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CYCLICAL AND TREND BEHAVIOUR OF LABOUR PRODUCTIVITY 

One of the stylized facts regarding the cyclical behaviour of the 

economy is a tendency for the growth of labour productivity to slow down 

during recessions and to increase during the expansion phase. It is often 

suggested that high costs incurred by a firm in hiring and training new 

employees would lead to a tendency to hoard (especially skilled) labour in 

a recession. An alternative explanation for the same phenomenon involves 

the use of dynamic production models in which one or more factors of 

production are treated as quasi-fixed (Morrison and Berndt (1979, 1981)). 

If demand increases, a firm would tend to use relatively more of those 

variable inputs (such as materials) that were substitutable with the 

quasi-fixed input (such as capital). In the longer run, the levels of the 

quasi-fixed input and those variable inputs that were complementary with 

it would be increased while there would be a decline in the use of other 

variable inputs. Hence if labour was complementary with capital, this 

could explain why the short-run output elasticity of labour might be 

smaller than its long-run output elasticity. It is of interest to observe 

that Morrison and Berndt found that complementarity between capital and 

aggregate labour in U.S. manufacturing was consistent with both 

capital-skilled labour complementarity and capital-unskilled labour 

substitutability. 

In a previous analysis of the labour productivity slowdown (Blain 

(1977)), this cyclical factor was identified as an important cause of the 

decline in productivity growth in Canada over the 1974-76 period.^ In 

more recent work, Helliwell (1984) found that over one half of the decline 

in labour productivity between 1973 and 1982, relative to a steady growth 

scenario, was the result of unexpectedly low demand and low 

profitability. In turn, these latter developments were caused by 

increases in world oil prices and related changes in external inflation 

and output. Helliwell, Sturm and Salou (1984) were able to attribute most 

of the slowdown in the growth of output per employee in Canada between the 

1962-73 and 1973-82 periods to cyclical factors. 

The work of Helliwell and his colleagues starts with the observation 

that it is costly for firms to make adjustments to factor input levels, 

especially for capital and labour. In response to unexpected shocks to 

demand or costs, firms may vary factor utilization levels in the 

1. The Economic Council of Canada (1980) attributed over one quarter of 
the slowdown in productivity growth in the 1974-76 period to cyclically 
weak demand. See also Rao (1979) and Ostry and Rao (1980). Nadiri 
(1980) and Nadiri and Schankerman (1981) found weak demand to have been a 
factor in explaining the productivity slowdown in the United States. 

This paper is one of the series of working papers for "Price Flexibility 
and Business Cycle Fluctuations in Canada - A Survey", a study prepared by 
the Research Department of the Bank of Canada for the Royal Commission on 
the Economic Union and development Prospects for Canada. These research 
papers were all completed in early 1984. 
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short run, leading to changes in measured factor productivity. Capacity 

utilization for Canada as measured in Helliwell's model rises almost 

uninterruptedly between 1961 and 1973 and then falls almost continuously 

between 1973 and 1982. This latter phenomenon appears to be mainly 

attributable to a slow rate of adjustment of actual factor input levels to 

desired levels, a common result in econometric studies. However, there is 

some reason to believe that the speed of adjustment of factor input usage 

might also vary with economic conditions. For instance, there is some 

anecdotal evidence that firms reacted much more quickly than usual to 

adjust labour and other inputs during and after the 1981-82 recession, in 

the face of unfavourable relative price movements. In Canada, the average 

annual growth of real GNE per employee was about 1.2 per cent during the 

1981-84 period, about the same as over the 1974-77 period. On the other 

hand, real GNE growth was only 1.2 per cent per year during the 1981-84 

period, compared to 3 per cent per year during the 1974-77 period. Rao 

and Preston (1984) have also addressed this issue, attributing the 

slowdown in total factor productivity growth at the industrial level in 

part to a decline in the rate of growth of world aggregate demand. 

Sectoral cost functions are estimated in which allowance is made for the 

possibility of increasing or decreasing returns to scale. Increasing 

returns to scale are found for most non-manufacturing industries. Given 

less output growth after 1973, this would have led to less factor 

productivity growth. 

In focusing exclusively on returns to scale, Rao and Preston 

implicitly assumed that production and factor usage are always in 

equilibrium, aside from random errors. Helliwell (1984) has suggested 

that they may have mixed capacity utilization effects with longer-run 

scale economy effects, by not allowing for a dynamic adjustment process 

for factor usage. One other general point about the above studies may be 

made. The slowdown in productivity growth has lasted more than one full 

business cycle, which might indicate that a non-cyclical explanation is 

needed in addition, though aggregate utilization rates in the 1978-79 

period were substantially lower than in 1973-74. 

I next examine the behaviour of aggregate labour productivity over 

each business cycle since 1953.^ Presented in Tables 1-3 are average 

2. The dating of cyclical peaks and troughs was taken from WP5 (Ferley, 

O'Reilly and Dunnigan (1984)). Data on real GNE were taken from the 
national income and expenditure accounts of Statistics Canada. Data on 
real aggregate gross domestic product and sectoral output were taken from 
the gross domestic product statistics of Statistics Canada; links in 1961 

and 1971 were constructed at the Bank of Canada. Labour force survey data 

were used for the series on total employment and employment in the sector 
comprising goods-producing (excluding agriculture), transportation, 

storage, communications and trade industries; a link in 1975 was made at 

the Bank of Canada. Employment data for the commercial sector (excluding 
agriculture and fishing and trapping) were taken from the all- 

establishment employment survey. In order to provide information for 

recent periods, Table 1 also presents calculations for the 1981Q2-1984Q2 
period while Table 3 presents data for the 1982Q4-1984Q2 period. 
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annual per cent changes in labour productivity and output using four 

different measures of aggregate activity: real GNE; real gross domestic 

product; commercial (excluding agriculture and fishing and trapping); and 

the sector comprising goods-producing (excluding agriculture), 

transportation, storage, communications and trade industries^. These 

annual rates of change in Tables 1-3 are respectively for peak-to-peak, 

peak-to-trough, and trough-to-peak periods. Movements in labour 

productivity (solid line) and in output (dotted line) during seven cycles 

since 1953 are shown for real GNE in Figure 1A and for the sector 

comprising goods-producing (excluding agriculture), transportation, 

storage, communications and trade industries in Figure IB. 

The rate of growth of aggregate labour productivity was relatively 

constant over the 1953Q2-1974Q1 period, with the notable exception of the 

business cycle covering the 1956Q4-1960Q1 period (Table 1). In this 

latter period there was a substantial slowing of growth both in output and 

in labour productivity. After 1974Q1, there was a distinct break in the 

rate of labour productivity growth;^ for instance, there was virtually no 

change in real GNE per employee between 1974Q1 and 1981Q2, compared to 

average annual growth of about 2.3% between 1953Q2 and 1974Q1. The rate 

of growth of real GNE per employee has increased since mid-1981, though it 

is still well below the average rate of growth over the 1953Q2-1974Q1 

period. 

The pro-cyclical nature of aggregate labour productivity change is 

quite evident from both Tables 2^ and 3, as well as in Figures 1A and 

IB. Aggregate output per employee (solid line) declines in most 

recessions, in conjunction with a decline in aggregate output (dotted 

line). The initial recovery in output is also generally characterized by 

strong rates of growth in labour productivity; in the later stages of the 

expansion, some slowing in the rate of growth of productivity is generally 

observable (relative to output growth) (Figure 1A). In many business 

cycles, the troughs in aggregate labour productivity and output have 

tended to coincide. However, in the latest recession which was unusually 

deep and long, the trough in productivity took place well before the 

trough in output. The decline in labour productivity during the latest 

recession was also much smaller than normal relative to the decline in 

output. The size and duration of the recovery in labour productivity 

since the end of 1982 has also been unusual in terms of experience since 

the mid-1970s. 

3. Output data for the remaining commercial service industries were not 

available before 1961. 

4. For a discussion of some of the factors which may have been 

responsible for the slowdown in labour productivity growth after 1973, see 
Stuber (1981). 

5. It may be remarked that the 1966-68 and 1969-70 "recessions" shown in 

Table 2 were periods when output growth slowed rather than fell in 
absolute terras. 
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I now turn to the behaviour of labour productivity in various 

industrial sectors in recent business cycles.^ In Tables 4-6, data on 

average annual per cent changes in output and labour productivity for 

various industrial sectors are presented for peak-to-peak, peak-to-trough, 

and trough-to-peak periods. From Table 4, a distinct break in the trend 

rate of both output and labour productivity growth in the commercial 

sector is quite apparent between the 1966Q1-1974Q1 and 1974Q1-1981Q2 

periods. As well, the mining, manufacturing, transportation and other 

utilities, and trade sectors all experienced a substantial slowdown in 

productivity growth between the same two periods. Over the 1981Q2-1984Q2 

period, the rate of growth of output per employee in the mining and 

manufacturing sectors has been as high or higher than during the 

1966Q1-1974Q1 period. Labour productivity growth also increased between 

the 1974Q1-1981Q2 and 1981Q2-1984Q2 periods in the construction and trade 

sectors. However, given the change in the employment survey near the 

beginning of 1983, some caution should be exercised in interpreting recent 

disaggregated labour productivity estimates. 

The pro-cyclical nature of labour productivity growth is again quite 

evident from Tables 5 and 6. In the last three recessions, both output 

and labour productivity have declined in the commercial sector. It is of 

interest to observe that the rate of decline of productivity in the 

1981-82 recession was lower than in the 1974-75 and 1979-80 recessions, 

even though the output decline was much larger. Labour productivity in 

the mining industry actually increased during the 1981-82 recession, even 

though output declined; in the previous two recessions, there were 

substantial decreases in labour productivity in this sector. While output 

per man-hour in the manufacturing sector fell during the 1974-75 and 

1979-80 recessions, this measure of labour productivity was practically 

unchanged in the 1981-82 recession, even though the fall in production was 

larger than in the previous two recessions. Similarly, the decline in 

labour productivity relative to the output decline in the transportation 

and other utilities sector has been much smaller in the latest recession. 

One might speculate that the very tight financial position of many firms 

in the most recent recession induced a greater than normal degree of 

cost-cutting. As well, the pro-cyclical tendency of labour productivity 

in the construction industry appears to have disappeared in the late 

1970s. 

From Table 6, it is evident that labour productivity growth in Canada 

tends to rise during the expansionary phases of the cycle. However, the 

6. GDP statistics were used for output data, while all-establishment 

employment data from Statistics Canada were used as the main labour input 
indicator. Data after February 1983 were taken from the revised monthly 

Survey of Employment, Payrolls and Hours and were linked to the old series 
at the Bank of Canada. For several sectors (mining, manufacturing and 
construction), man-hours data were constructed using average hours paid 

from large-establishment data. Sectoral employment and average hours paid 

data were only available starting in 1961. 
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average annual rate of productivity growth in the commercial sector has 

tended to be smaller in the two most recent full expansions. Among 

individual sectors, this slowdown has been especially evident in the 

mining (also accompanied by a much lower rate of output growth) and 

manufacturing sectors. In the expansion that began in 1983, the growth of 

labour productivity has apparently been relatively strong in a number of 

sectors, including mining, manufacturing, transportation and other 

utilities, and trade. 

The cyclical behaviour of sectoral labour productivity is also shown 

in Figures 1C-11. Output per employee is shown for the following sectors: 

commercial (excluding agriculture, fishing and trapping); mining; 

manufacturing; construction; transportation, communications and other 

utilities; trade; finance, insurance and real estate; and other commercial 

services. Output per man-hour is also shown for the mining, manufacturing 

and construction sectors. In each figure, productivity (solid line) and 

output (broken line) are shown for the following cycles: 1966Q1-1969Q4, 

1969Q4-1974Q1, 1974Q1-1979Q4 and 1979Q4-1984Q2.7 (We treat the brief 

expansion from mid-1980 to mid-1981 as an interruption of the recession 

which began at the end of 1979.) 

The pro-cyclical nature of labour productivity in the commercial 

sector (Figure 1C) has been especially evident in the last two business 

cycles. However, the cyclical rebound in the expansionary phase has 

tended to become weaker in recent cycles. Indeed, during the 1980-81 

expansion, output per employee remained virtually flat after a substantial 

decline earlier in 1980. This figure also confirms that the growth in 

productivity tends to end before the output peak. Gordon (1979) 

speculates that this "end-of-expansion phenomenon" results in part from 

expectational errors and lags in adjusting employment to output changes. 

As well, there may be differences in the timing of cyclical peaks in 

various industries. Perhaps most importantly, productivity gains arising 

from the underutilization of the capital stock will eventually be 

exhausted during the course of the expansion and it may only be possible 

to increase output by installing additional machines and hiring 

inexperienced and presumably lower quality workers. The increase in 

productivity which began well before the end of the last recession was 

highly unusual and may have reflected the need to cut costs as a result of 

the extremely weak financial position of many corporations and the 

extremely long duration of the recession. 

Data on output per employee and per man-hour respectively for the 

mining sector are shown in Figures 2 and 3. Output per man-hour increased 

almost continuously over the 1966-72 period and then fell almost 

uninterruptedly between 1972 and 1981. Some of the factors that may have 

7. Data on output per man-hour (in mining, manufacturing and 
construction) and for output per employee in the commercial sector are 

available only up to 1983Q1. 
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influenced productivity performance after 1972-73 are as follows. First, 

a substantial part of the workforce is engaged in activities designed to 

find and develop new reserves of natural resources rather than in 

functions directly related to current production. After 1974, demand for 

most natural resources tended to be more restrained, either because of 

increases in relative prices or possibly because of structural shifts in 

the composition of demand. Secondly, depletion of easily accessible 

reserves may have had an adverse effect on labour (and factor) 

productivity in this sector. Profitability in the oil and gas raining 

industry was relatively high after 1973 and may have masked an underlying 

trend towards lower rates of growth of factor efficiency. Finally, given 

anecdotal evidence (at least before mid-1981) with respect to the high 

level of difficulty, in retaining skilled workers in this industry, it 

would seem logical to suppose that labour would be hoarded for a longer 

period than is normal in other sectors. More recently, there seems to 

have been an improvement in labour productivity as firms have cut costs in 

order to improve profitability in the face of relatively modest increases 

in the prices of many mining products. However, recent labour force 

survey data for non-farm primary industries do not support this 

development, so it is possible that the large increase in labour 

productivity shown in Figure 2 is partly related to the break in the all- 

establishment employment series. 

Information on the manufacturing sector is shown in Figures 4 (output 

per employee) and 5 (output per man-hour). It is apparent that in the 

1974-75 recession, part of the adjustment in labour input took the form of 

a reduction in average hours worked rather than a reduction in employment, 

suggesting that manufacturing firms were trying to retain employees 

(Blain, 1977, p. 9). In the latest recession, output per man-hour reached 

a trough in 1982Q1, whereas output continued to fall up to 1982Q4. 

Experience in previous cycles has suggested more synchronization of 

troughs in output and labour productivity. However, the severity of the 

1981-82 downturn may have led to increased efforts at improving efficiency 

given extremely low levels of profitability, which was probably 

responsible for a sizeable improvement in output per man-hour in the 

second half of the recession. According to the data for output per 

employee, further substantial increases in productivity have taken place 

so far in the recovery. However, on a labour force survey basis, the 

recovery in labour productivity has been less pronounced. 

Productivity in the construction industry has sometimes followed a 

pro-cyclical pattern, measured in terms of either output per employee 

(Figure 6) or output per man-hour (Figure 7). In the early and late 

1970s, productivity tended to decline in absolute terms. However, since 

the beginning of 1981, there has been some growth in measured labour 

productivity, even though output levels fell sharply after mid-1981. 

Output in the transportation, communications and other utilities 

sector has displayed little of the cyclical volatility so apparent in most 
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goods-producing industries, with the exception of the present cycle 

(Figure 8). Similarly, output per employee exhibited little variation up 

to 1979, though the trend rate of growth has been declining (Table 4). 

The trough in labour productivity was reached well before the trough in 

output during the 1981-82 recession. In the recovery since the end of 

1982, the increase in output per employee has been very pronounced. As in 

other sectors, lower levels of profitability have led to unusually 

intensive efforts to reduce costs, which partly explain the rise in labour 

productivity. 

Since 1966, productivity in the trade sector (Figure 9) has 

experienced only one period of sustained growth (1971-73). Output per 

employee was pro-cyclical over the 1974-76 period, but thereafter it 

remained relatively flat in spite of sizeable gains in output. The 

declines in output and productivity were sizeable and of comparable orders 

of magnitude in the most recent recession. In percentage terms, the per 

cent recovery in productivity since the end of 1982 has been almost as 

large as the increase in output, which might be suggestive of special 

efforts to improve efficiency. 

Output in the finance, insurance and real estate sector has shown 

little volatility since 1966, and there has been relatively little change 

in the measured level of labour productivity (Figure 10). There has 

however been some growth in output per employee since the middle of 1982. 

Productivity in the other commercial services sector has been relatively 

flat over the entire 1966-1983 period (Figure 11). 

To illustrate this phenomenon further, a number of different 

specifications for labour productivity equations were estimated for the 

commercial sector excluding energy and the manufacturing sector excluding 

energy. The energy sector was defined to include mineral fuels, petroleum 

and coal products, electric power and gas distribution and pipelines. The 

variables used in various equations are: 

Y = output, 
L = man-hours, 
K = capital stock, 

CAPU = rate of capacity utilization, 
PE = price of energy, 
PY = output price, 
E = real energy input, 
T = time trend, 

T1 = time trend starting in 1974, 

T2 = time trend starting in 1979, 
RNU = national unemployment rate, 

RNUT0 = unemployment rate at trend output, 
GAPL = a measure of the labour market gap which 

(100-RNU)/(1OO-RNUT0), and 
equals 
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GAP = either CAPU or GAPL.8 

In all cases, estimation results are shown in Table 7. 

The simplest specification included only cyclical and time trend 

variables 

log(Y/L) = a + b*log(GAP) + c*T. (1) 

In the case of the equation for the manufacturing excluding energy sector, 

only an output gap measure was used, while both output and labour market 

gap measures were used in alternative equations for the commercial 

excluding energy sector. In all cases, both the cyclical and time trend 

variables were highly statistically significant, though there was evidence 

of first-order autocorrelation. 

From the data presented in Tables 1 and 4, there was evidence of a " 

break in the trend rate of labour productivity after 1973 and perhaps 

another in 1979. In a second equation, additional time trend variables 

were introduced to allow for this phenomenon 

log(Y/L) = a + b*log(GAP) + c*T + d*Tl + e*T2. (2) 

In the case of the commercial excluding energy sector, the results suggest 

that there was a highly statistically significant decline in the trend 

8. Data sources were as follows. Output for the 1961-1980 period was 
defined as the sum of value added by labour and capital (measured in 

constant prices) and the energy input and was obtained from input-output 
matrices supplied by Statistics Canada. These data were extended over the 

1956-60 and 1981-83 periods employing the growth rate of the following 
proxy — gross domestic product in constant prices from Statistics Canada, 
Gross Domestic Product by Industry (61-213) and earlier publications. 
Man-hours data were taken from Statistics Canada, Aggregate Productivity 
Measures (14-201); employment data from Statistics Canada, Employment, 
Earnings and Hours (72-002) were used to construct a proxy for the share 

of total man-hours of the non-energy components of the commercial and 
manufacturing sectors. Capital stock information was taken from 
Statistics Canada, Fixed Capital Flows and Stocks (13-211) and unpublished 

data. Rates of capacity utilization were derived from data published in 
the Bank of Canada Review; the rate of capacity utilization in the 
commercial excluding energy sector was proxied by that for the goods 
excluding energy sector. These data were extended over the 1956-61 period 
using unpublished data at the Bank of Canada. Data on the energy price, 
output price and real energy input for the 1961-80 period were obtained 
from the input-output matrices mentioned above. The energy price series 
were extended over the 1956-60 and the 1981-83 periods using the growth 
rate of the CPI for energy. The output price for manufacturing excluding 
energy was extended over the same periods employing proxies as well as the 
Industry Selling Price Index for 1982 and 1983 (Statistics Canada). The 

output price for the commercial excluding energy sector was extended over 

the same periods using data in Statistics Canada, National Income and 
Expenditure Accounts (13-201), Gross Domestic Product by Industry (61-213) 
and earlier publications. Data on RNU and RNUT0 were taken from the RDXF 

data base. A listing of data is shown in an appendix. 
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rate of productivity growth starting in 1974. A further though smaller 

decline in trend productivity growth is apparent starting in 1979 in the 

commercial excluding energy sector. In the manufacturing excluding 

energy sector the decline in trend productivity growth beginning in 1979 

was even larger than that in 1974. There is also a large decline in the 

size of the coefficient of the cyclical variable. 

Unfortunately, such simple equations provide no economic explanation 

for changes in the longer-run rate of labour productivity change. More 

interesting specifications were estimated which bear some similarity to 

models developed by Rasche and Tatom (1981) and Tatom (1980). One form of 

the equation was 

log(Y/L) = a + b*log(K/L) + c*log(PE/PY) 
+ d*log(GAP) + e*T. (3) 

The specification is essentially derived from a constant returns-to- 

scale Cobb-Douglas production function with three factors of production: 

labour, capital and energy. The relative energy price, instead of the 

real energy input, was used as an additional explanatory variable, as in 

Rasche and Tatom (1981). Finally, a measure of the output (labour market) 

gap was included as an additional explanatory variable to allow for 

cyclical influences on labour productivity. The estimation results are 

supportive of the view that the capital stock-labour ratio and the 

relative energy price are important determinants of labour productivity. 

As expected, the coefficient on the capital stock-labour ratio is 

positive, though the size of the estimated coefficient for the 

manufacturing excluding energy sector seems much larger than would have 

been expected on the basis of cost share considerations.^ A separate 

equation was also estimated in which the coefficient b was constrained to 

be consistent with cost share information. The coefficient on the 

relative energy price variable is negative in all cases, presumably 

reflecting substitutability between energy and the other two factors of 

production. Finally, the time trend variable coefficient is much smaller 

than before. It is also worth noting that the coefficients of the 

equation for the commercial excluding energy sector were much more stable 

when estimated over different sample periods in the case where a labour 

market gap variable was used (as opposed to an output gap variable). For 

instance, the coefficient on the relative energy price variable was 

positive when estimated over the 1956-73 period in the case of the 

equation using an output gap variable; on the other hand, the coefficient 

of this variable was virtually unchanged when estimated over the same 

9. The average cost shares of labour, capital and energy in the 

manufacturing excluding energy sector were estimated to be 63%, 30% and 7% 
respectively. The respective average cost shares of labour, capital and 

energy for the commercial excluding energy sector were estimated to be 
54%, 41% and 5%. 
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period for the equation using the labour market gap variable. This 

suggests that greater confidence should be given to the equation using the 

labour market gap variable; perhaps one reason for this finding is that 

this measure of the gap variable does not directly depend on actual 

output. 

Next, an equation was estimated in which additional time trend 

variables were introduced, allowing for shifts in the rate of technical 

progress starting in 1974 and 1979 

log(Y/L) = a + b*log(K/L) + c*log(PE/PY) 
+ d*log(GAP) + e*T + f*Tl + g*T2. (4) 

The results were consistent with the hypothesis of declines in the rate of 

technical progress starting in both 1974 and in 1979 (with the exception 

of the T1 variable for the commercial excluding energy sector, for which - 

the coefficient was statistically insignificant). In the case of the 

equation for the commercial excluding energy sector using the labour 

market gap variable, the coefficient of the relative energy price variable 

remained negative, though statistically insignificant; the coefficients of 

the capital-labour ratio and the labour market gap variables were also 

insignificant. For the commercial excluding energy equation using an 

output gap variable and the manufacturing equations, the coefficient on 

the relative energy price variable became positive, an implausible 

result. In the light of these results, there is some difficulty in 

distinguishing empirically between the hypothesis that increases in the 

relative price of energy would be a partial explanation for the slowdown 

in labour productivity growth and the alternative hypothesis that there 

were simply inexplicable declines in the rate of technical progress in the 

mid-1970s and a further decline in the late 1970s. 

An equation was also estimated in which the real energy input-labour 

ratio replaced the relative energy price variable 

log(Y/L) = a + b*log(K/L) + c*log(E/L) + d*log(GAP) + e*T. (5) 

The coefficient on the capital-labour ratio was much higher than would 

have been expected on the basis of cost share considerations, while the 

estimated rate of technical progress was much lower than what had been 

obtained in most of the above regressions. 

The model shown by equation (3) with a labour market gap estimated 

for the commercial excluding energy sector is illustrated in Figure 12. 

The solid line in this graph displays actual values of labour productivity 

in this sector over the 1956-83 period. The simulated values using 

equation (3) are shown as line LAC910. Finally, setting the labour market 

gap measure to its average value over the 1956-83 period and employing 

equation (3), one obtains line LAC85. Given the model being used, this 

implies that LAC85 would be below (above) LAC910 during periods of high 



11 

(low) capacity utilization. The model is able to explain just over 90% of 

the slowdown in labour productivity growth between the 1956-74 and 1975-81 

periods and about 40% of the actual slowdown is attributable to low rates 

of capacity utilization (Table 8). The rise in the relative price of 

energy accounts for nearly half of the slowdown, while a decline in the 

rate of growth of the capital-labour ratio accounts for about 4% of the 

fall in labour productivity growth. A similar kind of exercise was 

carried out for the manufacturing sector using the version of equation (3) 

with a constraint on the coefficient of the capital-labour ratio (Figure 

13). Though the weight given to low rates of capacity utilization is 

about the same as for the commercial sector, the model is much less 

successful in explaining the overall slowdown in labour productivity 

growth between the 1956-74 and 1975-81 periods (Table 8). 

While the model used above is quite crude, its results are in accord 

with a number of other studies that give an important role to low rates of 

capacity utilization and the energy price shock as explanations for the 

productivity slowdown. Other important factors that may have played a 

role include special structural characteristics of energy-related 

industries and higher inflation rates, as discussed in Stuber (1981). 

With regard to the use of cyclically weak demand as an explanation of the 

slowdown, one must note that there is reason to be skeptical about the 

quality of reported aggregate rates of capacity utilization in recent 

years. Increased difficulties in measuring the capital stock, which is an 

important input into the Bank of Canada measure of capacity utilization, 

may have led, for instance, to an understatement of aggregate operating 

rates. As well, if capacity utilization remained at a low level for a 

sustained period, one might ask why firms would not adjust factor inputs 

(and operating rates) so as to raise productivity levels back to pre-shock 

levels. 

One other area of interest, with respect to the cyclical behaviour of 

labour productivity, concerns the distinction between production and 

overhead labour. As an example, recent data for hourly paid and salaried 

employees in the manufacturing sector are examined (Figure 14).^ As 

might be expected, the employment corrections during recessions for 

hourly paid workers are much larger than for salaried workers. Further, 

hourly paid workers also experience reductions in average weekly hours 

during recessions (Figure 15). The employment and labour productivity 

data (Figure 16) indicate that increases in output during the early stages 

of an expansion are met mainly through a rise in productivity and to a 

lesser extent by an increase in average hours worked. In the last major 

expansion from 1975 to 1979, major increases in the level of the labour 

input took place only in a later stage of the recovery. 

10. Data on employment and average hours worked are taken from Statistics 
Canada, Employment, Earnings and Hours (72-002). Employment of 
hourly paid workers refers to the number of wage-earners (hours 
reported). Output is measured as in footnote 8. The employment data were 
seasonally adjusted at the Bank of Canada. 



Table 1 

Average Annual Changes (Z) in Aggregate Labour Productivity and Output Over Various Phases of Recent Cycles 

Peak to peak 

Real GNE per employee 
Real GNE 

Real gross domestic product per employee 
Real gross domestic product 

Commercial (excluding agriculture, 
fishing and trapping) 

Output per employee 
Output 

Goods-producing (excluding agriculture), 
transportation, storage, communications 
and trade 

1953Q2- 
1956Q4 

3.0 
5.2 

3.1 
5.3 

N/A 
N/A 

1956Q4- 
1960Q1 

1.3 
2.8 

0.8 
2.3 

N/A 
N/A 

1960Q1- 
1966Q1 

2.5 
5.5 

2.6 
5.5 

N/A 
N/A 

1966Q1- 
1969Q4 

2.2 
4.6 

2.2 
4.4 

2.3 
4.8 

1969Q4- 
1974Q1 

2.5 
5.8 

2.5 
5.8 

2.8 
6.6 

1974Q1- 
1979Q4 

-0.1 
2.7 

0.1 
2.9 

0.8 
3.1 

1979Q4- 
1981Q2 

0.2 
3.0 

0.6 
2.9 

-0.1 
3.0 

1981Q2- 
1984Q2 

0.8 
0.5 

0. 

0. 

N/A 
-0.1 

i 

N> 

Output per employee 
Output 

3.7 
6.3 

1.7 
2.2 

3.6 
6.2 

3.0 
4.6 

3.3 
6.6 

0.3 
2.4 

0.8 
1.9 

0.7 
1.1 

Source: Statistics Canada data 

i 



Table 2 

Average Annual Changes (Z) in Aggregate Labour Productivity and Output Over Various Phases of Recent Cycles 

Peak to trough 

Real GNE per employee 
Real GNE 

Real gross domestic product per employee 
Real gross domestic product 

Commercial (excluding agriculture, 
fishing and trapping) 

Output per employee 
Output 

Goods-producing (excluding agriculture), 
transportation, storage, communications 
and trade 

1953Q2- 
1954Q2 

-2.1 
-2.6 

-2.9 
-3.6 

N/A 
N/A 

1956Q4- 
1957Q4 

-1.6 
-0.3 

-3.7 
-2.4 

N/A 
N/A 

1960Q1- 
1961Q1 

-1.6 
-l.l 

-1.3 
-0.9 

N/A 
N/A 

1966Q1- 
1968Q1 

1.3 
3.5 

1.5 
3.7 

2.0 
3.7 

1969Q4- 
1970Q4 

-0.7 
0.9 

0.2 
1.8 

2.7 
1.5 

1974Q1- 
1975Q1 

-1.9 
-0.4 

-2.1 
-0.6 

-3.0 
-1.7 

1979Q4- 
1980Q2 

-1.7 
-0.6 

-2.1 
-1.0 

-1.9 
-2.3 

1981Q2- 
1982Q4 

-1.2 
-4.6 

-1.3 
-4.7 

-0.1 
-6.4 

i 

CJ 

Output per employee 
Output 

-1.7 
-3.6 

-4.0 
-3.4 

0.5 
-0.9 

2.2 
3.3 

0.6 
1.1 

-3.4 
-4.1 

-2.8 
-4.3 

-2.8 
-9.3 

Source: Statistics Canada data 

l 



Table 3 

Average Annual Changes (Z) in Aggregate Labour Productivity and Output Over Various Phases of Recent Cycles 

Trough to peak 

Real GNE per employee 
Real GNE 

Real gross domestic product per employee 
Real gross domestic product 

Commercial (excluding agriculture, 
fishing and trapping) 

Output per employee 
Output 

Goods-producing (excluding agriculture), 
transportation, storage, communications 
and trade 

Output per employee 
Output 

1954Q2- 
1956Q4 

5.1 
8.4 

5.6 
8.9 

N/A 
N/A 

5.9 
10.4 

1957Q4- 
1960Q1 

2.6 
5.4 

2.8 
4.5 

N/A 
N/A 

4.3 
4.7 

1961Q1- 
1966Q1 

3.3 
6.8 

3.4 
6.8 

N/A 
N/A 

4.1 
7.7 

1968Q1- 
1969Q4 

3.2 
5.9 

3.1 
5.8 

2.8 
6.2 

3.9 
6.1 

1970Q4- 
1974Q1 

3.4 
7.2 

3.3 
6.9 

2.8 
8.0 

4.1 
8.2 

1975Q1- 
1979Q4 

0.9 
3.7 

1.0 
3.8 

2.1 
4.3 

1.6 
4.1 

1980Q2- 
1981Q2 

1.3 
5.0 

1.3 
4.9 

0.8 
5.7 

3.1 
5.6 

1982Q4- 
1984Q2 

2.8 
5.5 

2.3 
5.0 

N/A 
6.1 

4.2 
7.0 

4-" 

I 

Source: Statistics Canada data 

! 
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Table 4 

Average Arawal Changea (*) in Labour Productivity imd Output Over Varioua Phases of Recent Cyclea 

Peak to peak 

Mining! 

Output per employee 

Output per man-hour 

Output 

Manufacturing: 

Output per employee 

Output per man-hour 

Output 

Construction: 

Output per employee 

Output per man-hour 

Output 

Transportation and other utilities: 

Output per employee 

Output 

Trade: 

Output per employee 

Output 

Finance, insurance and real estate: 

Output per employee 

Output 

1966Q1- 

1969Q4 

4.5 

5.4 

5.1 

Other rcial services: 

Output per employee 

Output 

Cassercial (excluding agriculture, 

fishing and trapping): 

Output per employee 

Output 

3.5 

4.5 

4.6 

0.8 

2.8 

0.6 

5.5 

7.0 

-0.2 
3.8 

-0.6 

5.3 

1.3 

7.1 

2.3 

4.8 

1969Q4- 

1974Q1 

5.0 

5.2 

6.7 

4.3 

4.4 

6.4 

1.4 

1.1 

4.9 

4.2 

7.2 

3.4 

8.2 

-0.6 

5.6 

1974Q1- 

1979Q4 

-4.7 

-4.9 

-1.0 

0.4 

7.1 

2.8 

6.6 

1.4 

1.7 

1.8 

0.9 

0.8 

1.6 

2.9 

4.7 

0.1 

2.8 

0.3 

4.7 

0.2 
5.8 

0.8 

3.1 

1979Q4- 

1981Q2 

-11.3 

-10.1 
-3.7 

0.2 

-0.2 

1.0 

0.2 

1.6 

2.7 

1981Q2- 

1984Q2 

8.6 

N/A 

0.8 

5 share 

of aggregate 

output in 1981 

3.3 

26.3 

1.5 

3.8 

-0.5 

2.9 

2.1 
4.7 

0.2 
6.3 

-0.1 

3.0 

4.7 

N/A 

-1.1 

1.5 

N/A 

-5.4 

2.9 

0.6 

1.0 

-0.3 

0.3 

1.3 

-0.3 

2.0 

N/A 

-0.1 

7.5 

17.0 

15.3 

16.1 

13.7 

100' 

Source: Statistics Canada 

1. This sector also includes forestry, which accounted for about 0.8 per cent of aggregate output in 1981. 
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Table 5 

Average Annual Changea (S) in Labour Productivity and Output Over Various Phases of Recent Cycles 

Mining: 

Manufacturing: 

Construction: 

Transportation and other 

utilities: 

Trade: 

Finance, insurance and real 

estate: 

Other rcial services: 

Caanercial (excluding 

agriculture, fishing 

and trapping) 

Peak to trough 

1966Q1- 

196801 

1969Q4- 

1970Q4 

1974Q1- 

1975Q1 

1979Q4- 

198002 

1981Q2- 

1982Q4 

Output per employee 

Output per man-hour 

Output 

5.3 

5.8 

6.3 

8.0 

8.0 

13.8 

-13.7 

-12.8 

-11.6 

-9.1 

-8.5 

2.5 

4.9 

7.5 

•10.5 

Output per employee 

Output per man-hour 

Output 

2.4 

3.6 

2.6 

0.5 

0.5 

-3.0 

-4.6 

-2.2 
-8.3 

-4.3 

-3.2 

-9.6 

-2.4 

0.1 

-13.5 

Output per employee 

Output per man-hour 

Output 

1.2 

2.0 

-1.2 

7.8 

8.2 
1.7 

-2.8 
-0.7 

-2.7 

3.4 

7.1 

-9.3 

5.1 

5.1 

-9.6 

Output per employee 

Output 

4.6 

6.5 

5.1 

4.9 

-1.0 
1.9 

-3.5 

0.6 

-1.7 

-5.5 

Output per employee 

Output 

0.1 

3.2 

1 .8 

1.6 

-4.2 

-1.0 

-0.4 

-0.8 

-2.9 

-7.3 

Output per employee 

Output 

-1.3 

4.5 

2.3 

2.5 

-1.6 

4.3 

0.5 

3.4 

1.1 

0.8 

Output per employee 

Output 

1.1 

6.7 

1.0 

2.3 

0.4 

6.2 

-1 .5 

2.3 

0.6 

0.3 

Output per employee 

Output 

2.0 
3.7 

2.7 

1.5 

-3.0 

-1.7 

-1.9 

-2.3 

-0.1 

-6.4 

Source: Statistics Canada 
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Table 6 

Average Annual Changes (S) in Labour Productivity and Output Over Various Phases of Recent Cycles 

Mining: 

Manufacturing: 

Construction: 

Transportation and other 

utilities: 

Trade: 

Finance, insurance and 

real estate: 

Other rcial services: 

CaMercial (excluding 

agriculture, fishing 

and trapping): 

Trough to peak 

1968Q1- 

1969Q4 

1970Q4- 

197401 

1975Q1- 

1979Q4 

1980Q2- 

1981Q2 

1982Q4- 

1984Q2 

Output per employee 

Output per man-hour 

Output 

3.5 

4.9 

3.7 

4.1 

4.4 

4.5 

-2.7 

-3.2 

1.3 

-12.3 

-10.9 

-6.8 

12.3 

N/A 

11.8 

Output per employee 

Output per man-hour 

Output 

4.7 

5.6 

7.0 

5.4 

5.6 

9.3 

2.6 

2.5 

3.9 

2.6 

1.3 

6.3 

11.7 

N/A 

10.8 

Output per employee 

Output per man-hour 

Output 

0.3 

3.8 

2.7 

-0.3 

-0.8 

6.5 

1.7 

1.1 

2.5 

-1.4 

-1 .2 

8.5 

-2.2 

N/A 

-1.2 

Output per employee 

Output 

6.5 

7.6 

4.5 

7.9 

3.7 

5.0 

4.0 

5.3 

7.5 

6.5 

Output per employee 

Output 

-0.6 

4.5 

3.9 

10.2 
1.0 
3.6 

-0.5 

4.7 

4.8 

6.7 

Output per employee 

Output 

0.3 

6.2 
-1.5 

6.5 

0.7 

4.8 

3.0 

5.9 

-0.5 

1.7 

Output per employee 

Output 

1.7 

7.7 

0.3 

8.6 

0.2 
5.7 

1.0 

8.4 

-1.2 

3.6 

Output per employee 

Output 

2.8 

6.2 

2.8 

8.0 

2.1 

4.3 

0.8 

5.7 

N/A 

6.1 

Source: Statistics Canada 
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Table 7 

Estimation of Results for Labour Productivity Equations 
(t-statistic in brackets) 

(1) log (Y/L) =■ a + b*log(GAP) + c*T 

Coefficients Commercial excluding energy 

Output 

gap   
Labour market 

sap 

Manufacturing 
excluding energy 

Output 

 SiE  

a 
b 

c 
R2 

Standard error 

of regression 
D.W. 

.510 (19.7) 

.445 (6.5) 

.028 (44.3) 

.988 

.024 

.59 

.446 (14.8) 

1.743 (5.7) 
.028 (41.0) 
.986 

.027 

.75 

.349 (9.9) 

.467 (4.9) 

.033 (42.0) 

.985 

.033 

.41 

Estimation period: 1956-1983 (annual) 

(2) log(Y/L) = a + b*log(GAP) + c*T + d*Tl + e*T2 

Commercial excluding energy Coefficients 

a 

b 

c 
d 

e 
R2 

Standard error 

of regression 
D.W. 

Output 

gap 

.306 (13.6) 

.089 (2.0) 

.032 (66.1) 

-.015 (-7.3) 

-.005 (-1.4) 
.998 

.010 
2.00 

Labour market 

gap 

.283 (13.6) 

.087 (0.4) 

.032 (62.4) 
-.016 (-7.3) 

-.006 (-1.7) 
.997 

.011 
2.11 

Manufacturing 

excluding energy 

Output 

 ££E  

.169 (4.2) 

.128 (1.7) 

.037 (41.1) 

-.005 (-1.4) 
-.025 (-3.7) 
.995 

.020 
1.45 

Estimation period: 1956-1983 (annual) 

(3) log (Y/L) =■ a + b*log(K/L) + c*log(PE/PY) + d*log(GAP) + e*T 

Coefficients 

Commercial 

 excluding energy 
Output Labour market 

gaP gaP  

Manufacturing excluding energy 
Output gap Output gap 

no constraint constraint on b 

a 
b 

c 
d 
e 
R2 

Standard error 

of regression 
D.W. 

.454 (31.8) 

.504 (4.4) 
-.074 (-2.6) 
.426 (4.8) 
.011 (2.3) 
.998 

.009 
1.00 

.393 (24.5) 

.397 (2.4) 
-.109 (-2.7) 
1.295 (2.5) 
.014 (2.2) 

.997 

.012 
1.31 

-.019 (-0.5) 
.945 (9.3) 

-.016 (-0.7) 
1.063 (10.5) 
.001 (0.2) 

.997 

.014 

1.10 

.149 (3.6) 

.327 
-.077 (-2.3) 
.549 (6.3) 
.023 (26.3) 
.993 

.022 

.51 

Estimation period: 1956-1983 (annual) 
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Table 7 (continued) 

(4) log(Y/I,) =■ a + b*log(K/L) + c*log(PE/PY) + d*log(GAP) + e*T 
+ f*Tl + g*T2 

Coefficients Commercial 

Output 

gaP 

excluding energy 
Labour market 

 S£E  

Manufacturing 

excluding energy 

Output 

 HI  

a 
b 

c 
d 

e 
f 

g 

R2 

Standard error 

of regression 
D.W. 

.369 (14.7) 

.463 (5.7) 

.035 (0.9) 

.388 (6.0) 

.013 (4.2) 
-.010 (-2.8) 
-.005 (-2.0) 

.999 

.007 

1.99 

.355 (9.0) 

.254 (1.5) 
-.072 (-1.4) 
.735 (1.4) 

.021 (3.1) 
-.004 (-0.7) 

-.008 (-2.2) 

.998 

.010 
1.97 

.010 (0.5) 

.698 (10.8) 

.069 (2.3) 

.798 (12.2) 

.011 (4.2) 
-.007 (-2.1) 
-.013 (-4.2) 

.999 

.008 

1.88 

Estimation period: 1956-1983 (annual) 

(5) log(Y/L) = a + b*log(K/L) + c*log(E/L) + d*log(GAP) + e*T 

Coefficients Commercial excluding energy 
Output 

gaP 
Labour market 

Ml  

Manufacturing 
excluding energy 

Output 

 ill  

a 
b 

c 
d 

e 
R2 

Standard error 

of regression 
D.W. 

.149 (0.3) 

.632 (4.8) 

.083 (0.7) 

.536 (5.0) 

.002 (0.5) 

.995 

.011 
0.91 

-.235 (-0.5) 
.521 (3.7) 

.169 (1.2) 
1.887 (3.9) 
.003 (0.7) 
.994 

.013 

1.27 

-.580 (-1.1) 
.923 (8.5) 

.130 (1.1) 

.995 (8.9) 
-.003 (-0.6) 
.996 

.012 
0.90 

Estimation period: 1961-1980 (annual) 
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Table 8 

Estimates of Contributions to Productivity Slowdown Using Equation (3) (Z) 

Change in average annual rate 
change of labour productivity 
between 1956-74 and 1975-81 

Commercial 
excluding energy^- 

-1.58 

Manufacturing 
excluding energy^ 

-2.14 

Proportion of change in labour 
productivity growth between 
1956-74 and 1975-81 explained 
by model 

Attributable to: 
Cyclical factors 
Energy price shock 
Capital-labour ratio 

91.4 

40.1 
47.5 

3.8 

63.6 

42.1 
21.0 
0.5 

1. Equation with labour market gap. 
2. Equation with constraint on b. 



FIGURE IA 

REAL GNE PER EMPLOYEE AND REAL GNE 

I 

N> 

I 

I 



FIGURE IB 

OUTPUT PER EMPLOYEE AND OUTPUT - 

GOODS PRODUCING (EXCLUDING AGRICULTURE), TRANSPORTATION. STORAGE, 

COMMUNICATIONS AND TRADE 
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FIGURE IC 

OUTPUT PER EMPLOYEE AND OUTPUT - 
COMMERCIAL SECTOR (EXCLUDING 

AGRICULTURE, FISHING AND TRAPPING) 
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FIGURE 2 

OUTPUT PER EMPLOYEE AND OUTPUT MINING SECTOR 
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FIGURE I 

OUTPUT PER MAN-HOUR AND OUTPUT - MINING SECTOR 



FIGURE 4 

OUTPUT PER EMPLOYEE AND OUTPUT 
MANUFACTURING SECTOR 
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FIGURE 5 

OUTPUT PER MAN-HOUR AND OUTPUT - 

MANUFACTURING SECTOR 



28 

FIGURE 6 

OUTPUT PER EMPLOYEE AND OUTPUT - 
CONSTRUCTION SECTOR 
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FIGURE 7 

OUTPUT PER MAN-HOUR AND OUTPUT - 
CONSTRUCTION SECTOR 
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FIGURE 3 

OUTPUT PER EMPLOYEE AND OUTPUT - 
TRANSPORTATION, COMMUNICATIONS AND 

OTHER UTILITIES SECTOR 
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FIGURE 9 

OUTPUT PER EMPLOYEE AND OUTPUT - 
TRADE SECTOR 
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FIGURE 10 

OUTPUT PER EMPLOYEE AND OUTPUT - 
FINANCE. INSURANCE AND REAL ESTATE SECTOR 
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FIGURE 11 

OUTPUT PER EMPLOYEE AND OUTPUT - 
OTHER COMMERCIAL SERVICES SECTOR 
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FIGURE 12 

Labour Productivity - Camercial 

LPCCM   LPC80   LPC81 

Actual Model Cyclically Neutral 
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FIGURE 13 

Labour Productivity - Manufacturing 

LPMFG LPM810 LPM811 

Actual Model Cyclically Neutral 
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Figure 14 

Employment - Manufacturing 

-UEQMANI SEQMANI 
Hourly Paid Salaried 
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Figure 15 

Average Hours Per Week - Manufacturing 
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FIGURE 16 

LABOUR PRODUCTIVITY - MANUFACTURING 

71- 84 
JJEÎ1ANQI SEUMANI 

WEMANQI - Output Per Production Worker Man-hour 
SEUMANI - Output Per Salaried Employee 
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DATA APPENDIX 

Mnemonics 

UQMFTFS 

UQC0TFS 

MNEMH 

MHC0NE 

KMFNE 

KC0NE 

UEGYMFG = 

UEGYC0M = 

CUMXE 

CUC0XE = 

PEGYMFG = 

PEGYC0M = 

PQMFTFS = 

PQC0TFS = 

RNUA 

RNUT0A = 

- Output - Manufacturing excluding energy 

- Output - Commercial excluding energy 

- Man-hours - Manufacturing excluding energy 

- Man-hours - Commercial excluding energy 

Capital stock - Manufacturing excluding energy 

Capital stock - Commercial excluding energy 

Real energy input - Manufacturing excluding energy 

Real energy input - Commercial excluding energy 

Capacity utilization rate - Manufacturing excluding energy 

Capacity utilization rate - Commercial excluding energy 

Energy price - Manufacturing excluding energy 

Energy price — Commercial excluding energy 

Output price - Manufacturing excluding energy 

Output price - Commercial excluding energy 

National unemployment rate 

Unemployment rate at trend output 
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DATA APPENDIX 

UGMI-TFS UG C 0 FF3 fi N £ H H ii H C 0 N E 

J o 

6 0 
6 1 
6 2 
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o 5 
6 o 
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69 
7 0 
7 I 

7 3 
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7 5 
7 o 

7 8 
7? 
8 0 
8 1 
8 2 
8 3 

I 0530 120 
1 0 5 0 4 6 7 0 
10308625 
! 1056205 
11245520 
11693232 
12666014 
13244749 
14412537 
15803916 
16795461 
17022154 
18057310 
1 7 4 £ ^ 
16961614 
19900729 
21503440 
2 37 9 6 41 ? 
24404409 
n n n n A n ■* tr ± *2 0 I U 
24836713 
25475475 
26936613 
27353567 
26304753 
27099260 
24004630 
25471100 

37258950 
376o2465 
39630795 
40 4 77 5 9 0 
41407195 
44011035 
46010745 
49080944 
52947574 
56240276 
56949712 

63079438 
66754392 
7 0 6 4 9349 
77014 9 7 9 
7 9764 2 6 0 
30097724 
85204564 
3o64540o 
90648679 
94700032 
96233308 
99282650 

9 6 29 5 0 5 5 

2o-to2o I 
2817019 
2 6730 2 7 
2721450 
2674703 
2639660 
2740751 
2819530 
2961143 
3113638 
3237343 
3229002 
3209620 
3260120 
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3130594 
3229992 
3 5 3 ? 4 9 3 
3 4 0 4 i 0 7 
3 2 8 7 2 6 2 
3 3 0 5 3 3 2 

*3 2 3 b V 2 o 
3347261 
34 441 13 
341 3 314 
3 3 31 9 34 
3076933 
3 0 6 6173 

i Oi j/14 o 
9769468 
9930192 
9335131 
? 7 4 3 0 0 9 
9931155 

10131239 
10432315 
10791443 
1 I 0235 54 
11170471 
1 I 041 I 1 7 
11283347 
11164944 
11271632 
11359727 
1213755 0 
i 2671001 
12683539 
li/07£l J 
1 2 3 6 0 7 3 4 
13252077 
13 7 5 4805 
13 932501 
1 4 2 23391 
13407094 
1 3 3 8 a 7 9 3 

K il F N E KCÛNE ÜEGYHFG Li E G Y C G ri 

-j a 
5 7 
53 
3 9 
o 0 
6 1 
6 2 
o 3 
6 4 
6 3 
6 6 
6 7 
o 3 
6 ? 
70 
71 
7 2 
7 3 
7 4 
7 5 
7 6 

7 3 
7 9 
8 0 
81 

3 3 

14101. 
1 4 6 6 0 . 
13305. 
15305. 
1 O 2 J J » 
16690. 
17216. 
13000, 
19205, 
^ y 8 ü o 
2234 1 
2 3 375 
2 4 31 1 

28 7 5 2 
2 7 o 3 1 
2 6 5 8 ? 
2 9 94 3 
3 1 4 21 
3 2 8 6 9 
3 37 5 5 
346 6/ 
3 5 5 3 9 
3 6/36 
3 8 4 7 3 

i 0 
1 0 

, 00 
, 4 0 
, 6 0 
, 0 0 
, 4 0 
. 1 0 
. 1 0 
. 6 0 

. 40 

. 9 û 

. 4 0 

.30 

. 90 

. 5 0 

. 20 

. 9 0 

.70 

.40 

.30 

. 3 0 

. 00 

. 9 0 

.50 

.90 

.20 

3 3 9 4 9.90 
36478.40 
33422.60 
3 9 ? o 3.5 9 
41647.59 
43183.79 
44714.69 
46 4 33.1 9 
43736.79 
51830.49 
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