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Introduction 

The question of how much output the economy could produce if it 
were operating at full potential, and the related issue of the size of the 
current output gap have become increasingly important since "stagfla
tion" has created major problems for the policy maker. 

Potential output is defined as the highest level of real GNP that is 
sustainable with given factors of production, such that cost-push infla
tion is not induced by operating above the normal rates of factor utili
zation. Hence, potential output is dependent on the supplies of factors 
and on the permissible (non-inflationary) rates of their use within the 
economic structure and is in theory consistent with the economy 
operating at a level consistent with the non-accelerating inflation rate 
of unemployment (NAIRU). Major difficulties in measuring potential 
output are associated not only with the relationship of factor supplies 
to aggregate output but also with the measurement of actual and 
potential factor utilization. Overcoming these difficulties is at the 
heart of constructing an accurate measure of potential output. A first 
attempt to construct such a measure was undertaken by Brox and 
Cluff [3). 

More recently, You [la] has suggested a method of directly esti
mating the actual and potential factor utilization rates. This method 
was applied to aggregate quarterly Canadian data by Brox [2]. It is the 
purpose of this paper to extend the analysis using provincial data and 
thus to study regional differences in productivity. 
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In the following section a brief description of the model developed 
by Vou and its relationship to the model used by Brox and Cluff is 
provided. A description and an analysis of the empirical results of the 
study are then presented. The final section contains a summary of the 
results and suggestions for further research. 

The Model 

The model developed by Vou [la] follows directly from the standard 
production function approach to measuring potential output. 1 The 
model is as follows: 

Pt = AertKtClMJ-a (1) 

Qt = AertktamJ-a (2) 

where Pt is potential output at time t, Qt is real GNP at time t, A is a 
constant, r is the rate of neu tral technical progress, Kt is the total 
capital stock available at time t, Mt is the full-employment man-hours 
at time t, kt is the u tilized capital stock at time t, and mt is actual 
man-hours employed. 

The immediate problem is that neither of these equations may be 
directly estimated, since utilized capital stock, potential full-employment 
man-hours, and potential output are not directly observable. If it could 
be assumed that the average hours worked and the labour-force par
ticipation rates remain constant,2 the relationship m = EM, where E is 
the employment rate measured as employment divided by labour 
force, wouId allow the estimation of potential man-hours. Vou assumes 
that both the participation rate and the average hours worked are 
likely to vary procyclically, and he accounts for the movements in the 
participation rate, Rt, via the expression: 

Rt = Boee[(b+b'*D)*tl (3) 

where D is a dummy representing the increase in trend participation 
rates from 1971 on. Further, Vou captures the cyclical variation in 
average hours by: 

mil = BŒÀe-dt (4) 

where l is total employment. Combining (3) and (4), subject to .the 
identify l = ERN, where N is population, Vou obtains: 

'For a summary of the various approaches that have been used to measure poten
hal output see Brox and Cluff [3]. 

2This is, in fact, the assumption that was made in Brox and Cluff [3], based on the 
work of Black and Russell [lJ. 

miN = BE1+a+À exp [-(d-b)*t+b'*D*t] (5) 

Upon substitution of the definition, M=m*(E=l), the following rela
tionship is obtained: 

m = ME l+a+À (6) 

which shows that the elasticity of man-hours with respect to the 
employment rate is (1+a+À). 

To define the capital-utilization rate, Vou follows Solow [8] in 
assuming that k = EK.3 Vou gives three sufficient conditions for this 
result: 

i) "putty-clay" on an industry by industry basis, 
ii) m=EM; that is, no cyclical variations in the participation rate and 

average hours of work, 
iii) ail industries have the same capital-labour ratios in any given 

period of time, and/or percentage changes in demand are uniform 
for ail industries. 

ÀFrom (i), (6), and (iii), the relationship k = KE 1+a+ may be derived. As 
these conditions are unlikely to hold, Vou suggests the expression: 

k = KEg (7) 

where g may be viewed as a function of the elasticity of man-hours 
with respect to the employment rate (1 +a+À), and of factors affecting 
the distribution of demand across industries with different capital 
in tensities. 

A measure of the relationship between actual and potential output 
may be obtained by substituting (6) and (7) into (3), yielding: 

Q = AertEag+(I-a) (l+a+À) KaM(I-a) = El3p (8) 

where f3 = [cyg+(I-CY)(l +a+À)]. However, (8) cannot be estimated, be
cause potential output and potential man-hours are not observable. 
Estimates of cy and g may be obtained by substituting (7) into (2), 
which yields: 

Q = AertEagKam(I-a) (9) 

Since (1+a+À) may be estimated from (5), f3 may now be estimated and 
then potential output may be calculated via (8). 

The potential output gap, measured as a percentage of potential 
output, is then equal to: 

G = (Q-P)/Q = EI3-1 (la) 

'This is also the basic assumption underlying the definition of utilized capital in 
Brox and Cluff [3]. 
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Analysis of Empirical Results 

In order to estimate the model and to ca1culate the potential output 
gap, we must first define the full-employment level for the unem
ployment rate. Here we follow the assumption made in Brox and 
Cluff (3], that 5 percent unemployment is the minimum non-infla
tionary rate. 4 

Equations (5) and (9) have been estimated in log form using annual 
provincial dataS for the period 1961-1981. When the Durbin-Watson 
statistic was below the lower bound, the Cochrane-Orcutt iterative 
method was used in place of ordinary least squares. The results using 
aggregate quarterly data as reported in Brox [2] are reported for com
parison with the regional estima tes obtained in the current study. The 
results for equation (5) are shown in Table 1. 

Table 1
 

E5TIMATION RE5ULT5 FOR EQUA TION (5)·
 

Constant 1nE t Dt 5tatistics 

B.C 2.51 
(470.53) 

1.22 
(9.01) 

0.01 
(22.30) 

0.0001 
(0.01) 

CR> =0.992 
DW =1.88 

Prairie 
Region 

2.52 
(119.32) 

1.10 
(3.23) 

0.02 
(9.07) 

-0.002 
(0.27) 

CR> =0.919 
DW =1.76 
RHO =0.637 

Ontario 2.62 
(115.50) 

1.30 
(3.65) 

0.01 
(6.77) 

0.001 
(1.62) 

CR> =0.924 
DW =2.35 
RHO =0.554 

Quebec 2.53 
(110.69) 

1.58 
(5.58) 

0.02 
(7.17) 

0.0003 
(0.45) 

CR> =0.851 
DW =2.29 
RHO =0.666 

Atlantic 
Region 

2.39 
(89.06) 

1.10 
(3.01) 

0.01 
(4.53) 

0.0006 
(0.42) 

CR> =0.726 
DW =1.85 
RHO =0.546 

Canada 
(aggregated data) 

2.55 
(197.17) 

1.50 
(9.33) 

0.002 
(8.87) 

0.001 
(4.75) 

CR> =0.895 
DW =1.59 

• Figures in parentheses are in the t-ratios. 

'If the NAIRU were higher than 5 percent, the level of output gaps in this paper 
would change, but the basic patterns and estimated elasticities would be la"rgely 
unchanged. If this potential unemployment rate is not constant, more difficulties 
may arise [3]. You [10] tested this effect by estimating two versions of his mode!, 
one based on the assumption of a constant 4 percent full-employment rate, and 
one based on the Perry [7J constant demographically weighted unemployment 
rate. You found no significant differences between the two versions. 

5The data on capital stock by province were obtained from the National Wealth and 
Capital Stock Section, Construction Division of Statistics Canada. Provincial out-

The results are in line with prior expectations. Using aggregate 
Canadian data, we note an estimate for (1 +a+À.) of approximately 1.5, 
suggesting that man-hours worked will increase (decrease) by 1.5 per
cent for every 1 percent gain (loss) in the employment rate. 6 The 
results using the provincial data indicate a slightly smaller response, 
except for the province of Quebec; however, the difference is not sta
tistically significant. 

The positive sign on the time trend in equation (5) indicates that 
the rising participation rates have more than offset the falling average 
hours worked in ail regions. The belief that this result has accelerated 
since the revisions to the unemployment insurance program in 1971 is 
supported by the positive coefficient on the dummy time-trend in 
equation (5) only in the case of the aggregate quarterly data. 

The estimation results for equation (9) are reported in Table 2. 
Considering the data limitations outlined above, the results are quite 
encouraging. Ali of the coefficient estimates have the theoretically 
appropriate signs and with few exceptions are statistically significant. 
From (9), again using the aggregate quarterly data, we obtain values 
for l.l'g and l.l' of approximately 0.8 and 0.3 respectively, thereby imply
ing a value of 2.67 for g, the elasticity of utilized capital services with 
respect to the employment rate. 7 Thus we find that capital use varies 
at just under twice the rate of labour use. 

That capital utilization may vary more than employment is easily 
explained, because demand for output is likely to vary more procycli
cally in capital-intensive industries and because a sizeable amount of 
the labour force is a fixed factor, owing to contractual commitments 
and overhead requirements. 8 

The estimates of the regional production functions, as summarized 
in Table 2, indicate that the labour share is somewhat lower than that 
found using the aggregate quarterly data. 9 

The elasticities of utilized capital services for each region estimated 
from these production functions are listed in Table 3. The values of g 
for Ontario and the Atlantic region are quite close to that found ear

put data were constructed by deflating the Provincial Gross Domestic Product, 
(Provincial Economic Accounts, 13-213) by an average of the capital stock deflator 
and the consumer price index of the major cities in the region. 

0You [101 found a similar but somewhat larger value of 1.85 in his annual study of 
the U.5. 

7	 This estimate is much lower than 5.9 which You [101 found for the US However, 
You [9J reported very similar results using an earlier U.5. sam pie. 

BA detailed discussion and test of these points are given by You [101· 

oThis difference may be the result of the later sample period used in this study, 
1961-1981, as opposed to that used in Brox [2], 1960-1978. 
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lier using aggregate quarterly Canadian data. These results also sug
gest that capital responds more to a given change in the employment 
rate in B.e. and the Prairie region. In Quebec, on the other hand, 
capital utilization appears to be roughly proportional to the employ
ment rate. lü 

Table 2 

ESTIMA TION RESULTS FOR EQUA TION (9)

Constant 1nrn 1nK 1nE t Statistics 

B.e. -1. 74 0.596 0.404 1.44 0.01 CR2 =0.411 
(7.73)	 (3.18) (2.16) (2.45) (3.16) DW =1.82 

RHO =0.739 

Prairie -2.16 0.575 0.425 2.71 0.03 CR2 =0.470 
Region (4.87) (1.63) (1.20) (294) (1.99) DW =2.23 

RHO =0.815 

Ontario -3.49 0.554 0.446 1.32 0.01 CR2 =0.857 
(13.06) (6.46) (5.20) (2.48) (5.48)	 DW =1.42 

RHO =0.644 

Quebec -2.81 0.528 0.472 0.52 0.02 CR2 =0.950 
(18.68)	 (8.83) (7.89) (1.57) (12.72) DW =1.82 

RHO =0.933 

Atlantic -1.88 0.479 0.521 1.35 0.01 CR2 =0.903 
Region (16.83) (6.45) (7.02) (2.35) (5.02) DW =2.29 

Canada -2.73 0.698 0.302 0.80 0.004 CR2 =0.996 
(agg rega ted (17.38) (5.32) (2.30) (5.13) (4.62) DW =1.41 
data) 

- Figures in parentheses are in the t-ratios. 

The values of {3, the elasticity of output with respect to changes in 
the employment rate, calculated from the estimates of equations (5) 
and (9), are also reported in Table 3. The largest value of {3 was found 
for the Prairie region (3.34) and the lowest (1.35) was calculated for 
Quebec. The remaining regions and the national average were found 
to be quite close to 2. Thus an increase in the employment rate of 1 
percent wou Id be predicted to resu[t in an increase in output of 2 
percent. 

Table 4 reports the annual percentage output gaps, calculated 
from equation (10), for each regi6n and the aggregate national ecrm

'OQuebec is the only region where the estimated elasticity of utilized capital is less 
than the elasticity of manhours. This may result from Quebec having the highest 
variance for average hours worked and lowest ratio of capital to manhours of ail 
regions considered. This estimated result is not statistically significant, however, 
because of the relatively large standard error for the coefficient (ag) in equation 
(9) for Quebec. 

orny. These series suggest that output in Canada grew at an unsustai
nable rate for much of the late sixties. In the early seventies, national 
production was quite close to potential. However, while in the late 
six ties the pattern in almost ail of the regions was similar, in the early 
seventies strong growth is noted for Ontario and the Prairies, with 
sizeable output gaps developing in the other regions of the country. 

Table 3 

ELASTICITIES WITH RESPECT TO CHANGES IN THE EMPLOYMENT RATE 

Manhours Capital Output 
(l+a+"-) (g) (f3) 

Be. 1.22 3.56 2.17 

Prairie Region 1.10 6.38 3.34 

Ontario 1.30 2.96 2.04 

Quebec 1.58 1.10 1.35 

Atlantic Region 1.10 2.59 1.88 

Canada 1.50 2.67 1.85 
(aggregated data) 

Table 4
 

ESTIMATED PERCENTAG E OUTPUT GAP BY REGION
 

B.e. Prairies Ontario Quebec Atlantic Canada 

1966 1.22 9.82 5.17 1.32 -0.33 3.27 
1967 -0.32 9.11 3.94 0.66 -0.26 2.30 
1968 -0.22 6.45 3.05 -0.89 -1.51 1.02 
1969 -0.14 6.21 3.94 -1.55 -2.45 1.14 
1970 -5.79 0.33 1.28 -2.82 -2.12 -1.39 
1971 -5.02 -0.61 -0.81 -3.29 -4.24 -2.30 
1972 -6.25 -0.83 -0.03 -3.49 -5.26 -2.39 
1973 -4.04 1.18 1.50 -2.50 -5.56 -1.05 
1974 -2.62 5.87 1.24 -2.23 -6.52 -0.65 
1975 -7.74 3.65 -2.85 -4.31 -9.62 -3.72 
1976 -8.05 3.03 -2.51 -5.17 -11.62 -4.10 
1977 -7.78 0.55 -4.27 -7.41 -14.41 -5.98 
1978 -7.40 -0.83 -4.74 -8.24 -14.35 -6.45 
1979 -6.03 2.63 -3.30 -6.47 -12.98 -4.72 
1980 -4.08 2.31 -3.98 -6.86 -11.73 -4.82 
1981 -3.91 1.71 -3.37 -7.57 -12.57 -4.99 
1982 -15.50 -8.27 -9.95 -12.31 -17.75 -11.50 
1983 -19.06 -15.59 -11.19 -12.45 -18.83 -13.05 
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Since 1975 the output gap has widened in each region except the 
Prairies, where growth continued to exceed potential until the reces
sion of 1982. While the effects of the recession in the early eighties is 
clearly present in ail regions, the results shown in Table 4 indicate that 
the largest impact of the slowdown was felt in the resource-based 
economies of the two western regions. 

Summary and Suggestions for Further Research 

Brox and Cluff [3] presented the first efforts at estimating a quarterly 
series of Canadian potential output that was unadjusted for seasonal 
variations. That study recognized that serious problems existed in the 
assumptions that were made, particularly with regard to the mea
surement of actual and potential factor utilization rates. This study, 
while not without limitations of its own, has attempted to improve the 
estimates of potential output and the real output gap by adapting a 
technique suggested by You [101, and applied by Brox [21, for directly 
estimating the capital utilization rate as a function of the employment 
rate to regional Canadian data. While the results are in general similar 
to those which You found for the American economy, sorne signifi
cant differences were found. It was found that, except for Quebec, 
capital use does appear to vary more procyclically than labour; how
ever, for ail regions except the Prairies, it does so to a lesser degree 
than You found for the United States. 

While this study has improved the current measures of potential 
output in the Canadian context, it is not the last word. In particular, 
the use of a Cobb-Douglas production function is overly restrictive. 
Also, although the estimated version of the capital utilization rate used 
here is an improvement over earlier studies, a more general functional 
for m, including an index of energy use as an explanatory variable, may 
yield improved results. Finally, the results obtained using the provin
cial data are sensitive to the limited number of observations for each 
province and to the crude price deflators that were used. One poten
tial solution to these problems might be to extend the degree of disag
gregation by using data on indus trial production by region. 

References 

1.	 Black, Stanley W. and R. Robert Russell. "An Alternative Estimate 
of Potential GNP", Review of Economies and Statisties, 51 (February 
1969), 70-76. 

249 

2.	 Brox, James A. "A Note on Capacity Utilization, Productivity and 
the Canadian Output Gap", Empirieai Economies, 9:3 (1984), 131
138. 

3.	 Brox, James A. and Merritt E. Cluff. "Potential Outut and the Real 
GNP Gap", Canadian Statisticai Review, 54 Oanuary 1979), vi-xii. 

4.	 CarmichaeL Edward A. Reassessing Canada's Potentiai Economie Growth. 
The Conference Board in Canada, September 1979. 

5.	 Crozier, Robert B. "Performance and Potential: Perspectives on 
the Economy", The Canadian Business Review, 4 (Spring 1977), 1-6. 

6.	 Okun, Arthur M. "Potential GNP: Its Measurement and Signifi
cance", A meriean Statistieai Association, Proceedings of the Business and 
Economie Statisties Section (1962), 98-104. 

7.	 Perry, George L. "Potential Output and Productivity", Brookings 
Papers on Economie Aclivity (1977), 11-60. 

8.	 Solow, Robert M. "Technical Change and the Aggregate Produc
tion Function", The Review of Economies and Stalisties, 39 (August 
1957), 312-320. 

9.	 You, Jong K. "Embodied and Disembodied Technical Progress in 
the United States, 1929-68", Review of Economies and Statisties, 58 
(February 1976), 123-127. 

10.	 You, Jong K. "Capital Utilization, Productivity and Output Gap", 
Review of Economies and Stafisties, 61 (February 1979), 91-100. 


