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Abstract

Because Canada’s economy is so open, import and export price shocks can
significantly reverberate through its labour market. This paper evaluates the
impacts of two such shocks, namely, a fuel price shock (increased world
prices of crude oil and refined petroleum products) and a manufactures price
shock (drops in world price of selected manufactured goods). We use a CGE
regional trade model of Canada to estimate these impacts on the provincial
economies, notably in terms of the skill profile of wages. The results show
that the fuel price shock tends to increase the national welfare and GDP
somewhat, although the provincial effects are quite varied (ranging from -
0.6% and 2.0%). It also reduces real labour incomes, particularly those of
the less skilled. On the other hand, the manufactures price shock generates
larger welfare and GDP gains (about 1%) and the interprovincial variation
is in terms of size (up to 3.6% for GDP) but not sign. This shock also re-
duces real wages overall, but it tends to increase those of the less skilled. In
other words, the simulation results seem to suggest that a fuel price shock
is likely to have a more marked negative impact on real wages and the skill-
distribution of real wages (i.e., low-skilled wages decline relative to high
skilled). By contrast, even though the manufactured goods price shock re-
duces real earnings, its distributional impacts favour the less skilled. The
policy implication is that rising energy prices may represent a greater threat
to unskilled workers than cheap imports of manufactured goods from emerg-
ing economies like China. Our findings suggest that the skill dimension may
be more important to Canada than previously thought and its regional im-
pacts warrant further investigation.

Keywords: labour skills, external shock, regional trade, cge models
JEL Classifications: C68, F14, J24, R13
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1 Introduction

Canada is a very open economy, with exports accounting for roughly 40% of GDP.
As a result, the Canadian economy is particularly vulnerable to various shocks
originating in world markets. This paper undertakes a provincial analysis of two
such shocks using a computable general equilibrium (CGE) approach. Static CGE
models are well suited to addressing issues of long-term resource reallocation such
as impacts from changes in the international economic environment. We consider
two external price shocks, namely, a fuel price shock (i.e., increase in world prices
of crude oil and refined petroleum products) followed by a manufactures price
shock (i.e., drop in the world price of selected manufactured goods).

One of the novel features of our data and findings is that we are able to iden-
tify separate effects on different levels of skill intensity of employment by sector
by province. There are up to 26 occupational categories which can be aggregated
into a range of skill levels in the labour market (in contrast with the usual skilled-
unskilled dichotomy in the literature [4] [5]). The model is then extended to rep-
resent separate markets for workers of different skill levels (say, low, medium and
high skilled workers).

Both of the shocks considered in this paper have positive and negative dimen-
sions for Canada. In the case of higher fuel prices, the good side is that Canada
exports a significant quantity of crude oil and natural gas, so its export earnings
would be expected to rise. At the same time, such changes in the terms of trade
could cause a so-called ‘Dutch Disease’ effect.! Our results show that the fuel
price shock tends to increase the national welfare and GDP somewhat, although
the provincial effects are quite varied (ranging from -0.6% and 2.0%). It also re-
duces real labour incomes, particularly those of the less skilled.

For the case of declining prices of manufactured goods, the positive dimension
is that cheaper imports of manufactured goods benefit consumers and firms buying
intermediate inputs. On the other hand, exporters of manufactured goods face a
competitive challenge when their export prices fall along with the prices of com-
peting imports. This manufactured price shock generates larger welfare and GDP
gains (about 1%) and the interprovincial variation is in terms of size (up to 3.6%
for GDP) but not sign. However, no province experiences a welfare loss. Although
the manufactures price shock also tends to reduce total labour earnings in Canada,
real wages tend to rise among the less skilled, in contrast to the fuel price increase.

Finally, in both cases, there is widespread concern about how such shocks are
likely to affect unskilled relative to skilled workers.

'This term refers to a decline in manufacturing caused by an increased value of the domestic
currency (or by higher fuel prices in our case).



The plan of the remaining of the paper is as follows. Section 2 briefly describes
the features of the model and data to be used, including a discussion of the skill in-
tensity of various sectors. Sections 3 and 4 discuss the two experiments considered,
namely, a fuel price increase and a manufactures price drop. Section 5 concludes
the paper with a summary of the main findings and discussion of possible exten-
sions. Appendix A describes the theoretical structure of the basic model for the
interested readers.

2 Basic Framework

This section provides an overview of the basic modelling framework used for the
two price shock experiments in this paper. Detailed descriptions can be found in
the documentations [6] [7] available from the web site http://creap.wlu.ca

2.1 Model Overview

The underlying Basic Model of Regional Trade (BMRT) is a static CGE model of Canada
with the usual features of constant returns to scale technology and perfectly competitive
market structure. In the model, Canada is represented by a number of provinces or regions
(e.g., 11 regions in this paper). Trade is engaged at both interprovincial and international
levels.

2.1.1 Production

On the production side, each sector has a multi-output technology taking an input aggre-
gation and processing it through an output transformation. As the model is implemented
in GAMS/MPSGE [2] [8], in most cases, switching between Leontief, Cobb Douglas and
CES substitution on the input side is trivially easy

An input bundle of intermediate inputs and primary factors is used to produce a ‘generic’
output. Different intermediate inputs are combined in fixed proportions to produce an in-
termediate composite. In other words, a fixed ratio of agricultural goods to machinery is
required to satisfy the intermediate input requirements. The primary input composite is
a CES composite of primary factor inputs (e.g., labour of different classes and capital in-
puts). Finally, the intermediate inputs composite and the primary factors composite (value
added) are combined in fixed proportions to produce the ‘generic’ output

The transformation of this ‘generic’ output into goods for domestic and foreign con-
sumption is handled in two stages. Firstly, the generic output is transformed among differ-
ent output goods according to a CET transformation function. Secondly, there is an added
level of transformation among goods destined for the own province market, and goods
destined for export (i.e., other province or the rest of the world)


http://creap.wlu.ca

2.1.2 Trade

Each province of Canada is modelled as a small open economy relative to a single rest
of the world. On the supply (export) side, this means that provinces are price takers in
world markets for their goods. On the import (demand) side, the goods demanded (both
final and intermediate) in a given region are Armington [1] aggregates of own production,
those produced in other provinces and those produced in the rest of the world. Initial
trade imbalances are accommodated by giving each province’s representative consumer an
offsetting endowment of foreign exchange.

2.1.3 Final Demand

Final demand is composed of a representative consumer, provincial government and (op-
tionally) a local government in each region, plus one federal government.

On the private final demand side, each region has one representative consumer which
is endowed with all the primary factors in the region. The consumer demands a CES
composite of consumption goods and investment goods. Each of these two goods is in turn
a Cobb-Douglas composite of the individual final goods

On the government side, each level of government receives tax revenues earmarked
for that level of government and spend the remainder on either government expenditures
or investment. Once again, each of these two good is a Cobb-Douglas composite of the
individual goods. The governments’ initial surpluses or deficits are accommodated by
offsetting endowments of foreign exchange.

2.2 Data Overview

The Canadian Regional Economic Analysis Project (CREAP) data set is based on the 2001
S-level provincial input-output (I0) table compiled by the Input-Output Division of Statis-
tics Canada [9]. To be used in modelling work, the raw data first needs to be balanced to
produce a micro-consistent benchmark data set satisfying the usual zero profit and market
equilibrium conditions.

It is noteworthy that the Canadian IO table is in a rectangular format which means that
each sector can produce a vector of outputs (multi-product). This data structure makes our
model different from the usual single-product case as in most CGE models with squared
data. Since goods and sectors in our framework are not uniquely linked to one another,
there is significant scope for a given sector to differ across provinces. For example, it is
possible that the Mining sector in Alberta produces a different range of outputs and uses a
different input pattern than the Mining sector in neighbouring Saskatchewan.

2.2.1 Data Aggregation

The full-blown version of the CREAP data set provides a numerical snapshot of Canada as
a small open regional economy with 10 provinces, 3 territories, 25 production sectors, and
56 aggregated commodities. In addition, there are sufficient details on emission, energy,
taxes, and trade to allow explorations in various policy issues on the environment, public



finance, agriculture, and trade. In this paper, in order to introduce the additional feature
of skill level by sector and by provinces without getting in too much details, we opted for
a smaller data set with 11 regions (10 provinces plus territories), 12 production sectors,
and 21 aggregated commodities (see Tables 2.1, 2.2, 2.3). This level of data aggregation
provides a proper balance between model complexity and interesting policy analysis.

Table 2.1: Region Listing

Code Description

1 NF Newfoundland
2 PEI Prince Edward Island
3 NS Nova Scotia
4 NB New Brunswick
5 QC Québec
6 ON Ontario
7 MB Manitoba
8 SK Saskatchewan
9 AB Alberta
10 BC British Columbia
11 TR  Territories (Yukon, Northwest Territories, Nunavut)

CD Canada

2.2.2 SKill Intensity

The labour-related classes of inputs (wages and salaries plus supplementary labour income)
used in each sector were allocated among three skill classes (low, medium and high) based
on information relating sectoral employment income among the National Occupational
Classification (NOC) database by province and source [3]. The NOC classifications are
aggregated into our three general skill classes as follows: low (NOC levels C, D), medium
(NOC level A), and high (NOC levels O, A).

To summarize the skill-intensity of various sectors, we calculated a skill intensity index
15 based on their employment of low, medium and high skilled workers as follows:

Is = 3o +2aM 4+ ot

where o is the proportion of workers in skill class i = H, M, L. We ranked the sectors

accordingly. Based on the index, the 12 sectors can be split into three average skill groups

(low, medium, high) each of which contains four sectors as follows:

. low average skill: proportion of high skill 10% or less and proportion of low skill at least
45%,

. medium average skill: proportion of high skill 13—-18% and proportion of low skill 29—
51%,



Table 2.2: Sector Listing

Code Abbreviation Description

1 UTL [Utilities Utilities

2 AGR Agriculture Agriculture

3 MIN Mining Mining

4 CON Construction Construction

5 FFT  Forestry Forestry, fishing, trapping

6 SGS Social services Social, health and government services

7 Ml Food Food, textiles and publishing

8 M2 Chemicals Chemicals, rubber, plastic and metals

9 M3 Machinery Machinery, equipment, vehicles and furniture
10 WRF Wholesale Wholesale, retail, financial, commercial services
11 TRN Transportation Transportation
12 ACE Accommodation Arts, entertainment, accommodation, travel

. high average skill: proportion of high skill at least 20% and proportion of low skill less
than 50%.

Table 2.4 presents the share of employment income attributable to each sector for
Canada as a whole. To look at it differently, we can look at the sectors based on which
skill group has the highest share of employment. The only sector which is predominantly
high-skill intensive is the Social, Health and Government Services sector (SGS) while
Mining, Agriculture, Construction and Utilities are predominantly medium-skill intensive.
The remaining seven sectors are low-skill intensive.

2.2.3 Sectoral and Regional Characteristics

We briefly describe some sectoral and regional characteristics which have some bearings
to the external price shock experiments in the next two sections. We consider three man-
ufacturing sectors ranked in terms of their level of processing and factor intensity. At one
extreme, the Food, Textiles, and Publishing (M1) sector (including clothing) is relatively
labour intensive. At the other extreme, the Chemicals, Rubber, Plastic and Metals (M2)
sector is both highly energy and capital intensive. Within these two extremes, the Ma-
chinery, Equipment, Vehicles and Furniture (M3) sector is not energy-intensive and has a
capital-labour share between the other two.

From a regional perspective, the relative importance of a sector varies significantly
across provinces. For example, the Forestry, Fishing and Trapping (FFT) sector is sig-
nificantly more important to the four Atlantic provinces (NF, PEI, NS, NB) and British
Columbia than to the rest of the country. On the other hand, almost 63% of Canada’s
mining industry is located in Alberta, composed largely of oil and gas extraction. Finally,
manufacturing is crucial to Ontario, and to a lesser extent Québec and British Columbia.
In particular, Ontario’s dominance is mainly in the Machinery, Equipment Vehicles and



Table 2.3: Commodity Listing

Code Abbreviation Description

1 AGR Agriculture Agricultural goods

2 FFT  Forestry Forestry, fishing, trapping

3 MIN Mining Mining

4 FBT Food Food, beverages, tobacco

5 TCL  Textiles Textiles, clothing, and apparel

6 LWP Lumber Lumber and wood products

7 MMP Metal Metal and metal products

8 MEV Machinery Machinery, equipment, vehicles

9 OMP Other manufactures Other manufactured products
10 CON Construction Construction
11 TRS  Transportation Transportation and storage
12 UTL  Utilities Utilities,
13 CFS Commercial Commercial, financial services
14 AFB  Accommodation Accommodation, food, beverage services
15 SGS Social services Social, health, and government services
16 ELY  Electricity Electricity generation plus transmission
17 COL  Coal Coal
18 CRU Crude oil Crude oil
19 GAS Natural gas Natural gas
20 RPP  Refined petroleum  Refined petroleum products
21 ORP  Other petroleum Other petroleum and coal products

Furniture (M3) sector which accounts for over 70% of the total production in the country.

Another point worth stressing is that the markets for fuels and manufactures tend to be
among those regions which are more integrated into world markets. To pick a few numbers,
80% of Canadian natural gas is exported. Crude oil is exported in Western Canada and
imported in the East. Ontario and Québec are significant net importers of crude, but have
limited net trade in refined petroleum. Alberta is a large net exporter of both crude oil and
refined petroleum products. The net trade in crude oil and refined petroleum products by
province is summarized in Table 2.5.

The most internationally open market in Canada is that for the Machinery, Equipment
and Vehicles (MEV) commodity. In that case, over 85% of the domestic demand is sup-
plied from foreign markets. Similarly, almost 80% of Canadian production is exported.
This openness is due in no small part to the huge bilateral trade in motor vehicles and
parts between Canada and the United States. Table 2.6 presents the provincial and sectoral
composition of production in Canada and Table 2.7 presents the role played by trade in the
supply and demand for various goods in Canada.

10



Table 2.4: Skill Intensity by Employment (%)

Skill Shares Predominant
Code Sector Low Med High Skill Intensity
SGS  Services 31 27 42 high
UTL  Utilities 30 45 25 medium
MIN  Mining 35 44 21 medium
CON  Construction 29 59 13 medium
WRF Wholesale 47 23 30 low
M3 Machinery 48 34 18 low
M2 Chemicals 50 35 15 low
ACE  Accommodation 51 34 15 low
FFT  Forestry 49 44 7 low
AGR  Agriculture 45 53 2 medium
Ml Food 65 24 10 low
TRN  Transportation 73 18 9 low

Table 2.5: Net Exports of Crude Oil and Refined Petroleum Products ($M)

Crude Oil Refined Petroleum

Code Region (CRU) Products (RPP)
NF Newfoundland 1,099 555
PEI Prince Edward Island 0 -120
NS Nova Scotia -890 249
NB New Brunswick -3,074 2814
QC Québec -4,941 -145
ON Ontario -6,921 -892
MB Manitoba 42 -1,025
SK Saskatchewan 3,354 -52
AB Alberta 11,916 5468
BC British Columbia 589 -2,096
TR Territories 339 -167

11



Table 2.6: Regional Shares of National Sectoral Output (%)

Utilities ~ Agriculture Mining  Construct  Forestry Social
Region UTL AGR MIN CON FFT SGS
Newfoundland 1.7 0.3 3.4 2.1 5.1 1.8
Prince Edward Island 0.1 0.8 0.0 0.3 1.4 0.5
Nova Scotia 2.5 1.3 1.8 2.7 7.7 34
New Brunswick 3.8 2.1 0.7 1.7 5.8 2.4
Québec 26.3 16.3 3.1 17.2 19.7 22.4
Ontario 36.7 23.1 5.7 334 10.9 38.1
Manitoba 4.6 9.6 1.0 2.8 1.2 39
Saskatchewan 3.4 14.7 9.9 3.9 2.5 33
Alberta 11.7 22.9 62.7 22.3 4.8 10.1
British Columbia 8.8 8.9 9.8 12.4 40.8 13.2
Territories 04 0.1 1.9 1.3 0.1 0.9

Food Chemicals Machinery Wholesale Transport Accomm

Region M1 M2 M3 WRF TRN ACE
Newfoundland 1.1 0.8 0.1 1.0 1.0 1.0
Prince Edward Island 0.6 0.1 0.1 0.3 0.2 0.3
Nova Scotia 2.4 1.7 0.6 2.2 2.2 2.3
New Brunswick 3.6 2.9 0.3 1.6 2.4 1.7
Québec 30.4 24.8 18.9 19.9 18.7 20.9
Ontario 34.4 48.2 71.3 44.6 354 40.6
Manitoba 3.1 1.7 1.6 3.0 5.0 3.3
Saskatchewan 1.8 1.8 0.5 2.5 3.8 2.7
Alberta 8.4 13.3 3.8 11.9 15.0 12.4
British Columbia 14.4 4.8 2.7 12.6 15.9 14.2
Territories 0.0 0.0 0.0 0.3 0.5 0.4

3 Fuel Price Increase Experiment

This counterfactual experiment introduces a shock of 20% increase in world prices for
both imports and exports of two main types of fuels, namely, crude oil (CRU) and refined
petroleum products (RPP). With the exception of the recent unexpected enormous fuel
price jumps in summer 2008, a 20% price increase can be considered fairly significant in
more ‘normal’ times.

We briefly explain the findings, focusing on the labour market impacts, but also noting
other broader trends. Of particular concern is the extent to which the shock causes a shift
of demand for labour away from the least skilled. The extent to which the shock causes
a change in the pattern of production towards energy production and away from energy-
intensive manufacturing will also be part of the story.

12



Table 2.7: Trade Orientation of Goods Demand and Supply (%)

Source of Demand  Destination of Supply

Code Commodity Domestic Imports Domestic Exports
ELY  Electricity 943 5.7 87.1 12.9
OMP  Other manufactures 27.7 72.3 52.8 47.2
TRS  Transportation 88.4 11.6 75.9 24.1
UTL  Utilities 93.6 6.4 94.8 52
COL Coal 5.9 94.1 65.9 34.1
CRU  Crude oil 48.9 51.1 64.9 35.1
GAS  Natural gas 514 48.6 20.5 79.5
ORP  Other petroleum 11.3 88.7 59.4 40.6
RPP  Refined petroleum 96.8 32 84.4 15.6
AGR  Agriculture 78.1 21.9 71.3 22.7
MIN  Mining 69.3 30.7 65.8 342
CON  Construction 100.0 0.0 100.0 0.0
FFT  Forestry 924 7.6 88.5 11.5
FBT  Food 72.3 27.7 77.1 229
TCL  Textiles 23.9 76.1 46.9 53.1
LWP  Lumber 68.6 314 50.5 49.5
MMP Metal 51.9 48.1 59.4 40.6
MEV  Machinery 14.1 85.9 22.9 77.1
CFS  Commercial 96.1 39 94.7 5.3
AFB  Accommodation 88.4 11.6 89.1 10.9
SGS  Social services 99.5 0.5 99.5 0.5

3.1 Welfare Impacts

Table 3.1 reports the welfare impacts of the shock across the regions as well as on Canada
as a whole. The percentage welfare change (%) corresponds to the percentage change in
the welfare of the representative agent. The dollar value welfare change ($M) is calculated
by multiplying this percentage welfare change (%) with the total benchmark expenditure
on consumption plus investment.

Similarly, the dollar value GDP change ($M) is calculated as the sum of the (bench-
mark) dollar values of all changes in real private consumption and investment as well as
real government expenditure and investment (by all levels of government). The percentage
GDP change (%) is this dollar value GDP change divided by the benchmark GDP.

As expected, the welfare effects of the shock coincide with each province’s net trade
position in crude oil and fuels (Tables 2.5, 3.1). For example, Alberta and Saskatchewan
experience a marked welfare improvement (over 1% for both). Welfare losses for other re-
gions are typically less dramatic, with the maximum loss being near 1% for Prince Edward
Island and Nova Scotia.

13



Table 3.1: Fuel Price Increase: Welfare Summary

Region Welfare Change =~ GDP Change
(%) M) (%) (M)
Newfoundland 1.29 17472  1.02 179.99
Prince Edward Island -1.08 -31.71  -0.59 -23.60
Nova Scotia -0.72  -162.89 -0.26 -78.71
New Brunswick 1.10 188.71  0.68 153.11
Québec -0.51 -869.68 -0.29 -633.37
Ontario -0.12  -398.06 0.02 93.75
Manitoba -0.27 -73.33  -0.09 -30.90
Saskatchewan 2.18 55821 1.99 65040
Alberta 1.45 1559.62 1.31 1685.44
British Columbia -0.23  -249.88 -0.09 -122.88
Territories -0.54 -19.94 -0.25 -15.17
Canada 0.08 67576 0.18 1858.06

Although Alberta’s welfare and GDP effects are much larger than those in Saskatchewan
(roughly three times as big) they are larger in percentage terms in Saskatchewan. This is
due to the relative size of crude oil output relative to refined products output in Saskatchewan.
The refining industry in Alberta is bigger, both absolutely and relative to crude oil min-
ing in Alberta than Saskatchewan. Alberta produces about four times as much crude
and fen times as much refined products as Saskatchewan. Because of the composition
of Saskatchewan’s economy (relatively small refining sector) that province does not expe-
rience the dampening effect of higher crude oil prices on refining.

3.2 Real Wages

Table 3.2 presents the impacts of the price shock on real wages by province and skill
level. The increase in energy prices causes total real labour income to fall Canada-wide.
Real wages fall in most regions and skill classes. Further, the wage reductions tend to be
largest in the low skill classes. Among provinces, the losses in real wages of low-skilled
workers are highest in the energy-exporting provinces of Western Canada. This is partially
attributable to higher than average increases in the consumer price index in these energy-
exporting regions. To the extent that there are real wage gains, they tend to be among
high-skilled workers in energy-importing regions of Eastern Canada.

3.3 Sectoral Employment

Table 3.3 reports the change in total employment (all skill classes) by sector and region.
Even at this relatively aggregated level, the story is mixed due to a number of factors such
as:

14



Table 3.2: Fuel Price Increase: Real Wage Change (%)

Region Skill Level

Low Med High
Newfoundland 0.59 1.88 1.19
Prince Edward Island -1.85 -0.73  0.65
Nova Scotia -1.57 -1.07 0.66
New Brunswick -427 1731 -2.52
Québec -0.81 -0.66 0.29
Ontario -023  -041 0.21
Manitoba -0.56 -0.65 0.26
Saskatchewan -5.93  -1.54 -1.36
Alberta -2.87 0.01 0.02
British Columbia -0.73  -0.73 -0.34
Territories -0.89 -0.55 -0.55

. differing fuel input intensities,
. differing output mix (especially in terms of crude oil or fuels),
. different skill mix (if skilled wages rise relative to unskilled, this will tend to hurt
employment in sectors whose employment is mostly skilled workers),
. different net trade stance of a given industry in different regions,
. susceptibility to income effects (sectors which produce largely final goods are more
subject to income effects than those which produce mostly intermediate goods).
With this array of different influences, it is perhaps not surprising that the pattern of em-
ployment changes is so mixed. Some broad trends emerge, but they are rarely universal.

Employment in the Agriculture (AGR) and Transportation (TRN) sectors declines in
almost all provinces. These sectors are fuel-intensive with a very low skill mix. Mining
(MIN) is also fuel (input) intensive, and declines except for those provinces whose mining
sectors produce significant crude oil, which expand. Canada-wide, mining expands over
14%, driven by crude exporters.

Employment in the Forestry, Fishing and Trapping (FFT) sector declines everywhere
except Ontario and Québec. The input mix of this sector is dramatically different in Ontario
and Québec than in Atlantic Canada and Western Canada. The fuel intensity of this sector
in Atlantic Canada, for example, is much higher than in Ontario or Québec.

Employment in the two largest service sectors, namely, Social, Health and Government
Services (SGS) and Wholesale, Retail, Financial and Commercial Services (WRF) expands
overall. These sectors are among the largest sectors in the economy and also among the
least fuel intensive. As well, they are in the more skilled segment of sectors nationally.

Canada-wide, all three manufacturing sectors decline. Having said this, the variation
among provinces is very large, even within a given sector. The Chemicals, Rubber, Plastic
and Metals (M2) sector is a case in point. This sector is very energy intensive. Primary
metals, metal products and mineral products tend to use a lot of natural gas and electricity.

15



Table 3.3: Fuel Price Increase: Sectoral Employment Change (%)

Code Sector NF PE NS NB QC ON
UTL  Utilities -1.1 185  -0.7 36 -0.1 02
AGR  Agriculture 3.0 79 48 314 41 20
MIN  Mining 41 -30 -25 6492 -105 -1.2
CON Construction 08 -05 -02 30 -03 0.1
FFT  Forestry 44 -39 -19 474 1.5 1.9
SGS  Social services 0.2 0.5 0.9 -0.7 03 05
M1 Food -83 44 04 -31.8 2.1 1.0
M2 Chemicals 31.0 -27 -128 -543 -80 13
M3 Machinery -17.6 4.9 6.6 -100.0 6.1 -44
WRF  Wholesale -1.7 0.8 0.9 -2.0 05 04
TRN  Transportation 81 -41 -44 -185 43 1.7

ACE Accommodation 1.0 29 -09 -129 -1.1 -1.0

Code Sector MB SK AB BC TR CD
UTL  Utilities -0.1 8.0 1.1 -03 -08 04
AGR  Agriculture 03 -240 42 62 215 -27
MIN  Mining 1.0  36.7 5.5 3.1 02 144
CON Construction 0.1 2.8 1.7 0.1 0.3 05
FFT  Forestry 06 -172  -69 -02 -46 -33
SGS  Social services 0.4 2.3 1.0 0.4 03 0.5
Ml Food 22 218 54 -0.1 00 -1.0
M2 Chemicals -09 -13 -1.8 102 -52 -1.6
M3 Machinery -40 -506 42 -145 00 -34
WRF  Wholesale 0.7 -15 -07 0.4 0.7 02
TRN  Transportation 0.8 -169 -64 -1.9  -07 -23

ACE Accommodation -0.7 9.5 1.0 04 -31 -06

Chemical production (including refining) tends to use a lot of crude oil and fuels. As a
result, the sector’s costs go up sharply. Having said this, the value of one of their outputs
(fuels) also goes up. For provinces where fuel production is a more dominant part of pro-
duction, the price increase of fuels leads to higher employment (as in Newfoundland and
British Columbia). In all other provinces where refining is a smaller share of production,
employment declines.

The other two manufacturing sectors decline in most provinces. Although these sectors
are less energy intensive than M2, they are still more energy-intensive than the (large)
service sector.
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Table 3.4: Fuel Price Increase: Macroeconomic Overview (%)

Region Labour Investment Total Total

Income Exports Imports
Newfoundland 1.1 0.9 54 1.8
Prince Edward Island -0.9 -0.6 -3.0 0.1
Nova Scotia -0.9 -0.3 -2.5 -2.0
New Brunswick 2.3 0.4 -13.5 -18.7
Québec -0.5 -0.3 -0.1 -0.3
Ontario -0.2 0.0 -2.0 -0.7
Manitoba -04 -0.1 -1.7 0.1
Saskatchewan -34 2.1 1.7 -1.4
Alberta -1.2 1.5 0.9 0.8
British Columbia -0.6 -0.1 -04 0.5
Territories -0.9 -0.4 -0.5 0.4
Canada -0.5 0.3 -1.1 -0.7

3.4 Summary for Fuel Price Experiment

The impact of the fuel price increase varies from province to province, but some general
pattern emerge. First, real labour incomes decline in most provinces, including the two
whose percentage welfare increase was largest (Alberta and Saskatchewan). Second, real
wages decline in all provinces except Newfoundland, and even there the increase in real
wages for low-skilled workers is still markedly less than the increase for their medium and
high-skilled counterparts. The reductions is real wages of the least skilled are not dramatic,
tending to be in the range of 2-6%.

4 Manufactures Price Drop Experiment

This section explores the consequences of a counterfactual experiment in which both ex-
port and import prices drop by 10% for four manufactured goods, namely, Textiles, Cloth-
ing and Apparel (TCL), Metal and Metal Products (MMP), Other Manufactured Products
(OMP), and Machinery Equipment, Vehicles and Furniture (MEV). These goods are pro-
duced by all three manufacturing sectors (M1, M2, M3). Note, however that the output
composition of a given sector differs across regions.

The direct effect of this shock will be to reduce consumer prices, thereby increasing
welfare and real wages. The shock’s indirect effects will come as the demands for capital
and different skill classes of labour shift relative to one another. One would expect this
to have a larger effect in regions where manufacturing is a large share of the provincial
economy, and smaller impacts where manufacturing is a small share
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Table 4.1: Manufactures Price Drop: Welfare Summary

Region Welfare Change =~ GDP Change
(%) M) (%) ($M)
Newfoundland 3.57 48276  2.43  430.33
Prince Edward Island 2.52 73.78 1.14 46.08
Nova Scotia 1.99 448.22  0.38 115.52
New Brunswick 2.73 466.89 1.57  355.17
Québec 0.75 1280.83 0.46 1024.17
Ontario 0.00 -11.14  -0.24 -939.13
Manitoba 0.92 247.66 0.79  278.52
Saskatchewan 2.69 688.12 2.29 74798
Alberta 2.73 293336 245 3148.28
British Columbia 247 262531 2.01 2679.97
Territories 2.94 109.37  2.09 127.93
Canada 1.14 9345.15 0.78 8014.84

4.1 Welfare Impacts

The welfare impacts in Table 4.1 indicate that welfare improves in all regions except On-
tario, which experiences a very small welfare loss. Ontario is a significant net exporter of
manufactured goods to the rest of Canada and the rest of the world. For Ontario in particu-
lar, reduced world prices of manufactured goods poses a significant competitive threat, but
even there, the welfare gains from lower prices almost balance the losses

4.2 Real Wages

Total labour income in Canada falls slightly by 0.3% (Table 4.5) which is somewhat similar
to the previous experiment (Table 3.4). In this case, this change result is driven by the
decline of real wages in Ontario and Québec. Unlike the previous experiment, there is a
more significant impact on the structure of real wages.

In this case, in contrast to the fuel price experiment, the overall trend is for lower
skilled wages to rise and the higher skilled wages to fall (Table 4.2). In the provinces where
low-skill real wages fall, the changes are all less than 1.4%. Notably, in two provinces
where low-skill real wages fall (Ontario and Manitoba), real wages fall across the range of
skill levels.

It is important to remember that, in contrast to the energy price shock, this shock’s
direct effect is to increase real wages. To cause some group’s real wages to fall, the shift
against that factor would have to exceed the direct effect of the price changes on consumer
prices.

The goods whose prices fell are those which tend to constitute a higher share of output
of the more processed manufacturing sectors. This is summarized in Table 4.3. Even
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Table 4.2: Manufactures Price Drop: Real Wage Change (%)

Region Skill Level
Low Med High
Newfoundland 534 245 0.60
Prince Edward Island 4.33 -0.83 -6.09
Nova Scotia 094 -135 -5.15
New Brunswick 244 348 -3.54
Québec 2.37 -3.16 -1.69
Ontario -0.35 -2.46 -0.56
Manitoba -1.37 427 -1.99
Saskatchewan 1.02 093 0.24
Alberta -0.82 218 093
British Columbia 323 -0.80 -1.22
Territories 1.94 -228 -2.28

though the Food, Textiles and Publishing (M1) sector includes clothing and textiles (whose
world prices also fall) this commodity accounts for a small share of the sector’s output
(20% or less) for all provinces. By contrast, the affected goods usually account for well
in excess of 50% of the output of the other two sectors, and in several cases over 80% of
the output share. Recall also that the Food, Textiles and Publishing sector (alone among
manufacturing sectors) has a very high proportion of low-skilled workers. The change in
wage structure reflects the combination of the sectoral output patterns and skill intensities
within manufacturing.

Table 4.3: Manufactures Price Drop: Shares of Sectoral Output (%)

Region Manufacturing Sector
Food Chemicals Machinery
M1 M2 M3
Newfoundland 1.8 14.0 85.7
Prince Edward Island 1.4 81.7 87.5
Nova Scotia 9.0 53.0 82.2
New Brunswick 4.0 21.1 54.3
Québec 20.3 77.0 82.5
Ontario 11.3 78.9 89.9
Manitoba 13.1 91.8 78.4
Saskatchewan 4.4 56.8 67.5
Alberta 14.7 58.7 77.1
British Columbia 5.8 79.1 75.9
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4.3 Sectoral Employment

Table 4.4: Manufactures Price Drop: Sectoral Employment Change (%)

Code Sector NF PE NS NB QC ON
UTL  Utilities -2.1 4.3 2.8 2.5 5.1 2.1
AGR  Agriculture 43  21.6 3.8 0.7 1.1 228
MIN  Mining 26 28 120 1133 297 573
CON  Construction 2.3 1.4 1.7 1.8 1.2 0.9
FFT  Forestry 170 198 194 10.8 21.2 3.9
SGS  Social services -1.0 -14 -26 -1.6 -0.1 -0.5
M1 Food 180 262 18.6 150 23.6 23.1
M2 Chemicals 82 -29.6 -1.1 9.1 5.7 33
M3 Machinery -21.3 -36.2 -309 -100.0 -43.0 -359
WRF  Wholesale -1.3 42 02 -2.8 2.5 3.9
TRN  Transportation 1.5 47 32 -4.4 3.0 112
ACE Accommodation  -7.3 3.8 4.8 0.3 -0.1 4.6
Code Sector MB SK AB BC TR CD
UTL  Utilities 56 -1.3 -05 14.7 -0.6 3.7
AGR  Agriculture 352 256 5.5 24 3400 12.1
MIN  Mining -29.5 5.1 4.1 9.6 34 118
CON Construction 2.9 2.7 2.6 2.2 3.3 1.6
FFT  Forestry 17.1 95 -14.6 215 -219 16.1
SGS  Social services 1.1 1.0 1.1 0.7 0.6 -0.1
M1 Food 28.0 47 -15.8 25.1 0.0 18.6
M2 Chemicals -40.7 8.9 2.8 -16.0 0.1  -5.0
M3 Machinery -37.0 -559 90 -69.1 0.0 -389
WRF  Wholesale 07 -05 -19 -0.6 -3.2 2.0
TRN  Transportation 8.0 7.2 4.9 0.2 -10.1 5.8
ACE Accommodation 9.5 3.1 5.0 -1.2 -4.7 2.5

The sectoral employment changes of the manufacturing sector exhibit a number of reg-
ularities (Table 4.4).” First, employment in all provinces’ Machinery, Equipment, Vehicles
and Furniture sectors (M3) declines.> Employment in Food, Textiles and Publishing (M1)
expands in all provinces except Alberta. Employment in Chemicals, Rubber, Plastic and
Metals (M2) declines in all provinces except Newfoundland, Saskatchewan and Alberta.

2One surprising finding is the 340% increase in employment in the Territories’ agriculture sector.
This sector is very small (accounts for less than 1/10 of one percent of employment). In dollar terms,

this expansion means that employment goes from $2 million to about $7 million.

3Because of the small size of the territories’ manufacturing sector, it was not disaggregated. The
entire sector was allocated to M2.
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Note that in all three cases, the output share of affected goods is below the arithmetic
average for that sector (61%). They are well below five provinces whose shares exceed
75% (Table 4.3). The pattern of employment changes within manufacturing falls naturally
from the combination of output patterns and skill patterns mentioned before. Because of
the high exposure to trade influences in some sectors, the reductions in employment in
some sectors and provinces are quite large

This experiment also has considerable effects on each province’s volume of (total)
international trade. The changes in world prices modeled amount to a change in what
trade economists call the terms of trade. As a general rule, one can not say whether this
will cause total trade to rise or fall. In simple models, movements of the terms of trade
toward the autarky (no trade) price ratio reduce total trade volume, whereas those that
move economies away from their autarky price ratio increase trade. In the absence of trade,
a province whose economy is dominated by manufacturing would tend to have relatively
inexpensive manufactured goods. This is what we mean by autarky relative prices. In the
absence of trade, we would expect manufactured goods in resource-based economies like
Alberta and British Columbia to be relatively expensive

Given the relative manufacturing intensities of their economies, one would expect that
the fall in prices of manufactured goods would represent a movement towards autarky
relative prices for Québec and Ontario, and a movement away from their autarky price
ratios for most if not all of the rest of Canada. This explanation seems be consistent with
the findings in Table 4.5

Table 4.5: Manufactures Price Drop: Macroeconomic Overview (%)

Region Labour Investment Total Total

Income Exports Imports
Newfoundland 33 3.2 7.6 2.9
Prince Edward Island 0.3 2.0 144 3.5
Nova Scotia -1.3 2.0 6.2 1.1
New Brunswick 14 2.6 4.5 -1.7
Québec -04 1.0 -6.8 -5.5
Ontario -1.0 0.2 -14.0 -10.3
Manitoba 2.3 1.3 24 -1.1
Saskatchewan 0.8 2.8 3.9 4.7
Alberta 0.6 3.0 1.5 2.4
British Columbia 0.9 2.6 4.6 0.9
Territories 1.9 3.1 3.5 2.8
Canada -0.3 1.5 -7.0 -5.8

4.4 Summary for Manufactures Price Experiment

The result of price reductions for the range of goods considered here are to improve wel-
fare for most regions, but to reduce real labour incomes by a relatively small amount. More
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significant is the improvement of real earnings for low-skilled workers in most provinces.
The goods whose prices were reduced tended to be more processed and tended to be pro-
duced by more skilled labour. Those two factors help explain the inter-sectoral movements
of employment and the shift in the structure of real wages. In this case, the volume of
international trade falls, driven largely by a large reduction in Ontario and Québec’s trade
volume. Outside of those two provinces trade volume rises, as expected.

S Summary and Conclusions

The simulation results seem to suggest that a fuel price shock is likely to have a more

marked negative impact on real wages and the skill-distribution of real wages (i.e., low-

skilled wages decline relative to high skilled). By contrast, even though the manufactured
goods price shock reduces real earnings, its distributional impacts favour the less skilled.

In terms of policy, this paper suggests that rising energy prices may represent a greater

threat to unskilled workers than cheap imports of manufactured goods.

Several caveats (including parameter uncertainty and data issues) should be added to
these findings, but another important one comes to mind. The manufactured goods scenario
focused on a wide range of manufactured goods, but they tended to be at the higher skill
end of the spectrum. If the price reductions were concentrated among goods produced by
low-skilled workers, the result might be different.

The paper can be extended in a number of possible directions as follows:

o Labour markets respond to many sorts of economic shocks. Changes in the trade policy
environment, the regulatory environment or terms of trade have indirect impacts on the
labour market. Because the nature of these shocks is through other markets, CGE models
have frequently been used to analyse their labour market impacts.

« While it is always tempting to make a model dynamic, it is important to gauge the relative
return to making the model dynamic, versus turning one’s attention to other issues or
adding other refinements which might not be supportable in a dynamic model. It seems
that there are a number of fruitful extensions of this work that would be well-suited to
the static framework.

« One critical empirical issue not investigated in this paper is the nature of the substitution
possibilities between and among the classes of labour and capital. We are unaware of
significant empirical evidence on this topic. The structure used in this paper is that there
is substitution among labour classes and that this labour composite substitutes for capital
in production. It would seem highly likely, however that the nature of complementarities
and substitutability among these factors is more complex than this.

« Another possible extension would be to consider an interim-run version of the model to
reflect unemployment (through wage rigidities) and/or some degree of sector-specificity
of primary inputs. These changes could reduce the sectoral reallocations, but exacerbate
welfare effects and income loss (through unemployment).

« In the longer term, some mobility issues come to mind as topics of interest:

— occupational/skill mobility: in the current model, workers are unable to upgrade
their skills if skill premia increase. It might be useful to investigate the process
and impact of skill acquisition in either a static or dynamic setting.
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— regional mobility: in the current model, workers are inter-regionally immobile. It
would be interesting to investigate the process of interregional migration in either
a dynamic or static setting.
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A Theoretical Model Structure

This section describes the analytical structure of the basic model used in the paper. In this
multi-regional framework, Canada consists of several provinces producing goods and en-
gaging in trade with each other as well as with the rest of the world (ROW). Each province
has one representative agent denoted by h € H. Goods are denoted by 7 € I and sectors
denoted by j € J. Primary factors include capital (K) and labor (L). In particular, labor
can be used either for leisure to increase utility or for work to earn income. Factors are
mobile within any given province but immobile across provincial boundaries.

Note that, for convenience, we use both styles of index notations, say, a € A and a =

1,..., A interchangeably although strictly speaking, the second style should be written as
a=1,...,N, where X 4 denotes the number of elements in the index set A.
A.1 Demand

Each representative agent i € H has a two-level nesting utility structure with the first level
being a constant elasticity of substitution (CES) aggregator of demands for leisure A;, and
composite good C,

Uy = CES(Ap, Ch) (A.1)

At the second level, the composite good C}, is defined by a Cobb-Douglas (CD) aggregator
of demands for all final goods C},; with i € T
Cn =CD(Ch1,...,Chr) (A2)

Consumer demands are derived from maximizing utility subject to the budget constraint
Ej, < I, namely, the expenditure Ej, must not exceed the endowment income Ij,. On the
expenditure side, consumers take goods prices py; plus sales taxes fcy; as given

En =Y pni(1+tni)Chi (A3)
i€l

while on the income side, they receive incomes from endowments K, of capital and L, of
labor (net of demands for leisure A). In addition, they receive government tax transfers
Ry, and foreign exchange transfers I, (denominated in domestic currency). Factor prices
(rp, wy,) minus direct factor taxes (tky,, ;) are taken as given.

In = (1 — ten)Kp +wi(1 —4,)(Ly, — Ap) + E5 + Ry, (A4)

A.2 Production

Each sector j € J in province h € H is denoted by the double index hj and its outputs ¢ €
I are denoted by the triple index hji. Each sector hj has a multi-product activity described
by a constant elasticity of transformation (CET) aggregator F},; of several outputs on the
left-hand side and a two-level nesting structure of inputs on the right-hand side

.7:}1]‘ (thl, . 7th1) = th (IC}}U’7 VAhj) (AS)
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On the input side, the top level F}; is a Leontief fixed-coefficient (FC) aggregator
of intermediate goods 1Gy; and value-added VAj; which are in turns constructed as FC
aggregators of intermediate inputs I5;; (eq. A.6) and CES aggregators of factor inputs Kj;
and Ly (eq. A.7)

IGp; = FC(Ipj1, - - -, Injr) (A.6)
VA = CES(Ky;, L) (A7)

On the output side, sectoral output Yy, is further fed into an additional CET aggregator
and split in domestic goods (y,;; and exports Xp;;

Y1ii = CET(Qnji, Xjs) (A.3)

This domestic-export transformation thus divides sectoral outputs Y};; into two compo-
nents, namely, ()5;; destined for domestic usages and Xp;; for exports.

Firms take output prices py; and factor prices r},, wy, as given which include applicable
taxes fop;; on outputs, % ;; on intermediate inputs, and tky;, #,; on primary factors. Under
perfect competition and constant returns to scale, zero profit conditions require that each
sector hj must balance its total revenue Rj; with total cost Cp;

Ry =Y pri(1 = topji) Vi (A-9)
iel

Chj = thi(l + iihji)fhji + Th(l + ﬂfhj)Khj + wh(l + ﬂhj)th (A.10)
i€l

Provincial aggregates are obtained by summing the supplies of domestic goods Q)p;;
and exports X;; over all sectors

Qn = Z Qnji (A.11)
jeJ

X = Zth,» (A.12)
JjeJ

A.3 Trade

On the import side, domestic goods and imports are combined into Armington composite
goods Ay according to the following two-level nesting structure:

A = CES(M}, Dy) (A.13)
Dy = CES(M}, ..., MH Q). (A.14)

The first level is a CES aggregator of imports M} from ROW and domestic composites
Dy;. The second level is an additional CES aggregator of domestic goods @y; and imports
ML ..., M ,’;’ from other provinces (no imports from own sources, i.e., M}t = 0).
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On the export side, the supplies of provincial export goods Xj; produced must add
up to the total amounts of exports X ,1n-, o X ,{{ to other provinces (no exports from own
sources, i.e., X}Z = 0) and exports X} to ROW

Xp= Y XK +Xp. (A.15)
h'eH

A.4 Balance of Payment

The link between world prices 7" (in foreign currency) and domestic prices p;” (in domes-
tic currency) is defined by the price relationship

Y =em? (A.16)

where ¢ denotes the real foreign exchange rate (e.g., relative price of the Canadian dollar
against the American dollar).

At the provincial level, trade imbalances between imports M} from ROW and exports
X}/ to ROW can lead to the following excess demands (or excess supplies) BPj, of foreign
exchange

BP, =) 7 (My — X)) 20 (A.17)
i€l
These excess demands are linked to consumer incomes I, by an equivalent amount of
foreign exchange transfers ;' (denominated in domestic currency)
Ef = —eBP, <0 (A.18)

That is, provinces with an excess demand for foreign exchange (BP;, > 0) must offset it
with a negative foreign exchange transfer to consumers (Ef < 0), and vice versa. Each
province thus achieves an “extended” foreign exchange market equilibrium by

EE
BP, + 2 =0 (A.19)
3
At the national level, the excess demands for foreign exchange BP; are derived by
aggregating values of imports and exports of all provinces
BP; =7 > (M — XY) (A.20)
heH
Summing over all goods, we have the balance of payment at the national level
DUBP = m Y (M- Xp) =Y m (M — X)) =Y BP,. (A21)
i€l icl  heH heH icl heH

Since provinces offset their foreign exchange deficits/surpluses by equivalent amounts of
transfers I} to their consumers, we can aggregate (eq. A.19) to the national level as fol-

lows: ]
> BP;= > BP, = = > E; (A.22)

i€l heH heH
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Therefore, the condition for a national balance of payment equilibrium becomes

e BPi+ > Ef=0 (A.23)

iel heH

which can be solved for the equilibrium foreign exchange ¢.

A.5 Government Revenues
Government revenues T}, are defined by
Ty = T§ + T} (A24)

where T} denotes revenues from sales taxes on consumer final demands for goods and
direct taxes on factor endowment incomes (net of leisure)

Ty = Ztchi Phi Chi + thp i Ky 4t wy, (L — Ap) (A.25)
icl

and T} denotes revenues from producer taxes on primary factors, intermediate inputs, and
outputs

Ty = Zﬂfhj Th Ky + Zﬂhj wp, L +Zzﬁhﬁphi Iji

jedJ JjE€J jeJ iel (A.26)
+ D> tongi pni Yii
jeJiel
A.6 Market Clearings
At equilibrium, the following market clearing conditions must be satisfied:
Z Ky = Kp, capital market (A.27)
JjeJ
Z Ly = (L, — Ap) labor market (A.28)
=
Z Inji + Chi = Aps Armington goods market (A.29)
JjeJ
€ Z BP; + Z E;=0 foreign exchange market (A.30)
i€l heH
Ry, =1, government budget (A.31)
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