnchmark equlll—

\‘

bx-{um values qonstralned; In each_case,'a-palrW1§e comparl-

2 - -

son is.made betwWeen- the beﬁchmafk and couﬂtérfactual equiliZ,

N *

wdbria to' prOV1de the evaluatlop Of the polmcy change, ‘all

< - I3

o~

evaluatlons are thus w1th respect to’ the sameilnitlal start—

idg p01nt L SR - ‘1‘

.
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"TABLE B.1 Elasticity Values ‘and Standard Errors Used

APPENDIX

*

B.

(@a
‘)

Elasticity

HWPE

Standard Error

JWPE

SIG(EC)
SIG(US)
SIG(J)
S1G (0D}
SIG{(QPEC)
SIG(NIC)
~ ° "SIG(LDC)

SIGI

. SUB(1)

. SUB(2)
SUB(3)
SUB (4)

. SUB(5)
* SUB(6)

-

.

1.109
1.413
1.024
. 962

.897

1.365
1.471

1.082

.945
.426
2293
.939
1.118
1.988

.3504
.3412
.3216
.4818
3833
.7892
L7176

.3256
.041
.10%
.102
.lo8
.075
.477

0.90
1.66
78

-89
1.38
1.28

1.50

-.693
*.800
.800
.879
.726
990

s
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. liberalization.

ENDNOTES

This treatment 1s adopted even though the net addation
to existing unemployment is calculated. Since an
equilibrium in the presence of "equilibriun" unemploy~’
ment 1s assumedd 1t would seem that a justification
exists for treating these costs as a recdrring cost

‘(or benefit 1f unemployment fell). rather than a

vnce and for all effect.
This factor of 5 15 attributed to Balassa. Dynamic
ydins are guins duc to increased competition and ‘eco-
nomies of scale which are not included 1in-the static
calculatians, Balassa (}, p. 122) discusses dynamic
effects, but does not mention a spegific ratio.:
Recomputed estimates of the welfare losses ($1.0 to
$2.45 billion) and the adjustment costs ($1.2 billion)
have been computed to correspond to the new trade
elasticity estimatés 1n Harrison (10) and new elasti-
cities of substitution estimated 1n some reldated work,
See Bale (4). : ' oo
L]
in the case of the riyi1d wage formulation, world wel-
fare falls in the short-run as a result of multilateral

See also Neérx (16, 17) .

An.uprrtdndte consequence of this 1s that the excess

- demand carrespondences. (for the rigid wage formulation)

have a kink at the original wage/rental rate. The
mModel 1s solved using a Newton algorithm which was un-
sucoessful at finding a solution when using' Jacobian
matrice$ generated from .the .rigid wage excess demands.
It was possible to solye the model using a Jacobian
matrix gemerated from the same model without the rigaid

: wagc formulat)on in place,

Sen also MajefJ’l4), Veary (15). . o .

'Thas anludes 1mports from the developlng and less

develpped blocs, "in line with the generalized system

of preferences. :

Harrison’ (101 ang . WHalley and Wigle (20) both find that
significant muitllateral tariff reductions lead to
welfare lossesh )

W
[N
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'11. The methodology used(is.presethd in deﬁail in Essay III. ,

12. The methodology used is prezegtéd ih detail in Essay III.

13. The specific factors specification was applled to the

NIC and LDC blocs, ‘with minute effects on the results.

_ For this reason, extending the factor: spec1flclty to
all blocs simultaneously was not pursued.

~14. The small d;fferences lead to sizable’ changes- in the terms

' of trade. For comparisop, doubling the efficiency para-
meters in all of the value added functlons causes no
change in the terms of trade.

t

Appendix
1. For further détails see Wﬁalley (18) .

,.
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II.1 INTRODUCTION AND OVERVIEW

. This essay reports the estimated effects of trade libe—

ralization using a model incorporating economies of scale
and industrial organization featuxes in a way similar to

\ .
Harris and Cox (6,12,13). The model is based on Whalley's

(26) 8~bloc model of global trade.

The analysis\concenﬁrates on two proposals. The first,
bilateral tariff abolition (BTA) 1nvolves the bllateral

elimination of all tariffs by Canada and the U.S. This

!
policy ig¢ evaluated because of_itserelevance,to the current

»polidy(debate in canada over freer trade. While the model

. used is similar ih flavour to Harr;s_and Cox, the reshl}s

of BTA contrast with those of Harris and Cox, since bilateral
tarlff abolltlon leads ‘to small welfare loéses by Canada.

Harrxs and Cox find that substantlal Canadlan welfare galns
e .
result from a proposal they refer to aS'multllateral\free

[

trade (MFT). This proposal involves the elimination by Canada
of ald trade barriers, while the'rest'ofithe world abolishes
tariffs ohﬂCanadian imports only. The contrast in results

. of these ,similar policies, using similar mqQdels is:examined-

" “in detail in section,II.? of the theéis.
- - & . N <

// Evaluatlng the effects of MFT wlth the rev1sed Whalley

’

L ]
model leads to d;;matlcally smaller welfare galns for Canada/
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N
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,i‘ , : _than those found by Harris and.Céx. ‘?he source of thi; dis-
. L4 -
¢repancy is discussed in section II.7~ofvthe‘thesis. biffef
rences in the trade glésticitieé“uséd and the capital mobi-
Clity éssump£ions‘are found to account for some of the diffe-
o ’d vre.'m‘;e in weléare effectl. The indirect c'alibraﬁ@"on procedure
o - used 59 Harris and Cox is also identified as a poésible

“ source of the discrepancy.

The indirect palibration procedure adopted by Harris
.
and Cox involves calculating a ldng—run equilibrium (or
benchmark) data set from the obsér&ed base data set, before
counterfactual experiments are cénductea. In the procéss,
substantial entry occurs, so thaﬁ the benchmark data ﬁaé
many more firms than the base data. If some of these addi-
tional firmsl are el%sinated from the economy as a reSQ1t
of liberalization, they cduld account for part of the dis-

+

,crépancy in welfare results. .-

While the resulﬁs presented here'a;evdiffefeht'ffom
-those r?portedlby Harris and-Cox, the results sﬁiil provide
|:‘%éVideﬁCq in support of(biiéteral or. multiléteral_li@erali—
zation by Canada. while small weffaf9 losses may'éccrue'to

Canada as a result.of BTA, it is élways easy for the U.S.

to ‘compensate Catada fér_the small losses ‘suffered.

ne

A rarg R L3

}
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II.2 -/LIBERALIZATION ISSUES IN CANADA

Over the laet 20 years; Canada has pursued trade libera-
lization in both the multilateral rorum through>the G. A T.T.
and or a brlateral ba51s wlth our largest trading partner

,(the U.S.). ‘In reCent.months; partlcular interest has
focussed onthe potential'for.a‘bilateral tradeAagreement
Awith the.dfsf Recent work by Harris and Cor (5{12,13) pro-
Uvides evidence;ehich supporte.Canadian trade liberalization,
suggestlng that substantlal gains would accrue to Canada
from elther unilateral - or multllateral trade llberallzatlon.
’ This sectlon discusses sonerof the 1ssues relevant- to the |

1ganad1an free trade debate, with spe01al attention glven to

the "Eastman—stykolt"'(Efs)'hypothesle.}

The E—S“hypothesisﬂargpes that“Canadian‘mandfaCturing
induetries are ineffic¢ient due, ln-part;.td the Emall slfe
ot the”Canadian market relative to, the minimum efficient
‘scale’(MES) of plant. Canadian.tariffs exacerbaﬂ! tnis prob-=
_lem by restrlctlng access of more eff1c1ent forelgn producers
{in the u. S in particular), ‘who would’ otherw1se challenge
domestic producers. Foreign (especially—U.S.)'tariffs on

Canadian exports serve to further reduce the available

market for Canadian manufactures.

Two examples cited by E-S to illystrate the effeéte of

high tariffs are the auto industry'and the appliance induetry.-

In both cases,-high tariffs lead to small plantS'producing

4
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short production runs of a wide variéty of similar products.

Caha&ian tariffs on appliances were above 22%, while U.S.
tariffs were between 10% and -17% in 1961. ‘Tariffs on autos
and vehicles in Canada were between 10% and 15%, with the

) 3

U.S. tariffs between 5% and 13%. As well as leading to

short (and inefficient) production runs, the tariffs were

also associated with inefficient management and organization

(7, p- 106). _ ) .

While this argument would suggest that greater gains

could accrue to Canada grom multilateral liberalization
(since the available market could be increased to a max;mum
in Ehi§ way), the attention to bilateral iﬁitiatives in
Canada is natural. 1In both of the caseg cited above, for-
eign (U.S.)'ownership‘of the Canadian industries exceeded
fd%; so thét potential gains to liberalization existed for

both U.S. firms, and Canadian consumers. As well, Canada-

Ufsi\trade accounts for over half Qf Canada's trade.

The Canada-U.S. Auté(Pact of 1965 lead to virtually
}ree trade in autos and parts between Canada and the U.S.
The fationalizaéion effects hypothesized by E-S did occur,
with each Cénadian auto plant converted from the producéion
‘of several varietfgs aof c;rs (§g§<trucks) to the production -

of .one model. Trade in parts and autos rose dramatically

Il

as a result .of the Auto Pact. "

/
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" The E-S hypothesis dlso suggests that unilateral trade
liberalization could be beneficial for Canada. Unilateral

liberalization is.usually accompanied by losses for the

" liberalizing country attributable to deterioration in the

terms of trade.4' Unilateral trade liberalization‘cqpld

generate safficient rationalization gains to more than off- ‘.’

»

set the terms-of-trade losses.

'
Another corollary of the hypothesis is that the factor

reallocations occasioned by mbvements to freer trade would
be largely intra—industry iﬁ'nature, as manufacturers pro-
duce'longer runs of a smaller selection of the goods currently
produced in Canada. These reallocations contrast with those
implied by factor-endowment considefations. Since Canada

is resource ricg, factor—endowﬁent csnsiderations would

suggest that freer trade would bring about eﬁgénsion of the

priméry secfors at the expense of the manufacturing indus-

tries.’ <

If the patterp’of adjustment to freer trade were indeed
primarily intra-industry in nature, the associated costs of
adjusﬁment would be smaller than if equal inter-industry

adjustments were necessdry. Less retraining costs would be

yrequired and more machinery and equipment could be shifted

from declining to expandingvfirms. It is also likely that
less‘relocating_costsfwduld be incurred since manufacturing

employment. i's concentfated in qﬂntral danada, while primary

b e
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employment is in the West and the Atlantic provinces.

The possibility that industrial rationalization would
be a major element of adjustment to trade liberalization
‘hanges the policy perspective on iiberalizatibn for two
reasons. First:; the 5djustment‘bosts are liké;y to be
smaller, and second, the employment shifgs are less likely .

to be fegionally sensitive. . a

While the E~S hypothesis and-its corollafies represent
strong arguments in favour of liberalizétion;from'lgggg levels
of protection, it is less clear that they are ai.guantita-
tively important today. Trade in vehici¢S'and pafts.between
Canada and the U.S. is"virtuaily free of barriers anAAaCcounté‘
for more than one third of Canada-U.S. tradé in maﬁuféctqres.‘

Average tariffs on Canadian imports from the U.S. will be

below 5% by the end of 1987.

The - fact that cuirent'U;S.-Canéda tariffs are éo low
makes the substantial ‘gains ieportea by ﬁarris and Cox sur;
prising. They feport welfare gains to CAnada 6f 8. 6%\*41/
4. l% of GNP respectively (fr;m 1976 level; of protectlon),
as a result of multllateral and unllateral trade llberall-

’iation; respectivelyﬁ

Whlie substantial agreement appears to exist that bi-
lateral lLberallzatLon with the U, S would be beneficial

for Canada, substantlally less agxeement emerges on the
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benefits to be derived from unilateral liberalization. -Sec-

tion II.3 reviews some of the models used to evalugﬁé»the

guantitative effects of Cgnadian trade’ libéralization, and

compéres their results.

I1.3 REVIEW OF NUMERICAL STUDIES OF CANADIAN
TRADE LIBERALIZATION

<hany studies exist which aﬁalyse theveffects.of,bi—
lateral (Cagada~U.s;) or multilateral trade liberalization.
These studies analyse differépt precise'experiments, but
all come to the conclusion thatlbilatéra}_or muitilgterél

liberalization is in Canada's interest. As will be seén,

.

‘the size of/thia:ij}matéd‘Welfare gain varies dramatically.

Studies of uni eral trade liberalization are also analysed,
and less'égreement is seen toQ emefge from these; Recent
studies by Williams (27) and Harrls and Cox (6 12,13) have

been the focus of current’ attentlon due to renewed interest

. in Canada-U.S. free -trade. These studles w;lL be considered -

in somewhat.greater detail.

;I.3.i Studies of’Bilateral or.Multilaté;al Free Tfadg

I1.3.1.1 Williams (1978) S ' L .
Williams uses a linear programm ng model of Canada to

analyse the effects of b11atera1 tariff abolltlon (accompanled

by domesflc commodity tax abolit;on); Canada is assumed

‘to face fixed U.S. terms of trade. There are 63 produced

.
> .-‘INANWMMH.RM"& wee

.
a L
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,commodltles which are either for export (E), import—competing

i

(M), or for domestic consumptlon (D). There are 41 "resources"

which are assumed to be in fixed supply. ~These resources in-
clude agricultural'products{ minerals, and labour. As a

result, Williams's model\orecludes,teallocations between the
‘primary angzmanufacturing‘sectors. 'Firoe are assumed to‘be
perfect competitors which face constant ooStSy and industry
output is constralned to change no more than 10%. As.a.re—
sult of the ﬁssumptlon of constant costs and perfect compe-
tition there are.no "ratlonallzatlon"ugalns as a result of
iibetalizationJ wllllags s data is for, 1961. T Williams esti- -
mates that gains of almost $2 bllllon (1976) would accrue to -

Canada from bllateral tarlff abolition combined w1th the
removal of all commodlty taxes; The calculated welfare gaine
of legs than 4% of GNP are then adjuSted to 0% of GNP to
aqcount for increasing«retufhs to scale. -This brinos
Williams'é‘estimateS‘very close to the figure suggested by
WOnnacott and WOnnacott (28) Sin;e tﬁe U.s. is not expli- .
c1t1y modelled 1t 1s lmp0551ble to calculate the welfare
effths for the U.S. W1ll1ams estImates further that manu-
facturing employment would 1ncrease by.-a small amount wklle

‘service sector employment would.decllne.6

[

s

II1.3.1.2 Harris and Cox- (1984)

" The Harris and Cox (H-C) model,ie<madevup,of 20 manu-

facturing ;pdustrieE’and 9 noh*manufacturing'iadﬁstries.

ST N
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The non—ﬁanufacturing sectors have constant returns to‘scale,
while the mandfacturing sectors Aave fixed factor réquire—
ments per firm, with constant returns to variable factors.
Decreasing average costs result from the existe;;e of fixéd
costs, so that price-taking behaviour is no longer consis-

tent with equilibrium. 1Instead, manufacturing firms are ‘ N

‘assumed to set prices in an effort to maximize profits.
—

. Firms in the manufacturing sectors are aséhmed.fo follow
‘one of two pr}cing schemes. Firms may collude ué to the
duty-péiﬁ b0psuﬁérs.price for the impérted product (E-S
pricing) or they may set the profit maximiziné pfice given a
berceived ela;;iqity of‘demand (monopolistic pricing). The
H-C model thus allows for ratiqnalization to occur as a :
result of free trade. Entry and exit of firms is allowed
in respénse td policy changes. Since a similar ﬁarket for- !
mulétion to that of H-C is adopteé below, more .detailed dis-

cussion of the pricing mechanism is left to section II.4.

. Canada. is modelled as a small, open ecbnomy in two res-
pects. First, Canada faces a fixed (U.S.) rental rate for
capital, which is freely mobile between Canada and the rest
of the wo;ld. .Canéda alsb faces fixed, (U.S.) border prices
 for imports. Y

H-C first assemblg.a "base" data set for l976,7 which
i%‘éésuméd to be a ahort-run equilibrigm in which excess

profits exist in some sectors. A "benchmark" data set is

»
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'welfare galn of approxlmately 8.6% of _GNP- 1s agaln similar °

" then produced by allowing free entry and exit to remove any

economlc profits. H-C then use this benchmark data set as
: /.
the startlng point to estimate the long-run effects of the

abol;tlon of all protectlon (including tariff equlvalents

of non-tariff barriers) between Canada and all trading partners

.

" on a multilateral basis."

The benchmark data is similarito’the base data_as re-
gards aggregate variables such as the wage and-capital bill,
. . /. - Lo ’ ‘r.
and national income,-but the benchmark data has 55% more

firms in the manufacturing sectors, though manufacturing out-

put falls slightly. In 11 of 20 of the‘ﬁanufactdring sectors,

entry occurs but’ 1ndustry output falls.. The ratlo of fixed

to variable factors in the benchmark data is muqh higher than

in the base data. Further, average markup rates on marglnal '

cost are in the order of 18% as opposed te less than 5% for

the base data. ' - l A

;

1 r

The estlmated welfare galns to Canada from multllateral

free trade are estlmated to be large, ($13 bllllon in, 1976 $)

»
as are the estlmated factor reallocatlons. «Thelr suggested

O '
Id

to the welfare garn estlmated by the wOnnacotts (283 It

‘q-

,must be remembered that the- experlments con51dered are guite

“ -

dlfferent. Wanacott and wOnnacott con51der bllateral tarlff

iabolition w1th the-U.S. from pre-Kennedy Round levels, while.

‘Harris and Cox consider-a multilateral eiimination of all ..
trade barriers at 1976 levels. .

. - - ' ’ ,) )

P _ ) : I e )
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TABLE 1: Labour Reallocations From Free Trade Experiments '
‘ Proportionate Changes in Employment by - Industry "
- {
Industry Category . Williams = -Harris: : o -
i . ' R & Cox
. - * .
Fio -and Beverage Manuf. -:2 -=5.4
Teb ' Manuf. N -13.7
Rubber and Plastic Manuf. 10.0° 12.7
Leather Manuf. . -9.8 -36.0 .
Textjiles Manuf. .6 49.3 |
Knitting Mills Manuf. -9.4 -24.8 X
Clothing Manuf . -10.0 3.8 ., 4
wood Manuf. .0 -9.3 :
Furniture and Fixtures Manuf. -10.0 -39.1
Paper and Allied Manuf. - & .1 + 62.8 ‘
Printing and Publishing Manuf. - 10.0 11.4
‘Primary Metals Manuf. 0.0 138 : —a
Metal Fabrlcatlng Mapuf. 1.4 -2. .
Machinery ' - Manuf . -10.0 ~-25.4
Transportation Equip. Manuf. 10.0 76.3 -
Electrical Equip. _Manuf. 8.3 -19.9 ,
Non Metallic Mineral Manuf. -.4 4.1
Petroleum and Coal Manuf . 0 -48
Chemical ' Manuf . -3.9 6.2 °
Misc. Manufacturing Manuf. * 5.7 -30.5 «
Agriculture Primary 0.0 33.9 ’
Forestry Primary . = - 0.0, 20,4
Fishing Primary _ 0.0 15.4 ’
Mining Primary 0.0 40.5 A s
Construction Mon-traded -.0 Y -8.7 . -
Transpor tation Non-traded - "-.3’ -8.4 3 . '™
ommunications . Norftraded =.0 -6.8" . ’
Electric Power & Gas Non-traded .0 -.3 . i
Services Non-tradeéd -.0 5.7 . - _
Notes: : ; \ ,- ’ ‘ \1" h
. . 2 - AR
(i) Williaps analyses the effeot of bilateral tariff abolltlon betweep g
Canada and the U,S. plus commodlty tax abolition. f-/‘~
«(ii) Harris and Cox .report “the’ effects of mqltllateral aholltxon orf all 7
protection on .Canadian trade. I
» v - M N [} . . -
. . : ‘ - .
- 5
. . o«
p « o - \/ ) o~
s ¢ ‘ . ;
. e
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- ' 11.3.1.2  Comparison of Labour Reallocations
For thé purpos& of comparison, the reallocationSKOf
wlLl1ams were aggregated to the H-C level of aggrégatlon oo

(29 SeCtorg,- .Labour reallocatxons resultlng from the

> , -

fﬁberallzatlon experiments are summarlzed in Tables l and

2. The patterns of Iabou; reallocatlon are only SLmllar to the
- ’ °
extent that’ 1ntra—1ndustry reallocabLons within manufacturing

. - o L & .
(‘ T are a laroe part oq total rea110Latlons This 1s particu-'
larlj trué of Wllllams s results, thcb show more than $700

ot mllllon worth of labour reallocated between sectors, but an

-
lncreash of manufacturlng emoloygent of iny $87 million.
t - . . : LN -

Thp manufacturlng seCtors grow in both cases, - . oo

. P . e

,H—Cwémbhasize'the iﬁportance of‘rétiohglizeéion éains
to ;heif“reshrts as production runs grow iﬁ'resoonse to
ffeeﬂt;ade‘ ‘As . suggested by the E- S hypothesxs,'free trade

. does lead td dramatlc anreases in the eff1c1ency of the
' . Amaanact&;lngvsecto;. ‘ A
Harrls and Cox also come to the conclo51on that large

, capltal 1nflows are llkely to result from multllateral free

", T - T et e .
- trade due prlmarlly to the 1npreased produatlvxty of the .
- " PR ~ manufactur1ﬂg séttors. RAEETCL ”? L ( . ;
o . B . iI 3 2 Studles of Unllateral Free Trade ) e
'ﬂ‘fl " L Boadway and Treddenlck (2) ahd Paacbxn (21) present,
‘:’“‘ : . . - ° T

\ . v
. mumerlcal analyses of the effects of unilateral free trade -
P, Co '\ » . e e .
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‘hie aam of 'uf-t'ta tmn.s for wnuaa'u;q sectors 18 . ller than
we sum of mucmses fot increasing sectors in both cases. The,
wWilliams error, amounts to .35 of Is of the value of labour em-
ployed, while the Harris and Cox-.nupber is Sy of the value of
labour emy!o ‘ed. Both wodels hawe full employment conditions
and the error of Williams 1s-a rounding etror. The discrepancy

i Harris and Cox rs much too Jarge to’ be a rounqu error, 4nd

has yet to be tasolved
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for Canada.’,Plnchin finds that the employment effects of
unilateral tariff aboljtion are so large that it wouid not
be a preferred option. He estimated that manufacturiqg
employment would fall by 19% as-a result of unilateral free:

trade. -

Boadway and Tr&ddenick (2) use a computaﬁle general
eqallxbrxum model to evaluate the effects of unllateral
tariff abolition. They conclude that welfare in Canada would
be virtuallyjunaffectedtby tariff abolition, but gould fall
due Lo adverse terms-of-trade effects. As a result of'uni—
lateral tariff abolltlon, one mlgh* have eéxpected Canada s

manufacturing sector to decllne since 1t is protected WIth

tarxffs The prxmary _sectors, which are 'subject to few
tarlffs, would have been expected to expand. Beadway and

Treddenick "(2) calculate that the service settor would

decline while the primary and manufacfuring sectors would

expand Slnce thexr model is a constant returns to scale '

-

model. ‘the result 15 dlfflcult to anderstand

Harfls‘and Cox (12) also evaluate the effects of unl—
latepal abolxtion of all protectlon. Their results dlffer
from thoae of Boadway and- Treddenlck in several respects.;
First, they calculate that welfare gains of 3.1% of GNP ‘
wonld accrue 40 Canada., Secondly, thexr evaluation of. the .

intar-sectoral factor reallocations neceos&ry to bring about

adjuqtmant are much 1argqr. Afper.aggregatinglto the




mate that .35% of workers would move between sectors - Harris

) 31gn1f1cant. Thls is relnforced by the flndlngs that even

) un;lateral movements o freer trade may prove welfare im-

SR L

2 29

Boadway and Treddenickv(lG sector) aggregation)‘Harris and

Cox est%mete that 3.9 percent of workers would move between

sectors in response to unilateral free trade. In response

to -unilateral tariff eholition, Boadway and'freddenick estij

L3

and Cox estlmate that the service and prlmary sectors would

decline while manufacturlng wquld be expected to expand.

v ) . R

I1.3.3" Suﬁharx
' Agreement emerges frqm‘this work on some points. First,

the benefits to bilateral free trade in Canada aépear to be

-

Y N S )

I S SR

proVLng.,.There is llttle,ev1dence to suggest that Canada

3

wogld suffer 1ar2e losses from a unilateral move‘ro free trade.

s . - o \ .
v . B 1l

L 5
Some agreement also exists about the 1mportance of 1ntra—',_ .
xndustry adjustment as part of. the adJuSQpent process to.
- . freer trade.‘ Substantlally less agreement exists abbut the
. , L]
<11kely size of factor reallpcatlons requlred in response to” i -
bxlateral free trade. ‘
‘ .. ~ )_
" ""‘ .
- ) N : ) DR
] . ~ "\“ ‘® i . . » 'y 4
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II.4 THE MODEL

R e U T T AR

- ,
Whalley's 8-bloc model of world trade (26) was modified
to address issues in Caﬁada—U.S. trade liberalization.
- . ‘Canadé is modelled .expiicitiy in the 8-bloc model, rather
o —~than as a component of'the other devélOped bloc, as in the
7-1::l.oc| model. '\Th‘e 8;bloc mbdel is otherwise\’si_mi‘lar to the
7=bloc modei detailed in Appendix A of Esséy I, but scale
E . econcmy features (and the assdciated market Ftrudtgres)‘are
. ‘ introduced into the Canad;én'ﬁanufactur;ng industries.
\— -
' .- IT. 4. l Basic Data
. S " " The basic data used correspondl to 1977,.ekcept,that
) { . ‘Canada-U:.S. p;otectipn %s at‘its 1956 le&eL. ‘The . commodity
| andléOuntry grouﬁings are li;ted in" Table 3; | . ’
u ) | TABLE 3: .g—Bloc Mgéel.stxucture 4 ]
- | - N . | | - ) > /
Commﬁdiiies" ’ c o - ’Elocs" : . ' " .L
,Vi..Agrlculture and Food (Ag & Food) E-.E.Cj ) e o
. ‘ 2 M.mmg Lo . ., United States A
f- y. L 3; Energy ) ) ‘ )
i

1
2
. . 3 ,Japén oo e
'4L:Non-Hechan1cal Manufactures (Ml) * 4, canada- B
o
6
7

. 5. Machinery and Equlpment (M2 Other Developed

6. Oonatruction and’ Services 0. P.E. C. ;
Sy (Non-trdded) - - .- Npwly Tndubtrialized
. o L o - . [fountries:
N ' S 8.:"1339 Develdpe‘d Countries’
. - .. )7 . . S . ) P . - .
1 . ) - ' L. ) . .o - , P
C The volumes of Canada—U S.’ trade and protection are..

presenped in Table 4, followed by Canadlan value a&ded by

%
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TABLE 4: 8-Bloc Data - o . e e

(1) Canada-q.s-. Trade and' Protection

» ~

* Cdn. Exports U.S, Protection U.S. Exports Cdn. Protection

“to U.S.* Tariffs - NTBg** o Canada* Tariffs NTBs** -
. AS&F 1.2 5.2  31.1% 1.2 . 3.6% .1 51.0% ~
* Min. 4.4 " .o% .0% 1.2 ' .0% 94.5%
En. . 4.3 5% -.0% *1sl 2.9% ° .08
M1 - 7.6 2.3% . 7.5% 7.1 11,2%° 7.5%
M2 11.6 1.1% ".0% 14.4° 4:3%y . 1l.2%

* “ These figures are in billions of $US (1977y. A
Nl .. v . -7 )
** ‘NTBs are present as tariff equivalents of non-tariff barriers.

(ii) Canadian Value Added by Industry

)’ T B 4/3
Output®  Labour*  Value Added® . Ratio of Other« .
: : b ' Vilue Rdded to..

> Labour '

ASF 22.3 5.6 7.8 - - .4
Min.. . A15.6 4.9 8.9° S .8
En. 7.7 -7 2.2 . 4.0 - . .8
M1 . 131.7 32.8 . 39.6 2o
M2. . - 35.5 .15.8 19.1 - .2
NT ™. 199.7 69.0 100.1 .5

‘ 130.3 . 179.5., /
* These figures are in bil;fqns-of SUS (1?17) = . .

e s Fes
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;} : ‘ industry.
T
Of some interest is the ‘volume of U.é.JCanada trade in .
) 'hachinery and equipment (M2). Canada's exports to the U.S. "

amount to almost one-third of output. A large volume of

k)

- ' .trade (in this sector is trade in autos and parts (covered

by the U.S.-Canada Auto Pact) as well as trade in agricul-

-

e

tural equipment. Canadian automotive exports to the U.S.
have a‘higher "parts" content, while U.S. automotive exports -

= _ to-Canada have a higher "finished vehicles" content than .

Canadian exports. Both automcbiles and parts enter Canada

w . o,
et s
ants

SR -~ duty free. This leads to a much lower Canadian tariff rate
. ' -~
on M2 than on non-mechanical (Ml) imports from the U.S. As

v e ‘is.-well~knewr, the Canadian tariffs on manufactures are

T4

-

*

higher than the correspondinng.S.;tariffs.

N ‘.
- - »

1

5 oasn e g grelid

N ' Many agricultural products are subject to guotas or

LR

_prohiéitions, and this fact is reflected in high non-tariff ' f
< . . - . > - " ‘

-~ i
kS

berrie;s. ‘By way of»example, trade in poultry and fresh - :

1
v H

e R R iR 4

‘dairy products is effectively precluded by policies on both

si&es of the. border. Many fruits and vegetables are subjecf

LT LAt
v

'to 1mport quoteﬁ whlch protect the domestic market for
;domestla producers when fresh produce ig avallable. In the. J
‘past, high tarszs were used to protect manufactures, whlle

-NTBs Were used tc protect agrLEultural commdaxtles. u',For R -
'Canaﬂa-U S. trade thls is no longer accurate due to éubspapi~fA -

: tial progrese on ‘the eliminatiqn of tarlffs on both‘

+

N . . e - . R .,

~ U . P ‘o .o .
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-

multilateral and bilateral trade 'in manufactures. U.S. ave-

rage tariffs are lower on manufactures than agriculturél
4 ' 9 -
commodities, while Canadian tariffs are only slightly higher

on manufactures than on agriculturxal commodities (6.5% angd
3.6% respectively).

.

The Canadian manufacturing industries are the most
labour intensive, while the energy and mining industries are

least labour intensive..

i

'

Canada and the U. S are assumed to have flxed supplles

of capltal and labour, and there is no 1nternat10na;‘?ob111ty
9
of capital. New capital equipment 1S‘made up of a composite

of domestic and foreign products in all regions. Thus,

though #here is international trade in- capital goéds, capi-
onge in'place~is no lohge; mobile. This contrasts with
Harris and Cox's assumption of perfect capital mobility,

”

b ' l'“ ! ‘_ [P A ) N

- pm b
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II.4.2 Decreasing Costs and Imperfect Competition
’ 4

The E-S or rationalization hypothesis argues: that some

Canadian mandfacturing;inddstries are typified by too many

“ 4+
firms operating at (correspondingly) inefficient levels of

production. The hypothesis also argues that one method to

L 3 .
increase the levels of productiqi/i9~Canadidh manufacturing.

is to eliminate tariffs on imports of manufactures. “This
. i ? . . . - ’
section describes the market behaviour implemented in

Canadian manufacturing industries. The behavioural assump-

tions used are similar to those used by Harris and Cox

(6,12,13).

<
3 - , 0

" Since 1nd1v1dua1 firms are assumed to ‘have decxeas;ng

%verage costs, price- taklng behav1our as usually 1mplemented
in Whalley s global trade models is 1ncon51stent w1th market

equlllbrsgm. Flrms,Alnsiead, are assumed to follow a pr1c1ng

- - a’j..

.

rule to maximize profits.

..
4 \

Harris and Cox discuss_two. alternatlve pr1c1n§ h{po-
theses, referred to as the E- S ‘{or’ collu81ve) pr!ﬁlng’hypo—;
the81s and the MC {or monopollstlcally competltrve) prrc1ng
hypothes1s. These ‘two' pricing hypot:heses ar‘ d;scussed in
deta11 xn sub- sébtlons II.4.2.1 and IT.4.2. 2, respectiVely,_'

& .

under ‘the 31mplifyxng.assumptlon that marglnal cost is con-,

" .stant. All Versions of the model used@ have constant‘margxnal

. Gost which, together with fixed-ﬁactor cqstg pe:.firm,

L4

-
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generates decreasing average cost. All variants, further,
correspond to tge non-product discrimination case, 'in which
the total number of-"iines"‘produced is unchanged as a result -

.

#f trade liberalization.

I1.4.2.1 Collusive Pricing' .. . R

Firms in an imperfectly competitive industry may realize .
that ‘their sales and prof@ts depend on their own pricing’

policies, and on thos® of other firms in the industiy. Exist-
. " o~ . .

[

ing firms in an industry?may'haVe iﬁcentive to collude to

'prof;trmaxlmlzlnq price. © .

’mlzed by hav1ng one firm produce all output 1f the productsl" Y
: are_ioenticqi. fIf oh the-oﬁher hand, there 1s symmetric ’ e

“increase profits. Thls sectlon dlscusses the E-S pricing

rule' E-5 prlclng 1nvolve§,collu31on by\Canadlan manufactumers.
around the gross of tariff prlce of 1mports of comparable im-

ports from the U.S.'”Such.qollu51on may4;ncrease profits ;n , .
the'long:run if barriers to‘entry‘exlst but if no soch

barrfbrs ex1st, collusion can only temporarll¥r1ncrease pro-. -

fitg., = = o S o

' . - ; .

R .
*

Focal-poxnt pr1c1ng is one form of collusive behav1oun,

,by whlch a11 firms in the 1ndustry charge the “fOCal-p01nt" :

prlce;. A focal-polﬁt)prlce for‘an<1ndhstry should be readily»' S

'observahle and hlghly correlated w1th the 1ndustry 8 trug T

_ ¢
v . 4

- -,

P N " . L
- - 1

¢ ’ . - -

Slnce costs are decteasing, ;ndustry perltS are maxr—"

‘l’

C . : : _— -
- 4 - s - . N ' . ’
AR . . - . e -



product differentiation, each firm faces an’ identical demand
curve for its dlstlnct product and maximizing‘tne PIOfit pér

firm is the same as maxlmlzlng total. proflt, glven the number

-

" of product llpes. ' ‘ Y ,3' ) _'\y-f-

' In the eveht that Ganadian-and Uu.s. firms-oroduced:the

same -array of products, or the proditts. were’ 1dent1cal tne‘

-,

landed price of U. S 1mports mlght well be the 1ndud£ry proflt—'

maximizing price. Thxs ‘is 111Ustrated in Figure 'I below.

PE reofeeents the'gross of tariff'price of*imborts from:
."the U{Sus, D w1yi rep:esent total demand for the Canadlan

.product. As lonq as the duty pald prlce of Canadlan products
]

>

]

ﬁqc

'FIGURE.X: . Ini ustry Prnf&t Maximizatioh With Ident;cal’
. Proguct Lines in canada nnd the v.s.s




in the ﬁ.s; exceeds the U:§. producers' price, this total
.‘ demand»wiil correspond to Canadian market demand. Given
. Canadian ﬁarginal cost of ﬁé, the Canadian industry would
:; maximi;e profitsehy setting price eoual to Pt (1n Flgure 1)
and_selling quantit& 6. ThlS corresponds to the marginal
revenue curve P -A-B-C. Note that if the landed price of U.s.

1mports weré above P, Canadlan flrms would ‘charge P and sellas

6.' Finally, 1f Canadlan marglnalrcost were below MC, Canadlan
t ’ L . e

f1rms‘Would set a prlce below P

In the case thatzthe Canaaian "autarchy" price (P) ex-

1-’ceeds.Pt and marglnal ‘cost exceeds MC " the lndustry profit-

: maxihizing prlce w1ll be Pt.

This also supposes that’ Canadian

producers 1gnore the U S market because thelr .landed prlce

-

1n the u. S exceeds-the U.S. product's selllng price there.

Thls analysxs has assumed elther (1), that Canadra pro-

!

ducts are perfect substltutes for the

- Canadlan flrms produce exactly the same produet llnes as U.S.

‘

prdducers. “In anycﬂfthe cases. dzscusSed the. Canadlan indus-.

U S goods or (ii) ‘that

try would supply the entlre Cnnadian market.
)

Nelther of these assumptlons -are approprlate«to the "mode 1

- d , . t

~

USed. Assumptlon (1) ‘i's 1nconsistent w1th the assumed lmper—

~

..

.
PEERRY K - L

fect substltutablllty between Canadlan and Urs —produced o

€

qoods. Assumptron (;1) ‘is 1nconsiatent-with economic theory,

u slnce Cahadlan flrms would not choose‘to produce the same

‘11ne§ as the UsS. Firms given the lines produced by the U. S.

.er\‘,,,t\/ . . P N ’ P -

' . . . .
~ . S, s [V T T
- . d

A



“firms. oo . .

v

The examplesadiscussed above,.snd illustrated in Figure
1 dre‘illustrétive oniy,‘and‘giye a suggsstion of.conAitions
" where tne landeu u.s. p;ios would be.an~appropriate fqcal-

. point for Canadian produesrs' prioing.behaviour. In the

~ current-model, Canadian and U.S. goods are imperfect substi-

tutes. 1In this case, the landed price of U.S. imports will
be a.useful focal-point if the price is réadily observable,
and if it is correlated with the industry profit-maximizing

. v . =
N

price. ~ ’ T . e

The comparatlve statics of Canadlan tariffs are now -
’ anslyzgd glven E S- prlcxng beha%xour and treatlng Canadlan

and U.S. lmports as, meerfect substltutes. In the model

used Canadian and Amerlcan manufactures ate 1mperfect substl--

'tutes’1n both.- final: demand and_;nte;medlate use. . \

With E-S priging, the'shorthruniand iong%run comparative

- -

© " statics of Can ian tariffs ard straightforwafd LFirms‘are'

assumed to use the‘same pricing rule 1n the short run as 1n

v

.the long run.9 A result of this is that 1ndustry output w111
be the samé in the long run (partlal) egulllbrxum as in the v

5 short~rup (part;g}) equllibrlum. In the model, general equ;—‘. L
~11br1um consideratlons}cause industry- Output\to be dxfferent .

- ,.' in the sﬁort run ‘than xn the long run.

~ -

s L) - I3

ro. " . ! I P ’

In ihe short run, the introductiqn of a- ehriﬁf on lmports ‘(

.




from the U.S., will causg Canadian firms to'Eharge a,higner.
prlce, equal to the new gross-of- tarlff prlce of U.s. imoorts;

'

The total demand for Canadlan goods, in the model is made up : S

» 4

of u.s. and Canadlan demand As long as the own e1a511CLty . :

‘ ad
of demand LQ the Canadlan market equals or exceeds the cross-

price (U.S.) elastlclty of demand for ‘the Canadlan matket, ;

- ) total quentlty demanded W11I fall as a result(bf the tarlff

.

‘ If the own % cross-elastlc&tles are equal the Canadlan
market quantlty demanded w1Il be unchanged but the U $. market”
wlll face a hlgher prlce, .and the quantlty sofﬁ there w;ll N ’

. - fan., s ' R

. . p . M
.0 b . - ’
. . C s s o ey I . o d
' Referring to Flgure 2, the red0ct10n.1n total quantlty : : =8
. tg

- demanded is éhown as'’ Q QtJ where Q and Q are the pre— and '_; e
. - .
post tarlff quantltles. .Dé‘(Pc;Pu).and DC(P. P (1+t)) are the4 .

) . - . . _ oy
. : pre- and ﬁost-tar;ff‘%otal demands: for the.Canadlan_made produet.

.

-

Note that the new prlje in the market is known, given ' i"-xt.

v

the producer 8 prlce of-U 1mports, u'
y

. o - . In the short run, Output per flrm fa}ls from qi (1n the .

absence of the tarlff), to Q (n, where n ‘is the onlglnal

-~

number of'flrms in the 1nddstry " Note' that or1g1na11y (1n ’ o ;.j

: [N

the pre-tarlff léng—run equilibrlum), profits were équal to

- .\. - 4 ~ N - : . s,
R zero, so thatsaverage cost’was equal ‘to R% at the 1eve1 of - TN
: output qi per firm ~Each firm eardh a short—run profzt equal o)
" to b(Q /n){/~In the Long qeq, free entry will cause ‘the out- : ,“ -

g -, . put per firm to fall to q&, again yieldinq zero grofitb.‘ - e
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pe wn:h E- S pr1c1ng, an’ xndust{y "‘"supply relatlon ex:.sts

which 15 infmitely elasnc ‘at -the’ landed prlce og 'u.s. *inm-

p r}i. Output per fl,fm will rise as the tariff rqte falls

S in the longr-mn ecfm.li.briuﬁ.s th ES pxicing, the EATLfS

. R eV,
',,jf . rg.te has'- an,,.unaxibiguqn,,s invea;se eff&c’t on t’f\e la'ngths éf ':
oh pqoduétion runs. ‘This, rQSults from the p.ricing be“hav.xour :

- whj.ch 18 assumed to apply to”
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Collﬁéive pricing could break down as a‘resnlt‘oﬁ‘%

tafiff cut. For example, - suppose thatffiked'costs acconnt'

0 * é 7

for a relatlvely small- amouné of total cost, whlle tarlffs

P

s
are quiteé high. 1In this case,,abolltlon ‘of the tarlff either

L

‘Canadian_

Producer'sh

Price

.

Uot)PuQ

. Co . . . o A
causes the industry to cease production or,choose differentf
pricing-behaviour: This is,ilihstfated in Figdré'S fbf the
case where marglnal cost is- constant In such cases, Eastman¥

Stykolt pricing cannot be sustalned after the tarlff 1s

removed. ‘

$

'FIGURE 3: Tariff Remoyal”Casej(b)

:
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‘As mentioned above; the landed bhrice of .U.S. imports may

be- an approprlate focal-p01nt prlce for Canadian manufacturers, A

‘even where Canadlan and U S. products - are qualltatlvely dlffe—

,rent. 4The\partial eq&&librium comparative stat1c5'of E—S

priaing are unambiguous in ome respect: Increasing the '
tariff on U.S. imports- must lead to shorter and less efficient
SR ‘ ' _— L : o B ’

.production runs in Canada, °

I1.4.2.2 Monopolistically Competitive Pricing
. " . - R - .

The monopollstlcally competltlve prlclng rule used by

Harrls and Cox and here is based oA Chamberlin's notlon of a

10 - -

monogollstlcally competltlve,m&rket. Flrms produce goods

that are. imperfect substitutes. Inrthis,way, the prlclng

‘behaviour is consistent wH¥h the implemented.structure of
' . o - £ e

. * . : . a .
market demand, whereby Canadian and U.S. produced goods are

s

imperfect substitutes.

- o

o ‘Firms are asSumed to maximize7profit,.§;ven the peérceived- -
elasticity of the (firm-specific) demand'curve; .The elasti~-

l . . . . A , - . ' - - N o

city of each firm's demand will depend on~the elasticity of * -y

',totalﬁmarket demand , the ease of substltutlon between dlffe~

Afent prod@cts, and the pr1c1ng ﬁott61es of the other’ flrms

-
Y

[NV WP .

in the'industry, If the ma;ket denand iﬁ\:omposed of forelgh

and doméstic components which have,differe t elasticities of

, - | ‘ 4 3 | \
demand, then the elasticity of market demand will also depend
Qn the relative size of the domestic a@d foreign (exbo;t)

\ L s L * . . - R . . .-
. . . - r

"
1
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compohents ' In this section, aLl total demands COrreqund ‘to e
Do 3, i
: the sum of the Caniglan and forelgn demapds.- A ‘#{’
L “w - s

-
s

leen ‘the prlces of other flrms products¥ each<1ndividuai'

t - Cs

'vflrm lS assumed to face a’ constant elast1c1ty demand for 1ts B

o product.l; If margknal.cost-1s°constant, the flrm.S'prOfit

- ..

"maxlmlzlng prlclng behav10ur amounts to ch0051n the‘optimal

’ 'mark up of marglnal cost.. Algebralcally, proflt can.he 2 , ., l'ﬂ
erttenzi T d T - oo . ..' o 'f |
| e 0p(R) otR) HE Eg m
.. g : o -
D(P) is the (constant elastlcltyS demand for flrm i's, " s ;% :ﬂ
R output,'glven the flrm-s prlce P whlle MC 1s the(constant) | (
'marglnal cost and F ate flxed costs of productlon.: D (P.) o t-l; .

is. the derlvatlve of the flrm s denand w1th respect to lts" . I

‘own prlce, The optlmal prlc;ng rule w1ll Satlsfy

R;-MC.  -D(P,)

PER VL ¢ 0 5-DU VR L 2y

i I R 2
i ’ . L -
’ Defining n, to be the absoluteuvalue~o} the firm's .
"perceived" elastlczty of demand, and mi to be the propor - ?
tional. mark up of marglnal cost, equatlon (2) can be :eWritten:,' i
. .,-—'m -, i ) . N L. ._«__.‘__.<{ i
m., - MC i ’ _ T e S oL PR
T . 1. i ‘e 0 - .
- : : s (3) Lo,
(1+m, Y MC - i . : - « . ‘ A L
¥ e - LT :
, S . S .
The optimal mark-up rate can then be written: .. . . -
3 ' ) ' s :
L * I-' - + ’
m, = - - (4 - .
i n l - )
. L . : -
Pike 4
«
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EVen‘the,partial‘equilibrium comparative stacics of

‘taraffs withéthis type of pricing are unclear, and two

”~ . h .

examples are given to illustrate them for the cases where the

perceived elasticity cof demand is (i) constant and
' A ’

(i1) wvariable.

_ i ) , {
Suppose that introduction of a tariff causes the total

'.dehaud curve for Canadian manufactures to be shifted to the

right as domestic cqnsuﬁers substitute domestic for imported

manufactures. Suppose further, however that the elasticity

of total demand for the Canadian manufactures is uhchanged.
\In thlS case (see Figure 4), the short+-run effect of the
‘ tarlff Wlll be to lncrease total sales by Canadlan firms (and
E thus sales per flrm)g. If the tarlff were 1ntroduced into. a

c~tar1ff_;ong~run equlllbrlumi 1ntroductlon-of the tarlff-

‘o

: . X o AR S B
ﬁﬁSt'lédd 0 short-run excess-profits.. - ° - S

v >y “

D] is. the pre-tariff shdre of total demand for a typical
firm i. Each‘firm frodﬁces éo and there are no excess pro-

~f3ts._'Thé pr10e~charged by each flrm is (l+mi)ﬁ5. After

/1ntroduct10n of the tarlff 1f the firm' s-perceived elasti-
c1ty of ‘demand is not affected, the proflt maximizing mark -up

is unaffected but each firm' s demand has lncreased becauSe

N

-‘of substltutlon by domestlc consumers. In the short run each.

. N t , o ' . ..

firm produces qf and earns the shHort-run profit indicated in
e L. g i A _ R T ~ ) B
Figure 4. 'The original number of firms is n_.

. -

, . < - - > I~
l . L 13 . o - 3 ' \
" : .
. - } , . - . o o
. L - .

g}

~

.

vl Ky By “5.-1_"",.4')4(‘;!“-'4“‘
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'FiGURﬁ ;u ,Comparatlve Statics cf a Tarlff (MC Pricing
' ';J With Constant Elast1c1ty)
. As entry occurs, the demand per flrm w1ll be reduced
even though total quantlty demanded (at the unchanged prlce)
will be unchanged at 'n q Entry w111 occur untll output
per firm is precrsely q. and all excess proflts are ellmlnated -
Note thetrif'thebperCeiOed elastmcity is unaffected by the
tariff} the mark—up and the. prlce charged will’ be unaffected

by the tariff. 12. In thls case, the 5ar1ff merely causes entry
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" at the pre-tariff price and output. per firm.

If the donestlc demand is less elastlc than_the forelgn

demand, 1ntroductlon of a tarlff ¢an have addedq, effects. In

this case, the perceived elasticity of'demahd~§aced by eiﬁp\

oy

firm may be . lower in fhe”new-loﬁg—run eqﬁilibriuml 'Th;é is

true since domestic demand will be a larger Sha}e of tétal .
o

demand,- so that. the elast1c1ty of total market demand falls.
By equatlon (4)- a higher mark up will result, and thus a “f&offt‘
lower zero proflt (long run) level of output per firm. -ln
thlS case the long run effects of the tariff are (i) o in- /
crease 1ndustry'output, (11) to cause entfy, (iii) to re&uce
‘output per flrm and (1v) to 1ncrease the prlce pald by con-. .

‘sumers.‘ This is. llluStrated in Flgure 5.

|

S PEOem)MC
e
B MC

-9
.. %
y
N

1"

<

" d

R

FIGURE 5: Coﬁpurﬁtlve Statlcs of a Tarlff (MC Pr1c1ng

: Wlth vVariable Elast1c1ty)
&

pom
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The - long-run post-~tariff demand ber firm‘(Dz)'Will cut’

average total cost‘(ATC)’at q as a result of entry{ 'This'

is the level of output where the fixed costs per flrm exactly

equal total mark-ups per flrm. Algebralcally:

q; = —— . E . S (5) ‘ N
- v - : . ’ W

-« . . -

m® is the post-tariff optimal mark~up, which is’higher .
than, m® due to. the reductlon in the perce1Ved elastlclty of
demand.' In this case, the tarlff does .cause a reductlon in

the. length of production runs from qi to qi in the long-run:

- In this case, the outward Shlft of market demand caused
by the tariff is more than offset’ by entry so that demand
per firm shifts in. 1f, on the other hand, the‘foreign com-~
.ponent of rotal démand was’dramaticaliy léii eiaetio,than
domestic dgmand, the tariff couid have thevcounferintuirive
effect of increasing the lengthvof prodncrion'rens! This »

would occur as a result of the impact of the tariff on the

L) -
percelved elast1c1ty of demand -as the 1ess elastlc component

of total demand became d more lmportant share of total demand

The method of calculating the perceived elasticity of :
demand is discussed in.detail in section II.4. 3. Experience

:w1th the rev1sed model . suggests that very small changes in

*

the percelved elastlcltles are likely to fesult from trade-

liberalization

3
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The comparative -statics of tariffs with MC pricing are

not clear-cut, as are those w1th E-S prlclng, since they
depend on the relatlon between tariff rates and the elasticity -
of demand, is well as the size of total demand. In the case

where the perceiyed elasticity of demand is unaffected by

b

the tariff, the length of production runs in Canada are un-

affected by tariff- rates.

.

I1.4.3" Implementatlon of Decrea51ng Average Costs and
Market Structure

Thls section outllnes detalls of the 1ﬂplementatlon of ,
decreas)ng average costs and market structure used The
formulation used is compared to that used by Harris and Cox

(12, pp. 77-90). - , R

The. central case"analyzed below involves MC prieing in

.the:nen-mechanieal manufacturing industtyl(Ml) and E-S

pricing in the equipment and vehicles ihdas;;y'gmé;.‘ |
CMC pricing.was_assumed te’hold in the M1 sectdr, since

fE-S!pfieing wbuld}break_dewn‘in mnch ot~the sectéi;’as‘av

"reshit of tariff abolition. Since Canadian‘tariffs are higher -

: than the share of flxed costs in total cost in much of this -

sector, ellmlnatlng Canadlan tarlffs would cause the collu—'

31ve price “to be less than marglnal cost. Under these condl—

2

ItlonsﬁE-S prlcing is likely to bteak down. i B ,,",
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Collusion would seerl most plau31ble where relatively few

firms are involved in almarket. Such is the cas%?for the
icles setctor, which fs'}ﬁe most 1mportant ‘component of

the equipment and vehicles sector.

The emplrlcal basis for chodsing one of these central
case -formulations over another'ls.weak, and results corres—

‘

penaing to several alternative formulations are presented
. . " ‘ /-
later.l3 There is-no empirical evidence to aid in the choice

of pricing hypotheses.

II.4.3.1 Production and Costs

In ail:industriesrothef tnan Canadian nanufacturing,
“productlon exhlblts constant returns to ‘'scale in the inputs
4of primary factors (K and L) and ‘intermediatefuse of produced
ihéutsf' The technology'is‘of CES form, with hierarchical ’

(U K
structure as outlined in Appendix A of Essay I.

W ) ‘ .
: ;n'the»Canadian mahufacturing indﬁstries, production
-eihibitd,cbnstant‘returns to seale in the>variable‘iants of
primary factoré and.in'the use of intermediates,—but tnere‘
’1s a flxed requlrement of prlmary factors per flrm "The

flxed requirements of capital (E ) .and labour (Ti) lead to

’ fixgd‘costs of‘production»per firm in the. amount F, where:
F=wEl, + R, = _ . ' ‘ (e)
. l 1- -, , . -' f

No subgtitution isipermitted‘between capital and labour

S A n A o
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‘in fixed factors. As noted befere,/;helexisteﬁce of fixed

- - . . .
costs means that average cost~1s a decreasing function of

the qguantity of output per firm.

- .~

Average cost for. firms in thé Canadian manufacturing

industries can be written:

. \

WL, + Rk, + P-a, + (wzi + Rki)/qi (7

C(qi)
\

"W and R are the‘producer'e prices of labour and capital

respectively. Qi and k are the cost-minimizing per-uhit'

-

factor requiréments of labour and capltal respectlvely. P

is the (row) vector of producer s prlces of the 1ntermed1ates
,andrai is the (column) vectortof.optlmal per unit requlre—
ments of»iﬂtermediates. In all 1ndustr1es other than the

'

" Canadian M1l and M2 1ndustr1es, kl.end zi, ‘the per—ﬁlrm flxed_

" .~ B

requirements, are zero.

11.4.3.2 ~Perceived Elasticities of Demand -
'Firms‘in the Capadian M1 industry are aesuﬁed<te eﬁgegé
iniMC'pricing, giueh.a’ﬁixed nembef'ef pfodﬁct iines: To ;
determine the optimal merk;uPJ lt is- necessary to know the
<perce%ved‘ele§ticity'of'demand nl for Ehe typlcal flrm in
that induetry; Industry and firm demands ‘are descrlbed by

' equatibns (8) ana (9), respectlvely.

Q. B |
Q=g tTry - (8)-
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Py
Qg = Q" (@)
r p;% .
i=1
Q is the industry outpﬁf}"d;\TE“thé—outputne£_£;£m-i«and.;w, —_

Pi is the price charged by firm i. n is the .number of firms
-in the industry. Industry demand specified in this way has
.. " . ' i ) .
the property that total demand has constant elasticity €, and
5 7 N ’

ihe market share of, any individual firm has a constant own

~

. ' L]
price elasticity a, holding all other firms' prices constant.

.This specification/has the following properties:
4 A ot ]
(i) Total demand is unchanged by adding more firms as
long as all firms charge the same price. . Co ‘
' (ii) In response to an increase in the price charged by . ;
one firm, total gquantity demanded will fall by less
than the fé&i in quantity demanded bylthe firm ir-
creasing the price, as long és o is greater than e¢.
(iii) An increase in the'pr%ce chérged‘by»one firm (3) -
will cause qﬂ increase in the guantity demanded

b§ any other firm'(i) as long as o is greater

than . =, _ - ' ;
. » . / , ki
e . . ' - / )
An individual firm's perceived -elasticity of demand nj
£ . : E:
can be derived from. (9), using (8). This elasticity will

depend on: -

g,

C e e

. . (1) the number of firms in the industry
' (ii) the elastigity of total demand (g)
(iii) the elasticity of market shares {a)

3 o [
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Specifically, the firm's perceived elasticity of demand can
be written: ' "

S o= Q (e-1) - (a~1),1 _ Q . Pn
Ani = {el3]P o aP (5 - 113 o ) (10)

In fact, the true demand for Canadian M1 manufactures

1]

is not likely to be of the constant elastivity variety, but

this assumpti?n'seems'a useful simplification. The data -
_provide values for n, P, and Q for equation (10), but not

‘values for € aﬁa O Once'ﬁhe substitution elasticities of o
. ) .

the model are Calibréqed, ¢.can be approximated using the

’

model. -The'elaSticity of’market-demand for M1 was chlculated /
by changlng theé- price- of Ml by l% and determxnlng the pro-

portlonate change 1n quantlty dem/hded hbldlng’all other

»
prlces constant 14 This Stlll leaves the "shg}e" elastLCLty
]

a and/or .the perceiVed elast1c1ty Ul which. are unknown.
_Fér;unétely; knowledge of the séaleAelasticitjibf production,

coﬁbinéd wiih.the assumptibn of long—run equilibrium(allows-
. N . . s - - ' . B - ~
a and un to-be determined during calibration..: :

I1.4.3.3 calibration

1

: ot s ) .
The ghare parameters of all of the utility functions

-

and of the production functiohs\outsidé of Canadian manufac-

turing. were determined from the micré—consistent data, using
a method outllned in Mansnr and Whalley (15) - 15 The methoedo-

-

logy used in the Canadlan manufacturing lndustry dlfé/;s from

Ry

that used by Harris and Cox. ~ o ,
- .

v vy e W bt am R




Harris and Cox assume that their "base"

” e
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data represents

a short-run” equilibrium, and they rely on direct gstimates

of capital stock to infer profits. This methodology‘was

-

apparently used in the belief that the departures of their

data from a long-run equilibrium were more problematic than

the deficiency of the capital stock data and
"‘ .
estimates of profits. Given the implausible

their benchmarking, and the unreliability of
‘dafa, it was decided toﬁassume that the 1977

represented a long-run eqﬁilibriﬂm. Some of

"benchmarking" are discussed in section I1I.2,

the resulting
results of
capiéq} stock
bencﬁ@ark data
the iésults of

above.

. Calibration of the pro&uction and demand parameters for

the Canadian manufacturing industries follows the ‘procedure

from Mansur and Whalley (15), in most respects, except for

N ‘ b .
the calibration of the following items, which will be dis-

cussed in some detail: —

(i) the fixed factor requiremehts ﬁ; and Ti

.. &

(idiy the perceived elastigity of demand ny

(iii) the share elasticity of demand a

-~

Given an estimate of the scale elasticity of produetibnwa

(ot cost), it is poss%Ple to infer the share

of fixed costs

(F) in total cost. The scale elasticity'of cost, Si,!can be

written: o *

(11)

-5
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»
Ci'i% the total cost of ﬁroduction of a firm in industry 1, .
producing odtput q; - In the case that margiﬁal ¢cost 1is .
constant at MC, the scale elasticity of cost is equal to the
share of variable in fixed cost. .
g, = MC-qi _ Total Variable Cost (12)
i C; Total Cost
’
The total amount of fixed costs can now be determined, given .
the total cost of production. Given the qymber of firms, n,
the per-firm fixed cost F can then be determined:
F = (l_si),(lpdustrynTotal Cost) . ) (13) RS .

As in H-C, it was assumed that all fixed costs were made
’ . . ' .
up of primary factor costsl6. It was further assumed that .

fixed factors were used in the same proportions as variable
factors. This allowed the fixed factor requirements to beé
determined, using the rule that one unit of a primary factor . o

is the amount that costs producérs $1 in the benchmark equili-

brium data.

For a known F, and a known ratio of -capital to labour

used, Yy the per-firm requirémehts can be calculated:

—_— »
T, = —t

1 W+Ryi (14)

- ’ YiF ! . , 7 - ,,
ki = W:ﬁ?; . (15)
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Calibration of the remainder of'the utti?}y and produc—
tion parameters is completed in the‘normal fashlon In the
case of an industry with MC prlcing, however, the perCelved :,

elasticity of demand and the share elast1c1ty of demand . (_)

must be determined. Again, imposition of'the zeronroiﬁJtl

(long-run equilibrium) condition allows all of these..to be

. determined.

Once the utlllty and productlon parameters have’been
determlned, it is p0551ble to calculate €, the elasticity of
market demand. ,In‘long—rpn eqplllbrlum,'lt must be true- that

the exc¢cess of tttal revenue‘over total variable cost for each

firm must equal the fixed cests per ‘firm. Algebraically:'

(16)

, ‘but recalling the optimal rule for choice .of the mark-up
--rate m. (16) can be usefully rewritten as:

(17)

"In,words, the perceived elasticity of demand must be

known; once we know the share of fixe& ln totay COét. The

central case estimate of the scale elastlelty of cost in the

“ *

Ml 1ndustry is .86. ' This value is-based on estlmates from

-

.'Fdée and Gupta (10). This scale,e&aéticity of cost corres-

ponds to a 14% share of fixed to total cost, and corresponds

¢

to a perceived elasticity of demand of 6.1. 1In the benchmark

equilibrium, quantities are measured based on prdduger prices

-
N

-
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.of . $§1. As a result, eduation klO) can he rewritteh and re-

grr ,toget—: T T

M-

L]

w = [n '—- [——]] B S oas

\‘ - n ) Jo ‘ nil_ L S
o .’ ' ' " . ’ “- .‘ . . T oo 4
This caompletes. the ‘calibration of the model. g
" . . F » - - | ‘, P S

AS a result of the pollcy change, the percelved elasti-

c1ty of demand may change, as a result of entry and exlt

oA

(chdnges in. nj), changes in the market elast1c1ty of demand

{e), or changes in the prices and.quantltles._ It is assumed

that a does rot change as a result of.policy'changes o

Iy
{
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.II.5 THE SOLUTION OF NGE MODELS 'WITH FIXED COSTS'

Harris and Cox 1ncorporated flxed costs per flrm Lnto
their one—cOuntry model of Canada T‘ty do not dlscuss the.
method of mddel solution used 1n detall- This sectlon will

discuss the solutlon of the rev1sed model to be used. \The

. novelty is in the evaluatlon of the»excessydemands;_

o NGE models of world trade solve'fof,“counterfactual"'
qulllbrla using elther a 51mp11c1al subdivigjon al@oriéhm;s
or a modlfled ‘Newton méthod. 19 Once. the model has been cali-

brated u51ng technlques explalned in. Manéﬁr and, Whaliey. 19),’

2,

.the evaluated excess demands are used to ‘find an approx1mate

-equilibrium prlce vector. The soluflon speed of the algorlthms

>

is affected by'the_number,of.excess,demands to be evaluated. .

II. 5 I Models Wlth Perfect Competltlon

in the case of an economy with price- tak1h§<f1rms and
consumers, there may be several ways_ of - representlng the ’
. equlllbrlum oonditions descrlblng a’ long -run equlllbrlum
Given that the ‘solution speed is’ affected by the number of
excess demands to be evaluated it .is convenlent_tO«expressf'
the_equ;llbflum conditions in terms‘of as few excese\demands iN

as possible.

A loné-run‘equilib;ium will satisfy'three sets of equili-,

brium conditions:
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A - R . o ' N
(i), The supply of each commodity must equal its demand.zq
{ii) The subply of each priﬂary-factor‘must equal its.
demand.
. (iii)}. Firms in each industry must earn Zero profits.
. If an excess demahd was calculated corresponding to each
. of these éénditioné, many excess demands would need to be .. -
.+ . evaluated at each step of the solution process. 1If there
o are -G dist}nct goods,‘F distinet factors, and'I distinct
:industries, this wduld"require the eﬁaluation of (G+E+I) ) ' ‘
exééssidemands at each step. The 8-bloc model. has- 48 d;s—“ i
.\T\ '_tihct éOst {6 in'eaqh‘of‘B blocs), 16 disfinct faqtérs
. (2 in each of the blocs),. and 48 distinct industries. These
113 excess demands would'be,ﬁritten:m;‘ - o . . ,
: . S .o o o o g ' ,
qzl_ -:=_ Dl(?);-. Sl(¢): . o '.gl.l% o
clg o F DG(¢) - SG(¢) . o (1.6)
_ el _ 1 o
LPger T O Kg(e) = Xy fl.g+1? 4
‘Zgyy = Kgle) = 1o ~(dicr2y
L ke - & (1iGe2Eel)  © .
. S Ce+F-1 ar. o T AT
a L'EZ. L= :L8(¢5 ; 8 (1.G+F) "
e ;G‘+F_., arr’ - _"'.o, - .* '
-~ Zogpsr = Py - ACple)ng A(1.GF4l) - T
‘ “'.J/ZG+E+I = (PI‘ ;—: ACI(¢))nI, ‘ o ﬂl.GfF+I) )




) blocs,
functions for gopd i.
- the’factors.in region‘j

supplled endowments of: labOur and: capltal in region 3

. is the cost m1n1m121hg ayerage cost‘of product i.

'returns to scale,

‘ srmp;ex w1th F elements can be used

$ is the comp;ete vector describing a‘possible.equilibrium.

. .

o). (2)

¢ f (P ny . .0g S

11 PGIRp M- <Ry W,

~

“Fhese elements are .the comnodity prioes Pi to P the Lo

factor prices (W, R) for labour and capltal ip each of the ‘.n

‘and the number of flrms in each cf" the COmpetltlve

industrres.- D (¢) and S (¢) represent the -demand and supply

LJ(¢)'and KJ(¢) are the‘demands for
L:J and K:l are the lnelastlcally

AC i¢)

21
,‘j‘__'-

-
-

II. 5 l l The . Spec1al Case of Constant Costs

t

In the event that all productlon exhlblts constant
the three sets. of,equ1llbr1um conditlons
(1. l 1 G+F+I) can be represented by °F excess demands, ‘cor-
respondlng to the dlstlnct factors. In'thls‘oase, a smaller"
'and so}ut}on,speea-is

greatly 1mprpved.' The-exoess,demands usedxcan_be’Written:'

o
-

Al

(3.1)

- ]
1T Kd‘(R 1"" e'w ) = K .
oM : L ‘
2y = L3 (R 1’“1"?" g/Wg) = LY (3.2)
3 .. . o ’ .
o7 _ A8 o Lo .8
Zp = Lg°(Ry Wy ,w' . Ry Wg) — L) (3.F)




31 and Lgl, rsspeetively,

‘are calculated, given the factor prices prevalent in each

"Constrained" factor demands, K

" blog. ‘These ireAthe factqr demands Cdrresponging to the

zero profis cohmodity prices consistent‘with the diven factor
prices. The methodology used to calculate the Jconstrained"
‘excess demands‘is‘suflinea in Figure 6.

by

"Cost-minimizing factor costs per unit and unit factor requlrementsf
are calculated given the factor prices,

Zero profit (cost covering) prices for all commodities can be
determined given the factor costs per unit and knowledge of the
lnput/outppt strpcture ‘of the model. :(See section II.5. 2 1.}

Total income can be calculated as the sum of the factor prlces
times the resource ehndowments.
Consumers maximize utility given total income calculated in step
3 and the cost-covering prices calculated in’ step 2. This yields

. the final demand for all commodities.

Total (intermediate plus final) demands for output can be caldu-
lated glven the flnal demands and the 1nput/output structure.
Constralned factor demands ¢can’ be calculated by multlplylng the
‘total demands for output by the cost-minimizing unlt factor
_requirements, ‘and adding the resulting. factor requlrements by
product.

-

The excess demand for a factor equals the’ constralned aemana less
- available factor supplles -

-
T g -
- N PR B Iy

FIGURE &:- Steps to Evaluate ‘Constrained Excess Demands for Factors
' (Constant Costs) S , - SR

i

The excess demands fo; factors evaluated thls way satlsfy
walras"Law and are hOmOgeneOus of degree zero in the vector

#

of factor pr;ces.?%' This assures con51stency with the 1mplled

iheoretiéalimodel, and.assures:that'“fixea point" methqu“




will find an equilibrium. ST T -\

I1.5.2 Models With Pixed Costs and Price-Setting Firms

In the event that fixed costs per firm are present, im-
posing the zero profit condition does Qgg‘imply gnique cost-
covering prices, so that step 2 of Figure 6 is no longer
possible., Since pfofits may-exist in gome of the (non-
competitivey) iﬁdustries where there are price-setting firms,
total income; as calculated in step 3 is no longer correct.
This sectlon dlscusses the solutlon of-models w1th decreas—

" ing average cost end price—settlng behaviour by firms.  The
simplifyinoAassumption of constan; harginal cost is main-

tained throughout.

In the resised model_USed to evaluate Canada-U.S. trade -
issues, .the two manufacturing sectors (M{ and M2) are assumed
to have- fixed costs per firm and thus decreasing average
cost. To simplify the exposition, decreasing average costs

and the assoc1ated prlce setting behav1our w111 be present

-

.in only one lndustry in the dlscussion whlch follows.

- ] ) - ! ) ) e

11.5.2.1 Lorig<Runh Solution

e ¢

The long-run equilibrium conditions of the niodel w1th
one ;mperfectly compet;tlve industry are still described by
the equll;brlum conditlons (1. lf to (1.G+F+I). 1In other

words, commodity market equilibrium, factor market equilibrium,




)

and zero profﬁts musﬁ'ﬁevpresent in the long-run equili-
brium. The model é@ukd be solved, once the pfofit maximizing
behaviour is specified, using (F+G+I) excess demands cor-
responding to coné;tibns (1.1) to (1.F+G+I), but this would

= R v

be very cumbersome. &
’ .

The method of solutiog‘ysed~follows the steps of Figure ’
6, but overcomes the problem associated with step 2 by keep-
ing track of the ﬁumber of firms in the non-competitive
industry. In this way, it becomes poésib;e to generate
fhe profit—maiiﬁizing (rather than zero-profit) prices of
non—competitive:commodities in step 2. In step 2 of the
. standard méihod/illustrated in Fiqure 6, cost—cévering prices
are calculated usim?rthe zero profit condition: |

P. ="MFC. + I P.a:. (4)

j=1 -
where a5 afé the intermgdiate req&irements for commodity 1i.
Denoting the unI{.marginal factor cost (MFC) vector as v,

A

form the matrix equation

P =v + AP ’ & (5)

where A is thé matrix of intermediate requirements. Rewriting
this equation it is possible to solve for the zero profit

prices given knowledge of the variable factor cost per unit.

*

b= [1-a] v (6)

In the presence of fixed costs and .E-S pricing in one

e




17,1

. -

j*, firms set their price equal to the duty paid price

"

sector

-

oflcomparab}e U.6. imports "k".
w ) ' -
Pj = (1 + tk)pk (7)

In tﬁis casq, dost-covering'pricesrare>ca1culated for all of
the competitive indwstries, and the "E-S" price is calcu-
lated for commodity j, based-en the input prices. The *vector

of cost-covering/profit-ma;imizing prices then becomes:

p = [1-al171y ' (8)

¢ -y *

A

where A® is the intereﬁdiate requirements mat;ik A, with the

. ’ . : -~ . . . .
row corresponding %o th:/non—competltlve commodity "3j" re-
g

placed with the followi row vector:

¢

1

(0, 0, 0, k1+tT}na* ee., O]
S ;

enéry k

.

o
Note that in this ¢ase it is unnecessary to know the number

of fifms to calcﬁlaféffhe "profit-maximizing" price charged

by the price-settirg. firms.

In the p;esénce'oftfixed costs and MC pricing #n sector
j, firms choose the pfofit—maximiéing markup of marginal

cost, mj, to satisfy:-
(9)

As noted above, tﬁe~percgived elasticity of demand, nj, will

depend on the number of firms in the industry nj, and this
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optimal markup can be calculated, given nj and the elasti-

city of market shares aj and the price elasticity of market

.

demand, cj. [

The vector of cost-covering/profit-maximizing prices

can be generated in this case as:

p = 'IIA-A]—lv‘ ‘ (10)

A

‘where I is the identity matrix with the diagonal element

corresponding to the commodity subject to monopolistic

y N

H 4 "o l
pricing, ", set to T
3

9

Having calculated the cost—coveripg/profit-magimizing
prices, final demands are evaluated in step 4, following
the calculation of total income.inqstep 3. Except in equi-
librium, profits in the non-competitive:industry need not_
be zero, leading- to a miscalculation of total income’ at step
3. To take account of this, an additional "transfe;" térm, \
&j' is added tio the price simplex corresponding to each

-

non¥competitive industry, j.

When total %ncomes are calculated, the total income
of the Canédian consumer is increased by the excess of this
transfer Tj over the total spent on fixed factors in indus-
try j. Algebraically, the augmen%ation to consumer incomes. -
can be’Qritten: ) ‘

Y = 7. - n. (WEL. . a1l
Y=, nJ(J+RI€) (11)

. B -
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Final demands are_ calculated, given the new total in-

come, and the prices calculated in step 2. Total demands

o

are determined as before in step 5. The total demands for

factors are calculated as before, except that the fixed ‘ T

factors required by the non-competitive industries are

added in.

E )
-

2

Two added excess demands are required for each non-

competitive industry, corresponding to the transfer term Tj

and the number of firms element nj.
t')\ .

~

>
A}

Solving for a long-run equilibrium with fixed costs

per firm and_price;setting firms amounts to finding equili-

brium valués for (i) the input prices for each bloc,

\

(irf the"number of fifhs in each‘non-competitive industry

. and (iii) the associated size dfitransfer for each industry.

The qomplete"setﬂoffexcess demands which must be zeroed
for,equiiibfium cgrrespénd to.the factor market excess con-

ditions (7.1) to (3.F} above for the blocs other than Canada)

- * -

. pius the féllow;ﬁé excess demands’ for Canada.al.“

"0 v
- “
. et

. ExceSs behand S e " "price"
- ",,»“ ’_ . “‘ o b ;] N R
Bp T Re tAy gy K L T
*73‘(=“L +*L + nff. - 1° ) (W)‘
L "e.-""v 373 . . ‘ :
S B R - | /
2. = n.(WLl..- RK:) < T.- _ , (T.
T g,ew 3 RR'J)_‘ ; A (Ty)
4 , - - 0 ‘ LI - a
-c " _TR,-WL_-RK ) S ‘ .
g =Y ¥V VYV _ Iwl, ¥ RK.]1. - _ n.)
n, n, - - 4$ 3 * o J] ( ])" ‘

I R 4 .

- -

, .
I3 . o N ol
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Kc' LC are variable factors demands in the CRS indus-

tries andg Kv’ Lv are variable factor demands in the non-
L )

competitive industries. Ej’ Qj are per firm fixed factor

© are the factor endowments. TRV is

requirements and Ko, L

the total revenue of the nbn—competitive sector j.

A

The first two excess demands are merely the Canadian

excess demands for factors, which must include demand for

M

f}xed factor requirements. The excess demand for Tj must
be. zero ti’assure that the budget constraint is in fact
satisfied by the new equilibrium "price" vector. The excess i
demand for the numbe£ of'firms is no more than the profit

per firm in the non-competitive industry. In long-run

equilibrium, with free entry and exit this must also be zero.
v

The system of excess demands represented by (3.i) to
(3.F) plus the conditions (R), (W), (Tj) and‘(Rj) are homo-
geneoﬁs of degree zero in all of the input prices and Tj'
and it is easily verified that Walras' Law‘holds.23 The
steps used to evaluate excess demands in this case are sum-

marized in Figure 7. ,

I1.5.2.2 Special Case - Pricing Behaviour Not Dependent
on the Number of Firms ‘

In the case that the profit maximizing price does not
depend on the number of firms in the industry, it is possib};

to solve without adding any extra dimensions to the simplex.

This will be the case if all firms pursue E-S collusive pricing.



1. Cost-minimizing variable factor costs per unit and unit variable
" factor requirements are calculfted given the facfor prices.

2. Cost-covering prices for the competitive (CRS) industries .and
profit-maximizing prices for the non-competitive -industries
can be determined given the variable factor costs per unit,
knowledge of the input/output structure of the model, the pro-
fit maximizing rule, and the number of firms.

3. Total income can be calculated as the sum of the factor incomes
plus the transfers from the non-competitive industries, less
the expenditures on fixed factors in the fixed-cost sectors.

. .

4. The final demands for all commodities can be calculated given

total income and the cost-covering/profit-maximizing prices.

5. Total demands for commodities can be calculated given the
final demands and the input/output structure.

6. Total demands for factors can be calculated by calculating the
’ demands for "variable" factors and adding the demands for fixed
factors which depend on the number of firms but not output.

bt |

7. Excess demands for factors equal the factor demands less ’ <
available factor supplies. -

8. The demand for T. is-equal{’to the total amount spent oh fixed .
factors in sector j less the transfer Tj. -
9. The demand for "entry to" sector j is merely equal to the pro-

fit per firm in sector j.

FIGURE 7: Steps to Evaluate Excess Demand Vector - Long-Run
Equiltlibrium With Fixed Costs and Price-Setting Firms -

« .
In this case, the steps in Figure 6 can bé followed, with
the exceptioﬂ that profi£ maximizing prices are ca}culated\
af step 2, and demarnds for fixea factor's are added at step 6.
The demand for fixed fqﬁéoré (and the zero profit number of J

firms) is determined by spending the industry's variable

profit on fixed factors in optimal proportions. 1In this

o

“w




case it 1s unnecessary to extraneously keep track of the

number of firms or profits.
& »

II.5.3 Short-Run

) AN )

In the short-run, the number of firms in the non-compe-
titive sector is fixed, but it is assumed that perfectly

competitive firms can expand output in the short-~run at

constant cost. \

Sﬁort—run profits of losses may exist in equilibrium
in the non-competitive industries, and a transfer term is
necessary to reflect this, but an extra term to represent
the number of firms is obviously unnecessary. The demands
" for factors are calculaféd in the same way as before and
Fhe demand for "Tj" is written as;

Zp = TR - WL, - RK, - T,

I11.5.4 Summary

*

The 8-bloc mode 1 was, adapted to accommodate two non-

compétitive_sectors, with a small deterioration in solution

’ ]

‘speed due to added dimensions. The method used is appealing

because it does not resort to a full dimension simplex. 4

. .

' . . . N b
cases where the non-competitive firms' profit maximizing

pfice does not depena on the number of firms in the industry,

no added dimensions are necessary to solve the 8-bloc model.




In the cases where the added dimensions are necessary, a
drawback to the solution mSGLod used 1s that even the full
dimension method may be more efficient if many industries

set profit-maximizing prices.

\
L

IT.6 CANADA-U.S. TRADE LIBERALIZATION

This section will discliss the impact of several libera-
lization experiments, estimated usiné the revised model-
presented above. This secticn focuses on bilateral tariff
abolition. This focus was chosen for several reasons. Fir§§,

3

while more ambitious policy changes.such as complete free

trade have greater potential gains, practical problems with - .
eliminating non-tariff barriers on agricultural commodities

in particular are substantial. Secondly, the non-tariff

barriers implemented in the model are presented as tariff
equivalents. The procedure for choosing the levels of such
barriers, and the modelling of their incidence in the model

is somewhat inadequate,24 and resulting estimates of the

effegts of their elimination may be poor.

-

Althoeugh the proposal considered is modest, it has some
probability of implementation, and is of interest For this
reason. Unilateral abolition of tariffs on U.S. imports

is also considered in section II.6.2.

>

The effects reported here contrast with the results of.

most previous work in the area of bilateral tariff reductions

™
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by Canada and the U.S., because the central caée estimates
suggest that Canada could lose from either bilateral aboli-
tion of tgriffs (BTA) or unilateral‘abolitionﬂof tariffs on
U.S. imports (UTA). The contrast of these résults with
those of Harris and Cox (6,12,13) is investigated in section

-~

I1.7.

II.6.1 Canada-U.S. Tariff Abolition

Table 5 contains the estimated long-run éffects of
tariff\abolition by Canada and the U.S. The first column
shows the effect of 5 unilateral tariff éut by Canada on
U.S. imports. The second row shows the effects of a uni-

lateral cut by the U.S. on Canadian imports. Finally, the

third row shdws the effects of BTA.

A striking feature is the‘Canadian welfare loss, which
contrasts with the lérge gains of Harris and Cox. This is
partially attributable to‘the modest exﬁeriment conducted.
Although the protectian data pfeseht in the HaxriérCox mode 1
is very similar to the.data used here, Harris and Cox analyse
the éffects of the reduction of all protection on all of

Canada's trade with all countries.

Gains of pver $1 billien annually exist to be shared
/ .
between Canada and the U.S. as a result of liberalization,
€ ) :
but without cOmpensations,‘Canada could well suffer a welfare

loss. The terms of trade do against Canada as a result of

s
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TABLE 5: Tariff Removal Experiments on U.S.-~Canada Bilateral Trade
% (Long-Run Central Case)
Canada Abolishes \yrs. Abolishes Bilateral Tariff
Tariffs on U.S.” Tariffs on Abolition
. 4: ~IpPorts Canadian Imports N
£ ]
Welggrel SR K> % of SB % of SB % of
: GNP " GNP GNP
d.s. 1.5 1 -3 .0 1.2 .1
Canada -.7 - =.3 .5 .3 -.1 -.1
Terms of Trade 4 $A A
U.Ss. +.8 -.2 +.6
Canada -3.0 +.4 -2.6
Production %A U.S. Canada " u.s. Canada U.s. Canada
Agr. & Food .0 1.0 .0 .2 .0 1.2
Min. ~-.2 1.7 .1 -.5 -.2 1.3
En. .0 1.8 .1 -.2 .1 1.6
M1l .1 <3 .0 .3 .1 .6
M2 .0 2.8 .0 .9 .1 3.7
S & NT .0 -.2 .0 .1 .0 -.1
I-0 "Ml M2 Ml M2 M1 M2
# Firms ~-.4% -7.0% .0% -3.5% -.4% -10.5%
Length of Pro- .
duction Runs +.7% +9.8% +.3% +4.4% +1.0% +14.2%
R 2
Total Fixed ]
Factor Savings $.5 $.1, $.7

in billions of 1977 $U.S.

are in billions of 1977 Su.s.

Welfare effects reported as Hicksian equivalent variations (EVs)

Fixed factor savings are reported as the reduction in expenditures
on fixed factors in the imperfectly competitive sectors.

Values

-y




BTA. This is counterintuitive from the point of view of

traditional trade theory. Canada is often thought of as a
small open economy, with little ability to affect the terms
of trade, while the U.S. is a much larger trading partner.
According to traditional theory, Canadian tariffs would be
expected to cause domestic consumers to purchase less im-
ports, but such tariffs would not have the effect of re-
ducing éhe net-of-tariff price paid for the imports. This
would not be true in the U.S. Tariffs imposed by the
larger partner would be expected to decreése the price re-
ceived by (Canadian) producers, yielding terms-of-trade
gains. BTA would, thus, ‘be expected to allow Canada to re-

capture some of these gains from the U.S. treasury.

This analysis is inappropriate in the current case for

many reasons. First, trade in the model is not iq terms

-
-

of commodities which are perfect substitutes. As a result
of this the hypothesized relaticon between elasticities of
impo;t demand and cohntry size does not hold.25 Secondly,
Canadian tariff rates are initially about twice as high as
those in the U.S. The relative height of tariffs is an iﬁ-
portant determinant of who may gain or lose from bilateral
liberalization.26 Finally, the 'terms-of-trade' effects
reported.in Table 5 have a second interpretation, related

to the E-S hypothesis. One of the hypothesized outcomes

of trade liberalization is improved efficiency of domestic




'
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producers, implyiﬁg lower cqéts of production, and thus
prices for Canadian-made maﬁufactures. rPart of the terms-
of-trade losses feported age Canadian productive efficiency
gains, attributable to la%ger production runslin both manu-

facturing sectors.27

While BTA is expected to cause small welfare losses
t®% Canada, this qualitative result is somewhat sensitive
to\the elasticity specification of the model. Systematic
sensitivity analysis of the welfare effects &f BTA are pre-.

sented in essay III of this_ thesis.
A

The rationalization effects generated are primarily
the result of Canadian tariff cuts although additional
rationalization occurs in the M2 sector as a result of Q.S.'
cuts. These additional rationalization effects 6ccur as
an indirect result of the cut. Producer brices for M2 are
virtually unchanged by the tariff cut, but éhe value of
Canadian factors is increased. This results in a narrowing
of the difference between price and marginal cost, in turn
requiring longer production runs té eliminate economic

losses.

Although Canadian tariffs are much higher on M1l than

M2, the rationalization effects are much smaller due to the

assumed monopolistically competitive structure. As discussed

in section 1I.4.242, rationalization of a monopolistically
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competitive industry, through longer production runs, need
not result from tariff liberalizaqioh. In order for ratio-
nalization to result from liberalization, the perceived
elasticity of demand must rise, thereby reducingﬁmarkups.
In the case of the Ml industry, the mtharket elasticity rises
slightly as a result of either Canadian orvU.S. tariff
elimination. This results in small rationalization effecté
due to slightly reduced markups.28 Larger ratiocnalization
effect; result from BTA or UTA in the M2 industry, due to

the unambiguous comparative statics of E-S pricing.

IT1.6.2 Unilateral Tariff Abolition by Canada

‘

The welfare effects of UTA also reflect terms-of-trade
losses. These must be interpreted differently than terms-
of-trade effects from traditional modelé. The welfare loss
to Canada of approximately $700 million is approximately
equal to a 'traditional' terms-of-trade loss of %$1.2 billion

less fixed factor savings of $500 million. As in most NGE

' models of this type, countries which unilaterally cut

tariffs experience trhditional terms-of-trade losses.

The rationalization that occurs in Canadian mahufacturing

is illustrated by the effects on production and factor use

presented in Table 6.
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TABLE 6: Effects on Canada of Unilateral Tariff Abolition by Canada
(¢ Changes)
Output Capital . Labour
Agr. & Food S 41.0 .9 1.0
Min. +1.7 1.7 . 1.8
En. +1.8 1.8 1.8
M1 .3 -.0 . .0
M2 2.8 -1.5 ~-1.4
NT -.2 ~-.3 -.1

<
A 2.8% increase in the output of M2 occurs as a result
[ ]

of UTA, even though total factor use falls. Total factor
use falls by about 1.5%, but this represents an increase

in variable factor use, which is less than the reduétion

in fixed factors used. Since there are 7% less firms in
the industry as a result of UTA, there is a reduction by 7%

in the use of capital and labour as fixed factors.

TABLE 7: Employment Effects of UTA on Canadian M2 Sector

¢ Valuel % Change
Change in Variable Labour +.25 +3.3
Change in Fixed Labour -.45 -7.0
Total Change -.20 -1.5

1 Values are in billions of 1977 USS.
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II.6.3 Summary: Canada-U.S. Trade Liberalization

Using a model similar in structure to that used by
Harris andfCox,—both unilateral and bilateral tariff aboli-
t%bﬁ by Canada on trade with the U.S. are found to cause
welfare losses for Canada. These results contrast dramati-
cal%y with the iafge welfare gains estimated by Harris and
Cox as a result of their unilateral and multilateral free
trade experimenté. While the policy experiments analysed
aré‘different, the dramatic difference in results suégests
that important differences in the models used remain.

The se differences are analysed in detail in the following

. »
section.

IT.7 "MULTILATERAL" FREE TRADE RESULTS ANb COMPARISONS
TO HARRIS-COX -—
The previous section reported.on the welfare and factor
_reallocation effects from two Canada-U.S. trade policy cha-
nges. UTA involves unilatgral abolition by Canada of all
tariffs on U.S. imports. BTA .involves b%lateral tariff
_abolition by éanada and the U.S. The welfare losses re-
ported, and the small factor reallocations contrast drama-
vtically with the results of Harris and Cox (see Table 8),
"Harris and Cox analyse policy experiments, referred to as
MFT and UFT. MFT involves the elimination of all tariffs
and other trade barrierszg’on all of Canada's imports, accom-

1

panied by the elimination of all protectiogign Canada's

|
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TABLE B8: Comparison ofCentral Case Results
3 Sy

Harris 'an'd Cox Revised Whalley Model
Experirnentl UFT MFT UTA l BTA
Welfare Effect2 4.1% 8.6% . ~-.3% " -.1%
Labour Reallocation>  5.1%  B8.5% 2% - .3%

1 - . o '
Experiments are explained in the text.
Hicksian EV as a % of GNP. -

% of the labour force that leaves émployment‘ in one 1industry and
is re-employed in another. '

-

exports to all other countries. Because of the two-country
structure of the model, the/MF; ("multilateral" free trade)
is actually a comprehensive set of bilatefal free trade pro-
posals between Canada and theQrest of the world. In'this
section, the revised‘Whalley model is used to estimate the
effects of MFT as analysed by Harris and Cox. Dggmatic

differences between the results remain. These are discussed

in sections II.7.1 and II.7.2.

I1.7.1 “"Multilateral® Free Trade

N

Theé revised Whalley model-was used Fo evaluate the ef-
fects of MFT, "multilateral" free trade. In the context
of the 8-bloc global model; this. involved efiminating all
«protec;ion on Canada's exports to all countries and all

Canadian tariffs on imports from all countries. Trade
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restrictions on all other trade was left unchanged. The.

central case results of the MFT expériment are shown in
‘ , R

Table 9.
TABLE 3: "Multilateral" Free Trade ae

(Elimination of all protection on all Canadian trade with

all trading partners) ’ .

Harris-Cox Revised Whalley
¢,Central Case (Central Case)
Canadian Welfarel +8.6% +2.5%
Change in Average .
- 1
Lgngth of ?roduc +67.% +12.5%
tion Runs 1in
Manufacturing .
2

Labour
Reallocation 8.5% 1.1%

1 Hicksian EV reported as a % of GNP.

% of labour force that leaves employment in one industry to .
become employed in another. . '

s

The revised Whalley model used to evaluate the results

8 .- .

in Table 9 has similar protection data to that used in

Harris and Cox. The primary sector protection used is iden-

30 The protectfon on

tical, coming from the same source.
manufactures is crucially important to the size of rationa-
lization gaing. Protection is compared in Table 10. For

comparison, the Harris-Cox protection data was éggregated

P " I

to the 6-commodity aggregation here, while “world" rates
were calculated from the protection data used here. As can

be seen, the ‘structure and level of tomal protection are

L] - .
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L
quite similar.
-
'TABLE 10: Comparisons of Tariff Rates
%
Harris-Cox Revised Whalley Revised Whalley
(Tariffs + (Tariffs) (Tariffs +
NTBs) NTBS)
- 4
Canadian Tariffs
M1 12.1% 12.4% . . 19.9%
M2 - 6.6% 5.0% 6.2%
: "Foreign" Tariffs
M1 , — 17.3% 12.9% 15.4%
M2 , 4.4% 5.7% 5.7% :

IT1.7.2 Unilateral Free Trade '

-

The revised Whalley model was also used to evaidéte
the effects of unilateral abolition by Canada of all Canadian
pfdtection on impqrts from all other countries (UFT).- This
is the unilateral free'trade experiment analysed by Harris
and Cox. Once again, the results of the Whalley model are
dramatically d;ffergnt. The se resulgs are briefly summarized
}n Table 11. .

Thg obse;vation of shorter production runs in Canadian
manufacturing goes counter to the siﬁple comparative statics
of E-S pricing discussed in earlier sec;ions. In this case,
the result of UFT‘is to_reddce the cést of production, at

c¢onstant output per firm, of Canadian-M2 by more than the

selling price falls as a result of UFT. Protection equal
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TABLE 11: Unilateral Free- Trade
\\ "{”

Harris and Cox Revised Whalley Model

(Central Case) (Central Case)
Canadian Welfarel +4.1% -2.6%
Change in Average Length of . - t
Production Runs in Manu- +41.% -8.%
facturing
Labour Reallocation2 3.9% 1.5%

L)

1 Hicksian EV as a % of GNP. X ~
2

% of labour force that leaves employment in one industry and is
re-employed in another.

to 5.5% is removed from M2, but producers' input prices
fall'by 8%. Reauced prices for prqducers' inputs result

, from :the removal of‘Canédian protection, and the resulting
decrease in Canadian factor prices. As a result of UFT,
production in the manufacturing and service sectors fall,
while production in the lightly protected energy and mining

sectors rises.

1I.7.3 Summary - Multilateral and Unilateral Free Trade

P

The MFT and UFT results calculated using the revised

Whalley model contrast with those of Harris and Cox. Tw‘

major differences emerge. The welfare gains to Canada

+ from MFT are much smaller using the revised Whalley model.
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Welfare in Canada falls as a result of UFT using the revised

v

Whalley model, whereas it rises in Harris and Cox. . The
factor reallocations and rationalization effécts estimated
with the revised Whalley médel are also smaller. This is
somewhat puzzling given the similarities of tﬂe models usea.
The source of the difference in welfgfg‘results, in parfi—,

cular, is examined in detail in section II.7.4.

e
i

II.7.4 Reconciliation of Harris and Cqx and Revised
Whalley Results . ’

Tables 9 and 11 report dramatically different estimated
]

2 4

results of the same policy experiments;‘using the Harris

and Cox model and the révised Whalley model. As mentioned .
before, the levels of protection used in the two rodels

are pery similar, as are the basic Eréde and value-added *
data. This section first identifies possible sources of
the‘discrepancy in welfare results, and where possible
evaluates the contribution of each séﬁrcé to that discre;

pancy. Particular attention is paid to understanding the

difference in the welfare results of MFT.

II1.7.4.1 Significant Model Differences

Although the rewised Whalley model and.that of Harris
and Cpx are similar in many respects, structural and em—#
pirical differences remain, which contribute to the large

dié!lepancy in results,.
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Some of the. potentially important differences between

the models are the following.

(1) Pricing behaviour in non-competitive industri%é.
(ii) Trade elasticities

(11i) Capital mobility assumption

(iv) Calibration proceaure.

_Other,différences between the models do exist, but
their contributipn to the results obtained is less clear.
For example, the level of aggregation differs between the
two modelé. Harris and Cox.have 29 industries, as opposed
to 6 in the revised Whalley model. It is unclear how this
difference in struc?ure affects regults. S;milarly, some
6f the functional forms used in Harris and Cox are of the
Cobb-Douglass variety, which implies an elast{city of sub-
stitution of-1. All functional forms in the revised Whalley

model are of the nested CES variety, 'but since most of the
elastic#ties of substitution are reasonably close to 1, it
-is unlikely that this is an important contributor to the

difference .in results. .

In subsequent subsections, each of these items is dis-
cussed,_and where poss@ble, estimates of the impact of the
items are provided. The importance of the capita} mobility
assumptions and trade elasticities are estimateq, but a

large residual remains, some of which¥may be attributable .

to the calibratidn procedure used by Harris and Cox.
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It is argued that, although the precise implementation of
pricing behaviour is different, the central cases analysed

are conparable.

I1.7.4.2 Pricing Behaviour -

In the Harris and Cox model, each industry is'maQe up
of identical firms, éome of which use MC pricing, and
others of whi¢h use' E-S pricing. In the central case re-
sults 50% of the firms in each indusfry are assumed to
adopt each of the pricing policies. 1In éact, all fi!%;\

)

change the same price, which is the simple mean of the MC

and E-S prices, .

In the revised Whalley médel, all of the firms in the
naRaglechanical manufacturing sector (M1) are assumed to
follow MC pricing, while all firms in the equipment
and vehicles sector (M2) are assumed to follow collusive
(E~-S) pricing. While the M1l sector is much larger than the
M2 sector in terms of value added, the importance of trade

4‘to the M2 industry is much greater than that of the Ml
industry. It is felt that the central case formulations

used are comparable with respect to the pricing behaviour

used.

Harris and Cox show that their model's results are very

- sensitive to the pricing behaviour, and present results

corresponding to 80% E-S pricing. Comparing these results

\

Rt T
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to the results of the current model with 100% E-S pricing

does not serve to eliminate the dié@repgncy in results.

These results are compared in Table 12. . e

TABLE 12: '"Multilateral”-Free Trade
Harris and Cox Harris and Cox Revised Whalley
. Extreme Case (Approximation)* Extreme Case
80% E-S Pricing 100% E-S Pricing 100% E-S
Pricing
1 *
Canadian Welfare +16.3% . +21.4%* +8.5%
¢
% Chanae in Average ) .
Length of Production >100%* ‘ ‘ 120%* +43.%
Runs in Manufacturing ’
) S .
Hicksian EV as a % of GNP
* Rough estimates based on available data.
I1.7.4.3 Trdde Elasticities .

~

It .is well known that ghé results of NGE models are very
sensiéive to the elasticity configurat;on used to calibrate
the model. Harris and Cox use elasticity estimates which
reflect 'elasticity optimism', being somewhat higher than
the central case estimates used in the revised Whalley model.
In order to facilitate comparison, MFT was evaluated in the
Whalley model using higpér’tréde elasticities éomparable to

31 This leads to a small change

those used by Hérris and Cox.
in the welfare effects due to the offsetting impacts of

changes in the import and export elasticities. Changing the

4

— e -
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trade elasticities slightly reduces the difference between . ~
the results, as seen in Table 13.
TABLE 13: "Multilateral"” Free Trade ~
. ¥
Harris and Cox - Revised Whalley Model
> {Central Case) (High Elasticities)
Canadian Welfare1 8.6§ . . 3.2%
% Change in Average
2
Length of Production Runs +67% . +18% e)
in Manufacturing
1)
N -
Hicksian EV as a % of GNP.
-~ These results will be used as the basis for comparf@gn

-of the two models. They are based on:

(i}_very similar protection data

(ii) very similar elasticity values
(iii) comparable pricing behaviour

(iv) the same trade policy experiment.

TheaHarris—Cox welfare results are almost three times
as large as those from the reviséd Whalley‘model. Applying
, the welfare gain of 3.2% of GNP to Harris and Cox's 1976

base data, the ébsolute difference in the estimated welfare

effects is in the order of $8.5 billion.32

“
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(\ I1.7.4.4 Capital Mobility *

As mentioned before, Harris and Cox assume that capital

is freely mobile, or equivalently, that Canada faces an

infinitely elastic supply curve of capital at the world
interest rate. The revised Whalley model has no'interna—
tional capital mobility. A rough estimate of the added in-
come resultiné from cépital mobility is available, parti-
cularly given the Cobb-Douglas structure of productioﬁ".
assumed by Harris and Cox. Suppose that the aggregate

. demand for capital in Canada shifts to the right as a result

of MFT. This is depicted in Figure 8.

The original (pre~MFT) demand for capital, DO

K’ inter-
. sects j@e supply of C?pital at point A. 1In the case of
the revised Whalley modél, the supply of capital is Sz.

In the case of thé Harris-Cox model, the éupply of capital
is Si. If the twé models were otherwise i&éntical, the

Whalley model would generate a new rental rate of R', with
the same capital employed, while_ the Harris-Cox model would
generate the new level of emplofment of capital of K' at

the original rental rate R'.

Comparing the two post-MFT equilibria, notice that
production in Canada in the case of the infinitely elast;7

supply curve will have risen by tlie area KC—K'—B—C. Not

further, however, that foreign capitalists will have in-

creased their incomfs by the area fc—K'—A—C, leaving income

N

“p ¢




ES;:S:} Added Income generated by Canadians

E Added Income generated to foreign capitalists v

FIGURE. 8: Effects of MFT in Canadian Capital‘Market

‘e \
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of the area A-B-C to be collected by Canadian firms and

1
workers. ‘

It is possible to roughly approximate the size of the
.

,area A-B-C, if we assume that an aggregate prodgction func-
tion exists, which is also of the Cobbeouglas form. 1In
this case, the elasticity of marginal product of capital is
equal to the share of labour in total Yalue added (hére

approximately .75). Since the demand for capital curve is

merely the value of the marginal product curve, knowledge -

of the elasticity of marginal product allows us to estimate




the area of the triangle. Harris and Cox estimaté the in-
crease in capital services employed as a result of MFT to

be $12.3 billion (20% of the original flow of services from
capital). The vertical distance A-B is then, approximately
15% of the world rental rate. The area A-B-C is then $.92

billion, or less than 1% of GNP.

I1.7.4.5 cCalibration Prdcedure -
Both models are calibrated using extraneously specified
values of several elasticities. The scélg elasticity of cost

is an important value,. since it.determines the amount of

"fixed" factors assumed to exist in the pre-policy data.

N

The revised Whalley model is calibrated using an esti-
mated scdle elasticity of cost equal to .86. Tﬁis means
that 14% of oridlinal tota? cost in the Canadian manufacturing
industries represents expenditure on fixed factors. This
represents the upper limit on the "éure" rationalization
savings-gvailable from extending production runs. 1In the
case of the Whalley benchmark data,ithis upper limit is

quite high, representing almost 15% of GNP.

4 -

Harris and Cox use an indirect calibration procedure,

. :
whereby a long-run benchmark eguilibrium data set is in-
ferred from the base data. In the base data, Harris and

Cox use estimates of the scale elasticity of cost whose
‘ ) .

© 33

simple average is .97 ~On the basis of these estimates,

”
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and the assumption of constant marginal cost, total expen-
ditures on fixed factors in the base equilibrium data are 1

approximately $5 billion or less than 3% of GNP.

.9
From this 'base' data, Harris and Cox solve for a
'benchmark' long-run-equilibrium data set. 1In this data,

there are 55% more firms in the benchmark data than in the
4 ,

base data. Markups, and, as a consequence, the share of

.

fixed cost in total cost are much higher. Benchmark equili-
brium markups are 18%, six times as high as the base long-

run.markups. This corresponds to an-average scale elasti-

1

city of cost of .85, slightly lower than the benchmark

equilibrium data ofwthe revised™halley model.34‘ Fixed
. ‘ - ~

factors account for 15% of GNP in. the benchmark data, as .

opposed to only 3% of GNP in the base data. he procedure

by, which the benchmark data is obtained from the base data
35 |

is not explained in detail.

If all of the fixed factors present in the benchmark
data, but not in the base data were to bg added to the wel-
fare gains from liberalization, this would more than account
for the unregolved difference in welfare effects. It is

unclear how these additional fixed factors might come to

.be added to the welfare gains of liberalizatiom. One third

of the additional fixed factors introduced into the bench-
mark equilibfium‘by indirect calibration would exactly make

up the difference in welfare results which remain after
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account has been taken of the impact of different trade elas-,

ticities and different capital mobility assumptions.

I1.7.4.6 Summary - Reconciliation of MFT Results
This section has ‘attempted to reconcile the MFT results
from the Harris and Cox model, -and the revised Whaliey model.

Two features contributing to the difference in welfare re-

v

,
sults are analysed and their impact evaluated. Differences
in the trade elastiéities used and the capital mobility”

assumptions used, account for approximately one quarter of

the 6.1% difference in the central case welfare results;
- A third potential contributor to the difference in welfare

results, the indirect calibration procedure used by Harris °

N

and Cox, is identified, but its quantitative contribution
to the larges welfare gains in Hat¥{Y and Cox is not esti-

mated. - Further details of the calibration procedure would 5
-2 -

aid this endeavour.

Al

I1.8 CONCLUSIONS AND POLICY IMPLICATIONS , \ ( '

This essay has presented the estimated effécts of trade
liberalization by Canada on a unilateral, bilateral and multij_
lateral basis. It is found‘thét both bilateral and unilateral -
tariff abolition by Canada are likely to cause welfare losses

to Canada. These findings contrast dramatically with the -

results of Harris and Cox (6,12,13), who find that substantial
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welfare gains result from trade liberalization on either a
unilateral or multilateral basis. The contrast between

the unilateral results presented Here, and those€ of Harris

and Cox 1s somewhat surprising,gi&en the similarity of the

models.-

In an attempt to bgtte%lu?derstand the causi of the -
difference between the models, the revised Whalley model

is used. to ‘evaluate the effect of multilateral free trade:,
In this case, both models s;ggest that large welfare gainsg
to Canadé can result from MFT;lbut the size of gains esti-

mated by Harris and Cox are larger by 6.1% of GNP. Attempts

to reconcile this difference in section II.7 are only

.

partly successful, with trade elasticities and capital
mobility assumption's id?ntified as beiné responsfﬂie for
approx;pately one quarter of Ehis difference. A third po-
tential source of the discrepancy, the ihdirect calibration
procedure, is- identified, bu\‘its gontributién is not

evaluated.

. The polic& implications of these results, particularly
the result of bilateral tariff,abolition‘(BTA), can easily
be misunderstood. While it.is truevtﬁat Canada is expectsp
‘"to suffer small losses as a result of BTA, it is still
true that BTA generates joint.;elfare gains for Canada and

the U.S. 1In other wbrds, the U.S. welfare gain is much

larger (more than ten times larger) than the Canadigg welfare




loss. Two approaches to liberalization can assure mutual

gains in such a case. If the U.S. were to agree to complete

elimination of tariffs, while Canada reduced tariffs‘by less
than lOO%V”mutual‘gélﬁé éoui& be assured. Alternatively,
the U.S. could easily'compensat%/Canada for its expgcted
welfare losses.

While it is usual to compare the effects of bilateral
liberalization to the status-quo, such a perspeétive ma;
be néive. Since the conclusion of the Tokyo Round of the
G.A.T.T., the p;otectionist lobby in the U.S. has progre§~

sively become more vocal. Some would argue that in the ab-

sence of momentum for trade’ liberalization, inertia can

develop on the side of protectionism. If such is the case,
the small welfare losses expected to result from bilateral
abolition may still be preferable to the effects of protec-

tionism by the U.S.

The gains available to Canada from more broadly based
liberalization are illustrated by the effects of MFT. These
‘welfare gains represent significant incentives to pursue

4 A
trade liberalization, particularly in the multilateral

forum.
&

-

The meséage of the results reported here is, however,
cautiocnary. While bilateral liberalization experiments

such as BTA are found to generate welfare gains to the U.S.
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and Canada jointly, it does not follow that any such bilateral
arrangement will assure welfare gains to the U.S. and Canada

separately.

P -
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11.

12,

13.

ENDNOTES FOR II

By additional firms, I mean firms which arFe present in
the benchmark but not.the base data.

See in particular Wonnacott and Wonnacott (28, 29).
Eng®sh (8) raises similar points, but Eastmdn and
Stykolt (7) are clearer in their statement of the
relation between industrial rationalization and tariffs.

" See Williams (27),. Table 3.3.

This effect is present in Boadway and Treddenick (2).

The model is similar to that of Evans (9). Williams does
not emphasize tax abolition although Chapter 2 clearly
makes this point. See page 53.

The labour reallocation effects calculated by W1lllams
are discussed in detail below.

Although they suggest the protection data is for 1971,
it is based on orlglnal docunents corresponding to
1976..

The U.S. firms are assumed to have achieved the 'MES 'level
of output, so that changes in Canadian trade policy do
not affect U.S. marginal costs or pricing.

Harris énd Cox assume that firms in the short-run do
not change the mark-up applied to marginal cost.

See Chamberlin (4).

Canadian firms are assumed to be unable (or unwilling)
to price discriminate between Canadian and foreign con-
sumers.

This partial equilibrium énalysis ignbéres (among other .
things) the reduction in mamginal cost likely to result
from reduced tariffs on U.S. imports.

Hazledine (16) finds .evidence that economies of scale do
not exist in Canada's manufacturing industries. He finds
that average costs per firm are constant but that average
costs in an industry may decline as a result of tariff
cuts as less efficient producers are forced from the
market.

[e———




14.

15.

l6.

17.
18.

19.

20.

21.

22,

23.

24.
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The elasticities calculated reflect substitution by con-
sumers in final demand, and the implied increases in
intermediate use, but they do not reflect changes in
total demand caused by substitution in intermediate use.
Thezglasticity of total market demand would presumably
include the effects of such substitution. The notion

of such a market price elasticity of demand is inconsis-

tent with the zero-profit condition used to infer pro- -
ducer's prices in the model. Harris and Cox experience
the same problem and deal with it in a similar way (12,
p. 88). L0
The central case trade elasticities used correspond to
a recent survey by Harrison (15). Elastiditses of
capital-for-labour substitution were estimated by the
author for some related work.” The elasticities used, -
and their standard errors are reported in Appendix A.

This_assumption dramatically simplifies solution of the
model. - Tt-is unclear that it will bkias the result com-
pared to the more plausible assumption that fixéd costs
are ma%@ up of pyoduced inputs as well as primary factors.

In all cases, the\desired inequality between a énd-e
holds. . - .

he algorithm &f Van der Laan and Talman
e Scarf algorithm (22).

Examples are
), and

See Harrison and Kimbell (14).

¢

The case whére a price is zero, and the corresponding
excess supply is positive is ignored for simplicity.
Equally, the addition‘'of a revenue. term to deal with
taxes and tariffs present in the model is ignored.

In some cases the level of output per firm may affect
average cost.

These conditions distinguish models suéh as that of
Shoven and Whalley (24) from earlier models such as
Evans (9). - '

’
The number of firms term nj is also rescaled to allow
the entire vector of eléments on the simplex to be

. rescaled without changing the real magnitude of the

excess demands. . Y
Thig is a feature common to Harris and Cox (6,12,13). .
»
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b

The estimated elasticities of import demand for the U.S.

and Canada are very similar. The central case elasti-
Cities used for the U.S. and Canadian import price
elasticities are 1.41 and 1.19 respectively.

26..__See Markusen (20).

27.

~28.

29.

307

31,

‘$ price elasticities which average 1.7.

32.

33.

34.

35.

The size of the terms-of-trade losses is amplified when
E-S pricing is present in both Canadian manufacturing
industries.’

Markups fall from 16.67% to 16.64%.
' NTB's ‘are modelled as tariff equivalents.

Protection data for both models was assembled from data
supplied by the office of the Special Trade Representa-
tive in Washington.

“Harris and Cox use Canadian export demand and import

was solved with elasticities of substitution corres-
ponding to the relevant means plus 1.4 standard errors.
This ‘leads tc an import price elasticity of demand for
Canada of 1.7 and an elasticity of demand for Canadian -
exports of 1.5. The elasticity of U.S. demand for im-
ports was 1.9. -

An additional run was completed, setting the U.S. and
Canadian import elasticities, and the common export
elasticity to 2.5. This further reduced, but did not
eliminate, the discrepancy in results. The-resulting
welfare effect was still more than 3% lower than the
Harris and Cox result.

See Harris and Cox (6), Appendix Table B3. Base long-
run markups can be determined by subtracting the scale
,elasticity from 1.

See Harris and Cox (6, p. 106).

See Harris and Cox (6, pp. 174-175). .

The Whalley model

y em e

G~~~
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ELASTICITY

SIG(EC)
SIG(US)
SIG(JAPAN)
SIG(CANADA)
SIG(OD)
SIG(OPEC)
SIG(NIC) -
SIG(LDC)

SIGI,

APPENDIX A .

14

TRADE ELASTICITIES USED

1.109
1.413
1.024
1.194

.962

.897
1.365
1.472

1.082

STANDARD ERROR

.350
.341
.322
.363
.482

- .383
.789
.718

.326



@6":"( o

III.1 INTRODUCTION

) This essay will present "conditional” and "unconditional"”
systematic sensitivity results for the adjustment and welfare
effects of some multilateral and bilatefai trade liberaliza-
tion experiments. These are evaluated in the context of

John Whalley's 7-bloc model of ﬁgrld .tradel and a revised
version of Whalley's 8-bloc model reépectively. The essay
will concentrate onxsensitiVity to elasticity specification.
Related issues of empiricél;specification (data and aggrega-
tion) and structural séeéifieation are briefly considered

in section (i).2 T

~

The work reported here differs from previous work in

that unconditional systematic sensitivity results are re-

‘ported. Further, the calculation of the unconditional results

permits the evaluation of a resource-saving ifﬁroximation
technique suggested by Pagan and Shannon (14)Y This tech-
nique has not previously been applied to.a real data NGE .
model. It is possible to recommend a time-saving and accu-
rate method for the calculation and presentaﬁioﬁ of sysﬂema-
tic sensitivity results. An important focus of the systematic
sensitivity results will be fhe intuition behind the results.
It will bé shown that the sensit}vity—?esults verify earlier

work in the context of more abstract models.

142
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III.2 SPECIFICATION OF NUMERICAL GENERAL EQUILIBRIUM MODELS

The results of numerical gené;al equilibrium (NGE) models
depend on many "empirical" and "structural" features of their
specification. The elasticities, functional forms, aggrega-
tion scheme as well as the data and "benchmarking" procedures %
are elements of an NGE model's empirical specification. The

market equilibrium conditions implied by the model are elements

of the structural specification.

I11.2.1 Structufal Features of NGE Models

Four major elements make up the structure of an NGE

model:

1. Basic Methodology

2. Model Closure

3. Factor Mobility Assumptions
4. Market Structure

Three basic methodologies have been used in NGE modellirg,
the Johansen approach, the Scarf approach and the linear pro-
gramming approach.3 The analysis of a 5% excise tax will be

used to contrast the three methodologies.

The Jopansen model would use estimates of the elastici-
ties of supply and demand to calculate approximate changes
in prices (and thus outputs) that would lead to the satis-

faction of the equilibriﬁm conditions assumed to hold. In -

“

/7%

R T
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the simplest case, the following equation system would need

to be solved:

sp - %$4PC =.5% | > (1)

20Q°> = saQP . (2)

-

where P equals the producer's prire and Pc'denoées the price
consumers pay. QS and QD represent the quantities supplied
and demanded respectively, énd %A means proportionate change.
.Typically, of course, many more equilibrium conditiens would
be pz;sent and the demand functions Jill depend on both the
own price and the prices of related goods. In any event,
however, the solution derived will be a linear'approximation
to the new (post-tax) equilibffum.. The advantages of this =
methodologf are that it is easily l€arned and very easy to
implement. The dat%equirements are also less stringent

than with the Scarf methodology. The ORANI model4 uses the .

Johansen methodology.

-

The 7-bloc model u;es the Scarf methodology in which
explicit prdduction and utility functions (or their equiva-
lents) are specified in such a way as to have demarid and
'supply elasticities similar to available empirical éstimates.
Models are benchmarked to.an original micro-consistent data
set and a new gqu}libriﬁm'corresponding to the post-tax

situation is calculated. The major advantage of this

-

T R A i AT WAL mae s - Y
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modelling approach is its transparency. Consumers have ex-
plicit budget constraints (involving gross of tax prices)s.
while firms maximize profit subject to technological con-
straints at net of tax prices. 1In this example, ﬁhe revenues
from the tax are either returned to consumers or spent by

a "government" consumer. The drawback of therapproach is
that data assembly is cumbersome and thé resulting models

are more difficult to solve.

’

The linear programming techn;que has been.uséd less
frequently in recent years. Linear programming models assume
fixed coefficient production and thus do-not allow for price-
inducgd changes in shares in prod,ction ?r consumptiqn. As
noted in Essay II, these model results aré'driven Ly a

%equliar price mechanism. The models are not dramaticélly

easier to solve than the Scarf type models.

’

NGE médels also differ in the way they are clogea.
Briefly, one country models use simple closing rules that
represent "small country” assumptioﬁs. For example, H;rris
and Cox (7) suggest.thaf Canada faces a fixed'rental rate
on capital, rather than explicitly modelling the world capi-
tal market. Global models explicitly close&all of the
markets. In this case {(as in the 7-bloc model),;explicim

\
markets for all traded commodities and assets exist.

Models also vary in their factor mobility assumptions.

LR T b
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Factors may be industry-specific, country-specific, or freely

mobile between countries and industries.

Finally, markets may ge perfectly competitive and free
of any price rigidities or they may allow some prices to be
rigid. A recent innovation to NGE moﬁels is that of H;rris
and Cox (7) which specifies a non-competitive market structure.

-

1I11.2.2 Empirical Specification (

The elements of empirical specificatioh are more easily

13

addressed, and attract less* heated disagreemqpt.

4

The process of "benchmarking" the model is a process of
assuring that the model has as much in common with the true
economy as possible. 1In particular, one would want a "no-

policy-change" equilibrium to reproduce some base eguilibrium

data. There are two closely related ways in which this is

. . . . .
done. ‘l#tmarklng is often réferred to as calibration.

Direcétbénchmarking-requifes that a ﬁicrp—cpnsistent
data set be assembled (one where all of the budget constraints
hold and all of the supply equals demand conditions hold).
Once this‘aata set has been assembled, extraneous values of
the elasticities are used to-infer the share parameters of
production and utility functions (having imposed the fuhe-
tional.forp). . The 7-bloc model uses direct benchmarkin%< as///ﬁ\

doés the 8-bloc model.
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Indirect benchmafking involves assembling a microcoﬁ—
sSistent base data set which does not satisfy all of the
equilibrium conditions of the general equilibrium. In pa;ti—
cular, some industries may be making excess profits while
others are making losses.. In this case, the parameters are
determined as before, but the benchmark data set is then
determined by imposing the (long-run) zero profit condition.

The indirect éethod is used by Harris and Cox.5 v >

e

Data; and elasticities are an important element of the
hbenchmarking procedures and can affect the results. Elasti-
cities for the models are usually chosen by literature search,
.withv"best guess" values being inferred to correspond to
partic;lar model aggregation. Where possible, available data
may be gsed\to‘estimate elastic&;ies corresponding directly"

to the model's aggregation.6
- '

Most models (with the notable exception of the linear

“

programming moaels) implicitly use the Armington approach to
treat commodities produced in different countries as imper-
\ -fect substitutes.7 Since-the level of aggregation in models
may-vary from six commédities in the. 7-bloc model to 108

’

L 4
commodities ‘in the model of Baldwin et al, (2), an open ques-

-

tion is whether the elasticities should be different depending

on the level of aggregation.
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II’SYSTEMATIC SENSITIVITY
Model results depend on all of the elements ©f specifi-

v
cation noted above, and little progress has been made towards'

choosing a "best" model specification procedure. Even given

»the model'structure, it has often appeared that model results

»

were too sensitive to elasticity specification for the NGﬁ
approach to give any useful insight into the gquantitative
effects of trade policy changes.‘ Until veryfrecently, no
models'presented systematic anelysis of the model results'
sensitivity to elasticity séecification. Harrison (8) was

the 'first to present such results. In what follows, a de-

tailed sensitivity analysis of the liberalization experiments

. conducted in Essays I and -II will be presented. The sensi-

tivity properties of the models used are found to be somewhat

~

different to the structurally similar model of Harrison.

III.3.1 Brief Overview of Elasticity Sensitivity

Systematic sensitivity analysis uses knowledge about
the imprecision of elasticity estimates to generate measures

of the resulting imprecision of results.

4

III.3.1.1 Presentation of Sensitivity Results

- Consider any calculated-result (welfare effect for

-

example) from a ‘specified policy experiment (such.as a tax
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or tariff cut). We could denote this result:
Y = G(X,J) - (3)

where X 1s the vector describing the policy parameters and

|
o is the complete vector of extraneously ‘specified elasticity
values. G represents the mapping of the policy changes into

results generated by the model.

Researchers %ill be interested in one or more of the

following measures of the results of interest:

.

(a) "Pofnt Estimate";
(b) Mean Value; (

. &

(c) confidence intervals or probability of gain;

(d) 'ﬁgfreme bounds. m ) \\
A. : )

';Thé following ways of presénting sensitivity results g

& \

are hvailable: ’
v %

(1) limited sensitivity
(ii) conditional systematic sensitivity
(iii)'unconditiqnal systematic- sensitivity

(iv) 1linear ihferpolation.

,

Stern (3) presents poiﬁt estimates of results of a 50%

multilateral tariff reduction for nine alternative sets of °

. best guess valués of the import and export elasticities in

his lB.EOuntry model. -These results suggeé% very wide extreme

’

-

s -
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bounds on the results of interest. 1In particular, the em-

ployment and net trade effects take on both signs.

. Whalley “(16) presents sensitivity results to elasticity

5baldés by presenting a table of results corresponding. to
L]

Xif”perturbation of all import elasticities in all regions

. - X0 two common "extreme" wvalues; (ii) perturbation of all ex-

port elasticities in all regions to two common extreme values;

and finally, (iii) perturbation of all import income elisti—

cities to common extreme values in the LDC and NIC blocs.

Ps -

In each instance, the other elalticities are left at their.

s’

best guess values.

’

In the 7-bloc and‘8-blbt models, calibration of the model
in terms ©f trade elasticities is achieved by varying elas-
ticities of substitution. in the (tEg) utility functions and

the (CES) intermediate use functions. - Spetifically, the
s 4

-~ P

> model is calibr;ted to Blgivén export price elastiqizg/b7V‘“
setting the elasticity of s%bstitution bet;een domeétic’goods

, and imported goods to that value. Similarly, the mbde} is

calibrated to a given import price elasticity by settth

‘ithe e;asticity of substitution between imports from diffe-

rent countries to that ;zalue.8

.

Whalley's sensitivity results show less sensitivity

than thosg of Stern, but the (terms of trade and welfare)

-

effects occasionally take on both signs.

]
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The sensitivity results presented by Stern and Whalley

are denoted limited sensitivity analysis and may be diffi-

cult to interpret. This type of sensitivity analysis’does

not use available knowledge about the accuracy of elasticity

estimates.

Conditional sysiematlé sensltivity analysis (CSSA) in-

volves the evaluation of y for values of the vector - gene-

rated by moving each ¢lasticity away from 1ts_point estimate
’ bl

while holding all others at their point estimates. It 1s

then possible to compare the point estimate result y to the

mean result y calculated ag follows:

s
7= = 1 I 0N c ) '
. 5(»1) 1=]
L¥1 »
S————"
{4)
y = G{(X, )

S, the number of solutlons. wxll be equal to one plus the
number of values (other than the mean% whxch each parameter

takes times the number of elastxcxtxes to be varied. ¢ refers

to'the vector of polnt estgmateS'of ‘the elasticity vector

~

-derived from'ecqnometric.ésplmates. The point estimate : 1s

sometlmes calculatédyas the mein'of.a sample of estimated

'

means from several econometrxc stud;es, while 1n other cases’

1t wil}l be estxmated for the. part1cu1ar work in questlon.

Unconditional 'Systemdtic gensitivity analysis/(USSAg‘

-~ »

RPN O 1Y N eaNAR UG et 2e e T




4

involves solving the model for valu®s of o generated by inde-

pendently varying each elasticity over a given range (in

terms of that elasticity's standard error) .

For example, if there were two elasticities (ol and a,)
to be varied and each elasticity was to take .on one value
above the poigt estimate and one value below, the values of
3 to be considered in the CSSA and USSA respectively would

be as follows: .

’

TABLE l: Elasticity Values Considered

CSSA ' USSA

g P ) %
1 0 0 1 0 0
2 1 "0 2 0 1
3 -1 0 3° 0 - -1
4 0 1 4 1 0
5 0 -1 5 1 1
6 1 -1
7 -1 0.

. v 8 -l1. 1 .

‘ 9 -1 -1 .

»,

" where 0 refers to ﬁhe point estimate and 1 and -1 refer to.

the positibe and negative va;ueé respectivély. The uncondi-
tional systematic sensitivity results will require many

solutions of the model. (Calculation of an unconditional .

' Sﬁengitivity with NV values for each of NP elasticities would
’ require ne solutions 6f,the model.

)
i

9




ngrison (8) presents:CSSA results for a 50% mul;ilateral
tariff cut by developed countries in his 12 country model.
Of partieular interest is his observation that the results
of his model are similar to those of Whalley given the un-
certainty about elasticities. The mean estimates éenerated_
this way are very close to the point .estimates (see Table 5,
page 20 of Harrison (8)). Harrison notes that USSA is more

complete but was infeasible for his model.

In related work, Harrison:(9) computes a USSA for a
very simple hypothetical GE model. Here, the degree of

sensitivify of results to the elas¥icity of (capital-for-
. . ) A

labour) substitution is impossible to predict without full ,
knowledge of the model.- In many of his simulations, the
results are very sensitive to this elasticity, with relative

factor 'prices changing by as ruch as 100 times‘wheﬂ this
, — - :
elasticity goes from..2 to 4.9.

Ld - - 4

~ . q

Both the'conditionalrand uncondiiipnaL_system;tic sensi-
tivi;y resulté’ailbw for fhé calculation of means, extreme
boundé and confidence intervals if we know the form ofOf(c).
_:thle thé.unconditionéi sensitivity analysis is pf;ferable
< fo ghe\conditional, caiculation'of'an.uncqnditional sensiti-
:vity ?dhlysés to all ofjthe elésticitieéwhay be infeasible.t

& ;
~in the .7-bloc model.' An unconditional aralysis involving -

There are 14 gléstié?}ies'considéred for sensitivity analysis

- . ' . e

Ene
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only 5 values per elasticitylo woyld require in excess of

6 billion solutions of the model.ll

Partially in recognition of this fact, a linkar inter-

gglation procedure suggested by Pagan and Shannon (in the

12 will be considered.

context of linearized NGE models)

This procedure involves inferring elasticity multipliers for

the welfare effects from the conditional sensitivity analy-

sis to allow the approximation of the results of an pncondi—
¢

tionai sensitivity. This approximation would be exactly

correct if the Hessian matrix of G with respect to o was

diagonal. This would dramatically reduce the time necessary

for calculation of an qéproximate unconditional sensitivity.13

III.3.2 Technical Problems

Before turning to the analysis of the 7-bloc model, it
! »
is worth noting that some of the desired ingredients of our
analysis are ndt present. Most notably, we refer to a p.d.f.

S .
for. o- in equations (3) and (4). We would ideally like a

° . ~

jointly estimated probability‘density function for the com-

plete vector of elasticities, since it is likely that some

1

of the elasticity values we use (such as the import price

elasticities) are subject to interdependent errors in esti-

- ‘ mation.

The p.d.f. used for the trade elasticities and

PRSI PRI AT A SRR 25
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elasticities of capital-labour substitution are all uni-

variate normal. This ignores the fact that at least some

of these elasticities are subject to interdepéndent errors
in estimation. The mean and standard deviation 5f a sample
of estimates of each of the trade elasticities was used, and
estimated point estimates and standard errors of the elas-

ticities of substitution were used.

A careful analysis of the systeﬁatic sensitivity of all
of the welfare, E}ade volume, employment and terms of trade
effects computed by the 7-bloc model is well beyond the
scgpe of this essay. The main focus of this essay will
be the sensitivity of U.S. welfare (as measured by a Hicksian
equivalent‘variation)'and U.S. factor adjustments to three

different experimenté, and Canadian welfare and adjustments *

to the third experiment only.

(i) A 50% Multilateral Reduction in Developed Cotg}ry
Tariffs (7-bloc model);

(ii) A 50% Multilateral Reduction in All Tariffs (7-bloc
model) ;

(iii) Formation of a Canada-U.S. Free Tagiff’area (8-bloc

model) . \ ’ -
A

This narrow focussing of the analysis is nece&sary for
both practical and technical reasons. It is impractical to

analygg the mountains of data generated by a systematic

\]
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sensitivity of all of the model's results. It presents a
practical problem since the volume of data to be stored
becomes unmanageable.

A
e

Three classes ofvelasticities will be considered for

sensitivity analysis in both models. .

)
2

(i) Elasticities of substitution between import types -

these import elasticities are the same for all.gommo-

dities in a given bloc. This elasticity is referred

to as SIG and they différ by bloc: . v

(ii) The common elasticity of substitution between imports
and domestic production. This value is assumed to be
the same for all blocs andlall commoditi;s and is re-
ferred to as SIGI.

(iii) The elasticity of substitution between capital and

labour is re%erred to as SUB. SUB is the same in a

givgh-industry in all blocs. There are thus 6 SUBS.

As noted before, SIG is calibrated to the estimated im-

-

port elasticity of demand, while SIGI is calibrated to the

estimated price elasticity of demand for exports. As speci-

fied, all blocs are assumed to face the same export price

elasticity.

In the 8-bloc model, an additional pair of elasticlties

.

will be varied. These are the shares of total cost attributable




T
to fixed costs in the two non-competitive industries in

Canada. In the case of monopolistically competitive pricing,
there is a one-to-one correspondence between the share of

fixed costs (1) and the perceived elasticity of demand (n).14

Specifically, C;(

1
n

A o= |

This is true since the original data is assumed to be_ a

long-run equilibrium. "

The analysis of each of the trade experiments will begin
with a discussion of the point estimates of the welfare and

adjustment effects. Conditional sensitivity (CSSA} results

will then be discussed. These CSSA results will be used to
choose elasticities for inclusion in the unconditiefal sys-
tematic sensitivjty analysis (USSA). Finally, the USSA

results will be compared to Pagan-Shannon approximations.

In all cases, reference will be made to two sets of
point estimates for the elasticities used in the 7-bloc
model. The point estimates used by Whalley will be referred

to as JWPE elasticities. The™point estimates corresponding

to a revised literature survey by Harrison (9) and new esti-

mates of the elasticities of substitution will be referred

»

to as HWPE elasticities.

‘Q
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ITI.4 THE WELFARE AND EMPLOYMENT EFFECTS OF A
50% TARIFF CUT BY THE DEVELOPED BLOCS
The point estimates”of welfare corresponding to the
JWPE and revised HWPE elasticities iFe presented in Table 2.
The welfare effects‘change in response to the revised elas-

ticities. In the case of both the EEC and the LDC bloc,

the qualitative result is changed.

TABLE 2: Point Estimates of Welfare Effects of 50% Tariffs Cut
By the Developed Blocsl S

&y

JWPE HWPE

0.66 -.21

-1.07 -.99

.83 .84

.83 1.06

.18 . .23

.21 .50

-.16 .26

World , 1.30 \ 1.69

v '

1 Welfare effects are reported as Hicksian EVs in billions of 1977 U.S. §.

~

These results gorrespond tq the long-run assumptions °
described earlier. CSSA results were calculated in order
to choose elasticities for inclusion in‘-a limitéd USSA.
The CSSA results _shown in Table 3 reflect that many of the
welfare results are quite sensitive to the elasticity speci-
fication of the model. In particular, the extreme values
of welfare fo; the EEC, the OD bloc, OPEC and the LDC bloc
all straddle the origin.

~N
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- TABLE 3: CSSA Welfare Results
50% Tariff Cut by Developed Blocs—Welfare (Hicksian EV
$US billion 1977) 3 \
Point " Mean Standard Minimum Maximum Probabi-
- Estimate Error Value Value 11ty of
N . Gain
- )

E.E.C -.21 —.2} .43 -2.88 1.35 .09
u.s. -.99 -1.00 .16 ~1.96 -.44 .00
Japan .84 .83 .10 .15 1.08 1.00
O. Dev. 1.06 1.10 .61 -.48 5.50 .98
0.P.E.C. .23 .22 .05 -.22 .30 .99
N.I.C . .50 .50 .08 .21 .78 1.00
L.D.C. .26 ) .25 .09 -.16 .57 .98
World 1.69 1.67 .13 " .99 1.97 1.00

Employment Realigcation Effects - U.S. Industries*

. Sector Point Mean Minimum Maximum Probability of

" Estimate Value Value Increase
Ag.&Food .05 .05 .03 .07 1.00
Mining -.22 -.22 -.62 -.05 .00
Energy -17.56 -17.56 -17.75 -17.39 ’ .00
Ml .06 .06 .02 .09 1.00 .
M2 -.18 -.18 -.20 -.14 * .00
Non-traded .09 .09 .08 .10 1.00
Total .08 .08 .08 .09

A

* Percentage change in employment.
Total is percentage of total employment required to move between

industries.

Ml - Non-mechanical manufactﬁring
M2 - Equipment and vehicle manufacturing

?
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The energy sector faces a dramatic change in employment,
but this decline is small in‘absolute‘termi at under $1
billion. The energy sector has by far Qhe,smallegt employ-

ment of any of the industries (see Table 4).

’* »
TABLE 4: Employment by Industry (U.S.) and Capital/Labour Ratio

»

T

Employment* K/L
Ag. & Food ' : 55.5 .98
Mining ‘ ' 16.3 .83
Enerqgy 4.1 © .26
Ml ' ) 189.1 .22
M2 133.0 .14
Nen-tradad . 900.1 .20 .
Total 1298,0 .23
* § Billion 1977 .
/ " o

111.4.1 Selection of Elasticities for USSA

The reiative “importance":of élasticities to the results
of NGE modelling depends on both the type of results which are
of primary interest and thé policy experiment considered. Two
suggested indicators of the sensitivity of (e.g.) U.S. welfare
to different elasticities could be ﬁsed. The difference bét- 1

ween U.S. welfare when the elasticity is at +1.4 staﬁdaré

@

errors and when it is at ~-1.4 standard errors gn theé CSSA is

used as the preferred index of elasticity. sensitivity of re-

sults. The measure suggested by Pagan and Shannon is this

- ¢

difference divided by the movement in the elasticity of inte-

rest (here 2.8 standerd errors). The two measures are shown

\

VT
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in Table 5. The measure suggested by Pagan and Shannon is
referred to as PS and the préferred measure is called DIST.
DIST is used to rank the elasticities in terms of their.
effect on U.S. welfare, since it takes account of the impre-

cision of our estimates as well as the direct impact of a

given unit change of the elasticities.
—

U.S. welfare is affected most by changes in its own
import price elasticity and the import price elasticities
of the U.S.'s major tfading partners. The common export

elasticity is also very important.

TABLE 5: Importance of Elasticities to U.S. Welfare

50% Tariff Cut by Developed Blocs

B . = RUPRYETENT Y S ST

Elasticity i DIST Rank PS
, SIG (E.E.C.) .306 4 .312 .
- SIG (U.S.) 1.000 2 1.047 ‘
SIG (Japan) .182 5 .202
SIG (0.Dev.) 1.297 1 .961 -
SIG (0.P.E.C.) .013 8 .012
3 SIG (N.I.C.) .049 6 .022
- S16 (L.D.C.) .012 9 .006 ,
SIGI .316 3 .347 ]
. - 3
SUB (Ag. & Food) . .001 11 .009 !
" 8UB (Mining) .001 ¥ 11 .003
SUB (Energy) : N.A. N.a.15
SUB (M1) .001 11 .003 -
SUB (M2) ' .002 10 .010
SUB (Non-traded) .014 7 .010

&

Y-
- Ml refers’to non-mechanical mantfacturing Y,
M2 refers to equipment and vehi¢les manufacturing

.
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‘
The non-traded sector elasticity of capital-for-labour
substitution is the most important of the SUBs Sut its
absglute contribugion is quite small compared to the trade
elasticities. This may result from the special structure

of the model which has a common value forﬁSUB in all blé&s

in a given industry. F |

"Importancé" numbers have also been calculated for the
employment changes in the U.S. A similar pattern emerged in -
these results, with the U.S. and‘OD import elastiéities having
the largest impact on labour r;:ilocations, with the elast;-
city of capital-labour substitution in the non-traded sector
having a smaller effect than these trade elasticities, but a
larger effect than any of the other capital-for-labour elas-
ticities, |

USSA ®™was conducted for the 50% tariff cut by developed

~
blocs. The elasticities varied were the import price elas-

1

LR
ticities for the EEC, the U.S., and the OD bloc. These results

are presented in Table 6.

.

The welfare effects from several blocs straddle the
origin in ﬁhe USSA. The EE&, b.S.,_the»OD bloc and the LDC
bloc all fall into this.categ6¥x. .In ever& case except the
EEC, the bulk of the §.d;f..1ies on dné‘side’of the origin.’
The EEC has a 38%'probability‘6f experiencing a welfare o

gain from a developed bloc tariff cut of 50%. The uncertainty -

.

.’
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in this statement comes from the uncertainty about our elas-

ticity estimates. 4

TABLE 6: USSA Welfare Results ’ \
50% Tari¥f Cut by Developed Blocs
Welfare (Hicksian EV $US billion 1977)

'

Point “Mean Standard Minimum .Maximum Probali-
Estimate Error Value Value lity
Gain
- E.E.C. -.21 -.40 1,28 ~-3.86 2.58 .38
U.s. -.99 -1.06 .50 #-36 .32 .02
Japan .84 .76 .28 .01 1.30 1.00 -
0. bev. 1.06 1.43 1.82 -1.7% 6.61 . .78
0.P.E.C. .23 .16 - .15 -.3 .33 89
N.I.C. .50 .45 A4, .04 .82 1.00
L.D.C. .26 .20 .20 ~.35 .61 .85
Cworld | 1.69 1.55 33 .59 - 2.23 1.00
. . '
. , +
Employment Reallocation Effects - U.S. Industries*
Sector Point Mean Minifmum  Maximum érobability of A
c Estimate - Value Value Increase
[ ] PR , AR ]
Ag. & Food .05 .05 . .06 - 1.00
"Mining -.22 ~.25 - =77 .12 ".07
Enerdy -17.56 = -17.56 -17.85  -17.24 .00
M1 ‘ .06 © .06 .02. .12 1.00°
M2 -,18 .18 -.22 -,13 .00 ooy
+ Non-trgged .09 .09 .08 .10 1.00
Total ‘ .08 .08 - .08 .09
* Pegqantage.change in?eMpiqyment. ’ " . ’ T ’
The employment re“allocation’ effects are s‘mal‘nd are
relatively insensitive to the elasticity Specification. This

L SR I ‘ ~ v
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"1is likely due to the fact that the tariff rates reduced are

originally small. ) s

The fact that the USSA generates wider bounds for the

L

U.S. is not surprising since all of the solutions from-the

\

CSSA which invoIved the important-élasticities are included
» 1n the USSA.. Note that the bounds for all blocs"welfari'
Aneed not be wider in the USSA than the CSSA sihce the elas—

t1c1t1es were chosen for 1nclus;on in the GSSA on.the basis'

-

of their impact on U.S. welfare. The'extfeme bounds of U.S.
LY ’ & ' !

welfare do correspond to extreme values Bf :pe;elasticities.

% ‘
Reviewing the range of sélutione, three_“rules Qf thumb"

~ appear to emerge from the systemath sens;t1v1ty analysis
relgyan; to the welfare effects. ‘First, the more elastlc
. thg'bLQF;s,demand fbr imports.\the ;arger their losses.(?t‘
" the smaller their gaing) . ' Séoondly", Ehe nmore e'l‘a‘stic are
L. ’ _your trading partner $ demands for mmports, the smalier the

'losses (or, the larger the. galns) Einally, the larger the'

- +

(common) elast1c1ty of demand for ekports, ﬁhe larger the

.qﬁlns to be shared from trade 11beralxzatlon.16

. Thls 13'
- ». .
’;llustrated for }he U.S. in Table 7. a7 },' ;o
’ R . ., ‘A \"1 ‘ “ ' : ’ - " ’ ‘:‘ .‘. ."‘ | :

. s * . -l. L !

III 4 2 Pagan/Shannon Interpolatlon

r

An apprdxlmat;on technlque suggested by Pagan and .

“ ol
. . Shannon was - also used to approx;mate the USSA results repbrted -

b ‘//;n TabIe 6 The technlqte xnvolves the ﬁslculatlon of

1 oo

v
s
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. ’nd.:" tutliers for U.5. Welfare from 52% Multilateral Tariff Cuv ;
-, ) : by Deweluped Bl:ics » . ’ . ' R
' ® LTS Weltare : U.5. Impozrr - 2D lmport "~ Common Export
' e Elasritaty _Elastaicaty Elasticity '
. -2.16 ) Highest . lowest wowest
L
. L3 Lowest Highest - Highest
- . ’
- i - - } -
~ . ‘
. - .
approximate first derwi;xves of G for a given policy using . ;
P4 . 1] - L
. . snconditional ‘3eénsitivaty results. That 18, We would like
.. Y . N A . . .
. an approximation Ofy
' . ‘ DGAX, )7 - e .
.. - DGAX, 227 Fo ! - (5)
A I - ,j-‘ 3 . .
R ? , - . . ) ‘ . " . ‘- ) . e
, \T . L’ . . . I ~ B ' . . L.
. The welf fare coz"respondmg to & gwen Polxcy and a ngen value
e T T 2t fop ‘the vector of elastxcxcles would- be approxlmated by:
., - ' : ) ' ) ) - , )
. . - 1 ‘ . . . . '_ - Co K ' ’
T 2T R I U R I ¢ . ) - {6) ‘ ‘o
. o " where & 18 the point estima;e\of the-result of interest and -
.. ’ ) . s . v - - 1'~
R . G, 18] the secibr o"appraximate fxrst der1vat1ves If G{X,0).
i ' The approxima-tmn ¥ HLI‘I not be very accurate if the 1nter- .~ -
- " ) " R . - . . - ‘l
. e o at:tmn terms are Ia;ge, .that. 18 -af t:he terqs. .
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To measure the goodness of fit .of the approximation,

R2 was calcul%ﬁed as: -« )

5 N
forety vt T

2 1=1 '

R B e /
s 1 ~ 2
. )(yléy)
1=l

) & L .

where y; 1s the approximation correspondlng to the solu-
~£1oﬁ/ of the model Y The,R2 value for each bloc S‘welfare

is above 95%, suggesting that the approximatlon technique
' - : i - - '
1s very useful.

'

?he‘Paqah[Shannon approximations are presented below.

R
* rasLe 8- Comggzxseh of USSAfand PS Kgproxiﬁétlons - Welfare )
, o : , ,
Blog - © Mean, - . Standard Error Prob of Welfare Galn
oy -ussa PS USSA . 'PS ' USSA. " PS

E.E.C. - ~-.40 -.42°  -1.28 1.28 . 38 .38

u.s. -1.06 ~ -1.08" . .50 .48, .02 - .00

Japan .76 .17 .28 .28 1.00 1.00

0. Dev. - 1.43. 1.47 1.82 1.82° - .78 . .80

Q.p.B.C.. .16 .16 .15 .15 . T .89
. .. N.L.C. A5 .46 114 L. 04 ANy 1.00 “
. L.D.C. * - .20 .2r. .20 .20 .85 - . .86 '

world. 1.5 - .57 2337 0133 leo - T L.oo

Y
AN 30 N - -

Althougb the employment reellocatlom numbers seem to be
'well approxxmated by . €he ps 1ntetpolation, the results in

Table 9 are:somewhat misleading. ,When the Rz calculations

values are not all high. Por somn of the reaulta, the Ps

for all of. t,he emgloymem. realldcations are cqlculat,ed, the oo
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interpolation is'a poor estimator of the actual values:
of the employment effects. Some of the R2 values are nééé—
tlve. The service seqtor numbers for the EEC, U S. and the

-NIC bloc are all quite lcw as are the total reallocatlons

for several blocs. o

TABLE '9: Comparison of U.S. Labour Reallocation Effects - 50% Multi-
lateral Tariff Cut by Developed Blocs ($US billion 1977)
. Sector. - Mean - Standard Error Prob. of. Increase
. o USSA .PS . UssA - ps : USSA, - pS
-.  .Bg. & Féod .04  ..04. . . .0L .01 . 1,00 1.00
a " Mining . =04  -.04 - " .03._ . .03 N .07
: Energy = =.72 -.32 - . .01 . ‘. .00 .00
M1 1300 13 . .04 .05 1.00 " 1.00
eomM2 0 0T 0 =028 ~23 000 DY . ~.03- 7 - .00 - .00
- Non- traded .85 .88 . 04 Q6 1.00, °~ 1l.00"
Total ' ' 1.62° .1.04 .04 .04 1.00 1.00 )
* YABLE -10Q: R2 ValuesAfor Egg;gyment Reallocatzcns - 50\ Hultllateral
‘ Tarxff tut by Developed Biocs . - . R
- o N - B .
N , . N . 3 . v . - . 4
o : - - Bector o s S
ASF_ - Min. . En. ML .; - MZ- NT __  Total .=
: - J R . : , S - :
.. ‘EE.C,. .77"=',9e. S.v95 . T 94 -.54 ', .00 .32,
T ULSE . ~ N -1 § 99 . . .96 .91 -.61 . .40
77 'Japan . .99 99 .99 .84 .40 .95 .37
" * . 0. Dev. 1.00- .99 = 1.00. 1.00- .00 ° 1.00 . . .99
0.P,E:C. ~ - .96 ..99: 94 ' .28 . .82 .69~ .67 .
. “N.I.C. .79 . .99 /.94 94 . .93 . .17 - .67 .

. --owLic. .92 .97 . .99 ., (.97 .96 .. .89 . . . .87, .
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III.4.3 Conclusions: 50% Developed Bloc Tariff Cute

’Systematic sensitivity analysis of a-Sb% multilateral
tariff reduction by the developed blocs suggests that while

some of the gqualitative welfare effects are quite sensitive
. kb ) :

to elagticity specification, an important result does not
appear to be in this class. In particular, the observation

that the U.S. would_lose from such a tariff cut is reinforced
) \

by the  results. ' v
. % . . .

-

The employment effects of such a libgxatization, as men-

tloned before, are small and are not as /sensitive to elasti-

city specification as the welfare resu ts.

* Of interest for the pufpoée of cost savings, the PS

-approximations appear to be reliable\approximatione of the

2

welfare effects from- an&USSA. Although ‘the PS approxlmatlons N

of the employment effects are less adequate, they . do glve

.reasonable estlmatesuof the prdbablllty of 1ndustry employ-

ment increase and the mean employment effect in thls case.

It was also. found that the USSA conducted on a subset

’

. of results glves a more diffuse pP- d f. Qn welfare in partx—,

M. 4

cular., In other words, USSA procedpres on nelatively few -
._elastiditles may be a‘WOrthwhile supplement to CSSA»proce—‘

dures on’ all elasticitiet o! interest.’ ThlB is illustrated

.,

"in Flguge l, where histogxame for tha‘CSSA_on'l4 elastzcitles:

» . . . . . °
.- N
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FIGURE 1: Comparison of Conditierdal and
Unconditional Histograms and U.S. Welfarel

50% Developed Bloc Cut
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and the USSA are compared.

II1I.5 THE WELFARE AND EMPLOYMENT EFFECTS OF A .50%
MULTILATERAL TARIFF CUT BY ALL BLOCS

- As notéd before; the estlmated welfare effects for a 50%
multilateral tarlff qut by all blocs show the LDC and NIC
blocs los:.ng,(whlle the developed world gains. This may be
due to the higher lewel of tariffs originally in place in the

develop;nq blocs. If these are in fact closer to optlmal . :
b i $ M <

fa,. - tariffs (given the criglnal tariffs in other blocs), than 3
. those of the developed world, Markusen's (12) analysis would
: . : . x ,

suggest that they would be expected to lose for this reason.

9 It is interesting that the gains.and losses to specific hlocs
. , & &

are quite large compared to the total (worldwide) welfare .

.

_gain. . . - e

iyt e s

*
TABLE 11: Welfare Effectl of a 50% 'rariff Cut by all Bloes .
. . - ’ |

\ '(Point-Estimates) _ .

e e

{

3.'
4
I p © Blog . JWFE - HWPE
.? _ E.E.C. LT A 10496 , 10.27 .
. .S, Lo 2,53 . . 3.39
‘Japan - L 5.81 , 6.11 . T
o , O.Dav._ . ‘.62 : 2.3¢ . S .
4 7 o.BC. < _ 3.01 R 3 b2 - g
Al M.I.CC S -6.69 0 - 39 U
" . - L.D.C. e - e

C 0 wera . mes . 0.4
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" .Using the revised elasticity estimates does hot change’
4 .
the qualitative story dramatically. The OD bloc gains much

mére and the developing world loses even more.

Turning to- the conditional'results in Table 12, the
magnitude oY welfare gains varies dramatically in response
to elasticities but the qualitative story of Qho gains or
who loses 1s robust. Altpough the extrem? hounds of OD
welfare straddle the arigin, the bglk‘of the dénsity is

" above zero. (99%).
t‘

t
-

TABLE 12: CSSA of 50% Tariff. Cut by All Blocs (Welfare)

1

) ‘ hd B . . T
oc Point Mean  Minimum .Maximum Probability of
- Estimate Value . Value Welfare Gain

E?ETET‘\  10.27  10.26  7.09 14.89 « 1.00

3.39 . 3,36 2.34 4.95 1.00
6.11 6.09 5.05- . 6.80 ‘ 1.00
2.36 2.42. -1.33 7.73 .. 499
‘3.00 . 2.98° 2,14 4.05 1.00
-8.29 -8.30 -10.60 -5.44 , .00
~5.90 ~5.93  -8.41 -3.89 . . .00 ;

[}

¢
g
¥
k3
¥
i
¥

Lo s el e B AR St

10.94 - 10.87  8.27 13.03 . © . 1.00

The'paﬁtérniof impértance oé thé“ca§i£a14laboﬁt elas-
thitieS of substxtution is as before (Table 13). The éiastici?f
- of substitut1on in the (large) non—traded aector 18 ‘the moss
zmportant to. U. $. welfare. - The' rel;ézza ﬁnportance of'Uu¥
A trade elastxcit;esais quite gifferent than in the prevf!ls

tarlff—cutting experimpnt. nere, tho cnmnon oxport f’f'
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elasticity falls very low on the list of importance (as gpter-
mined by the ranking of DIST). This might be QUevfo the

* . . - . .
fact that no relative tariffs have changed in’ this experi-

k]

ment while at least some change in the other experiment:

+ The import elasticity for the MIC-bloc is also of much
‘ , ‘

”

greater importance to U.S. welfare. &v//r

¢

TABLE 13: Importance of Elasticities to U.8. Welfare Effect (50%
Tariff Cut by All Blocs) (From Conditional Runsp—— =

4 - '

2

\ Elasticity DIST ) Rank (DIST) “ PS

4 <+ 1.351

SIG(E.E.C.)" . .663 4
SIG(U.S.) . 2.122 1 4.441 oo
SIG (Japan) 385 e . .8ss 4
S1G{0.Dev.) "1.187 2 1.760 -
SIG(0.P.E.C.) : .415 5 .773 .
SIG(N.T.C.) . 1.076° 3 . o714 ,
$IG(L.D.C.) .375 7 ] -~ w373

4 ¢ , d . - .
-SIGI ‘ N 074 8 Yoo .Xx62

SUB(Ag. & Food) ~ .00l . 13 ‘ .017

_ SuBWMMining) - -001 - 13+ 1007 )
. 5UB(Bnergy) 024 10 . 168 ~
.. JfoBGay T .03 : 1 ' .020 - -

SUB (M2) .002 12 - . L0019 N .

" SUB(Non-traded) . ..033 9 . .. .08

Ep ‘ ‘ e —
* Ties I o : ' ‘ .

v . . . : - o0 \’ ~ ¢ ¢

T

. €
. . In thzs ca‘se the cOntrast between Ps and DIST as mea- e,

sures of :.mportance 1s gutt:e clear. . Although the EBC import -

- elasticz.ty has the third larqest effact on u s. welfare fo; ,:

Qg ¢

a given absolute change, the NIC nlaaticity haa t9;¢third S

S L . < et




‘argest effect for a given change in -terms of the elast1c1ty s
standard_e;ror. Changgs in the Nic 1mport elastlclty have a
barge effect mainly because it is changed by.a much larger
amount in absolute terms. The NIC import elastlc1ty is varied
from'a low value of 29 to a maximum of 2.48, because of its

large séaLdard error. This compares to a range of .62 toy1.60

for the EEC import elasticity.

On the basis of the CSSA resglts, an USSA was conducted,
iﬁvolving the U.S., OD and ﬁBC import elaegicifies.,,Spme of
‘the’welfare results exﬁibit‘larger,standard‘eérorsl(e.g. P
Japen, OPEC, NIC) pnaer the eonditiohél sensitivity analysis,
highlightiqg tﬁe'faét that the welﬁffe cpahge of\¢?fferent
blocs depends oaniffefent elasticities. ihe‘same‘is-true'of
the extreme bounds generatéd for (eg.) OPEC which are w1der

i A
An the.condltloﬂal‘senszt1v1;y. Recall that the, uncondltzonal

sehsi:ivity~?ﬁll»represené‘an'analyszs of a chosen. sub et of

elasticities. In thls case, they axe chosen very poorly aS"

ufar as thelr effect.bn OPEC welfare.

f?o; ébiehpolicy,iiwd o; the three rg;eg,ef.;hu@b~menhi

. -tioned'aﬁove‘afe V#fifiéd aéaih.-»As the own‘fmpoft price
'olastlcity is increased,~¢he amaller are'phe U,S. . gains. oAs‘ ‘

3i tha xnpott prace elasticzty of the OD hloc is 1ncreaaed, M

tho lurgor are the u.s. gains.y The reaults for changes in

- tha coumon equ;t elaatxcity w:xe mixad.

v -




&

’

'i;’from éhe'CSSA’resﬁlts.'”for‘the wéifare‘fesulté, gpe'?s

approxxmatlon was vxrtually ldentlca1~to the USSA. The R

. ;.( _
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. e
USSA results for the employment reallocation effects

were also calculated. In this case, the "qualitative" re-
- r 3 i

'sults on employment changes wére not sensitive to the.elas--

ticity specification used, although some of the results

are sensitive to the elasticities used. ‘-

-
. -

TABLE 14: USSA on Employment Changes in the U.S. From 50%
Multilateral Tariff Reduction by All Blocs*

Sector © - Point Mean Minimum Maximum Probability of
Estimate & value - Value . Employment
i o Increase

[

Ag. s Réod . 2T .16 L .38 _ 1.00

" Mining o . .97 - .14 : 1.00 -

Energy -17.834g " -18.32 o+ .00
Ml . .19 C .04 .34 S 1.00

M2 -.73 " -91 -~ -.86 - .00 .
Non-traded 11 a1 a2 1.00

»A P

Total , A3 L1 .15

x

) . —-
ots

vPercentage cﬁange‘in .employment, Tbtai is the percent of total
employment requ;red to move’ betweéh industrxes.- }

A ps‘approximétibngdfftheée resulte weq‘elsq.démputedu"

' calculatiOns for welfare were hiqh (above 99! for all

blp%?\bup the LBe—bloc«at 97%) . The Ps estimates were good
approximetiona (ﬁ above 85&) of all of the employment re-'
l

allocation numbers, except those fbr the nervice sectora. ﬁ(
The summary statiStics for tha PS approi!mation (mean}'stan- -

dard deviatlon and probabilities of gain) of the employment




reallocations were virtually identical.

"

111.5. » Conclusrons 50% Tariff Cut by All Bl,ocs _

In the analy51s of a 50% worldwide tariff cut it

‘apbears that the quantltatlve estlmates of the 51ze.of gain

accrulng to each bloc are qulte sen51t1ve to the elastxcxtles

used Referrlng to- Table 12, the EEC ‘could galn "anywhere

from $7 blllion to SlS bxlllon from llberallzat1on At the

o

f
same time, the q;elltatlve results are largefz{»nchagged
that is that tlie developed blocs gain’ from tariff abolltlon

and the LDC, and NIC blocs lose. Oonly in the case,of tbe

Other Developed bloc is’ there ‘any uncertalnty about whether

they w1l1 galn or/loSe.

< "’t'

The BLze of reallocatlon effects 1s alsp quxte sen51tld.

' s to the elastlcrty specifxcatlon, but the pattern of employ—

r

ment changes is- not - dependent on reasonabla perturbatlon of ,“'

'-the'elaetlcxtles,j

v .
f ” ‘

Once aga1n, the PS appnoxlmatlon technlque seems to be

- an excellent approxrmatlon for the welfare results dlacussed

: hera, and an adequate apprbxamation for the employment re—

, allocation °£f33t3 if th° primary lnterest Ls in the summary
RS ltatlstics. . ~f'-- ' ca _i o

-

DN
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‘ bllateral llberallzatlon are. presented xn Table 15 _The

III.6 THE WELFARE AND EMPLOYMENT EFFECTS OF BILATERAL
* LIBERALIZATION BETWEEN CANADA AND THE U.S.':

"-This section presents CSsa results .and PS,approXLmatlons

for the short- and leng~-run results consxdered in Essay IIf l

Attentlon was focussed on the Canada and. U s. import elastm~

c1ties, the export price elasticity and the shares of f;xed

in total cost ln the Canadian manufacturing zndustrles since

the other elast1c1t1és had vlrtually no 1mpact on the Canadlan'

or U.S. welfare and adjustment effects.

- N

!

. I11.6.1 Lon g—R : S S e -

The pattern of elast1c1ty lmportance for the long—run

perceived elastic1t1es ‘are ‘used to cal;brate the model to :

a glven share of- f;xed to total cost Ed~tp a corresponding'

nd in the g;rms with"mohoooliSr

percelved elast1c1ty of d

v -

Atrcally competltlve pri rng. A ‘ N

i R - L | f? g

TABLE 15:° mtance of Elasticities . (pLsT)

..

“ Iongmm Bilatefal '.hriff *Abolition .
“ ’,'1/ _ L a'I;A , - ; ‘
‘zlshtioitA . . '# .U.S. elfare °  Cariadian Welfare -
: ‘ o L . i ..7;6' ' '.. ‘g‘ ': ‘32r .l‘. j,»‘._
RS . SIS | R
A : ' - - ‘ ‘ - - . -~
. .46 - . - 1.4 .
. . R , . ) . ! - :
& .01 o0
.00 .. - 92 .
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The perceived elasticities were varied over a range
corresponding to shares of fixed in total cost. from 12% to.
. T ’ 4 -

18%. ;

[ L4 ]

.

These.results sﬂow mgch:iess séﬁsi;ivityvt;an~thosé'in
Cox and Hhrrfs (43, éut this is partiélly due to the wide

,range aver wh;;h Harris and Cox vary thexr elast1c1ties.l7
The results in Table 15 are the result of movlng elast1c1t1es

1,4 standard errors apay from thelr point estlmates in a

CSSA run. | " - / -

On the basls of these results, USSA and PS approxxma—

‘\ha

-

tzon results were computed The Canadian ‘and U.S. meort

elast1c1t1es and the common export elastic1ty were varled

“in the uncondxtional analyses., As zn prevxous experimenta

the bounds on Canadlan and U S;Lfelfare generated by the

CSSA were‘narrewer than the-bo ds generated by the USSA.

The b~s welfareoappilkxmétlons for thxs expe xment were ex-

- .w.-

tremely accurate, even at the extreme po;nts.‘krhe summary

-+

welfare statlstlcs for’the USSA ;%d PS approxlmations were S

5w L b § -
vxrtually identlcal and are thg;efore not reported separately. C
As-before, the poznt estlmates'and means .Are extremely ~
R , \
close. : :




r . ‘. ' 1, -
. ~ . » . R
N CL . . 4 el .. - -
g Sl e : R T 7 B :
e N - s N . ¥ N . Lo -
z o ‘ s ) oy ’
* . . i ] ! , .‘;
._. ’ - Car
. TABLE.l6: : USSA.of -Long=Run Welfare ‘Effects of” 11&teral Tariff e
- abolitioh* . a L, R
T . . . (V“ ’ . L.
N = v "‘ T Y 3 f: LI ’ 1 {_\, .

v+ . Point, 9 Mean Minimum Max'nnﬁm‘ ;’Probala‘;l’ity e

“Estimate’ " .. value’ - Valde ' .~ of Ggfn
K e e - R -
U.s. - Lo S :».,n
Welfaze 1.24 | ,%'233 - 60" . 1.87 e o oo
e ST e A
 CGamadian . a5 ey’ cilas o910 . U39
} WQ],;argv_ ) - T LWy, i S e
oL - . AT . ) .
T Ficju‘res m binmns of 19'16 stss o ‘ S . ) .
.jl Whlte the U S. seems certaxn te gaLn from bl%;&er&l

tarlff abolltronf the resulxs for Caﬂaaa are 1ess clear cqt.;w

g mhe size of terms-of—tradé effec&s a;é very sensxthe to

r. S s
Rl

ghe elast1c1ty speexfxbation of ﬁha mcdélx S;ncg the o

~ .’

ik
)~

ngadiqn waifare JEfetts are daminated by a texms-of-tradé g

v s
. I

!

effeét, the welﬁare results are~rndeed.sensit1ve.to- tea~ 'y
ﬂﬂ adnable“ vgriatxons in the trdde.el;d%lcaties. ﬂlarrxs and4 Ly

‘\'v’.’

Oox (4} use "hagh" trade elastlcltxaﬁ Gﬁich Yiefd Emailer

-

termSApfvtxa&é effect$ aqglnst Canaéﬁ. 1n the event that

bhe ﬂhréﬂ tr;da elastic1t1es us V@re Bet to the higp ,z";

vhluesxai Eanada gains $ 6 blllapn, with thé U S gaanxng
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Tahle'is presehts-an USSA ofﬁngﬁ>1abou2 reallqcat;on

—-;effects of bllateralﬂtariff abolztion,f These~rballocatzo

. :f
‘ ﬂ

| a:p :emswbat 1arger than those pr usly ﬁpund fqr the

-

mulhilaxaral tariff reductiqn exazcisos. The p:opqrtionate ,
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TABLE 17: Long-Run Labour Reallocation Effects of Bilateral Tariff
Abolition (5x3 USSA)

. b
. U.S. Employment Changes (%A)
Sector Mean Minimum Maximum Probability of .
Value Value Increase |
Ag. & Food " 0 -.0 .0 .72
Mining -.2 -.3 -.0 .00
Energy 10 -.1 .2 91 . )
M1 1 .0 .1 1.00
M2 1 -.0 .1 .99
Non-traded -.0 -.0 -.0 00 -
Total .0 .0 .0 . o ;
Canadian Employment Changes (%A) L F
~ //”\\ i i k
Sector \ Mean Minimum Maximum  Probability of §
- Value Value, Increase ' 3
. F;
Ag. & Food 1.2 .8 1.4 1.00
Mining 1.2 .3 1.8 1.00 4
Erergy 1.5 .9 2.0 1.00 3
M1 .2 -.1 .6 .94 N %
M2 -2.5, -4.2 -.8 .00 ‘
Non-traded -.1 -.2 1 .08 4

. Total » .21 16 .28
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labour adjustment numbers are much larger in Canada than the
\
U.S. though the absolute changes ig employment are simi,larf19

-

At most, one in 360 workers would have to move between

sectors in Canada according to this calculation.2O . ’ -

[y

Returning to welfare, the'pattern of effects noted
. .

earlier appears inlthe.bilqteral abolition results. The
U.s. expe}iences a smaller gain when either its own import
elasticit} is large or Canada's import elasticity is small. ,
Canada experiences a smalleér loss under the same qqnditions.
Canada's loss is decr;ased and the,U.S. gain.is increased
the highef is the comméh elasticity of demand for exports.

Some ‘results from the USSA are presented below to highlight

this. (See Table 18.)

’

It is alsd noteworthy that the gains availabie to bg
shared beéween Canada and the U.S. are noéﬁhiwayé positive
and vary’dramatically from a loss of $.1 billion to a gain
of over $2.3 biliion. The mean.gain to share is $1l.1
billion and the\s:obability of a jo%et welfare gain is

993, %1

I1T1.6.2 Short-Run
ThetShort—run effects were analyzed using the same

procedure\as the long-run results in Table 19.

O
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TABLE 18:

-

Long-Ran Welfare Effects of Bilateral

181

Tariff abolition -

Pattern of Elasticity Sensitivity

Case

Elastiiity Configuration

Welfare ($°pillions)

(i) Smallest U.S. Import MPst Elastic U.s. . .6
U.S. Gain Cdn. Import Least Elastic Canada -.5 .
Common Export Least Elastic
{ii) Largest U.S. Import Least Elastic ) U.S. 1.9
- U.S. Gain Cdn. Import Most Elastic Canada .3
'} Common Export Most Elastic .
‘(iii) Largest U.S. Import Least Elastic U.s. 1.4
Canadian Cdn. Import Most Elastic Canada -1.2
Loss " Common Export Least Elastic '
(iv) Largest U.S. Import Most Elastic u.s. 1.0
Canadian Cdn. Import Least Elastic Canada 9 \k
Gain Common Export Most Elastic -
' <
TABLE 19: Importance of Elasticities (DIST)
Short-Run Bilateral Tariff Abolition
Elasticity U.S. Welfare Canadian Welfare
U.S. Import .70 .20
. /s
Canadian'Imggrt .13 .28
- . Common'Eipor% .41 1.03
.Perceived in N .01 ) .05
perceived in M2 ! N .01 . .10 ‘




,

’ ’
14
The CSSA shows that the trade elastj,cities to have the most

impact on welfare results and <{>n labour féailocations. The
"trade" elasticities Qere varied in the USSA and PS approxi-
mations. As in the long-run experiment, the I;S approxima-
tion generated summary stai:.istics for welfare that were
virtually ‘identical to the USSA results and R-sgquared was

.9999 for Canadian and U.S. welfare.
S "

TABLE 20: USSA of Short-Run Welfare Effects .of Bilateral Tariff
[]

Abolition*
’ +
’ Mean Minimum Maximum Probability of | -t
4 value Value, Welfare Gain
u.s. 1.2 .4 1.8 . 1.00
#  Canada -.7 -1.5 .1 .00 -
u.s. + .5 -7 1.5 .83

Canada . .

* Hicksian EVs in $ billion U.S. (1976).
If one makes a temporary unemployment calculation of
the type reported in Essay I, and deducts this frpm the
¢ short~run joint welfare géin, the mean of the resulting "net
of adjustment cgst"' welfare is $.hllion. The probabi-

\ .. lity that even the short-run gaiﬁs are positive is 72%.

‘
i

_The pattern of elasticity sensitivity of the welfare

- results is reinforced by thg short-run results. The® extreme

RE

-
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values reported in Table 20 correspond to the elésticity

configurations described in Table 18.

The short-run labour reallocations show a similar
pattern to the long-run reallcations, although the M2 sgctor -

employment rises in the short-run. This is due to the ab-

sence of fixed cost savings in the short run.

TABLE 21: US3A of Short-Run Labour Reallocation Effects of Bilateral
\ Tariff Abolition* -

Mean Minimum “Maximum ' Probability of
Value Value Employment Increase
, ‘ v

Agri. & Food .82 “ .57 .96 1.00

Mining .79 -.40 1.54 .95

Energy 1.17 .29 l.76 1.00

Ml .16 -.06 .40 .97

M2 2.06 1.12 3.04 1.00 .
S & Non-traded -.52 -.63 -.44 .00

Total .29 .25 .37

* Percentage change in industry employment. Total is percentage of
labour force moving between industries.

4

'

As in the pievious experiments, the PS approximaﬁions

yielded virtually identical summary statistics on welfare
" . g

and factor reallocations. The approximations of the reallo-

cation numbsrs by industry and the welfage effects

are good (R~squéred greater than .95). The approximations

%

of the percentage of the labour force moving between sectors

were occasionally very poor.
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I1II.6.3 Conclusions: Bilateral MM ff Abolition

Systematic sensitivity of the major results of Canada- ' .

‘ . .
U.S. bilateral tariff abolition suggests the following con-

7 -

(1) The sum of the U.S. and Canadian long;term effects fronm

clusions:

BTA is positive. J

(ii) The sum of the short-term U.S. and Canadian welfare
effects may be sufficiently large to generate short-run -
gains to be shared. . i

(iii) For,-reasonable re-s??cificatiop of the model, the ﬁ.s.
experiences a yglfare gain in either the short-run or
the long-run. .

(iv) Canada could well experience a small welfare loss«from
bilateral tariff abolition in the absence of compensa-
tion. A -

(v) The labour reallocation effects caused by. bilateral tariff
abolition are larger than the labour r?allocation effects

~ seen in the multilateral tariff cuts analyzed earlier,.

but are still smaller than the effects of ongoing tech-

»
nological progress.
(vi) The unemployment effects and associateq."adjusﬁment costs”

- of bilrateral tariff abolition are very‘small.

N R .
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I1II.7 THE PRESENTATION OF SYSTEﬁATIC SENSITIVITY RESULTS
The aim of systematic sensitivity results is to provide

a convenient summary of the fragility of\pGE modél results,
Y

- b . R il

- -

. ) . .
L ‘\' °")"' ox : 4’&—
L . U e e T
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[

particularly as the result of imprecision in the elasticity
estimated used. The method of "limited robustness" &s used

by Whalley (15) and Cox and Harris (4) does not give an
easily interpreted impression of the fragility of the re-

/
sults, and often ignores available estimates of the preci-

13

sion of elasticity estimates. .

The recommended procedure for the completion and pre- .
sentation of systematic sensitivity results is summarized
* L A .

in Table 22.

TABLE 22: Recommended Systematic Sensitivity Procedure

1. Conduct CSSA on all elasticities to be considered. Four
values other than the mean are recommended. (+1.4, +.7,.
-.7, -1.4 standard errors) “

2. On thesbasis of DIST measure of importance sq;éct the most
' important elasticities for inclusion in the USSA. The number
of parameters to be considered will depend on resource con-

straints.
3. Conduct USSA on the most important parameters, using the same
’ values for the elasticities recommended in 1.
. .
4. 1f there are subsidiary. results which have a different )

pattern of importance from the main results, PS approximation
of these results should also be calculated.

v

PS appfokimations may be substituted for USSA when costs are pro-
hzbitive. Recall that the evidence here (for multilateral and

bilateral tariff reductions) was that the PS approximationsw
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1

of welfare were very good and the estimates of fac¢tor reallo-

cations were fair.

Having completed this procedure, reporting the mean,

extreme values and probability of gain from the USSA results

w%ll usually give a compact and easily interpreted summary

of the elasticity sensitivity of results.

While limited robgstness.results such as Cox and Harris
(4, p. 136) may be hard to interpret, i£ %ay still be useful
to present results corresponding to particular cases ofl
extreme interest. For example, the "high" elasticity case
may be presented to reflect the concerﬁ; of thosé who feel
that all trade elasticity estimates are too ;ow. In this
Fessay, "limited robustness" results of the extreme values

< [ .
were presented.

‘ ) a
I11.8 SUMMARY'ANb CONCLUSIONS
There is some skepticism about ﬁhF results of NGE
analysis centred on the uncertainty which exists about’ the
elasticity values which are so important to model results.
This essay has peyformed systematic sensiﬁ}vity analysis
o% three different trade policy expé}iments. The results
1suggeét that some of the results are qualitafiv?ly robust

to reasonable perturbatiohs of the elasticities, while

others are not. It is not a priori clear which results will

o

e it e

LS
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’
be robust and as such systematic sensitivity analysis does

seem to be warranted.

As expected, the C§SA results give an unduly optimistic
indication of the sensitivity of the results to ﬁhe e}astici—
ties. (CSSA res!}ts also point out that different results are
sensitive to different elasticities. USSA results can give
better indications of the sensitivity of results, but are .

more costly to perform.

The Pagan-Shannon interpolation technique provides an

LN
accurate approximation of the USSA welfare results for all

.three policy experiments. The PS interpolations of the em-

ployment effects give very good estimates of the mean, the

standard error, and the probability of employment increase,

-

but the PS interpolations are not always good estimates of
the individual USSA solutions. In most cases, however, PS

interpoclations make the (preferred) USSA results accessible.

of soﬁe interest is the additional finding of the rela-
tion between the size of welfafe gains orwlosses from tariff
reductions and the trade elasticities of the model used. A
larger own import elasticity was associated withﬁlaréer losses
or smaller gains, . A higher import elasticity in one's trading
partner'leaa gb smaller losses or larger gains from liberali-

e .

zation. The higher the common elasticity of demand for

exports, the larger the gains to be shared from trade




- liberalization. These results were consistently found in all

\

three experiments conducted.

T & et




ENDNOTES o 5

“1. See Whalley (15). . ,

2. For present purposes, the model structure implied by
the 7-bloc model will be treated as a maintained
hypothesis.

3. See Johansen (10), Scarf (13) and Evans (6) respec- ,
tively for example.

4. See Dixon, Parmenter, Suiton‘and Vincent (5). A

5. Other benchmarking procedures do exist. One important

technique which has not received widespread application,
attempts td use additional -information from the data. to.
infer better -estimates of -the share parameters. Unfor-
tunately, this. technique requires more than one year's
data to be implemented. See Mansur and Whalley (11).

6. Mansur and Whalley'(ll) also recqmmendpa method of sub-
. system estimation of NGE model paramebérs.

7. See Armington (1).

8. _Mansur and Whalley (l1l) point out that this is a good
approximation as long as the import shares are rela-
tively small. . . '

9. For the current study, the estimates of the trade elas-
ticities comg from a revised literature survey by
Harrison (9) while the estimates of the elasticities
of capital-labour substitution were estimated for the #
current work.

10. These five values &re (i) the mean, (ii) the mean plus
: .7 standard errors, (iii) the mean minus .7 standard
errors, (iv) the mean plus 1.4 standard errors and
(v) the mean minus 1.4 standard errors. These five
values are used in all of what follows.

11. In the case of the 7-bloc model, this would require
approximately 10,000 years of CPU time on a DEC-20
mainframe computer. TN

R i e
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12. Pagan and Shannon note that the results are eaéily
generalized to Scarf-type models.

-




13.

14..

15.

16.

17.

18.

.- 19,

20.

21.

-

A solution of the 7-bloc model takes approximately one
minute of CPU time while calculation of Pagan and Shannon's
approximation for a solution takes about one-tenth second.
Even with this saving a full Pagan-Shannon interpolation
with five-:values of 14 parameters would require more than
38 years of CPU time on a DEC-20 mainframe computer.

V)
See Section II.4.

The model could not be solved for the smallest value of
SUB(3) {.15). Changes in SUB(3) within the limits where
it did solve lead to changes in welfare comparable to
those for SgB(l),/SUB(Z), and SUB(4).

Recdll that the Gpmmon export elasticity is in fact the
elasticity of substitution between domestic goods and
the composite of imports.

i

Harris and Cox vary the share of fixed in total cost over
a range of 10 to 42%. '

Canadian import, U.S. import ahd common export elasticity
set to +1.4 standard errors. ~

In the U.S., labour services valued at $.25 billion move
intersectorally while in Canada $.23 billion in labour
services are redeployed. P

‘

This again contrasts with Harris and Cox who estimate

.that ?$ of the »labour force would move between sectors.

In cages where joint losses occur, the develob orld
trading partners of Canada and the U.S. experiehce wel-
fare gains of more than $1 billion.

.
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CONCLUS I@N ~

In Essays I and II, short-run modelling from earlier work
was extended. The finding that short-run welfare gains to
multilateral liberalization eould be even smaller when the

short~run formulations were extended accords well with intui-

tion.

Of some-general interest'was the observation that ex-°
tending the rigid wage formulation could have substantial
effects op'the results, gut those impacts were largely con-
fined to the blocs where the rigid wage was binding. Extend-
ing the specific factors férmulation had little impact on
re;ults. Treaéing capital as homogeneoﬁs would theréfore

seem to be a useful approximatioﬁ for the purpose of trade

~

Analysis of the short-and long-run effects of bila;eral
tariff abolition by Canada with the U.S. lead to the conclu-
sion that joint gains exist in the long-run and likely in
the short-run as well. This is true even when taking écc0unt
of the temporary unemployment costs associated with the re-
allocation of labour. The estimates reported here do suggest,
however, that Canada could }ose from bilateral tariff aboli-
tion due to adverse terms-of-trade effects associated with
£he higher Canadian tariffs (particularly on manufactures}.

An avenue for future research is to investigate liberali%ation
'
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proposals that would lead to welfare gains for both Canada

and the U.S. without compensdation.

Using £he revised Whalley model described in sections
I1.4 and II.5 of the thesis to analyze multilageral trade
liberalization yields the conclusion‘that the structurally
similar model of Harris and Cox yields substhtially different
results. This rgiqforces the impreséion given when éomparing
the two models'’ ggéhlts of different policy experiments. The -
benchmarking procedure adbpted by Harris and Cox is identified
as a potential source o{ the diffé;énces in results.

The evaluation of three different trade liberalization
experiments using two ‘similar numerical general equilibrium
_(NGE) models yields the conclusionrthat even product and
faétor neutral technological prog;eés is likely to generate
higher adjustment and unemployment effects than any of the
trade liberalization e#periments considered here. Thig\con—
c¢lusion is always true for developed countries. This is in
line with earlier findings in the context of econometric or

accounting studies.
: ~

Extensive CSSA and USSA results on three trade policy
experiments yield the following~résults with regard to
systematic sensitivity analysis of NGE model results:

(i) USSA procedures on selected elastiities yield more

3
v
A
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diffuse distributions of the results than CSSA proce-
dures on all of- the elasticities.

tii) PS approximations of USSA results are, in many cases,
)

accurate, resource saving substitutes for USSA.

7

Finally, ghe result of all-three essays, suggest a simple
relationship between Fhe elasticity configuration 5f the model
\and the size of welfare gains from multilateral or bilateral
.liberalization. ®This is quickly~sﬁmﬁ§rized in Table 1.

TABLE 1: Relation Between Welfare Effect and Elasticity Configuration

Own Import ‘ } N
Price Elasticity

Major Trading Partner's

Import Price Elasticity ~ .
Elasticity of Demand +
-for Exports*
+ (~) denotes that higher absolute values of the elasticity imply

larger (smaller) gains or smaller (larger) losses.

* Elasticity of substitution between imports and donfstic products.

. -

These results appear to be ifnn line with Markusen's (1)

propositions in the context of a much simpler moaefﬁof bi-

N

lateral trade. ///
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