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I. INTRODUCTION

In this paper we describe a numerical regional general equilibrium model
of Canada, constructed to aid in the evaluation of regional impacts of both
federal and provincial policies. The motivation underlying model construction
is that there are significant regional dimensions to most policy issues in
nearly all countries, and at present no wholly satisfactory general
equilibrium models exist for evaluating them. The present model aims to go
some way towards filling this wider need for a policy evaluation tool for such
issues, and is therefore also of interest outside the immediate Canadian
context. 1Its more detailed application to Canadian debates on the impacts of
various features of federal-provincial arrangements is described in Whalley
and Trela (1986).

In the sections that follow we outline the basic model, summarize the
model variants currently available, describe the ways in which data and
elasticity values have been used to implement the model, and present some
calculations of the regional impacts of policies used by both federal and
regional levels of government in Canada. An appendix contains a

statement of the model in full algebraic form.

II. AN APPLIED GENERAL EQUILIBRIUM REGIONAL MODEL OF CANADA
Overview

Our Canadian regional model is closely related to the applied general
equilibrium models already available for the analysis of taxation and
international trade policy issues (see the survey paper by Shoven and Whalley
(1984]1). A series of regions are specified each with a demand and production
structure, and interregional trade in commodities takes place. In contrast to
available international trade models, a series of further interactions (such

as intergovernmental transfers) occur between regions. Also, the assumption



of interjurisdictional factor immobility is not made here; a quite different
treatment of partial factor mobility between regions is used.

The main features of the basic variant of the model are described in
Table 1. A single period (static) model is used which contains six Canadian
regions: Atlantic Canada, Quebec, Ontario, Manitoba/Saskatchewan, Alberta,
and British Columbia. Both interregional trade in goods, and factor flows
between regions occur. A seventh region, the rest of the world (ROW) appears
in the model and all Canadian regions engage in international trade with this
region.

Each Canadian region contains 13 'mdustries.1 These use both primary
factors (capital services, labour services, and natural resources) and
intermediate products (other commodities) as inputs. Regionally provided
public services are included as one of the 13 produced goods in each region;
this is the only good which is neither interregionally nor internationally
traded. The ROW also has 13 industries, but production involves only capital
and labour services (i.e. there are no intermediate inputs or natural resource
inputs).

The 13 produced goods in each region are treated as qualitatively
different from similar commodities produced either in other regions or
abroad. This is the "Armington assumption" (from Armington [1969]), widely
used in international trade applied general equilibrium analysis. The reasons
for also adopting this treatment here are the same as in the international
trade models; i.e. the presence of cross hauling in interregional trade

statistics (the same good is being shown as imported and exported by the

lthese are: agriculture; fishing and trapping; mines and quarries;
food, beverages and tobacco; light manufacturing; lumber, paper and printing;
metal and machinery; vehicles; energy; transportation; utilities; personal and
business services; and regional government services.



Table 1

Summary of Main Features of the Basic Variant
of the Canadian Regional General Equilibrium Model

1. Regional
Structure:

2. Production:

3. Demands:

4, Taxes and
Transfers:

Six Canadian Regions identified along with the rest of
the world (Atlantic, Quebec, Ontario, Manitoba/
Saskatchewan, Alberta, British Columbia, ROW).

Each of six regions in Canada produces 13 goods using
both primary factors and intermediate products as
inputs. Thirteen goods are also produced abroad. Each
of the 13 goods is assumed to be qualitatively
different both across regions and internationally.
(Arnington Assumption.)

Final demands in each region are derived from
maximizing a five-level nested CES/LES utility function
subject to a budget constraint. Intermediate demands
reflect cost minimization across sources of supply.

Both regional and federal levels of government are
identified, each with taxes and expenditures.
Intergovernmental transfers are incorporated.

5. Model Treatment of Factor Mobility:

(i) capital
services

(ii) labour
services

(iii) resources

- variant. (a) capital is interregionally and
intersectorally mobile, but internationally immobile.

- variant (b) capital is interregionally,
intersectorally, and internationally mobile.

- assumed internationally immobile, intersectorally
mobile within any region, but interregionally
partially mobile; labour is homogeneous across
regions, but consumers have locational preference
leading to partial mobility between regions (see
later explanation in text).

- assumed internationally and intersectorally immobile.



same region). It is also easier to incorporate interregional trade
elasticities within the model specification using the Armington
assumption.2

On the production side of the model, three different primary factors of
production appear: capital services, labour services, and natural resources.
To simplify things, only two of these appear as inputs in the production
function in any industry in any region. Non-energy industries use only
capital and labour services as factor inputs; energy industries use natural
resources and labour services as inputs.

Two alternative treatments of factor mobility are available for capital
services. In variant (a), capital is assumed to be both interregionally and
intersectorally mobile within Canada, but internationally immobile. Variant
(b) differs from this treatment in also allowing international mobility of
capital. These two variants reflect the fact that the literature is not
conclusive as to whether or not perfect international capital mobility is a
reasonable assumption to make for countries such as Canada,3 even though
many economists consistently use it. The treatment adopted for capital
mobility is important when asseséing the impacts of regional policies designed
to promote investment in particular regions. With perfect international
capital mobility, policies which attempt to promote investment in one region

over another will have no effect on investment in other regions. With either

2The extent to which regions can change their terms of trade and shift
the burden of such policies as regional taxes onto other regions depends
critically upon the values used for substitution elasticities among the
Armington products. These, in turn, imply price elasticities in interregional
trade.

3see Feldstein and Horoika (1980), and Harberger (1980).



full or partial international immobility of capital, regional investment
policies will affect the allocation of capital in all regions.

The model treatment of interregional labour mobility is more complex

since labour is assumed to be internationally immobile, intersectorally

mobile, but interregionally partially mobile. The treatment adopted involves
individuals trading off differences in income associated with locating and
working in various regions, against their locational preference for remaining
in their region of origin. Partial mobility of labour between regions is
incorporated through an assumed distribution of individuals within any region
by their intensity of locational preference. Thus, in response to a change in
relative regional incomes, only a portion of any region's population migrates.

This partial mobility treatment is adopted for a number of reasons. The
most important is that a model in which labour is perfectly mobile between
regions is not particularly useful in analyzing whether, and by how much,
regions gain or lose as a result of specified changes in either national or
regional policies, since regions, as such, are not defined. Treating Jabour
as completely immobile between regions allows interregional distributional
effects of policies to be captured, but excludes all the efficiency issues
associated with the regional movement of labour which have been so heavily
stressed in recent literature on fiscal federalism.‘

Finally, resource inputs are treated as internationally and
intersectorally immobile. The key resource inputs appear in oil and gas
(energy) induétries, in resource rich Western regions.

On the demand side of the model, products produced both within-region

and out-of-region appear in final demand functions in each region, including

4See Boadway and Flatters (1982)



ROW. Demands are based on utility maximization, with each region maximizing a
nested CES/LES utility function subject to a regional budget constraint.5

The hierarchy within the nesting structure is an important element in model
design, and is described below.

Each regional budget constraint includes capital, labour, and resource
income received by residents, along with intergovernmental transfers received
from the federal government and federal government transfers to persons.
Since there is no data available in Canada (or any other country to our
knowledge) on interregional patterns of asset ownership, we make the strong
assumption that in the base (pre-policy change) case considered in the model,
capital and resource incomes originating in a region also accrue to residents
of that region. Taxes paid within a region enter the region's budget
contraint on the expenditure side, and they generate lump sum transfers which
reappear as regional income. Intermediate demands reflect cost minimization
across within-region and out-of-region sources of supply, and also involve a
nested CES production structure (described below).

Integrated into this treatment of production, demand, and interregional
and international trade, are a series of Canadian policies each of which has
regional impacts. These policies include nation-building policies which
promote interregional trade at the expense of international trade (tariffs,
energy price controls, transport policies); financial arrangements between
different levels of government; and interregional barriers to flows of goods
and factors. Also included are tax collections and expenditures of both
regional and federal governments (including intergovernmental transfers).

These all affect the equilibrium produced by the model, and when changed

5In the model the federal government also has final demands; this
aspect of the model is discussed later.
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induce behavioural changes by both producers and consumers in all regions.

DEMAND SIDE OF THE MODEL

The CES nesting structure used for each region in the final demand
portion of the model for each region is outlined in Table 2. At the bottom
level, substitution occurs across other regional sources of supply for each of
the interregionally traded goods. In the case of food, for instance, this
level allows for substitution in each region between food supplied by the
other five regions within Canada. At level four, substitution occurs between
composite out-of-region, and within-region goods. In the case of food, this
level defines a composite Canadian food bundle for consumption in the region.
Substitution at the third level is between imports and comparable domestic
goods, (i.e. imported food and the composite Canadian food available for
regional consumption). This yields composites for each of the 12 traded
goods. At the second level, substitution occurs among 11 non-energy
composites, each involving a similar aggregation over levels five through
three in the nesting hierarchy, and the particular region's nontraded public
service commodity. Finally, at the top level, substitution takes place
between the aggregate non-energy composite from level two, and a composite
energy good aggregated in a similar way across levels 3 through 5.

Tt is the bottom three levels of substitution in this hierarchy which
contain the elasticity values which are most important for model results on
the regional impacts of policies. Elasticities of substitution at level three
largely determine the national import price elasticities of demands for each
imported good. These elasticities determine the extent to which tariffs or
other national trade policies cause changes in the composition of consumption

between domestic and foreign sources of supply, and hence influence the



Table 2

Nesting Structure in Final Demands for Each Region

Level 1

(Substitution
between energy
and non-energy
composites)

Level 2

(Substitution among

11 non-energy
private good

composites and non-

traded regional

public services)

Level 3
(Substitution

between imports and
domestic composite)

Level 4

(Substitution
within-region

and out-of-region)

Level 5

(Substitution
across other

regional sources

of supply)

c

(Composite
Non-Energy
Good)

Region Specific
Public Services

Imports

Within Region

(Composite Energy
Good with Similar
Aggregation Structure
Across Levels 3 to 5)

11 Non-Energy Good
Composites

(For each of the
12 traded goods,
including energy.)

Domestic Composite

out-of-Region

5 other regional
sources of supply

Elasticity
Designation

of



national, and ultimately interregional, terms of trade. Elasticity values at
level four determine the strength of comparable effects across regions. For
instance, if a region puts in place policies designed to give preference to
within-region suppliers or uses other regional barriers to trade, the extent
to which the region's terms of trade will improve will depend upon these
elasticities.

Level five elasticities determine the ease with which substitution
occurs between sources of supply from other regions. These are important in
determining the export price elasticities which regions face, since they
reflect substitution elasticities across out-of-region sources of supply in
all other regions.

If regional export price elasticities are high, then regions do not have
any significant ability to export taxes and improve their interregional terms
of trade through taxes on interregional exports. Were level five substitution
elasticities not to be separately specified in the model, this would mean that
the level four substitution possibilities would apply to all regional sources
of supply, including those from within the region. Having the capability for
different elasticities of substitution at these two levels allows the model
user to specify high export price elasticities for any region while regions
may simultaneously have lower import price elasticities in interregional trade.

Beyond the bottom three levels, level two incorporates substitution
possibilities between non-energy composite goods. Level one involves
elasticities of substitution between non-energy and energy goods, reflecting a
focus in the model on an ability to analyze regional dimensions of energy

pricing issues in Canada.
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The nesting structure is somewhat different for the ROW. At level
three, substitution occurs between ROW supply of any good and the
corresponding Canadian composite. Elasticities at this level determine the
import price elasticity of demands for each good in ROW. Level four is not
applicable to the ROW structure, while level five involves substitution over
the Canadian regional sources of supply for each good. Elasticities at this
level are important in determining the export price elasticities Qﬁich

individual Canadian regions face in trade with the ROW.

FEDERAL AND REGIONAL GOVERNMENTS

An important difference between this model and other applied general
equilibrium models is the separate treatment of a federal government and six
Canadian regional governments. In this model, the federal government imposes
taxes on and distributes subsidies to the six regions, reflecting the national
policies included in the model. The federal government also makes transfers
to both individuals and regional governments. As well, the federal government
purchases goods directly from the regions and from the ROW. These purchases
are based on utility maximization, with the federal government maximizing a
nested CES/LES utility function subject to its budget constraint. The nesting
structure is similar to that for the ROW, but since the federal government
produces no goods, the level involving substitution between own and other
region goods is not applicable. Thus, the federal government is modelled as
an eighth trading region which only imports goods from other regions.

The federal government budget constraint includes income from
government-owned capital, tax revenues collected in the regions, minus
subsidies and transfers. The federal government pays no federal or regional

taxes on its purchases.
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Modelling the federal government as a utility-maximizing agent which
produces no output ignores the issue of public goods. While this simple
treatment is adopted in the basic model variant, Whalley and Trela (1986) also
discuss model extensions which explicitly incorporate public goods. For space
reasons, this model variant is not discussed here, and federal expenditures
are modelled as having no direct effect on regional welfare through national
public goods provision.

Regional governments are not modelled as agents with a demand structure
separate from that of consumers in regions. Any revenues raised are assumed
to be redistributed in lump sum form to regional consumers, whose preferences
are defined over regional public sector services as well as other goods.
Regional taxes collected and transfers from the federal government thus
effectively appear in the budget constraints of consumers in the region.
Regional government expenditures and services appear as purchases of the

non-traded regional public services good in each region.

PRODUCTION SIDE OF THE MODEL

The production side of the model involves two types of inputs for each
industry in each region: intermediate inputs and primary factors.6 The
model treatment of substitution between intermediate inputs is similar to that
on the demand side of the model. Thus, in determining, say, intermediate
input requirements for light manufactures in Ontario, the assumption is made
that Ontario light manufacturing industries cost minimize in selecting their
intermediate inputs. This first involves substitution between energy and
non-energy composites. Using the energy composite as an example, the next

stage involves substitution between imported and domestic energy; and within

6No intermediate production for the ROW enters the model specification.
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the domestic energy component there is substitution between within- and
out-of-region energy. Finally, substitution occurs across the out-of-region
sources of supply of energy.

At the primary factor level, the model uses two-input CES value added
functions for each industry in each region. These specify labour services and
either capital services or resources as inputs. In all industries, except
energy, there are no resource inputs; and capital and labour services are the
sole primary factor inputs. For energy industries, resources and labour
services appear as the two factor inputs. This treatment is adopted in part
to simplify the computer code for the model by using only two factor inputs,
and to minimize the complexities of using further nested functions for inputs

at little cost in foregone realism.

INTERREGIONAL LABOUR MOBILITY

A novel feature of the model, and one which differentiates it from other
applied general equilibrium models, is its treatment of labour mobility
between regions. This is an important but somewhat complex feature of the
model, and is presented in more detail in the appendix on model structure.

Other modelling efforts which have been used to evaluate the impacts of
national policies have usually focused on one of two polar assumptions, either
perfect labour mobility between regions, or complete labour immobility.
However, neither of these is entirely appropriate in an evaluation of regional
impacts of policy changes. With perfect labour mobility individuals have no
direct association with specific regions, and the issue of whether regions
gain or lose from policy changes has little meaning. On the other hand,
effects of policies which induce migration between regions are not captured

under an assumption of interregional labour immobility.
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Because of the desire to analyze the regional impacts of policies on
different groups of residents of regions within Canada, the model treatment
used here incorporates location specific preferences. We assume that there is
a distribution of individuals within each region who differ only by their
intensity of locational preference. Their utility function parameters reflect
this difference in a systematic way across the original (pre-policy change)
population in each region.

The utility function for any agent in any region is specified as the

maximum of two separate subutility functions. This is described in Section 1

of Table 3. The Ug function gives the utility from consuming a given

bundle of goods if individual i remains in his original region. The Ug
function gives the utility from consuming the same bundle of goods if the
individual moves outside the region. If it is assumed that all individuals
are identical within any region, then in response to a changed income
differential between regions all individuals in a region would either leave or
stay, and no partial labour mobility would occur. To incorporate partial
mobility, the Ug function is assumed to vary systematically across
individuals. These are ranked in terms of their intensity of locational
preference. The Uf function thus incorporates the locational penalty

which individuals are assumed to bear should they leave and which is of
increasing severity across individuals. To simplify things, the strong
assumption is made that an individual leaving one region and moving to another
maintains the same preference structure across goods associated with all

residents in his original region. Individuals do not therefore acquire the

preferences of residents of the other region after relocating.
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Table 3
Model Treatment of Partial Labour Mobility

1. Location specific preferences

U= max(U}(X), U;(E)] Uj= utility for individual i
from consuming bundle of
goods X inside region.

Ui = utility for individual i

from consuming bundle of
goods X outside region

2. Indirect utility functions

ﬁ? = IHo g(P) IH = income if located in own
region.
ﬁ F F . * ]
1= I e+ g(P) I = income if located outside

own region.

g(P) = true cost of living (price)
index for consumption by
individuals from the
region. P is assumed to be
the same over all regions.

3. Distribution of individuals within regions by intensity
of preference for remaining in the region

u§= ug ~(8%i) i=0, ..., N

U Individuals trade off income
‘ differentials across regions
against intensity of locational
U.=U preference given by 4. As
Y drawn, individual 0 is the only
individual on the margin between
UF:ﬁF- staying and leaving the region.

4. Implication of Reduction in IH

Individual on margin shifts
U beyond individual 0. Size of out
migration determined by slope of

Ug function.

635 o
!
I
!
|
J%g e

Number Number
Leaving Remaining
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These features, and an assumption that goods prices faced by each region
are the same, allow us to employ the two indirect utility functions shown in

Section 2 of Table 3 in determining an individual's location decision.

—H

Uo gives the utility from goods consumption if individual 0 remains in the
region. Since the subfunction U? does not reflect any locational
preference (there is no penalty for staying in the home region),

M
i 0’
Location preferences enter through the function Ui, which varies

systematically across the initial population within any region. The parameter

§, in Section 3 in Table 3, reflects the utility penalty any individual
incurs under out migration. The product of the parameter § and the index i
defines the intensity in locational preferences as one moves from 0 to N
through the index of the original population in any region. In the original
equilibrium situation to which the model is calibrated, only the first
individual (i=0) is on the margin between staying and leaving. All others are
beyond the margin and have an unambiguous preference for remaining in their
region of residence. If relative incomes change across regions, then some
residents will be induced to relocate because the income differential across
regions will outweigh their locational preference.

In Section 4 of Table 3, when a decrease in income in the home region
occurs, the U? function shifts down as indicated, and some of the
individuals initially in the region leave. Outmigration would also occur when
an increase in income in other regions results in an upward shift in the
Ug function. In both cases, the size of outmigration depends upon the

slope of the Uf function, which in turn depends on the parameter §. A



~16—

further portion of the model (discussed in the appendix) specifies how

individuals leaving a region locate in other regions. In the simplest

approach, a fixed coefficient treatment is used, but a CES distribution
function could also be used.

In this way the model can be used to capture the effects on migration
decisions of regional differences in wage rates, equalization, and regional
taxes on resource rents. A complete model implementation of this approach to
labour mobility could incorporate migration effects of all regional taxes
rather than only resource taxes, and all the regionally concentrated federal
policies which appear in the present model specification. Including all of
these in the interregional migration treatment in the model is, however,

complex from a computational point of view.

FOREIGN TRADE

The main features of the model treatment of foreign trade are the
Armington assumption and the treatment of international factor mobility, both
of which have been discussed earlier.

The specification of behaviour by foreigners in the model is also
especially important. Whalley and Yeung (1984) have shown, for instance, that
the treatment adopted for the behaviour of the Rest of the World in single
economy general equilibrium models can crucially affect their behaviour, since
this determines whether the economy in which one is interested is modelled as
a price taker or price maker. In the present model the behaviour of
foreigners involves both their production and demand. In the data used to .
calibrate the model the output of each industry in the ROW is set at
approximately ten times the value added in the industry for all Canadian
regions combined. This is done in order to approximate Canada's relationship

with its largest trading partner, the United States.
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An external sector balance condition also appears as part of the
characterization of equilibrium. This states that the value of imports plus
the net imbalance on the capital account equals the value of exports, and is
equivalent to stating that, as a country, Canada is always on its budget
constraint in its international transactions. Two factors determine the
international import-supply and export-demand elasticities which regions
within Canada face: the elasticities of substitution between Canadian and

foreign products in the ROW preferences, and the size set for ROW.

TREATMENT OF POLICIES

In addition to demand, production and the various other elements
outlined in earlier sections, the model also incorporates a series of Canadian
policy elements which have regional impacts. These include nation-building
policies, intergovernmental transfers, issues associated with the economic
union (such as interregional trade barriers), and various other policies
including features of federal and provincial tax systems, and non-tariff trade
restrictions. These policies are listed in Table 4 along with a brief
indication of their model treatment.

In most cases, the model treatment of these policies is relatively
straightforward. For instance, the tariff is treated as an ad valorem tax on
imports into all regions in Canada, covering both final and intermediate
demands and with rates varying across commodities. In other cases, the
modelling of policies is more complex.

This is especially the case with energy policies, where a number of
different features come into play. Royalties are incorporated as ad valorem

regional taxes on inputs of resources (0oil and gas) used in energy
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Table 4

Treatment of Key Policy Elements in The Model

Nation-Building Policies

Tariffs

Transportation Subsidies

Energy Policies

Intergovernmental Transfers

Equalization

EPF

CAP
Economic Union Issues

Barriers to free goods
flows

Capital market preferences
Other Policies

Trade restrictions
(textile quotas)

Features of federal tax
system

Regional Development
Programs

Agricultural Programs

Model Treatment

Ad valorem tax on imports (final and
intermediate demands)

Subsidy on grain shipments from Western Canada

Provincial Royalties - ad valorem regional tax
entering producer costs

Price Ceilings - ad valorem consumer subsidy,
ad valorem producer tax

Exploration Grants - producer subsidies

Federal-provincial transfers calculated using
explicit formulae

Federal-provincial transfers - equal amount
per capita across regions

Cost-shared regional transfer programme

Ad valorem tariffs on imports from other
regions in Canada

Subsidies to capital use within region

Ad valorem equivalent tariff on
imports

Manufacturers sales tax modelled as ad
valorem output tax

Manufacturing and processing incentive
modelled as lowered corporate tax rates

Progressive federal income tax

Regional subsidies to capital use by industry
within region

Agricultural output subsidies
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industries. Energy price ceilings are approximated by ad valorem consumer
subsidies on energy which maintain consumer prices below world prices, and ad
valorem producer taxes on energy products which lower the net of tax price
received by producers to below world prices. The model also incorporates the
Petroleum Compensation Charge used in Canada in the base year for the model to
finance consumer subsidies covering the difference between domestic and world
prices for imports. A further feature of Canadian energy policies modelled
here are exploration and development incentive grants. These appear as
producer subsidies, but the marginal effects of these policies on new
exploration and development activity are not captured.

Transfers between the federal and provincial government are also
incorporated in the model. Each program is specified in a different way. In
the case of the equalization program, for instance, the explicit formulae used
for the different tax bases are applied to 1981 data, and generate
interregional transfers based on the shares of provincial tax bases and
population. Possible changes in equalization can then be considered as policy
variations in the model. Federal funding for health care and post-secondary
education reflect an equal per éapita grant to all provinces, and Federal
welfare support (the Canada Assistance Plan) is incorporated as the major
cost-shared federal provincial transfer program. Interregional transfer
effects generated by these programmes thus enter the model.

Regional barriers to free goods flows between regions are incorporated
through ad valorem tariffs on imports from other regions in Canada. This is
not a wholly appropriate treatment of these policies since, in practice, they
involve quantity and other restrictions on both exports to and imports from

other regions, which are quite different from tariffs. Examples of these are
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regional supply management marketing boards, and preferential regional
procurement policies, neither of which is equivalent to a tariff.
Tractability is the main defence for the treatment adopted.

Regional capital market preferences, which involve subsidies by the
regions on capital use by industry, are incorporated as part of the taxes and
subsidies which apply to the capital use by industries. Regional taxes on
capital income originating in industries within regions are lowered as a
result of these subsidies; in some cases a net subsidy applies.

A final set of policies which enter the model are other tax and subsidy
elements and non-tariff trade restrictions, all of which have regional
effects. These include textile quotas, agricultural policies, and features of
the Canadian federal tax system which have pronounced interregional impacts.
For instance, the federal manufacturer's sales tax enters as an ad valorem
sales tax on manufactures. Similarly, the manufacturing and processing
incentive in the corporate tax appears as lowered corporate tax rates for
manufacturing industries. Progressive national income taxes enter as
differential average federal income tax rates by region. Regional development
programs appear through regional subsidies to capital use. Regional impacts
of agricultural programs also enter through federal subsidies to agriculture

in each region.

EQUILIBRIUM CONDITIONS IN THE MODEL

Once production, demand, and policy intervention parameters in the model
are known, its equilibrium solution can be found. A general equilibrium in
the model can be interpreted in the usual Walrasian sense as a set of prices
for which all markets clear, but because of the more complex structure of this
model relative to other applied general equilibrium models, the equilibrium

conditions need to be more carefully discussed.



In equilibrium, demand-supply equalities hold in each goods market
(demands include both exports by and intermediate demands in any region), and
demand-supply equalities hold in factor markets. In the case of the capital
market, if capital is both nationally and internationally mobile, there is
only one single capital market equilibrium condition. Where capital is
internationally immobile there are two separate capital market conditions, one
in Canada and one abroad. In the case of resources, these are modelled as
specific to Canada and its energy industries, and so a single demand-supply
equality applies.

Since the endogenous migration features of the model result in different
wage rates across regions, even though labour is homogeneous across regions
separate labour market equilibrium conditions have to be satisfied in each
region, plus an additional equilibrium condition in the ROW. In addition,
zero profit conditions must hold for each industry, both abroad and in all
regions in Canada; budget balance conditions must hold for both the federal
government and each of the regional governments; and external sector balance

conditions also hold.

MODEL_VARIANTS

A series of model variants supplement the capability contained in the

basic model described above. These allow for changes in the elasticity

configurations used in demand and production functions and variants on factor

mobility assumptions.7 There are also parameters which enable increasing

Tas discussed earlier, capital can be made either intermationally
mobile or internationally immobile. The basic model variant involves the
assumption that capital is internationally mobile.
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returns to scale to be incorporated in any industry production function in any
region, using a parametric scale economy treatment. The model may also be
used in reduced dimensionality format to reduce the execution costs of

repeated solution. In reduced dimensionality format, the model is solved

using only six good38 in each region rather than the full thirteen.

IIX. IMPLEMENTING THE MODELLING APPROACH

To apply the model outlined in the preceding section to the evaluation
of the interregional impacts of policies in Canada, parameter values must be
specified for the equations appearing in the model, and it must be solved for
competitive equilibria under the various policy changes considered. In
specifying parameter values for the model, a calibration procedure similar to
those used in other applied general equilibrium models is followed. This
involves selecting a set of parameters for the equations of the model such
that data which characterizes a benchmark (or observed) equilibrium can be
reproduced as a model equilibrium solution.

The reasons for adopting this procedure are summarized in a recent paper
by Mansur and Whalley (1984) on the numerical specification of applied general
equilibrium models. They discuss the difficulties which arise with stochastic
estimation of complete general equilibrium models. They note that it is
usually not possible to write down a likelihood function for a complete
general equilibrium model, and thus Full Information Maximum Likelihood (FIML)

methods for complete model estimation are inapplicable.

8These are agricultural products, non-durable manufacturing products,
machinery and transport equipment, energy and natural resource products,
services from private sector, and services provided by the region's public
sector.
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Calibration is most easily understood as the use of model equilibrium
conditions and equilibrium data to solve for the parameter values used to
represent the model equations. Only when the model is fully specified and a
policy change incorporated is the model solved for a new equilibrium
solution. Two types of equilibria therefore have to be distinguished in this
use of general equilibrium models. One is 'observed’ or 'benchmark’
equilibria which are given from data and to which the model is calibrated (and
thus do not need to be computed); the second is ‘'new' or ‘counterfactual’
equilibria which are computed as model solutions under changes in policy.

Elasticity estimates enter this calibration process by serving as
identifying restrictions, allowing the other parameter values to be
calculated. Different elasticities produce changed values for the other model
parameters, and thus selecting appropriate elasticity values is central to the
model specification process. A series of adjustments to basic data are also

necessary when constructing the micro consistent 'benchmark' equilibrium data

set used in calibration.

1981 MICRO CONSISTENT REGIONAL DATA

The micro consistent regional data set for Canada which has been used in
the regional general equilibrium model has 1981 as its base year. Much of the
methodology used to construct this data follows that in an earlier paper by
St-Hilaire and Whalley (1983) which describes the construction of a 1972
national data set for Canada developed for tax policy analysis. A more recent

paper by St-Hilaire and Whalley (1985) gives details on the present regional

data set.
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In this data set each region is viewed as a separate regional economy,
but the links between regions differ from those recorded between nations in
international data sets. Trade between regions is incorporated, but also
appearing are tax payments from regions to the federal government,
intergovernmental transfers received by regions, and federal government
purchases of regionally produced goods. As a result, regions can be in either
a surplus or deficit position in their transactions with the federal
government. In turn, a surplus in transactions with the federal government
can finance a deficit in a region's international and interregional trade.

Developing a regional accounting framework consistent with the general
equilibrium model described earlier requires that all the transactions taking
place in the separate markets and regions which comprise the national economy
be recorded. Regional Input-Output Tables prepared by Statistics Canada
provide the most detailed set of production and expenditure accounts available
and, realistically, the only data upon which to base such an exercise.
Statistics Canada has recently produced Provincial Input-Output (PIO) Tables
for 1974 and 1979 as an extension to their National Input-Output Tables.

The 1979 tables are the m;jor building block used in assembling the
present micro consistent regional data set employed here. The PIO data are
updated to 1981 using estimates of regional economy-wide aggregates from the
Provincial Economic Accounts (PEA) compiled by Statistics Canada. The PEA
also provide estimates of federal government transactions with individual
regions, which are integrated into the data set.

The PIO Tables are similar in structure to economy-wide Input-Output
Tables. They contain two sets of interrelated accounts: a set of commodity

accounts reporting the supply of and the demand for individual commodities,
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and a set of industry accounts showing the total gross output of each industry
along with each industry's inputs in each region. 1In the first set of
accounts, the supply of each commodity is reported as the amount produced by
each industry plus the amount imported by the region. The demand for each
commodity is reported as the amount used by each regional industry, plus the
amount purchased by the final demand sectors and the amount exported. 1In the
second set of accounts the gross output of each industry in the region is
reported by commodity. The total input of each industry is reported by
commodity for intermediate inputs, and by type for primary inputs (i.e.,
indirect taxes, wages and salaries, and capital use costs). For each industry
in each region, total production costs (value of intermediate plus primary
inputs) equal the value of total production. Interregional and international
trade data appear in separate trade flow matrices which record the flows of
commodities between regions, and between regions and the Rest of the World.
There are, however, problems with these data. 1In contrast to the
National Input-Output Tables, where demand-supply equality conditions for each
commodity implicitly hold, currently available regional tables show small
imbalances, due in part to lack ;f data on inventory changes by commodity by
region. Also, while the National Input-Output Tables are consistent with
published measures of gross domestic product and expenditure at market prices
from the National Income and Expenditure Accounts, PIO Tables are only
constructed using these estimates as a reference point and strict consistency
is not ensured. Furthermore, although data on interregional and international
flows of goods are available, and are consistent with the supply and use of
goods by region, data on interregional trade in services is weak. Even though

the orders of magnitude involved are significant, a series of assumptions is
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therefore made concerning both the type of services that are traded and the
interregional pattern of these flows.

PEA data have a longer coverage than PIO data, being available for years
1966-1981. 1In contrast to the National Income and Expenditure Accounts data
which are estimated on a national basis, i.e., with incomes assigned according
to the residence of the owners of factors of production, PEA data are
estimated on a domestic basis allocating income to the region in which it is
earned. This is also the approach used in determining the location of
activity for the federal government and multiprovincial corporations and
reflects what we have emphasized above, namely the absence of data on

interregional asset ownership patterns.

ELASTICITIES

Besides the 1981 microconsistent data set, a further key input into the
model are the elasticities of substitution which appear in the production and
utility functions. Most important are four different sets of elasticities
which affect commodity and factor flows in policy evaluations made with the
model. These are: international trade elasticities (on both the import and
export side), elasticities affecting interregional trade in commodities,
elasticities determining substitution effects between energy and non-energy
products in both final demands and intermediate productiong, and elasticity
parameters determining the size of interregional labour mobility effects

induced by policy changes.

9The nesting structures in the model are identical for both final
demands and intermediate production.
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The international trade elasticity values used are based on a compendium
of estimates of trade elasticities due to Stern et al. (1976). 1In their study
they combine available estimates from existing sludies to provide both ranges
and point estimates. ‘'Best-guess' estimates for Canada are based on the
median point estimates for both the Canadian import demand elasticities and
the export demand elasticities which Canada faces.

There are currently no available estimates for price elasticities in
interregional trade in Canada. This is because there are no time series data
on interregional trade flows on which to base such estimation. The approach
used here for setting these parameter values is the same as Hazeldine's
(1979); that is, to assume that elasticities in interregional trade are the
same as those in international trade. This approach is contentious, however,
since a shares approach to elasticity determination, based on a region’s share
of international trade, would suggest that interregional trade elasticities
would be considerably higher than international trade elasticity estimates.

In turn, elasticities faced on the export side by any region which is small
would presumably approach minus infinity.

A literature survey reportéd by Thirsk and Wright (1977) suggests that
the elasticity of energy demand in Canada lies in the range of -0.4 to -0.6,
while the long-run price elasticity of supply is of the order of 1 to 1.5. A
more recent survey of energy demand elasticities by Kouris (1982) has also
reviewed existing estimates, and contains comments on possible ranges of
energy elasticity values, although not specifically for Canada. The Kouris
study produces a range of energy elasticity estimates (-.1 to -.5), only
slightly lower than that suggested by Thirsk and Wright. Estimates in this
range are therefore used in specifying energy demand elasticity values in the

general equilibrium model.
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Other commodities appear in the demand functions in the general
equilibrium model as a composite non-energy product, with substitution between
the component products entering the composite. Since these are less crucial
for results than other elasticities in the model, a Cobb-Douglas specification
is used at this level of the nesting in the preference functions in all
regions in the model. This is equivalent to setting all these elasticities to
unity.

Elasticities of substitution between factor inputs in value added
functions in each region in the model are set at .8 for all non-energy
industries in all regions and .5 for energy industries. These are a little
lower than the values reported in the survey paper by Caddy (1976) and used in
Piggott and Whalley (1985), Whalley (1985), and Ballard, Fullerton, et al.
(1985) for non-energy industries, but reflect the lack of a compatible
classification link between that used in other studies and that in the present
model. A strong assumption is made of identical values for similar industries
in different regions.

In the factor flow area, two major separate sets of elasticitles are
specified: those for capital services and those for labour services. In the
case of capital services, there ﬁre no good estimates of the elasticity of
capital flows in response to differences in the rate of return either between
regions or between Canada and the ROW. As a result, the two mobility
assumptions discussed earlier are used: either capital is assumed to be both
interregionall& and internationally mobile, or it is treated as only
interregionally mobile.

In the labour mobility area, the key parameters are those which

determine the degree of partial mobility of labour between regions. These
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relate to the mobility formulation discussed earlier. The most recent study
of interregional migration in Canada is that by Winer and Gauthier (1982) who
analyze the effects of fiscal incentives on migration. However in specifying
the interregional mobility component of the model, it is difficult to relate
the Winer-Gauthier results directly to the mobility parameters which appear in
the general equilibrium model. As a result, alternative values of the
corresponding model parameters are chosen for compatibility with different
assumptions on the elasticity of out-migration from a region with respect to

interregional income differentials.

Iv. APPLICATIONS OF THE MODEL

In this section we report some counterfactual equilibrium calculations
made with the model which yield estimates of the combined regional effects of
key national and regional policies. They also serve to illustrate the
application of the model to regional policy issues.

Employing the model for counterfactual policy analysis involves a
similar approach to that of other applied general equilibrium models, i.e.
calibration of the model to the interregional benchmark equilibrium data set
as a first step, followed by a new equilibrium solution in the presence of a
policy change. The new values of the model variables are then compared with
those of the benchmark equilibrium, yielding measures of the counterfactual
impact of the policy change.

In Table 5, results from three policy changes are reported. First, a
series of federal government policies, including all federal taxes, transfers
to individuals, and intergovernmental transfers, are replaced by a yield
preserving uniform rate federal sales tax designed to keep federal real
expenditures constant. The second policy change involves the simultaneous

removal of comparable policies pursued by each of the regional governments in
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Table 5

Model Analyses of the Regional Impacts of Replacing
Federal and Regional Government Policies by a Uniform Rate Sales Tax

A. Welfare Effects in Terms of

Hicksian EV's ($ mill. 1981)1

Case 1 Case 2 Case 3
Atlantic Canada - 4919 697 - 4052
(-24) (3.4) (-20)
Quebec - 8579 288 - 7826
(-12) (0.4) (-11)
Ontario ' -951 -189 -5
(-1) (-0.2) (-.0)
Manitoba/Saskatchewan -580 -69 - 1035
(-2) (-0.3) (-4)
Alberta 18331 - 2558 13530
(51) (-7.1) (38)
British Columbia 804 -200 1964
(2) (~0.6) (6)
Total 4638 =270 3431
: (1.5) (-0.1) (1)
B. Interregional Net Labour Flows
(measured in $ mill of labour income;
+ implies net inflow)

Atlantic Canada ' -4.4 1.3 -2.2
Quebec -9.3 0.9 -4.2
Ontario -13.7 -0.2 -1.7
Manitoba/Saskatchewan -0.7 0.4 -1.4
Alberta 30.2 -3.9 8.8
1 1.5 0.6

British Columbia -2,

Case 1: Replacement of federal government tax/subsidy/transfer policies with
yield preserving uniform rate federal sales tax.

Case 2: Replacement of each Canadian region's tax/subsidy policies with a
yield preserving uniform rate regional sales tax.

Case 3: Policy changes in both cases 1 and 2 combined.

1Values in parentheses are Hicksian E.V.'s as a percentage of

regional income (as a percentage of GNP for the Total).
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the model. A uniform rate sales tax is used for each region to maintain their
revenues constant in real terms. The third change involves both of the above
changes (including the relevant replacement taxes) being implemented together.
Welfare gains and losses by region and the net migration into or out of each
region are reported. Welfare effects are reported as Hicksian equivalent
variations (EV's) in millions of 1981 dollars by region, the income equivalent
of the welfare effect of the policy change on the region. The net labour
migration into each region is reported as the total labour inflow from other
regions minus the outflow from the region. The units are millions of 1981
dollars of labour income, and are measured in terms of the labour units
implicit in the micro consistent data set (and described in more detail in the
appendix).

Reported welfare effects by region have to be interpreted with some care
because of the presence of interregional labour mobility in the model. The
residents of a region before a policy change is instituted typically differ
from the residents of a region after the policy change because the population
‘of each region changes. In the results reported here welfare effects by
region refer only to initial residents, that is, those who are in a region
prior to the policy change.

By region, Alberta is the largest gainer in Table 5 from the removal of
federal policies, with a gain of 51% of regional income. This large gain is
due to the removal of both energy price controls and energy taxes under the
federal government's National Energy Program in use in the early 1980°'s.

These estimates thus reflect our choice of year for our micro consistent data
set; 1981 was a year in which the interregional transfer element in the policy
treatment of energy rents was large. The main losers from the removal of

federal policies are Atlantic Canada and Quebec, with losses of 24% and 12%
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of regional income respectively. Much of the Atlantic Canada loss is
attributable to the removal of federal transfers. The overall effect for
CanadaAfrom the policy change is a gain of $4.6 billion or 1.5% of GNP, in
part due to the elimination of the distortionary effects of energy policies.

The labour migration effect in case 1 is small, with the net change in
population in each region being less than one percent of the region's initial
employment. This is due in part to the interregional migration elasticities
in the model specification used here.

Removal of all regional policies produces less dramatic results.
Atlantic Canada and Quebec both benefit from the change, with gains of 3.4%
and 0.4% respectively. All other regions lose, with Alberta losing the most
at 7%. This loss for Alberta is attributable to the removal of its natural
resource based taxes. Overall, Canada suffers a 0.1% loss in this case.
Alberta has a net labour outflow, and labour migrates to all regions except
Ontario. The migration flow into Atlantic Canada is due to the removal of
sisnificant migration incentives for individuals in Atlantic Canada which
arise from the presence of Alberta'’'s resource tax revenues.

Case 3 reports results fo# the removal of all government policies at
both the federal and regional levels (with equal yield tax replacements).
Ignoring any interactions between policies across the two levels of
government, one might expect the results of case 3 to be approximately equal
to the sum of the effects of cases 1 and 2. - The welfare and labour migration
results for Alberta are obvious examples of where this does not hold.

Table 6 provides results from counterfactual analyses of the regional
impacts of separately replacing key federal policies by yield preserving taxes
similar to those in Table 5. The regional effects in case 1 reflect the

removal of intergovernmental transfers under the equalization programme
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Table 6

Replacement of Specific Federal Policies with an Equal Yield
Federal Sales Tax (Regional Government Policies Constant)

A. Welfare Effects in Terms of Case 1 Case 2 Case 3 Case 4
Hicksian EV's ($ mill. 1981)1

Atlantic -2004 -1379 -231 -1059
(-9.8) (-6.7) (-1.1) (-5.2)
Quebec -1345 -165 -3421 ~-2420
(-1.8) (-0.2) (-4.6) (-3.3)
Ontario 2151 -866 1132 -2659
(2.0) (-0.8) (1.0) (-2.4)

Manitoba/Saskatchewan ~-378 -186 -1215 1423
(-1.6) (-0.8) (-5.0) (5.8)
Alberta 831 2038 64 12228
(2.3) (5.7) (0.2) (34.0)
British Columbia 638 335 499 -621
(1.8) (1.0) (1.4) (-1.8)
Total =71 -192 -2825 6918

(-0.2) (-0.06) (-0.89) (2.17)

B. Interregional Net Labour Flows
(measured in $§ mill of labour income;
+ implies net inflow)

Atlantic -2.1 -0.6 -0.8 ~-2.0
Quebec -2.9 -0.7 -3.0 3.2
Ontario 3.4 -1.1 -1.7 ~-16.0
Manitoba/Saskatchewan -0.5 -0.3 -0.6 0.7
Alberta 1.4 2.1 0.8 22.4
British Columbia 0.8 0.6 0.4 -2.0

Case 1: Removal of Intergovernmental transfers.

Case 2: Removal of Federal Interpersonal transfers.

Case 3: Removal of all Federal non-energy taxes.

Case 4: Removal of all Federal energy taxes and subsidies.

lyalues in parentheses are Hicksian E.V.'s as a percentage of
regional income (as a percentage of GNP for the Total).
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and established programmes financing. Case 2 is dominated by the removal of
federal transfers under unemployment insurance and old age security. Regional
results in case 3 mainly reflect the replacement of progressive personal
income taxes by a yield preserving proportional sales tax; with losses to
lower income regions and gains to higher income regions. The overall loss for
Canada in this case is largely attributable to the replacement of federal
(non-energy) taxes and the resulting terms of trade deterioration. Results
for case 4 reflect the reallocation of benefits between energy producing and
energy consuming regions as energy taxes and price controls are removed.

In all these cases the regional impacts of policies are significant,
suggesting the value of the type of approéch described here. As modelling of
this type develops further, many refinements and improvements will no doubt be
made. But in raising the level of quantitative input into regional policy

debate we hope we have made the potential for this approach clear.

V. CONCLUDING REMARKS

This paper summarizes an applied general equilibrium regional model for
Canada, constructed to provide a policy appraisal tool for assessing the
potential regional impacts of various national and/or regional policy
initiatives. The structure of the model is similar to applied models used in
other policy areas, such as taxation and international trade, except that
special attention has been given to the treatment of interregional factor
mobility, the operation of multiple levels of government in the model, and
interregional trade and transfers. The model is benchmarked to a 1981 micro
consistent regional data set, and results are reported for a series of
counterfactual equilibrium analyses which have been performed with the model.

While this modelling approach provides a way of assessing regional

policy impacts, as one might expect it is not free of problems. Estimates of
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some of the key parameter values, such as interregional elasticity estimates,
are sparse. Different treatments of model features (such as interregional
factor mobility) could be adopted and many real world complications are
nissing in the model. Nonetheless, as a method of bridging theory and
application we feel the approach has much to commend it. Results are reported

for a series of policy simulations which illustrate this.
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APPENDIX

ALGEBRAIC PRESENTATION OF THE STRUCTURE OF THE MODEL

A. OVERVIEW AND NOTATION

canada is modelled as six regions: Atlantic Canada, Quebec, Ontario,
Manitoba/Saskatchewan, Alberta, and British Columbia. Regions 1 to 6 refer to
the above ordering, with r being the subscript denoting region. Each region
contains agents with identical preferences towards goods; agents within a
region differing only in their intensity of regional preference.

The federal government is modelled as a separate agent, although it is
linked to the regions through its taxes, transfers and expenditures. Federal
income accrues from taxation plus ownership of capital. Some of this income
is redistributed to regions through intergovernmental transfers and transfers
to persons; the remainder is spent on purchases of goods produced by the
regions. Federal government activities are subscripted by G. The rest of the
world is denoted by ROW. The modelling of ROW is essentially the same as for
the various Canadian regions, except there are no links to the Canadian
federal government through taxes and transfers.

The subscript j refers to industries, while K, L and N refer to the
factors capital, labour and natural resources, respectively. Written without
a bar, K, L and N indicate use of factors by industries; written with a bar,
they denote ownership of factors by region (here region refers to r=1,...,6,
and ROW). Thus K; refers to the use of capital in industry j of region r. In
this model, the strong assumption has been made that each region owns only the

value of factors originally located in that region and appearing in the
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benchmark equilibrium data. K indicates the capital owned by region r, K

-r
denotes the federal government's ownership of capital. Similarly, N denotes

ownership of natural resources in region r. Since resources are modelled as a
factor which is specific to the energy industry in Canada, energy use in
region r is simply denoted by N,

Due to the approach to labour mobility modelled here, somewhat different

-r
notation is needed for labour inputs. L 1is the use of labour in industry j
<

-r -
of region r. L denotes the supply of labour in region r, i.e., L 1is the
initial population of region r. After a policy change, labour may have

-r
migrated from one region to another; L denotes amount of labour of type
s

r locating in region s.

Y refers to value added originating in any industry in any region; G
refers to the gross output for any industry in any region; H defines the
vector of intermediate input requirements for any industry in any region; X is
the vector of final purchases (including consumption) by any agent; U is the
utility level attained by any agent; and P is a vector of world market prices
for both goods and factors. The separate notation for other commodity and
factor prices is discussed more fully below.

The solutions of behavioral functions that depend on prices endogenously
determined in‘the model are represented as functions. X(P) are final demands
for products as a function of the prices P. G(P) are gross outputs of
commodities that meet the vector of final demands X(P) and minimize costs.

The basic version of the model incorporates nine factors of production:
one labour factor in each region (r=1,...,6, ROW), 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.
Commodity 13 represents public services and is treated as nontraded. 1Index h
refers to the 91 commodities produced in total.

a;j indicates the per-unit use of good h in the production of good j in

region r. p denotes substitution parameters on the production side, and ¢

r

substitution parameters on the demand side. p_ = determines the elasticity
J

of substitution among 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. & and B are share parameters in the CES functions on the

production

side; b are the share parameters in the demand side CES functions.

B. PRICES AND POLICIES IN THE MODEL

Prices in the Model

r

L (r=1,...,6 ,ROW). In the

The market price for labour in region r is P
central case model variant, the market price of capital is Pk’ while in the

variant involving international capital immobility, the Canadian market price

CDN
K

For the Canadian regions, the

of capital is P and the ROW price is onw

natural resource price is P These are the prices paid by domestic

N
industries using these factors, net of factor taxes and after receipt of
factor subsidies. They are also sellers' prices received by factor owners
(before income taxes).

pF = (Pi,...,P;3) are selling prices for producer outputs in region r,
gross of domestic production taxes and subsidies. These are also f.o.b. world

export prices received by exporters, and are the before-consumer-purchase-

taxes prices paid by domestic consumers for products produced in their



own region. Ph’ Pl"'P denotes the same producer prices indexed by the

91
goods in all six Canadian regions and ROW.

1 .2
o1’ Px» Py Ppe Ppo

w) for the central are variant of the model. For the

P is the vector of endogenous model prices (Pl""'P

3 4 5 6 RO
"Pre P P Ppo B
variant involving international capital immobility, P is the vector of

CDN ROW 1 6 ROW
endogenous model prices (P ,...,P , P y P s PP ,...,P , P ).
1 91 K K N L L L

Policies in the Model

Regional government policy parameters are denoted by the terms t
subscripted or superscripted as appropriate, federal government policies
denote by the terms t, again with appropriate subscripts and superscripts.

Trade Policies

Tariffs are modelled as ad valorem taxes on imports for both
intermediate use and final demand. Tariffs imposed by the federal government
are on international trade only so that T;h is the federal tariff paid by
consumers in region r on international imports of good h. Note that this
vector of tariff rates is non-zero only for those h values which correspond to
imports from ROW. The tariff rates on commodities are uniform across Canadian
regions. Because trade barriers between regions are represented as ad valorem
equivalent tariffs, t;h also denotes the tariff imposed by the region r
government on imports of good i entering region r from other regions of
Canada. tggw are the tariff rates on goods imported by ROW.

Factor Taxes and Subsidies

Canadian regional governments (r=1,...,6) impose taxes on labour t:j



(j=1,...,13), on capital t;j (j # energy), and on natural resources t; used
in the energy industry. The federal government similarly imposes taxes T:j’

r r
TKi and Ty o0 region r (r=1,...,6). The ROW government imposes ad valorem

ROW ROW
tax rates tLj ’ tKj on the use of capital and labour in industry j
(j=1,...,13).

Intermediate Use Taxes and Subsidies

Each regional government, r, imposes ad valorem rates It;j on the
purchase of commodity h for use in industry j in region r (r=1,...,6,ROW).
The federal government imposes similar taxes at rates Ir;j in regions
r=1,...,6.

Production Taxes and Subsidies

Each regional government, r, uses ad valorem tax rates t;j on the
production of the jth industry located in region r (r=1,...,6,ROW). Federal
government tax rates tpj also apply, with uniform rates across regions.

Consumption Taxes and Subsidies

Each regional government, r, uses ad valorem tax rates t; on the
consumption of good i in region r (r=1,...,6,ROW). Federal government tax
rates t, also apply.

i

Income Taxes

Each regional government, r, applies ad valorem average income tax rates
t; to taxable income of region r (r=1,...,6,ROW). Federal government tax

rates Tp also apply.

C. PRODUCTION

Industry Value-Added Functions

The CES value-added function for any non-energy industry, j, in any

region in Canada is



where Yj is a constant defining units of measurement, and

in industry j.

ROW.

..Pj —P
K +(@Q-8) L
h h 3

For energy industries in Canada,

-p, -p

’ + (1-8) « L,
J J

-1/p,

J
, J # energy industry

Y. is value added

3

This function also holds for any industry (j=1,...,13) in

-1/p

J

*

j = energy industry.

Factor demand functions for an industry reflect cost-minimizing

behaviour.

Minimizing CES value-added function subject to a given level of

output yields the appropriate cost functions.

For a given P, factor demands for each non-energy producing industry can

be written as:

r
K (P)
h]

r
L (P)
J

for r=1,..

4
r _r
p./(p +1)
r r j
(1-8 )P
r r
< s ! > + (1-65)
r
Tl 6.5
h| Kj
f\ _r _r
p./(pj+1)
r r
80 J
r
<(1~6.) J +
r r
(1-8 )°F
i L]

\.

.,6; j#energy and where

1/p
r
G (P)
S
r
Y,
J
\
1/p
r
G (P)
r > j
3 r
Y.
J




-r r r r
P - (lL+1t +t )
Ly L Lj  Lj

g
il

r r
P » (1 +1 +t )
Kj K Ki Kj

g
[}

For the energy industry in each region the labour demand equation is

identical to that above, while the natural resource factor demands are:

r ) ol | od
(o 3 /(5 +1) N\ 1/5
r r E E E r
(1-8 )P G (P)
r r E LE r E
ye)=¢¢6 | — +(1-5)> e—  p=l,...,6
E E r _r E
d P Y
R T E
\ J

where ;; =Py * (1 + 1; + t;)

In the ROW, there is no specific resource input to the energy industry
and so factor demands for all industries in the ROW are similar to those for
Canadian non-energy industries.

Five level nested CES functions are used in calculating 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.

We first consider the use of composites of each of the traded goods
(denoted by %=1,...,12) in industry j in region s. The level 5 CES
aggregation function is

Level 5

s 5s
5s 5 s s Pj i Pj

C = :r B e (C )
L r#s j(r) v



where 56;1 is the composite of the five types of good L produced in regions
other than s. The superscript 5 denotes level 5 while the superscript s is
region s ;j is the industry subscript and 2 the good subscript. &(r)
-denotes good % from region r; c;l(r) represents the intermediate use by
industry j in region s of good % produced in region r. For notational
simplicity, the level and region superscripts are dropped from the
elasticities and share weights in the functions for subsequent levels.

Level 4

This level describes the substitution between the use of the composite
of good % available from other regions, Scii’ and the use of the good %

4 s

available from the home region, c;!(s)' le is therefore the intermediate

use by industry j in region s of the composite of Canadian sources of good %.

-1/
4 B (C )Pj a-8 e )pj s
= + -]
jL it 3% i j%
Level 3

Substitution at level 3 occurs between the use of the composite Canadian

4 s ' s 3 s
good %, le, and good & from ROW, Cji(ROH)' This defines cj!. the
intermediate use by industry j in region s of the composite good representing

all sources of good %. 3631 is defined for each of the traded goods,

2=1,...,12.

P

P -1/p
3 2le ®y3 s as Sl ] .
jo L 3% jR(RowW) LAY



Level 2
Substitution at level 2 occurs over the 11 non-energy traded-good
composites and the non-traded local public services good for region s. The

result defines a non-energy composite good.

P ~-1/p
2s 3s j 3
c = bX B..CC )
3 i#energy ji ji
Level 1

Substitution at level 1 occurs over the non-energy composite good, 2c§.

and the energy composite good, 3Cs to yield a composite intermediate input

3E’

for industry j in region s.

p, | -1/p
ls 3s j 2s j
c =|B(CC ) +@B)H(C)
h| j JE J j

The nesting structure used in the model to represent the ROW differs
from the structure above only for levels 3 to 5, where substitution across
goods produced in other regions occurs. For level 5, goods produced in all

Canadian regions appear, i.e.

P -1/p
5cnow 6 ROW ROW 3

I B (c ) L=1,...,12
i r=1 j(r) j(r)
and the level 4 substitution does not apply for ROW. Level 3 substitution
involves the Canadian composite and the good produced in ROW. This yields 12
traded-good composites, i.e.
P P -1/
3 ROW ROW ROW 5 ROW j pj

c =|8 (c ) 3 + (1B, )(cC
je h}) j % (ROW) je je
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The next two levels are the same as for the Canadian regions.

Industry Production Levels to Meet Consumer Demands

Intermediate demand functions reflect cost-minimizing behaviour. Cost
hinimizing subject to the the CES intermediate requirement functions at each
nesting level yields the appropriate cost functions; for space reasons the
derivation of these functions is not reproduced here. The cost functions for
ROW industries differ from those of Canadian industries. The nesting
structure at the first level is, however, the same for all industries over all
regions and will be used to illustrate the basic structure.

Expenditure on intermediate goods by industry j in region r is denoted

by u;. where

ur _ PDr . 1Cr
X i 3 i’
Cr is the quantity of the intermediate use composite good at level 1 of the

3

r
nesting structure, while PDj denotes the price of this composite good.
1r
The CES intermediate requirement subfunction underlying Cj at level 1

yields the intermediate demand functions for the energy and non—energy‘
composites, i.e. the demand function for the non-energy composite in industry

j in region r is

1
(1+p) r
(1-8) o M
2-r j
cC =
JNE 1 1 P 1 P
1 r (1+p) (14p) 1 r (1+p) (1+p) 1 r (1+p)
CPp. ) . B - Cep ) Y v (B « (PD_)
JNE J JE j JNE

where the superscripts which denote level 1 and region r for the B's and p

have been supressed for simplicity of exposition. Defining the term in the
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square brackets in the equation above as lpsg, then

defines the price index for the composite good lcg. Similarly, the price
indexes 1PD;NE and 1PD§E are calculated using parameters from the lower
levels of the intermediate requirement functions.

The CES subfunction for 20; 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 each of the lower levels. At these lower levels, the price

indexes are calculated from the domestic (gross of tax) prices of the

individual goods, i.e.

-r r r Ir Ir
P =P ¢ (1 + < + t + T + t
hj h Mh Mh hj hj

is the price that industry j in region r pays for good h (h=1,...,91).

The result of this cost-minimizing process is to yield the per-unit
requirements a;j. i.e. the per-unit requirement of good h in the production of
good j in region r. Given X(P), the vector of final demands for goods as a
function of P, and A(P), the matrix of elements azj, then

G(P) = (I-ACP)) T X(P)
yields the gross output of commodities that meets the vector of final demands

and minimizes intermediate production costs.
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D. CONSUMPTION

Demands for all agents in the model are based on utility-maximizing
behaviour subject to agent budget constraints, with nested CES utility
functions used to represent agent preferences. The five level nesting
structure for Canadian agents is identical to that used to represent Canadian
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. Similarly, final demand
preferences in 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 to that for ROW.

Agent Budget Constraints

Regions

The budget constraint for each region defines regional income Ir, where

r r

-r r -r r r
I = PK * K +4P *L +#TR +R - 1IT
L

r
L

region r, ‘1'Rr defines the federal government transfers to r, Rr is regional

and PK is the world price of capital, P, is the wage received by labour in
government net tax revenues (assumed redistributed in lump-sum form), and It

defines federal personal income taxes paid in r.

Federal Government
The federal government budget constraint is represented by income IG,

where

G -G G 6 r
I =P K +R - %t TR
k r=1
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-G G
and K is federal ownership of capital and R 1is federal net tax revenue.

ROW

The budget constraint for the foreign agent, ROW, is given by the income

term IROw where

ROW ~-ROW ROW ROW
1 = Pk ¢« K + P * R

Final Demands

r

The total final demand for any good is Xh = I xh. where h=1,...,91
r

and r refers to all 6 regions in Canada, ROW, and G. Maximizing the CES
utility subfunctions at each level of the nesting structure yields the final
demand functions for the composite goods, and at the lower levels the final
demand functions for the individual goods. Since the nesting structure is the
same as that used for the intermediate requirement functions in production,
the derived final demand functiéns also have the same form as the intermediate
demand functions.

Price indexes of the composites used in the functions are derived fronm
the consumer prices of the individual goods. Consumer prices in each region r

in Canada are denoted by

-r r ., r r r
P =P ¢« (1+1" +¢t +1v +t) r=1,...,6; h=1,...,91
h h Mh Mh h h

The federal government ﬁays no taxes and so
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P =P h=1,...,91
h h
and for ROW
-ROW ROW ROW
P =P + (1 + ¢t + t ).
h Mh h

E. TREATMENT OF FACTOR MOBILITY

The resource factor is specific to both Canada and the energy industry,
so it is internationally and intersectorally immobile. Accordingly, the
Canadian price for the energy factor is PN' with the energy industry in a

region r facing the price
-r r r
P =P » 1+t +¢t).
N N N N

Two versions of the model with different treatments of capital mobility
are used. In the basic model variant, capital is intersectorally,
interregionally, and internationally mobile. In this case there exists a
siﬁgle world price for capital. The other model variant has capital as
intersectorally and interregionhlly mobile, but not internationally mobile.

The price of capital faced by a Canadian region in this variant is

-r CDN a r tr ) 1 6: 3
P = P . + T + r=1,...,6; j#energy,
Kj A K Kj Kj ’ » ’
and for the ROW is
-ROW ROW ROW
P = P e (1 + ¢t ) j=1,...,13.
Kj K Kj

A further modification is necessary for this variant in the statement of the

model equilibrium conditions.
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A feature of the model which differentiates it from other applied
general equilibrium models is the treatment of partial labour mobility between
regions. Labour is assumed to be homogeneous across all regions in Canada in
all respects but one: Labour originally located within a region is assumed to
have a preference for residing in that region over any other. These
locational preferences are represented by a penalty which is incurred if the
home region is left. The size of the penality, i.e., the strength of
locational preference, is assumed to vary systematically over the individuals
intially located within a region. pr is the parameter of intensity of
locational preference in region r, and mi = (ur * i) is the penalty to

individual i in r on leaving.

The analysis in the test of the paper describes the labour migration
decision process in terms of utility maximization with utility penalties on
relocation. Strong assumptions, which are discussed later, are employed here

and allow the modelling of partial labour mobility to be based directly on
relative income differences rather than on differences in utility. pr.is
thus a measure of locational preference in terms of income, while m; is the

income penalty incurred to individual i in region r on leaving.

Units of labour in each region are defined in terms of the amount of
labour which earns one dollar worth of income in the benchmark equilibrium

-r
data. There are thus L units of labour in each region r. The income that

enters this measure and affects migration decisions is

1 -r
Individuals are indexed from 0 to (L -1) to accomodate the assumption
of individual 0 as the marginal labour unit.



16

r
r R
-r r TR N . -r
I =P 4+ — + — , i=0,...,(L -=1)
i L -r -r
L L

where R; is natural resource tax revenues of the regional government, and TR®
is transfers received by region r from the federal government. Individuals in

a region are assumed identical in terms of per capita income. Based on
differences between this and similar measures for per capita income in other
regions, and the strength of locational preferences, individuals in region r
decide whether or not they should migrate.

For notational ease, the discussion which follows will drop the home
region subscript, r. The analysis applies to any Canadian region, and s is
used to refer to all other Canadian regions.

The per capita income measure for an outside region s which an

individual i contemplates moving to is

s R
-8 s TR N
I =P 4+ — + —
i L -s -S
L L

For tractability of the modelling treatment, a fixed coefficient composite of

outside income is used in the migration decision, calculated as

i s#r i

and each individual i within the region uses this value in making his

migration decision. If the home per capita income is ;., then the labour
i



17

H F
migration decision is assumed to be a function of I , I and u. For the
i i

initial benchmark situation, the first individual in a region is the marginal
individual, i.e. the individual on the margin between leaving the region and

remaining. We index this individual as i=0, so that for this value of i,

m, o= p*i = 0, hence
-F ~-H
I =1
o] 0

All other individuals suffer a penalty on leaving the region, and since their

out-of-home-region income net of penalties is less than that of individual 0,
they choose to remain in the home region. This net of penalty income is

calculated as

°F -F
I =1 - (uei)
i 0

If, however, a change in policies occurs, and net outside income

-F ~H .
increases, i.e. IO > Io, then the outmigration will occur up to the point

~

H
where Io = Ik, where k will now represent the marginal individual. The

number of individual migrating can then be calculated from

“H -F
I =I - (u°i)
0 4]
as
-F -H
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The individuals leaving a region are assumed to distribute themselves
over outside regions using the same fixed coefficient approach by which the
composite outside region income is determined. This, migration to region s
from the home region being considered here is given by Hs = as » i, where i
is the outmigration determined above. The total inmigration to region s is
given by the sum across all outmigrating regions of the amount of labour
entering region s.

The series of strong assumptions which underlie the treatment employed
here to model partial labour mobility should be highlighted. One is that any
individual leaving region r for region s retains the preferences he originally
had in region r. Furthermore, the individual is assumed to still face region
r prices. Finally, any migrating individual's income is assumed to change

only in those components which make up the migration decision income measure.

F. MODEL EQUILIBRIUM CONDITIONS

Equilibrium in the model is characterized by a series of conditions:

(i) Demand-Supply Bqualities for Commodities and Factors

- for all commodities

6 ,ROW 13 r r

L r a G (P) h
r=1 j=1 hj j

X (P) = G (P) - 1,...,91
h h

- for capita

~ (in hasic model variant)

13 r
I K (P) =
=1 j r=1

6 ,ROW 6 .ROW,G r
z z 14

r=1 3
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- (in the international immobility variant)

13 ROW . -ROW

I, K, (P) =K
Jj=1 J

6 13 r . 6,6 -r

el 35 K0P = K

- for labour

13 ROW ROW
I L (=L
j=1 3

13 r r
R L_(P) =L r=1,...,6
i=l )

r r r r
where after migration has occurred, T =L + I L . L[ is the
r s#r s r

-r
number of original individuals in r who remain in r; L is the number
s

of individuals from region s who migrate to r.

6 r 6 -r
T N (P) = I N
r=1 r=

(ii) Zero Profit Conditions for Industries (Basic Model Variant)

r ol
K_(P) L (P)
r r j _r j
= (1l+t + t ) P - + P
(j,r) Pj Pj r L r
G (P) G (P)
J J

(Domestic factor costs)

13 6,ROW r -r
+ I z a s P
k=1 s=1 (k,s)J (k,s)j
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(Costs of intermediate use of domestic products and exports)

The producer price for industry j in region r (where the subscript (j,r)

denotes the h value corresponding to j and r) covers production costs,

-including domestic production taxes and subsidies. Note that for ROW, «

zZero.

P e X P e X
r#s i=1 (i,s) (i,s) r#s i=1 (i,r) (i,r)

Pj

Trade Balance (Basic Model Variant)

- for ROW
6,G 13 r 6 13 ROW

T P e X (P) = L I P e X (P)
r=1 i=1 (i,ROW) (i,ROW) r=1 i=1 (i,r) (i,r)

{(Value of merchandise exports) (Value of merchandise imports)

13 ROW -ROW
+P () K -K )
K j=1 3}

(net capital imports from abroad)

e s — g

13
pX

13 s

S
(P) + TR = L L (P)

13 s -8
+P () K -K)
K j=1 j

~ for the Federal Government

— - — - — —

is
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