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ECONOMIC INDICATORS, UNITS OF MEASUREMENT AND CONVERGENCE 

I. INTRODUCTION 

A body of literature on regional disparities has developed over the past forty years for the purpose 

of determining whether economic growth among Canadian regions converged towards the national 

average (Endnote 1). The conclusions differ depending on the sample period. The studies published 

in the 1960s   and 1970s   focused on various measures of regional inequality and found no evidence 

of shrinking regional disparities prior to the 1970s.   Williamson (1965) showed that regional 

disparities in Canada were higher than in Australia, Britain, New Zealand, Sweden and the United 

States. Moreover, there was no discernible trend toward lower regional disparities. High variability 

and no downward trend in regional disparities were noted by Chernick (1966), Mclnnis (1968) and 

Green (1971). A new wave of studies appeared in the 1990s and was based on the neo-classical 

convergence process (see, for example, Helliwell and Chung (1991), Lefebre (1994), Coulombe and 

Lee (1995), Coulombe and Day (1999)). These studies reached two main conclusions: (a) the poorer 

regions grew faster than the richer provinces in the period after World War II, indicating 

convergence, and (b) the speed of convergence across provinces was similar to the speed of 

convergence among countries found in cross-country studies. 

The neoclassical model of comparative growth that serves as the foundation of the second group of 

studies incorporates an automatic mechanism of convergence of economic activity, namely, 

differential rates of capital accumulation among regions as capital searches for higher returns. In this 

model, the steady-state level of per capita income is independent of its initial value and the 
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associated long-run growth rate is determined by the exogenous rate of technological change. If the 

current level of per capita income is below its long-run equilibrium, capital accumulation will 

stimulate the growth rate above its equilibrium level. This growth rate will converge towards its 

equilibrium level because diminishing returns to capital slow down the rate of capital accumulation. 

Within a country with large regional differences in per capita income, this process leads to different 

growth rates of the regional economies depending on their initial levels of per capita income. 

Because of diminishing returns, capital will accumulate at a faster rate in the poorer provinces due 

to the higher returns it earns there. Therefore, the regions with lower initial per capita income will 

tend to grow at a faster rate. Eventually, rates of returns on capital are equalized and the various 

regional economies will convergence to the national average (absolute convergence) or to different 

steady-states (conditional convergence) if there are region-specific factors that generate different 

steady states. 

Empirical studies of convergence address two main questions: (a) has a selected economic indicator 

converged to a common or different steady-state, and (b) has convergence been generated by the 

dynamics of private sector decisions. To address the first question, one can use any economic 

indicator. In this case, statistical analysis will determine whether the estimated speed of convergence 

is statistically significant (Endnote 2). For policymakers, the relevant question is the second one, 

namely, whether there is an automatic mechanism of convergence at work and how strong it is. That 

information is crucial in developing and implementing policies aimed at reducing or eliminating 

regional economic disparities within a pre-determined period. It is also essential for determining 

whether there are institutional or policy impediments to convergence. To answer the second 
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question, it is necessary to separate the economic indicators that capture only the effects of private 

sector decisions from those that capture the effects of other factors, such as demographic 

developments, external shocks and government policy. 

As pointed out by Coulombe and Day (1999, p.  161), " from a theoretical point of view,...in the 

neoclassical growth model itself output per worker, output per capita and personal income per capita 

are usually one and the same." Therefore, in theory, one can use any of the above three indicators 

to test the convergence hypothesis. In practice, different indicators provide different information 

about the process of convergence, especially for regions within a country, for three major reasons. 

First, there is considerable population movement among various regions, some induced by economic 

factors and some by other factors. This movement involves both members of the labour force and 

people with no labour force attachment, such as retired persons. Indicators that are expressed on a 

per capita basis, therefore, capture the combined effects of interregional economic adjustments and 

of population dynamics. Second, indicators of gross output or income include components of 

government activity. For example, gross domestic product includes government purchases while 

personal income includes both government wages and transfer payments. When the selected 

economic indicator contains elements of both private sector decisions and government policies, the 

estimated speeds of convergence fail to provide a reliable test of the convergence hypothesis, 

regardless of the quality of the econometric techniques employed, because they provide no 

information on the relative contribution of the private and public sectors. Finally, in the open 

economy framework represented by the regions of a country, the place where income is received may 

be different than the place where income is earned because "part of the capital stock of one region 
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may be owned by the residents of another, and individuals may live in one region and work in 

another," (Coulombe and Day (1999, p.  157). For the above reasons, we argue that various 

economic indicators and units of measurement (per capita versus per worker) are not 

interchangeable, but must be selected carefully to match the question being addressed. 

It is the main purpose of this paper to discuss the criteria that may be used in making this selection 

and to show the usefulness of this approach by applying the suggested selection to estimates of 

convergence in Canada. We suggest that, in empirical studies of convergence, a distinction should 

be made between the process that leads to convergence and the effects of convergence, such as 

changes in relative living standards among regions. In neoclassical models of convergence, the 

former involves adjustments in capital-labour ratios and, therefore, should be tested by using output 

indicators expressed on a per worker basis. In order to separate private decision-making from the 

effects of government policy, one should use indicators that, alternatively, include and exclude the 

main elements of government activity. Interregional changes in living standards involve the entire 

population of each region. Therefore, tests of the effect of convergence on relative living standards 

should use income indicators expressed on a per capita basis. 

In this paper, the usefulness of this choice of indicators is tested by estimating speeds of absolute 

convergence of output and income measures that, alternatively, include and exclude government 

purchases and transfer payments and that are expressed, alternatively, on a per capita or per worker 

basis. The estimation uses pooled cross-section and time series data for the 1966-2001 period and 

the 1984-2001 sub-period, these periods being chosen depending on the availability of consistent 
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data sets. The results show that the estimated speeds of convergence differ considerably depending 

on whether we use per capita values or per worker values and on whether we use indicators that 

include or exclude government purchases. We also show that the speeds of convergence estimated 

for the entire sample period differ substantially from those estimated for the more recent sub-period. 

These findings suggest that (a) results from indicators of economic activity expressed in per capita 

terms may provide misleading information about the process of convergence, (b) failure to adjust 

for the effects of government activity may result in misleading conclusions about the process of 

convergence, and (b) the knowledge-based economy may have ushered in a different convergence 

process and shifts to a new steady-state, thus putting into question the policy relevance of results 

based on sample periods that exclude the 1990s   or that are dominated by observations for the 1960s   

and 1970s. 

The paper is organized as follows. Section II contains a comparison of the economic indicators used 

in studies of convergence for Canada. Section III discusses methodological issues and Section IV 

presents the results. The final section provides some concluding comments. 

II. ECONOMIC INDICATORS USED IN OTHER STUDIES 

A variety of economic indicators that have been used in empirical studies of convergence within a 

given country are shown in Table IT-I. Some are output indicators, such as Gross Provincial Product 

(GPP),while others are income indicators, such as personal income (PT). A major shortcoming in 

the approach used in the above studies is the use of per capita or per worker output indicators as if 

they were interchangeable. As will be discussed in the next section, these indicators are not 



interchangeable because population mobility within a country tends to generate large shifts in 

population among regions and these shifts lead to different estimates of speeds of convergence 

depending on whether per capita or per worker values are used. Another shortcoming is the use of 

indicators that incorporate major elements of government activity. GPP data, whether expressed on 

a per capita or per worker basis, include government purchases. A partial adjustment for government 

activity is made with respect to living standard indicators by using both personal income and 

personal income minus government transfers to persons. Even this adjusted value, however, 

contains the government wage component of personal earnings. 

The development of a set of indicators, and corresponding units of measurement, that addresses these 

shortcomings is discussed in the next section. 
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Table 11-1. Economic Indicators Used in Empirical Studies of Convergence 

Author and Year 	 Country 	Indicator 

Coulombe and Lee (1995) Canada 

Carlino and Mills (1996) USA 

Coulombe and Day (1999) Canada, USA 

Coulombe (1999) Canada 

Barro and Sala-i-Martin (1992) USA 

Ruggeri and Yang (2002) Canada 

Gross Provincial Product (GPP) per Capita 
Earned Income per Capita: GPP minus 
Corporate Profits, Capital Consumption 
Allowance, and Net Interest Earnings 
Personal Income (P1) per Capita 
P1 minus Government Transfers per Capita 
Personal Disposable Income per Capita 

P1 per Capita 
P1 minus Government Transfers per capita 

P1 per Capita 
GPP per Capita 
GPP per Worker 

GPP per Capita 
GPP per worker 

Gross State Product per capita 

GPP per Capita 
GPP per Worker 
P1 per Capita 
P1 minus Government Transfers per Capita 

III. METHODOLOGY 

This section addresses three methodological issues: (a) the selection of output and income 

indicators, (b) the unit of measurement, and (c) separating the role of government activity. Before 

discussing these issues, we sketch the basic elements of the neo-classical convergence model. 

A. Measuring the Speed of Convergence 

The most recent empirical studies on convergence in Canada have involved tests of the neo-classical 
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model developed by Barro, Mankiw and Sala-i-Martin (1995), hereafter called BMS (see, for 

example, Coulombe and Lee (1995), Coulombe and Day (1999), and Coulombe (1999, 2000)). 

BMS have shown that, for economic unit i, the speed of convergence to the steady-state level of 

income may be derived from the following expression 

Ln(y11) = e Ln(y, 	) + (1- e) 	Ln(y) 

wherey,, is income per effective unit of labour in economic jurisdiction i at time t,y,*  is the steady-

state value of yi  and ,13 measures the average speed of convergence per unit oft, which is assumed 

to be equal for each jurisdiction. If /3 is a positive fraction, y1  will converge to y. Incorporating 

an additive error term allows the testing of (1) with time series data for a single economic 

jurisdiction or with cross-section data for cross-country comparisons or comparisons of different 

regions within a country. BMS have also shown that, as an approximation around the steady-state 

of the neoclassical growth model, the speed with which the poorer countries or regions within a 

country catch up to the richer ones can be estimated through an equation which takes the form of 

Ln(y1 ) = a + e Ln(y1,_ i)  + 

where a, is a constant term that captures in each region the effect of the steady-state level of income 

per worker and u, is the error term that captures the effect of transitory shocks. When a, = a, 

countries or regions differ only with respect to their initial levels of income per worker and absolute 

convergence occurs. 

Coulombe and Day (1999) used the above model to test the convergence hypothesis for Canada. 



Since Canada has ten provinces, simple cross-section tests would not be reliable due to the lack of 

sufficient degrees of freedom. They used pooled annual time-series and cross-section data for 

Canada and calculated the value of from the following modification of equation (2). 

(3) Ln(y1) - M, = e (Ln(y1,1) - M, 1 ) + 

where M,is the mean of the Ln(y,,) across regions i at time t and v, 1  is the difference between u,, and 

the associated mean. Since (3) is an equation in terms of deviations from the mean, it eliminates the 

effect of common shocks to all regions. Expression (3) will be used in our estimation of the speed 

of convergence. Before turning to the calculations, however, it is necessary to select the appropriate 

economic indicators. 

B. Selection of Indicators 

As mentioned earlier, empirical studies on convergence provide information on the process of 

convergence and the effects of convergence on trends in relative living standards among regions. 

The selection of the indicators, therefore, depends on the question being addressed. 

Indicators of the Convergence Process. Since convergence involves differential rates of economic 

growth among regions, the appropriate indicators for testing the process of convergence are based 

on measures of output. The most general indicator of economic activity is Gross Provincial Product 

(GPP) which measures the income generated from current domestic production which is distributed 

to all factors of production. GPP values can be expressed in real or nominal terms. The latter 

capture changes in both real economic activity and terms of trade among provinces. One may argue, 
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as we do in this paper, that the process of convergence in the private sector involves adjustments in 

both real economic activity and prices. If we want to capture both adjustments, we need to use 

nominal values. In the case of Canada, the use of nominal values creates a problem because any 

sample period containing the 1970s   and 1980s   includes large fluctuations in energy prices. Because 

of Alberta's dominance of the energy sector, using data for all ten provinces may lead to biased 

results. Following a commonly-used approach (see, for example, Coulombe and Lee (1995)), we 

excluded Alberta from this set of calculations. However, we also present the results for all ten 

provinces in the appendix. 

Since the convergence process is driven by differential changes in capital-labour ratios in different 

provinces, useful insights will also be gained by estimating the speed of convergence for a less 

comprehensive output indicator, such as the portion of GPP distributed to the personal sector. Both 

indicators will be used in this paper. 

Indicators of Living Standards. These indicators are used for the purpose of determining whether, 

during a given sample period, living standards have converged among countries or regions within 

a country. The most general of this class of indicators is personal income which includes three 

income components: (a) income earned in the region of residence, (b) income, such as interest and 

dividends, that were earned outside the region, thus reflecting economic activity in a different region, 

and (c) unearned income in the form of government transfer payments. 

Both sets of indicators - GPP and personal earnings on one side and personal income on the other 
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side - include components of government activity. Their use in convergence analysis, therefore, 

would yield results for the combination of private sector decisions and government policies. To 

separate the dynamics of private sector decisions on the process of convergence and interregional 

differential in living standards from the effects of government activity, it is necessary to use 

comprehensive indicators as well as indicators that exclude the relevant elements of government 

policy. Some approaches to deal with this issue are suggested in the following discussion. 

C. Adjusting for Government Activity. 

Governments can affect the process of convergence through changes in fiscal activity and through 

non-fiscal measures. The latter include instruments such as regulation that has regionally 

differentiated effects, monetary policy, trade policy and even environmental policy. Although some 

of these instruments may be neutral over the long-term, as it may be the case with monetary policy, 

they are likely to have cyclical effects and may be used periodically for policy changes, thus affecting 

the patterns of interregional disparities of output and living standards over the estimation period. 

On the fiscal side, the main budget components potentially affecting convergence are government 

purchases, transfers to persons and taxation. 

The fiscal activity of government may generate both supply-side and demand-side effects. The 

supply-side effects result from the behavioural responses of firms and individuals - as consumers, 

savers, suppliers of labour services and accumulators of human capital. In the case of permanent 

policy changes, these effects are likely to affect the steady-state path of the national economy. The 

demand-side effects may be temporary or permanent. In either case they will affect the private- 
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public mix of output and income, but are not expected to influence their steady-state values. They 

may, however, influence the speed of convergence to a given steady-state. Measuring the supply-

side effects of government policy on convergence would require a detailed computable general 

equilibrium model of provincial economies and would make the task of measuring the speed of 

convergence a daunting one. In this paper, the focus is on separating the demand side effects of 

government fiscal activity on regional disparities and convergence from the effects arising from 

private sector decisions. Moreover, the adjustment is confined to the first-round impact on the 

selected measures of economic activity and does not capture the multiplier effects of changes in 

government fiscal activity. Even if these multiplier effects are non-zero over the long-run, what we 

miss are not the overall level of these effects, but the inter-provincial differences in those effects. 

Two approaches to adjusting indicators for the demand-side effects of government activity may be 

used. The first involves the selection of economic indicators that exclude the demand components 

of the government budget. The second approach would include these demand components, but 

would allocate them in a manner that left regional disparities and the speed of convergence 

unaffected. The selected economic indicators would follow similar convergence paths under both 

approaches, but would differ with respect to the level to which they would converge. This level 

difference is automatically adjusted by the use of equation (3) which expresses the economic 

indicator for each province in terms of its difference from the un-weighted average of all provinces. 

Since we use equation (3) in our estimation of the speed of convergence, we selected the first 

approach. 
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Starting with the indicators of convergence, the comprehensive indicator GPP (measured on a per 

worker basis) includes the value of government purchases. These purchases contain two elements: 

(a) wages and salaries of government employees and (b) payments to private sector agents. Only 

employment associated with the first component is known. Deriving the private sector employment 

associated with the second component requires information on the share of this component assigned 

to labour income and the average labour income per worker. Since these allocations require 

somewhat arbitrary assumptions, we produced an approximation of private GPP per worker by 

subtracting from GPP and total employment only direct government wages and employment, for 

which data are available on a consistent basis. The same values of government wages and 

employment were subtracted from personal earnings in order to derive private personal earnings. 

Indicators of living standards are expressed on a per capita basis. The most general of these 

indicators is personal income. A partial adjustment can be made by subtracting government transfers 

to persons, thus deriving personal earnings (Endnote 3). For a full adjustment we must subtract also 

government wages which yields private personal earnings. Some authors, for example Coulombe 

and Lee (1995), have also estimated speeds of convergence of personal disposable income (PDI). 

Compared to PT minus government transfers, PDI allows a measurement of the effect of direct taxes 

on individuals, but is not necessarily a better measure of living standards. Living standards are 

affected, among other things, by the whole tax system and not just by a selected component. If the 

overall tax system is proportional to income, then the same results will be obtained whether all taxes 

are included or excluded. However, if we subtract only one component and this component has a 
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different regional distribution than the total tax system, PDI will be a less reliable indicator of living 

standards than PT minus transfers. 

Unit of Measurement. 

The appropriate unit of measurement depends on whether we are testing for the neoclassical model 

of convergence or whether we are interested in the convergence of living standards. For the former 

test, it is generally recognized that the selected indicators should be expressed in terms of units of 

labour employed. One of the earlier contribution to the convergence literature, Baumol (1986), used 

GDP per work-hour. More recently, Carlino and Mills (1996, p.  579), explicitly acknowledged that 

"ideally, we should examine earnings per worker instead of earnings per capita" and Coulombe and 

Day (1999, p.  161) suggested that tests for convergence "are probably best carried out using data on 

output per worker." In this paper we estimate speeds of convergence for the three output indicators 

on a per worker basis. We also used GPP per capita in order to determine the effect of demographic 

changes that have little to do with the convergence process. Inferences about the process of 

convergence, however, should be made only from the estimated speeds of convergence of indicators 

expressed on a per worker basis. Living standards refer to the economic position of individuals, 

therefore, the selected indicators should be expressed on a per capita basis. In this paper we use per 

capita values for personal income, personal earnings and private personal earnings. 

Sample Period 

Because the process of convergence is a long-term phenomenon, economists have often selected 

indicators primarily on the basis of the availability of data for a sufficiently long period of time that 
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provides an adequate number of observations for statistical analysis. While providing a large 

number of observations, the use of a long sample period has also some drawbacks. In theory, the 

process of convergence should be a steady one, therefore, the longer the sample period, the more 

robust should be the estimates of the speed of convergence. When the process of convergence is 

interrupted by regionally differentiated shocks with persistent effects, a longer sample period is still 

preferable because the effect of these shocks can be neutralized through suitable econometric 

techniques. Longer periods are not preferable when they involve shifts in economic structures that 

alter drastically the process of convergence. For example, while neoclassical models of comparative 

growth generate convergence, models of endogenous growth indicate that convergence may not 

occur because of increasing returns to physical capital (Romer (1986)) or externalities associated 

with human capital (Lucas (1988)). If a long sample period includes a sub-period that exhibits 

convergence and another that exhibits divergence, the econometric estimates may show a statistically 

insignificant speed of convergence, thus missing the important information about the effects of the 

shifts in economic structure. This issue may be particularly relevant for sample periods that extend 

to current years due to the emergence of the knowledge-based economy. In this paper, when 

selecting the sample period, we give priority to the consistency of the selected indicators with the 

underlying theoretical model rather than the number of observations. Therefore, the length of the 

sample period is determined by the availability of consistent data that allow a test of the neoclassical 

convergence model. Consistent time series by province are available since 1966 for employment and 

also for government purchases. Therefore, for GPP, we used data covering the years from 1966 to 

2001 whether it was measured per person or per worker. The same sample period was used for 

personal income per capita. For personal earnings (personal income net of government transfers) 
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per capita or per worker, the full sample period is 1966-1999, because data on governments transfers 

to persons by province are not available for 2000 and 2001. Consistent data on government 

employment and associated wage payments are available since 1981. Therefore, for the indicators 

of private GPP or personal earnings per private sector worker, a shorter sample period is used. We 

started the sample period in 1984 instead of 1981 because the 1981-83 period includes a recession 

which had differential regional effects and created a shift in the degree of dispersion (see Ruggeri 

and Yang (2002). Since the more recent sub-period is intended to reflect recent changes in economic 

structure and the shift in the fiscal stance by all government, we confined it to the years from 1984 

to 2001 for private sector GPP per worker and from 1984 to 1999 for private personal earnings per 

worker. We recognize that the second sample period is too short to provide information on long-

term trends. However, since it covers the period associated with the emergence of the knowledge-

based economy, it may provide a glimpse of incipient trends. 

A list of the indicators used in our calculations and the associated units of measurement are shown 

in Table ITT-i. Panel (A) contains only GPP per capita, an indicator which, as explained earlier, is 

unsuitable for testing the convergence process. It is included in our calculations for comparison 

purpose only in order to determine the bias in the speed of convergence that would arise from 

incorporating in the calculations interregional shifts in population. Panel (B) shows the three 

indicators used to test the neoclassical process of convergence. They are indicators of income from 

current output and are expressed in per worker terms. The indicator more consistent with the 

underlying theoretical model is private sector GPP per worker. If the interregional distribution of 
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government wages does not change much over the sample period, either GPP or personal earnings 

will serve as close approximations. 

The indicators of living standards are shown in panel (C) and are all expressed on a per capita basis. 

The most general indicator of living standards is personal income (PT). The speed of convergence 

of P1 per capita provides information on trends in the degree of inequality of the living standard of 

the average resident in each province. Comparing the results for P1 with those for personal earnings 

helps determine the contribution of government transfers (Tr) to the reduction in interregional living 

standards. The contribution of government wages (Gw) to the convergence of living standards can 

be measured by comparing the results of personal earnings with those of private personal earnings. 

Table III- 1. Indicators Used in Our Calculations 

Symbol 	Indicator 	 Unit of Measurement 

Per Person 

Per Worker 

Per Private Sector Worker 

Per Worker 

Per Private Sector Worker 

GPPC Population Effects GPP 

GPPW Process of Convergence GPP 

PGPPW Private Sector GPP (GPP - Gw) 

PEW Personal Earnings (PI-Tr) 

PPEW Private Personal Earnings (P1 - Tr - GW) 
Standard of Living 

PlC Personal Income (P1) 

PEC Personal Earnings (P1 - Tr) 

PPEC Private Personal Earnings (P1 - Tr - GW) 

Note: all indicators are expressed in nominal terms. 

Per Person 

Per Person 

Per Person 
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TV. RESULTS 

Our findings shed some light on three aspects of convergence in Canada: (a) the effect of 

interregional population shifts, (b) the process of convergence, and (c) the effect of convergence on 

interregional disparities of living standards. 

A. Effect of Population Shifts 

A general idea of the effect of interregional shifts in population on the estimates of the speed of 

convergence can be derived by comparing the patterns of dispersion of GPP per capita and per 

worker. This dispersion is measured by the standard deviation of the logarithm of the selected 

indicator. A declining pattern of dispersion overtime is an indication of sigma-convergence. Panel 

(a) of Figure TV-i shows that the dispersion of both GPP per capita and per worker followed a 

declining trend over the 1966-2001 period. The pattern of dispersion, however, is not identical. The 

degree of dispersion of per capita values declines steadily throughout the entire period. The 

dispersion of per worker values declines at a faster rate during the 1966-84 period, stabilized for a 

few years and then follows a slight upward trend. 

The above relationship is explored further by estimating the speed of convergence for the entire 

sample period and the more recent sub-period. The estimated speeds of convergence (called /3-

convergence) for the two measures of GPP are shown in panel (A) of Table IV-1 (Endnote 4). Our 

results for the 1966-2001 period show that using GPP per capita would underestimate the speed of 

convergence because the estimated value of/3( 2.4% per year) is 53% of that for GPP per worker. 

The bias generated by the use of per capita GPP values is even more significant when the sample 
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period is confined to the more recent 17 years. The relationship between GPP per capita and per 

worker is now reversed: the speed of convergence for the per capita measure is lower, but still 

statistically significant, while there is no statistical evidence of convergence for the per worker 

measure. The per capita result would indicate a speed of convergence of 2% per year towards the 

(unweighted) national average when there was no convergence at all in the measure more consistent 

with the underlying theoretical model. For the more recent period, the illusion of convergence is 

generated by the dynamics of population changes among regions. 

The main factors behind the differences in the patterns of dispersion of per capita and per worker 

GPP are shown graphically in panels (a) and (b) of Figure Ta-i. Panel (a) shows that the degree of 

dispersion of the population by province followed an upward trend over the entire sample period, 

thus indicating increasing dispersion, because most of the population growth occurred in the larger 

and more prosperous provinces. The rate of increase in the degree of dispersion, however, was much 

higher after 1984. This means that, in the 1984-2001 sub-period, even if relative GPP per worker 

remained unchanged in each province, thus indicating no convergence, estimates using per capita 

GPP would generate positive speeds of convergence. The dispersion of employment followed the 

opposite direction, showing a trend towards convergence for most of the sample period. As a result, 

the ratio of the population dispersion to the employment dispersion, shown in panel (c), fell steadily 

over most of the sample period after a small increase in the initial three years. If the above ratio had 

remained constant throughout the sample period, one would derive the same results on the speed of 

convergence whether the selected indicators were expressed on a per capita or per worker basis. 
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Figure IV-1 shows that this is not the situation in the case of Canada and suggests that using per 

capita values would lead to misleading conclusions about the process of convergence. 

PLACE FIGURE IV-1 HERE 

Table IV- 1. Estimated Speed of Convergence for the Selected Economic Indicators (excluding 
Alberta), 1966-2001 and 1984-2001. 

Indicator Period fi Prob. R2 No. of Observations 

A. Population Effects 

GPPC 1966-2001 2.42* .001 .980 315 

GPPW 1966-2001 4•57* .001 .934 315 

GPPC 1984-2001 2.01* .001 .981 153 

GPPW 1984-2001 0.70 .609 .935 153 

B. Convergence Process 

GPPW 1966-99 4.40* .001 .936 297 

PEW 1966-99 4.06* .001 .931 297 

GPPW 1984-99 -1.43 .245 .943 135 

PGPPW 1984-99 -2.70 .006 .910 135 

PEW 1984-99 2.75* .001 .950 135 

PPEW 1984-99 343* .017 .929 135 

C. Standard of Living 

PlC 1966-99 2.97* .001 .977 297 

PEC 1966-99 2.24* .001 .981 297 

PlC 1984-99 3•34* .001 .981 135 

PEC 1984-99 3.18* .001 .986 135 

PPEC 1984-99 2.83* .001 .988 135 

21 



Note: the estimated /1 values have been multiplied by 100 to represent directly the annual rate at 
which a selected indicator converges to the common steady-state. The * indicates statistical 
significance at the 5% level. 

B. The Convergence Process 

The dispersion of the four selected indicators used to test the neoclassical convergence process is 

shown in Figure IV-2. Panel (a) shows that, in general over the entire period, nominal GPP per 

worker and personal earnings per worker follow a similar declining path, thus indicating similar 

patterns of convergence. During the more recent period, however, they follow different paths. The 

latter continues a declining trend while the former follows a shallow u-shaped pattern with little 

change between 1984 and 2001. Panels (b) and (c) suggest that subtracting government wages for 

the 1984-2001 period has a negligible impact on the pattern of dispersion of GPP per worker and 

personal earnings per worker. 

The estimated speeds of convergence for these indicators are shown in panel (B) of Table IV- 1. Two 

indicators only may be used for the entire period, GPP per worker (GPPW) and personal earnings 

per worker (PEW). Moreover, the sample period had to be shortened by two years because 

consistent data on government transfers to persons by province, which are used to calculate PEW, 

are available only up to 1999. Both indicators converged to the (unweighted) national average at 

similar speeds, about 4% per year over the 1966-99 period. Completely different results were 

obtained for the 1984-99 period. First, the speed of convergence is negative but statistically 

insignificant in the case of GPP per worker, including or excluding government wages. Second, 

personal earnings per worker converged at a rate of 2.75 per year. Since GPPW and PEW differ 
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largely by the amount of corporate earnings, the different results for these two indicators suggest that 

the convergence of PEW was offset by the divergence of corporate earnings. These divergent paths 

for personal earnings and corporate earnings may have important implications for the process of 

convergence and require a separate investigation, especially since they represent a major departure 

from their relationship over the entire sample period. Private personal earnings per worker 

converged at an average annual rate of 3.43 %. This rate is higher than the 2.75% rate derived for 

PEW, thus suggesting that government wages may have diverged during the 1984-99 period, a period 

dominated by fiscal restraint by all governments. 

PLACE FIGURE IV-2 HERE 

C. Standard of Living 

The degree of dispersion of P1-based indicators expressed on a per capita basis is shown in Figure 

IV-3. Panel (a) compares personal income with personal earnings. It shows a clear declining trend 

over the entire period, indicating steady convergence of living standards. The level of dispersion is 

higher for personal earnings, but the pattern of dispersion over time is very similar for the two 

indicators, suggesting that government transfers to persons may not have had a strong impact on the 

convergence of living standards. A similar conclusion is reached for the comparison, shown in panel 

(b) between personal earnings and private personal earnings where the difference between the two 

measures is made up of government wages. 
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PLACE FIGURE IV-3 HERE 

Our results show that there is clear statistical evidence of convergence of living standards for all 

three indicators, regardless of the length of the sample period. Personal income per capita converged 

at a rate of 3.0% per year over the entire sample period and at a rate of 3.3% during the more recent 

sub-period. Personal earnings per capita converged at a rate of 2.2% and 3.2% over the two periods, 

respectively. In both periods, the speed of convergence is higher for the indicator that includes 

government transfers to persons, indicating that this component of the government budget 

strengthened the convergence of living standards. Eliminating the wage component of government 

expenditures reduces the speed of convergence to 2.8% per year thus suggesting that government 

wages contributed to convergence of living standards during this period. Our results for the 1984-99 

period suggest that 85% of the convergence of living standards was due to the dynamics of private 

sector earnings received by the personal sector. The remaining 15% contribution was shared by 

government wages (10%) and transfers to persons (5%). The contribution of transfers to persons to 

the convergence in living standards during the 1984-99 period was one-fifth its contribution during 

the entire sample period. 

The availability of the appropriate data for all the relevant indicators for the 1984-99 period provides 

a detailed picture of the process of convergence that took place during this period. Convergence of 

private personal earnings per worker indicates that the economic changes that took place during the 

convergence process worked their way largely into changes in relative labour compensation among 

provinces. This convergence was offset by divergence of corporate earnings, resulting in the lack 
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of convergence of nominal GDP per worker. Since the data on corporate earnings may reflect more 

the location of the head office of corporations rather than the place where economic activity takes 

place, private personal earnings per workers may be a more reliable indicator for testing 

convergence. Their positive and statistically significant speed of convergence suggests that the 

process of convergence in Canada was active during the 1984-99 period. The dynamics of private 

sector earnings received by the personal sector also explain most of the convergence of living 

standards during this period. It must be emphasized that the above conclusions are based on a sample 

period too short to capture the full forces of convergence. They largely serve illustrative purposes 

and suggest that a consistent picture of the main elements of he convergence process can be 

developed by estimating speeds of convergence for private personal earnings and private GPP, both 

expressed on a per worker basis, and personal income, personal earnings and private personal 

earnings, all expressed on a per capita basis. 

V. CONCLUSIONS 

This study addressed three major issues arising from empirical studies of convergence: (a) the 

selection of the indicators based on the question being addressed, (b) the associated unit of 

measurement and (c) the effect of government fiscal activity. These issues were analyzed by 

estimating the speed of convergence of selected economic indicators for Canada during the 1966-

2001 period and the 1984-2001 sub-period. Speeds of convergence were derived for output and 

income indicators, excluding and including government activity, and expressed in per capita or per 

worker terms. The results differ considerably depending on the indicator selected, the unit of 

measurement, and the sample period. 
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Although, in theory, a variety of economic indicators may be suitable for testing the neoclassical 

model of convergence, each indicator with a certain unit of measurement addresses a different 

question. We suggest that the most appropriate indicators for testing the neoclassical model of 

convergence are indicators of earnings from production in the private sectors. These indicators may 

include a comprehensive measure of earnings, such as private sector GPP, or a narrower measure, 

such as private sector personal earnings. If the interregional distribution of government wages does 

not change over time, good proxies are GPP per worker and personal earnings per worker. Ideally, 

one should use both indicators to determine whether the changes arising from the process of 

convergence lead to a narrowing of the interregional dispersion of labour earnings. Since we are 

testing for economic changes associated with changes in factor proportions among different regions, 

the above indicators should be expressed on a per worker basis. Per capita values not only are 

inconsistent with the underlying theoretical model but, as our results show, would lead to incorrect 

conclusions about convergence because they incorporate population dynamics that are unrelated to 

the convergence process. 

The indicators most suitable for determining whether the process of convergence of outputted to 

convergence of living standards are those based on measures of personal income. These indicators 

should be expressed on a per capita basis because they are not used for a test of the convergence 

process, but to determine a particular effect of convergence, specifically, changes in the relative 

living standards of the average resident in each region. Convergence of living standards is 

determined by four factors: (a) dynamics of private earnings per worker, (b) dynamics of government 

wages per worker, (c) changes in the regional distribution of government transfers per person, and 
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(d) population dynamics. In order to capture the effects of government activity on convergence of 

living standards, three personal-income based indicators should be used, namely, personal income, 

personal earnings and private personal earnings. Our results show that all three indicators converged 

towards the national average, regardless of the sample period used, and that 85% of that convergence 

was due to narrowing differentials of private per capita earnings. 

Finally, our results show the crucial role played by the selection of the sample period in the estimates 

of the speed of convergence of the selected indicators. The entire period contains two sub-periods 

that differ in both economic structure and government policy stance. The first period, which 

includes the 1960s,1970s and early 1980s, captures the long economic expansion of the 1960s, the 

effects of the oil crisis and the expansion of the role of government, especially in the social area. The 

second period, which is represented in our calculation by the years from 1984 to 2001, incorporates 

the emergence of the knowledge-based economy and the retrenchment in the role of government. 

Our results suggest that empirical studies of convergence for Canada which use sample periods 

extending back beyond the 1980s   will provide misleading information about the process of 

convergence that may occur in the future and may lead to inappropriate policy decisions. 

In conclusion, we suggest that policymakers in Canada should be very careful in using the results 

of convergence studies as a basis for designing effective regional development policies. Studies that 

cover periods ending in the early 1990s   fail to capture the shift in the convergence process that may 

have taken place over the past decade. Studies that focus on the more recent periods do not contain 

sufficient observations to provide reliable tests of emerging trends. Perhaps more useful information 
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for the formulation of regional development policies will be obtained through detailed studies of 

changes in the industrial structure of different regions that may have occurred during the past decade. 

28 



ENDNOTES 

A review of the main studies is found in Coulombe (1999). 

The statistical properties of various formulas for estimating speeds of convergence have been 

analysed by various economists, such as De Long (1988), Friedman (1992) and Quah (1993)). 

Deducting only transfer payments, not only retains the effects of government purchases, but may 

bias the results when there are shifts between the two components due to changes in government 

policies or in statistical recording. The available data on GDP and personal income contain different 

approaches to the measurement of government purchases and transfers to persons. Provincial grants 

to post-secondary institutions are treated as government purchases from 1981 to 1999 and as 

transfers to persons from 1961 to 1981. We developed a consistent measurement by extending the 

1981-99 treatment to the earlier period. The existence of an overlapping year ( 198 1) shows that even 

with this adjustment, there remain some differences between the two series. We made a final 

adjustment by making transfers to persons under the adjusted 1961-8 1 series equal to their value 

under the more recent series. The final values for 1961-80 were derived by making the same 

proportional adjustment that was made to the 1981 values. The total adjustment to transfers to 

persons in each year by province was reflected in an equal adjustment (but with the opposite sign) 

to government purchases.. 

Expression (3) was estimated with pooled time series and cross-section data using SUR 

(seemingly unrelated regressions) to take care of both cross-section heteroskedasticity and 

contemporaneous correlation. 
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APPENDIX 

Table TV-i. Estimated Speed of Convergence for the Selected Economic Indicators (including 
Alberta), 1966-2001 and 1984-2001. 

Indicator Period /1 Prob. R2 No. of Observations 

A. Population Effects 

GPPC 1966-2001 1.73* .002 .983 350 

GPPW 1966-2001 3•79* .001 .955 350 

GPPC 1984-2001 1.12* .00 .979 170 

GPPW 1984-2001 0.91 .505 .946 170 

B. Convergence Process 

GPPW 1966-99 3.72* .001 .958 330 

PEW 1966-99 437* .001 .932 330 

GPPW 1984-99 2.54* .008 .946 150 

PGPPW 1984-99 -1.17 .374 .937 150 

PEW 1984-99 0.62 .001 .947 150 

PPEW 1984-99 3.58* .014 .930 150 

C. Standard of Living 

PlC 1966-99 2.97* .001 .978 230 

PEC 1966-99 2.31* .001 .982 230 

PlC 1984-99 3.84* .001 .981 150 

PEC 1984-99 3.08* .001 .986 150 

PPEC 1984-99 094* .005 .993 150 

Note: the estimated fi values have been multiplied by 100 to represent directly the annual rate at 
which a selected indicator converges to the common steady-state. The * indicates statistical 
significance at the 5% level. 
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Figure IV-1. 	Dispersion of GPP Indicators, Population and Employment 
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Figure IV-2. 	 Dispersion of Output and Earnings per Worker Indicators 
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Figure IV-3. 	 Dispersion of P1-Based Indicators 
(Alberta Excluded) 
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