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Abstract

*
—

This thesis develops variops extensions and applications of applied general equilibrinm
modelling techniques. Essay I dea.ls with the mo&:!hng of labour mgration and builds
on the regional namerical general ethbnum nodel of Ca.nada developed by Jones
and Whalley ,(forthoommg) Their limited migration. decision rule is extended to
involve a comparison of relative utility levels across régions, Tke major unpheatxon
for model results is that measured migration- raponm may be dampened ander
‘certain polfty simulations; thu can result in chﬁerent cdnchinons bemg drawn-from
simulation exercises. - i 3 F* N
Essay II considers the apphcat:on of this model to the -study of the Canadian
equalisation system and its influenéeion mterregonal lahouumgrahons in ‘Canada.
.+ While authors such as Courchene (1984) haye argued that eqnah:atxon may result.
- in labun Mon inefficiencies ix Canada, Botdway and Flatters (1982) have pro-
posed that due to the existence of regionally. conoentrated resontce rents, properly
allocated ‘equalization may “result in increased effici in the-allocation of labour in
: Csna.da Simulations are performed.{o assess the effects of equalisation payments and *
‘reg:onal resource reats on labour allocation eﬁaency in Canada. The results suggest:
_ that the interactions required by the Boadway and Flattér's analysis may not exist;
eqnahntxon may be reducing gains whxch oonld arise from the nng:r*lon incentives
of the ?ég:onal resource rents. . b
" -—- Thie analysis of Esspy II involves humerical simulatigns using a pufe 'exchang'e
model with three countries and' three goods. Non-cooperanve strategies: are charac-
terised by Nash retaliatory” tariffs and mtonn union formation is analyned for the
case when the union’s external tariffs are tttateg:cally. set to.benefit the union and
lump-sum intra-union transfers are not available. The use of non-sero intra-union, tar-
iffs as an alternative transfer mechanism is explored. Results presented here suggest
that the presence of non-sero intra-enion tariffs may reduce the gains which can arise '
from .umion formation. More importantly though these tariffs can‘alter the strate.
- gic options available to the trading nations. Non-sero intra-union, tariffs caa allow a
. uniqn to be the optimal strategy for all its members, whereas in %e mtra-umon free
trade case the union is an mfenor atutegy for some.

»
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m:.l‘RODUCTION AND bVERV'IEW OF THESIS
S ' .

& -

In recent years, the techniques of applied general equilibrinm modelling have been
used to analysze a wide range of economic problems. This thesis considers two further

applications,/extensions of this modelling. E.my I deals with the modelling of labour

migration in a regional numerical general equilibrium model of Canada. Essay II
considers the application of this model t;a the study of the Canadian equélization
system and ns influence on xntcrregmna.l labour migrations in Cana.da. Essay TII
. described'a sma.ll scale numencal general equilibrium model for the analysis of issues
of customs m:uon formation. In particular, the influence of non-zero intra-union tariffs
on the distribution of thergains from union formation is considered.
Essay I builds on the regionai‘ numaica..l generall equilibrium model of Canada
developed by Jones and Whalley (forthcoming). This model was-developed chiefly
- for the analysis of the regional impacts of Canadian fedcral,governme_nt policies. The
influence of federal a.nd provinaal policies on labour migrations in Ca:nada-ﬁas been
< considered an important issue since at least bourchene (1970); when he analyzed the
effects of the federal government'’s 'syste'?n ;':f equalization payments and'l;nempl;)y-
ement insﬁrance on labour migration. In their nnmc;.rical general 'equil.ibriu.m model
» of Canada, Jonec and Whalley employ a naqvel labour migration decision process by

- which labour distributes itself across the regions of Canada. Mlgratxon decmons m.

the Jones—Wha]ley model are influenced by both economic and non-economic fac-'\
tors so that changes in economic variables such as wages will mvoke only “partial” \‘ -

migration ruponm The non-economic factor mvolves location® spcaﬁc preferences.

The Jonu—Wh&lley u:nplementa.txon of the underlying mngratlon decision rule is
‘ not _entirely satisfactory. For example, labour’s dccmpn to mxgratc is based upon
' the relative values of only three economic vanables reglonal wage rates, regionak

-

- 1
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,reoei'pts of transfer payments from the féderal government, and regional resource

rents. Essay I describes an extended version of the Jones—~Whalley model in which

the migration decision proces; involves a comparison of relative utility levels across

regions. While o‘ompnta.tiona.l problems required that a less than ideal migration

rule be used, a more general modelliﬁg framework for the analysis of regic;a‘al is.s;xes

in Canada has been devcbped. The major implication for model results is that .

measured m.igraﬁon r!sponses may be dampened under certain policy simulatibgs..
As is described in essay II, thid can result in different conclusions being drawn from

simulation exercises.

Essay II describes an app‘hcatlon of this enhanced model to an 1mportant Cana-

dian issue: the effect of the Canttdlan system of equa.hzatxon paymznts to the promccs

oh the efficient distribution of labour across Gana.da A consxdérable amount of the- :

’

oretical analysis has been devoted to this topic and various. competmg theona have
been presented. Courchene ( 1984) has a.rgued that equahzatxon payments to a region
will interfere with the labour market clearing capabilities of wage rates in Canada
and, therefore, introdu& inefficiencies through the misallocation of Jabour in Cana.da.,.
Boa.dway and Flgftem (1982) have proposed that equalizdtion. iﬁay,.in certain cir-
cu.riuta.nces-; result in increased efficiency in the allocation of labour in ‘Canada. They

argue that regionally concentrated natural resources ﬁra.y interfere with the market

o

clearing bapibﬂi&e_s of wage rates across Canada and result in inefficient migrations -

-

from the resource-péon*o the resource-rich regions. Théy‘ propose that equaljza- - -

tion, when properly implcmcnfed, m;:.y be uwed‘ato counter the x’niération incentives
presedited bf ‘matural resources, thereby preve;'t;ng the inefﬁcient migmtion and im-
proving welfare. Courchene (1984) and Dales (1983) have argued that the economxc
scenario reqthred for the Boadway,"ﬂa.ttern analysis to work doea not exist a.nd fur-

thermore, the current equahzatxon system does not satisfy the conditions reqmred

. -




_‘ ior it tq lead to mereued labour allocation eﬁaency under such a scenario.s Both
Courchene and Dales have suggested that an n‘nproperly implemented equalization
scheme aimed at following the Boadway/Hatters theory may result in larger losses

-

to Cenade

The first set of simulations presented in this essay attempts to ass.ess the possible”
welfare impacts on Canada of the equa.hzatxon system. These sxmulatlons suggest that
wlule equa.hza.uon may result in labour allocatxon meﬂic:encxes, the income eﬁ'ects
of the actual transfers can result in a; overa.lL gain to Canada. Simulations are
_also performed to aggess the effects of regxonal resource rents on labour a.lloca.tlon
| efficiency in Canada. The results suggest that the migrations mduced by the presence
of these rentp may increase la:b'our allocation e_ﬁicxency and yield a welfare gmn for
Canada. This preseni.:n scenerio which is substantially different from that considered
by Boa.dwa.y_'a.nd Flatters and suggests that the interactions requir:d by their analysis
nﬁa.y not exist; if equalization does, in fact,a_r.etard out-migration frorn equalization
receiving régionr, then it may be reduciné the gains to Canada which could arise
under the migration incentives of the regional resource rents. Eurthermere, resul't's a:;e .

presented which suggest that an equalization seheme aimed at removing the migration

_incentives of resource rents could remove these gains almost completely.

The final easa.y of thxs thesis deals with the formatmn of customs unions between
na:tlons. Kemp and Wan (1976) have shown that if transfers could be made between -
countries then a customs union solution (defined by a set of common external tariffs
and a system of lump-sum tr}nsfers) would exist>wh'ieh would make all members better
off rela-ti\'re to a nen-cooperative state. Furthermore, tHey showed that a‘ solution
would exist which ‘would ‘make enlarging the union better for ail members so that
a set of Cra.nsfen must exist which makes all countries better oﬂ' under complete
free trade. While this model presents an important argument for the movement to

o . >

: T
~
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freer trade between nations, Kemp a.nd Wan have Outlined the. reasons why their

. model is not direetly’ appheable to the rea.l world. ;deMx]lan {1986) presents two

‘clear arguments. Firstly, tariffs are set passWely even though as a union gets bigger -

its ability to stmteg;ca.l.ly mﬂnence its termsoof-tn.de incteases. Secondly, lump-sum

v 2o -

transfers between nat:ons may not be pohti‘cally feasible.

THe analysis in this essay a.ttempts to study the possxblhty of gains to all members .
from union formation when the union’s ext\erna.l ta.nﬁ's are qtrategacally set to benefit '
the union and lump-sutq intra-union transfers are not available. Wlule «the mablhty
to use intra-union lump-sum )\'ﬁ-sfers should restnct these possibilities, Dixit and ~
Norman (1980) have suggested that non-lump-sum trangfere m.ight"‘be used ‘to redis-

tribute gains between members of 3 customs union. The use of non-zero intra-union
\ . .-

LY ’

f;ariffs as such a transfer mechanism is explpred. R

- -

The analysis involves numerical simuiatio!& using a pure exchange m§del with
three countries and three goods. Non-cooperative strategies are characterized by.N ash
retaliatory tariffs and, due to the modelled capability for customs union formation,
a mixture ok coo_perative and non-cooperative strategies can occur in an equilibrium.
The modelling of Nash r;taﬁafory tariffs is based on Johnson’s (1958) work on gptimal _
“tariffs and retaliation. Since the, ,model i is an_extension of Johnson’s 2x2 analysis to a

[N ._,__..a-

higher dimensjonal cale lm observations on the posnble gains- from cmperatwe and

' non-cooperative tradmg atrategles can be considered for the case of cusioms union

" formation. For the simple examples exam.med here these observations appear to hold

- ———— e

Results preaented here suggest that the presence of non-zero mtra-nmon t&r-
iﬂ's may reduce the gains which can.arise from union formation. More importantly
though, these tmﬂ'l can a.lter the strategic options available to the trading nAtions.
Non-zero mtra—uxhon tariffs can‘allow a union to be the optunal strategy.for all its

members, whereas in the intra-union free trade case the mnion is an inferior strat-

2




- S

egy for some. Details of the possible consequ <.:esA9f altefnative intra-union tariff

A
.

specifications are explored.




&ESSAY 1

LABOUR MIGRATION MODELLING IN A
REGIONAL MODEL OF CANADA

1. INTRODUCTION

In some earlier work, Jones and Whalley. (forthcoming) develop a regional numerical
general equilibrium model of Canada for the analysis of federal and regional govern-
ment policies in Canada. A novel feature of this model is< the process by which labour
migrates between regions: while the decision to migrate is influenced by economic

factors, non-economic factors are dlso an important determinant of any migration.

N
In particular, labour is assumed to_have a preference for tbqregxon in which it was

located before any polic sxmula.txons were initiated in the model These location

\

specific prefe_rencee allow labour to be associated with a particular region so that
) LN .
the impacts of policies on a region’s population can be identified and analyzed. In

many models of international trade, the effects of polic-y -chat;ges on a region’s popula-

‘tion are .analyzed under an assumption of complete’labour immobility across regions.

However, 'this would not be appropriate fqr the study of policy in C;.na.da. since in-
terregional labou; migrations could alse be an important consequence of any policy.
The Jones;Wh&lley t:ormulation of partial ﬁligration responses and location specific
preferences allows both of these important areas of policy ir.np'act to be considered.

. Whalley and Trela (1986) employ the Jones-Whalley model for the a.ne.l).vsii"of

Canadian federal and regional govefnment policies. One feature of this model that

their anelysis highlights is that the-degree to which labour xesponds to economic

——

incentives to migrate can be an important determinant of the measusred welfare impact

of some policy change The accuracy of any estimated lmpact is dependent in part,

on two features of t‘ﬁodeﬂmg of the mbi\:on procecs the parameters chooen for

the functional forme of the :mgratlon functxons, and the functmnul.fnrms themselm
6




Most important to the Joau-Whllley model are certain elutxcmes which determine
the responsiveness o{hbonr migrations to changes in economic factors. Whalley
and Trela report the welfare impacts of various policies for a Minge of these clasticty
values; they do not, however, alter the functional form of the ;nigra.tion dedsion rules.

" The Jone:—Whalley impl;t;entation of the nnderlyin'g migration decision rule has
not been-well documented, so one goal of this essny is to present a fu.ll‘description
~ of this process: More importantly though, their modelling of this process is not
entirely satisfactory. Labour’s decision to migrate between regions is based upon
the relative values of only three economic variables: regional wage rates, regional
receipts of tt;.nsfex pa.y.ments fronr the federal go‘vemmcnt, and regic;na.l resource
rents. Important ;;don such as relative price levels-are not considered.. Since the
Jones—-Whalley ‘model of Canada ooixtains. completely specified utility functions, a
migration decision process could involve a comparison of relative utility levels across

————

regions. Such an‘approach would provide a more generalized modelling of the influence .

of changes in economic factors on labour’s tmgratlon decision. This essay describes a

wdel which is an extension of the Jones-WhalIey formulation to this case.

Another unu.tlsfactory feature of the Jones-Whalley migration process is the
" fixed cogfficient function by which migriting labour is distributed over the set of
re;ipient regions. One problem with this approach is that incentives for migration
between regions ‘may still exist even though model solution criteria have been met.
A more general approach would be to allow labour to migrate to the region in which
the highest utility level can be achieved. While procedures employing this latter
formplation were implemente-d, computational problems required ti:at the leu-’than- '

: ideal migration ‘mle of the Jones-Whalley model be used.
In‘;xtuﬁnrthel Jones-Whalley model so that m ix_xcreuea number of factors
influence the migration decision, the mca:ured. out-migration response induced by
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certain policy changes was \expected to be dampened. In particular, the influence of
the Canadian equalisation system on migration decisions was expected tobe reduced.

. To test this, a set of simulations performed by Whalley and Trela was v under ~

Ahe new formula.tion "A compa.rison of the results supports the above conjecture. As
vnll be seen in essay II of this thesis, one result of thn change is that some arguments °
\
- made by Whalley and Trela. concerning equa.hzatxon are not strongly supported. -~ -

'
P |




2. THE JONES—WHAiLLEY REGIONAI;'MODEL OF CANADA

-

' This :ectxon provides a brief description of the :tmctn; of the Cana.dnn _regional
{model (CR.M) as &und _}n Jones and Wha.lley (forthoommg) This descnptxon pro-
vides some necessary background for the dxs.cumon of the issues-involved in modelhng
labour migration in a r;giopa;, numerical gen;ral e;quilibrium (NGE) model, A more

detailed description of the CRM is presented in Appendix L. )
* In the Canadian regional model, Cana.da is divided into six regxons Atlantic

Canada, Quebec, Qntario, Manitoba/ Sashtchewan Alberta, md Bntxsh Columbj&
A seventh region, the rest of the wotld (ROW) represents Canada’s largest tradmg.
partner, the United States. . ‘

Each region produces six-goo&; which, &;e to the use of tlge “Armingto; a;- ¥
snmptioﬁ” (..Armi:;gton (1969)), are different from the goods produced by any other
region. Thus, forty-two goods are produced m the world. In Canada, production of
non-eneréy .goods involves capital, labour, and intern;cdiate products (other goods) -
as inputs. The energy industry uses natural resources, labour and intermediate p‘xp_d-" ‘
ucts. Intermediate use isdetermined through constant elasticity of substitution (CES)
funct;on; which_ are nested over‘all sources of goods. In ROW, only capital and labour
are used in production, and no intérn}ediate use is modelled. _

Each regioxi.ogntains a single consumer type which maximizes nested CES utility
functions subject to the region’l' budget constraint. All goods except the public
services Qod in each reéion are traded, so the consumer’s choice set involves the six

Tocdly produced gaods and thirty imports. Except for & small portion of The capital
stock which is owned by the federal govemmen.t, the iﬁitia.l endowments of labour,
.

"capi.tal, and natural r_e'sourcu in a region are all owned ’by the initial residents of the

region. Consumer income arises from these sources and also from the two levels of

‘government which are modelled.- Vuiounntypa_of taxes are levied by each regional




”

" chase of goods and services from the regions since, unlike the regional governments, .

-.ntersectorally mobnle, lnternatlona.lly immobile, and’ mtef’reg:ona.lly partially mobile.

government and the revenue' .tha.t is collected is returned 'lump-snm to the consumers ..

ket

in the r¥gion and appears as part of their income. Each Canadian region alsb receives
interéovernmental transfers from tﬁe‘ federal government, which are also distributed
lump-sum ‘to the consumers. Region'% government efpenditures' and servaoel are’
re?resented by, consumér purchases of thenon-traded regional public services good in
each region. | ‘ .

T‘he federa}government levies taxes and submdxes ony all Canadian regions -and
collects income from its ea.pxtal ownership in eech region. Portions of the collected )

revenues are distributed to the regional governments as mtergovernmental tra.nsférs

and to the consumers as mterpersonal transfers The remainder is nsed for the pur- ST

the federal govemment s mod‘elled as an mchvldug.l which maxifnizes its utility sub- T R
ject to a budget constraint. Note that this implies that federal expenditures ‘have o,
direct effect on regional welfare. . _ .

As' mentioned .aJ faotors u:ut:a.lly within a region are assumed to be owned A
by the initial inhabitants of the region. Lack of data on interregional capltal -ﬁnd,f
resource ownerslnp 'pa.tterns foroel this sxmphmc assumption to be mede gaq:nta.l
is assumed. to be mtersectorally, :nterregxona.lly, and mternatnonally«ﬁbﬂe Nafurxl

resources are.assumed to be only mterregxonally'molﬁle Labo':rf"s .assnmed to be

Thn Iatter feature will b :ﬂiscuued in mare detail later.”

&

The 1981 data set used b )d(nes and Whalley is described in detail in St Hxlure ' ’
and ey (1983,1985). .This data set and a set of model elasticity va.lua prcmdé : |

the key inputs to the first stage of the policy simulation process. This ;tep is eelled

model calibration and can be descnbed as the use of model -equilibrium oondmons and

equilibrium data to solve for parameter values used to reprelent the model equations..

—
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Tlmtu,sletofpanmetmuseleetedfortheeqnahomofthemodelsuchthatdeta ‘

“which chatu:teule an observed equﬂ:bnnm can be reproduced as a model ethbnnm
nolnhon Only when the model is fully speuﬁed and a policy change incorporated

is the model so'lved for a new. ethbnum The observed ethbnum to which the "

taodel is calibrated is called the “benchmark® equilibrium, while the new equilibria
calculated after pohcy changes are called “counterfactual” eqm‘h"bna. '

Elasticity eatimates enter the. calibration proms by servmg as 1dent1fymg re-

strictions, a.llowmg the. other {Ja.rnmeter values to be calculated. Different elasticities
pmduce changed va.lnes for the other parameters of the model, so lelectm-g the appro-
pna’te elut:c:ty values is central to the model specification process. Most important
to the simulations presented he.re are the labonr migration ela.stxcmes &nd these will

be discussed in detail in later sections.




3.. MODELLING LABOUR MGRATION IN 'I‘HE CRM

. gration decmon rules of the Jones—Whalley CRM toa rore genera.l case. This new
-Which must be addressed when 13$erteg:onal labour migration is to be 1mplement

modellmg procedures required to address them are descnbed m‘he followmg section.

\prowu For example if mdxv:dual i in a region is dec:dmg whether to migrate fo.

. scale NGE model such as the CRM raises the following i issues:

As discussed in the Introdnctxon, the model descnbed in tlus essay extends the mi-
mode.l.hng proudes a more sahs&ctory solution to just one of the munexons :emg\ .

t
in a NGE model such as the CRM, These issues are dzscussed in this sectxon while the .

leen that individual utility f'unctxons are completely specified in the CRM then e 3
mchwdnal utility levels could bé directly used as the basis for the mxg;atlon decision

an outside Yegion, he migrates only if the utility available in Xhe outside region, U E

is greater than that from te:haixiing, UR. Extending this simple example to a large

?'-

1 If the original uﬂ:a.bltants of a regxon are modelled - as havmg a utxhty funchon
”wh.lch is- -different fmm that of md.unduals in other reg:ons, does a~migrating

md.lvuinal retain his ongma.l‘ullllty functaon or does he a.dopt that of the receiving-

7 R '
reglon i .

. <y
If the utility level avmlable in some, outside region u greater than that of the
home regxon, wha& m d{termme which of the ﬁenhcal individuals mll migrate?

. Fln'thermore, if uhhty is greatet in more than one outmle regxon, what will be °

—_—— o

' the migration pattern to thege :egabm"

-

Most NGE models mvolve one of two pola.t mmnphonl—enther perfect labour
_mo&hty between repons or Somplete labou: immobility. Neither of these i
enhrdy eppropnate in an evaluation of the regional impacts of federal policies

in Canada. Under theqtu};p]xon of perfect labour immobility, the eﬂ'ects ‘of




: followmg standard NGE modelhng pra.ctxees, is assutned to represent a..n equi-

pohaeo on labour nugntxoq are not eaptured On the other hand, an assumption
of perfeat labour mob:.hty does not/a.llovjhe dn-ect association oflhbonr with. eny
region. In this cade, the i xssue ot whether individuals in regions gain or lose frqm
certain pohcues csnnot be mea.nmgfully sddreued Some pro&ss is needed wlhch
is capable of Embodymg part:a.l lsbour mobthy reeponses which are somewhere
- between the two extrelnes. -~ . L ’ -

-

' b
.

. ~N -
/N
- Migration fufiction panmeters w1ll be cahbtated to a benchmark data set which,

librium situation. Thus, incentives to nngrate are a.ssumed to be aboent in the
benchmark. Given the nested stﬁture of the CES utxhty functions used in the
CRM, benchmark utility'levels pro(bly ot be eqna.l across reglopg «Fur.

thermore, an mdnndua.l in any region will not ,nemsa.nly percelve that h,)é utility

level from resldmg in an outside region is equal to the home region level The
functional form for the migratxon function' and the benchmark cahbrat:qq of its
pnrameters must, therefore, present theae d.lﬁerences as a sifuation in tw(:.\ch mi-
gration: {ncentives are aboent ‘ e _ ) - .. / _
Consider an example employing the simple case from a,bove In the benchmerk

the :ndnndua.l should observe UR = U where U R is the ut:h‘iy avmh“bje from
. goods consumption in the home T region and Ul' is the perceived nhl:ty facm ye-
siding in the outside reg:on This latter vnlueconld be determined by. the simple -
linear function U =a+b- U.", where the peroe:ved outside utility is determined .
from UF, the utility received from goods consumption in the outside region. This
function can thus represent some utility cost (01; ‘boims) which wo'ﬁld'.‘arése from
migrating. The parameters a and b would be calibrated in the berithmack.

Assume for now that @ = (. In the benchmark, if i],-" < UF then. d( b<1 K

e




UR > UF, then b>1. The former case unphe! that tie mdrndml places a lugher

value on a unit of utility from goods consumption in the homé regxon than on & ° o~ '
o - unit of pfility from goods consumption in the outside region. 'ghat'is, some.extra
benefit arises from residing in the home region. The latter case implies that a lower
value is placed on home region consumption utilﬂy Thus, while extra. benefits :
‘ for residing in the outside region exist, the benchma.rk consymption ntlhty in the

home region outwe:ghs the total benchmark nnhty for the outside regmn .

The choice of values for b is someq\ha.t arbitrary for both caies and is even mo;e 50
if the a value is also to be determined (i.e., is non-zero). Howevet, if b is ::alibl'ated. '
to some out-migration elasticity, then the parameter a could be deterinihed 80
that the condition UR = U is met. A set of these parameters must ber.de;ermmed
for each region to wluch migration is pOSSlblc, in the CRM, an mdnndual in a ‘

region can migrate to any of five other régions. The migration decision_prowss

'in Canada would then be characterized by two matrices of parameters. . .

This simple example does not address the issues raised in the ‘pre"n'ous item. ) -
. -

For a more gophisticated model of the migration decision process, .the"migraticm .
’ - N b ) !

function should also determine which members of a region’s population migrate’

and how these out-migrants distribute themselves over the attracting regions.. ‘

3. If individuals initially within a region are identical and utility functione across

regions are d:ﬂ'erent then any migration which oecurred prior to the penod un- .

e ——— et e e e IS

der study can nof be  identified. This hadim portant implications fot the pohcy

-

. sunulahons wluch can be performed nnng the model ' L .- |
Consider the ana.lym of the Canadr&n equalization system. If equalization hu '
prevented tmgnhon from the recipient regions to the higher incoine regions, then -~ -

the benchmark populations of the former will contain members who, if equalisa-

v




tion had not been in place, would have migrated. In a simulation involving the
removal of equalization ﬁayme.nts, labour which is endowed with the preference

. structure of the equalization-receiving regions will migrate to the higher income

regions in a patiern which is consistent with the modelled migration functions of

" the home regions. '

Now consider a simulation of the effects on labour migration of the large re-
gional resource rents in Canada. The (conjectured) effect is that these rents have
induced migiaﬁoxr from the Yesource-poor regions to the resource-rich ‘regions.

-

However, in the i:enqhmark all members of a region are modelled as having the

preferences of that region, not those oﬁ any region from which the members may
have previously migrated. While a simulation involving the removal of the in-

fluence of resource rents should reveal migrations from the resource-rich regions,

—

the migration patterns will reflect the migration functions of these regions and,

thus, will not yield an adequate approximation .of the previous outflows from the

/

' non-resource regions.




4. THE MIGRATION DECISION PROCESS ‘

This section describes the model formulation of the migration decision process which -
.has been employed here. It should be noted that Kimbell and Harrison (1984) ha.v;
fRposed an alternative technique for the solution of models involving labour mi-
gration in a regional NGE model framework. The major difference between their
approach and that used here is that they propose that a migration decision function
be used which operates outside the utility man process involved in tht_: solu-
tionof a mociel equilibrium; the approach used here directly implements the migratjo;x ‘-
decision process as part of an iadividual’s utility-maximizing behaviour. While this
approach may be more aesthetically pleasing to theoretical economists, problems arise
in its implementation which may not occur in the Kimbell and Harrigon approach'. ‘.

With regard to the modelling issues raised in the previous seé;ion, the mo;lel
formulation used here differs from that used in the CRM mainly in' {ermé of ssue
two. That is, in terms of the functional form of the migration decision ruli:‘.‘i \;thle _
. crucial differences will highlighted, a detailed description of the CRM apl;rba;ch is l::ft
to Appendix II. e :

To deal witl; the modelling issues discussed in the previous section, many assump-
tions have been made. As stated in the 'previous section, neither an assumption of
perfect labour mobility nor an assumption of perfect la.i:)our immobility is ent‘.irely ap-
propriate for4he a‘malysis-o-f regional gains and losses. "A novel feature of the modeliing
approach\:mplo&ed by Jones and Whalley is the use of location lpeéiﬁc prefgrencu to
introduce a non-economic factor into labour’s migration decision process. This fea-
- ture is alsg used here and, as a result, changes in economic variables can be t‘nodelled
to elicit only a partial labour migration response. )
Obviously there exilt'é:onomic factors which can result in partial labour rno'bility.

1

In theit analytical study of the Canadian equalization uyltc-m and its inﬂue:v.;e on
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interregional labour migratign, Boadway and Flatters (1982) ai;m. the influence
of monetary migration costs on labonr s deunon to xmgnte They conclude that if
these involve out-of-pocket expenses that can be deducted for pu‘sonal incomeé -{ax
purposes, then m:gratzon costs do not affect their basic arguments for e;uahzatlon
While mentioning that migration costs mlght be some form of non-economic (psych:c)\

costs, they do not elahorate on this.

. .

Boadway and Flatters considér monetary ﬁ:.igra}ion costs under the assumption

that for different persons there are different costs of m-.igration and that those. with ,
the lowest costs would be the first to migrate~ In other words, the greater the out-
migtat;on the higher the migration costs faced by the marginal person. The modelling
techniqu'e ,yh.id;m 18 about-to_.be described employs basically tﬁe samc"appmac’Th;
migrafion costs, however, are_non-monetary and arise due to locational preferences-
of the iAdividuals in thle regions.

Individuals initially within a region are assumed to have a prsferencc for éemaiping
in that region. Recall from the brief description of thF CR.I\:; that it;dividuats mthm
a region all belon'g t.o the region’s single consumer type. They are identical in that :
they each have the same consumption preferences and incon;e. They are assuraed to |
be different, however, in that each has a different strength c;f lc;cational preference
for the region. As will be seen, this difference is only vfgiblc in a person’s decision- -
‘whether to migrate or not. A further assumptioﬂ is that an individual initiaﬂy in

’ region A who migrates to region B will retain the preference structure which initially

~—— o - characterizes tNe résidents of the home region. The reason for‘ this assumption is the -

pr;:-policy and after-policy utility comparison which is made for migrating individuals.
_If such an in‘diﬁdu‘al’were to obtaih a completely diﬁ'cmnt preference structure (i.e.,

become a completely dsﬁ'erent .economi¢ mdmdual), then a cqmpamon of utxhtlec for .-

' A pohcy evnlnatlon would be extra hard to Jushfy F\xrthermbre, a peﬂonal” utxhty




.

‘simplicity of exposition, assume now that there ex:sts only oue other rcdog% whsch
 the individual can migrate. Let U L and UR be the individual’s consulyﬁon utilities

-

comparison is the key to the labour mobility decisihh in the modelling here.

e

LER

In the followmg description of the -model]m,g technique, the additional assump- 3

((J

’l"“\‘-m A

tions made on the structure of the CRM will be described. Furthermote, features of ! &
the CRM described in section twé will be temporatily modified in-order to nmphfy SF ,~.
the initial exposition of the migration process. Reca.ll that in the benchmark

in the region a.nd eat% has an equal income and claim on government expendi ‘"‘ : _
i the reg:on To make the deﬁmtlon of an individual even more precise, each i m &d ’
assumed to own a single unit of the homogeneous labour supply in the regmw TEs &

[

assumphon will be explained in more detail later. The 1nd1v1dua.ls ina regxon are also .

RITn
b I

af
a.ssumed to be different in that each has 2 different degree of locational preferpﬁce forﬁ:
the region. As will be s’hown next, this dxﬂ'erence is visible only in a person ’s dccw?h

whether to migrate from the region. & :

V"

" An individual’s' preference for the home (bénchmark) region is md

utility “penalty wh:ch is mcurred when the 1nd1v1dua.l leaves the home fegx Fon

for leaving and remaxmng in thc home region, respectively. If x is thé uhhty penalty »??
the individual would face if he left the region, then he will leave qnly if

\ X /. i -" - ) .‘:.‘-
[ UL—”> UR- ’ :

€ondition held, all labour would xmgrate from th&«c@on The dxﬁ'efence iix degree

of strength of locational prcfetqnce, however, introduces putla.l labour xmgnhon ‘

respopes to differences in regional utnht:a In othet words x. nq_e; over G_Ehe hbour

units in the région. For stmplmty, % is usugxe'a to “be a. pouhve linear function over




the labour set [0, N — 1], 5o the “enalty” function can be drawn as shown in Figure
e ‘l. N is the number of individuals residing in the home region in the benchmark and
" the exact definition of this valu® will be given later. -

- Flg‘ulr.e 1 .

———— ——

I

—-— G T m g e e e e e e e e e - -

A;sumiﬁg for now (without explanation) that @ = 0, then the migration decision e
: A - ' ' + )
\ " process for individual ¢ becomes - S .

i I3

' L [lesve,  HUF-W>UR .

s}

S, Decision = { indifferent, lfUL =U} . .. (9

—~— . latey, - lfUt' b < UE. C |

T&us pxdceu can be descnbed dmgra.mmahcally unng Flgure 2, which is drawn here

. for the bem:hmarhcue But before the migration mech\tmxh of thure 2is descnbed

-

. . ‘ S\éﬂam annmpt:onl underlyi e dugnm must be explained.

. . . -
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Given the assumption that a migrating individual retains the home region pref-

erences, the functional férm.'underlyin; the calcudation of both the homc‘ﬁ;gion .an.d

*

. out-of-region utilities is the same and the calculated levels can be vaiidly compared.

Since the diagram is supposed to represent the benchmark éasc_..nq incentives for
migration must exist. For now, let this criterion be satisfied through an assumption

taat out-g)f-region consumpt-ion utility is equal to that in the hqme Tegion. Individual

i1 = 0, who faces no penaliy for migratien, is the marginal labour unit and is indiffer-

ent to residing in or out of the home region. All other individuals in the region have

a prefcrence for remaining there. >

~

Conaider some change outside the region such that U" increases. In Figure 3, this
]

results in the migration of I units of labour from the region. Similarly, a decrease in




‘.21

- <

U® can induce an out-migration. Note that an increase in UR or decrease in LI£ alone
would yield no change in the status of the home region labour supply as depicted in
. Figure 2. These effects can be shown using the outside region version of this diagram.

]

Figure 3 _ .
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The strength of locational preference is determined by the par‘ametcr b. For a
given decrease in hom&utility, the out-migration response in Figure 4 is smaller for

bp than.for b,. This is because bp > b, represents a stronger locational preference in
: ’ )

case B, which in turh implies a larger penalfy for leaving the region. The choice of
values for this parameter is discussed in the following section. ' °

-

From Figure 2, the utility function for any individual i from the home region can

be written as b

u.-; - maz [orxm, Thx) )
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where U?(XR) is the utility to s from consuming the bundle ofsgoods X”® in the home

region, and U, (XL) is the utility from consuming XL in the other region. Under the

simple locational preference model described above, these values can be written as
- :

LY

UAX™) = UNX®)  and  TU(XY) = UNXE) "l - (4),

where, Srqm bcfo.re, U.-"i and UYL are the utilities available to in the respective regions
so.ely from consumption. “'Rcca.ll., however, the discussion from issuc two of th:c previ-
ous section concerning the relative uti‘l'ity levels an indivn‘dtml would perceive across
the regions of the CRM.:'Outsidc i;;:gion utility cahnot be assumed to be equn..l to
home r.gion utiol;ty, so if Figure 2 is to be used to describe migration in the model,

then the parameter a cannot be assumed to be zero. It is at this point that the majof

differences arise between the migration proceuu{ucd here and that used by Jones and
.o T -




Whalley.
Jones and Whalley make the very strong assumption that an individual who
migrates will face the same level of prices as exist in the home region. Given this

usnmp;ion, UPR and U¥ can be written as the indirect utility fanctions

L)

UF=o(P)IF wmd  UF=g(P)-I (5)

L e e

"where g(P) is the true cost of bvmg (price) index for consumption in either regior.
IR is the income to the individual from locating in the home region, while IF is tEe
il;éome from locating in the other region. Based on the above functions, the analysis

“of Figure 3 can then be considered in terms of changes in income. Other moddligg
simplifications arise..{rom this, such as the ability to assume that ¢ = 0, and ;re
discussed in detail }n\Appendix IL. ‘

‘ A ‘p{oblem with the Jones-Whalley approach is that in the CRM an individual

- +will not face identical prioe levels in different regions. 'chiona.l tax ,;?atems are not
identical, so taxes such as a retail sales tax will ca.use the prices fa.eed by each region
to be different. Obviously, relative pnce levels across regions are a factor which should
bc considered in a model of the migratxon dech process.

Different price levels aren’t the on]y change a migrant wxll face. The various
sources of income available to an individual have t:- be considered and assumptions
have to‘be made concerning their réle in the migration process. Before this can be
done, the exact definition of what constitutes an individual in this mociel must be
sta_ted more clearly‘ than it has been_no'far'.

As stated ealier, an individual initially within a region is assumed to belong to

~

~ the single consumer type of that region. Members are assumed to have identical ~

cohsnmption preferences and incomes. While income consists of various components,

. . &
the element which is the most important to the definition-of an individual is labour

[

L3




‘ - M.
—  income. In the nodelling approach used here, an individual in a region is defined as

the amount of labour which earns one dollar worth of wage income in the benchmark. | .
- Thns,’act.u&l pgi)ulation estimates for the regibns a.reonot used. The main justification ‘
. - for the use ol' efficiency units to represent individuals is model tractability. Model s |
Practability is also -the n;ajOt ‘argument-for most of the assumptions made in the
_What does the last assumption imply for. the supply of labour int a region? Fol-
lowing standard NGE modelling techniques, all prices (including f;ctor ;rices) are
assumed to be equal to one in the benchmark equiﬁhr;um. Thus the wage rate in
cach region is equal to one. From this arige two characteristics of the labour in any re-
gion: each individual owns a sin.glc unit of labour (this was previously just assumed),’
and the benchmark labour supply in a region is equal to the benchmark wage bil! for
that region. e .. ? - .
In the CRM, the supply of capital and resources in a region is assumed to be
— oan by the original inhabitants of that region. When an ind‘xvidual' migratcs, his ~
share of these factors is not sold off and it remains in the re-:gion of origin. Returns
to these factors accrue at the rates of the original region and a migrating individual -
has no claim on the new region’s capital and resources. | - ) | -

* Recall from the description of the CRM that regional govetnment expet;aitura

and services are represented by consumer purchases of the non-traded public sexvices

good. Given the complexity of the nesting structure underlying thé_oonnumr de-
mards (see Ap'pendix I), and the p;cv’ionlly stated assumption that an individual's
preferences do not change after migration, then the assumption is made that a mi-

grant still consumes the public services good of the original benchmark region. The

justification for this is, as usual, model tractability. Note that'this implies that the

public services goods are now traded goods. However, there are no tariffs on these




‘ M and the public services good oi'a,t_egion is still consumed only by the original
resideats of that tegxon _ . :

An xmphatxon of the above assumption is. that the pm‘chue price of reglonal
government servicts has_no effect on’the migration decmon chever regmna.l gov-
ernment tax revenues are disiributed to the individuals within a region and these do

affect migration. Revenues from all sources are distributed on an equal per capita ba:

sid to all jnhabitaats of a region, including in-migrants. Through this, the migration

incentives.of regional government expenditure policies are captured. Of particular
mporfa.nce to the analysis here are the eﬁ'ects.of the regionally concentrated resource
- tax nvent;es. 4 ) |
An in-migrant to a region faces the taxes imposed ‘on that region’ by the federal
government, and also receives a'sha.re of the federal transfers fo that region. The
_assumption- is madeé that federal transfer programs, both interpersonal and inter-
' govern;nental, are not distﬁbntionaﬂy neutral across regions. Since the individuals
initially within a region are identical, interpersonal transfers'froni the federal govern-
ment are assumed to be distributed on'an equal per capita basis. Intergovernmental
transfers to a region arc assumed to be WMtributed in a similer manner, since no
explicit local public good is p;ovidgd by a regional government. Total transfers have
been modelled like this in an attempt to capture the migration incentives of not only'
' " equalisation but also of other federal programs such as unemployment insurance.
When -a‘ change in any of the above factors occurs, this should be ta.ken'inte
account in the migration decision process which is used in the model. A two re-
gion model which mcorporatel these features could employ the utility function of
equation (3), and the simple locational preference fanction:
s

UF=UR and TU:=UL-(a+b),
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. wln-ch mplements the oomplete penalty function of Figure 1. Since the unt:al mdl-
viduals w:thm a region are identical in terms of their consumption atilities (UR =
UFR and U"  U¥,Vi, ), then the parune\ter a can be calibrated in the benc.hmuk
to satisfy the condition that UF — a is equal to UR for every i =0,..., N — 1, where
"N is the home region supply of labour. This results 'in individual 1 = 0 being on‘
the margin between staying <.>r le;ving, while the remainder of the individu;.ls.:u,na.m-

biguously prefer to stay.” Since individuals ‘initia.liy within a region are ide’ntica.l, then

equation (6) can also be rewritten as ‘
\ TP=vR Tad TEUECGREE). - (@)
. Figure 5 .
U . :
UR=UL-a ' S ~
U‘," = - (a + &)
: 0 t

" Figure 5 shows the bem‘:hmarkisituation for' this function, which involves only

a comparison of the utilities of the home re.gion and a liﬂgie outside region. While




labour in a region in the CRM may migrate to any of the five outside regions, the mi-
grahonprocessnnderlymghgureSmstﬂlbeapphedtothumﬂh reg:oncue For
each region, a separate nugrahon decmon fanction was cahbr;ted -in the bmchmark
for each of the five outside reglons Followmg some policy ch-unge the :x possihle
ntlhty levels could be cglculated for each unit of l_abonr in a2 @on. Labour would
then be moved t6 (or remain in) the region which yielded it the maximum atility.
Individual migration decisions would be employed and model equiTibria would involve
the absence of dny further incentives to migrate. ‘ ‘
When this form of lmgratxon process was implemented, howev;:r, the model could
_not be solved even for su:nple policy changes mth very low nn,gratlon elasticities (the .
sreciﬁmtion of which will be discussed latet.-) For the ?ol.idy experiments consid-
ered in this thesis, this model lolnti?n problen_l’appean to result from the fact that -
) nnder'snch‘ a migration process only a single region receives most of the resulting
oqt-‘migra.tion from’ the other regions. Furthermore, as the model iterates ;owards a
‘solution, this single “targétﬁ.-&egjpn can change. Some ihsta‘l;i}ity appears to be intro-
- duced into the mod;l/gglntign ptocedm-"e by /thgse features. Asa result, an altemaltive :
approach to the migration process is used. Problems assdciated with this approach
will be ducnued later.
i One goal in the in_xplet/nmtation of this new approach was the maintaining of -
the simple locational pr'eférence model nnderlyi:‘i'; equations (3) and (4). To achi.év'g
this, the strong assumption is made that rather than considering ea'ch outside region
separately in the migration decision process, an individual in a region considers only
a nngle comprehennve measure of out-of-region utility. For a regxon r, this_ measure,

U¥, udeﬁnedu

’

e

U = Xal - (U - ), o, (8)

‘where & is an index over the number of regions and U? is the consumption utility that

!/"




TABLE 1. Distribution of One Unit of Out-Migrating Labour Across
- Other Regions

AC Que Ont M/S - Alt BC

Region from which unit

of labour migrates
Atlantic Canada 0 109 462 074 224 131
Quebec 098 'R 659 033 111 .099
Ontario . 192 172 9 119 300 217
Manitoba/Saskatchewan .050 037 197 0 .495 231

. Alberta - .075 032 221 203 0 469
British Columbia - .063 .002 297 114 . 434 0

_ SOURCE: See Whalley (1983). Calculated from data in Table 9, p.182. Calculation

excludes Yukon, NWT, and intra-regional flows, ie., for example, flows between NFLD
and ‘PEL 2

s
7

s -
1

' i;ldividua.l i would receive in-region s. The a’s are parainctesy in the benchmark data
and show the share of a unit of{l:abo;.xr leaving region r which goes to each region s.°
Table 1 lists the data used and it can be seen that for any region r (any row in Table
l),' a, =0 and T;_,a] = 1. Some of the implications for the model results of the
use of these parameter values are seen in the following section.

« The parameter a is calibrated for each region r so that
”, P .

>

alur-vs Ve . (9)

rd

-

Since the individuals initially within a region are identical, then it must i’)e true that
Ur =Uf =U§ foreveryi=0,...,N" -1, and that no inceptives to m?gr'gtc exist in
) the. benchmu'k case. Given this, equafion (4) can be ukedand can now be rewrit'tct;
o ~ - | w
U;=U; and U 5US-K, o _\(,10)

]
 with the solid lines in Figure 6 representing the benchmark case.




The aumber of out-migrants, I, can now be determined for a given change in
&

the utility levels considered in this process. Four i)omble cases for out-@ﬁon

responses and the corfesponding mérginal conditions are described in Figure 6. For - -

the no out-migration case, individual 0 is on the margin and at that point Uy = Uc

‘ For a cha.nge in home ®egion uhhty, say a fall to U' the dashed horizontal line in
“ Fxgure 6 shows that the individual on the margin is shifted beyond individual 0 and
out-tmgrahon occurs. If /; is the number leaving, then individual !, is on the margin
and l—f;' = Uf — b, holds. If an increase in Uf to U were to induce an out-migration
of l_;,‘ then at the margin Uy = US' ~ b, would hold. Finally, if an out-migration of
ly were induced by an increase in UL to US' and a dé::rease in T, to T, then the

condition T = UE' — bly would hold at the margin. . .

Figure 6
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Thus, after out-migration the position at the margin can be desci{bed by the .
relationship‘ . ‘ |
05 = 0% - o, ()
. Vd . .
where [ is the marginal individual. Uy and UE can be‘dther changed or unchanged

from the origid values, U; and I,Jf, but must satisfy the condition that US - U7 > 0,
so that | > 0 on]y. This condition applies because the diagram describes thc regidn’s
out-migration function o.nly;‘ in-migration is determined from the other regions’ out-
migration functions. . ‘ ’

New values for U] and US which satisfy the above cond:iti;an allow the quantity”
of out-migzating labour, I, to be calculated. I denotes this quantity since individuals
0 to !, nmding [, migrate so that [ is also the number migrating. Rewriting
equation (11) yields '

’ B 'z=U—‘f%g§. ' (12)

L
- . \"

In a two region model, if a policy change results in fff > UZ then I > 0 and
ocut-migra.tion occurs. For the multi-region case, a poiicy change may resulf in some
outside regions having higher migra\tion utilities than the home region; while for

others it may be lower. Since out-migration should only occur to those regions in the

- first instance, the comprehensive out-of-region income measure must be more strictly

-

defined. Therefore, define . )

' U5 =3¢ (U - o)), 1o

. where s is indexed over those regions for which (fJ; -a}) > Uz, and p = a}/ %, a]

so that 3,00 = 1.

If I > 0:in the’ counterfactual case, then this out-migrating labour. is distributed

over the receiving regions according to the share parameters, p. That is, the amount
o' , -4

* .
—— e




s - ) .

of labour migrating from region r to region sis -
a

i

. e . . ) .
©  _As°in the twd region case, in-migration to any region r after a policy changevis o

N =gl et :

., determined from the qut-migratio{ﬁmctions of the other regIons. The after-pdlicy

2
L3

labour supply in a region r is thus

W =N-LN+IN (15)

c— . o~
e

where m is indexed over those regions for which out-QI;Jigrhtion to region r occurs. °
.- e .
An obvious provlem with this fixed coefficient distribution function is that mi-

gration incentjves may still exis't even though a model eq'uil.ibrium has been achieved.
For example, suppose that two outside regions satisfy tlee conditions underlying equa-
tion (13). IIgility maximization iniblies that all out-migrating~laboﬂr would go to only
one of these reglons however the distribution function of equa.txon (14) would cause
some labour to migrate to the other regxon Thus, some migration hcentives may
still exist under wh,a.t has been defined as an equihbrium in this model. Appendix III
contains the results of some calcu]at_iona which were performed to estimate Ilow la;géb
these incentives m.iéht be. .. T . ' \ L 2
\ ) ) The mam Jushﬁcatxon for the use of this modellmg approach is the ehmmatmn

of the modcl soluhon problems discussed earlier. For most of the policy experiments

considered here, in-l?:.igration toonly a aingle region will no longer occur. As a result,

the model solution hocedure does not become nnstable when an iteration over the

solution variables result; in different regions becoming thg t;ajor rec:pxents of m—y

_ migrants. It should be ‘woted> however, that model solution problems have lhll been '

encountered for some of th&larger policy simulations which have been attempted with

this modei_(thue are not described in this thesis). oo




As shown in -Figure 4, an important determinant of a region’s c;uvjx;:igntion
<

response is the value of the parameter b in equation (12). This value Q determined
in the calibration procedure as a fanction. of ?he benchmark data a.nd a specified
\?%Jaty value, 7. This elasticity deacnbes the re.ponsiveness of the original labour
" units remaining in & tegion to a change in the oopprchennve utlhty measure for the
outside reglgn,s: Thus, this parameter will be related to mg:atlon‘\:luucmu which
measure the responsiveness of regiorral populations to changes in relative incomes
across regions The, choice of values for this parameter is discussed later.

) For a region 7, tlns elast:c:ty is defined as o
8N' Uo T ~

1
an N+’ - {18)

where N7 = N' -r and is the number of original labour units rcmmamg in the

- = 4

n

region. Since-N” is constant, then AN" must equal Al". Now recall equation (11)

which describes the marginal individual:
U;‘= g = br (YY)

If AUS < 0, then AUf =4, W be written as
¢ . AUS
- "= ar
AUC )
. S AN’
since ffom above, AN" = Al". Substituting (17) into (16) yields .
' .1 Of
: T N
Substituting from (12) yields
g |
- (0§ -*U')/ br).
ug
(&Nt O + Us)v
Uo
- U§ +05




In the benchmark-US = U7, swhich.yields
i C g

o/ ,"- b’N' . {

Given valnea of U3, N’ and n" for region:r in the benchmark data set, the benchmark

va.lueférb"_ca.nbesolve?foras )

Lo T ST
X . ~' ‘b - qul" ’ o (21)

-
-

This value gwea the utility penalty which is incurred in varying degree by the

residents of a region if they :rri'grate. The larger the value, the stronger tlkgpreference

of the individuals for their diome 'rvEgion'. Appropriately, :h'e greater is the specified
. -
. Tesponsiveness of out-migration to changes in outside utility, the smaller is b. The

property that a sm ben.chmark labour supply implies a stronger locational prefer-
; ence might be expla.med by the argument that a lngher popula.txon in a region-results
’ in a-reduction of the non-eco'nonuc (psychxc) benefits of that regxon
. Whauey and Trela (1986) have discussed ip detail the choice o? values for the
parameter 7 in the Jones—Wha.lley formulatmn of the migration proces.i They found~
no- pmc&l estxmates of elast:aty pat'ameters like n, so instead tried to'use es\xmated
va.luec for C‘.na.dmn interregional ‘migration ela.stlcmes One problem they €ncoun-
*"tered was that most empirical studies of Canadian data have dealt with changes in
migrati-o.n flows oz'zly; the measure; requised here have to pertain to cha;nges in stocks.
Since the results from studies such as that by Wiher and Gauthier (1982) could not
" te disectly related-to the required elasticity parameters, an alternative approa.ch was
Qdopted: under the strong assumptno_n that values are the same across regions, model
;:sdt; were precenteti for a range of values. Whalley and Trela report that the choice
5 " of these vnluel can have an important influence on pohcy simulatioa results. ,

Since the n perameter used here is analogous to thay of the Jones—WhalIey model,
the same apprbach is taken in &07:3 its values. Furthermore, the use of 8 similar
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range of parameter values allows a more accurate ;&p&ﬁwn of the two formulations

. of the migration decision-process. ° ) .

] g The migration decision process described in this section has addressed the model
jpeaﬁcat:on problems discussed in the first and seoond madelling issues of the pre-
vious section. Now recall the tlntd modelling Msue. thle the migration-retarding
effects of policies can be simulated using the standard modeHing procedures, problems
arise with the estimation of migrations which have already occurred. An alternative
modelling approach must be emplc;yed for these‘latter simulatiqus. This will now be
described. '

First consider an example of the standard approach. For the simulations in-
volving the migration rétarding effects of the equalizatien system-,vthc model is first
calibtated*with all elements of benchmark income included. The counterfactual case
_then involves solving theefnodel with the equalization payu'lents removed from the¢
calculation of‘ consumer income in each region.

~  To simulate ‘thc migrations which are conjectured to have alrea.d).r occurred due
to r;gional energy rents, the first s:ep is to calibratq the model in the absence of the‘
migration incentive compoﬂent of these energy\rents. To do this, equations (9),and
(20) are determined using utility leyels which have been calculated with the energy
" rent COfn?onent of income set ;qua.l to\zero. Ia this case, the benchmark equilibrium
represents a situation where regional energy rents exist and are collected, but they
have no direct effect on labour’s migration decision process. For the counterfactual
case, the migration incentives of the energy rents are then introduced by including the

energy rent component back into the utility calc;xlatiogs u v ying equation (12)____

3 -




5. MODEL SIMULATIONS -
The qud equilibrium calculations reported in this section are used to illus-
tnte the differences in model results which arise when the migration process employed
in the Jones-Whalley CRM is replaced by the one described here. The pohcy nmu-
‘lations performed are the same as those used by Whalley and 'I‘relz} to estimate the
welfare impacts of the Canadian equaﬁz;ﬁon system.’ These simulations have been -
chosen because the differences ihat arise in the welfare results are an important factor

in the analysis of the next Q:ssa.y. In this essay, the model's ability to &l:: partiat

labour m.ignt‘xon responses to changes in pglicy is discussed, and the mi results

are compa.red to those of Whalley and Tyela. :\ . '
Two sets of results a.re reported for each of the simulations. First, chksmn
équivalent variations (EV’s) in millions of 1981 doﬁglve the income equivaient of
the regional welfare eﬁ'ects of the particular policy experiment under consideration.
The welfare effects which are given for any region must be inferptetéd with some care
since they are reported 15t the original inhabitants of the region. That is; for the single .
"consamer type residing ift the region prior to the policy change. The main justification
for this convettion is that' the reporting of welfare results is simplified because utility |
co;aparilonl for a region require only a single utility function. Furthermore, due to
the partial labour mobﬂit} functions, migrations are m;t large (as will be seen) and so

measured welfare changes for migrant groups are not large cc;mpared fo those for the—

groups of individudls who do not nn'girate. Finally, the ;alue for the total effect for
Canada would be the same even if an alternative method were used for the individual
regions. This value consists of the sum of the individual region welfare effects plus
- the impacts ?uhé federal government. .

The\ second set of results which are réported for each simulation are the net
! See Tablg 5-13 in Whalley and Trela.
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" results are discussed more fully in the next essay of this thesis.

mgtmons into ﬁe :egnom winch f8sult from the _policy. change. Theoe values give
total hbonx ﬂow f!om othu regions minus the outflow from the reg:on and are in

millions of*“she beﬂchmagk labour units described in the previaus lectxon._

The results pres'vented in Table2 iﬂvohne the replacement of the federal equalization
_Ppayments {o the repons ‘by an equal rate federal subsidy on final demands by all .
regions. This subsidy is designed to maintain federal governmert rea.l expendltum .
at the benchmark level. As discussed in the prekus section, c.mpmcal estimates of

'

migration ela.stncxty parameters such as 5 a.r!-,not a.vzi.ﬂable, s0 instead" nmnla.t:ons are

. performed over a range of these values. Thermge yh:ch was choéen wu ﬁ’om 0 01 to

0.50. The lower value implies that a one -percent mcrease m out of-regnbn uti ty will
result in an outﬁow of one percent of the home reg]on ’s la.bonr For the largest ué,'
a fifty percent outflow would occur. The clicice of this upper bound on the valueg to
be tested' arose from the observation that a.ll of the policy expenments descnbed in
the followmg essay would solve for values less than or equal to this. Larger values

introduced copwergence problems into the solution for some policy changes.

In case 1, replmng the equalization system results in large welfare logses for the

, 'ma.Jor recipients—Atlantic Canada Quebec and Mamtoba./ Saskatchewan—while the

other regions gain. Ontario gains tHe most from this—policy change. The large losses

can be explained by the income effects of ren‘x_oviy the équaijzation payments, while.
the gains arise from the subsidy on fin&l demand. The policy implications of these
Due to the very inelastic value for the migration eluhcnty parameter, net migra-
tion flows, are relatively small for case [ & Conuder the more detailed deocnphon of
these fiows in Table 3. Column 1 gives the number of labour units (in millio ) in each’

region ir the benchmark. Columns 2, 3, 4 and 5 give the inflow, cutflowXnet inflow,

and percentage change (Column 4 divided by Column. 1 times 100), res

’o



TABLE 2. Replace Federal Equalization Plyments with a Subsidy
on Final Demand Designed to Maintain Real Federal
. Expenditures Constant N .
' Case 1 Case 2 Case 3 Case 4

Hicksian EV’s
($ millions 1981)
. Atlantic Canada
. Quebec
Ontario
Manitoba/Saskatchewan
"Alberta -
y Bntuh Columea

RS S

‘Iet hbour Migration
(< indicates inflow) -

Atlantic Canada

Quebec

Ontario

Manitoba/Saskatchewan

Alberta

British Columbia
Case 1: Migration elasticities equal to 0.01 for all regions.
Case 2: Migration elasticities equal to 0.05 for all fegions.
Case 3: Migration elasticities equal to 0.10 for all regions.

Case 4: Migration elasticities equal to 0.50 for all regions.
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TABLE 3. Details of Migration Flows® for Case 1 of Table 2

Region Labour Inflow Outflow Net Inflow Percentage

Supply! » Change
AC 11533 0 9.6 - . 9.6 -0.08
Que 45300, 10 16.9 -15.9 _.0.04
Ont 73882 . 175 . 0.8 . 168 0.02
M/S 13422 1.3 3.3 19 - -0.01
Alt 19350 6.0 0.1 5.8 0.03
BC - 22865 4.8 0.0 48 0.02

1 Millions of 1981 benchmark labour units as defined in the text.

A comparison of these migration flows to the welfare effects in Table 2 reveals the

intuitive result that the losing regions experience outflows while the gainers have in-

flows. Inflows to Atlantic Canada, the biggest loser per capita from the pc;licy _cha.nge, .

are gero while outflows are relatively large. Quebec and Manitoba/Saskatchewan, the
other losing regions, have small inflows which arc outweighed by larger outflows. The

inflows can be attributed to the greater per capita loss to Atlantic Canada which

* results in'some incentive for migration to these regions.

Outflows from the gaining regions are close to or equal to zero. - While the per
capita gains are a.h?ost equal for these regions, Ontario has the largest inflow. This
can be explained by the share parameters listed i-u Table 1. A large portion of any
labour leaving Atlantic Canada or Quebec will migrate t.o Ontario (providing the
.utility level in Ontario is high enough.)

Cases 2 to 4 of Table 2 involve migration elasticities of increasing size. Both net
inflows and net outﬂ—;wt increase over ti:e cases. Intuitively, a net outflow of labour

from a region should result in an ihcrease in the region's wage rate and, as a conse-

quence, a smaller welfare loss than in the case where no migration is allowed. Regions

experiencing a net inflow should have a drop in the wage rate and, consequently, a




smaller welfare gain. A comparison of the welfare results over the four cases supports

this intuition.

Note that the migration eia.stidty for case 2 is five times that of case 1 and that
the net migration flows in case 2 are approximately five ti.nes tl?osc incase 1. A~
mmla.r relationship exists between cases 2 and 3. Migration eluticitiesbin case 4 are
all equal to 0:5 and wfxile this value is five times that of case 3, net flows have on‘l&
increased by factor of 3. This suggests that actual labour

_proportionally to increases in the migration elasticities. The reason™tor

when the net outflow from a low utility region and the net inflow to a high ntilityf .
region are both allowed to increase, the wage daﬂ'erentxa.l between the two regmns ml.l ;
decrease even more and, therefore, dampen the possible migration response®

Table 4 contains the results reported by Whalley and Trela for the samé set of
policy experiments. Note that while the range of elasticity vnlue; is slightly diffc;ent,
the u,pper' bound is the same as that used here. A comparison of the net labour
migrations for the 0.5 elasticity case shows that while the Whalley-Trela results are
qualitatively the same as those in Table 2, they are quantitatively different. In f;ct,
they are neulj twic-e as large. A similar observation can be madé for the results of
the 0.05 cases. Not_e‘that the net migrations for case 2 of Table 4 are approximately

- the same as those for case 3 of Table 2. These results all suggest that the migration
flows resulting from the Jones-Whalley formulation of the migration decision rule
may be twice as large as they should be.




TABLE 4. Whalley-Trela Results! ior the Simulation where Federal
Equalization Pawmegtc are Replaced with a Subsidy on Final
Demand Designed to Maintain Real Federal Expendxtnru
Constant

Case1l ' Case2 -Case3 = Case 4
« Hicksian EV’s o v
(8 millions 1981).
Atlantic Canada . -1302  gl278
Quebec . ‘ -1354 -1300
Ontario ¥743 T - 1704
Mamtoba/Saskatchewa.n . 178 T, 2.
Alberta _ ' 477 468

British Columbia 556

b, o éssz'
Total® . 22 - Vw5

Net Labour Migration ‘}. )
(+ mdxcates mhow) ) & o

<

Atlanhc Canada -37

Quebec . ° -55

Ontario A 61 )
Manitoba/Saskatchewan 8 -18
Alberta 21 50
British Columbia 17 42

Case 1: Migration elasticities equal to 0.02 for all regions.
" Case 2: Migration elasticities egual tc 0.05 for all regions.
Case 3: Migration ‘elasticitie.s al to 0.20 for all regions.
Case 4: Migration eluﬁdtio;s‘edual to 0.50 for all regions.

! From Table 5-13 in Whalley and, Trela (1986).
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6. SUMMARY AND CONCLUSIONS

While the resuits presented bere are qualitatively comparable to those of Whaﬂéy

‘a.nd '_I\'ela, they are quantitatively‘diﬁerent. In particular, the net migration flows
are smaller. This reflects the more detailed decision rule which is employed here. Ax
shown in Appendxx II, the migration decision process~used by Whalley and Trela is
only based c;nly on chanées in “migration income.” This value is compased of federal

_ transfers t:“fegioBs, wages, and regional resource rénts. Factors such as pr'ice changes

. are not consiciei'éa This suggests that, under the Jones—\‘Nhalley model, changes

in equaluatlon wxll ha.ve a Iarger influence op the dgetsion to migrate. The Whal-

ley and Trela mxgrat:on results support ilm, conjecture and, as a consequence, their
simulations reveal greater ovetall welfare effects for Canada at the hxgher mxgratzon
elasticity levels. The lmphcatlons of this for the conclusions made by Wha.lley and

Trela concerning policy 1mpa.cts are discussed in the next essay

LY * - /
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APPENDIX I

ALGEBRAIC PRESENTATION OF THE
STRUCTURE OF THE CRM

A. OVERVIEW AND NOTATION

Canada is modencd as six regions: Atlantic Canada, Quebec,, Ontario, Manitoba/ Sa.s-
htchewan, Alberta, and British Columbia. Regions 1 to 6 refer £ the above ordering,
with r being the subscript denoting region. Each region contains agents with identi-
cal preference; towards goods; agents within a. region differ only in their ilntensity of
locatxonal preference. - ‘ |

The federal government is modelled as a separate agent although it is hnked to
the regions throngk its taxes, transfers, and expen;lltures. Federal income accrues
ﬁm taxation 'and capital ownership. Some of this income is redistributed to the
regions through mtergovkmmenta.l tra.nsfers a.nd transfers to persons,. the remainder °
' is spent on pnrchases of goods produced in: u:e regions. Federa.l govemment a.ctxv:u(
are subscripted by.G'. The rest of the world is denoted by ROW". The modelling of
- ROW is essentially the same as for the Canadian regions, excep't th;t there are no
links to the Canadian federal government through taxes &!;d trans;'ers. .

Theé subscript j refers to industries, while K, L, and N refer to the factors_cabit;l,
labour, and natural resources, r‘ecpeehvely Written without a bar, K, L, and N
" indicate use of factors by industries; written ¥ith a bar, they denote ownership of

factors by a feg'ion (here region r&n tor=1,...,6, and ROW) Thus, K refers to °

the use of capital in mdus"y jof revgxon r. In this model, the strong auumpt:on has

been made that each region owns only the value of factors_originally located id that
regon and appearing in the benchmark ethbrmm data. K~ indicates the capxtal
owned by region r, EC denotes the federal gove:ﬂment’s capital ownenlnp Similarly,
' 43




. 9N denotes ownership of natural resources in ;bgion r. Since tesources are modelled
i; a factor wl}icix is specific to the energy industzy i Cana&a, energy usg in region r
is simple denoted by N™. : ‘ . J‘
Due to the approach to labour mobility modelled here, somewhat ;iiifcrent nota-
tion is needed for labour inputs. I: is the use of labour in industry j of region r. °

T desotes the labour supply in region myAde., L is the initial population of region

r. After a policy change, labour may mj,grate from one region to another; T denotes

. the amount of labour of type r locating’in region s.
Y refers go value added originating in any industry in any region; G- refers to
the gross outimt for any indﬁstry in any region; H "deffnes the vector of intermediate
. input requirements for any industry in any region; X is the vector of final purcha.se;
(induéjng consumption) by any agent; U is the utility level attained by any agent;
~and P is the vector of world market prices for both goods and factors. Thg;lepuate
notation for other commodity and factor pﬁée; is discussed more fully below.
frlfe solutions of behavioural functions that degen& on prices endc;gcnously deter-
mined in the model are rcpré_sentcd as functions. X (P) a;e final demands for products.
as a function of the prices P. G(P) aisgrog outpuis of commodities that meet the
vector of final demands X(P) and minimize costs. .' .
The basic yenion of the mo’d'cl in‘cbx?onta ni‘::e favtors of prcﬁuction: one labour .
factor in each region (r = 1,..,,8, IEOW), the internationally and interregionally
mobile capital factor, and one resource factor specific to Canadian energy industries.

Each region produces 13 commodities referred to-by the index i. The index j refers to

industries, 13 in each region. Cohmo_dity 13 represents public services and is tru{ed
as non-tratled. Intex A refers to the 91 comniodities produced in total.

| a}; indicates the per-unit use of good 4 in the production of good j in region r. p

denotes substitution puame/;en on the production side, and ¢ denotes substitution.”
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‘parameters on the consumption. side. P; determines the elasticity c;f substitution
a.n;ong components of value added for industry j in region r,. while p? is used for
substitution among intermediate goods in industry j in region s. J\and B are share .
parameters in the CES fanctions on the ;prodi;ction side; b are the dhare parameters

in the deymnd side functions.

B. PRICES AND POLICIES IN THE MODEL

Prices jg the Model

&

The market price for labour in region r is P (r'=1,...,6, ROW). In(the central

case mbdel\ variant, the market price of capital is Px, while in the variant involving
international capital immobility, {he Canadian market price for capital is PEPN and
the. ROW price is PR°%. For the Canadian rc;‘ion's, the natural-resource price is |
Py. These are the prices paid by domestic industries using tHese factors, net of factor
té:eo and after reccipt- of.fgctor subsidies. They are also seller’s prices received by
factor ownersy(before income ta.xjes). , ‘
Pr = (P},..., P,) are the selling prices ‘for producer ouiputs in region r, gfoss
of dor'nest'.ic production tixes and subsidies. These'are also f.0.b. world export prices
received b; exporters, and are the-bdoreconsumérepurchisq-tu prices paid by do-
‘méstic consumers for products progduced in their own regions. P, =. P,.. : , Pa
denotes these same producer prices indexed by the goods in all six Canadian regions
“aad ROW. i
®  For th:: central case variant of the model, P is the vector of endogenous model

o /
prices

(Ph...,Pg;,Px,PN,PE,P},,PE,P;,PE,PZ,PE‘?W). ‘

For the variant involving international capital immobility, P is the vector of endoge-

“




nous world prices

(Pl,---,PohPgDN,P?ow,PH,P},,}’E,Pz;PzaPz‘.»Pg,P},‘ow)-

Polic.ies in the Model . .

chiona.l government policy parameters are denoted by the terms ¢ subscnpted or
supmcnpted as a.ppropnatc cheral govemmJnt policies are denoted by the tcrms

T, again with the appropnate subscripts and superscripts.

Trade Policies’

Tariffs are modelled. as ad valoretn taxes on imports for both intermediate use and
final demand. Tariffs imposed by the federal go§ernment are on international trade

>

only so that 7, is the federal tariff paid by consumers in region r on international
in;i)orts of good h.. Note that this vector of tariff rates is non-zero only for those
K walues which correspond to imports from ROW. The tariff rates on commodities
are uniform across Canadian regions. Because trade barriers between regions are
repraented as ad valorem egmvalent tanffs, ¢}, also denotes the t’nﬂ' imposed by 3

the region p government on 1mports of gookh entering region r from other regions of

Cana.da tROW are t.he tariff rates on goods imported by ROW.

Factor Taxes and Subsidies

Canadian regional governments (r = 1,...,6) impose taxes t7; on labour in in..

dustey j ( = 1,... +13), on capital tix; (j # encrgy), and on natural resources t‘;;

used in the energy in]}try. The federal government similarly imposes taxes TLs» r;,,‘

and 1% on region 1 (r = 1,...,6). The ROW 5overnment imposes ad va.lorem tax’

rates tf?w, x,- on the use of labour and C&Plt&l in xnduntry i(J=1,. 13).




-

government unpom similar taxq a.t rates ! Thi

-

. - .
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t- Intermedi.n.te.‘ﬂle Taxes and&Snbsid.ies .. » el
.Each reponal government, r, unpooes ad valorem rates 't’ on the purchase of‘
commod:ty h for use in mdmtry J ia region ¥ (r = ..,6,ROW). The federal
. ip fegions r = 1,...,6. .,

Produ_ctio:: Taxes and Subgidie's_‘ :

Each regional gqvefnmeni, r, uses ad valorem ta.x rates tp ' 5 on the production of

the j* industry_lomﬁed in region r (r = 1,...,6, ROW), Federal governmmt gx

J
rates 7p; also apply, with umform rates across regnons

”

-

Consumption Taxes and Subsidies ) .

.- - h
. .

- -

Bach regiopal governmient, r, uses ad valorem tax rates ¢ on the consumption of

ggod??ﬁ*eglon r(r=1,...,6, ROW). Federal govérnm\egt Jax rates 7; also apply.

Income Taxes
Each regional government, r, applies ad valorem avpwage income tax rates t3. to

taxable income of region r (r = 1,...,6, ROW). Federil government tax rates rr
also apply. Lo . ‘ .

[
- -

-,
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C. Pnonuc"nogx ) _ .

Industry Value-Added Functions

The CES value-added function for any non-energy industry, 7, in any region in
Canada 1s - ) ] )

J
_1/;)

o :q = -5 =%, y i
‘ Y;=v;|8-K; 7 +(1-6&)-L;"™ ,] # energy industry

where yisa c'o_nsta.nt defining units of measurement, and Y, is value added in industry .
j. This function also holds for any industr).v (y =1,...,13) in ROW. For energy
. industries in Canada, . . : .
. 31-YE .
Yi=v16,-N""+(1+~4,) L, ’] ,J = energy industry.

Factor demand functions for an industry reflect cost-minimizing bc;havnour Min-

imizing CES va.luc-a.gdcd functions subj;:ct to a given level of output yields the ap-
1 . '

propriate cost functions. .

For a given P, factor demands for each non-energy producing industry can be
" written as: . - . v .

’:/(_’-;‘l) 1 G (P
6' Px’ 7) " -
L;(P) {(x )|ty ..6_}%; ALY B
r — — .
I (l - 6’) PLJ ’ ) ,‘
forr = l, ,6 and 1 # energy, and where ‘ . K
o ’ . Pp= Pp(1 4, 4 tL) ]
Py, = Px (1 + 7, + ty,).
*  For the energy industry in each region the labour demand equation 1s |dc;hcnl
to that above, while the natural rcsof;rcc factor demands are -
%) Pig)#/0arh R -
Ny(P) = {s;[-——tbé!] o ) %D :




.fozr.-l GwhereP,,—Px (1+ +th)-
In the ROW, there is no specific resource input to the energy industry a.nd so

]
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factor demands for all industries in the ROW are similar to those for Canadian nqn- E

energy industries. - R

-

Intermediate Production Requirements

Five‘leve.l nested CES functions are used ip calibra.fi_ng intermediate production
requirements. As the model structure is different for ROW from that" for regions

in Canada, the regional structure will be described first, beginning with the bottom
level. l

;Level 5 ..

First consider the use of composites of each of the traded ggods (denoted by

l=1,...,12) in iddustry j in region s. The level 5 CES aggregation function is

L 3

5 e 5 -. Rl
Ca= Lg Birs * (Ciin) ”]
where“C;, is the comp;oitc of the five types of good ! produced in regions other than
s. The snperscript 5 denotes level 5, whilc the superscript s is region s; j is the
xndustry subscript and ! the good subscript. l(r) denotes good I from region r; C}y,,
represcn\s the intermediate use by industry j'in region s of good ! produced in regxon
r. For. notatxona.l umphc:ty, the level and reﬂm superscripts are dropped frd'm \

elasticities and share wughts in the ﬁmctlons for subsequent levels.
b S t 4

—Level--i . *
: ¢
Tlm level deacnbec the substitution between the use of the compotite of good ]

available from other reglon; $C¢, and the use of the good [ a.vulable from the home
region, C,,(,). ‘Cy is ‘therefore the intermedigte use by industry 7 in region » of the

A




composite of Canadian sources of good 1.

-1/s

“Ch = [Ba(Ci) ™ + (1 - Ba)C3) ")

~Level 3

Substitution at level 3 occurs between the use of the composite Canadian good
1, 4C}, and good I from ROW, Cipow)- This defines 3CJ, the intermediate use by

. industry j in region s of the composite good representing all sources of good I. ’C;‘
. - ‘ .

is defined for each of the traded goods, I =1,...,12. '_.' s

+

-— N /
105 = [BuCimom ™+ 1 - G5 7

S

Y

—Level 2

Substitution at level 2 occurs o.vct the 11 non-energy traded-good_compos'itcn and
the non-traded local public services good for region s. The result defines a non-energy

composite good.

’ -1/p,
’ ’C"[ S B CC|

wfenergy - .

-

-Level 1

- *

Substitution at levél 1 occurs over the non-energy compasite good, ’C‘ and the

energy composite good, 3C}g, to yield a composite intermediate input for mdmtty J

in region s.

—gf e ol

-

. " o
<~ 'e; = [8iCcie) # + 1 - B0C)

The neotin.g structure used in the model to represent the ROW differs from the
sWucture above only for levels 3 to 5, where substitution lcmc: goods proguced in

othdr regions occurs. For level 5 goods produccd in all Canadian regtotu appeas, ie.

Yi/m

- - Py .
)__: )‘(') )‘(') )

N hd
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forl =1,...,12. The lewel 4 mbct:tutlon does not apply for the ROW Level 3
substitution involves the Canadian componte and the good produced in the ROW.

This yields 12 traded-good composites, i.e. )
»

scRow _ [ﬂgow( ow ) + (1 ﬁmw)(scmw)-»]
fori=1,...,12. The next twolevels are the same as for the Canadian regions.

‘Industry Production I_,evels to Meet Consumer Demands

-

Intermediate demand functions reflect oo;t-minim.izing behaviour. Cost minimiz-

ing subject to the CES intermediate requirement functions at each nesting level yields

the appropriate cost functions; for space reasons the derivation of these functions is
not-reprodnced here. The cost functions for ROW industries differ from those of
Ca.nadia.n industries. The nesting structure at the first level' is, however, the s:;mc for
all ix-ldustries over all regiong and will be used 'tq illustrate the basic structure.

Expenditure on intermediate.goods by industry 7 in region r is denoted by 7,
where |

i <

1C7 is the quantity of the intermediate nse-cc.amposite good at level 1 of the nesting
- structure, while PD7 denotes the price of this composite good.

The CES intermediate requirement subfunction underlying 1C7 at level 1 yields
the int;rmedia.tc demand fanctions for the energy and non-energy composites, i.e.,

" the demand function for the non-energy ‘composite in industry  in region r is

(1= ;)49 .
. _ NE = (\PD3y £) 70+ 1 pgy’ o . '
where the superscripts which denote level 1 and region # for the B’s and p have been I
. [ §

suppressed for simplicity of exposition. The, term ‘PS; is defined as

IPs; = (ﬂ’_)ll(l'f-ﬁ) . (lPD;')ﬁ/(H'P) + (1 _ ﬁj)l/(lH—p) . (IPD;N‘.)’/(H.’).




&

-

The price index for_the composite good 'C] can then be written as
PD;= (*PS})"0*7
i ; -

Similarly, the price indexes ! PDjy g and ' PDj}g are calculated using parameters from
the lower levels of the intermediate requirement functi&ns..

'i‘hc CES subftfnction for ’C’;-’ at level 2 yields the intermediate demand functions
for each of the 11 non-energy traded.good composites and for the public services good
in r. Similarly, the appropriate demand functions are derived for e:ach of the lower
levels. At these lower levels, the price indexes are calculated from t:he domestic (gross
of tax) prices c‘wf the individual goods, i.e.,

Phi=Pa-(1+7in + thn + 1755+ 113)
is the price that industry j in region r pays for good h (k = 1,...,91).
The result of this cost-minimizing process is to yield the per-unit requirements
a};, i.e. the per-unit requirement of good A in the production of good j in rcgio;n r

Given X(P), the vector of final demands for goods as a function of P, and Afp). the

matrix of elements ‘ay;, then

G(P) = [I~"A(P)"" - X(P)

yi?lc!g the gross output of commodities that meets the vector of final demands and
minimizes intermediate production costs:




D. .CONSUMPTION

Demands £or all agents in the model are based on utility-maximising behaviour subject
to agent budget constraints, with nested CES utility functions used to represent agent
preferences. The five leyel nesting structure for Canadian agents is identical to that
used to represent Ca':‘md'iaﬁ intermediate requirements in production. At the top
level, agent utility is a function of an energy and a non-energy composite, both of
which are defined by the nesting structure used for the lower levels. Similarl}, final

demand preferences in the ROW follow the ROW intermediate requirement nesting
structure. The federal government is modelled as a utility-maximizing agent and the
preference structure used is similar fo that for ROW.

Agent Budget Constraints

-Regions

The budget constraint for each\region defines regional income I", where

1 4

r . 7. L' +Py-N +TR ¥+ R - IT",

and Py is the world price of capital, Py is the wage received by labour in region 7, Py

is the natural resource price in \Ca'nada, TR" defines the-federal government transfers

wtor, K 'is regional govemn;enQ net tax mve_nueo~ (assumed redistributed in lump-sum

form), and IT" defines federal personal income taxes paid in r.

.. -Federal Government \

The federal govetnment budget constraint is represented by income IS, where

) ﬁ:Px'.ﬁa+'Ra—z‘:TE

=]

and K° is federal ownership of capital and RC is federal net tax revenue.
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-ROW

| The budget gonstraint for the foreign agent, ROW , is given by the income term -

IROW  where

IR _ py .RO¥ 4 pRow TRV | gRoW

and RROW js the ROW net tax revenue.

Final Demam;s

_. The total final demand for any good is X, = 3., Xi, where A = l,...,9_l and r -

refers to ROW, G, and all 6 rcg'ions in Canada. Maximizing the CES utility subfunc-
‘tions at each level of ‘the nesting structux;yieldi the final demand functions for the
composite goods, and at the lower letels the final demand functions for the individual
goods. Since the nesting structure 'u; the same as that ustd for the intermediate re-
quirem;:;t functions in production, the derived final demand functions also have the
same form as the intermediate demand functions.

" Price indexes of the composites used in the functions are derived from the con-
sumer prices oi;thé individual goods. Consumer prices in .each region r.in Canada

are denated by

*

Br= Pa-(1 + Then +43n + 75 + 1) \
iorr=1,...,6 and h =1,...,91. The federal government pays no taxes and so
o~
PSP )
-. ' . t -
For th= ROW s . S
PEY = Puo(1 44007 4 40w \

-

Both the sbove hold for A = 1, .. ,91




E. TREATMENT OF FACTOR MOBILITY

The resource factor is specific €o both Canada and the epergy industzy, % it is in-
ternationally and intessectorally immobile. A@rdhdﬁ the Canadian grice for the
energy facor is Pw, with the energy industry in region r facing the price

Py =Pn-(1+75+1ty)

-
3

Two versions of the model with different treatmeats of capital mobility are used.
In the basic model variant, capital is intersectorally, interregionally, and internation-
ally mobile. In this case there exists a single world price for capital. The other model
variant has capital as intersectorally and interregion?.lly mobile, but not internation-
ally mobile. In this variant, the price of ca.‘pi‘a.l faced by an industry j in a Canadian

region r is

Py;=PgPN (14 mf; +tx;)  for j # energy,

while for the ROW, the price of capital is

T":?W = ROW (1 +tnaw) forj=1,...,13.

A further modification is neces.sa.ry for this variant in the statement of the model
equilibrium conditions.

A.fea.ture of the model which differentiates it from other applied general equi-
librium models is the treatment of pprtial labour mobility between regions. This

-

treatment is fully ducussed in the main text
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F. MODEL EQUILIBRIUM CONDITIONS

Equilibrium in the model is characterized by a set of conditions: <

Demand-Supply Equalities for Commodities and Factors

AN
—for all commodities

6,ROW 13
Xn(P) = Gr(P) - z Za;,-G;(P) forh=1,...,91.
=1
~—for capital

~ In the basic model variant:

6, ROW 13 GROW,G_' s
2 L K(P)= 3 K.
r=1 j=1 r=1

In-the international immobility variant:

13 . .
"Z KFOW(Py=K™"  and

iZK(P)—ZK

r=1j3=1

—for labour

}:L“O"’(P) "%  and.

13
YLP)=L . fory=1,...,6. .
=1 -

After migration has ocourred, -17 =L + (X.4. L), where L is thc/numbcr oforiginal. .

-

lndnndnn.ls inr who remain in 7, and L is the number oﬁndmdud from region s
who tmgrate tor. .

. -
' ¢ - . ’ . 1 3 ’ _




—fox; natural resources

SN(P) =3

r=1 r=1

Zero-Profit Conditions for Industries (Basic Model Variant)

The producer price for industry 7 in region r (where the subécri_'pt G,r) denotes
the h value corresponding to j and r) covers production costs, including domestic

production taxes and subsidies. Note that for ROW, Tp; is zero.

o '(P) L3(P)
: . Pin = (1+7p; + tPJ)[PK' G’(P) PL =55

G3(P)
13 8, ROW ]

+Zl Z “(k-): Pl i

=1

Trade Balance (Basic Model Varlant)

—for ROW

6G 13 e

3 Pi.row) - X{irow)(P) = 3 E Pisy - X{fOW(P)

r=1 =1 r=11=1

+Px [(ZKROW) Know]

j=1

EZ&»%MHHT Zzﬂd%dm :

r#s i=1 rfess=1

+ Py [(z;; K- %],

—for each i?gnadian region, s

.’ . .
" —for the Federal Government:

<

]°=0R°+PK-K im' }"_,P:. X..(P)

r:)’ .




This appendix contains a description of the migration d

APPENDIX II

.

THE JONES-WHALLEY MIGRATION DECISION PROCESS

-

isjon process used by Jones
and Whe.lley (forthcommg) in their Canadian regional model. This model is also
employed by Whalley and Trela (1986) in their analysis of the Regional Aspects of
Confederation. Neither of these works p'resen}s the full details of the migration de- |
cision process. This appendix is intended to érovide that missing detail and to also
empl;asize the improved migration process modelling which is described in the m;u'n‘

text. - Y

°

" From Figure 2 of the main text and the assumpgions underlying it, the uulity‘
S ,

function for any individual  in the home region can be written as
: . ‘ .

U, = maz[UR(X),UXX) . (A

where [‘IF(X) is the utility to 1 frgm consuming the bundle of goods, X in the hbme

region, and UL(X) is the utility from consumifg X in the other region. Under the

‘slmple locatlonal preference model of Figure\2, these values .can be written as

4

UR(X)=UBX) - and U,L(,I\')- tf,"(,\") b _ ‘ _(A.2)

where UR and (.J‘L are the utilities available to i in the respective regions to‘lely from °
the consamp'tion of X. .

Auume, wlthout explmauon for now, that the pncn wluch an individual faces
in each reglon are equal Due to thu ummphon the price of the X bundle, P, 1 the

same across regxono. UR and UL can,now be written as the indirect utility functions
. .

UR_o(P)IM " end  UE - gP)b T (A3)




-
A
.

whiere g(P) is the true cost of living (price) index for con‘:iv:.ption in either regiqn. -

IR is the income to the individua.l from locating in the home region, while I* is the

.income from locatmg in the other reglon. Based on the above functions, the a.na.lyus

of Figure 3 in the main text can be conndered in terms of changes in income.

This price a.ssumptlon is very strong and obviously limits the model’s ability to
capture t]?..e “true”. migration decision process. Howe\:er, the use of this pricing as-
sumption‘introdu'ces some,simpliﬁcations into the modelling of the migration funetion.
Un'equ'a.l utilities across ‘regi_or;s imply that the constant, @, in the penalty fnnctien
shown in Figure 1 of the main text will not necessarily be zero. Suppose that in the
benchmnk Ut is greater that UR. Inorder for individual 0 in Flgure 2 of the main
text to perceive no incéntives to mxgrate, thelr @ must bé greater than or equa.l to
UL -UR. Assummg that within each region there exists an mchvldual who is just on
the ma.rgm, then this condxtxon must hold w'xf,h equality. -7

As wrll be shown, the model cahbratxon process which arises under the above
pricdng mumptrer\results in the parameter a bemg zero in every case. Individual 0

in each region is just on the margin and all others in a region have a.unambiguous
\ o

preference for remaining. I (7

A further 'strong assumption is made. The ‘only components of regional income-

59

whxc.h are oonslderqd in the migration decmon are: wage earnings, mterpersonal and

intergovernmental transfers from\!k:hdqal government and resource tax revenues.
Income from all other sources is assumed to be equal to that level wluch wouid arise
if the mdnndual were to remain in the home region. As discussed in the main text,

the supply of capitel‘end resources in a region is assumed to be owned by the original

* inhabitants of that region. When an individual migrates, his share of these factors is
not sold off and, furthermore, remains in that region. thuml to these factors accrup

at the rates of the original regions. The above assumption concerning the income:

~ - &
L]
-




N =

included in the migration decision does, therefore, coincide with the modelling- of
capital ar;d natural resource ownership; a mjgrating individual has no claim on the
new region’s capital and resources.

" The mumpt:on that a :mgratmg mdnndual still faces the home reg:on %ca
implies that the same regxonal ta.xes are also pud To be oonmtent with this, the
_migrating individual is assumed to pay the home region taxes ud to coliect a share of
the home region non-resource based tax revenue as income. This yields a neutrality
of non-resource based tax policies in"terms of the labour migration deusion.

In order to simulafe thcir;‘possiblc affect on labour allocation efficiency in Canad:,

»

regional revenues from resource taxation are modelled as being non-neutral in"the mi-
gration decision. While an indjvidual amigi:at.ihng to another region has no claim on
the region’s resource o\wnership, he does receive a share of the regional govcr‘nment':
resource revenues {representing the government ’s provision of local public goods from
resource based revenues). Thus, if a region is endowed with largc‘qnantitics of re-
sources, there cax; exis; a migration incentive for labour in resource-poor regions to
‘move to the rgsourcer;ch regions.
* _Iotd tra.xfsfer pa'.;r;ricnts to a region are included in the modelling in order to
capture thé migration incentives of‘;.a;ﬂ. only cqualizatio: but also other federal pro-
grams such u‘unemploymet_n insurance; this is done under the assumption that ;noct
federal transfer programs, both intergovernmental and i'n;tcl:pcrsonal, are not distn.
butionally neutral across the provinces. Since the individud&in-a‘ region m identicad -

—
interpersonal transfers from the federal government are assumed to be divided onean

' equal per capita basis. Intergovernmental trahsfers to a region are assumed to be
A diltrii:uted. in a similar manner, since no 'eiplicit,,'z‘qc&l public good is provided by a

xegond govemment ' - S L

¢ e

G;ven all the above uump(\ons the mng‘ntmn decision process can be. teduced to

.

o

AN | *
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a fanction of “migratiof i:ico:ﬁe" differentials and locational preferences. For equation

+(A:3), IB-can now be split into two components: I* bé:l I, T is the “migration

- uwome which an md}ndnal observes for the home regxon IR is all other sources

- ' of income which the md;v:dua.f receives thére: Similarly, I* can be 8pht mto two

“ .0 . - componens, I" and 7{. Note that from the assnmptlons, I"' = IR, Equa’uon (A.3)
= - can{erewntltents .. s <

B B O S |

. .. =dP) g ey IR . (44)

;7% amd e : ) :

Eog(P)- (T + 1)
C . 'ég(P)-T.-‘u(P)-ff- S (4s)

¢ e ﬂ . - “

‘Now recall the n'ugratxon dedision ru.le from equation” (2) of the main text, where

mdlndual 1 will m;gra,te':&U" bt > U R Gjven the assumptions underlying eqnatlons

-~ . (A4)and (A. 5) a.bove, this. :ule can b!rewntten usmg 2\4) and (A.5) as -
o ‘ AP T g(P)-TE B > o(P) T4 () - IF o (186
» - % . . * R
E— whn:h since It' ff, yxelds
e e e oP) Ti<bi>g(P) T - ST (AT)
. By defining S -
i . ) \ ' : . -b- K b S . ¢ . (A 8)
G e ~ 9Py .
: then equatlon (A. 7) can be rewntten to yleld the following nugrmon decision mle
S L. " : Teave,’ _ xf]" R)Tﬂ .
"+ Deciion =1 jndifferent, €75 -H=T%" = ' (A9
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As'will be shown later, benchmark calibration yields the condition that 7,‘ is equul

to T¥ for every i = 0,..., N. This results in individual i = 0 being on the margin
between staying or leaving, while the remainder of the individuals unambiguously

. prefer to stay. Using equation (A.9), Figure 2 of the main text can now be redrawn

N}
as Figure A.1; the solid lines represent the benchmark case. Note that the scaling -

of b to b chaiiges the units’ of the locational preference parameters from atility to

migration income. L ' .
Figure A.1 .
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. For a change in home region mcome, say a fall to Io , the dashed line in Figure
Al shows that the mdw:dunl on the margm is shiffed beyond ; xndxv:dua.l 0 and out--
migratioX occurs. Similarly,an increase m 7 (= 7 for: = N ) would result in
an upward shift in the hne 7 ~ bi and, therefore,_ some out-migration. Note that an
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increuein?forafdlinﬁ'wiﬂnotyiada;lymo tqftheorigin;linhabitants
of the above region. In-migration to a region is gned from the out-migration
fnncti;)ns of other regions. . .

The nnmi:er of out-migrants, I, can',now be determined for a gm:n change in
the rdah;e migration incomes. Four possible cases for out-migration responses and.
the corresponding- ma.rgmal cond.mons are described in Figure A.2. For the no out-
watwn case, individual 0 is on the margin and at that point 7= 1'[' . For the

change depiqgfed in F:gurc Al if l;- % the number leaving then mchvxdpﬁ l, is on

" the margin and I1 = Ty — B, holds. If an increase ip Tr toIL were to induce an
out-migration of l; then at the margin I: = [: - bl; would hold. Finally, if an
out-migration of Iy were induced by an increase in Tf to 7‘:' and a decrmem‘ 7: to
Tf tl}@ the condition 7':"= 7:’ — By would hold at the margin. .

Thus, af;er out-migration the position at the margin- can be described by the
relationship :

. R - R=jt-w . (A.10)

where [ is t}l: marginal individual. IR and JX can be either changed or unchanged
from the original values, 7: and 705, ‘but must satisfy the condition that [f — [® > 0,

Again, this condition a.ppﬁes becauyse the diagram describes the region’s out-migration
functxon only. ‘

New values for i and IE which satisfy the above condmon allow the quantity
‘oﬁt-mgntmg labour, i to be calcu.la.ted l denotes this quantity since individuals

-

. 0 toi not including I, migrate so that ! is also the number migrating. - Rewriting

equatxon (A 10) y:eldl
_n-n
‘I°= - (A.11)

el e

As should be obvious from this equation, the number of individuals (or units of
) ' 3
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labour) leaving'the region is defined in some units of income. Thes; units and the

values used for other parameters in this labour migration modelling will be discussed
below. . ’

» : . R .

Calibration and Labour Mobility Parameters

So far the migration decision has only involved a comparison of home rééion_
income and outside re;ion income. In the CRM, Iabour u;ay m_igrate to any of ﬁve.
outside regions. Ti:e treatment of multiple regions and tl}c calibration of migration
fnx;«\:tion p.;&rame.ten will now be fully described.

" The portion of own-region income considered by an individual in the migration

decision process has been defined to consist of the region’s wage rate plus per capita

~ ————

'trmfep from the federal go;retnment plus per capita regional resource tax revenues.




That is, the own-region migration income faced by an individnal { a unit of labour)
in a region r is
‘ TR - R'

I =w+ ~ TN (A.12}

and is the same for any individual ; in region r. The total migration income for the
region is thus. |

S N .T,=N-vw+TR + F. (413)
The benchmark data contains observations on: a region’s wage bill, N* . w”; transfers
to a region, TR"; and 2 region’s resource tax revenues, . What is not known is:
N7, the number of units of labour in the region;’w’, the wage paid to a unit of labour
in the region, and T, the income to & anit of labour. Determining these values is

f -
part of the calibratior process. Y

 In order to satisfy the benchmark ]thbnnm conditions depicted ln Figure A 1, |

the migration income which an individual receives in the home region must be equal

to that available in any outside region. This ' ve, a parameter of the initial model
equilibrium, is chosen to be $1. That is‘in the benchmark case T, = $1 for any i in

LY

any region r. Equation (A.13) can now be written as . -
N =uw"-N +TR + R, . \ (A14)

whxch ylelds the number of labour units (or individuals) in a reglon, where s labout .

unit is defined in terms of the amount ofgdabour which earns one dollar worth of

migration income in the benchmark equilibzrium.
Dividing equation (A.14) through by the we_:ge bill, w* - N*, yields
: . 1 L
, ‘ w = ,
: \ 1+ () .

the benchmark wage rate for region r. Note that this i is the wage to a unit of labour
as deﬁned above. Fnrthermore, note that in contrast to standard NGE modelhng

pruticu the benchmu'k prices of labour are not equal to on

-

(415).




The astumption that T, = 1 for every region in the benchmark also plays a
crucial rolé in tl:'te modelling of an individual’s comparison of migration incomes across
regions and his subsequent decision whethér to migrate ot not. It allows the decision
p:oces:of Figure A.1 to be applied to the multi-region case. Assume that rather
than considering each outside-region sWtely in-the migration decision process, an
individual in a region mn;iders only a single comprehens-ive measure of out-of-region

income. This measure, F7, is defined as
F=YaT, . = . (A1)

where s is an index over the number of regions. :I"he‘&"s are parametei'_s.in the
benchmark data and show the share of a unit of la‘bour leaving region-r which goes
t;> each region 5. Table 1 of the main text lists the data used and it can be seen that
for any region r (any row in Table 1), a] = 0 and 3°;_, a] = 1. Given the benchmark
usumﬁtion that T: = 1 for every r, then K] = 1 must also hold for any region in

the benchmark. Thus, the ec-luilibn'um condition that no migration incentives exist

o
[

between regions holds for the benchmark case. .
Eqnatxon (A.11) can now be used to describe total out- rmgratxon {rom a regxon
The ‘migration income for the home reg:on, referring to it as region H is mll I (-
If , for any i), while I: (= If' , for any i) is now equal to the comprehennve out-of- ~
region in'come measure, F (= F"-" for-any i). Recall that i den;)t;: income after a
pohcy change has occurred a.nd may or may not be"different from 7.
In a two region model, if a policy change results in I" > Io ‘then i > 0 and
ont-nugntlon occurs. For.the multi-region case, a policy change may result in, some .
outside regions havmg higher nugratxon incomes than. the home reglon, whﬂe for

" others it may be lower. Smee out-mxgntlon lhonld only occur to those regxons in the

“
first instance, the comprehensive out-of-regxon income measure must be morg ltnct!y




defined. Therefore, define .

By 5 ©(417)
where s is indexed over those regions for which I3 > IB and p¥ = af/ T, a¥ so that
Z.pf =1 | |
" In the counterfactual case, if { > 0 then this out-nrigrating labour is distributed
ov-er the receiving regions according to the share parameters, p. That is, the uﬁount

*

of labour migrating from the home region td' s is
NE = pF .- (A.18)

As in the two region case, in-migration to the home region after a policy change
is determined from the out-migration functions of the other regions. The after-policy
labour supply in a region is thus

Fal

~

-

N =NE-Y NE+Y Mg, - (A.19)

' © .
where r is indexed over those regions for which out-migration to the home region

occurs. -~ : .
"An importept de-tqnninant of a region’s gnt-migration response is the value of the
. p;ra'.me'ter'-l; in equ'a‘tiou (A.11). This value.is determined in the calibration procedure .
. asa functzon o{ the benchma.rk data and a speaﬁed elasticity value, . This elasticity
desmba the gespons:veness of the ongmal labour’ units remaining in a regxon toa
change in ‘the comprehensive migration income measure for the outside regions. More’
formally, this elasticity is defined as
| oNE jE
aig'\ &’ :

»

n= (A.20)

' -

whére N¥ = N¥ — [ and is the number of original labour units remaining in the

region. Let AN" = 1. Since N7 is constant, then Al must equal 1. Now recall




. Substituting from (A.11) yields

..
MY
-

equation (A.10) which describes the marginal individual:
I.:! = i:' - . . (A.10)
If Ai}=0, then AJL = 5. Al This can be written as
AJE
Al

- A ;
" ANEB -

b=

. (A21)

since from above, AI\?B = Al. Substituting (A.21)'into (A.20) ylelds
e -
NE _ | , o

3
]
il r—

(A.22)

iy

NE—((IE - i8)/F)

b

(ENE - I 4+ IR)/B

ok (4.23)
bNE — I§ + If '

X
n

ool = Ol =

-

In the benchmark I,f' = [R = 1, which yields

. 1 S '
n= TE (A.24)

(= all

Given values of ‘N and 7 for region H in the benchmark data set, the benchmark

value for b can be solved for as

- 1 \
b= —IV_H " (A:.25)

-
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APPENDIX II -

' ESTIMATES OF POTENTIAL MIGRATION INCENTIVES
IN THE COUNTERFACTUAL EQUILIBRIUM

This appendix reports results from_ calculations made to estimate the level of mi-

gration incentives which still exist after a counterfactual equilibrium has ‘been de-
termined. Recall that due to model solution problems, a less-than-ideal method for
determining the destination of out-migrants was employed. Rather than hiving n:n—:
grants go to the region which offered the highest utility to them, they are instead dis-.
tributed in a fixed-coefficient manner over those outside regions which offer a higher
utility than that available in the home region. While this approach a.llow‘s the model
to be solved, a problem with this method arises because incentives to migrate may

still be present in what has been determined to be a model equilibrium. |

T;}BLE 1. Percentage Differences in Potential Migrant Utility from
Home Region Utility for Marginal Agents!
. Home ' Region of Migration

Region AC \ Que Ont - M/S Alta - BC
AC — VN7 07 -1.9 -0.2 -1.6
Que 0.0 —_ 29 1.6 3.3 20.
Ont 0.0 0.0 - 00 - 00  -10 .
M/S 0.0 00  -14 — 09 23 .
Alt 00 0.0 -03 - 00 — -1.3

BC 0.0 ) 0.0. 00 . 00 0.0 —
1 Calcujation based on results in case 3, Table 2.

The results presented in Table 1 have been determined from the simulation in
case 3, 'I‘ible 2 of essay 1. This case was' clloscn because it represents the situation

- where equalisation has approximately a sero welfare effect for Canadc as a whole
. 89
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and is .thu'efore- important to the analysis in essay II. The rows in the table give
the regions from which labour could leave. The columns give the regions to whiclly,.
labour migrates. The values reported give the percentage differences in the utilities
a.vula.ble to an out-,zmgra.nt relative to tha.t avmlable in the kome region. The out: '
xmgrant whxc; is considered here is the marginal individual from the connterfactual ’
equi.librinm. That is, if the marginal individual in Atlantic Canada were to migrate -
to Quebec, then his utility would be’ 7.7 percent less than it would be in the home
region.” - .

The zero entries in the table show those cases i whick no incentives to migrate

to the region were created by the counterfactual experiment and so the marginal

- agent would not consider migrating there. Negative values indicate that the individ-

ual would be worse off from out-migration to the region. For each home region for
which out-migration implies a loss to the marginal individual, a case exists where
migration would result in a loss betweeh 0 and 1 percent. This suggests that, as the

theory predicts, the marginal individual is close to being indifferent between staying L

or lea:ving the home region. N :

An anomaly ih these results is tbe set of all poaxhve values for out-migration from
Qnebec Thi suggesta that the ma.rgmal individual in Quebec has an ,)ncentwe to \

migrate to any of the other regions (except Atlantic Canada). ~

Al




ESSAY II.

EQUALIZATION AND LABOUR ALLOCATION
EFFICIENCY IN CANADA

1.. INTRODUCTION

'Thu essay reports some numenca.l entxmat,es of the effects of the Canadian federal gov-
ernment s system of equalization paymenta on labour allocation efficiency in Canada.
The estimation of these effects is performed using an extended version of the Jones—
Whalley (fo:thgommg) Canadian Regional Model (CRM). The extensions involve the

modelling of labour migration ‘decision rules apnd are described in the previous essay.
The analysis concentrates on three proposals made by Boadway and Flatter’s
(1982) in their study of' the Canadian equalization system. Their first propoeition
is that labour allocation inefficencies ensted in Canada due to mgratnon mcentlm
arising from the reglonal.ly concenttated resource rents. They also propose that equa.l-
ization payments might be used to offset these migration mcenam and, as a tesult
remove the adverse effects on Canad:a.n welfare They conclude, however, that the
equalization schemes currently in place would probably not act to promote efficiency

in this manner.

Model simulatiogs performed here using 1981 data sugges't that the ;nigra.tion

iqcent;ve eﬂ'etts-?f the equalization system resulted in a welfare loss for Canada.
These losses could ontwe?gh any }ains. which arose from the income effects of the
trim.sfen. Results are also presented which show that eﬁiaency gains arise from the
migration incentives of the regionally concentrated resource rents.

Couschene (1084) 'hu doeumentec! the many arguments which have been -used
to show that: i) current equalization ;chemea need not be efficiency enhancing, and
ii)‘ that the presence of regionally concentrntedf r«eurqe'fentl need not introduce
labour allgcation inefliciencies: For the first case, Boady‘a'y and Flatters have the@-‘

.‘71 .




selves raised the two important issues of funding for the schemes and the difficulties

which arise in attempting to design a scheme which accommodates the complex multi-
;egiogal and maulti-policy st/ructure of Canada. Predictably, the treatment of Ontario,
the wealthiest region in Canada, is particularly important to both issues, and e_vidence
of this i shown in the model .resu.lts presenied here.

+ Dales (19_83) has highlighted the importance of also taking the complex ;nulti- .
dimensional structnre of Canada into consideration when -malyzing the efficiency

L]

effects of regxona.lly concentrated resource rents. The numerical general equilibrium

{(NGE) model used here captures some of thxs structure and the simulations show ‘
tha:t the effects preédicted by simple theory may not hold ma fomplex second-best
situation. Again, Ontario is very important in getermi'ning the model results.

‘The results presented in this e;say indié;;te thit labour migration which was
induced by the presence of regionally concentrated regional resourceé rents 'may have
resulted in a welfare gain for Canada. Furthermore, the migration ince'niive effects - -
of equalization may result in. a welfare Toss for Caifa.dﬂa. and, t!;us, could poténtiaﬂy
eliminate the gains arising due to the regional resource rents. This presents a scénario )

substantially different from that cotisidered by Boadway and Flatters and s:xggestn

that the interactions required by their analysis may not exist.
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2. EQUALIZATION AND LABOUR ALLOCATION EFFIC]EN cYy -

~ «

£ﬂn&d8 s first formal program of equahzahon paymen.ts was implemented in 1957
and since theq the ptogram has undergone many revisions. The importance of these

payments to Ca.na.da should be evident from the fact.that they are enshnned in the

. Canadian constitution. Subsection (2), Section 36 of Part III of the Constitution Act,

1982 states that:

Parliament and the Government of Canada a.rencom'mitted to the principle

of ma.hng equalization payments to ensure that provincial governments have

sufficient revenues to provide reasonably comparable levels of public services

at reasonably comparable levels of taxation. - ' .-

-
= -

A comprehensive hisory and evaluation of theCa.nadi‘an equalization system is con-
tained in Coutchene (1984). This essay will concentrate on the influences of the

equalization system on labour a.llocatlon eﬂicxency in Canada.

Some empirical work performed by Courchene in the early 1970 s was to provide

the motivation for the more recent analyses of the effects of the Canad1an equa.hzatlon

system on labour allocation ei’Iiciency. In this stuc}y, Courchene conc}uded that both
equalization payments and unemployment insurance transf;s did, for the period a;xl
a.lyze"'d', dampen labour out-migration erm the recipient regions. Since Courchene’s
mulymfprecedeé the energy price increases of the early 1970, no consideration was

made of the influence of resource revenues on interregional labour migration.

These results led Conrchqne to propose (see, for example, Courchene’ (1978)) what'

has now been fabelled the transfer dependency theory,_of equalization. Wntlnn the

simple neoclassical fr‘ﬁm:efﬁcton are paid their marginal products and

labour is mobile, ‘efficiency occnxl{when the muginal. productivity of labour is the .

same across all regions. Courchene argues ‘that eqxfaﬁga_tion payments to a region




may alter comprehensive income (wages, transfers, benefits from public goods) in the

region so that labour will not respond to changing wages across regions in a manner
which results in the above eﬁeienoy condition being satisfied. Labour will migrate
until comprehensive incomes across regions are equnl, but this does not necessarily
mean that wages will be equal. This argument was presented in light of the large
‘ _ transfer payments to ’certa.in regions in Canada, particularly Atlantic Canada- The )
transfer dppendency thesis suggests tha!: payments to Atlantic Canada induce labour
to remain there when pormal market forces, operating through the wage systan,\
should be luring this labour to otKer regions such as Ontario. As a result, labour
a.lloi:ation inefﬁoiencies will arise and welfare losses will o\c\gur i
While Courchene s argument is generally accepted,’ Boadway and Flatters (1982)
have proposed an alt‘ematxve scenario in wluch equalization could be used to i improve
labour allocatxon eﬂic:ency in Canada and, thereby, improve Canadian welfare. Un- - |
derlying this analysis is the en'stence of the large and uneven dzstn:utxon of natuzal ,

resourcee, p"a.rticula.rly energy, across Canada.

L3 L4

Boadway and Flaﬁers propose'tha't the comprehensive inoome 1n a region consists,
in part of ‘the diﬂ'erence between the benefits & resident receives from: .provinoial
. govemment‘acuv:t:es and the cost that the resident bears in ha.vmg these ‘activities
) performed These net fiscal beneﬁts (NFB’:) can vary across regions due to differences
in fesource-based tax collechons of the reglona.l govemmeﬂts This can indice labour
to magrate"to the l.ugher NFB reglons and répult in labour a.llocatlon‘ inefficiencies.
Boadway and Flatters@argue that equaﬁzation payments to the low NFB regions -
will oﬂ'set the incentives to ri_n'_grate to the high NEB' regions, and the‘:eby enhance’

efficiency.”

Boa.dway and Flatten present their argnment thi'ough the‘ue of a simple two- -

1 See, for ex;mple dee:@p (1982) and Winer and- Gauther {1982).

«*




‘cchenie mvolwsfers frothi the !ngh NFB region to the low NI-‘B region is shown
to eqnalwe the beneﬁts from t‘ resourte rents over the two regxons Incefitives to
. nfigrate are elunma.ted and no labcmr &amon meﬁaencxes e:mt

In analyxmg .current equahzatxon sc.hemes relative to the a.bove “rent- shanng

' aperou:h Boadway a.nd Flabters condude that problems exist for Justrfymg the gg

rent system in terms of improving labour allocatlon efﬁc:ency Atlantic Cana.da and :

Qnebec—both eneigor regions in 1981—*rece1ved the"msjor portron of the equal-
mtxon pa)‘rmentsanade in that year. However, ra.ther than having.the lngh'reqt-
collec‘hng regrons pay for equahhtxon, payments were made out of the federa.l genera.l . )
.l:evenues Smce the major contnbutxons to these-revenues came from’ federal tg.xes ‘
.the majority of the fund.mg for eqnyatxon came from 'Ontano rather than frorn
'reoource:-nch Alberia Furthermore, under the equahzatlon scheme in pla:e in 198’1
) Onta.no recéxved no eqnahzatlon Thus, while equalization may have dlscoura.ged

_la.bour ‘from- ‘migrating from At.lantxc Cpada to Albertg,\another effect m:ght ha.ve
o

beep.«to cause dxstortmg rmgratxons to or from Ontarig, also a resource-poor regon
‘e <
m iQSl ., R | .0
e

A ]
»

Conrchene (1984) has dooumented the ma.ny qnahﬁcatlons wluch ‘must be made
. 8.
< to ihe ﬁropocrtrons-that regionally coneentra.ted tesource rents will introduce labour

[

'.\ i.llocatxon 1Maenc1es a,na tha.t eqnahzatloq can.be used to enhance efficiency. Of
,".- ’ . putxculawnterest bere is Dales’ (1983) use, of the theory of the second-best to argue

tha.t .grvqn $he mulh-reqlonal and multx-pohcy atructure of Canada, the exutence' of
:- e:tku of these eﬂ'ectl is not guarantee(( Tlns argurnent' also apphea to Conrchene s
i,

fn.nefer Cependency.them Accordmg to Dales, the latter case has been pmen&d

m the ‘fomi ofa one-ﬂntorhbn model which concentraien on Ohe rednced moentxvu
thon from an equahntxon recervmg regpn .Ihe propoded eﬂiaency-

R




) : . . - . -
retarding effects of resource rents have been presented as another one-distortion model
in which incentives exist for in-mig;ation to the resource-rich régions. By putting

these two models togethes, the two distortions cartel esch other out and equalization

appears to promote eﬁaency

As Dales notes, however, introducing further distogjions a.nd regxons will wipe

.out the sunple analysis. For example, if Atlantic Canada is the equahzat]on-rccunng

region ud Alberta is the resource-rich reg'lon then a ;mple two-reglon two-distortion
model @ghf show thaf a self-financing equalization scheme is efficiency enhancing.
However, if Ontario (an energy-poor, but otherwise rich region) is introduced into the
ﬁfodel, then determining what d:storti;xg forces exist is !:xo long.cr frery easy. '

An empil;ical evaluation of the pres;:nce of the efficiency ‘effects c;f-either equaﬁ;a--
tion or regionally ‘concentrated resourcz rents should, therefore, be performed within
a detailed’ lnodel ‘of Canada. The NGE model of Cana.da used in this essay presents
a multi- regxon, mnlt;-dlstot’hon structure for such an analysls. Before the model

sunula.thns ace dncussed some previous empirical worlgin this area will be revxewed

N“‘ . ‘
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3. EMPIRICAL AN ALYSIS

AR S de

A4

Two sets of einpirical analyses have been performed which are relevant to the analysis .

performed here. The first deals with the teshng of the assumption that'fiscal factors do

.~ influence labour m:gratlon ixt Ca.nada—"n assu.mptxon which is crucial to the theones

of both Courchene and Boa.dway-Fla.tters The second set igvolves the ana.lyus of
the welfare impacts of the equalization system on Ca.nadQ. Both of these analyses
will be discussed below. A~

While many studxes have bee(n made of the non-ﬁscal forces vgch determine

internal migration, oply a few rigorous analyses 8f the relationship between fiscal

activity and interregional labour migration have been performed. One such work was -

Courchene’s 1970 regression analysis, u_pon‘which. his transfer dependency argument
was based. As discussed in the previous section, he cdncluded that both equalization

pg.y'ments and unemployment insurance transfers did, for the period analyzed, dampen
. . - -

)

labour out-migration from the recipient.zregions. .Since Courchene’s analysis preceded
the energy price increases of the early 1970’s, no consideration was made of the

influence of resource revegpes on interregional labour migration.

A more recent work by Winer and Gauthier (1982) was au:ned at updating Courch-

ene’s analysis a.nd extendmg it to cover a more complete set of fiscal v'a.rmblesr gt

‘cluding provincial governmerit resource revenues. Their empirieal analysis attempts

to detetmine what caused migration flows between pairs of regions for the period

1968-1977. This empirical ana.lylis and the subsequeat simulation exetcitu appear
to provnde evidence that both ¢yualizatien and raource revenues affect the nngratnon

decmon In one nmnlat:on Winer and. Gauthje.r attcmpt to forecast what the migra-

-

hon rates for ‘1971 to 1977, would have been 1{ resource revenues in western Cana.da

had remamed at theu' 1971 levels. ’The purpose was to appro:nmate a ntuatxon in
L 4
'wluch thf incr&‘iu in resource revenues for these years were distributéd on an equal

[ 4 : Iy
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per capita basis across Canada and, thus, wonld not introduce any h;ﬁerenm in net

~ : :
.fiscal benefits across regions. While based only on dats samples for out-migration®

from Atlantic Canada to the rest of Canada and for in-migration to Alberta and

British Celuz_nbia from the rest of Canada, the results suggest that the presence of h

resource renis may attract migrants to a region.

Anocther expenment performed by Winer and Gautl:ner involves the forecastmg of
1971-77 migration rates for the case in whn:h equalization payments were ;n:ntuned
at their 1971 level for this period. The sxmulatxons are performed for the same regiont
as in the above efcperiment and the results suggest that equalization may dampen out-
migration from resource-poor to rese‘urceurich provinces.

"While the Winer-Gauthier experiments provide evidence that resource rents may,
induce out-migration from resource poor regions and that equa.liza:tion to these regions

may dampen this outflow, they have not been accepted as definitive proof that these

forces exist. Courchene (1984), for example; advises that these Tresults be treated with

considerable caution. He notes that none of the’westward migration is attributed to .

* the product:vﬂy c.ha.nges that are-associfted thh energy price 1ncreases P\thher-

more, Winer and Ga.uth:er do not xdenhfy %ho is nngratmg, Courchene sug&ests that
if the migrants are unemployed eastern Ca.na.d:ans, then wlnle migration may occur,

it may not be inefficient.” .. ' .

.In théir analyais, Wxner and Gauthier ma.ke no attempt to determ.lne the welfa.re

impacts of the mxgxatnons mduced by ﬁsca.l factors. Two studxea of thete effects have
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.been performed: one by Watson ( 1986) ‘which is bued on partxal ethbmxm “adal-

annlyus Watson's a.nalym will“be considered i in some detail so that the featuréu of
his pa.rt ‘al eqm.hbnum approach can be compa.red to the NGE approa.c;h employed by

Whulley ‘and Trela. With the modxﬁcahonl described in essfy 1, this latter approsch
~N

~.ynl, md the other by Whalley and Trela (1986) wlnch e:‘nployu general ethbnum |




is a.bo the one used here. , o

Under the prenuse that efficiency gains arise from the :mgratxon—mt&rdmg effects
of equahntmn, Watson performs some calculations based" on the Winer-Gauthier
results in order to elhmate the actua.l size of these gains. Hu results indicate that
the overa.ll welfare ga.ln from the dxﬁerence in equa.hzahon payments between 1971

and 1977 was $1.4 nnlbon (in 31971) Fnrthemwre, he determmes that the cost-
beneﬁt ratio of these pa.yments is much greater than bnc Hls conclusion is that while
the pay-oﬂ' m. eﬁc:ency gams -from the equahzatxon gystem xs ve:y low, other gains
am:ng from the program which have not been taken mto account may, in fact show

h Y
the ‘program to be of ngmﬁca.nt benefit’to Ca.nada " " ‘.

To calculate lns results, Wa.tson chooses twenty-exght of the pairwise combinations
-of reg:ons used by Winer md Gautluer in thar simulations involving equalization
payments. The data from the Winer-Gauthier results which is used by Watson is

the chmge in the gross flow of migrants between.the. pair' of provinces which was

estimated to have result'ed from the changes in equalization between 1971 and 1977.

Of the twenty-exght cases, Watson rejécts five because of ¢ perverte resnlts in which

ple were induced to leave a. reg:on even though equa.hzatxon to the region was

 dnm theu' favour. For ea.ch remaining case, Watson estimates the income gam to the

‘ peOple who, because of the new (}977) levels of equa.hzatnon were mduced not to
rmgrate This yields his eetunate of the welfare gain to a rengn which arises from f

people net migrating.to a.nother region in response to dlﬁ'erencel in NFB: across the

‘ regions. “'To detenmne the welfare gain for Canada, Watson sums oves the effects

which were eetunated between each of the pairs.

Obhoudy Watson’s approach is nnable » capture the distorting effects described
by Dales (1983) in his discussion of the tlnrd reg:on consequences of a pohcy taxgeted
at eliminating distortions b&vveen any two _regions. That. u, Wa.uon s eshmates




»

of ‘the welfx_.re unpa.cts arismg from the iPdumee o.f equalisation on migration ;ﬂom
from Atlantic Canada to Alberta do not consider the preseace of Ontario (or any
other regions). As’a consequence, while no consideration is given to the effects of
the mignt_ic;n on the relative .inoomes in the pair of regions thl:ougl_l factors such as
wage a.dj'ust;\ents, the effects of similar adjustments in the other regions are also not

" considered.

L4

. The regional numerical general equilibrium ,(NGE) model of Canada developed
by Jones and Whalley (forthcommg) and employed by Whalley and Trela (1986)
in their analysis of the regional aspects of Confederation, can capture the above
effects, and more. For example, while Watson has no production in his analysis, the
NGE model of Canada employs a- detailed production structure. Furthermore, other

policy elements of both the federal and ;:egior_;al governments are modelled, so the

" relationship between the equalization System and these policies, in particular i'ederal

"

'~

-

and provincial resource pohaes can-be analyzed.

Another important feature of the analysis perr rmed by Watson is that the eﬂ'ects-.‘

of any mxgratlon on the non-migrating members of a region are not considered. Wat-

_ son analyszes (as did‘ Winer and Gauthier) changes in interregional migration flows,

not changes i in the stock of labour in a region. As noted earlier, Courchene 1s con-
cerned with the fact t,ha.t Winer and Gautlier do not |dent;fy the mx,grants so that if
they are, mi’act unemployed workers mxgratmg to new ]Ob!, then rmgra.txon may be
.efficient. Underlymg the Boadway—ﬁauen theoretncal analysis is a general equilib-
‘rim fra.mework inewhich hbonr is tﬁl}y employed Forcec such as equa.hzatxon and
NI&I mdnee labour to chan:Zn over regions a.nd m doing so, mtroduce labour
a.lloeahon meﬁaenuel Slml

in a NGL modelhng framev; K Full bmgoyment can be ex'phcntly specxﬁed and the
Bocdmy—l"latten moddl dan bé studied within the bounds of this special ‘case. r_

ns af this type of xnteract:on can be best e;ptured




A NGE modelling approa& also presents a solid economic structure for the mod-
ellin.g of labour migration and the migration decision process. While many aunthors
admit that nogepecuniary migration costs should be modelled as playing a role in the

mxgnhon decision process,? they usually then argue that if these costs are‘entered

into the analyann some monetary form the ana.lyns will not be changed substantially

by thetr presence. Smce thejutility functions are exphatly specified in a NGE model

these non-pecunjary migration costs can be dnectly incorporated. The modelling of °

= location specific preferences is a feature of the Ca.na.d.ian regional model (CRM) which .
differentiates it from other modelhng exercises. .

The issues and problems assoaated with the implementation of labour migration ‘

and the migration decision process into a NGE model are described in essay I of this

thesis.

’ i 8
.
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~ -4, MODEL SIMULATIONS ) .

This section describes zhg‘ results from simulations used to address'the three issues
raised by Boadway and Fiatters (1982) in their study of the Canadian equalisation
system. Recalljheise issues from the introduction to this essay. The first involves the
Boadway-Flatters groposition that labour allocation ineﬁci:encies exist in Canada
* due to migrations induced by NFBs arising from the local ta:xation of regionally con-
centrated resources. The second involves the proposition that equa].izat:xon payments
- might be used to offset these incentives a.nd,\u‘ a: result, remove the inefficiencies. The .
. last issue involves the Boadway-Flattérs ;zroposition that the equalization schemes
which were in.p!ace at the time would probably not act to promote eﬁcicncy:
The si;nulatio'n_s are performed using the model described in the first essay of this
thesis.‘ As in the simu.lations presented tl;ere,o two s;ts of results are presented for
each simulation. The First set are Hicksian equivalent variations (EV’s) in millions
6?’1981 doilars and give the income equivalent of the welfare effect en each region
of the particulap policy experiment under consideration. The second set shows the
-. net migrations for the regions which result from the policy cﬁaqgc. These values give’
total labour inflow from other regions minus the ontﬂéw from the region and ate

in millions of the Benchmark labour units descnbcd in the previous essay. A more

" detailed description of the presentahon and mterpretatlT of the model results hu

¢
already been glven 1n the prévxous essay. S ‘ ' ' -

A »

. Current Eq;z‘ﬁon Schemes

-

The third issue dc!cﬂbed above will be dealt ‘with ﬁrst that is, the effects of
the equalization scheme which is in place will be a.nalyzed The nmulatxom shown

}n Tab?e\\\v:Ae same as those in Table 2 of the prevpul euay Thcy involve.
the replaoement of t?e fedetal equalization-payments’to ~th¢./-. regions by, an equal rate




federal subsidy on final demands by all regions Which is desigied to maintain federal
government real expenditures at tl:_&enchm&rk level. This change is perfor:;led over
a range of migration elasticity values—fromr 0.01 to 0.5. The choice of these values is
discuised in essay I of this thesis. |

_In case 1, repl:&ng the equalization system results in large welfare losses for the ’
major recipi_ents-——Atlantic Canada, Quebec and Manitoba/Saskatchewan—while the
" other ;zegions gain. Ontario gains the most from this policy change. While the large
losses can be explained by the income effects of removing the equalization payments,

>

the gains arise from the subsidy on final demand.

Due to the very fnela:stic ;ralue for the migration elasticity parameter, net mi-
gration flows are relatively small for this case. A comparison of the migration flows
to the welfare effects revéals the intuitive. ren;xlt that the losing regions experience
outﬂows whﬂe’the gainers have inflows. Cases 2 to 4 of Table 1 1nvolve migration
elutnc:tlea of increasing value. Both net inflows and net dutflows increasé over the
cases. Intuitively, a n.et outflow of labour from a region 3 ‘$hould result in an increase
n the region’s wage rate and, as a con.seq{xence, a smaller walfare loss t'haxi in the
case where no migration is allowed. Regions experiencing a. net inflow should have a .
dtog in the’ wage rate and, consequently, a sma.ller welfare gain. A comparison of the
‘lue results over the four cases mpports this mtumon

. While the results indidate that the equahzatlon-recenngg regions gain through the
income eﬂ'ects of these transfers, these gains are reduoed as the da.mpemng effect of

ei;ua.hntlon om out- xmgrat:on is mcrea.sed Howevwer, as is s discussed in the previous:
essay, actua.l labour n:ugraﬁon does not increase -‘proportjonally to lncrea;es in the
nngntaon elasticities. The reason for thu is thzt when the net outﬂow &om alow -
ntxlxty region and the net mﬂow tos lngh uhhty region are both a.llowed to mcreue,

o the wage Merentml betweed the two reponl mll' decrease even mosge ané therefore,




TABLE 1. Replace Federal Equaiiution Payments with a Subsidy
. on Final Demand Designed to Maintain Real Federal
Expenditures Constant }

Q Case 1 Case 2 Case 3 Case 4

Hiclssian EV’s , _ :

($ millions 1981) c
Atlantic Canada - = (1810 -1283.,  -1252 -1086
Quebec : T -1357 (1306 -1249 -680
Ontario ~ ‘ 1760 1711 1657 | 1387

~ "Manitoba/Saskatchewan -179 -171 -162 -122
Alberta © 479 464 449 375 -

® British Columbia © 556 . 547 536 . 471

“Total .28 .17 -5 48

Net Labour Migration

+ indicates inflow) 3: N /

Atlantic Canada. - RS U 46 :88 -324
Quebec o t-16 - -5 -140 -457
Ontario - 17 - 79 148 496
Manitoba/Saskatchewan _ » -2 9 a7 .54
Alberta . 8 . 28 51 . 164
British Columbia ~ 5 24 . 48 175

Case 1: ‘Migration elasticities equal to 0.01 for all regions.
Casé 2: Migration elasticities eqnal to 0.05 for all tegions.
Case 3: Migration-elasticities equal to 0.10 for all regions.

Case 4: Migration elasticities equal to 0.50 for alregions.
QL N




dampen the possible migration response. Thu suggests that the ga.ms shoulgd still

exist for the-major recipients even if labour’s responsiveness to changes in income is
very high. 3 " gy

The gains listed in Table 1 arise due to the equal yield replugment in the policy

ebange. This equal rate subsidy. on final demand for all goods yields the highest
benefits to the hjghgr income regions. Since equalization ii funded from general tax
revenues and since t.he personal income tax is the greatest source of these revenues,
tys replacement rule should give a gc':od_ approximation of the funding costs to the
_ regjons. The results in Table 1 indicate ‘th@t the greater are the migration reta.rd.ing_
effects of equalization, the lower a.re the welfare costs to the non-recipient regions
from funding .the prog;am. ‘ . ‘ .

\}Vhﬂe‘t'l;e total welfare effects for Canada in cases L, 2, and 3 show that Canada
benefits from equalization, these gains decrease as the migration possibilities are
increased. Furthermore, Canada.‘loses under the relatively large net miérations of case
4. The&e results indicate that the migratioxi retarding- effects of equalization might
result in oyera.[l welfare losses to Canada. This suggests that t‘he current schgme may
contribute to lal;our allocation in.eﬂiciencies in Canada.

W]nlc the ruults presented here are qualitatively compara.ble to those from a
nmﬂa.r set of modcllmg nmula.tnons performed by Whalley and Trela (1986), they
are quantitatively different.® As discussed in the previous essay, lhe. more detailed

decision rule whi.ch is employed here results in changes in 'cqualizati;)n havin.g a sxznailer
' influence on the decision to migrate. Coﬁsequently,. the aggregate Capiadian welfare:

gains shown here are less than one-half of thoce in the oompa.rable Whalleyc-Trela
wa, while the louec aré more than double. W.lnle Wha.lley and Trela conclide from
theu results that equahutlon could eanly be a welfare-losing program on eﬂicxéncy o

3 The Wha.lley—’h'ela relnltl are precentgd in Table 4 in the previous euay
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‘ expenences the largest ipflow, nearly three times that of Alberta.

grounds, the results preeented here suggest that this statement is too sthong.

Table 2 presents a set bf simulations which are also similaz to a let p;rforﬁ;ed by -
Whalley and Trela.* The goal of these simulations is to analyse the m.igrat_ibn\eﬁ'ects
of equalization witlfout the large income transfer effects present. In the experiments
performed here, a.ctu'a.l transfers are not altered l;nt the in@umm of equa.lizatioxi
payments on labour's g;u;g;'ation decision process are removed. That.is, a counterfac-
tual equilibrium is deterr;zined where the only model difference from the benchmark
case is th'e'removal of equalization payments from the calculation of the utilit_y levels -

used in the migration decision process. The four elasticity cases considered are the

" same s those in Table 1.

For a.ll tases, the qua.hta.hve gattem of gains and }osseg is the same as that

-~

) ‘of Table 1 'Migration patterns are also the same, and as m:gratxon possibilities are

* wincreased both the welfare and migration effects are amphﬁed. ‘Consider case 1, where

migrfatioﬂ elasticities are 0.01 for every region. Removal of the migration incentives

(or disincentives) of equa.ljzation causes labour from the three major: equalization-

tece:nng regxons to migrate to Ontano, Alberta and British Columbia. Ontano

.
-

"The, individuai wel.fare effects reflect th_e changes in wage rates'in the regions as
labour miérates. Quebec, with the largest eutﬂow, has the largest welfare gain, while
Ontario, with the largeet i'nﬂow, has the la.rgeet loss. For casell, the total welfare
result indicates that Canada shows ae overa,}i gain from the removal of the migration
ince;ttivhe of the federal equalization program? This suggests that the aggregate effect
of the.migra.tien ix'xcenj.'ives of the current C&n' jan equaliza.tié.u"lcheme is a reduc-
tion"in labour allocation eﬁicien‘cy and, subsequently, a welfare l_ou. As migration

i)ouifiiliﬁes are increased (cases 2 to 4), the incfficiency-is increased. This accounts

-

4 See Table §-15 in Whalley and Trela




TABLE 2. Removal of Equalisation from the Calculdtion of Util‘ity
Levels Used in Migration Decision Process; Actual
Equahutxon Payments Unchanged

Case 1 Case2 Case 3 \Case4

Hicksian EV’s )
—({ millions 1981) X )
Atlantic Canada ) 5 21 40" H3
' Quebec” ke 1 39 72 232-
‘ _ Ontario  ° L -12 . -4l -76 - -251
‘:‘- - . 'Ma.n.itoba./ Saskatchewan 2 7 P12 40
Alberta 3 12 21 .67
Ry British Columbia -1 -6 -12 -52
.Total : 1 6 ‘ 11 31

Net Labour-Migration
( + indicates inflow) .
Atlantic Canada ‘ 7 =32 -60 _-220

~ Quebec -10 . -4T -87 -283
Ontario, - 5 " 99 331

Mamtoba/ Saskatchewan ".1 T -12 -40

B Albeta - 4 18 3 - 103

British Columbia 3 14 28 109

Case 1: ngra.t.xon elastmtxes equal to 0.01 for all regxons.
Case 2: Migration cletlahes equal to 0.05 for all regions.
,  Case 3: Migration ejasticities equal to 0.10 for all regions.

Case 4: Migration elastic..ies equal to 0.50 for all regions.

L]
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- for the decreaghg aggrégate welfare 8'1;; from equalization which are seen in\he

Table 1 results, |

f
What do the Table 2 results suggest about the effects of current equalization ot

labour allocation efficiency in -Ca.na:'dai? While inefficiencies mfght be reduced by the
dampening of mcentlves to migrate to Alberta, a much larger effect on migration’to
Ontario _may'f:e resulting in even bigger inefficiencies and thus a national welfare loss.
Transfer dependency might be used to explain the effects of equalization on migratign
to Ontario. - : .

The aboW¥® observations-are s:mxhr to those made by Whalley and Tela. As in

the malysls of Table 1, the migration effects reported ‘here are smaller than those
reported by Wha.llcy ﬁ’frela. The results are, however, quahtatwely the same.

Reéource Rents_- ' L, _ > '

In this section, the first and second.issues discus:;cd-above vnll be addressed. What

are the effects of Canada’s largenand regionally concentrated energy rents on labour

: : .
allocation efficiency in Canada? And does equalization reduce migration incentives

arising from these rents? Resul_{t:.; reported in Table 3 present some evidence which

can be used to address these questions.

Case 1 reproduces case 3 of Table 2 and is inclqded. for' comparison. The mig\ration_
elasticity for this case is O,I.Ta.ifd is 'used for all the dases reported in this ta.bl;. The
choice of thiu particular value 1s b;sed dn the results of Table 1. For case 3 where

1 =01, the overall eﬂ'ect)n Canada of the equalization system r&reported to be

L 4
approximately neutral. This neutrality should allow the effects of the resource rents

-

. 1o be better lnghhghted - . . .

S

Case 2 of 'fable 3 repo* the results’ fxom an experiment deslgned to nmuhte

the Iabour flows mdnced“by’the :mgratxzmcenhm of the energy reats in Cana.dp

. . N [
- 7. . . - a . hd

~
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) '~ TABLE 3. Simulation of the Direct Incentive Effects of Reghonally-.
. Concentrat -Resource-Rents on habour Mobility in Genada;
' ~Actual Policy Unchanged =~ ,
‘ = Case 1 Case 2 Case 3 .
= Hisb:in EV’s
P . (8 millions 1981) . \ >
Atlantic Canada . 40 13 -0.5 .
Quebec ' 72 55 0.4 Ve
. Ontario _ .76 . 321 .19 '
. "Manitoba/Saskatchewan 12 -10 -0.4°
.. . Alberta : -21 -305 - ‘1.5
- British Columbia -12 66 0.7
« Total 11 147 0.5 _
, Net Labour Migration - -
A ( + indicates inflow) . g
Atlantic Canada 60 20 05
" Quebec - : -87 -57 .0.3
Ontarnio ) 99 -307 -14
Manitoba/Saskatchewan -12 22 0.4
. Alberta N 33 377 1.3
" British Columbia .28 -16 , -0
Case 1:. See case 3, Table 2. ) * o

Case 2: Benchmark calibration excludes regional resource rents feom the migration
decision process. Policy change involves the introduction of these effects.

Case 3: As in case 2, except migration incentives of resource rents are introduced on
' an equal ‘per capita basis. S~ '

~
-



As discussed F the previous essay, the method of oomparatxve mhcs analyiis mor-
mally used with this model cannot be employed to a.ccun‘te!y simulate migration
flows which have already occurred. Under the assumption thxf regional energ; rents
have resulted in such flows, the alter;:a'tivp approach described in the previous eesay )
has been used for the case 2 simulation. That is, in the beochmark the parameters
for the migratiop decision functions®are cé.lib-rated for the case where rogional energy
" rents are not considered in an individual’s eigration decisi:ﬂ’pro.oess. An individual’s
income from a region’s energy rents is the same as it would be in case.l because the
actua] redistribution of the energy rents to individuals in a region is unaltered. The

countérfactual analysis inhvolves the situation where, given the benchmark migration

fanctions, individuals now do consider regional energy rentsu; the migration decision
process. Again, the “policy” change does not involve an actual change in an indi-
vidual’s aha.re of energy rents. The resulting migration flows therefore simulate the

direct moentxve effects of the regional energy rents on labour mobxhty in. Cana.da.

[N

The migratibn results for case 2 suggest that Alberta experienced a Ia.rge net
inflow due to energy royalties, while each of the other-regions had a net outflow. The
largest outflow occurred from Oitario and, in the simulation here, this flow is over r
.ﬁve times larger than the next\blggest outflow, that from Quebec.

Tlns suggests that the migration incentives due to energy royalties in Canada.
were la.rgest between Ontario and Alberta. The welfare eﬂ'ects reported for this case
-reﬂect the pattern of wage adjustments cansed by these migrations. Alberta shows
a large loss, while Mamtoba/Suhtchcwm shows a small loss. All other regxon:,
including Atl;nt\'c Canada and Quebec, gain. Note that Ontario’s gain is larger than.
Alberta’s loss and that Canada shows a relatively Iarge welfare gain overall. This
suggests. that the nhgratxon incentive component of the reponu.l enérgy roynltnqm
Canada may have mduoed a_seallocation of labour which, wlulc gausing a luge foss

-
—




. for Alberh,mwelfaremproﬂngforCmda. _

Thid presents a soenano which is substantially d:lﬁ'erent from that considered by
B<?advay and Flatters. - What then do cases 1 and 2 imply about the relationship
befwee.n the 1981 equalization system @d the migration incentives of energy royal-.
ties? Recall that the two"scts of results are based on different ‘benc.h.mark- equilibria,
so caution mnst, be taken in making any comparison. However, assume that the -
equai.i_zation scheme does reduce migration to Alberta &om the éq;z;aﬁ‘uti;n-recdﬁng ‘
regions. S"mce this policy is in place for the simulation in cue 2, this implies that
equahntxon may be retardmg the migration to Alberta which is mdnoed by energy
royalties a.nd consequently, decreasmg the possible gains to Ca.na.da -
" As chscusscd in an earlier scchon Boadway and Flatter: showed in their a.nalysls
‘that the optimal scheme for removing the migsation incentive effects of the regionally
concentrated resource rents could be one involving a revenue-sharing pool: ,To simu-
late‘ such an equalization scheme here, an experiment Lke that of case 2 y performed

, : » Co .
but the migration incentive effects of the resource rents are introduéed on an equal

per capita basis for all labour in Canada. The results from this experime'nt are shown

in case 3 of Table 3.

"fhe migration ﬁt;ws for-this case are very small relative to those in cases l‘apd 2.
Consequently, the welfare effects arising from wage adjustments are very small. The
total effect for Canada is a gain of $0.5 million. In light of th; case 2 results, these
results are not surprising. If, as case 2 lhows; -the migration inccliitivg effects of the
resource remts ?ield a large gain for Canada, then red?dng these migra.tion incentives ]
should rednc; the gain. If, in fact, the migration inoen{iv.u'of r'eoource rents act as

) »
in case 2, then an equalization scheme designed to remove these xmgra.uon incentives

" might not be denrabl\ : 7




5. SUMMARY AND CONCLUSIQNS * _ }

_ The results of the previous section can be summarised as follows: .

. R LR Y . .

' 1. The major impact of the equalisation system in 1981 arises from the direct incpme

effects of the transfer mecha.nism The relatively lower income regions, in par-
: .7 ticular Atlantic Canada and Quebec experience large gains, while the xela.txvely

’

high income regions Tose.

— )

The Imgntxon disincenfive eﬁ'ects of equalization appear to dampen any of the
above gains or losses to the reg:ons The greater are.the migration retarding effects
of equaligitiorn, the smaller are the welfa.re costs to the non-reapxent reg:ons and’

the smaller are the gains to the eqna.hzat:on receiving reglons

r . . L] . 3 QA . N
f 2. The overall gain to Canada froin the direct income effects of equalization appears
. . 4 : , F
- .to be small. Canada appears to lose from the migra&ion disincentive effects of

equa.hzatlon, wlnch sugabsts that these eﬂ'ects contnbuted to labour allocation

' meﬁaency in Cana a. The larger are these effects, fhe larger is the loss. - This

- -

loss can outweigh any gains arising from income effects and suggests that the .

-

S 'equa.hzatxon system in-1981 may ha.ve been a welfa{e losing policy for Canada

-

overall. ‘ - ) R ,
‘ . l“lhoté, though, that these losses are ngf large even for the’cases where migration
BN pouibilitie; are gauite large. Not'; too, howpve::, that administration costs of the
. e .prog'r&in have not been, ta:kcn"it‘nto‘.account. ) ] -
. s ] : . A - -

3. Labour migration induced by regiénallresonrce rents may have resulted in a wel-
. e farg gain for Ca'.nsda While Alberta loses due to labour in-migra'tion, the gains

* tothe rent of Cmada &o!n ont-mlgntlon more than oﬂ'let this loss. This presents
‘. a lcenno lub-tanhally dxffemt from that congdered by Boadwa9 and Flatters

Y . - . R .




_the argument by Dales that the mukx -region consequences of equa.hza.txon must

| ethbnum approach - - A ) s

" and, as a)comequenee, the mteétxom requed by their analysis w not exist.
In the results here, if equalisation does, in fact, retard out»nngratxon &om ‘equal-

igation receiving regions, then it may be reducing the gains to Canada which could -
arise under the migration incentives of the regional resource rents. Furthermore,
an equalization scheq;e involvin:g a revenue-sharing pool aimed at removing the

migration incentives of resource rents would remove these gais almost completely.

For most of the cases yeported here, the migration and welfare results for On-
tario were amongst the largest. In most cases, these pla}ed a prominent role

in determining the overa.ll ‘consequences of a policy for Cana,da Tl.us reinforces - ¥

always be considered and, of course, emplfasizes the importance of the general
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' CUSTOMS UNION FORMATION
" AND INTRA-UNION TARIFFS ‘-

1. INTRODUCTION

- »

_The idea that a customs union is not necesuﬁly l“\ireto—stipe:ior for a1l members goes
‘ beck at least as far as .jfohnac_m (1958), when he lﬁbwed that free trade need not make
ail neﬁom better off releiive to some tariff restricted situation. Much of the recent
customs union hten.ture has dealt mth determm:ng the conditions (for aa.mple,
relagive daﬂ'erences in conntry mses) dnder which a conatry might gain from j Jounng
'a customs 1 nmbn Wooton (1956) pments an a.na.lyns wlnch- embodies much of this
work. But pre-datmg much of thxs stream of analysis was the proposition of Kemp -
end:Wen (19Y6). They showed that if tra.nsfers could be made between countries, | then .

a customs union solutm (deﬁned by a set of comgpon external tariffs and a system of
p-mm transfers) would exist which would make all members better off relative to

a non-eooperatxve ltete* hermore, they showed thet a soluhon would e\n/st which

would make eﬁlargmg the union_better for all members, 80 a set of transfers ‘qust

éxist whlch makes all countnes better ofE under oomplete free trade.

-
. .

McMillan. (19'86) preeents two argdments, gp explem why free trade might be
reeched in the Kemp and Wan model, but not in the real world. First, tariffs ‘are
not set in any aggfeuive or reteha.tory way in the model Howevet, as the apanchng
nmon‘becomes bngger it should be gumn&mcreued. market power nela.hve to She rest

of the world i hu analyiis of reta.lmtory optunal (Nuh ethbnnn'r) taniff rates,

"+ Johnson (1958) g}ye- two-country exa.mplq 1o whch a country vnth ma.rket 'power

can nn_poce tariffs’ wlneh meke nt bettex oﬁ' then nnder a free trade lolnhon Kennen

and Rlelm:n (1982) heve extended Jghneon s enelyns to the three-oountry case aid o
hlh shm thet s nmon vnth lnch power c&n unpooe optimal external hnﬁa which -




‘-. = _',«:(‘ - --r \; . » % '“ ! S N : “'
"""" . ] o - .
* would make member-countries better off and would stop further progressic®®o a final
) free trade solution. ; -

) -

The second argmnent presented by McMillan deals vnth the fact that intra-union
lump-sum tnnsiara may be needed Theoe may not be pohtacally feasible and even
if they can be implemented, tnnsfer agreements must be enforceable or the u.mc.on
may break down. However, Dixit and Norman (1986) have presented a model in_
which commodity tnxes\nd mbnd:es are used to dutnbute a nation’s gauu from

trade amongst its consumers so that freer trade could be a Pareto lmprovement This
xdea am.be extended to the distribution of gains from customp union forma.hon of -
course, wluI‘e individual natlons would have to coordinate their taxation to achleve s”

- . this result, this does present a redistribution scheme wh:ch rmght be more pglitically '
acceptable to the members of a customs union. - ) -

L ' A customs union ensts when two or morg countnes remove barriers to trade
between. themselvu and impose a common set of resrictions on trade with the rest
N of the world. In this Asgy, the {:»le of nang non-gero intra-union tariffs as a means

of redlstnbntmg union gains is dnalysed. But rather than followmg the Kemp a.nd .

Wan (1976) model where the union external tariffs are set in a passive way, the union

and ghe non-member nations will adopt Nash egmhbnum .tmﬂ's. Thus, while world-

- wide iree trade may not be ach.ieve;i, the sitpatios ﬁder which pogitive intra-union
. Ta,nﬂs can make union membershiﬁ be;:om'e Pareto superior will be explo‘r’ed
This essay employ! numencal umn.lahom to mvemgate the role of non-zero trade
barriers in the'formahon of customs unions. A pnre excha.nge model mvohnng 3 coun- ’ B
. ' tries arrd 3 goods is nled for the analysis. Non‘a‘operatxva stra.tepes are characterised
| by Nash retaliatory tariffs and, due to the the modelled capability for cmtoms union .

formaiion, a mixture of cooperative and non-cooperative Qrateglu can occur in an

-
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The moddhng of Nash retahatory tariffs is based on Johpson’s (1958) work on

optunal tariffs 'and retahiation. Since the modd is an extennon of Joluuons 2x2

analyns to-a higher dxmumonal case, his obmvat:ons on the possible guns from
coopent:ve and non—oooperat:ve trading stntegxes can be conndeted for the cue of

3 customs union formatlon For the simple exammples examined here, these obaervat:ons

' a.ppea.r to bold. - ! .- -

\’-‘\— Results presented here suggest that the presence of non-zero intra-union tar-

1&'3 may reduce the gains which can arise from union formation. More importaatly.

though, these tariffs can alter the strategic options available to the trading nations.
r

"Non-gero intra-union tariffs can allow a union to be the optimal strategy for all its

members, whereas in the intra-union free trade case the union is an inferior strat-

egy for some. Details of the possible consequences of alternative intra-union tariff -

specifications are explored. .
.Sy, <

*
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2. COOPE_}RATIVE/NON-COOPERATIVE TRADING STRATEGIES ‘
AND CUSTOMS UNION MODELLING

- -

[

As stated in the intro;uction, Johnson’s (1958) work on optimal tariffs and retalia-
tion forms the groundwork for thg modelling here. Johnson’s analysis is an attempt
ta demonstrate that a country may gain from a_retaliatory tarif—f war, and to de-
termine the conditions under whi.ch this may happen? For a two country, two good
pure exchange m;)_del, Johnson diagram::pa.tica.lly shows that in the Nash-equilibrium
characterization of retaliatory optimal tariff warfare, one country maylga.in over free
trade. He then attempts to describe the oond:itio;u underlying the occurrenee of any

such equilibrium; in particular, he attempts to determine the relationship between

a country’s preferences and the probabili;cy_ffﬁat the country will gain from tanff -.
L)

warfare < T

Confronted with. the difficulties of performing this task analytically, Johnson in- |
stead performs some simple numerical expenments mvolvmg constant ela.st:city offer
curves. He derives some insight into the possxblhty of gains from retabatory tar-
iff warfare for cases mvolvmg different relative import demand elutxatles betw;en
countries. For lns simple two country model, Johnson observes that the probability
- of a country gaining from retaliatory tariff warfare is greg.ter the higher is its import |
dema.:d elasticity (IDE) relative to the foreign elasticity.

Johnson also shows how the size of a country’s optimal tariff can-be'related ‘to
the various elasticities ynderlying the foreign offer curve'. If the exports of fhe home
~country are denoted by X and the in;portt from the foreign tountry ;s Y, then the
elasticity of the foreign offer curve, o/, is given by o

, Ydx

Xdy’

=




.

Johnson shows that the home country’s optimal tariff rate is given by

*
.

1 : .

B

whete 72 is the foreign country’s impol:t demand elasticity. One implication of this

‘t' =¢rf—1_=

formula is that the higher is the import demand elasticity.of the foreign country, the

smaller is' the home country’s optimal tariff against imports from it. Note that this

formula is derived for a very simple case and as Johnson shows,! quickly becomes

. more complicated as this casq\s expanded upon. However, an attempt will bé made

. .

to relate the results presented here to this formula.
' Ham'i,lton and Whalley (1983) extend Jolmson’s analysis by performing numerical’

simulations of optimal tariff retaliation for a 2x2 model involving a more extensive

: . . ! - . .- . . *
" set of parametérs. These include non-constant 1;nport demand elasticities, production

posﬁbilities, variable country size, and variable endowment mix for each country. For

- Various configurations of these parameters,-Hamilton and Whalley. report the ga.ins

and losses relatxve to free trade which arise from a retaliatory tanff war between the

two countries. th a set of xmport demand elastxcxty specificatdns they compare their

‘results to Johnson’s and, in general, agree with his observatlons. .

-

Kennan and R.xezma.n (1982) have developed a numerical modelling procedure

which mvolves optu:nal tanff reta.hatxon and is an extension of Johnson’s a.nalysxs to

the 3x3 case. ‘The’ representative consumer has preferences which are described by a

¢

lirear expendxture system and endowments are fixed in.the exchange-only economy

The sunpl:at.y of the model allows country utilities and Nash equilibtium ta.nffs to be"

solved for explicitly. For altematwe specxﬁcatxom of endowment shu'es and preference_

weights, model solutions are ca.lcula.ted for the cases of free tmde, full retalxntory

tariff warfare, and various cooperative stretegu. In analyzing the results relative

! Pages 59-61 in Johnson (1958).
c

\ <
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to thg 'para.n'féta- set.tings, Kennan aad- Riesman suggest somc.motivatic;}s" for why
countries would form cqs)toms-unions. Most importantly, they show how a customs
nnicm‘c'xn be'formed. as a defensive response to aggressive, non-cooperative tr'a.c_iing
,beha\‘rionr on the put of other countries. Results from.the model employed here
¢ . present an extension to thi¢ argumént. This is discussed la;er when the model results
are _d/escribed. : ‘ .

.* The simulations performp& by Kennan and Riézman involve no explicit analysis

. o of alternative trade elasticity regimes. As mentioned in the introduction, a goal of
| t‘];e analysis here is to consider customs uniqn fbrga.tiog in light of J‘ohnson’s observa-
tions ;n the rclationshipl:e}we::n relative IDE’s and the gains from cooperative/non-
cooperative strategies. As a resuli, the mode]ling procedure developed here is based

on the structure df.the Hamilton and Whalley model-, and carries most of the richer’

demand-side parameter set used by them to the 3x3 case.

. © " In Johnson’s 2x2 analysis of the probability of gains from a retaliatory tariff
war, the concept gf rela.tiv;: import demand elasticities which is employeci can be
interpreted as representing relative bargaining strengths in trade. A relatively higher
IDE implies relatively hjéher total su.bstitution possibilities in the country’s demand

" and supply of traded gbods. For the low IDE country, relatively lower substitution
possibilities are implied &.{ld 80 trade is relatively more importaat to this country. In
a retaliatory tariff war s't'a;ting from the free trade position, a lower IDE country will
not be able to ithprove its tc:.rms of tradk and, in fact, these may be worsened by the
opti‘mal tariffs imposed by the other countgry. The higher IDE couxit_ry has, in effect,

p great'—e'r tr.ading (terms-of-trade) power due t& the relatively greater ithportance of

trade to the l‘ow‘rer- IDE country. - - , e
In the model used here, the /higher dimensionality combined with the number M

available parameters makes the specification of relative trading power rather a.rbitrnrj :

-

100

-
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As will be scen later, the relative size of éendowments or the relative size of share

we;ghts on imported gooda in the CES utzhty functxons cou.ld ea.r.h, be used to specify’
trad.mg power. Following Johnson'’s a.na.lysu, the moddlmg pro_eednre -and data. are
structured 80 that the spedfication of import demand cla.stlc:txes represents (and

determines) the relative trading power- of the countnes W]nle ‘allowing Johnson’s

-—

insights on the gains from retal\atory tariff war to be e.xtendeﬂ to the three country

case and to the formatiorr of customs unions, parameter specifications which yield a
“strict and clear division of the ga.iﬁs and lossés in A simulation will, more ifhportantly,
.also allow the :{:tima.l strategy for any cp{intry to be easily identified. This aids in

the stn&y‘ of the possible consgquency?customs union formation.

The foll;owing sections, théreforé de:cribc_ a mode] and dat'a‘speciﬁcation whjch
while restnctmg the gencra.hty of a.ny extcnslon of Johnson’s analysis, yields a we]I-
behaved case under wluchrto study customs union h;ma.txon with non-zero mtra.—umon
tariffs. While the results p;esented in this study are also not general, they do present

. , b .
some interesting insights into the possible effects'and uses of intra-union barriers in

a customs union.

N

A common criticism' of the use of these simple models ihvolving stylized data.

\

is )ust that: they are simple and involve stylized data Many Iarge-sca.le numerical

gene;tl equilibrium models have been dcve‘oped for the analysis of international trade

~ ._‘._..—-

issues,? aq why can't they be cxtended to the a.na.lysm of customs union formation?

Two rccent papers have made advances in This area. The modelhng approaches of

these will be conndcred briefly and compared to the model u‘scd here. -

Markusen and Wigle (lﬁ—s-fi'einploy an extended version of Whalley’s (1985)
dght—blog inodel of %vorld trade in their analysis. With it, they consider the role

z See the Shoven and Wha.lley (1984) survey of the use of these madels to analyze
trade and public financed issues.

Pl




of country sise, scale .gm'mse.,‘ a’nd capital mobiljty in determining the Nash-

* '~ equilibrium tariff rates for Canada and the U.S. The model is repeatedly solved over a
" .. grid of Canada-USS. pacif rates. The resulting sets of welfare effects for Cands 2ad
the U S.. . are compared and the Nath ethbnum is determined. Protectxon levels in

a.ll othet countres are maintained at ther currently modelled levels, as are the Cana-
sdian and U.Ssrates an u:npbrts &om these countries. Fnrthermore adjustment of the
o prbtectxon levels in Cana.da and the U.S. involves only a proportional scaling of levels
: on{;ll traded gads. Thus, tanfissin a country are changed in a non-discriminatory
fa!iﬁgn. . ‘ ‘

s

'/I. Maearkusen and Wigle argue that the solution pf the model for a full retaliatory-.

Ly

.Nash, tariff tqujhbﬁum involving all countries and using discriminatory optimal im-‘
port tariffs would be beyond computational constraints. In their a.na_ﬂysis then, this
capability, and the abiiity to_m.a.ke a detailed analysis §f alternative cooperative/non-
coogerative-strate.gies, have been trade& for the ability to employ a detailed data
let"u;d a rich structure of fdnctional.forms and policies. The modelling here, mean-
whﬂé, makes the opposite trade-?;ﬂ': while data and functional form are simple, a
more detailed analy;sis of strategic trading behaviour i8 possible. Import tariffs v.vh.ich
are ducnmmatory across both secjors and countries can be used to determme a
Nuh optimal tarff ethbnum involving full reta.hahon among all countries. More
importantly though, ethbna can’be calcula.ted for a n?tture of cooperahve and )

<

, non-cooperative lkatqgles

Rarrison md. Rutstrom (1986) have lmplemented a modelhng approach whxch_

should }.llow for the use of luge-scale numerical models in the study of Nash retalia- .

tory ethbna and other equilibria whxch are potentially very computat:ona.lly inten-
sive. For a given numlncal ‘general ethbnum model, say the Whalley eight-bloc

- model, repeated lolntlons would be calculated over a grid of values for all protection
’ . " _ .
‘ ~
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~levels'on all goods in all regions. Harrison and Rutstrém can then apply their com-
putationxl procedure to the data from thae‘solutiom in order to determine the ‘Nuh
equilibria present. This approach can be applied to models involving a wide n.nge of
policy instruments and a.llows multiple Nash-equilibrium solutxons to be determmui
for non-cooperative games. Harnson and Rutstrom suggest that cooperative strate-
gies such as customs unions might also be accou;modated in the modelling. However,
no work on th.ls aspect has been reported yet . (

As will be seen, the modelling of Nash-retaliatory opum(a.l tariffs for the 3x3
case has bccn complicated. An extension of the Harrison/Rutstrom apptoa.ch to
include cooperative strategies would create a solution procedure which would allow
the simulations done here to be much more easily performed. Furthermpre, not
only could the model structurd and data be enhanced, but a higher dimensional
model could be used and customs unions involving more than two @emben (and

e - even multiple customs unions)_could be analyzed. Such a model would allow an
© analysis.of the generality of the basic findings made here concerning customs unions

and intra-union tariffs. . ‘




3. THE MODEL

-

In moving from 8 2x2 to a 3x3 analysis, the possibility of numerous diifere:-tt trad-
ing patterns beco issue which must be considered. Furthermore, the pre- and
post-union pattern and direction of trade should ideally be determi’ned as part of
the equilibrium solution. -Lloyd (1982) shows how different fixed- p'mem assumptions
lead to different analytxca.l results for models of small ta.nﬂ' change. The problem is

further aggra.va.ted here by the fact that customs union formatxon is being considered

under large tariff changes. If two countries open free trade between themselves while
erecting joint barriers against trade from the rest of the world, some change in pro-
duction patterns accompanied hy a new pattern of trade befween the partners should
occn;. This brings out another aspect of‘t.he modelling: it should involve production

responses.

As noted in the previous section, model tractability requires that some trade-off be

. made between the degree of model detail and the abiliéy to analyze strategic trading'
.behaviour. For this reason, the fixed pattern of trade described below and the pure
exchange economy formulation, for which some further justification is given later, are

assumed\for the modelling done here. ,However, wixile this specification allows only

specific cases to be conmdered insights can stxll be gained into the cu-cumsta.nces

under wh;ch gains from union formatxon occur. Johnson s annlysu provxdes some

direction for ihe 3x3 cuu to be ltud.led _
* Johnson’s model obviously involves & ﬁxcd symmctnc pattern, but in thc 3x3 -
+ case a symmetric pattern can, f°f example, have either each country importing two

‘goods and e.xport‘ifﬂ—him exported by tlhe others, or each country -exporting :
~ two gobds'a.:d'fmporting a thircl not imported by others. Howévet Jones’ ( 1976) has

auggetted that for most nmltx-good models, trading soluhom involve, realistically,

each country importing more goods tha.n it exports. A ﬁxed pattern of trade followmg




that of Meade (1955) is therefore adopted for a three country pure exchange model .

" with each country egdowe’d with some quantity of the 3 goods. For simplicity of .
.expocition, each case to be analysed is set up so that country one exports good) and
"imgorts gqods' 2 and 3, ;:ountry two exports good 2 and imports 1 and 3, etc.

o ’{{e dem;nd side of‘cach country consists of a single consumer who owns. all
endoi;mqnts in the country and to whom all revenues_collected in the country are
retti:';lec! lm_p sum. As discussed in the previous section, the mgddling techniques
used here are based on those used by Hamilton and Wh;.lley because their apptoach‘

involved the explicit spedﬁc#tion of trade elasticities. The specification’of these~
3

- parameters in the model used here is discussed in a later section. Following the

Hamilton and Whalley model, CES preferences are assumed for the sixig.leaoonsumer .

in each country. The demand function for good i in country k can be written as:

. (ab)c Ik \ b )
R G R S ey -

—

where the af are the share parameters and o* is the elasticity of substitution for
the utility function. Ad valorem import tariffs are used in this model, so P! is the
domestic (gross of tariff) price of good 1 in country k, and the income term 7* contains

L] '\‘

the tanff revenue. > /

-—

The presence of tariffs a.nd the lﬁmp sum rat'um of the tariff revenues to the con-
sumer raises the usual problem for general ethbnnm modelers of having to simul-
ta.neously determine consumer demands and tax revenues when each is dependent on
the other. Shoven and Whalley (1974) ha.ve shown that to splvé this problem, market
'élema.nds',fér a country must be written as a function of both prices and the revenues
'gene.ﬁ.;ed in the country by the tariffs. That is, given P = (P, P, ..., P,) the v-ector
of world prices for the n goods, t* the vector of ad vulor‘é”n?ﬁnport tariffs on imports
into oou,ntt)'r. k, and R* the revenue from these tu”iMjch is distributed to the con.

. ’
5 .




sumers, then the market demand for good i in cou;:tr;' k- is written as ¢*(P, R%). The
exactiefinitions for the varions model equilibria will be' described later. ~
| The actual numerical m?thods uoed to solve this_ type of;&odel usually involve
he direct presen::e of th&e reyenue elements (or some sort of revenue sca.hng terms)
in the vect()r af “prices” to be solved for in the appronmatxon procm The simple
stmctnre of thc model nsecL hetq however, allows &n a.lternatwe technique ta be
employed. This is largely possxble due to the absence of a detailed structure of nested
functions on the demand and productlon side.’ The following is a brief deschptlon
of this technique. ‘

In equation (1), the presence of tariffs implies that P* = P;(1 + t*), where P,-.is. .

the world price* for good i. If 'w? is the country k endowment:of good i, then’ thé

- ~
: ' 4

income term for egnatién (1) can be written as

=an+m; (2)

where R* = E, P,-t;X ," . Dropping the country superscript k for simplicity of nosa{ion,

equation (1) can now be written as ' .

_ el Ti(Pw;) + of Fi(PitiX;)
2 (B(1 +8)) - T;af (P(1+¢;)) 7
For the three good model employed here, the demaid equations for any country can

then be written)\

ay, ¥i(P; w,)

—

(3).

Pty .. ouPyt "y Pyt
X, = 1hts o | ahta 1Pty

- X2 +

D,

X, = asz E;(P w))

D,

a,P,tl . X, s Lt 2}

D,

D,
as Pt

x- 2B,

Ds - X1+

I For an example of the type of nesting commonly used see Appendix I of the

previous essay in this thesis.

4 Note then that a superscripted price denotes domestic price, while no superscript

denotes world price.

-
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where D; = (P(1+ t.-))'f-z,-'a; (Pi(1+¢;))' ™. The above form is, of course, the

system of equatlons X = A+ BX, where X can be solved &om X = [I - B]F1A,.

| pvenvalnaofw,Ptaanda g A
Thus, the demands for any country can be solved for in this simple model by

solvmg the system of equations in (4). Nofggthat t this does aot inclide a.n_y exphc:t

solution of a revende term.

‘< Model -Equi!igkrium Solutions for Alternative Trading Strategigs
The st‘rategies analyzed here'include free trade (F'f), full revaliatory tanff 'wa.r-'
fare (FTW), and customs unjons (CU). The solution concepts underlying these will
first be described,® then the methods used to numerically solve them will be outlined.

- Note that the solution concepts employ the market demand functions described pre-

<YL .« viously. ’ Tooer : 5 : ) -
. i . - o
(1) Free trade equilibrium. In this case, t* =0 and'R* = 0 in every country k.

S

Equilibrium i defined by a vector of world prices P* which satisfies the condition
. ’ I .o

R for every good i, where the condition holds with strict equa.hty when corresj on"ﬁft;g

L -

prices are posmve The assnmptxon that Walras’ Law s satisfied on

/535 country basis yiclds the property for this ethbnnnr thaf ﬂﬁc’na}—s‘&t- “balance
éi 8 ’}:"- Lolds for every country, ie. o X [P' (ch(P. ,,)] P .‘, .

(aliet g "~

(2_) Nash .ntal‘ﬁ'!ory opts //tanﬁ' solution for each country k. Equilibrium is
| deﬁned by a vector of world m‘a.tket/pnces P* such that country k maximizes the
_ social welf' function ) B '

e U (e R)
A $ These draw heavily on the description in Hamilton and Whalley (1983). .

R U o CoE > e
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* subject to the equilibrium conditions: . . .

-P"‘ denotqc the vector of goods prices in country k, and {P"‘ P°)/P* gives ea.ch

~ . ' Uc [Ul (él(PG.’ Rl.)) b A < ? U'. (em(Pc-’ Rm-))] 1
the exact, specification of which is described later. The nop-memb‘er'coux;trics, n,
. maximize . o« 7 ¢
Ut (P, R™)),  Vn, S -

.and all maximization is subject to the equilibrium conditions:

AN

Zgg(}’*,k"‘)szwg, Vi (= i Pr>0).

country’s vector of optunal tariffs which mpports the ethbnnm In eqm.hbrmm
external sector balance ‘holds for each country. Government budget balance also
holds, where B* = 5; [(P¥ — P7)- ¢X(P*, RF)]. ‘ :
» . . . . A .
3) Ethl;mm involving a single customs unien. For a given customs union, C,
with in member nations, equilibrium is'defined by a vector of world market prices P~

such that the m members maximize the union social’ welfare_ function

<

. O SEPRRMSTeh v (= R0
’ Y | I s

P™ denotes the vector of goods prices in a non-member country n, and a non-member

.country’s véctor of optimal tariffs on all iniporti {P™ —P')/P' supports the eqnilib-.

rium. Ff{ the customs umon, cach member adopts the union’s optmni taniff ntec on

~ import from non- mcmben In the sero intra-union tariff case; each member faces the

vector of goods pnou ) qxd the oqmllbnnm is supported by the vector of ophmal. |
tariffs (P"-‘ — P*)/ P which is adopted by all members. In the non-sero intra-union

- tariff case, individ'na.l members. will face different prices on goods traded within the
- ‘ - ‘ - -

-
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. unicd® In all u;es, p@mt budget balance and external sector balanoe both
hold for each country in ethbnum Note that this implies that cash transfers from

-

" one member to another are ruled out

Numendal Solution Methods

-~

A free tra.de solution is determmed t:y using the algonthm of Va.n der La.an and - ‘.\
Talman (1979) to find the vector of worId gnces which clea.rs worlcl demands for

- the three goods. The full tariff warfare case involves calculating adpost-retaliation  *
(Nuh) ethbnum involving optimal ad va.lorem mport tariffs for all countries. The
procedure used to petform this calcnlat:on is an e.xtensxon of that used by Haxmlton

. and Whalley to solve for the 2 country, 2 good case. As the g-roundwork for the 3x3
approach developgd here, their procedure will be briefly. described. ' |

As mentxoned above, CES pre.feren;es dre adopted for each consumer and from

-these are de'termmed a gountry s market demand functions. Combined. with the”

* country’s endowments, these yield the i:m.mtry’s excess demand i’ti}lctio;s. Hamiltpn -

. and Whalley show -that a-proP.grity of the offer curves gencra"tegi by t’hese £u.nct'.ionl

N s non-domtir;'t elasticities, sti\n'g' these functions; Hamilton ‘and Whalley employ a , |

" solution procedure w.lnch is the algonthmc eqmvtlent of-the Nash tariff retaliation

process deacnbed by Johnson (l.95$) .

1
Flgures 1 and 2 g:ve tbe famlha.r 2x2 offer clrye deplchQn of the sohmon for
N ouunt:y’s non-reta.hatton @\ungl tarif. Hamilton a.nd Whalley assume a fixed

direction of trade with, as in Fxguré. 1, conntry one exporting good 1 and’ gountry .
© two exporhng good 2. I‘&efermmng country one’s ﬁnt-round optimal tariff, they
first assume that the world prme of good 2is equal-to one, then numerically calculate
. Which unphes that the notst:op forghe vector of prices faced by each union mem- B "_
ber must change and, subsequeitly, the maximization condition must also change. For -,

the sake of brevity, this is not done here.

i
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* Figure 1. Free Trade Solution
Good 2 = o L - t
Country 1 ) LY ‘ P =F d
p° 1 rr = lree trade
Import Good “Pi= Tv? - 0C world price ratio -
oc* ~
- ~ N
~ 3
v pa . "'? ~
= ;? \‘.“ -
— .
Good 1 = Country 1 Export Good .~
—_ . . "'t:.

. . o
the country two demands as t)ie warld price of good 1 is varied over the range of tLe
autarky price levels. That is, over the range i} Q .

Pi= PP} to i =Fi/F, )
o . =

where superscripts denote con_ntfy and subscripts denote goods.

If it is assumed that country one consumes the residual of the world endowments

‘dter.cbuntry two's calculited demands have ‘been removjed, this implicitly moves
_country one’s offer curve, OC?, along the offer curve of country. two, Wlnle moving

over the range of autarky prices, oountry. one’s utility is calculated and the wé'rlfl price

-

P

-
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Figure.2. First Round Optimal Tariff Solution for Cotintry'One' : x
-Good 9 ‘ - Oco = c’“ﬂ+” 1 Pos+ o’*’”'
: tariff offer curye

Por = new world price ratio under )
Cguntry 1 optimal taxziﬁ'

1
R or p:u; er,rq ﬁo ‘e

oc*

Good1 . : -

level at which this is a maximum is determmed Thus an approximation o{ point A
irr Figure 2 is made. Note that country one’s offer curve now passes through point A B

'and that, in all probabxhty, its elasticity at this point is different than it was at the.

N . . . ) ' \ M
free tra'de equilibrium- position. N > _ PR

» ' e ~—— . ..
At pomt A, country one’s demands and the world price ratio are known. The

~ parameters of the utxhty function are also known, so the consumer’s marginal rate

of substitution (MRS) can also be calculated. Since the equilibrium condition for a



MRS}, = PY/P} = (P-(1+8))/ (P (1+83),

then for country ), where .the tanff on good 1 is zero, the tariff necessary to reach
point A'van be calculated as: .

£ = (R/MRS;) -1 (7)

Once this ta.nﬁ' is' calculated and adopted, then country two’s optimal tariff rate
is determined for the newsituation. This protess is repeated for each country
. each calculated tanff does not ;iiﬂ'er. from its previous value by more than a specified |
tolerance. In other words, until no country can gain by ;:hanging its tariffs, given
the rates .existing for other countries. Tl?us, th;is solution is an approximate Nash
equilibrium for the mo'delling problem. \
. The approach used here is a 3x3 aﬂalogue of the above procedure. ~Goq.,d lis
" assumed to be the numeraire am% based 9;1 this, the autarky price levels for the three
a countries are mapped in (P;, P;) space. An exarxiple.is shown in Figure 3. In the
2x2 offer curve analysis of F-i—gu:e 1, trade occurs at a world price ra.;.io somewhere
b'ctwe‘en the two auiuky price ratiqs. For the 3x3 case, :trade will oc;:tir at a set of
world prices (price of good 1 equal to one) somewhere in the trian\gle defined by the
three sets of autarky prices. _
Conuder the first round optimal tariff- case for country one. A numerical grid
search over the price triangle is performed i in order 'to ﬁnd th‘q set of world prices
which yields the highest utility for country one, given that xt recexveu the residual
from the world endowment after the utility maximizing den{ands of conntnu two and
three have been removed. As in the 2x2 approach, the tmﬂ’ x;ates yieldmg country 1

this result can be calculated as:

g =‘(MR z';/P,) -1 and t}= (MRsalp/Pa) ~ L . (8)
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' Figure 3. Autarky Prices in (P;, Ps) Space )

* P? = Mapping of Country 2 -
Plp------=-===----- autarky prices (P} = 1)-

Area of possible world trading prices <
(P, = 1) described by autarky '
price ratios of the 3 countries

P3

I
I p1
1

P,

In successive rounds, countries two and three determfhe their optimal tanff fates in
a similar way. This iterative procedure would continue until no country was willing

to change its tariffs, given the tariffs set by the other countries. Again, this is an

approximate Nash equilibrium.

The customs gnion solution involves calculating an optimal external import tariff
for the union based on.the maximization of a union social welfaze function. Choice of
this function’s form -w%ll,' of coprs'c, affect the outcome of the analysis.” The functi;inal

form used here employs thcasimple Benthamite objective of maximizing the sum oftthe

. utilities of-the individual member countries. That is, for a union between countries 1

’

7 See Atkinson and Stiglitz (1980) for a discussion of social welfure functions.

* o . » /j




‘and 2, the union welfare level is:

. ' - Wiy =U'+ U . (9)

The “tima.l tarniff rai}e determined for ihe unio:; is adopted by each I’nember ox
imports from the non-member. In tixe central case customs union, intra-union tariffs
_are zero. The use of non-zero rates is discﬁs;cd in the results.section. Note that
sthce the ob je.c.tivc is to find the optimal import tariff on a good that both members
import, then except for the more perverse individual utililty function spec‘iﬁ'cations, a
union optimum for this simple model should not involve one member’s utility value
dominating the social welfare level while the othu@emba’; approaches zero.

Idea.lly,‘ the choice of social welfare function should be part of the bargaining

process. Again, model tractability is the major reason for the fixed function used '

here. Note that some positive transformation of the above function could also be used,

114

o .
with the share weights determined through bargaining. However, a more “realistic” .

scenario is one in which the customs union maximizes according to some fixed {un’ctién
- -and the gains from the union are distributed amongst the members \throgéh some set
of transfers or other ihternal policies which were a.doptegi through bargaining. This-
is the approach followed here and the redistributive policies which are used are the

-

non-zero tariffs on’intra-union trade.

The “offer curve” search technique used for the full tariff warfare solution can-.

not be easily used to determine a customs union’s cptimal common external tar-

-

s B

iff. Instead, rates of the common tariff are searched over in order to find the one
which maximizes Mye union’s social welfare function. The non-member is assumed
to adopt discriminatory retaliatory optimal tariffs against imports from each of the

union members. For this case, the “offer curve” technique can be used. As in the
. -
full tariff warfare case, the uzion and the non-member determine their optimal tariff

-
[
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4‘. CALIBRATION AND DATA -

Al ducuued previously, the msjor goal of the analysis here is to study how the

"8 e ¢f non-gero intra-umion tarrﬂ's thlnn a customs union can alter thé strateg:c

BEESL
,opuons available to the miember nations. Furthermore, Johnson’s ob;emtwnq on
relahve import demand elastlcmes and the ga.ms from¢ dooperahve/ non-oooperatxve
strategies are consldered for the case of customs nmon formation. Giyen these goals,

the- example data and calibration procedure were chosen so that import demafd
elasticity speaﬁcatxons can be nsed which yield clea.rly identifiable welfare changes

_ across the various strategms modelled. These choices will be described in tlus section,
but first thc, absence of a production structure and its effects on the modelling will
be discussed.

Produaction -

The process of modgl calibration involves the solution of certain model parame-

* ters so that under the assumption that consumers are maximizing utility subject to
their Sudget constra.ints, the values are ;onsiste.tit\with an equilibrium solution for
the functxonal forms and data chosen. In the procedu e used here, excess demang
funchons are cqbbrated— to spcc:ﬁed import demagaﬁ elajticit) (IDE) values. Obvi-
ousfy tl'ns process is sxmpllﬁed by the lack of production in.the model This strong
usumptxon thus y1elds reduced complenty in both model calibration ﬁwq'utxon
Al will be shown next, however, this ummptxon may not be as strong as it appears,
éiven that the proper calibration procedure is*used. ’ .

One model’ vmmt of the analym performed by Hamilton- and Whalley uurolm
prodnchon pocubnhtxu which are modelled through consta.nt eluhgty transformatnon

curves. They_ note that somg of tbeu- resnlh for this variant suggest ’
- ‘. v
. a platmble a.ppmnmatxon that the sum (in absolute value) of the ﬁnal—




s . . . :
.import demand and trmsformatio;: ?\Qticihet gives a total import demand

. h . .
elasticity which in turn can be approximated by a pure exchange vanant.

Given that estimated .import.dema‘nd elasticities are fotapdutidtia incor-
porating both demand side and prdduction side responses, a given ‘utima.ted'
,import demand elasticity can be calibrated to in these modc!a either through
an im';.wlicd demand side elasticity alone or through demand and production

side elasticities whose sum meets the specified condition.” : s
el o
Note that in the model here; each country imports two goods ard, as will be

" discussed below, the pstameters to which the model is calibrated are different from

- m‘&xose used by Hamilton and Wha.lley. However, if the above approximation does hold
- h -

jor the approach used here, then the results which are presented may be roughly
representative of those for cases in which both demand and production side func-
tions are modelled and their elasticities meet the above. condition. With the model

data and calibration processchosen so that a spgciﬁ_cd set o{ relative import demand

-~ . s el . . .
* elasticities between the countries represents thg relative trading strengths, then some
of the possible demand/supply relations which ;md_c;lic' such a specification ‘may be

speculated upon. - - S

For. example, ‘su‘ppose a cc;untry’s par,a.mef.crs have heen calibrated so.that its
impo;'t demand elastiGities are high and, thetei’orc, its trading strel‘\;gt’h is high lreiatx'vc
‘o lower IDE countries. 'Undér the a_pproxjn.mtioh rule proposcd:by Ha.mil.ton and
Whalley, tesult's from this case may rcp‘resent a situation involving a low 'elulicit;,
of lubltitutio.n i.n demand ?nd a relatively high elasticity of trnnsfc;:ma_tlon. 'f‘he
-- more linear the production surface,’ the s'mnlict are the terms-of-trade effects that
are possible against the country: through import lltif%l by:the qther co‘untrica. While
'mbotit‘uti;.m possibilities inicm;nd are low, the transformation ponibiliti_a o:tweigh

these so that, in total, substitﬁtidh possibilities for this country are greater than those

/
.
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in the other countries..
If the elasticity of transformation is small, the pure exc.h‘ange case is approached.
" Substitation in demand would have to be relatively high to yield the trading power
represented by the high IDE which was specified. Again, the overall substitutability

would give the trading strengt.h. This would also hold fo.r cases where the elasticities

of demand and supply are comparable in size. .
For the relatively low IDE countries, these three cases could also occur, but
whichever is considered, the overall substitutability underlying import demands must

be relatively lowér than that for the high IDE country.
\ ®
Specification of Model Elasticities
In the two country, two good exchange model, a simple import demand elasticity
formula can be dcn’ed for which approxiinate values may be calculated. 'Uéing this,
Hamilton and Whalley calibrate their model by determ:mng a substxtut:on elastmty
for each country which is consistent with an assumed paint estunate of the country s
import demand elasticity. In other word\s, they are pre-specifying the import der‘nand/
elasticity for some point on each country’s offer surface. Ihe point éhosen by Hamﬂtfo;
and Whalley is usua.lly the free trade cthbnum
_ For the 3x3 case where each country exports one good and imports two, the con-
cept of import demand clasticities is not easily implemented into a numerical model
‘even when it is simpliﬁeci by the mur;:ption of no production. As a result, for each
imédrt good.; partial import détyand elasticity is used whicke is equivalent to the
‘simple 2x2 case formula used by Hamiltoh and Whalley. Model calibration involves
determining each country's utility function share para'meters and is done for the nn;e

arbitrary position on each’country’s offer surface. The fhee trade equilibrium could

not be used because the share parameters values are needed in order to determine

° *
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*
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the free trade prices and thus the free trade equilibrium. Following standard &el;-
&rﬂd equilibrium modelling practice, the. point chosen for calibration is that which is
detem:uned by a unitary price vector. .

The ca.hbntlon of a country’s utility function share puameters to assumed import
‘deniand_ elasticity values is, of course, dependent on. the country’s endowments and
elas-tidfy of substitution in consumption. These latter values must, therefore, be
;:onsistent with the range of IDE’s to be analyzed, ctherwise the calibration procedure
may not solve. Furthermore, as will be seen later, there exists more th;n one set of

these values which is consis)éﬁl_wfrb\a. particular IDE s.pcciﬁcation. A:L: result,

certain assumptions have been made to allow the data requirements discussed above

. \

to be met and also to make the model more tractable.

First, a country is assumed to have equal preference for its two import goods.

That 1s,-the share weights in the country’s utility function will be the same for these

two goods. Second, at the unitary price calibration poisi a country’s two IDE’s are -

—~-assumed to-be identical. These stumptions make import patterns in a country a
ft'l-n'ction of relative prices only and not a function of an explicit preference for one
import over a:ﬁothcr. This allows a clearer picture of the gainu and losses which arise
from strategy changes. In this exchange model, these assumptions also imply that a

?
country’s initial endowments of its two import goods must be equal

In a CES utility function,-the elasticity of lubstntutlon is equal to the Allen
cruss-elasticities between ‘goods. Since tl!e\nmple IDE specification used here sets
the relationship between an imgort good andﬁ the export good, setting an elﬁticity
ot'_iubttittition value which is e.:qual to the IDE value ( which is the same for both
imports) yields a convention codsilttini with the set of parameters to be analyszed.
This leaves the IDE’s u}d endowment lh;m to be specified; subject to the constraints

discuseedhin the p:cvio;xs paragraph.
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TABLE 1. Initial Endowment-in 3x3 Exchange Model .
Strategy ' Good 1 Good 2 Good 3

Country 1° M 8000 - 1000 1000
Country 2 . 1000 8000 1000
 Country 3 - ' 1000 . 1000 ' 8000

TABLE 2. Example of Alternate Endowment Distributioh .
Strategy Good 1 - Good 2 Good 3

Country 1 ) 7000 1500 1500
Country 2 . 1500 7000 1500
Couptiry 3 1500 © 1500 7000
.- !

v -

'Endowments for each country are set such that each country’s income at the
umtary price ca.hbratlon point is the same. Under.the above constraint that the
endowments of import goods are equal, then if each country’s income is 10000, for
example, the pattern of endowments used might be like the one shown in Table 1.
’fhis' pattern.s, in fact, tne “base case” setting of the endowments chosen for the
experiments performed here. ﬁowever, while it does satisfy all the )restﬁ::tions on
parameter values which have been made so far, obvipusly alternative patterns such
as that shown in Table 2 could also be used and so some justification for this choice
is 'needed . . .\

From Johnson s simple optimal tariff formula, the study of optxmal tariffs reqmra

, the use of IDE’: whxch are in the elutlc range. The range which is chosen for thxs

analysis is -1.5 to -6 0. Connder a country with an IDE of -6.0. Substitution pocn- .

bilities should be hxgh and, given that the other countries have lower IDE values, the

, country will have a relatively high trading itrength and can alter the terms of trade

in its favor through optimal tariffs. The low IDE comtﬁu,, meanwhile, will have a
relatively low trnding-strength‘a.nd will be less able to favorably alter their terms of
trade with this country. Optimal tariffs against imports from the kigh IDE country

-
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.
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TABLE 8. Calibrated Share Parameter Values for Various IDE -
: Specifitations using the Table 1 Endowment Pattern

IDE . L - Good 1 Good 2 Good 3
1.5 . 16 42 42
-3.0 , - 32 34 : 34
-6.0 o 34 © 33, . .33

TABLE 4. Calibrated Share Parameter Values for Varidus IDE
Specifications using\the Table 2 Endowment Pai‘:terh

IDE Good1 . ° Good 2 " Good 3
3.0 , 25 37 T 36
-6.0 ' 31 - 735 ' 35

shéuld be relatively low. .

—_—

Under the endowment speciﬁc,a_tion-of Table 1, shaze parameters for country one
were cal.cula.ted for various IDE values a_&nd are reported in Table 3. Note that for
the highest elasticity value alowed, -6.0, the share pazameters reflect an ap:proximate
pattern of indifference between the three gcods whereas those for the less eluhc
import demands reflect stronger preferences for the import goods (m this case, goods
2 and 3.) ¥

Now consider the endowment pattern of Table 2 where the income level is the

same as in Table 1, but the distribution of the endowments is different. The country
\ : ;

one share parameters for this distribution are shown in Table 4. A solution ¢could not

be found for the case of an IDE equal to -1.5. More importantly though, a comparison -

of the Table 4 values to those of Table 3 reveals that the share parameter vﬂucﬂ for
the IDE of -6.0 indicate a relatively stronger ﬁtefercnce for the import goods over the

export good. A similar result holds for the -3.0 IDE case.

An inip'c’rtant implication of the differences a-n'siqg from the two endowment spec-

ifications is that a country with an IDFE of, for example, -’6.0 has a reduced “trading
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power” under the second cpeciﬁgitioﬁ due to the stronger preferu'nc? for imports.
| Since the goal is to maintain an analysis similar to Johnbon’s where the IDE’s ~repre-‘
sent bargaining or trading strength, the endowitient patternsased as the central case .
configuration should be the one Wwhich yields the higher degree of trading power for
- the highest elasticity value (-6.0) used in the expériment:. The Table 1 e;dowment'
pattern results in a set of _prefere:{oes\which represents c;nsumer indifference be.tween

import and export consumption. This yidlds an intuitively appealing case of max-

imum trading st'rengths to which lower levels, represented by lower IDE’s, x’ﬁay be

compared .

A mmlaf a.rgnment can be made to Justlfy the use of the strongly symmetric
expott (and import) levels across the countries. That is, this argument can be used
to justify the use of the common value of 8000 for the cxport good in each country
in Table 1. While the symmetric spe;iﬁca.tion~makes the model represent only a
very special case, the ué“qf noﬂ-simmetric patterns would reduce the ability of the

. model to use different IDE specification’s to represent easily identifiable differences

in relative trading power across the countries.

.
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. 5. MODEL RESULTS

" results are presented.

.~

In this section results are reported for the various experiments performed with the
mociel. All experiments employ the model data sjpgciﬁca.tion of Table 1 and follow"all
of the strong nniformity: restrictions discussed in the previous section. However whilg
the modeh results are derived from a very special model exampls, some interesting

AN s

-

The first set of resufts considers a case where two similar lowex: IDE countries
face a third higher IDE country. Johnson’s observ;tion on relative IDE values and
the probability of gains from retaliatory tanff warfare over free trg.dc is compared to
the results reported here. In particular, it is considered relative to the results on the
formation of coalitions between the regions. For the specific case.considered here,
the results- observed by Johnson appear to hold for union formation too. The next

_set of e.xperiments' reconsiders thc;hnalysis of the previous case under a..regime of

non-zero intra-union tariffs. A range of values for the intra-union rates is analyzed

" 128

and the results indicate that the relative intra-union rates can be very important in ’

determining ‘the distribution of the gains from union formation amongst the member
countries. In particular, it is shown that non-zero intra-union tariffs can allow a union
to be a preferred strategy for all its 'members, whereas in the zero intra-union tanff

case the union is an inferior strategy for some.

Union formation and Johnson’s Observations

Thke model results considered Here are listed iq Tables 5 and 6, _Eaéh reports

_ the equilibrium values for the model variables under various cooperative and non-

cooperative 'tn{cgia. For both u.bltn, the endowment specification is that shown in
Table 1. The only differences between the two specifications aze the IDE values.

In Table §, the [DE for conntr‘y three is set equal to -6.0, while countries one




TABLE 5. Coopentwe and Non-Cooperative Strategies unmlvmg e
- Intra-Union Free Trade for the (-1. 5, -1.5, -6.0) Elasticity
Specification
Strategy " Country 1 Country 2 - Country 3
Free Trade 5 . o
) Utility . , 3546 - . 3546 - 3842
- . good 1) 0’ 0 . "o
Tariffs good 2) 0 0 (3 “0
. © good 3) 0 0 0
Full Tariff Warfare , -
Utility | 3089 3089 3981
good 1) _ ] _ 0.48 - . 0.94-
Tariffs good 2)° 0.48 6o - 094
" good 3) 0.34 . To.34 A |
»_ Customs Union (1 2) ) . - : :
X Uhhty ' 3192 . 3193 . 3767
- . good 1) 20 : 0 0.78
" Tariffs good 2) " 0 o o 0.78
good 3) - 0.200 0.20 ‘ .0
—— _
Customs Union (1,3) - : )
 Utility , 4269 2113 .- - 3672
, good 1) - o -, . o044 . .o
- Tariffs good 2) ~-+ 193 : 0 . 1.93
good 3) ' 0 0.44 - 0
v A
e u
.




and two are both mmed to h. the less elastic values of -1 5 Tlny ’ﬁgunhon )

yields a case with two countries ‘which are similar and a third whxch is very dxﬁetgnt
In Table 6, country three retains the same IDE vn}ue, but the common va.lne for

rl

countries one and two is now equal to -3.0. Thus, whilé conntries one and two are ¢

still similar, the difference between them and country three is reduced.

Comparing the free trade results for the two tables, the la‘.rger utilities in Table 5
reflect the increased gains from trade ansing &o‘m the higixer level of trade. The less

" elastic demands for countries one and two in Table 5 motivate these higher levels to

which cduntry three, with its highly elastic import demands, responds.. |

Extrapolating Johnson's ;)bsqryations to the cases studied here s.ug_'gests that the
gteater is a country’s IDE relative to the other regions’ values, the greater is the prob-
ability that the country will gain from full tyriff warfare (FTW) over free trafie (FT).
The full tariff warfare results reported for both cascs' support this. In both tables,
country three gains in the ;etalia.tosy tanff war, whi!e the less eluﬁ-c countries lose.
Furthermore, 'coun.try three’s gain o;er FT is larger in the Table 5 results. /

yote also that the resulting tariff rates appear to follow Johnson's formulatxon
that a country’s optxma.l 1mport tanff is equa.l to the reaprocal of the other country’s
IDE minus one. The rates adopted by country three relative to those adopted by one

and two against three reflect the fact that the reciprocal of one and two’s {DE'’s minus

-

. one is greater than the redp;ocal of tHree’s IDE minus one. Furthermore, both one

-0
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and two adopt higher rates against each other than against country three. Finally, -

a comparison of the Table 6 rates to those of Table 5 shows that those in Table 6
> .

PO
Ll

reflect the smaller relative difference in IDE’s across countries.
- Now consider the Table 5 customs union result for the two similar countries, one
and two. Johnson’s intuition for the 2x2 case suggests that the probability o.f.gu'iy

toa country is lowet the more similar are the countlies. Or, stated another way,
-2




- Cooperative and Non-Cooperatwe Strategies involving
Intra-Union Free Trade for the (-3.0, -3.0, -6.0) Elutxcxty
" Specification

Strategy

Country 1

Country 2

Country 3

Free Trade
Utility

good 1)
Tariffs ° good 2)
‘ good 3)

3322

3322

0
0
0

ol

" 3365

0
0
0

Full Tariff Warfare
Utility

good 1)

Tariffs good 2)

good 3)

Customs Union (1,2)
Utility - .
) good 1)
Tariffs good 2)

good 3)

“Customs Union (1,3)
Utility

N good 1)
Tariffs good 2)
good 3)




free trade is probably the strategy which is preferred by two similsr codatries over
retaliatory tarfff war. For ‘tke numerical examples here, this can be extended to the
customs union result, denoted by (1,2), for countries one and two. Both gain over
their full tariff war solution by removing barriers to trade between themselves. The
same union for Table 6 yields similar results with the smaller gains reflecting the
clo‘ser IDE’s between all three countries. :

The final strategy’sted in Table 5 involves a gustoms union between countries one
and three. (The results are idéntical for a union between two and three.) Johnson’s
2x2 analysis sugéests that for two different countries, the greater is a country’s IDF;

relative to the other country’s, the-greater is the probability of it gaining from a
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retaliatory tariff war. Similarly, a move from a retaliatory tariff war position to free

trade may result ioss for the higher'IDE country. For the examples shown here,
: -

this would occur if customs union (1,3) were formed from the full warfare position.

In both tables, country three ldses from the customs uniofi relative to full warfare,

while gountry one gains.

Y

‘A major contsibution of Johnson’s simple 2x2 anal%‘was the demonstration

that a move to free trade from a reta.lia'tory tariff position will not’ necessarily make
all countries better off. The cases p?esented here extends this demonstration to the
formation of a customs union: memBership in a customs union is not necessarily
welfare improving relative to the alternative strategies available. In both Tables 5
aud 6, the country with the highef trading power, country thre¥, prefers the FTW
solution over both free trade (as in the Johnson example) and membership in a

customs ynion.

L]

In ihis higher dimensional modei, dcterminir;g the optimﬂ strategy for a country
requires the full consideration of the possible lt~utcgiet, including those available to

the other countries. Table 7 lists the atr‘ategics which are possible and the utilities

... . - ]

.
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which would arise upder each, given the Tablé 5 mddel specification. Fo. eiamp{e,
row one of the table shows the utilities for the case whqe all three countries opt
for free trade (FT) In row two, country one has adopted a retaliatory optimal tariff
warfare (RTW) a'u;ategy. o 2 - . |
Starting from the ﬁ:ee tgxd’e position, couﬁtry three would gain the most ﬁ'om

unilaterally imposing optimal tariffs on imports _countries one and two. Due’
to country three’s high relative trading pov‘ver, retaliatory optimal-tariffs by both
countries one and two would result in reduced utilities for both a.nd a slight i.ncrease
for vountry three. This fuﬂ&tanﬂ' warfare outcome represents a Nash ethbtmm, .
with no country able to umla:ceta.lly change to a.nother sét of tanﬂ's wl'uch makes it
bettel" off. However, suppose countnes can cooperate. Country three would not form-

a customs union with either of the other countries since the non-member’s optimal

response would be optimal retaliatory tariffs, and tRis .\;ould result in a utility level

. ) ’ .
for country three which was lower than any of its RE'W levels. The optimal strategy

for coun‘try three 1s RTW, while countries one and two would form a customs union.
Table 8 reports the ﬁtilitjr levels possible under‘ the T;ble 6 model speﬁﬁcation.
Relative to ihe free trade results, country three would gain by adopting retaliatory
optimal tariffis. RTW strategies by countries one and two would still result in country
three being better off than under a.ny regime of FT on its pa.rt T{e full taniff warfare
golutxon would again represent a Nash equilibrium as defined above. A customs union
involving countries onc"l‘md two, however, would result in a ;1tility level for country
three which was ‘lower than the free trade case. Thus, in a world where cocperative
" strategies are possible, thgs union blocks country thre’e’s non-c:oop'erative stratégy %0
, that the optimal sirategy:fm country three is a union with one ot: the other countriec
Bargaining should determine: with wlnch of the other countnes the union is formed-

and is considered in detail i in the followmg lectlon

L} . \
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Table 5 Model Spemﬁcatxon

- Strategy! ' Utility
Country 1 Country 2 Country 3 Country 1 Country 2 Coutftry 3
FT FT as4s 3546 3542 ’
RTw\ FT'. . 3577 3519 3505
.RTW FT 3519 3577 3505
RTW RTW FT 3548 3549 3464 - .
(1,2) (1,2) FT 3614 3614 3337
FT FT RTW 3130 3130 3980
RTW -~ - FT . RTW 3203 3061 3919
FT RTW RTW . 3061 - 3203 3919
RTW RTW - RTW 3089 3089 3981
(1,2) ~ - (1,2) . RTW 3192 3193 3767
(1,3) FT - (1,3) 4450 1962 3800Q .
(1,3) RTW (1,3) 4269 2113 3672:
FT (23) (2,3) 1962. 4450 3800
RTW (2,3) (2,3) 2113 4269 3672.
B } . ’ )A
! Strategies are: ~ : \_,___‘ <
"FT = free trade. !

RTW = retaliatory tarniff warfare. .

(3,7) = customs union involvinig countries i and j.
P ‘ —

4
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, - TABLE 8. Pos:nble Strategxes qnd Resulting Utility Levels under the
Table 8 Model Spe&'ﬂéatxon
- / 3 Strategy’ : Utility
[ Country 1 Country 2 Country £ Country 1 Country 2 Coufitry 3 ~
" “FT = - FT FT - 3322 3322 3365
v RTW - FT FT 3367 3273 3326
T FT ° RIW M 3273 3367 3326
’ RTW" RTW + FT - 3318 3318 3282
(2 . (12  FT - 33q7 3367 3219
| : "FT FT.©  RIW 3217 3217 3484 -
.. . RIW = FT RTW . , 3287 3126 3454,
. 'FT  RTW =~ RIW 3126 3287 7 3451
: RTW RTW . RIW - 3195 3196 3401
. o (12) (1,2) /RTW 3250 . 37% 3338 -
o . (13) - FT So8) 3489 926 - 3456
. (1 3) ¢ RIW (13) 3404 - 3004 ©3384
~ : FT (2,3) (2,3) - 2926 . 3489 - 3456 .
‘RIW  +(2,3) (2,3) 3004 - 3404 3384 .
’ . . ] \
! Strategies are: . ’ .

T - FT = free trade -

RT W = retaliatory tariff warfare.

(3, ]) = customs union mvolvmg countries i and . .
‘ )

-~

« - “ . .
’ v .
.. ® .
- [ ]
.
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Kennan a.n.d Riezman (1982) present an example like that of Table 7 and propose
that it suggests one explana.ti?n for the existence of cyann unions: they may be
cr%ted as a defensive response to aggressive, non-cooperatjve behaviour on the part
of other )countries. The resalts in Table & present a further explanation. \While
couq&ry three might receive its maximum welfare level by fufsu.iﬁg a noq-coopefative'

' st'ratcgj\r, R\jbivns a customs union as a defensive rupm:se to tt;ep.ossiblc cooperative

'counter-strategies of the other countries. -

Non-zero Intra-Unjon Tariffs

As was just shown, the optimal strategy for country three in Table 8 is the
‘formatfdn of a union with one of the other countrnies. Mcn/xbcr’ship in such a imiigl -

represents the preferred strategy for either of these othe\f countries, so b'argaining

- >~

should play an'important role in determining which enters into the union. Bargaining .

.

should involve the distribution of the ga.inse from the union. White explicit inter-
country transfers are usually not a politically feasible tool for this process, a more
acceptable alternative »);night be the use of some stgucture of positive intra-union
tariffs.® .‘

T!xc results presented in Table 9 copsider the (1,3) union of Tabl'e 6 under'dtcrn;-
tive specifications of intra-union tariffs. No systematic attempt is made to determine
Bgl_ optimal set of tariffs on the trade i)etwccn t‘ly, two mcn;bcrs. Recall that country
three has an IDE of -6.0, while countries one and two both have an IDE of -3.0.

The utility values. for the FT, FTW, and.(l,2) union cases of Table 6 are repeated

$ Negative import tariffs imply subsidization of im rts of forei (oodo nnd,é'%k-

fore, also represent a less acceptable bargaining tool. Clark Leith (1987) not at
the South African Customs Union (SACU) does allow cash payments in order to offset

+ disadvantages for net importers from partners. NTB's"arc used and may have trade-
 restricting effects similar to those of intra-union tariffs, although different revénue
effects. Finally, provisions exist for intra-union tariffs for infant industry protection.

Analysing all these devices concurrently appears to be a task which would require

the procedure of Harrison and Rutstrom (1986). .t

L4

.o -
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TABLE 9. Welfaye Effects for the (1,3) Customs Union of Table 6 with
¢ Non-Zero Intra-Union Turiffs ’

Strategy Country 1. Country 2 Country 3
. ’ Utility Utility Utility
Free Trade 3311 3322 = 3365
Full Tarif Warfare 3196 3195 3481
Union (1,2) 3250 3250 3338
. Intra-Union Tariffs ; - ' Union! World?
”1 For Union (1,3) . ) \ Utility Utility
~ (0%,0%) 3404 . 3004 3384 6788 _° 9792
v »
- (0%,10%) 3316 3004 3467 6783 & 9787
(0%.,20%) 3240 3006 3520 6760 5
(0%,30%) 3175 3011 3551 6726 9737
(10%,0%) 3445 3007 * 3330 6775 9782
. (20%,0%) 3465 . 3009 3285 6750 9759
(30%,0%) ° 3471 3012 e 6719 ondl
(5%,5%) 3381 - 3005 3400 6781 9786
(10%,10%) 3356 3006 3409 6765 9771
(15%,15%) . 3328 ' 3009 3410 6738 9747
(20%,20%) 3298 3011 3406 6704 © 9715
(30%,30%) 3238 3020 3386 6624 9644
* (5%,10%) 3339 3005 3436 6775 9780
(5%,20%) © ¢ 3262 " 3007 3488 6750 9757

(5%,30%) 3197 . 3012 3517 6714 9726

- =

! Sum of the utilities for countries 1 and 3.
? Sum of the utilities for all three countries. .




i

. here?&-oompuiaon. _Thg ﬁ:;-lt“ﬂﬂity vahel‘reported for the (1,3) union restate the °
é’hb}eﬁ results for the cage of sero ,\ntn-nmon tmffs This case shall be referred to -

as the bue or mtrs-nmon free trade (IUFT) case. In the analysis that follows, these
four cases will be the only stza.teg:c alternatives to the strategy under conndetatlon

* The next three cases in Table 9 involve a posmve rate for country three only
This is analyzed for a range of values from 10 percent to 30 percent. Llsted next are
three similar cases but with country one ha.vmg the posmve rate only. The remaining

sets of results invoive posmve rates for both coungnes e .

For all of the Table 9 results involving nanwero intra-union ta.nﬁ's .the.naog-
CL W
memmber gains over the base case, although only shghtly,,tnd Lhe lughcr arc thuc

tariffs, the higher is this gain. Similarly, the sum of the member's utxlmcs (whi

is"the object of thke union maximization problem for determining the external tariff)

18 lower than in the base case. The higher are the rates use'd, the greater is this

difference. An important implication of these results is that intra-union tariffs can
- 4

dissipate the gains which would accrue under intra-union’free trade. For each set of

cases analyzed in the simple model here, the higher are the rates involved, the greater
is the dissipation. Furthermore, a common rate adopted for bath countries results in  *

a greater loss than when only a single countyy adopts the same rate.

5 .
_Consider the results involving a positive rate‘qr only one member. For both'sets . I
'
of these results, the member country with the’ positive~rate gains over its base case

utility level and, for the range ;nalyzed, th.c highgr‘ is. the rate then the higher is
the gain. The other (zeto-rate) member loses relative to the base case and this loss
increases with the size of the intra-union tariff. By altering the internal terms of trade
for the um';n, 4 one-sided intra-union tariff redistnbutes the g/nim from the uniog in
favor of the imp'caer.. .

Note that for the three cases in which country three has a positive tariff on fyports




from country one, country three is not only better off than at IUFT, but also FTW

and FT. Thus, this anion changel from being the strategy which is optimal but not

) preferred for country three in the IUFT case, to bang both preferred and optimal.

‘-

For the results presented in Table 5, country three’s optunnl trading strategy is to be
totally non-cooperative. If these four strategies are the only ones possible, then the

(1,2),union case will occur. However, an intra-union tanff rate should also exist for

" country three in the (1,3) union in Table 5 which causes this union to be its optimal
' strategy. Thus, intra-union tariffs could be used to “unblock™ cooperative strategies.

« The tanff iniposed by country three must not, of course, cause the union to be a sub-

’ogtm)a.l strategy for the other member. In Table 9, the 10 percent tariff for country
thide nhbi " “the (l)‘ 3) union so that 1t is an optimal strategy for both coun&

A"customs union strategy mvolvmg gero intra-union tariffs for gne country and a
positive rate for the other wou.ld probably not be politically acceptable. The strategy
which might be most acceptable is one involving a common rate for both members.
For the common rate results listed in Table 9, country one’s highest utility is achieved
at a rate of gero. However, country three would nof accept this strategy. For a rate
in ‘the‘ﬁnge 10 to 20 percent both countries are better off than under FTW, and

country 1 is still better off than under the (1,2) union.

-

In the case where only country one has a 10 percent tariff, a oompa.rison of the
(10%,0%) results to those of the (10%,10%) case reveals that in the former case,
country one is better off and country three worse oﬂ'.' Introducing the 10 percent
tariff for country three causes union-gains to be transferred to that*country from
country one. In the case where only country three has a 10% tariff, country one is
worse off and country three bettet off than in the (10%,10%) case. An mtereltuig
interpretation of this last comparison is that a unilateral initiative to intra-union free '

trade by the lower IDE country may be detrimental to it even ‘when thé member




s

/96645 are pursuing a Jomt stntegy against the non-member.
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Note that for the (0%,10%) case, country one is still better off thm at FTW. Com-

paring the (30%,30%) results to those for the (0%,30%) case reveals that a unilateral

move to IUFT here could cau try one to be worse off than at FTW. Recall
from Table 6 that in the FTW ts country three's optimal import tarff against

one is 30 percent. Country one’s utility is very low in the (0%,30%) results because

country three effectively has an optimal tariff on its trade with country one,‘ﬂwhile

country one has no retaliatory tariff in place against three. Country three achieves
its highest utility level for any of the results presented here due to the benefits of the

sjoint strategy of the customs union plus the favorable intra-union terms of trade.

Now consider the common rate results alone. “For the lower IDE country, the.

preferred' common rate would be one as close to zero as possible. For the high IDE
country, the preferred rate appears to 4te between zero and the optimal tariff rate
which country three would impose against country one under FTW (30% frqm Ta-
ble 6). A; the common- rate increas:;, the gains from the union are dissipated. Fur-
thermore, union gains are transferred ;o country three from country one. Together,
these factors ;esult in losses for country one relative to tile IUFT case. Initially, the
gains trahsferred to.counltry three outweigh any losses to the anion, so that country
three gains over the IUET case. At some rate in the 10 to 20 percent range, cotintry
three’s utility reaches a maximum and is greater than its FTW level (the preferred
strategy for country 3-in. Table 6.) At rates higher than this, the loss of union gains

starts to outweigh the gains transferred, and country three's utility starts to decline.

Somewhere between 20 and 30 percent, country three’s utility drops below iuat in-

the FTW case.

Experiments similar to these could be performed with the model specification

of Table 5. Since dountry three's FTW tariff rate is much higher in this case, then,




intuitively, the common rate which is optimal for country three should be higher. This
suggests that the greater is the difference in IDE’s between the member countries,

the higher is the common rate that is optimal for the higher IDE country.
Obvicusly, positive but unequal rates could be set by the member c)untrieo. The
* final set of results in Table 9 considers cases where connt;'y one'd rate is fixed at 5
percent -and country three's rate is increased. These results show that some set of
m.lequl‘a.l intra-union tarifis could also be used to “unblock® counfry 3’s cooperative
strategies and make some of these gtrategies opti‘ma.l for both™m «- a @on.

However, like the cases where'one member country had a seréd intra-union tariff raté,

" the unegual tariff rate scemario might fiot be politically acceptable.

[} iy
!

’
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6. SUMMARY AND CONCLUSIONS

While the results presented in tln's‘eua.y have been derived from a set of very special
m;del examples, they still present some valuable umghts into the possible gains and
losses from customs union formation. Consider ’the following: -

( 1) Johnson’s observations o;uﬂs rglationship between relative import demand

elasticities (interpreted heére to mean relative trading strengths) and the probability - .

" of gaining over free tradc by follovnng non- coopcratwg strategies appeat to carry over-

to the case of customs union formatlon Me results presented here-~ suggest that the

greater is the difference in the lmpprt demand elasticities of two countries, the grester
is the probability that'a customs unioRinvolving lntrg.-umon free trade between’ the .
two countries will result in one country losing rela.‘& to the full Betaliatory tariff

-
warfare results whﬂe the other country gaxns

. (2) The results a.lso suggest that an 1mpotta.n‘eﬂ'ect of thc use of positive tariffs on

trade between union members is the dissipation of the gains whu:h the*union realizes

. . 1Y N
over the full tariff warfare case. Even more important, though, is the implication

‘ that intra-union tariffs might be used to redistribute gains within a union. If direct

.cash transfers between member countries are not politically feasible, intra-union tariff

4

or non-tariff barrier -equivalents might be used to redistribute the union gains in a .

* manner. which induces countries into a customs union:they would not have joined

under intra-union free trade.? ' .

(3) Results are presented for various specifications of intra-union tariffs. For cases -
where one¢ member has a higher rate than the other, that country recéives a darger -
share of the union gains than if the rates were equal. Political considerations and the

added difficulty of choosing the optimal set of unequal.rites luuui that & corimon

* Glenn Harrison has labelled this an “infant customs union” argument for intra-
union tariffs. / .

EEY




rate might be the policy which is most acceptable to the member countries. In the

examples here, a range of common rates is shown to exist which yields utility values
for both members which are superior to those available in. the alternative strategjes.
The rate .which is chosen will depend on the relative bargaining strengths of the
member con;atries. A further implication of the experiments performed here is that
.the unilateral initia@i\.re of one member to intra-union free trade nfay be vRry oostiy

to that country. . K
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