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Introduction -

- There is. a very large economic literature -studyingthe :effect. of trade on. wage

inequality in developed. countries.: The stylized facts show: that there was: a rapid and

‘unanticipated growth: ini:earnings. inequality in many developed economies; such as
‘Canada and the United-States* since .1970. ‘This growth in. wage inequality was
-associated ‘with trade liberalization :and -rapid. technological advances; hence some

‘economists, such as Borjas.and Ramey:(1994), argued that liberalized trade and foreign

competition were highly concentrated -on low-skill - manufacturing :goods (Labour
intensive), and: were less intensive in high-skill:-manufacturing goods (Capital intensive).

That consistently pushed down the low-skill workers: wages and pulled up the high-skill

workers’ wages. ‘-
~ According to Autor (2005), the wage gap experiences in OECD countries, however,

‘were different across countries and overtime, while trade with:less developed countries

grew steadily everywhere. This raised doubt that trade liberalization alone could account
for the increasing wage gap. ‘Paul Krugman:(2000) estimated that trade -with: less
developed countries '(LDCs) was only-about: 2-3% :6f the GDP iin OECD counties. In
simple trade theory, if the price'is set at the margin, these small trade flows would have a
huge impact. However, in-reality;, quantity: maﬁeréig"Tiradei,,;is -too- small to:explain the
rapidly increasing wage gap. Other economists, such as Bhagwati and Koster (1994)
suggested that technological advance, not trade, was the major source of the increasing

income gap. When -a new. innovation (which- is-.normally:a new wéyio substitute
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with China and India than Ontario.? British Columbia has more high skilled workers
relative to China, India, and the rest of Asia. When trading with China and India, British
Columbia imports manufacturing goods which: require low skilled labour and exports

manufacturing goods. which require-high skilled labour. As a result, in:British Columbia,

‘the demand for high-skilled ‘labour should go up and the: demand for low-skilled. labour

'should go down. British Columbia’s wage gap between low skilled workers and high

skilled workers' is forced up. Although Saskatchewan’s biggest trading partner is the

United States, the trade effect on Saskatchewan’s wage gap between:less-skilled iabour

and-high-skilled' labour is expected to be insignificant due to the fact that the province

has' one. ‘of best educated labour force in. Canada.® Both the United States and
Saskatchewan have an abundance of high-skilled: labour abundance. .

- The purpose of this paper is to examine the net effect of trade on wage:inequality
between low skilled workers and: high skilled workers .in' the manufacturing sector:in
Ontario, Saskatchewan and British:Columbia in Canada. In the first section, | will discuss
some empirical findings from previous studies. In the second section; the paper presents
a simple theoretical labour supply model. In the third section, | specify an empirical
model and:analyze‘the:id‘ata; In the fourth section, the paper will show the: statistically

estimated results. The final section is the conclusion. - .

Accordmg to Mlmstry of Transportatlon s plannlng and strateglc issues from 2007 to 2009, Chma, lndla and other

;Asnan countries had become British Columbla s largest offshore tradmg partners

3 According to goverhment of Canada’s provincial demographicsreport, close to 50% of Saskatchewan’s:

employees have a post-secondary education.



endowment line but the slope will be tilted towards the factor that is in greater demand,
which leads to its price rising. It is by this mechanism that the increasing wage gap in US
and Canada can be explained by the SBTC. typeof technological progress. .Card and
DiNardo (2002), however, state that-a key: problem for the-SBTC hypothesis is that wage
inequality in the United States stabilized in the 1990s despite continuing advances in
computer technology. They also noticed that SBTC failed to explain the evolution of other
dimensions of wage inequality, including the gender:and: racial wage gaps and the age

gradient in the return to education. Grenier and Tavakoli (2006, a) suggested that the

difference between the US and Canada was mainly due to this differences in:the degree

of unionization. - . . -

Grenier -and Tavakoli (2006, b) :also studied the evolution of Canadian earing
inequality by using the time series method. They found that technical change appeared
to be the most important variable explaining the increasing eaming gap in Canada, which
was confirmed by the finding in Grenier and Tavakoli (2006, a). They also noticed that
the high level of colinearity between R&D/GDP (technological progress: variable) and
MUD (union density) does not allow them to disentangle the effects of those two
independent . variablés. ‘Instead, they included R&D and ‘union density in different

regressions.’ - The :results 'showed that -on average a one percent increase in the

‘R&D/GDP  ratio  induces: the: wage- ratio- (production worker/non : production ‘worker)

decreases by 0.148 to 0.203 percent (depending on the model specification). In contrast,
trade had a negative impact but relatively small impact on average, a one percent
increases in NIM/GDP ratio (trade variable) leads the wage ratio to drop by 0.01 to 0.04

percent. This enforces the hypothesis that technological progress onIdibé the ma}dr



C where o <1.Ajand A in the“production,function'r"epresent the low level technology

and hrgh Ievel technology respectrvely L and H denote to the number of Iow-skllled and
hrgh-skrlled Iabour respectrvely From the f‘ rst order condmon for cost mrnrmrzatron we

have the following:
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For a competitive labour market, the marginal product of less-skilled (MPL) labour
equals the less-skilled fabour’s wage, and the 'matginal product of high-skilled labour will

equal the high-skilled labour’s wage. The low-skilled wage divided: by the -high:skilled

O wage is the wage ratro calledw whereco—~ —( )p[ ]l—p o e
. i h

| Notrce that the elastrcrty of substltutlon iso = _ 1/(1 Ap) When a—~0(as p-—oo)
there is a Leontief technology and skilled and unskilled workers are “perfect
complements”. When o — « (as" p — 1), skilled and ‘unskilled workers are “perfect
subsfitutes”; Reiative supplies of each type of the worker do'not afféct the relative wages.
'So w; / w;, will be the constant. When ‘o — 1(as p— 0) thé production function is Cobb
Douglas ‘with fixed shares payment of skilled and' Iess skllled workers (Autor 2005)
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skilled to high skilled worker wage ratio, w. In the other words, wage inequality increases
along the decrease in MUD. Oh-Willeke (2006) found the same result that the decline of
the union movement in Colorado has ‘coincided with a:sharp rise in-income-inequality in
that state, In Colorado, the rich-have gotten richer relative to the poor in the past couple
of decades® -
2 Untdn dene‘it;T-V" @ (Sr)redictionvtt) |

Under free trade and constant technology conditions, the Stolper-SamdeIeen
theorem asserts that the domestic pnce ratro between the commcdrty that used the less
abundant factor intensively and the commodrty that used the abundant factor rntensrvety
will fall. Walrasian equilibrium requires that the labour market adjust accordingly to the
goods market. Therefore, the price for the abundant factérywn&l g‘d up whrle the pnce for

I
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the less abundant factor will go down.

= International Trade "= « * for trade with devéloped countries
and Intemational Trade‘~ ’{ .;ufor trade Wlth |esSdeV§|Opedcoumrres ) 1
(prediction 5) s A ey
Also, Grenier and Tavakoli found that real caprtal stock had grown smoothly and had

negative impact to widen that wage gap. However, some other research found a posrtrve

impact but insignificant. Suppose the capital enters the model. Then: .-

7w Capital per labour T~ @ ;. (prediction 6)

C ® Oh-Willeke, Andrew {2006). “Unions and Income Inequality in Colorado”.
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Due to the availability of data at the provrncral Ievel this paper uses the time period
1981 to 2003. All data were drawn from Cans1m and come from the Annual Survey of
Manufactures, the Labour Force Survey, Gross Domestic Expenditure tables,
immigration tables, and merchandise import and export tables. The reason this paper
focuses on the manufacturing sector is that technological progress and trade affect the
manufacturing sector most. The production workers in manufacturing sector are
considered to be low skilled workers, and the non-production workers in manufacturing
sector are considered to be high skilled workers. Please refer to appendix Table 2 for
data definitions. | | |

Table 1 of the appendix presents summary statistics of the dependent and the

independent’ Variables “in" thé three provinces. Figure® 1 presents, for Ontario,

Saskatchewan and ' British Columbia “respectively, the ~production labour * to
fion-production labour wage ratios from: 1981 to 2003. For the period of 1981:2003 the
mean value of wage rate of low-skilled worker to wage rate of high-skilied worker ratio

(m = Wle k) in Ontario was 0. 69 with standard deviation of 0.34. The ratio remained

(ki

and adjusted back to about 0 70 in 2003 The mean value of the same ratlo ln

Saskatchewan was 0 75 wrth standard devratron of 0 69 The wage‘ ratlo o ﬂuctuated
around O 8 untrl1992 decreased to its Iowest Ievel of 0 65 in 1996 and adjusted back to
about O 70 in 2003 For Bntrsh Columbla the mean value of the wage ratuo w was(O 76
wrth the standard devnatlon of O 60 dunng the same penod The ratro w kept Just a httle
brt hlgher than 0 80 untrl 1987 then dropped to 0 76 and went smoothly down afterward

M., EAN e

to lts Iowest Ievel of 0 65 in 1998 It adjusted back to about 0 70 ln 2003
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highest level of 0:1485 in 2002.. = - .
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Figure 2

R&D expenditure is a small component of the GDP |n all threé provinces. The
R&D/GDP ratios of the three provinces have the same upward trend of growth. However,
Ontario had a higher propoition of its GDP invested in R&D relativé to the other two
provinces and képt‘»s'pénding moreon R&D. + "
" Figure 3 presents the immigration to‘population ratio in Ontario; Saskatchewan, ‘and
British Columbia. For the period of 1981-2003, the average valie of the immigratior to
poptilation ratio (IMM/POP) for Ontario was 0.0091 with' a'standard déviation of 0.00283.
The ratio first decreased to its lowest level of 0.043 in 1984, grew up to its highéstlevel of
0.137 iri 1994; went down till 1999 arid bounced up agairi. During the same period, the
mean value of the IMM/POP ratio in Saskatchewan was 0.00204 with standard deviation
of 0.000357. The IMM/POP ratio had slightly ‘decreased and ‘was “almost flat with'a
‘minimim level of 0.0156 and maximum level of ‘0.00308." The ‘'mean ‘value of the

IMM/POP ratio for British Columbia was 0.0086 with standard devistion of 0.0028: The
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C The Trade/GDP ratio has-a mjnimum'levél of 1.007 and a maximum level of 1.398. The

average value of the Trade/GDP ratio for British Columbia was 0.894 with standard

deviation of 0.555. It has a range from 0.’797;7 ytc 1005

Trade to GDP ratio
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The:striking fact is that BC’s Trade/GDP ratio was smaller than that of SK..And it
'seems that the Asian financial crisis did not impact on the trading activities in BC, since
the. Trade/GDP  ratio. grew.-from 1997 to 2001. The trade/GDP. ratios of the: three
provinces show-an.upward trend in the past 20 years. . .

. Figure 5 presents manufacturing sector union density in Ontario, Saskatchewan, and
British Columbia. For the period of 1981 to 2003, the mean value of the union density
;ratio (MUD) for Ontario was 0.306 with standard deviation of 0.016. It had a very small
fluctuation- between. the level of 0.28 and 0.325. Meanwhile, the average value of the
MUD for Saskatchewan-was 0.344 and with standard deviation of 0.015. The union
density ratio has a minimum level of 0.31, and a maximum level-of 0.36. The average

O value of the union density ratio (MUD) for British Columbia was 0:385, with standard

17



O

Ontario and British Columbia suffered:a set back from 1996 to 1997, but - Saskatchewan
experienced an increase during that periods. The ratios became much more volatile than

its-ratios in firstdecade.. - oL 0

Total Capital Stock to Total Employment
<~ Ratio®

ratio

~ Figure 6

Flgure 7 presents the ratlo of the number of productlon workers to the number of
non-productlon workers in Ontano Sackatchewan and Brmsh Columbla from 1981 to
2003 For the penod of 1981-2003 the average value of the ratlo (PUNPL) of Ontano
was 3 20701 wrth a standard devratron of 0 60 Saskatchewans was 2. 938 wrth a

standard devratlon of 0 58 and Bl’ltlSh Columbla s was 3 41 thh a standard devratlon of

10 52 The maxrmum value of Ontanos PLINPL ratlo was 4 36 in 2001 The maxrmum

value of Brmsh Columbras PLINPL ratlo was 4 63 in 2001 The maxrmum value of

,,,,,

Saskatchewans PLINPL ratlo was 3 92 in year 1999 The mmrmum ratro of Ontano
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of :0.0014. The ISURE model is estimated with the generalized: least squares estimator
because the Breusch-Pagan LM test suggests that contemporaneous correlations exist
and are significant. Aniterative procedure is used to obtain the feasible generalized least
'squares estimator of the coefficients when the disturbances’ variance-covariance rmatrix
is: unknown: Initially, the regression equations of the: SURE:model are assumed to be
unrelated, that is the correlation.among  contemporaneous. disturbances of .the-:model is

ignored, and: then, the disturbances' variance-covariance matrix is. estimated -based on

. the residuals of the estimators:: At each iteration, the estimator. of the - ISURE model

comes from the solution of a:Generalized Linear:Least Squares Problem.“Theziteration'
will stop.until the estimates. converge.? Table 3 presents variance-covariance matfix of
three provinces' residuals from ISURE fm’ede’! and the Breusch-Paganz:test result. -
Table 4 shows the estimated results: of the ISURE:model:: The ISURE :model
estimates that, in the case-of Ontario, immigration: and ratio -of production workers to
non-production workers have a negative impact on the wage ratio of production:workers

to ‘non-production workers:: The-model also estimates that.trade and union density have

positive effects on'the wage ratio. The above results:confirm the predictions mentioned

in-the second section. Both effects on:the wage ratio from immigration -and-the ratio of
production ' workers to: non-production workers are statistically significant in 5%-level: The
model estimates that technological progress has positive effect and. the capital labour
ratio has negative effect on the wage ratio; which contradicts to the theoretical prediction

inthesecond section: . .- . v oo o Beon o bR e

® Erricos J. Kontoghiorghes, (2000) “Algorithms for solving SURE models”, Second Conferehce on Numerical -~ - *

Analysis and Applications, University of Rousse, Rousse, Bulgaria . o
cA G D UL L T e R Ty Y e T ST e B 1
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Before running the model with OLS, | checked for multicollinearity among the
independent variables. Table 5 presents the correlation matrix of the independent

variables. The correlation matrix of independent variables shows that there is high

‘multicolinearity between R&D/GDP and RMKIL, and also between RMK/L and PL/NPL,

where the correlation between R&D/GDP and RMKI/L: is in excess of 0.8 level and the

correlation between RMKI/L. and PL/NPL is very closed to 0.8 level, at 0.78.'%: | dropped

the RMKI/L and added three interaction trade dummy variables to:the ordinary. least

square regression. Table '6:-shows the estimated results of the OLS model.-Most of
estimated coefficients are statistically insignificant; and the signs of trade Ontario-dtimmy
interaction and trade British Columbia-dummy interaction are contrary:to the theoretical
prediction. = . 0 o oo BT e

.."Another model for-panel data is the fixed effect model.. Table 7 ‘presents the

-estimated results of the fixed effects model. However, that kinds of model is useful in the

context of large. cross-section and short period, which is not the case in this-paper.

Most of -estimated coefficients :are : statistically . insignificant: Even though trade

Ontario-dummy: interaction’s . coefficient- confirms :the theoretical prediction; a positive
sign and statistically significant trade British Columbia-dummy interaction’s coefficient is
contrary to the theoretical prediction, - w

Compared to the pooled OLS model and the fixed effects fmodél, ‘the ISURE
model is a better model when n;the number of cross-sections is small and t, the number
of periods in each cross:section is large, without dropping any.independent variable and

allows analyzing the effect of trade on the wage ratio in different provinces directly. .-~

% correlation 0.8 or higher is considered to be very high implicates the existence of multicolinearity.
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Table - 2: The solifcé of the:data '+ = -

f gy e BT ad ey

1 Source

Dependent vauable ;
Average wage of . productlon workers d1v1dcd by
average wage of non—productmn workers in Canadlan

| Annual Survey of Manufactures Cansun II table

301-0001 and. 301-0003 together cover the perxod
1981-2003. :

manufacturing
IndependentVanables L s A ‘

| Research  and ._development ' expendltures as_a | Cansim 11 table 358-0001 for R&D and table
proportion of GDP | 384-0002 for provincial GDP

Total immigration dJVlded by’ populatxon

Cansim 11 table 031-0011 for immigration and table

| 051-0001 for populatlon

Total trade volume divided by GDP

Cansim II table 384-0002

Manufacturing union density

Cansim I tables 282-0078, 279-0028, and 279-0027.

Manufacturing capital stock divided by number of
production workers

Cansim tables 301-0001, and 301-0003.
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C Table4: Technological progress,: Immigration; Trade, Union;:Capital stock per labour,
/ and.production: and non-production: workers. ratio effects ‘on. wage ratio ¢« : Ontario,
‘Saskatchewan and-British- Columbia manufacturing sectors: (1981-2003)

(ISURE MODEL) SaSTE
| | Coefficient |'Std.Dev. |Pr.

| Ontario o R&DIGDP | 08503  |16777 | 0615
N [mmpop | 59519~ [13308 |0.033
| Trade/GDP [ 0408 | 0.0386 |0.296

MWD 100635  |0.238% | 0.791

|RMKL T o00p4 | 0.0004 | 0.315

| PLNPL | _0.0409* |0.0097 | 0.000
Saskatchewan R&DIGDP | 57193  [28229 |0.340|
imm/pop | 1 0070 13.1625 |0.939

Trade/GDP | g 0233 0.0559 | 0.679

MUD -0.3181 0.3285 |0.338

O RMK/L 1 0.0008 0.0005 |0.113
PLNPL | 0.1388** |0.0126 |0.000

British Columbia R&DIGDP | 5 7440 24639 | 0.271
imm/pop | 5 4988** | 1.7556 | 0.003

Trade/GDP | 9964+ | 0.1248 | 0.076

MUD -0.0177 02379 | 0.941

RMKL  1.0.0013** |0.0006 |0.037

PL/NPL | 0.0260* 0.0145 |0.078

Note: *, **, and *** indicate 10%, 5% and 1% statistically significant levels, respectively.
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C Table. 6: Technologlcal progress, lmmlgratlon Trade,. Umon, Capxtal stock -per. labour,
and production and non-productlon workers ratio effects on wage ratlo & Ontano
Saskatchewan and British Columbia manufactunng sectors (1 981-2003) ‘

ST ..(OLS MODEL) G st Rl
| Coeff CIent Std. Dev Pr.

R&D/GDP 16019 - ° | 1.8008 0.400
imm/pop -2.0939 1.9500 0.287
Trade/GDP - lgog7  |0.0527 0.589
MWD Joore2 |o1so8 0667
RMK/L Dropped Due to ’

| multicollinearity o o
PLINPL _ |-00972 loo126  © Joo00
;zdr;l;“(tj;)‘“ D“mmy 00175 - |00131 - |0.187 |

O g:‘;;;n ?&iﬁ:?an%zlggbia- 0.0857*** - : 00236 . | -1 0.001 o

Constant term 0.9617** 0.0818 ~  |0.000
Note: *, **, and *** indicate 10%, 5% and 1% statlstlcally S|gn|f icant levels, respectwely
R=08246, AQjRE=08044 R
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